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List of Attachments

1.    Field trip maps

2.    Stratigraphy

a.    Stratigraphic nomenclature (from zeller,1968),
b.   Type log near Monument Rocks (Section 27-13s-30w)
c.    Cretaceous chronostratigraphic and eustatic-cycle chart (Haq, Hardenbol, and

Vail,  1988)
d.   Excerpts from Gardner, 1995, "Tectonic and eustatic controls on the stratal

architecture of Mid-Cretaceous stratigraphic sequences, central western
interior foreland basin of North America"

e.    Index map and black and white versions of color gamma ray cross section
(Smoky Hill Chalk to Stone Corral Fomation) along township 16 South
adjacent to Niobrara exposures seen on trip.  Using ColorLith software
developed by David Collins, Kansas Geological Survey

3.   Physiographic map of Kansas and geologic timetable

4.   Kansas shaded relief maps for counties visited on Niobrara portion of trip

5.   Structure and sedimentation

a.    Basement structure
b.   Residual aeromagnetic map of Kansas
c.    Combined gravity and magnetics maps with overlays of structure, oil field

outlines, and only county overlay for area in western Kansas (black and white
version, see color)

d.   Selected regional isopach maps from Merriam (1963), The Geologic History
of Kansas, Kansas Geological Survey, Bulletin 162

e.   Regional maps (western Kansas) of Dakota sandstone
f.    Excerpts from Holdaway (1978), "Deposition of evaporites and red beds of

Nippewalla Group, Permian, Western Kansas," Kansas Geological Survey
Bulletin 215

9.   Accommodation realms (sediment accommodation regions) - paper by
Watney et al., 1997, Modeling of sediment accommodation realms by
region alized clas sification

6.   Dakota Aquifer program

a.   Progran description
b.   Regional Dakota aquifer hydrostratigraphy
c.    Geophysical log analysis of the Dakota aquifer
d.   Seismic records and the synthetic seismogram



e.    Paper by Macfarlane, Doveton, and Coble (1989), "hterpretation of
lithologies and depositional environments of Cretaceous and lower Permian
rocks by using a diverse suite of logs from a borehole in central Kansas"

7.   Summary of USGS Open-File Report 95-209 by Dean et al., "Core descriptions and
preliminary geochemical data for the Amoco Production Company, Rebecca Bounds
#1 well, Greeley County, Kansas

8.   Figures from "Kansas Oil and Gas Production Trends  1995" by Tim CaIT and Doug
Beene, Kansas Geological Survey, Open-File Report 95-42

9.  Statistics on gas fields in Kansas that produce from the Niobrara Fomation
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1.  Field trip maps



2.Stratigraphy

a. Stratigraphic nomenclature (from Zeller,
1968)'

b. Type log near Monument Rocks (Section 27-
13s-30w)

c. Cretaceous chronostratigraphic and eustatic-
cycle chart (Haq, Hardenbol, and Vail, 1988)

d. Excerpts from Gardner, 1995, "Tectonic and
eustatic controls on the stratal architecture of
Mid-Cretaceous stratigraphic sequences,
central western interior foreland basin of North
America"

e. Index map and black and white versions of
color gamma ray cross section (Smoky Hill
Chalk to Stone Corral Formation) along
township 16 South adjacent to Niobrara
exposures seen on trip.  Using ColorLith
software developed by David Collins, Kansas
Geological Survey
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Flo.    15.-Cretaceous   chronostrati-
graphic-and eustatic-cycle chart. (See Fig.
14 caption and text  for explanation.)
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TECTONIC AND EUSTATIC CONTROLS ON THE STRATAL ARCHITECTURE OF MID-CRETACEOUS
STRATIGRAPHIC SEQUENCES, CENTRAL WESTERN  INTERIOR FORELAND BASIN

OF NORTH AMERICA

MICHAEL  H.  GARDNER
Bureau  Of Ec.onomic Geology. The  universily  Of Telus  al  Auslin.  Auslin. IX 78713-7508

ABSTRACT:   Changes  in  stra(al  archi(ec(urc derining  a  hierarchy  or time-s(ratigraphic  units  record  cusla(ic  and  (cctonic con(ro]s on  de-
posi(ion  in the cen(rat  Wcs(em  Interior foreland basin.  Three temporal  af`d spatial  scales or stra(igraphic cyclici(y are recognized. each
recording base-level changes or differen( pcriodicily.  One long-(crm base-lcvcl cycle (6cO in thick. 4.5  my) contains four intermediate-
term base.level cycles (temed stratigraphic sequences,  up to 3cO in thick.  I  to 2 my).  Each stratigraphic sequence consists of two to
cigh( shor(-terTn cyc]cs (up to 40 in tliick, 0.3 my).  A Ions-(cm stratigraphic cycle spanning Turonian through middle Coniacian S(ages
consis(s of an upward{oarsening succession of marine and nonmarinc deposits bounded by deposits fomcd during custatic transgres-
sions. I+ong-tcm base-level fall is recorded by (he episodic eastward prograda(ion or shorcracc sandstones in(o the basin. The rcgressivc
maximum or lhc youngest  s(ratigraphic  sequence corTcsponds  to a  well-dcx:umcmed custatic  drop  in  lhe  la(c Turonian.

Stratigraphic seqLicnces or the  Wcstcm  ln(crior change  as a  function  or local  ra`cs or scdimcn( accommodation  relativc to supply  in
forcland subbasins comprising the western margin or the central Wcstem  Interior seaway. Turonian-Coniacian slratigraphic scquenccs
wcrc deposited under low accommodation and sedimem supply conditions across Wyoming, Colorado. northeas(em Utah. and northern
New  Mexico.  and  in  high  sediment  accommoda(ion  to  supply  sc((ings  in  wcstcm  Wyoming.  ccn(ral  Utali.  and  in  noflhwcstcm  New
Mexico  (upper  part  or (he  youngest  scquencc).  Where  scdimem  accommodation  relative  to  supply  ra(es  arc  lower.  s(ra(igraphic  Se-
qucnccs show: ( I ) more unconformi(ics. (2) higher magnitude facies orrse(s across cyclc boundaries. (3) seaward-stepping cycle slacking
pa(tcms, (4) vertically truncated  facies tracts,  (5)  lower proportions or nonmarine  strata.  and (6) higher sandstone- to mudstone-ra(ios.

Along  s(rike changes  in  sedimem  supply  and  accommoda(ion  are superimposed  on  a  long-term  pa(ten  of wes(ward-thickening  and
eastward-prograding  basin  f".  Regional  varia(ions  in  s(ra(al  al.chi(eclurc  wi(him  s(ratigraphic  sequences  are  related  to  sou(hward  mi-
gra(ion  of depoccntcrs  in  successive  foreland  subbasins,  and  sou(hward  increases  in  accommodation  recorded  by  more  conformable
stra(al  successions  and  higher propollions or deep-wa(er carbona(es  and  mudstones.  Basinwide  variations documenled  here  show  that
a hicraTchy or Turonian-Coniacian chronos(ra(igraphic units may be resolved where stra(al pallems are no( consistent. Correlating base-
level  rise-to-fall  turnarounds  across  foreland  subbasins  links  dissimilar  stra(al  pat(crns  within  chronostratigraphic  upi(s  recording  the
same  record of base-level  change,  but  of varying  magnitude and  wi(h changing contributions  from  primary controls (i.c..  subsidence.
scdimen( supply,  and eus(asy).  For example.  northward  movemen(  of subtropical  (A(lantic-Tcthyan)  water masses and  sou(tiward  mi-
gra(ion  or depocen(ers  appear  (o  have  locally  combined  in  (he  late  Turonian  (o  produce  high  accommodation  and  sediment-supply
conditions  in  the  ccn(rat  u(ah  forcland  basin.  Here.  short-term  cycle  slacking  paltcms closely  resemble  parasequence  sets  or a  (hird-
order depositional seqllence.  This suggests  (hat  this particular cycle slacking pat(em  and  scquencc  model  is  most applicable to SC(tings
where accommoda(ion  and  sedimen(  supply  are  high.
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Flo.   2.-Bios(raligraphic chart showing ammoni(e  and  inaccramid  fossil  zx>ncs  for la(c Ccnomanian through middle Coniacian  S(ages  from the
Wcstcm lnteTioT of North  America.  Because of po(ential discrepancies assceiated with diffcren( absolute dates for s(age boundaries, cos(a(ic cufvcs
from  Haq  and  others  (1987)  and  Sahagian  and  Jones  (1993)  arc  calibrated  to  biozones.  Base-level  curves  are  based  on  s(tatigraphic  relations  in
ccn`ral  Utah.  Sources  of data:  Wcslem  Interior index  fossils  from  Molenaar  and  Cobban  ( 1991 ).  upper Cenomanian  and  lower Turonian  Substage
biozones  from  elder ( 1985):  middle and  upper Turonian  Subs(age  biozones  from  Kaurfman  and Collom  (pers.  commun..1990).  lower and  middle
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Flo.   4.-Schema(ic diagram showing s(acking pa((ems or mid-Cre(aceous s(ra(a in central  U(ah. Three (emporal and spatial scales of s(ratigraphic

cyclicity, each  recording a  base-level  cyclc or differem  periodici(y.  are  recognized.  Siratigraphic  sequences  show a s(ep-wise  progradation of more
proximal  deposits and  a  basinward  migration  of base-level  fall  unconrormitics  in  response  to  base-level  fall  of .he  long-(elm  base-level  cycle.  Un-
confomi(ics  in the  basin center arc  regionally expressed during  intcmcdiate-tern base-level  rise.  when  sedimem s(arvation and  nondepasition  Pro-
moted  hiatal  surface developmcnl.  Argon-argon  isolopic data  (Obradovich.  pers,  commun.,  1993) are  indicated  by (* ).



FIC.   I.-Map of ccntTal  por(ion  of U.S.  Wcstem  ln(erior Crcfaceous  Seaway  showing  palcogcography  and  Utah  study  area.  Note  lrorth-soLlth
migration of mid-Cue(accous depoccntcrs across Utah and migra(ion or Fcrronensis sequence from sou(hem to ccntral Utah.  Lines or cross sectiot`S
and  toca(ions of major s(udy  af€as discussed  in  text  are  shown.



Flo.    I9.-StratigTaphic cross section (northwest-sou(heas() showing corTela(ion and facies rela(ions in mid-Cretaceous stratigraphic sequences from
ccn(rat  Wyoming  to  western  Kansas.  Cross  see(ion  adap(ed  from  Weimer (1983).

Denver Basin

FIG.   21.-StraligTaphic cross section (north-south) along lhc seaway axis showing colTelation and  facies relations  in  mid-Crctaccous stratigrapl`ic
scqucnccs  from north{entral  Wyoming  lo  Pueblo,  Colorado.  Cross  seclion  adapled  from  Weimer ( 1978).



WYOMING
106®_I:_.-=-,*.I_-_t-I

Hyatti sequence

UTAHI_-,,--..--.

I

35. ARIZONA

:====::::::E_E::t:==::::
gil+=-=-=-=-=-=-=- I_-_+----------I

:==i:-=-=-=-=-=-=-=-I-±=iI_______-_-_-_-_-=JL-_-I------------,=-____-1_ii-.Gallup--_---==LF=-==-=-IE-=

Ammonoidea Biozones
Prionocyclus hyatli
Coilopoceras springeri
Hoplitoides sandovalensis
Scaphiles carlilensis

lnoceramidea Biozones
lnoceramus howelli
lnoceramus costellalus (late)
Inoceramus securilormis
lnocer8mus Costellalus  (early)

COLORADO

-__-_-_-_-LDL____i------------

i==:=:=:==R3:tg:n_E=:=j
--=-=-I-=1

==-_---------=-=1
--,

i:I:===i]-E*=wi-i-*r6-6==i
114,

\`tS``
;i:ii±ii:

Aica of erosion or
nondeposition

grTstaj:esandstone
Shallowwharine to
shoreface sandstone

110® 1060 102®

ffii¥7`7FMOYIV#trRE#ae:|ELge£##7#9ffi?,fies,potesonand
Marine mudstone

Shelf sandstone

Lineament trace
Data

0             50           100            150 mi

I                                              11111

0              leo             200 kin

Flo.   23.-Map showing  the distribution  or racics  and  unconfomilics  in  lhe  Hyatli  sequence or the  central  Weslcm  lnicrior or North  America.
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FIG.   25.-Maps showing (hc distribution or racies and unconformities in the FcrTonensis sequence of (lie central Wcstcm ]ntcrior or Nor(h America.
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Physiographic Map of Kansas

L1!i

P
K

Physiographic Map of Kansas

http://crude2.kgs.ukans.edu/Physio/physio.htrr

The Kansas landscape was formed by alternating periods of deposition and erosion. This landscape divides
regions of Kansas according to physical geology, or physiography. Each region is different, and that
difference is determined largely by geology, along with other factors such as climate.

The Ozark Plateau in extreme southeastern Kansas is made up of rocks deposited during the Mississippian
Period of geologic history, about 350 million years ago. Landforms in the Cherokee Lowlands, Osage
Cuestas and the Chautauqua Hills are all Pennslyvanian in age, deposited about 300 million years ago. The
Flint Hills of east-central Kansas and the Red Hills in the south-central part of the state are both Permian in
age, roughly 250 million years old.

Cretaceous-age rocks, deposited about 100 million years ago during the time of the dinosaurs, foml the
landscape in the Smoky Hills. The High Plains of western Kansas are composed of rock debris washed off
the face of the Rocky Mountains over the past few million years. The Arkansas River Lowlands and the
Wellington-Mcpherson Lowlands are areas of recent deposition that border rivers. Glaciers moved into
Kansas about 750,000 years ago and sculpted the northeastern comer of the state.

Click on one of the physiographic regions to display typical landscapes which characterize the selected
region.

For more information about the state's geology, see the educational publications listed in the KGS
Ppublications and Sales Catalog or the Kansas Geoloev Page.
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KGS--Education--Geologic Timetable

KGS Special Map 10|-Geologic Timetable

http://ciude2.kgs.ukans.edu/General/timechart.htn

This map is available as an 8  I/2 by  11  inch sheet (Special Map  10). Single copies sheet are free; multiple
copies are 10 cents each. Contact the Publications Sales Office for more information.

ELaftsas Gce(cg€€ Timetafr*g
qugt esq!ed tor givngic tim9 or th!cknBse Of dquRE}

Eras Periods Epochs €£Seekerepr Descriptiorl

1.a

¥i Qu@temary
ifefoceflG a.coo+ emaEN`j*"Efl9di#REffiifeie#nREactctRE=¥ffi#£ff#atffiTif#"T#ae&n:#
Pleldecene 1*ae,ng

Cedtomfa. New Mexieo. and Wyoming.

Tca"ary

Plixreene S,rm.rm

me##ifeELfirdi#iiRE#¥®:ffi#RE¥ofOcen® ie.ouoOO
Olil]Ocene t2.900pe
Eocon ar.an.aoo
Pdrteuene e,copeo

Hi Cretaceous 77.6Oope 8¥ifeoffingffi¥RE¥wELirngiRET#
66.a144ae8245ae6an3cO4ce¢sO5053JO

Jur®ssic 64'OOopeo ffi#BBun¥ftnTAfflKfBFffits#uC#k#RE¥¥¥8
Triasslc 37.000.COO No rocks htrve been  ound lri Konees.

tSE£

Permlan 4iun,OcO

ee£##"E6Afa#Lideixpheffl"=ffiriffiflffipH#ii'
'±SREREREg###RE"RERERERE.

Pennsylvahan Sum,OOO

¥HriREifeREprffiREHREEL#REHi
M[ssfsslpplan 4Ounoco sffaFFTto¥RE##thngg€¥nok+k#Eerfuquoud[.M:iteduesofpfaffi#inthfuaELE£!hari

corner; eleourfuero three nesks
ae ou]y LlulfaflBrmnd.

Elevonlan 43,un,rm rmTEL¥HngfuBffltsffiffi#Hi#u=
SIluul®n 30,Oftyne ¢¥:pndRE##ELd#pe=edte
Ordovlclan ertenun anELREffpeuELffftyfiury#ndffi###th
Cunbwh es,Coo,ooo I,EffigivffiT!¥kma#edffiJ##dREffi#i:.

Precambflan                   I  3t"un.en
TTraae [oets are tlra eldest oti earth. In
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4.  Kansas shaded relief maps for counties
visited on Niobrara portion of trip



Shaded Relief Model of Kansas

lofl

http://gisdasc.kgs.ukans.edu/kanview/slope/ks_slope.htrr

Illumination angle = 315 degrees; Angle from horizon = 40 degrees; Topographic exaggeration = 15 times

Select by Name

Allefl I Anderson I Atchison I Barber I Ba±QE I Bourbon I B|Q±±£n I B!±!|sE I €basf I Chautauaua I Cherokee I
Cheyenne I £Iaals I fla]£ I £!Q!±d I £QffE]£ I Comanche I £Q!a!|£]i I Crawford I D££a±!±± I Dickihion I DQniphan I
Douglas I Edwards I E1!s I Ellie I Ellsworth I EiEE§y I EQ!:a I Franklin I §gag[ I gQ]£g I Graham I §±aE! I §±a]Z I

Greeley I Greenwood I IIamilton I I±ap2£[ I I±ag±e±± I IIaskell I Hodgeman I Jaclcson I Jefferson I IQ]a£Q11 I
Johnson I Kearny I Kingmap I J±iQ]]£a I Labette I Laps I Leavenworth I Lincoln I Lipn I IQgrn I lj[Qn I

Mcpherson I Marion I Marshall I Meade I Miami I Mitchell I Montgomerv I Morris I Morton I Nemaha I
Neosho I NQss I NQctQp I Qsagg I OsbQme I Ottawa I Pawpee I Phil|ips I Pottawatomie I P±a£! I Ravylins I BgnQ I

Republic I Eig§ I Eiley I BQQ!§s I B±±sb I Russell I Sa|i!±£ I S£Q±± I Sedgwick I Seward I Shawnee I Sheridan I
Sherman I §mifh I Stafford I Stapton I Stevens I Sumner I Thomas I |pggQ I Wabaunsee I Wallace I

Washincton I Wichita I Wilson I Woodson I Wvandotte I

Return to Kanview homeDage



Logan County Shaded Relief

lofl

http://gisdasc.kgs.ukans.edu/kanview/slope/htul/I.ogan.htn

Logan County Shaded Relief

Click image to FTP 1 :250K DEM Quadrangle data

Illumination angle (azimuth) = 315 degrees
Angle from horizon (altitude) = 40 degrees

Topographic exaggeration (z-factor) = 15 times

Other lrogan County Maps:
Color Elevation I Geology I Contours I Land Cover I Hvdroloev I Environmental Monitoring Sites I Aquifds I

DemormDhics I

Back to Kansas Shaded Relief Base Ma



Jove County Shaded Relief

lofl

http://gisdasc.kgs.ukans.edu/kanview/slope/html/Gove.htn

Gove County Shaded Relief

Click image to FTP 1 :250K DEM Quadrangle data

Illumination angle (azimuth) = 315 degrees
Angle from horizon (altitude) = 40 degrees

Topographic exaggeration (z-factor) = 15 times

Other Gove County Maps:
Color Elevation I Geology I Contours I Land Cover I Hvdroloev I Environmental Monitoring Sites I Aquifers I

Iiemogfaohics-I-

Back to Kansas Shaded Relief Base Ma



I`rego County Shaded Relief

lofl

http://gisdasc.kgs.ukans.edu/kanview/slope/html/rrego.htn

Trego County Shaded Relief

Click image to FTP 1 :250K DEM Quadrangle data

Illumination angle (azimuth) = 315 degrees
Angle from horizon (altitude) = 40 degrees

Topographic exaggeration (z-factor) = 15 times

Other Trego County Maps:
Color Elevation I Gaplogy I Contours I Land Cover I Hvdroloev I Environmental Monitoring Sites I Aquifers I

Demo      ohics-I

Back to Kansas Shaded Relief Base Ma



Ellis County Shaded Relief

lofl

http://gisdasc.kgs.ukans.edu/kanview/slope/html/Ellis.htn

EIlis County Shaded Relief

Click image to FTP 1 :250K DEM Quadrangle data

Illumination angle (azimuth) = 315 degrees
Angle from horizon (altitude) = 40 degrees

Topographic exaggeration (z-factor) = 15 times

Other Ellis County Maps:
Color Elevation I Geology I Contours I Land Cover I Hvdroloev I Environmental Monitoring Sites I Aquifers I

DemomDhics-I-

Back to Kan`sas Shaded Relief Base Ma



5.  Structure and sedimentation

a. Basement structure
b. Residual aeromagnetic map of Kansas
c. Combined gravity and magnetics maps with

overlays of structure, oil field outlines, and
only county overlay for area in western Kansas
(black and white version, see color)

d. Selected regional isopach maps from Merriam
(1963), The Geologic History of Kansas,
Kansas Geological Survey, Bulletin 162

e. Regional maps (western Kansas) of Dakota
Sandstone

f. Excerpts from Holdaway (1978), ``Deposition
of evaporites and red beds of Nippewalla
Group, Permian, Western Kansas," Kansas
Geological Survey Bulletin 215

9. Accommodation realms (sediment
accommodation regions) - paper by Watney et
al., 1997, Modeling of sediment
accommodation realms by regionalized
classification
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The Geologic  History of  Kansas

By Dc]niel  F. Merriam

Prlnted bi/ outhorlty of the State of Kansas
I)istrlbuted  from  La`^mer`ce
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KATRINE  A.  HOLDOWAY[

Deposition o£ Evaporites and Red Beds of

the Nippewalla Group, Permian, Western Kansas

ABSTRACT

An   unusual   red   bed-evaporite   sequence   of   Permian   Age
was   cored   in   ``Jestern   Kansas   for   the   Atomic   Energy   Com-
mission  in   1972.   The  core   extends  u|)w.`rds   from   the   Harper
and  Salt  Plain  formi`tions,  tl`ro`igh  the  Cedi`r   Hills  Sandstone,
Flower-pot  Shale  and  the  Blaine  Forimtion.    In  the  core,  the
Harper  and  Salt   Plain   formations   and   the   Cedar  Hills  Sand-
stone   are   red   bed   deposits,   commonly   cemented   by   halite.
Overlying   the   Cedar   Hills.    the   sediments   corresponding   to
the  Flower-pot  Shale  and  the  BIaine  Formation  are  composed
predominantly   of  fine   to   coarsely   crystalline   hahite   which   is
intimately   associated    with    varying    amounts    of    red    silty
mudstone.

The   bromine   concentration   of   the   halite   is   very   low,
commonly   less   than   5   ppm,   throughout   the   section.    The
textural  and  stratigraphic  relationships  of  the  sediments   sug-
gest  that  this is the  result of  repeated  solution  and  reprecipita-
tion   of   the   halite   I.n   or.ltt   during   deposition,   and   was   not
caused  by  widespread  post-depositional  recrystallization.   The
low   bromine   concentration   of   the   halite.   minor   amount   o£
carbonate   in   the   sequence,   and  the   intimate   association   of
evaporites   with   red   beds   suggest   that   the   deposition   of
these   sediments   took   place   in   a   shallow,   continental   basin,
which was subject to occasional flooding by the sea.

INTRODUCTION
The  existence  of  complex  red  bed-evaporite  se-

quences in the Nippewalla Group, upper Leonardian,
Pemian,  in  the  subsurface  of  western  Kansas,  has
been known since the late  l800s.   Much progress was
made in the identification of the individual units dur-

I Presen€ address..   MOBIL NORTII SEA LiMITED, I.ONI)oN, U.K.

ing the  1920s  and  1930s  as  a  result of numerous wells
drilled  in   exploration   for  oil   and   gas.    Correlation
and  distribution  of  the  evapoi.ite  units,  mainly  halite
and  anhydrite,  have  pi.evi()us]y  been  established  only
on the basis of geophysical  aiid  sample logs.   In  1972,
a core was taken of the Oval)oi.ite sequences in Wichita
County,  Kansas  ( Fig.  I ) , foi. the Atomic Energy Com-
mission  (A.E.C.  Test  Hole  5)   to  determine  whether
the thick  halite  beds  were  suitable  for  the  storage  of
high-level  radioactive  wastes.   The  site  was  chosen  in
order  to  penetrate  the  salt  beds  in  the  area  where
they  are  thickest,  as  indicated  by  geophysical  logs,
and  is  located  150  ft..  north  and  150  ft.  east  of  the
center  of  see.  22,  T.19S.,  R.37W.   Fresh  water  mud
was  used  for  drining  between  0-1159  ft.   (0-353  in),
and  salt-saturated  mud  between  1159-2450  ft.   (353-
747 in).  The total depth drilled was 2450 ft.  (747 in).
The top of the Permian was reached at  1185 ft.  (361
in), and a 3.5 in.  (89 mm)  diameter core was  drilled
from  1540  to  2058  ft.   (470-627  in).   Only  when  the
core  had  been  drilled  was  it  found  that  the  salt  is
intimately  associated  with  variable  amounts  of  red
anhydritic  clay,  and  is  quite  unsuitable  for  the  dis-
posal of waste.   The core penetrated 510  ft.  (155 in)
of sediments, extending upwards from the Harper and
Salt  Plain  formations  through  the  Cedar  Hills  Sand-
stone,  Flower-pot  Shale,  and  the  Blaine  Formation.
Photographs  of  rocks  illustrated  here,  Figs.  6-50,  are
all  from  sections of  core  from  this  well,  A.E.C.  Test
Hole 5.
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Evaporites  of  equivalent  age  occur  in  the   sub-
surface of southwestern Nebraska,  and western  Okla-
homa  and,  as  in  Kansas,  correlation  of  the  deposits
and interpretation of the environments  in which they
were  deposited  has  been based  upon  studies  of  well
logs and samples.   The A.E.C.  core appears  to be  the
only core of the Nippewalla Group evaporite deposits
in the western  Midcontinent.   Previously,  no  detailed
petrographic  study  of  the  evaporites  in  the  subsur-
face  has  been  possible,  because  of  the  lack  of  cored
material.  Such a study is essential in order to interpret
the  depositional  environment  of  the  evaporitic  sedi-
ments.   This  extremely  valuable  core  serves   as   the
basis for the present study.

PREVIOUS  WORK

The Permian System in  Kansas  was  originally  de-
fined by Cragin in 1896.  Later, Norton ( 1939) studied
the Permian red beds  in  Kansas  and  Oklahoma,  and
made  further  stratigraphic   subdivisions   which,   for
the most part, are still in use today.

The stratigraphy of the Nippewalla Group  in the
subsurface in Kansas was studied by Merriam  ( 1958) ,
Malone   (1962),   Campbell   (1963),   and  Schumaker
( 1966).   More recently, regional stratigraphic correla-
tions and lithofacies maps for the Permian of the Mid-
continent   were   compiled   by   Rascoe   (1968)    and
Rascoe  and  Baars  (1972),  and  for the  United  States
as a whole by  MCKee  eS  a!.  (1967a;  1967b).

Several studies have been conducted on the Blaine
in  outcrop  and  subsurface  in  Kansas  and  Oklahoma,
including those by Kulstad ef az.  ( 1956), Ham ( 1960),
Pay,  (1964),  and  Johnson  (1967).   Jordan  and  Vos-

Kansas  Geal.  Suri]ey  Bull.  215,  1918

burg  (1963)  described units  equivalent in age to the
Nippewalla Group of Kansas from Oklahoma and the
Texas Panhandle.

Swine ford  ( 1955)  apparently made the only study
of  the  petrography  of  the  sediments  of  the  Nippe-
Walla  Group  in  Kansas,  and  her  study  was  confined
to exposures in south-central Kansas.   Spores from the
Flower-pot  Formation  in  Oklahoma  were  described
by Wilson ( 1962) .

A report on the suitability of the salt section cored
in western Kansas  for  radioactive waste disposal  was
prepared for  the  Atomic  Energy  Commission  by  the
staff of the Kansas Geological Survey  and consultants
( Bayne and Brinkley, 1972 ) .

PALEOGEOGRAPHY

Pemian red beds and evaporites occur throughout
the western  Midcontinent.  They are thought to have
been  deposited  in  extensive  shallow  brackish-saline
seas subject to periodic influxes of marine water from
the south ( Hills,1942) .

Sediments  VI;ere  deposited  throughout  the  region
in  southwestern  Nebraska,  western  Kansas,  western
Oklahoma,  western Texas,  and  eastern  Colorado  and
New  Mexico,  in  an area referred  to  in  general terms
as  the  Permian  Salt  Basin   (Bachman  and  Johnson,
1973).   The  sedinients  were  shed  from  the  surround-
ing  land  masses,  the  coarse-grained  debris  being  de-
rived from the east and south  (Swine ford,1955)  and
the  fine-grained  material  from  the  low-lying  area  to
the  north  (Mudge,1967).   The seas were confined by
the  Front  Range  to  the  west,  and  the  Ozarks,  Ar-
buckles,  and Wichitas  to  the  east  and  south.   A  low-
lying land mass was located to the north and northeast
in   Nebraska   (Fig.   2)    (Mudge,   1967).    Low-lying
positive elements® within the major depositional basin
of the Midcontinent led to further restrictions  of  the
sea, resulting in the deposition Of., halite.

In  Kansas,  evaporites  of  the  Nippewalla  Group
were  deposited  in  the  Hugoton  Embayment  of  the
Anadarko Basin ( Maher and Collins,1948), in a saline
arm of the sea extending from the south  (Hills,1942)
(Fig. 2).   Halite was deposited in the Syracuse Basin
of  the  Hugoton Embayment,  which  was  bounded to
the west by the Las Animas Arch (Mudge,1967)  and
to the east by the Oakley Anticline ( Fig. 2)  ( Merriam,
1963).    Halite   was   also   deposited   in   south-central
Kansas  'in  a  basin  which  may  have  been  connected
with  the  Syracuse  Basin  (Malone,   1962;  Campbell,
1963).

Evaporite  deposits  equivalent  in  age  to  those  of
the  Nippewalla  Group  in  Kansas  occur  in  Nebraska,

®  MCKee ct al.,  1967a, p.  16.
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in  the Julesbui.g  Basin  (Fig.  2),  and  in Wyoming,  as
well  as   far.thei.   south   in   Oklahoma   and  Texas.    A
western connection  to  the  sea was  postulated for  the
basins  in  Nebraska  tind  Wyoming  (Maugham,1966)
and a southei.n connection  foi. those in Oklahoma and
Texas    (Hills,    1942).     Pi.evious    investigations   have
linked Kansas to the sea via the Hugoton Embayment
and   Anadai.ko    Basin    (Hills,    1942;    Malone,    1962;
Campbell,1963;, Schumakei.,1966).

CORRELATION  0F  UPPER  LEONARDIAN-
LOWER  GUADALUPIAN  SEDIMENTS  IN
THE  MIDCONTINENT

Correlation   of   upper   Leonardian-lower   Guada-
lupian   sediments   of   the   western   Midcontinent   is
problematical,  and  at  the  present  time  has  not been
satisfactorily resolved.   Continental red bed evaporite
facies  occur in westei.n  Nebraska,  Kansas,  and  Okla-
homa,  and  in  each  state  a  different  classification  is
used.  In Kansas, the Leonardian-Guadalupian bound-
ary  is  apparently  not  a  well-marked  hiatus;  thus,  the
Cimarronian  Stage  was  inti.oduced to  include  all  de-
posits  from  the  Wellington  Formation  to  the  base  of
the  Whitehorse  Foi.mation   ( O'Connoi.,1963).

The  sediments  forming  the  basis  of  the  present
study  fall  within   the   Nippewalla  Group   of  Cimar-
ronian  age.   The  formations  included  in  the  Nippe-
walla Group by the Kansas Geological Survey are the

3

Harper  Sandstone,  Salt  Plain  Formation,  Cedar  Hills
Sandstone,  Flower-pot  Shale,  Blaine  Formation,  and
the Dog Creek Formation  (Fig.  3).   These units crop
out  in  south-central  Kansas,  with  a  total  thickness  of
about  930  ft.   (284  in).   The  sediments  are  typically
unfossiliferous,  and  consist  of  conformable  red  beds
and gypsum beds  ( O'Connor ef a!.,1968).  Correlation
and nomenclature  are  made  difficult  by  the fact that
evaporites,  including  thick  salt  beds,  generally  occur
in   the  subsurface,  whei.e   they   are   protected  from
solution,  and the  formations  with  which  they  are  as-
sociated  are  described  and  classified  in  outcrop.   In
the  subsurface  of  western  Kansas,  unnamed  salt  and
anhydrite beds occur in most of the formations of the
Nippewalla Group.

Due to the unfossiliferous  nature of the sequence,
correlation of the sediments of the Nippewalla Group
in Kansas with similar deposits in Nebraska and Okla-
homa is based upon tracing unconformities, and anhy-
drite  and  dolomite  marker  beds,  such  as  the  Blaine
and  Stone  Corral  formations  (Rascoe,  1968;  Johnson
ef  aJ.,1975).   Many  of  the  thin  marker  beds  do  not
extend into Kansas, and the time-stratigraphic position
of  the  beds  within  the  Nippewalla  Group  is  difficult
to  ascei.tain.    As   Swine ford   (1955)   remarked,  "The
problem  of  correlation  of  non-fossiliferous red elastics
with a type marine section in West Texas seems almost
insurmountable...."

THE  NIPPEWALLA  GROUP  IN  KANSAS

The  units  present  in  the  core  from  A.E.C.  Test
Hole   5   ai.e   the   Hart)er   and   Salt   Plain   formations,
Cedar  Hills  Sandstone,  Flower-pot  Shale,  and  Blaine
Formfltion   (Fig.  3).    Descriptions  of  these  units  in
outcrop  were  given by  Swine ford  ( 1955),  Kulstad  ef
az.    (1956),    Fay    (1964),   Schumaker    (1966),   and
Zeller  (1968).   A  summary  of  the  main  features  of
the  units  in outcrop,  taken  from these  reports,  is  in-
eluded  below  for  completeness  and  to  permit  com-
parison  with  the  textures  and  lithologies of the  same
units  in  the subsurface.   The Stone  Corral Formation
and  Dog  Creek  Formation  were  not cored,  and  are
therefore  not  included  in  the  present  discussion.

The dominant  sediments  of  the  cored  section are
red   clay,   silt   and   sand,   associated   with   varying
amounts   of  halite   and   anhydrite   (Fig.   4).    Minor
amounts   of   dolomite,   magnesite   and   quartz,   and
traces of the iron oxides geothite and/or hematite also
occur.   No  potassium  or  magnesium  salts,  other  than
m{1gnesite, have. been found in this evaporite sequence.
The  cored  sediments  form  a  conformable  sequence
(Swine ford,1955;  Rascoe,1968)   and,  in  most  cases,
the fom`ation boundaries are clearly gradational.  The
boundaries  are  placed  according  to  changes  in  lith-
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W.  Lynn Watney
John  C.  Davis
Ricardo A.  0lea
Jan  Harff
Geoff C.  Bohling

Modeling of Sediment
Accommodal:ion Realms by
Re8ionalized classification
An application to Upper Pennsylvanian Genetic.
Strati8raphic Units and Genetic Sets in Kansas

Zusammenfassung
Sechs aufeinanderfolgende  stratigraphische
Einheiten   des   Oberen   Pennsylvanian   eines

Gebietes van annahernd 116 000 km2 in Kan-

sas wurden hinsichtlich  der Machtigkeitsent-

wicklung  mit  der  Methode  der  regionalisier-

ten   Klassifizierung   untersucht.   Es   handelt

sich    dabei   urn   genetisch-stratigraphische
Einheiten (GSU) und Folgen von GSU (Genetic

Sets),  die  Proxies  ftir  bildungszeitlich  diffe-

renzierte Ablagerungssequenzen  darstellen.
Mit  der  regionalisierten  Klassifizierung  wur-

den Gebiete identifiziert, in denen die geneti-

schen  Einheiten  relativ  gleichf6rmig  ausge-

bildet   sind   und   deren   Grenzen   die   BIock-

struktur  des  Fundaments  nachzeichnen.  Es
ist daher anzunehmen, daB die Reaktivierung

von  alteren  St6rungssystemen  die  Hailptur-

sache   ftlr   regionale   Differenzierungen   der

Sedimentationsbedingungen  auf  dem  Penn-
sylvanian-Schelf  von  Kansas  bilden.   Die  ftlr

die einzelnen Regionen spezifischen Entwick-

lungen   des   Sedimentationsraumes   werden

durch jeweils typische Absenkungskurven be-

schrieben.   Obergangszonen   zwischen   die-

sen  f}egionen,  die  durch  strukturelle  Diskon-

tinuitaten  gekennzeichnet  sind,   k6nnen  be-

deutsame Migrationswege fiir Kohlenwasser-
stoffe oder mineralisierte L6sungen bilden.

1  Introductlon

The geographic location of Kansas (Fi-
gure 1), in the center of the contermi-
nous United States, coincides with the
shelf margin of the Anadarko and Ar-
koma  basins  and  the  northern  exten-
sion of the shelf. These basins were ac-
tively subsiding as the  Gondwana-I.a-
rentia continental plate collision occur-
red during Pennsylvanian (I.ate Carbo-
niferous)  time.  Episodic subsidence  of
the basins led to flexing of the adjoining
shelf which was expressed as differen-
tial  subsidence.  This  subsidence  dimi-
nished gradually toward the north away
from the basins. The position of the sh-
elf margin in southern Kansas shifted re-
peatedly and abruptly northward as the

28     lower shelf was exposed to episodes of

sediment starvation; these episodes sig-
nificantly changed local sedimentation
patterns and affected sediment accom-
modation space.  The resulting pattern
of subsidence is recorded in the thick-
nesses of stratigraphic intervals that res-
ponded to changes in sediment accom-
modation space.

In this study, we examine a shelf-to-
basin setting which is sufficiently large,
both  geographically  and  stratigraphi-
cally,  to  address the  question  of con-
trols    on    sediment   accommodation
space.  A high resolution stratigraphic
data set derived fom petrophysical logs
was  used  to  better  characterize  sedi-
ment accomodation space.

Regionalized classification introdu-
ced  by  Harff and  Davis  [1]  based  on
thicknesses of stratigraphic units pro-
vides a consistent way to resolve time
and  can  provide  an  empirical  model
that is sufficiently detailed to permit in-
ferences  about  relationships with  do-
minant spatial trends  and  patterns  in
the basement.

2   R®8ionaliz®d class[fication
Proedur®

The concept of multivariate classifica-
tion  of "geological objects"  developed
by Voronin [2] and extended by Rodio-
nov  [3]  has  been  combined  with  ele-

Fig.I.   Study Area.
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ments of regionalized variable theory by
Harff and Davis [1] to produce what is
called "regionalized classification."

The objective of regionalized classi-
fication  is - based  on  observations at
distinct sampling points - to subdivide
a two- or three-dimensional portion of
the earth's crust into contiguous porti-
ons called regions that are as intemally
homogeneous  as  possible  and  as  di-
stinct  as  possible  from  adjacent  regi-
ons.

The initial step in regionalized clas-
sification  is typification,  in which the
observations     are     subdivided     into
groups based on their mutual similari-
ties. An unsupervised hierarchical clu-
stering procedure such as Ward's algo-
rithm, which uses a within-cluster mi-
nimum variance criterion, can be used
to  produce   candidate  groups   (Bock
[4]).

At the highest level of clustering, all
observations belong to a single cluster
and of necessity form a contiguous re-
gion. As the number of clusters increa-
ses,  however, the spatial organization
breaks down and the resulting map is a
chaotic  mixture  of  individual  points.
The level in the hierarchy at which this
occurs  provides a  clue to the  appro-
priate number of regions.

For each  cluster at  each  sampling
location,   the   posterior   probabilities
thattheobservationbelongstoeachre-
spective group is calculated. Probabili-
ties are interpolated to a grid covering
the area of investigation using the kri-
ging procedure (Davis [5]).

The final phase in regionalization is
to  produce a grid  showing the maxi-
mum probability of assignment to any
group; this distinguishes those locati-
ons  that  can  be  assigned  to  a  region
with reasonable certainty from locati-
ons whose classification is unclear. The
latter mostly form boundaries between
regions  but  may  also  delineate  areas
which do not fit well into the system of
classes that has been specified. A map



showing  the  membership  assignment
at each grid node is the final expression
of the regionalization. The regionaliza-
tion map should be accompanied by a
contour map of the maximum probabi-
lity of assignment, because this expres-
ses the reliability of the regions.

3   Striicttlral Geol®8)/ and
Precaml.rlan Pr®vil.c®§ ln Kansas

Within the study area there are several
major structural  provinces  (Baars  and
Watney [6]), including the Central Kan-
sas and Nemaha uplifts and the Hugo-
ton embayment, and the Sedgwick, sou-
thern  Salina,  and  northern  Cherokee
basins (Figure 2). Prominent fault zones
are associated with the Central Kansas
and Nemaha uplifts and the Pratt Antic-
line. The Humboldt Fault Zone clearly
defines the Nemaha uplift. The Central
Kansas  Uplift  includes  two  conjugate
sets  of faults,  one  trending  northwest
and the other northeast.

Assessing the possibility that Penn-
sylvanian depositional patterns on the
Kansas shelf reflect the reactivation of
preexisting basement structures requi-
res information about the nature of the
Precambrian basement. The basement
supports  the  relatively thin  veneer  of
sedimentary rocks in Kansas and pro-
vides the crust with most of its strength.
Three of five major Precambrian  pro-
vinces recognized in the western Mid-
continent  are  present  in  Kansas.  The
provinces are distinguished by their ge-
ologic histories and the resulting diffe-
rences  in  composition  and  structure.
The three  provinces are  shown in  Fi-
gure 3 and include the southern Cen-
tral Plains orogen (SCP), the southern
granite-rhyolite  province  (SGR),  and
the   Midcontinent   Rift   (MCR)   (Van
Schmus and others [7]).

4   Stratl8ra|.tiy/G®n®tlc S(ratl8rai.h[c
unlts/G®n®tlc Sets

Stratigraphic units used in this study in-
clude in the Upper Pennsylvanian Series,
Missourian   to   early   Virgilian   Stages,
Kansas City, Lansing, Douglas, and Sha-
wnee groups (Figure 4). In Kansas, these
units are from 10 to more than 150 ft (3 to
50 in) thick successions (cyclothems) of
alternating marine carbonates and non-
marine to shallow marine siliciclastics.

Genetic  stratigraphic  units  (GSU)
represent distinct, mappable sedimen-
tary intervals delimited by thin, promi-
nent flooding and condensed sections

Fig. 2.   Major structural elements and Basins in Kansas.

that can be regionally correlated (Gal-
loway  [8]).  Flooding units are thin  li-
mestones  or  more  rarely  thin,  wide-
spread  coals,  both  with  sharp  basal
contacts.   The   Upper   Pennsylvanian
condensed  sections  are  thin,  usually
distinctive   radioactive   black   marine
shales.  Each  GSU  consists  of  a  thin
flooding unit overlain by a condensed
section, followed by a shallowing-up-

ward carbonate or siliciclastic unit that
is  capped by a paleosol which  repre-
sents a subaerial unconformity. These
unconformities   delimit   time-distinct
stratigraphic packages some which are
regionally extensive and meet all of the
characteristics of depositional sequen-
ces (Vail and others [9]; Youle, Watney
and Lambert [10]). GSUs serve as pro-
xies  for  time-distinct  depositional  se-

Fig. 3.  Major Precambrian geologic features of the western Midcontinent region. Provinces
in study area include SCP, southern Central Plains orogen, MR, Midcontinent Rift, and
SGR. southern granite-rhyolite province. From Van Schmus and others, 1993.
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Table 1.  Isopach intervals used for regionalized classification of the Pennsylvanian Kansas
Shelf.

Upper Datum                                                        Lower Datum

1)  Base Heebner shale
(Virgilian Shawnee Group)
(upper Muncie Creek genetic set)

2)  Top Stanton Limestone
(lower Muncie Creek genetic set)

3)  Base lola Limestone Base
(Quivira Gst])

4)  Base Dewey Limestone
(Wca GSU)

5)  Base Cherryvale Shale
(Stark GSU)

6)  Base Dennis Limestone
(Hushpuckney GSVI

Top Stanton Limestone
(Missourian I.ansing Group)

Base lola Limestone
(Missourian Kansas City Group)

Dewey Limestone

Base Chenyale Shale

Base Dennis Limestone

Base Swope Limestone

quences  because  of  the  proximity  of
their boundaries over much of the shelf
(Watney and others [11]). Thicknesses
of the GSUs vary regionally, presuma-
bly in response to processes that affec-
ted  sediment  accommodation   space
such  as  subsidence,   shelf  elevation,
sea-level history, and sediment supply.

This study considers the Hushpuck-
ney GSU, Stark GSU, Wea GSU, and
Quivira  GSU  (  Table  1)  presented  in
Watney and others [11].

Sets  of  genetic  stratigraphic  units
are recognized in the Pennsylvanian of
the  U.S.  Midcontinent.  Genetic  sets
are defined as a succession of related
GSUs  that  have  similar  regional  pat-
ternsoflithologyandthicknessthatare
distinct from the characteristics of stra-
tigraphic  intervals  above  and  below
(Watney and others [11]). Genetic sets
are well developed along the northern
shelf margin  bordering the  Anadarko
and Arkoma basins in southern Kansas

r`pnwicconcrhaftan  1 i  /1007`   Haft  1

Fig. 4.  Generalized stratigraphic
column showing Pennsylvanian
interval used in this study.

and  northern  Oklahoma  (Figure  5).
Each  is approximately 330 ft  (100 in)
thick and contains from 5 to 7 GSUs.
Genetic  sets  may  have  different  cha-
racteristics, and may include prograda-
tional, aggradational, or retrogradatio-
nal  stacking  patterns  (Youle,  Watney
and Lambert [10]). Like GSUs, genetic
sets are time-distinct but provide tem-
poral  views  of  changes  on  the  shelf
over a longer time and introduce addi-
tional  influences into the mix of pro-
cesses that are reflected in a regionali-
zed classification.

5   Data col[ecti®n

3096  wells  are  included  in  this  study,
collected from an area that includes ap-
proximately 70 % of the state of Kansas,
extendingfromitswestemandsouthein
borders into the central and eastern por-
tions of the state.

The  regionalized  classification  of
Pennsylvanian   sedimentary   intervals
on the Kansas shelf found in this study
is based on thicknesses of the six stra-
tigraphic intervals listed in Table 1 and
identified  in  Figure  4.  Thicknesses  of
the  intervals  were  measured  on  well
logs from over 3000 wells in the study
area. The initial GSU correlations were
made using information from rocks ob-
tained as well cores scattered through-
out  the  napped  area  and  from  out-
crops.    Gamma    ray/neutron-density
and other gamma ray/porosity well log
combinations were used for measure-
ments   because   condensed   sections
(usually radioactive shales) are clearly
discernible on the gamma ray logs and
lithologies are relatively easy to discri-
minate using these log combinations.

C   Re8ional[zation ®f the Kansas Shelf

Theclusteringphaseofregionalizationis
illustrated in Figure 6 which shows the
partialdendrogramproducedusingWar-
d's clustering algorithm applied to inter-
val thicknesses from the 3096 wells used
in the study. Clustering indicates that 15
clusters are appropriate so only the final
stages   of   15   and   fewer   clusters   are
shown.Thedendrogramindicatesthere-
lative similarities between clusters, and
the approximate affinities between indi-
vidual clusters and the larger groupings
from which they emerged. At the lowest
level  of the  dendrogram,  the  numbers
correspond to those assigned to regions
in the following discussion, and the co-
tors on the diagram correspond to those
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used  on the  regionalization  map.  Each        15  clusters.  The  15  regions  form  four
cluster  can  be  described  by  a  "mean"        distinctive  napped  areas  (Figure  10)
conventional  subsidence  curve  (Figure        which will be described below.
7)  constructed from averaged thicknes-
ses ofstratigraphic units ofclustermem-6.1   Western Area
bers and an estimated age of this units.           Regions 1 and 2 in the western area cor-

The next step in the regionalization        respond  with   the   northwest   Kansas
process  is  to  map  the  probability  of       shelf, the northern reaches of the Hu-
class membership at every location in        goton  Embayment,  and  the  northwe-
the study area into each of the 15 clas-       stem part of the central Kansas uplift
ses. The map of maximum probability        (Figure2). Regions 1 and2alsoarepart
of correct membership in some class is        of the scp precambrian province (Fig-
shown in Figure 8.                                                ure 3). The location of region 2 closely

Figure9isthefinal regionalization,        corresponds   to   the   position   of   the
based onthe probabilities ofcorrectas-        boundary between  precambrian  prov-
signmentto membership in one of the        incesscpand SGR.
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Subsidence is very low in these regi-
ons relative to other regions. The area
is highest on the shelf and most distant
from the foreland basins and may have
undergone  less  subsidence  than  regi-
ons farther south. Subsidence in region
2 is greater than in region  1  probably
because region 2 is farthe+ south and
closer to the directed stresses of the ac-
tive foreland basin.

Regions7and8lieclosertotheAna-
darko Basin than do the more northern
regionsofthewestemareaandarecha-
racterized    by    greater    subsidence.
Region 8 is thicker than region 7, parti-
cularlyintheNuyakacreekgeneticset,
probably because region 8 is closer to
the  center  of  tectonism.  There  is  an
indication that region 8 also is distin-
guished from region 7 by deformation .

6.2   Central Area
The  central  area  of  regions  coincides
with the Midcontinent RIft (MCR) Pre-
cambrian province (Figure 3).

Subsidence plots of regions 4, 5, 10,
and 13 (Figure 7) show progressive in-
creases   in   subsidence   rates   toward
what were foreland basins in the sou-
theast.  Apparently, the directed stress
of the foreland basins propagated nor-
thward, but with decreasing intensities
leading  to  reactivation  of  preexisting
structures.

Region  13  is a southerly extension
that split off from region  10 late in the
classification procedure. The two regi-
ons   exhibit   very   similar   subsidence
values, although those of region 13 are
somewhat greater. Region 13 is a rhom-
bic-shaped block that appears to be an
extension of MCR trends, but lies south
of the boundary between Precambrian
provinces SCP and SGR (Figure 3). Its
greaterratesofsubsidencemaybeattri-
butable to being part of the southern
SGRprovinceincloserproximitytothe
foreland  basin.  The  intersecting  Pre-
cambrian province boundaries appear
to control the character of reactivated
blocks of overlying sediment, judging
from the distribution and associations
of the regions. An analogous relations-
hip     between     basement     province
boundaries probably has led to the sha-
pes of region 5 and region 4 (Figure 9).

6.3   South¢®ntral Area
Regions 6, 9, and  15 are characterized
by the  most subsidence  of any  region
(Figure  7).  Within  these  regions,  the
early Muncie Creek genetic unit appa-
rently accumulated  during a period  of



Fig. 10.  Regions derined by regionalization and shown in Fig. 9 combined into four areas
on the  Kansas Shelf. Western area (1) is composed of regions 1, 2, 3, 7, 8, and 12. Central
area (2) is composed of regions 4, 5,  10, and 13. South-central area (3) is composed of regi-
ons 6, 9, and 15. Eastern area (4) is composed of regions 11 and 14. Areas in gray (identi-
fied as U) are unclassified because the probability of correct classification is less than p=0.5.

sediment starvation. A pronounced car-
bonate  shelf margin  developed  to  the
immediate west and north where carbo-
nate sedimentation kept pace with sub-
sidence, leading to the accumulation of
thick carbonate intervals  (Watney and
others [11]). This was the site of increa-
sed early subsidence during the time of
deposition of the Nuyaka Creek genetic
set. During the time of the upper Mun-
cie Creek genetic set, sedimentation fil-
led in the space created by earlier sedi-
ment starvation. This area has the shape
of a rhombic block whose outline is clo-
sely  related  to  basement  heterogenei-
ties, further evidence for reactivation.

6.4   East®m Area
Region14issituatedatthesouthemedge
of the SCP basement province and bor-
ders the Nemaha Uplift to the east and
the MCR on the west; there is a strong
correlation  between  basement  features
and the region. A large carbonate bank
developedinthelowerMuncieCreekge-
neticset.Alineofapparentstructuralfle-
xure  borders  this  region  on  the  south,
beyond which the carbonate bank is lost
because of sediment starvation (Watney
and  others  (11]).  There  is  an  apparent
cause-and-effect   relationship   between
the location of the carbonate bank and
the structurally-controlled hinge line.

Region 11 is a large broad area resi-
ding on the east flank of the Nemaha
Uplift.  It overlies part of the SCP Pre-
cambrian  basement  province  and   is

characterized by greater thicknesses of
strata than immediately to the west.

7   Summary

Basement reactivation along structural
andcompositionalweaknessesisclearly
defined  by  regionalized  classification.
The  key factors  in  deformation  of the
Kansasshelfareproximitytoactivefore-
land basins with generally greater defor-
mation   closer  to  the  Anadarko  and
Arkoma   Basins;   position   within   the
three  basement  provinces  SCP,   SGR,
and MCR; and compositional and struc-
tural differences within the Precambrian
provinces  as  expressed  in  gravity and
magnetic derivative maps and reflected
tosomeextentinpresent-daystructures.
Quantitative  infomation  supplied  by
regionalized classification provides use-
ful perspectives that facilitate geologic
interpretation. Although the number of
classes for regionalization are chosen,
oncethisisspecifiedtheboundariesbet-
ween regions are determined automati-
cally by the statistical model, using only
information in the data.

Further characterization of the regi-
ons that have emerged from regionali-
zed classification is warranted. It may
be especially valuable to assess the de-
velopment of stratigraphic traps along
region boundaries and to test if regio-
nal boundaries coincide with conduits
for   fluid   migration   along   unhealed
fractures and possible fault systems.
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More than eight years ago, state and local agencies recognized the localized depletion of near-surface
sources of water in western and central Kansas and the need to identify other sources that might replenish
available supplies. This focused the attention of the water agencies on the Dakota, a deeper and more
complex sandstone aquifer system.

Even though the Dakota has been used as a source of water for more than a century, its hydrologic character
has been poorly understood and the issues surrounding its use have been inadequately addressed. Little was
known about either the quantity or the quality of ground water or the impact of regional or local
development on the Dakota that could be used to guide regional or local planning until recently. There were
also concerns related to human activity, such as the potential hazards of disposing oil-brine in shallow zones
beneath the Dakota in central Kansas and the protection of usable ground-water resources in the Dakota.

In response, the Kansas Gcological Survey began an eight-year investigation into the hydrogcology and
water quality of the Dakota in 1988. The goal of the Program is to provide information to state and local
agencies and users, and to assist the agencies in the development of appropriate management plans and
policies. This program is unique beeause it is designed for proactive rather than reactive water-resources
management of a regional aquifer system. The broad objectives of the program are to: ( 1 ) characterize the
geologic framework of the Dakota aquifer; (2) define the ground-water flow system within the aquifer to
identify sources of recharge, discharge, flow path, and areas of interaction with other aquifer systems; (3)
assess the impact of development in the Dakota and interacting aquifer systems, including the impact of
oil-field brine disposal in the underlying Permian on the Dakota aquifer in the areas of aquifer interaction.

During the planning stage it was recognized that a multidisciplinary effort was needed to understand the
influence of the aquifer framework geology on the subsurface hydrologic system and water quality. As a
result the backbone of the program is an integrated, interdisciplinary research strategy that incorporates
elements of stratigraphy and sedimentology, petrophysics, subsurface hydrology, and water quality.
Furthermore, the wide extent of Dakota in Kansas mandated a phased approach to the researeh to keep the
size and scope of the investigations manageable. Thus the focus of the research has shifted with time from
where the aquifer is shallow and currently under development (State FY90 94) to the deeper, undeveloped
regions in northwest Kansas (State FY95 96). Each subregional project began with data-base development,
progressed to the formulation of conceptual and mathematical models, and finally, applied the models to
management issues with state and local agency input. Data-base development, mapping, data analysis, and
mathematical modeling of the system were facilitated using state-of-the-art software packages.
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The Dakota aquifer system and its equivalents extend across much of the central North American continent.
Figure 1 is a map showing the Dakota extent in North America. The contiguous aquifer system extends
northward from Kansas approximately to the Arctic Circle in Canada, southward into northeastern New
Mexico and the Oklahoma panhandle, westward to the Rocky Mountain front, and eastward to western Iowa
and Minnesota.

Figure 1
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Across the Continental Divide, the Dakota aquifer is present in many of the intermontane basins. In Kansas,
the Dakota is present in most of the western two-thirds of the state, Figure 2 shows that the aquifer extends
westward from Washington County in the north-central pat of the state and northward from Morton County
in southwestern Kansas. In all the Dakota is present in 59 of the 105 counties in the state.

Figure 2
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The geologic units that form the Dakota aquifer in Kansas are the Dakota Formation, the Kiowa Formation,
and the Cheyenne Sandstone (Table 1). These geologic units were deposited during the Cretaceous Period in
alluvial valleys and in the coastal plain adjacent to the developing Western Interior seaway (Hamilton,
1994).

Table 1 also shows the equivalent stratigraphic units in eastern Colorado. The combined thickness of these
units can range up to more than 700 ft in west-central parts of the state. However, not all of the units that
constitute the Dakota contain aquifer-grade material that can yield water to wells.

The amount of sandstone, considered to be the aquifer material, varies from less than 5% to more than 50%
of the total thickness, even over distances of less than a mile. More information on the stratigraphy of these
deposits can be found on this volume of the CD set in the Geologic Framework directory.

Table 1

ERA SYSTEM RoCKsr[TtAr]TGRAPH]C HY[]ROS"r]]GRAPH]C
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At the regional scale, the Dakota aquifer system consists of upper and lower units (Table 1 ; Figure 1). The
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upper aquifer unit consists entirely of the Dakota Formation and the shoreline deposits at the top of the
Kiowa Formation and is approximately 300 ft thick. The lower aquifer unit consists of the Long ford
Member of the Kiowa Formation and the Cheyenne Sandstone and varies considerably in thickness up to
200 ft. These upper and lower regional aquifers are separated in western and parts of central Kansas by
thick, marine shale in the Kiowa Formation, referred to as the Kiowa shale aquitard (Table 1). The thickness
of the aquitard ranges up to more than 300 ft in parts of west-central and southwestern Kansas. The Kiowa
shale aquitard is not present in much of central Kansas where it has been removed by erosion or was not
deposited. Where it is not present the potential exists for direct hydraulic connection between the upper and
lower Dakota aquifer. Figure 2 shows the extent of the Kiowa shale aquitard in Kansas.

Figure 1

Figure 2--Extent of the Kiowa shale aquitard in Kansas.
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HYDROLOGIC PROPERTIES

In most hydrogeologic investigations, the permeable nature of a natural porous medium to the flow of water
is indicated by its hydraulic conductivity, expressed in LIT units. Sandstone hydraulic conductivities are
derived from the results field tests involving either single or multiple wells and laboratory measurements of
small samples from the outcrop or coring. Because of the variability of natural porous media, the hydraulic
conductivity is a log-nomally distributed parameter in most instances (Freeze and Cheny, 1979). The
"average" value for the log-normal distribution is the geometric mean of the distribution.

Twenty-two reliable values of hydraulic conductivity from field hydraulic tests of wells in the Dakota
aquifer of Kansas were found in the literature or were derived from field tests conducted for the Dakota
Aquifer Program. Most of the values come from pumping tests where the Dakota aquifer is shallow in
central and southwestern Kansas. The hydraulic conductivity data from the field hydraulic testing range
from 3.6-88 ft./day with a geometric mean value of 12.5 ft/day (Figure 3A). The highest hydraulic
conductivities are generally found in the outcrop or near the outcrop areas of the Dakota aquifer in central
Kansas and the lowest values in southwestern Kansas.

Figure 3. Distribution of hydraulic conductivity (A) and specific storage (8) values from 22 pumping tests
of the Dakota Aquifer in Kansas.
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In Figure 4 similar trends can be observed in the results from lab tests on core samples of the sandstones
from the Dakota aquifer in central and northwest Kansas. Core samples of sandstone from central Kansas
appear to be more permeable than core samples of sandstone from northwest Kansas. The test results
suggest that hydraulic conductivity is generally highest in the better sorted and coarser sandstones. These
sandstones are most common in the lower sections of thick, amalgamated, multi-story fluvial- and
distributary-channel sandstone bodies found in central Kansas.

Figure 4. Histograms of horizontal hydraulic conductivity of fluvial and shoreface sandstones from the
Dakota and Kiowa Formations in the KGS #1 Jones (central Kansas) and the #1 Beaumeister (northwestern
Kansas).
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Direct field or laboratory tests on the mudstone matrix were not conducted in the Dakota Aquifer Program.
However, Wade (1991,1992) reported a mudstone vertical hydraulic conductivity of 2.2 ± 0.6 x 10-3ft./day
from a pumping test of a thick sandstone aquifer in Washington County. Macfarlane et al. (1994) concluded
from analysis of a pumping test near the outcrop in central Kansas, that the vertical hydraulic conductivity
of the mudstone is considerably less than 0.001 ft/day, perhaps by several orders of magnitude. These
results suggest that processes associated with erosion and unloading of the Dakota aquifer sediments may
significantly increase the bulk vertical hydraulic conductivity of the mudstone matrix that surrounds the
sandstone bodies of the Dakota aquifer.

The release of water from storage in confined aquifers is analogous to the process of consolidation in soil
mechanics. Water is released from storage by ( I ) the expansion of water under confinement due to the
decrease in fluid pressure to atmospheric, and (2) the consolidation of the confined aquifer framework due
to the release of water. These two phenomena are expressed jointly in the specific storage term:

sS  = p8(#+ n#),  (eqn.  ,,

Where  P  is the water density (mass per cubic liter), g is the acceleration of gravity (length per square of
time), and ff  and P are the compressibilities of the aquifer framework and the water, respectively (length
multiplied by time squared divided by mass). In eqn. 3 the expansion of the framework is reflected in  ff' and
that of the water is reflected in the np term. In most cases the consolidation of the aquifer framework is
most important influence on the specific storage. The storativity is the product of the specific storage and
the thickness of the sandstone aquifer.
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Twenty-two reliable values of specific storage from field hydraulic tests of wells in the Dakota aquifer of
Kansas were found in the literature or were derived from field tests conducted for the Dakota Aquifer
Program. Most of the values come from pumping tests where the Dakota aquifer is shallow in central and
southwestern Kansas. Values of specific storage range from 1.5 x 10-7 (inverse feet) up to 2.9 x 10-5
(inverse feet), which is within the expected range of values for confined sandstone aquifers. In Figure 28
the data appear to be log normally distributed with a geometric mean of 2.1 x 10-6 (inverse feet).
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Dakota Aquifer Program--Petrophysics

Geophysical Log Analysis of the Dakota Aquifer

The Gammalray Log
The gamma-ray log is widely used as a record to locate the depth of key stratigraphic formations (Figure 2)
and to subdivide the Dakota into units of sandstone and shale (Figure 3). The gamma-ray tool measures
natural radioactivity of rocks in a similar way to a geiger counter. The sources of radiation are almost
entirely from isotopes of thorium, uranium, and potassium. Although the radioactivity of most rocks is fairly
low, it is sufficient to make a clear distinction between sandstones (low radioactivity) and shales (higher
radioactivity) (Figure 3). Older gamma-ray logs are recorded in "counts" whose numbers vary according to
the tool design. Almost all modem gamma-ray logs are recorded in API (American Petroleum Institute)
units, which makes a common standard for log comparison. The scale was chosen so that a value of zero
would mean no radioactivity and a value of 100 would match a typical Mid-continent shale. In practice,
shales can be somewhat variable in their radioactivity according to their silt content, types of clay mineral,
and the occurrence of small amounts of uranium.

Figure 2. Use of gamma-ray log for stratigraphic subdivision of Dakota Aquifer in KGS Jones #1 NENENE
2-10S-8W, Lincoln County, Kansas.
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Once the stratigraphic boundaries of the Dakota Aquifer are located (Figure 2), the gamma-ray log can be
used to mark off depth intervals of sandstones and shales. As a general rule-of-thumb, experience has shown
that a value of 60 API units is a satisfactory boundary to differentiate sandstones (below 60) and shales
(above 60). An example of using this procedure is shown in Figure 3. The subdivision of a Dakota Aquifer
section into sandstones and shales reveals the structure of aquifer and aquitard layers.

Figure 3. Use of gamma-ray log to subdivide the Dakota Aquifer in KGS Jones #1 between sandstone
aquifer zones and shale aquitard zones theough the use of a gamma-ray cut-off value.
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Seismic shooting is widely practiced by the energy industry as an exploration method in the search for oil
and gas fields. A high energy source at the ground surface is used to generate acoustic waves which radiate
down through the earth. The waves are refracted and reflected by the stratigraphic layers in the subsurface.
Particularly strong reflections occur at boundaries between rock layers that have a marked difference in
impedance caused by an abrupt change in velocity and density. The acoustic reflections are detected and
timed by a line of geophones at ground level and their measurements collated in a cross-section of reflection
events at various depths. In general, acoustic velocities are slower in less competent rocks such as shales,
but faster in more rigid rocks such as sandstones or limestones. The reflections of the seismic record
therefore correspond to layers of differing rock types that can be used for stratigraphic work or the search
for specific rock bodies such as channel sandstones.

Seismic energy sources used by the energy industry are required to generate reflections from rock units
several thousand feet below the surface, and so typically have frequencies of the order of 30 Hz. A
simulation of a field record of this type is shown in Figure 1. This synthetic seismogram was computed
using a sonic log recorded in a Dakota Aquifer program observation well in Ellis County. Notice that the
depth scale is not measured in feet but in units of two-way travel time in seconds that record the time that
elapsed between the triggering of the energy source and the arrival of the reflection at the geophone.
Because the sound velocity changes continuously with depth the time record is not a simple transformation
of depth. The reflection peaks (black) pick up rock boundaries where the acoustic velocity increased
downwards going from a "slow" shale to a "faster" limestone or sandstone, while the reflection troughs
(white) match the reverse situation. The 30 Hz frequency of the energy source results in a fairly coarse
resolution, so that only fairly thick rock units with strong impedance contrasts can be distinguished. This
characteristic can be seen in Figure 1, where the stratigraphic units are resolved easily, but reflections
generated by the sandstones within the Dakota Aquifer tend to overlap and merge.

Figure 1. Synthetic seismogram for the Dakota aquifer and adjacent stratigraphic units, calculated from
geophysical logs in the observation well KGS Braun #1 (NENENE 30-12S-18W), Ellis County, Kansas.
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Better precision can be obtained by high-frequency seismic shooting of Dakota Aquifer sections where they
are fairly close to the surface. Coyle (1990) made several field studies in the vicinity of Dakota Aquifer
program observation wells to evaluate the feasibility of seismic methods in the location of channel
sandstones. Sonic logs at the wells could be used to create synthetic seismograms, so that interpretations of
field records could be correlated with geology.

Gamma-ray and sonic logs are shown from a second observation well in Ellis County Q]igure 2). The sonic
log was converted to a two-way reflection time record of velocity, which was then transformed to a train of
reflection coefficients and convolved with a 100 liz Ricker wavelet Q7igure 3). By superimposing the
synthetic seismogram at the observation well location on the East-West seismic line ¢igure 4), the field
reflections can be related to specific geological features. The Stone Corral provides a strong reflector that is
easily recognized on seismic records from the entire region The contact between the Dakota Formation and
the underlying Kiowa Shale can be seen , and is caused by the sharp change in velocity at the contact (see
Figure 2). Reflections from the Greenhorn Limestone, Graneros Shale, and the top of the Dakota Formation
can also be identified on the field record from their signatures on the synthetic seismogram. The distinctive
and laterally continuous reflection at 0.26 seconds was interpreted to coincide with the top of the Permian.

Figure 2. Gamma-ray and sonic logs from observation well KGS Brungardt #1 (SESESE 25-12S-17W),
Ellis Co., Kansas.
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Figure 3. Computation of synthetic seismogram from the sonic log of the Brungardt well (see Figure 2) by
the conversion from depth to a scale of acoustic travel time and convolution with a Ricker wavelet of
frequency 100 Hz (from Coyle,1990).
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Figure 4. Comparison between the synthetic seismogram computed from the Brungardt well sonic log (see
Figure 3) and a field seismic line shot at the well site (from Coyle, 1990).
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Coyle ( 1990) concluded that while thin sandstone lenses within the Dakota would not be detectable at this
frequency (100 Hz), modeling suggested that sandstones thicker than 30 feet would be resolvable. A field
seismic line shot over a Dakota channel sandstone at another site gave some support to his conclusion
O]igure 5). Thinner sandstones could be identified where reflections were recorded with frequencies higher
than 180 Hz. The resolution and quality of seismic records were also found to be site dependent. The best
sites were located on fresh exposures of Graneros Shale, where reflections of 200 Hz and higher were
recorded. The worst sites occurred on the Greenhorn Limestone outcrop, while low frequencies were
recorded at levels higher than the Greenhorn.

Figure 5. CDP seismoc section tied to Dakota Aquifer program observation well KGS Haberer #1
(NESENE 14-12S-15W), Russell County, Kansas. Note channel sandstone. From Coyle,1990.
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Interpretation of lithologies and depositional environments
Cretaceous and Lower Permian rocks by using a diverse suite

of logs from a boreholein central Kansas

P. A. Macfarlane, J. H. Doveton, G. Coble
Kansas Geological Survey, University of Kansas, Lawrence, Kansas 66046

ABSTRACT
As part of an extensive research program, a borehole was drilled

to extend sedimentary facies models of the Cretaceous into the subsur-
face on the eastern side or the western interior Cretaceous basin in
Kansas. Lithodensity-neutron and spectral gamma-ray [oggivig runs
were completed to facilitate interpretation of rocks penetrated by the
borehole.  Th/K,  Th/U,  and  composition  profile  logs based  on  ap-
parent grain density and  photoelectric absorption index  were pre-
pared and used to show vertical changes in geochemical facies and
clay mineralogy. These logs were compared with the gamma-ray log
and drill cuttings to interpre( depositional environments. The Th/K
log sharply dermes the Cretaceous/Pemian boundary and. together
with the Th/U log, emphasizes the contrast between marine Upper
Cretaceous rocks of the Greenhorn depositional cycle and nonmarine
to transitional rocks of the I.ower Cretaceous. The long-term cyclic
pattern of the Th/U log is an excellent indicator of a broad transgres-
sion/regression during the Greenhorn cycle on an open marine shelf,
whereas extreme fluctuations of Th/U in the I.ewer Cretaceous reeks
stiggest a high degree of shor(-term environmental variability. Inter-
pretation of the RII0MAA-UMAA compositional proffle in the Da-
kota Formation indicates several pulses of marine transgression and
regression  prior to  the  initiation  of the  Greenhorn cycle  in  central
His-

INTRODuorldN
Sedimentary rocks of Cretaceous age are present in much of central

and western Kansas.  Upper and Ilower Cretaceous units have been de-
scribed extensively along the outcrop belt (e.g., see Hattin and Siemers,
1987;  ILatta,  1946;  Franks,  1980).  These  rcoks  record  several  trans-
grcssive/regressive eydes that oocuned during deposition Of the western
interior Cretaceous section.  Hattin and Siemers (1987) have recognized
eycles of transgression and regression in the Upper Cretaceous rcoks be-
ginning with the upper part of the Dakota Forl)iation. Franks ( 1980) has
descried q}rclical patterns of deposition in the ljower Cretaceous Kiowa
Formation of central Kansas.

Although these reeks have been studied in detail where they crop out,
very little work has been done to trace depositional environments and
lithofacies into the subsurfroe. This is particularly true of the I.ower Cre-
taceous  roclrs,  which 8Je  relatively  unknown  where  they are covered.
Franks (1979,  1980) and Scott (1970)  have  noted problems regarding
nomenclature and coneLation between surface and subsurfuoe sections of
lrower Cretaceous rocks in the western interior. Recently, as part of an
extensive research program on the Kansas I.ower Cretaceous, a borehole
was drilled that penetrated part of the Upper Cretaceous, all of the Lower
Cretaceous,  and  part  Of the  liower  Permian  (Fig.  I).  The  purpose  of
drnling this hole was to extend knowledge of I.ower Cretaceous sedimen-
tory  hcies  into  the  subsurface  toward  the  axis  of the  western  interior
Cretacous basin.

To accomplish this task. Iithodeusity-neutron and Spectral gamma-
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ray togging runs of the borehole were completed to supplement informa-
tion  from  drill  cuttings.  The  logs  were  processed  by  using  techniques
described  by Mccall and  Gardner (1982) and Schlumberger (1988)  in
order to graph vertical changes in mineralogy and geochemical fluctun-
tious as indicators of depositional environments in these rocks.

SPECTRAL  GAMMA-RAY  LOG  ANALYSIS
Natural gamma radiation in rocks is almost entirely attributable to

potassium40 and radioactive isotopes of the uranium and thorium fami-
lies. A conventional gamma-ray log records the total intensity of gamma
radiation from a broad range of souroes. In the design of the spectral tool
"windows" are set to count gamma radiation within specific energy ranges.

The spectral measurements are processed by computer to convert the raw
count rates to concentration of the three major radioactive sources. The
gamma-ray spectral log records curves of thorium and uranium which are
both scaled in parts per mimon, together with potassium in percent.

In sedimentary rcoks, thorium is almost exclusively restricted to alu-
minosilicate minerals. Consequently, the thorium curve is a good indicator
of the bulk  proportion of clay  minerals  within logged formations.  The
thorium/potassium ratio (Th/K)  provides a generalized index of potas-
sium richness related to thorium, and so is useful for broad discrimination
between radioactive minerals. Relatively low-ratio (high-K) feldspars and
micas are distinguished from higher ratio clay minerals, which range from
illite through smectite to  kaclinite and chlorite in  decreasing potassium
content(Hassanetai.T`1976).

The thorium/uranium ratio (Ih/U) has also proved to be useful in
the recognition of "geochemical facies" (Adams and Weaver, 1958). The
Th/U ratio is an indicator of redox potential. Uranium has an insoluble
tetravalent state that is fixed under reducing conditions, but is trausfomed
to the soluble hexavalent state that may be mobnized into solution.  In

FIgure 1. Location ol #1
Braun  boreliole  relative
to  Cretaceous  western
Interior   Seaway   (Early
Turonlan).
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contrast. thorium has a single insoluble tetravalent state that is geochemi-
cally associated with uranium and is therefore a useful standard for com-
parison  purposes.  On  the  basis  of outcrop  measurements,  Zelt  (1985)
showed close relations between Th/U and trausgTessive/regressive cycles
in the Upper Cretaceous rcoks of Colorado, Utah, and New Mexico.

The Th/K and Th/U ratios were plotted as logs together with the
gamma-ray trace and compared with a graphic lithology Log (Fig. 2). The
simultaneous consideration of these data throughout the sequence reveals
striking and rcadily interpretable patterns. The Th/K log shows fluctun-
tious in value that reflect changes in the volumetric propordous and types
of clay  minerals,  micas,  and  feldspars.  An  abrupt  shift  occurs  at  the
Cretaceous-Permian contact (top of the Cedar Hills Sandstone) and high-
lights clearly a major unconformity at the base of the Cretaceous. Petro-
graphic  descriptions  based  on  outcrop  samples  (Swineford.  1955)  and
cores (James,  1972; Holdoway,  1978) have characterized the Cedar Hills
Sandstone as a quartz-feldspar-illite assemblage. The Th/K log within this
unit is restricted to the theoretical range of ratio values between 0.5 and
3.5  suggested  for  a  feldspar-illite  mixture  by  Schlumberger  (1988).  In
contrast, the shift to higher Th/K values in the I.ower Cretaceous is caused
by  the  change  in  mineralogy  to  illite-smectite-kaolinite,  reported  from
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Flgure  2.  Computed  gamma.ray,  Tri/u.  and  Th/K  logs  from
borehole I(GS Braun #130-12S-18W, EIIis County, Kansas.
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petrographic studies  of these  units  in  outcrop  (Franks,  1979).  Schlum-
berger  (1988)  gave  the  generalized  ranges  for  these  minerals  as  2-3.5
(illite),  3.5-12 (smectite),  and  12-28  (kaolinite). These data collectively
explain the  reason  for the  abrupt discontinuity in  the Th/K  log at the
unconformity at the base of the Cretaceous.  They  also suggest that the
oscillations of the Th/K Log within the Lower Cretaceous formations may
reflect volumetric variations of illite and kaolinite that are possibly linked
with marine and deltalc fresh-water environments, respectively. The Th/K
ratio trace in the Graneros Shale overlaps the range of the Lower Creta-
ceous  curve.  However,  there  is  a  distinctive  bias  toward  higher  Th/K
ratios in the Graneros that probably reflects the increased importance of
smectite as a significant component. Th/K fluctuntious in the Upper Cre-
taceous units appear to be caused by changes in illite, smectite, and mixed-
layer clays as products of predominantly marine environments; these are
the  clay  mineral  components  reported  in  X-ray  difraction  analyses  of
insoluble residues (Arthur et al.,  1985). High-amplitude Th/K variations
in the Graneros Shale and the Greenhorn Limestone may reflect the occur-
rence of bentonites (observed in the drill cuttings) interbedded with nor-
mat illitic marine shales. These bentonites represent altered ash deposits

generated from volcanic events in the Idaho-Montana and New MexiccL
Arizona regions.

The Th/U ratio log was indexed with the dingnostic values of 2 and 7
suggested  by  Adams  and  Weaver  (1958)  to  facilitate  interpretation  of
depositional environment through its use as an oxidation-potential indica-
tor. The ratio indicates an oxidizing environment for much of the Cedar
Hills Sandstone, which was interpreted by Holdoway ( 1978) to have been
deposited in an eolian setting. The occurrence of glauconite in drill cuttings
from the upper part of the fomation is a strong indicator of marine origin
and is matched by decline of Th/U to a neutral range. This section may
reflect deposition in shallow bodies of water that were linked to an ephem-
Oral sea, as suggested by Holdoway (1978) for the overlying Flower-pot
Shale.

Above the Cretaceous/Permian boundary, the Th/U log exhibits a
high-frequency character in the Cheyenne, but is consistently greater than
7. This is compatible with an oxidizing terrestrial environment of deposi-
tion by alluvial processes. The overlying Kiowa Shale marks a transgres-
sive  phase  and  is  generally  considered  to  represent  a  transitional  to
shallow-marine  environment  in  Kansas  (Franks,   1980).  The  average
Th/U ratio in the Kiowa is lower than in the Cheyenne, but shows only a
weak trend in the intermediate range. This feature is a pale shadow of
strong signals recorded in the spectral ratio of Upper Cretaceous tran§gres-
sive strata in this well. However, the subdued character of the Kiowa
section is in accordance with a peak-transgression paleogeqgfaphic map,
on which the well site would be located close to  the shoreline rvuke,
1981). Stacked repetitious of high and medium Th/U ratios characterize
the overlying Dakota Formation. These probably reflect the high htend
variabnity of environments expected in nonrmrine settings as well as the
interplay  bctween  mostly  brackish  and  fresh-water  rerfues  of deltaic
envirorments.

In contrast to the Dakota trace, relatively smooth. long-ten cyclic
pattern of the Th/U log chancterizes the Upper Crctaceous marine se-
quence and is an exceuent indicator of a broad transgrcssive/regressive
couplet  on  an  open  marine shelf.  In  fact,  the broad  sine-wave  feature
conforms precisely with the outcrop interpretation of the Greenhorn eyde
as  a  classic  example  of a  Symmetric,  thirdrorder  tectonceustatic cycle
(Glenister  and  Kauffman.  1985).  Hattin  (1985)  was  able  to  correlate
demonstrably time-parallel beds in the Greenhorn from outcrops in Kan-
sas  to locations  in  Colorado and  New  Mexico.  He  concluded that the
exceedingly  widespread deposition of relatively thin  units implied a re-
gionally flat, gently sloping sea floor. This interpretation would account for
the strong simple trausgressive/regressive Signal that appea.rs in the ratio
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log from  the top of the  Dakota  Formation  to  the base of the  Niobrara
Formation. The trausgressive phase of the cycle started during the deposi-
tion of the uppermost part of the Dakota, continued through the Graneros
Shale, and reached maximum development in the Greenhorn Limestone.
The regressive hemicyclotherm began near the end of Greenhorn deposi-
tion and continued through the Carlile Shale to terminate in the Codell
Sandstone Member.

An abrupt break occurs in the Th/U log at the boundary between the
Codell Sandstone Member and the overlying Niobrara Chalk. This contact
is thought to represent a long period of nondeposition followed by a major
transgression (Hattin and Siemers,1987). The Th/U log shows this second
transgression clearly, but also indicates a distinctive regressive event within
the Fort Hays Member. The regional extent of this anomaly is indicated by
the occurrence of a similar  pcak  on  the Th/U  log  from  a  well  in  the
Denver Basin of Colorado (Zelt,  1985).

ANALYSIS  AND  INTERPRETATION  OF  THE
LITHODENSITY-NEUTRON  AND  PHOTOELECTRIC
ABSORPTION  INDEX  LOGS

The spectral gamma-ray log analysis gives good indications of gener-
alized clay-mineral associations. However, the similarity Of the potassium
and thorium levels of some clay minerals and the mixture of clay minerals
that characterizes  most shales cause ambiguities of interpretation.  Con-
sequently,  additional  diagnostic  information  from  other  logs  is  useful,

particularly  for  detailed  work  on  clay-mineral  identification  and  facies
recognition within the I,ower Cretaceous units.

The recent introduction of the photoelectric cross section as a sup-

plementary curve to the conventional neutron and density logs has sub-
stantially improved the log recognition of mineralogy. The photcelectric
cross section is a measure of the absorption of low€nergy gamma rays by
the formation in the borehole wall, and is measured in units of barns per
electron.  More  important,  the  measurement  is  a  direct  function  of the
aggregate atomic number (Z) of elements within the formation, and thus is
a sensitive  indicator of mineralogy.  The display  of lithodeusity-neutron
data on a RHOMAA-UMAA crossplot is the most direct mcaus to ascer-
fain rock compositions from this log combination (Mccall and Gardner.
1982). RHOMAA is the hypothetical density of the rcok matrix computed
as a mathematical projection of the rcok's bulk density, which eliminates
the effect of the fluids in the pore space. UMAA is the theoretical volumet-
tic photcelectric absorption index of the matrix, calculated from the pho-
toelectric factor by using similar cousideratious.

A  RHOMAA-UMAA crossplot of digitized data from the IIower
Cretaceous formations is shown in Figure 3. This plot is indexed with the
approximate  locations  of standard  clay  minerals  (Schlumberger,  1988)
which, ih reality, show ranges of variability as a consequence of differing
compositions and morphologies from their ideal. The data ctond shows a
wedge pattern whose upper vcr(ex is sited at the coordinates of quartz. The
range  in  UMAA  values  of the  clay  minerals  is  an  expression  of their
differences in elemental composition and aggregate atomic number (Z).
The data range between values for low-Z clays (kaolinite, smectite, and
muscovite) and high-Z clays (illite and chlorite) and can be represented
reasonably by a composition triangle. Any single point on the plot may
then be recast as propordous of the three end members. The RHOMAA-
UMAA data for the I.ower Cretaceous rceks were trausforlned to a pro+
portional  log Of these three components by  a  matrix algebra computer
algorithm described by Doveton (1986). The result is shown in Figure 4,
together with the Th/U ratio logs.

The  RHOMAA-UMAA  log  of the  I.ower  Cretaceous  shows  the
progressively increasing effects of marine transgression at the beginning of
the  Greenhorn cycle within  the  Dakota  Formation.  The  proportion  of
high-Z clays increases significantly near the middle of the formation and
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composes most of the clay fraction in the upper half. Franks ( 1979) noted
increases in the illite and chlorite fraction of the clays in the upper part of
the Dakota along the outcrop in central Kansas. Nearer the Denver Basin
in northwest Kansas, Merriam et al. ( 1959) found that the majority of the
clays in the Dakota are illite and chlorite.

Using RHOMAA-UMAA, gamma ray, and Th/U logs of the Da-
kota, it is possible to delineate several pulses of marine transgression and

progradation by streams. In the Lower part, a stacked sequence of channel
sandstones indicates progradation by streams during retreat of the Kiowa
seas. Rapid alternations of the Th/U ratios in this interval suggest varying
depositional environments  ranging  from channel to backswamp.  Fining
upward of these channel deposits and the predominance of low-Z clays in
the clay- and silt-size fractious of the rocks indicate a renewed phase of
marine  transgression.  Above  this  sequence,  deposition  of more  high-Z
clay-rich, less well developed channel sandstones signals a progradation of
terrigenous deposits across the I.ower  Cretaceous shoreline.  I.ow Th/U
ratios  in  the  upper part  of this  channel sandstone suggest an  extended
period during which the environment of deposition was not well oxygen-
ated. The clasties above these chamel sandstones are predominantly fine
grained. the proportion of high-Z clays increasing upward until only these
clays  make  up  the  tine  fraction  of the  Dakota  sediments.  These  fine-
grained deposits appear to be more marinelike and indicate another trams-
gressive pulse by  the Lower Crctaceous seas.  Renewed progradation  is
indicated by a unit consisting of interbedded sandstones and low-Z clays.
This signifies possibly the last progradational episode prior to inundation
by  the  Upper  Cretaceous  seas  at  this  location.  The  fluctuntious  of the
ganma-ray curve, the presence of glauconite from the driller's log, and the
predominance of illite in the sediments above and below this unit suggest
that  these  coarser  sediments  were  deposited just  offihore  in  a  marine
environment as a delta-front sheet sand similar to the tabular flat-bedded
sandstones deschoed by Siemers ( 1976). Above these Coarser delta-front
sandstones are the rceks with low and relatively stable Th/U, together
with high propordous of mite, indicating an odshore marine environment
with higher water salinities similar to that described by Hattin and Siemers
(1987).

In   the   Kiowa   Formation   and   the   Cheyenne   Sandstone,   the
RHOMAA-UMAA log shows that these units consist of interbedded high-
and  low-Z  clays  and  sandstones.  Overall,  the  appearance  of this  log,
together with the total gamma-ray and the Th/U and Th/K logs, indicates
that there is very little difference in the depositional environment between
time of formation of the Kiowa Formation and the Cheyenne Sandstone.
This supports the observations of Franks (1980) that the Cheyenne of
southern Kansas is very stmflar to the Kiowa Of cenfrol Kansas.

CONCLUSIONS
These results show that mush useful information on litholoctcs and

environments of deposition  can  be gained through  an  analysis  of the
spectral  gainma-ray,  lithodeusity-neutron,  and  photcelectric  absorption
index logs of rack sequences. In this study, contrasts between marine and
nonmarine Cretaceous environments in the central Kansas borehole are
strongly indicated by the nature of the fluctuntious in the Th/U log. This
reflects the mobhity Of these elements under varying oxidation-reduction
conditions, as well as sources for these elements. Variations in the concen-
tratious of Th, U, and K also reflect environmental changes that occurred
during the Greehhom cycle. Comparison Of Th/U ratio logs from the
borehole in central Kansas with the ratio logs of outcrops and boreholes in
Colorado and Utah show marked similarities. In the I.ower Cretaceous
Dakota  Fomation,  several  distinct  sedimentary  depositioml  packages
have been delincated using the RHOMAA-UMAA and Th/U ratio logs.
These packages appear to be related to periods of marine transgression and
progradation  by  streams  during  the  early  development  of the  western
interior Cretaceous basin.
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INTRODUCTION
Background   .

The Cletaceous Western hterior Seaway Continental Scientific Drilling Project (WISK-
DP) began in  1991  as a collaborative, multidisciplinary study of middle to Upper Cretaceous
marine strata in the Utah-Colorado-Kansas corridor of the Western Interior Seaway.  The project
presently involves about two dozen researchers from the USGS, Amoco Production Company,
and seven academic institutions.   Objectives of the first phase of WISK-DP were to drill three
holes or groups of holes, one in western Kansas, one in eastern Colorado, and one in eastern
Utah. These states span the Cretaceous Western Interior Seaway that extended from the Guff of
Mexico north to the Arctic Ocean during maxinum marine transgressions. (Figure 1).  The first
phase of the project was to focus on the two most extensive transgressive episodes in the seaway
during the middle Cretaceous that resulted in deposition of two important organic-carbon-rich
pelagic  limestone  units,  the  Cenomanian-Turonian  Greenhorn  Formation  and  Santonian-
Campanian Niobrara Formation.   An interdiscipnnary team of researchers from government,
academia, and industry would conduct biostratigraphic studies, paleoecologic studies, inorganic,
organic and stable isotopic geochemical studies, mineralogical investigations, and high-resolution
geophysical logging.   Cores would provide the unweathered samples and continuous smooth
exposures required for these studies.

Information for the eastern end of the transect was obtained from a hole that was drilled in
1988 and continuously cored (with better than 90% recovery) by Amoco Production Company in
western Kansas (Amoco Rebecca K. Bounds #1, Greeley County, Kansas; Figure 2).  Cores for
the western end of the transect were obtained in 1991 when the USGS drilled and continuously
cored (with better than 98% recovery) three holes in the Kaiparowits Basin of south central Utah
(Fig. 2).  These three cores, USGS CT-1-91, USGS SMP-1-91, and USGS Escalante #1 (Figure
2) are presently archived in the USGS Core Research Center (USGS-CRC) in Denver.   The third
hole (USGS Portland #1; Fig. 2), was drilled by the USGS with DOE funding and continuously
cored (with essendany 100% reeovery) in Cletaccous strata in the Cafion City Basin near Florence,
Colorado.  The Portland core is also archived in the USGS-CRC, Denver.  The purpose of this
report is to present core descriptions and some preliminary geochemical data for the Amoco
Bounds core.

Amoco  Bounds  Core

The Amoco Production Company, Rebecca K Bounds #1 well was drilled in March of
1988 in Section 17, T18S, R4 2W, Greeley County, Kansas, to a total depth (ID) of 2645 feet
(806 meters).  Ground level elevation was 3824 feet (1166 meters).  The hole was continuously

ffig?y¥£#sthrfe5s2,2alfis#tiLo5:rE¥=?ti¢#i)hi:Sfghgffi°±**°L#hg-S?#maddranau¥cr
and Millheim, 1989; Randolph and Jourdan, 1991; Scott and others, 1993).  Coring began in the
middle of the Smoky Hill Member (Santonian) of the Niobrara Formation a=igures 3 and 4) and
bottomed in the rmssissippian.  h January, 1992, the Getaceous part of the Bounds core (522
-1495 feet;  159456 meters) was released by Amoco and shipped to the USGS-CRC in Denver.
The core was slabbed at the USGS-CRC, and a 2-cm-thick slab of the core is archived there.  The
archived slabs are stored in  1-in-long boxes, 3 in per box.   This report contains visual core
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Figure 2.  Map showing locations of major basins and uplifts in Colorado and adjacent states, and
locations of existing cores that have been analyzed as part of the Crctaceous Western
Interior Seaway Continental Scientific Drilling Project.



Depth
(feet)

Amoco Rebecca K. Bounds #1  S17, Tl8S, R 42W, 38.1oN, 101.15oW
e]ev. 3824' (1166 in, relative to ground level)

Members                   Formations

Figure 3.  Tops of formations and members from the Niobrara Formadon to the top of the Dakota
Sandstone in the Bounds core.
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CRETACEOUS WESTERN INTERIOR SEAWAY TRANSECT
Amoco #1 Rebecca K.Bounds

180

190

210

Lith ol ogy            Summary Descri pti on

0      gamma-ray(APD     160

56  deep-laterolog (ohm-in) 0

i:
8

ii
-~®®®®I+eo SmokymlcbalkMeLber

of the Nichrara Formation:
hterbedded MARLSTorlE and MARLY

LnGSTONE; beds mostly sevenl tens of
cm thick; madstone; edy linestone more
common bdow chout 174 meters; occasional
thinbedsofbcntorite(16cm},comon

CJ shell ddis ofdrcoermfts and oysters stiell-- and fich dedris izlcreascs bdow ehout I 74i mcters.

MARrsTONE:  laminated to slig"y
a bioahoated;  olive gray to oHve black

a MARL¥ InGSTONI±  dichtly to
Ga modrtybiotrtrfuwhphaoJifes,

CHandn.ee, md re&rfu.chrzus bunow/s; light
oHve gxpy to tight gmy.

®

I1--I
Fort Hays Linestone MemberI---II--I ofNiobraraFomation:

`t= 1111

htchedded LRESTotE beds sevenlI--IcCi tensofcentimctcrstoovcronemctcrthick

a
I---

andtl]in(sevcalccz[thctesto,edy.
11,

C)B.1CC scvedtensOfccndmctcls)MARrsTONEI---I
E

beds oocarioual thin (I-2 cm) teds of
a---

111

a bentorfe
J3 ®.i I--II---I IDGSTchE: vely biedhoated witha,- Plandites.Teid.ichmLs.Thalassinoides,trad
Z I I-I-I ZoopA!}casb`-rs;vc(ylighigmytowhite.

cO [1---I
MARLSTONE:  stighily biedlfbateds oHve

i
EgLLI a-®-

11,

gEy to nghi olive gay.'1',----I--I
1'11I--I---I--

+-
----I1---

Codell Sandstone Member of0 I--I
Carlile Shale:I---

gE

-
a-®-

I-- SANDSTONE aidic aredite}  mediiri

aE
€ a;

;;:;.::;:..:..:.:i::;.,:::.:.::::;::.

grained; wdl sorted; very biedrd>ated `hrith
Planalkes. Chondrites. m!d Tdchichmls

a
5

burrows; light ouvc gray to ydiow gmy;
=E 8 ';.;i;_:.`.i.i.:;+_ colnmon dale flascr solution sears.

Figure 4.  Lithologic log of the Bounds core (modified from Scott and others, 1993) with
deschptions for each member or fomation summalzed from the 100-cm descriptions
in Appendix I..
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CRETACEOUS WESTERN INTERIOR SEAWAY TRANSECT
Amoco #1 Rebecca K Bounds

Depth
(in)         (ft) Lithology            Summary Description

0      ganrma-ray(API)      160

56  deep-laterolog (ohm-in) 0

Codell Sandstone Member of
Carlile Shale:

SANDSTONE 0ithic arenite):  media
grained; wdl solted; very biodhoated with
P lanolites. Chondrites. an!d TeichichmLs
bLmws; light orive gray to ydlow gray,
common dalf flaser solution sears.

Blue mll Shale Member of
Carlile Shale:

MUDSTONE:  fissile; moderately to
pochylamiraledwithsomerecognizable
bunows; ouve gray to onve black; occasional
thin (mostly <10 cm) beds of bioa]rbated
sfltstone.

Falrport Chalky Shale Member of
Carlile Formation:

MARLstoNE:  modemtdy to weu
laminated; no recognizable trace fossils; onve
black; fecal penets in discrete zones increase
downward;occasionalthin(several
ceDtimcters) beds of bcntonite; several thin
(<10cm)calcaredtehyerscomposedmostly
ofdrcaenrm«sandoysterdchris.

Figure  4  (cont.)
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CRETACEOUS WESTERN INTERIOR SEAWAY TRANSECT
Amoco #1 Rebecca K. Bounds

Depth
(in)        (ft) Lithol ogy             Summ any D escripti on

0      gamma-ray(API)      160

56  deep-laterolog (ohm-in) 0

Fairport Chalky Shale Member of
Carlile Fomation:

MARLSTONE:  moderately to well
laminated; no recognizable trace fossils; orive
black; fecal peuets in discrete zones increase
downward; occasional thin (several
ccntimctcrs) beds of bentonite; several thin
(<10 cm) calearenite hayes composed mostly
Of bioceranus armd o ster dds.
Bridge Creek Limestone Mbr. of
Greenhorn F omati on :

Dominat tithology is MARISTONE
with intezbedded MARLY LnusTONE
and CALCARENITh (275.8 to 289.6 in)
withwellrdevelopedcyclesof
MARLSTORE and LRESTORE below
289.6 in.

MARLsroNE:  modemtely to weu
laminated; no apparent bunows; olive gray.

MARLy LIRESTONE:  fintly
laminated; no apparent bumus; hght olive
gray.

InflsTONE:  vtry bioallbated with
small to large bunows, mostly Plczrao/I.fes
and C*andn.aer, very light gray to white
with dalker burow fill

CALCIARENITES:  several on to
several lo's ofcm thidg mostly
honogcneouswithnoapparentbuno`h/a;
composedoffealpdlets,drcae~us
frogments, and unreeogDizable calcareous
frquents; ngiv olive gray.

Hartland Shale Member of
caeenhom F ormati on :

MARLsroRE to cAlcAREOus
CIAYSTONE:  wall laminated with no
recognizchle burrows; oHve gray to onve
black common fragments of Jnocemmus ;
cocasiorml byes of bentorite;
rmstone/claystoneisiuted>eddedwiththin
bedsofCALCARIINI.IEcomposed
predominantly of fecal peuets, chell
frogments, and forans; homogeneous to
poorly laminated; no recognizable burrous;

Figure  4  (cont.)
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CRETACHOUS WESTERN INTERIOR SEAWAY TRANSECT
Amoco #1 Rebecca K Bounds

Depth
(in)         (ft) Lithology            Summary Description

0      gamma-ray(APD      160

56  deep-laterolog (ohm-in) 0

Hartland Shale Member of
Greenhorn Formati on-11

-|i
Lincoln Limestone Member of
Greenhorn Fomation:

CALCAREOUS MUDSTONE:  upper (1
meter) well laminated with concentrations of
fecal pellets and forans in laninae and in
thin beds of CALCARENrlE; both
Ethologies ate ohive black to olive gray;
below (314 meters) CAI£AREOUS
MUDSTONE; mo stly homogeneous with
mush fewer laninae; no reeognizal>le
burlows; onve black to olive gray;
occasionalkycrsofbcntonite.

Graneros Shale:
Dominant nthology from 318.8 to 330

meters is CALCAREOUS MUDSTONE;
homogeneous to poorly laminated; no
visil]le burrows; onve black;  330 to 331
meters is the TIIATCIER LIRESTORE
MBR.; inegularly laninated to banded;
small horizontal b\mows but most with no
burrows; light gray, 330.7 to 331.0 in is
CALCAREOUS CLAYSTORE  hike
rmology above Thatcher, (331 to 339.8  in)
is MUDSTONE; noncalcaleouLs;
homogeneous to poorly laminated; no
visfole bunows onve black; 7<m-thick
sandstone bed at 333.1 in and 9<m-thick
sandstone bed at 3392 ni; occasional layers
ofbentonite.

Dakota Sandstone:
(description only to 3432 in)

"Muddy" or "J" SANDSTONE in the
Denver Basin; very fine grained with a few
muddy stringers; homogeneous to
moderately biotrrbated with small bunows;
very hght gray to yenowich gray.

Figure  4  (cent.)
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CRETACEOUS WESTERN INTERIOR SEAWAY TRANSECT
Amoco #1 Rebecca K Bounds

Depth
(in)        (ft) Lithology             Summary Description

0      gamma-ray(APD      160

56  deep-laterolog (ohm-in) 0

Dakota Sandstone:
(description only to 3432 in)

"nddy" or "J" SANDSTONE in the
Denver Basin; vay fine grained with a few
muddy stingas; homogcaeous to
moderately bioaihated with small burrows;
vay light gray to yellowich gray.

Gencaim Shale Member of
Purgatoire Fomation

Figure  4  (cont. )

11



CRETACEOUS WESTERN INTERIOR SEAWAY TRANSECT
Amoco #1 Rebecca K Bounds

Depth
(in)        (ft) Lithology            Summary Descripti on

0      gamma-ray(APD     160

56  deep-laterolog (ohm-in) 0

iai
8`€iPL2

®:i5

8!acO Glencaim Shale Member of
Purgatoire Fomation

-co

~
co

®cOa

aSt\00cocOaa-8:

®EECA®i

Lytle Sandstone Member of-i Purgatoire Formation

Figure  4  (cont.)
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8. Figures from "Kansas Oil and Gas
Production Trends 1995" by Tim Carr and
Doug Beene, Kansas Geological Survey,
Open-File Report 95-42



KGS Open-File Rept. 9542, Sect.  I

Lofl

http://crude2.kgs.ukans.edu/PRS/publication/OFR95_42/timl.htn

Kansas oil and Gas production Trends 1995      8. ,'.
Kansas Geological Survey Open-File Report 95-42
Tim Carr and Doug Beene

This report serves as a continuation of earlier reports on production trends in the Kansas oil and gas
industry /Carr.  1994a &b). Data are derived from the files of the Kansas Geological Survey, which are
maintained by Doug Beene, from the publications and on-line data of the Energy Information Agency, and
from various published sources. This report updates and supplements information provided in previous
reports.

TThese questions will be addressed in the report.
Wrhat is the value of oil and gas Production to Kansas?
How important is oil versus ;as -Production in Kansas?
How imbortant are oil and gas Dioduction to state and countv tax revenues?
What ar; the imDortant stra-tier;Dhic horizons that 1)roduce o-il and gas in Kansas?
What is the geodraDhic distribudon of oil and gas broduction in Kansas?
What is haDaening-in Kansas oil and gas DrodEcti6n?
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Figure 1

Kansas Production--Value of crops vs. value of oil and gas
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KGS Open-File Rept. 9542, Figure 2

Figure 2
Value of Kansas oil and gas
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KGS Open-File Rept. 9542, Figure 3
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Figure 3
Amount of production of Kansas oil (millions of barrels) and gas (billions of cubic feet).
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KGS Open-File Rept. 9542, Figure 4
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Figure 4
Gas production (billions of cubic feet) and number of wells in the Hugoton Gas Field.
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KGS Open-File Rept. 9542, Figure 5
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Figure 5
Kansas vs. Hugoton oil production.
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KGS Open-File Rept. 9542, Figure 6

Figure 6
Oil production by stratigraphic interval.
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KGS Open-File Rept. 9542, Figure 7

Figure 7
Gas production by stratigraphic interval.

1992 Annual Gas Production
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KGS Open-File Rept. 9542, Figure 8
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Figure 8
Kansas Reserves and Well Completions
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9.  Statistics on gas fields in Kansas that
produce from the Niobrara Formation



Search for fields

lof2

http://www.kgs.ukans.edu/cgi-bin/generalfiel

Field(s) Found                                                                                       9.

Your request has been pr()cessed:

3 hits have(ha`s) been t`ound !

Start a New Search

F!.e/d/I/: CHERRY CREEK

/•Cum.Oil:199663Cum.Gas:2279015 Total Active Well:UNKNOWN

•   Trap Type:UNKNOWN Field Acres:UNKNOWN
•   RTD:4460 Disc. Date:1976
•   Township: (1)2S(2)3S(3)4S(4)5S
•   Range: (1)40W(2)41W(3)42W
•   Reservoir: (1)NIOBRARA
•   Lithology: (1)CARBONATE
•   Geology Age: ( 1)CRETACEOUS(2)PENNSYLVANIAN
•   County: (1)CHEYENNE

Fi.eJd/2J:CHERRY CREEK NI0BRAR

•   Cum. Oil:0 Cum. Gas:3028874 Total Active Well:UNKNOWN
•   Trap Type:UNKNOWN Field Acres:UNKNOWN
•   RTD:UNKNOWN Disc. Date:UNKNOWN
•   Township: (1)2S(2)3S(3)4S(4)5S

:  R:snegrev:o(i::3(:yN(t2d:°X(fa41 W.#42w
•   Lithology: (1)UNKNOWN(2)CARBONATE
•   Geology Age: ( 1)UNKNOWN(2)CRETACEOUS
•   County: (1)CHEYENNE

F[.cJd/3J:G00DLAND NIOBRARA GA

•   Cum. Oil:0 Cum. Gas:4426842 Total Active Well:UNKNOWN
•   Trap Type:UNKNOWN Field Acres:UNKNOWN
•   RTD:UNKNolh/N Disc. Date:UNKNOWN
•   Township: (1)7S(2)8S
•   Range: (1)38W(2)39W(3)40W
•   Reservoir: (1)NIOBRARA
•   Lithology: (1)CARBONATE
•   Geology Age: (1)CRETACEOUS
•   County: (1)SHERMAN
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