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INTRODUCTION

The    lower   Ml.ssissippian   Osagean    Series    of    Kansas    has

been   a   prolific   oil    and   gas    reservoir   since   its   exploitation

I.n    the   mid-1940's.       This    study   proposes    to   document   the    petro-

graphy   of   the   Osagean   Series   and   to   illuminate   controls   of

hydrocarbon   occurrence.      The    investigation   focused   on   two

oil    fields    producing    from   Mississippi.an    rocks,    Rhodes    and

Hardtner,    which   are   in   extreme   southern   Barber   County,    Kansas.

These   fields    are   on    the   western   margin   of   the   Sedgwick    Basl.n

and   off   the   southern   flank   of   the   Pratt   Anticline.

In    summary,    the   goals   of   this    study   are:    (1)    to

describe   the   lithology   and   to   interpret   the   depositional

environments   of   the    lower   Mississippi..an   Osagean   Series    rocks,

(2)    to   determine    the   paragenesis   of   authl.genl.c   minerals,

including   the   genesis   of   porosity,    and    (3)    to   analyze   the

structure    and    trapping   mechanisms    of   some    typical    Ml.ssissippian

producing,    oil    fields.



AREAL     GEOLOGY

The   Sedgwick   Basin    is    a    northern   shelf-like   exten-

sion   of   the   Anadarko   Basin.       Like   other   pre-Desmoinesian

structural    elements,    the   Sedgwick   Basin    is   defined   by   the

subsurface   distribution   of   Mi.ssissippian   rocks    (the

Mississippian   crops   out   only    in   extreme   southeastern   Kansas)

(Fig.1).       The   Nemaha    Anticli.ne    bounds    the      basin   on    the   east,

and    the   Pratt   Anti.cli.ne   and   Central    Kansas    Uplift   serve   as

its   western   boundaries.      An    indistinct   structural    saddle   sep-

arates   the   Sedgwick   from   the   Sail.na   Basin   to   the   north,   where-

as    thickening   and   faci.es   changes   occur   southward    into    the

Anadarko    Basin    (Merriam,1963,    p.182).

In    Ba.rber   County,    an   angular   unconformity   separates

the   Osagean   Series    from   the   Pennsylvanian   System,    so    that

Prog'essively   younger   Mississi.ppian   rocks    subcrop   toward    the

basin   center.       Simi.larly,    Paleozoic   subcrops   are   progressively

older   as   one   approaches    the   Pratt   Anticline   and   central

Kansas   Uplift.       Structural    strl.ke   in   the   area   ranges    from

N    15°    E    to    N    Zoo    E    and    di.p    is    57    ft.    per   mile    to    the    south-

east   for   the   Osagean   Serl.es.       For   the   overlying   Pennsylvanian

Cherokee    Fo.rmation,    strike    is    N    85°    E    to    N    90°    E,    and    dip    is

33   ft.    per   mile   to    the   south.





PETROLEUM     GEOLOGY

Oil    fl.elds    producing   from   the   Osagean   Series   are    typi-

cally   stratigraphic   traps    (Clark,1956,    Zajl.c,1956,    Curtis,

1968,    Euwer,1968,    Fernsley   and    Oarmstetter,1968,    and    Young,

1968,)   wl.th    production   coming    from   the    top   of    the   Mi.ssissippian

at   the    Pennsylvanian    (.pre-Desmoinesian)    unconformity,      The

producing    zone    is    called    the   Mississippi.an    "Chat"    by   oi.1

company   geologists.       Porosity   genesis    has    been   attributed   to

in   situ    weathering    (Duren,1960),    to    reworki.ng    of   Mississippl.an

rock;,1966),    and    to    channel    deposition    i.n    topographic    lows

(Cruz,1966).       The    lithology   of    the    "Chat"    is    variable    and

includes    11.mestone,    brecciated   chert,    and    tripoli.tic   chert.

This    is    not   surpri.sing    inasmuch   as    the    low   di.p   of    the   angular

uncollformity   allows    for   subcrop   of   all    lithologies    wl.thin

the   Osagean    Serl.es.

The    Rhodes    field    di.scovery   well     is    the    Barbara    Oil

Company    #1     Page    Estate     (sw    sw    sw,15,    T33S,    RllW)    which    was

completed    November    7,1949    with    an    i.ni.ti.al     potential    of

146   barrels   of   oil    per   day.       Cumulative   productl.on,    as    of

December   1980,    for    the    Rhodes    field   and    its    extension   was

10,324,553    barrels   of   oil     (Paul    and    Bahnmaier,1981).

The   discovery   well    for   the   Hardtner   fi.eld    is   the   #1

Rathgeber    (c    ne    Se.    31,    T34S,    R12w),    whi.ch    was    completed
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November    19,1954    by    the    Aurora    Gasoli.ne    Company    and    the

Barbour    Drilling    Company.       As    of    December    1980,    Hardtner

field   and    its   extensions    have   produced    1,859,149   barrels    of

oil     (Paul     and    Bahnmaier,1981).

In   cases   of   both   the   Rhodes   field   and   the   Hardtner

field,    production   l.s    limited   updip   by   the   the   truncati.on   of

the   porous   facies   at   the   unconformity,   with   Pennsylvanian

shales   forming    the   seal.       Downdip,    production    is    usually

limited   by   increasing   water   saturation.



METHODS     0F     STUDY

The   study   area   was   selected   on   the   basis   of   the   aval.1-

ability   of   lvlississippian   well    cores.       Within    the    following

townships:     T33S,     Rllw;    T34S,     Rllw;    T35S,     Rllw;    T33S,     R12W;

T34S,    R12W;    and    T35S,    R12W,     (Fig.     2)    there    were    eleven,    three

and   a   half   inch   diameter   cores   cut   and   stored   at   the   Kansas

Geologi.cal    Survey's    facilities    in   Lawrence,    Kansas.       The

cores   were   described   and   sampled    for   thi.n-secti.oning,    and

scanning   electron   microscope   specimens   were    taken   at   signi-

fl.cant   changes    in    ]ithologj/.       A   few   cores    had    been    so    heavl.ly

sampled   by   previous   workers    that   several    inches   of   core   would

represent   a   two   to   three   foot   interval.

Thin-sectl.ons   were   examined   using   a   Lietz   petro-

graphic    microscope.       Staining   with   Alizarin    Red-S    and    impre.-

gnation   with    blue    epoxy   aided    in    identi.fyi.ng   ml.neralogy   and

porosity.       One    hundred    randomly   selected    poi.nts   were   counted

for   estimati.ng    bulk   composition    (Appendix    2)

Scanning    electron   microscope    specimens   were   mounted

on   aluminum   stubs,    blown   free   of   dust.    and   sputter-
0

coated   with   gold    to   an   approximate    thickness    of   200   A.       The

specimens   were    examined    and    photographed    using    JEOL    JSM-Sl

and/or   JEOL    JSM-35    scanni.ng   electron   microscopes.       A    Kevex
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energy   di.s.pers`i.`ve    spectromete.r   was    used    in   conjunction   with

the   JEOL    ISM-35.   to    quali,tatively   determine    elemental    com-

posl..tton,    where   crys.tal    morphology   was    ambiguous.

Oyer    180    ge.ophysi.Gal    well    logs    and    scout    tickets

were    studi.ed,    l..ncluding    those    from   Gored   wells    (Plate    1)

CAppendi-x    1|.       Th..e    laterally    focused    induction    and    gamma    ray

comb.1-nati.`.on   seemed   bes.t   s.ui.ted    for   correlating    from   well    to

well.       Thi-ck.ness`   and   depth.   information   deri.ved    from    these

logs   was    used   to   construct   isopach   maps,    structural    contour

maps,    and   cross`-sections.       To   substantiate   the   correlation   of

geophy`sical    logs„    rotary   dri-1l    cutti.ngs    from   five   wells    in

the    area    were    e.xami..ned    LAppen.dix    1).



S T RAT I G RA P H Y

I n troduc ti on

Mis`sissl.ppian    rocks    in   the    study   area    range    in   age    from

Kinderhooki.an,    through.   Osagean,    to    possible    early   r`lerameci.an.

The   sub.je.ct   of   thi.s   thes:is,    the   Osagean,    extends    from   the

base   of   th.e.   Fern   Glen    Formation,    upward    through    the    Burll.ngton

Formation    to    th.e   top   of   the    Keokuk    Formation.       The   Osage   Series

ll.es    unconformably`  on    the    Kinderhook   Series,    and    i.s    truncated

above    By    a    Pennsylvanian    (Desmoinesian)    uncomformity.       The

lowe.r   Merame.ci.an   Warsaw.   Formation    locally    occurs    between    the

Osage   Seri`es    and    the    Penns.ylvanian    unconformi.ty.       The    strati-

graphl-c    relati.onshi.p    between    the    Osage    and    the   Warsaw    is

uncertain,    and    the    as,s`l.gnment   of    the   Warsaw    to    th.e   Meramec

S.eries    1.s    questi.oned    b.y    some.

Nomenclatorl.al    Hl.story

The    name    Osage    was    first    used    by    Williams     (1891,    p.

169|    to    desi`gnate   a    group    containing    the    Burlington    and

Keokuk    Formati-.ons    i.`n    h.is.    subdi.vision    of    the    Mi.ssi.ssippi.an

Seri-es.    i.n    southeaste.rn    Iowa.       Moore    (1928,    p.143)    i.ncluded

the   Fern   Glen   at   the   base   and   the   Warsaw   at   the   top   of   the

Osage    in    his    dis.cussion    of    the    Mi.ssi.ssippian.       Moore    (1928,

p.    230).   base.d    h.is.   clas.si.fl.cation   on   the    similarity   of   faunas
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in    the    Keokuk    and    Warsaw    Formation.

When    Weller    and    St.    Clair    (1928)    descri.bed    the    geology

of   Ste.    Genevieve   County    in   southeastern   Missouri,    they    too

included    the    Fern   Glen   at   the   base   of   the   Osage,    but   assigned

the   Warsaw   to    the   lower   Meramercian.       Although    no    unconformity

was   observed   at   the   base   of   the   Warsaw,    they   believed   that

the   Warsaw   was    lithologically   similar   to    rocks    of    the   Mera-

mecian    Seri.es..

Surface   Formation   Extended   to

the   Subsurface   of   Kansas

Lee    (1940)    used    Weller    and    St.    Clair's    classi.fication,

because   of   its   lithologic   emphasis'    to   differentiate   sub-

Surface   Mississippian    formatl.ons    by   examining    cuttings    from

cable-tool    wells.       Lee   recognized   the   stri.ctly   subsurface

occurence   of   a    unit    that   he    had    named    the   Cowley   Formation,

which    he    bell.eved    had    filled    a    basin   eroded    l.nto    Osagean    ro.ck

of   south-central    Kansas.       Cowley    lithology    is    characteri.zed

by   dark   s.ilty   dolostones,    dark   dolomitic   cherts,    and   a

basal    glauconi.tic    zone    (Lee,1940,    p.    66).

Clair    (1948,    p.    9)    undertook   a    similar    study   of

Mississi.ppian   well    cuttl.ngs,    and    suggested    that    Lee's    Cowley

Formati.on    l.s    a    b.asin    facies    ranging    in   age    from    Kinderhookian

through   early   Meramecl.an.       In    addition,    Clair    L1948,    p.8)

cited   the   occurence   of   tripolitic   chert   (weathered   chert)   at
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the    top   of   the   undifferentiated    Burlington-Keokuk   as    evidence

of   a    pre-Meramecian   unconformity.

Goebel     (1966)    compared   conodont    fauna    recovered    from

Mississippian   cores   with   conodont   biostratigraphic    zones    of

the    type   Mississippian    in    southeastern    Iowa.       Conodonts    from

a   core   of   the    "Cowley   Formation"    lithology   indicated   a    late

Meramecian   age   and   corroborated   Clair's    interpretation   of   the

Cowley    as   a    basin    facies    (Goebel,1966,    p.102).       Yet,    in

that   same   paper,   Goebel    designated    the   Bactrognathus   -

Polygnathus communis Assemblage   Zone,    a    biostratigraphic

zone   common    to    both    the    Burlington    and    Fern   Glen    Formation

in   their   type   sections,    as    the   boundary   between   l1.thostrati-

gra.phic    units,    the   Burlington    and    Keokuk    Formation    (Goebel,

1966'     p.     76).

Clearly,    consi.stency   in   using   lithologic   criteria    to

define   lithostratigraphl.c   units   must   be   maintained,    but   the

imprecise   nature   of   rotary   cuttings   allows   for   only   gross

delineation   of   stratigraphl.c   units.       By   correlatl.ng   deposi-

tional    facies   wi.th   geophysical    log   response    (admittedly,

coflimonly   equivocal    themselves),    a    better   understandi.ng   of

Osagean   deposition   and    stratl.graphy    should    result.

osl.tional    Model    for

the   Osa ean   Series

The    Burlington    shelf   model    of   Lane    (1978)    is    an   elo-

quent   synthesis   of   biostratigraphy   and   sedi.mentology   regarding

early   and   middle   Osagean   deposition.       Lane   describes    three
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F1.g.    3.        Burlington    shelf   model.       Schematic    cross-section
across    Missouri    into    soutJiern    Illi.noi.s.       (after
Lane,1978,     p.171).
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onshelf    faci.es    and   one   off shelf   facies,    whose   boundarl.es

approximate   those   of   li.thostrati.graphic    formations    of   the

midcontinent    (Fig.    3).

Lane    (1978,    p.168)    suggested    that    the   shelf   trend

contl.nues    into   the   subsurface   of   Kansas.       It   does   appear   that

lithofacies   analogous    to   certain   facies   of   the   Burll.ngton

shelf   model    can   be   recognl.zed    in    the    study   area.

Subsurface.   Lithofacies

of   the   Osa ean   Series

Lithofacies   are   strati.graphic   subdivisions    reflecti.ve

of   particular   depositional    environments.       Envi.ronmental    intey`-

Pretations   presented   here   are   based   on   structural,    textural,

and   composl.tio.nal    features    observed    i.n   cores    and    in    thin-

Sections,    as    well    as    on    comparisons    made    wl.th    lower    M1.ssl.ssip-

P1.an   lithofacies   descri.bed   from   other   areas.       Earlier   studl.es

especially    useful     in    this    regard   are    those    of   Wl.1son    (1975),

Lane     (1978),and    King     (1980).

Inasmuch    as    no    single   core    includes    the    entire   Osagean

Series,11.thofacies    must    be    cory`elated    wi.th    geophysl.cal     log

responses    in   order   to   evaluate   thei.r   lateral    and   vertical

rel ati onshi ps .

Elements   of   the   Burli.ngton   shelf   facies    present    in

the   study   area   are    those   of   the   mai.n   shelf   and   shelf   margin..

The   main    shelf   facl.es    l.s    subdivisible    into    the   shelf   flank

faci.es,    which   consists   of   gral.nstones   and   wackestones,    and
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the   open   shelf   facies,    whi.ch   consists   of   cherty   lime   mud-

stones.

The   shelf   margin   also    contains    cherty    lime   mudstone

of   the   open   shelf   facies,    in   addition   to    the   basinward,    distal

open   shelf   facies,   which   is   characterized   by   cherty   li.me

mudstones   and   cherty   shales.

Shelf    Flank    Facies

The   shelf   flank   facies    is   approximately   equal    to   the

combined    Fern    Glen    and    Burlington    Formation    of   Lee    (1940)

and   Goebel     (1966).    and   corresponds    to    the    grain-supported

carbonates    in    figure    3.       Thi.s    facies    i.s    analogous    to   Wilson's

(1975,    p.    25)    deep    shelf   margi.n    faci.es    and    to    King's    (1980,

p.13)    resedimented   facies.       Although    texturally   and   com-

positionally   similar,    the   deep   shelf   margin   facies    implies   a

shoreward   position   at   the   base   of   a   carbonate   platform,   where-

as    the    resedi.mented   facies    is    proximal    to   carbonate   bioherms

on   the   mal.n   shelf.       Differentiating    the    two   on   the   basis   of

present    subsurface    l.nformation    1.s    not   possible.       Lee    (1940,

p.    51)    did    suggest    that    thickness    variation    i.n    the    Fern    Glen

Formation   could   be   accounted    for   by   bioherms    like    those

described    by    Laudon    (1939,    p.    326).

Interbedded    lime.  grainstones   and   lime   mud   and/or

wackestones   are   characteristic   of   the   shelf   flank   facies.      The

grainstones   are   light   to   dark   grey,    thi.n   bedded    (5   cm),    and

locally   graded    bedded.       The   graded    bedding    is    expressed    by
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the    upward   decrease    l.n    size   of   crinoid    fragments,    with    the

uppermost    part   displayi.ng   clay-rich    laminations.       The    basal

contact   is    sharp,    and   the   lower   portion   contains    clasts   of

the    underlying   mudstone    (Fig.    4a).       These    structures    imply

deposi.tion   of   turbidite-like    flows    below   wave    base.       King

(1980,    p.    35)    suggested    that   a    carbonate    bui.ldup    complex

could   attai.n   topographic   relief   suffi.ci.ently   great   to   serve

as   a   source   for   these   deposits.

wiajor   constituent   particles   of   the   grainstones   are

crinol.d    and    bryozoan    debris    (Fl.g.    4b).       There    are    lesser

amounts    of   brachi.opods    and    solitary   corals.       Endothyri.d    fora-

minifers   and    trilobites   are   rare.       Both   chalcedony   and   syn-

taxl.al    overgrowths    on   cri.noid    fragments    occur   as    primary

cements.       Where   micritic    matri.x   occurs,     1.t    is    commonly    si.li.-

cl.fi.ed   or   dolomiti..zed.

The    lime   mudstones    and    wackestones    occur    in    thin,

graded    beds    (Fig.    4c).       Some   clay-ri.ch    beds    are    horizontally

burrowed.       Cri.noids    and    bryozoans    are    the   inost    abundant

bioclasts.       The   micriti.c   matri.x    is    locally   recrystallized

to    pseudospar.       Here   again,    silicification   and    doloml.tl.-

zation    have   been    selecti.ve    for   the   matrix    (Fi.g.    4d).       Detrital

clays    are    common    in    some    beds.

Judging    from   point   counts    of    bulk    composition

(Appendix    2),    the    s.helf    flank    facies    consists    of    16%   chert

or   less.       Chert   in   this    facies    generally    is    nodular   and   dis-

tributed    al,ong    bedding    Planes    (Ki.ng,1980,    p.    29).



15

Figure   4

Shelf   flank   facies

A.       Graded    bedding    (upper    half   of   core),    interbedded    lime
grainstone   and    lime   wackestone/mudstone.       Sinclair   #10
Newkirk,    4430'.

8.       Bioclasts    -crinol.d,    bryozoan,    and   trilobite   debris.
Plane    light,    bar    equals    0.20   mill,    SC    4562.

Micrograded    bedding,lime   wackestone.    Plane    ll.ght,
bar    equals    1.0    mm,     SC    4551.

D.       Selective    dolomitizati.on   of   matrix.       Plane    light,
bar    equals    0.20    mm,     SN    4426.
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The    shelf   flank    facies,    which    represents    a    sub-wave

base   deposit,    consists   of   carbonate   sedi.ment   eroded    from

a    local    carbonate   build-up   complex   or   from   a    shoreward   car-

bonate   platform.

Open    Shelf    Facl.es

Cherty   lime   mudstones   of   the   open   shelf   faci.es   are

approximately   equal    to    the    combi.ned    Burli.ngton    and    Keokuk

F.ormations   of    Lee    (1940).       This    facies    is    equivalent   to    the

open    shelf    facies    of    both    Wilson    (1975,    p.     25)    and    K1.ng

(.1980,    p.15).        Referri.ng    to    figuy`e    3,    the    open    shelf    facies

corresponds    to    the   cherty   lime   mudstone   of   the   main    shelf   -

shelf   margi.n.

The   medium    to    dark    brown    lime   mudstone    and    local

wackestones   of   the   open   shelf   facies   are   typically   both   verti-

cally   and    hori.zontally    burrowed    (Fig.    5a).       Recogni.zable

bl.oclast   constituents   are   broken    crinoi.ds,    calci.ti.zed   mona-

xon   sponge    spicules,    and    rare    trilobi.te    carapaces.       Local

lime   wackestones    have   been   recrystalli.zed    to    pseudospar.

Detrital    quartz    sl.1t,    0.050    -0.25   mm    in    size,    di.stingui.shed

by   straight   extinctl.on   and   monocrystaline    habit,    occurs    1.n

vague    lami.nae   where    not   disrupted    by    burrowi.ng.

Silic1.fication.has    been    pervasi.ve,    but   reflects    some

selecti.vity   for   micritl.c   matrix    (Fig.    5b).       Very   few   bioclasts

and   pseudospar    patches    have   been    replaced.       The    bulk   com-

position   averages   an   estimated   50%   chert,    and   ranges    from   37%-
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100%   chert    in    the   open    shelf   faci.es.       The    selective   occur-

.rence   of   chert    in   this    faci.es    has    been    reported    by   Wilson

(1975,     p.15)     and    by    King     (1980,     p.13).

The   depositional    environment   of   the   open   shelf

facies   was    deep   marine    (below   wave    base)    and    characterized

by   a    relatively   slow   sedi.mentati.on   rate.

Distal    0 en   Shelf   Facies

The   distal    open   shelf   facies    represents   a    basl.n-

ward.    shelf   margin    faci.es    (see    Fig.    3).       This    facies    is    ana-

logous    to    Wilson's    basi.n    and    lower    slope    deposits     (1975,

p.    64).       The    distal    open    shelf    faci.es    i.s    approxl.mately    equal

to    the    Cowley    Facies    of    both    Clair    (1948,    p.    9)    and    Goebel

(1966,     p.     99).

The   distal    open   shelf   I.s   characterized   by   detrital

constituents,    with   detrital    clays    exceedl.ng    10%   and    quartz

silt    1%-591o    1.n    bulk    compsition    estimates.        Di.stinctive

"sedimentary   boudinage"    has    resulted    from   dewatering   and

compaction   of   clay-rich    layers    alternating   wi.th    relatl.vely

competent   carbonate    and    chert    laml.nae    (Fig.    5c).       Monaxon

Sponge    spl.cules    are    the   most   common    type   of    bioclast.       These

spicules    are    locally   so   abundant   that   they   have    the    "matted

chert   texture"    (Fl.g.    5d)    that   Lee   cited   as    typi.Gal    of   his

Cowley    Formation    (1940,     p.    73).

The   amount   of   micrl.tl.c   matrix    is    vari.able.       Associ-

ated   with   greater   matrl.X   Content   are   finely   broken   crl.noi.ds
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Figure    5

Open    shelf   -distal    open   shelf   faci.es

A.       Burrowed,    cherty    lime   mudstone.       S7    4530.

8.      Selective   silicification   of   matrix.       Plane   light,    bar
equals    0.20    mm,    SC    4573.

C.       Sedimentary    boundinage    1.n    cherty    shale.       CH    4560.

D.       Siliceous    sponge    spicules    l.n   detrital    clay.       Plane    light,
bar       equals    0.20    mm,    SO    4841.

E.       SEil   micrograph,    detrital    clays   deformed    around    spicules.
Bar    equals    10    urn,     SO    4845.

F.       SEM   micrograph,    dolomite    in    detrital    and    authl.genic    clay
matrix.        Bar    equals    10    tim,    SO    4845.
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and   other    unidentifiable   bi.oclasts.       Both    dolomitization

and   sl.1icificati.on   have   been   selective   for   the   matrix.       In

clay-rl.ch    samples,    silicification   appears    to    have    been   col.n-

cedent   with   more    spicull.tic    i.ntervals.       Chert   percentage    l.n

the    distal    open    shelf    facies    ranges    from   15%    to    84%,    and

averages    approximately   46%.

Textural    similarities    among    components    of    the    open

shelf   faci.es    and   the   distal    open   s.helf   facies    suggest   gradati.on

between    the    two.       Detrital    clay.is   more   common    l.n    the   di.stal

open   shelf   facies    and   appears    to   be   the    pri.ncl.pal    difference

in   constituent   particle   composl.tions    of   the    two    faci.es

(Fl.g.    5e,f).       Evidence   of   deeper   water   as    a    setti.ng    for   the

distal    open    shelf   facl.es    is    the    pre-domi.nance   of   epifaunal,

si.liceous    biota,    e.g.    Hexactinelli.da,    and    the    lack   of   bio-

turbation.

CorT`elati.on    of   Li.thofaci.es

to    Geoph si.cal     Lo Onse

Geophysl.Gal     logs    and    cores    used    i.n    this    study    date

from   the   mid-1950's.       State-of-the-art   logging    techniques

produced   combined   gamma-ray   and    laterally-focused    resistivity

logs.       Nei.ther   of   these    log   components    allows    for    the   quanti-

tative   determination   of   lithology.       Gamma-ray    logs,    whi.ch

detect   radiatl.on   emitted   by   clays,   can   be   used   to   estimate

the   argi.llaceous   Content    ("shaliness")    of   a    formation.

Laterally-focused   resistivity   logs   measure   the   resistivity
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of   a    formation,    whl.ch    is    controlled    by    porosl.ty   and    pore-

fluid   composition.       Far   example,    dense    nonporous    formations

have   a    high   resistl.vity   while    porous    formations,    such   as   a

well    sorted   sandstone,   exhibit   low   resistivity.

Comparison   of   cores    wi.th    geophysical    logs    allowed

for   di.rect   matching   of   lithology   with    log   response    (Appendix   3).

Some    general    qua.1itative    conclusi.ons    can    be   made:        (1)    lime

grainstones   are   nonporous    and   exhibit   hi.gh   resi.stivi.ty   and

moderate    to    low   gamma-ray   response;    (2)    interbedded    lime

mudstones/wackestones   exhi.bi.t   lower   resistivi.ty   and   a

higher   gamma-ray   response   than   grainstones;    (3)    chert-rich

li.me   mudstones   exhibit   the    lowest   resisti.vity   and   a   low

gamma-ray   response;    and    (4)    shal€y   chert   exhi.bi.ts    a    low

resistivity.    similar   to   that   of   the   cherty   ll.me   mudstones,

but   the   gamma-ray   response    is    commonly   high?r   and   varies

dependi.ng   on    the   amount   of   clay    constituents.

One   would   expect   a    typically   dense,    nonporous    rock

like   chert   to   have   a   high   resistivity,   yet   chert-ri.ch   rocks

exhi.bit    low   resistivities.       This    can    be   explai.ned    in    two

ways.       First,    competent   chert-rich    rocks   may   deform   brittly

during   compaction,    relative   to   the   more   ducti.1e   deformation

of   adjacent   shales   and   limestones.       Fractures   would   permit

circulation   of   fluids   that   tend   to   lower   formati.on   resistivi.ty.

Second,    chert-rich   rocks   may   have   intergranular   porosity,

whi.ch   is   certainly   true   of   rocks    that   subcrop   beneath   the

Pennsylvani..an    unconformity.
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Duren    (1960)    exami.ned    the    petrophysl.cal    aspects    of

Mississippian    tripolitic    chert    from    Kiowa    County,    Kansas.

He   concluded    that   the   extremely   low   resisti.vi.ties    exhibited

by   the   chert   resulted    from   hi.gh    porosity    (26%   to    51%)    and

high   water   saturatl.ons.

Figure   6   i.llustrates   a   composite   stratigraphic

section   of   the   Osagean   Series.       Geophysical    log-core

lithology   relationshi.ps,    as   established    i.n   appendix   3,    were

employed    to   discriminate   lithofaci.es.       The    type   well,    the

KBW   Oil     Property   Management    #1    Mccracken,    was    not    cored,    but

is   used    here   because    1.t   demonstrates    the   usual    verti.cal    vari.-

ation    in   lithofacies.      An   attempt   was   made    to   correlate    these

lithofaci.es.   wl.th    rotary   cuttings    from   the   #1    t`1ccracken   well,

but    no    reliable   distinctl.ons    were    possible.       However,    pi.nkish

red   gral.nstone   was   observed    in   cutti.ngs    from   both    the   #1

Mccracken   and    the   Si.nclair   #10lsson   from   a    strati.graphic

posl.tl.on   below   that   of   the   shelf   flank   facl.es.       These   red

grainstones    may    be    similar    to    Lee's    (1940,    p.    49),    St.    Joe

Member    of    the    Fern    Glen,     Kl.ng's     (1980,    p.     22),    mud    build    up

core   fa`ci.es    and/or   Lane.s    red    and    green   argi.llaceous    lime-

stones    of    the    main    shelf   -shelf   margin    (1978,    p.170).       No

cores    Penetrate   this   intey`val,    therefore   one   can   only   specu-

late   as   to   whether   or   not   these   "red   rocks"   represent   a

carbonate   mud   mound    facies    in    the   study   area.



Fig.    6.      Composite   stratigraphic   section   of   the   Osagean 24

i;;:e::,]L|#oa??yp¥:;:::ygp:::!¥:i::i.13i,.r4:§:::;:;

GAMMA-RAY                RESISTIVITY     LITHOLOGY

lll||i

aah',aaa,aaa,,a_aain

I,--.I

FACIES     DESCRIPTION

PENNSYLVANIAN     CHEROKEE

GROUP     SHALES

PENN.      BASAL     CONGLOMERATE-
rounded   chert   clasts,   green
nonicalcareous   shale

DISTAL    OPEN    SHELF    -sed.
boudl.nage,    spiculitic   chert
(low   resi.st.),   detrital    clay
and   silt,   minor   carbonates,
gradati.onal  .to   open   shelf

OPEN    SHELF    -     (see    below)

DISTAL    OPEN     SHELF     -
argill.aceous   aspect,    note
moderate   gamma-ray   response

OPEN    SHELF-burrowed,
cherty    li.me   mudstone    (low
resist.
stone    (
r e s 1. S t .

local     lime   wacke-
1ightly    hi.gher

SHELF    FLANK    -graded    beds,
1:#?:;::€d:8s].:¥:)a::inif::e

wackestone   and/or   mudstone
(moderate   resist.)

Possible    "red   rocks"



25

Summar of   Osa

D e p 0 s i t ,' 0 n

The   petrology   and   sedimentary   structures   observed

in   cores   of   Osagean   rocks    indicate    li.thofacial    elements    of

Lane's    Burlington    shelf   model     (1978)    and    imply    subsurface

extension   of   the   Burlington   shelf   into   south-central    Kansas.

D1.scernable   lithofacies   are   those   of   the   shelf   flank,    the

open   shelf .    and   the   distal    open   shelf .      These   faci.es   re-

present   a    deep   marine    (below   wave   base)    main    shelf   -shelf

margin   deposits,    wi.th    local    sources   of   coarse-grained

carbonate   sediment.       The   verti.cal    succession   of   open   shelf

and   distal    open   shelf   faci.es   overlying   shelf   flank   faci.es

suggests   an   Osagean   transgression.       Lane   reported   evidence

of   such   a   transgression   as    it   occurs   in   outcrops   near   St.

Louis,    l`Jt,issouri     (1978,    p.172).       Stratigraphic    cross-section

D   to   D'     (Plate   8)    illustrates    the   facies    changes    that   occur

eastward    into    the    Sedgwi.ck    Basi.n.       Thinning   of    the    shelf

flank   facies    supports   a   shelf   margi.n   setting   for   the   Osagean

rocks    1.n   the   study   area.
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STRUCTURAL     GEOLOGY

To   determi.ne   whether   or   not   geologic    structures   con-

trol    hydrocarbon   production   in   the   area   of   report,   a   series

of   cross-sections,    structural    contour   maps,    and   isopach   maps

was   constructed.      Precise   identification   of   the   Pennsylvanian

unconforml.ty   on   geophysical    logs    l.s   difficu.1t,    because   both

the   uppermost   Ml.ssissippi.an   and    the   lowermost   Pennsylvanian

are   variable.      A   thin,    persistant,    radl.oactive   shale   that

marks    the    base   of   the    Desmoinesi.an    Cherokee    Group   was    used

to   approximate    the    base   of    the    Pennsylvani.an    (Fi.g.    7).       A

structural    contour   map   of   thi.s   marker   reduces   apparent

erosional    relief   on   the    top   of   the   Mississippian    (thi.s    is

attri.buted    to    the   basal    Pennsylvanian   conglomerate   filling

topographic   lows),    but   such   a   map   does    serve    to    illustrate

any   post-Desmoi.nesian    deformation.

The    structuy`al    contour   of   the    basal    Pennsylvanl.an

marker   map    (Plate    2)    illustrates    a    uniform,    monocll.nal    sur-

face   wi.th   an    incll.nation   of    33   feet   per   mile.       A   comparison

of   thi.s   map   with   the   distributi.on   of  .production    (Plate    1)

shows    that   no   major   post-Desmoinesian   structures    have

i.nfluenced   Osagean   production.

An   exception   to    the   uniform,   monoclinal    surface

is   a   triangular   depression   in   the   northwest   corner   of

township   T34S,    R12W.    .   Its    shape    suggests    a    solution-
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collapse   feature,   yet   two   lineaments   extend   beyond   the

1.mmediate   area    of   the   depression.       Most    likely   this    a

fault-related   feature   that   has   been   enlarged   by   solution

of   associated   carbonate   rocks.       Geophysical    logs    reveal    a

thickness   of   th.e   basal    Penns.ylvanian   conglomerate    in    excess

of   60   feet   wi.thin    th.e    ''downthrown"    block,    indicatl.ng    that

locally   hl.gh    relief    1.nfluenced   deposition.

Because    the    Pennsylvanian    shale   marker   i.s    so    thin

and   persi.stent,    i.t    is   assumed    to    be.  essentially   I.sochronous

throughout   the   study   area.       It   therefore   serves   as   a   datum

for   assessing    the   magnitude   of   pre-Pennsylvanian   structural

features.       A   second    important   stratigraphic   marker   is   a

thin   1.nterval    of   limestone   within   a   radi.oactl.ve   shale   section

above   the    base   of   the   Osagean   Serl.es.       Where    this    limestone

is   absent   the    top   of   the   enclosing   shale    i.s    used    l.n    its

place    (Fig.     7).

The    horizontal    datum   for   cross-section   A-A'     (Plate   .3)

is    the    basal    Pennsylvanian   marker.       Plotti.ng    of   the    lower

Osagean   marker,    relative   to   this   datum,    reveals   a   subtle

anticll.ne    that    has    been    truncated    by    the    Pennsylvani.an    uncon-

f a rm i ty .

A   structural    contour   map   of   the    lower   Osagean

marker    (Plate   4),    and   an    isopach   map   of   the    interval    between

the   basal    Pennsylvanian   marker   and   the   lower   Osagean   marker,

were   constructed   in   an   effort   to   assess   the   magnitude   and

orientati.on   of   Post-Osqgean,    pre-Desmoinesi.an    structures.



Assuming    that    the    basal    Pennsylvanian    marker   was    deposited

on   an   ess.enti.ally    horizontal    surface,    thinning   of   a    sub-
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jacent   interval    i`s    b.eli.eved    to   reflect   pre-Pennsylvanian

structural     hl..ghs..       Th.e    i.sopach    map    (.Plate    5}    l.ndicates    a

series    of    s:outh.west    plunging,    anticlinal    noses,    one    of   which

is   coi.nctdent   with    Rhodes    Field.       The    Osagean    Series    also

thins.   northward    (_up   dip}.   where    it    is    locally    truncated.

Although   anti-clinal    noses    are   less    apparent   on    the

lower   Osagean    structural    contour   map    (.Plate   4).,    there    l.s

general    agreement   with_   the    isopach    map.       For    example,lower

Osagean   rocks    dip   s.teeply   on    the   southeastern   flank   of   the

antl.cline    coincident   wi`th.   Rhodes    Field,    but    less    steeply   on

the   northwestern   limb,    whi`ch   suggests    folding   either   preceding

or   concomi.tant   with.   regi`onal    tilting.

Plates   4   and   5   offer   supportive   evidence   of   the

occurrence   of   fault   and/or   soluti-on   features   in   the   north-

western    part    of    townsh.ip    T34S,    R12W.       The    lower    Osagean.marker

i.s   deeper   and    the   interval    isopach    is    thicker   in    the   area

of    the    "downth.rown"    block.

The   trend   of   anti`clinal    structures,    approximately

N    40.a    E,    agre.es.   wl.th.   Merriam's     (~1963)    compi.1atl.on    of    orienta-

ti-on   of   post-Missi.`S`Sippl.an,    pre-Desmoi`nesian    structural

elements..       Merri`.am   stated    that:

•'smaller   s.tructures   superi.mposed   on    these   uplifts

(Nemaha    Antl..cline   and    Central     Kansas    Upll.ft)    or
adjacent   to    th.em   are   either   parallel    or   prependl.-
cular   to   the   larger   structures''.
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The   trend   of   structures    i.n   the   study   area    is    subparallel    to.

and   probably   genetl.cally   related   to,    the   Pratt   Anticli.ne.

Structural    cross-section   8   -8'     (Plate   6)    and

C   -C'     (Plate   7)    indicate   that   hydrocarbons    are   not   restricted

to   structural    highs   as   one   would   expect   from   an   anti.cline-

related    oil    field.       Comparison   of   Plate    1    wi.th    Plate   5

shows    that   many    productive   Missi.ssippi.an   wells    are    not   coin-

cident   with   structures.

Generally,    the   productive   zone   is   at   or   near   the   top

of   the   Osagean   Series,    just   beneath    the    Pennsylvanian   uncon-

foy`mity..       This    suggests    that    Pennsylvanian    shales    serve    as

seals   for   stratigraphic   traps   and   that   porosity   development

ml.ght   have   been   related    to   Carboniferous   near-surface   pro-

cesses.       Whatever   the   process   of   porosity   development,    it   was

only   locally   effective,    as    indicated   by   the   patchy   occurrence

of   hydrocarbons.

The   correlation   between   lithofaci.es    and   porosity

is   demonstrated    on   cross-section   8    -8'     (Plate    6).       The

southernmost   well    produces    from   a   chert-rich    facies,    pro-

bably   open    shelf    1.n   origin,    just    beneath    the    Pennsylvanian

unconformity.       Below   the   producing    interval    is    a    high    re-

si.sti.vity    zone,    which    probably   marks    lime   wackestones    and/Or

grainstones   of   the   open   shelf   facies   or   possi.bly   of   the   shelf

flank   facies.       Below   this    limestone   faci.es    is   another   chert-

rich   zone   of   the   open   Shelf   faci.es.
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Northward,    the   upper   cherty   open   shelf   facies    is

truncated   so   that   the   limestone   facies   abuts    the   unconformity,

yet   production   at   this   point   is   from   the   still    lower   cherty

facl.es,    rather   than.   from   the   higher   subcropping    limestone.

Thi.s    lower   cherty   facies   continues    to   be   productive   updip,

to   a   point   where   i..t   too   is    truncated   by   the   unconformity.

In   the   northernmost   dry   wel'1    the   still    deeper   shelf   flank

facies   subcrops.   beneath   the   unconformi.ty.

In    an    effort   to    recognize    this    Missl.ssippi.an    li.me-

stone   and   to   substantiate   correlation   of   it,    rotary   cuttings

were   examined,    but   were   less    than   definitive.       However,light

colored   grainstones   with   fresh   chert,    are   bell.eved   to   re-

present   the   Osagean    li.mestone    in   cross-section    8    -8..

rylikkelson    (1966),    in    studi.es   of   tripoli.ti.c   chert   in   northern

Oklahoma,    proposed    a   model    where    local    Pennsylvanian    lime-

stones   were   deposi.ted   on   structural    (topographi.c)    highs   above

the   weathered    c'nert    zone.       However,    Pennsylvani.an    limestones

are   typi.cally   dark,    micriti.c,    and   chert   free,1.n   contrast

with   Mississi.ppian    l1.mestones    described    above.

Porosity   development   appears    to    have    been    selectl.ve

for   chert-rl.ch   facies,    either   open   shelf   or   distal    open

shelf   in   origin.       This   distribution   of   porosity   can   be

ascribed   to   brittle   deformati.on   of   chert-rich   facies   re-

lati.ve   .to    that   of   the   adjacent   11.mestones    and    shales.      The

resulti-ng   fractures   and   hi.gh   permeabilities   would   enhance

surface   water   Circulatl.on,   weathering,    and   porosl.ty   develop-
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ment.       The   occurrence   of   Rhodes    Field   over   an   anticline   may

reflect   this   relatl.onship   of   intense   fracturing,    thereby

localizing   porosity   and   accounti.ng   for   hydrocarbon   occurrence.

Variation    in    deposi.tional    facies   within   the   Osagean

Serl.es   explains,   the   difficulty   in   prospecting   for   chert-rich

facies   along   deposi.tional    strike.       Lateral    changes    to   a   more

argillaceous   facies,    s.uch   as    that   wi.thin   the   distal    open

shelf   facies.   may   be   critical    for   the   entrapment   of   hydro-

carbons.

To   summari.ze,    structural    analysis   of    the   study   area

indicates    that    (1)    Osagean    producti.on    i.s    principally    from

Stratigraphic    traps,    (2)    hydrocarbon   producti.on   i.s   associated

with   chert-rich   facies   where    they   subcrop   beneath   the

Pennsylvanian   unconformity    (suggesting   that   porosity   withi.n

the   chert   facl.es   was   produced   by   near-surface   processes),

and    (3)    structural    deformation   might   account   for   fractures   .

that   led   to   pervasive   porosi.ty   development.



DIAGENESIS     0F     THE     0SAGEAN
SERIES

Dl.agen.esis   .is    the    physi.cal     and    chemical     changes    in

sedi.ments    that   occur    following    deposi.tion.       Regardi.ng    the

Osagean    Seri.es,    these    changes    have    been    produced    by    (1)

burial     by`   younger    Missi.ssl.ppl.an    rocks     (Meramecl.an    and

probably   Chesterian),    (2)    exposuy`e    to    surface   weatherl.ng,

and    (3)    subsequent   burial    to   at   least   4,500    feet.       In    this

study   specl.al    attention    has    been   given   to   diagenesi.s    as    it

relates    to    the    development   of    porosl.ty,    and    l.nasmuch    as

chert-rl.ch   facies   appear   to   correlate   wi.th   porosity,

specifl.c   attention   has    been   given   to   the   process   of

Silicificatl.on.       Diagenetic    interpretations    are    based   on    the
I

study   of   cores    and   petrographic   thi.n-secti.ons,    and   on

scanning    electron   mi.croscope    (SEM)    exami.nation    of   selected

s p e c I. in e n s  .

S i 1  1. c i f i c a t i o n

Keller    (1978),    in    his    report   on    tripoll.tic   chert

from   Seneca,    Missouri,    questioned   whether   the    parent    rock

was    a    siliceous    limestone   or   whether    i.t   was    a    calcareous

chert.       Perhaps    a   more   pertinent   question    is   whether   the

chert   developed   as   discreet   nodules   or   whether    sill.cl.fica-

tion   was    pervasive.       Both   of   these   processes    appear   to    have

occurred    in    the   Osagean    Seri.es    of    Kansas.
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Nodular   chert    occurs    i.n    all    three    Osagean

lithofacies,    but   it    is    rare    in   the   open   shelf   facies.       Chert

in   the    shelf   flank    facies    is    like   nodules    described   by

MCQuillan    (1979)    from    the    Burlington    Foy`mation    near

Columbia,    Missouri.       That    is,    the    nodul.es    are    elliptical,

with   their   long   axis    parallel    to   beddi.ng,    and   they   are

concentrated   along   beddi.ng   planes   within   the   finer-grained

facies.       MCQuillan    concluded    that   silici.fication   occurred

before   lithi.fication   of   the   host   sediment   and   that   the

elliptical    shape   of   nodules    is    a.  primary    developmental

feature,    rather   than   a   product   of   compaction.

Chert    in    the   dl.stal    open    shelf   facies    also   appears

to    be    nodular    (F1.g.    5C),    but    here    the    nodular    shape   ml.ght

reflect   silicification   of   sedi.mentary   boudins.       The   origi.nal

morphology   of   the   chert   cannot   be   determi.ned   from   the

available    information.

Nodular   chert    is    rare    in   the   open    shelf   facies.    but

a   more   pervasive   variety   of   silica,   whi.ch    is    selective    for

the   micritic   matrix,    occurs    here.       The   texture   of   burrowed

lime   mudstones    l.S    unaltered,    so    products    of    silicificatl.on

are    not    obvl.ous    (Fi.g.    5a).

Si 1  i ca Paragenes i s

Even    though    the   mode    of   silicifi.cati.on    of   Osagean

rocks   was    varied,    mesoscopic    and   microscopic    evi.dence

suggests   that   Silicificatl.on   was    predominantly   early.



35

MCQuillan's    study    (1979)    provided    criteria    for

distinquishing    early    sl.1icification,    although    hl.s    crl.teria

are   not   equally   applicable    to    all    deposi.tional    facies;    grain

size    is   a    liml.ti.ng    factor.

Mesosco ic    Evidence

Even   though   core   data   are   spacially   restricted,1.t

seems   clear   that   si.licification   was   not   related   to   major

faults   and   other   structural    features.      The   occurrence,    in

the   Pennsylvanian   basal    conglomerate,   of   chert   clasts

suggestl.ve   of   Osagean    lithology    indicate    that    sill.cl.fication

was    pre-Desmoinesian.       The    association    of   chert   with   certain

lithofacies    suggests    an    orl.gin    li.nked    to    depositional

environment.        Wilson     (1972,    p.     26),    and    King     (1980,    p.13)

also    recognl.zed`  that   silicification    can    be    facies   dependent,

but   this   correlation   might   only   reflect   a   selectl.vity   for

finer    (more   reactant?)    gral.ned   carbonate    sediments.

Namy    (1974)    documented    unconformity    related

si.li.cification    in    the    Pennsylvanl.an    Marble    Falls    Group    of

central    Texas.       The    bulk   of   Osagean    Se.ries    silicification    is

not   associated   with    the    Pennsylvanian    unconformity,    although

undoubtably   Some    redl.stribution   of   silica   occurred   under

surface   weathering   conditions.       Two   observations   refute   the

si|icified   unconformity   model    as    it   might   apply   here.

First,    assuml.ng    that   the   matching   of   geophysi.cal    log

response   and   Core   lithology    is    valid.    subcropping   chert-rich
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1ithofacies   can    be   traced   to   depths   where    surface-related

sl.11.cl.ficatl.on    should    be    ineffecti.ve.       Second,    only    nodular

chert   was    observed   where    shelf   flank    facies    subcrop.       Namy

reported   that    silica    associated-wi.th    the   Marble    Falls    uncon-

formity   occurred   as   a    1    to   2   centimeter   crust,    wi.th    parti.al

silicification    of   oncoli.tes    and    pore    space    below   that    (Namy,

1974,    p.1263).       No    such    crusts    occur    1.n    cores    from   the

study   area.

The   temporal    relationshl.p   of   silicificati.on    to

compactl.on    could    be   evaluated    best    in    the    dl.stal    open    shelf

facies,   where   sedi.mentary   boudi.nage   structures   are

prevalent.       Flowage    of   argilloceous    sedi.ments    around   more

competent   chert   boudins    reflects   early   lithifl.cation   of   the

boudins.       The   occurrence    of   local    calcareous    boudins    allows

for   the   possi.bill.ty   of   this    chert   havl.ng   been   a   post-com-

paction    replacement   of   calci.te.

Microscopl.c    Evidence

Discriminati.on   of   quartz   textures   facilitates    the

determl.nation   of   silica    paragenesis.       Three   quartz   textures

occur    in    the    Osagean    Seri.es:       microquartz,    chalcedony,    and

megaquartz.       The   textural    termi.nology   applied   is   that

described    by    Folk    and    Weaver    (1952)    and    by    Wilson    (1966).

Microquartz    is    nonclastl.c,   wi.th    interlocking   equant   crystals

|-4   mi.crons    in    Size,    and    is    commonly   a    replacement   fabric

(Folk    and    Weaver,1952,     p.     506.,    Wilson,1966,    p.1036;    and



MCQuillan,1979,    p.    9).        In    Osagean    rocks    the    occurrence    of

calcite   inclusions    in   microquartz   and   of   relict   skeletal

grains    and    dolomite    rhombs    (Fig.    8a-e)    indicate    the

microquartz    is   a    replacement   product.

Chalcedony,    whl.ch    occurs    as    botryoids    of   radi.ati.ng

fl.bers,    is   most   usually   a    pore    filling    precipl.tate    (Folk   and

Weaver,1952,     p.     506;    Wilson,1966,     p.1038;    MCQuillan,

1979,    p.16).       Megaquartz    consists    of    I.nterlocking    equant

crystals   generally   greater   than   20   microns    in   width.

MCQuillan    (1979,    p.16)    reported    that   megaquartz    in    the

Burlington    Limestone    is    a    pore-fill    cement    that   developed

after   chalcedony   cement.

Pore-fill    chalcedony   fabrics,   which   are   best

observed    in    lime   grai.nstones,    coat   skeletal    grains   and   are

followed   by   a   younger   generati.on    of   mosaic   megaquartz    cement

(Fig.    9a,    b).       Nei.ther    the   chalcedony   nor    the   megaquartz

contain    calcite    inclusi.ons    or    skeletal    "ghosts".       Megaquartz

also   occurs    as    a    cement    druse    that    l.s    succeeded    by   mosal.c

megaquartz    (Fig.    9c).       Pore-fill    fabrics    are   only   locally

developed    in    the    cherty    lime    mudstones    and    in    argl.llaceous

carbonates.       Figure   9d   shows   chalcedony   cement    l.n   a   detrital

clay-rich   distal    open   shelf   facies.

Samples    from   4,900    feet    in    the    Gulf   #13    Newkirk   well

exhibit   features   believed   to   be   the   result   of   the

recrystallization   of   chalcedony   to   mi.croquartz.      A   precursor

chalcedony   cement    is    Suggested   by   the    following:       (1)
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Fl.gure    8

Replacement    Features

A.        "Ghost"    of    siliceous    spicule    in   chert.       Plane    light,    bar
equals    0.04    mm,    SO    4818.

8.       Itlicroquartz,    note   larger   cT`ystal    size   of   replaced\skeletal
grai.ns   and    recrystallized   spicules.       Crossed    polars,    bar

.    equals    0.04    mm,     SO    4818.

C.        "Ghost"    of   dolomite    rhomb.        Plane    light,    bar    equals
CH    4532.

D.       Same    field    of    vi.ew   as    8c,    microquartz    replacement    of    dolomite.
Crossed    polars,     bar    equals    0.01     inm,    CH    4532.

E.       SEM   micrograph    of    silicified    dolomit.e    rhomb,    note    larger
crystal    size    preserving   original    fabric.      This    coarser
microquartz    also.   occurs    in    recrystalli.zed    sill.ceous    spicules
and    in    replaced    skeletal     grains.    Bar   equals    10.0   urn,    SO   4818

F.       Calcitized    sponge    spicule    (q    -microquartz,    c    -calcite).
Plane    light,     bar    equals    0.015    mm,    SC    4573..
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Fl`9ure    9-

Chalcedony   cements-

Chalcedony.  botry.oi.ds.   on    skeletal    grains    and    subsequent
megaquartz.        Plane.1i.ght,     bar    equals    0.04    mm,    SN    4415.

8.     Z:i:erc::8:::i;:fi::,°:a:a:q::?:q::::Zm#Ls;fz£T5:haTced°ny

C.       Megaquartz    pore-fi.1l    and    geopedal    micrite.       Crossed    polars,
bar    eq.uals    0..04    mm,    SC    4562.

D.       Chalcedony    i:n    dl-.stal    open    s,helf   facies    sample.       Plane
light,    bar       equals    0.003    mm,    CH   4597.
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Figure   10

Recrystalll.zed   chalcedony

Chalcedony    botryoi`ds.        Plane    li.ght,    bar    equals    0.01    mm,
GN    4490.

a.       'Figure   loa    cros`s.e.d    polars,   megaquartz   after   chalcedony.
B.ar    eq`uals    0..01     mm,     GN    449.0.

C.       Undulose   e.xttnctl-`on   of   botry.oi.ds.       Crossed    polars,    bar
equals    0.003    mm,    GN    4490.

D.       Chalcedony   cement   on    syntaxial    calcite   overgrowth    (c-
chalcedony,    0-overgrowth,    G-skeletal    grain).       Plane
light,     bar    equals    0.01     mm,     SN    4415.
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skeletal-grain    substrates,    (2)    botryoidal    ghosts,    and    (3)    a

post    "chalcedony"    generation    of   mosaic   megaquartz    (Fig.10a,

b).       These    botyroi.ds    exhl.bit    undulose   extincti.on    typical    of

microquartz,    rather   than   the   sweepi.ng   exti.nction   of

chalcedony    fibers    (Fig.10c).

The    temporal    relationship   of   silicificati.on    to

calcl.te   cementation    is    variable.       At   any   one    place,    the

apparent   relati.onshi.p   depends   on   the   positl.on    relative    to

the    site    of    silica    nucleati.on.       MCQuillan    (1979)    described

chert   diagenesis   as    it   is   recorded   from   the   center   of   chert

nodules    to    their   margl.ns.       Some    grainstones    of   this    study

display   chalcedony   that   has    developed   dl.rectly   on   crinoid

grains    (Fl.g.    9a).    which    indicates    that    the    chalcedony   was

the   primary   intergranular   cement.       Other   grains   exhibit

chalcedony   cement   that    has    grown   on    syntaxi.al    overgrowths    on

crinoid    grain.s,    whl.ch    l.ndi.cates    that   the   chalcedony

post-dates    some    calcite    cementati.on    (Fig.10d).       Some

micrite   recrystallizatl.on    preceded   silicl.fl.catl.on   as

i.ndicated   by   local    pseudospar   patches    that   occur   as    residual

calcite    in    microquartz    (Fig.    5b).

Dolomite    is    locally   abundant    in    lime    mudstones,

wackestones,    and   argillaceous    li.me   mudstones.       Evidence

regarding   the    temporal    relationship   between   dolomitl.zatl.on

and   silicification    is    i,nconclusi.ve.       Dolomite    rhombs

I`f|oating"    l.n   chert   reflect   differing   degrees   of

si|ification,    ranging   from   unaltered   rhombs,    through
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partially    si.li.cifl.ed    rhombs    wi.th    remnant    dolomite,    to

totally    replaced    rhombs    (Fi.g.    8c-e).       Generally,    where

silici.fication    has    been   most    prevasive,    dolomite    has    been

replaced.       Sti.11,    the    possibility   of    post-si.11.ci.fi-

cation    dolomi.ti.zation    cannot    be    ruled    out.       Dedolomite

(revealed    by    stai.nl.ng   wl.th    Alizarin    Red-S)    l.s    rare.

Locally,    dedolomite   appears    to   be   associated   wl.th   fractures

and   hi.gh    porosity,    suggesti.ng    that    the    l.nvasion    of   meteorl.c

water   durl.ng   near-surface   exposure   suppli.ed    Ca++   ions    for

c a 1 c I. t i z a t i o n .

Other   authigenic   ml.nerals    are    chlori.te,    kaolinite,

and   halite.       Chlorite   occurs    as    coatings    on    skeletal    grai.ns

that    formed    simultaneous    with    sill.cification    (Fig.1la-c).

Kaolinite    lines    some    secondary   pores    indicating   a   late

orl.gin    (Fl.g.     Ild).        Halite,    whl.ch    is    also    a    pore-fl.11

mineral,    was    preci.pitated   when    the   connate    brines    (254,    946

milligrams/liter   total    dissolved    solids)    evaporated   durl.ng

storage    at    the    Kansas    Geological    Survey    (Fig.1le).

To    summarize,    silicl.fication   was    primarily    early;

that    l.s,    Pre-ll.thification    in    origin.       Dolomitization,    for

the   most    Part,    appears    to    have    preceded    sill.ci.ficatl.on.       The

occurrence   of   both   sill.ca   and   calci.te   intergranular   cements

suggests   that   Silicifl.cation   and   calci.te   cementation   were

coeval.       Chlorl.te    formed    si.multaneous    wi.th    si.licification.

Porosity   development   was    post-silicification,    and   kaolinite

precipitation   was   later   still.
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Figure    11

Authi.genic    clays   and    hall.te

Chlorl.te   coating    skeletal    grai.ns.       Plane    light,    bar   equals
0.04    mm,    GN    4490.

8.       SEM   micrograph,    chlorite   coati.ng    skeletal    grai.n.       Bar
equals    4.0    iim,    GN    4490.

C.       SEM   micrograph,    intergrown    quartz   and    chlorite.       Bar
equals    5.0    urn,     GN    4490.

D.       SEM   micrograph,    kaoll.nite    on   chlorite    and    quartz.       Bar
equals    5.0    urn,     GN    4490.

E.        SEM    micrograph.     halite    on    quartz.        Bar    equals    1.0    urn,    S7
4526  .
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The    sl.mplest    and    most    probable    sl.1i.ca    source    I.s    the

dissolution    of    bl.ogenl.c    si.lica    from    sponge    spl.cules.

Chert-rl.ch    rocks    contain    numerous    ghosts    of    sponge    spicules,

whereas    the    host   limestone    i.s    apparently    barren    of   spicules.

Thi.s    spi.cule-deficient    aureole    may    be    si.mi.1ar    to    the    silica

defl.cient   aureoles    that    Chl.lingar    (1956)    described    from

limestone    adjacent    to   chert   nodules    in    the    Joana    Limestone.

The   occurrence   of   calcl.tized   sponge    spl.cules    attests    to

their.di.ssolution     (Wilson,1966,     p.1046;    Wi.1son,1975,     p.

414).       Calciti.zati.on    of    spicules    appears    to    be    a       ``

"soll.d-to-solid"    replacement    process,    as    i.ndi.cated    by   the

lack   of    void-fill    calcite    cement    (Fig.    8f ).       In    the   distal

open    shelf   facies,    where   detrl.tal    consti.tuents    are   abundant,

quartz    silt   might    have    been    an    addi.tional    sl.11.ca    source.

Porosity    Genesis

Porosity    1.n    the    Osagean    Series    is    of    secondary

origl.n.       It   resulted   from   near-surface   weathering   of

chert-rl..ch    ll.mestones    exposed    duri.ng    development    of   the

Pennsylvanian    unconformity.       The   weathered    chert,    such    as

that   near    Seneca,    Ml.ssouri,    has    commonly    been    descrl.bed    as

"tripolitic   chert"    because    it   resembles   chert   that   occurs

near   Tripoli    in    north   Afri.ca.       Ore-grade    tripoli    contal.ns    no

ca|cite   and   Consists   of   a   more   or   less    friable   mass   of
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quartz.        Lamar    (1953)    in    his    report   on    trl.poli    in    southern

llll.nois,    concluded   that   those   deposi.ts   were    the    residue

after   leaching   of   carbonate   minerals    from   siliceous    Devoni.an

i i mestones .

In    south-central    Kansas    the    relatl.onshi.p   between

porous    zones    and    the    Pennsylvanian    unconforml.ty    is    apparent

from   cores    (Appendix   3).       Generally,    porosity   is   greatest   at

the   top   of   the   Osagean   Serl.es   and   decreases   downwa.rd   to   a

point   where   porous   rock   grades,   apparently   abruptly,    into

nonpoy`ous    parent    rock.       Thl.s    transition    has    not    been

observed   within    a    single    core    sample,    probably    because   cores

tend   to   break   at   such   lithic   contacts.

Secondary   porosity   types   can   generally   be

characterized   as   either   fracture   porosity,   fabric   selectl.ve

(moldic)    solution    porosl.ty,    and   non-fabrl.c    selective

solution   porosity.       Porosi.ty   types   are   varied   within    the

study   area    and   withi.n    indivi.dual    cores.       Determinants    of

porosity   type   are   the   parent   rock   li.thology    (i.e.,

subcropping    lithofaci.es)    and    the   degree   of   dissolutl.on    of

the    11.thofacies.

The    Sl.nclair    #101sson   well    exhibits    porosity    that

developed    in   a   distal    open    shelf   facies    that   subcrops    below

the   Pennsylvanl.an    linconformity.       Thi.s    facies   consi.sts   of

spiculitl.c   cherts,   detrital    clays,   and   minor   carbonate

constituents   Such   as   dolomite.       Fracturing   resulted   in

porosity   that   Was    later   enhanced   by   solution   along   the
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fractures.       The   close    fi.t   among   angular   chert   clasts

indicates    that    they   are    not    detri.tal    in    origi.n    (Fi.g.12a.).

Fabrl.c-controlled    porosi.ty    is    most    common    at    clast   margl.ns

(Fl.g.12b,14a).       The    matrix    among    clasts    contal.ns    clay,

small    chert   clasts,    and    fi.nely   fragmented   chert.       Hi.gher    l.n

the   core    (closer   to    the   unconformity)    dissolution    has    been

so   extensive   that   chert   clasts    grade    i.mpercepti.vely   1.nto

matrix,    and   the   petrographi.c    di.stri.bution   of   porosi.ty    i.s

obscured.       A   decrease    l.n    porosity   wi.th   depth    suggest.s    that

infl.1tratl.on   of   meteoric   waters    in   the   vadose   zone   was

probably    responsl.ble    for    porosity   development.       Still,    no

corroboratl.ve   evidence   of   a    vadose   zone   envi.ronment,    such    as

pendant   or   meniscus    cements,    is    evident.

There    is    inconclusl.ve   evidence   as    to   what   type   of

ml.nerals   were   dissolved    to   generate   th.e   porosity.          Clearly,

dolomoldic   chert    reflects    the    dissolutl.on    of   dolomite    (Fig.

12c).       Spicule-moldic    porosity    suggests    di.ssolution    of

sill.ceous    sponge    spicules.        Perhaps    silica    dissolutl.on    was

selective    for   the   smaller   crystal    size    (the   mi.croquartz)    of

silici.fied    skeletal    grains.       The   enlargement   of   secondary

pores    also    suggests    that    Some    sl.li.ca    dissolutl.on    occurred.

However,    quartz    solution    features   were   not   observed

with   the    scanning    electron   microscope.       Euhedral    quartz

occurs    at   present   Pore   boundaries,    but   this    could   have

resulted   from   the   Partl.al    replacement   of   carbonate   wi.th

euhedral    quartz,    followed   by   dissolution   of   the   residual
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a.

C.

D.

Fi.gure    12

Porosl.ty-Ol.stal    Open    Shelf    Facies

In   situ   porosity   development   in   fractured   chert,    note
EffbiJEd   fragment   margins,    SO   4818.

SEM   micrograph,    fabri.c    selectl.ve   porosl.ty   at   chert
fragment   margl.n.        Bar    equals    20.0    urn,    SO    4818.

Dolomoldl.c    porosity,    dark    areas    -blue    stained   epoxy.
Plane    light,    bar    equals,    0.01    mm,    SO    4818.

SEM   ml.crograph    of   dolomold,    note    euhedral    ml.croquartz
that    lines    present    pore.       Bar   equals    10.0    urn,    SO    4818
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carbonate    (Fig.12d).        No    pore-fi.lling    fabrl.cs,    such    as    that

of   chalcedony   or   drusy   megaquartz,    were   observed    i.n

thin-section.       Moreover,    i.t    is    di.ffi.cult   to   explain    the

dissoluti.on    of   sl.1ica   with   water   that    has    equilibrated   with

atmospheric    C02.       Therefore,    the    simplest   explanati.on    I.s

that   porosity   resulted   from   the   dissolution   of   residual

carbonate   minerals    in   chert,    although   the    possl.bl.lity   of

silica   dissolution    can    not   be    dismissed.

Cores    from   the    Gulf    #13    Newki.rk   exhl.bit    porosity

wl.thin    a    subcropping   open    shelf    facies.       L1.thologically   this

facl.es    consists    of   cherty   lime   mudstones.       The   degree   of

silicification   di.ffers   within   this   core,    but   generally

silicl.fication   has   been    selective   for   the   micri.tic   matrix

rather   than   for   coarsely   crystalll.ne   skeletal    grains   and

pseudospar.       Locally   the   core    is    fy`actured,    but   fracture

porosity   was    not    observed    1.n    thl.n-section.       Almost    pure

chert   occurs   wl.thin   the   upper   few   feet   of   this   core.       Here

an    unusual    porosity   distrl.bution   occurs:       The   larger   pores

are    clearly   skelmoldl.c,    but    impregnated    blue    epoxy   also

follows    boundaries    of    chalcedony    botryoids    (Fig.14b).       The

moldl.c    porosity    is    appa.rent    l.n    standard    SEM    specimens    (Fig.

13a),    but    porous    botryoid    zones    are    not   evi.dent.       A   pore

cast   of   this   sample   dl.d   contain   botryoid-like   structures

(Fi.g.    |3b),    as    well    as    casts    of    skeletal    grains    (Fig.13c).

This   evi.dence   Suggests    that   the   apparent   botryodi.al    porosl.ty
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is    real    and   that    it   1.s    not   an   artifact   of   thl.n-sectl.on

preparati on .

Lowe.r    in    the    core,    where    sl.1icl.fication    was    less

thorough,   the   type   of   Porosity   is   different.       Coarsely

crystalline    calcite,    which   occurs    as    "islands"    wl.thin

microquartz,    has    been   only   slightly   affected   by

silicification    and    porosity   development    (Fig.13d,13e).

The   calcite    is    not    poikilotopic   cement    1.nasmuch    as    it   does

not   contain   microquartz    inclusi.ons.       Porosl.ty    is    locally

Skelmoldic    (F1.g.14c),    whereas    elsewhere    l.ts    development

appears    to    have    been    independent   of   fabric    (F1.g.15a,    b).

The   distributl.on    of   residual    mi.critic   matrix   and    calcitized

sponge    spicules    appears    to    have    controlled    poy`osi.ty    genesis

and    pore   morphology.       Figure    13f   shows    a    partially   leached

calcitized   spicule.

Core    from    the    Gulf    #13    Newkirk    does    not    display    a

syst`ematic   vertical    variation    in    porosl.ty,    so    solution    by

infiltration    processes   does   not   seem   to   apply   here.       If

fracturing    controlled    fluid   mi.gration    and    local    dissolution,

then    inhomogeneity    in   porosity   distribution    reflects

inhomogeneity    in    fracturing.       Ulti.mately,    fracturi.ng   was

controlled   by   lithology;    that   is,    cherty   rock   deformed

brittlely   relative   to   less    siliceous    limestones   and   shales.

For   example,    a   Chert-deficient   horizon    (approximately   7%

chert)    at   4,500    feet    has    low   porosity    (Appendi.x    2).       Even
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Figure    14

Fabric   Selecti.ve    Porosity

Porosl.ty,1.ndl.cated    by   dark    blue   epoxy,    outli.nes    sponge
spicules.       Also    note    dolomoldic    pores.       Plane    ll.ght,
bar    equals    0.50    mm,    SO    4818.

+---.ts=-
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C.

Porosity    (dark   blue)    traces    chalcedony-1l.ke    botryol.ds.
This    suggests    si.1ica    dissoluti.on    unless    a   generation    of
carbonate   c.ement   was    present.       Yellow    -megaquartz    and
microquartz    (q),    orange    brown    -chlorite   coating    skeletal
grains     (c).        Plane    ll.ght,    bar    equals    0.04    mm,    GN    4490.

Spicule-moldic    porosity    (blue),    both    transverse   and
longitudl.nal    sections.       Plane    light,    bar    equals    0.01    mm,
GN    4490.
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8.

Figure    15

Non-Fabric   Selective   Porosity

Porosi.ty    (blue)    distri.bution    is    not   exclusl.vely   fabric
dependent,    porosity   within   microquartz    (Q)   may.reflect
dl.ssolution   of   resi.dual    micri.tic   matrix.       Residual
coarsely   crystalline   calcite    (C)    di.stingui.shed   by   high
relief.       Plane    light,    bar   equals    0.50   mm,    GN    4530.

Same    sample   as    15a,    porosity   within   microquartz,
coarsely   crystalll.ne   calcl.te   largely   unaffected   by   dis-
solution.        Plane    li.ght,    bar   equals    0.01    mm,    GN    4530.
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So,    there    I.s    no    petrographic   evidence   reflectl.ve   of   vadose

or   phreatic    conditions.

In   the   lower   portl.on   of   the   core   porosity   resulted

from   dissolution   of   residual    micriti.c   matrix   and   selected

skeletal    grai.ns.       Locally,    coarsely   crystalli.ne   calci.te

exhl.bits   solution    features.       On    the   other   hand,    the    upper

portion   of   this   core   does   not   contain   any   residual

carbonate.       This    implies    that   el.ther    (a)    some    skeletal

grains   escaped   sill.ci.fication   and   were   later   completely

leached,    or    (b)    silica    dissolution   was    selectl.ve    for

replaced   grai.ns    (finer   crystal    size   of   microquartz).       The

occurrence   of   botryol.d-like   porosity   suggests    sl.1ica

dissolution,    but   as    in   the   Sinclair   #10lsson   core,    quartz

that   lines    pores    i.s   euhedral    and   di.splays   no   effects   of

solution.       Still,    a   geochemical    setting   where   silica   and

calcite   both   dissolve    i.s   di.fficult   to   envision.

Petroleum Migrati.on    and
Source    Rocks

A   fl.nal    consideration    1.n    this    study   was

investigating   the    source   and   mi.gration   of   hydrocarbons.

Although    no    chemical    analysis    of   the   oil    or   measure-

ments    of   thermal    maturity   were   undertaken,    some   general

observations    concerning   tl.me    of   migration    and    possi.ble

source    rocks    can    be   made.
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Certai.nly,    hydrocarbon   migration   occurred   after

porosity   development,    establishing   that   the    time   of

ml.grati.on    was    Desmoinesian    or    later.       Maximum    depth    of

burial    probably   occurred    duri.ng    the    late    Pennsylvanian    or

early   Permian.       Even    so,    i.t    i.s    doubtful    that   the

organic-rich    source    rocks    l.n    stragraphic   proxl.mity   to   the

Osagean    Series    (the    Pennsylvanian    Cherokee    shales    above    and

the    upper    Devonian-lower   Missi.ssi.ppi.an    Chattanooga    Shale

below)    were    burl.ed   deep   enough    to    generate    hydrocarbons.

Assuming    a    geothermal    gradient   of    1°C/40   in    (Freeze    and

Cherry,1979,    p.     507)    and    an    estimated    maximum    depth    of

burl.al    of    1,828   in    (6,000    ft.),    the    source    rocks    may    have

reached    approximately    46°C,    whi.ch    I.s    well    below    the    lower

temperature    limit   of    liquid    hydrocarbon    generation    (75°C).

An   alternate   hypothesis    i.s   that   hydrocarbons   were   generated

in    the   deep   Anodarko    Basi.n    and   migrated    up   onto    the    shelf

(Jeff   Hall,    personal    communication).       Possible    source    rocks

in    the   Anadarko    Basin    are    the    Morrowan    shales    and    the

Wood ford    Shale.
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CONCLUS  I 0NS

1.       The    Osagean    Series    in    Barber    County,    Kansas    can

be    subdivi.ded    into    thT`ee    lithofacies:       the    shelf   flank    facies,

the   open   shelf   facies,    and   distal    open    shelf   facies.      The

shelf   facies    is   characterized    by   graded   bedded      ll.me   grai.n-

stones    interbedded.with    lime   wackestones    and   mudstones.       The

open   shelf   facies    is   characterized   by   burrowed,    cherty   ll.me

mudstone.       The   distal    open   shelf   facies    is    characteri.zed    by

sedl.mentary   boudinage   structures    and   detri.tal    clay   and    si.1t

components .

2.       The    Osagean    Seri.es    represents    deep   marine    (below

effective   wave   b?se)   main   shelf   -shelf   margin   deposi.ts.
C'

3.       Sl.ll.^fication   favored    lime   mudstone   and   was

predominantly   early    (pre-lithification).

4.       Osagean    hydrocarbon    production    is    princl.pally

from   stratl.graphic   traps.

5.       Local    structures   might   account   for   fractures

that   led    to    Porosl.ty   deveopment.

6.       Hydrocarbon   producti.on    1.s    associ.ated   with    chert-

rich   lithofacies   Where   they   subcrop   beneath    the   Pennsylvanian

u n c o n f o r in 1. t y .

7.       Porosity    l.S    Secondary   and    resulted    from   near   -

surface   processes   associated   with   development   of   the

Pennsylvanian   unconformity.
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8.       Tri.politl.c   chert   resulted    Primarily   from

leaching    of    residual    carbonate    minerals,    although    some    si.1ia

dissoluti.on   mi.ght   have   occurred.
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APPENDIX     1

LIST    0F    WELLS

Cored*

Rotary    Samples+

Well     Name

Gulf    #1     Schi.ff

Gulf    #1     L    Davis

Gulf    #1     Wortman     '8'

Location

SE      NW      NW

E2     W2     SW

C     SE     SE

Musgrove    Pet.     #1     Early                        SE    SE    SW

K&E    Drl.ill.ng    #1     Fi.tzgerald           E2    SE    SW

Armer    Drilling    #1     Fitzgerald    SE    SE    SE

Sinclair    #2    Newkirk                                   NE    SW    SE

Sinclair    #10    Newkirk                                 [lE    SW    SW*

Barbara    Oil     #1     Colborn                          SE    NW    SW

Sinclair    #1     Arthur    Colborn           SW    SW    SE

Sl.nclai.r    #1      Colborn     'A`                        NE     SW    NE*

S1.nclai.r    #11     W.A.     Newkirk                SE     NW    NW*

Gulf    #1      Wortman                                                    SE    NW    SE

Gulf    #1     Colborn                                                     NE     SW    NW

0.W.     Parker    #1     Davis     Ranch            NW    SW    SW

K&E     Drilling     #1      Davi.s      'A'                 C     NE     NW

K&E     Drilling    #1      'C'     E.     Davis     C     SE    NW



20

20

21

21

21

22

22

24

28

29

Well     Name

Petroleum    Inc.    #1     Circle     '8'

Sl.nclai.r    #1     Circle

Sinclair    #2    Circle

Barbara    01.1     #7    Page     'A'

S1.nclair    #7    Newkirk

Kewanee    Oi.l     #11     Rhodes    Page
'C'

Gulf    #1     W.     A.     Newkl.rk

Gulf    #13    W.     A.     Newki.rk

Armer   #2    Fl.tzgerald

Bowers    Drl.1ling    #2    Gi.lmore-
C h a p ,'  n

Conoco    #1     Harbaugh
\

Conoco    #14    W.     A.     Newkirk

Conoco    #23    Newkirk

Superl.or    Oil     #7    Gilmore

Barbara    Oi.1     #10    Page     '8'

Barbara    Oi.1     #6    Page     '8'

Barbara    Oi.1     #1     Rake

Barbara    Oil     #4    Page     'D'

Todd    Dri.1li.ng    #1     Burns

Aurora    Gasoline    #1     Harbaugh

Natl.onal    Association    Pet.    #1
Harbaugh

Bowers    Drilli.ng    #1     Pendley

Skelly    #1     Fl.tzgerald

Conoco    #9    Harbaugh

69

Location

NW      NW      SE

sw    sw    sw*

SW.    NW      SW

SW      SE      NW

NW      NW      SW*

NE     SW     SE+

SE     NE     SE

NW     NE      SE*

SE     NE      SW

S/C     SW

SE     NE      NE

SE      NW      NW

W2     W2     SE

sw    sw    sw

SW      SW      NW

SW     SW     NE+

SW     SW     SE

NE      NE      NE

NE      NE      NE

SW      NW     SE

NE      NW      SW

C     SW     SE

SE     SE     NE

NE     NE     NE*



Well     Name

Conoco    #13    Harbaugh

Location

W2      W2      NE

San    Diego    Oil     #1     Harbaugh            SE    SE    NE+

Magnolia    Pet.     #1     D.Forester    SE    NW    NW

Rupp-Ferguson    #1     Powell                    SW    SW    SW

Skelly    #1     Kenney

Okmar    01.1     #1      Kenney     '8'

Okmar    Oi.1     #1     Kenney

Skelly    #1     Boggs     .E'

Okmar    #1     Barthalow

Conoco    #1     Colborn

Texaco    #1     E.     Meadows     '8'

Skelly    #2    Boggs     'D'

K&E    Drilling    #1     M.     Hospital
'A'

NW      NW      SW

NW      NW     SE

S2     S2     SW

NW      NW      SW

SW      SW      NE

NW      NW      SE

C      NE      NE

C      SW     NW

CNW

Bowers     Drl.lling    #1     Boggs               C    NE    SE
Estate

Monsanto    #1     Jargian                                 SW    SW    NE

NE      SW      NW

11

11

12

12

14

16

Honaker-Davi.s     #1     Balmer                   NE    NE    SW

Jones-Gebert    #1     Hi.ndman                  C    SE    NE

Graham-Michaels    #1     Harbaugh    C    SE    SE

0kmar    Oil     #1     Warren                                 C    W2    W2

0kmar    Oil     #1     Groendycke                  C    NE    NE

Skelly    #1     Boggs     'F' SW     NW     SE
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16

31

31

32

32

33

Well     Name

Bowers
Estate

Skelly    #19    Boggs     'C'

Skelly    #21     Boggs     'C'

Skelly    #1     Boggs     'G'

Skelly    #1     Bartholow

Skelly    #1     Boggs     'H'

Location

SW      NE      NW

N2      NE      SW

N2     SE     NE

NW      NW      SE

NE      NE      NE

NW      SE      SW

Petroleum    Inc.     #1     Coppinger    SE    SW    NE

Superl.or    Oil     #1     Harbaugh-           NE    SW    SE
Unit

Trans     Era    #1     Long                                       SE    SE    SW

Honaker-Davis    #1     Fitzgerald    C       SE    SE

Bachus     Oil      #1     MCKanna                           C        N2     NW

Aurora    Gasoline    #1     Long     'A'     SE    SE    SE

Carter    &    Mandel     #1     Long                  C        NW    SE

Sinclai.r    #1     Groendycke                     NW    NE    SE

Bower     Drilli.ng    #1                                          SW    SW    SE
Groendycke

Trans     Era     #1     Mccullough                   NW    NW    NE

Rupp-Ferguson    #1     Page                         NW    SE    SW
Mccul  1 ough

Petroleum     Inc.     #1     Hall-                   SW    NW    NW
Page    Unit

Rupp-Ferguson    #1     Hall                           NE    NW    NE

Petroelum    lnc.     #1     Mccracken    NW    SW    SW

Skelly     #1      V.     Smi.th                                       C        NW     NW

Jones,     Shelburne,    &    Farmer       C       SW    SW
#1     Warwick
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Section

34

34

35

35

36

T34S-Rll W

1

5

20

21

Well     Name

S1.nclair    #1     Wright

Bowers    Drilling    #1
Wri ght-Bevans

Sinclair    #1     Charles
Berans

Beardmore    Drilling    #1
Berans

Sands    Drilling    #1
Nurre   Berans

Mack    01.1     #1     Swartz

Cirmer    Drilling    #1
Groendycke

Gulf    #1     Groendycke

Ni.chols    DT`illing    #1-7
Michel

Nichols    Drilling    #1-8
Michel

L.C.     Smitherman    #1
Groendycke

Petroleum    Inc.    #1
Zimmerman     'D'

Location

C      NE     NE

E2     NE     SE

NE      NE     NW

SE     SE     NW

C     SE     SE

C      SW      NE

SE     SE     NE

NW      NW      NW

C      NE      SW

*
C     NE     SE

NW      NW      NW

NW      NW      NW

Rupp-Ferguson    #1     Koontz                   NW    NW    NE

Woods     Drilling     #1     Schuplach    NZ    NW    NW

Nl.chols     Drilling    #1-16                      C    SE    NW*
Landis

Edwards    Energy    Corp.     #1                   SW    NE    NW
N.C.     Short

Purcell-Mull     #1
Schupbach     'A'

SW     NW     NE
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73
Section

26

26

32

T34S-Rl  2W

12

15

17

Well     Name

D.R.      Lauck     Oi.l      #1
El 1 iott

Messman-Rinehart    #1
Humphrey

Aurora    Gasoline    #1
Go 1  dma n

Conoco    #1     Colson

Shenandoah    Oil     #1
Vi.rginia    Wright

K&E     Dri
W a r w i. c k

Atlantic    Refini.ng    #1
Donovan     '8'

Alyword    Drl.1li.ng    Co.
Donovan     'C'

Skelly    #1
Donovan     'A'

Magnoli.a    Pet.     #1
Vestal    Cook

Atlantic    Refining   #2
Donovan

L o c a t 1' o n

SE     SE     SW

C      SW      SW

NW      NW      SW

N2     N2     NE

NW      NW      NE

C     N2     SE

C     SW     SW

NW     SW     SE

NE      SW      NW

C     W2     SE

C     SE      NW

K.W.B.     01.1     Property    Mgnt.            C    SW    NE+
#1     Mccracken

K.W.B.     Oil     Property    ltlgnt.            C    SW    NW
#1     Cook-Mccullough

Woodman    and    Iannitti     #1                  C    SE    SE
Zimmerman

i3Teset.al.#lwright                NENENE

Mgnoli.a    Pet.    #1
R.      Cook.18'

E2     SE     SW



Section

17

Well     Name

Atlantic    Refining    #1
V.L.      Cook      'A'

K.W.B.     01.l     Property    Mgnt.
R.B.     Cook

Carter    Oil     #1     V.L.     Cook

Carter    Oi.l     #2    R.B.     Cook

Magnolia    Pet.    #1
C.     0lson     '8'

Superior    Oil    #101son

Magnolia    Pet.    #2    R.     Cook

Petroleum    lnc.    #1     Cook     .F'

EdwinBradley#1     Cook               i

Rex    et.     al.     #1     Cook

Aurora    Gasoli.ne    #1
Humphrey

Nl.chols    Drilling    #1-26
Stranathan

Ram    Petroleum   #1
Richardson    'A'

Location

NE      NW      SW

SE     NW     SE

SE      NW      NW

NW      SE      NW

NE     SW     SW

I..IE      SW      SE

SW     NE      NW

S2     N2     SE

c     SW     NW

C      NW      NW

SE     SE     NE

*
C     SW     SE

SE      NW      NW
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Magnolia     Pet.     #1     Win.     Graver        C    NW    SE

Superior    Oil     #1     Sterling     'A`     NW    SE    SW

Sinclair    #101sson                                        NW    SE    NE*+

or    01.1     $1     Sterli.ng NW     SE      SW

Aurora    Gasoline    #1     Sterling       C    NE    SE

Aurora    Gasoline    #1
Rathegeber

Atlantic    Refining   #1
Ed    Sterling    'C'

Atlantic    Refining   #1
Sterl i ng

C     NE     SE

SW     NE     SW

NE      SW      NW



S e c t 1.. o n

33

T35S-Rll W

4

5

6

7

10

T35S-Rl  I W

1

1

2

3

5

5

6

6

Well     Name

Atlantic    Refini.ng    #2
Graves    Unit

Nichols    Drilling    #1-34
Good

Sinclair    #1     Sam    Good

DNB    Dri.lling    #1     Wetz

Nichols    Drilling    #1-36
Wetz

DNB    Drilli.ng    #1     Schooley

Molz    Oil     #1     Blong-Boldman

Molz    Oil    #A-2    Rathgeber

Molz    Oi.1     #1     Platt     'A`

Aurora    Gasoline    #1
Washburn     '8'

Robinson    #8-1     Molz

Molz    #1-A    Yates

Barbara    Oil     #1     l`1l.ssion

Molz    Oil     #1     Lohmann

Barbara    Oil    #1     Bank    Unit

Barbara    Oil     #1     Bank    ljnit

Aurora    Gasoline    #1    Platt

Sands    Drilling    #10hlson
'81

L o c a t 1' o n

C      NW      NE

C     SW      NE

SE     SE     NE

C      NW      SW

C     SE      NW

C      NE      SW

N2      NW      NW

N2     NE     SW

C      NW      NW

NW      NW      SW

C     SE     NE

N2     NE      NE

NE      NE      NW

C     SE     NE

N2     S2     NW

SE     NW     NE

C     NE     SE

C      NW      NW
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Well     Name Location

E.K.      Edmi.ston     #10hlson                C     NW    NE

Flynn    Oil     #1     Achenbach                  SW    SE    SE

Aurora    Gasoll.ne    #10hlson        C    NW    NW
IC'

Beren    Corp.     #2    Lois     '8'                C    NE    NW

MCGinness     Oil     #1                                            C     NW    SE
0hlson     'A;

Molz    Oil     #1     Kessler                             C    SE    NW

Rupp-Ferguson    #1     College            SW    SW    NW

Petroleum    Inc.    #1
Stratzmann

C      NW      NW



APPENDIX     2

BULK     COMPOSITION

FACIES
SAMPLE

PENN,     BASAL
CONGLOMERATE

CH    4490
NL    4578

SHELF     FLANK
FAC I ES  :

OPEN     SHELF
FAG I  ES  :
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DISTAL     OPEN

SHELF     FACIES

THIN     SECTION     KEY:

SN    -Sinclair    #11     Newkirk
S7    -Sinclal.r    #7    Newkirk
SC    -Sinclair   #1    Circle`CH    -    Conoco    #9    Hay`baugh

SO    -Sinclair    #101sson
NS    -Nichols    #1-26    Stranathan
NL    -Ni.chols    #1-16    Landes
GN    -Gulf    #13    WA    Newkirk



APPENDIX     3

CORE     DESCRIPTIONS

Sinclai.r    Oi.l     and    Gas    #11     Newkirk
SE,      NW,      NW,      9-33-11      W

Dr`y    and    Abandoned
Gored    4401'     -4448'

G a mni a -r a y Re s i s t i v i ty

Lime   `grainstone-dark    gray
locally    graded    bedded,
crinoids,    brachiopods,
interbedded   wl.th    green
lime    mudstone,    some
doloml.te,    some    nodular
chert.



80

Sinclair    Oil     Gas    #1     Colborn     'A'
NE,     SW,     NE,     9-33-11      W
Perforated    4422'-60',     I.P.    4,700,000    CFG
Gored    4387-4468'

Gamma-ray Res i s ti vi ty

-6-a-a

Penn.    Conglomerate-subrounded
chert   clasts    in   lt-dk   green
non-calcareous    shale

Chert   -fractured,   weathered
fragme.nt   margins    (1t    brown-gray),
fresh   chert    (whl.te-tan).

Lime    Grainstone-grey    cri.nol.dal  ,
i.nterbedded    with    lt    green    11.me
mudstone.



81

Sl.nclai.r    Oil     and    Gas    #1     Circle
SW,      SW,      SW,14-33-11      W
Perforated    4572.-78           I.P.112    B0PD
cored       4481'-89',       4525'-99'

Gamma-ray Re s i s ti v i ty



82

Sinclair    Oil     and    Gas    #7    Newkirk
NW.      NW,      SW,16-33-11      W

Perforated    4506'-46'     I.P.    208    B0PD
Gored    4526`-4575

Gamma-ray Re s i s ti v i ty

Cherty    li.me    mudstone-burrowed,
fractured,    tripolitl.c

Lime    grainstone-crl.noidal  ,
interbedded    wi.th    light   green
li.me    mudstone.



83

Gulf    Oil     #13    W.     A.     Newkirk
NW,      NE,      SE,17-33-11      W
Perforated   4510'-30'
Cored    4490'     -4543'

Gamma-ray

I.P.     303    B0PD

Re s i s ti v i ty



84

Conoco    #9    Harbaugh
NE,     NE,      NE,      32-33-11      W
Perforated   4486'-4534'
Gored       4480'-4601'

Gamma-ray

I.P.      35     B0PD

Re s i s t i v i ty

Penn.    Conglomerate-subrounded
chert   clasts    in   dk    green    shale

Cherty    Shale-sedimentary
boudinage,    off-white   chert
i.n    lt-dk   green   shale,    local
lime    mudstone    and    wackesto.ne,
dolomite,    spiculitic    chert

Lime    grainstone-grey    crinoidal,
thl.n    bedded
Cherty   shale-as    above,
increasing    chert   content.
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Nichols    Drilling    Co.     #1-8    Mi.chel
C,      NE,      SW,     8-34-11      W
Perforated   4586"-4606'
Gored       4572'-4617'

Gamma-ray

I.     P.     25     #B0PD

Res i s ti v i ty

a€T=e a-a-a

Penn.    Conglomerate    -angular
cherty    l.n    non-calcareous,    gre.en
shale
Chert   Brecci.a-fractured   chert
weathered   at   margins,little
shale   matrix.

Cherty   Shale-sedimentary
boudins,    blue-grey    chert    1.n
lt   green   calcareous    shale.
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Nl.chols    Drilling    Co.     #1-26    Stranathan
C,     SW,     SE,     26-34-12     W
01.1    well,    perforati.ons,        I.     P.    not    shown
Cored      `4725'-55'

Gamma-ray Re s i s t i v i ty
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•:

Sinclair    Oil    and    Gas    #10lsson
NW,      SE,      NE,      30-23L12     W
Perforated    4804'i36'            I.     P.     7.8    MMCFGPD
Cored       4804'-49'

Gamma-ray Re s i s t 1` v i ty

Chert    Breccia-fractured,    hi.ghly
weathered,    fresh   chert-1t   grey,
white,    tripolitic   matri.x-tan,1t
brown,    no    residual    calcite.

Cherty    Shale-sedimentary    boundl.n-
age,    spiculitic    chert    in    green
shale    and    mudstone,     local     dolomite
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