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ABSTRACT

The   Lansing  and  Kansas   City  groups   of  northwestern  Kansas   ant,:.

southwestern  Nebraska  are   composed  of   interbedded  limestones   and

sbales.     The  porous   carbonates  generally  are  nonargillaceous

wackest:c>nes,   packstones,    and   grainstones.      Argillaceous   c,arbon.f3.cf=,s,

and  carbonates  with  clayey  infilling  conmonly  are  nonporous.

These  carbonates  contain  abundant  calcite  and  dolomite  cement.

Calcite   cement   generally  postdates   compaction,   which   suggest-,s   tha-_

it  prec,ipitated  after  significant  burial.     In  places,   moldic  pores

postdate   compaction  and  the   first  generation  of  calcite  cement,

suggesting  a  post-burial   origin  for  some   of  the  moldic  pores.

Replacive   do]omite  predates   al.i   calcite   cerrLent,   whereas   doJomite

C.ement   Commonly  postdates   calcite   ce.ment.      Calcite   cement,    ar.d   t:a   Lr:

lesser   degree,   dolomite   ceIT,ent  are   the  main  porosit.y  destroye.`L-s.    `Lt.-,

places,   porosit.y  is  enhanced  by  late-stage  dissolution  that

post.dates   calcite   and  dolomite  cement.

Primary,   one-phase  all-liquid  inclusions   in  the  first

generation  of  calcite   cement  are  evidence  of  precipitation  below

approximately  45°C.      The   composition  of   these   inclusions   indicat-es

that   this   calcite.  precipitated  from  brines  with  approximat-e-1.y   22

weight-percent:   Ca-Na-Cl.   Later   calcite   cerrients   cont:ain  oiily   I:wo-

phase   inclusions.      Plots   of  homogenization  temperatures   (Th)   `7er.s'`is

freezing-point  depressions   (Tin  ice)   show  convergence   at  Th   of  45-

50°C   and  Tin  i.ce   of   -22°C,   indi`cating  that   later  calcite   cement

precipitated  from  fluids  with  temperatures  of  45^   to  50°C  and
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salinities   o=-approximately  22  weight-percent  Ca-Na-Cl.   F`luid-

inclusion  data  from  later  dolomites  suggest  precipitation  at  45°   to

70°C   from  fluids  with  a  salinity  of  approximately  22  weight-percent

Ca-Na-C1.      Post-cement:ation  fluids   that   filled  son.e   of   the   fluid

inclusions   ir.ply  a  later  history  of  increasing  temperature  and

decreasing  salinity  iri  pore  fluids.   Based  on  fluid  inclusior,  Th

data,   the  maximirm  temperature   reached  was   approximately   100°-||0°C.

The  hig`n.Iy  saline  brines   responsible   for  precipitation  of

calcite   and  do.lomite   apparently  moved  downward  300   to   600  in  from

evaporating  pans   depositing  Lower  Permian  anhydrite.   As   I:hese   fluids

probably  were  Na-Mg-Cl  briries,   dolomitization,   albitization,   and  the

exchange   of  !`:a  for   Ca   in  smectite  clays   enhanced   the   caJ.ciun  ccinterLt

of  these  brines  as  they  refluxed  down  to  eventually  precipitat.e

calcite  and  dolomite  cement  in  the  Lansing  and  Kansas   City  groups.

X
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INTRODUCTION

The  Upper  Pennsylvanian  Lansing  and  Kansas  City  groups  are

composed  of  interbedded  limestones   and  shales.      Some  of  the

limestones  are  petroleum  reservoirs  in  western  Kansas  and

southwestern  Nebraska.     This  thesis   is  a  petrographic  and  diagenetic

study  of  the  limestones  within  this  interval.

The  first  goal  of  this  study  was  to  determine  which  limestone

lithologies  have  sufficient  porosity  to  be  petroleum  reservoirs.   The

lithologies  that  commonly  are  porous  were  the  focus  of  this   study  to

determine  what  controls  the  presence  or  absence  of  porosity.

The  second  goal  was  to  analyze  the  diagenetic  events  and

determine  their  effect  on  the  porosity  evolution  of  these  strata.

This  included  petrographically  analyzing  the  kinds  and  amount  of

porosity,   processes  or  events  that  create  or  enhance  porosity,   such

as  dolomitization  or  dissolution,   and  processes  or  events  that

destroy  porosity,   such  as  compaction,   cementation,   and  pressure

solution.     To  better  understand  the  controls  of  cementation,   primary

fluid  inclusions   in  calcite  and  dolomite   cements  were  analyzed  to

determine  the  concentration  of  fluids  of  calcite  and  dolomite

precipitation.

The  third  goal  was  to  develop  a  model  that  could  predict  the

presence  or  absence  of  porous  strata.

GEOLOGIC   SETTING

The   interbedded  limestone  and  shale  packages  of  the  Lansing  and

Kansas   City  groups   are   cyclothems   (Moore,1936,1949).   Wanless   and
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Shepard   (1936),   Heckel   (1977),   and  Watney   (1985)   interpreted   that

these  cyclothems  resulted  from  glacio-eustatic  cyclicity.   The

cyclothems   commonly  are  composed  of  four  members:   the   lower

carbonate,   the  lower  shale,   the  upper  carbonate,   and  the  upper  shale

(Watney,1980,1985)    (Figure   1).   According   to   Heckel   (1977),   the

lower  c.arbonate  was  deposited  during  transgression,   the  lower  shale

was  deposited  during  maximum  transgression,   the  upper  carbonate  was

deposited  during  regression,   and  the  upper  shale  was  deposited

during  maximum  regression.

The  paleogeographic  reconstruction  of  Rascoe   and  Adler   (1983)

(Figure  2)   indicated  the  environment  of  this  study  area  was

primarily  marine,   but  there  was  a  nearby  semi-continental

environment.     The  major  structural  features   in  the  area  of  st..udy

(Figure  3)   include  the  Central  Kansas  uplift,   the  Cambridge  arch,

the  Las  Animas  arch,   and  the  Hugoton  embayment.   The  major  uplift  of

the  Central  Kansas  uplift  and  the  Cambridge  arch  was  post-

Mississippian  and  pre-Middle   Pennsylvanian   (Merriam,   1963) .   The

major  uplift  of  the  Las  Animas   arch  was  post-Cretaceous   (Merriam,

1963),   but  Rascoe   (1978)   noted  Pennsylvanian  and  Permian

depositional  trends  paralleling  the  Las  Animas  arch  which  suggests

some  movement  at   these   times.

Heckel   (1983)   proposed  a  diagenetic  model   for   the  Lansing  and

Kansas  City  groups   in  which  meteoric  waters  percolated  through  the

upper  shale  and  upper  carbonate  during  intraformational  subaerial

exposure  events   in  the  upper  shale  or  upper  carbonate.   The  meteoric
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Figure  1.     The  typical  cyclothem  of  the  Lansing  and  Kansas  City
groups.     The  terms  used  in  this   study  for  t:he  members  of  a
cyclothem   (Watney,   1980,   1985)   are   shown.   Heckel   (1977)
used  different  terms,   middle  limestone  for  lc`wer  carbonate,
core  shale  for  lower  shale,   upper  1-imestone  for  upper
carbonate,   and  outside  shale  for  upper  shale.   (modified
from  Ileckel,   1977)
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Figure  2.     The  paleogeography  of  the  midcontinent  during  the
deposition  of  the  Lansing  and  Kansas  City  groups   in
relation  to  the  area  of  study   (modif led  from  Rascoe  and
Adler,1983).
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Figure  3.     Structural  fe.atures  of  the  midcontinent.     In  relatjori
to  the  study  area,   the  major  structural  features  are  the
Las  Animas  arch,   the  Central  Kansas  uplift,   the  Cambridge
arch,   and  the  Hugoton  embayment.     Precambrian  structural
contours  are   ir)  feet;   datum  is  mean  sea  level.   (modified
from  Rascoe   and  Adler,   1983)
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waters  caused  the  dissolution  of  aragonitic  grains  and  the

precipitation  of  calcite  cements   in  the  upper  carbonate.     Hect'.el

(1983)   considered  the   lower  carbonate   to  be  unaffected  by  these

meteoric  waters  because   the  lower  shale  was   thought   to  be   an

aquiclude  that  prevented  the  percolation  of  meteoric  waters  to  the

lower  carbonate.     With  burial,   both  the  lower  and  upper  carbonates

were  exposed  to  low-oxygen  waters   from  which  ferroan  cements

precipitated   (Heckel,1983).

Previous  studies  of  the  diagenesis  of  the  Lansing  and  Kansas

City  groups   in  this   study  area   (Dubois,1979,1985;   Ebanks   and

Watney,1985;    Prather,1981,1984,1985a,1985b;   Watney,1980,1985;

and  Watney  and  Ebanks,1978)   emphasized  the  effect  of  fresh  water

diagenesis  during  subaerial  exposure  events  for  the  development  of

moldic  and  vuggy  pores   in  the  limestones.

STRATIGRAPHY

In  western  Kansas,   the  carbonate  members  of  the  Lansing  and

Kansas  City  groups  generally  are  given  letter  designations   (Morgan,

1952)    (Figure  4).   Most  of  the   carbonate   and  shale  members   can  be

divided  into  cyclothems   (Figure  1) .   The   lower  carbonates   include   the

"8",   "E",   "G",   "H",   and  "J"   1imestones.     The  upper  carbonates

include   the   "A",    "D",    "G",    "H",    "J",   and   "K"   limestones.   In   the   area

of  study,   the  Lansing  and  Kansas  City  groups   include  six  to  seven

complete  cyclothems.
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Figure  4.     Well  log  from  the  Continental  Oil  Co.   #406  Adell  Unit
well.     The  letters  in  the  left  margin  are  the
classification. system  for  carbonate  members  of  the  Lansing
and  Kansas   City  groups   (Morgan,   1952)   used  in  this   study.
The  numerals  in  parenthesis  are  depths,   in  feet,   below  the
top  of  the     "A"   limestone.

Where  the  Lansing  and  Kansas  City  groups  crop  out   in
eastern  Kansas,   the  equivalent  formations  of  the  upper
carbonates   (Parkhurst,1959;   and  W.L  Watney,   personal
communication,   1988)   are:

"A"   Limestone   -
''D"   Limestone   -
"G"   Limestone   -
"H"   Limestone   -
"J"   Limestone   -
"K"   Limestone   -
"L"   Limestone   -

Stanton  Limestone
Plattsburg  Limestone
Iola  Limestone
Dewey  Formation
Winterset  Limestone
Swope   Limestone
Hertha  Limestone

Vertical  line  segments  along  neutron, sonic,   and  core
analysis  define  eight  percent  porosity.     In  core  analysis
porosity  data  shown  along  the  right  margin,   points
indicated  by  stars  have  permeability  greater  than  0.4  md.
(modified  from  Watney,   1980)
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METHODS    0F    STUDY

Cores   from  35  wells   (Figure   5)   with  a  total   thickness   of  1,950

feet   (594  in)   were  described.   The  cored  intervals  were  primarily  from

the  Lansing  and  Kansas  City  groups  with  limited  analyses  of  the

underlying  Marmaton  Group  and  the   overlying  Shawnee  Group.     Thin

sections  were  made  from  155  nonargillaceous   carbonate   samples.     The

porous   samples  were  impregnated  with  blue  epoxy.     Thin  sections  were

prepared  using  cold-mounting  techniques  to  avoid  heating  of  the

fluid    inclusions  and  the  thin  sections  were  doubly  polished.     One

side  of  each  thin  section  was  stained  with  Alizarin  Red  S  and

potassium  ferricyanide   (Dickson,1965).   The   thin  sections  were

petrographically  studied  with  transmitted  light,  blue-light  and

ultra-violet  epifluorescence,   and  a  cathode  beam.     Primary  fluid

inclusions   in  five  calcite  samples,   three  dolomite  samples,   and  a

baroque  dolomite  sample  were  analyzed  using  crushing,   heating,   and

freezing  techniques.     Secondary  oil-filled  inclusions  were  studied

with  heating  techniques   in  five  samples.   Heating  and  freezing  was

performed  on  a  Fluid  Incorporated  stage.

CORE   DESCRIPTIONS

The  various  lithologies  and  their  thicknesses   in  the  upper  and

lower  shales  and  upper  and  lower  carbonates   are  from  the  core

descriptions   (Appendix  XV).     All  designated  colors  are  from  the

Munsell   Soil  Color  Chart.
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Shales

Upper   Shazes

The  upper  shales   (Figure   1)(Table   I-A,   Appendix  I)

predominantly  are  silt:y.   Non-silty  shales,   siltstones,   and  very-fine

sandstone  are  present,   but  are  uncommon.   Most  of  these  shales  and

silty  shales   are  red-brown   (2.5YR  3/4),   but  some   are  gray-green   (5Y

5/2).     The  gray-green  shales  generally  are  directly  above  or  below

limestones.   Where  the  entire  upper  shale  intervals  were  cored,   the

average   thickness   is   11.1   feet   (3.4  in).

Lower   Shal.es

The   lower   shales   (Figure   1)(Table   II-A,   Appendix   11)   geriera:L].:\7

are  gray   (2.5Y  N5/   )   shales.     Red-brown  shales,   red..brown  silty

shales,   and  gray-green  silty  shales  are  less  common  and  are  limited

to  the  nort.hem  half  of  the  area  of  study.     Where  the  entire  lower

shale  intervals  were  cored,   the  average  thickness   is  4.8  feet   (1.5

in).      Excluding  a  20.5   feet   (6.2  in)   thick  lower   shale,    t`he   average

thickness   is   3.3   feet   (1.0  in).

Limestones

Upper  Carbonates

The  upper  carbonates   (Figure   i)(Table   1)   include  mudstones,

wackest.ones,   packstones,   and  grainstones   (Dunham,1962) ,   dolostones,

microstylolitic  carbonates,   argillaceous  microstylolitic  carbonates ,

and  highly  argillaceous  microstylolitic  carbonaces.     These

lithologies  are  further  subdivided  by  whether  or  not  they  contain

clayey  in fills.

10



Table  1.     Lithologies  and  their  thicknesses   in  the  upper
carbonates.     Each  lithology  is  divided  by  the  presence  of
clayey  infill   (CI)   or  its  absence   (NI).   The  thickness  of
strata  with  >2,<8%  and  28%  porosity  are   listed.     The
remaining  thickness  has  <2%  porosity.   These  porosity  ranges
are  based  upon  visual  estimates  from  core.   The  right  column
is  the  percent  of  all  carbonate  strata  with  porosity  28%
that  is  from  that  lithology.     The  total  thickness  of
carbonate  strata  with  porosity  28%   includes  carbonate
strata  in  lower  carbonates   (Table  2) .
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LITHOLOGY

COcOLIJ

cOCO||J

Strata with Strata with

&£
2-8%  POa,U)rosityCO Porositya)U? 2  8O/ocO

Z± -C= -CO^'

S2
=±=8''=5

CO cO I?.a
IL Z± a)IJ£0 t5±*± a)IJ±0 6¥o± fou)OE2=0

I<t- aI IL 0C)I IL 6<oI <CL£=

aL + + L 6e'5

CarbonateMudstone 20.3 ft.
Nl 9.5 ft. Oft. 0% Off. 0% OO/o

Cl 10.8 ft. Oft. OO/a Oft. 0% 0%

CarbonateWackestone
456.9 ft.

Nl 321.0 ft. 47.1  ft. 14.7% 91.8 ft. 28,6% 4 7 . 1 a/o

CI 135.9  ft. 26.4 ft. 19.40/a 2.8 ft. 2 . 1 O/o 1 . 4 a/o

CarbonatePackstone 160.0 ft.
Nl 119.9  ft. 21.9  ft. 18.3O/o 45.9 ft. 38.3O/o 23.6O/a

Cl 40.1  ft. 3.5 ft. 8.70/a 1.3  ft. 3.2O/a 0.70/o

CarbonateGrainstone 76.6 ft.
Nl 68 C!  ft- 18.2 ft. 26.40/o 23.9 ft. 34.10/a 12.3%

Cl 7.7 ft. 0.6 ft. 7.8O/o Oft. OO/o OO/o

Dolostone 17.4 ft.
Nl 17.4 ft. 1.1   ft. 6.3O/a 10.8  ft. 62.1% 5.70/a

Cl Oft. Oft. OO/a OO/o Oft. OO/a

MicrosfyloliticCarbonates 125.9 ft.
Nl 1 14.9  ft 6.9 ft. 6.0% 11  .8  ft. 10.3O/o 6 . 1 a/a

CI 11.0  ft. Off. OO/a Oft. OO/o OO/o

ArgillaceousMicrostyloliticCarbonates

229.5 ft.
Nl 198.0 ft 0.6 ft. 0.3O/o Off. OO/a OO/o

Cl 31.5 ft. Off. OO/o Oft. OO/o 0%

Highly  ArgillaceousMicrostyloliticCarbonates
78.3 ft.

Nl 78.3 ft. Off. OO/o Off. OO/a OO/o

Cl Off. Off. OO/o Off. OO/o OO/oI



Dolostones  are  recrystallized  by  dolomite.     Microstylolitic

carbonates,   argillaceous  microstylolitic  carbonates ,   and  highly

argillaceous  microstylolitic  carbonates   include  wispy  seams  that

have  been  described  as  microstylolites   (Wanless,1979)   or  clay-rich

zones   (MCNeice,1987).     Microstylolitic   carbonates   (Figure   6A)   have

individual  clay-filled  seams   (microstylolites)   that  genera.lly  are

less  than  5  mm  thick  and  have  a  vertical  concentration  of  at  least

one  for  each  5  cm  of  thickness.   Argillaceous  microstylolitic

carbonates   (Figure   6D,   6C)   have  a  higher  concentration  of  clay-

filled  or  wispy  seams   (microstylolites);   typically,   there  are

clusters   of  these   seams.     These  clusters   of  seams   are  more   than  5  mm

thick  and  have  a  vertical  concentration  of  at  least  one  for  each  5

cm.     The  argillaceous  microstylolitic  carbonates   generally  have  wavy

clusters  of  seams  divided  by  less  altered  limestone.   The  highly

argillaceous  microstylolitic  carbonat:es  lack  these  zones  of  less

altered  limestone  and  have  wispy  seams   throughout  their  vertical

sequence.     A  key  difference  between  the  microstylolitic  carbonates

and  the  argillaceous  and  highly  argillaceous  microstylolitic

carbonates   is  the  thickness  of  the.  clay-filled  seams.     The  clay-

filled  seams   in  the  microstylolitic  carbonates  generally  are  less

than  5  mm  thick  where  as  the  clay-filled  seams   in  the  argillaceous

and  highly  argillaceous  carbonates  are  greater  than  5  rm  thick.

The  mudstones,   wackestones,   packstones,   and  grainstones   (Table

1)   generally  do  not  have  microstylolites.     These  lithologies  may

have  one  or  two  microstylolites,  but  if  a  carbonate  interval  has  a

12



Figure  6.     Photographs  of  microsty]olitic  carbonates,
argillaceous  microstylolitic  carbonates,   and  carbonates
with  clayey  infill.   Scale  bars  are  2  cm.     Arrows  point  to
stratigraphic  up.      "M"   are  microstylolites;   "S"   are
stylolites;   "CI"   is  clayey  infill;   "CH"   is  chert.

(A)  Microstylolitic  carbonate.   Microstylolitic
carbonate  has  microstylolites   (M)   that  are  less  than  5  mm
thick  and  have  a  concentration  of  at  least  one/5  cm.
Continental  Oil  #406  Adell  Unit,   3609   feet.

(8)   Fossiliferous  wackestone  with  red-brown  clayey
infill.     Where  there  is  clayey  in fill   (CI),   microstylolite-
like  features  have  formed.     Away  from  the  clayey  infill,
stylolites   (S)   have  formed.   Empire  Drilling  #1  Lankas,   4017
feet .

(C)   Argillaceous  microst.ylolitic  carbonate  witti  red
clayey  infill.     This   sample   includes  microstylolites   (M)
similar  to  those  described  in  D  and  clayey  in fill   (CI) .
Pressure  solution  formed  the  microstylo].ices   and  alterecl
the   clayey  in fill.   Empire  Drilling  #1   Rathe,   3752   f.ee.t..

(D)   Argillaceous  microstylolitic  carbcinate.   The  arrows
point  to  microstylolites   (M)   and  orange-colored  chert
nodules   (CH).     Highly  argillaceous  microstylolitic
carbonate  has  clusters  of  whispy  seams   (microstylolites)
that  are  more  than  5  mm  thick  and  have  a  vertical
concentration  of  at  least  one/5  cm.     Empire  Drilling  #1
Rathe,   3759   feet.

(E)   Peloidal  and  fossiliferous  packstone  with  gray-
green  clayey  infill.  Microstylolite-like  features  have
formed  where   there  has  been  clayey  infill   (CI).     Theodore
Gore   #1   Denny,   4143   feet.

(F)     Fossiliferous  wackestone  with  autoc].astic
brecciation  and  gray  clayey  in fill.     Clayey  infill   (CI)
surrounds   in  situ  clasts  of  the  host  limestone  that  is
brecciated.   Skelly  Oil  #1  Bartosovsky,   3981   feet.
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vertical  concentration  of  microstylolites  greater  than  one/5  cm,   it

is  classified  as  microstylolitic  carbonate.   The  microstylolitic

carbonates  and  argillaceous  microstylolitic  carbonates   are   commonly

wackestones,   but   their  thicknesses   are  only  listed  under   thosi-_

lithologies  and  are  not   included  with  the  wack,estones   (Table   1) .

The  lithologies  are  further  subdivided  by  whether  they  have

clayey   in fill   (Table   1).     Clayey  in fill   (Figures   6B,6C,6E,   and  6F)

are   irregular  cavities  within  a  limestone  host  that  are   filled  wi_th

clayey  debris  derived  from  overlying  beds.     In  places,   the   clayey

infill  reduces   autoclastic  breccia  pores.     Generally,   the   clayey

infill   is   altered  by  compaction  that  develops  micro.stylolite-like

features.     Clayey  in fill   is  present   in  48   of  the   83   described  i``ppe]-

carbonates.     Typically,   the  clayey  infill  closely  underlies   the

upper  carbonate-upper  shale  contact.     The  source  of  the  clayey

infill   is   interpreted  to  be  the  upper  shale.     The  average  depth  from

the  top  of  the  upper  carbonate  t:o  the  base  of  the  clayey  infill   i3

6.8   feet   (2.1  in).     An  average   of  79   percent   of   the   strata  within

this  range  are  altered  by  clayey  infill.

Where   the  entire  upper  carbonate   intervals  were  Gored,   the

average   thickness   is   15.2   feet   (4.6   in).

Porosity    The   strata  are  classified  into  2-8  percent  and  >8

percent  porosity  ranges  by  visual   estimation   (Table   1).     The

lithologies   that  are  most  commonly  porous  are   the  wackestones,

packstones,   and  grainstones  without  clayey  infill   (Table   i).     The

lithologies  less  likely  to  be  porous  are  the  lithologies  with  clayey
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infill,   mudstones,   microstylolitic  carbonates,   argillaceous

microstylolitic  carbonates,   and  highly  argillaceous  microstylolitic

carbonates .

Lower  Carbonates

Lower  carbonates   are  distinguished  from  upper  carbonates  by  the

lower   shales   that  are  deposited  between  them   (Figure   1).     Lower

carbonates   (Table   2)   include  wackestones,   packstones,   grainstones,

microstylolitic  carbonates,   and  argillaceous  microstylolitic

carbonates .

Carbonate  packstones   and  grainstones   ai-e   more   common   than

carbonate  wackestones   (Table   2);   in  upper   carbonates,   carboii.ate

wackestones   are  more  common   (Table  1).      Clayey   infill   is  present   in

only  two  intervals.

Porosity    The   lithologies   that  are  more   commonly  porous   are

wackestones,   packstones,   and  grainstones.     The  microstylolitic

carbonates   and  the  highly  microstylolitic   carbon€3tes   rarel}'   are

Porous .

Discussion  of  Core  Descriptions

A  major  goal   is   to   determine  which  lithologies  have   significant_

porosity.   In  the  upper  and  lower  carbonates,   91.9  percent  of  the

intervals  with  28  percent  porosity  are  wackestones,   packstones,

grainstones,   ar`.d  dolostones   that  lack  clayey  infill.   The   lithologies

less   likely  to  be  porous   include  carbonate  mudstones,

microstylolitic  carbonates,   argillaceous  microstylolitic  carbonates,

highly  argillaceous  mj.crostylolitic  carbonates ,   and  carbonates  with

15



Table  2.   Lithologies  and  their  thicknesses   in  the  lower
carbonates.     The   thickness   of  strata  with  >2,<8   and  >8%
porosity  are   listed.     The   remairting  thickn€ss  has  <2-%-
porosity.     Porosity  ranges  are  based  on  visual  estimates
from  core.     For  the   strata  with  porosity  28%,   the  percent
of  all  carbonate  strata  with  28%  porosity  that  is   from  that
lithology  is  listed  in  the  right  column.   The  carbonate
strata  with  28%  porosity   includes   t-,he  upper  carbonates
(Table   i).   The   carbonate   grainstone   lithology   inc`,1udes   two
intervals  that  have  clayey  infill.
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clayey  in fill.

An  important  difference  between  the   commonly  nonporous

lithologies  and  the  lithologies  less   likely  to  be  porous   is   the  clay

content.     The   lithologies   that  are  more   commonly  pot-ous   lack

significant  clay.     The  commonly  nonporous  microstylolitic

carbonates,   argillaceous  microstylolitic  carbonates,   and  the  highly

argillaceous  microstylolitic  carbonates  are  clay  rich.

Carbonates  with  clayey  infill  are  less  commonly  porous   t:han  the

same   lithologies   that  lack  clayey  infill   (Table   1).     Typically,   t.he

clayey  in fill  closely  underlies   the  contact  between  the  upper

carbonate  and  upper   shale   (Figure   1).      The   clayey   infil]    is   derii`7ed

from  the  overlying  upper  shale.   Watney   (1980)   intel~preted  that

claye}r   infill  was   formed  during  subaerial  exposure  events.

PETROGRAPHY

The  goal  of  the  petrographic  analyses   is   to  determine   t-he

diagenetic  history  of   these   carbonates   and  the   importancF`   of   the

diagerietic   features   op.  the   formation  and  preservation  of  porosit.\,.7.

Using  cathodoluminescence  petrography,   t.he  percent  of

petrographically  identifiable  open  pore   space,   the  percent  of

cement,   and  the  percentage  of  the   open  pore   space   caused  by

postcementation  dissolution   (late-stage   dissolution)   was   estimLated

using  comparison  charts.     Using  these  data,   the  percent  of  E`orosity

caused  by  postcementation  dissolution,   and  the  percent  of

"precementation  porosity"  were  calculated  using  the  following

equations :

17



Percent  of   porosity  caused  by  post:cementation  dissolut:ion:

Percent  porosity  from  postcementation  dissolution  ±   (percent

open  porosity  x  percentage  of  open  pores   caused  by

postcementation  dissolution)   /100.

''Precementation  porosity''..      "Precementation  porosity"   =  Percent

open  porosity   -   percent  porosity  from  postcementation

dissolution  +  percent  cements.

"Precementation  porosity"   is   the  estimated  porosity  that

predated  cementation.   The  formula  for   "precementation  porosit.y"

implies   that  all  compaction  predated  all  cements,   and  that  all

moldic  pores   formed  prior   to   cementation.      This   is   coirmon-ly  ri_ot

true .

Extant  and  Occluded  Pores

Moldic,   int:erparticle,   intraparticle,   and  vuggy  poras

(Choquette  and  Pray,   1970)   are   the  most   common  pore   types   in   the

nonargillaceous  carbonates.     Intercrystalline  pores   are  c`orrmon  in

six  dolomitized  intervals   that   total   less   than  20   feet.   (6.1  in)   in

thickness .

Paragenesis

The  diagenetic  events  are  described  in  their  approximate  order

of  occurrence.

Radial-Bladed  C:alcite

Radial-bladed  calcite  cement  that  precipitated  on  ooids

predates  compaction  and  is  present  in  only  one  thin  section.   This

cement  has   dull   1uminescence.
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Compaction

Compaction  features   are   common.   Evidence   of  compaction   includes

overly  close  packing   (Figure   7A)   and  crushed  grains   (Figures   7B,7C) .

Overly  close  packing  of  grains   (Figure   7A)   results   from  grain

deformation  and  minor  grain-to-grain  pressure  dissolution.     Overly

close  packing  or  crushed  grains  predate  all  cementation  in  83  of  the

155   thin  sections.     In  10  of  the  155  thin  sections,   the  first

generation  of  calcite  cement  appears   to  predate   compaction.

Moldi.c   Pores

The  most   common  open   or   occluded  pore   type   is   moldic.   .\{oldic

pores   resulted  from  the  dissolution  of  formerly  aragonit.ic  ol-  poorl`,,.

calcified  shells  or  grains,   such  as  bivalves  and  phylloid  algae.   In

some  grain-supported  lithologies,   the   formation  of  molds  postdate,s

compaction  because   the  grain-to-grain  contacts   of  the  molds   and

grains  are  overly  close.   The  outline  of  the  molds  are   intact  and

surrounding  grains   do  not  protrude   into   the  position  of  the   former

grains   (Figure   8).

For  the  thin  sections  containing  greater  than  5  percent  of  the

nonluminescent  calcite  cement,   which   typically  is   the   first

generation  of  calcite  cement,   moldic  pores   in  48   percent   of  these

thin  sections  do  not  contain  this   first  generation  of  calcite  cement

whereas  the  surrounding  interparticle  and  intraparticle  pores  do

contain  this  cement.     Therefore,   mold  formation  postdates   the

precipitation  of  the  f irst  generation  of  calcite  cement  in  these

thin  sections.
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Figure   7.     Photomicrographs   of  compaction  features.      Scale  bars
are   200  micrometers.

(A)   Plane-polarized  light  photomicrograph  of  overly-
close  packing  of  grains.   The  white   is   calcite   cement.     The
contacts  between  the   large  echinoderm  fragment   (marked  E)
and  smaller  grains   (3  are  marked  by  arrows)   are  overly
close.     Overly  close  packing   is   a  compaction  features.     'l`he
calcite  cement  that  fills  these  pores   is  postdates  the
overly  close  packing.   Theodore  Gore  #2   Schaffert,   3683.9
feet .

(B,C)   Paired  plane-polarized  light   (8)   and
cathodoluminescence   (C;)   photomicrographs   of  a  broken
brachiopod  shell.   Arrows  point  to  a  broken  end  of  the
shell.     The  first  generation  of  calcite  cement,   which  is
nonluminescent   in  C,   grows   around  the   erid  of   t.L`1e  bl-oken
shell  and,   therefore,   postdates   the  breakage.   Petroleum
Producers   #2-a   Parker   "8"    (D)   zone.
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Figure  8.     Photomicrographs   of  moldic  pores   in  relation  to
compaction   features.      Scale  bars   are   200   micrometers.

(A)     Plane-polarized  light  photomicrograph  of  a  mold
(MO).   Gray   is  blue-colored  epoxy;   white   is   calcite   celnent.
Contact:s  between  echinoderm  fragments   (E)   and   surrounding
grains   are  overly  close,   which  is   good  evidence  of
compaction  before  cementation.   Grains   flattened  against  the
margin  of   the  mold   (MO)   but  not  protrudi'.ng   into   the  mold   (2
are  marked  by  arrows) ,   indicate  that  the  mold  formed  after
compaction.   Theodore  Gore  #2   Schaffert,    3816   feet.

(8)   Cross-polarized  light  photomicrograph  of  a  mold
(MO).   Mold   is   filled  with  calcite   cement.      An  oncoTj.ice
(ONC)   is   flattened  against  the  margin  of  the  mold,   but  does
not:  protrude   into  it.   This   indicates  that  the  mold  formed
after   compaction.   Skelly  Oil  #1   Bartosovsky,   4143   feet.
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Heckel   (1983)   noted  t:hat   formerly  aragonitic   or  poorly

calcified  grains  were  neomorphosed  to  calcite   in  the   lower

carbonates.     In  this  study,   the  formerly  aragonitic  or  poorly

calcified  grains  were   dissolved  and  not  neomorphosed.

Zoned   Dolomite

Comlnonly,   dolomite  cement  and  replacive  dolomite  have

luminescent   (Figure   9  A,B)   and  fluorescent  bands.     These  dolomites

are  nonferroan.     Replacive  zoned  dolomite   rhombs   occur   in  83   of  the

155  thin  sections.     For  all  thin  sections,   replacive  dolomite

averages  4.9  percent.     Six  thin  sections  have  been  extensively

dolomitized,   thus  creating  intercrystalline  pores.     Zoned  dolomite

cement   includes     dolomite  rhombs   that  reduce  pores   (Figure   9  A,B)

and  syntaxial  overgrowths   of  echinoderm  fragments   (Figure   9   C,D) .

Crosscutting  relationships  with  calcite  cement  are  rare  and

ambiguous.     In  three   thin  sections,   zoned  dolomite  cement  predates

calcite   cement   (Figure   9  A,B).      In   two   thin  sections,   zoned  dolomite

cement  postdates  part  of  the  calcite   cement   (Figure   10).     The

replacive  dolomitization  that  formed  intercrystalline  pores   is

interpreted  to  have  predated  calcite  cement.

Calcite  Cement

Calcite  cement   is  divided  into   five   types  based  on

cathodoluminescence  and  staining  characteristics   (Figure   11).

The  calcite  cements  generally  are  clear,   equant  cements  that

reduce  the  moldic,   interparticle,   and  intraparticle  pores.   In

places,   the  calcite  cement  is  a  bladed  cement,   but  these  cements
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Figure   9.      Paired  plane-polarized  light  and  cathodoluminescencc:
photomicrographs   of  dolomite   cement.      Scale  bars   are   200
micrometers .

(A,B)      Dolomite   cement   rhombs   (two   are  marked  by
arrows)   in  relation  to  calcite   cement.   The   dolomite   rhombs
include  a  moderately-bright  luminescent  band   (in  8).     This
dolomite  predates  the  calcite  cement  that  grows  around  the
dolomite   rhombs.      Ladd  Petroleum  DC  Unit  A  2-3,   4109   feet.

(C,D)     An  echinoderm  fragment   (E   in  C.)   is   syntaxially
overgrown  by  dolomite   cement,   The   dolomite   cement   (D   in  C.)
is   first  nonluminescent  and  is  overgrown  by  red  moderatel,v
bright  to  moderately  dull   1uminescent  dolomite  cement.
Theodore   Gore   #1  Wertz,    3779   feet.
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Figure   10.      Paired  plane-polarized  light   (A)   and
cathodoluminescence   (8)   photomicrographs   of   dolomite   cement
postdating  calcite   cement.   Scale  bars   are   200  micrometers.
The  #1   and  =2   calcite   cements   (1,   2   in  8)   ai-e   crosscut  by
dolomite   cement   (D   in  A)   that  has   red  moderatel}'  bright
luminescence.      Continental   Oil   #406   Adell   Unit.    3761   feet.
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Figure   11.      Cathodoluminescence  photomicrograph   (A)   of   the   5
calcite   cements   described  in  this   study.   Sca].e  bar   is   200
micrometers .

(8)   Sketch  illustrating  t.ne  location  of  the  #1,   #2,
#3,   #4,   and  #5   calcite  cements   in  A.

Murfin  Drilling  #1  Prentice,   4319   feet.
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generally  have   the  same   luminescent  zonation  as   the  equant  cements.

For  all  wackestone,   packstone,   and  grainstone   thin  sections,

calcite  cements  reduce  an  average  of  64.4  percent  of  the

"precementation  porosity" .

#1   C'alcice  Cement--The  #1   calcite   cement   is   a  nonluminescent,

nonferroan,   calcite  cement  zone  that  is  the  first  phase  of  calcite

cementation  in  almost  all  thin  sections   (Figure  11).     In  places,

this  nonluminescent  band  includes   thin  bright  bands   (Figure   11) .   I-ne

#1  calcite  cement  is  the  first  generation  of  calcite  that  general.Iy

postdates   compaction  and,   in  places,   postdates   the  formation  of

moldic  porosity.

For  all  wackestone,   packstone,   and  grainstone  thin  sections,

the  #1  calcite  cement  reduces   the   "precementation  porosity"   by  an

average  of  11.4  percent.

#2     Calcite  Cement--The  #2   calcite  cement   is   a  nonferroan

calcite   cement   that  postdat.es   the  nonluminescent  #1   calcite   cenient.

The   luminescence   of  the  #2   calcite   cement   is   complexly  subzoned  and

these   subzones   range   from  moderately  bright  to  moderately  dull

(Figure   11).   For  all  wackestone,   packstone,   and  grainstone   thin

sections,   the  #2  calcite  cement  reduces   "precementation  porosity"  by

average   of   35.6  percent.

#J   Calci[e  Cement--The  #3   calcite  cement   is   ferroan  and  has

very  dull  luminescence  without  banding   (Figure   11).     For  all

wackestone,   packstone,   and  grainstone  thin  sections,   the  #3   calcite.

cement:  reduces   "precementation  porosity"   by  an  average   of  13.3
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percent .

#4  C'alcite  Cement--The  #4  calcite   cement   is   a  nonferroan  phase

that  postdates   the  ferroan  #3  calcite  cement.     Its  luminescence   is

complexly  subzoned  and  these   subzones   range   from  moderately  dull   t-.o

moderately  bright.     The  #4  calcite  cement   is   limited  to  8  of  the   35

cores.     For  all  wackestone,   packstone,   and  grainstone  thin  sections,

the  #4  calcite  cement  reduces   "precementation  porosity"  by  an

average   of   2.6   percent.

#5  Calcite  Cement--The  #5   calcite   cement   is   a  ferroan  phase

with  very  dull   lulninescence   (Figure   11).      It   is   only  recognized

where  it  postdates  the  #4  calcite  cement  and  is  present.  in  only  four

thin  sections  from  three  cores.     Where  the  #4  calcite  cement  is

absent,   the  outer  part  of  the  #3  may  be  the  #5  calcite  cement.   For

all  wackestone,   packstone,   and  grainstone  thin  sections,   the  #5

calcite  cement  reduces   "precementation  porosity"  by  an  average  of

0.2   percent.

Fractures

Fractures  which  occured  during  calcite  cementation  were

observed  in  seven  cores   (Figure   12).   The   timing  of  the   fractures,   in

relation  to  the  calcite  cement  types,   ranges   from  crosscutting  the

#1  calcite  to  the  #4  calcite.     Later  calcite  cements   fill  the

fractures .

Nonzoned  Dolomite   and  Baroque  Dolomite  Cement

The  most  common  dolomite  cement  postdates   all  of  the  calcite

cement.     These   dolomite  cements   include  baroque   dolomite  with
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Figure   12.      Plane-polarized  light   (A)   and  cathodoluminesce,nce
(8)   photomicrographs   of  a  fracti.`re   in  relation  to   c,alc.ice
cement,   Skelly  Oil   Co.   #1   Bartosovsky,   4035   feet.      Scale
bars   are   200  micrometers.     A  fracture   (marked  by   an  arrow
in  8)   crosscuts   the  #2   calcite   cement   (2   in  8)   and   is
filled  by   the  very-dull   1uminescent  #3   calcite   cement   (3   jn
8).      Skelly   Oil   Co.   #1   Bartosovsl'.y,   4035   feet.
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undulose  extinction   (Figure   13)   and  euhedral   rhombic  dolomite

without  undulose  extinction.     Generally,   these  dolomites   lack  any

fluorescent  or  luminescent  bands.   In  places,   the  outer  zone  of

baroque  dolomite   takes  a  ferroan  stain.

Dolomite   cement,   most  of  which  postdates   calcite   cement,

reduces   "precementation  porosity"   by  an  average  of  7.3  percent   for

all  wackestone,   packstone,   and  grainstone  thin  sections.

Siliceous  Replacement  and  Cementation

Brachiopod  and  echinoderm  fragments   are   commonly  replaced  by

chert  and  chalcedony.     In  places,   there   is  nodular  chert  and

chalcedony  with  replacement   fabrics   (Figure   6D).     The  color  of   the

chert  and  chalcedony  ranges  from  white  to  red.   Crosscutting

relationships  between  chert,   chalcedony  and    calcite  are     rare  and

ambiguous,     but  chert  and  chalcedony  apparently  postdate  Gal.Cite

(Figure  14).   Silt-sized  quartz  crystals  are  present  in  99   of  the   155

thin  sections   and  average   3.7  percent  of  all   thin  sections.     These

quartz  crystals  contain  calcite   inclusions  and  are  probably

replacive.   As  with  replacive  chert  and  chalcedony,   crosscutting

relationships  with  calcite  cement  are  rare  and  ambiguous.   There   is

megaquartz   cement   in  the   "J"   limestone   of   the   Theodore  Gore  #1  Wertz

core.   In  this   interval,   quartz   cement  crosscuts   calcite  cement.

Stylolites  And  Microstylcilites

Sutured  stylolites  are  common  in  the  nonargillaceoijs

carbonates.     Microstylolites  general.Iy  are  limited  to  the

argillaceous  carbonates  and  carbonates  with  clayey  in fill.
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Figure   13.      Paired  plane-polarized  light   (A)   and
cathodoluminescence   (8)   photomicrographs   of  baroque
dolomite   in  relation  to  calcite  cement.   Baroque  dolomite
cement   (BD)   postdates   the   5   calcite   cements   (the  #2,#3,=i,
and  #5   calcite   cements   are   identified   in  8  as   2,3,4,and  5)
The  baroque  dolomite   includes  a  bright  luminescent  band   in
this   sample;   it   is   rare   for  baroque   dolomite   in  this   stu€}i.
to  have  any  luminescent  banding.   Murfin  Drilling  #1
Prentice,   4319   feet.
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Figure   14.     Plane-polarized  light  photomicrograph  of  chalcedony
in  relation  to  calcite  cement.   Chalcedony   (CH)   has
partially  replaced  a  brachiopod  shell   (BR)   that  was
syntaxially  overgrown  by  calcite  cement   (GAL).     Because   the
calcite  overgrowth  would  not  have  formed  overgrowth
orientations  on  chalcedony,   the  chalcedony  is  interpreted
to  postdate     the   initial  calcite  cement.   Scale  bar   is   200
micrometers.      Cities   Service  #1-A  Knudson`,   4259   feet.

Figure   15.     Plane-polarized  light  photomicrograph  of  pyrite   in
relation  to  a  stylolite.   The  pyrit.e   (PYR)   is   interpreted  tc)
have  precipitated  along  a  stylolite   (ST) ,   and  therefore
postdate  the  stylolite.     An  alternative  explanation  is   that
pyrite   is  a  stylocumulate.     A  post-stylolite  oi-igin  for   the
pyrite   is  accepted  because  pyrite   is  not  just  limited  to
the  horizontal  part  of  the  stylolite,   but  is  also  along  the
vertical  slickenside  of  the  stylolite.     Pyrite  along  the
vertical  side  of  the  stylolite  is  less  likely  to  be  a
stylocumulate  and    more  likely  to  be  pyrite   that
precipitated  after  the  stylolite  formed.     Scale  bar   is   200
micrometers.      Empire   Drilling  #1   Rathe,   4216.5   feet.
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Stylolites  and  microstylolites  postdate  all  calcite  and  dolomite

cements .

Replacive  Pyrite

Pyrite   replacement   is   common.      It  commonly  crosscuts   calcite

and  dolomite   cement,   and  stylolites   (Figure   15).

Late-Stage  Dissolution

Late-stage  dissolution   (LSD)   is  defined  herein  as  dissolution

that  postdates  calcite  and  dolomite  cementation.     Evidence  of  LSD

includes   etching  chat  crosscuts   calcite  cement   (Figure   16A,   16C)   all.d

baroque   dolomite   (Figure   168).

LSD  generally  creates  vuggy  pcjres.     The   criterion  to

differentiate  vugs  resulting  from  LSD  from  early  vugs   is  that  early

vugs  will   likely  be  reduced  by  calcite  or  dolomite  cement  while  plo

vugs  resulting  from  LSD  should  be  reduced  by  the  calcite  or  dolomite

cements   (Figure   16E).     Although   some   early  vugs   might  be   isolated

from  the  calcite~   or  dolomite-precipitating   fluids   and  not  be

reduced  by  these  cements,   almost  all   interparticle,   intraparticle,

and  moldic  pores   are   reduced  by  some  calcite   and  dolomite   cement,

and  it  is  assumed  that  early  vugs   should  also  be  reduced  by  these

cements .

In  the  nonargillaceous  samples,   almost  all  vuggy  pores   resulted

from  LSD;     vugs  resulting  from  early  dissolution  are  rare.     Pores

resulting  from  LSD  are  present   in  22   of  the   35   cores   (Figure   17).

LSD  may  enhance  permeability  as  well   as  porosity.     A  crossplot

of  the  estimated  porosity  resulting  from  LSD  versus  permeability

32



Figure  16.     Photomicrographs  of  dissolution  features  caused  by
late-stage   dissolution   (LSD).

(A)   Plane-light  photomicrograph  of  dissolved  calcite,
White   is  calcite  cement;   dark  gray  is  blue-colored  epoxy.
The  etching  of  calcite   (marked  by  an  arrow)   was  caused  by
LSD.    Scale  bar   is   200  micrometers.   Husky  Oil   #6   Brookes,
3402   feet.

(8)   Plane-light  photomicrograph  of  dissolved  baroque
dolomite.   White   is  baroque-dolomite   cement;   dark  gray   is
blue-colored  epoxy.     The  baroque  dolomite  was   etched
(marked  by  an  arrow)   by  LSD.   Scale  bar   is   200  micrometers.
Continental  Oil  #405  Adell  Unit,   3650.9   feet.

(C)   Scanning  electron  microscope   (SEM)   photomicrograph
of  a  partially  dissolved  calcite  cement,   The  dissolution
feature   (marked  by  an  arrow)   was   caused  by  LSD.   Scale  bar
is   30  micrometers.      Continental  Oil  #406  Adell  Unit,   3701.5
feet .

(D)   Plane-light  photomicrograph  of  vugs.   white   is
calcite  cement;   dark  gray   is  blue-colored  epoxy.     Moldic
pores   in  the  sample  are  filled  with  calcite  cement.     The
vugs   are  not  reduced  by  calcite  cement.      If  the  vugs  had
formed  prior  to  calcite  cementation,   they  would  probably  be
reduced  by   calcite   cement.      These  vugs   foriTied  aftel-calcite
cementation   from  LSD.    Scale  bar   is   200   micrometers.   Murfin
Drilling  #2   Elvin,   3614  feet.
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Figure 17. The average amount of open porosity (in %) that resulted from I.SD for the thin

;£:nj)¥(mav=£eco£.ceTE;aevoerf¥i::i::;otyfig#B?,ylgg.mLSD=(averageopen
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(from  core-plug  measurements)   in  fossiliferous  wackestones   (Figure

18)   shows   that  with  increased  LSD,   there   is  higher  permeability.   In

fossiliferous  wackest:ones,   the  moldic  and  intraparticle  pores  are

commonly  not  interconnected  and  have  poor  permeability   (Moore,

1979).     LSD  may  improve  permeability  by  increasing  the

interconnectedness  of  the  pores.

Petroleum  Fluid  Inclusions

Evidence  of  petroleum  migration  are  petroleum-filled  fluid

inclusions   in  the  calcite  and  dolomite  cements.     Under  ult:ra-violet

fluorescence,   petroleum-filled  fluid  inclusions  range  from  yellow  to

blue-white.   They  are  secondary,   trapped  along  healed  fractures  in

the  calcite  and  dolomite  cements.   The  cores   in  which  petroleum-

filled  fluid  inclusions  were  found  are  shown  in  Figure  19.

Anhydrite  Cementati.on

Anhydrite  cements  are  both  equant  and  tabular  in  shape.   They

are  present  in  12  of  the  155  thin  sections  and  postdate  calcite  and

dolomite  cementation.     In  one  case,   anhydrite  cement  reduces   a  pore

enhanced  by  LSD.     Anhydrite   cements   reduce   "precementation  porosity"

by  an  average  of  0.3  percent  in  the  wackestone,   packstone,   and

grainstone  thin  sections.
•   Altered  Pyrite

The  last  diagenetic  event  was  partial  alteration  of  pyrite  to  a

red-colored  mineral.   The  altered  pyrite  is  present  in  chert  and

chalcedony.     The  red  coloration  of  chert  and  chalcedony  is  a  result

of  the  alteration  of  pyrite.   Pyrite  postdates  stylolites,   and  the
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Figure   18.     A  crossplot  of  the   amount  of  porosity   (in  %)
estimated  to  have  resulted  from  LSD  and  the  measured
permeability   (from  core-plug  analyses)   for  the  same
interval.     Each  of  these  data  points  are  from  fossiliferous
wackestones.     These  data  are  tabulated  in  Table  VI-A,
Appendix  VI .
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Figure  19.     The  location  of  cores   (marked  by  black-filled
circles)  which  have  petroleum-filled  fluid  inclusions  in
thin  sections.     Cores  with  petroleum-filled  fluid
inclusions  are  named.     In  general,   all  of  these  cores  are
near  present  petroleum  production  from  the  Lansing  and
Kansas  City  groups.
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PARAGENESIS
Radial-BIaded   Calcite  Cement
-? ? ? Compaction
????`               Formation  of  Moldic  pores

-?- Zoned  Dolomite  Replacement  and  Cementation
-               -Calcite  cementation  (#1#5  Calcite  cements)

--.--       ???Fractures

-Nonzoned  and  Baroque  Dolomite  Cementation
? ?I-? ? Siliceous  Replacement  and  Celneniation

Pressure  Solution

-Pyrite  Replacement
? ?-? ?Late-Stage  Dissolution

? ?-? ?Petroleum  Migration
? ? -Anhydrite  Cementation

? ? ?-Oxidation  of  Pvrite
TIMING------>

Minor  Importance  or  Abundance
Moderate  Importance  or  Abundance

--------  Major  Importance  or  Abundance

Figure 20.   Interpreted paragenetic sequence of diagenetic events.
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alteration  of  pyrite  postdates  stylolites  because  in  some  samples

the  only  alteration  of  pyrite  is  within  the  stylolites.

Relative  Abundance  Of  The   Cements

The   "precementation  porosity"   and  the  degree  of  reduction  by

the  calcite,   dolomite,   and  anhydrite  cements  are  tabulated  for  the

wackestone,   packstone,   and  grainstone  thin  sections   (Table  3)   and

graphically  shown  in  Figure  21.   These  same  data  are  also  tabulated

by  stratigraphic  interval   (Table  4)   and  graphically  shown  in  Figure

22.

Calcite  cement  reduces   "precementation  porosity"  by  an  average

of  64.4  percent  for  the  wackestone,   packstone,   and  grainstone  thin

sections.   Of  the  calcite  cements,   the  #2  calcite  cement  is  the  most

significant,   reducing  an  average  of  36.2  percent.   Open  porosity

caused  by  late-stage  dissolution  (LSD)   accounts  for  an  average  of

1.5  percent  of  the  rocks.   LSD  is  most:  significant  in  the  wackestone

thin  sections  where  one-third  of  the  open  porosity  was  caused  by

LSD.     LSD  is   less   significant  in  the  packstone  and  grainstone   thin

sections .

Areal  Distri.bution  of  Cements

The  average  reduction  of  "precementation  porosity"   for   the

major  cements   is  plotted  for  the   thin  sections  of  each  core   (Figure

23).     The  cores   are  divided  into   two   subgroups   (Table   5)   with  <25

percent  and  225  percent  evaporites  in  the  overlying  Stone  Corral

Formation  and  Nippewalla  Group.     There   is  more  calcite  cement  in  the

thin  sections  from  the  area  with  225  percent  evaporites   (78.2
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Table   3.     Average  porosity  and  cement-reduction  data  for  the
wackestone,   packstone,   and  grainstone  thin  sections.
During  cathodoluminescence  analysis  of  the  thin  sections,
the  percent  of  open  porosity,   the  percent  of  calcite,
dolomite,   and  anhydrite  cements,   and  the  percent  of
porosity  resulting  from  late-stage  dissolution  (LSD)  were
estimated  using  visual  standards.     With  these  data,
"precementation  porosity" ,   pre-LSD  porosity,   porosity  from
LSD,   and  the  degree  of  reduction  of  "precementation
porosity"  by  calcite,   dolonite,   and  anhydrite  cments  were
calculated .
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Figure  21.     The  average  percent  of  the  #1,   #2,   #3,   #4     and  #5
calcite  cements  that  reduce  the  "precementation  porosity"
for  various  lithologies  and  porosity  ranges.     This  data  is
tabulated  in  Table  2.
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Table  4.     Porosity  and  cement-reduction  data   (terms  described  in
Table  3)  arranged  by  stratigraphic  interval  of  the  thin
sections .
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Figure  22.     The  average  reduction  of  "precementation  porosity"
by  the  #1,   #2,   #3,   #4,   and  #5  calcite  cements  arranged  by
the  stratigraphic  interval  of  the  thin  sections.     These
data  are  tabulated  in  Table  4.
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Figure   23.     Maps  of  the  average  reduction  of   "precementation
porosity"  by  calcite  and  dolomite  cements.

(A)   #1  calcite  cement,   (8)   #2  calcite  cement,
(C)   #3  calcite  cement,   (D)   #4  calcite  cement,   (E)   all
calcite  cement,   and  (F)   all  dolomite  cement.

Eac.h  map   shows   the  extent  of  >25%   and  <25%   evaporites
in  the  Lower  Permian  Stone  Corral  Formation  and  Nippewalla
Group   interval   (Rascoe  and  Baars,1972).
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Table  5.     The  amount  of  porosity  and  cement  in  the  thin  sections
from  areas  overlain  by  225%  and  <25%  evaporites   in  the
Stone  Corral  Formation  and  Nippewalla  Group  interval
(Figure   23) .
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25 29.5 78.2 13.8 ds.4 23.5 4.4 1.1 6.0 0 6,7 0.4 7.1

4 16.0 92.9 20.4 41.5 30.7 0 0 6.3 0 0.3 0 0.3

20 30.8 78.0 12.7 35,1 23.3 5.5 1.4 5.5 0 6.7 0,5 7.2

1 58.0 25.9 9.1 16.8 0 0 0 13.8 0 33.0 0 33.0

<2f!ff/oEVAPOF}lTESACKESTONESPACKSTOwESGRAINSTCINES
128 28.1 61.9 11.2 36.5 11.6 2.3 0.1 7.5 0.4 9.4 1.8 11.1

59 23.2 70.8 11.6 40.4 13.8 4.9 0.1 5.3 0.5 6.2 3.2 9.4

54 32.3 54.1 9.6 32.7 11.5 0.1 0.1 9.2 0.2 12.2 0.7 12.9

15 32.3 55.1 15.1 34.6 3.1 0 0 9.8 a.2 11.3 0 11.3



percent  of  "precementation  porosity",   Table  5)   than  in  the  t:hin

sections  from  the  area  with  <25  percent  evaporites   (61.9  percent  of

"precementation  porosity",   Table  5).     For  the   individual  calcite

cements,   all  but  the  #2  calcite,   are  more  common  in  the  area  with

225  percent  evaporites.

Dlscusslon  Of  Petrography

Generally,   calcite  cements  post:date  compaction  features.     In

plac.es,   moldic  pores  also  postdate  compaction  features.   In  nearly

half  of  the  thin  sections  with  moldic  pores  and  the  #1  calcite

cement,   the  molds  are  not  reduced  by  the  #1  calcite  cement.   As   the

#1  calcite  cement  commonly  postdates  compaction  feature.s,   these

molds  also  postdate  compaction.

The  amount  of  burial  necessary  to  cause  these  compaction

features   is  uncertain.     Data  from  Shinn  and  Robbin  (1983)   and  Meyers

(1980)   suggest  that  a  minimum  of  30  to  loo  in  of  overburden  are

necessary .

In  the  Lansing  and  Kansas  City  groups,   the  average  thickness  of

a  complete  cyclothem  is   approximately  15  in.     The   above  data  suggest

that  the  formation  of  compaction  features  requires  at  least  30

meters  of  overburden.     A  post-compaction  origin  for  calcite  cement

and  molds  would  commonly  require  the  deposition  of  at.  least  two

overlying  cyclothems.   This   is  evidence  t:hat  calcite  cementation  and

commonly  mold  formation  postdate  burial  and  are  probably  not  related

to  cyclothem-capping  events  of  subaerial  diagenesis.     These
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observations   indicate  Heckel's   (1983)   model   does  not  apply  to   these

rocks .

The  #1  calcite  cement  is  nonferroan  and  nonluminescent;   the  #2

calcite  cement  is  nonferroan  and  is  complexly  subzoned  with

luminescence  ranging  from  bright  to  moderately  dull  luninescence;

the  #3  calcite  cement  is  ferroan  and  has  very  dull  luminescence;   the

#4  calcite  cement  is  nonferroan  and  is  complexly  subzoned  with

luminescence  ranging  from  moderately  bright  to  moderately  dull

luminescence;   and  the  #5  calcite  cement  is  ferroan  and  has  very  dull

luminescence.   Frank  et  al.    (1982)   related  nonluminescence  of  calcite

(such  as  #1)   to  a  lack  of  Mn2+  whereas  bright  luninescence   (such  as

#2  and  #4)   is  caused  by  Mn2+  in  the  calcite  structure.     They  also

considered  weak  luminescence   (such  as  #3  and  #5)   to  be  caused  by

Fe/Mn  ratios  greater  than  1.0.     Frank  et  al.   (1982)   and  Grover  and

Read  (1983)   related  increasing  Mn  and  Fe  concentrations   in  calcite

to  a  progressive  reduction  of  pore  waters.     Based  on  these  data,   t.he

sequence  of  the  #1,   #2,   and  #3  calcite  cements   represents   a

progression  of  oxidized  to  reduced  conditions   in  the  pore  waters.

The  #4  calcite  cement,   which  is  less  common  and  geographically

limited   (Figure  23),   may  indicate  a  return  to  less  reduced

conditions.     The  #5  calcite  cement,   however,   precipitated  from  more

reduced  pore  waters.

Throughout  the  Lansing  and  Kansas  City  groups,   the  limestones

contain  essentially  t:he  same  cathodoluminescent  patterns.     If

calcite  cementation  had  occurred  during  deposition  of  the  Lansing
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and  Kansas  City  groups,   it  would  be  expected  that  the

cathodoluminescent  patterns  would  be  unique  to  stratigraphic

subunits.     Therefore,   the  calcite  cementation  postdates  the

deposition  of  the  Lansing  and  Kansas  City  groups.     This   suggests

that  the  cathodoluninescent  zones  may  be  synchronous  throughout

these  strata.     To  test  the  synchronity  of  the  cathodoluminescent

zones,   a  detailed  correlation  of  cathodoluminescent  subzones  is

necessary.

Similar  cathodolulninescent  patterns  throughout  the  Lansing  and

Kansas  City  groups  suggest  a  progressive  stagnation  of  pore  fluids

(increased  reduction)   that  was  formation  wide  and  not  isolated.     If

this  progressive  stagnation  was  localized,   the  less-permeable

wackestones  would  probably  have  less  #1  calcite  cement  and  more  #2

and  #3  calcite  cements.     The  distribution  of  the  calcite  cements  in

the  thin  sections,  however,   does  not  significantly  vary  between

lithologies   (Table  3,   Figure  21).     This  supports   the  hypothesis  that

the  progressive  reduction  of  pore  fluids  was   formation  wide.     The

individual  calcite  cement  zones  probably  formed  at  approximately  the

same   time.

Zoned  doloinite   is  present  as  both  cement  and  replacement.

Zoned  dolomite  commonly  predates  calcite  cement,   but  in  places,

postdates  part  of  the  calcite  cement.   Most  of  the  dolomite

cementation,  which  is  nonzoned  and  includes  baroque  dolomite,

postdates  all  calcite  cement.
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Evidence  of  late-stage  dissolution  was  observed  in  22   of  the   35

cores.     This  dissolution  postdates  all  calcite  and  dolomite  cement.

All  petroleum-filled  fluid  inclusions  are  secondary  and

postdate  the  calcite  and  dolomite  cements.     Therefore,   petroleum

migration  probably  postdates  all  calcite  and  dolomite  cementation.

The  oxidation  of  pyrite  that  postdates  stylolitization

indicates  that  oxidizing  fluids  were  present  in  these  strata  after

significant:  burial.

FLUID   INCLUSION   GEOCHEMISTRY

Fluid  inclusions  were  analyzed  to  determine  the  temperature  and

composition  of  fluids  of  cement  precipitation  and  the  temperature

and  composition  of  later  pore  fluids.     The  fluid  inclusions  studied

were  primary.   Fluid  inclusions  were  judged  to  be  primary  if  they

were  confined  by  growth  bands  of  the  cement   (Figure   24) .

Fluid  inclusions  were  analyzed  from  five  calcite  samples,   three

nonzoned  euhedral  dolomite  samples,   and  one  baroque  dolomite  sample.

The  samples  were  analyzed  by  crushing,   heating,   and  freezing.

Inclusions  were  crushed  while   immersed  in  kerosene   to  determine

the  pressure  and  composition  of  gases   in  the  bubbles   of  two-phase

(liquid  and  bubble)   inclusions.     Measurements   included   (1)   the

change  in  the  size  of  the  bubble  when  the  inclusion  was  initially

exposed  to   1  atmosphere  pressure,   and  (2)   the  character  of  bubble

dissolution  into  the  kerosene.     The  crushing  runs  were  recorded  on

video  tape  and  the  dimensions  of  the  bubbles  were  measured  before

and  after  crushing  runs.     Based  on  Boyle's   law   (Vi/V2  =  P2/Pi),   the
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Figure  24.     Paired  plane-light   (A)   and  cathodoluminescent   (8)
photomicrographs  of  cloudy  zones   in  the  #1  calci.te  cement
that  cont:aim  fluid  inclusions.   Arrows   in  A.   and  8.   point  to
two  cloudy  zones.     These  cloudy  zones  are  confined  to  the
nonluminescent  #1  calcite  cement.     Because  these  cloudy
zones  of  fluid  inclusions  are  confined  t,o  growth  zones,
they  are  interpreted  to  be  primary  fluid  inclusions  that
formed  as  the  calcite  precipitated.     The  bri.ght  bands  just
outside  the  cloudy  zones  in  8.   are  the  #2  calcite  cement
which  is  overgrown  by  the  very  dull  #3  calcite  cement.
Continental  Oil  #7   L.E.   Leonard,   3620   feet.
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pressure  of  the  inclusion  bubble  at  room  temperature  can  be

determined  by  measuring  the  change  in  the  volume  of  the  bubble

before  and  after  crushing.   Problems  in  determining  the  volume  of  the

bubbles  causes  this  method  to  be  inaccurate.     If  the  bubble

dissolves   in  the  kerosene  medium,   the  bubble  is  probably  a  methane-

rich  gas   (Roedder,1984).       All  crushing  measurements  are   tabulated

in  Appendix  XII .

In  all  cases,   the  bubbles  expanded  when  exposed  to  atmospheric

pressure  and  the  bubbles  dissolved  in  the  kerosene  medium,   which

suggests  the  bubbles  are  methane-rich  gas  at  a  pressure  higher  than

1   atmosphere.

Zones  of  inclusions  selected  for  study  were  napped  out  to

determine  if  the  inclusions  were  along  growt:h  zones  and  to  determine

the  distribution  of  the  liquid-to-vapor  ratios  of  the  inclusions.

The  two-phase  inclusions  were  first  heated  in  the  fluid

inclusion  stage  until  the  bubble  and  and  liquid  homogenized  to  all

liquid.     The  temperature  at  which  this  occurs   is  the  temperature  of

homogenization   (Th).     Th  represents   the  minimuin  temperature   of

entrapment  or  reequilibration.     Inclusions  were  not  overhe.ated

before  Th  was  measured.     The  presence  of  methane   gas   in  the

inclusions  makes  pressure  correction  difficult.     If  the  volume  of

the  inclusion  has  remained  constant,   the  Th  should  approach  the

temperature  of  entrapment  for  aqueous  inclusions  trapped  with

dissolved  methane   (Hanor,1980).
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The  inclusions  were  then  cooled  until   the  inclusions   froze.

The  temperature  at  which  freezing  occurs   is   the  temperature  of

nucleation  (Tn).   The  inclusions  were  then  heated.     First,   the

eutectic  temperature   (Te),   which  is  the  temperature  at  which  melting

begins,   was  measured.     Second,   for  twelve   inclusions,   the  melting

temperature  of  hydrohalite  was  measured.   Third,   the  temperature  of

melting  of  the  last  piece  of  ice   (Tin  ice)   was  measured.     Tin  ice  was

always  measured  with  the  presence  of  a  vapor  bubble  to  avoid

metastability  problems.   All-liquid  inclusions  were  stretched  so  as

to  nucleate  a  vapor  bubble.   The  freezing  data  yield  t:he  salinity  and

bulk  composition  of  the  fluids.

All  observations  of  first  melting  (Te)   data  range  from  -52°   to

-43°C.     Common  aqueous   solutions   of  chloride   species  with  Te   in  this

range  are  calcium  chloride  and  sodiuln-calcium  chloride   (Crawford,

1981).   If  any  sodium  is   in  solution,   the  Ca/Na  ratio  can  be

determined  by  measuring  the  melting  temperature  of  hydrohalit:e   (Nacl

*   2H20)    (Figure   25)    (Crawford,1981;   Yanatieva,1946).   Determining

the  temperature  at  which  all  the  hydrohalite  crystals  have  melted  is

difficult.   Typically,   there  is  a  clearing  of  the  ice  +  aqueous

solution  +  hydrohalite  as   the    hydrohalite  crystals  melt.   To  more

precisely  observe  the  final  melting  of  hydrohalite,   the  samples  were

heated  very  slowly  and  multiple  measurements  were  made.     A  method

which  could  be  used  to  more  precisely  measure  the  melting

temperature  of  hydrohalite  is  sequential  freezing  to  isolate  and

enlarge  the  hydrohalite  crystals   (Haynes,1985).     In  applying  this
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Figure   25.      Phase   diagram  of  H20-CacL2-Nacl   (after  Haynes,1985;
Crawford,1981;   Yanatieva,1946).      Point  A  is   the  eutectic,
temperature   (Te)   where  hydrohalite   (Nacl.H20)   begins   to
melt.     Point  8  is  a  temperature  of  last  melting  of
hydrohalite,   and  point  C  is  the  temperature  of  last  melting
of  ice   (Tin  ice).      By  drawing  a  line   from  100%  H20   through

:::::::a:: i:::ci::::t:::::::yl ::;;:::i::;::::::::;:::I 1 ine
chloride  can  be  determined.
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method  to  an  inclusion,   hydrohalite  melting  was  not  easily  observed

and  phases  other  than  ice,   hydrohalite,   and  anartacite  were

observed.     This  suggests  that  the  brine  composition  is  complex  and

that  the  interpreted  Ca-Na  ratios  may  be  inaccurate  to  some  unknown

degree .

The  melting  temperature  of  hydrohalite  was  plotted  on  the  phase

diagram  for  H20-Cac12-Nac1   (point  8,   Figure   25)   to  determine   the

Cac12/Nacl  ratio.     With  the  Tin  ice  and  Cac12/Nacl  ratio,   .the

salinity  in  weight-percent  Ca-Na  chloride  can  also  be  determined

(point  C,   Figure  25) .   All  measurements  of  the  melting  temperature

and  the  interpret=ed  salinities  are  tabulated  in  Table  6.

The  Tin  ice  is  a  measurement  of  salinity;   higher  Tin  ice

corresponds  to  lower  salinity.   For  the  Tin  ice  with  unknown

Cac12/Nacl  ratios,   the  salinity  determination  is  only  approximate.

The  presence  of  methane  in  fluid  inclusions  may  lower  the  Tin

ice  of  an  inclusion  due  to  the  formation  of  CH4-hydrate.   High

internal  pressure  caused  by  the  methane  could  also  depress  the  Tin

ice   (Hanor,1980).     However,   the  presence   of  methane   in  an  inclusion

lowers   the  Tin  ice  by  "considerably  less  than  a  degree"   (Hanor,

1980)  .

A  major  problem  for  interpreting  fluid  inclusion  data  is

reequilibration  of  the  fluid  inclusions.     Reequilibration  includes

the  stretching  of  an  inclusion  or  its  leakage`and  exchange  of  its

contents  with  ext:ernal  pore  fluids   (Goldstein,1986).   The  stretching

of  a  fluid  inclusion  may  be  caused  by  overheating  above  Th.
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Fluid Inclusion Data
Phase DiagramInterpretations

Te Tin hydroharite Tin ice
CaCa+ Na

SathityinWt.q7oCa-Na-Cl

#1  Calcite  Cement
-52 -32.0 -21.6 0.66 22.0Continental Oil #7 J.E.Leonard.3620Feet

#3  Calcite  Cement
-52 -30.7'-30.4'-31.4,-31.8 -21.8 0.65 22.5Theodore Gore #1Demy,4058Feet
-52 -38.5,-37.4,-36.6 -22.4 0.74 22.5

Muffin Drilling #2Elvin,3665Feet

-52 -33.0 to -34.53measurements -22.2 0.69 22.5

-52 -30.8 -19.1 0.64 21.6
-52 -34.0,-33.0,-33.0 -22.1 0.68 22.5
-52 -27.0 -17.0 0.46 20.8
-52 -27.0 -14.2 0.46 18.6

Cities Service #1-A -52 -33.0'-37.2'
-14.3 0.72 17.8Knudson, 4052 Feet -35.5,-36.8

Dolomite  Cement
-52 -33.0 -18.9 0.68 21.1Cities Service #1 -ABourquin,3983Feet
-52 -33.3,-33.7 -22.1 0.68 22.3

Murfu Driuing #i -52 -32.2,-31.8,-33 .0,-22.1 0.66 22.4Plentice, 4250.3 Feet. -31.5,-31.0,-31.0

Table 6.  The freezing data and interpreted salinities for all inclusions in
which the melting temperature of hydrohalite was measured.  All
measurements of Tin hydrohalite are hated.  The Ca/ Ca + Na molar
ratios and the salinities are from plotting the Tin hydrohalite and Tin ice
on the Nac1-Cac12-H20 phase diagram (Figure 26).  The interpreted
salinities and Ca/ Ca + Na molar ratios may be inaccurate due to the
possible presence of phases in these inclusions that are not accounted for
in the Nacl-Cac12-H20 phase diagram.
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Overheating  results  in  high  internal  pressure  that  may  stretch  the

inclusion  wall  to  a  larger  volume   (Bodnar  and  Bethke,   1984;

Prezbindowski,1986).     The  result  of  stretching  is  higher  Th  values

which  no   longer  represent  the  minimum  t:emperature  of  entrapment.

The  high  pressures  in  fluid  inclusions  caused  by  natural

overheating  could  lead  to  hydrofracturing  of  an  inclusion  that  could

allow  exchange  between  inclusion  fluids  and  external  pore  fluids.

The  intersection  of  fractures  or  twin  lamellae  with  inclusions  could

also  lead  to  fluid  exchange   (Goldstein,1986).     With  such  an

exchange  followed  by  healing,   the   inclusion  fluids  would  no  longer

represent  the  original  fluids  that  precipitated  the  host  mineral.

Methods  to  detect  and  account  for  reequilibration  of  fluid

inclusions  include  analyzing  the  inclusion  populations  from  the  same

growth  zone  for  variability  in  vapor-to-liquid  ratios,   determining

if  the  populations  are  crosscut  by  twin  lamellae  or  fractures,   and

analyzing  trends  and  ranges  of  Th  and  Tin  ice  data.     An  example  of

inconsistent  vapor-to-liquid  ratios   is  the  presence  of  one-phase  and

two-phase  fluid  inclusions   in  the  same  population.     One-phase   fluid

inclusions  generally  indicate  that  the  inclusion  formed  below  40   -

50°C;   two-phase   fluid  inclusions   generally  have  Th  values   greater

than  40   -   5o°c.

Where  one-phase  inclusions  are  present  in  a  reequilibrated

population,   these  inclusions  are  most  likely  to  represent  the

original  fluids  of  precipitation  (R.H.   Goldstein,   personal

communication,1988).
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#1   Calclte   Cement

Continental  Oil  #7  J.E.   Leonard,   3620  Feet

The  fluid  inclusions  from  this  sample  occur  in  fluid  inclusion-

rich  growth  zones  within  the  nonluminescent  #1  calcite  cement

(Figure  26).     These  zones  parallel  the  outer  edge  of  the  #1  calcite

cement  and  are  interpreted  to  be  primary   (Figure  24).   The  diameter

of  these  inclusions  generally  ranges  from  3  to  8  micrometers  and

some  are  as  large  as   12  micrometers   in  diameter.     The  fluid

inclusions  generally  are  two-phase,   vapor-liquid  inclusions,   but

one-phase,   all  liquid  inclusions  are  present.     The  one-phase  fluid

inclusions  also  range  from  3   to  8  micrometers   in  diameter.     Bubble

pressure   determinations   from  crushing  are   8,   20,   and  40  atmospheres

(Appendix  XII).     All  bubbles  dissolved  in  the  kerosene  medium,

suggesting  the  bubbles  are  methane-rich  gas.

The  Th  data   (Figure  26A)   are  broadly  distributed  ranging  from

one-phase   at  room  temperature   t:o   95.7°C.      The  Te   data  range   from   -

42°   to   -52°C.      The   Tin  ice   data   (Figure   268)   range   from   -22,0°C   to   -

17.1°C.      The  Tin  ice   for   the   one-phase   fluid   inclusions   (Figure   268)

cover   a  more  narrow  range  between        -22.0°C   and   -19.1°C.   The  melting

temperature  of  hydrohalite  and  ice   (Tin  ice)   in  orie   two-phase

inclusion  indicates  that  it  has  a  salinity  of  22.0  weight-percent

Ca-Na  chloride   and  a  Ca  /  Ca  +  Na  molar   ratio   of  0.66   (Table   6) .

The  presence  of  one-phase  and  two-phase   inclusions  in.this

population  suggests   that  the  two-phase  inclusions  were  formerly  one-

phase  inclusions  that  have  been  reequilibrated  with  higher
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Figure  26.     Primary  fluid-inclusion  Th  and  Tin  ice  data,   #1
calcite   cement.    (A)   Th  data,   mean  Th   is   67.3°C.    (8)   Tin  ice
data,   one-phase  fluid  inclusions  are  fi].led  (mean  Tin  ice  is
-20.7°C),   two-phase  fluid  inclusions   are  open   (mean  Tin  ice
is   -20.0),   overall  mean  Tin  ice   is   -20.3°C.    (C)   Crossplot   of
Tin  ice  and  Th  data,   one-phase  fluid  inclusions  are  plotted
on  t:he  left  axis.     Continental  Oil  #7  J.E.   Leonard,   3620
f e e t .
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temperature.   If  one-phase  fluid  inclusions  provide  the  best:  record

of  the  original  fluids,   the  one-phase  inclusions  indicate  that  this

cement  precipitated  from  fluids  with  Tin  ice   of   -19.1°   to   -22.0°C.

The  Te  data  suggest  these  fluids  are   in  the  Ca-Na  chloride  system.

For   a  Ca  /   Ca  +  Na  ratio   of  0.66   and  Tin  ice   of   -19.1°   to   -22.0°C,

the  salinity  of  these  fluids  ranges  from  21.0  to  23.0  weight-percent

Ca-Na  chloride.

Therefore,   the  #1  calcite  precipitated  from  a  fluid  with  21.0

to  23.0  weight-percent  Ca-Na  chloride  at  a  temperature  below  40°-

50OC.

Cities   Service  Company  #1-8   Ryan,   4363   Feet

The  fluid  inclusions  are  in  a  bladed  calcite  cement  reducing  an

intraparticle  pore.     These  inclusions  are  confined  to  a  growth  zone

in  the  bladed  cement  that  is  just  inside  a  UV  fluorescent  band  of

the  #1  calcite  cement.     Their  relationship  to  the  fluorescent  and

luminescent  zonation  suggests  that  they  formed  along  a  growth  zone

and  are  primary  inclusions.     The  size  of  these   inclusions  generally

ranges   from  4  to   8  micrometers   in  diameter.      Some   inclusions   are   as

large  as   12  micrometers   in  diameter.   These   fluid  inclusions   cormonly

are  one  phase,   all   liquid.     Two-phase   inclusions   are   less   common.

Inclusions  in  this  population  were  not  crushed.     The  Th  data  for

two-phase   inclusions   are   52.8°,   73.7°,   and   76.4°C   (Figure   27A).      The

Tin  ice   data   (Figure   278)   are   -20.2°C     and   -19.7°C;   the  Te   for  both

inclusions  with  Tin  ice   is   -45°C,   but  may  be   lower.     The  small   size

of  the  inclusions  caused  difficulties  in   .PN  61
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Figure  27.     Primary  fluid-inclusion  Th  and  Tin  ice  data,   #1
calcite   cement.    (A)   Th  data,   mean  Th   is   67.4°C.    (8)   Tin   ice
data,   mean  Tin  ice   is   20.0°C.    (C)   Crossplot   of  Th  and  Tin  ice
data.     Cities   Service  #1-8  Ryan,   4363   feet.
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measuring  Tin  ice  because  vapor  bubbles  rarely  nucleated  before   the

ice  melted.     Tin  ice,   with  the  presence   of  a  vapor  bubble,   was   onl:..

measured  in  two   inclusions.

The  presence  of  one-phase   inclusions   in  this  population

suggests   that  this   zone  precipitated  at  less   than  40°-50°C.   The   t',.7o-

phase  inclusions  are  interpreted  to  have  resulted  from  stretching  or

fluid  exchange.     The  Te  and  Tin  ice  data  suggest  that  t:he

precipitating  fluid  was  a  highly  saline  Ca-Na  chloride  brine.   If  the

Ca  /  Ca  +  Na  ratio  of  these  fluids   is  near  0.66,   as   in  the  previous

sample  from  the  #1  calcite  cement,   the  salinity  for  the   two  Tin  ice

data  is  approximately  21  to  22  weight-percent  Ca-Na  chloride.

Summary  Of  #1  Calcite  Cement  Fluid  Inclusion  Data

The  fluid  inclusion  data  from  the  two  #1  calcite  cement  samples

suggest  that  the  #1  calcite  cement  precipitated  from  brines  with  21-

23  weight-percent  Ca-Na  chloride   at  temperatures   less   than  40°-50°C.

#3   Calcite   Cement

Theodore  Gore  #1  Denny,   4058  Feet

The   fluid  i.nclusions   a.re  confined  to  cloudy  growth  zones   in  the

very  dull-luminescent  #3  calcite  cement.     These  primary  fluid

inclusions  range  from  6   to  20  micrometers   in  diameter.     All   the

fluid  inclusions  were   two  phase  and  had  relatively  consistent  vapor-

to-liquid  ratios.   Two  pressure  measurements  from  crushing  are   18  and

33  atmospheres   (Appendix  XII) ;   because  the  bubbles   dissolved  in  the

kerosene,   they  are  apparently  methane-rich.
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The  Th  and  Tin  ice  data   (Figure   28)   have  broad  distributions

which  indicate  the  possibility  of  reequilibration.     The  Tin  ice  data

(Figure   288)   have   a  mode   around   -22°C  but   range   as  high   as   -10.6°C.

The  Te  data  range   from   -52°   to   -46°C   indicating  a  Ca-Na-Cl  brine.

The  melting  temperature  of  hydrohalite  and  ice   (Tin  ice)   in  two

inclusions   indicate  a  salinity  22.5  weight:-percent  Ca-Na  chloride

and  a  Ca  /  Ca  +  Na  molar  ratio  of  0.65   in  one   inclusion,   and  a

salinity  of  22.5  weight-percent  Ca-Na  chloride  and  a  Ca  /  Ca  +  Na

molar  ratio  of  0.74.   in  the  other  inclusion   (Table  6).

A  crossplot  of  paired  Th  and  Tin  ice   data   (Figure   28C)   s-bows   two

trends.   One   trend  is  horizontal  and  shows   constant  Tin  ice  values

around  -22°C  with  a  broad  range  of  Th  data.     The  other   trend  shows

increasing  Tin  ice  values   (lower  salinity)   and  increasing  Th  values.

Goldstein  (1988)   saw  similar  trends   (Figure  29)   and  interpreted  the

trend  with  constant  Tin  ice  and  varying  Th  data  to  be  caused  by

stretching  of  the  inclusions  during  overheati.ng.     The  trend  of

increasing  Th  with  increasing  Tin  ice  was   interpreted  to  represent

exchange  with  higher  salinity  fluids.     Goldstein   (1988)   suggested

that  the  point  of  convergence  might  represent  the  original

conditions  of  the  fluid  inclusions  before  reequilibration.

Applying  the  concepts  of  Goldstein   (1988)   to   the   two  trends   in

the  cross-plot  of  Th  and  Tin  ice   (Figure   28C),     t.he  horizontal  trend

is  interpreted  to  have  been  caused  by  stretching  of  the  inclusions

with  increased  temperatui-e.     The  other  trend  of  decreasing  Tin  ice

with  increasing  Th  is  interpreted  to  have  been  caused  by  fluid
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Figure  28.     Primary  fluid-inclusion  Th  and  Tin  ice  data,   #3
calcite   cement.    (A)   Th  data,   mean  Th   is   87.4°C.    (8)   Tin  ice
data,   mean  Tin  ice   is   -20.4°C.    (C)   Crossplot   of  Th  and  Tin
ice  data.     There  are  two  trends  in  these  data:   A  trend  of
inclusions  with  Tin  ice  near   -22°C  and  variable  Th,   and  a
trend  of  higher  Th  and  higher  Tin  ice  data.     The  first  trend
is  interpreted  to  have  -L'esulted  from  the  stretching  of  the
fluid  inclusions  to  higher  Th  values  by  higher  temperature
fluids.     The  second  trend  is  interpreted  to  have  resulted
from  fluid-exchange  with  higher  temperature,   lower  salinity
fluids.   Theodore  Gore  #1  Denny,   4058   feet.
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Figure   29.     A  crossplot  of  Th  and  Tin  ice  data   in  which  trend  A
is  interpreted  to  be  a  stretching  trend  and  trend  8  is
interpreted  to  be  a  fluid-exchange  trend  with  higher
temperature,   higher  salinity  fluids.     The  point  where  the
trends  converge  may  represent  the  population  of  fluid
inclusions  before  reequilibration.     These  trends  are
similar  to  those  in  the  Theodore  Gore  #1  Denny  data   (Figure
29C).     A  major  difference  is   that  the  Tin  ice  scales   in  the
figures  are  reversed.     In  this  figure,   Trend  8  is  toward
higher  Th,   lower  Tin  ice.     In  Figure  29C,   the  fluid-exchange
trend  is  toward  higher  Th,   higher  Tin  ice   (after  Goldstein,
1988)  .
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exchange  with  pore  fluids  during  decreasing  salinity  and  increasing

temperature.   The  convergence  of  these   two  trends   is   at  a  Th  of  50°C

and  a  Tin  ice  of  -22°C,   and  this  point  is   interpreted  to  represent

the  original  conditions  of  the  fluid  inclusions  before

reequilibration.     Due  to  the  presence  of  methane  gas   in  these

inclusions,   a  pressure  correction  should  not  be  applied  (Hanor,

1980).     This  cement  precipitated  from  brines  with  approximately  22

weight-percent  Ca-Na  chloride  at  approximately  50°C.

Murfin  Drilling  Co.   #1  Elvin,   3665  Feet

The  fluid  inclusions  from  this  sample  are  in  cloudy  growth

zones  confined  to  the  #3  calcite  cement.     These  primary  fluid

inclusions  are  all  two-phase  inclusions  with  relative].y  consistent

vapor-to-liquid  ratios.     The  size  of  the  inclusions  range  from  5  to

17  micrometers   in  diameter.   The  pressure  measurements   from  crushing

are   7,13,   and  40  atmospheres   (Appendix  XII).     All  bubbles   dissolved

in  kerosene,   which  suggests   they  are  methane-rich  gas.     The  Th  data

(Figure   30A)   range   from  45.5°   to   81.1°C.      The   Tin   ice   data   (Figure

308)   have   a  broad  distribution  ranging   from   -22.2°   to   -10.8°.        The

broad  distribution  of  Th  and  Tin  ice  suggests  that  these  inclusions

have  reequilibrated.     The  Te  data  range   from   -53°   to   -46°C  with  most

data  at  -52°C  indicating  these  fluids  are  Ca-Na  chloride  brines

(Crawford,1981).     The  melting  temperatures   of  hydrohalit:e   and  ice

(Tin  ice)   in  five  fluid  inclusions  from  this  population  indicate  the

following  salinities  and  Ca/  Ca  +  Na  molar  racios:     22.5  weight-

percent   Ca-Na-Cl   and  0.69   Ca/  Ca  +  Na;      21.6   weight-percent   Ca-Na-C1
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Figure  30.     Primary  fluid-inclusion  Th  and  Tin  ice  data,   #3
cal.cite   cement.      (A)   Th  data,   mean  Th   is   59.4°C.    (8)   Tin  ice
data,   mean  Tin  ice   is   -17.0°.    (C)   Crossplot  of  Th  and  Tin  ice
data.    A  fluid-exchange  trend  is  interpreted  for  these
dat:a.     There  is  no  data  to  support  a  stretching  trend  as
noted  in  Figure  28C.     Murfin  Drilling  #2   Elvin,   3665   feet.
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and  0.64   Ca/  Ca  +  Na;   22.5  weight-percent  Ca-Na-Cl   and  0.68   Ca/   Ca  +

Na;    20.8   weight:-percent   Ca-Na-Cl   and   0.46   Ca/   Ca  +  Na;    and   18.6

weight-percent   Ca-Na-Cl   and  0.46   Ca/   Ca  +  Na   (Table   6) .

A  crossplot  of  the  Th  and  Tin  ice   data   (Figure   30C)   shows

increasing  Th  values  associated  with  higher  Tin  ice  values.     This

trend  is  similar  to  the  fluid-exchange  trend  in  the  previous  sample,

but  it  has  a  steeper  slope.     This  steeper  slope  may  indicate  that

these  two  cores  have  had  slightly  different  fluid  temperature

histories .

This  crossplot   (Figure  30C)   lacks  the  stretching  trend  observed

in  the  crossplot   (Figure  28C)   of  the  previous   sample.     Based  on  the

interpretation  of  the  crossplot  in  the  previous   sample   (Figure  28C),

the  inclusions  representative  of  the  original  conditions  of

precipitation  in  this  sample   (Figure  30C)   are   f`rom  the   lower  Th-

1ower  Tin  ice  end  of  the  fluid-exchange  trend.     These  inclusions  have

a  Th  of  approximately  45°C  and  a  Tin  ice   of   -22°C.

The  temperature  of  cementation  is   interpreted  to  be

approximately  45°C.     Due   to   the  presence  of  methane   gas   in  these

inclusions,   a  pressure  correction  should  not  be  applied   (Hanor,

1980).     The  cement  precipitated  from  a  brine  of  approximately  22

weight-percent  Ca-Na  chloride.

Cities  Services  #1-A  Knudson,   4252  Feet

The  fluid  inclusions  are  from  a  cloudy  growth  zone  within  the

#3  calcite  cement.     All  the  inclusions  were  two  phase  and  had

relatively  consistent  vapor-to-liquid  ratios.     The  size  of  the
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inclusions  range  from  6  to  20  micrometers.     Pressure  measurements

from  crushing  are  20  and  23   atmospheres   (Appendix  XII) .     The  bubbles

dissolved  in  kerosene,   which  suggests   they  are  methane-rich  gas.

The  Th  data   (Figure  31A)  have  a  very  broad  distribution  ranging

from  92.3°C   to   208.6°C.   The   Tin  ice   data   (Figure   318)   also  have   a

broad  distribution  ranging  from  -19.8°   to   -11.8°C.     The  broad

distribution  of  Th  and  Tin  ice  suggests  that  these  inclusions  have

reequilibrated.     The  Te  dat:a  range  from  -52°   to   -47°C  indicating

that  these  are  Ca-Na  chloride  brines   (Crawford,1981).     The  melting

temperature  of  hydrohalite  and  ice   (Tin  ice)   for  an  inclusion

indicates  a  salinity  of  17.8  weight-percent  Ca-Na  chloride  and  a

0.72   Ca/  Ca  +  Na  molar  ratio   (Table   6) .

The  crossplot  of  Th  and  Tin  ice  data   (Figure   31C)   shows  no

trends.     These  data  are  within  the  wedge-shaped  field  interpreted

for  the  trends   in  the  two  previous  #3  calcite  samples.     The  Tin  ice

data  are  similar  to  those  of  fluid  inclusions  in  the  previous

samples   interpreted  to  have  resulted  from  fluid  exchange.     'I`he  Th

data,   however,   are  much  higher.

Reappraisal  of  this  sample  shows   twin  lamellae   to  be  common.

Twin  lamellae  are  a  possible  means   for  pore-fluid  exchar.ge  with

later  brines   (Goldstein,1986).   Fluid  exchange  of  these  inclusions

would  explain  the  Tin  ice  data   (as  related  to   the  previous   samples) .

Twin  lamellae  intersecting  the  inclusions  might  also  cause  necking

down  which  might  cause  the  high  Th.     Stretching  due  to  methane  gas

under  pressure  might  have  also  caused  the  high  Th.
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F`igure  31.     Primary  fluid-inclusion  Th  and  Tin  ice  data,   #3
calcite  cement,   Cities   Service  #1-A  Knudson,   /+252   feet.
(A)   Th  data,   mean  Th   is   148.1°C.    (8)   Tin  ice   data,   mean  Tin
ice   is   -14.0°C.    (C)   Crossplot  of  Th  and  Tin  ice   data.     For
comparison,   the  stretching  and  fluid-exchange  trends  from
the  Theodore  Gore  #1  Denny  data   (Figure   28C)   are
superimposed  on  this  crossplot.

69



40             60             80            100          120          140          160         180          20C`         220          240
ThOC

21  -2 0-19-18-17-16 -15 -14-13-12-11-10
Tin ice oC

.-2

4
a

•

8

0 •

2                 .:::i!i;
.. ,` .` .. .` .. .. .` :.:.:.:.:.:.:.:.:

4.

•  ,`  .,  .`  .`  .1 `` .,

I,

4060 80           100         120          140
ThOC

Huid-exchange
trend

160         180         200        220         240

Stretching trend

Both trends are from the Theodore Gore #1 Demy
fluid inclusion data, #3 calcite cement (Figure 28C).



These  data  suggest  that  these  inclusions  have  reequilibrated.

The  original  conditions  of  precipitation  cannot  be  interpreted  from

these  data.

Sullimary  of  #3   Fluid  Inclusion  Data

The  data  from  the  inclusions  in  the  #3  calcite  cement

interpreted  to  represent  the  original  conditions  indicate  calcite

precipitation  from  approximately  22  weight-percent  Ca-Na  chloride

brines  at  approximately  45°-50°C,   and  a  later  history  of  increasing

temperature  and  decreasing  salinity.

Nonzoned  Dolomite   Cement

Cities   Service  Co.   #1   Bourquin,   3981,   3983,   and  4015.8   Feet

These  inclusions  occur  in  cloudy  growth  zones  outside  the

luminescent  and  fluorescent  bands  of  the  dolomite.

Petrographically,   the  dolomite  cement  out:side  the  luminescent  and

fluorescent  bands  is  interpreted  to  post:-date  all  calcite  cement.

All  fluid  inclusions  were  two-phase  and  had  relatively  consistent

vapor-to-liquid  ratios.     The  size  of  these   inclusions  ranges   from  3

to   12  micrometers   in  diameter.     Pressure  measurements   from  crushing

are   5,    8,    8,    8,    20,   27,    32,   70,120,190,    and   260   atmospheres

(Appendix  XII).     The  bubbles   dissolved  in  kerosene,   which  suggests

they  are  methane-rich  gas.     The  Th  data   (Figure   32A)  have  a  broad

distribution  ranging  from  75.1°   to   171.8°C.      The  Tin  ice   data   (Figure

328)   also  have   a  broad  distribut:ion  ranging   from     -22.8°   to   -15.8°C.

The  broad  distribution  of  the  Th  and  Tin  ice  data  suggests  that  these

inclusions  have  reequilibrated.     The  Te  data  range  from  -52°   to
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Figure  32.     Primary  flui.d-inclusion  Th  and  Tin  ice  data  from  the
same  growth  zone   in  post-calofte  dolomite  cement,   Cities
Service  #1~A  Bourquin,    3981,   3983,   and  4015.8   feet.    (A)   Th
data,   mean  Th   is   107.7°G.    (A)   Tin  ice   data,   mean  Tin   ice   is
-20.2°C.    (C)   Crossplot  of  Th  and  Tin  ice   data.      For
comparison,   the  stretching  and  fluid-exchange  trends  from
the  Theodore  Gore  #1  Denny  data   (Figure   28C)   are
superimposed  on  this  crossplot.
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-49°C  indicating  that  these  fluids  are  Ca-Na  chloride  brines

(Crawford,1981).   The  melting  temperature  of  hydrohalite  and  Tin  ice

in  two   inclusions   indicate  Ca/  Ca  +  Na  molar  ratios  of  0.68   for  both

inclusions  and  salinities  of  21.1  and  22.3  weight-percent  Ca-Na

chloride   (Table   6).

The  crossplot  of  Th  and  Tin  ice  data   (Figure  32C)   shows  no  clear

trends,   but  when  the  trends  from  the  Theodore  Gore  #1  Denny  fluid-

inclusion  data   (Figure  28C)   are  superimposed  on  the  plot,   all  data

lie  within  the  wedge-shaped  field  of  the  trends  and  a  large

proportion  of  the  data  lies  along  the  stretching  trend.   The

inclusions  along  this  stretching  trend  have  basically  the  same  Tin

ice   (salinit:y)   and  Ca/  Ca  +  Na  molar  ratio   (Table  6)   as   the  fluid

from  which  calcit:e  precipitated.     A  major  difference  is  that  these

inclusions   in  dolomite  have  higher  Th   (88°-115°C).   If  the  #3  calcite

cement  fluid-inclusion  data  (Figures  28  and  30)   records  the  fluid

and  temperature  history  experienced  by  these  strata,   the  temperature

of  fluids  with  Tin  ice  near   -22°C   should  be   approximately  45°-50°C.

The  fluid-exchange  trends  in  the  #3  calcite  data  reveal  that  the

later,  higher  temperature  fluids  had  higher  Tin  ice   (lower

salinities).     Therefore,   the  dolomite  probably  precipitated  from

earlier  fluids  with  Tin  ice  near   -22°C.   Because  dolomite  cement

postdates  calcite  cement,   the  temperature  of  dolomite  precipitation

was  not  less   than  45°C.   The  maximum  temperature  of  dolomite

precipitation  was  probably  below  the  minimum  temperature  of  later,

lower  salinity  fluids   (approximately  70°C,   Figure  28C  and  30C)
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indicated  by  the  fluid  exchange  trend.   Therefore,   the  dolomite

precipitated  from  brines  with  approximately  22  weight-percent  Ca-Na

chloride  at  approximately  45°-70°C.   Due   to   the  presence   of  methane

gas   in  these  inclusions,   a  pressure  correction  should  not  be  applied

(Hanor,1980).

The  cause  of  reequilibration  of  these  inclusions   in  the

dolomite  may  be  related  to  the  high  pressure  methane  gas.   Three  of

the  measurements  of  pressure  exceed  100  atmospheres.

Baroque   Dolomite   Cement

Murfin  Drilling  Co.   #1  Prentice,   4250.3  Feet

The  fluid  inclusions  are  in  cloudy  growth  zones   in  baroque

dolomite  cement.     The  primary  origin  is  not  clear  because  the  edge

of  the  cloudy  zones  is  not  sharp.     All  fluid  inclusions  in  this

population  were  two  phase  with  relatively  consistent  vapor-to-liquid

ratios.     The  size  ranged  from  5   to  14  micrometers   in  diameter.

Pressure  measurements   from  crushing  were  not  made  on  this   sample.

The  bubbles,   however,   did  expand  during  crushing  and  dissolved  in

the  kerosene  medium.     This   suggests   that  the  bubbles  are  methane-

rich  gas  under  pressure.

The  Th  data   (Figure  33A)   show  a  broad  distribution  ranging  from

66.2°   to  125.0°C,   which  suggests   that  these   inclusions  have

reequilibrated.     The  Tin  ice  data   (Figure   338)   range   from   -22.9°   to

-20.5°C.   The  Te  data  range   from   -52°   to   -48°C   indi.cating  that   these

fluids   are  Ca-Na  chloride   (Crawford,1981).     The  crossplot  of  Th  and

Tin  ice  data   (Figure  33C)   shows  no  clear  trends,   but  these  data  fit
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Figure   33.     Primary  fluid-inclusion  Th  and  Tin  ice  data,   baroque
dolomite  cement,   Murfin  Drilling  #1  Prentice,   4250.3   feet.
(A)   Th  data,   mean  Th   is   92.8°C.    (8)   Tin  ice   data,   mean  Tin
ice   is   -22.2°C.    (C)   Crossplot  of  Th  and  Tin  ice   data.      For
comparison,   the  fluid-exchange  and  stret:ching  trends   from
the  Theodore  Gore  #1  Denny  data   (Figure   28C)   are
superimposed  on  this  crossplot.
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within  t:he  wedge-shaped  field  of  the   trends   from  the  Theodore  Gore

#1  Denny  data  and  three  points  lie  along  the  #1  Denny  stretching

trend.     All  Tin  ice  data  from  this  sample  are  close  to  the  Tin  ice  of

fluids  from  which  the  calcite  precipitated.     If  the  #3  calcite

cement  fluid  inclusion  data  records  the  fluid  and  temperature

history  of  these  strata,   the  temperature  of  dolomite  precipitation

was  approximately  45°-70°C.            The  dolomite  probably  precipitated

from  brines  with  approximately  22  weight-percent  Ca-Na  chloride.   Due

to  the  presence  of  methane  gas  in  these  inclusions,   a  pressure

correction  should  not  be  applied   (Hanor,   1980) .

Petroleum-Filled  Fluid  Inclusion  Bat:a

The  Th  data  for  secondary  petroleum-filled  fluid  inclusions,

which  postdate  all  calcite  and  dolomite  cement,   are  shown  in  Figure

34.        The  mean  Th  for  these   inclusions   is   91.0°.      Excluding  the  Th

t=hat   exceed  160°C,    the  mean  Th   is   83.o°C.

The  pressure  correction  for  these  petroleum-filled  fluid

inclusions  is  unknown  without  the  pressure-volume-temperature

properties   of  these  oils.      Commonly,   petroleum-fi`11ed  fluid

inclusions  have  higher  pressure  corrections  than  aqueous  inclusions

because  petroleum  generally  has   isochores  wit:h  a  lower  slope  than

isochores  for  water.     With  lowering  pressure,   petroleum  intercepts

the  liquid-vapor  surface  at  a  lower  temperature  than  water   (Burruss,

1981)  .
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Figure   34.       Secondary   petroleum-filled   fluid-inclusion
data.    The  mean  Th  is  91.0°C;  excluding  the  Th  >  180°,  the
mean  Th  is  83.0°C;  excluding  the  Th  >  1100,  the  mean  Th  is
77.OOC.
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Maximum  Temperature

Petroleum  migration  postdates  all  calcite  and  dolomite  cement

and  may  have  occurred  near  the  maximum  temperature  of  these  strata.

Without  the  pressure  correction,   the  adjusted  mean  Th  of  83.0°   is   a

minimum  estimate  of  maximum  temperature  of  these  strata.

For  all  aqueous   inclusions,   the  mean  Th  is   89.7°C   (Figure   35).

For  all  aqueous   inclusions   in  dolomite,   the  mean  Th  is   103.0°C

(Figure  35),   and  for  all  aqueous   inclusions   in  calcite,   the  mean  Th

is   82.2°C   (Figure   35).

In  the  Smackover  Formation,   it  has  been  observed  that  the  mean

Th  of  aqueous   inclusions   in  calcite  approximates   the  bottom-hole

temperature  of  these  strata   (Wagner  and  Matthews,1982).     R.H.

Goldstein  (personal  communication,   1988)   suggested  that  the  mean  Th

of  aqueous  inclusions  in  calcite  plus  the  pressure  correction  or  a

fudge  factor  should  approximate  the  maximum  temperature.   The  mean  Th

of  aqueous   inclusions   in  calcite  is   82.2°C.     The  pressure  correction

depends  on  the  thickness  of  overlying  strata  during  which  these

inclusions  were  formed  or  reequilibrated.     The  current  depth  of

these  strata  ranges  from  0.9   to  1.4  kin.     Based  on  stratigraphic

reconstruction,   additional  overburden  removed  by  post-Cretaceous

overburden  is   approximately  0.6  kin   (Merriam,1963).   The   estimated

pressure  correction  for  an  overburden  of  1.5  to  2.0  kin  overburden  is

approximately  20°-30°C   (Potter,1977).     The   sum  of   the  mean  Th

aqueous   inclusions  in  calcite   (82.2°C)   and  the  pressure  correction

results   in  a  temperature  of  approximately  loo   -   110°C.     Based  on  the
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Figure 35.  All Th data from aqueous two-phase
inclusions in calcite and dolomite.  The mean Th for all
aqueous inclusions is 89.7°C.  The mean Th for all
aqueous inclusions in dolomite is 103.0°C, and for all
aqueous inclusions in calcite, the mean rTh is 82.2°C.
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analogue  of  the   Smackover  Formation,   100   -   110°C  may  have  been  the

maximum  temperature  of  these  strata.

Possible  problems  with  this  method  are  that  factors  other  than

temperature,   such  as  high  pressure  methane  gas,   may  have  caused  some

of  the  high  Th  values.     In  the  Smackover  Formation,   methane  gas

commonly  is  present  in  the   inclusions   (R.H.   Goldstein,   personal

communication,1988).     A  maximum  temperature   of  100   -110°C   is

compatible  with  the  non-pressure-corrected  mean  Th  of  83.0°C  for

petroleum-filled  fluid  inclusions.

For  the  estimated  maximum  temperature  of  100   -   110°C  and  the

estimated  maximum  overburden  of  i.5   to   2.0  kin,   assuming  a  mean

surface  temperature  of  30°C  results  in  an  the  estimated

paleogeothermal  gradient  35°   to  53°C/kin  during  maximum  burial.

Current  Temperatures

Stavnes   (1982)   calculated  the  geothermal  gradient  in  the  Kansas

side  of  the  area  of  study  to  be  approximately  25°C/kin  based  on

bottom-hole   temperatures   from  oil  wells.     Assuming  a  near-surface

temperature   of   56°F   (13.3°C)   at   50   feet   (15   in)   depth   (an  assumption

used  by  Stavnes,1982)   and  a  depth  range  of  3000   to  4500   feet   (0.9

to  1.4  kin)   for  the  Lansing  and  Kansas  City  groups,   the  present

temperature  of  this  stratigraphic  interval  should  range  from  35°   to

50°C.     Bottom-hole   temperatures   from  the  4  of  5  wells   from  which

most  of  the  aqueous   fluid  inclusion  Th  data  were  measured   (Table   7)

are  in  this  range.     The  60°C  temperature  in  the  #l-A  Bourquin  well

is   from  800  feet   (240  in)   below  the  base  of  the  Kansas   City  Group;   at
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Depth to the base Bottom-Hole
Temperature,I   of the Kansascity
OC @ Total

Group, in feetL_
Depth  (in  feet)

Theodore  Gore  Co. #1  Denny 4292 ft. 46°C @ 4500 ft.

Cities  Service  Co.  #1-A  Bourquin 4176 ft. 6o°C @ 4963 ft.

Cities  Service  Co.  #1-A  Knudson 4324 ft. 48°C @ 4870 ft.

Murfin  Drlg.   Co.  #2  Elvin 3744 ft. 39°C @ 4009 ft.

Murfin  Drlg.  Co.  #1  Prentice 4460 ft. 46°C @ 4500 ft.

Table  7.   Bottom-hole temperatures of the wells from which  high
Th  values were  measured  in  aqueous fluid  inclusions.
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the  base  of  the  Kansas  City  Group,   the  temperature  is  projected  to

be   approximately   52°C.

This  temperature  range  is  less  than  the  temperature  of

petroleum  migration  (at  least  83°C) ,   and  less  than  the  interpreted

maximuln  temperature  of  these   strata   (|00°-||0°C) .

Present-Day  Brines

The  present-day  brines  of  the  Lansing  and  Kansas  City  groups

have  been  sampled  and  analyzed  by  Stell   (1988)   and  other  data  are

available  in  a  Kansas  Geological  Survey  data  base  compiled  by  Fife

(1973).     The  salinities  of  21  oil-field  waters   in  the  Lansing  and

Kansas   City  groups   from  the   area  of  study  ranged  from  3.30   to   13.85

weight-percent  total-dissolved  solids.     The  Ca  /  Ca  +  Na  molar  ratio

from  10  samples  in  the  Lansing  and  Kansas  City  groups   in  this  area

were  all  less  than  0.10.   One   sample   from  the  underlying  Marmaton

Group  in  northeastern  Cheyenne  County  had  a  Ca/  Ca  +  Na  molar  ratio

of  0.30   (Fife,1973).     A  crossplot  of  the   salinities   and  Ca/Ca  +  Na

molar  ratios  for  the  modern  brines  and  fluid-inclusion  data   (Figure

36)   illustrates  that  the  modern-day  brines  are  less  saline  and

contain  less  calcium  than  the  brines  from  which  calcite  and  dolomite

precipitated.

INTERPRETATION   0F   PETROGRAPHIC   AND   FLUID   INCLUSION   DATA

Calcite  Cement

The  major  calcite  cements  are  the  #1,   #2,   and  #3  calcite

cements;   the  #4  and  #5  calcite  cements  are  minor  and  are  not  further

discussed.
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Figure  36.     Crossplot  of  salinity  and  Ca/Ca  +  Na  molar  ratios
for  modern-day  brine  and  fluid-inclusion  data.     The  modern-
day  brine  data   (Stell,1988;   Fife,1973)   are  from  the
Lansing  and  Kansas  City  groups   from  the  Kansas  part  of  the
area  of  study.     The  salinity  for  the  modern-day  brine  data
is  in  weight-percent  total  dissolved  solids.     The  fluid
inclusion  data  are  from  the  12  inclusions   in  which  the
temperature  of  final  melting  of  hydrohalite  was  measured.
This  melting  temperat:ure  and  t:he  Tin  ice  was  plotted  on  the
H20-Cac12-Nacl  phase   diagram   (Figure   25)   t:o   determine   the
Ca/Ca  +  Na  molar  ratio  and  the  salinity  in  weight-percent
Ca-Na  chloride.     Due  to  the  possible  presence  of  other
phases  in  t:hese  inclusions  that  are  not  accounted  for  on
the  phase  diagram,   these  interpret.ations  are  in  question.
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The  #1  calcite  cement  is  a  nonluminescent:  and  nonferroan

calcite  which  indicates  precipitation  from  oxidized  pore  fluids.   It

reduces   "precementation  porosity"  by  an  average  of  11.6  percent  and

generally  postdates  compaction  resulting  from  at  least  30  to  loo

meters  of  burial.     It  occurs  throughout  the  Lansing  and  Kansas  City

groups   (Figure  22)   indicating  the  #1  calcite  cement  precipitated

after  deposition  of  the  entire  Lansing  and  Kansas  City  groups  from

oxidized  pore  fluids.   The  fluid-inclusion  data  indicate

precipitation  from  a  Ca-Na  chloride  brine  with  salinity  of

approximately  21   to   23  weight-percent  Ca-Na-Cl   at  temperatures   less

than  about  45°c.

The  #2  calcite  cement  is  nonferroan  and  its   luminescence  ranges

from  bright  to  moderately  dull,  which  suggests  that  it  precipitated

from  poorly  oxidized  waters.   It` reduces   "precementation  porosity"  by

an  average  of  36.3  percent.     It  postdates  compaction,   which  suggests

a  postburial  origin,   and  it  occurs  throughout  the  Lansing  and  Kansas

City  groups  indicating  the  #2  calcite  cement  precipitated  after  the

deposition  of  the  ent:ire  Lansing  and  Kansas  City  groups   from  poorly

oxidized  pore  fluids.     No   inclusions   from  this  cement  were  analyzed.

The  #3  calcite   is  ferroan  and  has  very  dull  1uminescence,   which

indicates  precipit:ation  from  reduced  pore  fluids.   It  reduces

"precementation  porosity"  by  an  average  of  13.5  percent.     It

postdates  compaction,   which  indicates  a  postburial  origin,   and  it

occurs  throughout:  the  Lansing  and  Kansas  City  groups   indicating  t:he

#3  calcite  cement  precipitated  after  the  deposition  of  the  eritire
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Lansing  and  Kansas  City  groups   from  reduced  pore  fluids.   The  fluid

inclusion  data  indicate  precipitation  from  a  Ca-Na  chloride  brine

with  a  salinity  of  approximately  21  to   23  weight-percent  Ca-Na-Cl  at

temperatures   ranging  from  approximately  45°   to   5o°C.

Although  there  are  no  fluid-inclusion  data  from  the  #2  calcite

cement,   the  similarity  of  the  fluid-inclusion  data  from  the  #1  and

#3  calcite  cements  suggests  that  the  #2  calcite  cement  precipitated

from  the  same  brine.     Therefore,   the  #1,   #2,   and  #3  calcites

precipitated  from  a  Ca-Na  chloride  brine  with  a  salinity  of

approximately  21   to   23  weight-percent  Ca-Na-Cl  at  temperatures

ranging  from  less   than  45°C  up   to   50°G.     These  brines  underwent

progressive  reduction  during  the  precipitation  of  the  #1,   #2,   and  #3

cements .

Dolomite   Cement

Most  dolomite  cement  postdates  calcite  cement,   and  it  occurs

throughout  the  Lansing  and  Kansas  City  groups,   which  suggests  that

it  postdates  the  deposition  of  the  entire  Lansing  and  Kansas  City

groups.   Dolomite   cement  reduces   "precementation  porosity"  by  an

average  of  7.3  percent:.     Fluid-inclusion  data  indicate  precipitation

from  Ca-Na  chloride  brines  with  a  salinity  of  approximately  21   to  23

weight-percent  Ca-Na  chloride  at  temperatures  ranging  from

approximately  45°   to   7o°c.

Post-Cementation  Fluids

Reequilibrated  fluid  inclusions  suggest  t:hat  the  later  fluids

had  lower  salinity  and  were  higher  temperature.     The  maxim\rm

84



temperature  of  these   fluids  was  approximately  |00°   to  1|0°C.

The  adjusted  mean  Th  of  petroleuln-filled  fluid  inclusions   is

83.0°C.     These  petroleum-filled  fluid  inclusions  probably  were  not

reequilibrated,   and  this  adjusted  mean  Th  of  83°   is   the  minimum

temperature  to  which  these  strata  were  heated.

The  modern-day  brines  from  these  strata  have  lower  salinity,

much  lower  Ca/Ca  +  Na  molar  ratios   (Figure   36) ,   and  generally  lower

temperatures  than  the  interpreted  fluids  of  precipitation  and

reequilibration.

DIAGENETIC   MODEL

To  explain  calcite  and  dolomite  cementation  after  significant:

burial  from  Ca-Na  chloride  brines  of  approximately  21  to  23  weight-

percent  Ca-Na-C1,   at   temperatures  of  less   than  45°   to   70°C,   one  must

find  a  geologic  explanation  in  which  such  brines  could  exist  at

significant  depth  at  relatively  low  temperatures.

Based  on  t:he  estimated  maximum  temperature  and  overburden,   the

paleogeothermal  gradient  was   estimated  to  be   approximately   35°-53°C.

The  #1   calcite  cement   (<45°C)   would  have  precipitated  with   less   than

280   to  430  in  of  overburden.      The  #3   calcite   cement   (45°-50°C)   would

have  precipitated  with  280   to   570  in  of  overburden.   The  dolomite

cement   (45°-70°)   would  have  precipitated  with  280   to   1140  in  of

overburden.     This  depth  range  would  suggest  cement  precipitation

during  the  deposition  of  the  Permian  System  (Figure  37).

A  typical  brine  from  which  the  calcite  and  dolomite

precipitated,  based  on  the  fluid  inclusion  microthermometry,   would
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F`igure  37.     The  generalized  Upper  Pennsylvanian  and  Lower
Permian  stratigraphy  of  northwestern  Kansas  and
southwestern  Nebraska.     Data  from  Holdoway   (1978) ,   Mudge
(1967),    and  Merriam   (1963).
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have  a  salinity  of  22  weight-percent   (282,000  mg/1)   composed  of  65

percent  calcium  chloride  and  35  percent  sodium  chloride   (0.65  Ca/Ca

+  Na  molar  ratio,   Figure  36) .   The  high  salinity  of  these  fluids

suggests  an  evaporitic  source.     The  Permian  System  in  this   area

includes  anhydrite  and  halite   (Figure  37) .   The  Stone  Corral

Formation  (Figure  37)   is  composed  of  anhydrite  and  ranges   in

thickness  from  7  to  12  in  throughout  the  area  of  study   (Figure  IX-A,

Appendix  IX).     The  Blaine  Formation  of  the  Nippewalla  Group   (Figure

37)   is  commonly  composed  of  anhydrite  and  is  present  in  most  of  the

area  of  study.     For  the  southwestern  part  of  the  area  of  study,  225

percent  of  the  Stone  Corral  Formation  and  Nippewalla  Group  interval

is  composed  of  anhydrite  or  halit:e   (Figure  23).     In  this  area,   there

is  halite  in  the  Flower-pot  and  Blaine  formations   (Figure  37).     The

stratigraphic  interval  between  the  top  of  the  Lansing  Group  and  the

base  of  the   Stone  Corral  Formation  ranges   from  300  to   500  in.     The

Nippewalla  Group   is  400  to  600  in  above  the   top  of  the  Lansing  Group.

The  calculated  overburden  during  precipitation  of  the  #1  and  #3

calcite  cements  and  dolomite  cements   is  within  this  depth  range.

Based  on  these  comparable  depths  of  overburden  and  the  high  salinity

of  the  fluids,   the  brines  causing  precipitation  of  the  calcite  and

dolomite  cements  could  have  been  generated  during  deposition  of

Lower  Permian  evaporites  from  the  Stone  Corral  Formation  and  the

Nippewalla  Group.

These  brines  were  generated  during  the  deposition  of  anhydrite

and  halite  in  evaporitic  basins.     The  density  of  modern  brines  that

87



precipitate  anhydrite  and  halite   is  approximately  1.2-1.3   grams/cm3

(Zherebtsova  and  Volkova,1966).   Brines   of  such  density  might  be

capable  of  gravity-driven  reflux  to  several  kilometers  of  depth

(Spencer,1987).     The  brines   that  caused  the  precipitation  of

calcite  and  dolomite  cements  could  have  easily  refluxed  down  300   -

600  in  to  the  Lansing  and  Kansas  City  groups.

A  key  factor  that  would  control  the  composition  of  these  brines

is  whether  they  were  marine  or  nonmarine.     The  widespread

distribution  of  the  anhydrite  beds  in  the  Stone  Corral  and  Blaine

formations  suggests  they  resulted  from  a  marine  transgression  and

are  marine.     Holdoway   (1978)   found  possible   evidence  of  a  nonmarine

origin  for  the  halit:e  of  t-.he  Nippewalla  Group,   but  ultimately

concluded  that  the  source  of  evaporitic  minerals  was  the  evaporation

of  marine-derived  waters.

Because  the  source  of  the  ions  is  interpreted  to  be  seawater,

the  composition    of  brines  generated  from  the  deposition  of  these

evaporit:es   should  be  similar   to  the   fluids   from  which  modern  marine

evaporites  precipitate.   The  composition  of  brines  produced  by

evaporation  of  water  from  the  Black  Sea   (Zherebtsova  and  Volkova,

1966)   are:

Begirming  of  gypsum  precipicacion:      59,700  mg/I  Na,1,040  mg/I

Ca,    7,590   mg/1   Mg,    2,220   mg/1   K,    and   107,800   mg/1   Cl.

Beginnir}g  of  halite  precipitation:   94,300  mg/1  Na,   307  mg/i  Ca,

19,600   mg/1   Mg,    5,600   mg/1   K,    and   183,300   mg/1   C1.
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During  halite  precipitation:   55,200  mg/1  Na,   0  mg/I   Ca,   50,500

mg/1   Mg,15,800   mg/1   K,    and   187,900   mg/1   Cl.

These  brines   are  rich   in  Na,   Mg,   and  C1.      The  brines   from  which

the  calcite  and  dolomite  precipitated  are  rich   in  Ca.     Some  modern

normarine  saline  lake  systems   are  Cac12-rich   (Hardie,1984),   but  as

the  evaporites  upsection  have  been  interpreted  as  marine,   the  high

Ca  content  of  the  brines  of  calcite  and  dc>lomite  precipitation  must

be  explained  by  other  mechanisms.     Listed  below  are  several

processes  by  which  the  calcium  content  of  brines  could  be  enhanced:

1.     Reaction  of  potassium  with  low-potassium  clay  minerals   Co

produce  potassium-rich  aluminosilicates   that  release  H+  which

dissolves   calcite  and  releases  Ca2+   (Carpenter,1978).

2K+  +   Cac03   +  K9A13Si30io(OH)2   +   6Si02   =   Ca2+  +   3RAIsi308   +   C02

2.   Alteration  of  a  calcium  plagioclase  to  albite   (Carpenter,

1978),      Na.8oca.2oAli.2osi2.8o08   +   .2Na-+    .4Si02   +    .1H20   +   2H+

=  NaAIsi308   +   .1A12Si205(OH4)   +    .2Ca2+

3.   Conversion  of  gypsum  or  anhydrite  to  polyhalite   (Hite,

1983)  '

Cas04    .    2H20`  +   K+  +   Mg2+   =   Ca2K2Mg(S04)4    .    2H20   +   Ca2+

4.   Substitution  of  Na+  for  Ca2+  in  exchange   sites  of  smectites

could  enhance  the   Ca2+  content  of  brines   (Hite,1983) .

5.   Dolomitization  of   limestone   (Carpenter,1978;   Hite,1983),

Cac03   +  Mg2+   =   CaMg(C03)2   +   Ca2+

Carpenter   (1978)   and  Hite   (1983)   stated  that  dolomitization  is

the  most  important  mechanism  for  enhancing  the  Ca2+  content  of
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brines.     Spencer   (1987)   interpreted  albitization  of  feldspars   to  the

most  important  mechanism  for  enhancing  the  Ca2  content  of  calcium

chloride  brines   in  Devonian  strata  of  western  Canada.

The  high  Ca  cont:ent  of  the  brines   from  which  calcite  and

dolomite  precipitated  may  be  explained  by  dolomitization,

albitization  of  plagioclase  in  the  sandstones,   and  the  exchange  of

sodium  for  calcium  in  the  smectite  clays  of  the  mudstones  as   these

brines  refluxed  down  through  the  Wolfcampian  and  Virgilian  strata

(Figure  37).     The  Wolfcampian  and  Virgilian  strata  in  this  area  have

been  extensively  dolomitized   (Mudge,1967) ,   and  the  Wolfcampian

strata  are  sand  and  shale  rich   (Rascoe  and  Baars,1971;   Mudge,

1967).     This  dolomitization  may  have  resulted  from  the  reflux  of

brines  originating  from  the  deposition  of  overlying  evaporites.     The

sand  and  shale  may  have  also  been  altered  to  release  Ca.

If  calcite  and  dolomite  cement  in  units  underlying  the

evaporites  was  precipitated  from  brines  refluxing  down  from  the

deposition  of  the  evaporites,   one  might  predict  that  there  would  be

a  positive  correlation  between  the  abundance  of  evaporites  upsection

and  the  abundance  of  calcite  cement  downsection.     The  maps   showing

the  mean  abundance  of  the  calcite  and  dolomite  cements   (Figure   23)

are  divided  across  the  areas  with  <25  percent  and  225  percent

evaporites  in  the  overlying  Stone  Corral  Formation  and  Nippewalla

Group  interval.     Table  5  tabulates  the  mean  abundance  of  these

cements  for  the  area  with  <25  percent  and  225  percent  evaporites.

There  is  higher  calcite  cement  in  the  thin  sections  from  areas  with
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225  percent  evaporites   (78.2   percent  of   "precementation  porosity",

Table  5)   than  in  the   thin  secti.ons   from  areas  with  <25  percent

evaporites   (61.9  percent  of   "precementation  porosity",   Table   5).   For

the  individual  calcite  cements,   all  but  the  #2  calcite,   are  more

cormon  in  the  area  with  225  percent  evaporites.     These  data  suggest

that  with  increased  evaporites  in  the  overlying  Lower  Permian

strata,   there  is  increased  calcite  cementation  in  the  underlying

Lansing  and  Kansas  City  groups.     This  correlation  supports   the

hypothesis  that  the  brines  from  which  calcite  and  dolomite

precipitated  originated  from  the  deposition  of  the  Lower  Permian

evaporites   (Figure  38).

CONCLUSIONS

1.       The  carbonate  lithologies  most  likely  to  be  porous  include  the

non-argillaceous  carbonate  wackestones ,   packstones ,

grainstones,   and  dolostones.     Argillaceous  carbonates  and

carbonates  with  clayey  infill  are  generally  nonporous.

2.       Although  some  molds   and  vugs  probably  formed  during  subaerial

exposure,   apparently,   other  molds  and  vugs   formed  after
\

significant  burial.

3.        Calcite  cement  is   the  most  common  cement   in  these  strata.

The  calcite  cement  precipitated  from  calcium  and  sodium

chloride  brines  with  a  salinity  of  approximately  21  to  23

weight-percerit  Ca-Na  chloride.     The  initial  calcite  cement   (#1

calcite  cement)  precipitated  at  less  than  45°C.     A  later

91



Figure  38.     Integrated  diagenetic  model  for  Upper  Pennsylvanian
and  Lower  Permian  strata  in  northwestern  Kansas  and
southwestern  Nebras.ka.   The  model  proposes   that  Na-Mg-Cl
brines  from  the  precipitation  of  Lower  Permian  evaporites
sink  into  the  Lower  Permian  carbonates,   sandstones,   and
silty  shales   (Figure  37).     Dolomitization  of  the  carbonates
exchanges  Ca  for  Mg.   Albitization  of  plagioclase  grains  and
the  exchange  of  Na  for  Ca  in  smectite  may  enhance  the  Ca
and  decrease  the  Na.     Dolomitization  is  probably  the
primary  means   for  enhancing  Ca.     With  the  enhancement  of
t:he  calcium  content  of  the  brines,   the  brines  continue  to
sink  and  precipitate  calcite  and  minor  dolomite  cement  in
the  Lansing  and  Kansas  City  groups.

The  evaporites  in  the  Stone  Corral  Formation  and  the
Nippewalla  Group  range  from  300   to  600  meters  above   the
Lansing  and  Kansas  City  groups.     The  #1  calcite   is
interpreted  to  have  precipitated  at  less  than  45°C.     The  #3
calcite  is  interpret:ed  to  have  precipitated  at
approximately  45°   to   50°C.     The  model   assumes   a  surface
temperature  of  30°C,   and  a  geothermal   gradient  of  38°C.
This  geothermal  gradient  is  within  the  range  of  the
geothermal  gradient  estimated  for  a  maximum  temperature  of
|00°-|10°C  with  a  maximum  burial   of  1.5   to   2.0  kin.
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generation  of  calcite  cement   (#3   calcite  cement)   precipitated

at  approximately  45°   to   5o°c.

4.       The  dolomite  precipitated  from  calcium  and  sodium  chloride

brines  with  a  salinity  of  approximately  21  t:o   23  weight-percent

Ca-Na  chloride.     The   temperature  of  dolomite  precipitation  is

interpreted  to  be  approximately  45°   to   70°C.

5.       The  highly  saline  brines  from  which  calcite  and  dolomite

precipitated  originated  as  brines  generated  during

precipitation  of  Lower  Permian  anhydrite  and  possibly  halite  in

the  overlying  Stone  Corral  Formation  and  Nippewalla  Group.     The

dense  brines  refluxed  down  through  the  section  and  the  calcium

content  was  enhanced  by  dolomitization,   possible  albitization,

and  possible  exchange  of  Na  for  Ca  in  smectit:es.     After  these

Ca-enriching  reactions,   the  brines  precipitated  calcite  and

dolomite  cement  in  the  Lansing  and  Kansas  City  groups.

6.       Later  fluids  of  higher  temperature  and  lower  salinity  were

present  in  these  strata.

7.        The  maximum  temperature   in  these   strata  was   approximately  100°-

110 O C .
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APPENDIX   I

UPPER   STALE   LITHOLOGIES

Upper   shales   commonly   are   composed  of   red-brown   (2.5YR   3/4)

silty  shales   (Tattle   I-A).      Gray-green   (5Y  5/2)   silty  shales   are   also

present.     Less  common  are  non-silty  shales,   siltstones,   and

sandstone   (Table  I-A).        Some  of  these  lithologies   include

microcrystalline  calcite  nodules  or  tubes.   These  nodules  or  tubes

range  in  color  from  tan  to  gray,   iD  contrast  to  the  red-brown  or

gray-green  shale.
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Red-BrownShtyShale

87 433.5  ft. 194.6  ft.

II          Gray-a reenSiltyShale

44 101.1  ft. 39.1  ft.

Red-BrounShale 2 4.1  f'. Oft.

Gray-GreenShale
11 11.4  ft. 0.9  ft.

Siltstone 6 18.2  ft. 12.5  ft

\Very-Fine GrainedSandstone

1 6.5  ft. Oft.

Table I-A.  Lithologies and their thicknesses in the upper shales.
The number of intervals with these lithologies and the thicknesses
of these litholoties which include microcrystalline-calcite nodules
or tubes are listed.
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APPENDIX   11

LOWER   SHALE   LITHOLOGIES

The  lower  shale  lithology  generally  is  a  shale;   silty  shales

are   less   common   (Table   II-A).   Red-brown   (2.5YR   3/4)   shale,    red-brown

silty  shales,   and  gray  silty  shales   (Table  II-A)   are  limited  to  the

northern  half  of  the  area  of  study.
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Number ofBeds Thickness

Black Fissile Shale 5 9.4  ft.

Dark-Gray S hale 12 24.4  ft.

Gray-Green Shale 13 23.1  ft.

Red-Brown S hale 4 21.1   ft`

Gray-Green Silty Shale 4 10.4  ft.

Red-Brown Silty Shale 2 9.6 ft

Siltstone 2 2.0  ft.

Table II-A.  The lithologies, the number of intervals with these
lithologies, and their thicknesses in the lower shales.
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APPENDIX  Ill

DISTRIBUTION   OF   GRAIN-SUPPORTED   CARBONATE   LITHOLOGIES

In  the  upper  carbonates,   grain-supported  packstones   and

grainstones   commonly  cap   the  upper  carbonates.     Packstones   and

grainstones  occur  in  67  of  the  83  described  upper  carbonates.

Including  multiple  occurrences,   packstones  are  present  at  or  near

the  top  o.f  the  upper  carbonates  in  58  cases,   in  the  middle  of  the

upper  carbonates   in  8   cases,   and  at  the  base   in  6  cases.

Packstones  and  grainstones  occur  in  16  of  the  19   described

lower  carbonates.     For  8  of  these  16  lower  carbonates,   all  of  the

interval   is  packstone  or  grainstone.     For  five  lower  carbonates,   the

packstone  or  grainstone  is  at  the  base  and  is  overlain  by  mud-

supported  texture.     For  three  lower  carbonates,   the  base  has  mud-

supported  text:ure  that  is  overlain  by  packstone  or  grainstone.
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APPENDIX   IV

VERTICAL   DISTRIBUTION   OF   CI.AYEY   INFILL   IN   UPPER   CARBONATES

Clayey  infill  is  present  in  48  of  the  83  described  upper

carbonates.      For  these  48  upper  carbonates,   the  average  depth  of

strata  with  clayey  infill  is  6.8   feet   (2.1  in).     Generally,   not  all

the  beds  within  this  average  depth  contains  clayey  in fill.     An

average  of  79%  of  the  strata  within  this  6.8  feet   (2.1  in)   interval

have   clayey   infill.      29.7%   of   the  wackestones,   25.1%   of   the

packstones,   and  10.8%  of  the  grainstones  are  altered  by  clayey

infill   (Table  3).     Packstones  and  grainstones  are  less   altered  by

clayey  in fill  even  though  packstones  and  grainstones  are  commonly  at

the  top  of  the  upper  carbonates   (Appendix  Ill).     Of  the  33  upper

carbonates  in  which  the  total  depth  of  clayey  infi.11  includes

grainstones  or  packstones,   there  are  22  upper  carbonates  where  at

least  part  of  the  packstone  or  grainstone  interval  is  not  altered  by

clayey  infill.

In  13  upper  carbonates,   the  total  depth  of  clayey  in fill

exceeds   10   feet   (3  in).     The  maximum  depth  of  clayey  in fill   is  42

feet   (12.8   in)   in  the   "J"   L.S.   of   t:he   Ladd  Petr.   DC  Unit  #2-3A  core.

With  only  one  exception,   the  48  upper  carbonates  wit:h  clayey

infill  are  directly  overlain  by  silty  shale.     The  exception  is  an     `

interval  of  autoclastic  breccia  with  minor  clayey  in fill  that  is

overlain  by  a  red-brown  shale.     For  the  seven  cases  where  the  upper

carbonate  is  overlain  by  gray-green  shale,   there  is  no  clayey  in fill

in  the  upper  carbonate.
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API'ENDIX   V

I)ISTRIBUTION   0F   GRAY-GREEN   SHALES   AND   CIAYEY   INFILL

In  the  upper  shales,   red-brown   (2.5YR  3/4)   silty  shales   are   the

most  common  lithology   (Table   I-A).      The   gray-green   (5Y  5/2)   silty

shales  generally  are  thin  and  occur  at  the  top  or  bottom  of  the

upper  shales,   above  or  below  limestones.     Of  the  44  gray-green  silty

shale  intervals,   38  are  directly  above  or  below  limestones.     Al111

intervals  of  gray-green  shale  are  also  directly  above  or  below

limestones .

Of  the  238.1  feet  of  carbonate  with  clayey  infill,   99.6   feet

include  clayey  infill  by  gi-een-colored  shale  and  113.8   feet   include

clayey  infill  by  red-colored  shale.     The  source  of  the  clayey  infilL

is  the  overlying  upper  shale.     Generally,   t-he  upper  shale  is  colored

red-brown,   but  it  is  colrm`on  for  the  clayey  in fill  to  be  colored

green.     There  are  29  cases   in  which  the  upper  shale  overlying  a

carbonate  with  clayey  in fill  is  all  red-brown  in  color.     In  20  of

these  29  cases,   the  clayey  in fill  is  at  least  partially  green

colored.
\

The  above  data  concerning  the  distribut.ion  of  gray-green  shales

and  clayey  infill  suggest  that  shales  or  clayey  inf ill  in  proximity

to  limestones   are  more  likely  to   to  be  colored  green  or  gray-green.  .

The  cause  of  the  green  coloration  could  be  that  organics   in  the

limestones  hindered  the  oxidation  of  iron  in  nearby  shales  or  that

organics  in  the  limestones  promoted  the  reduction  of  iron  in  nearby

shales .
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APPENDIX  VI

ABBREvlATlor`'s  AND  LoCATloN  oF  CoRE  SAMPLES

ABBRBVIATIO.\'                  CORE  NAME

ADEL
BART
CrrA
CSIBA
CSIRB
CSAIH
CSZ"
EIOP
EIW
ELAI
RAI
G122H
GIDE
GUY RERCER
H86
HII)Y
RA
L23A
L7
M124K
M17S
MIPRhm
RE2
hneK
NI
N2
N3
N5
PARKER a
S7CGK
SCH2
SOUI
SRW
W1

Continental Oil Co. Aden Unit #406
Skcuy Oil Co. #1  Bartosovsky
Concro #1  Taylor
Cities Service #1 -A Bourquin
Cities Service #1 -8 Ryan
Cities Service #1 -A Holmdahl
Cities Service #1-Z Miller
Empire Drilling #10 Palmer
Empie -g #1 WickeEmphe-g#1-
Em|>ire rung #1 Rathe
Gulf Ctl #1 -22 Hughes
Theodore Gore Co. #1 Denny
Sinclair Prairie #1 Guy Mercer
Husky Oil Co. #6 Brookes
Geoson Ou Co. #2 Hidy
Cities Se'rvice #1 -A Knudson
I.add Petroleum DC Unit #A 2-3
Continental Oil Co. #7 J.E. Ireonard
Murfin Ddlling Co. #1-25 Kincaid
Muffin rmlling Co. #1 -7 Stoup
Murfin Dlining Co. #1 Prentice
Murfin Drilling Co. #2 Elvin
Muffin Drilling Co. #2-8 Messncr
Midwest Energy #3 RErcher
John Farlner Co. #1  Nicholson
John Famier Co. #2 Nicholson
John Farmer Co. #3 Nicholson
John Farmer Co. #5 Nicholson
Petroleum Producers #2-8 Palker
Skeuy Cm Co. #7 C.G. Kisling
Theodore Gore Co. #2 Schaffert
Muffin tilling Co. #1 Souchek
Shakexpeale #2 Rudolph Walter

`   Theodore Gore Co. #1 Weltz
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SPOT  LOCATION

SE SW SW 2-T6S-R27\V
SE SW SW 9-TIS-R34W
SW NIV N\V 35-T5S-R27W
NE NV\/ NE 18-T6S-R32W
NV\r SW N`V 1 4-T5S-R32W
NE SW SW 29-T3S-31 W
SE NE SE 31 -T2S-R27`V
NE NE SE 6-TIS-R33W
C NE NE 23-T2S-R33W
SE SE NV/ 13-T3S-R34W
c Nv\r sW 9-T3N-R3ow
C SW SW 22-T9S-R29W
C NE SW 5-T5S-R34W
C NE Nlhr 28-T1 oS-R4oW
c SW Nlhr 1 8-ThN-R27w
C SE NIV 27-T3N-R33W
NE SE NW 16-T7S-R32W
C Sw sE 21-inN-R34w
sW Nvr SE 12-T6S-R27\V
EC NIV NW 24-T3S-R27W
C SW SE 21 -T2N-R37lv
C NE NE 30-T2S-R35W
SE NIW SE 14.T3S-R27W
SE SE SW 10-TIN-R27W
C Nwr RE 4.T]N.R27`V
C SW SW 12-TIN-R27W
C SW SE 11 -TIN-R27W
C NE NE 14-TIN-RE7W
C SW RE 14-TiN-RE7ihr
c r`nv sw 1 O-Ti N-27w
C NV\r NIV io-Tis-R34W
C SW SE 28-T3N-R32W
C SE NE 2-TI S-R34W
NE NE NE 2-T3S-R41W
C SE SW 6-T2N-R32W



APPENDIX  VII

POROSITY   AND   CEMENT-REDUCTION   DATA   FOR   EACH   THIN   SECTION

Table  VII-A.     The  porosity  and  cement-reduction  data  for  each
thin  section.     The  first  twelve  columns   ("precementatic;n
porosity"   to  open  porosity)   are  the  same  type  of  data  as
used  in  Tables  3,4,   and  5,   in  text.     The  thirteenth  column
(interval  &  carb.   1ithology)   lists  the  stratigraphic
interval  of  each  sample   (a  letter  system,   A-L,   as  shown  in
Figure  4,   in  text;   other   terms   are  MARM.   -Marmaton  Group,
FT.SC.    -Fort   Scott  Limestone,   CHRK.    -Gherokee   Group,   TOR
-Toronto  Limestone,   and  L.LEG   -Big  Springs  Limestone)   and
the  carbonate  lithology  of  each  sample:   WS-carbonate
wackestone,   PS-carbonate  packstone,   and  GS-carbonate
grainstone.   The  fourteenth  column  (core  name  &  depth  of
I.S.   in  feet)   lists   the  abbreviated  name  for  each  core
(listed  in  Appendix  VI)   and  the  depth,   in  feet,   of  the
thin-sectioned  core   sample.

This  table  is  three  pages  long.
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T}RE.C. . . CAL' . . #1 #2 #3 #4 #5 Dol. ANH PRE.L." LSD   P... PPEN   P... lN|£RVA . . . CORE NAME. . . .

I 21.0 81.0 12.I 64.8 4.0 0 0 0 0 4.0- 0 4.0 AGS ADELL 3605
2 11.0 90.9   _ 18.2 12..J 0 0 0 0 0 I.0 0 I.0 ^WS ADELL3614
3 35.0 85.7 25.7 47.I 12.9 0 0 0 0 5.0 u 5.0. PPS ADELL 3622
4 23.0 30.4 13.7 16.7 0 0 0 4.3 0 15.0 0 '5.0   : CPS A DELL 3635.5
5 37.S 93.3 14.0 32.7 46.7 0 0 0 0 2.5 2.5 5.01 DPS- ADELL 3643.6
6 19.6 66.3 16.6 36.3 13.3 0 0 20.4 0 2.6 10.4 13.0    i D\VS ADELl, 3650.9
7 15.0 4U.0 10.0 30.0 0 0 0 40.0 0 3.0 7.0 10.0    I DW.S ADELL3655
S 28.0 42.9 6.4 15.0 21.4 0 0 0 0 16.0 4.0 20.0 EPS ADELL3662
` 33.0 .`` 2:2.7 68.2 0 0 ' 6.I 0 I.0 0 I. GGS ADELL 3689. 8

10 35.0 71.4 17.9 53.6 0 0 0 5.7 2.9 7.0 0 7.0 Gas ADELL 3694
11 15.0 loo.0 15.0 85.0 -0 U 0 U 0 0 0 0 CiWS ADELL3698
12 33.0 84.8 12.7 Oil .9 4.2 0 •0 .0 0 5.0 5.0 10.-0 C,WS ADJEL37cO.9

.13 .    30.0 :76.7 23.0 S3.7 •0 0 0 ..0 0 7.0 7.0 14.0 GWb` ADEL3701.5
14

I     10.0 loo.0 30.0 65.0 5.0 0 '0 -0 -0 0 0 0 GWS ADELL3703
15 27.0 92.6 23.I 69.4 -0 0 0 .-0 0 2.0 0 2.0 HGS ADELL 3725.8
16 17.4 86.2 34.5 51.7 a 0 0 0 0 2.4 5.6 8.0 HWS ADELL3728.1
17 28.0 17.9 4.5 13.4 0 0 0 28.6 0 15.0 0 15.0 JGS ADELL376l
18 18.0 44.4 4.4 15.6 24.4 0 0 0 0 10.0 0 `    10.0 JWS ADELL3783.5
19 20.0 4U.0 4.0 4.0 32.0 0 0 0 0 12.0 8.0 20.0 1AWS BART3987.5
20 26.0 46.2 6.9 11.5 27.7 .0 0 7.7 7.7 12.0 8.0 20.0 AWS BART 3991
21 20.0 75.0 11.3 52.5 11.3 0 0 0 0 5.0 0 5.0 DPS BART4035
11 50.0 24.0 6.0 10.8 7.2 '0 .0 16.0 0 30.0 0 30.0 ups BART4128
23 17.0 76.5 22.9 38.2 15.3 0 0 0 5.9 3.0 12.0 15.0 HWS J3ART4131
24 46.0 97.8 2.0 57.7 38.2 0 0 Z.2 0 0 01 0 H`PS BART4143
25 31.0 48.4 14.5 14.5 19.4 0 0 3.2 6.5 14.0 6.0 20.0 JWS` BART4174.5
26 26.0 '1.6.„

8.I 10.8 8.I 0 0 3.8 0 18.0 12.0 30.0 IWS BART4184
27 47.0 42.6 6.4 27.7 8.5 0 0 4.3 0 25.0 0 25.0 KWS BART4219
28 32.0 93.8 14.I 65.6 14.I 0 0 6.3 0 0 0 0 KPS BART4222
29 30.0 33.3 10.0 23.3 0 0 0 0 0 20.0 0 20.0 BPS` CIT^ 3644
30 31.0 32.3 12.9 17.7 I.6 •0 0 3.2 0 20.0 0 20.0 FGS L`lTA 3699
31 32.0 93.8 9.4 I,#.8 28.I 9.4 28.I 6.3 0 0 0 0 :. L`S`18A3953.5
32 20.0 75.0 15.0 18.8 30.0 11.3 0 0 0 5.0 0 5.0 • CSIBA 3966
33 20.0 loo.0 20.0 15.0 50.0 15.0 0 0 0 0 U 0 DPS CS IBA 3977.5
34 27.0 92.6 13.9 9.3 46.3 23.I 0 7.4 0 0 0 0 GPS` CS` I a A 4 023 . I
35 25.0 60.0 9.0 15.0 33.0 3.0 0 40.0 0 0 0 0 GPS CS I BA 4031.7
36 36.0 9` I .'1 1.9 61.3 2J) .1 4., 0 2.8 0 0 0 0 GIPS CS IDA 4042.5
J7 35.0 loo.0 20.0 50.0 20.0 10.0 u 0 0 0 0 0 M^RM. PS CS I BA 430 I
3S 17.5 85.7 12.9 2.S.J 47.I U ` 0 0 2.5 2.5 5.0 lps CS I RB  4173
39 8.0 loo.0 25.0 65.0 10.0 0 0 0 0 0 0 0 JWS CS I RB  4180.5
JO 15.0 loo.0 20.0 78.0 2.0 0 0 0 0 0 0 0 FT.  SC PS CS I RB  4363
Jl 25.0 loo.0 10.0 75.0 10,0 5.0 0 0 u 0 0 0 FT.  SC  PS CSIRB  436P.5
12 56.0 53.6 8.0 18.8 26.8 0 0 19.6 0 15.0 0 15.0 DPS` •...

43 30.u loo.0 10.0 90.0 0 0 0 0 0 U u 0 DWS C`SAIH3982
iJ 45.0 66.7 13.3 23.3 30.0 0 0 6.7 0 12.0 0 12.0 • CS A I H 4091
45 17.u 88.2 17.6 44.I 26.5 0 0 1'.8 0 0 0 0 'WS CSAI H 40y8.5
J6 25.0 60.0 15.0 45.0 0 0 0 0 0 10.0 0 10.0.DPS CSZI M 3688
J7 4J.0 41.9 16.7 25.I 0 0 0 S8.1 ` ' 0 0 EPS CSZI M 3721.5

1S '21.0 95.2 14.3 81.0 0 0 ' u 0 I.0 0 I.0 G'PS CSZI M 3743
1\' 15.2 78.9 11.8 63.2 3.9 0 0 13.2 0 I.2 .8 2.0 HWS CSZ.I M 3761



PRE-C-.xpAL. . . #1 #2 #3 #4 #5 Dol. ANH PRE-L. . . LSD   P...PPE.\'   P... UVIRVA... CORE NAue-. . .

50 17.5 74.3 7.4 63.I 3.7 0 0 0 0 4.5 4.5 9.0 JWS E lop 4064
51 28.5 21,I 3.2 9.5 8.4 0 0 0 0 22.5 2.5 25.0 GWS E IW 3954
52 36.0 9T-,_ 14.6 19.4 0 63.2 0 0 0 I.0 0 I.0 DWS ELA13915.5
53 43.0 81.4 12.2 12.2 4.I 52.9 0 0 0 8.0 0 8.0 D\VS ELAl  3921.9
54 40.0 loo.0 15.0 10.0 30.0 45.0 0 0 0 0 0 0 DWS ELAl  3935.8
S5 45.0 77.8 3.9 46.7 2;J .2 0 0 0 0 10.0 0 10.0 GPS ELAl 3969
56 30.0 loo.0 20.0 30.0 50.0 0 0 0 0 0 0 0 GWS ELA1  3980.5
57 33.0 30.3 4.5 16.7 4.5 4.5 0 0 9.1 20.0 0 20.0 HWS ELA I 4023
58 11.0 90.9 13.6 72.7 4.5 0 0 0 0 1.0 0 1.0 KPS ERAl 3813.2
59 16.5 90.9 18.2 54.5 18.2 0 0 0 0 1.5 1-5 3.0 CHRE WS ERA14216.5
60 25.5 58.8 20.6 35.3 2.9 0 0 11.8 0 7.5 7.5 15.0 TOR PS G122H  3969.5
61 36.0 97 .2. 29.2 29.2 4.9 0 0 2.8 0 0 0 0 AGS G122H 3986.5
62 38.0 92.I 27.6 64.5 0 0 0 7.9 0 0 0 0 HPS G122H 4119
63 41.0 85.4 2J) .I ) 42.7 12.8 0 0 2.4 0 5.0 0 5.0 HGS G122H 4121
64 14.0 57.I 8.6 37.I 11.4 0 0 7.I 0 5.0 0 5.0 lps •G122H4151

65 .      15.0 33.3 i.7 21.7 10.0 0 0 33.3 0 5.0 0 5.0 JWS G122H4172
66 13.8 72.5 3.6 47.1 21.7 0 0 14.5 0 I.8 I.2 3.0 JWS G122H 4172.8
67 10.0 50.0 0 42.5 7.5 0 0 50.0 0 0 0 0 KPS G 122H 4192
68 26.0 15.4 3.I 8.5 3.8 0 0 46.2 0 10.0 0 10.0 LPS a 122H 4223
69 46.0 76.1 38.0 0 38.0 0 0 2.2 0 10.0 0 10.0 L.LEC.  PS GIDE3694
70 40.0 37.5 15.0 22.5 0 0 0 0 0 25.0 0 25.0 TOR PS GIDE4034
71 15.0 I 00.0 15.0 20.0 65.0 0 0 0 0 0 0 0 AWS GIDE4058
72 30.0 50.0 10.0 15.0 22.5 2.5 0 6.7 0 10.0 0 10.0 . GIDE4077.5
73 34.0 73.5 7.4 22.I 25.7 18.4 0 14.7 0 4.0 0 4.0 CPS GIDE4081
74 20.0 75.0 22.5 52.5 0 0 0 25.0 0 0 0 0 DWS ' .  . ,'. .
75 55.0 27.3 6.8 16.4 4.1 0 0 0 0 40.0 0 40.0 GPS GIDE 4140
76 10-0 100.0 5.U 95.0 0 0 0 0 0 '0 0 0 . c.iDr.41.43
// 35.0 71.4 10.7 57.I 3.6 0 0 28.6 0 0 0 0 HPS GIDE 4184.5
78 56.0 44.6 4.5 37.9 2.2 ' 0 I.8 0 30.0 0 30.0 lps GIDE423l
79 34.0 11.8 3.5 5.3 2.9 0 0 0 0 30.0 0 30.0 GPS H86 3384
80 38.3 44.4 2.2 28.9 13.3 0 0 0 0 21.2 3.8 25.0 • H86 3395
81 48.0 2.7 . \ 5.4 13.5 8.1 0 0 0 0 35.0 0 35.0 . H86 3398
82 Z8.5 70.2 14.0 35.1 21.1 0 0 0 ` 8.4 4.6 13.0 GWS H86 3402
83 15.0 loo.0 3.0 97.0 0 0 0 U 0 0 0 0 JWS roy 397o.5
84 35.0 85.7 11.7 19.5 46.7 7.8 0 0 0 5.0 5.0 10.0 JPS RA 4252
85 22.5 ::. 13.3 48.9 26.7 0 0 0 0 2.5 2.5 5.0 JPS KA 4253
86 21.0 95.2 19.0 28.6 47.6 0 0 0 0 I.0 0 1.0 jWS RA 4259
87 18.0 83.3 0 83.3 0 0 0 16.7 0 0 0 0 GPS L23A 4085
88 31.0 48.4 9.7 16.9 21.8 0 0 25.8 0 8.0 0 8.0 HPS L23A 4109.3
89 30.0 83.3 .8 80.8 I.7 0 0 0 0 0 0 0 H'PS L23A 4144
90 43.0 7.0 2.I `4.9 0 0 0 58.I 0 15.0 0 15.0 JPS L23A 4151.5
91 39.0 51.3

•7.7
17.9 25.6 0 0 25.6 0 8.0 0 8.0 lps L23A 4164

92 42.0 35.7 5.4 12.5 17.9 0 0 2.4 2.4 25.0 0 25.0 KPS L23A 4216`5
• 28.0 28.6 10.0 18.6 0 0 0 35.7 0 10.0 0 10.0 TOR GS L7 3620
94 35.0 28.6 7.1 21.4 0 0 0 28.6 0 15.0 0 15.0 TORGS L7 3621

`95 30.0 33.3 10.0 23.3 0 0 0 0 0 20.0 0 20.0 COS L7 3668
96 25.0 80.0 28.0 52.0 0 0 0 0 0 5.0 0 5.0 GPS L7  3734.5
97 32.0 37.5 15.0 22.5 0 0 0 .0 0 20.0 0 20.0 CGS M124K  3568,5
.: 35.0 14.3 4.3 4.3 5.7 0 0 28.6 0 20.0 0 20.0 DOS M 124K 3580
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I,RE-C . . .C^l.... ''1 „2 ''3 ''4 #5 Dol. ^Nl| PRE-L. . . Lsl)    I)... OI,EN    !,.. i ,\1 `1: I i V A . . ' Colt E  '\' ,.I. ,\,,I L; -. . .

9(, I j' . I) (,4.3 I,.4 12.3 T ,. . 6 (I 0 0 0 .9 2.I 3.U DWS t`1124 .K   3 5t!(i. 5

IUu _1.0 37.0 7.4 9. 20.4 0 0 7.4 0 15.0 () 15.0 Dl,S M 17S  i254
101 18J 54.3 I().9 12.5 21.7 5.4 3.8 32.6 0 2.4 5.6 8.0 Dl'S M I 7 S.  4 2 5 .1 . 8

102 3U.I) 60.0 12.0 21.0 27.0 0 0 0 U 12.0 0 12.u DPS M I PR  j2i3
10J 6.0 50.0 10.0 7.5 5.0 27.5 0 50.0 0 0 0 0 DWS M I l'R  4250.3
104 22.0 45.5 11.4 15,9 9.I 9.I 0 9.1 0 10.0 0 I 0 . 1' DWS M IPR  4252
105 38,0 6S.8 13.2 19.7 19.7 13.2 0 7.(, 0 10.0 0 10.1) D\VS M I PR  4 2S5
loo 11.0 72.7 7.3 10.9 21.8 32.7 0 2.J .3 0 0 0 0 DWS MI PR  4259.5
107 45.0 55.6 .6 16.7 2.8 35.6 0 11.I 0 15.0 0 15.0 E\VS M I PR 4269
108 30.0 83.3 25.0 58.3 0 0 0 16.7 0 0 0 0 EWS M I PR  4271
109 22.0 45.5 6.8 11.4 25.9 2.3 0 9.I 0 10.0 10,0 20.0 Grs M IPR 4303
Ilo 55.0 18.2 I.8 4.5 2.7 2.7 6.4 ZJ .'3 0 30.0 0 30.0 GWS MIPR4319
Ill 22.0 90.9 9.I 13.6 64.5 1.8 I.8 9.I 0 0 0 0 GWS MIPR4321.5
112 40.0 25.0 12.5 12.5 0 0 0 37.5 0 15.0 0 15.0 RPS M2EL 3561
Ill 32.0 31.3 9.4 18.8 3.I 0 0 21.9 0 15.0 0 15.0 TOR PS M2EL 3564
114 23J 64.I 12.8 41.7 9.6 0 0 0 0 8.4 3.6 12.0 A\VS M2EL 3578
115 27.0 81.S 16.3 32.6 32.6 0 0 0 0 5.0 0 5.0 AWS M2EL 3581
Ilo 17.4 86.2 17.2 38.8 30.2 0 0 0 0 2.4 9.6 12.0 . M2EL 3585
117 38.0 21.I 9.5 8.4 3.2 0 0 0 0 30.0 0 30.0 COS M2.EL 3595
118 43.0 46.5 23.3 22.3 .9 0 0 0 0 23.0 0 23.0 ' huEL 3596
119 20.0 75.0 18.8 52.5 3.8 0 0 0 0 5.0 0 5.0 DPS M2EL 3608
120 14.0 `. 9.3 83.6 0 0 0 0 0 i.0 9.0 10.0 D\VS M2EL3614
121 35.0 94.3 18.9 61.3 14.I 0 0 5.7 .0 0 0 0 Fas M2EL 3643
122 13.0 loo.0 15.0 85.0 0 0 0 0 0 0 0 0 GWS M2EL 366S
123 18.0 loo.0 5.0 55.0 40.0 0 0 0 0 0 0 0 GIPS M2EL 367 I
124 23.2 4.8 11.4 83.4 0 0 0 0 0 1.2 .8 2. HWS unEL 3692
125 21.0 61.9 12.4 43.3 6.Z 0 0 a 0 8.0 ' 8.0 DWS` M823160
126 I   19.S 75.8 15.Z 41.7 18.9 0 0 0 '0

4.8 3.2 8.0 GWS ME3K 3324
127 22.0 68.2 20.5 34.I 13.6 0 0 0 0 7.0 0 7.0 . Nl  3162.3
128 15.0 lou.0 20.0 45.0 35.0 0 0 0 0 0 0 0 DWS N13168.I
129 20.2 74.3 7.4 40.8 26.0 0 0 0 0 5.2 7.8 13.0 DWS` Nl 3170
130 13.0 ` 18.5 73.8 0 0 •0 0 0 I.U 0 I.u DWS` N23160
131 31.0 64.S 6.5 48.4 9.7 0 0 0 3.2 10,0 15.0 25.0 DWS N2  3163.5
132 23.0 65.2 6.5 42.4 16.3 0 0 0 0 8.0 4.0 12.0 DWS N3 3166
133 50.0 30.0 4.5 24.0 I.5 0 0 0 0 35.0 0 35.0 DPS N5  3158
134 17.0 88.I 7.1 81.2 0 0 0 0 0 2.0 0 2.0 DWS N5  3161
135 20.0 `1 5 .u

7.5 52.5 15.0 0 0 0 0 5.0 5.0 10.0 DWS N5  3164
136 25.0 60.0 6.0 33.0 21.0 0 0 0 0 10.0 10.0 20.0 DWS PARKER a
137 30.0 40.0 2.8

'rJ) .1
8.0 0 0 0 0 18.0 2.0 20.0 AWS S7CGK 4005. I

138 34.5 29.0 7.2 8.7 13.0 0 0 0 5.8 22.5 2.5 25.0 APS S7C`GK  4006.4
13(, 19.0 7 t! .9 15.8 51.3 11.8 0 0 5.3 0 3.0 0 3.0 lps S7CGK  4198.5
140 26.0 96.2 4.8 81.7 9.6 0 0 3.8 0 0 0 0 GPS SCH2  3683.9
141 36.0 27.8 2.8 20.8 4.2 0 0 2.8 0 25.0 0 25.0 KPS SCH2  3816
142 3U.0 loo.0 15.0 80.0 5.0 0 0 0 0 0 0 0 KPS SCH2  3833
143 31.0 25.8 9.0 9.0 7.7 0 0 3.2 0 22..0 0 22.0 DPS SOU 14cO6
144 21.0 57.I I.7 49.7 5.7 0 0 0 0 9.0 0 9.0 DWS Soul  4007
145 20.0 40.0 .4 13.6 26.0 0 0 0 0 12.0 0 12.0 EPS Soul  4029
146 12.5 80.0 8.0 64.0 8.0 u U 0 0 2.5 2.5 5.U HWS Soul  4108
147 43.0 Z7.9 I.I 19.5 7.3 0 0 0 2.3 30.u 0 30.0 H.PS Soul  4121
lJS 27.0 22.2 8.9 8.9 4.4 0 0 3.7 0 20.0 0 20.0 lps Soul  4lJ5
lJ,, 21.0 38.I 13.3 13.3 11.4 0 0 4.8 0 12.0 18.0 30.0 JWS Soul  J150
IJO 58.0 25.9 .I 16.8 0 0 0 13.8 0 33.0 0 33.0 JGS SRW  4Ou.5
))I 64.0 17.2 6.9 0.9 3.4 0 0 4.7 0 50.0 0 50.0 JPS W \ rJ19
I,2 38.0 395 2.8 28.8 7.9 0 0 0 0 23.0 0 23.0 JPS` \Vl  3789.8
I,3 42.0 35.7 2.5 ZO.I 7.I 0 0 0 0 2.0 0 2.0 JPS` \VI  J790.3
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APPENDIX   VIII

POROSITY   FROM   RATE-STAGE   DISSOLUTION
COMPARED   T0   PETROPHYSICAL   DATA

Table  VIII-A.     The  core-plug  porosity  and  permeability  data  for
intervals  with  evidence  of  late-stage  dissolution  (LSD)   in
thin  sections.     These  data  are  used  in  Figure  18,   in  text,
which  is   a  crossplot  of  the  estimated  porosity  from  LSD  and
the  measured  permeability.     The  data  from  the  Gulf  Oil  #1-
22  Hughes,   3969.5,   are  not  used  in  Figure   18  because   this
sample  is  a  packstone;   all  other  data  are  from  wackestones.
The  thin  section  data  include  the  estimated  porosity  of  the
thin  section  and  the  estimated  percent  of  this  porosity
caused  by  LSD.     The  product  of  these   two   factors   (i.e.   50%
of  10%  =  5%)   is   the  estimated  porosity   from  LSD  plotted  in
Figure  18.   The  measured  permeability  data  is  used  in  Figure
18.     Where  there  are  multiple  permeability  data,   the
closest  interval  to  that  of  the  thin  section  was  used.

The  Murfin  I)rilling  #1  Souchek  petrophysical  data  are
from  Hunt   (1981).     The  remaining  petrophysical  data  were
measured  by  Core  Laboratories,   Inc.   and  were  obtained  from
the  core  files  of  the  Kansas  Geological  Survey.
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Wen Name

P troh ic     bservationsLithologyiL rctropnySlcal  LJata lrom

rdeT,Lin

grap
Edima[ed Core-plug Measurements

ErfuatedPorosity Percent ofPorosity
ELfhffw;,h Measur MeasiiredofTh caused by A)P- Petrophysical Porosity Permcabhity

Section Secton -tngeDissolution Analyses

John 0. Faner
3170   fl. 13,a 60qb Fo.Silircrou! 3170  -71   A. 13.37®

H°ds&Y;nicda.I

#1  Nicholson Wictc!toae 3171   .   72  rt. 9 . 7 yo 27  a 43  md.
3172  -73   ft. f!  n qrn 4.4  a  6.0  md.

John 0. Faner 3163.5   ft. 25% 60% Fol!ili{crous 3i62  -  63  n. 13.07o
nor.  a  Vertical4.0&cO,Imd.

#2 Nicholson W.ckc.toac 3163  -  64  ft. 11.4% 4.9 a 3.o tnt.
3164  .  65  ft. 13.4% 31  &  6.4  md.

John 0. Famer 3166.6   rt. 12qb 35,a Foffiliferou. 3163  -  64  ft.3164-65rt 15.7%
nor.  &  Yertical17a15Dd-

#3 Nicholson Wlckc4tonc 3165  -  66  ft.
9.7%lo.8qb 6.1  &  5.6  nd.1.I&3.3.md.

3166  -  67  rt. 10.9% I.7  a  04 md.
3167  -  68  ft. 5.9% 3.o  a  I:1  md.

John 0. Famer 3164  ft. |Oqb soqb Fo!Suifcroul
3164  -65  ft. 6 .I qo 1.I   md.
3165  -66  ft. 10.5% 6.0  Dd.

#5 Nicholson W.ckcrloDc 3166  -  67  ft. 8 . 1 7o 5.3   md.
9167  -68  ft.3168,69Ft. #: 1;..8  =8:

Murfin-g 4150  ft. 30% 607o Fol!ilircrous
4148   rt.4148rt. 18.5%17.67o

8E8:
W.ctestooc with 4148   ft. 17. I qb 3.51   md-

#1 Souchek Microstylolitc. 4148   ft. .8% 7.8  md.
4148   ft. 38.0,® 67.94  md.
4148   rt. 30.2% 58.81   md.
4153   ft. 18.1% 13.76   md.

Skelly On Co. 4131   ft.4174ft.4184ft. 15%209o30% 80%30q'o40%
Fossiliferous 4lso  .  31  ft. 22. I % 124  md.

4igi  -32  n. 22.Oqb 211   md.
#1 Bartosovsky WackcstoncFosfilifcrous

!!# : !i ft: i!:!% 8:!  =8:
14.9qb 2.9  md.

4174  -  75  ft. 20.4fa 160  md.
Wactc.tone 41         -             1. 17.0 2md.

4176  -  77  ft. 18.6% 22cO  tnd.
4i77  -  78  n. 17.0% 38  md.

Foffiliferous 4i8O  -81  rt. 12.27o1079! 226  nd.5
Wacke.toae 4181  -  82  ft.4182-83ft. .,T®15.5qb 25     md.2150md.

4183  -  84  ft. 10.4% 0.6  md.
Murfu Drihing#2Elvin 3578   ft. 12% 30,a ForsiliferousWackef`ozic 3579   ft. 10.24% 15.79  md.

Cfontinental Cm Co.AdellUnit#406 3650.9   ft. 13qb 80%
Fo.filifcrousW.ckc!toce with

365o  -51.5  rt. 6.6%
Maj..  &  Vcnicala)'la<0.ind.

3655  ft.3700.9ft 10,a 70q550%

Microstylolitc] 3651.5  -  53  ft. 6.09o 0.2 a cO.i  md,
Fo.Iilifcrour 3653   -  54.6  rL 6.9yo 0.1  a  0.I  nd.
Wrdestotf with 3654.6  -  56  fl 7.3% 0.4  a  cO,i  md.

10qb

Microltylolites 3656  -  57  n. 4.8qb 0,2  &  0.1  nd.
FossiliferovyWfLckestone 3700.0  -   I.2  ft .          8.Oq[ 9.3  a  7.7  md.

3701.5   ft .            147o 50% FodilifcroulW&ckcs`oDe 3701.2  -3.0  ft 7.0% 0.9  a  0.5  md.

Gulf Off Co. 1969.5 159b 50% FoS.ilifcrousulPcloildalPlck}toDC
3970.0  -  71   i3969.0-70ftt            5  7q'o

Max.  &  VcrlicalI3&08pd

#1-22 Hughes .         13:7% 22:0  &   13.0  zn.d.



APPENDIX   IX

ISOPACH   RAP   0F   THE   ANHYDRITE   IN   THE   STONE   CORRAL   FORMATION

Figure  IX-A.     Isopach  map   (in  feet)   of  the  anhydrite   in  t.he
Stone  Corral  Formation  for  the  area  of  study.     The  data
used  are  264  thicknesses  of  the  anhydrite  measured  from
well  logs   (approximately  one  well  per  township,   for  the
area  of  study).     The  measured  thickness  is  limited  to
anhydrite  with  both  low  gamma  ray  values  and  high  density
values  or  low  neutron  porosity.     Excluded  are  some
intervals  with  low  gamma  ray  values  and  high  neutron
porosity.
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APPENDIX   X

PREPARING   THIN-SECTION   CHIPS

1.        Cut   samples   to   26  x  46  mm  dimensions   (size   of   the   Chip.  section)

IF   POROUS:
2.       Wrap   the   sample   in  aluminum  foil  with  the   top  open  to  contain

the  impregnating  epoxy.     Place  the  front  of  the  chip   (the  side

to  be  thin  sectioned)   at  the  bottom  the  aluminum  foil   "pan".

Leave  the  top  open  in  order  to  pour  the  epoxy  in.     Along  the

bottom  and  sides  of  the  sample,   the  aluminum  foil  should  be

rather  tight;   it  is  not  necessary  to  have  wide  openingsr  for  the

epoxy .

3.       Mark  the  sample  name  on  the  aluminum  foil  in  several  places   in

case  of  overflow  by  the  epoxy.

4.        The  epoxy  used  is  Araldite  Epoxy  Resin   (GY-506)   and  Hardener

(GY-956)   manufactured  by   Ciba-Geigy,   Ph.    (914)   347-4700.      The

epoxy  and  hardener  are  used  at  a  4:i  ratio.

5.       Measure  out  the  epoxy  resin   (do  not  add  hardener,   yet).

6.       Mix  in  blue  dye.     Add  blue  dye  until  the  epoxy  is  dark  blue  to

black.

7.       Mix'in  the  hardener  at  a  1:4  ratio.

8.       Add  epoxy  to  each  of  the  aluminum  foil  pans  with  samples.

9.        Place  samples   in  vacuum  jar  and  apply  vacuum.

The  goal  during  vacuum  impregnation  is   to  remove  all  air  from

the  sample  and  then  tb  replace  the  air  with  epoxy.     The  first  vacuum

pump  down  should  remove  all  air.     When  air   is  returned  and  pressure

increased,   epoxy  is   injected  into  the  pores.     The  samples  should  be
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pumped  down  to  a  vacuum  at  least  three   times  with  the   air  pressure

reapplied.     The  purpose   of  the   subsequent  pump   clowns   is  not   to

remove  air,   but  to  inject  epoxy  when  the  air  pressure   is  reapplied.

Air  pressure   should  be  slowly  applied  to  most  efficiently  push  epoxy

into  the  pores.

During  vacuum  pump  clowns,   try  to  avoid  boiling  by  the  epoxy.

When  the  epoxy  boils,   bubbles  form  in  the  epoxy  and  the  epoxy

overflows   the  aluminum  foil  pan.

10.     After  the  addition  of  the  hardener,   the  epoxy  begins   to  harden.

The  quicker  the  impregnation  can  be  completed,   the  more  likely

the  epoxy  will  be  injected.     As  epoxy  hardens,   its  viscosity

increases .

11.     Allow  the  epoxy  to  harden  for  20-24  hours.

12.     If  epoxy  does  not  harden  in  this  time,   applying  heat  will

complete  the  hardness.     One  means  of  applying  heat  is   to  set

the  samples   in  sun  light.

13.     When  the   epoxy  has  hardened,   remove   the   aluminum  foil.

14.     The  degree  of  impregnation  may  be  judged  by  cutting  into   the

sides   of  the   sample.

15.     With  good  impregnation,   the  bottom  of  the   sample  may  be   cut

off .     With  poor  impregnation,   it  may  be  necessary  to  grind  into

the  base  of  the  impregnated  sample  to  avoid  removing  much  of

t:he   impregnated  rock.      (When  the   sample  was  placed  in  the

aluminum  foil  pan,   the  side  intended  t:o  be  thin  sectioned  was

placed  on  the  bottom.)
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APPENDIX  XI

POLISHING   0F   CHIPS   AND   THIN   SECTIONS

1.       All  chips  and  thin  sections  were  first  ground  at  coarse  grits

(such  as   400  or  600   grit)   in  a  progression  from  coarse   to   fine.

The  final  grit  used  in  all  cases  was  1000  grit.

2.       When  the  sample  was  complete  at  1000  grit,   it  was   thoroughly

washed  (such  as  in  an  ultrasonic  cleaner)   to  remove  all  grit.

Remaining  grit  would  cause  scratches  during  polishing.

3.        The  polishing  compounds  used  are  alumina  powder  with  1.0,   0.3,

and  0.05  micron  sizes.      The   0.3   and  0.05  microns   sizes   produce

the  best  polish.

4.       The  samples  are  polished  on  a  rotating  lap  wheel  with  a  nylon

cloth.     The  chip  is  held  by  the  hand  and  thin  sections  are  held

in  a  thin-section  holder.     The  cloth  is  kept  wet  and  polishing

powder  is  occasionally  added   (this  is  best  done  with  a  mixture

of  water  and  polishing  powder).     The  sample   is  most  quickly

polished  when  the  wheel  is   turning  at  higher  speed.

5.       With  thin  sections,   it  may  be  necessary  to  grind  the  edges  of

the  thin  section  to  avoid  tearirig  the  cloth.
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APPENDIX  XII

CRUSHING   ANALYSIS

For  crushing  analysis  of  fluid  inclusions,   a  crushing  device

was   made   (Figure   XII-A,B).      This   crushing   device   is   made   from   two

5.0  x  7.5   cm  thin  section  glasses,   a   2.7   x  4.6   cm  thin  section

glass,   and  duct  tape.     The  2.7  x  4.5  cm  thin  sect:ion  glass   is   glued

to  a  5.0  x  7.5   cm  thin  section  glass  with  epoxy.     The   second  5.0  x

7.5  cm  thin  sect:ion  glass   is   attached  with  duct  tape.     The

positioning  of  these  thin  section  glasses  is  illustrated  in  Figure

XII-A.

This  crushing  device   is   designed  to  be  placed  on  a  microscope

stage.     With  a  video  camera  and  recorder,   the  process   can  be  video

taped  to  record  the  original  size  of  the  fluid-inclusion  bubble  and

to  record  the  changes   in  the  bubble  when  it  is  crushed.     Another  aim

of  this  device  is  to  do  crushing  without  excessive  jostling  or

movement  of  the   sample.

For  crushing,   the  sample  is  placed  at  the  point  marked  by  the  +

in  F`igure  XII-A.   A  medium,   such   as   a  drop   of  kerosene,   should  also

be  placed  with  the  sample.     Next,   the  top  glass  plate   is  brought

down  over   the   sample   (Figure  XII-B).      Individual   inclusions   could

now  be  selected  and  recorded  on  video   tape.     To  crush  the  sample,

the  two  large  thin  section  glasses  are  pushed  together   (left  side,

Figure  XII-B).     As   long  as   the  two   glass  plates   are  properly  taped

together   (right  side,   Figure  XII-B),   pressure  is   applied  to  the

sample  at  the  +.
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Figure  XII-A.     The  device  for  crushing  analysis.     It  is  composed
of  two   5.0  x  7.5   cm  thin-section  glasses,   a  2.7  x  4.6   cm
thin-section  glass,   and  duct  tape.     The  2.7  x  4.6  cm
(marked  by  the  +)   is  glued  to  a  5.0  x  7.5  cm  thin-section
glass  with  epoxy.     The   second  5.0  x  7.5   cm  thin-section
glass   (in  a  tilted  position)   is  attached  to  the  couplet  of
the  other  glasses  by  duct  tape.     The  +  marks  t:he  location
where  samples  are  placed  for  analysis.

Figure  XII-B.     For  crushing  analysis,   the   sample   is  placed  at
the  point  marked  by  the  +  on  top  of  the   2.7  x  4.6   cm  thin-
section  glass.     A  medium,   such  as   a  drop  of  kerosene,
should  also  be  placed  with  the  sample  at  the  +.     For
crushing  the  sample,   the  two  large  glass  plates  are  pushed
together  on  the  left  side.     The  duct  tape  on  the  right  side
(tape  shown  in  A)   holds   the  two  glasses   together  and  allows
pressure  to  placed  on  the  sample  at  the  point  marked  by  the
+.
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Push Here



Table  XII-A.     The  dimensions  of  fluid-inclusion  bubbles  before
and  after  crushing  and  the  calculated  internal  pressure  of

:;:#?::::r::::::::::;:::::::::::::i:::::i;:::;¥fv2h:
crushed  using  the  device  shown  in  Figures  XII-A  and  XII-B,
and  the  dimensions  of  the  fluid-inclusion  bubbles  were
measured  by  recording  the  inclusions  on  a  VCR.

The  volume  of  a  fluid-inclusion  bubble  should  be
similar  to  a  volume  of  an  ellipsoid,   V  ±  4/3(pi)abc,   where
a,b,   and  c  are  the  three  radii.     The  ratio  Vi/V2  =
4/3(pi)abc  /  4/3(pi)clef  simplifies  to  abc/clef .     The
dimensions  of  the  bubbles  listed  in  this  table  include  only
two  diameters  because  only  two  dimensions   can  be  measured
from  a  television  screen.     The  third  diameter  must  be
estimated.     For  these  data,   the  third  diameter  is  the  mean
of  the  two  measured  diameters.

The  internal  pressure  of  the  fluid-inclusion  bubble  is
the  product  of  the  two  measured  diameters  after  crushing
(d3   and  d4)   and  their  mean  divided  by  the  product.  of  the
two  measured  diameters  before  crushing   (dl  and  d2)   and
their  mean.
Pressure  =  d3  x  d4  x   (d3/2  +  d4/2)   /  dl  x  d2  x   (dl/2  +  d2/2)

All  diameters  were  measured  in  cm  from  the  television
screen.     1  cm  on  the  television  screen  equals  4.81
micrometers.     All  pressures  are   in  atmospheres.
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Dimensions  of Fluid-Inclusion
Pressure  ofBubbles  before  and  after  Crushing

Measured from television screen. the  Bubble
A]1 measurements are in cm. before

1 cm = 4.81 micrometers Crushing,in
Before After

Crushing Crushing Atmos|)heres

#1  Calcite  Cement
0.2 x 0.2 0.7  x  0.7 40Continental Oil #7 J.E.

Leonard, 3620 Feet 0.8  x 0.8 1.3  x 2.0 8

0.2 x 0.2 0.5  x 0.5 20
#3  Calcite  Cement

0.7 x 0.7 2.0 x  1.7 18Theodore Gore #1
Demy, 4058 Feet 0.7 x 0.8 2.4 x 2.4 33
Murfro Ihilhig #2 0.4 x 0.4 1.2 x 0.7 13
Elvm, 3665 Feet 0.6 x 0.6 1.6 x 0.8 7

0.35  x 0.35 1.2  x  1.2 40
Cities Service #1-AKnudson,4052Feet 0.7 x 0.7 1.9  x  1.9 20

0.7 x 0.7 1.8  x 2.2 23

UndifferentiatedCalciteCement

0.3  x 0.3 1.0  x  1.0 37Sinclair Prairie #1 GuyMercer,4728Feet

NonzonedDolomiteCement

0.3  x 0.3 1.7  x  1.3 120Cities Service #1-ABourquin,3981Feet

0.3  x 0.3 1.5  x  2.4 260
0.3  x 0.3 1.5  x 2.0 190

0.2 x 0.2 0.6  x 0.6 27
Cities Service #1-ABourquin,3983Feet 0.4 x 0.4 0.8  x 0.6 5

0.5  x 0.8 1.5  x  1.1 8
0.45  x 0.9 0.9  x 0.9 8

0.6 x 0.9 3.0 x  1.8 32
Cities Service #1-ABourquin,4035Feet 0.3  x  0.3 0.8  x  1.8 70

Theodore Gore #1Denny,3880Feet 0.3  x 0.3 0.8 x 0.8 20
0.4 x 0.4 0.8  x 0.8 8

Baroque  Dolomite
0.2 x 0.2 0.8  x 0.6 40Sinclair Prairie #1 Guy

Mercer, 4728 Feet 0.2 x 0.2 0.6 x 0.6 30



APPENDIX  XIII

AQUEOUS   FLUID   INCLUSION   DATA

Table  XIII.     All  fluid  inclusion  data  from  each  sample.     Th-
temperature  of  homogenization.   Tn-   temperature  of
nucleation  when  the  sample  is  frozen.     Te-eutectic
temperature,   when  the  ice  or  hydrohalite  begins  to  melt.
Tin  ice-the  temperature  of  final  melting  of  ice.     Tin
hydrohalite-the  temperature  of  melting  of  hydrohalite.
All  measurements  of  the  melting  of  hydrohalite  are  listed.
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A.   Continental Oil #7 J.E. Leonard, 3620 feet,
#1  Calcite Cement, Fluid-Inclusion Data

Th Tn Te Tin ice in hydrohalite

1 43.6
2 51.9 -77.8 -47.0 -19.0

3 53.8
4 54.5
5 57.4
6 57.5
7 59.1 ®

8 67.5
9 68.7

10 70.-6
11 70.9
12 74.3 ®

13 75.1

14 75.1

15 79.3 .

16 89 -75.0 -47.0 -17.1

17 95.7
18 -51.0 -21.8

19 -47.0 -19.2

20 one phase -77.8 -42.0 -21.7

21 one phase -20.0
22 one phase -86.9 -19.1

23 -19.0

24 one phase -79.0 -22.0
25 -88.5 -50.0 -21.6

26 -83.1 -45.5 -19.9

27 -52.0 -21.6 -32.0
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8.   Cities Service #1-13 Ryan, 4363 feet,
#1  Calcile Ccmen[, Fluid-Incl.dsion Data

Th Tn Te rrm ic in hydrohalite

1 52.8 -84.0 -45.0 -20.2

2 73.7
3 76.4 ®

4 '~ -53.5 -45.0 -19.7

C.  Theodore Gore #1 Denny, 4058 feet,
#3 Calcite Cement, Fluid-Inclusion Data

Th Tn Te Tin ice Tin h)'drohalite

1 53.3 -84.2 -52.0 -21.8 -30.7 ,~30.4,-31.4,-31. 8

2 60.6 -48.0 -22.1

3 62.4 ®

4 63.4
5 65.2 ®

6 66.2
7 67.7 -48.0 -19.8

8 69.7 -48.0 -21.9

9 70.5 -52.0 -22.3

10 73.2 -52.0 -22.4 -38.5,-37.4,-36.6

11 79.1

12 81.5

13 83.4 -84.0 -48.5 -22.1

14 85.0 -50.0 -16.4

15 88.8 -47.0 -21.6

16 91.4
17 93.1 -82.4 -49.0 -22.1

18 94.0 -85.5 -52.0 -22.0

19 97.5
20 171.3 ® -46.0 -10.6

21 217.1

22 -78.4 -47 .0 -20.3
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D.   Murfin Drilling #2 Elvin, 3665 feet,
#3 Calcite Cement, Fluid-Inclusion Data

Th Tn Te Tin ice, Tin hydrohalite

1 45.5 -8 8,. 8 -52.0 -22.2 -33  to  -34.5

2 47.0
3 47.3 ®

4 47.3 ®

5 47.5 -91.7 -52.0 -19.1 -30.8
6 48.5 ®

7 49.0 ®

8 49.5
9 49.8

10 50.8

11 50.8
12 51.5 ® ®

13 52.2
14 52.6 ®

15 5,_.J
16 53.0 ®

17 53.4 -68.0 -52.0 -22.1 •34.0,-33.0,-33.0

18 55.8
19 56.5
20 570
21 58.1 ®

22 58.2
23 59.1

24 59.1 ®

25 59.1 -19.8

26 60.5
27 60.6
28 65.6 -70.0 -46.0

29 71.0

30 72.5
31 72.8 -64.6 -53.0 -12.8

32 73.8

33 74.0
34 75.8 -84.0 -47.0 -17.0

35 78.9 -12.2

36 80.0 -10.8

37 81.1 ®

38 81.1

-39 -85.0 -47.6 -20.0
40 -52.0 -17.0 -27.0
41 -52.0 -14.2 -27.0
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E.  Cities Service #1-A Knudson, 4052 feet,
#3 Calcite Cement, Huid-Inclusion Data

Th Tn Te mic Tin hydrohalite

1 92.3
2 98.9 -47.0 -14. 1

3 105.5 -72.0 -47.0 -11.8

4 110.2
5 112.4
6 116.3

7 121.9
8 127.0 ®

9 155.0 ®

10 158.3

11 178.0 -47.0 -13.9

12 183.0 -71.0 -48.4 -14.1

13 196.9 -70.2 -47 .0 -15.9

14 197.7 -69.2 -47.9 -19.8

15 207.1 ',

16 208.6 -74.2 -48.9 -13.4

17 ® ® -14.1

18 ® -13.8

19 -52.0 -12.0

20 -75.6 -52.0 -14.3 -33.0,-37.2,-35.5,-36.8

21 -52.0 -14.1

22 ® -12.5

23 -12.6
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F.   Cities Service #1-A Bourquin, 3981, 3983, 4015.8 feet,
Dolomite Cement, Fluid~Inclusion Data

Tit Tn Te mice in hydrohalit Depth

1 75.1 -82.0 -52.0 -18.9 -33.0 3983
2 81.5 ® 3983
3 85.1 3983
4 85.3 3983
5 88.5 ® 3983
6 88.5 -82.5 -52.0 -22.1 -33.3,-33.7 3983
7 91.1 3983
8 93.3 3983
9 97.9 3983

10 98.2 ® 3981
11 98.9 -85.5 -49.0 -22.9 4015.8
12 99.5 3983
13 101.0 3981
14 101.3 -71.4 -48.0 -22.9 4015.8
15 102.8 -87.0 -49.4 -17.8 40 1 5 . 8
16 103.0 3983
17 104.0 ® 3981
18 104.6 3983
19 104.7 ® 3983
20 104.8 ® 4015.8
21 105.0 -80.0 -48.0 -22.4 4015.8
22 107.1 ® ® 4015.8
23 107.1 4015.8
24 107.7 ® 3981
25 108.3 -22.7 3983
26 1 1 1.0 -49.0 -18.4 3981
27 111.2 3983
28 112.9 3981
29 114.5 -85.2 -52.0 -22.8 3983
30 115.0 ® 3981
31 128.7 3981
32 129.7 3983
33 130.4 -49.6 -20.1 3981
34 131.3 3981
35 136.5 -49.4 -21.2 3981
36 147.9 ® 3983
37 171.8 ® -30.3 -15.8 3983
38 -109.0 -49.0 -18.0 4015.8
39 -78.0 -48.0 -22.4 4015.8
40 ® ® -50.0 -22.8 4015.8
41 ® -47.0 -15.8 3983
42 `, -72.9 -49.0 -16.0 3983
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G.   Murfin Drilling #1 Prentice, 4250.3 feet,
Bai-oque Dolomite Cement, Fluid-Inclusion Data

Th Tn Te mic Tin hydrohalite

1 66.2
2 66.2 -70.2 -52.0 -22.7

3 82.0 ®

4 82.3
5 83.0
6 83.4
7 85.8 -71.0 -52.0 -20.5

8 88.0
9 94.0 ® ®

10 95.8
11 96.8 -72.8 -48.0 -22.7
12 101.3

13 104.0 -7 8 .1 -48.0 -21.1

14 104.4
15 109.6
16 110.0 -22.9

17 125.0
18 -73.9 -52.2 -22.1 -32.2,-31. 8 ,-33.0,-31.5 ,-31.0,-31.0

19 -22.9

20 -22.5
21 -52.0 -22.7
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APPENDIX  XIV

PETROLEUM-FILLED   FLUII)-INCLUSION   Th   DATA

Table  XIV.     The  Th   (temperature  of  homogenization)   of  secondary
pet-.roleum-filled  fluid  inclusions   from  these  samples.
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A.   Murfin Drilling #1 Prentice, 4029 feet,    8.   Murfin Drilling #2 Elvin, 3692 feet`
Secondary Petroleum-Filled

Fluid-Inclusion Th Data

Th

1 59.0
2 63.4
3 63.8
4 70.2
5 71.I

6. 72.1
7 77.6
8 80.8
9 83.9

10 88.9
11 89.0
12 89.2
13 90.9

Secondary Petroleum-Fillecl
Fluid-Inclusion Th Dz`ta

D.  Skelly Oil #1 Bartosovsky, 4035 feet,
Secondary Petroleum-Filled

Fluid-Inclusion Th Data

Th

1 56.0
2 77.0

C.  Empire Drilling #1 Rathe, 4216.5 feet, E.  Cities Service #1-A Knudson, 4252 feet,
Secondary petroleum-Filled                           Secondary petroleum-Filled

Huid-Inclusion Th Data                                   Fluid-Inclusion Th Data

Th

1 52.6
2 59.8
3 61.3

4 66.3
5 80.2
6 90.0
7 91.5

8 96.8
9 101.4

Th

1 80.8
2 80.8
3 80.8
4 81.3

5 81.6

6 117.3

7 130.2
8 140.5
9 140.9

10 197.2
11 283.0



APPENDIX   XV

CORE   DESCRIPTIONS

The  lithologic  descriptions  of  the  cores  analyzed  for  this

study  are  presented  in  the  following  pages.     All  core  descriptions

are  presented  in  the  order  that  they  are  listed  in  Appendix  VI.

Three  cores  that  were  analyzed  are  not  included  with  these  core

descriptions  because  they  only  included  several  core  pieces  and  were

not  continuous  cores.     These  three  cores  are  the  Continental  Oil  Co.

#7  J.E.   Leonard,   Murfin  Drilling  Co.   #2-8  Messner,   and  the   Petroleum

Producers  #2-8  Parke.r.

The  layout  of  the  core  descriptions  and  the  terms  and  symbols

used  in  these  core  descriptions  are  described  on  the  first  two

pages.     Some  of  the  terms  used  in  the  core  descriptions  differ  f.ron

the  terms  used  in  the  thesis  text.     These  differences  are  referred

to  in  these  first  two  pages.
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Table  XV-A
CORE NAr\ms  AND  LOcATIONs, AND

THE PAGE NUMBER OF CORE DESCRIPTIONS

CORE NAME

Continental Oil Co. Adell Unit #406
Skelly Chl Co. #1  Baltosovsky
Concx3o #1 Taylor
Cides Service #1 -A Bourquin
Cities Service #1-8 Ryan
Cities Service #1-A Holmdahl
Cities Sndce #1 -Z Miller
Empire Drilling #10 Palmer
Empfro ring #1 Wicke
Empire rung #1 lids
Empire -g #1 Rathe
Gulf Cm #1-22 Hughes
Thcodore Gore Co. #1 Denny
Sinchir Prairie #1 Guy Mercer
Husky Oil Co. #6 Brookes
Geoson Cm Co. se mdy
Cities Service #1 -A Knudson
I,add Petroleum DC Unit #A 2-3
Continental Oil Co. #7 J.E. Ifonard
Murfin Drilling Co. #1-25 REncaid
Murfin mlling Co. #1 -7 Stroup
Murfin Ihilling Co. #1 Ptontice
Muffin Drilling Co. #2 Elvin
Murfin Drilling Co. #2-8 Messner
Mdwest Energy #3 Kircher
John Farmer Co. #1 Nicholson
John Farmer Co. #2 Nicholson
John Farmer Co. #3 Nichoison
John Farmer Co. #5 Nicholson
Petroleum Producers #2-8 Packer
Skelly Ou Co. #7 C.G. RIsling
Thcodore Gore Co. #2 Schaffert
Murfin mlling Co. #1 Souchek
Shakespealc #2 Rudolph Waiter
Thcodore Gore Co. #1 Wertz

SPOT  LOCATION

SE SW SW 2-T6S-R27\h/
SE SV`' SW 9-TIS-R34W
sW NW Nlhr 3 5-T5S-RE7`hr
NE NW RE 18-T6S-R32W
N`V SW Nu/ 14-T5S-RE2W
NE SW SW 29-T3S-31W
sE NE sE 31 -T2s-R27Wr
NE NE SE 6-TIS-R33W
C RE NE 23-T2S-R33W
SE SE Nwr 13-T3S-R34W
C NW SW 9-T3N-R30W
C SW SW 22-T9S-F29W
C NE SW 5-T5S-R34W
C RE NIV 28-T10S-R40W
C SW NW 18-T2N-R27W
C SE NIV 27-T3N-R33W
NE SE NV\/ 16-T7S-R32W
C SW SE 21-T3N-R34W
SW NW SE 12-T6S-R27W

E¢ NW NW 24-T3S-R27W
C SW SE 21 -T2N-R37Wr
c NE NE 3o-T2s-R35ihr
SE NW SE 14-T3S-RI7W
SE SE SW 10-TI N-R?.7W
C Nvr NE 4-Ti N-R27w
C SW SW 12-TIN-R27\V
C SW SE 1 1 -TI N-R27`V
C NE NE 14.T]N.R27Wr
C SW NE 14.TtN_RE7Wr
C NW SW 10-TI N-27W
C NIV N\V 10-TI S-R34W
C SW SE 28-T3N-R32W
C SE NE 2-Tis-R34W
NE NE NE 2-T3S-R41W
C SE SW 6-T2N-R32W
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Operator, Well #, Lease Name of Core

poro,ity clh.nh. 8no&oil
n 1 h in u' I 8 in81 h81 Lithologic  Description  and  CI I I S S S SDepth ofcored

L1t

Lithology Symb
interval (Abbreviated Classifii

in feetsclal-ale1f&Ot Ill---------i-.=27=7=II---------i    :Zf1===
h0I0 Lines[one              Dolostone

apL)

Limey shale            Sandstone
8 (sH-no               (ss 1 -)

aCoreSamplesCollectedatjE3
yS

=TL=JL=L=L=J      [:i:i:i:i:i:i
Shale (SH-)             Silty  shale.

y (SH-Z-)
inb

E=:==:==:i==      E=E:.:I;I
0 Dark Gray Shale   Microstylolties

Sampled 1 (SH-rm-)           in  a limestone
and ThinSeetioned S (-Msl  or  -MS2)

I.             i-I: ',I-I,''=I-        1=-_. ---.I
X

I             I.-I ---' '-I: I
Shale  Infiuing     Linestone with

Limestone(`StratigraphicClassification (-RSH or-OSH)          Autoclastic
tc[a,yney,ex¥;,[]    t.83rte£€e;:[t£=:[o¥g:,

};roo'£y|c,r,.mh.,£[,ayey ]nfiu   in  tee

Porosity ranges based on
visual estimates during core

description

<|rb.|ith.

<2qro  Porosity

<2%  Porosity'
Oil  Stained

22.<8%   Porosity.

22,<8%   Porosity'
Oil  Stained

28%  Porosity

28%  Porosity,
Oil  Stained

Carbonate,
Lithologies

Page  #  of core
description

omments

cation)

Siltstone

(ZS1-)

Stylolite  in  a
limestone

Microcrystalline-
Calcite Nodules
in  a  silly  shale

(-MC)

H

Carbonate Mudstone.  (MS-)

Carbonate Wackestone  (WS -)

Carbonate  Packstone  (PS-)

Carbonate Grainstone  (GS-)
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Page  2

pore,itv&oil
c.h.iith.  ang

^1PP hI inS uJS IS 8S mha8` Lithologic  Description  and  Comments

LITHOLOGY
CLASSIFICATION

After the written description of each
stratum, the lithology is classified b}. an
abbreviated classification in parenthe sis.

Carbonate  Lithologies
(MS-)  Carbonate Mudstone
(PS)  Carbonate  Packstone
(WS-)  Carbonate  Wackestone

(GS-)  Carbonate  Grainstone

(DOL-)  Dolostone
(LM-SH-)  Limey  Shale  (Highly-arginaceous

rricrostylolitized  carbonate    i.#   Jc.{!  )

Modifiers  to  Carbonate  Lithologies
(_F)  Fossiliferous                               (.o)  Oolitic

(-P)  Peloidal                                         (_ONC)  Oncolitic

(-LM) Laniinated                              (-FR) Fractured

(-MS1)  Microstylolites  (less  argillaceous)
(microstylolitized carbonate    I.n  {exf )

(-MS2)  Microstylolites  (more  argillaccous)
(arginaceous  microstylolitized  carbonate   I.n  fexl  )

:::;i}u:i:i;1:;;reic±a:t:ton;::£ds::::e}C]:%e`,exTf]"

Shales
(SH-)  Shale

Modifiers to Shales
(-Z)  Silly                         (-GG) Gray-Green

(-F)  Fossiliferous        (-DG) DarkGTay

(-RB) Red-Brown         (-BL) Black

(-MC)  Contains
Microcrys tallinc-Calcite  Nodules

Other  Lithologies

(SS1-)  Very-fine
grained  Sar`dstone

(ZS-)  Siltstone
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CONTINENTAL OIL CO. #406 ADELL                                      Page    2

)ore,itvtoil c]rb.mh. ap
rl1hPIP inS u'PSS ginSa.

a                     Lithc>logic  Description  and  comments
3620 Ft.          L8

Dk. Gray  shale (SHDG)     Contajnspwite

.-----------
..

Oncoli`ic  Packs`one (PSONC)-----I-----
Limestone©tB©3625F\.3630F'.CLimestone3635Ft.©iB3640F\. -I-.-.-.--.-`1 ln`emal gr8jns are   mollusk  shells.-----I----------------

Gr8iy  Siltstone (ZS 1 )

Fled-brown  silty shale with  microcrystalline

::£=:=f:::i:-a:i::

calcite  nodules (SH-Z-BB-MC)Anhydritenodulespresent, fewer  microcryst.

:i:fi:i:i::.===.€--.

=j¥::=::

:¥:a::
calcite  nodules neerbo`se.

=jife::::
:?ri:::::

Grayi]reen  Sil`y Shale (SHiz{G).I.----.
X Fossilifeorus  packstone with--.i--.-I

autoclastic  brecciation  (PS-F-B)-----
:;;iii:.::i:.----------I

Foss.  Gralns`one  (Gsf)

-----------I----------.---------------- Possible    Pos`<emem8}ion dissolution---------.---------..---
Foss . Wackes`one (Wsf).----------i------
Fossiliferous  wackestone with

--`----.- X--,------I---- *-1'-----
microstylolites  (WS-F-MS2)I.--I-- Xp------ - - - -. = X------

==_±==T= Graygreen shale with  mjcrocrystalllne
calcite  nodules lsH-GG-MC)

-_--.-=:-:-::i--=£-::¥:
Fled-brown  silty shale with  microcrystalline
calcite nodules (SH-Z-RB-MC)
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CONTINENTAL OIL CO. #406 ADELL                                Page  3

porosily

nlPP
o'aar?.EL;;h.ir£ Lithologic Description and Comments

3640 F(.©iBD?Limestone3645Ft.3650F'. -f`:3f=+.
Red-brown  silly  shale  with  microcrystalline-calcite:+:+:i±+::

--i_a_:-:_I_-== nodules  (SH-Z-RB-MC)                                                                            I

Gro,y calcat.`eous  shale [SHfiG)                                               I-----

;;i:

Peloidal and Foss. Grutns`one   (GS-P&F)
----------"'=-------- Bedded  to nodularchert  nearba6e.-----I----•,-----II

^ XIX

--Ei=-:-: Ton€ray cal¢areous sil`stone(ZS 1 )

.I-----ii-. Lenses of   Peloidal   Grejns`one presem

---I..-
Sjltstone  is  laminated  in  plac`es,

•------ .,.,.,.,.

Fossiliferoils wackestone  with  microstylolites
.'...-.-..J'L---------------

(WS-F-MS1). - - -- - I
©iBaDLimestorleaa3655F(©EB3660Ft. .---------. Late-stage dissolution has been noted in the--- - - - -I--_-I--. thin-sections  of this  interval.- ' i . - : . -- `-Lt-----`----.->.--.I--=------I._-_-_-_-_-

Foss.  Wackes{.  w/Mcrostvl. tws+hrfs1)1'------
`I..----

Foss.  Wackestone  (Wsf)
-----•LT-I.---------I----I---- Baroque  Dolomite is present end appears `o beI - '` .. AIL ------I---- p8ttiallydissolve.   Porosi`yis rno``Ied.  Some-,----.....--.`t

frac(ures are presem  aiid rT`aycon`rol fluidI,lJ-JI'--.-----I.---------- migration.Ill,----------.--------------------
Fossiliferous  wackestone  with  microstylo'ites----------

X

.,,,•, Fossiliferous  wackestone  with  microstylolites

.-------Ill- X----------- X------ - - -- - [XIi----
11---1=-- -- - - - X-----

ryt`s-F-Ms2)----- X-----11------ X----- X1.--------- X

Dail< Gray .Shale with Brachiopods (SHE,DG)
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CONTINENTAL OIL CO. #406 ADELL                                              Page     5

pore,itv&oil
cirb.1ith.  ano

?li
hI inS uJSS in81

a                   Lithologic  Description  ar\d  comments
3690 F\.GLimestone@im3695Ft.@im3700Ft.@im@@im3705Ft.3710F(. I----

Ooli`ic Gr8jnstone  (GSO)-----I---------.----I----
Peloidal  Packs`one  (PS-P)I-----11.----

XX

I.----------I------,---.----- ;±,;ii;!':;i!:i;:;i•:

:

Foss.  &  Oncoli`ic Grojns`one (Gsf &  ONC).--'--
11.'. -.I..  '... .I-----.---------.-----------'.-I .  . , , - . `, ,I II----.----I----.----I--,,-"..1

I. ,  `...,''. |J.---L,----.----.---- XXIXXIXXX

Foss.  Wackes`one  w/ Mcros`yloli`esI----LL=------i---r-----i (Wsfus2)I------.' - - - II---------
I-,lr--- - -- - ----r=.

.-_-_-_I_E=I----
IXX

.,.,.,.,,,.•, Fossiliferous Wackestone (WS+)Chertispresent.Thechertisfrco`ured ,Peloidspresent

.-----.-------I-,--'' )..'J,.-I-----
-----'i_--i-I

XI*XX

I----
^^^

^^^^^^^^

.----
L-----....,------Ii-I-----^^^

ffij^.----
I----.---- X.----I---- II----I---- *'.., ..I ='.-I-..-I---L--I XX

^^_te^
XX

.,•,
Foss.    Wackes`one w/ Mcros`yloli`es(Wsfus2).---- X.----

IX Parngenesis:   1. Mcros`violites    2. Chert  F`epl.I----.--11------------ 3.  Pyri(e  F3eplcoementI----.---- r----------I . Foss. Wcokestone  w/ Mcros`ylol.i`es.----I---- XI - - r- - (WS+usl)I---- XI----I--I-.------- I
Foss. Wackes`one  w/ Mcrostylolites  (Wsfhrfs2).-,I--- X-----I-.---.

IX

Black Shale fsHi3HFoss.Wackes`one (WS+)
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CONTINENTAL OIL CO. #406 ADELL                                           Page  6

poroJity
&oil clrb. mh. any

AI hI inS WS IS 8S Lithologic  Descriptior`  and  Comments
37toF\.       '3715F\.3720Ft.3725F(.BinH------

Foss . Wackestor`e----------- XXXXX----------------------------------------------------.-i-----
X Foss . Wackestone w/ Mcrostv1. (Wsfhrfs 1 )I_-_-_-_-.I

Dk. Gray to Black Fissile  Shale {SHi3L+ lsfos)
Increasing fossil frngmen`s at the base .

iiffiiiT=__-E=__--__-f=___-=L=_-__-I-=-=__-__-__-__-__=-¥_=__--_=__--±--.--_--_-I-I-__-=---_-_____-_--==__-===_-=f==_-=fff±

Dk. Grayshale  that is ¢alcareous (SHDG)
Fractures ct the  top are /illed with BIeded
Calci{e  Cement.

:+.d±+:+:+:: Fled-brown silty shale with
microcrystalline calcite  nodules

-1.I--- IXXXX

.+

Foss. Wa¢kestone  with  Mcrostylolites andIll I-, -I
.LI.--,-,-

outocles`ic brecciction and  infillino by 1` . gray
clay (WS+^61 BJ]SH)------.-----

iii

Fusulinid Gralnstone with  frcotures end some-'``'-----
ou`oclos`ic brecciation (GSFFF`)I--.----"---
Cement, not in`emal sediment, fills or reduces /racture------

11 Not Cored-----
i!i::::::i;;:i!•:. Fusulinid Grajnstone wi(h fractures (GsffR)-'`r.---.n...,I..,-.-` --.--..-,,''----.-----I--.,.`--.--`---I = dJ L` . - I-'' ..----------.---------I

I.

Foss .  Wackestone with fractures (Wsf+a)
Limestone©im3730F'. Possible pos`<ementction along fractures or--..-..II-----.:L.r,' -,:..=. s`ylo'i,es.--`...-I.`I-----'i--i Fractures end cements precede s`yloli`es..---..-

---I.------.,-------.-----i- 11 Not CaredI--11- I

Foss . Wackes`one w/ Fractures  (Wsf+B)
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CONTINENTAL OIL CO. #406 ADELL                                              Page  7
pore,ily
&oil clrb . hih. ano

nlPP hP mu'SS IS 0S mha8` Lithologi.c  Descri.ption  and  Comments
3730 Ft.3732F\ . I----- XII

',

Fossili(erous wackes`one  with  Fractures------I-.`--.. (WsffR)-` --,L---``-----..-,L..------
hfoldic  Porosity

-----.-----------.------------------
3732 f`.  to  3753 f`. not  cared

3753 F\.3755F\.JLimestone3760Ft.3765Ft.3770Ft.
Pled Brown  Sil`yshale (SHizJ]B)

---,r'E--*
h^ids`one   with outocl8stic breccio{ion  and-----I-I-iJ--*I-----i-.I

XX infillino byreduced   shale  at the top (Pv6BflsH)-----------._---_-_-_-i-----

•:.•:..`,•:..:.

Orange  packs`one  wi`hFusulinidsendcn.noids                 I
----------------------

(PST)Crinoidsreplaced byorange chert.----------------------------.1----.I----.-----------.-----------I-----------.-----
IL-----I------II----------II----iFi------

Not Cared

--I----

..®

Foss. Wackes`one with ou`ocles`ic brecciation-----.I-,-----rJ--.-I
(WsfB)-.I----L`-Jr-,--I I- - . - L- - ---`---. I.------ - - - .. I *. L. - - EJ - I

.-L`---- - -` - .` I--,--.`--L\1----.---.------..------I------------
Lt . Gray Angillaceous  Siltstone that is Lirriy and
con`ain5  Brachiopods (ZS1+)

------------. ., Foss. Wcokes`one (Wsf)------ X.-----------
Green Sil`y Shale with  microcrys(alljne calcite nodules-=ct-I-S.%:9f:: (sHiz€Gne)

.-I   -J` RedBrown Sil`y  Shale   w.I`h  microcrystalline c8Jcite
nodules {sHizi`Bne)
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CONTINENTAL OIL COMPANY #406 ADELL                   Page  8

porosit

nlDD
'1D carb.mwI:S liPS [.8SarghI.

Lithologic Description and Comments
t.3775Ft.JLimestone3780Ft.©iB3785Ft.3790F,. i-esl-i.i 11 Red-blown  silly  shale  wiith  microcrystalline-calci[c

nodules (SH-Z-RB-MC)

Red-brown  silly  shale  (SH-Z-RB-MC)

I-----I
Fossiliferous  packstone  (PS-F).------I-_-_-_-_---LII--,-

XXIXXIXI :.•,I,.,.,.,,,

Fossilifel.ous  wackestone  with  autoclastic  brecciation-, -,,-,I.--I.-'-.
and  infilling  by red  shale  (WS-F-B-OSH)

The red  shale has  undergone pressure  solution  to--.. ...--.-.I---..'.=.i----I form  microstylolite-like  features.---....-- - -- .` --' , - -` --..I---,._-_-_-----,I--rl
IXIXXXXXIXX .,.,::,`+.,,,.-----.-..--,--r`--., Fossiliferous  wackestone  with  autocalstic  t]recciationI'--.`-.-I---.`

OvS-F-B)I-Jlr-   -LII--.--.-I.----I-`----- Il.J - . . -.---------.-. . - - - `----I-------- - -- - -- - - - I- .I- - ,- - --i.--``-- - - -- - -I,-----
Fossiliferous  wackestone  (WS -F)I-----

• .- '.` ..i .--. : .-----.----------1'1.---`'t I ' '-`r.I I.-------------------'..-'.
1', I- I L'J `'. , . . , '-11--------------.. . . . I ". ..' .

I-I--------i X

Fossiliferous  wackestone  with  micros[ylolites----- I----- I
OvS-F-MS1)-------- - - - - = X.---------- I.-------.-_---_-I I

Gray   shale that  is calcareous (SH-GG)

Bed shale that is calcareous (SH-F}B)
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CONTINENTAL OIL COMPANY #4o6 ADELL                 Page  9
porosi,

nlDT)

't0 carb.Tl¥ 1iPi '1.8t`ar'8ha            Lithologic Description and commeiits

3790   Ft.3795Ft.LLimestone3800Ft.S3805Ft.3810Ft.
I

Red  shale  with  microcrystalline-calcite  nodules

(SH-RB-MC)

-----

.,

Fossiliferous  packstone  (PS-F-FR)
------1'`-=----T`---.=|

Fractures  are  present.-.  -'` . .-I.---.---L'----``--
-L---- IXXIXXI I.,.,,,,.,`,

Fossiliferous  wackestone  with  autoclastic  brecciaion

-.-----.----..-..-r`---
OvS-F-B)LI'1-----I-, Brecciation  is  significant,  microstyloli[es  have  formed-_.i-llrJ--I-_I,------I from pressure  solution  of  these  features.--[`-------- XIIIXIXX-,----,.I------.-----,---I1-i.-----,--..--,--1r---`.t=---I,I.I----.--I-,.--,I..----i--------.----- XXXIXXXIXIXIIIXIXXXIXIXXX

•,.,`,•,.,.,.,•:,.

Fossiliferous  wackestone  with  microstylolites-----------.--------I
OvS-F-MS1)------I-I------.------|i

Mclef is  common.
I-----
.-----
.------ - - -.----
----- I.

.-----------I------------------I
-I--------I-.------------------I.I--I.. I

Fossiliferous  wackestone  (WS-F)I.-,.-'`----I I Fractures noted=L-_I.L`-__-I

END OFCORE
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SKELLY OIL  CO. #1   BAF}TOSOVSKY

SE SW SW,   Sec. 9-Tis-R34W
Cahoj Field, Rawlins County, Kansas

IPP 3702 BOPD,   Dri`1}cdl959.

Lithologic  Description  and  Comments
3975 F( .
KGS  TS Fossiliferous wackes`one v/i`h ou`ocles`ic brecci9tion

and infilling by green shale (WSFBRSH)

F}edbrown siltyshale with  microcrys`alline{alcite
nodules (SHizi]Bne)

Fossili/erous wa¢kes`one v/ith ouloclastic brecci8tion
and in/illing by green shale {WS+Bi]SH)

The ou`o¢186`ic brecciction ondshale infilling in these
intervals is mQior.  Thein/illing green  shale has
undergone pressure solution to f om micro5`ylolite
S e an S .
Post+nicrostvolite frse`ures may also be presen( .

Oil s`8jning is  preserit in  (he fractures from brecciotion .

Fossiliferous wackes`one with ou`ocles`ic brecciation
and infillin8 bygreen  sh8Je (WS+J3i}SH)
Fusulinids common, some moiybe moldic .

Oil stalnino is more apparent in this  interval than the
chore stratum .
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SKELLY OIL  CO. #1   BAPlTOSoVSKT                                            Page2

porosity&oil
cirb.1ith.  8no

..
AP II hI inS US IS 0S ina h81 Lithologi¢  Description  and  Commer`ts

ALimestoneatiEE)KGSTS3990Ft.atie)KGSTS

.

Fossiliferous wackestone with outoclastic brecciation
end infilling bygreen shale (WS+i3flsH)

-I.....---...
. - I IL. '. I . .

Fossiliferous wackestone with autoclos`ic bre¢ciction•.-`--.--I-Lr_---a
(WSFB).  Someshale infilling is present, but i` is minor.

I

I-I-Ir-LI.-'.-.I-.--.''.,--•--.I,.-.I.I
-Ill----.------

.,.,,

Fossiliferous packstone (PS-F)                                I
r....--,'.....-....`- , I-i -.i- J
I----,i-i=.LJ|-------.--.I..-----1' ,` Lt=- XX.----ln.- - - -. -' . . ,------ X

I .
Fossiliferous wackes`one  with outocles{ic brecci9lion

KGS   TS3995Ft.4000Ft.4005F\. :?:.?.=.;?.:.:.i.:.i. X end  in/illing byred and green sh8Je
.`= == == == == i (WsfBi`SH & OSH)

i:i?|T=.I+Ti?

Sil`s`one with veryJine sandstone

(ZS1€S')Nosedimemary s`mc`ures presem,

::::::.:.:.::::.i

XIXIXXXIXXXXIXXXIXXXXXXI

` .- `. . ` T ` -- . - ® -:::::.:'::::.::::`=`-`-`-``-`-==iT==i..i==`\`-`,-`r`-`..=ii:iI:.Ii.::.I1:::.:.:?3:.:.::--iIiTI?iIiIi.i:..:-.-:-.:.:i.;.::::i::.I:::::i.:¥: massivelybedded.nipplecrossbedding noted in the lower two

+Ti?i=i==f=.`=.-,-`~`-,_.1 feet.

Redbrown silty shale (SHizJ]B)
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SKELLYOIL  CO.#1   BAF}TOSOVSKy                                              Pnge3

poro`ily6<oil
eirb.1ith.  any

7\I II hI inS luS )S 8S in81 h81 Lithologic  Description  ar`d  Comments

4010 Ft .40'5F( .KGSTS4020F'.KGSITS4025Ft.

Redbrown sil`y shale (SHizi3B)Slickenslidesarepresentinthese silty  shades.

These  redbrown silty shades are muds{ones `h8t
do not halve apparent sedimentary structures.

.-_:3ffj¥:.
Redbrown siltyshale with microcrys`alline<alci`e

I:=SE--===•-I:--::--::--jjf=. nodules (SHizflBM)

:+-a-+::::=-:-:_-I_:-:_-=ir=-:-:_€_:-:_:I_:._

F`edJ>rown silly  shale (SHzi]B)
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SKELLY OIL  CO. #1   BAF}TOSOVSKY                                              Pnge4

porosity&oil
c`rb.1ith.  ng

nlhPIP inS u'PSS ina
i                   Lithologic  Description  and  comments4025 F\ .4030F\.DLimestoneKGSTS©iE4035Ft.KGSTS4040Ft.4045Ft.

I F}edJ>rown 5ilty shale (SHzflB)

Green silly shale (SHZ€G)
The only observchle d.ifference between this stratum
and the one clove is  the oxidction state.

-----I X Lime rnudstone /M3\  with a wa reduced bv calcite sDtLr.----------
;;I:

Peloidal grdnstone (GS-P)I-----I------`-.-----

I11==-I.
I Foss:. wackestone with microsvioli`es /Wsf^rf51\----- IXX

•,
Fossiliferous wackes`one (Wsf)--------------------I----------

XXXXXXI

•,,,I,`,.,

Fossi]iferous wackestone wi(h micros`y4oli(es.-I_-_I-I.----I-I-,I-I (WS+us2)-----•. .- - . - - - -----------
Brachiopod shells  eire extensively replcoed bypyn.te.

i-----=----I-•=-=-=-=-=-:--,.--=E-T=T------ •: Fossiliferous wackestone (Wsf)-----I-------'1--I
Fossiliferous packstone (PS+)-------I------------------ XXXXXXXXX

.,.,,,®`,

Fossiliferous wackes(one with microsyloli{es

- - - - - ------
11-----I-----

(WS+us2)-----I----------I-----------1'----------- X11---I-I------
XX----------------------11-----I XIXX----------.-----I,--I---.--------------,a-------- - - -. -- II-,,----
XXIX-----I:-----

11-----11-------L----------I-------L=--,.------I---
P§H=d€i€hf\O gray  Siltyshale  wi(h mchne  fossils
F3edbrown sil`y shale  with marine fossils   .
(SHzflBf)
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SKELLYOIL  CO. #1   BARTOSOVSKy                                             P8ge5

porosity
&oil clrb.hah. 8no

rlP 1hPP nS wPSS 8S Lithologi.c  Description  and  Commer`ts
4045 Ft.4050Ft.KGSTSaELimestoneKGSTS4055Ft.4060F\.4065Ft.

Redbrown silty shale wi(h mchne (ossils

(SHizFBiz)

Dk . gray silly shale with mchne fossils
(SHZDG+)

Fossiliferous wackes(one with microsy{oli`es------ XX-,11.----I
(wsfmsi)-----

ii;

Fossiliferous grajnstone (Gsf)
------I.-I------II-- :::

iiiiii:::
-.-----------------------------I--------
I, . .I-L--- X .:.:I: Foss.  grajns`one  with outocl8stic breccialion  andI-|I---i.-i

infillinq bv ar&v shale /GS+Bi}SH\
Dk . gray silty shale vri`h fossils (SHZDGF)

PledJ>rown sil`y shale (SHizi}B)Greenmo{`Iingoftheredbrown siltysh8Je is

Present .
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SKELLY OIL  CO. #1   BAF}TOSOVSKy                                             Pnge6

p0ro`ity&oil
cirb.hih.  8no

hP II h) inS US 'PS 8S in81 h81 Lithologic  Descripti.on  and  Commer`ts

4070 Ft.4075FtIKGSTS4080Ft.GLimestone4085Ft.

I

F`edbrown sil`y shale (SHzflB)

Gray`green  silty and limy shale (SHZJ=G)

------ XI

Fossiliferous  wackestone  with  microstylo!ites

.,-----.------------ XXXI---11,-II-----.--L`_-I (WS-F-MS1 ).   There  is some autoclastic brecciationI---Ill--------I
with  in filling  by   gray  shale  in  this  interrval.    No-----I XXX.-----I------
porosity or permeability noted.------I------I-----IIr------ XXXXI----`-=------=-L`----------.------E.-----.

Fossiliferous wackestone  with micros`yiolites

--,I----I.-------- . - - - - - XX------i------------ XI---I-I (Wsfivs2)----I-. XX

I-----L
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SKELLYOIL  CO.#1   BABTOSOVSKY                                             Pnge7

poro`ityCoil
cirb. hah.  8no

4085 F
hP 1I hI inS US IS 8S ina h81 Lithologic  Description  and  Comments

KGS   TSGLimestone4090Ft.4095Ft.4100F\.4105Ft.

I-----I X

.,.,,,.,.,.,,,,,.,..,,'

fl

Zone o` chert replcoemem .  The ¢hert replaces
------. XX*---I--i-----II-----E'----. structures simil8ir`o microstylolites end   thereforeI.'---I XI------ IX

`' '-` _` -` ` 'cross{u`smicrosty{oli`es.Fossiliferouswackes`onewithmi¢rostvioli`es------.-----------,I,I------- X------ X------I
XII-----I------------ X-------I ------ IXIXIX------

:==-=-=-=-=-:
(Wsfus2)L=.----=--.-----------=-----I-`=----------------- XX=-----I.--,I-I-I-==-=-=-=-=. XXXXI.iir------------ - - - - I-

-.---- X. - - - -- - - II
------ XIXXX

XI

I------I I
I

Brownish gray  limy shale with fossils  (SH-F-LM-GG)

This in`ervel could easily be described as a
highly argillaceous micrs`yloli`ized mudstone or
wackestone.

Redbrown silly shale with fossils (SHZ.f`Bf)Graymat(lingduetoburrows.
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SKELLYOIL  CO. #1   BAF}TOSOVSKT                                              Pnoe8

pore,itv6<oil
clrb.mh. any

4105 Ft
nI II hP inS WS IS 8S in81 1\81 Lithologic  Description  and  Comments

4110 F(.O(GSTSG'Limestone4115Ft.4'20Ft.4125F(.

a+--'- I I
F`edbtown sil`yshale with fossils (SH€flBf)

Grayi)reen limy shale with fossils (SH-F-LM-GG)

E±±±±i This intenral  is very calc8reous and is simil8t to the
interval  from 4096 to 4100 ft.

------- X

I On(ol i`ic packstone ( PSONC)------
Dk. gnry  limy  shoJe (SH-F-LM-DG)

Sift  is  present.

Some red coloring present .

Fledbrown silty shale (SHizflB)Slickenslidespresent.
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SKELLY   OIL  CO. #1   BAF}TOSoVSKy                                            Pnoe9

pir°o3£y  a,rb.hrh.  ano
nlPP

S§
uJS IS 8S Lithologic Description  and  Comments

4125  Fl.KGSTS@imKGSTS4'30Ft.@im
F`edbrown silty shale (SHizflB)

Grayigreen siltyshale (SHizfiG)
This in`enral is more aingillaceous `hon the interval
clove .

:1----

•,.
Fossiliferous packs`one ( Pst)

I.----`.-`I-----I-----
IXX------------------------------I- - I = - - .

Fossiliferous w8¢kes`one (WS+)

----------
JJ,---.L-.- - -- - -.-----

Some rnicrostyloli`es are present in this  interv8`l.------ - -- - ------• - '. . 11 - The porosity and pemechility of this in(erval isI-EJ---.`i--
HLimestone4135Ft.KGSTSKGSTS4140Ft.H'limestone4'45F(.

i---------. veryhlgh.  A core  enalysis indicctes the porosi`yin-----
the interval 4131 C2 ft . is 22% with a pem . of 211  md .-----

-.--11-------.-----
I-----I----------I-----

XX------ - - - -J.----iEiI-----11 XXXI
.,•,•,.,•,,,.,:.,.,,,.,I

Fossiliferous  wackestone with

------
i-`----I-I---.---i

IXXXXXXXII--I-I------i microstylolites  (WS-F-MS1 )I-----II-----------.---I-------------- - - -- - - ------
i----I---I.-- - - - - --

Grayi)reen silly shale (SHZGG)

No fossils noted, slickenslides presem .

Fossiliferous packstone (PST)I----
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SKELLYOIL  CO. #1  BARTOSOVSKY                                          P8ge to

poro`ity
&oil clrb.hah. ado

J\I 1hPP inS wPSS in81
a                   Lithologic  Description  and  comments

4 I 45 F( .H,LimestoneKGSTSKGSTS4150Ft.4155F\.4160F\.KGSTS4165F'. ------ Fossiliferous pcfks`one ( Pst)I----------.----------I----.±.--rJ--I
Fo5siliferous wackes`one with micros`ytoli`es=-a---=-=±'.I=----,----I. (Wsfusl)------ I

Mssing interrd

Green  Shale (SH€G)

:iJ:ia±+::=E-I-ES-.
Redbrown  silly shale with microcrys`alline{alcite-i-L5It-i- .:F===;-_:-¥-iff:+.
nodules {SHizflBne)

:iE+¥::-=|n-i-i- .:i:iiji=

I:-:-I-¥:-:+.:I:EE:i:i::

Light red  `o graysiltyshale (SHizflB)

:ia:+:+:;

Red  brown silly shale with microcrystalline¢alcite

-:-:+jfs++.

:E5:=:::;
I-_.S=-==. nodules (SHzflBne)
-E=-I-I-.

I

--.--.--.Z=--.-:-:_f£_:-:_-===-`_-=`J-
I

-_:ff:-:_:-:-:-:-
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SKELLYOIL  CO.#1  BARTOSOVSKT                                           P8gell

porosity6`oil
cirb.1ith.  9ng

hlPP t\I inS ulpSS 8S Lithologic  Description  and  Comments
\.KGS TS4170F'.KGSTSJLimestone@mKGSTS4175Ft.aKGSTS?4180F\.JLimestone©KGSTS@im

Gray >ilty shale  with microcrystalline-alcitenodules(SHZ{GM).

This  inteval  is  mottled  by  yellow spots.

-,---
*XXXXXXXXXXXIXXX

.,',.,.,.
Fossiliferous wackestone  with  autoclastic brecciation

----.I-- -I---
--I.--------

and infilling by  gray shale (WS-F-B-F`SH).- .-----------I--- There are several vugs approximately .5 by 1  cm in-------.1.-.----Lil size that are filled  by calcite spar.--------------------  -.- - Ill - - ,lE:--I---
-..---
--T'--- - -- -` - .I---L--I----- .,•,:.,.,,

Fossiliferous wackes`one (WS+)

------

XXIX----,n.I...-`....`.------.----------.-----------_._-_-_-_I--
Mssing interval

----- X

I
.,

I I I

Fossiliferous w8ckestone  (WSF)I',I-t'-I--__r)I . , =' , - - --------r1-ll,'-------
Some microstylolites are  present in  this interval ..-----IE-I---------
Fossiliferous wackestone  (WS-F).   Parts of this.-.,,-I-------------I interval  are  a microstylolitized  limestone.   This-----
interval  may be correlative with the base o.i the J------ - - - -- ------ limestone  in the Souchek #1  core.--I.-.'.I----------

Xr-_---I---EE 1! Fossiliferous  wockestone with micros`ylolites
4185 F`.                                                                                              (WSF+vts2)
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SKELLYOIL  CO.#1    BAF]TOSOVSKy                                           Pngel2

pora'ity
&oil clrb.mh. ap

rlP 1hPP inS W5 )S 8S ina h81 Lithologic Description  and  Commerits
4 I 85 Ft .KGSTSKGSITS4190Ft.KGSTSJ'Limestone4t95F\.KGSTS4200Ft.4205F(. ------ I*XXXI

. Fossiliferous wackes`one with microstyloli(es
-------=----------------

(WS+ne2)-1---I.--=----,1------------I--,1=--1----------- I

-3-=¥-.`_I-=rEL.I_-. fled siltysh8Je with microcrys`alline{alcite nodules
(SHzflBJVK:)

------ X

Lime mudstone with microcrys`alline<alci`e nodules
---------I-- XI-'---`------- I------ -- - - - - X---.I------- X-----------I

Grayshale with fossils (SHDGf)

Oncolitic packs`one that includes won tubes.-----.-----I
(PS®NC & F)I-----------

iE¥=;:: F}edbrown si!`yshale with microcry5talline{alcite
nodules (SHizflBne)

:iii;:::
:i:i€:;:;ljjf:-i+.:::::fat:

------
Unknown

-----I----------.-----
I:-:Ef:I:-::-.

Redbrown silty  shale with microcrystalline<alcite-I-T-tnt- .
I:iFfi=I-i.-i-_=5±--=` nodules (SH+J]BJvfo)

-6T-I-F=-.--i_+_I_§_i.-

I-Iff_I_:I_i:
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SKELLY OIL  CO. #1   BAPTOSOVSKT                                          Page 13

porosity&oil
c.rb.1ith.  ano

nlPP hI inS u'S IS ginSa
a                   Lithologic  Description  and  comments\'4210F' .KLimestoneKGSTS4215F'.a4220Ft.@imKGSTS4225Ft. -I-=j=r+. I

Pedbrown sil`y shale with microcrystalline€alci{e
nodules(SHi!i]Bivtc)-:-::-::-:5:.

.I.TZFr.T. .

-=a=-I-.

-----
XXXX :.•:.,,,.®•, Fossiliferous wacke5`one (WSF) ,-----------I-----------.

Possible laminate crust at top; interval is
chalky;  anhydrite-filled  vugs.------ XIXXXXXX .,•,,,.,.,,..,I,.,

Fossiliferous w8ckestone with microstvioli{es:-=--=-=--=-=-:----------- (Wsfus2)r=--------`------------------------=---I---L=----ir-1-_---_-_-I-----
*IXXIXX

•,:..,::,.,.,,,,`,,.,.,,,,,.,,•:,,

Fossiliferous w8¢kestone (WSF)OilstainedwithI.ittleelfectiveporosity.

-----------A ' - ,I. I- ,-I ---I--I..,-----------------.").-11--- - `` ,.'. - 11---.-------------

----- X
.,.,.

Fossiliferous wackestone with rnicrostylolites
- - -I . - --- - - - - - *.-----

IXX (Wsfus2)
11-----I--.i--.- X. - -J - - ------ X----------.-- I- - .I - - -`----- *.------IE-Ill.- X-----------I

X
Oncolitic pcoks`one ( PSONC).---------- X----------- X----------- X-----------
Grtiyi)reen silty shale (SHiz€G)
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SKELLYOIL  CO.#1   BARTOSOYSKY                                            Pa®el4

poro'ity&oil clrb.|ith.  qu

Fil! inS UJS IS 8S mh8,a Lithologic  Description  and  Comments
4225 F\ .4230F\ .KGSTSL

Grayi)reen silty shale (SHiz{G)

Pedbrown silly shale (SHizflB)

-,,---I
Fossiliferous wai>kestone win outoclastic

- --'.--.I-Ill--
Limestone

brecciction and  infjl!ing byred shale

KGS   TS4235F,.KGSTS4240Ft.KGSTSMLimestoneKGSTS4245F'. {WS+BIDSH)Oncoli`espresent in the lower foot.I--Ill  ---I.. '-1'--.-I-------L`--I - I I - , I Ir= -.t--,,I-.I-.--.-
I--.I--I--I---

Bedbrown silly shale (SHi!flB)

Slickenslides presem .

Dk. grayshale  with brachiopods (SHDGf)

----- X
Fossiliferous w8ckestone with micros`yloli`es'-|E----

X.-----
(Wsfusl)

Mssino interval

----- I On¢olitic packstohe (PSONC)11----
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SKELLYOIL  CO. #1   BAF}ToSoVSKT                                           Page 15

poro`ity
&oil <,rb.|ith. ano

hP inS u'S IS 9S in8,
i                   Lithologic  Description  and  comments(.@iEMLimestoneKGSTS4250F\. ---I.-- XXXXIXX

Oncoli`ic packs`one (PSONC)-----------------------I----------------------------------------------11--- IXXXXI .,.,,`
Fossiliferous wackestone that is sandy and

-----
--,I.---.- has micros`yloli`es (WS+ms2€S)lE.-..1]-.- i-lE. `--. --,---`IE.-lE.--lL-I-----1-----I----1],1=I------L`--lEIIB=1

Base ofCore

I
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CONTINENTAL OIL CO. #1 MARY A. TAyLOR                             Page I

SW SW NW, Section 35-T5S-R27W
Decatur County, Kansasporosity

& oil     c]rb.mh, eng
Lithologic  Description  and  CommentsAP i!g US )S 0S in81 ha

3644 Ft .@iiBaLimestone3646Ft.3699Ft.aiit3 I-----------I 11 •,, Oncolitic packstone ( PSONC)-----.-------
Siltstone (ZS 1 )

3646 ft . `o 3699 f{. not cored.

-----`"
.,®.,',

Peloidal,  oolitic,  and  fossiliferous  packstone  (PS-I'&O&F)•'..--I---I-----I------
ForGLimestone3701Ft.

.-----I
Pores appear `o cross€ut s`yloli`es .

------a.I----I- I- - =.. '. . .`------I------------II--I---
END OF
CORE
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CITIES  SEBVICE#1    BOuPIQu|N"A"                                              Page  1

NE NW NE, Sec.18-T6S-R32W
Thomas County, Kansasporo3jty

don     c]rb.mh. any
^P 1I

!B WS IS 9S ina t\81 Li.thologic  Description  and  Comments
3952 F\ .@iita     :8------ XX

:i Oncoli`ic grainslone (GSONC)-----.-----.-----
Graysi[`y shale with  microcrystalline  calcite

Limestone3955Ft.3960Ft.3965Ft.@@RE@CLimestone3970F'.
::ffi:i:i: nodules (ZS 1 {GJvC)

Transltlonal Comact

Redbrown sil`yshale  with microcrys`alline calci`e
nodules {SHizi}Bne)

:a:i:i:i::-I-a±=-=-.ini:i:i=:i:i:isi::

I I I I

Purplebrown   shale (SHflB)

Green sh.  w/ inicrocrst. calcite nod. (SH€GMC)=tr_-_- Foss . arajns`one fGsf`r------ :*------
Foss. wackes`one  w/ micros`wl . /WSFusl\----t==----- Foss. wacl(es`one fws+`I-_-_-_--_-- I.--Ill.-',---
Fossilifel.ous  and  peloidal  packstone  (PS-F)-

.- ' ' n - '.-` - X11------ I.---------- X'r-------LL`.,-'---I,- I----------- I----------- XI---------- X'-`.,....I,-i..I--I--I.I X.---------- X.---------- XI-----
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CITIES  SEBVICE #1   BOuPQu|N "A"                                             Page2

poro,ity
&oil clrb.hah. any

T|P |hPP inS US IS 8S mha8l Lithologic  Description  and  Comments
3970 F( . -I---- XJ*XXXX Fossiliferous wackes{one with micros`ylc:!`es=--I--------.

C
-.----

(WS+Jvts2)--------,--------- Near  the  base  of  this  stratum,  microstylolites  are---I.-.
Limestone3975F(.aiit3DLimestone3980Ft.©im@@im3985Ft.3990Ft.

I-------I-,I-=
oxidized.    Oxidation  is  interpreted  to  crossc\il  the  scans.._-_I-_-_-_--
Redbrown sil`y shale with microcrystalline calcite

(SHzi3BWK:)-I-=i5-I-.

=:::-es:;

Grayshale (SH{G)11-----_----i X

i;;

Foss .  and ooli`ic grdnstone (GS+ & 0)
----------- X----------- I--.-------- I i::!ii-----.-_-_-_-_-_i X------ X

Fossillfeoruswo¢kestone(WSF)                   ~|
----------- X----------- XXI-----------.----------- XI----------- XI-----

iDolostone(roL)Significantreplacementbydolomite.Thereisalso
I
IX

XI----I

X

1111,-----I
^

replacement by  chert  and  anhydritc.    Anhydrite  may
be  a ccmen[,

X

X

^^

I---------I X Foss. packstone  (PS+)------------
3987.5 f` . to 4006 ft . not cared.
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CITIES  SEBVICE #1   BOUBQu|N"A..                                                Pag£3

pore,ity&oil
cirb.hrh.  no

hlPP hI inS uJ)SS intL
i                  Lithologic Description and  comments4005 Ft . @4010Ft.4015Ft.aiit3GLimestone4020Ft.©m4025Ft.

3987.5  to  4006  feet  not  cored.

-----
IXXX*X Fossiliferous wackestone with  microstvoli(es------I-----=------- -- - - - = (wsfms2).-----I-----I------ lT\e micros`}4olites show yellow mo``ling .----------------------I-----

Grayi]reen silly shale (SHiz€G)

Pedbrown sil`y shale (SHizflB)

I,-'`., h -XXI
.,., Fossiliferous  wackestone  with  autoclastic  brecciation  alid•-.I----.---., .'--`'J,I.'`-I infuling by red  shale OwS-F-B-OSH)-.I.I.I-.I-I,.---

Redbrown silty shale (SHizflB)

-.----- IXXXI
!::,;i Oolitic  grainstone  with  minor  brecciation  and----I------------ infilling  by red  shale  at  the  top  (GS-0-B-OSH)--------------I--

Mcrostylolites may helve famed from shale infilling .------
=-===i=-=-= XXX

:.:

Foss . packstone { Pst)-----------1--------1
IXXX

Dolostone (DOL)

Foss. end on¢olitic packstone (Pst & ONC)Ill,-----I--------11---I
* . Phyloid algee ct top, oncoli`ic at  the base.-----

I GrtLvi]reen  sil`v sale with red rno`tling  (SH+{Gi3M)l=-_-j=-_.-.-
F3edbrown sil`yshale with microcrys`alline calcite..`----

XIXXXX ..,•.,I.,. ---- nodules I sHzflBhrfc`.------I....'^--

%'cufsckopm:::t° ne ( PST)                  :¥efcLiins8ha?:

I----I------.----------.-.--lr-=.--1Li.--+--I--- at  the  top-----I---------------- I

•,

Fossiliferous wackestone with micros`yloli`es
----------- I------

(Wsfusl)XX------------I
:-=-=-=-=-=- X

hfore argillaceous tow8reds the base a( this stratum ,i---------I II-----
•L

C)olitic and fo5siiiferous grdns`one (GSO & F)
----- X--1'-- X----------- I.-`----'-I--- X------'---,lr,-- I- - - - -` ` -I---------I X----- X

Peloidal pcoks`one {PS-P)
.:i,.-..-5--..`L--- X.---------- XE'.`----I-_,L'_J,-.`--i:.I X----- XXI

I,, Pa¢ks`one composed  of peloids and wontubes(PS-P&F)
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CITIES  SEPVICE #1   BOuPQu|N   '.A..                                             Pa€e4

}iro.5£y c.rt.uh. ano
AI IP !g UJS IS 8S in8`

&                   Lithologic  Description  and comments4  2   F\.G = -- I -, : = I - 11 Described ct the bottom of Dado 3 _---,,I--I-_---_-_---
Fossilifeorus wackestone with microstylolites

------ X-----I--i-,---,.-I-IX

XI (WS+JvS1)- - - -- - - X.----------- II-----I-----I I------ XXX •,.,,.
-            Transitional contact----.-.

ii=-=-=-=-I Fossiliferous wackestone  with mi¢ros`ylolitesLinestone4030Ft.@ima i---i----i: I (Wsfus2)------I------
XIX

------ XI

.,,,.,,,,,.,.,,,,•,',•,., Fossiliferous v/ackes`one (WSF)Chertpresent
------------------ X------------ X----------'..- X------ XXI-----I-----Ir'----- X-I---.-..I..-.--I---- X.----------- XI-----

XI--Ill.-u------ X.----------- X

^^^^^ XX

----
S`yloli`e ct  4034.6 has sutures  that are  approx.- Ill lr Th -, - XI_-_iL,lL.I-

4035 F' .4040F( .@iEG'Limestone4045F'. ^^^^ I I 10  degrees off vertical.Porostityisestimatedto ereeed 8%, no oil st8jn.
*I----------- I- - - - -- -I-----I------I-----I-----,--------------`-,---------------II-|L---LI II----------I
II .,.,

Fossiliferous wackestone with microstylolites------- WS+us2------ XX lt`ere is &zone of  replacement by anhydrite, the----------I.-----L=- crystal pct`em is redial .I,------X-----I X------------ I----- I------
X------

BlackJissile  shale (SHBL+S)

.--------.--

.,

;;;i;i

Peloidal and fossiliferous  grdnstone (GS-P & F)----.. X----------- X Worn tubes present .Fossiliferouswackes`oneII-In---|------ I----- X------- .` i .- i ~- ` I - X.I-----..----- I.-----
XXX
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CITIES  SEBVICE   #1   BOUPQu|N"A'.                                             P8€e5

porosity
&oil c1rb.|ith.. 8no

1hPP m'S u'S PS 8S Lithologic  Description  and  Comments
4045 F\ .G'Limestone4050F(. ----I- XXXX

Fossiliferous w8i,=kestone (WSF)--------.'.---LI-------------.`--------I.------I
Grtiyi]reen sil`y shale (SHiz{G)

4050 '( .(a4295ft.notcared
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CITIES  SEFIVICE #1   BOuRQU|N "A.'                                               page  6

porosity6`oil
cirb.hath.  any

nP 1hPP inS u'S )S 9S ha Lithologic  Description  and  Comments

4300 Ft.aimMa-tonGroup4305Ft.@4310Ft.4315Ft.

Gray sil`y shale (SHiz€G)

=i --i .--I Li]ne  mudsLone  with  autoclastic  brecciation  and11 I,,I,, `-.
infilling  by  gray  shale  (MS--B-RSH)--.--------1`-- .-.-L=--.I.I ,--I------ ,- - - --'--,---L=------------

X Lairincted lime inudstone (MS|).-----
Oolitic grdnstone wi(h fusulinids (GSO & F)

----Ill- I
:!i

- - . -. . i .. '- .= ----I.-- *.----------. I

i;i

I---.--..---,I.---I II----------I X.-----
XI_-_-_-_-_--I-----

',I,.,,,.,.,:::.
Fossiliferous w8ckes`one (Wsf)

-----I X---,I-.- XI---------- I.------'' .-- , .I.. n I. I XI---------- X.----,I. II------.-------I-1`- X
..`,.,...,,,,.

Fossiliferous and peloidal packs`one (Pst &  P)            I
- - `` i - . . - X----------- X11`--I--I- - -, I IL` .. X.---------- I.------ ` : ' -- . . ` ' - '- ' I1 X.-----I----- X----------- I- i '-I - - 1' I .----- X.---------- XLl : `` -.= ``= - ------ X-------------I--------I

X .,. Fossiliferous wackestone with mlcros`yloli`es--,I-L-I--------- X

(Wsfus')''al------ X---,I-- X.--Ill.-------- X'----------- X.---------- I- - - - -- . -

.

Transl`Ion      Contact------ X.-I----------
X

Fossiliferus wackes(one with micros`yloli`es-----I
XIr------,
XX (wsfms2).-_-_-_-_-_-

BottomofDescribedCore
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CITIES  SEBVICE #1   PlYAN  B                                                    Pnge2

p0ro5ity
6<  oil cart.1ith. any

T|I IP hI inS u'S )S 9S ina` ha Lithologi.a  Description  and  Commer`ts

Dim4185Ft.
------ X

Foss . wackes`one (WS+).---------I-- II--,I,irili--

Gr8iy silly  shale  with  microcrystalline{alcite
nodules   (SHi!€Gne)

:±:#::=S_ff=--:-;--=`

4188[04341notGored
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CITIES    SEBVICES   #1    HOLMDAHL   A                                          P8ge2

)0ro5ity6{oil
cirb.1ith.  8ng

hlPP t\P inS
SIS

ginS&
a                   Lithologic  Descriptior` and  commen`\s

3970  F\.3975F' .DLimestone3980F\.atiEB3985Ft.ELimestone3990F'. 1'---I- IXIXI* ::I

%SsS±'£i:nus##ii::°j#H#;:ns:i°:C:hex:'C                i

----- -
---.--`_Jlt)-I_I undergone pressure solution `o tom micros`y4c(i(es .-----.---------- XIXXXIXIXXIXIXIXIXXXXXIIIXII

..,..,,,I,•,,.::,,,.,,,. Fossiliferous  wackes`one   (WSF)

I--;-- -. - ` ----------------------------
ln plcoes, this strata is a packstone .rocfCommon                             i'^` r= - . -. '= ------------------------ , .- I , I - -r` ,- - ..` `. ---L.------------------IIll--. : : . ' - I-llIJ .J : - E`----------------I-----•-..-------------I------in,I-----------------

-'`'',---I.----------
---------------- I I - - '. `
.--lIJL-------.------ - - ,-. - X---11--t----- XI-----1['---- I..Li-----

IXX

------ - - -- - ------= X.--I---I----- I1'------ IX. - - - - .-'.- - - -. -.---.------ I1=---------------
Fossiliferous packstone (PST)                                                   I----- X------•- rt- I: '-I .-` '- 'X S`ylolite has en amplitude of 3  cm ..---------- X------

=-_________--=__--__-
Dk. grayshale with brachiopods   (SH+DG)

I---- I Lime rnudstone   w/ microstylolites (h6MS2)',------I---- X----Ill-------- Fossiliferous  Packs`one   (Pst)----- X.-----------__-_--_--__-==-________- Dk . grayshale with brachiopods (SHfDG)----- IXi..

.I

- Fossiliferous wackes`on-e  with micros`yloli`es  andfrac(ures(WSFIMS1FF}).Fracturesarenotreducedbycementendm8`yberelated`odrillinaorcoring.Dk.oravshedewi`hbrachiopods(SH+DG)Fossiliferousv/ackes`onewithmicrosylolites(wsfmsi)-i -----_-. I
.XII
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CITIES  SERVICES  #1  HOLMDAHLA                                           Page3

poro'ity6<oil
cirb.hah.  8no

T|I hI inS !1! in8`
a                   Lithologic  Description  and  commer`ts

4080  F'.4085Ft.4090F\.©imJLimestone4095Ft.@iE4100F\. I

3990.5  F`. to 4082 F`.  not  cared.

Redbrown silly  shale with microcrystalline -¢al¢itenodules(SHzflBM)-L=i5E>LL-i- .:i:i::5:::-::-i

::::=5::
:jEfi:i:i::

XIIIXIXXXX
•,..,.•,.,'.,,.

Larnincted in the top   .5  ft. and  fenes`rd p-orosity.---I------I in the top   1  f`.I----i---=i---------I
Peloidal packstone  with outoclas`ic brecciction-----.-. end  infilliing by green sh8Je  (PS-PBi3SH).

lnfilling shale  has undergone pressure---I- solu`iorl `o fom  microstviolites.----.----------I
.I,I:::•`,,.,,.,,.,.,,,.,.,.,..

Peloidal packs`one (PS-P)
-------------------------------------------------------.---------------------

.---I-------- 11

Foss. wackestone w/ microsty4 . (WSFJ\62)------
11=--,-------= I

!1 Foss. wackestone  (Wsf)I . - .   . |T. I| - X.-----..--------
®,..,I,,,•,•,

Fossiliferous wackes`one wi(h  micros`ylolites
----- X.---------- X.---------- I (Wsfusl)------I----LI= II-_---_-_-_-_II--.-ilEE -

roof  common
----- I----------- I-------I,.--- X.------- - - - - XI-----I=----- I.--------`-- X-----I-- - - - - X----------- X----------- I------..--------------

X

`

Fossiliferous w8ckestone  (WS+)``E--------- X--.'-.--.---.--- I.-----
rocf common----- X.. I. - . . I. a p ------ X.-----

XI-----.----- I--I-L`=lL`rJIl--- I.----I
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CITIES  SERVICES  #1   HOLMDAHLA                                          Page  4

pore,itv&oil
c]rb."h.  any

nlPP hI inS gl! ginS&
A                   Lithologic  Descriptiol` and comments

4100 Ft .JLimestonJ' I----- XXX .I Fossili/erous wackes`one (Wsf)-'*---------- I'`----------I
= -- -_ -- -_ -_ Dk. gr8`y shale with fossils  (SH-F-DG)

-----I
IXX .,.,•,•,`, Fossiliferous wackestone with  microstylolites

------.-------I1=----------
Limeston4105F'.

I--------i-. WS-F-MS2  .  Some of the argillaceous material may-----I- have infilled from the above shale,------I_-_-_-_-_--
BaseofCore
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CITIES  SERVICE  #1  M|LLEP Z                                                         Page  1
SE  NE  SE,  Sec,  31-T2S-827W
Decatur Co.,  Kansas)orosity

&®fl clrb.hah. 8no I|hPP inS WS IS 9S ha Lithologic  Description  and Commer`ts
3680 F' .3685F\.DLimestone@im3690F,.3695F\.

F}edbrown silly shale (SHzi`B)

Green sil`yshale with redbrown mot`Iing
(SHiz€G) .

F`edbrown sil`y shale (SHizflB)

11 Green sil{y shale  (SHiz{G)
XI

i;;

Fo5s . end peloidal grtLinstone w/ ou`oc[es`ic
brecciction and infilling by  green sil`y shale- . , - lIL` I- -

.,,.•,.,., {Gsf  & PJ3flsH)  Spots of oil present .I - , .I - - -'--,,,---
Foss.  wackes`one  with  ou`oclas`ic brecciationI..-,----1-..'-'-----r---IL-.-,-.I+-I (WS+J3l
Fusulinid (loss .) wackes`one with microstylol'i(esI------- X[=------_-_I I (WS+us2).------.-----I.-,I,.--i Fossili(erous wackestone  with oil st8u.ming and. I r' ' = ..' I .. - , "----L^-------
porosi`yes`imcted to be less than  8% (WS+).._-.-_-I-I-_-.

3689f`.(o     3695ft.no`cored
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CITIES  SEF!VICES  #1  MILLEB  '.Z"                                                    Pa€e2

porosity&oil
cart.mh.  any

P
hI inS wPSS in81

a                   Lithologic  Description  and  comments
3695 F\ .DLimestone3700Ft.E ----- *XIXXXXXXX

Fo5siliferous  wcokes`one  with in.lcrostvoli`es------ -- - - - ---E`------- (WS+Jvts2)E-,--I------.---------.-----I.---------------------------I.-----------------------
X Fossiliferous wackes`one (Wsf)---------11

Grayi)reen shale  v/ith fossils (SH{GF)

.--------.
XXX

.,,

Fos5iliferous . wcokestone (WSF)----------------------------
Foss. wackestone  w/  microstvioli`es (WsfJvS2).-----------Ir---- XX

. 11Limestone3705Ft.3710F\.3715F(. Angillaceous  mctenal fillin8 the mlcros`wlollte se8ims ------
Is  greenat`   e  topo   `   isuniten    re     at`   e   ace.

Limyredbrown  shale with  fossils (SHIRB+)

Fossils include brachiopods, biveJves,  artd crinoids .

Green  shale  with fossils (SHIGGF).  There is
red mo``ling st the  base.

----- XXXX . Foss. wackestone  (WSF).   Gas`ropods noted.------------------------------
Redbrown  silly  s+,ale  (SHizi`B)

Slickenslides noted  in this  unit.

169



CITIES  SEPVICES  #1    M|LLEB '.Z.`                                                  Pnge3

poro`ity&®il
cirb.hih.  any

nlPP h) inS UJPSS 8S
i                   Lithologic Description  and  comments

37 I 5 F\ .F
Redbrown silty shale (SHzflB)

-,J---
IXIIXXXXX

i;;i;.

Ooli`ic gralnstone  with  outoclastic brecciation and

=iiE=,I.=.=== infilling by  green shale (GS®BRSH) .
Limestone3720F\.@iiB3725Ft.3730F'.G I---..-. In filling green shale has undergone pressure--'----- - - - L] solution `o fom microsty4oli`es .----------I

i-,-I-----i:------ III

:;:

Ooli`ic gr8jns`one (GSJ))= . = . ' - - , - . `1-,I,I----I.-I.--I - ,i '` r ' , 1 ------------

3722 f`. to  3732 ft.  not  cared                                                        I

I

I-----
.,,•:,.

Fossiliferous wackes`one  with micros`yloli`es
----- X- -- - - - ------ II----- (Wsfusl)----- XII,.------I---I

Limestone3735Ft. -------
roof common

----- I. - - - .- -1'----I- XI-----I----- X-------.---- I.---------- X.-----
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CITIES  SEFIVICES     #1  MILLEB`.Z"                                                 Page  4

porosity6<oil
cirb.mh.  ang

t\) mu'SS IS 0S Lithologic  Description  and  Commer`ts
3735 F\ .GLimestone3740Ft.G'LimestoneatiEB3745F'.3750Ft.3755Ft. I-I--- XXIIIIIXXIIXIIIXXXIXX

I.,,,,,.,.,.

Fossiliferous wackes`one with micros`yloli(es
-----.-,I-lI---T=-=-=.----------.

(WS+usl)- -- - - - ------------------------------- - - -- - -------,-------`---------------L=--------,1'-------.=-=-=-===-:-----------=------.---L=---.----- -- - -. - .------------lL.---I1.-----------------Ill---------
=-=-==-=-=i-_-_-_,-_-I

G"y shale  with fossil frngmen`s (SH{GF).

----- II ', Foss . wcokes`one w/ microstyloli`es (WSFArfs 1 )I------
Fossil arajns include Dhvllo`id alaae .-_-----I-----

XXI

;i;

------ Foss.gmuns`one   Gsf  .  Fossilsinclude  fusulinids,-----------
gostropods, end possibly peloids .-----------

Dk. gnLyi]reen  siltyshale  wi(h red mo``iing

(SHZ€G).

PedJ)rown  sil`y  shale (SHzflB)Slickenslidespresent.

i,I I
This  unit is described on the next page.
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CITIES  SEFIVICES  #1  MILLEF]"Z"                                                     Pnge5

porosity
&oil clrb.hih. OrU

h) inS u'PSS in8.
a                   Lithologic Description and  comments

3755 F\ .HLimeston3760F(.©iiB .--'--- XXXIXXXXXX

Fos:siliferous wackes`one  with  outoclas`ic
I..--(.-.II--.-r=L=.`-'.---.In.`..-.--

brecciation end  in(illing byred st`ale=.I.'-i.JI- (WS+POSH). .---I `-I, ,1'.-.-  , , II--'.`.-'.-,I-I--I, I-,JIIE IL,      I--lr `1.--===-=-=-:.-------..----I------.-.. . -.--IIll---
XIXXI

.,

Fossiliferous wackes`one with outoclas`i¢
-r.- ''-----..-----------

brecciotion and  in filling by green shale----------- (WsfBi]SH)--- . ----11`------I------------
. Fossiliferous wackestone  (WSF)I--i.'-,.,--11--------I I L` - - rty -. , There is porosity along the s`ylolite that appears  to-11---,uIn -.-,`.. -- - Ill. - 11- -1 cross<u` the s`yloli`e end may have been caused-----------

by postburial dissolution .I------
-1111----

EndofCore

I
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EMpmE  DF}lLLING  CO.#10  PALMEF]                                               Page  I
NE  NE  SE,  Sec.  6-TI S-P33W
Bawlins  Co.,  Kansas
poro'ity
&oil clrb.mh. any

nP 1hPP inS US )S 9S ina
a                  Lithologic  Description  and comments4055 F\.4060Fl .@iE4065F\.aJLimestone4070F(.4073Ft.

F`edbrown sil`yshale  with microcrys(alline<al¢i{e
nodules (SHizflBne)

---i_a_-=f:-==.--S.-:i:Si:i:i::I:-::-::3f:-::-.

Gratyi]reen shale (SH{G)

Mssing  in`ervul

--I-I.-1`-
.,•,.,•,,.I.

Fossili(erous wackestone (WSF)----.------Ill, , - - ,r` -'''-.-'`---

Late-stage dissolution may cross-cut
I I----------------

stylolites.I-----'-` - - '' I `...'------I---------------------.-----in-.I..---,-II.-,IL.-I---I--.----------- ,,,. . = .-. u` -.`-'---------------.-----.-----
Fossiliferoils wackestone win micros`violitesX------

X.-----
(WSF^rfs2).  Highly angilla¢eous.- - - -- - - X---------I--I-

::::i:: Green limy shale with fossils (SH-LM-F-GG)

::Eig!
'=====.
END OF CORE
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EMpmE  DF}ILLING  CO.#1   LANKAS                                                 Page  I

SE SE  NW,  Sec.13-T3S-B34W
Rawli ns Co.,  Kansas
4m iles southwest of Atwood  North  Field
Drilled  January,1981pore,iLy

a oilhlPP
h)

C|inS rb.litu'PSS h.8S
ina ha` Lithologic  Description and Comments

DLimestone3915F'.@ima3920F'.

.-----------. X

.,.,',.,,•, Phylloid algal wackes`one (Wsf)Late-stagedissolutionmay

------ X-----11..- , ,-- . , . - , , . , ,. .I- Ill LL u. - - q------ XXI-----.--------I---- I. . . .. ... .I--- X------.------ XX--T=.=-I,.r`-.-.- -.------ II-----.----.- XI-----..------ Xi. ` .,` ---.--,-.. .` - X------------- X-.' ... .'.` -. I - X

X--
X-ill-- -.-.. ,i I X--Ill- -------- I------.------ X1' - lr '. . - . . : . -I I ..I - , - . . - I-------

:-=-: I cross-cut  stylolites.
I

--I
--,`I. - L,--.

-. II I- " I ''. ..I-I
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porosity&oil
c]h.nh. Ong

hP 1t\PP inS u'S IS 8S in81 h81 Lithologic  Description  aiid  Comments
3920 Ft .a:@ima3925Ft.DLimestone3930Ft.3935Ft.@ijB3940F(.

®',,,•,,.,,,,,.

Phylloid algal wackestone (Wsf)Somemicrostyloli`esarepresem.

----IJ.----------
11,I . ,-.  '.L=   -.-`--------------I I '. ' '`- - -I --''...-`..---------- XT`----- lL` . `` , - .' I----- X---------- *---------- X-----I-----I----------•-------11.----------------.-.I-------- X

I,.,.,, Fo5siliferous wackes`one with micros`yloli`es----- II,I.---------- X (Wsfusl)------ I---I------- X----- XXI
.,,,,,.,,

Fossiliferous wackestone with microstyloli`es•----- (Wsfus2)-11-I--- IX----------.----------- I
.,.,,,,,,,'

Phvloid alg8l wackestone (Wsf)3939I(.`o3965(t.notcored.

I , , - . . . i ,= ' ` . -`---I-- II---------- I.-----. '- -I . I , L'. i X.,Ill--I.------ XI-----I------ X----- X.---------- XI-----q-----I-----11-----Ir.'..-.----. ` ..L. . E I. -. 1 XI---------- X'-.---------- X---.-.------- I.------ - ' . .`.. - X'...--lL`...----- X----------------11.'` -` 1` .' `. .-. L` I---------------- X----------- X----------- X.,,.----
X-----,Ll.----- X------'' ' - -` n L= I X----I.------ X
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EMPIBE  DBILLING  CO. #|   LANKAS                                                P8€e3

porosity
a oil     cirb.hih. any I

7\I !gg IS 8S Lithologic Description and  Comments
3965 Ft.BEES3970Ft.GLimestone3975Ft.3980F(.@im3985F'.

Redbrown sil`y shale (SHi!i]B)

I-IT---I-- .,,,.,.,.,,,
Fossili(erous wackes`one wi`h outoclas`icbrecciction(WSFB)

XIL`lr--I--1,--I
XII

•,
Fossililerous wackestone with outocl8s`ic breccictionendinfillinqbvredshale|WsfBOSHt

---L---I-.1-.,-- IXIXX

-

•,,.,',.,',.,.•,,.,.

Fossiliferous wackestone  with ou`ocl86t-ic

r` - -. I- ----,-------'1  -I---.--I.----..-I
brecciation (WSFB)I-,.---I--1--I-----I-:--,-I--,lL'-L----..I--I---,,----

ri 11. - ' . .-lln--
XXXX

.,.,.,,,,

Fossiliferous wa¢kestone with tnicro st}4olites
--I.-- -. - - --` - - -` I and outoclas`ic brecciction (WSF^AS 1 B)-I.----I---_----,I-----_-_--I

X
.,.,.

Fossiliferous wackes`one (WSF).----.----
IIX .,,,. Fossiliferous wackes`one with micros`violites-----=----- (Wsfusl)- -- - -- -I-------_-_-_-i
IXXIX*IXIXXX

•,;:•,.,.,.,.,.,.,•,,,,,

Fossiliferous wackestone  (WSF)                                     I.--------------------------------------.-----.----.----
X----.-.`-- I- - - L` -
X-----
X--.-----..-.T=q 'X----- I
X-----

Foss. wcokes`one with microstyloli`es (WSF^rfs 1 )XI_-_-_-_-------
Fossiliferous v/8uekes`one (WS+)Dk.9raytogreensil`yshale{SHiz€G)

I,--I.JE X

X-I'X`X
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4008 F( .4010F(.HLimestone

Redbrown sil`y shale (SHi!RB}                             IFossiliferouswackestonewi`houtoclasticbrecci8tior`

-----.I-
•,.,.,,.•,,,,,

-..--.- X-,,--.i-,11,-.--,--XI.------ end in filling byredbrown shale  (Wsfi30SH)--'--, X̀.-----.I--.'--- X----t=--.---:---- X.-r.`--.'.--,--I------.---, .--I-------
Redtorown sil`y sLiale (SH+i3B)--.'--- I

•,,.

Fossiliferous wcokes`one with outoclastic` brecciation

I - - L` - - .--,`---X1-..-.'--.Ill-..-a-- I-----lL.----.-'-- XX

40 I 5 Ft .4020Ft. and infilling byredbrown shale  (WsfBOSH)I-'1---,------ X--`.,---I
XX

11,,--11X-.-`.---- XIll---II--I.---I I---I---.-,.I----I-L----.
•, Fossiliferous wackestone (WS+)

------ I------ X----lr,-.- - - I. - - Xc` .' .` . I - - - .I------ X----.-I--r'=`-- X- I . -` - - - I-'----- I----------------.
®.

Fossiliferous wacl(es`one wi`h micros`yloli`es
-- -- - - - I - I------.i-,,-X.-----I {wsfmsi)-----E I------

178



EMPIRE  DF}lLLING  CO. #|   LANKAS                                                  P8g€5

porosity
&oil <arb.hrh. ado

1I hI inS u'S IS 8S ina
a                   Lithologjc Description  and  commer`ts02    F'.HLimestone@im4025Ft.4030F[.4035F\.4040F,. ------ XIX

',
Fossi]iferous wackestone (WSF)

-------------L-.all-,``q---.--------------- X-----.------ X-----.------ II .. ` i . I ` ' I '. . I - .-
I------------ I-----.I.,--.--X..` ` - 11. ., ' ..I .--.i--L-- I-----.------
X

•I,,

Foss . wackestone with microsvio!i`es (WS+hrf32)------.---------
•,,,

Fossiliferous wcokestone with micros`yloli(es------- X----- (Wsfusl)I----------- X----I,lrl- I
::

Fossiliferous wackestone  (Wsf)'L.-...--- X---------'`.- X- --. I L' .- - I------
4025 .5 f` . to 4047 ft . not cored .
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EMpmE  DF}lLLING  CO.#|   LANKAs                                               Page  6

pore,ity
6<  oil clrb.thh. any

nlPP hI inS wPSS ina
i                  Lithologic Description and comments

4045 Ft . \
4025.5 lt. `o  4047 /1 not  cared.

4050 F\.4055F(.JLimestone4060F'.4065Ft.

Redbrown sil`y shale (SHi!i`B)

- - - -- - - X . Fossiliferous wcokestone with micros`y4oli(es(Wsfus2)I-a-I-

I-----
.,,,.,.,.,,,.,.•:.,,,•,.,.,•®,,,,.,.,.,...,.,

Fossiliferous wackestone with microstylolites
-----I I-----I X------

X (Wsfusl)I.----------I XI----------- X----------- X. - - - - -`----- X----------- X'.------ - I I - -- I----------- *- - -- - - ------ *----------- I--.--------- X----------- X.-.--------- *.---------- X----- X----------- X----------- I.---------- X------ .
ENDOFCOF\E
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EMPIBE  DBILLING  CO.   #|   BATHE                                          Page2

I,orosi,),
&oil carb.   Iilh  arg
n'I)T) hI, inS W.S PS 8'1S Lithologic Description  ancl. Comments

3630   Ft.DLIMESTONE3635Ft.3640Ft.3645Ft.3650Ft. .,--IIXXXXIXX

Fossili(erous  wackeslone  wi:h  mic;.:s(yloli`es,  au\oclasi(ic
-.-----..`'-11--•..-lL= . .-`1-----.,------ breccialion,  and  in(illing  by  green  sr,ale  (WS-F-MS1-B-F\SH)--,, . . - I-----I--..---.-.---.I.-=----I-..I-I-I---i,-----. . -I,I---- XXXXXIIXXXXXXX .,.,.,.,.•:

Fossili(erous  wackestone  with  au!c€laslic  breccia(ion  and  inllling

-..-.I.'`--.--'.:-..-I.---I.....`- - - ` -- -
by  red-silly  shale  (WS-F-B.OSH)--..-----L'--I--llr,.-.--I---+-I.-T=I

The brecciation   is  more  developed in this-,----.---.-I----- stratum than  in the  above  slratim.--------.---'..---- -` - - ---..--I..----•1----.I
11-...--'.---,-.-------,I-I- X

-B-OSH    Foss.I.frouswackes`   ne..i'.        .111'(          WSFMS2
._1r---_-_-.

XX

.,,I--)-II.--i------i lie                                  o        w,mmicro      cties             --r--==- XX •,., There  are  two  zones  ol  au(celastic  breccialion  wi`h  in(illing

.B.OSH   by  red  Shale    (-B-OSH)  in  `h;s  s(ratum.

I

limy,  dark red to gray,  enale  wit.r! :ossils  (SH-BB-F-LM)      This
lithology is similar to  a  highly argillaceous  microslyloli(zed
limestone  (-MS2)  with  less carbonate  matrix and  more shale.

Bed.brown  shale  with  fossils  (SH.P.8-F)

Not  cored
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EMPIBE  DPILLING  CO.  #1   BATHE                                              Page3

porosity
&oil ctlrb.   Iitl\ :\rt;

nT) ]hI)') inS u,S I)S 9,S Lithologic Description zi!id Comments
3650   Ft.3655Ft.3660Ft.3665Ft.GLimestone3670Ft.

No(  cored.

Shale  wilh  mo`tling  by  red  and  gray  (SH-BB  &  GG),
This shale may be  marine: no (ossils noted,  though.

---.- Gray  silly  shale  with  laminae  (SH-Z.GG-L)

Bed-brown  silty  shale  (SH-Z-PB)

Fled-brown silly  shale  with  mlcrocryslalline-calcite  nodulesrse-==.I,T.I.I.cat-.-.-. (SH-Z-BB-MC)

I .,.,`

Fossililerous  wackeslone  with  au(oclastic  brecciation  ar\d

I-=...`.,- X----~--------- *II-,---II
XX

inlill.ing  by  red  shale  (WS-F-B-OSH)Thelocationoftheboundarybetween  (he  wackesloneI-I-I.-.-,' i- X- -` . ' - '- - u------ II-----I I--'. ---.--'-.-- XX
II-----.

X--r==.Ir.- X---I-. . . . X

IX--.---.--- I
XX

:-=-====-I:=-_-_.5'r.--i I
- .. ` - i. -` .. .. I X

and  packstone  li\holog.ies  is  uncerlain.-I----'I.I...J'-`----

Peloidal packstone  with  autoclastic  b:ecciation  and

.--..,-- - - -. - - I----- .-. -. . .` - - -----.---11--....,--I-L. -„',--L=--.'--.,--'.- infilling  by  red  shale  (PS-P-B-OSH)Someoilstainingnoted.-...--L.--.---.,-I-.--I-.,-----I-.--rl.-,...-..I---I-1-.---.-.I------.. . ,. ,. -I------I---I-
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EMPIF]E  DF}lLLING  CO.  #1   F}ATHE                                                     Page4

porosity
&oil carb.   Iilh •|r8,

Lithologic Description aiid CommentsnT) \1T)I inS \VS PS gnS: 11il

3670   Ft.GLimestone3674Ft.372F ------
Peloidal  packs(one  with  auloclastic  breccialion  and  inlilling  by

--, .--.-I-- ---L1-.-I``lr=-``--..Ill-.I----11,I-I
red  shale  (PS-P.B.OSH).'IL1| .ull=-...-------`--- Some  oil  staining  noted..-. I-.-lL,I- Ill- ---.--I,-llI----------I

Fossililerous  wackes(one  with  microstyloliles,  autoclastic
X-I
XX.---.-= brecciation,  and  inlilling  by  red  shale  (WS-F-MS2-B-OSH).------
XX Shale  inlilling  is  cross-cut  by  pressure  solul`ion.

X.---,11-

3674 {t.  to  3712 ft.  not  cored.

1t.3715Ft.HLimestone3720Ft.3725Ft. I---------i X

.,•:,`

Fossili(erous  wackestone  with  microstyloliles  (WS-F-MS2)Manyoftheshaleseamsormicrostylolitesappeartobered

-----------. X

X-----I XI.-----L= X-----I I- -- - - - -------I XI----,I------ XX-----I---11-,I-----I X.----------- X------ X--I.-------- XX---1=-I-----I------ X---
i-=-=- :-=-. *I

in  color'----------- «I--I- I-------- X'---Ill.------- X- - I r- - -I,I.`-.--r.---------- X----------- XI-1r-.---I.-----------.- X-I
'1 XI.-.-

3720  (1  lo  3737  11.  not  cared.
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EMPIBE  DBILLING  CO.  #1   BATHE                                          Pages

porosity
&oil carb.   Iitli  arg

Lithologic Desci-iptio!i and Commentsn1 1\T) inS WSS 8'S

3735  Ft.,3740Ft.3745Ft.JLimestone3750Ft.3755Ft.

3720  (t.  \o  3737  I(.   not

Fled-brown  silly  shale    (SH-Z-PB)

- -i, _ . - ,
Red-brown  silly shale  with  microcrystalline-calci`e  nodules(SH-Z-RB-MC)I-I-TG±

=r=.Lri

I---T`T-_I
XX

I
.•,.'.,:::,.,,`,,..,,.,,.

Peloidal  packstor`e  with  autoclas\ic  breccialion  and  inlilling  by

gray shale  (PS-P-B-PISH).   The  infiliing  i-iia'`erial  may  not  all beI-.I----.--I--.,I shale?----I--.---,-I

I-.`--------I`..' - - L`.. .
---I X .,.,.,.•:•,•,.,,..,

Fossililerous  wackeslone  wi`h  microslylolites  (WS-F-MS2)

*.-I
X--.----I X---- X

I---- X- .- - ----- X

X

I.,--=. X---- I--- I`=-
X

',®,,.,.,.,.,.,.,`

Fossililerous  wackeslone  wi(h  micros(yloliles  and  minor

11. - - XI

------.--- I-I--I III---I.-.IIF--I autoclastic  brecciation  with  inlilling  by  red  silty  shaletJ--I X-[J-,--I=--
(WS-F-MS2-B-OSH)1---I---I X-L|--- -- - I I---I. **

t=--I---. X--'-I I-- I.-- -I
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EMPIBE  DBILLING  CO.  #|   BATHE                                          Page6

P0roslly&oi\
carb.   Iith  arg

nP iP hP inS WS PS 8S rna ha Lithologic Description and Comments
3755  Ft.JLimestone3760Ft.3765Ft.3770Ft.3775Ft. ------. I

',®,®,,.,',.,.

Fossili(erous  wackeslone    wilh  microstylolites  (WS-F-MS2).Thereisreplacemenlolthecarbonalebyorangechert.              I

-. - - - - - XI--11'---
I------.------ I.-----.------ I--,-.----,I

-^ XI

----.I.- XI-----.==-=,I.=-=-=-=. IX.-----.- - - - -. -------I
^ XIXIXXXXXX.------.I-----I-------------------.-----II---.     ,---I,,.,-------I-----I------

------.------ XI---I.-.------.-----.-1^ X

XXX

--.X------- X

II--,,I.--I-=-=-=-=.=- IX---,,I    I---,,1'--

Green  to  dark  gray  limy  shale  wi(h  lossils  (SH-F-GG-LM),    Thislithologyismoreargillaceousthanin(crostylcililizedlimestongs„    II

186



187



EMPIRE  DF3lLLING  CO.   #|   BATHE                                            Pages

porosi,y
&oil carb.   lilli  arg

Lithologic De`scription find Commei`tsTL hP inS WSS 8mhSaa

3805  Ft.KLimestone3810Ft.@@iE3815Ft.a3820Ft.

I

Red-brown  s.i`ty  shale  w'ith  microcrys(alline-calcile  nodules(SH-Z-PIB).Slickenslidesnotedin\'n`isshale.

Grayl]reen  siltv  shale  (SH-Z-GG\-----
XXXXXXXIXXXXX.X

.,.•,.,•,.,•,

Fossiliferous  wackeslone  (WS-D.   This  slratum  may be  a

-----------r-----I '. , . 7, .I I , .--L.,-I..-'`-----`.------I--
packstone  in  places  and  some  autoclaslic brecciation with----------ltI---I-- inlilling  by  gray shale  was  noted.''---.I------

_I-----------'...-.,.,Th
I. ' 2 '' '` . I. '-. ... I . '..-..-------I-I---,--I---.----------

XIXXXXXX»IXXXXXIXXXX

.,.

Fossiliierous  wackestone  with  auloclastic  brecciation  and

-I--,I--.--- `1----.,.-. .. -1 - . . -11,- «` - - .- -Ill.-.=.--,'I-L.,
I,I.----

`,.,.,.

inlilling  by  gray  shale  OwS-F-B-RSH)-----LL---I---I-I-J--II--.J|---I-I--.,-==-r`--------I
I---------.1111,.`---- . I - '- - . II i - L' - - ---',-,,.-,--'`-I-.,-).I•~..--------.-----

IXXXXXX

•,•,.,.

Fossililerous  and  peloidal  packslone  (PS-F  &  P)

-----I-------------------------------------------.----------.----------TI.--,I------- XXXX

Fossili(erous  wackes`one  w.ith  autoclastic  breccialion  and

-. `-.`--I,---.--I
inlilling  by  gray  shale  (WS-F-B-RSH)----- X--I-`.1---'--- IX

:,,I=-===-=i]=`I-----------.
Fossililerous  wackestone  with  microslylolites  (WS-F-MS2)1'------ I'x- - - - - ,,IL'

Gray-green  limy  shale  wilh  lossils  (SH-F-GG-LM)
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EMPIBE  DBILLING  CO.   #1   PATHE                                           Page9

porosity
3820  ''.  'o 4060'1                  &  oil carb.   Iittl are

Lithologic Descriptic>n aiid Cc>mmentsrol cared. nP ]]1I) inS \\.S PS 8S 'T'a ha
4060     t.@im4065Ft. -I----

Fossililerous  wackestone  with  microslylolites  (WS-F-MS1).
I-----11

Microslyloli`es  may  crosscut  the  poros.ily.------
Fossililerous  wackes`one  (WS~F)

-----.-----------.-----------.----.------I-----------I------------
End ofCore

Ii

iI
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GULF     ttl-22        HUGHES                                                                    Page     I

C SW SW, See.  22-T9S-R29W
Sheridan County, Kansas

Drilled March,  1978poro,ily

6<  oil cart.mh.  arc

3962  Ft.3965F\.@im3970Ft.

hP 1hPP mu'SS PS 8mSa
i                     Lithologic  Descriptior`  ar`d  commer\ts

Gray`green  silly shale  (SHZIGG)

RedBrown Silly Shale (SHizflB)

I---I--(
Foss.  Wackestoen   w/ Mcros`vHWsfi\rfe52)

Sil(stone (ZS 1 )--,. ,-- I

.,..

Fossi}iferous  and  oncolitic  packs[one  with  autoclaslic--. .I--I--.--- I--- ..I--. brecciation  and  infillir`.g  by  red-brown  silly  shale--_-.---I *.----------I I (PS-F&ONC-B-OSH)---------- FosTrwcokes`onew/Mcros`yl.(WSL±-----
.,, Peloidal  Packs`one lps-P).-_-_-_-_-_I X

. , -` : .-. ' ` . I . , -
:!!ii!!

Fos5.   and   Peloidal  Grulns`one  with oil s`aln

TorontoLinestone3975Ft.3980Ft.
.----n

(Psf&  P).'.`--,-•-,,I.----.--I.---.

`

Fossilliferous W8ckestone (Wsf)
----- X------" - I. ,` . - I-I----u--I--- I-------- pr - - ry. 1 X---.-----.---- I.----- I----.------------------i

X .,.,.•,

Fossiliferous Wackestone with  Mcros`yloli`es

I-----I I - -- L` - I X.---------- XI.---------- I
(WS+ivts1)I----.----- II:-_--_--_-_-I.---------.

In  plcoes, this  unit is   compac(ed `o  8`packs`orie.----- I----------- XI---------- X----------- II------r-1I---- X----------- X.---------- X----------- X.----I---_--i-I.--
Gr8\yngreen Silly Shale (SHiz{G)

PledJ]rown Sil`yshale  with microcrys`alline  calci`e
concretions below  (SHizflBhtt)
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GULF   #1-22   HUGHES                                                              P8`ge  2P&r°o'£ycart.uh.ng

3980  F
7\P 1I hI inS luS PS 8S in8. h81 Lithologic  De5criptl-on  and  Comments

3985  F(.@im3990Ft.ALimeston3995Ft.4000Ft.

I

Bedbrown  silly shale   with microcrys`alline c`8Jci`e.fir+_i.:::E!-¥: nodules(SH+flBi'vtc)

X

Gmyi}reen sil`y shale (SHiz{G)

------.
XXXX

+:::I:?:i;*•L:*ii;•:,:\ C)oli`ic   gin.ns`one wi(h   outocl85tic brecci8}ion in the
---11.--\J^ J    ,    ,    `_ I-,-----.-----. top  10  cm.  (GSJ))------.-----.I-------I---1=---I-1

XXXXXXXXX Ferroan  calcite  cement is presen(.'^.--'.1E'.----,,-..I-------------------------------,I,.-L`---i-.--I----------------------------------.------
------ I:X

',.,.,+,.,,,.,,',,,,`.,,.

Fossiliferous   w8ckes`one  with  fusulinids
------.------------.•----ll.i..=l---. XXXX

cn.noids,brachiopods,  ar`dbivalves.           `.` - - I,lL: ... -.-,----..
(Wsf))-----------.------I_---_--.I_---------I- *

Highly   s{violi`icEndofcore,core continued 8t   4108 /t.
-```--'--

XXXXXXXXXX
. - - .. ' - , - ----I---------------------.-------I---I.--..------------.-----.-------------.-`.u---,----.-----.------.-------I-I--,r----`'--I,IL-----.-----.------ XXXXXXXIXXXIXXXXXXXXXXXI-----IIll.I,*-J.--.'.-----------I------------------I-------.--11-I-.....i`I.-..'-I---`--11---,,1[--------------------.I,.I.----•-„I-----`---,-.-.-------.--.---.---,--I•,---L.,--I--I---.------.------.-------.------•.-----1II,--,-11-.--------------------

I          I          I      .II,,,I,
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GULF#1-22   HUGHES                                                            Pnge3

porojity
&oil c ) rb . hi h . 8t€

J|1PP hP muJSSS in8`
i                    Lithologic  Description  and  comments

4 I o8 F\..4110F(.G'Linestone4115F\.HLimestone@im4'20Ft.

NotCared'rorn4000\o4to8

I---I---I--1€ •,.,.•:.,.,•.,.,,
.,          .-.-..                 .     ,                 ..     ,..    ,....               I.--I 0                      C       e                  a   a      ,

=-=-=-=.=-=.a serpulid  worn tubes,  and fusulinids (Pst)-----.------I-----.----.-{
Foss. wackes`one  with micros`violi(es.-----I-----I (WS+usl)------ii----------.----. .,.,. •Foss.wackestonewi`hmicros`yloli`es------ '.-Ill---`_'     r`  I   -X----.'±
(WS+hrfs2).   This  interval is  more argillaceous.------{-----.,i----_-_-_--i

', Foss.  P8j>kstone (Pst).----.------
Ferroan  c8Jcite  c>r dolomile was not no(ed from-----------.I -1 '` ' - -- -
4108'  `o   4114  ..-L`.,---------------.------I---11.--

•,
Foss. Wackestone  (WS+)

--.'.`=`-------IIL-I-----.-------
I--_---__--_---_=--_-__a_=_-__-=.-_1=--_I-__-__=

Dah< gray`o black  shale  that  is  fissile,  in places.-=_-__-__-__=,_i_i-Lj==___t-_r---I-----__-_---i--__-__-=__-
(SHi3L)

I---JT.-i---. MJds`one   with autoclastic brecci8tion (tvsB).I
Lerninated  mudstone  vii`h fenestrd  fchric   8tid

-----I
|x

micros`y{oli`es (MS+hrfs 1 )
I-I      I      I       .      '           x

'       `''        X .,,. Fossiliferous packs`one (Pst)-TI.Lr,±|=-`SI •'.x

1.      I      v     .           x

::::i:;;i:::i!:

Foss.  grdns{one  with minor  poro5i(y(less tl`an   8%:
.-

a@ms©4125F\. - (Gsf)
-
II-
I

Fossiliferrous wackestone (Wsf)
•`_ ''-J--   I

I-----.
_  I-LL'    '       I

some micies`violite seams 8tt present .
''X
.T_I

1==\-+-x-- - - - ..--S...-,,----.`-----I--r.---------I------I     r\,, \,I Ir,I \11--11-.I11111
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GULF#1-22  HUGHES                                                             PAGE  4

poro`ity
6<  oil cirb.nh.  8ng

Fli
hP mwSS

SIS
h81 Lithologic  Description  ar\d  Comrr`ents

4125  F(.HLimestone4130F(.H'Limestone4135Ft.4140F(.ILimestone4145F(. ------ XXXXXXXXXXXXXIXXX

•,,`

Fossiliferous wackes`one  (Wsf)

-----.-------.--.-'-----..ti-------.-----------.-------,.---.I.I-.`'`LL.J,'.'..----.-------------------------..'-,..-----'.=E----I.----------I.----,..,r---,``..I,'.`..-'-`--------------------------------r-'L-'`'-....-.aIll-------1113--llr--------='------------
XXXXXXXXX

I,,.,.

Fossiliferous wackestone  with micros\}`,0li`es
-------11'--------------------- (WS+usl)-------.-.-----------------------t=-.-----------------------I---------I--.-----

Foss.   wackestone  w/ rnicrosyl. (WS+i\62)                     iDk.graytoblackshalewithfossils(SHBLf`)
------------.

XI.----``

Lt . gray silts(one {ZS 1 )I-----11-I,-111
XX

:.:

'Foss.Packs`one(Pst)-----.------------------ I-,
Lanimcked at the  top .

Gr8`yi)reen   silly  shale  with  microcrys`8Jline
calci`e  nodules (SHiz€Ghrfc)

g=::-EH-i-i-.

_-_\_._.i..,

Redbrown sil{yshale (SH€J3B)                                               i

r------Il----
Autocl8s`ic breccickion  at the  top.---I+--

X----------- X.-----
MJds`one  (ms)                                                                                  I

----- X----------- XI---------- X-----H----- X.---------- XI---------- X.---------- XI---11
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GULF   #1-22  HUGHES                                                               P8€e  5I&r°o3£ycarb.in.any

J\1PP hP inS US PS 8mhS8.a Lithologic  Description  arid  Comm€rits
41 45 F' .ILimestone4150F'.©im ----I- XX

11 tvtids`one (MS)
''-----|P-----------.

IXXX

Fossililerous  wackes`one  with  micros(\1c)li\=s--I-------=-.------- (Wsfus2)------I--lI---------.I----.Ll-----.---I-----Ill------I-----------
I

.

Foss . wackes`one w/ microstyl . (WsfMS 1 )i=-=-=-=-=-:11. - ,D tl ,. I.XX

Silly lime muds{one (Msiz)
- 11 ,- ,E| ,I.-,-I.,11-----.,I.---t.-1=lE.

•,.•,,,.,

Peloidal packs`c>ne   with   minorclil staining

(PS-P)

-----
XI`

Foss. wackestone  w/ micros`yl . (WsfJvts2)I--.-11==.I-- - - -- - ------------I

4t524165  f`.not  cored



GULF  HUGHES  #1-22                                                              Pa€e6

2oro`ity
&oil      c art.Iith.  any I

hlPP !B! P8SS t\81 Lithologic  Descriptior`  ar`d  Commer\\s
4165 Ft .SiitBJ'-

Doloslone  (DOL)

Ex[cnsivcly  rccryst!i]lizcdI.-----`
by   dolomitc.

Cher` present .=£=--a-----
IX Fossiliferous  wackes`one  with micros`yloli`es=---.---------

Linestdne4'70Ft.@iiEB@tits4i80F[.4185Ft. =111-I---_-1111-I [WS+usl)-----
Foss.wackes`one  (Wsf)   Oil s\8jned  and porosity---------I.----- less  than  8%.----------- - - . -- = ..,.,.
Foss. wackestone  w/  micros`yloli`es (Wsf.JVS2)x`£.X._---_-_-_T=-----
Foss.w8¢kestone (Wsf)   0'il s(ajned  with  gre8Jer-----I----------I----- than 8% porosity.---------,-------
Foss . wackes`orte (Wsf)Vofchleporosityand oil staining .

I----------.I----------- I.----I----------- X.---_--I.,I--,-----
XXIXXX

•,

Fossiliferous  wcoke';tone  with microstylolites-----.L.----
(WS+usl)----------------,,-11.---.,------11--I---I--=-----
Grayi}reen s.hale with brachiopods
(SH€Gi=)

--=-_--__-E3=_--E. Dk. gray {o black shale  with brachiopoc!s--=__-=_--==-=5=__--__=_--=-__-E-__-i`_-_-_____-=--=_---i
(sHBLf)

- - - - -\
Gray  sil{yshale  with   microcrys`alline  calci\e
nodules and `ube5 (SHZ{GMC)Mcros`violilesnotedinthemicrocrystalline

=S::i:

calci[e.
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GULF  HUGHES  #1-22                                                             P8€e7

poro`ity
6{  oil      clrb.2ith. ero

r'
hlPP !!! PgSS 9la Lithologic  Description  and  Comments

r-.a
Gray  sil(yshale  with mlcrocrys`alline  calci`e
nodules 8j`d  tubes  (SH+{Ghrf=)

XIXX i:i;;i

Peloidal and  won  tube  grednstone
.--------------

(GS-P  & F)I---------
i:i

-----
K.,1Lineston6 ;. ----- X'--11-- X.XXXX .,.:::•,.•,.•,..,.:.:.,.•,.

Peloidal   ondwom  tube  packs(one-111.-1]--------
4 , 90 F(.a "...-.4I95Ft.8ifB-.,4200F\.4205Fl.

1111-I-Ill-.------
( PS-P & F)--------I. ln  places,  i`  is  a grains`one.---I.

X---,Ill-
IXXX*.---

--I,11-
Green   shale (SH{G)

-.'11B- XX :.:•:.,.,.:.::::::,,,:::,.,,,.

Peloidal  packstone  with  au[oclastic  brecciation  a]id-I---ii-- 'XX

infi]ling  by  green  shale  (PS-P-B-RSH)-- .--
1.J^lI--I--- *I

The  infilling  shale has  undergon-e pressureLJL.---.-I--I,[1.-.--.I-..- XXI--.- solution  to  form  microstylolites.--,`--.. ------ ,Ill - .`I--------i XXI ...,.,,,.:. Peloidal   and fossili/erous  pcokstone (PS-P   &  F)

I--------I:
X.X

.•,
Fossiliferous  wackestone  with  minor  autoclaslic
brecciation  and  inrilling  by  green  shale  (WS-F-MS2)--,11-

X

•,.,.,,.,,•:,,•,,..,,,,.,,.,•,:.•:•,,,•::.,.

Fossiliferous wackes`one with   rnicros`ylolites
.X.X.X.X•1<XX,XX,X--.--I_---_--

(WS+ivs2)Fossiliferouswackestone (Wsf)I----.----.---------- - - - ----------.-------•.---I-
X- - -- - -
X1'-----I XI----
*-----
*
XX

X-XXXX*XX
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GULF  HUGHES  #1-22                                                               Paci€8

I o ro 3 it y
6<  oil cart.hrh. any

7\P 1hPP inS uJS PS 0S ina. h81 Lithologic  Description  and  Comments
1.4210F\.K`Limestone4215F(.4220F\.@imL

Dk.  gray  tc>  black   shale wi(h   br8ichiopods

(SHELF)

Black   fissile   shaJf   with  brachiopods

(SHBLfsf)                                                                 I

I----------. X .,.I,.,.,

Fossiliferous w8j=kestone   with micros`yloli`es

--.--- XXX-----.=------.I----I.-I----I.-- - - .- - - • (Wsfus2)------ X------.-----L1 X.-,.---.- - - - -- - X- - ,I- - ,I,I -I-----I- X------I-`----- XX------
-I.-- XI--.`

X-. - - -
X. - - -- -
XI.---

I XI-I-=-I-- XI------------.a. X.-----I
XI-----I-

Gr&yngrp.ensi1`yshale

(SHiz€G)                                                                              i

-_--

------ Foss. packs`one (PS+)   Oncolites m8`ybe present.I----I-----I
Grayfgreen  sil(y  shale (SHZ{G)I,-I----X •,,,,®.,I..II,n
Fossilifcrous   wackes`onc  w'i`h   auLocliislic  brcccialionI'-...1'-.... X

Limestone4225Ft. I,I.,.:::'==.I:
X

and  in filling  by  gray-grccn  silly  sl`alc  (WS-F-B-RSH)111..I,---IX-...---- X111,,--
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GULF  HUGHES  #1-22                                                                 P8.ge9

poro5hy
&oil a a rb . lit h . 8no

il! mu'SS IS 9S in8`
i                     Lithologic  Des¢riptior\  ar\d  comments

LLimestone
-'11,I-I

Foss.   \`.ackcs[onc   w/   aulocl.   \]rccc.   &   sl`:`\c   inri:lir`±I,`--'''-11------
Green  shale (SH€G)

BottomofCore

I I
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Theodore Gore co. #1  Denny                                               Page 2

pore,ily
6<  oil clrt.1ith.  att' I

nlPP !9: )5 9mhS8`81 Lithologic  Description  and  Comments
3975 F( .`.398oFt .. .-.@-,is-.-PlattsmoutLimestoen3985F\.3990Ft.3995Ft.

Green sil{y shale (SHiz{G)

.,,L-----
XXX Fossiliferous  wackestone  v,'ith  autoclaslic  brcccialion-,.-,,-----.I--.'=.I,.---¥

and  infilling  by  green  shale  (WS-F-B-RSH)-11.-..`..--II.-,--,IE`-..I,IL--..---..--- XxJXXX

Fossiliferous wackestone with  au`oclas\ic
--.=-----1=-I---._-ET_i.-_-_.I.,--I-I-.-.L._- brecciction {Wsfi3)-..--11.I- - -- - - -I.---------I.I------

?.

Dolostonc  (DOL)Ex[ensivcreplacement  by  dolomilc.

.-Ill---.1'------I
XXXXXXIXXXI-----1

I

--I.-I-
Fossiliferous wickestone  with microsviolitesI---------- XX1-------
(WSFusl)-------Ill---- - - - - *---111,I-

Xi-_I._-_-_--
•,

Fossiliferous wackes`one (WS+).  Oil s`alnir\g

present, but li`tle porosity.I-----I-----. Foss . wackes{one with micros{violi`es [Wsfhrfs 1 )-----
.•:

Fossiliferous wackestone (Wsf)
----- X---------- X-----I----

3988 f`. `o 4017 ft.   not  cared.
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Theodore Gore co. #|  Denny                                            Pa.ge 3

poro`ity
6<  oil cirb.hrh.  any

hlPP t\P inS UJS PgSS ha Ltthologic  Description  and  Comments
4015 F\ .4020F(.4025F'.4030Ft.TorontoLimestone@@iRE4035F(.

3988  /` .  `o  4017  fl  r`ci`  cared .

:::::.a::::: Gr8`yi]reen sil`s`one that is larnin8ted end con`ajns
microcrystalline<alci`e nodules (ZS 1 J3GJVK:)                    II

::;==::::-ri:

i:;:?:;-a::I

i:iEi?:::::

T=T=?-£==|

Redbrown siltyshale  (SHzflB)                                       II

E:i:i:::i::
Redbrown siltyshale with microcrys`alline€alci`enodules(SHizfiBivfc)-I.i5:-:_:-:_:-::-.-:-:_+_:S_:.-

--I--.--.

11 11 Gr8iyi}reen sil`yshale  (SHiz13G)

I:•,

rossililcrous  wackcslonc  v..iLh  micros`}'1oliles   anTd-
autoclastic  brcccialion  and  infilling  b.\'  red  shale
(WS-F-MS2-B-OSH)

Fossiliferous wackes{one  with micros(yloli{es

(Wsfivs2)----------i
Fossiliferous packstone (Pst).   Mom `ube5

.------------....---- ..--.----- are most  abundant.----'--I-r'-------i Fraclurcs  arc  prcscnt..-----
'1-I

Fossiliferous wackes{one (Wsf) that includes
-...I--.--I.--I.---------II---I----_-i worn tubes .------I-------I-I

201



Tlleodore Gore co. #|  Denny                                          Page 4
poro`,1y

6<  oil a a rb .lit h. erg
hP inS UJPSS 9S Lithologic  Descriptior`  and  Comments

TorontoLimestone4040Ft.4045Ft.A

--I--- XIXI
I Fossiliferous w8ckestone  (Wsf)

------------------------------------I_-_-_-_-_-_---_--_----.
XXX Fossiliferous wackes`one with micros`yloli`es-----

(WS+Jvts1)-----a-I-I--
:i-a: Gray sil`y shale at the very  top .Bedbrownsil`ysh8Jew.i`hmicrocrystalline<alci{e

:iT:iJ:+:er::
nodules (SHZJ]Bue)-_:-:_ir=.

• I .-. _-. _- -

:ia=:+:+::

I

I

Bedbrown silty  shale (SHizflB)

-I-111 XXI
.,•,

Fossilifcrous  wackestonc  with  .iutoclas[ic  brcccialiori  ancl

--1`-.....

Ill-l'-I,li.--i..--I XX

Limestone4050Ft.4055F'.
-I.--..-_-- karst  in filling  red  silty  shale  (WS-F-B-OSH)--.--,.------i- X.--.--,-I-I---, I-.,.-,-,IXI-,.-.,--II,-,,..-,.-II--....--------- XI

----- X.--I-`--- -- - . . - X=-.-E=-=--,L'--L` X.----'1-r=.I-----TI X

IL...--I- X-i'--- X.-I----- 1- I - - - XI I I, - L .. . I I-'-L=-I, XX

------ X-------
Fos5iliferous wackestone (Wsf)-'.`--- X.':=`lJ-.--`-.----- X----,I.-

I,,1I   Y  ' I++,I X.I.---I.I----- X-,.-...-...,,.---,I.---.- X----------- X11-I--
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Theodore Gore co. #1  Denny                                             P8€e5

poro'ity
6<oil      c lr,b. hah.  8ti'

!!! PS 0mhSa.81 Lithologic  Description  and  Commer\ts
4055 Fl.ALimestone©im4060Ft.=?8@Linestone ----I XXXXXXXXXXXXX

Fossiliferous wackes{one (WS+)
.-----------.---------'.I=-----------------.`.`--1'-"--u'--,------.----------.I r .. - .' i . = ,^.-I.----.----------.- , . , " . '- .. . - .` I-'...-I---.-----------Ir'.------a-'-`.'....------------

X??:X--,X
•Fossiliferous  wackestone  with  autoclastic  brccciationI.-----.----- and  infilling by  gray  shale  (WS-F-B-RSH)----,1--|lIL------.,------

Xx* Fossiliferous  wackestone  with  autoclastic  brecciation--,.-`--- I -- - . . i LT -
and inmling by red  shale (WS-F-B-OSH)----I.,I.

XXXX
Infilling  shale  has  undergone  prcssurc  solution  loIL.---`-- -. - 1'` - I
form  microslylolitesI_-_-_--i

Fossili/erous wackes\one with micros(ylol`iesi-I-.----,----I X=-=E=-=-=--I (WsfJvS2)
X Fossilifeorus very fine sandstone  with vertical

fractures (Ss 1 ffR)

4065 Ft.4070F( .4075F' .

L` . gray silt5`one with rnicrocrystall.ine¢alcite
nodules (Zs 1 ne)

Red,brown sil`yshale with microcrystalline<alci`e1=-_a-_.--.
nodules(SHizflBivl-)

--ifrf_-_._I._

.I-T-T--E.

=ri-+:+:iJ::

Redbrown sil`y shale (SHzi]B)
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Theodore Gore co. #1  Denny                                            Page6

poro3hy6<oil
cirb.hah.  any

P
|hPP inS UJPSS OmS8. h81 Lithologic  Description  and  Commer\ts

4075 F\ .@iiBCLinestone4080Ft.@im'4085F(.4090F\.DLimeston4095F'.
Redbrow.n silly shale (SHzflB)

Grtrysil`yshale(SHZJC=G)

-----

.i•<

:!!i::i;i:::;;;

Fo5siliferous grdns`one (Gsf).  Worn tubes 8bund8m
.-----I----------

neon the top .-----------.--_-_-_-_I.I-----------I
Fusulinids and cn.noids are common .------_-_-_-_-_---_-I-----I---I Baroque dolomi`e is present.---------------------------I----------------------EI-I--I

.,.•:

Fossiliferous  wackestone  with micros(violi`es
------- - - - -- .--I---- X*i--,I-------I:I-.-------i (Wsfus2)                                         `,--,--Ill-X----------.- X----------- X-.=---I- - - - - .- X-----I------ XX---------------I-- X-'r---r=-.-----:. XX

------ X

-=tE)I-I-i-. Redi>rown sil`y shale with microcrys{alline<alci\e
nodules (SHizi`Bivre)

=±+:i9::

Redbrown sil{yshale (SHzflB)

Gr&vi]reen sil`yshale |SHiz{G)11* 11 Fossiliferous packs`one ( P Sf)X

X Fossilifcrous   packstonc  with  autoclaslic  brcccialionI------,I--il X
and  infil`ing  by  gray  shale  (I'S-F-B-RSH)-11---------------- Fos5iliferous wackes`one (Wsf)-----. X------I------------.-----.

X

Fossiliferous wackestone with micros`y{oli`es------------.----.1.
(WS+us2)11----,-.----I------I--i - Ill Fossiliferous wackes`one (Wsf)'.-,---LL-'^,,,,,,
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Theodol.e Gore co. #|  Denny                                           Page 7

poro,ity
&oil cart.mh. 8no

nlPP hP inS WPSS 8S ina
a                     Lithologic  Description  and  comments

©DLimestone•@iH]-4100Ft.4105F\.4110F\.4115F(.

---I-

.,.,.,•,,,•I::::•,,,.,,.,,,.,,,.,.,.,.,.,.,.I::,,,,,,:.,.,.`,,.•,.,•,.,•,I:,,,..,.,,,`,

II-----.-----.I-----`.`--.'='-B---.-E------I'..--:-L. Fossili(erous wackes\one (Wsf)--------_---_-_-I-I.--I---11
A  frat\`rc  inlcrprctcd  lo  bc  caused  by  dissolulion---,.I-.`.I...,.'..L'.'-...--- crossculs  a  si}ilolile  in  `hc  sample  from  4096.5   rcc[..,IL.------_-_--.-
Porosi`ypresent, but no oil staining .Somemicrostvioliteseamsors`y`ocumul8;e-----I.------------r-----. . . .- - - -I,I---u-------------n--,,I.I.'.-`..`1-.-.----`.-,--11---I.I.---

XXXXXXXXIXXXXXXXXXXXXXXXXX------lE----------. I- - i.. , -` A---------r.-.,:.- - r' I . `. `-`. [1------,------I---I---.I-I-_-----i seams are present`  ln the  upperhalf of this-,11.----
in(errd (the porous part), no such ses`ms------. ..` - - , '- Lr 8re pre5eri{.  The presence of  these se.arr\s--.'.------------- may control the presence of porosity.4110f`.{o4124/t.notcored.------'=.'.I,,----I,I.---I-------------,---

- - -... . L` I ..i i-------------,-----i..''-,.--I-I..-..''-,.--,I--I,I-------r.----I. ... - ,11. I-----.--------------11--------I----------I- - - -- - ---1]--------------I-----I X-------1„-I.- I:I -` .. 'J- - lL- A------I X.----------I XI-----
X---.--------- X------
XXX
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TheodoreGore co. #|  Denny.                                       Pnge8

porosity
&oil cirb.mh.  8ng

P
hI lT\   luSS PS 8mSa

a                    Lithologic  Description  ar\d  comments

4125 F( .F

4110  f`.  `o  4124  ft.  not   cored .

Redbrown sil`y shale (SHzflB)

=-1-.--
t(

.
Fossilifcrous  wackeslonc  with  au[oclastic  ttreccialionill-(.I---I-IIll-I and  in filling  by  green  shale  (WS-F-B-RSH).-I---rl,--iJl-lLr-I- AXXXXXXIXXX

.,.,,,.

Fossiliferous  wackestone  with  autoc]astic  breccialiond.fi.dIWS0`

il..,--.I-I--,.--- - .. . .. - , ., -=``---'1---,,.-
Limestone4130Ft.4135Ft.GLimestone4140F`.

an    inil]ingbyre    shae(       -F-B-SH)                             I--I- .---.--I - - '- , t -
I-11 Iu--lN--..--.---,,--'.---`-I--.,- -----.L|----

XXX

I
.,,,,,,

I I
Fossiliferous  wackestone  with  au[oclasticL1-     ,,iiTr-.-,,--I brecciation  and  infilling  by  red  carbonate  packstoneii,I .'---'`-...-----.-- that has  been  recrvstallized  (WS-F-B-OSH`.I----I-LT`r------ X

* Fossiliferous and peloidal grajns`one with /rac`ures-I-I.----I--T=tTl-I.-
XXX

.,
(Gsf & P+a)11   1'     -    I--``,-LL- Fossilifcrous   wackestone  with  autoclastic  brcccia[ionI----Erl-IllI'II--_--I.,---I and  in filling  by  green  shale  (WS-F-B-RSH)-,r.--- XXXXX

•,

---'--
Fossilifcrous   wackcs[onc  wilh  au`oclaslic  brcccial.Ion

-.,I-.Ir1------
and  infilling  by  red  shale  (WS-F-B-OSH)It'-.,---,I,-,--..---`-11-.------. .,,,:.:•.,,',
Fossiliferous ancl peloidal packstone (Pst &  P)----- XI------ - ..' i , .i .- X.'`--------- X----------- *----------- I------

X
Fossi]ifcrous   and  peloidal  packs[one  with.---.- X

11 ®.,X autoclastic  breccialion  and  inri]ling  by  green
shale  (PS-F&P-B-RSH)

Pledbrown sil`y shale (SHizflB)

.-----------I
Fossiliferous  8ind  peloidal packs`one (Pst &  P)Worntubesandpeloidsarecommon.

-----------I-I---------------I--11--.---
Highly   porous.   not  oil   stained.

-----I---------------------------I----I
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Theodol.e Gore co. #|  Demy                                            P8`geg

poro`ity
6<  oil cart.hah. any

rllPP hI
glg

PS 8mt\S8`8` L1.thologic  Descriptior\  ar\d  Comments
\.aim    :,GLimestone I-----

1 Fossiliferous  af``i  peioidal packs`on€ (PS+  &  P)
-----.I----------.-----------.I-----d----,,-----------------I----- XXIIXXXXXX

Fossiliferous  and  peloidal  packstone  u.il`h  brecciation  and

-------I-a-|I-------I,--.-.-.. =----

@  iita4145Ft.@4150F(.4155F(.4160F(.

•==.,.-=iE=-=-: infilling  by  gray  shale  (PS-F&P-B-RSH).    A  difrercnce
between  this  interval  and  the  overlying  stratum  is  thatI-----.*`=
there  is  more  carbonate-mud  matrix  in  this  stratum.-.- .-. ~--INl---•L-,t=-----11

I,,I,'------
...,..,.:.:,I.,,.,..

Fossiliferous pcokstone {Psf)                                                  I

----------------------------------------------------------------------------------'-----Iu-I--.---------------------------------------------------'.'------.--.--Ir.--.i.-L`----------------I----------I---------------

4150 /t. `o 4172 f(. not  cared .
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Theoclore Gore co. #1  Denny                                         Pa€"

poro'ity
&oil ¢irb.hah.  8no

nlPP hP muJSS P8SS h81 Lithologic  Description  and  Commer`ts
4170 F\.4175F\.4'80Ft.HLimestone©ne

Bedbrown sil`y shale with microcrys`alline<alci\e

-I.RE+-i.
-i-i-a-L=-a=-I-I-I-i-i-i-e> nodules (SHizflBne)

-_. a -I -_. -- .

I-_.._.yT.__.---fi=:-:_:-:_:-:+.

-_:--f=:--ii*+.
--,,-XXX

Peloidal  packstonc  with  autoclastic  brccciationI, L , ,,I-I----.-. . - T.` L` - and  inrilling  by red-bro`m shale  (PS-F-B-OSII)-- - - - L---------------11.. ..•,.,..I,..,.,,.•:.:::,.,®.®:.:

Peloidal  packstone  with  autoclaslic  breccialion
XE=.--fl--
XX-------,---
X and  in filling  by  gray  shale  (PS-F-B-RSH).,--I.-. . - - - 1- XX---..---, ., . .. ...-. XXXX--rJ--

---------- XX

..,•:
Fossiliferous wackestone with microsty{oli{es.--II-I ?_-_I------. (Wsfusl).----- XI----- X---------- X----I---------

., Fossiliferous wackes`one (Wsf) .  It`is interval-.r`---- XI.-I--------- X----I. may be a packs`one .XX

4185 Ft .4190F(.

.-----.---i
Baroque dolomi`e presen(, meiy  be replacive .I-.J----I-_-_---_-I X----- X

•,

Fossiliferous  wackcstone  with  microstyloliles--I---------- X-----
OVS-I-MS1)----- X------

•,•,,,., Fossiliferous wcokestone (Wsf)----- X-----•1 - .-` . - - X Sty]olitc   crosscu[s   a   micros[}Jloli[e---------- X

4 t87 /t. to   42t8  f`. not cored.
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rnieodore Gore co. #1  Denny                                        Pa€"  l

I a ro ` it y I
6<  oil c 1 rb . hi h . any

hI rT\   u'SS IS ginS8`
i                    Lithologic  Descriptior\  and  comments421       t.4220Ft.4225F\.JLiniestone4230F(.@im4235F\. I                4187  /t.  \o  4218  (`.   not  cared.

Bedtrown sil`y shale with microcrys(alline<alci`e

=:=E::'-I:-:i:i:i¥i::
nodules (SHizflBh43)-.*==-I_i.

=S::==-_:-:_:-:_:fff:.i.

--+S¥r+i.

-I-I-=a=-.

=EE5;:i:il::
- - - - , ,,Ill,IXX

`

• Fossiliferous  wackes[orie  u.ith  autociastic  breccia`ior.

and  infilling  by  gray  shale  QVS-I-B-RSH)--. -i. . .. - X----.------
Fossili/erous wcokestone (Wsf)--  .......-.-----,Ill.----------------- I

•,,, Peloidal and lossiliferous packs`one (PS+ &  P)
- - rf " i `..- ` X. ' , I . ''-. I -lJ'----- X.-----1I---,1I

X Fossilifcroiis  wackestonc  v,.ith  au[oclas`ic  brcccialior;----- XX and  in filling  by  gray  shale  OVS-I-B-RSH)I-----------

F\

.,,•,,.I:.,

Fossiliferou5 wackes(one (Wsf)

-----------------'.'-----.,-.'=..`...-.-..--------------I.-----t`.----------------------..--------------------I.----•..''.--t`.,---L--------------.-----------'`.'.-..`-----u`"u-----------------•'.-'..`L..-`I--11-------------------------I
END OF  C
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SINCLAIR    PF]AmlE  #1  GUYMEF|CER                                                 P8`ge  1

NE NE r\`V, Section 28-T10S-R40W
Sherman  County,  K2msasporosity

6<  oil c a rb . in h . 8no
T\P IP t\P inS US PS 9S in8` h81 Lithologic  Description  and  Comments

4719 F\.
GrayL€reen silly shale with microcryst8Jline€alcite

4720 F( .LLimestone@4725Ft.@ti©4730F'.4731Ft.BA
nodules (SHizGGM)-----

X

.,

Fossiliferous wacke5\one that is laminated
-----------I--_-I-_--I XI---_------I

X (Wsfl)I----------- XI----------- XI----------- XI----------- XI----------- X------------ XI------L=---- X-I---------- X

Fossiliferous wackes`one (Wsf)Fossiliferousw8,ckestonewithmicrostylolites
.----------.------------ t(-----------I------------.----------------------I.----------I.-----------.---------------------------------- XI-----=---- XI----- (WS+usl)X----------- X

. Fossililerous wackes`one with rr`icrostviolites
I--------.-.I. X-----.r------ X (Wsfus2)-,----,I-------.-----

Fossiiiferous p8icks`one ( PS+)--.--- XI---=E------ X----------- *.---------- I

E

Fossiliferous w8ickestone  with micros{ylo!i(es                       ,
-----I X----------- XE--I---- (Wsfus2)`-----. XI-----

XI--.---I,I------ X.---i-----.--- XI-----
E OF SAMPLES                                               DESCBIPTloNS   AF`E NOTBASED  ON A

FF`OMIHE LANSING AND                                         CoNTINUC)US COF`E   BUTON  SAMPLES  FBOM
KANSAS cllY GF`OUPS                                          EACH ONE FOOT INIERY^L .                                                        I
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HUS KY OIL  CO. #6  BF{OOKS

SW NW, Section  18-T2N-R27W
Red Willow County, Nebraska

Ackman Field

Latitude: 40.141437 N
Longitude:  100.416501  W

poro5ity6<oil
cart.hah. apmh8181

Lithologic  Description  and  Commentsn 1 h in U I 8
P P P S S S S

!5 F\.)im

Redbrown silly shale (SHizflB)

---+_----- Grayi|reen st`ale (SHJ3G)

.------

..,.

Fossiliferous end peloidal packs`one (Pst  &   P)
------------I------._---_-_-_-_II-----------11

tvbldic pores o/ /omerpeloid5 are commor` .-------------11-----------I------I------I
AIAle!..   Only22  cm  of   the 3  f`. in`ervel  /rc)in  3387  {o.-----.------

s maTkcd)384,90F'.G ------- 3390 f{. were present ir` the  core box.------.-----I------.-----.------

I

Fossiliferous wackes(one (Wsf) `hct is  highly.-----.------------I porous end oil s`ajned.------.------
Lestone;marked 1-----------I

A{rfe..  Only 26 cm of the 3  f` . interval /ron 3390  {o------.-----I------.-----I 3393 f`. ir``ervel were present.------.-----.------------I
Only 11  cm of the 3 f` . interval from 3393  /t .------------I------I-----. to 3396 /(. interval were present in the core------------.------ bores..-----.--I---- Yug present \h8t is  1.5 cm X 4 cm in size .   I( is._I-I-I_---I

)395 I-I-----I--i reduced by ferro8in c8Jci`e cement ..-_-.------i
im95Ft. Stvioli`e appears `o be cross<ut byporosity.•I-I-IL-I-.--i



HuSKYOIL  CO.  #6  BF}OOKS                                                         Page2

poro3ity&oil
cart.hah.  8no

nlPP hP IT\   uJSS IS 8S ina h81 Lithologic  Description  and  Comments

GLimestone@m3400Ft.aiit33405F\.

I-----
I

Fossiliferous wack€s\one (WS+) .
-----------------..----------.-.----------

XXX
Fossiliferous packstone  wi(h  rnicros`yolites present

------||EII--II--------|=lI=------I (Psfus2).------------ ..,.®.,,...,®•.,,.,,',,.,

A{J^3..   From 3396 `o 3403 f`., the core is complete.Fossiliferouspackstone(Pst)-----.I.-I) -: ..='.---I.--I----------------------.-----------------I---_I-_-_-_..--------I--.
ln places, this  s`r8tum is a wackestone.-----------------------------,--I...`.--,`--`.J--------------------------------------------------I"...---I----------------------------------I----

End ofCore Porosity and  pemeabili`y dct& (ron Hunt ( 1981)
forthe  Brooks #6 core.

2±B!h      S±±P!±i         E±±±j!±4      Pemeabili\v
3390ft.       H6A                                      .              6.44md
3390ft.       H6B                      Z7:ZT%              6.44md
3387/t.       H2                              24.956                1.15md
3389ft.        H1                                   8.5%                   .38md
3394(`.       H9                                           .              2.80md
3396f`.       H3                                            .              7.68md
3400ft.       H5                                 9.1%                0.00md

•porosity values not obt8jned
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Page  1

GEOSON  OIL  COMPANY,  INC. #2  HIDY

C SE NIV, Sec. 27-T3N-33W
Drilled in 1981 and produced 23 H30PD from
4065-76 ft. of which 4 ft. were perforated.
Bush Creek Field

porosity
&oil carb.  ut arg

Lithologic Description and CommentsnP T¥g 8S
3948    Ft.3950Ft.HL.S.3955Ft.3960Ft.3965Ft. I,----I

XXXXXI

.:.::,.,.
Fossiliferous wackestone with  autoclast].c brecciatl.on  and

I------.---'I,,-.`r.Ir---I.- -- - . - ---.`---
in filling  by  gray shale  OwS-F-B-RSH).--,-I. i---I.---•-.-.----.--'..`I--..Ill---I-------..--. III .,`,,,,,.,.,.,.,.,`,.,.,,,,,.,.,.,,,.,.,.,..,,.

Fossiliferous  wackestone with  microstylolites  and  autoclasticbrecciatl.onwithinrillingbyredshaleOwS-F-MS2-BrosH).

--..----I.---.-. --.---~|r,---,I-I-----,---.`-L`--''- X-=`----------- X-.-----.-I-`-- II--,------i------I.------- XI-,.----,I--L.--- X---I--- . -- d - - - X- . - - - --- I------ I'`-----------.-- X-.--.--- I--.--I--lb-.I- '1

igE±±L=:a-f±-=-:
Gray-limy shale with  fossils   (this lithology is comparable  to a

-gEEi±f= highly argillaceous-microsrylo`itized  limestone with  more  shale
and less  carbenate).   There  is   also  a.jtoc.Iastic brecciation

i*:E--E€I-Efaf-a and  infilling  by  red shale  (SH-GG-F-LM-B-Osl1)

_=T±=±±I--------.--
X

Fossiliferous  wackestone  with  microstylolites  OwS-F-MS2)
---.--------- II----------. XI------------ X.-----I,-----aX-----.- XI----,,-----11

Bed-brown  silly shale  (SH-Z-PIB).
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GEOSON  OIL  COMPANY,  |NC.  #2  H|Dy             Page2
porosity

&oil carb.   Ii[h ar8 I
hmwPsss 8S Lithologic Description and Comments

3965  Ft.3970Ft.SITSJL.S.3975Ft.3980Ft.

Bed-brown  silly  shale  (SH-Z-RB)

------ IIIIXIIIIIIXI;i!1

.,.,..,
Fossiliferous  wackestone  (WS-F)                                                                  I

-----------I
lL'llII?.-------------------
----------------------' ,I,1' I ---11---------------------------

IL'`---L..------------------------I-----------I---Ill.-------------I--.------------.'.---lL..---.'.1,..-----=_-_-.---.--
XI

I

Fossiliferous  wackestone  with  microstylolites  (WS-F-MS2)
---I--------I,-----------I

End ofCO`re
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CITIESSERVICEJr|      KNUDSON"A"                                                   Pagel    i

NE SE NW, Section  16-T7S-R32W                                                                  i
Thomfts  county,  Kzlns:`s                                                                                      \1

II

IiP&r°o'£yc.rb.hah.8no

hP !9 US IS 8S
i                   Lithologic  Description  and  comments                 ,4250 Ft.©im`@iiB4255Ft.J

Red-brown  siltg    shale  (SH-Z-RB)                                    i

-.--1-, ,X I

...,.,.,

Fossilifcrous  and  peloidal  packs[onc  with                                i
-   ---1111--- II-----11t.--'=.=`.--.

min:; ::ct::1:i`::c bartc:,:;a::°pn (pans:Fjff:;'.;n 8                         i-----I-------,----.-----------
(PS-F&P-B-RSH)  aHop.                                                    I-'..`--I-------------------

IJIL----------------------
I .,.

i:sssii#T,uswackes,onew,,hm,cros,viol,,es              (
X------ X------ - - - - -- X-,,IE.--------- X.------- - - - - - X-----=I.-.-_-_-_i X-'r---- XX

.,,.,•,.,.,•®`,

ll]ANSITloNAL CONTACT                                                              ,

Limestone@ms4260Ft.4265Ft. ^. Chert present                              I.-----. XXXX

Fossiliferous wackes`one {WS+).-.--r.-.
Fossil allocherr\s  include phviloid   algee.tvK)cfcommon- - ,` . ' A - - X------ XI----------- X.----------- XXI. . I ,' .i- : - - -------.----------- XlI-Ilnl---I-..i..`LI-I X.----------- X.------.r.--- XI-u----

XX------------------------ X----`.- -'`.I--...-I-- Xp----------. X-----------I XI.q-.-rr'------------ XI----------I X'J---II X------------ X.----------- X•-----I,,   I,,\-IX.-.L'---------
Fossili/erous wackestone with microstyloli`esXX--_-------II_-_---_-_--. (WsfJvS 1 )'-------
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C,T,ES  SEBV,CE  #j   KNUDSoN„A„                                               P.aj€€2

piroo3fy
cirb.mh.  8ng

7\P II hP inS uJS PS 8S in81 ha Lithologic  Description  and  Comments

4270 F( .4275Ft.4280Ft.4285F(.

I.?----------I X

Fosi;iliferous  wackestone with micros`yloli`es-------
XX.-----. (Wsfus2)I-----II---------I-I I

Green sil`y shale (SHiz{G)

= -_ -_ -_ __ _---=__-=__-_--___-=-I-__-=-I
Dck green `o datt< gray shale with brachiopods.I_-ff_----ffff_----=_--==-L=_-=--_
(SHDGf).f=_-_-=-_-I--=_===-==-=T=-=i=:=T=::i::::::::i:__--_-=--_--_-I.=__-__-__-__-__=-__--_-=--=__-__-=__-i__-__-__-__-__-I-__-__-__-__--_---=__--=_
D8`rt< gray {o  black  8{  4269  f` .   Not fissile .

Green sil`y shale (SHiz13G)

Green sil(stone (ZS 1 €G)

:ife:i:::iT=?i?its?i
•Possible  microcrys`alline calcite nodules present.

BaseofCore Other cores in this well are in strut&bene8th the
Lonsino  and Kansas City groups.
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LADD  PETBOLEUM   DC  UNIT 2-3 A

C-SW-SE,  Sec.  21-T3N-R34\V
Hitchcock Coiiiity, Nebi.{\skz\

Drilled June,1977

poro3ity&oil
cart.hih. ergmh8la

Lithologic  Descriptior`.  and  Commentsh I h in u' I 8I I I S S S S

tonernaF(.Fl.

I----------,X

Lime muds`one with micros`y{olites (Msivs2)

------ I
XX------I.=-----I----- X.----------- X.-,I-----I

Some  microstvioli`e seams are reddish in color.
------ I.--------i-.--- X.-----I------ X=-----.----i.-- X-------'------ XX------r`-----------I. X----...--11---I X------`.----- X----1=-------II------- XX-----I-.-----I

X----E=-I------ X-------I------ X.--I--I----.- XIV------.---_---.--I
::=±±±i

III I

F`edbrown and green  limey  and sil{yshale

5=±gEEE:i (SH+M  & Zi]B & GG).

::::i:-: ll`is intervej appears `o be m8tine in origin.

EIjj-I5il
Mcros(y{oli`eJike fe8tures are present.
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LADD  PETBOLEUM  DC  uNIT2-3A                                               Pnge2

porosity&oilnlhPIPIP
< a rb . hi h .inuJI8SSSS anomh8`8` ILitholog{cD9scriptionandcomrT`entsI

4095 F(..4100F(.4105F(.HLimestone@ms4110F(.

---+-+-+-+-

I

Brownlirneyandsilty  shalewi`hmicros`yloli`es                   I±===i_----i.I
E=±=+.±± (SH+M  & Zus2BB)

--. . - IThisfaciesis8icombinationbetweenamicros{vio`ized

Et£±E±±
::±fE:: limestone and a sil`y st`ale ,                        I

i=-f==*i-=±¥-==-Elf-E:.Ej

:::a-E:_-=E±±-±

i=EEE-±

-:-:-S:-::-:+. iIBedbrownsiltyshalewithnodulesofmicro-

:i:::i:i¥;

-3fr-I-I-.:i:i:i:fi= crstalline  c.alcite  (SH€flBJVK;)Greenrnot`lingispresent.

:iff::::::;

-I-I_jar:i
-. -. -, _ , i. _ .

I

:is-:=f::

:+:fa-=::------ :?:;i:::i rossililcrous  grainslonc  (Cjs-I-).     Minor.------.----- inrilling   bv   qrav  sha`c  (-T3-Rsm
11-1111 Fossiliferous packstone (Pst)
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LADD  PETBOLEUM  DC  UN|T2-3  A                                                 PBJ€e3

poroSily
&oil c i rb . hi h . any I

rllPP hI Ill  u'SS
3  g  g!I! Lithologic  Descripti:,i  and  Comments

41  '0 Ft.H 11-I- XX
I Fossiliferousp8ickstone(F`Sj`)--------------------- X Fossilircrous   wackcsione   .i.;i.}`   microslylolitcs.,I-+I--------

XXXXXXXXXXXXXXXXXIX*XXXXXXX

.,,,.,.,.,.,,•:,,.,•..,

and   a\\`oc`astic  brccci.ilicr.   3r\d   sli:``c   lnfil`ing._-Ill-I-i-,--I
by  grccn  shale  (WS-I-B-P\SH-MS2)-..II--,'---
Fossilifcrous   wackcstonc  .`.`:`h  microstyloli`cs

---d--I.---`-I|„In-I-------a--'1
and  autoc`aslic  brcccialior.  and  shale  in filling

Limestone©-- I.---...- by red shale (WS-F-B-OSH-.\(S2)-„-.--------.I--,1Z---.I,Ill.
This stratum is a highly 8ngillaj:eous limes(one thatd

----,.-
i-=L.===-=-I

4115 Ft.4120Ft .©4125Ft.4130F\.
woul    normally develop Into arnicrostylolitizedlimestone.Pn.or`oe*ensivecompact.lan,au\oclas`ic-.-------I-111---.---I. brecciction and shale in filling developed and was l8ter-------------L--I--I-- compacted 8s the micros{ylo!i`es fomed.Bedchettreplacemeh`ofcn:r,c>idsandbrachiopods is|t=3..--.I---.------1'..-.-------r--11------

-----.-J common.I-'--,,I-I-lL.----•---`-I-----11.---.`-`..,----.---I---lL-I•.------i.----a.---------
XX .,•,.,.,,,.,.,`,•,:.,,

Fossiliferous wackes`one with microsyt`oli`es
-,----------,IL=--.----- X

{Wsfus2).  Mhought this irl`ery8] is l`ighly------- X----- microslviolilized, it is not 8s angillaceoqs as the-.--- XX-----r-----I ch'oveinterval.I1----I.-.--- X- - .- - -` |Ilt----- XI----,------ X.------.---
•,,. Fossiliferous wackes`one (Wsf).----------I-----

Green shale with mchne fossils (SHGGf)

Redi>rown shale with mchne fossils (SHflB+)

No silt was noted in this  shale .                                                         I
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LADD  PETPOLEUM  DC  UN|T2-3A                                                Pnge4

poro3ity6<oil
cbrb.hah. 8no

J|P 1I hP inS uJS PS 8S ina ha Lithologic  Description  €r:  Comments

4 '35 F\.4'40Ft.H'Limestone@iRE4145Ft.4150F(.

I I

I        Redbrown shale with men'ne /oss:ls (SHflBf)

= -_ _- __ _- _- I Pledbrown shale (SHflB)

=====i==±==j

I I

Dark gray  shale (SH-DG)                    Uppercc)n`ac` is

:::I:ii::::i:-==-=f=_-ff_-----i=-f=_----__-I--_---==.I_-=-_-_--_-_--_-=_--_i_::::::I:I::
transitional.Onlyonebrachiopodnoted.Somesiltispresent .

-----I--.- X Poohy sorted oncolj`ic packs`one  wi(h rnicros`yloli`esnee+'thetop(PSONCJvS1)I-I------ XX------.-----I------ I :t Oncolitic  and fossiliferous  grajns{orie  (GSONC & F)I-----------I
i3±-I-I-I-.-:-::-::-:fr:-. Bedbrown sil(y shale with nodules o( inicrocrys`allinecalcite(SHizi]Bne)

_:3S;-::-:-++.

:fa::?:::?::
_ '_- I I Zrr i
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LADD  PETROLEUM  DC  UNIT 2-3 A                                              P8ge5

poro3it y
6(  oil clrb.hath. One

?I; !9¥ PgSS ina A                   Lithologic  Description  and  commer\ts4150 Ft ©1a:afty:4I55Ft.JLimestone4160Ft.a@m@4t65Ft.4I70F\. - -1 - = = - Fossiliferous grdns`one (Gsf)  lT`ere is 8.crust at the-----.---------- II-----
I

E   ''     .'      '      `         ``'         `    ''                                  II-----
Fossiliferous  packstone    a'S-F)

------------..--------.---------------------_-_---_-_i------ III*XIIXXXXXIIIXIXXXIIX Mcros`ylolli`es  present  ck the top c>( this stratum .-.`--1--11.-----
Lime muds`one with shedeinfilling by red shale (MSOSH)-I'J---I-I----I-.----

Fled seams 'rom the shaleinfiling are not horizontal .
------------Ill----'.I----------.<-=i.----I-.-,I----,J----`-p--iJ-ir------------r.-------.----------I-------.I--I-'.----L`------------------',`----I,I.----,lIP------I----------------`|-p---r,-------------.------------...--- tXItIXIXX

I

Lime mudstone with autocl&stic brecciatioti &icj
I,-----,.-I.----I---.-----I.-----L=l|-.----

in(illing byred shale and mi¢rostwlolites :.r`^J Jverrrin`      `Illng----.. -t`-- this fcoies (hrsBOSHus2) .EF}OsloNALCONTACT---.``-..------- . -. .. -I- - --,---L.....- - - - Ill I,I-11-----------I,------ .,------_. Fossiliferous  packstone  (PS-F)---------------- Baroque dolomite present reduces pores ..-----------------
+

Fed chert replcoement .----- XX*X*

Lime mudstone with microstylolites (MSMS2)
i-.----------.-------`---. - - - - -`------ - - -. - ----1=--

*IXXIIXXXXX

Lime mudstone with outocl8is(ic brecciation endinfillingbyredshalethatisoverprintedbymicro-s`yloli`es(hrsBOSH^rfs2)

X,XIX
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LADD  PETROLEUM  DC  UNITY  2-3  A                                               ?8`ge6

II

poro`ity
6<  oil c®rb.mh. Ono

Fl
inS uPSS 8S

A                       Li\hc>1ogic  Descriptioi`  and  commer-`s4170 Ft.JLine,stone   :4175F(.4180F(.4185Ft.4'90F'. ----- XXXXXXXXXIXIIXXX
I

.,,,.,.,.,,,.,..,I,•,`,,,

Tratisi`ional  con`8c(  (o  {+.a  overlying  in.I:stone .
-----I-------------I-.-I-I11,.---

In filling   b)J  red   sb:`lc   is   I)res:I.!   al  ¢}71    fc::Fossiliferouswackes`onewtithmicrosyloli{es
--.-.-.----------II.`-----I.---I-.---------=-.---------aI----------.11-----------I1.-----I-It----I-t=.-ii---.--- (WS+us2)Thisin`ervel is very aroilaceous .F}edcher`present.-------,I-----=----------------Zf~---I--------I----11.----I. X-I.--,--I---i--- X----------- Xi - - I a - L- X----------- X------ - -. - - - X----------- X-----

I-I-ill-------- I-------,I-.--I- X-'-.---.
X------L=---- XI----I
X------ X---,1]------- X-,I----11...------ X--------.-- X- .- -- - ------- X-----EL----- Xrl---..----- X{
XI----I-I X----I.------

i±€EE±
Limey shale with (ossils  and  rr`icros{violites-=±¥±±

----JL-i+-----
(SHIMfus2)Thisintcr`'alis more  argill.icco`js  than  lt\c-=E¥=-=-.-_.

i€±+-ii-+- overlying  interval.     It  is  n`orc  };'.`c  a  sl\alc

iE-=EE-= than   a  carbonatc.                                                                                         I

5±±jEF±
:±±=E-+=+=
ij±+-±+i-+i±gE±E
------

Limo  n`\`dslonc  \`.ilh   &lilocl.istic  brcccialion   and
--..-- X--<,---I--,-I------i= X

X inrilling  b.v  red  sha}c  o`'crprinicd  byr,-.,--I,L=I|.,--X microslyloli[..s  (MS-B-OSH-MS2).I.-.--- X--_---- X
'\1 XXXX

The   in filling   red   shale  contains   slickcnslidcs.
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LADD  PETPOLEUM  DC  UNIT  2-3  A                                                Pnge7

poroJity&oil
cDrb.hah.  any

rlP 1I hI inS UJS PS 8S ina h8` Lithologic  Description  and  Comments

J

------.
Lime  miidstonc  \`'ilh  autoclasiic  brcccialion  ancl
in filling  by  red   shale   o`'crprintcd  by   micros[}Jlolilcs

Limestone4195F(.I4200Ft.4205F(.  .4210F(. (MS-B-OSH-MS2)-------.I-----------.-----I
Gray`€reen shale with fossils (SH13G+)

Brachiopods aJ€ present .

Gray silly shale (SH{GZ)                                                     I

Trser===•--.-I--.-.

IRedbrownsiltyshalewithmicrocrys`alline<alcite

1=--I-I--.:::::E±::: nodules (SHZJ3Bne)

--+Ei==.i.

-I-=ii±-.

:es:::::::=i*:::

--.S=-_.-_.--.:i:::::::E;
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LADD  PETPOLEUM  DC  UNIT  2-3  A                                                 Pa{€8

poro,ity
&oil cbrb.ht^.  8ng

nP |hPP muSS P8SS h81 Lithologic  Description  and  Comments
2'    F(.42t5F\.@iREKLimestone•4220F\.4225Ft.4230F\. -:-::-:+_rf-i.

Redbrown silly shale with microcrystalline<alci{€-- -_. -_. -- - nodules (SHizJ]BM)

-I-_.-.-.
:=-fa-::f=
_ia..-.-...

.-.--.--..fr.--.

-----
*:*:*iii:.:i;;:::;:;

Fossiliferous grdns`one (Gsf)F}ugosecoralnotedne8rthebase.
------------------I,I----------------------------------------------------.----- Mcros`ylolite present .------1---------H
-L`-.--

:::,,.,..•,.,,.

i Fossiliferous  packstone  with  autoclastic  brecciationI,,-----XX-.I---I----..I-- rand infilling by red shale (PS-F-B-OSH)rl----.--.I--- X---I.`'.- X

.,,,,,,,,..•,.,
Fossiliferous  wackestonc  with  au[oclastic  brccciatior.

lL'` - .` ,L` --..--'`- X-----.--,.-. -- XXI---I------I
XX and in filling  by  red  sriale  (WS-F-B-OSH).-------11--.i----1- Mcrostylolites are present .--.-L'- X--,.---- - -I - - I X- .--'J

The  in filling  sl`alc  is  not  silly  and
-I---.I X--L-t`-.----- X-,--.I- slickcnslidcs   arc  prcscnt.' I- ` - - - X..--..-.--.=L. X---|iE.------.- XlL.---,-=-=T----=?- X

X ',.,•, Fossiliferous  wackcstonc  with  autoclastic  brcccialion
X

and  in filling  by  gray  shale  (WS-F-B-RSH)I-1.--,- X--lL`--I-----
•, Fossilifcrous  wackcstbnc  with  in filling  by  gray  shale

--.--- XI-'.-----,--- IXI_I-i--E1----.--I---LJ---I (WS-F-RSH)----- X------
I  A    I     ,, X----. +-----...- X.---------------

',.,,,,

Fossili/erous wackes`one (WSF)----------------- Autoclo`s`ic brecciction may be present .-----------I----------I----------------
Core hot present.
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LADD  PETROLEUM  DF}Y  CREEK  UN|T2-3A                                     Pnoe9

pore,itv
&oil c1rb.hih. any

7\P |hPP inS uJS IS 8S in81
a                    Lithologic  Description  and  comments

4230 F\. -K -I---- XX I

Fossili/erous wackestone (WS+)-----.------------------------ IXXX

Fossiliferous  wackes`one with microstyloli`es- - - - 11111 - - '-------I-==11..
(Wsfivts2)-. - - - - ---------_-_-I_-`-_-- X

Limestonea4235Ft.4240Ft. iL--_-----I X

Yeryangillaceous------ - - - 1111- ,IXXIXI=----- IChertpresent.

-----I--I-,.tT----I .X

I
Fossilifcrous  \`.ackcstonc  (WS-F).   Large vug  is  reduced--..,---I---II,,i----IX by  argillaceous  material  and  then  by  spalTy  calci!c.I---I------I I
Fossiliferous wackes(one with micros`violites------ X

(WsfivG1)------
Gray `o brown sil`y shale (SHizlaG)

i

Pledbrown silly sh8je (SHzflB)

Slickens!ides are present in the shale.                                 I

II

I-,,,
XX

:::.:.

Oolilic   antl   oncc`litic   grainslonc   wiLri   zii]loc]as[ic
gil-ilLr-,`,-- brccciation  and   in filling  by  red  silly  shale--....i--.. X

Limestoi`.e4245Ft.4250Ft. X (GS-O&ONC-B-OSH)-,I.,-I,I
Foss. w8Lckestone (WsfBOSH)II,IE,,   Ill--I.-I-LF---- X

X

:*•:.:::.:.

Oolitic   and  oncolitic  grainstonc  with   auloclasticI,--,---XXX11-,---,,I--I-t.- brecciation  and  in filling   by  rod  silly   sl`alc.----=1-,,11--I
(GS-O&Oh'C-B-OSH)-I---LEE X.---iiH

ENDOFCOREI

I
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MURFIN  DRILLING  CO. #1-24  KINCAID

E/2 NW NW, Section 24-T3S-R27W
Gillespie SE Field, Decatur Count}t, Kansas

Driued September, 1982
Pc,rforated:  3567.5-69  ft„  3580.5-81.5  ft.,  3583-87  ft.,

and 3714-16 ft.
initial Production: 86 BOPD + 10%

I:r°o'±y c]r.t in ap I

h2 1) !9 US )S 9S ina` t\a` Lithologic  Description  and  Comments
(.;65F(.BinCnestone!70Ft.275Fl. Gray`o green siltyshale  (SHZ€G)                                     `Redbrownsil`yshalewithmicrocrystalline<alcite

i
:fife:i::
--ri=ii±-.:i::a:i:: nodules and green mo``ling (SHzi3.B"C€M)

I:-:js=-I+.

Gray`o green shale  (SH€G)

------
:i;

Fossiliferous and ooli`ic grdns`one {Gsf & C))------.-----------------------------------
F`edbrown silly shale (SHzi]B)

Mssing  Interval

------- X ::,,.,,.•: Fossilifeorus wackestone with micros`Volites- - - - -- ------I II-----
(Wsfus2)- - - - -- = X.----------- X----T=- I.-----

- - I I

F`edbrown sil`yshale (SHzflB)
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MUBFING  DBILLING  CO.#1-24  K|NCA|D                                           Pnoe2

poro3iLy
6<  oil c1rb.hah. atU

J\P hP inS US PS 8S
i                   Lithologic  Description  and  comments3  7   F(.3580F(.aim .IDLimestone3585Ft.@im3590Ft.a3595F'. 'I

Bedbrown sil`yshale (SHzflB)

Green shale {SH€G)

-----
XX •,•:

Fossiliferous wcokestone with microstviolites-I-----II------ - - -- -
(WS+JvS2)---,,I.-- - -- - -- ------ ::: Fossiliferous gr8jns`one (GSF)----- ±:tI..--------I IXXXXXX

:..,
Fossiliferous  w8jckes`one with micros`yloli`es

----------I-.-----
(WS+us2)lE.--------------

- -- - - - -I-------. .,,
Fossiliferous wackestone with microsylolites1=-=-=-=-=-
(Wsfusl).--,---I---I-------

!ii Oolitic and fossiliferous grdns`one (GSO & F)

::,.,.:.,.,.,.•,•,:.
Fossiliferous wcokes`one (WSF)                                           ITv/azonesofchertreplcoementarepresem.

-----.----
IXXI_^ '+ .^^^^^-I+^^^

I-----I
^^^-.-±+++

I'-'.---- I- ,- LL` I, XI---------

----- .,,,•:I.,,

Fossiliferous wackestone with rnicrostylolites- - - -- - X-----.----- X11-----I (Wsfus2)----- X1'------ XX-----.----
XI-----I------1----- X----- XI------ - - -- - I-_-_-_-_-_II----

•:•,•::.•,
Fossiliferous wcokes`one (WS+)

-..I.` I- .X--L-------- X----.- I---------- X-r.---: - ..= ..'. - .. .... X---------- X-----
End of Core
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MUBFIN  DBILLING  CO.#1-7  STBOuP                                              Pnge  1

150 Feet NW of C NE NE, Section 7-T2N-R37W
Dundy County, Nebraska

Drilled August,1978porosity

&oil a,rb.Hh.One
hI 1I h) inS US rS 8S h8` Lithologic  Description  ar\d  Comments

4215 F\ .4220F\.4225Ft.4230F' .
F}edbrown and gra.yi)reen sil`y shale with-a-i-i-i- .

I '_- I `- `_- i microcrys`allinecalcite nodules (SHizflB & GGM3)

This S`r8}um is mo``led between redbrown and gr8iy-
I:=ff:_:--f=I:-::-::-::fi::. green color.

-=ff=.
=:=:¥::T==`--==

Redbrown sil`yshale with some gre`yngreen
mo`tling (SHizflBJaMNomicro¢rys`allihe<alcite nodules.                                       I
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MUBFIN  DBILLING  CO.#1-7  STBOuP                                              Pnge2

pore,itv
&oil c1rb.hih. Ono

P
1I hP inS US IS 9S t\a` Lithologic  Description  and  Comments

4230 F'.4235Ft .4240F(.4245F(.4250Ft .

Redbrown sil`y shale with grt\yLgreen mo(`Iing

(SHzflB{M

Very fine sonds`one with microcrys`alline¢alci{e
nodules  (SS iflB & GGivK:).  The colorvches
between redbrown ar`d ginyi)reen .

Mnor oil s`8jning presem .                                                               I

-.=d5T-T- .

I

F}edbrovm sil`y shale wi(h micro¢rys`alline<alci`e

-I-=i5=-. nodules (SHizflBne)

ii±-I-I-I-.::==]E::

Pledi)rown sil`y shale with some gravi]reen
mot`ling (SHizflB€ho
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MUBFING  DFHLLING  CO.#1-7  STBOUF)                                            Pa¢e3

poro`ity
&  oil      clrb.1ith. qu

J\P 1I !9 u'S PS 8S ina h81 Lithologic  Description  and  Comments
t.a

I

F\edbrown sil(y shale with grayi]reen mo``ling

(SHzilB{M

-=.-.=---
Fossilifcrous  packstone  with  microstylolilesI----------I

a@iiB@EiB4255Ft.DLimestone4260F\.4265Ft.4270F\.
r=----- (PS-F-MS1).     Dissolution  crosscuts  microstylolites.--I---.
I-=-=-=-=-=1 Fossiliferous pcokstone ( PST).------

XX Fossiliferous wcokes`one with iTiicros`ylolitesI-----II----------i (WS+Jvts2)- -- - - - I I r------
Fossiliferous  packstone  with  microstylolites   and-----I--:-----. ---I-.`1--- fractures  (PS -F-MS 1 -FR)---------I--I.

I--I--I-I_---I
X

i

•,`,.,.,,`

[#sssI'kro:,s  wackestonew'`hm'cros`Val``es               i

I-----1'------ XI------I-----I------ X.----------,=-X------------ X------------ X
I------ I.-----I------ XI-----I--I.---

X-JE----I----- XI------I.---.- X_    I          I         ,          I------ XI----------- X=----------- X--------L=--- X.-ir--------- X-1-----I----- X=--.--------- I------------
Redbrown silty shale (SHZRB)                             I

I------i- I Fossiliferous wackestone with microsvioli`es--I---I------ XXI.lil-I--_---_I (Wsfus2)------
Fledbrown silty shale (SH€i]B)

EndofCore
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MURFINOILCO.  #1    PRENT|CE                                                   Pngel
C NE  NE,  Sec.  30-T2S-835W
Seberger  Field,  Pawlins  Co.,  Kansas
Perforated  4246-47 ft„  4252-58 ft.,  4268-72  ft.,
4304-06 ft.,  4314-16 tt..  4316-17  tt.  (4314-17 ft.

produced all water)piro®;£yc]rb.in. ap

nI |hPP inS uJS )S aS
i                  Lithologic Description and comments

4238 Ft .4240F(.KGS TS4245Ft.aDLimestoneKGSTS4250Ft.aimKGSTSKGSTS4255F\. :i:i:::ri:: Redbrown sil(y shale with  micro¢rystalline{alci`e
nodules and  green mottling (SHizi}BhA3€M'-I_ida

r-i_I_3Ef..
-H-I-I.I-.:i:i:js:i=

Green sil`yshale  (SHZ{G)

I----- Fossiliferous pcokstone (PST)   Oil s`alr`ed with-----I.-----
porosi`v estimated `o be less thou 8j6 .-----I.-----I--I--1 .,.,.,.,,,,,,,.,.
Fossiliferous wackes`one  with  in filling byI-----.-.-''.------_-- green  shale (WsfRSH).  Wi`h pressure solution.,
mlcrostyloll(es  Tom from the mfilllng green

.=-=-=-=-=-: I
shale.  Oil s`o]ning is in spots from 4244.5  `o 4245.5.       I

=----I-1--. X-lL..--.-I .,.,. I--.,.-`.-
Fossiliferous v/ackes`one including cementiilled              I--. -- X. r- - - -I---- -- X
molds of phylloid algee with  ou`o¢las`ic brecciation-----1-- - I- - - i - X. ,I Ill- I - , I end infimng by gray shale (WsfBJ]SH) .- - ' I - '. X--= . -.I--.-t`..- X .       .            .     .         .        ,         .                 -       ."      ,   ..    ..        II,--,-I-I '        .   '           '     '        '                 I         .     -'           .          '        II , - - 'J . - - X11-,,-,I-I infiHing gr8`yshale                                                                                            ,

I--I.- -I I.L--
X------.` I-.I,-,I-- I
X

--,I..-. 'I•,•,•,,,,,

Fossiliferous wackestone with fractures-.I----.-
(WS-F-FF3).   Autoclastic brecciation  and  in filling  by--- -I- . . ' - .-..
gray shale is present, but to a lesser degree than  in-.`..------
the  above  stratum.   Possilble  post-stylolitoI,r.-.---`-----'.'`'
porosity.   Fractures may control migrating fluids,--,---. ..,'---J' I. -. Baroque dolomite is common.---`' ---..,.---I---LJL--ii,Li:
Oil stained with porosity estimated to e>a>eed 8%.--'--I--,-------I--I

L., . `. '-` i--.-L- -I- - - - . .`.In-----,.-.,---`,I-u-- . I- - ---..---------
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MuPFIN  oil  CO.#1  PPENT|CE                                                Pa€e2

poro3ity6<on
cirb.Iith.  8no

nlPP
!B

u'S IS 8S Lithologic  Description  and  Comments
4255 Ft .@iEaDLimestone@mKGSTS4260F'.4265Ft.KGSTSELimestoneKGSTS@im4270Ft.KGSTS4275F'. I----- .,.,,,,,,,..,,`

Fossiliferous wackes`one (WS+)
-----.-------I-'.I--q1= - - Ill . .` ------I.-----------

XXXXXX*XXXIX-------I...-`JJi-.----------------------` `...-I.''`------------------------ - - -` ` I----------------------':...-'.--------I----(.-----,I..---.,.----------------------
I*IXXI .,.,.,,,.,,,.,,,..,

Fossiliferous v/ackestone with  microstyloli`es
------L -` - - I I I - I------L.----

(WS+usl)- - .- - - ------------ - - -- - ------I---------------------------------
X

.,•® Fossiliferous wackes`one with microstyloli`esI.-_-------Ii---------I I (Wsfus2)--I-if
-__--_--=.=_--_--_-__--_3i Dark oroiy  shale with brsohiopods  (SHDGF)

---Ill-- XXXXII*XI •,•,•,,,.,•,I,.,

Fossiliferous wacl<estone  with lnicrostylol.I`es
I----------=----I---I-----

(Wsfusl)-L----------.---.--L,-----.---lL------JE----.-H---11--=.----------I----------------I--. X.----------- X--L=--------- •1------T----- `,.,.

Fossiliferous wackes`one with antoclastic.-- I--------
:-=E-=-:I, bre¢ciction byfrac`ures that are cement (illed.W+F\

(    S    8+   )B8roquedolomite common and may be replacive .    -

----I-

•,•®

Fossiliferous w8ckestone with microstvioli`es
X

I.----- `-----I X

(Wsfusl)I-----i.I---- X---,.-
XXIXIXIX
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MUF)FINOIL  CO.#1   PF}ENTICE                                                       Pnge3

poro`ity&®il
c.rb.hrh.  8no

lFi
h) inS lopSS 8S Lithologi.c  Descripti.or`  and  Comments

4275 Ft .ELimestone4280Ft. ----- dl
.,.,

Fossiliferous wackestone  with
I--I--Iir,I------

IX11.--L=-
microstylolites  (WS-F-MS1 )-----.------ Ia
Carbonate mudstone with  microstylolites  (MS-MS1 )Fossiliferouswackes`onewithmicrosylolites-----=-----------...----.-_- `IX

•,,.

=---'---,.----I----------- (WS+ne?-):-=-=-=-=-=.
4278To4297NotCored

I

IiiI

i

233



MuPFINOIL  CO.#1   PBENT|CE                                                   Page4

porosity6<oil a.h.mh.  any
nP hI inS u'PSS 8mS& h81 Lithologic Description  and  Comments

4295 F( .4300Ft .@iE
4278 f( . to  4297 (`.  r\o` cared .

F}edi>rown  siltyshale  (SHizi}B)

Gray sil`y shale (SH+JaG)

-----I X

Fassiliferous packstone (Psf)       `Puej:jsd=th:To°pT-----I---I-------I-----
Nan+erroan calcite is the                   Fusulinids and-----------------
most  common cement.                       cn.noids common.----------I.-----I Ferroon calci`e ar`d baroque------

a4305F'.GLimestone4310Ft.4315Ft.

i---------. dolomite present .i-_---_---II----- Porosity  appeairs `o be pos`<ementation .  Porosity is---------- local  and   r`onporous zones are well cemented.-----I-----I-----
•±=-=-=-=-: Foss.  wackes`one (Wsf)- -. - L` -

IIIIIIXIIIXX

.,.,,

Fossiliferous wackestone  with autoclastic
IIF----I------

brecoiation and  infilling by dark-green shale------ . . ~- . I ----I.11.
(WS-F-B-F3SH)                                                                                                    \1-----..------I---- - .- - -._-----~----1lr'-I.--Ill---.-.----IJ-I------

-------L],--- XI-.'---I- - I ~.- i `T-. X--I..-.----I--- I- - -- ` ) - XI---------- X.----------- X----------- X------
XX

I----- X.---------- X--- ----- -
Fossiliierous wackes.tone (WSF).   Fossil grins.-------ty.'-.---I`-,Ill-,Ill.-----lI
include phylloid algae, fusulinids; brachiopods,-----------
ar`d mollusks .  Locally, this stratum is a packstone .--------_----I
Porosity estimated to exceed  8°/a.   No oil•----.-----------. staining.   Baroque dolomite   = loo/o.                                            I-----.----------.----I-----.----ILl-------I-I
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MURFIN OIL  CO.#1   PF}ENT|CE                                                     P8ge5

}oro`ity
&oil clrb.mh. 6ng

^1PP hI inS u'S IS 8S ina
A                   Lithologic  Description  and  comments

4315 F( .@ --I---

•,,,,,.,,,I,,,,,

Fossiliferous wackestone (Wsf).  Fossil grins
---11-I•-.----•-..=--:.-----------. include phylloid algee, fusulinids, brachiopods, end-_--_----

@im@
-----------I mollusks.-,„.--..=---_-_-I-_-_------_---_---I

Baroque dolomi`e is common.  Styloli`es cross-
--------------------.- cm baroque dolomite, and some pores cross-u`------------.-----I I.I

G
es  ylol  es.      eiroque     oornl  elsrepaclve,lnplcoes.

=l.---lI-'qu-LII-.
Limestone .-----I

Interval contains some "chalky zones. which-----------
@iE4320Ft.©iE4325Ft.

------
may be related to phylloid-mound structure in this-'.,,.--•--LJ-..------ interval.-----------------
A` 4320i21 f{ ,, the vugs are larger than nomad and

----.-,I.--I-I ` '. 'JLL |' I , .  .. `-Jl.---- are reduced by baroque dolomi`e .---.------------I----------------- IXIX*I
',.,,, Fossiliferous wackestone (Wsf)----,-' L -- : i. i I L. -----1`---------------------------------I------

X------ Foss.wackes`one with m[crost   olites   WSFnel-----
Endof

Although  not oil stained, the po`rous interval

Core in the G limestone are the  most poroiis in
this  core.
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Murfin Drilling co. #2 E|vin                                                Page   I
SE NW SE  14®S27W, Dec8tur Co ., Kansas
Dri ed and completed for oil prod . in  1978 .
Perf . 3593i)5 .5 (3594 .5J)7 in core Descr.),
lpp  152 B0PD +8 BWPD.poro`ity

&  oil     cirb.hah. 8ng

3553 FT.  i3555Ft.3560Ft.@EBToronto

T|I 1P !9 uJS IS 8S ina 1\al Lithologic  Description  and  Commer\ts

TOp o'Core

Bed-brown silty shale  (SH-Z-PIB)                                                     (Greensiltyshale(SH-Z-GG)

.----------i I .,.
Laminated tossiliferous wackestone  (WS-F)-----

I1--------- ..,.,I,,,...,,•,.,'.

Fossiliferous and  oncolitic-----.I--_-_-.-_-L=I--------_-i packstone (PS-F&ONC)-----------
3561 :  7.12 %  Porosity.----------.

Limestone@ma3565Ft.3570Ft. I--------I:
2.55 md.  Peme8bility------------------.-----------I----iI--------

Fossiliferous  wackestone  with  microstylolitesI--I--11._-_--_--------. (WS-F-MS1)

Fossiliferous wackestone  (WS-F)
X-------

Gray silly shale  (SH-Z-GG)

Purple silly shale  (SH-Z-PB)
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Murfin Drilling co. #2 E|vin                                                PGge  2

poro`ity
&oil c1rb.1ith •ano

hlPP hI muJSS P9SS in8.
i                  Lithologic  Description  and  comments3570 Ft .3575Ft.@ijBa3580Ft.aimaaALimestone3585rt.©ima3590Ft.

Purple silty  shale  (SH-Z-BB)                                                           i

::::-s:,ri:ee,:::'t#:es,`.snHe-Zj3hG2uo,::i:y::i:3T:c::ad,:or:yin]I----11'+,-..
and lnfillina bv aravrdreen shale fws-F-B-BSH)I--I--I 3576(1    55.;5ndce pp.a,rLlFossiliferouswackestone/WS-F\________i--I--------------I-_`.----

.
I

.-----IL=---I-I
Fossiliferous  wackestone  with  microstylol:tes                      i--_-_-_--_-----_I-----I--.
(WS-F-MS1 )-----------..,-.---.--I--------

I

II

''Fossilifeoruswackestone(WS..F)ivbldicPoresreducedby-----------r'L----
LEE - L` r` ,- -----------I------------I---Ir„Tl.----i+-
LLIL.L.-,.'.-rc,|,------.---------I.------L|-----I------.------------ LJu - ` - - L..-----I----------.---------- f en®on calci`e ,I-I-I-rJILI--I-------I

I

.,IE-i--.r2`--------I-----|E-----.------.------I.------L[---------------I----I-----.-------------,E--- I

[£sss-'E!fur::,s wackestone w`th  m'crosty'oi'tes            I

--------.--J=-= X------I-1,L=--------I I
-----I Fossiliferous wackestone  (WS-F),-----EE-.----------I high  porosity.-----111----II---- X

Fossil'rferous  wackestone  with  microstylolites--`----i----,|'----) I
I OwS-F-MS2)I.E'.--.-

.
Dolomitized {ossiliferous wackostone  (WS-F)
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Murfin Drilling co. #2 E|vin                                                         Page  3

poro5ity
&oil c1rb.1ilh. Ono

I i!= u'2SS 8S Lithologic  Description  and  Comments
3590 Ft.@im

I

Red-brown silty shale (SH-Z-F`B)

-----
:;;

Pelc>idal  and oolitic grairlstone             3595:  14.81°/a  For.
3595 Ft.@imCLimestone3600Ft.3605F't.aimDLimestone3610Ft. I------,---- (GS-P&O)                                                      434.67 md.  Perm.I------ I.i:

.----------- .I
..,.:.:•I. Foss. wackestone with microstyl. (WS-F-MS1 )-----

Fossiliferous  packstone  (PS-F)-----I----------II------.----- .,
F6ss.  packstone  with  microstyl.  (PS-F-MS1)-- - - - - I------.----- .,
Peloidal  Packs`one |C2 P)-----I----,.I---I-I •,.,
Fossiliferous  wackestone  with  microstylolites-----I.--,I--
OwS-F-MS1)-,I.----

-=B=-=-_-_-_L2E=_

I I I I

Fled-browr`  silty  shale  with  microcrystalline-calcite

=H-=-=-=i=i=_its-=:±:=i==
nodules (`SH-Z-FIB-MC)

-----
Fossiliferous  wackestone  with  microstylo[ites,

-,-I-a----i=-I * autoclastic brecciatlon.  and  infilllng  by red  shaleI----------I •,.,, (WS-F-MS1-BOSH)1'----------I---
Fossiliferous packstone  with  microstylolites  (WS-F-MS1 )-I.----II_I_---_-_-_--.-----

.,•,.,

#SS_:l!ir3¥)S wackestone with  microsty|olites                 I

----- Xr-.-------i-.-I. X-------.--- X----- X------=------ I----- *.-----:----- I------
I I-,n.---

X----.----------------
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Murfin Drilling co. #2 E|vin                                                      Page 4

poro5ity&oil
cirb.hah.  8no

rl1hPIP inS u'S )S 8S mh8181 Lithologic  Description  and  Comments
3610 Ft.©ma3615Ft. -I--- XXX

I,

Fossiliferous  wackestone  with  microstylolites
--------.----- -Ill-

(WS-F-MS2)-----------.

.,,,,,.,,

Fossili{erous wackestone  (WS-F)

-------,,Ir---.-'...,.--I"4 .` . 'JLJ--,.`..-
. I : -' . - -. ` . . .. .-

^ ^
Chert  nodules and  possible  post-stylolite----,.I|i--_----Lzi,|
dissolution  are  present.i

------ 11--,11..='..--..I.JL`.`..------------------------.-------I--_-I----_-- XXXXXXIXIXIX

.,,,.,,,.

FossiliferoLts  wackestone  with  microstylolites

--------11---=-- - - - - ------.I---=-I----------I,-I-- - - - r = -

3620 Ft.3623Ft.

-----I
tvs-F-MS2)-----I-----------------I-:--.-`1-Ill----I-----------I--,,I---------I--I---------- XXX ::,,., Fossiliferous  wackestone  with  microsty[olites--`--- I.- - I I -- --I.---- (WS-F-MS1 )'------

XXXXXXIXXX .,•,•,,,•,.,.,',',

Fossiliforous  wackestone  with  mieroslylciiites
--,--.--i.-I.-i---i

I-.''-iL_I--._t== (WS-F-MS2)                                                                                         i----------=---- I.I-----I---------I-----..-----.- .- - - .-.---------
3623 F` . `o 3640 F` . not cored
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Murfin Drilling co. #2 E|vin                                                  Page 5

pore,ity&oil
cirb.Iith,  8no

hlPP r\I mu'SS PgSS in8,
i                   Lithologic  Description  and  comments

3640 Ft.@EiBFLimestone3645Ft.3650Ft.3655Ft.aGLimestonea3660Ft.

Pled-brown  silty  shale  (SH-Z-BB)Ooliticgrainstone(GS-O)

-_-I--------- XXXXXIXIV

;;.ii!

- - -- - -I - I- I,I t . : =-----I------.--I-.--'----,^.----------------- -1 - I ` - --L.--u'1---------------------------------------- XXXX*I •,.:.:•,`

Ooid and `oncolite packstone  (PS-O&ONC)

-----------I I ` ` -. L` = - -----I,I.L.-----------L=----ir----------I-...-----11-...----,,,I,-
X L;minated mudstone with microstylolites  (MS-L-MS1 )-=-I--,--.-.---
XX Carbonate  mudstone with  microstylolites,  autoclastic-..-'. ---L'`---` brecciation.  and inf"lino bv red shale (MS-fuj§jiB-OSHBed-brownsiltyshale(SH-Z-F}B)-,.IL---

-,`,--I-I*
.,,, Fossil.rferous wackestone with  autoclastic  brecciation

X

and intiliing by green shale (WS-F-B-PSH)-,-I-lL I X-Ill---------
11 ii::i; Oolitic grainstone  (GS-O)

---------------- X-----I-----------
Fossiliferolls  packstone

---------------------------------
(PS-F).----------.----- Baroque dolomite cement is---------------- common..-----------------------------I--
Fossiliferous wackestone (WS-F)

I.----I--I-------------------
Partial  recrystallization by  dolom.rte;1'--I111+----I
intercrystalline  porosity  is  present.

1-----
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poro3ity&oilrl1hPIP
car,b.hah.9!¥38

Lithologic  Description  and  Comments
anymh&81

'660 Ft.SiREGlmestone;665Ft.@ij©3670Ft.
I .

Fossiliferous wackestone (WS-F) withLEI"-'...--I
partial  recrystallization  by  dolomite.

--,,--- I
I------

.,, Fossiliferous  wackestone with  micrcsty!olites  (WS-F-MS1 )
I-----J1-----------.-------

XXXXX*

`,`:.,.',

Fossiliferous wackestone (WS-F)

-------1„---.....L=.-'-`-L=I-,-.'-------------------------------------,------ I '. - ,11. .- . I---.,. ,--i---------I XX
Fossiliferous wackestone with  microstylolites  (.WS-F-MS1 )----------------.----

IXXXXXXXX
',

Fossiliferous wackestone  (WS-F)
-----------1' ,- L- ,I,I, - I---I-."------.----H

Bc}th  microsty!o!ites  arld  stylolites  are  present.

-----iE-I---E----ir------------'-I---i-_-_-_-_LEI:._I-_-'1---i I-I-----,I----I+----
Dark green shale with brachiopods :'.SH-F-DG:I                         I-----

*XI
.,., Fossiliferous  wackestona with  microsty'loiites  (WS-l=..MS1,`I-I--E=--|

©iiBG,
I'-+----i----

XXrX

::i!ii:;: Fusulinid grainstor`.a  (GS-F)
ir----'.-.-i----T1.-1--I+-

..imestone3675Ft.3680Ft. -..'-i,I.---I-----
Gray sllty shale (SH-Z-GG)                                                   I

I I I I I I I

Bed-brown  silty shale (SH-Z-F}B)



Murfln Drilling co. #2Eivin                                                 Page     7

porosity
&oil clrb.|ith.. any

^1PP 1\) inS u'PSS 8S
a                   Lithologic  Description  and  comments

3680 Ft.3685Ft.H
I

I

Bed-brown  silty  shale  (SH-Z-BB)

I-----
XXI*

.,•:,.
Fossiliterous wackestone  with  microstylolites,--.----- -- . . -- - - .. '-----`--
autoclastic. brecciation,  and  in filling by  redI-----I------
shale OwS-F-MS1 -B-OSH)I_-_-_-+-_-I------ Laminated  mudstone with  microsMo!ites (MS-L-MS1)---I-111,
Green silly shale (SH-Z€G)

XXXIX

I,

Fossiliferous  wackestone  with  autoclastic
breoc`iation  and  infilling  by green  shale

Limestone3690Ft.@ma3695Ft.3700Ft. OvS-F-B-RSH)---I--
::•,.,,,

Oil staining,  but  no  apparent porosity.Fossiliferouswackestone(WS-F)

I--I-------
.,

-I----------------rl----. IXXX.'.-1---=.------------Ill----
11-   -uL.I-I---- X-----------. X. r. j .-I '. .-` r. -11----I XI----------I X1r-.-,'-.-LL..L` , 4.- - X*XX-----------I------.-----I---I-. - - - ---_-----_-_--

Fossiliferous wackestone  with  microstylolites
X------11------ I-----------I X

(WS-F-MS2)--------I--I X---11--------.-----------I
X Fossiliterous wackestone (WS-F).-----------------

11 Fossiliferous wackestone with  microstylolites  (WS-F-MS1----- I------I-11----I--I Fossiliferous wackestone with  microstylolitesJET-,I--- II------.--I-- (WS-F-MS2)-_------_---I
L-i-i-i-i-.

`i
Fled-brown sitty shale (SH-Z-PB)

Bottom  of Core
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MIDWEST ENEF]GY #3  KmcHER                                                 Page 1

C NW NE, Section 4-TIN-R27W
Red Willow County, Nebraskaporosity

6<  off      cart.hih. OJi)
T\P 1P !! u'S IS 8S in8\ ha Lithologic  Description  and  Commer\ts

32t.3325F(.DLimestone3330Ft.
Fo5si!iferous wacke5tone  (WS+)-,I--,.---.I---------.'-I------

I . Fossiliferous wackes`one (WS+)-----.
IFossiliferouswackestone{Wsi:)

----r.I.-
End ofCore

I
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JOHN o. FARMER #i  Nlcl-IOLsor\TLocation:CSWSW,Sec.12BINT27W,Fed

Willow Con  Nebraska.
Initial proauction was 25  BOPD  + 25a/o Water.
Production is from the upper and lower D
Limestone.)oro'iLy

Topof     aCore aA) il1hPP CarinSb.u'S inIS h.8S Onomh81&

Litholog\c Description  and  Commer`ts

&a6!rfe@iiB3165ft.8`®®rnaDLimestone©im3170ft.@im
Fossilifcrous  packslonc  (PS-F).     Fusulinids  arc  comn\onandaremicritizcd.

I
•,.,,,`,.,•:,.,`

Fossiliferous   wackestone   with  micros[ylolites
-----I I

XIII -----
OvS-F-MS1)II,I.I.I-.I.-I--I
Between  the  microslylolites,  the  limestone  is   "clean".-_-_-_- - - I

X and  commonly  contains  mollusks  that  are  MOcf.
X--+-- XI

:-=-=-=-=-=-:----- I----- X

.:.I,,.,.,.
Fossiliferous  wackestone    (WS-F)

------ I` .' I- , . . I , .I - I------ XX.------..I..'--..`
The stylolites  are  sutured  and  h.aye  a  low  amplitude.I,-., I

X., -` - -
X

-11----I-.----I- --`----.--
X-----

Fossilifcrous  wackestone  (WS-F).    Fraclurcs  arc  noted  in
` - I- , ,`
------ the  top  one.  foot  of  this   interval.     Fractucs  appear  tc>`'-'.'

ex©© me I-----. cross-cut  the  slylolitcs.     Slylo}i{cs   arc  suLurccl   and  ha`tcI-----I
aa8`©©ne3175ft.

rl.----I low  ampliludc.

I ^. ' I -. ' `

I,----
- I

.-----I~.,I.------L..--.----L=-------.I-`'^`=---.----I----------I
J3oLLom  otr\-,® 11
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Tolnr o. FAR.MER #2 NICHOLSoN

Location: SW SE,   Sec.12-BIN  -T27W,   Pled
Willow Co.,  Nebraska.

)oro'ity&oil
c1rb.mh. adomhtLa ILi.thologicDescriptionandComments

hI 1hPP inS WS IS 8S
3i50.5  ft.K@©seD-NE3155f.aK@8US3160fl.@im@iE -----.

•,.•,,:.:
Fossiliferous  packstone  (PS-F).    Micri[ized  fusulinids  are

-----------.I---.--.--ii_--------I common.----------------.I--r=--
XI

.
Fossiliferous  wackestone  with  microsiylolites  (WS-F-Ms I)I. - - ,,1' I. ---I---I  , -I  I -._.._-_-_-_I.L=.----- ',,,.,.

Fossiliferous  wackestone  with  mic.rostylo]ites  arid
----.- I-.-'--- XXXI-I- I-I

autoclastic  brecciation  and  shale-in filling  by  red  silly
shale  OvS-F-MS 1-B-OSH).- - - - - -I II-1'-..-I..------ XII,J--------- I.-----., ..i-.----X------i  r ,  r-'|- X------ X .I:,,.,,,., Fossilifcrous  w.ackestone  wiib  autoclaslic  brecciation  and- I .. ' I. - I . , -I------,-X- - -- - - ` . shale  infil]ing  by  red  silly  shale  (WS-F-B-OSH).[' - ,I, - . , -X----I,I .

X Phylloid  algae  is  c.cmmon.hthistencminterva), the  in filling  shale  is  gray.OvS-F-B-RSH)------ `,,,
X`+11-'  I- X

.,•,

--L`---I-I1..---- I•--.._tT:--I X i-----`H-----I :.::::
Fossilif.erous  wackestone  (WS-F).    Phylloid  algae  is

----iT-----------I--_-_--=-=-=-=-=-=- Present.------i----I IX .,, Fossiliferous  wackestone  with----=r--I,-I...=l au(oc!as(ic  brccciation  and  shale-.------ I
X infilling  by    red  silly  shale- .I: . - `` - -•-.---.`- I

CWS-F-B-OSH).    Some of the  shale-----..-
infill;ng   shale   is   grcy.

I----I|±---I .,.,.
Fossiliferous  wackestone  (WS-I.).    Phylloid  algar,  is---|L=--------------

X@8 ve@3165f.3167ft
------ present.I,------------I,-I----I,------I-----I X------ I

. Fossil;ferous  w ackestone  with  rr,icrosty]oli[cs  (WS-F-MS 1)I------I----------- A

.
rossiliterous  wackestone  (WS-I-).    iJl`yllo`d  algae  ar.dI,A,,,i-,---------I

S5tt5=  5
Core
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JOIN-0. FARMER #3 NICHOLSON

Location: C  NE NE,  Sec.14  F]1N   T27W,  Red
Willow Co., Nebraska.)oroJ,ity

toil c1rb.hih. 8lno                                                                                                                                                                              I
ha |t\PP inS u'S IS 8S a            LithologicDe.scriptionandcomments           I3153   ft.@ ----- :.:.,`.,.

Foss.  packstone  (PS-F).    Fusulinids  arc  co`mmon.    This------_-_-_---
tt®8 ve8{®8rna interval  may  be  a  grainstone.

.,•.,..,,.,e.,,.,,.,,,,
Fossiliferous  packstone  with  autoclastic  brecciatinn  and

3155  f[.aK®®usDIIhrmoNE3160ft.K@©re3165ft' I.-----T=T` I shale  infilling  b.y  red  silly  shale  (PS-F-B-OSH)-------r--- IXIE------I,---. . . - - I,lL -. .----- I-----

XX a.,',.,.,,,.,.,,,.,.::

Fossiliferous  wackestone  with  a`Jloclasitic..  brecciaLion-    -,--I.
XI and  shale  irfilling  by  red  silty  shale  (WS-F-B-OSH).

Microstylolites  are,  present  and  are  inteaprered  to  ha`'eJJ-  XI----i-----.
X formed  from   pressure  solution  of  the  in filling  s-nale.
XI.----.--I.IL,,-=T-----

II
------ X

•:

•.          .-..`-          .,ii.`-..i.    .                   ..   .    .   .....       .   .             .

----- X. - - -- - I._---_-.--_I
----11------I---------_-------- •:•,.,•,,,',.,.,',•,,,,,.,.,•,

::esss:LnLtfer°#:arwa£€e(Sot;hem(L¥:p:}osL?;y.'sL°;:in::::Taarygcbre!,MOorVUGporesaremore.corr`.mc`nbelow3164l.t.
I----------.t='.....1'`'.--L-.-..I.---------.----11.-I.."r.r...---I---------------

@@iiBa3168f(. I,---I...-----i----1'`-'.'----4.-----------.----11. LI ..' .- in----------
:-=-=-=-=-: I '

--_-_-_-_-.
Bottom  ofCore I
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SKELLY   OIL  CO. #7  C.G.  KISLING

C NW NW, Sec.  10-Tis-R34W
Rawlins  Co., Kansas
Cahoj Field

3994 Ft.

3995  F\.

Lithologi¢  Descriptior`  ar`d  ComrT`ents

Fossiliferous wackestone with outocl8s`jc brecciation
end infilling by greyngreen shale (WsfBi]SH)

3997 ft. to 4004 ft. not cared.

4004 Ft. I--I--------,.I, I
.,•,.,:.::,',.,.,.,'

Fossiliferous wcokes`one (WSF)
ALimestone ..-----.------.----11-------

4005 Ft . Some wgs are flled with grayi)reen shale .

©ijB@im4007F'.4010F(.Stratigraphicequivalentof
.---_,_-.----

Pores  may cross€ut stylolites;I . , , +- -. ` . , 1 -- ,LJ[ - ,I. - -
baroque dolomite is prosont..-----.-'1-----.,,1--I-
Great porosity.--.Ir`,-`---.,-----.------

Mssin8 interval .

Very fine sandstone (SS 1 )

No sediinen`arys`ruc`ures  noted;  sand grins
a  L.S.4015Ft . are subrounded and well sorted .

4014 f` . `o 4016 f` , not present .
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SKELLY OIL  CO. #7  C.G.  KISLING

Lithologic  Description  and  Comments

4014 /`. `o 4016 ft. not   cored .

40'7 F\.

Siltstone {ZS 1 )

4017 f`. `o 4022 f`. not cared

==

ff¥;E=+i::i5i5;i?i:
Shalysil`stone with microcrystalline<alci`e nodules

(ZS1€HM)

:.......-.......•:..:.:.:.;.
............•....,,- •..•.. XIIX

Yeryfihe grained sandstone that is ripple bedded
in`erbedded with laminated silts`one (SS 1  & ZS 1 +)         (IXXXXXX

•..,,•......

X

:;::::jl::'i,i,,:::;::.::.;: •......,.•......;:::i:::::;;:i,i:::,::,:::.

::::.::::..;.

. .. . r.`.-I..-.I..:..;...:...:...F..+-:... .._,.•,.•-..,.....

4030 f`. `o 4191  ft . not cored .

4191  F'.

J
Limestone

@ms

a
4194 F\.

L'IIT-L=.=-- X

Fossiliferous wbrec¢iotiorlantshale(WsfB-- - ) ,,,I -XX-'.I-I,I.-----.--11,.---,11I,-.,.----II.-.----..|r-,---- J-I-..--11'.--.--II,-..-----I.-----.
Fossiliferous w-----I-----------I

END OF
CORE

8¢kes(one with au`oclas`ic
d infilling by grayi]reen

ackestor`e (Wsf)
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THEODOF3E GOF}E CO.  #2   SCHAFFEF`T

Location:   C SW SE,  See. 28-T3N -B32W
This  well  produced  103  lBOPD   at 3815~17 tt    This well  is

part ot  the  Pepu'olican  F`iver  Field.

Li[hologic Description and Comments
TT.  I    .    .    ' XX

I

.,,,,,`,.,•,,,.,

.-1'-.-I
XI

--i-,,'`E=----,lII`I
XI-,-------*---I IX---I----1=--.Er-+.I-.---Ir-,,,XX

I-+--+.-i
X---1-'.I- -- - - . - - I- ,I- 11 I - - - I----i- I.-.---=1L=.=-=-=i=,= XXIXIll----E---_- - -_E-_-_-_-_Ll-I.------------ X----I-I--i-I- X---TE--I- - - I I = -- - X------II------iF XXX

.
----,.I--------I------I------ XX--_-I.-_-_-_--.----.-..- I

:.::::iii:i:------ X------------- X------------- X------II------------

I
'1--I-- XII------------.1I--I-I------ XI-----.I,----I-II---ir--------I.--E--- XII------------I------ IX

1I-----,i--+-------- X

Fossililerous  wackestone  with  microstyloli`es  and  auloclastic

breccia`ion  wi,th  .inl"ing  by  red  shale  (WS-F-MS2.B-OSH)

Fossililerous  packstone  (PS-F)

Fossililerous  wackeslone  with  in.icrostyloliles  (WS-F  MS2)

Fossili(erous  grainstone  \GS-F).    There  is  a  zone  o{  auloclas(ic
bieccialictn  wi(h  inliliing  by  gray  shale  at  the  tcip  o(  this  iitr,ology.

Fossilileious  wackestone  with  micrc)slyloli`es  (WS-F-MS2)

I 3688  ft.  to  3813  ft.   was  not cored.
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THEODOF]E  GOF3E  CO.  #2  SCHAFFEF]T

P0roslly
carb.     1iLl` :lrg&oil

n I 11 nl \V P 8 nla 1\a Lithologic DescI) P P S S S S•t.S.SFt.iFSFt.
i

3688  ft.  {o  3813  {t.  n

-----

I I

Fossililerous  packslone  ((
I----..------------I------.--,---- with  porosity  possibly  excI-I---.-iFI--I

pores  are  interparticle  an------------.------------.------.-----I• - .., .. - I ' ' , I .` ' .------
.,

I...-...---.lm-I-------.--i
3816 ft.  to  3828 tt.  not  cored.

cription z\ncl  Comments

ot  cored.

This  stra`um  is  highly  porous

eeding  30°/a  locally.   The  common
d  moldic    pores.

3828   Ft.   I3830Ft.K I----I X
-

I

i;;i,,,,

------ X

Fossililerous  wackestone  with  microstylolites  (WS-F  MS2)                 iThisstra`umisveryargillaceous,almostasargillaceousaswhathasbeendescribedasalimyshale

11----I------ X- -- - - - - XXIXXI----I,1I
:.=-=-i=-=-:.--L=--.

I--ir--- IX----+I-I------------ XI-T
XII

L.S.SITS3835Ft.3840Ft. I----IllI
Oncolitic grainstone  (GS.ONC)     ln  'his sl7=i==lF=lre  is a  vuggreaterthan2cmacrossthatis(irstreducedbygiayshaleo,r  iclayandthenbycalcilespart,.----ijTI----------.dSr------

X

!i!

.-----.------ X.-----I------I------------
XI

i!i

Fossili(erous  grainslone  (GS-F)
-------------------II-----------I X

Gray shale  (SH GG)                                                                          |

I
i

Bed-brown  silly  shale  (SH.Z-BB)

EndofCore
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;;i;§*TURFINDR'LL'NGi;i:i;;5;N;i{i;;n{!ii5ii;C:I:d:£:d:u:;do$95:o€,¥B:o3te{f8:,fin:'is3t''!\
pore,ity
&oil clrb.|ith. 8no InlPP t\I inS u'S IS 9S in81 ha Lithologic Description  and Comments

ALimestone3960Ft.3965Ft.A
-IL,I-ut- XXX •,•,

Fossiliferous w8ckestone with outocl8stic
--.--.I--.----,--- - L` - . I =--'`----

brecciation and in filling by green shale.-11.,I-I------
(Wsfi3flsH)
Mold-filling  cements one ferroon calci`e

Porosity and  pemeabilily data from Hunt ( 1981 )

I I

Depth       Sainpletl           Porosity       Pemechili`y

3968 (`.         S2A                    0.00%             0.00 md
3968 f`.         S2B                      2.6 %             O.00 md
3970 (`.         S3A                    23.1  %            2.29 md
3970 ft.         S3B                   22.5 %            2.16 md
3971  f`,        S1^                   27.9$            9.12md
3971  ft.         SIB                    2'7.2%             8.86md

3960 ft. to 3968 /t. not cared .

Limestone3970Ft.
---J---

* Foss  wa,ckes`one with outo¢las`ic breccictioT==T.

.,

II I -
infilli;gbyvery-fines8nds`one(WsfB€S)

Brown `o red very-fine sonds`one with oil s`alning

(SslflB)
Concre`ions are composed of nonJerroan

EquivalentofB calci`e, non+erroon dolomi`e, /erroan calci`e, end II

baroque dolomi`e ,

Limestone3975F'.
Some sil(  m8iybe present.
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MURFIN  DF}lLLING  CO.#|   SouCHEK                                             Pnoe2

poro3ily
6`  oil c1rb.hah. ano

J\I 1I hP inS WS IS 8S in81 h81 Lithologic  Description  ar`d  Comments

-_.j55=_i_I_i.
I

I

IF\edbrownsil`yshalewithmicrocrys`alline-c8jci{e

nodules and green rno``ling (SHizi]BM={M                  i

:is:::Il-=de.
I

Eae(
depth

is
uncertain.

Illis
interyal is
located
be`weem 3972 f` . and 4004 f`.

4005 Ft .
•D"L.S.

©iiB

@im

a
D

Limeston

Redbrown siltyshale with green mo``Iino (SHizJ3B{M)    t

Foss. wackes`one with au`ocl8s`ic brecciction endinfillinabvareenshalefwsfi3flsH`-I.-,..I-

0

-.I----
Foss . wackes`one  with infi[ling by green shale(WS+flsH)----'`--

I.`--TI-- •,.-.----I-
:;I:#:n¥hdJ:isjgf.epro&u:E#)S`onewi`h inf"iing               i

I---I-.-,,,Ir---L` - '- - - - -'. I--,1---------I-rl---------i--.-`

I

Fosslliferous wackes`one {WSF)                                                 i

------------.
t'|I,I------'. - ln r' - ,1„ .''=-,----

Porosi`y' and  pemechili`y data from Hunt ( 1981 j :

iiI

------I------
B±P±b        S±±P!SI    Eerg±i±y      Pemechili`vlJ t` 11. - lt= - I-----------i 4006  f`.          S4                    10%                 4.37'  md

4006 ft.          S5^                 21.8%            10.24 md
4006 f`.           S5B                  12.7%               7.23 n`id

The in`er`ral frorn 4009 .5 f`
`o 4029 ft. was not present
in `l`e core bones .

4008 ft.
4008 f\.
4010 I ( .
4011  (\.

4029 ft.
4029 I \ .

2,7%                 O.00 in.d
5.5%                0.00 md
12.9%               7.50 md
8.3%                 0.00 md
1.7%                 0.00md
1.8%                 0.00 md

I
4032 f{.         S|o^                 2.1%                 0.00 md
4032ft.         S|OB                 4.0%                 0.00md II

4029 F' .aiiE3 -------
i;i

Fossiliferous grainstone  (GS-F) with  oil staining  anc!
- . ,. .= . - . . . -----I------I-

4030 Ft .ELimestone4035Ft.
---,--..-

porosity estimated to be less than  8°/a.                                   I- - ,111' - . ,` -.------I = - - - I I- - -
i::iii

--------I.,----' - ,` , , ,i .= - -. ,JL LJI - - - I-------,I.----.I.. r'--.'`---I-----------.------------
4032ft  to4100ft.notcored                                          II



MURFIN  DF}lLLING  CO.#|   SOUCHEK                                             rnoeJ

p0ro,nydon
c1rb.1ith. any

nP 1I hI inS uJS IS 8S ina h81

::cdr-o:cr';;:n:;,:ill:C.S:=a;;:e=':::t:::e:r::HC.°z=RmB::t:)          i
-I-EE-I-. I

\ \
Ii

•------- . Foss . wackes`one w/ microstylolires (WsfhAS2)-,Ill----I I.-r.---------.

!!i

Fn::,:I:I:t: : 5p::sn :`r:nsej:): F )                             i--,I.I------------------~.-.....-.----I-I-I-.---11-I------
GT----- Ion       On  8c                                                    --~t---i
Fossiliferous packstone (PS+)                                                    I

---.-±...I---.i-
TIT+ '

L€-I,' I.I-u^. . .•, Fossiliferous wackestone (Wsi=)   Pos-i-ibie po5|s`VloliteI)oresDresent.IL,--q-Tu- - - - - - -I------r------ I,,.
Fossiliferous wcokes`one with lnicrosyloli`es(ws+us1)                  I1'=----- X.-----I IiET--Il----

Porosity  end  pemechility data. from Hunt ( 1981 ) I
B±p!|     SomDle #     Porosity         EfmLee±i!i±r
4121ft.      SllA                             .                63.glmd
4121ft.     SllB             Z5li¥                28.65rnd
4t23ft.       S12                 16.8%                   5.32md

•porosi`yvalue  not obt8jned

Grayshale with fossils   (SHf€G)                                          I

11I-----

..

Fossili/erous packstone ( PST) with esoellen.Iporosi,y.                        ,

--i--.--|E-------11----I--------I---.----------.-------_.11-_-_--_.IL-----------, Nonferroan cal¢ite,  ferroon calcite, and bottique-,------I.--=EL--II,---I-- dolomi`e present .---,,-II|I-I-Tili-TiiI-----I--I-
I,t',IIll----------I1'------ I Foss. wackes`one with micros`ylolites  (WSFivis2)I------.1=---I-==_---I X
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i

poro5ity
a oil     c]h.iirh. ano

r\P 1P !! u'S IS 8S in81 h81 Litl.Iologic  Description  and  Comments
4140 F\.JLimestone      ' I Redbrown sil(v shale with rn'icrccrystalline-calcitenodules(SHizflBne)

-,,-I
Lime mudstone  with outocals`ic brecciction and

--1. X•--`
X--I-L.-. infilling by  redbrown shale (h6BJ)SH)X•-..--.IJ--,. ,,.IX-lluP--`.
X Lime muds`one with 8iu`oclas`ic breccciation and

"J" L .S .4145F[ .aiiE3@@4I50F\. in filling by dart<ngray shale (msi}i`SH)-,lr..---,`-X

------ ;:i

Fossiliferous grty.ns`one (Gsf) .-----
i;;

I--_-_-_--II--.------I Ferroan calcite and baroque dolomi`e cements------I----
appear to have been paitially dissolved in handiir----

:i: sample.:::------------. :::
:.i----- ::i

;!i----
::i----- :::------
i!i.-----I-----

I
•,

Fossiliferous wcokestone with microstylloi{es-and
- - - -. .- --,I.--11.I ..-,-.- mo``ling by  gr".ns`one zones that ore oil s`ajned.=-`I...---.--.-------- (Wsfus2)n =L--I..I---

Hun`'s ( 1981 ) sample s 15 is in this f 8L`i es .----
•:,..,.,•,•,

Hunt.s samples S 16, S 17, 8tid S 18 are ir`I--,I-I
this lower stratum .Hi8hlyporous.I-.-----I--I.------ -I - - - II-----II-------±--

a  iiE34155F[.
Fossiliferous wackestone with------I.--I------il.-.---_-Ill-
microstylolites  (WS-F-MS1 ). ---iE

I 11---
There has been significantI----=---.--L------11 late-stage dissolution  in this. I--T=-_-I--_--_-I
interval that caused porosity and---1--I------
permeability.                                                                            I-;'.I.,.-r'I- " I - - ". I,-----I------- - - - -- =.------,I,I_-_-_-_--I-I-I-------- I
Fossiliferous wackes`one with micros`ylolites-- - - - X.-----'I------.I X
(WS+JvS2)-.--- XX

End ofCore
i

Porosity and  pemechility data from Hunt ( 1981 )

I

2±P|t±      S±±P±SE      E±±S!±±£         Pemechili`V      P±P±!±    S±±±PIS±   E±±±i±l£    E±E±±±2!ii!±±
4144ft.    S13A               15.0%               22.5 'md 4148ft.    S16^           17.1S-              3.51  md

4144l`.    S13B                20.1%               46.07md             4148f`.    S16B           15.7%              0.87md
4145ft.    $14A                31.2%               45.4 1md 4148f`.   S17^          25.8%            67.8md
4145f`.    S14B                35.1%               77,83md             4148f`.    S17B                        .          67.57md
4148f`.    S15^                18.5%                 a.00 md 414S f`.   S18^         38.0%            67.94md
4148ft.    S15B                 17.6S8                  0.0Omd 4148ft.   S18B          30.2%            58.81  md

poresitv value not obtained 4153It.    S19              18.1%             13.76md
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THEODORE GORE CO. #1 WERTZ
SE NW, Section 6-T2N-R32W
Hitchcock County, Nebraska

Republican Ri-`7er Field
Drilled June,  1976

poro`ity6<oil
c1rb.hih. anyB!b

Lithologic  Description  ar\d  Comments
I

T\P 1P hI inS US )S q>

3970   F[3975F'.3980F,.
Red-gray  shale (SH-RB)

-,,--,-X

;;i

Fossiliferous   grainetone  wi:h  autoc.lastic  breccia(ic\n.-.---.-.-- - . -- - - - XI---1,,.
XX and  infilling  by  gray  shale  (GS-F-B-RSH)

p_-_--_-.
:i;

Fossilifcrous  grainstonc  (GS-F)
iF-----.-----I------------.------
I _- _I Ir:.=f*.-I.I,

Red-brown  silly  shale  with  microcryslallinc-catcite
nodules  (SH-Z-RB-MC)                                                                               I-i-i.i-i.Jsi

:5:::=::T-T-T.T_tl=
-----.

;;i

Pcloidal  and  fossiliferous  grainstonc  (GS-P&F).
--------.----.--c_----

Microcrys[alline  calcite  is  prescn(  in  ''Lubes''.=-----I------- - - - - --
..c Fossiliferous  pat,ks[onc  (PS-F)

---.--I--r---R
I,111----|E-._--_-_--_-=---.I--I-i

No   sty]olites.
iEi-----------------



THEODC)RE GORE C`,O. # i \VE.r`TZ

poro3ity
a  o31      cb``b.hrh. anyT!A                     Lithologic  Description  and  comments

Ill hm uJ P 9S
PP Ps S.S80 rt.]'rstone I_T-

I lE
Fossili(erous  packstone  (PS-F)

(   ,   ,   ,  T
^^^

X

.`,,.,`,.•,

Fcssili{erous  wackestone  with  m!crostylolites

---I-
X

X

X--r--`--- X----JH
||,T X

X

XX

(WS-F-MS2)------ X----------- X.I-,---
Chart  replacement  is common.   Chert cross-cuts  (he

*
XXX

85 Ft.)iiE] microstylolites.   The  chert  is  rec!  1r  color.

-1L-I-I- I-----
X--I,11--X--I--

^^
Xir-I-I---- X-a.- X---I-- X•-  =--I Iir-----I--.-

., Fossili(erous wackestone  with  trac:ures  (WS-F-FF]).TI--..-t-I.I-..,.---
T',

X

.,:.:•,,:.:

Fossiliferous and  peloidai packstone  (PS-F&P)
11--rI-----E±---- Porosity appears to  have been enhanced.ir----I11-----

90 Ft'.-ITS'95Ft.800Ft. --.--
Boutidary between the  perous anci  non-porous  2ories is^^
not  horizontal.IllIIIJr-I,---I I I

•,•,,.,,,',,,,,.,.

I I
Quartz cemeiit occ.Iudes  poros`!ty in the  nonporous  zone-11 XX- - -- - - -

Fossiliferous  wackestone  with  microstylolites

I--------I-. *XXXX

-,----XI ..-- Xi----,-
X

XX

I--- X.---------- X (WS-F-MS2)
Xill.-^^ XX

`Chert  is  present.   Tr:Ll  chert  is  reddish-brc>wn  and  :acks----I X------ the  luster commonly  noted  with  chert.    Microstylolites-=-=-=1=-=-: XX

are  cros.s-c`J!  by  the  cher`.
_I_I

XXX

----------,I- I------
X----- X

:EffiE I- 11 I -

Dark gray liiiiey shale  (SH-LM-DG)



THEODORE GOP`!i CO. #]  WEP`TZ

poro3ily
c I rb . lit \ .inu'I8SSSS anym'r\.e`!9.6{  oil

h 1 tl
PIP I

I

II

'l)al-k-.Thiss

via,ck€pein\1Ii?,?raf:

Base,  oftheCore`

i

I

IJithc,logic

--_I
rJagc.    3  i

i

Desci`i|)tic)n aiicI  Crjmments

gr:i`/  iiii`i`;,   s}i{i.1c  (SIT.-LM-i)K)

`ralilm  is  a  comparable  lo  lhe  .micros(yiolilized

eslones.  bul  this  slia(urn  is  much  more  arginacesoLis  lo  the
that  shale  is  more  dumiiiar`t  than  the  carbr.`na:e.

the  :op  ol tr,is  s.lralurn,  carbena!e  mijd  lills  possible
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