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abstract

LC}WER      PENN§YLvf}hllf]N   §f}ND§TC}NE-CflRB0Nf]TE   CYCLES   ON   THE      WEST

FLf}NK   0F   THE   CENTRflL   t<fiN§f}§   UF`LIFT,    CENTBflL   t<QN§f`§

§tepheri  Charles  Hc.ward,    M.S.

Departmerit   of  Geology

Wictlita  State  University,    199®

C}cire  5tudie5  and   subsurfaee  mapping  af  tlie  Cherokee  Grcii`p

has     beeTI  urldertakeTI  ori  ari  a.rea  ori  the  We5terri  Flarlk  of     the

Central          Kan5a5       Up 1 i ft.          Periri5y lvarii ari       roEk5         rest

urieorifc.rmably     c]m    the  weathered,   karstic,     surface    cif    the

Mi55i55ippiarl.      Mast   of  the   "lows"   withirl  this  Surface     were

filled     iri     b)/     the  depositiarl  af     the     Perlrisylvariiari     Ba5al

Ccmg,1omerate.        The  Cherokee  Group  t=cirisist5  of     three     majcir

faeie5,     these  are:-     i)   Mairily  muddy  tidal   flat     sedimerlts,

2)      predcrmiriaT.Itly   saricly   tic)al   c=haTlriel   sedimerits,    arid   3)       low

er.erby  shallow  mariTie   limestarles.

TWo    marirre  tran59re55iorl5  have  beeri     ideritified,     duririg

this    time,   1iTfiestorle  units  were  deposited  clver    the    eritire

Study     area.   These  c:ari  be  correlated  with  trarl59res5iclris     iri

EastErn  Karl5as.

Cherokee    5arid5tories  produt:e  ail  within  the    Study    area.

These  are  well-Sorted,   mature,   eoritairi  little  Clay  arid    were

deposited     irt    the    poiTit     bars    of    tidal     charlriel5       which

travdr5ed  the  area.     Explclratiori  fcir  reservoir  sarids  iTI    the

areal  i5  cliff ieult   because  of  rapid   faeiE5  c=harige5.
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Figure  38.     thcrtonicrograph  of  aTI  axial   5ecitiori  cif
WedekiTtdellina.     Lerigth  of  phcitograph   is
1 . 7mm ,,,,,,,,,,,,,,,,,,,,,,,,,,.......-.

Figuire  39.     Petrographit=  Criteria  fo'r  5ecaridary
porosity.      {§chmidt   aTid  others,1977).   ..

Figur-e  4®.     fl  qualitative  a55es5merit  of  reservoir
PoteTirtial  with  a  rarlge  of  poro5itie5
{Ncirth,    198§} .......-..-.-..............

Figure  41-     f`  plcrt  of  peirmeability  v5.   pciro5ity  for
Pf af f  Xa .....................--.......-.

Figurt  42-     IILu5tratiarn  of  pore+a+hroat  Size
contrast  and  coordirlat ion  rlumber  arid
their  effec*=  crri  noraeettirig-phase
recovery  efficierit=y   {Wardlaw  and  Cas5arl,
1978 ) ................-........-.........

Figure  43.     fMcrtonicrograFh  clf  sarid5tclne  frcim  Pfaff
*2  at  4248.®  feet.     Total  degtrutatiorl  c]f
pcrrosity  by  poikilotopic  calcite  t=enerit
{right},   and  poittilotopiE  anhydrite
Cement   {left}.   XN.     Length  of  phc.tograph
i)   1.7rm ............-..............----.

Figure  4+.     Sea-level  cur`re  forr  the  Chercikee  Grciup
{heckel,    19es} ............... I ....-...-.
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Figure  Ll.     Isopachou5  map  from  the  Labertte  Shale
to  the  tap  of  the  Mi55is5ippian  ....   Bat=k  Sleeve

Figure  L2.      15cipachau5  map  of  the  Cherclkee
Group   ..............................    Back  Slee`+e
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2)    §TLJDY   f}REf}

The    Study  area  is  located   iri  northeasterri    Nags    Cciurlty,

sc.uthEasterri    Trego  County,   southwestern  Elli5    County,     arid

western     Rush     County   (Fig.   2).     The  study  area     is     c}rl    the

we5tehri    flank    of    the    Central  Karisas  Uplift,   and    orl    the

rlartheasterrl    edge  of  the  Hugotoni  Embayment   of  the    flnadarko

Basin     {Fig.   3}.      The  Study   is  foeussed   c.rl  the     Chaff     Field

(see.,    21,a2     T16§,   Ralw),   which   is   located   in  Ness    Courlty.

HciNever,     the  total  Study  area  exterlds  rlorth  and  South     frclm

T15§  ito  TIB§,    and  to  the  east   and  wegt   from   Ft2®W  tc.   F`22W,   an

area  taf  43a  Square  miles.

The    data    available  include  Cherokee  Group    cores    takerl

from I  tllree    wells  in  northeast  Ness    County,     arld    numerous

petrdphysical  `I.ell   1cigs  within  the  Study  area.      In  order    ta

dete+mirle    the    enivirormeTlt5  of  deposition  of    the    Cherclkee

Strata,   detailed  examinatioris  of  lithology,   texture,     grairl-

5ize,I     and    mineralogy  were  made  of    the    well-ccires.        Thin

5ection5    I.ere  prepared  from  5ample5  of  the  t=ore,     and    were

examiried       using    a    petrographic      micro5t=ope.          Extensive

5ubsurfaee    iitapping    helped  to  delirleate  the    geometrie5    cif

many ;af  the  rock  units.



Figurre  2.     Lclcatiori  of  the  Study  area.
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3)    PREVIOUS   W0f]K

f}lthough  much  has  been  published  an  the  Chercikee  6rclup  in

Eastern    Kansas,     there  have  been  few    publications    dealirlg

with    the    Cherokee    Group  in  Cerltral     and     Westerrl    Kansas.

Waiters    arld  others   {1979)   de5eribed  ehanrlel   sands  from    the

Cherokee     Group     in  T17§,   R24W   {12  miles  west   of     the     study

area).       These  sarids  may  be  gc.od  producers  c.f  oil,     however,

explcmatiorl  for  them  i5  difficult     beeau5e  they  fill  siriuous

valleys    whose    t=clurses  are  difficult  to  predict.       Most    of

these  Channel  5arid5tclrle  oil  reservoirs  have  been    di5eovered

purely  by  chance  while  pro5pecting  for  oil   in  the  underlyirig
Missi55ippian  dolomites   (Waiters  and  others,   1979).     Nodirie-

Zeller     {1981)   published  the  results  of  a  Core  Study  of    the

Permsy lvani an         Basa I       Corlg lomerat e       in       Ness         Courlty.

§torieburrier     {1982)     made  a  general   Study    of    the    Chercikee

Group  in  this  area.

On       a    mar`e    regional     Scale,     Merriam     (1963}        briefly

discussed  the  area  in  an  overview  of  the  geolclgy  of    Karlsa5.

Mcfre  receriritly,   Rascoe  and  f}dle'r   {1983)   published  an  civerview

of    Permo-CarborlifErou5  hydrcicarbons  in    the    Mid-Eoritinent,

which     irlcluded  a  paleogeographie  map  of    the    Mid-coritirlerlt

during  the  early  DesnciiTiesian   (Fig   1).



MccroTle        (1964)        discussed     the     cyt:1ieity       cif       the

Desmoine5ian     in    Kansas    frclm    a    regional     aspect.          More

recently     Heekel      {1985,      1986}     has    developed     a    gequenee

stratigraphy      for    the    Permsylvanian    eyelothems    of      the

Mideorltinent.     These  c'yclc.thtNis  are  related  tci  eugtatic    Sea

level  char.ge  and  correlated  within  the  Study  area.
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Figurre  4.     Ma]clr  pre-De5mairiesian,   post-Mississippian
5trutitural  features  of  Kansas   {Merriam,   1963}.
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major  influence  cm  sedimeritation  iri  this  area  througliout  the

lower    Permsylvaniarl     and  much  of  the    Upper    Permsylvaniarl.

C}ff5hcire    earbonates    farther    west  of    the    Cerltral    t<ansas

Uplift'    give    -ay    to    fine-grained    ela5tit=    Strata      which

parallel     the  ancient   shorelines   {Rast:oe  arld     Odler,      19e3).

The     Central   Kansas  Uplift   was   iriunc]ated   by  the  erid     cif     the

M i s5our i arl .

f}     shallow  Shelf  was  present  to  the  west   clf    the    Ceritral

Kansas    Uplift.      The  water  depths  civer  the  whole  Shelf    were

approximately     15-25m      (5®-75   feet),   arid     prclbably     did     ric.t

exceed   3drn   (1®®   feet)    (Mccrorle,    1964).      The   sedimerltatiori  cif

the  Upper  De5moine5iari  primarily  corlsisted  cif  earborlate  beds

that     were     Separated  by  thiririer  Shale     uriits.        Basiriwarc]s,

farther    frclm  the  elastic  5ciuree,   the  Earbclriates  thickerl    at

the  experi5e  of  the  shales.
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gTRATIGRAPHY   WITHIN   THE   STUDY   AREA

-    Labette  Shale
-Upper       -Marmaton  croup

-    Fort  Scott  Limestone
PennEiylvanian     -     De8moineBian  Stage

Series
-Lower       -Cherokee  Group

Upper
Mie8iB8ippian     -     Meremecian  Stage     -    Warsaw  I,imeBtone

Serieg

LOwer
Mig8ig®ippian     -     08agian  Stage

Series

Table   1.     §tratigraphy  wittiirl  the  Study  area..
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Figure  5.     §ubcrap  geologic  map  of  Mi59i55ippiari  rot=k5   iri
t<anga5   {Thclmp5clrl  arid   Goebel,    1%8).
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The     Warsaw  Limestcme   i5   eclmpo5ed   mairily   of     5emigranular

|ime5torle     iriterlamiriated     with     5ut=rosie     dcllomite.           fil5cl

pre5erlt       are     large     amourlt5     of     gray,        mottled,        cipaqi.`e

microfos5ilifercius  ehert   (Goebel,    1968).

f})   Lclwer  Perirlsylvariian  §erie5

i )    PENNSYLvf}Nlf)N   Bfl§flL   CONGLOMERf}TE

Over    much  of  Cerltral  t<an5as,   a  breecia  civerlies  the    the

weathered  surface  of  the  Mi5si5sippiari.     This  bret:Cia   is  the

Basal     Perlnsylvaniari     Cclriglomerate   {P.a.C.).         It     has     been

described        by     Nodine-Zeller      (1981),      whcl     eoricluded,        ori

biostratigraphie    evidence,     that     it     is    either      earliE5t

Penrlsylvariiari,   ar  possit]1y  early  Cherokee   irl  age.

The    breet=ia    eorltains  a    mixture    of    weathered-irl-plat:e

c=cibble5    and   boulders,   and   fluvially  deposited     pebbles     arid

t=abbLe5     clf     05agian,   Meramec=ian,   and   Che5teran     ages     whit=h

were    derived  from  the  kar5tie  terrait.I  of  the    Mis5i5sippiarl

{Nodim--Zeller,    1981).

ii}    DE§M0INE§IflN   §TflGE

In    the    study    area,   Strata  of  the    Morrclwari    Stage    arld

f]tokari    Stage    are  ab5erit,   arid,   with  the    exception    of    the
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P.a.C.,   strata  of  the  Desmciirie5ian  Stage  are  the  clldest   from

the  Periri5ylvariiari  present.

!b3rgts§E  §£ggE

The  Cherokee  Group  Strata  cori5titute  the   lowest     divi5ic.rl

of     the  Desmcliriesian  Stage.      They  t=cmsist   of  an     alterrlatirlg

5equerice  cif  5artd5tor-ies,   shales  and   lime5tcme5,   and  have  beeri

described  exterlsively  clcise  to  their  outcrop  area  iri    sciuth-

east       Kari5as,     where    a    detailed    stratigraphy    has       beerl

developed.        In     Central   aT.Id  Western     Kart5as,      however,      the

depo5itiorlal  e'nvironmerlt  was  different,   arld  the  5tt-atigrapliy

of  southeast  Kansas  is  not  appropriate.

Marmatori  §r99P

The    upper     part   of  the  Desmoirlesian  beds   iri    Karisa5     are

a5sigried     to    the    Marmatclr.  6rclup.     These    Strata    are    more

EalEareclu5  than  those  c.f  the  Cherokee  Grciup   (Jewett     et   al. ,

1968) .

Fcirt  §Ecitt  Format iori

The    Fcirt  §eott  Formatiori  i5  the  lc"e5t   formatiorl  of    the

Marmatori  Group,   arld   eaTlformably  Overlies  the  Chercikee     Group
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strata.        It     ecimpri5es  twci   limestorie5     arid     ari     iriterveriirig

Shale  member,   these  ares-

i)        Black]aek  Creek  Limestcine  Member

ii)     Little  Osage  Shale  Member

iii)   Higginsville  Lime5tarle  Member

Labette  Shale

The    Labette    Shale  corifcirmably  overlies  the    Fort     Scott

Fcirmaticm.        The  Labette  Shale  eoTlsi5ts  of  gray     arld     yellow

t=1ay     shale,   Sandy   shale  and   5ar.d5tclne,    t=oal     aric)     1imestclrie

beds.       A  black  Shale  i5  preserit   in  the   lower    part.       Black

shale  also  oeeurs  locally  in  the  upper  part   (Jewette  et  al.,

1968) -
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Table  a.      Lcieatiori  af  the  N.C.R.fl.   well-eore5

PFOFF   *2:       §W   NW   §W,    21    16§   21W

PFf]FF   #3:       NE   NW   SE,    2®   16§   E!lw

THOMP§ON   f}-#2=       NE   §W   §E,    3    17S   21W



rf edel.,.i,|`' I  € . ;.x:r .Ndno .

Figure  6.      Lag   and   Sea   level   t=urve  of  the  well-eclre  N.C.R.fl.
Pfaff   *2:   SW   NW   §W      see.    21   T16§   R21W.      Key   tc.
5ymbolg   irl   f igure  9



Figure  7.     Log  arid  Sea  level  t=urve  of  the  well-cclre
N.C.Ft.f}.    Pfaff   *3:      NE  NW  §E     5Et=.    20   TL6§   R21W.
t<ey  to  symbols  irl  figure  9.
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Figure  9.     ExplaTlatiorl  of  the  5ymbc.15  used  for  figures
7,   8,and  9.
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grairi  size  c=1a5sificaticm  are  giveri   in  Table  3.

ii)    PETROGRf`PHY

Thirli   5Eetions    were  prepared  frclm    all     represeritatative

lithologies       within    the    Naticlnal       Coclperative       Refiriary

f}ssoeiation      {N.t=.R.f}.)      well     eoresi        N.C.R.0.      Pfaff     #2,

N.C.R.f}.    Pfaff   #3   arid   N.C.R.f}.    Thcimpson  fl-#a.       Iri     additic.ri,

thiri-sectiorls    were    prepared  frcrm  vertical     arid    horizorltal

samples      takeri    iri    every    reservoir    zorie,     so    that       ariy

ariisotrc.pies    in  the  pore  systems  which  may  effect  the    f low

of  oil  through  the  rock  Could  be  determined.

f}1l     of  the  5arld5tone  thin-sectioris  were  5tairled    for    t{-

Feldspar,   and  were  impregriated  with  blue-stairled  epoxy.        Irl

additic]TI,     those  with  a  Earbonate  eemerit  were    stairied    with

fllizarin  REd  S  to  determirie  the  degree  of  dcilomitizaticiri.

The     I imestone  thin-sect iciri5  were  Stained    with    fll izariTI

fled    §,   to  determine  the  degree  c[f  dcllomitization,   arid    they

alsc.    were  impregnated  with  blue-stairied  epc.xy,   5ci  that     the

pare  sy5tebs  could  be  better  seen.

i ii )    LUMINOSCOPE   PETROGF`fveHv

Cathodolu]nineseent     petrclgraphy    was    employed     fclr    marly
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Table  3.     Three  differeinrt   ways  cif  expres5irig  the  Size  of
Sand  size  grairfs.

6rairl  size   I     6rairi  size       I     Grairi  Size
{5ymbol}       I    {miErcimetErs)     I                {phi}

11----------- I -------------- I ------------
11

-®.5  --1.®
®.a  --®.5
a.5   -     @.®
1.®   -      ®.5
1.5   -     i.a
a.0   -     1.5
a.5   -     2.®
3.®   -     2.5
3.5   -     3.®
4.®   -     3.5
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r|ori-5haly   units  of  The  Cherc.kee  Group.

Isopaehcius    maps     are    incire     apprcipriate    tharl     structure

c:orltour  maps  beeau5e  they  relnclve  the  effeet5  of  pcist-Labette

Shale  uplift   orl  the  Cerltral   Karisas  Uplift,   arid  5ubsideriee  c.f

the     basiri.        The   isapac:hcius  map  cif  the  Cherokee     Grciup     was

ccmstructed       to       i I lustrate      the      relat ioriship       betweerl

Mis5is5ippiari  topography  arld  the  Chercikee  Grciup  thieknes5.

On     average,   clrie  well   per  Set:ticm  was  used     tci     c=orlstruet

the    maps,   though  .Several   seeticlris  have  rla     available     logs.

Mci5t     of    the     logs     iri    the    napped     area     perletrated       the

Mis5i55ippiari,     arid  therefclre  there  was  sufficierit  data    for

mapping  ori  this  scale.

Cross     5ecticms    were     ecln5trut=ted     usitig     petrophysit=al

lags.      Detailed   I:rcls5  seetioris  were  t=clristrueted   irt   T16§   R21W

iri    the  sections  which  coritairi,   arid   surrourid,      the     N.C.R.f}.

wells:     Pfaff  *a  arid  Pfaff  #3.     The   locaticlris  clf  these  c=rciss

5ecticms  are  5howri   irl  figure   1®.        These  t=rcls5  5eeticin5  were

I:Cmstrueted     tcl  detei.`mirle  the  geometry  arld     distributiciri     of

the  gtt.ata  that   are  cib5erved   in  the  t=ares.      Isclpachcius    maps

Were    Constructed  using   lags  data  from  the  Same     logs    whit=h

Were    used     to    eon5truct  the  c:ro55    5eeticlris      to    help     irl

determinirig    the    geometry  of  irldividual  rack  units     iTi    the
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Figuire  1®.     The  locations  of  the  ercl5s  5eeticmg  within
T16S   R21W.
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area  5urrouridirig  the  wells  Flfaff  #2  arid  Pfaff  #3.      The  c:rciss

5ecticm5     arid     isopat=hous     maps     helped     to       determirle     the

erivirormerrit   and   modes  af  depci5iticiri  of  the  rc}ck   units.

The  t=rci55  seetiorls  therl  were  exterlded  to  the  east,     west,

ncirth,      arid   South   cif   T16§   R21W,    and   eoritirlue   tcl  the     margiris

af     the  area  of  study  to  determirie  the  gecimetry  of  the    rnc}re

widespread   units,   sut=h  as  the   limestcmes.      The   locatiori5     cif

these,   mcire  exteri5ive,   erclss  seetiorls   i5  shciwri   iri  figure   11,

arid  are  illustrated   in  figures   12  to  19.

Cro55    seeticirls  eon5tructed  from  petrophy5iEal     lclg     data

iridicate    the  presence  of  two   limestone  units  civer    mcist     of

the     study  area,   which  have  beerl  termed  the  Upper  and     Lciwer

Limestorle5.       These  are  useful   5tratigraphie  markers    withirl

the    Cherokee  Group,   and   prcivide  a  eorlveriierlt     framewcirk     tcl

di5eu55  the  Cherokee   irl  terms  of  five  divi5iciris.     These  arE,

in  aseetiding  cirder:

1)     Base  of  the  Chercikee  tcl  the  Lower  Lime5torie.

2}      Lower  Limestcme

3)     Top  elf  the  Lc.wet  Lime5tc.ne  tci  the   base  of  the  Upper

Limestone

4)     Upper  Limestcirle

5)     Top  of  the  Upper  Limestcme  to  the  tcip  of  the  Chercikee

Group.
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Figur-11.     The  loeaticins  of  the  5tratigraphit=  c=ro55-
5ecticJn5  within  the  Study  area.



io     AIJlelJl   |eu|  sa+eatpllT   5IJlot|aas  ssoJ]  al||  ]o  IJiotieiJituiex]

]J.Ut]3W0lEN03  |t]StJ8   NtJINt}^|^SNN3d   (? I

-a]e}-T`Soa I ed

IJie?cldTSstssTw  awl   j.o   PIJmoJE   Jal|ETu  al||   EUTAtJa^o   +5alJlutu|  st

pljie      `pljinouE   jaMot   aii|   EutA|Ja^o   |5aHalu|  ST   dr`oJ9     aaHOJaii]

al{|     |eu|    SaleaTPIJlt     Stu|     .(a^aa[S  t|aeq      `E|      -Et])     dnoig

aaHDJau3     awl  Joj.   Pa+aru|suLoa  gem  ogle  deui  snouaedo5t     utj

•eaTeulef   ]o   „AI|deJ6odo1   |IdH]oa„   aH}

sT     atdulexa  Je[tults   t}      .saJn|ea+   +a   A+tJetTults   e   suous   p|JOM

at||     io  slJloTEaJ   pat}I|SJeH  Jaulo   AIJleul  I.o   AudeJEodo|  awl  l||tM

ijietdd?sstssTw     ai||     IJlo   Al|dEJEoc]o|   al||  j.a   .JlosTJedulo3      .|T     uio

ATJea|a  uaas  aq  lj`eJ  At|deJ5odo|   |sJeH  aH].      .eaJe  Apn|s  at||  u?

uETddtsstsstw     at|}  io  aseq  awl  oq.  a|eu§  a||aqe|  awl  unoJ+  deul

snoiiaedost   ijie  st   (a^aa|s  Haeq)   T|  i?I      ..Jletddtsstsstw  au}  |o

aJe+uns     ]t |5JeH   awl  uo   paJuaurlJJo]  IJlot |e|ljlaultpas     aaHOJaH3

=]tj±un§  Nolddl§§Isslw  a3a]Hit}3m  aHi  No   ^H.]t]E9odol   (?

sijiotidtJasaa   (8

•}uasaJd   s?   |T   aJauM  a|eia"o|EuOO

|ese8     ljlEtlJle^|AslJ`ljlad  al||   aI|Ja^o   slJloT5T^tpqns   a^T+     asauJ.

®t,



41

tt.e     lcm-lyirlg   areas  were   irifilled  with   shaly     eonglomeratic

Strata  befcire   "regular"   Cherokee  sedimerltaticlrl  begari.        This

i5     alsci  termed   "Penrisylvariiari   Basal   Cciriglcimerate"      (P.B.C.  )

by     scime     authors      {Ncidirie-Zeller,1981).      The     top     cif     the

per|risylvarlian  Ba5al   Ccmglcrmerate   i5  present   in  the     N.C.R.fl.

well-cclre  Pfaff  #3.      It   i5  preserlt   frclm  the  base  of  the  c:are

(at     4252.0     feet)   tc.  4E49.a  feet.      The  1-clek     i5     a     matrix-

5upparrted   breccia,   Eontairiirlg  cla5ts  clf  white  chert     derived

from    the  Mississippiari.     The  elasts  greatly  vary     iri    size,

rangirig     from  teri5  of  t=entimeters  to  millimeters.        Mariy     of

the  elasts  are  highly   irregular  irl  Shape,   arid  are    extremely

arigular.        The     ericlo5iTig   silt   is  firie  grairied.        It     varies

from  maroon  ta  pale  greeri.

f}  thin-seEtiori  cif  the  breeeia  was  prepared  from  Pfaff    #3

at   4249.2  feet.      The  5ainple  earitairis  clasts   =if  chart   mariy  clf

Which    have    arl     internal     5trueture    of    radiating     blades,

iridieating    that  these  have  replat=ed  anliydrite.     The    elasts

are     Erielo5ed     in  a  matrix   of  browri  mud.      The  rcick     i5     very

Pciorly    5clrted    with    the  chert  ela5ts    present     varyirig     iri

diamErte'r`    from  Silt-size  tc]  Several  Eerrtimeter5.     t:lasts    of

quartzite  and  polycr`y5tallirie  quartz  also  are  pre5erlt.

The  breeeia  is  civerlain  by  a  5ilt5tcme.     The  5iltstcirle  i5

Very  Colorful,   varying   frcim  marclorl  to  greeri  alcmg     fractures
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Separate     "low"     has  been  irlfilled  with  a  thick     5ecticir|     of

per|risylvariian  Ba5al   Coriglomerate.

f]ftEr    the  topograplly  had   been  "smoothed"   due  to     burial,

the    depositicm  of   laterally  persisterlt  Shale  arld     limestcirie

uriit5   begarl.

iii}    PENN§YLvfINlf}N   Bf}§f}L   CONGLOMEFtf`TE   T0   THE   LOWEF3   LIMESTONE

±i±±9199¥  e±!  di5tributicm

P{aLf i   *3

In    Pfaff  #3,   the  5haly  uTiit5  of  the  P.a.C.   are    civerlairl

by  a  riodular   limestcme   {4a44.8-4243.4   feet).      The     limestcirle

riodules    are    composed  of  mierite.     They  are  enclosed     iri     a

greerl     and  maroon  shale.        This   lime5tcine   i5  averlairl     by     a

fine-girait.led,        greeri       5arld5torie        {4243. 4-4241. 6         feet ) ,

ecmtairiirig     layers    of  greet.  expariding  shale  both    riear     its

base,   and  throughout  the  unit.     f}15o  present   are  patches  arid

thiri     layers     of  black  shale,   and   lime5tane    ricidules.        Lclw-

arlgle     eontirluclus     lamirlation  and  ripple   lamirlaticirl     c}ari     be

SeeTi  in  the  Sandier  parts.       Toward  the  top  af  the  unit,   the

lime5tcirle  rladules  become  mclre  abundarit,   and  at   4241.6     feet,

the    Sandstone  grades  into  a  shale  with     limestone    nodules.

C`Y.I     i5clpaehous  map  cif  the  5arldstcme   unit    {4E44.a     to     4341.6

i
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Figure  2®.      I=opachou5  map  of  a  5aTldstorle  present   in  Pfaff
*3  froca  4244.0  ta  4241.6  feet.
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Figure  21.      Isopachou5  map  af  the  saT'id5tarie  5erie5  below  the
Lcl`..er  Limestone.
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ca|cite  Cement   (2.7*)   are  present  throughciut.     Where    cemer|t

i5    flat     present,   the  pores  are  filled  with  a    clay    matrix.

ooart2   grairis  make  up  53%  af  the  rcick,   clay  makes  up     15.3.A,

ar|d  feldspar  grairis  make  up  8.6*  of  the  grairls.

The  graywaeke  i5  overlain  by  a  thin  bed  cif  sarldy,     greerl,

Shale   (4251.7-4251.4  feet).     This,   in  turrl,    is  clverlain  by  a

series    cif  re5ervair  5aridstclnes   {4251.4-4a47.5    feet).       The

5andstones    vary  frcim  clay-ric=h,     moderately-sorted,       units

which    cclntain    larger  ehert  ela5t5,   to  firier    grairied    beds

with   little  Clay.     The  firier  grained  units  have  much     better

developed  porosity,   because  t=1ay  fills  most   of  the  pores     iri

the    coarser-grairled     beds.     From  4250.7  to  4a49.7    feet,     a

riormally  graded   bed   is  present,   with   9rairi  Size  gracling   frcim

mL  tcl  vfu.      Climbing  ripple   lamiriaticin   is  present   in  sclme  clf

the    uriits.     Near  the  top  cif  the  Series,   the  rocks  are    TnclrE

Poorly  5cirted,   and  have  a  higher  clay  cciuterlt.

Thin-sections  of  these  re5eirvoir  5andstcines  were  prepared
from    Samples  at  4251.2,   4249.0  feet,   and  4248.a    feet.        Ot

4251.a  feet.   the  rock  is  an  inhomogenou5  quartz  arenite.     It

is    well-sorted.     f`bout    9®*  af  the    grairis    are    very    firle

grained,     the  rest  are  larger,   rangirlg  in  diameter  from    @.4

tcI  5mm.     Most   c.f  the  grairl5  are  quartz,   thclugh   Small   amciurlts

Of  ehert,   K-feldspar,   and  plagioelase  are  present.     Mariy    af



a|TL|M      `pa|JoddT`5-XiJ|elJJ   `L+aTJ-^ela   `PaaJo5-^tJood      `paute*6

*asAeoa    e    ^q    utet*a^o  ale  spaq    ,.auoz    Jto^JasaJ„    awl

-quaiard  ale

+uLauiaa    aita|ea  alclo+o|tt|tod  +a  Saualed   Pa|etost   Pup   I+uauaa

^E[]    aijios     `iiiLauiaJ  eJt{ts   `uot|tppE  u|      .SaJod  ^JtutJd    aui

]0     |sou     paIIIj.  5eu  watt+M  a|TJPAuue  atdo|oI?|lod   Aq     Atljiteui

pall+aoua]     st     HJOJ     aL||      -uJu+.O  ST   aztE     uTeJE     aEEJa^e     awl

pijie      `uuioT     o|  £®-a  "oJi  azTs  u}   aEueJ  slJLteJE  au|.        .a|Tuaje

ziienb      Ipa+*i_.a-^tJood      `E     ST   MaoJ  aL+1    tar?aJ.     ®.8+a+      |tj

.HaoJ

al|1     |uaLLla]     a|T](eJ  atdo|ot?ttTod   io  Saua|Ed     t|etL15     Ja^aeeu

`eat|ts     Aq     pa|uauua]     AlqueuTuopaJd  st   +?liln     auj.        .AI}eaJE

^|T50Jod     ^JEuTJd     aL++     paaT`paJ  5Eu   uatL+M      `uoti]Eduoa     uJnu

aiJloEJapun  seu  HaoJ  auj.      .|r`ouEr`oJH}  sJaAeI.   pn"  uaTJ-a}[+eulau

IJITl||     SIJLTequoa     ||      .PalJLteJ6-aut}   s?   put    `pa]Ao5     ^taieLapou

st      i|         .asot|JE     SnouaEou.oL|     E   St   MJOJ     awl      `®.6trz+     1t]

•SIJl?eJE   z|*Enb   `aut}   ^Ja^

`Pa|etosT     SIJITe|uo]     aleus  Stu|     .aleus  unoJq     uitn     paJaAeT

-Ja|ut     sT     auLo|5PIJleE  awl     .quasaJd  ale  oste   iuauaa    aila[ea

]tdD|o|THTod     j.a  sawaq.ed   IIeus   |nq    `sAe|a  Aq   AIuleui   paiuaulaa

St   HJOJ  auj.   .uoT|ntoE  aunssaJd   I.o  asneaaq   padeus-A[ue|nEaJJ?

ale   |5ouJ    `Ja^aMOH    .papiJLt`oJqr`s   o|   papunoj_T{aM  ale   5iiLteJE   au}

T£



ai{|     piiie      `Ets^|euE     uot|]eJj.I.tp   ^EJ-X     EUIsn     Paz^{elJle     sew

a.tilin     a?ui      .adeHs   ut   |IJLenba   Pug   PapIJLnoJ-|[aM  ale   SIJITeJE   au3

plj`e      `pa|Jo5-[laM  ST   ttaoJ  at||      .|tur\   awl   |nouEr`OJH+     |uasauc]

ale     siod5     iJio?|Jnpaa        .quasaJd  aJe  aiJlolspue5     IJiaaJE      .Liatt

-Ae[a     e     u|!M   pa|II+   SuoJJn8      .Aet]   PIJle   Zquenb   Aq     pa+uauiaa

st     ailioispijies     auj.         .{+aa+     I.®+E+     o+     i.++a+)        allo|spues

paijiteuE     iiin?paul      `ljlooJEul    `pa|eqJ``10Iq   e  o|IJ`t      PJEndn     Sassed

a[eus     au|        .+aa|     i.+trE+  o10.£+g?  uloJi   |uasaJd     St     t|aTUM

a{eLis      ljlaa*E   tiJep   e   o|lJLT   PJeMdn   Sassed    1?I.Ln   auo|Spl+lee   aLii.

•a|etis  t|]E|q  atqEIJ|  ]o  Spueq  ulli}

SIJlte|uo]     +TIJlr`   awl  ]o   |Jed  JaMol   al|j.      .UOI+]eduio]  ]o     |I`isai

e     se   }uasajd   ale  saplslilaHa?|s   i+IJla|uo]   AEIa   uETu  e  SiJLte|uoa

|tlJm     aii|         .sljl?EJE      z+Jenb    I+Iiienba    `papunoi     o+     papi-ir`ouqns

GIJltlJlte|lJloa      plle       `Jotoa      lJlt   IJ`oi3Jeul   AtlJIIeou.     (+aa+      a.£+E+      r.}

©.9t7E+)       auLO+SPIJles   PalJlteJE   uJnTpaun   e   ^q    `u*n|   uI     `uTE|*a^o   5T

STuj.    .AeI]   a|||T|   AJa^   SIJITellJIoa   PIJle    `paquaulaa   Eat|ts   sT   Haol

aL|j.        .z|Jenb   |l.lEnba    `PapunoJ  o|  papu``oi-qT`E  I.o   pasoduioa  ale

SuteJE     al||  io   +Sow      .{|aa+   8-9trE}+   D+  a.£tra+)   aitll`a*e   a+Jenb

`^e*E       `paliLTe*E   uJntpalJJ   e   ^q   lJITe|Ja^o   sT   a|eJauo|EilJioa     al|J.

•AetJ   PIJle   pups   z|Jenb   palilTeJE   uintpalil   ]o   xTi}ei/I   e   ijil   pa5o|alla

`|uasald      ale    oste    s|sela    aIltuejE     pljie     +iaua     .la^a.'JH

•(Ja+auuEtp        IJLT      tliuJ§T      o+     dn}      z+*enb      papuT`o.     a*e     s|Sela

au+  |0   }SOW      .{+aa}  8.9t7T+  o|  §.i+Ttr}   aie*auoIEuoa   .i"oJq  °1

E§



53

mir,eralcigy     Was   fol`nd   to  eorisi5t   cif     quartz,      kacilirlite     arlcl

hematite.     This   is  evidence  that   the  saridstclrie  probably     was

c]epcisited   in  the   lower   iritertidal   sarld   flat.

The     saridstcirie   is  averlairl   by   a  t=ompaet      lime5torle.        The

cclr|tact   betweeri  these  twci  i`rlit5   i5  sharp,   arid  marks  the  base

of  the   lower   lime5tcine.

Thclmp5ori   f}-#2

The     N.C.R.fl.      well      Thompsclrl  0-#2     does     ricit      I:orltairi     a

earre5porlding     thick  saridstclrie  5eetiori  unlike  F`faff     *2     arid

F`faff    #3.      Iri  Thompsan  f}-#2,   the  basal   breeEia   is     clverlairi

by     a     mc.ttled,   oxidized  shale.      The     shale     cclritairis     large

c=last5  clf  chert.      Patches  cif  yellow  sarld5tclrle  that   have  been

greatly     disrupted     by  c]ewateririg  are  preserlt   irl    the     upper

Part       clf    the    shale.       These    erlelcise       irregularly-shaped
mudstclrie     ela5t5.        The     Shale  rapidly   grades     upward     tci     a

bric=k-red,   matrix-supported   breet=ia   {4152. ©5-415©.85     feet).

Orlgulat^  and  rounded  ehert,   quartz  arld  granite  elasts   (up    tcl

38mm)     are  enclcf5ed   irl  a  red  silt5tarle  matrix.     The  rock     is

Pclorly  5cirted,   arld  ma55ively  bedded.      This  unit   was  analyzEd

l`Sirlg  X-ray  diffrat=tion  arialysis.     Tlie  mirieral5  present  were

fciurid  tci  be  quartz,   kaolirlite,   hematite  aTld  anhydrite.

The     bret=t=ia  has  a  Sharp  upper  eciritact   with   a  inaraori     arld
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5ar,d5tcirie     bed   {4231.8-4131.5   feet),   wliieh   has     sharp     upper

ar,d     lcIwer     eoritaets,      arid   ari   irldi5tinet     marciciri     arid     greeri

horizorltal   ecilcir  baridirlg.      Its  grairl  size  varies  frcm  fL    tci

cL,   and   it   eorltairl5  a  white  Clay  matrix.

The     overlying   lime5tc.rie,   preserlt   frcim  4228.4     tci     4222.3

feet,   is  a  fcissiliferaus  nit:rite,   and  has  a  riodular  texture.

The    fcissils  present  are  braehicipod5,   spanE]es,   crirloids    arid

algae.        Shale     encloses  the   limestcme  ncldules.        The     Shale

varies     frcim     greeri  to  marcicm,   and  raT..ges  fran  O-2®7C  of     the

total   rock  volume.      Mare  Ecimpacit   layers  which   Eciritairi     Crude

lamiriae,   are  present  withiri  the  rock.

The   limestcme   is  present   irl  Thcimp5cm  fi-*a   from  4143.95  tcl

4138.9.        Hclwever,   rieither  the  ±ir!9±|±-rich     shale    arld     the

urideT`lyitig   limestone  are  preserlt.     The  lower  eorlta[t  cif    the

limestone    with     red  silt5torle   is  Sharp.        Frclm    4143.95    ta

4142.a5    feet     the     lime5tcine  has  a    tiodular    texture,     with

fcISsilifercius  mierite  ncldules  Separated   by  a  gray  shale.

From  4142.25  tcl  4141.75  feet   the   limestcme  grades     upward

ft-om    a  pack5torle  tcl  a  wat=ke5tcine.     fit  the  base,   the    elasts

are    separated    by  greerl  shale.     Higlier,   the  Shale    is    le55

aburidant,   and  the  pc.res  are  filled  with  5parry    pclre-fillirig

ealeite  cement-
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The  micrite  has  urldergcirie  neomorphism  c.f  twc.  types:-

1)      Oggrading  rieomclrptiism:-     the  micritE  eciritairis   patches

of    larger,   irregularly-sized,   ealeite  Crystals    with

irregularly-shaped  grairi  bourldaries   (fig  22).

2)      Retrcigradirlg   rieomcirphi5m:-The     pore-fillirlg     t=alt=ite

has       partly       altered    to    mit=rite.          The      micrite

oec}urs  iri  iscllated  patehe5  within  the  caleite  eemerlt.

D i 5t ri but i on

f}rl     i5clpaehous     map  cif  the   utiit   i5   5hciwrl     iri     figure     E3.

The  unit   is  eontir.ucius   in  the  area  5urrclurlding  the     N.C.R.fl.

well5i     Pfaff  *2  arld  Pfaff  *3.      To  the  rlorth  clf     T16§     R21W,

the   lower   limestcme   i5  a  thin  di5ecmtirlucius  unit   {fig.      16).

TCJ    the     5ciuth     it   i5  Eoritinuous  for     abclut     ?     miles,     then

pirlehe's   out   between   111BS  21W  and   1516§  21W   {fig   1a).

Tci    the    west,     the   lime5tclTie  can     be    traced     alcmg     the

5eetion    W-W'      a5     far  as   19  16§  22W.        Over    this     area     it

maintains    a  uniform  thiekrless   (5-6  feet).      It   piriEhes    ciut,

locally,      in     2216§  22W.      The   lime5tclne     bed     piriches     out

Within  one  mile  to  the  east   of  the  easterri  end  of  the  t=rcis5-

5eetiot'i  I-C..      It   is  ab5erlt   to  the  east,   with  the    exeepticlrl

of  a  thiri   {a  feet}   bcidy   at   24   16§  21W.



Figl`re  22.      F.hr+tc.micrograph   clf   aggradirlg   riecimctrphi5m   irf  the
Lc.wet  Lime5tclne  fT`c.in  Pfaff  #2:   413@.a   feet.
Ir..regularly-shaped  sparry  patches  are  preserit
withiri  the  micrite.   F`lane  pcilarized   light.
Lerlgth   clf   phcitograph   is   1.7mm.
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Figure  a3.      Isopachous  map  of  the  Lower  Limestorie
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Usirig     the     Criteria     giverl     by     HeekE1,      1985,      this     is

ir,terpreted   as  a  regre55ive   limestc.rie.      The  most   c=clrl5piEuous

feature     is    the  rlodular  texture,   which   is  thought     tci    have

fc.rmed   as  a  result   clf  meteoric  weatheririg.      The  shalE     which

erieloses    the     limestc.ne  ricldules  was     cleposited     duririg     the

pericld  of  meteoric  weatheririg   as  Sea  level   fell.

f}    gray,     ±i±EL±|±-rich,      Shale     is     present     within       the

limestcme     urlit,      irl  Pfaff  #2,   and  t]elow     the     limestorie     iri

Flfaff    #3i     This     is    irlterpreted    as    a    riearshare      shale,

deposited  during  a  pericid  of  iriereased  elastit=  iriput  ta    the

area.        This  Shale  is  Separated  frcim  the   limestcirle  iri    Pfaff

#3  by  a  thin  sarid5tc.ne  uriit   iriterpreted  as  a  5tc.rm  depclsit.

The    sllelly     lag     deposit  whit:h     is     present     within    the

limestcme   in  the  well   core  Thompsclrt  f}-#2   is  thclught   to     have

fclrmed  beeau5e  of  5trorlg  t=urrent   activity-

V)    LOWER   LIMESTONE   T0   UPPER   LIMESTONE

The    beds     betweeri    the   lower     limestc.rie    and     the    upper

lime5tcme  mainly  are  5aridstorie  uriit5.     The  whale  Series    has

arl    average    thiekne5s     cif   1@  feet.        Thirl     Shale     beds     are

Present    within  the  sarldstorle  5equenees  cif  all    three    well-



=#  JJEJd

•paLi5t[qE|sa  aq   |oulJLe]  SatJ|a"OaE  JTaii}

i35      `sBo|      TEats^i|doJ|ad  aL|1  I+o   Paz?uEOJaJ  aq   0|     SaJn|euETs

J?at+1    Joj.    utH|  oo|  ale  s|lu,n  asaul   `A[a|eun+Jo].un       .clietis

ale    S|ae|uoa    awl  [Itj     .|aa|  6.TEE+  0|  6.88E+  "OJ|     |uasaud
`aiiioispues     paioloa-uEaJJ  IJIEa{a  auI  SaI|JapuTi   ^t|JaJTP  UalliM

`a|tu,ale     z|iET`b   `pa|eutuE{-a|ddtJ   `IJlaa*E   `(|].}   pal.lie.i-aut]

e     ^q     utetJa^o  sT   IJLJn|  u?   uatuu   .|aai   I.gggtr   +e  uueas     a|eiis

lJlaaJE      {SaualJlt      I  -®}   lJITu|   e   ^q   uteIJa^o   S!   sIH|.         .auo|sault[

Jamot   au|  saT[Ja^o  AI}JaJTp   `sljlteJE   z|Jenb   (na)   asJeoa  Ma]  e

EIJLTiJile|lJloa  alJlo|s||ts   pat+lorn  lJlaaJE   plJLe   pal  e    `£#  +j.eid  il|

£#   J.J.e}d

5iI5E=itiE=  5=36I55=iEE5=5  5q5  5ilTXTas-peii  =iirii

•aliLoispl.lee   pa*o|oa-uJEaJJ  aL+1   EiiJlt^|Ja^o  s|llJln

auoi5pijies  paioloa-uueaua  auj.

al.Loispiiie5   pa*o|o]-uJEaJJ  aLiq.  EiuT^|*apun   si|ur|

-i € 1Jed

aaJL|}     |o     SIJJJa|     ULT      paqTJJsap  aq   l5aq     I*Ea      [e^iaiiji?     Stlll

j.a  lJ`oT|dTJasap  al||.      .saJoa   [|an  aaJti+   [[e  ul   auo+sauiT[   Ja"'?I

alJI    Jt?au   qua5aJd  ST   auoispue5   pajo|o]_uueaia  iiLea|]  t}     .saJO9

99



67

Iri    Pfaff  #2,   the  Cream-ecilored  sarldstcirle  directly     civerlies    the

|clwer   limestcine.

Thclmpsan   f]-#2

Iri     Thclmpson     0-#2,      the     Lciwer     Limestclne     i5       directly

Overlain     by  a  greeri  arid  marociri,   mcittled,    firie-9rairied      (fL)

sarldstcirle  which   is  present   from  4138.9  tci  4138.5  feet.      This

c=clarseris  upwards,   i5  clay-rich,   and  eoTitains  iscllated     ehert

t=1a5ts.     fl  sarldy  shale  is  present   at  the  base  clf  this    urlit.

THE  eorltac*   with  the   limestorie   is  sharp.

Overlying     the     sandstc.ne  i5  a  inarciori     shale    with     greeri

reductic}rl     spots      {4138.5  to  4138.®   feet}.      The     eciritac=t      is

sharp.        The     Shale  is  overlain  by     a     pclorly-scirted    maraan

sarld5tclrie     frcmi     4138. a  to  4137. 25  feet.      There     also     is     a

Sharp  eorltact  between  these  two  units.     The  saridstclrle  rarige5

irl     grairl  size  fran  fu  tcl  mL,   has  a  high   Clay     t=oritErit,      arid

ec.rltair[s  arigular  t=hert  clasts.     The  grairl5   iri  this  unit   Show

a    high    spherieity.     fill  af  these  units  pirleh    out    to    the

rlcirth   and   South  of  Thcimp5ari  fi-*2.

I Y.It erpret at i Cin

It     i5    thought  that  the  5iltstorie  which     is    present     is



68

Fifaff  #3  Was  c]eposited  c.ri  the  upper  iritertidal   flats,   or  the

5upratidal   flats  bet=ause  of  the  presence  of  reducticm  5pat5,

which     formed     as  a  result   of  burrciwing,     or    decayed     plarlt

rclat.          BurrowiTIg     activity     is    mcist     interise     in         upper

iritertidal   flats,   aTid  plainrt5  are  Sparse  below  the  supratidal

f |ats.        The  5arld5tcirle  uriit   probably  was  depci5ited   as     pclirlt

bars  irl  a  tidal  ehanrlel.

The    marc}orl  saridstcines  which  overlie  the  Lower     Limestclrie

irl    the    well   [c.re  Thompsorl  fl+E  are  thought     to    have     beeri

depa5ited     in     a     lciw-energy     tidal     c=hanriel     irl    the     upper

iritertidal  flats,   or  supratidal  flats.

ThE  Cream-Colored  5andstorle

Litholc,gy

The  Clear.,   t=ream-colored  5and5tone  directly  Overlies    the

lciwer     limestc.ne   in  the  well-core  N.C.R.f}.   Pfaff  #2     (42E!7.a

trJ    4ae2.9     feet).     The  eoritaet   between  them  is    Sharp,     arld

Pci5sibly    represerlt5     a  sc:Our  Surface.     fit  the  base    cif    the

uY.lit,   thin  shale  seams  are  pre5erlt.      f}1thaugh  these  are     tcla

thiri    tc.     eau5e  the  rclck  tcl  part,   they   prcidi.tee     fairlt     greerl

barids     thrc.ughciut   the  rclek.      The  saridstcirie     is     well-5cirted,

though     present   throughciut   the  t.oek  are  barids  which     c=clrltairl

larger  ehert   c=1ast5.      Tlie  eompclrierlt   9rairls   clf  the     5arldstcirle
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are     arigular     tcl   Subrclurided,    arid   the   E]rairl   Size     withirl     the

barids     ranges     frcim     fL   tci   elJ.      Orle     barld     withiri     the     i`rlit

cc.ritairis     hcirizcirital   lamirlaticirls,    but      primary     clepo5iticlrlal

5trl.`Etl`res   Cif   this   type   are  .rlot   t=oininciri   throi.`ghcii`t   the  erltire

L`r,it   beeal`5e   of   biclti`rbaticlri.

The     Same     sandstc.rie   i`rlit   is   present      iri     the     well-c=cires

Pfaff  #3  arid   Thcimpscm  f}-#e.      Irl  Pfaff  #3  the   `.`rlit   is   preserit

from  4221.2  tci   4el6.0   feet.      It   t=oritairis   i5alated     lime5tc.rle

riadules,    arld   soine  mud   elast5.      The  5arid5tclrle   eciritairi5     barlds

with     coarser     elasts  of  Ehert,   c]uartz,    1imestc.rie     aric]     mud.

The  utiit   eontairls   low  arlgle  c=rass  beddirig  tciwards  the  tcip.

Irl     Thclmpscm     f}-#a     the   5arldstcine  unit      is     preserlt     frcim

4137.25  to  4133.a5  fEet.      The  rack  eorltairis  ealeite  t:emerited

Patches.      There  are  twci  upward   c=oarseriirlg   c:yt=les,   with     thE

E]rairl     size  varyirig   from  fu  tci  mu.      Some  t=clal   fragmerits     are

PrEserit     within    the  rock.     These  are  the  same  Size    as    the

eclmporlerit        graiTis.        Bioturbat icirl     has        clbl itEratec}        most

depc.siticmal   5truetures.      However  soine  hari=orltal   1amiriae  arld

lciw-angle  I:ra55  beddirig  are  preserit.

Thir.-5eeticlris  were  prepared   from  Samples  af  the  5arldstcirie

urlit   from  the  well-Eclre5i   Pfaff  #2  at   4E24.a  feet   arld  42E6.a

feet:   Pfaff  #3  at   4216.5  feet,   422@.2  feet   arld  4221.9     feet:
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reflects     a     relatively  higher  erierE]y   as     irlc]ieatec]     by     the

paucity     elf     silt     and     mud,      arid,      therefclrE,      the     chaririel

probably     was  mut=h   larger  thari  most   cif  the  ehanrlel     depcl5it5

ir|    the  Cherclkee  Group.      The  exact   gecimetry   clf  the     uriit     i5

r|cit          demclristrable,         because       of       the       d i ff ic=i`1ty          iri

distinguishirlg       this     urlit     from    Other     saridstories       which

immediately  clverlie   it.

Iri    parts  of  the  urlit,   the  depositiorlal     structures    have

beeri       destrclyed     by     biclturbatiorl.        Barid5     which        eclrltairi

bioturbaticln     probably  were  deposited  Tnore  slciwly     than    the

urlits  which  have  rlot   been  bioturt]ated.

!rli±E  9Y§£lriEE  ±be  cream-eolclred   5arldstarie

Ef ef£  ±3

Iri  F'faff  #3,   the  Cream-Ecllcired  sarid5tcine   is  directly  c.verlairi     by

the  uppet-limestone.

Ef 3±£  ±3

Between  Pfaff  #3  arlcl  Pfaff  #2,   four  uriit5  pirleh   iri    abclve

the  Cream-t:cilclred  5aridstclrle.      These  are  expclsed   irl  Pfaff  #E.

The     lciwer    of    these    uriits     is    a    firie     grairied,       ripple

lamiriated,      greerl  sarid5torie   {422E!.9-4E21.9  feet}.      It   has     a
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Sharp     C=Cirltat=t      With      the      i`ridErlyirig      sarid5tclrie,         c=orltairls

5i`barigl`1ar     tcI   5ubrciurided,    equarit   grairis,    arid   also     ecirltairi5

igcilated,       larger,      t=hert   grair.5,    iLp  tci      1@mm     iri     diameter.

Fine  silt   barlds  pass  thrciugh  the  rclek,   aric]   r.ear  the  base     clf

the  liriit,   greeri  shale-rit=h   layers  are  preserit.

The     greeri  sarldstorle   is  clverlairi   by   a     Clay-rich,      pocirly

Sorted   breec=ia   (4221.9  tci  4219.3   feet),   which   i5   pale  greeri,

except     at   the  top  of  the  urlit,   where   it   grades    to    marclori.

ThE     c:orltaet     betweeri     this   uriit     arid     the     uriderlyirig     f irle

grairled       5aridstorie     is     Sharp.        The     breceia     is       matrix-

5uppcirted.        The     elasts    corisi5t   of     arigular     fragmerits     of

ehert,   arid   granite-derived  quartz,   which  are  well-rciurldet]  at

the     base  and   beccime  rriore  aburldarit   and   less  rourlded     tclwards

the  top.      They  rarige   in  diameter   frclm  a-2@in7..

The     matrix     i5  a  clay-rich,     medium-9rairied,      5arid5tc.rle.

The  Eirairis   in  the  matrix  are  subrourided  to  rounded,   arid     are

equarlt.        f}    thin  5et=tiorl  of  this  unit  was  prepared     frclm     a

Sample     at     4al9.9  feet.     This  shows  that   the     saridstcit.Ie     i5

less    mature     compclsiticirlally     than    most     clf     the    Cherclkee

5aridstones,      because  only  63%  clf  the  grairis  are  ecmpo5ed     of

quartz,   3®%  are  cernposed  cif  Ehert,   3.5*  are  t<-feldspar,   ar.Id

the  remairiing  3.57[  are  granitie  fragmerit5.     The  ehert  I:lasts

are  Similar  iri  texture  to  the  fossiliferous  mierite  which  is
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the  domiriarit   lithcilagy  withirl  the   limestcirle   uriits,   arld     were

formec]     frcrm     the     silit:ification     clf     limestc.rie.         It        has

partially  reerystallized  5o  that   iscilated  patches  of     larger
crystals  are  preserit  withiri  a  firlely  ery5tallirie  grciuridmass.

The  rot:k   is  pclorly   5clrted,   with   grairl  size  rarigirig   frcim  f irle

tcl  coarse.      The  9rairls  are  angular  to  rourlded,   arid     elc.rlgate

ta  equarit   in  shape.      They  are  enc:losed   irl  a  Clay  matrix.

The     breecia   is  c.verlairl  by  a  9reerl  shale     (4219.3-421a.3

feet).     This  eontairis  arigular  elasts  of  quartz  arid  chert,   up

to    20mm   in  diameter.      The  upper  ar.d   lower  Eclritaets     of     the

Shale  are  Sharp.

The     Shale   is  clverlairi   by   a  eleaTI,      Cream-t=olored,      firie-

grairied     sarlclstorie   {4218.3-4215.1   feet).      The     lithcllcigy     af

this  uriit   is  the  5arne  as  ttiat   af  the  eleari  5arld5tcirie     belciw,

which   is  pre5Ent   from  4e27.2  tcl  4222.9  feet.     f]  thin-seetiori

Clf    this     unit  was  prepared   from  a  5alnple    takeri    at     4217.9

feet.       This  shclws  that  the  rciek   i5  a    porous,     well-5arted,

quartz     arenite.        The  roct{  has     uridergclrle     much     compat=tiari

Which    has     led  to  pressure  solution  arld     the     fclrmatiori    cif

quartz  overgrclwths.     The  rcick   is  mainly  cemerlted   by     5iliEa.

HOwever,      small   patches  clf  paikilotclpie  ealeite    I:emerlt     are

Present .
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type.     Hciwever,   87£  cif  the  grairls  are  composed   af  K-feldspar.

f}t     4125.6     arld   4125.a   feet,   the  rcick   i5  a     quartz     areriite.

fill     three  uriits  are  fiTie  to  meclium  grairled,     though     larger

isolated  quartz   grairis   {up  to  t=L)   may   be  preserlt.      fill   three

thiri-5ectioris     Suggest  that   the  grairl  Shape     and     ariE|ularity

has     beeri  altered  greatly   by   pre55ure  scilutiori.        f}11     three

thirl-5et=tic.ns     iridit:ate  mairlly   quartz-cemerit,      hclwever     they

Eoritairl     patches  cif  pclikilcltopie  calcite  cemerlt.      fit     4125.6

feEt     a     small   amourit   clf  poikilotopie     arlhydritE     eemerit     is

present    (8. 6J£).

flriother  5andstc.ne  unit  overl ies  the  reservclir    5arld5tclrie.

It     is    present   from  41E4.95  to  4124.75  feet.      It     is    firle-

9rairied     arid     white.        The  base  has     been     well-eemerited     by

Ealeite.     This  has  ela5ed  ciff  all  the  pclrosity,   arid  probably

fclrmed     the     Seal   for  the     urldErlyirig     reservr,.i`r    5and5tcirie.

Within    this     zcme     is  aburidarit   f laser     bedding,     with     thirl

layers    clf  green  shale  within  the  ripple  trc.ughs.       This    is

overlain  by  the  upper  limestorle.

The  Shale  whit=h   is  present   frclm  4128.55  tc.  4127.9  feet   is

riclt  present  to  the  south,   arid  earmclt   be  traced  to  the  ricirth.

The       saT']d5tone     uriits     whit=h     overlie       the       cream-[cllorEd

5and5tane    ea"Iot     be  distinguished  from    the    Cream-eolclred

Sand5tcme    ori     the     petrclphy5it=al   logs,     arlc]     therefc.re    the
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decrease  irl  the  aburldarlee  cif  the  ehert   Elast5,   indicatirig     a

decrease     in  reworkir.a  as5ot:iated  with  a  decrease  iri    erlergy

whit=ti  Occurred   as  the  deF}tti  clf  the  ehanriel   decreased  as     the

5edimeTit5  built   up  to  the   level   of  the  iritertidal   flat.     The

c|verlying     shale    was    deposited  clrl    the     irltertidal     flats.

Pericids    elf    high  eriergy,   such  a5    storms,     tran5parted     the

chert   fragmerit5  iritcl  the  depclsit.

The     shale     is  civerlain  by  a  eleari     sarid5torie    which     was

depo5itEd     irl  point   bars  of  a  tidal  chanrlel.     The    sarldstc.rle

t=cirltairls   Breeri  Shale  5eam5,   which   become  mclre   abimdaTlt     riear

the  top  of  the  deposit  a5  the  tidal  [harlrlel  5hallowed.       The

5arld5torle     is     overlain     by  a  thin     greeri     Shale    which     was

deposited  cirl  the  intErtidal  flats.

f}    rapid     transgressiori  follciwed  thE    c]eposition    of    the

Shale,      but  there  was  flo  net   aeeumulatiorl  cif  5edimerlt     uritil

the  c]Epositicm  of  the  upper  limestclrle.

Iri     the     well     Core     Thompsclrl     f]-#2,      the       t=ream-c=01ored

Sarldstone     is  Overlain  by  a  Series  af  saridstclrles  which    were

depcisited   in  tidal   charmel5.     f}  Shale,   prclbably  deposited  clri

the  intErtidal  flats,   i5  present  within  these  saridstclrles.
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c,utlines       appear     tci     "flciat"      iri     5parry     c:emerit.          Shell

f.ragmeTlts,   which  were  origirially  eompased   cif   aragclrlite,   have

beeri  di5salved   ,   and  t-eplat=ecl   by   sparry   ealeitE.

F`artial     rieomorphi5m   al5ci  has  clt=eurred.   This  carl   tJest     be

5eerl       where       widespread     di5sc.1ut icirl        is       flat        eviderit.

Neclmarphic:    ery5tals     appear  as  patches  clf     t:oarser     ealeitE

Crystals,      which     c:ari     be  distiriguished     frc.in     5parry     pcire-

fillirlg       Ealc=ite     because    they.     have       irregularly-shaped

bcli`ridaries     which   may   have  embaymeTlt5   at   the  margiris  of     the

sparry    masses,   aric]  are  rlot   of  the  same  size  as  each     clther.

These     t=riteria  have   beeri  dcieumerited   by  Bathurst      (1975)     tci

distinguish     riEclmclrphiE     5parry  ealeite,   or     "rieospar"     from

pclre-fillirig   "sparry"   Ealeite  Cement.

Fractures    are    present  throughout  the    rock      which    Cut

thraugli     the     the  rlodules,   and  have  riot     beer.I     displaced     by

movemerlt   clf  the  mit:rite  riodulE5  which  would   have  oeeurred   at

the  tiJne  of  meteoric  diagenesis.     These  fractures  have    beerl

filled  with   a  5parry  c=alcite  Eemerlt.

D i st r i but i cin

The   lime5tcirle  t=arl  be  trac=ed   over  the  whc.le  of  the     napped

area  with  the  EXEeptiori  of   15   16§  21W  where   it   piriehes     ciut.

Figure  25  5hc{w5  ari   iscipaEhcius  map  af  the  uriit,    based   clri  data
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Figure  25.      15opatthou5  map  of  the  Upper  Limestclne.
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cit]tairied   frcim  the   loE]s   I.`sed   tc.   c:ciristrut=t   the  t=rcis5     sectiorls

within  T16§   R21W.      This   iridic:ates  that   the   limestorie  has     arl

irregular  thieknes5,   aTid  may  have  formed   c:arbc.riate     mudbariks

clrl  the  shallow  t=herakee  Shelf.

D i 5c t.` 5 s i cin

The   limestc.ne  was  clrigirlally  deposited   as  a  eleari,   shale-

free  bed.     The  shale  was  depa5ited   later.     Before  depositiari

of    tlle  shale,   the   lime5torie  wa51ithified   arld  weathered     in

the     meteoric     zorie.        This     led     to     cli5sciluticirl     arld       the

format iclrl     of     the     mierite  riodules.        The     shale    therl    was

deposited     arid     filled  mc.5t   af  the  void     5paees    Created     by

weatheririg   cif  the   limestcirie.      Fclllciwing  this,   the     civerlyirig

sedimerit5     wet-e     deposited,   filling   in     ariy     remairlirig     vciid

spaee5.     This  earl  be  5eeri   irl  the  top  cif  the   limestcirle  iri  the

t=r-re     fran.Flfaff     #2,      iri  which     sarid     frcim     the     overlyirig

5arldstarie     bcidy     has  infilled  a  large  vclid     which     was     left

urifilled   by  Shale  rlear  the  top  clf  the   limestorle.

The    weathEring  af  the   limestorle  may  have  oeeurred     at     a

Pericld     cif  emergeriee.     Cciated  grairi5  arid  ealit:he  Crusts     are

mc.re    eclrnman     at  the  top  af  the  limestclrie.        This     iridicates

that     the    tclp  af  the  limestorie  was  deposited     iri    shallower

Water  than  the  fas5iliferous  micritE5,   arid  further  iridieates
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that   the   limestcine  is  a  regressive   limestc.T.Ie.

If     a     full   t=yclothem  sequerice  were     preserit,      clrle     wcluld

expect     to     See     marirle  "eclre  Shale"     telciw     the     lime5tcirie.

Hciwever,   this   is  rlcit   preserit.      The   limestaries  are     uric]erlairl

by     riear5hclre     5aridstarles.        TherEfcire     the     limestcirie       was

deposited     at     times     clf     maximum     transgres5iclrl,      arld       was

c]epa5ited     bclth     by   maririe  tran5gres5icms     aT.d     regressiciris.

The  interise  weathering   fallciwirig  depositiori  then  masked     ariy

trarisgres5ivE    t=haracteristic5  that  the   limestc.rie    inay    have

had.

vii)    UPPER   LIMESTONE   T0   THE   TOP   0F   THE   I:HEROKEE

Iri    the    three     examirled   Cores,   the     upper     limestcirie     is

Civerlairl     by     a     5equenee  elf     5arld5taries     arid     shales.        The

5equerice  averages  20  feet   in  thiekne5s.

Ib9EE2ES!E   9=±3

In     Thomp5cln  f}-#2,   the   limestone   i5  Overlain   by   a     inarc.clri

Siltstcme  which   is  present   from  4le®.35  to  4117.®  feet.     The

ecmtaet     betweerl    the    two  uriit5  i5    Sharp.        The    silt5tcirle

eorltairl5    thirl,   horizorltal,    irlterbeddec]   layers  of  grEeri     aric]

browri  fiTie-9rairied  5aridstclrle.      Some   lc"-arlgle     Erclss-beddirig
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rec]  arid   greeri  shale  whit:h   i5   present   from  411@.a  feet   to  the

top     clf     the  t=clre  at   41®7.a  feet.      Near  the  tcip,      the     shale

grac]es        upward        tci     a     5ilt5tcine.         The        Shale       t=orltairi5

carbot.Iat=eous  Coatings  riear   its  base.

Ef ±f I  ±3

Iri  Pfaff  #2,   the  upper   limestc.ne   is  clverlairi  by  a  red  arld

9reeri,     mcittled,      firie     grairied     sublithareriite     {4213.5    to

421®. 2     feet).        The  t=ciritac=t   between  the   5aridstcirie     and     the

limestcme  is  highly   irregular,   beeausE  the  upper  surface    cif

the   limestcme  had  beer.  weathered  prior  tcl  the  depa5iticiri    of

the  sarldstorie.     Some  larger  c=hert   graiTls  are  pre5erit     within

the    rciek.     f}  thin-seetiorl  of  this  unit  takerl  fran  a    sample

at     4911.9  feet   shaw5  that  the  rot=k   is  poorly     Sorted.        The

average  graiTi  Size   i5  fu,   hclwever  the  9rairl  size  rarlges  frclm

vfL     tci       vt=U.      The  grairl  Shape  arid   arlgularity     also    rariges

from    well-raurided  and  equarlt  to  subarlgular    arld     irregular.

Most     of    the  grairis  are  t:omposec]  of     quartz,      however     scime

feldspar  grairis  also  are  preserit.     fill  the  pores  are    filled

With   a  Clay-rich  mud  matrix,   arid  so  there  are  rlci  clperl  pares.

This  is  civerlairl  by  a  inarociri  5iltstorle  which   i5  present   frenn

4el@.a  tcl  4EO8.2  feet.     The  ccirltact   betweeri  these  two     uriits

i5  abrupt.     The  5ilt5torie  earltairls  2-4*  of  5arid  size    quartz

9rair,5.
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there     is     rio    matrix,   arid  all  the  grairls     are     composed     c.f

quartz.         It      is  cemerited   mainly   by     5ilit:a.      HclwEver,      also

preserit,     are  patches  of  poikilcitopic:  calc:ite    eemerit.        The

total   porosity   is  a.9*  arld  ciil   fills  557£  of  the  pores.        The

rclEk     has     uridergcme     mut=h     eompacticm,      whic=h     lia5      led     tci

pressure  solution,   ar.d  the  formation  of  quartz  civerE}rowths.

ThiT'I-set=ticirls  were  examined   from  Samples  takeri  at     42@6.®

feet,     4205.2  feet,   4E04.5  feet   and  4ae4.®  feet.     f}t     4e06.®

feet,   the  sarld5tc.rie  is  moderately  sorted  ar.d  fiTie  to    medium

E]rairied.      The   grai+is   are  mairlly   eompcised   c.f     mciriciery5tallirle

qi`artz,   thciugh,   polyerystallirie  quartz,   ehert,   arlc]  a  few    K-

feldspar  grairls  are  preserit.      It   is  barided  with  thin   {2-3mm}

firier    grairled   (fL)   layers.     Oil   is     "patehily"     di5tribi`tec]

throughclut  the  rock.

f`t   4a@5.2  feet,   the  saridstc.ne  is  mature  and     well-sclrted.

The     average     grairl     size  is     a.emm.        Thiri,      firler     grairled

(a-14mm,      fL)      bands  are  preserit   thrciuEihclut     `the     rock,      but

ec.ritairi     less    oil     than  the    ericlosing    rock.       The     layers

t=orltairi  well-rounded,   spherical  quartz  grairis.

fit     4ae4.5  feet,   the  5arid5tc.ne  also  i5  mature    ar.d    well-

5artEd.        It   coritaiTis  small  patches  of  pciikilotopiE    ealcite

eemerlt.      The  average  graiTI   Size   is   fL   {O.125-O.177mm).
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Figure  a6.      15opachou5  map  of  the  5arid5torle  5erie5  pre5eTlt
in  Pfaff  *2  betweerl  the  Upper  Limestone  aTid  the
top  of  the  Cherc.keE  Group.
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zcirie  of  maximum  thiekrle.5s  of  the  charirlel   deposits.      The     map

al5ci     shc.w5  that   the   body   t=clritirlues  tci  the  east.      Fclr     about

two    miles,   a  thiri  sandstQrle  body  carl  be  traced  to  the    east

irl     T16§   R2@W.      The   unit   i5   abciut   two  feet   thick  arid   may     t]e

the  same  saridstcine  unit.      The  sarld   bcidy  earincit   be  traced     to

the  riorth  arid  soi`th   of  the  towrlship   {figs.    16,    18}.      This   is

due  ta   pirlt=hout.

Tcl  the  east   of  the  saridstclne  series,   the  upper     limestclrle

is    overlain  by  twci  ta  five  feet   of  Shale  with     little    sarid

(fig   ls).

Tc.  the  west   and  sciuthwest   of  Pfaff  #3,   twcl  thin  sarid5tclrie

bodies   {apprciximately  two  feet   thit=k)   are  Enclcised   in  Shale.

These  pirich  c.ut  to  the  west   within  twc.  miles.     West   af  that,

a  2®  feet  thit=k  5ectiorl  of  shale  is  present,   which     enelci5es

a   1©  feet   thick  sarldstclne  body   in  5eeticlris  2a  arld  2®  of  T16§

R22W.                Tci  the   south   of   T16§   R21W,   thin   sarldstclrie     bodies

pirich     iri     and   clut    {fig   1a).      Tcl  the  riorth   of  T16§     R21W,      a

wide    sarid     body,     which   is  at   least  three    miles    wide,      is

Present   from  28   15§  21W  riorth  tci  21   15§  alw.      arld  reaEhe5     a

thickness  of  13.5  feet.

£±±Eferet at i on
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Iri     Thoinpsori     f}-#2  arid   F'faff  #3,    the  Upper     Limestcirle     is

civerlain    by     strata  that   were  deposited   iri    the    supratidal

zcirie.        The     supratidal     flat     depclsits     t=cirisi5t     cif     tnarociri

5iltstories     arld   5hales  with   iscilated  greerl  redut:tion    spcits.

These     ret]ut:tiori  spc.ts  have  fcnrmed   arc.uTid   plant   rclots     whit=h

have  siric=e  decayed.      The  5arid5tciries  were  depcl5ited   irl     tidal

eharinels  as  eharirlel-fill   arid   pc.irlt   bar  depci5its.      Oec:asicirlal

mud     c=lasts  are  pre5erirt   withirl  themi   these  were  eroded     from

the  barlk5,   and  wer`e   irlc=orpclrated   irito  the  pciint   bar  deposit.

Sclme  cif  the  shales  eclritaiTI  earboTiaceous  eclatings.      ThEse  are

plarit  remains,   and  are  more  indicative  cif  depositioTi  in    the

supratidal  flats  than  the  irltertidal  f lats.

Iri    Pfaff    *3,   siltstanes  and  shales    overlie    the    upper

Limestorie.      These  t=orltirlue  to  the  top  of  the  Cherclkee  Grciup.

They  were  deposited  irl  the  supratidal,   or  iritertidal,   flats.

Fcillciwing     depositicm     clf     the     sarld     bodies,      shale    was

deposited.       This  buried  ariy  existing  topography  before    the

C]epclsitian  of  the  Fc.rt   §ecltt   Fcirmaticin.



7)     INTEf]PRETf]TI0N§

f`)    Iriterpretatioris   frcim  the  ec}t^e   5tudie5

Detailed     examir.atic.ri   of   Core   frclm  the     N.C.F3.fl.      wells:-

Pfaff    #2,     Flfaff  #3  arld  Thomp5ori  f}-#a     irldicates     that     the

Chercikee  Grclup  Strata   iri  this  area  are  highly  variable.      The

Chercikee      Group    corlsists    af    a    series       of       alterrlatirig

limestcirles,      5aridstories,   5ilt5tories,   anc]   shales.        The     lcigs

are    shawrl  iri  figures  6,   7,   arld  a,   aric]  the  deseriptiaris    are

giverl     iri  apperldix   1.      Mast   clf  the  units   iri  the  Cherclkee     iri

this  area  are  relatively  thiri.     They  rarlge   iri  thiekrles5  frclm

less  tharl  orle  irleh  tci  teri  feet,   the  average  bed  thiekrles5  is

approximately     cirie  foclt.     The  Cherokee  Group     silieielastics

were       deposited     t=1ci5e     tcl     a     shcirelirie,      ar.d     ariy       thick

acc=umulatioris     which     may   have   develclped     were     rewcirked     by

eharlgirlg   Sea   levels.

It     i5  e'`rident  that  the  Sea  level  f luctuated    duririg    the

depositiciri    of  the  Cherakee  Grciup  because  cif  the    repetitiarl

of    Similar    rock    urlits    charaeteristie    of    depositiorl    iri

differerit     water  depths.     The   lithalclgit=    variatioris    withi.ri

the    well-Cores  takeri  from  the  Cherokee  formed  as    a    result

of:        {1)   Lateral   fat:ies  migratiori  withirl     the     depcisiticirlal

erivircirimerlt,    arld   {2}      Sea   level   fluc=tuaticlri5.
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5arldstclrie  urlit5  are  pre5erit,   arld  the  Chercikee  Grclup  Eorisist5

of     ati     alterriating   5erie5  cif   lime5torie5  arld     5hale5.        This

5edimFntatiori     Pattert..   irldit=ates  that  the  west   af  the    study

area       i5       farther    frclm    the       Eoastlirle,        which       trerids
I

apprclximately  rlorth-south  to  north  east-South  west.

q)   Eriviroriilent   of  depositiori  cif  the  Elastic  urlits

f]fter    the    karstie  topography  of  the    Mi55is5ippiarl    had.

beet'I  buried   by  the  sedimerits  whit=h   fc[rmed  the     Permsylvariiarl

Ba5al   Coriglclmerate,   the  geclmcirpholclgie  envircirlmerit   was     that
I

clf  an    almost     featureless  plaiTi,   which  dipped   9eritly  to  the

west.  (   Submerged  duririg  major  maririe  traTisgres5ior.5.   fls     the

Sea   level   fell,   the  plairl  was  gradually  expci5ed,   arld     fc.rmed

a  WidF  tidal   flat.

Itl   i5  rlot  clear  whether  the  area  begari  as  ari  clpen    tidal

flat,I   or    as     a     batted     lagclor..        Beeau5e    the       5edimerit5

deposited     ecluld     be  indicative  of  either    erivirorimerit.        Ncl
I

barrier,   however  has  been  fciund   in  this  Study,   or    deseribecl

iri  aJ  others.

i)    GENERflL   DESCRIPTION   0F   TIDf}L   FLf}T§

ITi| gerleral,   tidal  flats  cornpri5e  featureless  plairi5  which
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desicqatiorl      {Weimer  ar.d   clthers,    1981).      Irl  the     Ncirth     Sea,

the  5]1t  marsh   i5  arl  area  vegetated  by  salt   tc.1erarit   plarlts.

There   i51ess  biogeriie  at=tivity  than   iri  the  tic]al   flats,   arid
I

most     bioturbation  re5ult5  frcim  the  grciwth  of     plarlt     rclcit5.

c}veiraall  there  is   little  sarld.     However,   thiri  sarld   layers  are

pre5e|t,     and     thiekeri    towards    arly     tic]al     ehaririels    which

traverse  this  eTivirorlment    {Weimer  ar`d   others,    1981).      CoaT`5e
I

material     also    may  be  washed   iri  frclm  stcirms    to     form    thirl

|ayer!.       Coarser    sedimerlt  may  be  found   in    charmel5    which

trave+5e    the   .Salt   marsh.     However,     movemerit   cif    water     iri

these  ,  terids    to  be  very  sluggish,   and  the  c=hanriels    dcl    riot

migrate  rapidly  because  of  their  5tabili2aticm  by  vegetatiori
I

(Weimer   ar]d   cither5,    1981}.                           `

iri±=r±i!3l  z9EE

Th!     irltertidal     zone  i5   1oc=ated   betweeri     the     inean     hiE]h

Water  |mark   {"11"}    arld   the  inean   low  waterr  mark   {MLWM}.         This

u5uall[y     Eover5  a  vertical   rarige  cif  2-3m,   deperldirlg     ciri    the

tidal    range.     Flut=tuatiorl5  of  the  water  level  due  ta    tides
I

eau5ea    tidal  eutTent5  which   lead  tci  the  fclrmaticiri  of    tidal

eharmJl9     and   creeks   {Reirieck  arld  §irlgh,    1980,   p.     438-444).

Tidal  I  eurrertts  of  a  high  tidal  rarige  erode  deeper    eharlriels

thari    ,eurreTit5     of     a     low    tidal     rarlge.        Tat-wirldt      (1988}
I

re`tiewed  criteria  irl  ari  effort  tcl  enable  aTI  estimate  of    the
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sedimentaticirl  rates  iTi  the  irltertidal   flats   is   low,   arid     the

biogerlie  activity  ofterl  is  high,   and  therefore  the  sedimerits

u5ualliy  are  highly   biclturbated.

Rei|rlet=k      {1975}   proposed   the  terms:-     §arid     flats,      mixed

flats,      and     mut]   flats  to  Subdivide  the   lower-,      middle,      arfc]
I

upper  parts  of  the  intertidal  flats.     The  sarid  f lat5    clecupy

the  lc|west  part  of  the  intertidal  flats.     They  are  subjected

tci    the    5tramge5t  wave  and  current  activity,   and    5o    firier
I

5edimetit5  are  wirlrtcm.ed   clot.      §arid  f lat   5edimeTlt5  may  eoritairi

both    lwave     aTid  current   ripple   laminae.        Muddy     leTi5es     arld

layeri  usually  preseTrt  a5  flaser  and  wavy  bedding  clfterl    are

preserit      {Weimer  and  cither5,    1981).      Flasers  are     irleclmplEte

mud     llaminae    trapped   in  ripple  trclughs     clurirlg     periclds     of

Slack  ,water  as  5howrl   in  figure  288   {E11icltt,1978).

Thi    sand  flats  grade  laflclward   into  mixed     flats.       Mixed

f lats  c=orltairi  more  mud  than  the  sarld  flats.     The  sedimeritary
I5truct'ure5    presernt     iriclude  fla5er  bedding,     wavy     beddirig,

lentiqular  bedding  and   inderbedded  5arid  arid  mud.     Ler.tiEular

beds  ar.  muddy  with   di5eontiriucius   layers  cif  5arld   {fig  28f]).

The  mixed  flats  are  overlain  by  mud  flats.     On    mud  f lat5
I

there  are  mainly  thick  mud  laye'rs  deposited  with  thin    5arldy

iriterdalations     {Reirleck  and  §iTigh,    1988,   p.   432-434}.        The
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29.     Faeies  belts  in  tidal  f lat5  af  the  Wagh
embayment,   ea5terri  England   {Ellicltt,   1978,   after
Evat-.5,    1965).
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cross  beddit`g   wtti   ltasers
llas..(uh.ende    Rippelschicht.ri

tos-  b.ddno
Fho3chrehfro

navy  b.ddino
`I.lltg. \Wchs.tschichten

wet.cular  b.ddrg
lrfusctrhten

38.     Cla5sificaticirl  clf  flaser  and   ltITitiEular  bedding,
black   mud,    white   Ear.d   {REiTfeck  arid   SiTIgh,    198®,
modified  after  Reinect{  and  WuTlderlit=h,    1968}.
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major`   |tidal     Channel     5ediment5  may  exceed     15m     (45     feet)

{Weime'r     and     other`-,1981).      Through  time,      the     iritertidal

deposi+.      build    across    chanriel-fill    5equerices,     but       irl

comparison,     thery    represenrt     only    a    thin    capping    vErieer

{W.ime+     arld     others,1981).      The  5edimeTltg  depogited`   by     a

tidal     charinel     will   becclme  firier-grairled  upwards.        If    the

5edimeht     sourc}e     is  sarldy,   they  may  clepasit   a     5equeriee     cif

beds     With     bedding   5tructurE5  described     by     f}11eri     (1963),

which  |i5  5howrl   irl  figure  31.      These  features  will   be    better

preserved     ir.larger  charirlels.     f}  basal     lag     cleposit     will

floor  I  the    t=haririel.        This  ccirlsi5ts    of    relatively     ec.arse

sarids,     with     larger  ela5ts,   Shell  debris  ar.d     abundarit     mud

Elast]     (Ellicitt,1978).      The  pclint   bar  corisists    of    thir.1y

lamiriated     sarids  arid   silts  dipping   9eritly   iritcl     the     Eharlriel

{Reiriqt=k,1967,         Figure   32).      These  may     eorltairi     irit=1irled

err-siori     5urfaees     which     fcirmed     due    to     seouririg       duririg

exc=epiicirlal   c}i5eharge  coriditicirl5   {Bridge5  arld  leader,1976}.

These  pass  upwards  into  the  irltertic]al   flat   deposits.

ErggI±±3±i_orl  gf  ±i±3l  f l3±=

Th progradatiorl  of  tidal   flats  terid5  tci  prciduce  a  firiirlg

upward  Sequence  whit=h  refleEt5  an  upward  trarlsiticit.I  fran   low

tide   'level     saridflats,     tci  high  tide     level     mudflat5,     arld
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31.      Irlterpretaticrri  by  f]11errl   (1963)   of  a  British  Old
Red  §arid5tcme  cyelothEm  in  terms  of  f lciw  regimes
irl  a  meandEriTi!   chanrlel  model.      Sut=Ees5ively
higher  deposits  [orresporld  tc.  sedimerlt5
depa5ited  5ueEe55ively  higher  clrl  the  point   bat-,
urider  progressively  lower  f low  regimes.
{Blatt,   Mic]dletorl,   and  Hurray,    1980}
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The    tidal   flats  t=arl  be  divided   irrto  the  subtidal     flats,

iritertidal     flats,     arid  the  supratidal     flats.       Weimer    arid

others    State    thaTi    the  domiriaTlt   faeies     preserved     iri    the

5ut]tidpl   flats  are  tidal  t=hanrlel  deposits.

The     irltertidal     flats  t=orltairi  a  mixti`re     clf     5arld5tciries,

s i 1 t st Lries     and  shales.     Over  most   clf  the  iritertidal     flats,

the    5Edimerits  were  exterlsively  biaturbated,     arid    therefclre

beddirilg     5tructure5     oftEri     are     abserlt.        fil5o,      arly       firie

alterriatiorls  of  5arid5torie  arid  Shale  beds  may  be   last   because

elf     bilogerii[     rewclrkirig.        §edimerltary     Structures       iri[1ude

plarlar     beddirig,   ripple   lamirlaticm,    leritieular  beddirlg,      aric]

f laseJ     bedding.        The     shales     present     5hciw     Eolcirs    which

irldiEate  varyirlg  de!ree5  of  oxiclatiori.

Mairlly     siltstciries     arid     shales    were     depclsitEd     iri    the

5upra|idal     flats.        These  were  deposited     in    an    cixidizirig

Erivirorinent,   arid   are  maroclri   iri  ccllcir.     6reerl  reduction  5pcit5

Which iprobably   formed   arc.urid   decayed  plarit  roots  are  presErit

thrclughaut.        Well-rciurided  coarse  9rairis  cif  quartz  sarid     are

Pre5e
Tt  Within  these  firler  urlit5i   ciriginally  these  inay    have

beerl    deposited   in  thin  5arid5tone  beds  which  were    de5trciyed

wheTl he  sedimerrit   v.as  homogeriized   by   biciturbatiori.
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Figi`re  34.      Fthcftomicrcfgraph   of   a  t=lEari  5arld5taTiE   frcfm  Pfaff
#2  at   4E87.O  feet.      Euhedral   overgrowth5  ori  Some

I         :::i:':;rt=h:v:::`:':,::%  ::t,::::'e:h:yh:5?d:::±T±::g
c(ri   scime   grai.ris.    XN.      Lerlgth   of   photograph   is
1.  7mm,
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8)       FUSULINID   BIO§TRfiTIGRflpHY

Fusulirlid5    are    ari    extirict   group    cif    relatively     large

forami+Iifera    that   evolved  fran  Smaller  foramirlifera  iri    the

Early  Permsylvaniarl,   and  died  ciut   iri  the  Late  Permiarl   {Reic],

1989).I    FtlsuliTiid5   evc.lved  rapidly   duririg   that   time,   arid   ar`e

aburidarit   iri  mariy   sequeTlees  of  rclc=k   Strata.      For  example,      iri

the     PErlniari  Ba5iri,   fu5uliriid  tests  often     fclrm     grairi5tcirie5

which,      iri  5cline  eases,   are  importarlt  hydrciearborl    reservoirs

(Reid,I   1989).

Fusuliriid     2cimatic.ns  have   been  produced,   for  marly     years,

by  thel  Holling5worth  Paleoritolclgieal   Laboratory   in    Midl-arid,

Texas,   for  the  Permian  Ba5iri   (Reid,    19a9}.      These     zor.aticiri5

ear,     de applied     to  WesterTi  Karl5a5  to    correlate    the    rclc=k

strata  with  the  strata  in  the  Permiarl  Basiri,   thus  formirlg     a

mclre  Jomplete  regicmal   5tratigraphy.

For  maTiy  years,   the  Chercikee  Circlup  has  been  eorlsidered  tcl

be     of    the     Same  age  as  the  §trawt.I     in    the     PermiaTi     Ba5irl

{Chenquath,1979}.        Fusuliriicls  recovered     fran    the     shale

within    the  riodular  lime5tarle  uriits  in  the     N.C.R.fi.      t=oresi

F`faff I  *2,     Pfaff  #3  arid  Thclmp5on  f}-#2  were     eolleeted,      arid

thiri      sections      of    them    were    examined    to      test       this

earre]atfor,.
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MOUNTED   FuSULINID   SIDE   VIEW

HALF   PF)OLOCULuS

GRIND   FUSuLINID   DOWN   TO   AXIS     -TO   CENTER   OF   PROLOCULuS

_                                             _       I__
TURN   0VEB-MOUNT   FLAT-SQUEEZE   BUBBLES   Out
AND    GRIND   DOWN

I -
FINISH   THIN   SECTION   UNTIL   WALL   STRUCTURE   IS   C

Figure  36.   , Sequenice  of  5tep5  to  make  aTi  clrieTited  axial  thin

I         ::C=::'p:i:c:I::  i;:::,±ri:a:?:°ugh  the cerlter
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Two'    geriera     were     foi`nd     tcl     be     pre5erft     irl    the     upper
I

|ime5tcme.        These  are,   Beedeirta,   arid   WedEkiridelliria     {figs.
I

37,    38).      Froln  this   evident=e   it   c=ari   be   deduc=ed   that   the     age
I

cif     thF     upper   limestctne  i5   betweeTi  Middle  Early     and     Early

Middlel    Strawn.        This  has  been  correlated     with     the    Lc.wer

Cherordee     by     the  Hcilling5worth     Paleontcilclgieal     Labclratclry
I

(f}eid,I   1989).
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Figu.re  138.      F`hcitcimit=r.c.g.raph   c.f   arl   axial   seeticiri   af
WEdeki-rldellirfa.      Lerigth   cif   phcltclgraph   is   1.7mm.
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Carbonate
or  sulphate

(5)  Elongate
Pores

(6)  Corroded
grains

(7)
Honeycom bed

grains

(8)  Fractured
grains

Quartz

grains
Feldspar
grains

Porosity

Figure  39.     Pctrcigraphit=  criteria  for  5eeoTidary  porosity.
{Sehmidt   and  others,   1977}.
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(3)      Irihomogerleity   of   paekirig.      F`reas  of  tighter     paEkirlg
I

are     a  result   of  meehanit=al   eompacticiri  which     led     tcl
I  c]is5cilutiar`n  af  the  graiTi5.      Open   pat=kirlg   is   a     result

I  af  soluble  t=emeTlt   or  matrix.

(4),    OvErsi2Ed  pores.     Pclres  that   have  a  diameter     larger

thaTI       the       surrclurldirig     grairis       usually       iridieate
I

seEciridary  porosity,   however  they  also  c:ari  be    t=reated

I  by   5edimerltary  prclce55es.

(5)I  Elorlgate  porEs.   Grairi  boundaries  are  often    flatterled

out     during  dissaluticm,   elongate  pores  follciw    these
I

grairi  boundaries.
I{6)        Corroded     quartz     grairis.        This     c}t=c:uns       due       to

I  replat=ement   by  a,   now-dissolved,   mirleral.

{7}i     Hcirleyt=cimbed      felc]spar   grairls.      Felclspar     grairis     are

ofteri  subject   to  .replaeeinerit   by  ealeite.      The  remcival
I

cif        t=a 1 Pit a        1 eac]s        t ci        9rai ris        harleyt=ombed        by
I    iritergrarlular  vaic]5.      These  wciiLld   be  too   delic=ate     tc.

I   with5tarid     5eclimeritary     trarlspcirt,   arid     thus     are     ari

I   exc=ellerlt   irldiEator  cif   5ecorldary   pclro5ity.
{8)      Frat=tured      graiTi5.      ThesE   are   t=oinTnciri      iri     5arid5tciries

I

with       a       large     degree       af       5et=cirldary       porcisity.
I   Fracturirig  cic:c:urs  because  r-f  arl  irlcrease  irl  Stress  at

I    E]rairi     bouridarie5   fcillrjwirig  the  clis5cili`tiari  clf     large

amclurit5  of  5c.1uble  corl5tituerlts.
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RECOVERY         EFFICIENCY

-Pore i ----

LARGE  _

-Pore -

©

1..`1

_    SMALL

COORDINATION
NUMBER

Figuri  42.     Illustration  of  pcire-to-throat  Size  eoritra5t  arld
eoordiTiation  riumber  aTid  their`  effects  on
r.cfTlwetting-phase  reec}`/ery  effieierlcy   {Wardlaw
arld  Cassan,    1978).



Ijiot+TiqtJi5ip   plile   adA|   aJ13d

azt5  aJod

:::.::i

liLtli|     pa|lJla?JO      .PaJa^oaaJ   aq   iJiea   tTo   uatl|u   Li|tM

aLi|     alJLtulJa+ap   o|    `g#t]  IJlosdu]oH|   Pup  £#  j.I.e|d    `g#

saJoa  awl  lJl?   5alJIOz  Jto^JasaJ  at||  IJlo   |no   paTJJEa  aJaM

aJod

Jalap

? leas

a I J. i a

unoJJ.

I Pn 15

ajD,I         .pa.|tulexa   adam   slJLot|]a5   lJ.TL||   A[lJlo    `Apn|S   Silt+     |Jo±

spoL||aw    {8

•{8£6T     `uesEe3   pijie

MEtpJeM)      aEJE|   ^TqEtJe^uT   ST   azT5   |eoJL||-o|-aJod   aL+1   `sase]

asau+     Iji|         .satJa^oaaJ     Mo|   a^eu   ogle   5HJOJ     A+t5oJoC]      HEtl|

auios   ua^aMOH      .saTalJaTalj.ia   AJa^oaaJ  met   a^eu   (*£  lJleH

€HaoJ     A|t5oJod   Mo|   |el||  Pur`o}   (8£6[)   uesse3   pup     Met

•Pa

A|TSoJod     }T`q      `pa5eaJaap     Date  azts     aiod      `paseaiaa

a|]T|Jed      Se   +eu+   PIJmoj    {6£6T)   .JlessE3   Pup   NeTPJeM      .Sl

IJ.Tut     110     Slllr`oa      |uiTod      lJloJj.      palJtte|qo      gem     azts      a

lJleaul      `STI||     o|   IJloT+Tppe   IJI|       -|Se]   lJltsaJ   uaea      j.o      sa

uiopuei        ljit       `saioc]     a^T55aa]T`s     ©©T      I.o     sa|aJta     pa

9,I

Ssat )

Jen

eaJa'Jlt

a=t5

0t laas

Ja^eJl

I JJS 'JL I



147

Cciordiriaticlt.I   riumber    (C. N.  )

Pclre-to-thrciat  rat ici

Total   porosity

The

distri
far  th
Thep

by  §ch

The

or'  the

n

tcital   porosity  was  clet'ermirled   by   pairlt   coi`rit5.        The

buticin    of  porosity,   distributiori  cif  oil,   arld     reasarls

se  variatiari5  al5ci  was  rioted   from  the  thin     5eeticirls.

rosity  types  werre  rioted   fc.1lciwirig  the  examples     giveTi

idt   and  cither5   (1977).

Eclcirdiriatian  Tiumbers  were  determiried   by   pciirlt     c=aurits

thiri  5eetioris.      This  has  yielded  Eoordiriatiori  rlumbers

for    twcl-dimen5iclrls  as  Compared  to  eoclrdiriation  riumbers     for

three-dimeri5iari5  cibtairied   frcm  the  study  of  pcire  Casts     made

t]y     Wairdlaw  arid   Cas5an   (1979).      These  Eaririot      be     ccirrelatec]

directly     with     the  re5Lilts  obtairfed   by  Wardlaw     arid     Cas5ari

(1979),      aTld     therefciire  they   carlriclt   be  used   to     predic:t     the

reeciveiry     efficiency  of  the  rclcks.     Hciwever  they  dcl  give     arl

estima,te    af    which  rese'rvoirs  will  have  a    higher    ret:clvery

Effieiericy  than  clther5.

yl
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C)   Deseriptiorl  of  the  Reservoir   Zcirie5

i)    F.Ff`FF   #e:      42®7   TO   42®4   FEET

Thet    5arld5torie     Series  clverlyirig  the  Upper     Lime5torle     iri

Pfaff  #2  corltairls  a  reservoir  zorie,   whit=h   exterids   from     4E@7

tcl     42®4     feet.      ThesE  saridstcine5     c=oritairl     low-angle.    erc.5s

5trati+ieatiorl  aric],    iri  places,   ripple   lamirlatiori.      Cciritairled
I

withiri    these   lamirlae  are  textural  differeric=es  which     a`ffect

the    di5tributicm  of  oil.     The  beds  alsci  ecirltairi  patches     af

mud,      \which   are   ilnpermeable,   arld   form  ob5tac=les  to  the     f lc.w

c'f  oil.

The     dclmirlarlt   porosity  type  within  the  t^Eservclir  zcirie     is

seeorldary   irlterpartiEle  porosity.     This  is  iridieated  by    the

pre5erit:e     cif     t=orroded   9rairis,   elorlgate     pores,     horleyeombed

grairis,     arid     erilarged     pores.     Dis5olutiorl     of    the    quartz

grairlsi    cleeurred  after  the  formaticm  af  quartz    overgrc.wths,
which  I  are  abundarit   irl  the  reservoir  saridstclrle5.        The     pore

5hape5     and  5i2e5  have  beerl  altered   by  di5sciluticiri,      arid     by

pressure    solutioti,     arld  the  pat-es  are    irregularly    shaped.
Isolat|ed  chtart   graiTls  within  the  zorle  coritairl     iritrapartiele

in i eroporos i t y .

Fciur  thirl  seetiori5  were  examiried   from  the  reservciir  zclrie.

These I   Show  that  the  grairi  size  varies  thrciughclut  the     zorie,
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of    the  zorie  are  ela5e  to  uriity,   with  higher  numbers  in    the

t=eriter.       This    suggests    that     the    pclres    have    a    greater

iritercorirlec:tivity     iri    the    ceriter  of    the    reservoir,     arid,

therefclre,   the  recovery  effit=iency  may  be  greater.

The  pore-tci-throat  ratici  varies  frcim  3.5  to  6.a,   arid    the

meari  value   is  4.5.     The  Shape  of  the  pores  has  been    greatly
I

altered     by  Pressure  5oluticfTI,   which  is  respcirisible  far    the

variatiori  in  the  pore-to-thrciat  raticis.

The     meaTi  Eclordiriaticlri  riumber   is  higher   iri     the     vertic=al

seeti®ris    tharl  in  the  hori2orital   seetioris,   arld  there     is    ricI

arli5cltropy    for  the  values  of  the  pore-tcl-thrclat  ratic.s    arid

tcltal     porosity.     This  difference  is  riot   likely  tcl  be    great

erlough  to  affect   the  flclw  of  ciil  through  the  rclEk.

This       re5ervclir       zorle    has     been       arlalyzEd       by       Cc.re

Labciratories    of    Denver.       This    analysis    5haw5    that  .  the

porci5ity     rariges     frclm     15.1     to     17.9     pereerit,     arld       that

approximately     34*    of  the  pclres  are  filled  with    oil.       The

pciiTlt  Count  values  for  these  features  clbtairied  frclm  the  thirl
5eeticrn5  arre  mor`e  variable  than  these  values,   bec=au5e    these

values  are  averages  for  One  foot   iTfterval5.

E3£ri§r=  ±g  Eermeabi lit¥
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The  textural   features  which  form  barriers  tci  permeability

iri  the  reservclir  zorle  cle5t=ribed  above  are  9iveri  t]elcfw:-

1)     Patehe5  and   layeir5  within  the  zc}rie  with   rio     porci5ity,

because    of    cemeritatiori  by    quartz     or    poikilotopie

ealeite,
I

2)        Firier     grairied   barlds  withiTi     the     rclek.        Compaeticm

appears  to  have  had  a  greater  effect   iTi  redueirig    the

pcircl5ity   iri  the  f irier  grairled  barld5.

3)   Mud   is  pre5end   locally  throughout  the     urlit.      It   fills

scime    pores,   arid  blcleks  others  at  the    pcire    throats.

Clay     pat-tieles     also  forms  a  thiri     coatirig     clrl     mariy

grairi5  whieli  reduces  the  pclrclsity.      The  t:lay  t=oatirlgs

also  may   break  off  duririg   flclodirlg   tcl  Clog  the  pores.

4)     Pre55ure  5oluticin  has  flatteried  grairi  bourldaries.      It

also  has  closed  mariy  pore  throats.

5)I      Quartz     c]vergro`I.ths     aTid     cemerit     have    reduced     the

porc]sity  aTld   blocked  mariy   pares.

It     i5    not     Clear    what   fclrm5  the    Seal.        The    urlit     i5

overlain  by  a  Cream-colored  5aridstclrie  which  eoritairi5  patches

of  poikilotclpit=  Ealcite  cElneTit,   arld   i5cllated     pyritclhedrclri5-

Littlp    Shale  i5  present   irl  this  urlit.     f}  thiri    5et=tiori    was

rlot     prepared    from  this  urlit,   but   it   i5    assumed    that    the

permeability  cif  the  rock  i5  very  law  and  this  i5  resporlsible



for  the  Seal.
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THOMP§ON  fl+t2:      4127.9   TO   4124.95   FEET

f}  I  reservclir  saridstclrie  is  present   from  4127.9  to     4124.95

feet     ir.  Thomp5cirl  f}-#2.      This  uriit   i5  thought   to     have     beerl

depci5ited     irl     the     pciirlt     bars  of     a    tidal     eharlrlel.        The

5andstorie    is  well-scirted,   though  iscllated  Ehert  clasts    are

present.       The    reservoir  saridstcme  i5  civerlair.  by    a    firle-

grairied,   Clay-rich,   pale  marclorl,   5aridstorie,   which  fclrms    the

seal  tcl  the  reservclir.

Three    thirl  5eetion5  were  examined   frclm  this     zoTiei     they

iridieate    that    there  i91ittle  oil  preserlt     iri    the    rcleks,

although     from    examinatiori  of  the  eorE  they    appear    to    be
I

5atu+ated.

The    main    porosity    type    i5    5eeondary,       irlterpartiele

PorcIsity.     Partial   di55olutiori  clf  the  grairi5  oet=urred    after
the  formation  of  quartz  crvergreniths,   and  exterlsive    pressure

Solutiori.     §one  iutraparticle  micraporclsity  al5cl  is  preserlt,

however    this    is    not    5ignifieaut    with    re5peet    tci      the

re5erlvoir  properties  of  the  unit.     The  total  porosity  varies

frcm  10*  to  15*,   Howevet.,   many  clf  these  pares  are    isolated,

arid,   therefore,   the  effective  porosity  i5  much  lc.wer.
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The  5arldstcme  i5  eemerited   mainly   by  quartz   Eemerlt5.      This

has    ±reatly    reduced  the  porclsity  of    the    saridstone.       The

9reate5t  redut=ers  c.f  pcfro5ity  are  t]uartz  civergrcl`^rths,     which

cclmprise  up  to   117C  af  the  total   rclck  volume.      They     irit:rease

the     volume  of  the   grairis   by   18%        ITi  additiclrl,      patches     cif

poikilotcipie       ealeite    eemerlt,     arid     5mallEr       patches       of

poikilotcipit=    arihydrite    are  present     throughout     the    rcicki

these  completely  fill  the  pores.     Within  the  rock  there  also

are  Small  patches  cif  mud  which  block  and  fill   mariy  pores.

PFQFF   #2:      4a49.7  TO   4e48.5  FEET

fl    firie    grairied     sandstcme    which     eorltairis    oil-5tairied

grairig  is  pre5end   fi'`cm  4249.7  tci  4248.5  feet   in  Pfaff  #2.     f}

thirl    sec*ion    taken  from  this  urlit   Shows  that     it     corltairls

very   little  oil   {1e55  than  a.2*}.     The  main  porosity  type  is

5ecorldary       int erpart ie le.         F 1 atteried       grait.I      bciundari es

iridit=ate    that     this     uriit   has     urldergorle    much     eompaeticlri.

Cclmpaetiori    has    greatly  reduced  the  porrosity  of    the    rock.

Most     of    the     cemerrt   i5  quartz,   however     small     patt=he5    cif

pciikilotopic    ealeite    eemerit  further  reduce    the    pcirosity.
The  total   porosity  of  the  rack  is  1.89£.     This  is  tcia  low  fcir

the  rock  tcl  produce  oil.

Thiri  hematite-rich  mud  layers  are  pre5erit  thrciughout     the
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Figl`.re  43.      F`hotc.mic=rograph   clf   saTidstc:.rie   frc"a   F`faff  #2   at
4E48.a   feet.      Total   clestructiciTi   of.   pc}rcisity   by
pciikilcltcipic   c=alt=itE   t=emerlt    {right},    arid
pciikilcitopic=   anhyd.rite   t=EmErit    (left).    XN.
Lengtl-I   cif   phcitcigraph   is   1.7mm.
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1@)    CYCLICITY   WITHIN   THE   CHER0t{EE   GRC}UP

The    Cherokee  Group  was  deposited  duririg   a     major    maririe
I

trari5gres5iclrl     c.rlto     the     Mid-Coritirierlt     Shelf      {Ra5eoe     arid

f}dler,I   1983).      Care  studies  eclmbitled   with   subsurface  mappirlg

withir|    the  Study  area   iridic:ates  that   mirior  t=yele5  alsci     are

preserit     within  this  overall  trend.     Sea   level     c:urves    have
beeri     produced   frclm  the  three  N.   C.    R.   f}.   well   c:ores      {Fig5.

6'    7'   8).

It     is  assumed  that  the  cyele5  present  withiri    the    Study

area  ;re  eustatieally  eoritralled.     The  depositiciri  cif    maririe

lime5torles     ar.d     marginal   maririe  5arid5tories  arld     shalEs,      iri

additi,ori  tcl  the  5ubaerial  expcisure  of  the  limestorle  urlits  is

takeri  a5  evideT.c=e  of  Sea   level   Ehariges.      The  t=herclkee     Grciup

Strata    has  rlot   been  trac=ed  c.ut   clf  the  Study  area  aTid  5o     it

i5    Tic;t   pa5sible  tci  be  Sure  that  the  fat=ies    vaT`iatioris    are

riot   autot=yclie.

Heekel      {1986}     Compiled     data  frcim     several     souree5     tcl

derive    a    sea   level  Curve  for  part   clf  the  Middle    tcl    Upper

Perlr.sylvaniat.I  5equenee  alclrig  the  Mid-Ccirltirierit   out[rclp  belt.

The  Sea  lEvel   t=urve  fcir  the  Chei``akee  Group   i5  reprcidueed     irl

f i9ure    44.        This  shc.`Ils  that   twc.  majcrr    tran59rEs5iclT15     are

preseht  within  the  Cheirokee  Grclup.      Iri  Easterri  t{arisa5,   thesE
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Figur[  44.     Sea-level  t=urve  for  the  Cherakee  erciup
I                  {Het=ttel,    1986).



depcl5it ed : -
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1)      The     Verdigris  Limestclrle  metnber  arid  the  Upper  f]rdmc.re
I  Limestcine   in  the   lower  trari59re5siciri.

a)     The  post-Bevier  Lime5tclne  iri  the  upper  trarisgressiclrl.

Thei    Lower     Limestorle,      and     the     lJpper     Limestcirie       were

depcisited  re5pec*ively   in  these  trari5gre55iciT'15.
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11)    CONCLUSIONS

Sedimerltatiorl     iTI    the  Permsylvaniari     commenced     owl     the

weathered,   karstic,   5urfaee  of  the  Mi55i5sippian.     f}  varyir.g

thickriEss,   cif  Perlfi5ylvaniarl  Ba5al  Corlglonerate  was  depogited

ori  this  Surface  clver  mast   cff  the  Study  area.     This    5mocrthed

off    the    topography    befclre    deposition    of    the    laterally

exten]ivE    units    within    the  cherokee    Group    begari.       This

iT.idieates  that  Mi5si5sippiari  bedrock  Control  of  the  Cherakee

Group  sedimerltaticrrl  patterns  i5  riot   large.

Thd  Strata  `chich  cict=ur  in  the  Cheraikee  Grclup  ccin5i5t5    of

arl    alterTiating     5equerice    of     lime5tones,     5and5tc.rie5,     aTld

5hale5.     The  liTfie5tclne  units  we're  deposited   iri  Shallow  water

away  frarm  the  influerice  clf  a  eLa3tie  5ourEe.     Fciur    di5tinet

5edimer.tary  faeies  have  been  recc.gnized,   these  are:-

1)     Tidal   ehaTmel   depo5itB

2}  I  Tidal   flat  deposits

3}     §toTln  deposits

4}     §hal lo`.I  mariTle   liTnestorie  facie5

The    depclsitiarial     settirig  of  the  Cherokee    Group    was    a

uTliform  marine  Shelf.     This  Shelf  wag  exposed  during    marirle

low5tand5,   duriTtg  which  time  t=1a5tie  !edimer.taticm  oeeurred.

Most  of  the  5aTid5tarie5  were  deposited  in  tidal  channels,   arid
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tclpi   clverall  mottled  maroori  with   greerl.
Corltairig  reduet iori  Spots.     Bur'roN9  pre5eut  -
filled  .ith  Clay-rich  arenite.
Shale,   rapid  t=hange.     Mainly  dark  greeri,
Oxidized  to  marooTi  in  parts.     Friable.

Quartz  arenite,   mL,   rapid  change.     Mainly
maroon,   green.  in  parts.     SubrouTided  tcl
rounded,   equarlt  quartz  9rairig.     Large  Clay
t=c.nterft   -  slickeri5ided.

fls  at)eve,   eorrtaiTI.  thirt  barlds  clf  friable
black  shale.

Sec*ior.  missing.

Quartz  arenite,   mL,   gray  color.
§ubrounded  tcl  rout.d.d,   equarrt  quartz  grairls.
Nci  matrix,   quartz   c=ement.

Conglomerate,   cla]tg  of  quartz,   cher*,   arld
granitie  fragmerlt5  are  eriela.ed  in  a  in.dium
9rairled  quartz  arenite.     Sharp  upper  eoritact.
Matrix   ig  riot-mLally-graded,   grairi-size  varies
from  fu  to  vc=L,   §ubrounded  to  rouTlded  quartz
grairls,   mud  presertt   in  matrix.     Bro`mi  and
white  baTlded.

Ouart2  arEmite,   orfu,   Sharp  ceritact.     Bro`~rl.
Well  3c]rted,   5ubrounded  to  rourlded  quartz
grairl5.     Clay  cErmet'It  -friable  rock.     Oil
5tairl.     Some  larger  particles   {up  to  lomm).

Quartz  arenite,   cL,   abrupt  Eorltaet.     Larger
chert   aT.d  quartz   graiT15   (up  to   15mm},
subrourided  9rairl5.     Well  ]orted  overall.
Tight-  reser`/air  Seal

Ouar+I  arenite,   t.cl  graiTi5  sizes,   rclck  i=
broken  and  ba!9ed  .a  the  di5tributioTI  of
these  differeTrt  lithologies  cannot  be  5eeri.
1}   mL,   vtrry  tightly  packed,   oil   9tairled.
2}   veL,   poorly  Sorted,   ail  5taiTied,   larger
elasts  of  t=hErt  are  pr'eaeut.

Fine  9rairted  quar+a  arEriite,   homogeriou5,
ripple  lamirlated.     Bro`.ri.
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((®.5JC),    Coal    ((®.5JC).

SECTION   MISSING

Gz  arenite,   fL,   trc.ugh  I:ro55     beddirlg,     5ub-
arigular  to  5ubrourided  quartz  grairls,   clay  irl
matrix,   biotite/Coal   (0.5*,   light  and  dark
greeri/grey   lamirlae.

f}s  abclve,   dewateriTIg.

f)5  abcfve,   dewaterirlg,   ~®.5*  red  chert,   plarlar
Eo5et5,

LitharErlite,   eu,   sharp  eoritaet  at   15^,   t=hert
elast5,   fine  to  eclar5e,   lithie  ela5t5
{mucl5tclrie)   subarigular  tcl  But)rourided,.   eclal.

0=  areriite,   mL,   light  and  dark  grey   lamiriae,
t=ros5  bedded  at   2®^,   5oine  pirlk  ehert.

Quartz  arenite,   mu,   Corltaet   is  a  reaetivatiorl
Surf ace-ercl5 i oirl-§UPRflT I Df]L ?
Normally  graded,   grairi9  of  quartz  aTld  Ehert,
up  to  4mm,   Coal,   greerl.

Quartz  arenlite,   TAL,   Sharp  corltatit,   eoar5er
chert   fragmEmts,   5ubrclurided  quartz  graiTis,
ealeareous  matrix,   greeri/grey,   poor
horizorrtal   laminaticm5.

--      §ilt5tone,   Sharp  t=oritatit,   mairily  quartz
9rairl5,   coal   fragmerit5,   maraarrl,   patches  cif
greerl/grey,   fi55ile.
A5  above,   1amirlated  with  9reeri  Bar.d5tclrle,
planar  lciw  angle  crcl55  beds  ~15^.

f}s  abo`re,   nclt   lamir.ated.

f)i  abc.ve,   1amirlated,   Some  larger  quartz
grai"9.

--      Lime5tcirie,   Sharp  eorltatit,   miErite  ricldules
piresemrt  within  Shale.     Shale  has  fusuliTlid5,
Eclrlodon+I,   criniod  o5sieles,   brat=hiopods,   i5
51 i t=L.Eri5 i ded .
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Quartz  arernite,   fL,   Sharp  upper  eorltact,
mottled,   bioturbated,   greerl,   calcareous,
5ubarigular  to  9ubrciurided  quartz   grairig,   well
sorted,   breEciated   zc}rle  irl  t=er.ter.

Quartz  arenite,   fL  to  mL,   ail-stairied  at  top,
veiry  porous,   Slightly  t=alEareou5,   well   5arted,
5ubarigular  to  5ubrclurided.      Two  graded  cycles
present.     Crcl55-bedded   15^

Quartz  arenite,   fL,   pot-ous  barids,   larger,   up
tcl  5Tim,   quartz  aTld  chert  clast5,   c=ro5s-bedded
at   base,   isolated   lime5tcrrie  and  mud  clast5.

Quartz  areT)ite,   mu,   intert)edded  with  greerl
Shale.     Poorly  cemerited,   well   Sorted,   mariy
oil-5tairied  gT`airi5.     §cc.ured  eorltact  with
underlying  Shale.

Shale,   medium  grey,   ve'ry  fi5sile,
EarbG.rtaeec.us  seams.

--      Shale,   9reeri  fi55ile,   irlterbedcled  with
5ilt5tclrie,   friable,   porous,   with  quartz  arid
ehEnrt .

--      Guatiz  arenite,   fu,   gree'ri,   reverse  graded,
quartz  w/  Some  chert,   biclturbated,   clay
ela5ts,   coal  fragmerit5.

SECTION   MISSING

--      Guart2  areinite,   rd.,   gree'ri,   bic.tarbated,
quartz  grairi5  5ubarigular  tcl  5ubrc.urided,
frequeritly  oil   9tairied.     Small  amourit   of  t=oal
fragmerlt5.     Patches  clf  t=arbonate  eemerlt.

Guartz  arenite,   idr,   tan  to  9reeri  Color
{mottled}.   Some  Coal   fragmerlt5,   Clay-rich
matrix,   calcite  cemeTit.

--      Quartz  arenite,   vfLJ,   abrupt  contact,   oil
]tained  grairls,   coal  fragmerrlt5,   Slightly
lamiriated,   pale  greeri  Shale  partirig5,   greerl-

f}s  above,   contairi5  1iTne5tclne  cla5t5-
t=ompacted   bed?     Fla5err  bedding   below,   arid  red
t=racked   lime5tane  riodule5.      Ripple   lamiT.iated.
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f`5  abclve,   rnariy   limestclne  ela5t5,   elcirigate,
rlot   all   parallel.     Disrupted  by  dewateririg
arid  biciturbatiori.     Lil.Ie5tone  ela5t5  vary   iri
Size   frarm  mit=rci5ccipie  to   Sam.

f}5  above,   high  orgariic  ear.tent.     Lime5tc[rie
layer.

Quartz  arenite,   vfu,   calEareou5  cemerit,   5lnall
scale  t]edding,   subrciurided  grairi5,    1ime5torfe
ncldule5  pre5eut  throughout.     Base  marked  by
greerl  shale.
Quartz  arenitE,   fu  to  mu,   t=alt=areclu5  patc=hes
aTld   t]arids,    5oTrle   coal.

fl5  abcive,   tayt:1e  of   iriver5e  grading,    1imestclrie
arld  cheTi  ela9t5  at  top.

f}5  abclve,   t=yelE  clf   irlver5e  9radirig,
indistinct  horizorital   laminatiori.

fls  abcive,   Eros5-bedded   {15^},   oil   5tairled
barld5,

Quartz  arenite,   fu  tcl  mL,   high  Clay  eclriterlt,
5clme  arlgular  t=hert  ela5ts,   corfteT.t   graded,
grairis  9ub-rounded,   high  spherit=ity,   Tnarciori.

Shale,   maroon,   sharp  corltact,   reducticlrl
5PC,t5.

--      Quartz  areriite,   fL,   t=1ay  rich,   5olne  t=hert
Ela5t5,   inverse  graded,   mottled,   greerl  arld
maroon.     Fairit   lciw-arigle  crci55-lamiriatiorl,
5clme  bioturbat ioTI.

Limestone  ela5t5  5urrclurided  by  thirl  greeri
Shale,   Samldy  Shale  at   base  of  eyele.

Lime5tarne,   radulaT-,   Sharp  upper`  eoritact,    1®-
9+5%  lime5tclr€.     Separattrd  by  fi5sile,
Ealeareou5,   maroon,   5aTldy,   Shale.     Nodules
are  3F5enm  in  diameter.     f`brupt  lower
contact.     Shale  more  abundar.t  t.iear  the  top.

--      Limestcme,   eonglclmerate.     Fossiliferou5  with
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bracinicipcids,   5pcinges,   ga5tropods,   Solitary
eciral5,   and  fish  scales.     Lime5tcir.e  gerierally
wliite  micrite.   Separated  by  greeri  fi55ile
shale.     Lime5torie  fragmerlts  are  aligrled.

Lime5torle,   chaTirlelled {?)   ccirltact   with   abcive.
Wack5tcme  grades  up  tci  packstcme.     Mierite
grairis  are  the  frame`Iicirk  9rairi5.     Wackgtorle
grairis  separated  by  9reeri  Shale,   1e55  Shale
upwards.     f}t  top,   pcire5  filled  with  EalEite.
F`clorly  sorted.     Some  bivalve  fragmerits.
Crairi  Size  i5  abclut   5min,   varieg  from  2-2®mm.
GraiTis  are  rourlded.

Limestorie,   biomiErite,   r.odular,   gradatiorlal
t=c]ritact.     Cla5tg  are  Separated  with  Shale.
Contairi5  I+oductu5  and  othe`r  brachiopod5.

§ilt5tclTre,   Sharp  upper  Ecmtact,   brick  red
Ma;sively  bedded,   graded,   well  rourided  quay+I
at  top,   ericlci5ed   in  a  firier  Silt.     Same  firie-
Brairied  5aridstone  units  preserrt 3  orle  is
pre5errt  at  base.   This  i5  ripple  lamirlated.
15olated  9mal I   9reerl  reducticrni  5pot5  pre5errt.
Unit  rapidly  grades  up  to  a  purple  shale  at
the  top,   follcfwed  by  an  abrupt  Change  to
1ime5tane.

Quartz  arenite,   vfu,   gradat.:c7rial  upper
ccirrtact,   .ell-rourided,   5pheric=1.  ofteri  oil-
9tairied  grairi5,   clay  matrix,   fairltly
laminated.      BrieL<  red   in  t=olor.

Lithareriite,   mL  to  cL,   Sharp  corltact,   irlver5e
graded,   rlo  matrix,   `Iihite  with  greeri  5eam5  and
red  barld5.     Cro55-lamiriated.

--      Shale,   Sharp  eorltacit,   mc.ttled  marocm  and  pale
green.

--      Eireccia,   Sharp  uppe'r  t=ot-Itact.     Guartz,
eherrt  arid  granite  cla5t5,   !ubrourided  to
5ubarlgular.   Maroon  mudstcme  matrix.     Poorly
5or+ed,   ma55ively  bedded,   Coal   fragmerlts?
Matrix  5upparted.

ITltrafanrmaticmaL   Conglomerate.     White  quartz
arenite  5Eparate5  irregular  Shaped  ela5t5  clf
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Modal   analylie   {Jt)

civergrcuth
Pore
clay  cEneTrt
oil
mcmocry3tal ir.e  quartz
Ehert
mud  matrix

195

feldspar,   musccr`/ite,   zirecm  present

E±±f±  ee  =  ±3giL!  ±EB±

Fine    green    quartz  arenite  with    broken,     firler,     darker
lamination..         DarkEr    bands    are    quartz-rich,       clay-rich
!illtone.       Variable    anourrt    of    clay-rich    matrix.         Much
pres]urt  Solution  has  oceured.
Post  quat+I  overgruth  clay  cemerit  pre=errt-
§oriing  -  gocld.
Rounding  -  high
Pc.ro.ity      varies    corm-eper.ding    to    clay    coutEmt.         Clay
Coating)  tc.  grain)  i.elated  barTy  pores.

Modal   analy.is   {7(}

monocry=tal ir.e  quartz
5ilt]ton. cia.ts
mud  matrix
Porechert
pcllycr'ystal irie  quartzfeldspar

Ef±f±  ee  =  ±eg±L9  I_t¥±  ±

Re]!roir  .and.tone.-ing - 9cod
Grain  Size  mL
Roundittg  -  sot)ang-   to  ro.
f)bumldant  o`rergrcut h5
Honcigerlous  texture
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fold.par
Pore
oil
overgronth
cenent
quartz
Clay
mudehut

Ef3f±  #  =  ±39Zig  fe=±

'.1
.7
9.9
5.a
a.8
7®.6
3.5
2.i
1.4
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ReIer`roir  aand5tclne.
Veir]/    I.ell-sorted,   !ofire  -.Ira.   9raiTis.   Good  o`/ergro`deh!.       Ncl
matrix.     I-elated  patches  of  poikilcltclpiE  anhydrite    cement.
Grain  .ize  -  Ill.  Por`o.ity  varies.

Modal   analy5i]   {*}

monocryltal iT'ie  quartz
oil
.-

t=hert
overgrcuth
K  feldspar
polyt=r`ystal irre  quat+I
arlhydrite  poiki lotropicE'-_Th

75.9
4.9
4.4
.5

7.6
®.2
1.3

0.2

E±3±±  !3  =  se±iL3  f =Et_
Cl ay-'r.ice      larit].+ one.         dreErl       {ch 1 arite }       and        red

{ha.nat it.}.       Poanrly    5anrted.       Mucti    compat* iori      pre55ure
selutieri,   arld  o`rerrgircndehl.     fh/erage  grairl  ]ize  -  fu     {range5
vfL  to  vcLJ}.

Modal   aTialy.i5   {*}

pcllycm/=tal ine  quaT+z
overgrcNth

2.9
1.a
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Modal   anaLy5i5   {*)

Porechart
Ealeite
quartz
K  feldgpar
t= I ay
plagic.ela5e  and  mu5eovite

present

E±±±£  ±3  -4251.2  ±H±

Inhofma.gerrou5     Sand.tone.        Hori2orrfeal     to       5ubhorizoT.tal
tmo`.in    !hale  layerr5  are  pre5eut  throughclut    the    9arid5tone.
The  Shale  ccrrltaiT.5   isolated   {vfL)   quaT*z   9rairl5-

§arid5tonle   i5  t)iwhEidal   -  Mc]i!t   9rairi.  are  vtry  firle  grairied.
f`t]out    5*    of  the  grairi5  are  larger  ®.4  -5rrmi.          These    are
ccimpo5ed  of  quartz.     Highly  ccimpacted.

Modal   analysis   {*}

clvergronth
Pore
t=hert
3i 1 ieone  ctEmerrt
K  felclspar
pclly[ry=tal irie  quartz
a a I t= i t a
mud
p I ag i oe I age
mcltroct-y)tal irie  puartz
Clay

Ef±f±  #_  =  seE3&i  ±¥t_

Graywaeke.       Ver``y    fine  grairied  and    `.ell-sorted.       Grairf
5ahpe      and    roctt    texture    greatly    affected    by      pressure
5oluticm,   disscilutiori  etc.

Matrix    rich     in    clay,   and  t=heir*.       Both    are    per`/asivE
thrclughout.     Patt=he.  clf  Poikilcltopic  ealcite  eenlent    pt`estut
lcically.      N®  operri  porcigity.
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ia=I  5t5TTi  5*=6  jas5a5i5q|
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•^t{a  ^q  paiiLt{un  put  pa||t}i.in
^{|soul    aJe    €aJod   `MJo..|au  undo   `*B-8T     ^|t€oJod       .paJT`aJo
itv     .ale    uotapedulo3        .qua5aJd  ST     xIJiEtiJ     pt`u    ET`ca-€atea
e      ^{tlao|         .quasaJd    aJ€     aJJ,aqaJ    a|Ta|e]      a?doap|tt|Tod
|o  saL|a|td  P.|e|o£|     .Eua.*oJ6Ja^o  ^q  paaA+auaJ  ^tuteui  tt  tiaot] -(nul    Pup  ||}   tepoutq   `pa|JOE  A{a|eJapow     .altuaJe  z|Jeno
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S'0'T
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atJros        -a+?atta     ^q     paT|T+   aJ].Jl  a`+e  Li]tL.N     saJod     ttE     E|tt}
xtJieun    I+atJ-^Et3     .]JJ,aea`^d  ale  a.uaulaJ  a|tatea    atdoap[tt|lod
io    Saua|ed     .aqa   `uot|nlo5  a*nssaJd  I+anw     .nlll  st  az?a  u.teJE
aEeJa^e       {f|a^    o|    |+^}   pa+JOE  ^|Jood       .a|TuaJe    Z|ueno

-1551  5=5±-T5  -ee=B  iHiHasiI

•a|tattJ  Eiutt|T],-a`rod     {E
•aita[Ea  snot+aedost   tEao|     {T
-:uot|€|uallaa  I.a  sa=ei+a  oMj.

-Stlaus
a£T`l[ou    pup     `aeEte     `ia{a?sso  ploutJa    apn|aut    i|?5so] •quasaJd  ale  suleJE
zquEt`b|Euot5€aJo        .paunJao    itL|  a|TJJtu  aL+1  I.o    u5tl+dJouioau
aL»os        .EMaeJ=     a6eHut*L|s  ale   ^tqapo`Ad  aLii.      .aA+auiaa     alTatea
asJeo]     L+|tM     pat I tj.     uaaq     a^eL+   L|aTL+..     6a[npou     aL||     u?L|q.IM
+ilia5a*d    ale    €.Jn|ae*±     .a|luo6e*e  |o    pasoduloa    ^t|eliL?Et*o
aiaM  asaLi|   `a++asa`^d  aJe  Sluau6eJ|   ttaL|E  allos     .ullllo=  Ee  aEJet
se    st    azts  |£e{3     .1uatliaa  alta{ta  Eutlttj.-led    .£*toa    ^q
paieJedaE     siEe{a  a+tJatou  Papuno`*  |o  €a.stsuLo3     .auLo|€alll{|

i55I  5t=ctii  Ei=5 aa-edasq|

J€d£Pt.i  H
ared

++roJ6J.^o
quatJJ

zqueT`b  auTtE}t^Ja^Tod
al?alea

zlJenb  autte|s^J]ouoou

(*}   sts^|eue   |epow

•J|a  pa|aeduo]  St  t|aoE     .6L|a..o*EJa^o
z +Jenb       ^q       uo I le|lJ`aulaa    aulos        . ]JJlasa`^d       ale       a qu*allEeJ}
I tat+E        `alTuoEeJe       ^{ teutEtJo        `paz I I te|6^Jaa8          . |uetllaa
a|la|ea  atdo|o|THTod  j.a  Sal|aq.ed  |llepunqt}     -a|tuaJe  z|J.no

E5L==  E€-T5  5*=6  assa5i5q|

L!JefeG
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aTihydrite  i=  present  within  the  matrix.

Modal   analy5i5   {J£)

mcirtocrystal irre  quartz
pclikiliotopie  ealeite

cement
palyEry5tal ine  quartz
arlhydrite  ccmerit
t=hert
Clay  matrix
overgrcrdh

E£3±£  ±3  =  ±39Zi3  fgiv_

#.7
10.9
5-2
3.9
5.a
15.6
2.7

Lime.torle.         Three    textures  pr`esernt    are    Separated    by
hori2or`rtal  boundaritrs.
1}     Fcis5iliferou5  micrite  at  ba!-
2)       Caliche  crust  in  eenrtfrr.     Coat.ely     lamirlated    textur`e.
Carrtairrs  horizcndal ly  elongated  pores.
3)       CalEarenite.       Corrtairl  mierite  cla5t!    and    5hell5    are
separated  by  a  5parry  ealt=ite  cemenit.

§tylolite5  are  preseTre  within  the  unit.

E±±f ±  ±3  ±3±ii§  fse±

F055ilif!rou5  miErite.    Cotttairirs  irlterparticle    porosity,
arid    moldie    por`osity.     Fogsil.    include,     brachicipod5,     aTld
eehinciid  plates.

The  Lilourstor-  cla5t.  are  Separated  try  greerri  Shale.       Some
nodule.  ar.  a.parated  b)/  pare-filling  ealcitE.

E±±±±  es  =  ±3±§=§  I_F¥±

Guart2     arernite.     6raiTi  5i2e  fu   {7Grx},   wh  to    VEL     {30J£).
patches    of  Poikilotopie  t=alcite  eerient    preserrt.       Pressure
50lutiami  Ett=.   has  modified  the  texture.     Urifilled  pcrreg    may
be  liried  or  unliTled  with  i5cipachou9  ealcite.



-auaea`+d  a.Ae  a.uauaa  aitJle]  atdoaptlt|Tod  j,a
sauaiEd     .fuopaateL+a  put   `€|tt   `quaLia   `zquenb  apntaut   |uasa.d
sutEiE    .aEi*€t     aLii       .{u»=}   ta^e.i  oi  |}^  EI    a6ueJ     `{7Ce6}
n}     a?  azts  lJLTeJE  aEe*a^tj     -sazti  liLTeJti   luaJa+j.?p  Euiuttquoa
splJleq      ut I+1      L||tN    p.ca^e|       -auolspues      Paue|oa+iita.3

E55I  EiT5Ei  =  Ei  IIila
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].o    saLia|ed     .aA+a.a*d    aJt    tuttJE  pa|eto€?    JaGJtt     `|ui    5T
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flppENDIX   3

Table  of  values  cibtairied  from  the  pares  5tudie5  of  Pfaff  *2

N. C. Ft. fl*.Pfaff  *2

4ae4. ®  fEret

POROSITY  TYFE:-    §eeorldary   interpartiele,   good
irltereonTiectivity,   enlarged  elongate  pores.

PORaslTY  DI§TRIBUTI0N=-    The  porosity  througliciut   the  rack   i5
relatively  homogeneau5.     The  por`osity  i5  present   in  a
di5ccmtiriuous  net-ark.     Barriers  to  porosity  are  quartz
overgro`.r€h5,   arid  thin  Clay  t=oating5  `which   surrouT.Id   mariy
9rain5.

VERTIcf`L HOR I ZONTf}L

Coordinat i orl  rlumbe'r

flvERfx3E

Total  perogity
Pore to  throat  ratio

28. 4*
44. 8*
al . 6*
5.2*

1.ce

2®. 1*
3.9

35. 2*
4®.171
16. 0*
7.4*
1.2*

a.99

19. 0*
4.9
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*6.+e  =  Ait§Ojod
tr-+  =  O||eJ   +toJu}  o+  a`Aod

i.8  'T   -N.3  aEeJa^t]

*£.0
*£.0
*L`L
*E 'ee
*® 'Ba
*L`L

I (^i?so*od  -u|  ].a  SaEe|IJlaaJad}     -:JaquT"  ueTi"tpcoo3

•iaII"g  ale  .oT+eu  ieoJu}  oq.
a.od  aL||   |T`q   `ttaoJ  aL+1  ].a   |SaJ  all+  EE  ®lllet  .L|+  €t   ^iIIo.od

aLij.      .Jell+6t1  ^tIEJalJlaE  ale   tto  aJOu  ultM  Eauaied  aL+I.
•sa*od  ja|le"s  awl  ut   Punoj.  €T   tto  +SOW     .not.ouoa  oi  anp

sal|it|+T`o  paEEEr  fua^  u|?M  iaJod  ut   PunoJ  Et   tto  uanw     -ad€u£
IiiT   ^tiea*E   ^Je^  SaJod      .SaJod  aLJI  JO  ?C69  Etlt),   tTo      .6JaLiio

lilt   ioiii  pL^e  5a*od  aulo€  tJLt   SutturaJ  tto  ^qu  Jt.ta   low     -sa*od
uT   |to  io  iiLot+t`qtji6tp  Je[T`EaJJI     -:N0IJ.n8Ials|a  ^j.|sot}Od

•EaJod
paE*etua  atiio§     .^ltGOJodoJatuJ  ataTq.JEdeJqut   tT   u®Lii  sute*E

+.aL+a  atiio€  u|      .^JepIJLoaaE   `alatqrJedJalul     -t=id^|  ^|.|S0E0d

}aaJ  £'+®E+

i,Tg
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42o§.a  ftrd
POROSITY  TYPE:-    Seeor.dary,   iriterpartiele.     Pares  are
erilarged  with  honeycclmbed  margirls  due  to  t=orroded  9rairls,
al=ai  tnaTly  are  elongate.

PORtrslTY  DISTRIBUTION:-     The  pares  are  well   coclrdiriated,   arid
well  eormected.     treatly  affected  by  quartz  overgrowth5.
Quartz  o`/ergrci`uthg  tiave  greatly  reduced  the  porosity.     Thir.
layers   {~4rm)   arid   isolated   lenses  c]f  tight  rock  are  pre5erit.
This  i5  due  to  larger`  t]uari2  overgrci`uth5.     Withiri  the  layers
isolated  oil-free  pclre5  are  pre5erde.     These  layers  are
irielirled  at  abc.ut  a5

VERT I cf}L                     HOR I ZONTf}L

Ccordirtatiorl  number   {C. N. )

Numt)er]  expressed  as  a  per`cerrtag.  of  the  porosity.

17.3
16.7
41.a
23.7

1.3

2®.2
38.1
31.5
1®.1

flverage  C.N.   is  2.26.             f)verrage  C.N.    i51.32

Pore to  throat  ratio         4.6
{f}verage}

Tc.tal  pero5ity 1 4 . 5J£

3.5
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42es. ®  fErat
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average  C. N.
f}ve.   pore  tcl  throat  ratio
Total  porosity

VERTIcf`L

a.98
4. Oe5
1®. 6*

H0f} I ZONTf}L

1.2
6.a
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