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CHAPTFR T

ABSTACT

In the Arkoma Basin of northeasturm O lehoma. U0 Crons= 21 Ss ud tre & . -5 L.
nf one <inzle well-distribuced member, Tkic mmber L2y Cs2omTonmab™ 1 e
1 ndersing Pitkin Lirestone (T nper sizsiss ppiariand is ™ uadad cont rmabiy -,
L p by tae unnumead amestone referred to as the Unina Y aies Linestc-o, "o
r..oozeaphy f the Cromwell, rrer includes colearidts sunsrs = oynns cbe o7 e U
iw quar z-ardnite to su'.iths renite.

Or the basis of evidence provided by subsurface mapping und o o . the
Cromwel]l Sandstone is interpreted as having accumulated 1 war c-mow ifixd river-
donurated deltaie «vstems. Three major delta lobes were idenrticd 11 b onndy (peas S
ot them trend from north to south and probenly contina the . adierly - at mie s, res or
the sediments. The sandstone contains distrihu.ar channel. ey orled inferdistributar: .

and delta-fring. deposits of a wave-modifl.d riv cr-domiri. ef aelee s uence.



{TIAPLER

INTRODL O 1N

The Arkoma Basin is one of the most prolific di | 2a- =~ ucin2 9ronviness in
Norh America. Most of the production comes rum toian a=a. o Lesser ot
Morrowar sandstone units, The first diseover e 2l scourree 1o the cachy 167507,
v.ansfield. Sebaadan County, Ard nsas. From thaltaste, wcaciric a3l o1l
heun undertahen in the basin, Toe present ork 'z p=mar’, concermad ity e
Cromwel, Sandstone, @ rumber 2 tie Merov an Union Vale " maner. Roa o
vxelusively on subsurface data. the research has socuscid on the strati 2ryph: and
structural veology, 1t aitempts ‘o provide deaiied interpretation cone.mni b

depositional sy stems of Cromwell Sardstone.

Location »/ the studs enea.

The zone of inves ization 13 loca cw on th nordert heit <! Ao Raer .
(ridahome. Jtincluaes rars of Lesboll Tl aier, 70 Frores Y asloee ina Seidar
courtics. This area of apnrox'mutely 1188 wfles comtets 737 tovnshing o

T.7Ntw 1 1IN and RO21T R R 2 ibtzur '
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Princip.]  aphasic oi he -tids.

[ he major topics envered in thic s ane:
The stratierapb; of the ¢romwell Sandstone v -2 ation to underlying M sissipian
Sy tem and overtving Middle Punnss | 2=ian Serdas:

The identitication and decrip 'on of loca, und reoien) sr-acwo al ) oment.

>
tavorable for hvdrocarbon entraprrent;

3. The determ’nation of the 2cemetny. ‘aroral o rhiuion aad - edanies WP
the Cromwil’ Sendstone;

4. Theidentificauon of depesiticral st ~ems v P cC e Sin T dor

Toosard Metiwas ¢V I=tes i e

The compteaon of the present study tirst required the eotlecdim of subouret oo
data. A total of 596 well logs including electric ‘og . pamma ray log:. cor ipers ated
neutren and formation density logs and -cot tickets wore abtiunaed from iahenan
City Log Library . and ased for this study 1v o cores o Cramwell Sandstone, o ey
trom the Core and Sumpic Library o th2 Oklahoma Geologdical Survey wore dosenil o
and recorded as Petrologs. Addiiional iatormacon voas rovided b Hemdon 112 ps.

The completion of the abjectis w¢ he s necerrilalec w nura™e vy o, <ULl 2
1

cchniques. A s ructural vontour map ~ithe waed Do Wasa cha msthe lines. e

1

Patreares bt aph

-: {111\—: ."\'ﬂ."\-

seormetry, lateral dist 7 por. cod copost leaa. vcims e Uit

described ood a0 Ty s ot s saadeo o it

FEERT ERR T N N

T



nlout map, wlll log paitern -, and sis wratieraphic cross-sections that vsad the Pottom of
voapanueka Limestone as referene . datum. 130 0s 'he oan exdaenation of e oor -
allowed direct dowermination of litholocs, wdime.ciy stouctiecs. ana o il contont
within srecific wells. Thin sectious faken rom the ¢ ros tuenished intormation repe rdiny

r romwell detnial and authizenic copstituents. Atz @ 2re nsed s, additiona

e.iiteria for interpreting the depositional cnvironmaat,

Gueols_ios=tl .

The area of interest is part of the Avzoma hasin. Tro ar o, 70 noeve'oned
1long tne front of the Ouachita Meoonia'ns, Thehevneomeszoirds soa o=
irndiy trough that ey ends across port o wvest-eontral Lol ae nicse -y

aem Oklahome. Tsvodbirenges Fom 2 oto Jond o0 s len U s orredaia
250 miles. The Arkorra basin is bounded o the south by the Coocwys §ault i
(Qklahoma and the Ross Creek Fault in Arkansasz. The Oz dome and tie tonies t
Oklahoma Plaform are the north and northwest boundaric. (Fioue -5 keeontls .
Valderrama and others (1994 ) interpreted e boundar betwe st teov ] Oncachit «
fold and thrustbe’t, ard the foreland Ark vma Resrnoac el 2onz hese artl o
demonstrated Jhat Plird thrusting at deeper "ovels s pascss 2onunlile e tronl
Kiowa Synelire in tw Ar.oma Basin,

Althowh the Arkoma Resir ‘s consic oo Ton Von n-a ol bosindie oo Lo Jress
rnount of sedimects depasined ctthat o (Tie - 10080 ey T i sl
the NI Daalppion wonl o omed inte ity ThmonsT oo na vy i N

](J"‘.} '; I:l.’l‘t"’LS.. |-_‘L)- ], ’ l‘iﬁ : .\?1[‘)“-” 1 f':‘!Ihk'r :, Ys S e o _‘_‘ SN S La i ] N |
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vl 0f the major ~ubsiaeace of the Arlome 1) murked by a post-K-2bs 1. 2lo1]
uncontonni*y. The amourt of sediment in the basin increased toward Sie wout™, Jor
insiance the thickne s of sedimentary rockes o ithin the areas acjac2nt 10 Ounachita beodb it
15 estimated to be 30,000 feet {Branan. 196, Scoradr 2 Hemi h 11994
sedimentation through Desmoinesian in the Arkoma Barin - .o« Tnial-deltzic. end was
dominated by an alternation of regressive and transgres,it 2 vacse Juring +nich
widespread coal swamps were developed.

1 e dopesitional tistory is well docurr s~od by Seberlnd (27884, oan e fe wa
that most of the e iment precarved o e basin =37 derl. el Tosv e L oste s,
imterio - ¢ st and north of the Geark uplit. The ctre Lare »ra-is Roi-d Ll
s4nestore and corbonate of Mississippian und Peru st hvomiancce, Too w07 e, o
was marked by e rapid rate of subsidence. As a coasequencs of i pid
subsidence, a series of east-west trending norma. fau'ts wore penerawed n carly Ated o
Jdme and continued to move through late Mok iime. _he sroath ©oltepro mal 1
developed by movement in the basement, and remained purmpctuaced by wWdditn i
hasement movement and or sedimentary loadimg and lumping doegilian, 19756,
TF2z surtace geology ol the Arkoma Basin is struccean’s chiracerizoe ¢ o~ orel large
anticlinal val'evs Janked by bigh suraec-relie svne incstWo o7 o,

The first Arkoma Basin discovery wellier 107 Scctr e o coeby 2o
wiiin e basin, Tuday o omihnewal gos nxd st s adoicsdd hich s
considered as the largestod in be SR e oem e uly oo e os oo Liiate

[

b 2O wa e (Donsc bocobn 2070 Leeonesivaiv < Ly Wopgper 1



Jdemonstrated that the thick thrusted overburden in Arkoma basin and Ouachita area
resulied in hydrocarbon generation in late Atokan Desmoinesian time and also caused
the high thermal maturities of the organic material.

Natural gas entrapment is controlled by the degree of porosity and permeabili.v of
Atokan and Morrowan sands. Aithough Branan (1948). Schrumm and Caplan (1971
suggested that stratigraphic traps plaved a major role in hrdrocarbon en.rzpment within
the basin, 1t appears clearly today that rapping mechanism within the basia is marc
related to structure rather than stratigraphy fWoncik. 1968: Hat1on and Houseknecht.

1988: Houseknecht. 1991,



CHAPTERIII

STRATIGRAPHIC FRAMEWORK

[ntroduction

Much has been written regarding the stratigraphy of the area. Early paners
include Mather (1915, Wallis (1915), Shannor and Trout {1917, Gueula " 4250
stone and Cooper (1930 Wilson (1935 1957, Moere (1947). Oakes ard
Knechtel (1948). Knechtel (1649). Most recently Sutheriznd 11 388a) discusscd
and correlated the regioral strazigrapby of Upper Mise 'ssirpicr ard Lower
Pennsvlvanian formations across the Arkoma Basin from the Uzark shelf to the
Ouachita trough (Figure 4). The active period of Carboniferous deposition in shallow
wator facies oceurred from the Chesterian through to carls Atokan tince in the hroad
Arkoma shelf.

The stratigraphv dealt with this chapter pnimarily discusses the [ aton Valley-
Cromwell Formation and its relatonship with underfyv oy ang overly inz tormetions.
['he stratigraphic column of the stvds area s lustrated with alog in Uiguec &0 [t
imvolves the Chesterian Series. Morrowan Sores, ana Atonar Series. e downwor!

entension of Mississippian Chester has not been aoerntingd. es aloest al” aae wails 50led

10 penetrate this seres inthe aree. Tleretore, the trique sormadon aresce 1

by

corresponds te the upper part oc Pithin rockss e VMesrowar sotes 'S refrosnae

10



SOUTHWESTERN

CENTRAL | FRONTAL ARKOMA ol Z
OUACHITAS |OUACHITAS| BASIN OZARK REGION Qe
OKLAHOMA [OKLAHOMA| OKLAHOMA ~— OKLAHOMA @iy
A ARKANSAS >| " |®v
'_’/”/.*”/ /// ?// ' « | Uppsr Mambear
__///’;/ ¥ - _ z
, ATOKA | O | waa - momoar | ATOKA FORMATION | %
ATOKA  IFORMATION|® g
FORMATION [ Lower Membar <<
WAPANUCKA — T,.rana Craek . il Mbr._Js
-~ =
\JOHNS CJY,;O;F . FM. .512 ':{e'::l[[f;t: Kuu":haﬂr La. z L
VALLEY C""EQ‘;.CJ‘}Q‘ | WAPANUCKA |?‘!E Shala *A" Mbr. | Dye Shaks M. Egi 3
SHALE ¢ ™ FORMATION 2& “Caprack’ (OF z|$
moe L
= J- rwar Band aolsey h ], [
. " 4O bo. Moy, arﬁ:ﬁdum_&{g[z
SPRINGER [UV'ION VALLEY 2 =~ = 2 gL
JACKFORK lropmaTION| - CROMWELL 28 :ouver - omeee IR 3
GROUP Gy 23
PENN. CANEY 2727777277 e i = |
- ~ . . . "/',/- ./ oo il L :
ey S
LT
MISSIS SIPPIAN WAL Leids I
CANEY CANEY PITKIN FNARMAT D 2
SHALE FAYETTEVILLE — | |Z
STANLEY 5. ALE Wemq-mdh::]onﬂ |LE <
. T Mbt | o | =
GROUP ) o) ; 1.:'1:1 &
- : HINDSVILLE LS. </BATESVYILL F §5. =
\ O
ASA AP srases s ML
G LA B L
/“/// e L
L MOOREFIELD [ 2
OAMATION | Z | =
: IIOINYIIITT T o
sy // / /zo. w
ARG L.
ARKANSAS - L
NOVACGULITE JOONZ GROUP =

igure 4. Regional st-asigraphy of U p e Missiesio'awr and Lesear Foansy v onia
{from Sutherland, 153k, p.337).

11




§ 7andL

TAL: UOTIES IS 3AUL A JO

4 MO) UL A[SSU 3 1am0r] pie tindresissipy dadd -y jo Joj ad Ly,

MITKIN CROMWELL § LMAMED WAFPANUCKA SPIRO FORMATION
SANDSTONE | LIMESTONE LIMESTONE
T y e
o R a B vy
I"=l :ﬂ‘_ - TR I E ll..'_l'q E ﬁ
! . v 3 Vs
‘JI‘ : =+ - 1 —— - _ J I 1 T in g E
Soinss g BEIES
| I L __._I_} = ﬁ * S 8
3 £ I a . O i 2
- : . 2 E
—_ L ] X T} = =
"F*ﬂﬂ‘iw}gifm gunvs —prﬁ iy E -0
h_'sgtl—'l- Ty |~ 1 IL ;j: O ;

— [ | - - LT 5.
EiliE=EtEE o 2
il R 1

LOWER DORNICK HILLS 1E UPPER DURNICK GROUP
i :t HIL1S
}
1
CHESTER MORROW ! ATURA SERIES
1 }
W ISEISSIPRIAN PIMNMNSYLYANIAN SYSTEM
]
]




Fower Dorrck Hill Group comaie: Tliwon v alles Formation at the botrm and
Waununuula bommation at the tap. * he Stokan Sorics o crlies the “Jorrowan Soric, <ad
ceuaprises the Awka Formation. Iti advisable to nesie that the tomme upnar auc love-
Dornick Hills are usud in subsurfuce geolog' ¢ nomuncaawcee. Finally the De~m ine_iun
Suries, which includes in aseerding rder Kecb- Gr un, Cabeniss Froup, o

Varmaton Group. overlies the Ateha, (Tabic 1)

["pper M7 ~sissipian S erics

(hestornan Serics.

The Upnoer Mississippian Chesterian S==ec *s hovndec bew s o
“worn vy, It consists primany (ftaz.azette losisie o0l e
.imestone in westura Arkansas and eastern Oklahorra. To the southw ost ot the
Arkoma Basin, the Pitkin is absent. [t has undergone a facies chansc to shul.: aned
corresponds to the Mississipptan Cancy Sha'c. The <5l the upper unmit of M7 35S (el
In tais nortion of the basin is the Canev Shale overiain b, the Maves Fomauna,
However, as the Caney 1s rartly Qennsy vaniar, Whit_il ¢ 77994 on the Losta of
conodonts, elter ed that it is incorrec: to use the wimis U2 e id "privy o Loomaiion.
respectively as equivalent to the earonostratir-apaic subQvISIOns . YMhiass< v 0-m Laf
Pennsvlvanian in northw estern Quacioe. Moue Ly, e sOingy Yeemewdl and -2
V1963, the Tavetteville and th e Cikin touraions olong b 1 Besar
sedimentars nnit, Ina ot publisaed 01 casoaer T aee Lt SSgoree Countt o,

OF = horn o ere g (1980 -~ 0w ol <0 Jann e ccpenida L ol
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Tuble 10 vpper Mis: 1ssipptan. Lower cod Middle Penpaylvenian Stratsyraphy-
(maodified frem Sutherland, 19%00° Oakes, 1953, 1477)

Desp oinesian Serics  Marmaton Groap

tinldenville Saale
W, .6'ea Frormation
Wetumk.. Shale
Calvin Sandz .onz

ren 0oL i,
S owntk:oooat oo
Tiwwrmar ~ d 1t ne

( abanis: Croup

3isuraooaton

Savara o v

Nesls e ¥
Heorteoome zanitor .

Krebs CGroup

Morrowan Series

s and T

Trpes Duorsic . I ls Gr ur

Wapanucla b om atior
1 nion \'allc_» I ormation

Lower Dornick Flills Group

Chesterian Series

Pitkin F'. 11tion

cueniesille Sl
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Fovottonille Shalo £y b Pitkin Tingestane intwsy wees, Dirs che decrsiin g of *he
mount of incomir g terr genou: materid . during 1 all-stand allowed carbonate -
develop on the accumt lawd temigeneous sod ments. Scecond, the tswo iomations v o2
Jatcrallv eguival. nt. and were eventually hrou st 16 re-* »n one another due "o of ¢
tran< gression of the scus.

[he Fayetteville Shale wus firet namea >y N monds in 184 2 Geuld, 1922, 7
r.torence to the rocks exposed in -aveter1ils Arkenmas. Thic jumedon i vonf~rral 1
underlain by the Hirdoville Limestor.e “n the soutb s os o Ozar’ cogom. Scat orod
vutcrops nedr *the northw ostern comer 30 > jroval Loons ore das ~wmis u bo'.
wih a f2w sandstone wnd limestone seniiv: (Stone wnd Consare 257 00 he ar w7
shale in Arkansas ) as been co Jaed it~ oae Carer Skecs orar 952 0 0
Looxitrum thehness oramdut S0 m Tordis calt v cemminl s bl ot vt Ty
eastern Oklahoma.

The Pitkin l.imestone lies conformebly upon the Fayar evitle shale. ~he term
Pitkin derived from the locality of Pitkin, Arkansas, o was first used by Ad e e
Ulrich in 1904 (Gould. 1923). The Pitkin Forma'ton i~ presert within th 2 Jwdy area.
hut only few wells penetrate it. Be *hotas it may the thickne s of ic un™ - not nere
than 50 teet. The Pitkin Formation crops out in @iy sothert pan . Ve ze7k Lane 7o
faulting. Depositional envic=rwents ® novchoee seato vy cioTd as e seribed e
C.oupaer (1978) were domipated oo o L siodlsoiar-shicad civescand 0w gy el

S ITONRTLCTT ~.
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M s pplan-Peon s vanin B undare

The relationship betwoen the Mississippian S <tem wnd 112 Penn 2 I anjan S seem
1 ot clearly explained in Arkoma Basin Jiterature. Most -t the geoic 2's - oonsider o
bottom of the Cromw il Sandstone as tne base of the Perr <+ 1 an’ i although the
typical Morrovian Series begins with thz Penns, oo nian Car e ivthe ¢onne ane
soultern parts ot ine Arkoma bas'n (Sutherland. 15%%a; 9885 . "~ ereruez3s. the
Missiszipplan-Pennsy lvanian boundary has heen rees vdad = c2lazua acondrrmi in
ihe southern Mid-Continent (Gould, 1937 suthotlars’, 108 Sy 87 1988a.
1988b: Manger and Suthorland, 1980: “Manger, 1993 0 “al uce s i Loames
awooss the Arkoma Basin ivom the Ozark shelf o ne Duachicnr noray cel o
a mu-ine withdrawa' rougtou” e scuthem Mie-Comtircoregten s st
1980a, 1980b). Gravson (19901 used the conodant faund cssemoage- o
demonstrate the absence of the unconformity m southwestorn nart ¢ thic yrkoir @

Basin. For Manger and Suthorland (19801, the me, i ude of the urs neermite botvedn

Chesterian and Morrowan Series is variable comparec to the 2 -7 iamian
series of Jurope. The Mirssissippian-Penns: oanius anconsymir 11 o+ lem OZ ik

uplift veas recently examined by Mange- (1993 who coneluded at de ane: nlermit
developed as a consequence s of first .oauing of the crust ™ thy isiry Ouachiti -0 7 ok

area of investication. Pennsy vrnfin siota oy -1 e B Tssisd pliun s vicondor o

16



Penn ; vanian Sy owm

Mg -0w.n Ser s

L he Morrowan Series. originalls placed in the Miosissippian b Branan {1847 )
is now considered to be Larl, Pennsylvanian in agz. " realit. (00 Mormoswn was e
referred o as a series by the Committez on Soetizraph, 0 w2 Muie s Researen O oo,
t Moore and others, 1944). The Morrov.ar Scric. presents o 2omn.as don . wll nL 2atr
whica 15 characterized by both lateral facics changes end major <z 141 arsir =212
Charees, Basicells | in e Arkema basin he jormadons 2722208, sand 2 e, o0 d
limestones. Accordin? to Swherland 1198 1 1988a. "800 Loty Daeree ol
ncen dge sel hward at the enpease o shales wad sancstores 1 "o 2l oo v ool
betow e Wapanucka Lmestrmne Floure v Tn Clluom oz Momevir o e & T8y,
mainly of two members that constitute the lower Domick Hills Conup. The e men her
arc the Union Valley Dommation and Wapanucka Formnion. in a condir_ srder. The
boundary bo.oween the two formations is reneraliy conformable althougt Tocal
unconformities are reported within the basirt (Bushe . 1982 1¢8m). Lnthe a caof
investization the Morrov.an interval is uncon.ormable on the Pith'n Liastene. 1oc ter
“lefforson”™ Sandstone is currently used by subsuraee geologi<s wira'cac 1 oo

helow the € romwel]l (Jordan, 1957). The Jooroon 500 s e nealate s u s are

The: 1 minn_ Vallev [ ormation

Hollincawort' (19 3% st o500 e e Todoa Y e inrearence «© oo
Volles sehoothorsg, Ccotoe Jes b chove e csras e wndsin o o

17
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"Sprincer” shale bllov, unu the wapinucle Formration above. Toe Dnion Valles va s
considered as a member ot the Wapar.uel « Fortaation until 1934, vhen Huatt rased 11 o
the status of tormation (Barl.er1931). The T nion Valley Fomaiom is coramoned i
lower suadstone unit. known in subsurface geolors s romaell Sancstons. anl n
urmarm. d l'me stone mermrher referr=d to informalls as the v "on Valle: Limese 50
The Cromwell Sandstone ha. heen vorrelaicd t¢ tne Brage. Member o t e
Siv sbee Jormation in the seuthwostern Ozarl, Oliahomne .andin Mrkarsa a~d o he
[ mion Vallev Sandstone in Oklaomas Surerlind, 1968y 70% 0 petem "Crozmoeol”
ndstone wus ramed wer he Cromres Otland Go, Coozaor e dinoonor mog s e
f221d in Seminele County (Jordar, 19537 Frgure 1 o0 Croms ‘ MRSy ISttt LI
SisUbated threasho the soady wres and isre=leaas noszocoimy cziv s me [lan
(. sliecle, Thissand tore sares ron 37 et 1o 20 fettoiz L L0 comn Tl
multiple ¢alcarcous »andstones inturheddod viith thin grus w black saales. 1o ey w0 N
logs. the percentage of shale decreasies upwa-d at the o pense o vand ot ane or
cwrbunate. In some portions of the besin, the black shale connnt boec wics Loy fnpotin -
and the S.P curve appears almost flat on .ae log. 1he ¢o natt Fowr cen the Cromwel]
Sandstone and .he underlving the Pitki1 Limast»e 1s a e,

The unnamed limestone, in conuautst to the Crorse o D Scudseon L 7 pee, 0 Do
onlv part of ¢ entire stuav aren. A<y prcesoisd ireer v 300 Loaal
member is s¢varawd comformahl frop. e < romo ae ] Sond-tone valony o B tic
Wapenucka Uormation above by shalzes 0 deseries e he sl e

ant ored 1 cone las e Seen pubisted Lo cate



o Warmymucha e cion

The Wapanrucka Formation contormably o+ urlies 2l abosc Ln'on Valle
Formation. 1his formatica was do ortbed initial! - hs 12 (1901 anc the tvpe
locality 13 nvar the tov.n o Wananucka. Jonaston O Oklahom. tigoe ) T
Wapanucka is widespread in eastern Okiah.ma. In addi**on it cons ko one o the b~
sel mic-retlection markers in the Arkoma Bas'nz=w i a 100l horizoarn reub urf- oo
m:pping too. Erposures are in the frontal ideres o0 thz “2vechita Mown Lire. nthiscca,
the termation corsists of interbedded spicu™ “ere = mack- 2 L corhanars 3m2dsoas
nelriel yzoan-rich F'mustoie. oclite grainwone. ~ad ~halz 1 Sckheranc, 0087 0 v 27 i
{1988 intemreted depusition of 1.2 Wapanucla s having hor pouve v oz ser saL
Recently, [dauldin (1992} wuggested *ha Jere wre poentts bodozzar>rnace ra.4 18
w ithin Wapanucka facies in the frontal Ouachitas.

The Wapanucka is bounded unconiurmably abc v by the ok S orics,
Noverthelers, Gran son €1978). asing the conodent evid. ne, Goluamtae o uat 10he
wapanucka Formation contains the Morrow an-Awokan chrenostrati ~.phic bovncur .
Simiizrly in 1984, he concludec that the uppermost Wapanucha units were dopo t2d
during Atckan time and correspond to the Spird Sundstone i the ortheaswrm 2w of ik
hasin, Within the study area the Wapanuch.a Fcimation rasicn 1 s oo 27 oo
in northweat to 230 feet in the sov heosic Pac o'the Wanmaw o v o swhon vastrune .0

M fore depos 1tion of the Awkan Sovics: thorctors e uproseard i oo forunble

e asden = ad ol or L Lv T




Atgl an Soricx

The repional unconwsming that scperate  the orroy an and Alokan sorics, is
present acros., the entirs arsa oxeept alorw the < outr 2m ma -gin of the Secaoma hel o
in the deep ba in “Suth_rland. 158%a. 19%8h,. 1.0, uncor furmit. is believed te- to~u'n - L
alomy an approxir iate northeast-socthy, e seezndline heoagn ot casrem Adair Councs
(Hradlev, 1977 )iTigire ).

The Atokan Series Lo ves the Atokan Furmelsnrzaed S0 000 L0 nle
Oklahoma t1aff and Adams, *900), Thic “infe Lopreent, o oo 7oy
sadimontation ep a nassive road margi~ o sedirentaica L Sorana s ULl
Prvseznecht. 19881, “ecerding o Zacars and Suwiberlenl 7070w 70 LT

ymadon can be dimided tria iformal lov ceo micdle < d umner Wil e Lo
Atoka, containing the Spiro. accumulated on the stable nothomn slclf ol o o e
hisin and was deposited before the development of s ad.positionc 1 ault.. (be
Middle \\toka. in constrast. is mainly composced of share vy tew thic . samds e
members and comprises slope-svstem submarine 170 and deop-basin turbidite forne”
during the develupment ot syndepesitional tauii=. Froelly o maper A cLon oot .
represent (L shallow-marine weltaie “yvstem. e Jenositien o1 v aich pest-daced the
syndepositional tfaults. The ~3sal Atoka1 Spiro Senusto v Bt s o o e st
imporiant h* Jrocarbon-boaming unti nthe vl a0 Dasta.

Ihe Stosan rwa cencrally thicses ccuthv wrd Jocn dicvieck b~ In Taalal
County. for . xample, oaposiacs wm, Sron La0d s T R s e n o o

19011 Sunilarly Cuiclaesses of more than 700 o v en ~oeoroco et 2a o
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1 the Ovachita fold Bolt by Zochry 11982y, Bereua (1939 proposed that tae
nurthwestsveard thinning of the Atoku shor d be attributed e cverlap radior dhan to

mtensivay eroqion. The Atokan Serlo is overfain by the 1o noines’an Sericn.

Diesmoing<ian Sertes

In the Arkoma Basin and adjacent erea 0 the raorthe con Lo Trzsrrairziian Sovic -
mcludes in ascending order: Ky bs Groun Cabanis Grousiars Vv armazos Geon s Oint
the Krebs Group ‘s present acros the A oma Basin, Itosermne o v b veme
S adstone. MceAlester Shaie, Savanra sandstone. 2d Bo_ey rtrma it e Hor oo m

Sandstun. is a mejor gas 1evervosr rocl.

Lenctusioni

The Cromw.ll Sandstone is the ¢ldest Morrov . Hthostati;, caphie rait
present throughout the study area. [t was been depostted disconforriu~ly unon U top of
(he~terian Pitain Limestone. This sandstone 1s bounded coniort iably at i1~ p o e
unnamed limestone reterred 1o informally © = the Tpon Valley Limesior.s, The Crome 1
ranges from 33 1o 290 feet thick and it consists of calcar.ous § ndsto 1+ rnerkeade T with
thin yray to black <hales. The oroport’ oy fshule ‘meros s x5 1o ard the Fase Hfoe

irterval.



(Tisl ik I'v

STRUCTY PAL FES [T R-%

[ntroductic r

[he Arkoma Bus'nis Fanwn as one of die rnst "eavi: Jwrood pac-rroducs - -
nastn, nthe world, s 'evelopment vas tectonicali 1l od s L otbe (O uchita
or zeny and the Ozorcuiot, Con 2queny] L5 "Drecbledc acdry. rnd me e iy

fe oo led.

Summary of Previous Invesdgeution:

Jwopreviaus woarks dealing w° b the tectonic @ olutier. end doformatim s¢ 1o
Ae area oxist in hiterature, Houseknecht (1983 ) doserthed Jdoonss bam i coronic bistors
of the southern margin of North America as invorving free v, roughly characterizod
by a rifting paase lollowed by subsidence and denositivn ¢ pical "sholt shone-rse
strata”. More recontly Roberts (1904 Geseribed the tectonic und <tratie o hie v Teine
of the Ouac 1a revion. According to robais > oluton was v oo dtense durus 2w
Palenrzoie. Thus trom Cambria b Doveay” o the southom s 20270 w0 stab): tng
Jdominaied b roderate to s.ow sealmaniaion ol wore T, Lo wIssoyolan @
votonan, duc o e osional Wlees T las Voo sk s ator othoro chl Vo

RESNENIEI ERR

¢oeat cocurmmlution o e sen sty ich v adn o ub e .



(breure 7b). puring the imiddle Acokaa ime a Put bele dev elopd uver the hloch
faultine within the basin (Ui ure 7e). Basoment duslerer allected the foredeep ba oo ne
remodificd the throst tawts during Late Pennoyvlvasian to Dariy Permiun. Prosenth o
configiration of the region depends on the cono-icaal woti ity and subsidnce of the Gulf
ot Mexico (lignre 7d).

As mentioned previnusiy, the tectonic histors a'the “r'aoma Ba in =L iciain w2
conrrellew by the Ouachita belt, v hich deosrcd L P by troaorv g a0 00
Oyzatk Dome. Theretore, the dist="wution of uciarel St les aypeers o b
disp opurtionar, as wemonstrated by Vo hite (1934, rFlsurc 5. L ¢t odivg ~roee -7
Jeolsgy o the Arkoma Busin is cominated by tv 0 stalc $trie oww prter s Tl
taalts renerated -+ th subs’dence > the bavin i Jerzes. o Oza: Ur 7 - e v e
rmained nocitivey, cnd (2, vldsani o ftooad-t odTe: Te i sanetiil. Tt

Quachita orngenic complex on (e soutd (Bro wan. 1969).

Local Structurad Geeloy:

To identify and o deseribe the structurate of the s _rea, a stractural contous
map wes constructed of the op of the Wapanuck. Lirtestone ‘T 11 Region, L api
southeastward at an averag. of 300 feet pern ile, Nructur 1o resincede soseral
faults and tolds (closures and nosest. zue of vLich vond o il potasersord
laults

vnals sis o the structrral conodr =2ap o imas e laed 0 L) Ir Block aniin,
ofdeen bols wok el v it e stieat' s Geran, s L ol el
nom-t fruks v d s re v o e, v eave e s o Serevar oy
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Atokan as g result of great sediment loading and’ r basement movement.

I hey can be divided 1nto two groups based on the attitude:

Fhe first group of faults strikes northeastward at 60 degrees on the average and dips
generallv to the southeast. Considered as major faults, they show the structural
configuration of the area. The displacement varies considerabiyv from place to p'ac ...
and it gencerally increases basinward, L.e. from north 1o Louth (Figure 9). The minimem
throw is less than 100 feet. whereas the maximum are more than 6000 tfeet. Cermmoniy
throw is down to southeast. Also some of these faults extend across a larac part of the
arca. [n chis proup, he most inportant taults are : MViubernyv Fa o Nouth Knta Fault,
south Cartenville Faalt. and Backbone Fault (Plate I, The wMulberrv F ot cus Loress o
study area from northwestcorner of TRNLUR.Z. = o thznorrem aa ~o 0077 N
R.I7 t. more taan 40 miles. Thisziitd vides the study wearie oo e e rans.
According to Woncik {1968}, it apparentlyv comesponds to the approximate hinge linc of
the basin. The same author also argued that the tault likely reprosents the northorn limiss
of gas accumulation in Haskell und Lo Flore Counties. Throw ot Mulberry [avlt s hot
constant along 11s extenston; it 1s ranging roughly from 6301 tect to 6O0 ECt respectvely
in T.ION_R23Eand T8N..R21 E. The South Carterviile k. ult 15 south of Mulbern
Fault; and extends from T.7NLOR.21E o TA0N OR27 FD From place o porec it
branches into several small taults trending in the saac dircetion. Tats 1aclt has the
minimal throw of about 600 feet in T.T0 N .27 L0 and the maximal throw of more <
600D feetin VINLIR22F and TR N ORIV Piute D Sirvar e the Mulberrr {zuoe,
e South Carterville Fault dips o the souceas,. The Backbone Fauit Jip ~ souiheastwera

and edends southwestward ron: TN _R.27 EBow about 3 miles secth o 13 kosiy . o
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throve average of 700 testin the arza. Aluo conssdeed 57 11a,0r tault ic the Sran
Kinta T ault which [> botacen the Mulberr:, Fault anc he Scutk Carerioe I+ ult (Plate 1),
With a thro,w as craging 800 fect this fanlt - subparal o w the Avlbory _ault Part o)
the 7wult which ncears in tue nonnwestern comer « f'the arcs vo iWdostit o and dofined o
the surrace as e Porum Synclir @ by Shanoon and e ¢ 91700 [n real® it repre s2al.

the southunswrn hondary of the Whitefield uplint, this rault Fes e “Conctaz™ 1irans.

wpprovimateiv 2900 fees. The last fault of th*- Zroup inthe 'Ll maiswn war e f:oh

Aat sxtends at 2.3 reiles north of Poveau renling oot s mleus o s o
ran.es betv een 2200 feet aru abou. 60U et taislooilecrre T onle L ine Do

Nsnetine nooe swfhe.

1w

Lo grous o ranlts sirikes rortheurd ar me-ar
the southeast, northwust, cast ot west (Plate [}, They are minor antithetic onit s- nth 2tie
faults. McQuillan (1978) suggested that .izse faults developed be the hasemient
movenent. At the stratigraphic level of the Wapanucle thoow, anicull, oo les thua
1500 .ot

Fold:

1

3osides the Tauls, seseral structural closires ond roses ov o in e oea "Plit: e
They were identified at the surface a< antichneand s ocines by Svannen oad vil e
(1917) and by Stene and Cooner (1970). These s ucieral =ouares virl Cnoncsaster]y

or eastorls . Setorelare broken by block frultin,. Vgt oF T 7 s Dooacters G5 vandd

i this nordon o b Arkomi Basin were pro=ubIs teepped by ccese saseteral Fipths, e

voesnitic s st elosur s idortitie Tes the soncmre riop oo oo deseribea as 200 2



Tac Viue Aptichin - enter, 102 wrea irom the norte of Tabama and plian ges
o1 thwe tward within the Winielicld upliit. Alapproximateis T mib2 o theast o S
Vian Anticlinen 1.1 NOR22 1 R23 B and R.24 | woa. dev:laped a broau “vourt:”
taulttcd dowaward or beoth sides. This ough trends northza tward ¢ud pien o
rorthoastward. A posaidive elegurs vouth of Stielor i T.9 0 R 70 an etension
the Hanima Anticline from Scetion 31 6o Seetion 120 v Cld loeal™ rormmr<esa -0

The Cowlington S, neline. definea at the Jurrace. o o ads v L ta ol
“trough™ developee ~outh of the sulber [rul.

The Kinta Antic'ineisasmoll feld g suane” vhurzm FeavaTs NP2 F

yne Stloam Svneline is cppro Zmatzis T ialies o

MM
.
*
T

oz nonhaon: e lnvthd seprrses To R Lo w T v U220

G Miles vrticul e 0 LaeaRed s e e b vhe ecion o Ul T
this fold dies our at depth of some places, it extends northeas: throughout the are . Son.
closures are seen in T.R N.TON ot R23E.TON_R2IE.THON_R?S ad
T.11 N.UR.27E. A great number of producing wells i tae Kinta Bich? voce di)ed on
the Milton Fold.

The Brazil Anficline extends in a northease surdly cirection o™ the bore or of
Latimer and [LeFlore C ounties ta a point about 3 miles south of 3osc-io. Witk ala ey
of 8 miles, the Brazil structu=. constitutecra cood pahi- g,

The Back sone Anticline morgcs voith s Eockbone b aull 2ocerioe earwere b
axis o s anticline 1s heed v orecos oo oaico st o haoins cor alael i ng
Nontwdheless the elosen 1= el 2h Ceu o o ke Se L RD P Ty o d
seemsto andin L8N RO
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I'ne Pateav Anticline ) a rotth e ard-pruacing nose, v/hich eorer the area of
niss st attone from 1.7 1O R.26 10 thow 4 mile s ce -t of Poteau. Aumost al the
production in the Poteau Feld 1s Jerived from Ca, 1.1d.

Hesidee these folds anather one Tenghiops northoaston. ecros, 1.9 .. R.26 B 1t is

cut in both ide, by ~ults,

{ nnclusisrs

Faults and folds 'n ‘e swudy =ere develonad ur “orthe - ciferic o luerce i he
Cuachita Mouwrtains. TheirmejortrendisnL--x 00 220 v D¢y - o0 e

e er-izy L orn oy amion b eaiao s o Tas T o L



CHAPTER Y

DLPOSTTIC™ AL L KA AEV-ORK

[itroduc.'nn

A depositional caviropmen. is a geooran, Iv ur) sraccenie o, e vt
cudimen s ceomuate. Depoidonal svicirs are ol eneiore] T orlr 1 o
rorresent i grountrr of gene eally rolace facios, Lercat no st e T rlc s
ahd idan” fwrenrbe sussurface vntbe C s O soerslentes L T ler 2L aT sl o
reowts rumercuskinds, Imac cteI oyl e Lo NUr oy STl T el Tl

well-log patterns and peirograph; of cores are discusseo v his cheptor.

Geometry and Distnbution of the T nton Valley om0

Strapgraphic Cross-Sections

Crross-section A-A'

Cross-section A=A evtends from TIONLCR271L 001 12 N R 2T E - o e
west direction {Plate fI). A slizh thinning o tae Unden Vel oacdions 2 wdoa
structural h'gh. s obsenved in Section 2, T TONOR2TE 0 Woll 3o d b ventlat vl
the Cromwell Sandstone « agies Lhicknoss 1rom gn averige 0 e 000 ¢ sl an
averace ot e fosinthew ot InSsoe on R0 D N R IZILD Woel ST vunc oo

TIONC RS EL (W 16000, the sanusione isaaeg with <hvervospo e o,
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costtacts. J:lsewhere a few shale interbeds are within the mit. 7he unnamed limestone
above the Cramwdl] Sandstone 15 locally ahsent alony the line of section. Thi. limestone.
tozether with the underlving and overlying shale, thickens eastward 1o about 1350 tect and
westward to about 120 feet. The Wapanucla Formatiim shows great variat.on of
thickness, ranging between 80 feet and 200 feet as o recult of significant truncatior ¢ its
top. [n fact. the upper unit of this furmation is non-2xis1ent "o the sostern part of the area
Mustrated hy the cross-section. The S.gler Svneline at he ~vrace. is preable rofaied =

the intense truncanon of the Wapanucka Limestone (Poate D,

T.8NR21V B iPlate I1). The Cromsaedl intersul s irclacded ‘e an antielizms = seotine

o LENLRISE UWSI 25 dil'santicere shovmacd orm hotn sidzs v UEU0GS Flue

The upper sandstone contact appears to be abrupt along the section. whereiar the lower
contact remains transitional except 1o Section 3. T.8 N R.27 E.(Well 540 [he Cromweil
Sandstone has a minimum thickness of 80 feet in Section 35, 1.0 N L R.23 WLl 300).
The rest of the section generally shows a “constant™ thickness ol approximately 100 feet,
[n this section the Cromwell interval is a limy sandstone with shale interbeds st the top
and essentially shale at the hase. However well 13 of section 17 T8N R 2417 15
dominated by shale and thin limestene. 'The unnamed “imestone, wrere present.

15 thinner than 5 feet. The whole internval, includine skalel trickens castware and thing
westward.  The overlving Wapanucka Vormation thing in Secuo1 80 TR N RIS P oW
DA Section 33 TONCRIAT NS A0 secuen 20 LR VO R2IE W BTN and

Section 14, CENJR2T T NS 200 i relation ta the Mokan w conforo vt e

W
(Y]



thicker rocks o1 Seeiion 17. T8 0 R 24 ¢, ¢ A 13 entesponds to ane.e on Plaw 1
Ju tewe the oo found in Seetion 18, 18T LR LB ian ickened inr s kb
represnts the Kinta Amicline (Plate 1), The Wepanucba Fuynatie n foeally ne~ ¢
upper limyv - andstone woparated Jom the 'uer imoes one b7 oa el |reak.
Cros-Netan O

Cross-scction (=€ 7 isan ead-tn-wo etien e 2 2nd, & m TT 0 B2 0
T7 L R2V ao(Plate e Thivero s- ovionis carace ive ' B noeirie
Carna, I S. whine in Secaon " LN, D250 end o loc Do Amicineal o
westerivdae, T Cams-al Syneline mepresentsine el ac o0 - he mrvasis
sides, D@ o[ Sand wne macaliror Jradatase ©orgas oan Lnohromt Lo ner
cont L The thicluzss of his et urls Jomed epabkly cry 7 a0 i 2 e o L
T.7NLOR26 £ (Well 594310 70 reet i Section 6, 1.7 NLUR.DT ToaWell 3505yt
trom the Well 525 in Section 7. T.7 N.. R.21 I the shale content with'n (ho fmer cal is
large. Thus the Cromwell Sandstone tends to be shiilv sandston - o rsnaly I ng, Tie
whole interva, represening the unnared limestone and bounding ~anie thickers
significantly at the cxpense of the undorlying Crome ellin Seerinz 24 L 8N RO ST
(Well 411 Thickuess of the Wapanueka T imesione wiso shox ioeata oo, (™
maximum thicknesses (~320 11 ) ovcur at the wostorn cane o the secion. Tinal «,
compared to areas dese ibow by other surdarptic cross-sections Lhe "Vasanuct
I imestone hes a hicher shale centoat,
(eoms-Secuon 1D-TY

' o - . - . : 1 J D A
T y= S i -1y MR AT TRNUNES DR B TR AR LN & S 1 B K -‘V.l-.""j\ TR .‘.



R27 woto 1.7 NOR2ZO6 T (Plate [Ty The Cromwel! b wer boundary with tl.c
snderlving Pithin Litnesws 1o 16 abrup® o« the norh ond of the <220 om end becor.os
sradational as the sectirnm cxiends o the south. he wppor bouwrdar . on the o hor hend.
remeine abrupt, Decpite the evistence « tasitoht | wlincinwecti v 3G 117 v

Y7 EaWA 44 the O oo evll sandstor e thick»ns <G 1nard. o or irs anee

nom an avera_c ol 100 festie the norb tiz 1ucknossirerea oot 280 eecin 32cior 0
FINLP26 Eo(wal 504), The Crom ol aub-skall pches o tomard C e nort™ s
e cley vontent s gerer ooy ithin the entive w~t'nth: o uth, Too uryar-ad Emoste i
merlvine the Coomwell Sanc stoae vl devcona eithe b ooy tzone s
section. Dis thickuess v orages 27 aotin Necatn 0 T0 027 o THiat Ty e
dedlt os progressis 2y posinvord vt dLosaches zoens T Uape 1o L ter
Thichoh <l vl Lo sodle s T ras S oson D0 NS DA D st el L
thickness increases abruptly. »robahly related to Backbone rault and Antielia. 10 log

signature of this formation, is in addition. consistent alonz thy cross-zsoction.

Cross-Section E-TI2

Cross-section E-12” extends from [.I1 N, R2Z4E to .7 N R.25 B (Plate 111
Althou zh the Cromwell Sandstone is present wit'ua a1 streetural los. bour.ed by w
aujacent structural high near tie southern end ol the cross-sectinn. the "t thichens *rom
north to south. The maximum thichness is 130 cecin Setion 28 T8N V1L L he
Cromwedl lower contact is shruptUin Section 12, 100 SRS AU daty | seeherc
on the cross-section it is oracationze Jlowawr Cete o abo'c Leodr e upnar ore s

i commoniy cham, The stestiauphic o dssew e o - 7 wpvisraics tha Crore o

lithelooy varies »Umifics ]y Jom plaecte Mace Taetan s estoot e o o

w
)]



uf the scction but appears to be e<ien lally a silty shale in Section 27 T.7 N, R23 1.
{Well 575). Within the other wells it is interbedded with shale or 1 icludes sandstone,
limy sandstone @l the top and shalc at the bottom. I ne unnamed limestone forms & thin
bed of less than 16 feet, which is, in addition, not widespread. The shale directly on top
of the Cromwell Sandstone ranges in thickness hetween 70 teet and 180 feet. Just as with
the Wapanucka Limestone. this shale thickens gradually basinward.

Cross-Section F-F'

Cross-section F-Fextends from T.J1 NORIZTE O TN UR.Z1 B in 2 southo iy
direction { Plate I11). Strata shovn on this cross-sacuon are cut by severa! fanis. ~ome o)
which hove generaled the Cromwell striciural high in Seerior (S T7NLORIIE WO
33y, Tke Cromwedl lower contact remains gradotiona. whe-eas. (=2 L zroastact !
abrupt 'n Well 268 in Section 1A Ty N T2 Roend Well 523 n Seoun 270 77 0
R.21 =.. and gradational northward. Thickness of the Cromwell Sundsione is alimost
constant averaging 100 f_et with the exception of Section 16, T.9 N.UR.2Z2E. (W1 368,
and Section 15. T.7 N., R.21 E.{Well 355). In these last cases the whole imterval thins,
The Cromwell unit is sandstone and limy sandstone. with sha.e interbeds. The shale
helow the Wapanucka Limestone includes discontinuous thin hmestone. It vares i
thickness from 70 feet (Well 535) to nearly 200 fect (W2l 248} in relation to the
Cromwell anticlines and synclines. The basc of the Wapanucka Limestor.e is subparalldl
with the underlyving heds in the porthern and central part ot the scctton. Howover: erosion
at the top of this 1ormation abruptl, rediaccd Ge thickness o 30 reco i section 70 1.7 N
R.22 . (Well 318). The Wapanucka Limestose s tivhest ot the southers esag2mity o

the section.



In -umimary, 1he straiygraphic cro - cetions provised in this stug, indicate tha
Crin ow ol sanaztone mvolve gae el reamber with xpectable s zriation in
thicknes « © The -andstene 5 me-sive < it an the tavimum- hiclnes trends of 1 2 nct
sendstone i-olhith map (P Ac v and erhibite bota abrunoy prorar O lev or contactr .
Fleewhoere, the Cromwell contei, a fev hale i orbede. a s oo-shale “oter ab or
essentially a silt-- hale bed. Ther fore. the upoer and Hwer e ~rac.s appoar 2ithe terr
<radational : r buth. Despite the num. qous zulte. ad oructara” bigl sard o nosser aa.
the Cromwell Sandstone commonl: - b1 hens ~a<=ard i . mn_ 1 os ),
[rica Va'ley Tsopach vap

Tk Union Valle: T-pach han 2l 2 V) ves wonmiustod - Soining e
avutadts and Yoeral confinsity ~f vz ere ol e 2o Do ot vl ol
Nood o cme i weom ol ey crarocke Limiesaones 34 st s rrne
configuration of the basin before the depositior of e T nion \ cLiey rock units. The uap
confirms the presence of these roclis units within the entire stnay a1 3 2 ons-*eopach
contour J;nes tend to be oricntvd northweasc-southeas, e, pruallel e the trend of vac b s,
These lines are closelv spaced in TON.R23FL RIS E of 9N and 1.1 N wnd
R.26 E. of T.9 N. and T.10 N. probably due to rapid deeserir,. B s neme v ore
more ot less recularly spaced. Generally the T aion Viuley thickens soudhward.
Thickness ranges from a minimum o¥ 43 rzeiin 111 N0 K23 Fote more Jvin S 1ea

castof Powau (17N R26 100 L aree choveer i w'chnoss acioss s iore fviee Leur
done South Kinta Fault ond along (e soutimec: o ana nocheserera ncons of 200 o
Frultosuyeostme Dat s T alisv e soedol ansJope 1o 2 telonine v,

cemioberelacd o Crnomadl o i onaonl (e L T L S alaitos o D
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surkae - (puleovalle 7<), and to some wiateat o the tran “ton b te con the ramp and th ¢
deapur ba In (iouthern av.a of soady ). 102 thinnia iz, hosesoor, are a-rociates, + i,
(hie stouctural hiy b,
Cromnwelt Ner Sandggones Toolith A n

‘This map, construct .d on a cortaur irterval of 10 ¢z 80 Lr s ae vanial onin
thickner«. geomictry ary frends of the Cromvell]l nter al. oy 2 dege ot enditer e
pinchout: acainst uncontnrmi; surfaces 2o obsercd. 1o ~utturme o viped nnss o
1solith v ap (Tlule V) indical z that desositier. ot Crom 207 Seun ity e co e L irin g
«Maicitamawoc, In fact. threo north-to-s 1 ¢ 2o dimg Sl s w o WD Lo

(Figur. 10y Int: vest e = 0 them g cee ~ondofre - o) 7007 7000

asov . (T7NROT e R23ZerZRI-FE Cor "L’ mo=imenimel s s
Whao v de're e brrehe: 0o o me T Diseehuen cnennlls Lo L

northeast of McCurtain. T e sccond delta lobe wi s inthear. a from TUNLK S (o
T.8 N.,R.24 E. Three distributary channels developed souib of the Arkan~a- river. 17
two delta lobes range in nat-sandstonz-isolith thickness rora 16 2x tto moe Cam bl et
Trez third lobe was developed along the barder of Oklahoma anu e 1525, 3asides the
significant dow.ndip progradation of more than 30 mites. this dulta Lbo 1 v thick e of
the three: a maximum thickness of 67 foet is recorded. This delieae oo inelader sev oro
distributary channels. Arcas betweon theso throe Joln Irces ~robalviv represca o
marginal delta front and farther south in De basiav s e sswoad wothe 10 e L de™
More imnoartanils s the nortl <out; thivki e~ e oads el imlie . o oo cor Qo

sedim.n's depostiad 11 thess wel €0 Tcles,

]
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Moot farhons e Toolith Men ot the Toelom Vi L oAy atong

o nane Enion Villey Lit e ione used hore relers 10 the wanarmr s lizie ne
abuv. the be Cromy.ell Sandstone. The di wiby tion o1 the Unfon Valle Limz-tone os
interred rrom the net isolith tiap (Flate VI dloraar tes that 1o livie tone 1, oot
nresent over the  stire area of iny »tization. Theizkbres, arl: Jemyenott, 35 et

I 'he area of thicke 1 net-carbonate rock isin T 1IN P Zak ard <77k, Inm ooz o

=1

thick sones coincide in guicral Incation soch ehamrmel depesi s ol 2oy 0 gmn

velll o zar m.

Lhewel ey ceevaagraphews » meosursl sreoimimed ~™ Lo et
Prrroc comaeneoutense ol Shae crria s e m e Duding o 0T
Dasas v o diraotol oo s iy Maaaeloned o o Seslo L o o L0 )
used the well log profile to analy ze facics and depositional ‘nvirorment:. o hivin
and gamma-ray curves provide excellent definition of saud-shale contacts.
Furthermore. these tiwvo curves when recorded with the spontancor « pateatial are
very useful for correlations and lithologic determinations. 1 resis®iz i« curdes, vwiich
are beavily affected by oil and gas, are 1css used 10 1awerpret depasitional or imss aents,

Figure 11 classifies electrofacies ace wding .o the spontoracis-roacn
curve. Upper and lower contacts arz either ann pres predatic cal, rournal v <lopes
including ¢viinder shape, bell shape. fena1zl s1ase o 27 2L sh peocon = iiner serrco,
or mooth, T combination of the base vrae ard e ol pas 2 or seleeton
i idual wolls is the log medZ v (Ul VI The ~uaarvese chelog ooy o
s to how e loe-2"ie coehoraet caaes ol e e oosedied oszo e mee. beoend
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Figure 11. Classification of electrofacies by loa ~hapes
(from Schlumberger, 1989, p. 8b).
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Shelton (1972) this map can al.o be helptul in delineating trend:: and ostimating cdec o0
the sundstone bodie.. Cornequently. in addition to subsurtace mappirs and the
desceription of continuous cores, the loo motif map can provide an addiuonal criterion for
the interpretation of depositional sy.tem.. ‘thicler sandstome t-ends w 2re distinzuished
from thin zones on the motit map by the addition of 11;-1tet and 64-teet contour lines
derived from the net sandstone isolith (Plate V).

The Cromwell Sandstone exhibits a great var'cr of vell o pattiorns, Basiez'o
four well log shapes are present (Figure 120, 4 zeometrical cor Jgurativn oV'tbe 1g
shape defines coarsening upward sequeness ~nd fining 2rard secuer os, Sbrunt oo soar
OF UPTLT contacts are Uthaogiea Iy relatce caanges, Thev omimrosn mae o oo

and eomapostlenal medificZilor o e ~caimatts Wnd gy Terteyiny LmIioniTomilly r

u
r
1
i
M
r
T
L]
f
r
R ]

differ. tony ronmiet tag condiv v U ftennotad oz shras L
distribuiary channels, incised channel fills. or at the bases of turbidites. 1 ransitivnal
profiles are indicative of gradual changes in the particle sze. Interhedded sands. «ilts and
shales, which are indicated hv a serrated spontancous-potential and camera-ray lov shiape,
indicate interaction of different depositional conditions such as changes in water lesel. or
sediment carrying power. However. smooth spontaneous patential and gamme riny iog
shapes indicate a fairlv constant seciment accumulation and may reflect periods of
uniform conditions.

Numerous smooth and serraced eviinder-shanaé gamma ray and spon aneens o
potential pateras charic.crize the Cromuell Sandstone oac aecumaiated within the
thicke:t ne. sandstone isulith trends, Moest of Whese patters show sham lower crosond
contact and shaep upper contact, sugvestive of divisibuany chaonel sands
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(Browir wul others, 197310 Taey s al, ) idicats gradod-beod buildup by < arhidic
current: o 1y asted by noany geol ks Scoording o o soologi-t, distnbin are
etianm Is e formied frona the ace noaletion ot dicd Lodimonts atthe beue~ or b
chunn o aro-olt of ©omtinuow: compactic o ou ., denee ¢ ing Gunoron

Unie serratea funnel-shaped well log petems are nor Cbztveer sratthe 2ooe o
the maataou-thick wes treaas. The, inaicate 2o ationa” v e corsuers and oy ot

upper contact - The Gooical coa~enins upr-wrd s2quere: w3 sloo e U

due to theupward increase o particee (ze. Soorvoel ag w300 il IMiLer T el

orecenen delle-m s ringssaa barer-bis er o L Ll il

ands. T orBreasabocacs 0Ty el crats oo ateciles T dlrive s -

- 1w MR L e oo - Tnoqe = . - -— - -— e P
worrh b o T '1_5“]_ TN e wb e - TATIL b 0T T um, UL
[ - Ce el T PR -, —_p o e e LT . - -
PR vl Lo numon N T T ety T e TlIine LT Tl

patterns ar. typical of distal delta-tront sands. [n the northviestern part of 1he stias arca.
the Cromwell Sandstone displays abrupt lower contacts cnu tro nsidoml noper oo o4,
The smooth or slightly serrated bell shaped patierns which have resulted are indicoin e af
alluvial peint-bar sand units. or distributary channe s with abarauacd ' Lnnnel fill. « th r
well log patterns in the eastern part of the swidy arec. har ¢ composie sha es with bew
tr~nsitional uprer aud lower ~oundaries. The lowor ~art cor coponds te o sermited Cinne,
whercas, the upper part is a lichtly smoo nhelll toesevell log pov s all,
characterize progracarional puild up vt alvvisl o " oo dele wasin D s
[n bric the Cromwell Saadsinez i e voy vee oS s ctom oanbar s Ve
i oea'ls masay ot ol ccirrerhe ol vl vhades e or <l Laeerre Jrome el
deerved showsse el well oo voom s TDonce ammiisor 10 e o
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et within the Lo Nar Ly Lteno.

Feoolos o Croms, D Cards tane

Only two cote of b Clomy sl sand vz har s Feem con " e et o
One of them comy - from within *k - Invesdyetion am.a. anoth = nei rom ow i.. F
e are (Iebh 1) Theztroen-vers o Lihedin reur ..~ Jonallmiong.

neteneption ropardin b Aeposlony it

RS I R TI B o SRR LS

AodeL t O (o owratior, Cwmeng |

S L st e T e T s
T oo loamort s v bowor Dm0 2T IT NI e A T
and lower contacts of U romwell Sanuztone are a sent vudin e we L inii s Lo
consists primarily of gray siltstone to very fine-grainey s.nastone with o' i ting
Hirestone and black shale. Howveever the lovwermost sand intem al inelade s bioturhaed
fissile biack shale with poorly presenved primary structusvs.

Strata between 13789 and . 803 feet are limy silistone ~'th c2r- 1o bloes sho's
interheds. Burrows are at the top. whereas rore Irmiaatjors oo ot fhe 0y~
Ihis interval includes a few crinoids and racc srachi-posas.

Strata frem 13803 1o 13820 tel includ2 contre e s ot s it mvte o nd e
w il black shale. A 10-"00t vwrval »i'st', s oo e on o e s strac bs oo el
by wow wnzle cress baddin., (b, sinas ety s eadnawe L har s O N

romie crnaotes o Soaehiemeds, Ve io el v T i 0BS e din LR
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ivregre 1)),
St avtveeent 13829 aod 10886 bt irclude ¢ai© homes wn oo vury ine-srainaed
andstonr. which oomtain. locud!s crbonate rocl and Slack waal. © 0 Pome. te infil g
Several sedimetiary fracture s oceur. Vost of tom are fonstreted by v Tue orzas
discontingonis larupats ms, cross-be ddin . ical vacturcs cnd burors, (el ores 14
and 155, Stylolitcs are at tie denth 5 1582 " re st 1-ure 165, "2008 et 1) 2839 =2
Basedon edimemory stroctute . eomposicion efia JOIshs 0 s rre s
repro st e marzinagl deba-tfront depo it hat wis m-diried by man 2 ~mocisons,
ke Onl and Rodinin Compani, Koz 20
Toodwe =i illognea RS nd To0 W 0T e D T NN L
e e bol s to VL Lzguire -leid. Moo mrem o crrel Lo T el
bhoeusorodlove o tes e arves Voot irc st sk
contains very fine 10 ine sandsione v ith local altivmating lim. sands.one and hlack
shale
Strata between 6574 and 6582 feet are | ray fine sandstone lim: sanc stone. ey
black shale intorbeds. Tha carbonate-rock content more thar ¢le where i narticnlay

high at the bottom. Commion sedit entary structurcs ‘nclude burrow and winy

laminations {Fioures i7 and 18).

Strata between 6582 and 6623 fu. . cuiam rdlominimil o s cle vnmn e von n

ine-grained sandston.  Sandsteae Fon #00% wo O3 dez ar Troar o touom S0 wen
vy aine etained ard i oude h bl shzle inarhous WU s b e ol s ol
Sedding wab mdan: (b Jure 100 O hes sedinen ors strectards preseas nch ceronle

Linmotions, some Do o o adwan b S0l vmeredne DAV T ad Beachl Jods



(f e 1oy
Strata setween 13877 and 175386 fect include evite bomosensa s s 7ne-grs®
andstorne wartch eontain locallv ciarbonate roul . and hlack shall v i hemeste irahliaz.
Soeral wedimentory tructnre, oceur. Vottolthemoare 1 - reiea by Lide preed
discontinuo, lrminatl ne. cross-budding, sordeel fractare, 204 hurrows (o igues: |
and 15). Stvlolites are at11e denth of 1283+ koot (lqure "6, 3820 _tem’ 12824528
Rased on o dimedw ry siractices, compoaron .t s s R
(ephe i, & nwrzipal do. a~rrontdepeic ha, s meedSd boanin ) s sise
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contains very fine to fine sandstone with lncal alternating himy _andstone and Bl ok
shale,

Stratg between 6574 and 6582 fect are gray fine sandstone. 'my sands one. - 1
hlack shale interbeds. The carbonate-rock conterr more than el: oo heic I wirtict o Ty
high at the bottom. ( ommon sedimentary structures include hrrows 2 wass
lasminations (Figures 17 and i 8).

Strata between 6382 ard 6623 et conein reComivar « o Jllan Jay teoaneeT

o

ine -grained sandsone. Sandstone froer 608t 713 Toc ene near G Ponom an Y o
s aIne crainad ord edude thi black saclein coe bl W T vt T anterss Lo e
wildine o abandant (b rare 170 Crhe o odi ton v tueicnes rrasent nel o precine
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cOlug iy dedorme d and/or brok on. pieamabl. becaus ¢ of o mpaction of the
«dimunis alter deposition (B2 sure 22), Bintte o eoxinpy rare.

Seitwered ziteon ¢rains are nearly congsiant nabundered thruzheat all the sarislc
but in overy sample thoy represent le . than 1 A,

Tuverwbrate skelet.d dobris Is sporz dic in the re 220, [nmerebrite meteral con. st
princinally of broken crinuid e brachiomod Jraemert. i, 10 25 )
Besides wll tragments. “omu rock fraz 0on 7 r2pieserizu = Laldo oo Lhel i <
chips. . nd metumorphic “ocks were nored. Sictenorphic Seir s 20w 2 Lraang <

-

cSundan octhe overall mecs azwaens. Thet conmalt quantz ot m Lo Blgore e

Dotatal mait 3osihy and oo, -0 Tarazcs oomerent
U et 1 Lieis

EUTRSMAR S SV (S L PRI NEANCIVUIE I £ bl = T e S BN ol -
They include primariiy cements and clays. 1he amount of cemer saries wcoraing? to
samples. Cements involve calcite, hematite injilling. and chalcedony. (leite comait
dominawes.Ordinarily. it replaced detrital constitucnts, Hematite is prosent ot v in
sor e thin sections, in the form of films developed probibly in iclation with the
deformation of the rock (Figure 233, Chaleedons forms fbrous jrains i cliatad with
monocrystalline quartz. Non-detrital clas is ustreted e clusive™ by Lare chlorte mined
with calcite.

In conelusion. additional evidence from ceme and *h 1 sceion a s 1iprens proviced
in this naraorap b is use ' 1o i tepac e deposiaonsl o oo the o v add]
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plotted on the nver-, wave- and tide-domirated tripartie vla~iticzion
of Galloway (1975). From Bhattacharva and Walker. 1992, p. 15%,
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whereas the bar-crest facie: 1 dominated by horizontal-bedded ~and and someripsle.
I'he dilte plain includes overbank mud. cres arvusspay sands and peat. n addition to
the «major featuses. the net ~andswone isolith man of elongate high-constructive delac
has: xos of 1 uximum sand deposition praticalls sormal 17 asing wnositior al wtrik e
(Tigure 29).

Fligh-constpwctive lobate deltas

['he hiph-con,ructice lobate deltas are huiit up <5720 © Fine -umo coretic Lac.es
2> the tieh-constructive Slorgate deltas. even though verice! nd hutera Lis =ihud o ©
sactes ditfers. Those deltas are characterized b uclia-Tinge -Mes. sazl weae IeOTa .
Sontronrar.ous crosth oettss and by the absentos T irdeud har e

Vlgure T P prodeite is toinand ex S s Tarcimaed mul cra s Dz ragial Lo
detta front include interbedded rippied sand and mud whereas wie proxima, 32, & dacies
contain Jarge-scale cross-bedding, horizontally bedded sands and oscillation ripples. he
mud. sand and peat dominate within the delta front. 7 addiven. the delta-from sands e
-eworked by marine processes 10 produce a sheet sand formed by the couleseence of
channel-mouth bars. The coalescent sheet sand defines the broad. lobure sand wsolith
pattemn. The pattern exhibits significant basinward progradation with the maximum sand
axes perpendicular or at fairly high angles to basin deposiiional sirike ¢ -fuure 31, che
delta-fringe sheet sandstone, proximal and aiswl distributary Choneel 0000 crevasse splays
and marine transgressive shoet sandstones constiute the rescr™ (iry ~Hs w2 hese s pes
of doltis (Cleaves. 1937 Trapping mech misias invosse meil-over entictines, apdip

Faaltine and downdip pinche ut of sand bodics (Rrown 168707
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Figure 2¥. N\ereand pattern of high-convtmcive corgutz de 1At
‘trom F. ber ard c thers. 1963, fi_. 30 .

Ciewme 31 NoF e nattern o e costractive e o dehia svstetns
(o U oshor ang others, 1000, £ 3w



LOBATE 1O SHEET-LIRE

Figure 3{1. High-consie otive lobate dolta

{ A} Block diue
{B¥ Ve acul sconenee
{from Rrown. 1979, p. 514
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High-dostiactive celtas 1oy ju 4 Liting in which marine processes such as waves,.,
tides wid carrents predominate over Huvial processos i gonerating deltug facies. The
accumulation and redistribution of sediments ~upplied by Zistributary channels ‘s
controlled by the energy of the receiving basin. In the i deltac. Ul acies exhibit onl.
minor basinward progradation. The fiusial sedimen s are reaorved ¢ nlemporaneous’ v
with lobe progradavion. Generauly corstruedve and 1= uct 2 eita ~aaces are rot
vertically distinet and marine redisiributed sand hoatz o zepras i thl eveat ne mondaran .

ussential of the sed'ment accumulated. Flgh-desiraciive (U e are Lber J2d '~ L g
hed-load trunk stream with a smad drair ape masin. inadciton ey m20 izve e
Jwanderipy & rrihutanies on dora pleiny. 0 1 haels or T lo T el i iaerred ari

] rovesos whicl vonersic the mrincipe sand Jacies o s e e oin e s Rl (ded

into high-destructive wave-dominated deltas and high-destructive tide-dominat.d Geltas.

High-destructive wave-dominated deltay

This type of delta contains distinctive tacies {fomed when s e and longsnore drift
rework river-derived sediment paralict to strike. The resulling shape is cuspate with two-
distinct maximum sand axes. The primary axis 1s strike-orionted and the secondary axis
narallels the dip-oriented distributary and channel mouth bar 1acics (Ficure 321 Tlich-
destruciive wave-dominated delta are sand-rich and include a thin procelta mud. In
contrast to high-constructive elongate deltas. the srogradation of the channe” mouth ber 1.
much fess extensive here as o resuli of red’snbutie: of sands By longshore dritt Jater. .
The major eservoir faciey are reprosented by sirand-plala, ¢ wimel mouth-bars and

meandering dstrtbutars chanpels (Cenves, W8T

(3}
o



Hish-dostructivie nde-dominated deltas

Hieh-destructive tide-dominated deltas involve tidally rev arked coarse-grained
ediments which are commonly dispersed from the distributary mouth bar into sincar san.
bodivs. T hese sand bodies irund paralle] to the tidal-c arrent direction and perperdicuar
to depositional strike (Figure 33). Various tacies of the tide-domr inated deltas are all 50

Consequently they cannot be casily identificd within the context »f the o erall compes.,
Discussion of Depositiona. S siems

Depos.tional svstems of the T'nion Va o Fomnaticn ‘v S-boma Basir Favl 7 oon
interpreted ditferently by geologises. s aresult of thelr izl zations, Sudbor wad
T detenes (1982 Rascoe and Adier s %353 and Suoo0 (960 oot

Marine roc aes N have beenat vie mois o oo VAl cv aemos o, T ser nd
others (1971), Cockrell (1985). and Fields (1987) mentioneu delate nroeesses.
According to Withrow (1969} both river and ocean currents have influenced the
deposition of Cromwell Sandstone.

In the present case, subsurtace mapping of the ['nion Valliv Formation
demonstrates that Cromwell Sandstone is present over the entire studyv area. Increass in
thickness 1s more than likely related to channelization, as shown by the net-sandstone
i~olith map (Plate V), and stratigraphic cross-sections . Plates [L L) From the net-
sandstone isolith map. tbree major trends of the «end are debireated. These ore vliente
fram north to sowh and clearly indivite that ©ho sowes or Uatav eil was northward.
Rased on petrography diis source was robanly g envsallics errain, Tewever MeQuiida s
(1978 assigned a northeist vl and caster!y sourcs ot Coome oI vitva imfaed
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1he Cromwell Sandstone is primarily 8 GUATTZ-@/enite ¢T subiiua'c s e a T
commonliy thickens basinward.

Struc.ural {eatures are chicfly northeasterly nendiage taults ene folos, Sen e
structures were active when che Morrow an strata wore epositzd.

Evidence from subsurface maps. well “og patterns. and cores srogoxts that a0
Cromwell Sandstone Is composed of Cilwle deposits moere erless reve gl oa b
MArine procv2sses.
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PLATE VII :

CROMWELL SANDSTONE LOG MOTIF MAP

2 Miles
——

GR: Gamma Ray Log; SP: Spontaneous Potential Log; ILD,RILD,DI: Resistivity Induction Log
Deep; LL: Laterolog; ALL: Averaged Laterolog; SFL,SF: Shallow Focused Log; ASFL,SFLA:
Averaged Shallow Focused Log; SG: Shallow Guard Log.
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