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ABS-

The Nolas hilnestone is  the `ppemost fomaticn of  the these GrChp

(tipper Wolfcaxpim)  in Kansas.    h cChrsists  of upper  and lower  carionate

meifeers,  the Herington and Krider respectively.    Caricmate mchers  are

separated by a shale or  shaly carfuate mcher,  the Paddock.    h Rice

Ccrmty,  Kansas,  the Nolas  ocars  only in the  sLfos`rface  and is,  with

fen exceptions ,  ccxpletely dolcritized.   Arirydite  is  ccmcm droughout
.~.

}

but is especially cc-1 in the \pper pcctien of the Heringtm Mcher.
Arikydrite cx:curs  as blue nodules ,  as  isolated fjbers within the tl]atrix,

as a cenent,  are as  a replaceDE=it of skeletal grains.   Porosity in the

Nolas  in Rice Ccrmty is  fairly low and rather unifom thaquchout.

Depositjm of the Nolas limestone occurred on a stable,  broad,  flat

intercmtinental shelf .    hterfutrent flooding of the shelf produced a
cyclic  seqLjace of  sedinencs  that nay be analogcus  to the cyslic model

described for  the PemsyivarLian.    Sedilnents  of the Krider mere deposited

dLripg ai ad`mce of the sea th]s in an emriJ-t of ccmtirmally deep-
ening cater,  arid may be ccttel.a.ted to the t±sgressive phase of the

Pensylimim cyclic codel.   The Paddock ifeer is recognized by aBi in-

creased acnmt of shale ln, the rods.   The shale is the result of eri
increased inflrmc of t:erigenous tnaterial into the area and is distributed

throurfut,  suggesting relatively good circrdation.   This mglbef tBay be

conerited to the marfue shale of the Pesmsyivanian qydic model.    The

iferington Males is  characterized by em7±rcments  of depositjm in which

VAter res  contin]ally shallcwing.    As water  shallcned,  circulaticn:I became

restricted and trypersaline cmditims developed resulting in a restricted
farma,  establirfuent of algal "ts ,  aEnd precipitatim of large quantities
of calcin sulphate.   The Heringtco MEber.may be correlated to the regressive



phase of the Permsylimjm eyclic model.    Ccxpleting the aclogy of cy-
clic  deposition,  the outside  shales of the Permsylvainan model are repre-

sented in this  section as  the Odell  Shale below the Nolans  and the vari-

colored  shales  of  the Wallingtor:I Formticn above  the Nc>1as.

Diagenesis  of  the Nolans  is  dcmirmted by  cme  episode.    Djring  this

episode nearly all  carionates were dolcritized and large volmes of

calcthn. sulphate vere precipitated.   This  episode occimed while inch of

the sedinmt vas  still unlithified and possibly vas the result of kyper-
saline cater,  created dLring deposition of the tpper portion of the

Heriqgton,  reacting with  sediments  of  the Nolaus.

A seccmd episode of  dingenesis  sdrsequent  to  the dolcmitization phase

resulted ln dissoluticm of rinor anc7`mts  of carionate material and intro-

duction of  silica as  a replacenemt rfueral.    mssolution of carbcmate

resulted in a rather unifom,  rehtively low porosity throughout the Nolans.

I.ocal areas  of moldic porosity developed where a hither percentage of

skeletal grains accmilated.    Silica,  as a replacenent,  often is  selec-

tive of arkydrite and crinoidal dchris.

Eccndcally significant acamihations of mtural gas exist in the
Nc>1ans  in Rfoe Ccrdty.    These areas are coincident with stnetimlly.hith

areas.   Hich areas are believed to have existed tiroughcut dapositim of

the N.olas and vere the sites of grain-s`ppcted sedinent accurfetion.
I)evelquent of rinor ancrmts of moldic porosity in these area,  alcmg with

the  stm]ctilfal  setting have maLde modest hcwever  econcric  acamilat:icms

of natural gas possible.
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-DUCHON

The goal of this  study is  the interpretation of erdrcmrmts of

depositicm  and  diagenetic history of  the Nolans I.ilnestcme  (Upper Wolf-

capian)  in Rice Cdrty,  Kansas,  incrfuding an understanding of  the dis-

tribution of porosity and acctm]lation of kydrocarions  in the Nolans.

The Nolas  is  the tppermst formticm of the Chase Groip  in Kansas

(figure.i) .    It consists  of tro cariondee mchers  separated by a shale

or shaly cari>onate Incher and is  everywhere less  than fifty feet thick.

Directly overlying  the Nolans  is  the ifellington Forlna.ticm  (I.over IIeonar-

dian) ,  a thick sequence of varicolored shales ,  evaporites  and caricmates.

Directly below the Nolans  is  the Odell Shale Formtion,  a relatively

thin  sequence of red and green  siltstcmes  and shales.    These fomatior:ls

crop out in eastern Kansas  and trend north-south across  the state  (figure

2).

I.arge volulnes  of natural  gas have been produced frcn the Nolans

Linestone especially in the lh]goton gas area of southestem Kansas

(figure 1) ,  but  little attenticn:1 has been given to  details  of the Nolans

origin and sdrsequent diagenesis.   VIthin the last decade the Nolans has

beccme a primary chjective of explcmtory wells  in other parts  of Kansas

as veil,  and m]ch mcyre data are now availdrle for  study.

Rice Ccrmty,  Kansas,  VAs  selected for  stiirly becase  of the avail-

chility of sdrsurface Saples,  a result of drilling in recent years ty
several exploration caapanies ,  and becaise of new discoveries  of gas  there.

Rice Ccmty lies  on the eastern flarfe of the Central Kansas Uplift adjacent

to  the Salina and Sedgwick basjps  (Jewett,  1951;  figure  2) ,  in both of

which these Pendm fomaticms are Jell developed.   Better undastanding
• of due Nolans tiny lead to tnc>re.I effective. exploraticn for natural resources
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Prior  to  the work cm stosurface material  from RIce Cormty a  s`rface

recormaissance  of  the  Chase  ChChp was  dcne.    Outcrops  of  all  Chase  Group

fomaticns were exarfued and saples  collected at previously measured

sections  in Riley Cormty,  Kansas  (Jevett,1941).    Outerop  saples were

correlated with core  saples  f-a well near the outcrc>p,  the Abc)co #1

Hargfat7;,  See.  32-T7S-R6E  (figure  2).    Core  saaples  frcm this well were

correlated with a radioactivity log f- the sane well to deterfume the
log signatures characteristic of each fomaticn.   the radioactivity log

vras  then correlated with other,  sinilar logs  to develop 'a netsock of

cross  sections  extending from Riley Co`mty to  the  sti]dy area  (figure 3) .

This netrock provides  a means of more accurate identificaticn of  estch-

1ished formations  jn the  s`fosurface.

in Rice CChmty,  the subs`rface  study was based on core sanples  f-

five borcholes ,  four of which are ccaplete  secticms  of the Nolans hinestone,

with the fifth core including only the lower portion of the Nolas.   Each

core vas cut and fresh surfaces were etched for twenty secards  in a solutim

of  20% I]C1.    Etched  surfaces were  examined  (Appendix 1)  and tested for

calcite with Alizarfn-Red S  (Dickson,  1965) .    Saaples  of  the cores,  which

are representative of various facies of the Nolens , were selected and

polished.   Thin sections were made at intervals representing the various
facies  throughout each core.   Each thin section vas tested for calcite

and iron with a soluticm of Alizarin-Red S and potassim fericyanide

(Dickscn,  1965) .    Thin  Sections were  examined and photcricrographe were

made.   ifegative chotogra;chs of thin secticns mere "de,  using the thin

sectin directly in a chotograthic alarger.
Radioactivity logs mere used to Construct the various ups  and cross



sections  in the  study area.    Cbre  samples vere  correlated with logs;  thin

log correlations were made throughout the study area.    Stlatigraphic  and

stmict]]ral  cross  seetions were  constructed with well  logs  (figures  4  &  5)

and by using  structural  and isopachoiis maps  frcm log data in the whole

study area.   Distribution of logs  in the study area is not unifom.    h

areas where there  is hydrocarfeon production,  there  is  a higher density

of ?lags. available,  as  ccxpared to non-productive  areas.    h order to make

the distribetim of log data more uniform,  selected logs were used in

areas of mre derise drilling.    h this study,  the classificatinrs of en-
vi-ts of depositim by VIlson  (1975)  end cafoorrate rock classifications
of D`rfuan  (1962)  are used.

Tfro maps  of facies mere constructed,  a map  of  the  lChrer Nolas,  in-

cluding the REder and Paddock mchers ,  and of the `pper Nolans ,  inclndirig

the Herington Mcher.    These maps portray the percentage,  in each interval,

of grain-sxpporfed carbonates versus. m]d-supported cafoonates  plus  shale.

Core  saaples  are  the basis  for  these maps;  moreover  they are  the only

usea,ble rock saples  avaiifele.    Boreholes  cutting saaples frcn the Nolans

lfnestcme are not cc-1 and, whm availchle,  saxple collectim intervals

are too large to allow accimte facies defiritim.   The estasive recry-
stallizatim errd dolcritizatim of the Nblerrs also rfuibits recognitim
of facies  in cutting saples.

hata chtained frcm logs mere used to  ccmstruct  the facies maps.

Cross-plotting of  gama ray logs with neu:trm logs  shc*ms  a  separation of

m]d-supported and grain-supponed rocks  (fig]re 6) .    The trypothesis  is

that the "d-supported rods , by virtue of their erlvircrments of deposi-

tim, will Contain a greater conceritraticn of radioactive tmterials . than

grain-suppctt.ed rods,  and this  difference  is evident Ch:i gama ray and
neutrmi log cross-plots errd in the signaa±e response of the s- logs
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(figure 6) .    I.ov porosity rocks,  such as  those characteristic  of the

Nolans,  are particularly veil suited to this anlysis because the effects

of fluids  are at a mininaLl minimm;  so  logs will  closely represent  the

rock  types  present  (Dc7vetcn,  un:piblishedi  uradzean,  1973 ;  Watmey,1978) .

Eight  saaples representing both the md-sxppotted and grain-suppcuted

rocks were  examined.    Percentage of insolulle residue and t]ulk tninera-

1ogy of  these  sallples mere detendned  (Appendix 2) .    Saples  fran the  sane
•,,\

parts  of cores were tested for insohfole ccaporients using both kydrochlcric
and acetic acids.    Results  frcn both tests were  sirilar,  and showed that

the "d-sLppctted rocks contain a greater amount of insoldrle tnaterial.

It is assured that hither radioactivity will be associated with greacer

anunts  of fine  terrigeneous material,  as  indicated by observaticms  of

log respcmses  of  shales within and adjacent  to  the Nolans.    This  assiap-

tim allows  distinguishing rocks  deposited in low energy crm7ircments

of deposition  (rfud-sixppccted and shales)  from those deposited in hich

energy em7irorments  of depositicn  (grain-suppctted rods) ,  or:1  the basis

of gama ray and neut-log cross-plots and log sigrmture responses.

h addition to gama ra:y and naitron logs,  resistivity,  sonic,  .and den-

sity logs were used t]o aid discriinatia:1 of adrrydrite-rich interuls.
Gama ray and neutrcn log cross-plots have been used to define major

facies  Oratney,  1978) , but appucatim of this tedrique to mc7re specific

definitlm of faeies is not veil doalDented.   Neither cat fdcies inter-

pretatim be done or:1 the basis of log signatures  alcne,  independent of
lithoIQgic ccntrol.   A good understanding of a particular litfrology "st

be availalle before this tnethod of assigrment of facies can be used.

Gas production data and field hisotry data mere obtained frm records

at the Kansas Geological Sun=vey and by consuhation with representatwes

of oil and gas prodL]cing ccdpinies  that are active in the study. areaL.



REGlcENAL  enoGy

The  area of present-day Kansas was paft  of a  stable,  flat,  broad,

intracontinental shelf ,  interittently flooded by epeiric seas  through-
out  the I.ate Paleozoic.    h these seas,  sediments were deposited  in

extensive but relatively thin layers.    These  sedinents  later became what

are now the rocks  of the upper Paleozoic  secticm  in Kansas.    A vertical
.~.

repat'ition of distinctive lithologies  (cyclothens)  is recognized in this

section and is  the result of rrmerous  trarigressicms  and regressions  of

the epeiric seas.    This  style of depositicm is  characterized by a reh-

tively thin transgressive limestone follChred kyy a marine  "core"  shale,

then a relatively thick regressive limestone.    Ccxpleting this  cyclic

model  are  "outside"  shales  and sands  indicative of maximm regression.

This  cyclic lnodel  is veil  described by  Irwin  (1965)  and IIeckel  (1980) .

Driqg the Early Permim,  several structural featilres were inportant

in affecting patterns  of  sedimentation.    These features  included the

Ncha Anticline,  the Central Kansas tjplift,  the Hngoton Eifeayment,  the

Apishapa and I.as Anilnas Arches  and  tine Central Kansas  Pemian Basin

(figure  7) .    The I.as Aninas  and Apichapa Arches were  the western bchmdaries

of  the Central Kansas  Basin,  the Nedaha Anticline was  the eastern boundary.

The southern boundary leas  in Orlahcma and included the Arfuckle and Wichita

positive elcDmts.    FTcm these bcrmdary areas were shed tnilror anoimts  of
detritus;  infli]x if detritus reached a IBa]inm dLring deposition of the

Paddock reef.
Iithofacies of the Early Pendm are dcminated by cainates and

shales  in Kansas  and in inch of the mdccmtinent region.    Coarser terri-

geneous elastics are fcrmd only imedfatdy adjacent to tna.joe source
areas,  especially in the west  Qtryer,  1963i. MLrdge  1967;  Silver,  1969;

figure 8a) .





7

The Early Pemim was  characterized by broad,  low-relief topographic

and bath)metric  features.    This  period marks  the  end of  an  episode of de-

fomation in Kansas  that began  inTEarly }flssissippim  (Ilee,1956).    The

anoimt and  size of  terrigeneous  clastics  delivered to the Central Kansas

Basin  declined,  and deposition of  cafbonates was widespread  (Mcxper,  1963;

Mndge,1967).    At  the  end of  the Wolfcap,  the  climte had begun  to  change

and .vyas.beccming Inore  arid  (Midge,1967) .    This  change  in  climte  influ-
\

enc;d .\xpemost Wolfcapin sedinents ,  so that evaporites were precipita-

ted and cari>onates  often were  dolcritized  Otryer,1963;  Midge,1967).

The Nolans Lilnestcme vas  deposited di]ring this  climtic  transiticm to

arid conditions  and is  the last  e]ctensive ,  carfeonate-dcmirmted formation

of Perfum age  in Kansas.    Most  caricmates  of  the rfolans  are ccxpletely

dolcmitized and ccn:itain art abundance of atrydrite.    The reflects  the estal)-

1ishat of arid climtic ccmditicms that were characteristic of the
I.eonardim  (Midge,1967).
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where  it  crops  out,  the Nolans himestcme  is  described as having

upper and  lcwer  linestone mfrfeers ,  the Herington and REder respectively.

These "ifeers  are  separated by  the Paddock  Shale Mfroer.    The mefroers  are

veil  defined in northern Kansas ,  but in southern and central Kansas  the

bcrmdaries between meders  are  indistinct  (Zeller,  1968) .    Throuchcilt
•~.

\

the. s`ibsurface  of Kansas  the Nolans I.inestone is  persistent,  ranging in

thidmess  frcm 9n to  15m.

h Rice Ccunty,  Kansas,  the Nolas lflnestone occurs  Only in the  sub-

surface.    The nearest  surface exposures  are apprcndmacely 90lm to  the

east.    Sutace exposures  of the Nolans  are dcninantly ljnestone and shale;

however,  in the  s`bsurface of Rice Ccunty the caifecmates  are,  with fen

eseepticus ,  calpletely dolctritized.    The Paddock Shale Mcher,  in Rice

Ccmty,  is most ccmonly a fine-grained argillacecus dolorite.   Rarely

does  it occur as  a pure shale.   Aridydrite is present througivut  this

formtion,  t]ut i.t is  especially al]undant in the \pper pottion of the

Herington Miler.   Aridydrite ccmmly occurs as  licht blue nodules ranging
•in size fin coarse sand-size to cchbles  sevael ccnt±meters in size

(photograth 1).    Nodal.es are aggregates of  srmll needlelike crystals

(photograph 2) .    Arfuydrite also occurs  as  a void filling cement,  as  a

raphacenent,  and as isohted needles within the matrix.

The Krider lrimestorre Mcher,  the lower caricmte maber,  is  thin,

generally less  than 7m thick,  and ccmsists of altcmating pure cafoonate

beds and argillacecus  cafoonate beds.   Rarely a pee shale layer will

ocou:,  usually in the upper hair of this maser.    Cafoonates of the `]pper
`prrim of the Krider are dcripantly dolcritized irackestories and mid-

stones . (photograph 3) whereas packsecmes and vadsestcnes are cc-I in
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the lChrer poltia:I of the rider  (photograph 4) .    These rocks are licht

to mediim brcrm,  beccring gray brorm where  silt  content  increases.    Beds

are  dcminantly rna.ssive,  and contain peloids  (fecal  ?) ,  sore burrows,  and

varioirs anflmts  of fossil dchris.    Chaent-foned struct`nes are rare.

Algal-laminated rocks  are rare,  biit tiny occur in the  lowermost portiori

of the Krider.    Portions  of  this mcher are dcdimted by gastropods,

oth¥,: by pelecypods  or brachiopods ,  and bryozoans.    Fossils  are rardy

whole,  and rest of the fragments  are ccxpletely recrystallized.    Sore

ostracodes  and foraninifera  Ofllliolid  ?)  are present;  these also are

recrystallized and difficult to distinguish frcm the matrix.   Crinoidal

dchris  occurs  in minor anounts.    The packstcn:ies  of  the  lower Krider  carl

be classified according  to  the types  of  skeletal grains  they ccmtain.

The  lcwer portion of  the Krider  is  dcrfuated by gastrqpods,  whereas  the

`pper pcution is  dcinated by fragrents of brachiopods  and bryozoans

(photograph 5) .    The best preserved  saaples  are frcm the ARE  ¢1  Test

Hole,  See.  26-n9S-Raw.    h these saxples,  all  skeletal grains are

Osagfa coated.    Ach:ydrite occurs  as  soall,  blue,  nodules  that are often

slichtly flattened.   Nodules  that are assoicated with thin beds ,  defom

the bedding  such. that beds  appear to. be draped over  the nodules  (photo-

graph 1) .    SDall ancnmts  of phoschatic bcme fragrmts are present in the
ELder.   RephacenEnt by silica is not ccmm,  but when its occurs,  arty-

drite and crfuoidal dchris are after sdedt±vely replaced..   Quartz silt
is rare,  as is pyrite.   Porosity is generally low tfrouchout,  and is

derinated by pilpoint-size pores.   Fossil moldic and fracture porosity

are rare.   All porosity is of secondary origin.

The Paddoc]c Shale Mcher: is  the riddle miler of the Nb]ms hide-

stcne.   It is a gray calcarecus  shale in pat of the stirdy, but, mre
ccmmly,  it is an argillaceous ,  fine grained dolcrite  (photograph 6) .
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Thichess  of  this lnEhoer  is  apprchdmately 3  to  4m.    Bedding ranges  frcm

beds  of shales  to massive beds  of argillaceous  dolonites  containing pel-

oids  (fecal  ?)  with minor anc*Ints  of burrcws  and  fossil  dchris.    Gastro-

pods,  Peleeypods,  and ostlacodes  (?)  are present,  and when  they  occur

they are often massed together foring  thin argillacecus beds.   All

fossil dchris is recrystallized.   Atrydrite is  least ccmon in this meder.

It 99>qurs  as  small blue or gray-white nodLiles  and as  a void filling cenEnt.

Shaies of the Paddock contain very little arkydrite suggesting that the

abundance of arkydrite is iIversely proportional to the shale content of

the rods.   Pyrite is c-in in this mfroer,  especially in the shale units
where it occurs as  smll arhedral crystals.    It is  also disserinated

thrmJchout the shale and caricmate units.   Q]artz silt is mre cc-I in
the Paddock,  especially where  total  silt ccmtent  increases.    Porosity

throuchcllt  the Paddc>ck is  lcw.

The Herington I.inestone .MEifeer  is  the i]pper melfoer of  the No]ms

Linestone.    It  is  ccxposed of  dolcritized mrdstones  and irackestorres,  with

rare packstones  or grainstones,  and eri abundace of ainydrite.    It is

the thickest mcher of the Nolas lfnestme,  averagjpg apprc±tely 7
to  8n.    The Hgrington is  light  to Bedim brcREi.becaring. gray-brow[i where

silt ccmtent increases.   The lCher portion is Inore argilhceous than the

ipper portion,  especially where it overlies shales of the Paddock user.
Elsewhere,  the lorrer Hedngtcm is  sirilar t:o the ipper REder Iiiznestcne

Med]er  (photograph 7) .    Silt ccntent decreases \prard throuch the Herington,

b`it occasional  shale partings may exist anywhere within this qrder.

Bedding is massive in the lower Herington,  beds are thick,  peloid rich

(fecal ?) ,  and they contain varichle arc*mts of fragpented skeletal grains

(photograth 11).    B`mms  are rare.    Fossils  inchLrde fragments of pele-

cypods ,  gascropods ,  brachiopods  (?) ,  scme foraninifera,  ostracods,  and
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tninor anc7imts  of phosphatic bcme fragrents.    Uprard  through the  section,

thick massive bedding  is  replaced by thin bedding.    Algal  larinated and

rare rippled beds  are present  in the uppertnost porticm of  the IIeringtcm

(photograph  I) .    Phosphatic bone  fragrEmts becone more  ccmcm and  the

ancyunt of skeletal  dchris  decreased in the upper Heringtcm.    htraclasts

are rarely present ,  and often are associated with algal-1anfroted beds.

Arhydrite  is most  canon  in this tnecher as  ccxpared  to  the other members

of the Nolans.    The abundace of ainydrite reaches  a ma2dmm in the

`xper portion of the Herington,  where it  foms  one or IIDre thin,  dis-

crete layers.    The ainydrite layer is probally the result of ccmsolidation

of m]nerous  nodules,  not  of prjnary  deposition:1  (Maiklcm,1969).    The blue

ardydrite nodule is  the most ccmim fom of alkydrite,  and the size of

the nodules ranges  frcm coarse sand to cobbles  several  centineters  in

size.   Atrydrite nodules  often are in close prcriricy to cnre another and

may aggregate foming  a  single large nodule  (photograph 8) .    Atrydrite

nodules  are a]mc)st exclusively ccxposed of fine needle-like fibers but

rarely blodey crystals  are present.   Achydrite also occurs  as  a replace-

Inent of skeletal grains and as fracture-and pore-filling cenent.    Isolated

needle-like fibers  of arirty7drite cecasicnd.1y occur jn the matrix.   1there  ' -

aria:ydrite nodrles  occur associated with thin beds ,  often that bedding is

defomed about  the nodal.es  (photograph 1) .    Quartz  silt  is  a minor,  but

relatively consistent,  fract:im of the Heringtcm and is  especially ccmcn

near algal-1arirmted beds.    Secondary silica is  rare,  but,  when it does

occur,  is  often  selectively replaLces .arfuydrite.    Rare coourrences  of

secondary silica have replaced carionates.   Pyrite is mst c-I in

prcodrity to shale partings and argillaceous units , but it occurs in trace
anounts.   Porosity throu9"t the Herington is lcw.   Pinpoint-sized pores
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are most  ccmion,  but  there are a fen fractilres  and  scne moldic porosity.



FNvrmomus  oF DEposmcN

The lfolans linestcne  section is  a carionate-shale-carionate  sequnce ,

bonded above and below by red and green shales.    This vertical  sequence

suggests  cyclic  deposition sjrilar  to  the model presented by Irwin  (1965)

for  epeiric clearrater  sedirrmtation.    Cyclic deposition of Permsylvanjm

rocks  in Kansas  is well  docunented by Watney  (1978)  and Heckel  (1980) .

The:frolins Lilnestcme  is  significantly different,  hcmever,  than  the cyclic

motifs presented for the Permsylvanjm rods.    hdividual facies of the
lfolans are less well defined,  generally thimer,  and ccntajn a relatively

greater almdance of evaporitic minerals ,  dolcrite,  and less diverse
faLrd asseholage.

The Krider Limestcn:re Maser

Sedilnents  of the RIder linestone\4aler were deposited in a norml
marine en7irorment in which cater contimally deepened throurfut depos-

itim of this menber.    Algal-1anhated sedinents fcrmd in the lChrermost

RIder are indicative of intertidal  to supratidal  cm7irorments  of depos-

iticn.    Packstones and irackestones  deposited directly clove the algal-

1aninated units reflect a deepenirLg of vater, with dapositicn:I occ`ndpg

on a lchrer intertidal to sLbtidal shelf with opentiroulatim.   The lack
of arty apparent irave-generated cross bedding suggests  intertidal  zones

lure of relat±vily low enenyj   Ektensive burrowing,  possibly erhaced

dy  soft  sedilnmt  ccapaction as  described by Shin  (1980) ,  Inay also accoimt
for the conspicuous  lack of cross-bedded units.    The packstone. facies  is

best  displayed in  sanples  frcm the AH: Test Hole  $1,  Sea.  26-fl9S-RBW,

whea:e sedinmts mere not extensively dolcmitized or recrystallized.    h

these saaples the dcminating fossil type changes vertically.   The lcnemst
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packstones are gastroped-rich,  and,  `prards  throuth the rrider ,  saples
become dcinated by fragrfmts  of pelecypods ,  then by fragrmts  of brach-

ic)pods  and bryozoans.    h all  other  core  saIIples  this  sequence  is not  so

clearly displayed,  beca]se a thick padstcne facies vas not deposited

everywhere.    Circuhatiori patterns  influenced sedinentaticm;  big+ energy

currents mashed fine materi.a,1s  depositing  then in areas  of  lower  energy.

Depg5,ition of grain-supported sedinmts ,  indicative of hick energy en-

vircments , vas primarily confined to bathynetric hichs ;  hichs were the

result of s`]btle strucbnes  e=dsting prior to Krider deposition.   M]d-

stones and rackestcmes were deposited adjacent to the hichs and in areas

of poor VAter  circnd.aticm.    These factclfs  are responsible for the varia-

tion of grain-suppctted rock percentages  chserved on the facies map of

the  study area  (figure  9) .    Figure 8  shows  a wide distribution of areas

having a relatively hick percentage of grain-supported rocks  indicative

of relatively unrestricted circdrtiori across this area throuchout inch
of  this period.    The lack of a IDore extensive distrihition of grain-s`xppcuted

rocks may not necessarily be the result of  sedilnmtary processes.    Ex±en-

sive doldrtization and recrystallfzation has destrqyed inch of the
original skeletal dchris , which lnay have caised grains  to have beeone

indistinct  from the maLtrix and celnfmts  (photograph 9) .

This  sequence of depositim is interpreted to represent a trap-

gressim of the sea,  that is ,  earliest ELder beds represent near shore
erlvirormemts  of deposition and mid-to-ttpper REder beds were deposited

in increasingly deepening cater.    Bathynetric hichs existed tirquchout

deposition of the la±der,  and these areas remained clove or near wave

base.    Skeletal grains acam]]ated Ch:I these hicks,  and currents cached

fine material to areas  of lorrer energy.    Elsewhere in the study area,
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cm7i-ts of depositin:I went below wave base and,  in these areas of
lower energy,  fine grained carionates  and shales  acamilated.

Shale beds  present  in  sore core  saaples  and  indicated on scme radio-

activity logs  represent  low energy en7ircn:Dents  of  deposition.    These

areas received relatively greater anoimts  of terrigeneous  silt than did

areas  of higher energy.    Silt iras  introdL]ced to the area primrily by

riv¥.s ,. and shale accrmhations may represent prmdnity to distal deltas.

There is little question,  however,  that thrCh]rfut the deposition of the

Krider I.inestcme,  the  sea iras  contim]ally deepening.    Vertical  changes

in dcinant skeletal fragpmts  sxppott this  idea.   The lower Krider is

dcninated by gastropods ,  with sore algal  larinated beds.    These are

generally associated with very  shallow cater erwirormmts  of deposition.
The mid-to-ixpper Krider is  dcririated by pelecypods ,  then brachiopods  and

bryozoa with scme crinoidal  fragrmts.    These organisms  suggest  the

existence of cater deeper than that indicated to exist dirfug depositicm

of  the  lchrer ELder.    The  deeper water  erwirormEmt prchchly vas noma.1

marine with i]nrestricted circulaticn:i of clear vater.    The shales  of tine

Krider,  as  those of the Paddock Shale Med>er,  tnay only represent a shift-

ing of distal deltas or encroachent of those deltas dLrimg period of

increased silt inflix.    The ccntact betireen the ELder lfmestcne and tine

Paddock Shale is gradational with shale gradually beccming a greater pro-

porticR:I of the. rocks.

Paddodc Shale Mcher

The Paddock Shale Mcher was  deposited on a shelf having qpen cir-

odrtion,  but vas receiving large ancrmts of terrigenchrs  silt.   The silt

iwias  distributed througiv]t the area arid famed localized thick  (2m)  chale

beds,  or it vas incorporated in caricmate beds.    Circulaticm of vater vas
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both widespread and effective in distributing silt throuchout the area.

The abundance of  silt was probably the min modifier of  the errdcment

by  inhibiting  grchwh  of  cazbcmte producing organisms ;  hcRTever,  the

presence of carionates  thrqugiviit  the Paddock indicates  that cafbonate

producticn res never ccapletely halted.   n]ring deposition of the
Paddock,  cater depth vas  prchably as  dear as  arty  drring deposition of

the .xp.der;  there  is no  evidence that the advance  of  the  sea  ended
}

before the begining of this period.   The wide distrihotion of shale and

argillacecus caricmtes indicate ar\ effective circulaticm pat:ten that
imild acccxpaBry deepening of cater.    Skeletal  dchris  of the Paddock car-

bcmtes also do not indicate a shallcwhg of cater.    Itmards  the grada-

tional  contact between the Paddock Shale and the Herington Linestone

Masers,  the abundance of shale declines and relatiwhy shale-free car-

bonates vere  deposited.

Ilerington I.inestcme Mfroer

The Heringtcn Linestcme Miler is  ccxposed mainly  of mld-suppctted

rocks with fen grain-st]pported rocks as  ccapared to the ldider  (figure 10) .

Argillaceous m]dstcnes  and vackestones  of  the  lowemost Herington mere

deposited directly over the shales of the Paddock,  reflecting declining

iportance of silt in lChrer Heringtori sedilnents.   Relatively silt-free

mrdstcmes  arid irackestones were deposited clove caricmates  of  the Paddock

user.
An overall regressiori had begim during  deposition of the Paddock,

and by the tine the lcwer beds  of the Herington were being deposited

cater had shallctred significantly.    Shoals which generally coincided

with those which existed dLring the ELder developed  (figures  9  &  10) .

Shoals  develaped dLrfug deposition. of  the Heringtcn are an .apressiori
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of bathymetric hicks which ca]sed shoals  to  develop  early dLrfug  deposi-

tion of the RIder.    The shoals were sites  for accuhaticm of grains,

both skeletal and non-skeletal,  and indicate that at least sore of the

shoals were  in very high energy errvirorments.

Beds  in inch of the lcwer portion of  the I.Ierington are generally

thick and hcmgeneous.    Peloids  are abundant,  with fen burows  and sane

gastr,qpod and pelecypod fragrmts.    Biotifroation is  the main ca]se of
the hcrogeneity of  the  lchrer Herington beds.    As  the sea contin]ed to

shallow,  thimer bedding becarie more ccmcm and  these were inte]foedded

with thin  (several cm)  algal-1arfuated beds.    The ippemost beds  of the

Herington are ccnposed of algal-1arfuted rocks  (photograph 1)  with rare

intraclasts;  a fen zcmes are rippled.   This  is  indicative of intettidal

to sLpratidal en7irorments  of deposition reflecting a nearly ccxplete

withdrarral of  the  sea.    A great drdanee of  seeorrdary arfuydrite is pre-

sent in the upper llerington and all of the cari>cmates are dolcritized.

The presence of atrydrite and doldite,  of extensive algal-1arfuated

rods,  and lack of a diverse falmal asserfolage all indicate the existence

of a stressful,  tTypersaline cm7irormit.    This  crm7ircment res present

on a shelf having restricted circnd.ation and reflects the estallishaent

of arid crmditicms  that mere characteristic of the mddle Pe±rim.

Fhvirorrmits  of depositicm of the `pper IIerjngtcn were prchal>1y

sirilar to tfrose which exist cn the modem Th]cial Coast in the Persia

Gulf  (Curtis,1963;  Kinman,1966;  Butler,1969;  BLish,1973).    A cross

sectin:I of the Trucial Coast includes a sablcha with a prpgrading shore

line,  restricted lagocms and offshore islands ,  and highly saline racers

of the.Persia Gulf.   The sallcha is a flat plain cmly slichtly clove sea
level and is  caposed of sediments  delved f-the gulf and lagcxms.
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EKtrene taperatures  and intense evaporaticm causes water within these

sedinents  to beccme hypersaline,  resulting in the precipitaticm of

aragonite and calci:un sulphate,  and the  ccmversion of  linestone  to dolo-

mite and,  rarely,  magnesite.    Water is  replenished  to  the  sablcha pri-

marily by flooding  from the guff  or  lagcxms.    Other,  sinilar,  deposi-

tional emrircmrmts probably existed dring depositicm of Perian shelf

sedilnents  in New Mexico  and  Texas   (Ken,  1963)  and  ori I.aguna Madre  of
',,\

the.mDdem  coast  of  south Texas  04asson,1975) .

Dapositia:1 of  sediments  in the Heringtcm limestone prograded frcm

the northeast to the southwest.    It is  likely that the entire area vas

filled mc>re or less unifcrmly;  hcmever,  a  scmenhat  thimer pile of  sed-

inent accumulated on stmcti]ral hicks.    Core saples f-the Aspen 1

Hbdgson in the northat potticm of the study area display a thicker

vertical  sequence of rocks  deposited in intettidal and supratidal erwiron-

ments ,  suggesting that these errvircrmmts  existed there longer than in

other areas.    Throuthout  the  stiidy area however,  the thickness  of rocks

frcm these ervirorments  of deposition is fairly unifom.    h each core a

layer of anhydrite is present,  alnys within the upper fen feet of the

Heringtm.   This also suggests  the existence of rather imifom envfro-

Dents  of deposition thrmigivut the study area.

The presence of stable conditicms  tha]froit the st]]dy area is dis-

played dy the  s`btle  thic]mess  changes  shorn in figure 11.   VIriaticms
in thidmess are attributed mainly to pee-existing structures.   I.ocally,

high areas mere the sites  of grain acam]lations because of colonjzaticn

by organisms.   The preddrrmce of grain-s`pported sedirmts at these

sites vas  erhaced ky wimcwing of fine-grained sedinents fro the higrs.

The geneml  t]:ends.. of  structurally hick and low areas  .(figure 12)  in the
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Nolans  are  shared with other fomaticus ,  clove  to  the  Stol:re Cchral  and

below to  the Permsylvanjm  (Mend.am,  1955) .
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DIACEREIS

The No]ms I.ilnestone has been  sutjected  to  t`ro  episodes  of  diagenesis.

The first oca]rred prior to lithofication and resulted in near ccaplete
doloDitization of  the cafoonates  and precipitaticm of  large quantites  of

calcium sulphate.    The  seccnrd  episode  involved  dissolutiori  of minor  aric7imts

of caricmate and the introduction of silica as a replacenmt rineral.
}\

Dolcmitization and Calciim Sulphate Precipitaticm

Itolonitization of nearly all calbcmtes and precipitation of large

quntities  of calcium sulphate occimed peneccntenporaneous with deposi-
tion of the Nolans.    Similar diagenetic changes have beeri repctted f-

the  Th]cial  Coast  (Kinsman,1966;  Sheaman,1966;  Butler,1969;  Buch,

1973) where catonate  sediments  are dolcritizea by cater;  depleted in

calcium sulphate beca]se of precipitaticn of gypsum and ainydrite.    Hcwever,

the  sablcha model of  diagenesis  cn:I the Theial  Coast does not adequately

explain the diagenetic features  that characterize the Nolans lfnestcme in

that the Nolans  displays no  evidence of  s`haerial  exposure.

The Krider Mcher of the Nolas hilnestcne is mainly dolcrite.  Atry-

drite is present througivt this mcher but in lesser quantities than in
the `pper Nolms.   This episode of diagenesis apparently tock place after

depositim of the Paddock and ELdei Milers.   I)oldrtizratim is  inecm-

Plete in the ELder especially where .it direct:1y `nderiies thick  (lm)
shales  of the Paddock.    Precipitat:ion of arkydrite affected bedding in

tine Krider little.

The Paddock Mifeer of  the Nolms himestone also iras  affected by this

episode of diagenesis.   All caricmtes of the Paddock veie dolcritized
and modest arcrmt§  of calcium gulphate lea: precipitated.    The  shales of
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this mcher show little evidence of this  episode of diagenesis  except

for rare occimances  of small,  isolated anrbrdrite nodules.

The Herington Mifeer of  the Nolans lfmestcne was  ccxpletely dolo-

Initized diring this  episode of diagenesis  and a large quantity of calciim

sulphate vas  deposited.    Beds  in  the upper potticm of  the Heringtcm are
"draped" about ainydrite nodules  suggesting that calcium sulphate precipi-

tated,in unlithified sedinents.    Brines responsible for this episode of

diagenesis were presumably fomed diring deposition of the overlying

Herington sedi©ts.

Silica RaplacenEnt and mssolution of Cari]cmate

Precipitation of  silica and minor dissoluticm  of cafocmate charac-

terize  the  second episode of diagenesis  of  the Nolans I.inestone.

Silica is  ccmcmly  length-slow,  a  trait  described by Folk  (1971)  to

be indicative of silica replacement of altrydrite;  silica corndy parti-
ally replaces  airrydrite nodules and both rinenls tnay be present in a

single nodule.    Silica also replaces fossil fragrents ,  primrily crinoids

and brachiopods  (photograph 10) ;  silica also rarely occurs as  thin  (less

the lcn) beds.

Dissoluticn of caricmate dLning this  episode of diagenesij5 resulted

in developemt of rinor porosity.   Porosity generally is not associated

with particular depositional facies ,  however, mldic porosity is rest

ccmm in grain suppctted rods.



HYDROQAENS

Gts iras  first produced  in Rice  Ccrmty  in  1888.    The Kansas  Natilfal

Gas  and Oil  and NIneral Products  Ccxpany  drilled an exploratory well  in

the Lyons  Township  (See.  34-T19S-Raw)  and  discovered natLml  gas  at  403m

below grcund  level.    This  depth places  the  gas bearing horizon within the

Nolans lfnestcme.    Nati]ral  gas  produced frcm this well vas used locally

in the .tcrm of Lyons until  arl explosion,  socm after use began,  ended all

prodrction.    A seccmd  test well iiras  drilled again near Lyons but there
is no record of any trydrocarfus having ever been produced.   At the sane

tine as  these tests were being drilled,  activity in southea§tem Kansas

vas accelerating ,  providing ilrvestors and operators a more luerative

econcmic  situaticm.    The first phase of kydrocarbon exploration on Rice

Ccunty cane  to an end and  35 years  passed before any activity resumed

Obester,1934).

Exploratory and field development drilling is presently very active

in Rice Ccrmty.    Fen drilling tests,  hcwever,  sect the Nolans  or arty other

Perdm formations  as primary chjectives.    hstead,  they sect the Afouckle,

Mississippijan,  I.ansing-Kansas  City and other,  deeper,  Inore prolific,  hy-

drocarion bearing intervals  (Berne,  1978) with the shallaur beds being

seccndary zones of interest.

Chase GrCh]p  fcmaticnrs ,  including  the No]ms ,  have,  hchrever,  been

the prirmry chjective of tnalry drilling tests  in the Hngoton Gas Area of

southest Kansas  (figure  2) .    The Hngotori Gas Area covers  a large portion

of  southestrm Kansas  and eKtcnds  southarard into Cmahcma and Texas.

this  gas area,  discovered in the 1920's,  is a prolific producer of nat-

u=al gas,  raldrg among the largest gas reserves  of the irorld.   Productim

in the Hngoton area is prilnarily fro porcus dolQritic facies  (ffilpri,  1958) .
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This  is  the only region in Kansas where production of gas  frcm Pendm

rocks  occurs  in  such econcrically attractive volumes.    Mrdest anChmts

of gas  are,  hcwever,  produced frcn these rocks  thrquchout  the western

tro-thirds  of  the  state  (Beene,  1978) .

Gas has been produced recently in Rice Ccunty in marl:y  tests  drilled

to  the Nolans himestcme.    A fen borcholes  have  also  tested the  slichtly

deeper Winfield and Bameston linestones ,  but  little gas or oil has been

recovered.    More than 40  shallow borcholes were drilled in a narrow,

north-south trending corridor in central Rice Camty.    The extent of

this producing area  is not yet fully defined and may extend well into

adjacent  counties  (Bruce,  G. ,1980,  perscmal  ccmmicaticn).    The  tcrm-

ship of Lyons  is  included in the corridor,  which bears  the rme Lycms

Gas  Area.

Production is  limited to natiml gas, which ccmes primrily frcn

the rid-to-1Chrer portion of the Nc>1as.    No oil has been tested.    the

arount of natiml gas produeed frcm this  trend is modest.    hitial ccaple-

tions  are amrchdmately 200  tha]sand cdric  feet per day  OREPD) ,  but all

rates  quickly drop,  stalilizing at an a[verage of 20 REED.    The quality

of the natural gas produced is lcw, with a REJ rating of apprc±tely

800  (Bruce,  1980.) .    On one hand,  the  low producticn rates  and  low REJ

rating tnalce the Nolans lfmestcne less  attmctive as a prospect than many

other trydrocalbon bearing zones  fond in Kansas.    It,  on the other,  does

not require deq] drilling, being only 300 to 500m below gr"md level.

This  latter factor enhances  the attractiveness  of the Nolans Limestcme

for hydrocarion exploratin.   I\rfuer incentive for drilling ccmes frcm

ixproved econcrics for nat]ml gas producers.   Production of natrml gas

frcm this fomatin:I in Rice Ccmty,  however, will undoLbtedly renain
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rodest beca]se of the poor reservoir quality.

Econcnic acamilaticm of natural gas  is  controlled by existing st]ru-

ctures;  borcholes  drilled off structr]res have  tested gas-cut vater and

are not  eccmcmical  (Bruce,  G. ,1980,  personal  ccrmmication).    Porosity

thrCh]ghout  the Nolans  appears  to be unifomly  soiall  in Rite Ccunty and

effects of lateral facies  or diagenetic changes  on porosity distributicm

are .prdyably small.    This  interpretation is based on  the  seeningly honc>-
',,\

gened]s reservoir quality characteristic  of the Nolans  in Rice County.
Porosity and pemeability are low and wells  often require stirfution

before they will yield significant amounts  of gas.

Qmently,  productiori frcm the Nolms limestcme acours within a

three  to four secticm wide fairway trending north-south  (figure 13) .

This  area coincides with a stm]cturally hich trend  (figure 12) ,  with areas

of higher percentages  of grain-supported rocks  (figures  9  &  10) ,  and with

relatively thin areas  on the isopachous map  (figure 11).    Explcmtiori

for nat]rd. gas  shcul.d be directed torrard areas with sinihar relaticm-

ship  of data  frcm these various maps.    This  is,  however,  a regional  study

and provided only an indication of where h]drocahas may exist in econcm-

ically significant acam]1ations.
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Figure  13:     Natural   Gas   Production.from  the  Nolans   Limestone,   Rice  County,   Kansas



-ICINS
The Nolas Lilnestone displays  a cyclic  depositional rotif .    Rocks

of the Krider MEhoer were deposited dinthg the  transgressive phase,  rocks

of  the Heringtcm were deposited during the regressive phase.    Rocks  of

the Paddock were deposited chring portions  of both transgression and re-

gression and represents  a tlansiticmal phase.
: ;'rirliest RIder rocks were deposited from shallow VAter having scne-

what restricted circulation and represent a low energy,  near-shore erwiron-

ment of depositicn.   Water depth increased until,  dLring depositiori of

rid and `xpper RIder,  open circulation,  nomal mrine erwircments existed.

Ehergy levels were sufficient to transpcat grains  and locally to rash

fine grain material frcm skeletal grains leaving a significmtly greater

proportion of grain-sipported sedinents.   Man:y of the grains are ccnpletely
Osagfa coated.   An increased influr of silt  into the basin modified the

erlvirormemts  of  deposition,  excluding many  cari]onate producing organisms.

This  influr reached a chirmx dLriqg depositicm of  the Paddock Mcher.

I)eposition of the Paddock Mcher vas  diriqg a t-siticm frcm trams-

gressive conditions  to regressive ccmditicus.   A large infh]x of silt

partially masks this trmsitim as nearly all carbonate producilig organ-
iEus mere exchrded frcm this errvi]-t.   Ey the end of depositicn of

the Paddock Mcher and initial deposition of the Hedngton lfroer meter

depth had challorred Significantly.    Ehallcwhg of vrater irhaibited circu-

1ation,  cm7froments  of depositin:I becare  slichtly restricted and energy

of those en7ircrments declined.    Restrictiori of the erlvircment,  of circm-

1a.tiori and decline in energy levels conti"ed throuchout depositiori of

the Heringtori until ,  diring deposition of the Lpperrost porticus ,  sedi-

tnentation ocou=red in very challcw, hypersaline vatff .    Nd evidence of
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schaerial exposure res  seen.

Above and below the Nolans  I.inestcne are red and green siltstones .

The presence of  these siltstones  adds  to  the Nolas  eyclic  depositional

rotif and allows  an  analogy  to be lnade between  cyclie  deposition:1  of  the

Nolans  Limestone  and the  cyclic mc>del  of  the Permsylvanian cafocmtes.

The red and green siltstones may be corrolated to  the outside  shales  of

the..I;emsyivarin,  the Krider Mcher to the trmsgressive stage,  the

Herington Mcher  to  the regressive stage,  and Paddock Mifeer to the

marine shale.    Differences  do exist and a direct analogy is not  suggested

here.    Examination of cyclic deposition displayed by other fomations  of

the  lcwer Pendm mist be made.

"ro  episodes  of diagenesis  of  the Nolas I.inestcme were  seen.    The

first is recognized by the near ccnplete dolcritizaticn of all caricmtes

and the precipitation of large quntities  of calciurL sulphate.   The second

episode is recc)gnized by the .intloduetion of silica as  a raplacenent
mineral and the dissolution of cafbcmate rna,terial.

Dolcritizaticm affected all  carfecmates  of the Nolans lfmestcne and

nearly all cahocmates were ccxpletely dolcritized.    Only one occimance

of partially dolcritized caricmate iras  seen.    Calciim sulphate, now repre-

serited as ainydrite is present thrmichout  this  secticm.

This  episode is  the result of sedinents reacting with kypersaline

VIter.   Diagenesis,  similar to this is  described frcm present evirorments

characterized by arid climates  and hypersaline en7irorments.   The cherical

reactions  are  sirilar between the Nolans  and the present day analogies.

Direst arulogy betvecn the present crm7irorments  and the Nolans lrimestone

c-ot be mde.
The second episode of diagenesis  irrvolved the introducticn of silica
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as  a replacenent mineral  and dissoluticm of cafocmate material.    Silica

is  seen selectively replacing altrydrite tfroichoiit  the section and re-

places  crinoidal dchris  and,  rarely brachiopod. fragrents.   Dissolution
of carionate material resulted in the creation of unifom but relatively
low porosity throuchout  the Nolas.    locally ,  where grain-sLpported

sedilnmts  accundated,  moldic  porosity  developed.    Areas where grain-

suppgred rc)cks  are fcund ccmonly are also areas  of significantly greater

porosity than other potticnrs  of  the Nolans.
Stnicti]rally high areas ,  currently present in the Nolans linestone,

were present during depositicm of the Nolas.   Areas which appear thin

ori an Ispoachcus lnap  of  the Nolans  correspond well with areas napped as

stn]ct]ral hicks.    Facies maps ,  those contoured as  grain-sLppotted rocks

versus nrd-supported rocks  arid shale also display a close relaticuship

betREeen areas of relatively hich percentages 'of grain-stppctted rods ,

isopachous  thins  and stn]cb]ral hichs.    This  indicates  that the stm]ctiffal

highs were present tfrougiviit  depositiori of the Nolas hinestone and that

these areas acted as  shoals where skeletal grains  could accm]1ate.

Furthermre,  the struct`ml hi9hs can be expected to be locaticms  of sig-

nificantly greater porosity development die to dissoluticn of grains.

The existace of porosity cn stn]ctLIfes prcwides tiro necessary paraeters

for produeticm of kydrocafbas,  the reservoir and the trip.   the third

parameter is  the presence of eccmcrically sufficient quntities of hydro-
cal>ons.    ftydrocarions .rirodueed frcn the Nolans limestone in Rice Ccmty,

Kansas,  are confined to natLml gas.    Productiori is modest indicating  that,

in areas that have. been sufficiently tested,  accrm±hation of mtrd. gas

is. the liriting factor of this horizm.
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Appendix I

Descriptions  of Cores  and Thin Seeticns

frm Rice Ccrmty,  Kansas



cX}RE   EscaHlcN

Aspen  I  IIeitschmidt    Sw Ne  See.  26-T19S-flow

1370

1371

\

1375

1381

1383

1384

1386

1387

Dolcmite, mediim brch7n-gray brcrm,  very thin laminations  in
discontinious  sets  in shaxp  ccmtact with shale,  dark gray-
black,  intefroedded doldrte and shale units  -2m beds,  b`m-
cwed,  almdant flattened gray blue ainydrite nc)dules

Shale, mediin-dark grayfolack,  mrdstone,  siltstone in pail ,
few arkydrite noddles ,  fractured,  almdmt organic material ,
doldrtic

}::=:e:7}i±ch±=T¥Fhbjr:±gray=aEEon#::V:6dfi¥Tt
crystalline arfuydrite  (? )

holcrite as above ,  trace airrydrite

Dolcrite,  1icht gray, Inassive,  trace andydrite,  crinoid
grainstone in pact,  crinoid dchris  (?) ,  padstone,  -irack-
stcne,  massive,  trace arkydrite,  shaly mrdstone.

Dolcrite,  medium gray,  sLfotle horizontal  to  sulhorjzontal
planar thin beds,  becoming mottles  in pact,  almdant blackshale partings , no rty7drite

Fen large andydrite .nodules ,light gray-white defamation
of horizontal beds  abchit nodules

Very thin intefoedding of licht to medim broom with light
brcrm ults
Itolcmite,  mediim gray,  Inottled bedding,  very silty

fifet¥=#¥a:iLS:+iegF#+ebsb±.
1389        trace white arfuydrite, nodular with scne fractrre filling

1391         Dolorrackestcme,  as  clove,  trace bedding,  trace ardTydrite

1392        hcteasing anmmt silt

1395         hcreasing amount  skeletal  fragments ,  rollusks  (?)

1396          Shale ,  gray-green

J.



CDRE  DEScRlprlon

Atcmic  Energy  Ccmission    1  Test  lfole    NeNeNe    See.  26-n9S-RBW

1251

1252

1254=.,

1255

1256

1258

1260

1261

1263-66

1266

1268

1269

1274

1283

Dolcm]dstone,  dark gray,  interlaninated with bledc shale.
Gradaticmal  into  1252

holcnrdstone,  light  to medium brcm,  mc>ttled bedding-
wa:vy in pact,  trace of horizontal or low angle planr
cross beddings ,  few shale partings ,  fractures  in pail,
scme pinpoint-size porosity

As above,  beccning interiedded with dark argillaceous
dolcrite,  iravy to horizontal 1arBinations ,  fen shale
partings and larfuations intraclasts in pact
Achydrite,  blue,  almdant brcRTi shale  (clay)  partings-"fish net" appearance

Dolcmrdstone  and  shale  as  above,  com7oluted thin beds ,
intraforlnational conglcmerate in palf ,  little achydrite
Dolcmrdstone ,  1icht  to mediim brcrm,  laminated,  ab`mdant
black shale partings ,  fen small blue artrydrite nodules ,
several  thin  (2-3cm)  bladc chert beds

Shale,  black to dark gray,  beccming laminated with litht
brchm dolcm]dstcme,  cheat  in part ,  bedding beccmesthidr , ussive
Dolcmrdstcme-rackesta:re as  above ,  thin ciment  larfuated
units ,  dessicatlon cracks  (?)  bulfowed in part,  ab`mdant
deletal fragrmts
ifesing
Dolcmrdstone,  medium broom to gray-brcrm,  passive,  mottled
bedding,  almdant gray-white arthydrite nodules  '

As  clove,  beccring dolorrackestone  to  dolograinstone,
intraclasts in pact

bp:::=:§:#=tffiunbe:a:;is=P±;::i¥:'n¥odul?ffi=:LtaL
inereasing skeletal dchris  (gastropods)

Shale,  dark gray,  slithtly dolonitic,  fen black shale
prrtings , -otcmcus
VAckestone  to padstme,  vevy bedding,  ab`mdant. skeletal
fragperits ,  abundant gray shale



Core  Description  (Coot.)  ABC    1  Test  Hole    NeNENe    See.   26-fl9S-Raw

1285               As  above,  trace  chert,  some  aid:ydrite,  increasing  ancn.mt
of  skeletal dchris  dcwmurd

1289               Shale,  light gray to  green gray,  massive,  cat.iche-like
in part



L

OCiRE  DESOFTICIN

rapco    1  miler   Ne    See.  7-T21S-flow

99

1401

1403 ,,`

1405

1405 . 5„

1406

1407

1408

1409

1411

1422

1425

1436

Shale,  gray,  red,  green,  laminated to massive,  rinor-t of arkydrite
Dolc"dstcme ,  mediim gray-green,  niottled to  thin bedded,
low angle cross bedding with algal  lainations  (?) ,
b`mowed ,  minor anoimt artrydrite

As  above with trace ancurit m]dstone intraclasts , rfuor
amount bhck shale as partings ,  disseminated green shale
in part
Achydrite,  blue,  Inassive  4-5  inch  'bed",  brChm m]d and
Shale,  bed appears  to be a ccusolidatiori of nodules

holcm]dstcne ,  1icht brchm,  ca,1iche-like mottled bedding ,
with  shale,  gray grecm

Dolonrdstone ,  mediim brcrm,  thin planar cross bedding to
mottled units with relict bedding,  some black shale
ccmcmly as  partings  - very shaly in pact

Dolcmidstcne,1icht brcrm,  InaLssive,  few green  shale parcings ,
minor ancimt althydrite most corlnmly as void filling,  sore
fenestral fabric  (?)

As  above with thin sets  of cross  lanfroted nidstcme,  abundant
theft,  replacing adrrydrite in part,  carionates  in part
holcmrdstcme,  as  above,  with rinor anc}unt of cheat,  almdant
large blue ardrydrite nodules ,  trace bivalve dchris ,  increasing
shale ccntent denmrard

I)olcnrdstone, mediim gray,  mavy horizontal  and mottled bedding,

:=:b=±k¥iE£:a:#b£.'iffffi±ngnderofblack
I)olarackestcme , .medi+n gray and medi+n gEy-beiChm,  mss±ve

=:t:*s!ffiEsfevpa¥=tl=#E=now¥:si=or
bulfows  filled with blue arkydrite nodLJles

Dolcmrdstcme, tnediun gray,  mottled with relict hedzontal
bedding, b`mcmed in pail,  peloidal,  intraclasts as flat

#Eb:=#=:±S;ed=|:#:+=io?¥;£:#withsae
As above with increasing shale - partings and .dissedmatedshie



Core Description  (Coot.)  Mapco    1  miler   Ne    See.  7-T2ls-R10W

1439               Dc>1cmrdstone ,light brcrm,  caliche-like,  niottled with
green  shale

1440                Shale,  green  gray,  massive



CimE    EscRHlcIN

dspen    1  Hodgson    C  E2  Ne.  See.   30-T18S-R6W

1068

1069

1069 . 9„
'   .,,)

1071

1072.6„

1075

1089

1101

Dolcmdstcme ,  light brcrm,  Inassive with localized
horizontal bedding and algal  lahimaticms ,  arkydrite-
blue to blue tthite nodules ,  replacing fossil dchris
in part
As  above,  beccrfug green-gray and  shaly in part

Ankydrite ,  blue with licht brorm carfeonate and  shale"string-like" partings

holcmrdstone,  light brcrm,  locally ab`mdant gray-green
shale,  mottled to  thin bedding,  minor anc7unt of artrydrite
as nodules and fracture fullings

Dolcmrdstone,  light  to nediun gray brcrm,  very thin algal
laninations  (?) ,  abundant ahkydrite-blue,  as nodules  and
thin 'beds"

Dolcm]dstone ,  mediim brcrm. ,  increasing arioimt gray-green
shale,  mediim sets  of  thin bedded shale and md,  iravy in
pact,  burrchred in part  (?) ,  chundant  sma.11  arirydrite
nodules ,  chest replaced in part

I)olcmrdstone ,  medi\m gray broom,  bimowed,  andydrite as
small blue nodules

Shale,  green gHy

Dolcmrdstone ,  Inediun gray-brcrm ,  b`-red with trace
bedding,  fen large rtydrite nodules  - asscx=iated with
burus  (?)
As  above,  increasing  chale content

Shale , media gray,  calcarec7us

I)olon]dstone,  medi+a brctR:I  to gray,  mottled bedding,
burrChred ,  minor ancyint ankydrite

Shale and siltstrme,  licht green minor anoimt arfuydrite,
calcareCh]s -calide like



CORE    ESCRIFTIOu

rapco    i  Kcmralsky    C  Se    See.  30-T20S-RIOw

1376

1378

1382,,`

1383

1385

1386 . 5„

1388

1396

1401

1407

1408

1416

Shale,  gray,  red,  green,  massive to  laninated,  locally
chdant alhydrite
holcmrdstone,  light  gray,  mottled bedding and  thin
horizcmtal bedding ,  rinor anic7imt blue ainydrite nodules ,
gray-green shale partings
Achydrite,  blue,  massive  'bed",  scme brcrm md partings-
ilfegular,  bed appears  to be a ccusolidaticm of nodules

Dolcm]dstone,  medium gray brcrm,  mottled bedding with
scme  tin,  horizontal to  low angle bedding,  arkydrite
as blue nodules ,locally forfug inccxplete layers ,
irregular black shale partings ,  fractured
Arkydrite,  blue,  as  clove,  with several  inch dolcmrdstone
parting
Dolcm]dstone,  1itht brcrm,  iravy pa,rallel but discontinious
beds-cimient and algal  laminations ,  abundant  small blue

H[:Fte nodules ,locally almdant gray shale-disseminated
DolcnLidstcme,  1icht  to medim brcRTi with gray-brcrm,  mc>ttled
bedding to thin sets  of planar,  low angle  cross bedding,
small  scale  through cross bedding  in pact,  burrchred,  beccririg
lnassive at 89 ,  rfuor ancyunt artrydrite,  several  thick beds
of dark gray chest replacing caricmate,  few localized shale
partings
Dolcmrdstcne,  as  clove,  mottled bedding is predcmimte,
increasing black shale content chdant partings , trinor-t artrydrite
Dolcmrdstcme-vackestone ,  light gray ,  Inassive with vavy
brchm shale partings ,  bL-ed, rinor anChmt of bi:valve
dchris ,  locally abundant soall gastropods ,  fen intracLasts

As  above,  harge burrows  filled in part with  small,  rm.seed
artrydrite ncxELes

¥±g*ion#onpet=T:CifeniEfarFa=#:f:#dch¥L+
moldic porosity in pact, rinor anChmt artrydite as nodules
and void fillings

bp:::ffi:§:cafE:ch:±#J=grinayirandshale.gray-greeriDDttied



Core Descripticm  (Ccmt.)    Mapco  1  Koralsky    C  Se  See.  30-T20S-Blow

1416             Shale,  gray green,  mottled bedding



TiilN    sECTloN    D[scl{Ir>TloN

WELL:     Kowalsky

SAMPLE    DEPTHS:         1387       1392.6

DATE:       4/80

CONST I TUENTS :

Microxln   dolomite   and   dolomicrite,   peloid   rich,   algal   or  current
laminations,   abundant   anhydrite  as   nodules  and   individual   crystal.
trace  fine  grain   pyrite

ENV I RONMENT :

Intertidal   to  supratidal

DI AGENES I S :

Dolomi.tizati.on   recrystalization  and  calci.urn  sulphate  precipitation.
silica   replacement  and   11.mi.ted   solution`of   carbonate



THIN    SECTION    DESCRIPTION

WELL:      Kowalsky

SAMPLE    DEPTHS:         1397.813921395.5

DATE:        4/80

CONSTI.fuE.NTS:

Microxln   dolomite,   peloid   rich,   trace  mudclasts,   burrows,   trace
pyrite,   some  anhydrite,   some   phosphatic   bore   debris,   generally
rna s s i ve

ENV I RONMENT :

Lower   intertidal,   normal   to   near   normal   marine

D I AGE NES I S  :

Dolomitization   and   precipi.tati.on   of  calci.urn  sulphate,   silica   replacement
and   di.ssoJution   of   carbonate

i



THIN    SECTION    DESCRIPTION

h'ELL:         Kowalsky

SAMPLE    DEPTHS:         14001401140414051409

[)ATE,        4/80

.,,\

CONST I TUENTS :

Microxln   dolomite   and   dolomicrite,   peloids,   mollusk   debris,   trace
amounts   of  quartz   silt,   pyrite,   some  anhydrite   nodules,   some
phosphate   debris,   generally  massive,   burrowed

EN\' I RONMENT :

Subtidal.   normal   to   near   normal   marine

D I AGENES I S  :

Marine   cement,   dolomi.te   and   calcium   sulphate   precipitation,   sl.1ica
replacement  and  di.ssolution

L



THIN    SECTION    DESCRIPTION

WELL:         Kowalsky

SAMPLE    DEPTHS:         1382

DATE:        4/80

C0iNST|-I,UENTS:

Dolomi.crite,   peloidal,   anhydrite-blocky   crystalll.ne   and   fi.ne   crystalline,
some   silica   replacement,   generally  massi.ve

ENV I RONMENT :

Subwave   base,   lagoon,   moderate   to   low  energy

D I AGENES I S  :

Dolomitization,   precipitation   of  calcium  sulphate,   si.1ica   precipitation
and   dissoluti.on  of  carbonate

L



THIN    SECTloN    DESCRlr>TroN

WELL:        Kowalsky

SAMPLE    DEPTHS:         141114151402

DATE:       4/80

.~.
a,,\

CONSTITUENTS :

Dolomicrite   and  mi.croxln   dolomite,   peloidal,   abundant   fossil   debris,
pelecypods,   brachiopods,   bryozans,   gastropods,   mostly   all   thi.ck   shells,
some  anhydrite,   trace   phosphatic   bone  debris,   trace   pyrite,   generally
massive,   some   thin   cross   bedding

ENV I RONMENT :

Above  wave   base,   intertidal-shoal,   normal    to   near   normal   marine,
shallow  open   circulation   shelf

D I AGENES I S  :

Calcite  cement   (?),   dolomitizati.on-recrystalizatl.on   and   calcium  sulphate
depositl.on,   sill.ca   replacement  and  dissolution  of  carbonate

I



THIN    SECTION    DESCRIPTION

WELL:         Miller

SA,hlpLE    DEPTHS:         1430       1434       1438

DATE:        4/80

',,'

CONST I TUENTS :

Dolomicri.te   and  microxln   doloml.te,   few  coated   gastropods   and
bivalves,   some   anhydri.te,   trace   phosphati.c   bone   debri.s,   generally
rna s s i. v e

ENV I RONMENT :

Subtidal,   moderate   to   low  energy,   possi.ble   shoal   flank

DI AGENES I S  :

Dolomitizatl.on   rexln   and   precipitation   of  calcl.urn  sulphate,   sl.1ica
replacement  and   dissolution



THIN    SECTloN    DESCRIPTION

WELL:         Miller

SAMPLE    DEPTHS:         1439.5

DATE:        4/80

CONSTliuENTS:

Microxln   dolomite   and   dolomi.crite,   pelleted,   abundant   quartz   si.1t,
Osagia   coated  grains,   abundant  fine  grained   pyrite,   trace   i.ntraclasts   (?)

ENV I RONMENT :

Tidal   flat  to   upper   intertidal   zone,  moderate   energy

D I AGENES I S :

Dolomitization   recrystalizati.on   and  calcium  sulphate   precipitati.on



THIN    SECTION    DESCP`IPTloN

WELL:         Miller

SAMPLE    DEPTHS:         1422       1424

DATE:       4/80

cONSTlfuEinTs:

::i ::;::it:e::ism:c:8:i:dd?io#::  ::i i:;::  ;:a::T:6dgi;;r::8d;ome
phosphatic   bone   (?)   debri.s,   much   debris   is   anhydrite   replaced,
some   debris   1.s  mi.critized

ENV I RONMENT :

Shoal   or   near   shoal,   high   energy   probably   normal   to   near   norrrial
rna ri ne

DIAGENESIS :

Mi.critization,   possibly   normal   marl.ne   cement   1.n  minor  amounts,
dolomi.tizati.on-recrystalizati.on     and  precipitati.on  of  calcium
sulphate,   sill.ca   replacement  and  dissolution   of  carbonate

L



WELL:         Miller

THIN    SECTION    DESCRIPTION

SAMPLE    DEPTHS:          14141417.5142014291431

I)ATE:       4/8o

CONST rtuEniTs :

Massive   with   some   laminatl.ons,   dominated   by   peloids,   minor   amounts
of  quartz   silt,   phosphatic   bone  debris,   intraclasts

ENV I RONME NT :

Low  energy,   subtidal   to   supratidal

D] AGENES IS  :

Precipitation  of   calcium  sulphate  and  dolomitization,   dissolution
and  replacement  of  anhydrite

L



THIN    SECTION    DESCRIPTION

WELL:         Mi.ller

SAMPLE    DEPTHS:          1410

DATE:       4/80

CONSTI..I.UENTS:

Dolomicrite,   pelleted,     massi.ve   to  current   laminated,   dark   to
opaque  organic   (?)   debris,   fine   grain   pyri.te,   minor  amounts   of
anhydrite,   abundant   quartz   silt   and   replacement   silica

ENV I RONMENT :

Intertidal ,   moderate   energy

D I AGENES I S  :

Dolomi-tization  and   recrystalization,   precipitati.on   of  calcium  sulphate,
silica   replacement  and  dissoluti.on

L



Appendix  2

Weight Percentages  of hsoltole Residue and

GEDm-Ray  and Neiitrori liDg  Chess-Plots



APPENDIX  2

hcluded in this appendix are garnia ray and neiit- log cross plots

constn]cted frcm logs  frcm selected wells  in the  study area  (see lnap,

next page) ,  and data frcm insoltole residue tests.

Sallples  of  cores vere  selected in tiro  sets,  cme  set based on  the

visual  core examination and thin section exaninaticn,  the other set based

on 16-8` ;ignatures  of ganna ray and nout-logs.    Each set contained four

menbers.    A portion of  each  saaple mag  dissolved in HC1,  a  second porticm

in mAc to deterfue the percentage of insoh]ble residue in each sanple.

This procedure showed that und-s`ppolted rocks  contained a greater frac-

tion of fine grained terrigeneous  clay rinerals  than grain-suppctted rocks.

It is assured that tnore radioactive material will be associated with great-

er concentrations of clay rinerals and other fine terrigeneous tnaterials

and that this will be evident on gama ray and noutrcm log cross plots

and on log  signatures.

Cross plots  of data frcm core samples and selected g-a ray and

neutron logs  from Rice  Ccunty were made  and  these  shcw a  separatich:I of

mid-s`ppctted rocks  frcm grain-sLppotted rocks.    Shales  and silt-rich rocks

ccmcmly contain a hither percentage of radioactive tnaterial , hmce,  the

gama ray log will  tend to register a hither gaBnry ra:y colmt, while the
neutron log will tend to register a lcREer radioactivity ccunt beca]se of

hick hydrogen icn concentlaticms.    Ccrmrersely arthydrite,  which contains

little radioactive material will tend to register lcwer gonna ray counts

and hither nerltron coimts because of relatively lower kydrogen ion ccn-

centratius .
Cross plots  inch]de cme  ccaposite plot  of rock  saaples  and log data

frcm cores  in Rice Ccmty.    Saaple points mere marked according. to DLrdan's



Classification of depositiorul  textures  (1962) ,    An eapirical  division

of the cross plot was mde,  which places nd-supported and shale-rich

rocks on the left of the plot and grain-supported rocks and altrydrite-

rich rocks on the richt of the plot.   This  apirically derived division
vas  that used on cross plots  of  logs  from other wells  in Rice Coimty,

Kansas.   Mid-si]|]ported or grain-supported classifications were  then

assigned to each point,  and each point was  then referred back to  the

ganma. ray and neutron log  sigmtures.    IiJg signatures  characteristic  of
both nd-s`xppor±ed and grain-sappotted rocks vere recognized.    Recognition

of characteristic log signat]]res  to define basic textr]ral differences

of rocks VAs  then applied  to  other,  sinilar  logs  in Rice County,  Kansas.

Data obtained frcm this procedure were used to  constmict the facies maps

in Rice County,  Kansas  (figure  9  &  10) .
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hsolul)1e Residue Date  for SaBples  and IRAc

Wdl

AEC  88

ABC  88.5

ABC  89

Hbd?g,qu 1100

Hodgson  98

Hbdgscm  71

Hedtsdidt 86
Haltsdidt 74

Hife%

13%

13%

13%

18%

11%

47%

35%

29%

Grain-suppctted rock

Grain-sL~ed rock
Grain-sLppofted rock

drain-stpported rock

Grain-suppctted rock

in-sLppctted rock
rm-stpported rock

ur-sxppctted rock













Wells  hcluded in Figure 3

Stratigr?chic Cross  Section :

Riley  Cchmty,  Kansas  to Rice Ccmty,  Kansas

1             Holl

2            Bamett

3                D.  Bond

4      .';,`   .Naticmal  Coop

5           NItiarul oil
6              K.  Ferguson

7K-e
8             Jade cm

9             Jcmes ngch eft

10            Anmo

1 mler
1 tight
I  Durland

I  Berglund

11  Carfeer

1  Taylor

1  Lorngf ord

1  Swason

I Hafner

I  HargENe

S2  Se  NI

C  S2  tw

Sw  Sw  Ne

tw tw tw

Ne  Ne  Se

Sw  Sw  Sw

Sw  Sw  Sw

Sw  Sw  Ntw

Sw  Sw  tw

Ne Ne  Ne

See.  18-T2ls-flow

Sex=.   35-T19S-Raw

See.   5  T19S-R5W

See.  31-n6S-R3W

See.  5-n6S-RIW

See.  30-n2S-RIB

See.  20-T10S-RIB

See.   15-T9S-R2E

See.   35-TBS-R4E

See.  32-T7S-R6E

11           Ccxposite outcrop  section in Riley Ccunty,  Kansas



Wells  Inch]ded in Figure 4a

Stratigraphic  Cross  Sectiars  in Rice Ccrmty,  Kansas

I           Canbria

2           rapeo

3                N.N.G.

4               A.E.C.

5     :.;^`  Aladdin pet.

6           Ccmtinental

1  Smitin A

1  Sriser

11-10

1  Test Hole

1  Green

13 Wed

NeSw

C  S2  tw

SeSw

Ne  Ne NI

NeSw

Sw  Sw  Se

See.  31-T2ls-Raw

See.   28-T20S-Raw

See.   11-T20S-RBW

See.   26-T19S-Raw

See.  3-fl9S-Raw

See.   12-T18S-RBW



Walls  hchided in Figure 4b :

Stratigraphic Cross  Sections  in Rice Ccmty,  Kansas

1           Mpeo

2           rapeo

3           rapco

4         ELllips
5       ..=.,ERE

6            Aspen

1-7  Sessler

1 Khalsky

1  Birzer

1 mltm-A
1 ELser

I Haltsdidt

twSe

Se

Ne  Ne tw

NI  Sw tw

E2  Se  Se

NeNe

See.  7-T2ls-flow

See.  30-T20S-flow

See.  32-T19S-flow

See.  9-T19S-flow

See.  4-T18S-flow

See.   26-T17S-RIOw



ifells  inchnded in Figure 4c:

Stratigraphic  Cross  Sectiorrs  in Rice  Gcunty,  Kansas

1Eue

2EMB

3            Isem

4             Continental

5      ..;>i   .Pcarscm

6              Aspen

1  Zick

1 Riser
2  Groth

13 Wed

2 Click

1  Hodgson

Sw tw  Se

E2  Sw  Se

Sw  Se  NI

Sw  Sw  Se

S2  Sw Ne

C  E2  Ne

See.  7-T18S-flow

See.  4-T18S-flow

See.   10-fl8S-R9W

Sc£.   12-T18S-RBW

Sex=.   3-T18S-R7W

See.  30-n8S-R6W

'



Wells  hcrfuded in Figure  4d

Stratigraphic Cross  Secticn:is  in Rice Cindy,  Kansas

1         rapco

2         Vincent pet.

3         Cities  service

4        Chaplin

5       ..I,`N..N.G.

6         G.  EivR-

7        NItind coop
8         Brmden

1 Krfusky

1  Ringruld

1  Young A

i Fee Eldridge

11-10

1 Engelhad

I Jot-cm
1  J.W.  Btrmdend

Se

Ne ltw Ne

Sw  Niv  Se

Setw

Sw  Se  Sw

C  N2 NI

C  Ne  Sw

Se

Sex=.   30-T20N-flow

Set.   24-T20S-flow

See.   8-T20S-R9W

See.   7-T20S-B8W

See.   11-T20S-Raw

See.   9-T20S-R7W

See.   7-T20S-86W

See.  I-mos-R6W

'L
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