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Itinerary for Midcontinent Pennsylvanian
Stratigraphic Working Group Field Conference
Southeastern Oklahoma (Arkoma Basin)
May 20-21, 1995

Hosted by Oklahoma Geological Survey

The field trip will start in McAlester, Oklahoma, at 8:00 a.m., Saturday,
May 20. Meeting place is in the parking lot of the Holiday Lodge, 615 S. George
Nigh Expressway. Travel in caravan by personal vehicles.

Day 1

Stop 1—{Optional). Fossil-bearing shales in the Savanna Formation, exposed
in a cut bank of a tributary of Miller Creek, NW4 sec. 27, T. 5 N., R.
15 E., Pittsburg County, Oklahoma (Krebs 7.5' Quadrangle Map).

Stop 2—Fossil-bearing shales in the Savanna Formation, exposed in a cut
bank on east side of small creek, NE% sec. 33, T.5N., R. 16 E.,
Pittsburg County, Oklahoma (Hartshorne 7.5' Quadrangle Map).

Stop 3—Calcareous sandstone in uppermost part of Atoka Formation, exposed
along a small tributary of Blue Creek, SW¥ sec. 11, T. 4 N., R. 16 E.,
Pittsburg County, Oklahoma (Hartshorne 7.5' Quadrangle Map).

Stop 4—Calcareous sandstone in McAlester Formation, exceptionally well
exposed on south side of small creek, SEV4 sec. 10, T.4N., R. 16 E.,
Pittsburg County, Oklahoma (Hartshorne 7.5' Quadrangle Map).

Stop 5—Road cut exposure of a black shale unit containing phosphatic
nodules and marine fossils; creek-bank exposure of a 13 in. coal bed
in a nearby stream—both in the middle part of the McCurtain Shale
Member of the McAlester Formation (Desmoinesian), NWV sec. 30,
T.5N., R. 17E., Pittsburg County, Oklahoma (Adamson 7.5'
Quadrangle Map).



Stop 6—Newly-described principal reference section (neostratotype) for the
Savanna Formation, along a section-line road just northwest of the
town of Adamson (parts of sec. 1, T.5N., R. 16 E.; sec. 6, T.5 N.,
R. 17E.; sec.31l, T.6N.,, R.17E.; and sec.36, T.6N., R. 16 E.,
Pittsburg County, OK. [Adamson 7.5' Quadrangle Map]). Focus of the
stop is a fossil-bearing, sandy limestone bed just above the lowermost
sandstone unit of the Savanna Formation. Examination of a trace-
fossil-rich unit just below the uppermost sandstone unit of the
Savanna is optional.

Stop 7—Spillway exposure at northeast end of small lake, Adamson area,
Pittsburg County, OK (Adamson 7.5' Quadrangle Map). Rippled, thin-
bedded sandstones with plant fossils, and exposure of stromatolites in
the middle part of the Savanna Formation (Desmoinesian).

Stop 8—{Optional). Calcareous turbidite sandstone in Atoka Formation south
of Choctaw fault, on tributary of Buffalo Creek, NEV4 sec. 2, T. 3 N., R.
17 E., Latimer County, Oklahoma (Higgins 7.5' Quadrangle Map).
Possibly uppermost Atokan (or Desmoinesian). Conodonts have been
recovered from this unit.

Day 2
Leave A-OK Motel in Wilburton at 7:30 a.m., Sunday, May 21.

Stop 9—Reference section for the Savanna Formation (Lodi Section), measured
mostly along a gas well road and to the top of Ryan Peak. Section
includes lower part of McAlester Formation, entire Savanna Formation
(excellent exposures of shale and sandstones in eroded ditches and
gullies—including a stromatolite horizon and an 8-ft-thick black
shale), as well as entire Bluejacket Member of Boggy Formation. NWV,
sec. 1, T.6N., R. 21 E., NE% sec. 2, T.6N., R. 21 E., and S% of
sec. 35, T. 7N., R. 21 E., Latimer County, Oklahoma (Lequire 7.5'
Quadrangle Map).

Stop 10—Sam Creek (?) Limestone Member of the Savanna Formation, NWV,
sec. 28, T.6 N.. R. 24 E., Le Flore County, Oklahoma (Summerfield
7.5' Quadrangle Map). (See Fig. 1. and Measured Section 3. Appendix.
p. 107, Oklahoma Geology Notes. v. 53, no. 3, June. 1993. IIncluded
in pocket]).



Stop 11—Spaniard (?) Limestone Member of the Savanna Formation, NEV4 sec.
21, T.6N., R. 25E., LeFlore County, Oklahoma (Wister 7.5'
Quadrangle Map). (See Fig. 1. and Measured Section 6, Appendix,
p. 109, Oklahoma Geology Notes, v. 53, no. 3, June, 1993. {(Included
in pocket]).

Stop 12—Eroded Wister Lake Spillway, SW' sec. 6, T. 5 N., R. 25 E., Le Flore
County, Oklahoma (Wister 7.5' Quadrangle Map). Outstanding
exposures of the upper part of the Atoka Formation. Focus is on the
diversity of sedimentary structures and fossiliferous horizons. For
detailed sedimentology of spillway exposures, see Stop 3 (James R.
Chaplin, OGS Guidebook 29, p. 14-38) included herein.

The field conference will end at the Wister Lake Spillway (about 10 miles
southwest of Poteau, Oklahoma). Participants can depart at any time
according to their personal scheduled needs. Some may wish to spend several
hours at this remarkable exposure, or return at some future time for further
work.



SO g~ Youl | 9jedg
SdO1S diH1-a13dld 40 dvnw 14
e uowoeag ST - | 7 ore o e _ ~ 3
- _ _ — - - . - sva uapps
. mo BN Lz o] aANM 8i : \.\t 3 S pay
eyez; oz einel20 MAyyog : ; ¢ ; ” e ,_
f;o*n=4 | egougy ¥x faueyg N1 | AsieQ i 4
Wi VT R —_—
; 177,/ N a0 W i - qouy Cnot ,Y e
o N st e . ' s !
\ w3 [ $1314Q0% \ _ uoise|y \ . 12pv
Ty . ER ’ . e . - = - — — -—
o - I L e I Sl ewoyeysn \\ " | N )
; y K > .. .
e NN S e S 7 WM \.T S , N .
SN{VIRN R 3
Ot o . s SR
i HDnery i~
! A o sipieg | I sisuleam _ .
, B ,, _' ) :o.n:< s : ~ ,ﬁ, CRRS |
— <imbeH - B - - ~ - - - - - : Ij/ !
010QS3Y UM ; _ \\ o1v10d ‘ : : / - .
S ) W RYESLRTANY i RIS ) ¥
[ w.7 “ieded f - . 7]
e oo » g
W .tf yoe|g / N .:___mp . [N ‘ w
“_, woWr * ENR A LI 121E :
“ ~ - Au B n:. w:T W ?41 o ~ /
! > anig | ‘
! - s 1 frwuuz | auQ Ae
f. f nrddiyy ! Q :
: . [Uiniag) ) | e n_o_.w b &O.ﬁm T
' . aliio J/ ruLeAEY
1 o1 :..LU:LM A , UOL0G(] \ \J,k g H B
Y orosuuy . e e e e B — o . H  S{[IAGD (12 o .
b o 7 LERREEAREIOE RIS NAGE I N o m_ ﬂnz e b > SRR g n_Ohn
w \\If\L/\_. 7, AR E (LI . ; l+—\\\l—.l l.hx ua e d I n Mo %@ n_murw.m X pooa
e | °8 . -
e . 1UDARS ] : [SIRIIYE ' ﬁ ST ﬂ» ..Ecm—z :ofw,ui ' .\\.(\x
, \.\. . vty i B3 - B —
Ve ol uoyngq I : ’) e
Powe doy yay A " - auny " |_'9dols suepy T=luels
ouepg - + - et +
t::m:?Z - " - | uIw 1 mo.ﬁ m«wm_d@ ﬂ
: Ve Ped  tuyp puooa :cm:w: !
e R ‘ s f O8N ds 11
[ h5,\..\' | |
] { 4 i |
} oo x A . |
At R .FP. g . - ! : . - - RN -
1 h | 1pon R . “ '
, . . (o 092
o mmohm S TP B R T
! \\ MW om Si1em A ok . . \ *
AL IS ot ) § or
i ” nealod "syeag — e — %—B — prreb— ,. N !
| R T I
Wi = /?:S:S S N h ! 7 _
N aunhay , \ )
_unoe ) v _ .. B JE :
I . ;t* \ A\M ‘_ , | s 4 ejury Fepme bd |
I oy e s T \ ‘ | -
MO
# ::\ . \L\lltl Sl N | ' N PoRouRIpy /
el v v ur l oy
) i B G RTSAA ' ZTJ.S_ ]
pueis) s ,, sure ‘RwieLE A AT UONIN -‘heipeue; H k
) R . N u\p\ i l_ 4 R N
\,\, ; e . e
Na Tt o . CUUR
RN RO m L_ ,N RERRLTL R ox<oz<bm aNg ﬁw ButPw, '
00, ; A w:by.,:: 9] , !
[0, ] Hv!@.\m ~ : & : \
Ke H oy ™~ 3 - ' .
T S _ L Auoik i E:Ju . ; *\\Lﬁ . Py
2 | . ' s o
,, P:u.o b , U ; . ,ﬁ N ~
| s “Hd . o |t . : 1




System

Series

Super-
Group

Group

Formation

Member,
Bed

PENNSYLVANIAN

Desmoinesian

Morrowan | Atokan

5
OK |

~J

Marmaton
(Part)

Mouse Creek

Blackjack Creek
Limestone
OK

Excello Shale
MO

Des Moiries

Cherokee

KS |

Mulky Coal
MO

Shale and
Sandstone

Limestone

Bevier Coal
MO

Shale and
Sandstone

Swede Hollow

Wheeler Coal

Ardmore Limestone
MO

Oakley Shale

Whitebreast Coal

Floris

Carruthers Coal

Unnamed Coal

? "Spoon" ?

Laddsdale Coal

Kalo

Cliffland Coal

Blackoak Coal

Kilbourn

Unnamed Coals

Caseyville
IL

Wvoming Hill Coal

Wildcat Den Coal

Stratigraphic Nomenclature - Iowa.



System

PENNSYLVANIAN

n
B Group Sub- Formation Member Coal Bed
A Group
Marmaton Fort Scott Ls. Excello Shale
(part) (part) Mulky
Breezy Hill Ls.
Bevier
Verdigris Ls.
Croweburg
Fleming
Mineral
Scammon
Cabaniss
Chelsea Ss.
E Tiawah Ls.
g Tebo
=
8
8 Cherokee Weir-Pittsburg
=
1)
g Seville Ls.
3
[ Bluejacket (?)
Bluejacket Ss.
Drywood
Krebs Rowe
Neutral
Warner Ss.
Riverton
E "Gray"”
S
<
8
2
S Kearney
3
=

Stratigraphic Nomenclature - Kansas.




|
|

Sl o
%i % Group Sub-Group Formation Member Coal Bed
@ln
MARMATON | FORT SCOTT EXCELLO
(part) (part)
Mulky
MULKY Breezy Hill Ls.
LAGONDA "Squirrel" Ss.
Bevier
BEVIER
VERDIGRIS Ardmore Ls. Wheeler
Oakley Sh.
CROWEBURG Croweburg
FLEMING Fleming
— CABANISS ROBINSON Robinson
E Branch
Z| BRANCH
Z|2 MINERAL Mineral
<L | =
>3
> % SCAMMON Chelsea Ss. Scammon
215 ; Tiawah Ls.
5 % CHEROKEE TEBO Tebo
A WEIR Weir-Pittsburg
= SEVILLE
BLUEJACKET
KREBS DRYWOOD Drywood Coal
ROWE Rowe Coal
! WARNER Warner Coal
HARTSHORNE
. CHELTENHAM
; ___RIVERTON Riverton Coal
2 BURGNER
< McCLOUTH
;=. '‘Prairie
z arove
2 Zquivalent”

Stratigraphic Nomenclature - Missouri



E 0| =
- & =
al%l e Formation Member Coal/Bed
njn|o
Sandstone 4
Sandstone 3
BOGGY Sandstone 2
(part) Secor Coal
(70-2850") Bluejacket Ss.
e Sandstone 7
Sandstone 6
Sandstone 5
Cavanal Coal
Sandstone 4
Sandstone 3
T SAVANNA Sam Creek (2] Ls.
E E Sandstone 2
5 E " Sandstone 1
NI (70-1500" Spaniard (?) Ls.
=
% o= Keota Ss.
5 UED Tamaha Ss.
a EJ Upper McAlester Coal
McAlester Coal
Cameron Ss.
McALESTER
Lequire Ss.
Warner Ss.
(100-2830"
McCurtain Sh. Unnamed Coal
U. Hartshorne C,
HARTSHORNE L. Hartshorne_ C.
P (30-350")
k ATOKA
< (50-15.000"
5
S
é WAPANUCKA LS.
=

Stratigraphic Nomenciature - Oklahoma




£ Field
8|8 Coal Bed/ Litho- | Trip
al%l Group Formation Member Unit facies | Stop
wnln No.
Keota Ss. =
Tamaha Ss. :
Upper McAlester Coal NN
McAlester Coal  —
Cameron Ss. “%
Lequire Ss. =
- - 4
____-—‘r
= Upper Warner Ss. VIIVE
- g MCcALESTER —
RS Warner Ss. —_
Z|Z —
§ A Lower Warner Ss. |, 550
=
==z - _ 5
2|5| KREBS — 2
5 = McCurtain Sh. Unnamed Coal I
m —
5 Upper Hartshorne pe
: Coal "<—'
. HARTSHORNE N—
| Lower Hartshorne -
Coal
L2
UPPER
a
3 ATOKA MIDDLE Unnamed Coals
<
-7 LOWER
g WAPANUCKA
2
= ! Ls.

Stratigraphic Nomenciature - Oklahoma




System

Series

Group Formation

Member

Coal Bed/
Unit

Litho-
facies

Field
Trip
Stop

No.

PENNSYLVANIAN
DESMOINESIAN (part)

BOGGY
(part)

Sandstone 6

Sandstone 5

.........

Sandstone 4

Sandstone 3

Sandstone 2

Secor Coal

Bluejacket Ss.

. Witteville Coal

KREBS

SAVANNA

Sandstone 7

Sandstone 6

Sandstone 5

Cavanal Coal

Sandstone 4

Sandstone 3

Sam Creek (?) Ls.

Sandstone 2

Jolly {?} Ls.

Sandstone 1

Spaniard (?) Ls.

Stratigraphic Nomenclature - Oklahoma (Continued)



Stratigraphic Nomenciature - lowa.

Ela | o i i —r— 5 ;
£ L 1832 Grou F Member. _M_.m. Group Sub- Formanon Member | CoalBed | [E|p | | g m m. : :
. ! [ H
> O = = P ormation Bed A& Group e Group | Sub-Group Formation Member Coal Bed - o Formation ! Member Coal/Bed
"l h O — i EE ! ! NAe ‘
: Marmat Fort Scott Ls. xcello Shale | ) . . I .
: Blackjack Creek ponnd e L E ¢ ——— | MARMATON | FORT SCOTT | EXCELLO | ” e Semdetone 4
Marmaton | Mouse Creek Limestone Broezy Hill Ls. | (part) ipartt | | Sendstone 3 ;
(Part) OK| fover Mube | BOGGY _ Semdstone 2
Verdignis Ls. : MULKY Breezy Hill Ls. | ! {part) X ™ Secor Coml
Excello Shale MO " [ Croweburg _TAGONDA _| "Squirrel Ss. | ! 170-2850") L Blucmcket Se. T— !
: . - o ___Bevier 0 >
Mulky Coal | —flemuwog | ___BEVIER o mlnllo.‘
MO | ——— " VERDIGRIS | Ardmore Ls. Wheeler ” iemdetone 6
Shale and — . Oakley Sh. L et
Sandstone ——— [ CROWEBURG | Croweourz ¢ | Cavemal Coal
Limestone ;Cabaniss i —_—— A -
B ; " Chelscass, | FLEMING Flemin = iandstone 3
cvier Coal - _ ——mk . i3 SAVANNA Sam Creek 1] Ls.
i T R - —23m Creek 7] Ls.
MO, iZlE Tiawah Ls. | - CABANISS | ROBINSON Robmsen 12| = : r—r—y
' .IlA“ * - = ’I
> Shale and ZZ i Tebo 2| & Branch m_A @ Sandstone
8 |a Sandstone “w_m <|= BRANCH >)a|@ 170-15001 Speniard (7] La.
2z | | Swede Hollow Wheeler Coal “m_m Cherokee | Wenr-Prsburg | (212 MINERAL Mineral _s34)d S
v |z ‘ 1Z1% . a 2151=
> = ; 22 1 ] ; 2|0 Keota Ss.
2 £ |E Ardmore EBouS“no i _m_ H Sevilie s, m Q@  SCAMMON | Chelseass, Scammon _{2/Z Tamaha Sa.
@E o i i FBioacse | |12]8 | Tiawah Ls. 28
208 13 Cherokee Oakley Shale : —oBSE T 1212] CHEROKEE | ___TEBO__ Tebo =
Qe K1 Whitebreast Coal | " Blucacket 55| &l , WEIR Weir-Prttaburg | | | | ,
= Carruthers Coal j—Doywood SEVILLE L Ty ,
) — - o MeALESTER : - I
Floris Unnamed Coal ! ? "Spoon” ? Hrebs T Rowe BLUEJACKET | ;o Lequure Sa. m
4 KREBS DRYWOOD | Drvwood Coal | | : - ;
.lu.m Laddsdale Coal Neutral ]|.<Ii||||. o Wamer 3s. :
i — Py 100-2830"1 e ——————————f i
£S Kalo Cliffland Coal Warner Ss. — ! {___ROWE | RoweCoal = ' i | McCurtain Sh [ Unnamed Cosl
— verton " WARNER = L : :
e Blackoak Coal 4r|||~:>«h_.m=omz~.u Neraer N HARTSHORNE T Eatiahorme T
z 'z ? Cd i L. Hartaborge . |
Hnu Kilbourn Unnamed Coals 2] Gra ! | CHELTENHAM | ol | 130-350") !
- g T RIVERTON | Coal | ;-
g Caseyville Wyoming Fill Coal” ik i [__BURGNER _| E—— 1 “ ATOKA *
: L Yo S £ b " McCLOUTH I 50-15.000' ;
5 : I W, ‘ H " z
3 Wildcat Den Coal . = Kearne: Prairte i
=h H z W, .
< FlE] Equivalent” ' z ! APANUCKA LS
Stratigraphic Nomenclature ~ Kansas. Stratigraphic N isture — Mi Stratigraphic N - Oklah




STOP 1 (OPTIONAL). FOSSIL SHELLS IN SAVANNA FORMATION

Location: Along tributary to Miller Creek, NE/4 NE/4 NW/4 sec. 27, TSN

R15E, Krebs 7.5' quadrangle, Pittsburg County, Oklahoma. Cut bank on
south side of stream; about 3 feet of relatively soft (weathered?) very fine
grained, stratified sandstone exposed above water level (unusually high)

when visited on May 9.

Stratigraphic position: Probably between Savanna sandstones nos. 5,6
(undivided in this area) and Savanna sandstone no. 7. This area has not
been mapped in detail, so the breakdown of the Savanna sandstones is
uncertain. Similarly, the exact position of the fossil locality with respect to

those sandstones is uncertain.

Note: For permission to visit this locality, please ask Mr. and Mrs.
Wilkinson, who live at end of caved driveway near the center of the E/2

sec. 22.
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STOP 2. FOSSIL SHELLS IN SAVANNA FORMATION

Location: Near head of tributary to Peaceable Creek, SW/4 SE/4 NE/4
sec. 33, T5N R16E, Hartshorne 7.5' quadrangle, Pittsburg County,
Oklahoma. Cut bank on east side of creek; about 8 feet of soft shale

exposed.

Stratigraphic position: About 140 feet above the top of Savanna
sandstones nos. 5,6 (undivided in this area) and about 100 feet below the

base of Savanna sandstone no. 7.

Note: For permission to visit this locality, please ask Mr. and Mrs. Payne,
who live at the end of the paved drive just west of the locality.

STOP 3. CALCAREOUS SANDSTONE IN UPPERMOST PART OF
ATOKA FORMATION

Location: Just up small tributary to Blue Creek, NE/4 SW/4 SW/4 sec. 11,
T4N R16E, Hartshorne 7.5' quadrangle, Pittsburg County, Oklahoma.
Sandstone bed dipping 49° on west side of creek.

Stratigraphic position: In uppermost part of the Atoka Formation, about
450 feet below the base of the Hartshorne Formation. There are no
outcrops between this and closely associated non-calcareous siliclastic
sandstones and the Hartshorne near the top of the ridge to the north. The
calcareous sandstone can be traced a couple hundred feet to the west.



STOP 4. CALCAREOUS SANDSTONE IN MCALESTER FORMATION

Location: On south side of small creek, SW/4 NE/4 SE/4 sec. 10, T4N
R16E, Hartshorne 7.5' quadrangle, Pittsburg County, Oklahoma. Just SW
of small abandoned house. The outcrop consists of a relatively thick
sequence of shale, siltstone, and exceptionally well exposed thin, cross-
stratified, fine-grained sandstone beds. Climbing ripples and mud drapes
are common. The calcareous fine-grained sandstone is distinctly reddish
in color, poorly stratified, and can be traced to the west end of the outcrop.
The beds dip 819 north.

Stratigraphic position: In dominantly shale unit about 145 feet above the
top of the upper Warner Sandstone and 240 feet below the base of the
Cameron Sandstone, both in the McAlester Formation.

Note: The gas well immediately north of the outcrop is the Amoco 2
Smallwood. It spudded on Sept. 11, 1985, and was completed on April 3,
1986. T.D. is 11,027 feet. The producing formations are Wapanucka
Limestone (perfs at 10,854-10,904 ft), Spiro sandstone (10,772-10,814 ft),
and Smallwood (informal) sandstone (probably upper Atoka sandstone)
(4596-4972).
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STOP 5

BRUSHY CREEK TRIBUTARY SECTION

SWY“SWWSEYASW Vs sec. 19, T.5 N, R. 17 E. and NW“uNWYNEUNWY sec. 30, T.5N., R. 17
E., Pittsburg County, Oklahoma (Adamson 7.5" Quadrangle map). Measured in cutbank of
small stream, sec. 30, and in road cut just west of bridge in Sec. 19.

Thickness
(ft)
QUATERNARY
Gerty Sand
11. Gravel, moderate reddish brown (10R4/6); clasts are predominantly -ubrounded to
subangular sandstone fragments ranging trom granules to cobbles {(~80%), and weil-
rounded, very light gray (N8) and moderate brown (5 YR4/4) chert and other forms of
quartz (~15%), as well as ~5% other lithic tvpes; matrix composed of sandy, silty clay;
contact UNCONOTINADIE .....c.c.oviiiii it ettt e st en 1.5

PENNSYLVANIAN

KreBs Grour

McAlester Formation
McCurtain Shale Member:
10. Shale, light brownish gray (5YR6/1) and light brown (5YR6/4); gravish black (N2) where
unweathered: contains light brown (5Y5/6) clay-ironstone stringers; grades into under-
TWAIZ UIUE ettt ettt tee 3.5
9. Shale, grayish black (N2), flaky; contains scattered very small phosphatic nodules, clay-

ironstone concretions about 3—4 in. in diameter, miilimeter-thick, dark yellowish orange
(10YR6/6), limonitic siltstone stringers, as well as scattered fossiis (inarticulate brachio-

pods, gastropods, bivalves, and conodonts); cut by limonite-filled joints ......c....ccevrurenneeene. 5.0
8. Ironstone, gravish orange (10YR7/4), to dark gray (N3), calcareous in part, nodular

DOAAEA ... sttt st s e s 0.1
7. Shale, brownish gray (5YR4/1), very fossiliferous (gastropods, brachiopods, bivalves),

SHEhHlY CAICATEOUS ..ottt 0.2
f. Ironstone, gravish orange (10YR7/4) to dark grav (N3), calcareous in part; appears to be

laterallv dISCONENUOUS ....ccoiiiiiiii e 0.1
5. Shale, brownish gray (5YR4/1), verv tossiliferous (gastropods, brachiopods, bivalves),

slightly calcareous, base COVEred ...t 0.5
d. COVETEA IMEEIVAL «euiiiiiiiiie e et st st e eeas st st ee s taee s sens s eeenens 16.2
3. Shale, light gray (N7), with moderate reddish brown (10R4/6) and grayish orange

(10YR7/4) mottling, clavey, soft, weathered ..., 2.5
2. Coal, black, iron oxide on cleat surfaces, weathered (unnamed coal) ........ccocovivveeieiecveceeeennne 1.1
1. Underclay, olive gray (5Y4/1) with pale vellowish orange (10YR8/6) mottling, plastic

(O WALET 1T CTEEK) oottt ettt ee e et e ee et e et n e e er e e eeesen e e eaen 13

Total thickness of section 32.0
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STOP 6

PRINCIPAL REFERENCE SECTION (NEOSTRATOTYPE)
FOR THE SAVANNA FORMATION, PITTSBURG COUNTY, OKLAHOMA

LeRoyv A. Hemish
Oklahoma Geological Survey

ABSTRACT.—A 1714.1-ft section measured and described in the south limb of the Sans Bois syncline
just northwest of the town of Adamson (Adamson 7.5” topographic quadrangle) is herein designated as
the principal reference section for the Savanna Formation (Pennsyvlvanian). Although the Savanna
Formation is a long- and well-established stratigraphic unit, a formal type section never was specified.
The Adamson section has been selected as the neostratotype for the Savanna on the basis of (1)
accessibility of rocks in place; (2) excellent exposures, including both the upper and lower contacts as
well as exposures of lithologic units immediatelv above and below the contacts; (3) geographic location
within the type area (central Pittsburg Countv); and (4) the fact that the neostratotype closely

adheres to the original sense in which the Savanna Formation was defined by its nomenclator.

Introduction

The purpose of this paper is to formallv present and describe a principal reference section for
the Savanna Formation. A type section never was specified, nor was a type locality specifically
stated. Presumably, it is in the vicinity of the town of Savanna, in central Pittsburg County (Fig. 1).
Recognizing the need for a standard to serve for detinition and recognition of the Savanna, I concluded
that establishment of a principal reference section, in accordance with Article 8¢, North- American
Stratigraphic Code (1983; p. 853), was in order.

As a first step in the procedure, I conducted a reconnaissance of the area around the town of
Savanna to determine if an appropriate section could be measured there. Except for low ribs of
sandstone protruding through extensive expanses of grassed-over, low-relief landscape, and an
occasional road cut where a few feet of shale is exposed, virtuallv none of the Savanna Formation can
be seen. Nor could I find exposures of either the iower or upper boundaries of the formation. - Therefore;
I shifted mv focus to the north and east, to the svnclinal Sans Bois Mountains where the Savanna
Formation is well exposed in the tlanks of the range. hile working on an Oklahoma Geological
Survev mapping project, I was fortunate to discover a nearly ideai area just northwest of the town of
Adamson (Fig.-1) within the tvpe area of the Savanna Formation in Pittsburg County, where both the

upper and lower contacts of the Savanna are weil exposed. Although some intervals (presumed to be



predominantly shale) are covered in the Adamson section, it is unrealistic to expect to find a

completely exposed unbroken and continuous sequence of strata in a formation ~1,450 ft thick.
The location of the neostratotype is sufficiently close to the type locality (Savanna,

Oklahoma) so that this well-established name can be preserved, and stability of Oklahoma'’s

stratigraphic nomenclature can be maintained.

Previous Investigations
The Savanna Formation (Savanna sandstone as originally defined) was named and first

described by Taff (1899, p. 437-438). His original description is quoted below. Taff said:

Next above the McAlester shale there is a series of sandstones and shales about 1,150 feet thick.
The shaly beds combined are probably thicker than the sandstones, but since the sandstones are
better exposed and their presence is so strongly impressed upon the observer in the prominent ridges
which they make, sandstone seems the more appropriate term. There are five principal sandstone
beds, which have different thicknesses, from nearly 50 to 200 feet, the one at the top and the one at
the base being generally thicker than the intermediate ones. The sandstones may be distinguished
only by their position in the section or their thickness of bedding. They are brown or grayish-
brown, fine-grained and compact. Except in the uppermost beds, upon which the town of McAlester
is built, the beds are generally thin and in part shaly. The uppermost sandstone occurs in two
members, 75 to 100 feet thick, separated by variable blue clay shales, The uppermost beds of this
sandstone are found in many places to be massive, and those in contact with the shale are often
beautifully ripple-marked. No coal of any value has been found associated with these beds of
sandstone in the McAlester district, though a thin bed has been reported to occur in the upper part of
the series.

Taff and Adams (1900, p. 277-278) subsequently wrote about the Savanna Formation in the area
from the east line of Pittsburg County to the Arkansas/Oklahoma line. They said that the formation
“contains three prominent divisions or collections of sandstone beds ...separated by masses of shale and
thin sandstone.... The shales of this formation are as a whole more sandy than shales of the formation
below, though they are friable and disintegrate readily, forming valleys and level stretches of country.
Estimates of the thickness of this formation vary from 1,200 feet to 1,500 feet.”

Because the original description of the Savanna Formation was somewhat vague, because of the
variable nature of its individual beds, and because of the lack of a precise measured section defining an
upper and lower boundary, various writers included more or less than the equivalents of the original
Savanna of Taff (1899). Figure 2 shows the changing concepts of the McAlester/Savanna and
Savanna/Boggy boundary positions in Oklahoma through time. The neostratotype includes within the
Savanna Formation the strata currently recognized by the Oklahoma Geological Survey as those
comprising the formation.

In the Arkoma basin area the Savanna Formation subsequently was investigated and described
bv Snider (1914); Morgan (1924); Wilson (1935); Wilson and Newell (1937); Hendricks (1937, 1939);
Knechtel (1937, 1949); Dane and others (1938); Oakes and Knechtel (1948); Russell (1960); Vanderpool
(1960); Webb (1960); Hemish (1990a,b; 1991a,b; 1992; 1993; 1994; 1995; in preparation); Hemish and
others (1990a,b,c); Hemish and Mazengarb (1992); Hemish and Suneson (1993, 1994).
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Numerous stratigraphic sections have been measured by many of the early workers; however,
the reader should keep in mind when referring to these sections, that reported thicknesses for the
Savanna Formation are inaccurate by today’s standards. Prior to 1954, changes in definitions of the
upper and lower boundaries of the Savanna created the impression of a much thicker, or much thinner
formation (Fig. 2). For many years the thick shale unit at the top of the Savanna Formation (as
currently defined) was included in the overlying Boggy Formation. Miser (1954) established the contact
between the Savanna Formation and the Boggy Formation at the base of the Bluejacket Sandstone
Member of the Boggy in the course of preparation of the Geologic Map of Oklahoma. No further

changes involving the thickness of the Savanna have been made since that time.

Stratigraphy

Figure 3 is an excerpt from the geologic map of the Adamson 7.5" quadrangle (Hemish, 1995)
showing the location of the neostratotype for the Savanna Formation. Bedrock units exposed in the
map area (Fig. 3) inciude the Warner Sandstone Member of the McAlester Formation; the Cameron
Sandstone Member of the McAlester Formation: the Keota Sandstone Member of the McAlester
Formation; the Savanna Formation; and, on the north side of Buffalo Creek, the Bluejacket Sandstone
Member of the Boggy Formation, along with some of the overlying, unnamed units in the Boggy. All of
the strata are in the Krebs Group, middle Desmoinesian Series, Pennsvivanian System (see
Explanation, Fig. 3).

The strata comprising the Savanna Formation have been characterized as extremely variable
throughout the Arkoma basin, both lithologically and in thickness. Morgan (1924, p. 74-75) measured a
cection in T. T N., R. 7 E., and noted that “the formation consists ot alternating shales and sandstones,
with occasional thin, impure limestones.” Its thickness is ~1,300 ft at that location. It includes near
the bottom a thin limestone bed, “well exposed in the road in front of J. S. Jolly’s house, 300 vards east of
the northwest corner of sec. 8, T. 1 N., R. 7 E.” Morgan (1924, p. 74) named the limestone the “Tolly
Limestone Member” and said it occurs ~100 ft above the top of the McAlester Formation. In places it
may be as much as 200 ft higher.

Writing about the McAlester district, Hendricks (1937, p. 17) said: “The Savanna sandstone is
extremely variable in character throughout the district. It consists of 5 to 13 distinguishable sandstone
beds separated by shale.” He went on to sav that “it was impossible to trace each individual sandstone
bed, and for convenience in mapping several sandstones separated by thin shale beds were mapped
together as sandstone groups.” Hendricks (1937, p. 16} was of the opinion that “the Savanna rests
unconformably on the McAlester shale” although oniv minor erosional contacts were observed in
exposures in the McAlester district. In the McAlester area “the Savanna sandstone ranges from 1,120 to

1,325 feet in thickness in measured sections” (Hendricks, 1937, p. 19).



Dane and others (1938, p. 158) said that “the Savanna sandstone is extremely variable in
character from place to place, owing to lenticularity and lack of continuity of many of the sandstone
beds which it contains.” At several localities in T. 7 N., R. 17 E., the northern partof T. 7N, R. 18 E,,
and the southeast corner of T. 8N., R. 18 E., Dane and others (1938, p. 159-160) reported “outcrops of
thin fossiliferous limestone beds at horizons from 150 to 180 feet below the top of the Savanna
sandstone.” They also observed an 8-in.-thick bed of sandy limestone at several localities in secs. 9 and
10, T. 6 N, R. 17 E. at a horizon ~300 ft below the top of the Savanna.

Oakes and Knechtel (1948, p. 44) noted that the Savanna Formation “is a succession of
sandstone and shale beds in which shale predominates but sandstone is most conspicuous in outcrops. It
contains a minor amount of limestone in thin lenses and beds, and fossils of both marine animals and
land plants are present locally.” In southern Haskell County the formation is 500-1,150 ft thick, 80 ft
thick in southern Muskogee County, and ~25 ft thick in the latitude of Muskogee (Oakes and Knechtel,
1948, p. 45). Although it is well known that the formations in the Krebs Group thin to the north out of
the Arkoma basin, the thickness of 25 ft for the Savanna Formation at Muskogee seems erroneous.
Hemish (1990a, p. 37-39, 50-51) described 82.9 ft of core from the Savanna in Mayes County (north of
Muskogee), and 70.0 ft of core from the same formation in Craig County, <15 mi from the
Oklahoma/Kansas line. Furthermore, in southern Haskell County, Oakes and Knechtel (1948, app., no.
5) describe strata in the Savanna Formation that total 1,390 ft, not in agreement with their statement
that the formation is 500-1,150 ft thick in southern Haskell County.

Knechtel (1949, p. 27) said that the lower sandstone unit of the Savanna Formation (which
marks the contact between the McAlester Formation and the Savanna Formation in the neostratotype
[Appendix]) “cannot be traced farther north than sec. 18, T. 9 N, R. 19 E., northwestern Haskell
County.” He observed that this horizon “seems to occupy about the same stratigraphic position as the
Spaniard Limestone.” Throughout the northeastern Oklahoma shelf area, the base of the Spaniard
Limestone marks the McAlester/Savanna contact. Hemish (1993) tentatively identified a limestone
discovered in Le Flore County, in the eastern part of the Arkoma basin of Oklahoma, as the Spaniard
Limestone, and used its base to define the McAlester/Savanna contact in that area.

Coal beds have been observed in the Savanna Formation throughout the Arkoma basin (Taff,
1899; Taff and Adams, 1900; Hendricks, 1937; Dane and others, 1937; Hendricks, 1939; Qakes and
Knechtel, 1948; Knechtel, 1949; Russell, 1960; Webb, 1960; Hemish, in preparation), but most are thin
and discontinuous. Knechtel (1949, p. 49) reported that “three and possibly four minable coal beds
within the Savanna Formation crop out in...Cavanal Mountain.” If minable coals are present elsewhere
in the Arkoma basin within the Savanna Formation thev have not been discovered to date.

The concept of mapping the sandstones of the Savanna Formation by “groups” or “divisions”
basea on topographic expression was originated bv Taff (1899, p. 437) when he observed that “there are

five principal sandstone beds, which have aifferent thicknesses, from nearly 30 to 200 feet.” Hendricks



(1937, p. 17) referred to “two large bands” of Savanna Sandstone in the McAlester area, but then later
said that “for convenience in mapping several sandstones separated by thin shales were mapped
together as sandstone groups. Over most of the district four such groups were traceable.”

Russell (1960, p. 20), in Latimer County, observed that “the Savanna Formation consists
predominantly of brown to grayish-green shales with 2 to 14 mappable sandstone units. Generally, the
sandstone beds may be grouped into upper and lower groups. Each group contains several sandstone beds
separated by shale.”

It is apparent that the number of sandstone “groups” selected for mapping purposes depends in
large part on (1) the topography in the area to be mapped and (2) the scale of mapping.

Hemish and others (1990c), mapping at a scale of 1:24,000, found that seven sandstone “groups”
were mappable in the Wilburton 7.5" quadrangle. These seven ridge-forming groups were mapped
eastward in adjacent 7.5" quadrangles to the Arkansas/Oklahoma line, and informally called the
Savanna 1-7 sandstones. (Hemish and others, 1990a,b; Hemish, 1991b; Hemish and Mazengarb, 1992;
and Hemish and Suneson, 1993, 1994). Although the units in places split into several beds separated by
thin shales, or thin from several beds to just one (or even pinch out for some distance), they were
sufficiently persistent and divisible to be mapped at the 1:24,000 scale. Hemish (1992, 1995) continued
mapping the seven sandstone units westward from the Wilburton 7.5" quadrangle, across the Gowen 7.5’
quadrangle, and into the Adamson 7.5 quadrangle. Future mapping may necessitate modifications in
this practice—Hemish (in preparation) was able to distinguish only two mappable ridge-forming units
in the Savanna Formation in the north flank of the Sans Bois syncline in southern Haskell County just

south of Lequire.

Principal Reference Section
(Neostratotype) for the Savanna Formation

A diagram of the principal reference section for the Savanna Formation, accompanied by a
description of each lithologic unit is presented in the Appendix. Rock-color terms are those . shown in
the rock-color chart (Rock-Color Chart Committee, 1991). Included are 122.5 ft of the upper part of the
McAlester Formation, 1449.1 ft of the Savanna Formation, and 142.5 ft of the lower part of the Boggy
Formation, for a total of 1714.1 ft of measured section.

The location of the measured section is shown in Figure 3. It covers a distance of slightly more
than 1 mi, the base beginning in the road cut just east of the junction of the section-line road and the road
extending ~0.7 mi northwest from Adamson. The lower part of the section was measured in the road cut
east of the curving road, in the road, and in the road cut north of the road near the top of the
escarpment.. Measurements were then made on one side ot the road or the other, in ditches or road cuts.
to the knoll in the pasture just east of the road and iust south of the iron pasture gate and east-trending

trail. Other measurements were made in the road bed and ditch north to the low, covered area.



Further measurements were made in the ridge of resistant sandstones in the pasture east of the road in
the SWY/SW¥NW?Y sec. 6, T. 5 N., R. 17 E. Measurements continued from the crest of the ridge
northward along the road down to where the road bends sharply west. Measurements were made in the
road cut north of the west-trending road to the base of the slope. Measurements were then continued
northward from the curve in the road, along the section line between secs. 36, T. 6 N, R. 16 E., and sec.
31, T. 6 N, R. 17 E., down the bluff south of the Buffalo Creek valley, across the valley, and up to the
top of the bluff on the north side of the valley. Beds in the area dip north, toward the axis of the Sans
Bois syncline, from 33° at the community of Adamson, to 14° on the south flank of Buffalo Mountain, just
north of the Buffalo Creek valley (Fig. 3). 27

In the diagrammatic column (Appendix), the youngest units are listed first (page)‘%'. These
have the highest unit numbers. For example: the upper unit of the Bluejacket Sandstone (the youngest
of 64 lithologic units measured) is assigned unit No. 64. The oldest lithologic unit measured is a shale
in the upper part of the McAlester Formation. It appears on the last page of the Appendix, extends
from 046 ft, and has been assigned Unit No. 1 in the column.

Lithologic symbols and sedimentary features are shown in the fourth and fifth columns from
the left, respectively. Descriptions of each unit as well as stratigraphic divisions are shown in the
right-hand column.

Of the 122.5 ft of the upper part of the McAlester Formation, all but 6.1 ft consists of shale and
silty shale with abundant clay-ironstone concretions and layers (Fig. 4). Within the 122.5-ft-thick
interval a 4.8-ft-thick shale unit interbedded with sandstone lenses, and an overlying 1.3-ft-thick,
massive sandstone bed have been interpreted as the Keota Sandstone Member of the McAlester
Formation. The top of this sandstone is 70.4 ft below the McAlester/Savanna contact.

Figure 5A,B shows the basal contact of the Savanna Formation. The exposure shows minor
erosion at the top of the McAlester Formation with an irregular contact between Psv 1a and the
underlying shale.

Figures 6, 7, 8, and 9A,B all show exposures of the other five sandstone units comprising Psvl.
The total thickness of Psv 1 is 75.7 ft, including the interstratified shales.

Separating Psv 1 from Psv 2 is 44.8 ft of sandy, silty shale, including a 2.3-ft-thick, impure
fossiliferous limestone bed (Jolly Limestone of Morgan [1924]?) (Fig. 10A,B). Psv 2 comprises four
sandstone units and three shale units totaling 35.1 ft. Figure 11A,B shows outcrops of Psv 2a and Psv 2b,
respectively. Note the irregular contact with underlying shale in both photographs.

Separating Psv 2 from Psv 3 is 155.1 {t of shale containing ironstone stringers. Psv 3 consists of
six sandstone units, none ot which exceeds 9 ft in thickness, separated bv five shale units—most
considerably thicker. The total thickness ot Psv'3 is 128.3 ft. Figure 12 shows the flaggy, parallel-
bedded character of Psv 3C as well as channeling at the base of the unit. Fossil plant casts are common

in Psv 3d and Psv 3e.



Separating Psv 3 from Psv 4 is 135.3 ft of shale and siltstone. Psv 4 comprises three sandstone
units separated by a shale unit (partly covered) and a sandy shale unit. Total thickness of Psv 4 is 40.3
ft. Figure 13 shows a large, rolled sandstone mass that is typical of the sedimentary structures found in
Psv 4a.

One of two extensively covered areas (here 174.4 ft, and another in Buffalo Creek valley, 207
tt) obscures part of the Savanna Formation between Psv 4 and Psv 5. The covered area is
topographically low, and is assumed to be underlain by shale.

Above the covered area, 105.1 ft of ironstone-bearing, silty shale is exposed in the east road
ditch below Psv 5. Psv 5 is magnificently exposed on the high ridge in the pasture east of the section-
line road. For permission to enter the pasture to examine the outcrops contact Thomas Irwin,
Hartshorne, Oklahoma, phone (918) 297-2937. Figure 14 shows the parallel-bedded character of the
lower part of Psv5, which is apparently a single 41.5-ft-thick unit in this area.

Approximately 30 ft stratigraphically above the top of Psv 3, the first sandstone bed in a series
of poorly exposed, interbedded sandstones and shales crops out in the road bed downslope north from
the ridge crest. This series includes Psv 6a and Psv 6b along with an intervening 34.9-ft-thick covered
interval, and is 117.7 thick.

Part of the 97.1-ft-thick interval between Psv 6 and Psv 7 is covered, but the shales and
siltstones that are exposed exhibit a variety of sedimentary structures. Figure 15 shows concentrically
banded flow rolls at the base of Unit 53. Units 54 and 56 are thin wavy siltstone beds characterized by
a proliferation of trace fossils on both the tops and bottoms of each bed. Unit 55 contains an abundance
of spindle-shaped, pot casts (infillings of eroding vortex flows) (Mvrow, 1992) that weather out of the
shale and litter the outcrop (Fig. 16).

Psv 7 is at least 28.5 ft thick, and is exposed in the steep bluff on the south side of Buffalo Creek
valley. It is a ferruginous, thick-bedded, blocky unit, well exposed only at the top of the bluff. The
lowermost bed is exposed at the contact with alluvium at the edge of the flood plain of Buffalo Creek.

Buried under the alluvium in Buffalo Creek valley is 207 ft of the thick shale interval at the
fop of the Savanna Formation. Exposures of this part of the formation are rare because the shale is
nonresistant to erosion, and streams tvpicallv follow the topographicaily low, strike-oriented vallevs
underlain by the shale. However, 33.3 {t of lenticular-bedded, silty, sandy shale in the upper part of
the Savanna Formation is well exposed at the base ot the Bluejacket Sandstone escarpment on the north
side of Buffalo Creek valley (Appendix; Units 60, 61).

The contact between the Savanna Formation and the overlving Boggy Formation is at the base
of Unit 62, the lower sandstone unit of the Bluejacket Sandstone Member. The contact is somewhat
gradational, occurring in a coarsening-upward sequence where the lithology of the strata changes from

predominantly shale to predominantly sandstone (Fig. 17.
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Between the 24.0-ft-thick lower unit of the Bluejacket Sandstone and the 26.5-ft-thick upper
unit of the Bluejacket Sandstone, 92.0 ft of strata are covered (Fig. 18). The Bluejacket exposed at the
top of the bluff is coarser grained than the underlying sandstones of the Savanna Formation. It contains

large-scale trough cross-bedding as well as numerous soft-sediment deformation features.

Summary

The name originally assigned to the Savanna Formation by Taff (1899, p. 437) was the
“Savanna sandstone.” He did note that in the series of sandstones and shales comprising the formation,
“the shaly beds combined are probably thicker than the sandstones.” He felt that because the
sandstones are better exposed and because they form such prominent ridges, “sandstone” seemed a more
appropriate term.

However, calculations made by combining the thicknesses of all the sandstone units measured in
the Savanna in the Adamson section (neostratotype) show that their total thickness is only 2329 ft.
The total thickness of the Savanna Formation at this location is 1449.1 ft. Simple calculations reveal
that only 16% of the formation is actuallv sandstone.

The percentage of sandstone in the Savanna probably increases eastward, but it definitely
diminishes northward as the formation thins, and in places in the shelf area (in Mayes County
(Hemish, 1990a, core-hole 7, app.]) the percentage of sandstone is only 2.4%.

Interpretations regarding the depositional environments of the various units in the Savanna
Formation have not been presented in this paper. My overall impression is that the formation was
deposited primarily in a nearshore and shelf environment. The abundance of flow rolls and other soft-
sediment deformation features, which typify most of the Savanna sandstone units, suggests rapid,
periodic sedimentation on oversteepened depositional slopes, with sediment failure occurring after
deposition.

Establishment of this principal reference section creates a framework for future workers who
may wish to expand the study, or to take the opportunity to collect samples and do petrographic work.

Detailed studies would enhance the understanding of the sedimentology of the Savanna Formation.
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Figure 2. Concepts of the McAlester/Savanna and Savanna/Boggy boundary positions in Oklahoma (from Hemish,

1994, fig. 7).




EXPLANATION
Qa | Recent alluvium

t

|

g Quaternary terrace
, «

1 ; Q

9 Gerty Sand

QUATERNARY

Pbbj| Boggy Formation;
Bluejacket Sandstone Mbr.

psv | Savanna Formation;
unnamed shale members

[Pebi]
[Psv]
IESS' Savanna Formation;
[Pm]
PmC|
——

sandstone units 1-7

McAlester Formation;
shale members

Krebs Group

PENNSYLVANIAN
Desmoinesian

McAlester Formation;
Cameron Sandstone Mbr.

Pmwi McAlester Formation;
———  Warner Sandstane Mbr.

— —— Contact; approx. located

L*  Strike and dip of beds

0 .5 Mile
1:24.000

Figure 3. Geologic map of the northwest Adamson area showing the location of the neostratotype for the Savanna
Formation (excerpt from Hemish, 1995). Line of measured section shown by A-A’.



Figure 4. Silty shale containing abundant clay-ironstone discoidal concretions and layers. UFper part of the
McAlester Formation, Unit 1. Geologic pick is 1.1 ft long. Exposed in road cut near base of siope.
(NWISWIANWASWYs sec. 6, T. 5N, R. 17 E)
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Figure 5. A—Contact between McAlester Formation and Savanna Formation. Geologic pick (1.1 ft long) marks a minor
erosional channel in shale at the top of Unit 4. B—Irregular contact between the McAlester Formation and Savanna
Formation (marked by pick). Note the soft-sediment deformation in Psv 1a (Unit 5). Geologic pickis 1.1 {t long.
(NE¥SEWNEVWSEYa sec. 1, T.5N., R. 16 E)



Figure 6. Psv 1b sandstone (Unit 7) showing parallel bedding, interbedded sandy shale, and sharp, irregular basal
contact (marked by pick head). Geologic pickis 1.1 ftlong. (SEY4NEWNEYSEY:'sec. 1, T.5N., R 16 E.)
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Figure 7. Psv 1c sandstone (Unit 9) showing massive, blocky character of the unit. Pick head marks the sharp,
irregular basal contact. Geologic pickis 1.1 ft long. (SEYANE“ANE%4SEY sec. 1, T.5N.,, R. 16 E.)
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Figure 8. Psv 1d sandstone (Unit 11) and underlying silty, sandy shale with ironstone concretions (Unit 10) exposed in
ditch where *oaa curves sharply east. Pick marks a zone of flow rolls at the contact between Units 10 and 11.
Geologic pick is 1.1 ft long. ( EVNEWUNEWSEY: sec. 1, T. 3 N, R. 16 E.)



Figure 9. A—Psv le sandstone (Unit 13) exposed in road cut, north side of sharp bend in road. Sandstone is silty and
parallel bedded. Geologic pickis 1.1 ft long. B—Close-up view of Unit 13 showing parallel bedding and bioturbation
features (indicated by arrow, upper left of photograph). Geologic pickis 1.1 ftlong. (SEY4ANE“4NEYSEY sec. 1, T. 5
N, R 16E)
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Figure 10. 4—Impure sandy and silty limestone (Unit 15) exposed in road cut, north side of road. B—Close-up view
of Unit 15, showing the fossiliferous character of the limestone. Tape measure is 2 in. wide. (SE4ANEYNEYSEY sec.
1, T.5N,R. 16 E)



Figure 11. A—Psv 2a sandstone (Unit 17) enclosed in shale, showing sharp irregular up(fer and lower boundaries.
Note swalv-bedded character. B—Psv 2b sandstone (Unit 19) showing blocky, thick-bedded character and sharp,
irregular boundaries. Trenching tooi is 1.75 ft long. Exposed in road cut north of road just before road bends to the

north. (SEVANEYNEWSEVssec. 1, 1.5 N, R. 16 E)



Figure 12. Psv 3¢ sandstone (Unit 30), exposed in road cut at crest of first high rid§e north of bend in road. Note thin
to medium, parallel-bedding, and minor erosional channel (arrow) at top of underlying shale (Unit 29). Trenching tool

is 1.75 ft long. {SEVASEWASEYMANEY: sec. 1, T.5N.,R. 16 E.)

S I

Figure 13. Large, rolied sandstone mass (Psv 4a sandstone, Unit 39) exposed just east of road in pasture on low ridge.
Sott-sediment deformation is common in this unit. Geologic pick is 1.1 ft long. (SW¥NWYSWi4 Visec.6, T.5N.,, R.
17 E)
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Figure 14. Flat, parallel-bedded, lower part of Psv 5 sandstone (Unit 47) exposed in pasture near base of high ridge
~0.1 mi east of road. Strata shown are ~15 ft thick. (SEVASWWUNW¥ANW4sec. 6, T.5N.,, R. 17 E.)

Figure 15. Concentrically layered sandstone masses (flow rolls) in silty shale (Unit 53) exposed in road ditch ~0.1 mi .
west of right-angle bend in road. Tape measureis 2 in. wide. (SWYASEYSEWSEY: sec. 36, T.6 N, R. 16 E.)



Figure 16. Spindle-shaped pot casts weathering out of shale (Unit 55) in road cut exposure north side of road ~0.05 mi
west of right angle bend in road. Brunton compass is 2.75 % 3.0 in. wide. (SEVASEV4SEY4SEY sec. 36, T. 6 N., R. 16 E.)

Figure 17. Contact between Savanna Formation and Boggy Formation (indicated by arrow in photograph). Top beds
in the Savanna (Unit 61) comprise silty shale and lenses of very fine grained sandstone. The overlying lower unit of
the Bluejacket Sandstone (Unit 62) contains flaggy, wavy-bedded, very fine grained sandstone. Contact is exposed in
small gully part way up the bluff north of Buffalo Creek valley. (SEY4SE“NEYSEY: sec. 36, T. 6 N., R. 16 EE



Figure 18. Cross-bedded, deformed upper unit of Bluejacket Sandstone Member of Boggy Formation (Unit 64) exposed
at top of bluff north side of Buffalo Creek valley. (NWY%SWYNWYSWY sec. 31, T.6 N, R. 17 E.)

o
U1



APPENDIX
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13301 58. Sandstone, grayish red (5R4/2), weathers
very dusky red (10R2/2), ferruginous, very fine
grained, thick-bedded, some swaly beds,

blocky; many beds show soft-sediment

1320 deformation features; exposed mostly as float in

28.6 steep dip slope south side of Buffalo Creek;
some load casts and grooves on overturned
} float blocks; in situ exposure of sandstone
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Covered interval (from top of bluff, south side
of Buffalo Creek, to fence where road turns
west)

56. Siltstone, light olive gray (5Y5/2) weathers
light brown (5YRS5/6), thin-bedded, ripple-
marked; includes trace fossils in abundance on
both top and bottom of bed; exposed on north
side of bend-to-the-west in road and in road cut
turther west. This unit and three underlying
units exposed in sloping road cut, north side of
west-trending road

55. Shale, dark yellowish orange (10YR6/6),
weathers grayish orange (10YR7/4); contains
an abundance of spindle-shaped pot casts
mostly ~3 in. long and 1-2 in. in diameter, but
some much larger; base sharp

54. Siltstone, dark yellowish brown (10YR4/2)
to light olive gray (5Y5/2), weathers dark
vellowish orange (10YR6/6) and light brown
(5YR5/6), thin-bedded, somewhat wavy-
bedded; characterized by a proliferation of trace
fossils of many kinds on both top and bottom of
bed; base sharp

53. Shale, light olive gray (5Y5/2), weathers

.~ dark yellowish orange (10YR6/6) to yellowish

grav (5Y7/2); contains siltstone stringers and
sandstone lenses; near base of exposure,
contains rounded, elongate, flattened,
ellipsoidal, light brown (5YR5/6), very fine
srained sandstone masses (flow rolls); unit has
a banded appearance; base covered

1. Sandstone, light olive gray (5Y5/2),
~veathers moderate brown (5YR4/4), verv fine
zrained, shaly, thin- to medium-bedded,
sregularlv bedded, load casts on some soles,
2ooriyv exposed in road bed (Psv 6b ss)
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have svmmetrical ripple marks, others have
parting lineation features; upper part is mostly

1040{? pale red (5R6/2), thicker bedded, and displays
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shows some channeling relationships in upper

| part, as well as soft-sediment-deformation
features.

10304 Note: Section was measured along excellent
outcrops in pasture, east of road on high ridge.
Overturned blocks show numerous sole
markings such as load casts and trace fossils in

110204 this same area. Base sharp (Psv 5 ss)
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44. Sandstone, yellowish gray (5Y7/2), very fine
grained, thick-bedded, exposed surface has a
hummocky, "wrinkled," and pitted appearance,
poorly exposed in road bed and ditch (Psv 4css)

43. Shale, light grav (N7), weathers dusky
yellow (5Y6/4), very sandy; contains scattered
very fine grained sandstone stringers, base
sharp

42. Sandstone, gravish orange (10YR7/4), very
fine grained, thin-bedded, obscurely wavy-
bedded, base sharp (Psv 4b ss)

41. Shale, light olive gray (5Y5/2) with light
brown (5YR5/6) staining; contains small
moderate reddish brown (10R4/6) and light
brown (5YR5/6) clay ironstone concretions;
base covered

40. Covered interval

39. Sandstone, gravish orange pink (5YR7/2) to
various hues of brown, such as light brown
(5YR6/4), pale brown (5YR5/2) and moderate
brown (5YR3/4, 5YR4/4); very fine grained;
mostly massive; some swaly beds; large flow
rolls and other soft-sediment deformation
features characterize the unit; well-exposed in
pasture fust east of road (Psv 4a ss)
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== beds, soft-sediment deformation features
i common; includes a 1-ft-thick shale bed in
— = middle of unit; base sharp (Psv 3f ss)
560 | ~ 36. Shale, I.ight ollive brown (5Y5/6), silty,
64 |37 ~ | weathers light olive gray (5Y5/2), poorly
' /V/U exposed in east road ditch
:__:’_:_I 35. Sandstone, grayish orange (10YR7/4), very
3501 B _ fine grained, thin-bedded, bioturbated; contains
' —— fossil plant casts; interbedded with dusky
yellow (5Y6/4) shale; breaks into small,
irregularly shaped blocks; base gradational (Psv
5401 3e ss)
34. Shale, light olive gray (5Y5/2), weathers
dark yellowish orange (10YR6/ 6); poorly
530
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exposed in ditch east of road, base sharp

33. Sandstone, grayish yellow (5Y8/4) to
grayish orange (10YR7/4), weathers light
brown (5YR5/6), very fine grained, thick- to
medium-bedded, beds are irregular; contains
fossil plant casts and a thin discontinuous layer
of ironstone pebbles; poorly exposed in road
bed and ditch (Psv 3d ss)

32. Shale, olive gray (5Y4/1), weathers grayish
orange (10YR7/4), base covered
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30. Sandstone, grayish orange (10YR7/4),
weathers moderate yellowish brown
(10YR5/4), very fine grained, thin- to medium-
bedded at top of unit; cut-and-fill near base,
with low-angle cross-bedding; other beds flat
and parallel with parting lineation features;
well-exposed at crest of high ridge; base

sharp —channels into underlying shale; (Psv 3¢
ss)

29. Shale, light gray (N7), weathers grayish
orange (10YR7/4) and dark yellowish orange
(10YR6/6), base gradational

28. Shale interbedded with siltstone, dark
veilowish orange (10YR6/6), weathers gravish
orange (10YR7/4), blocky, base gradational

27. Sandstone, moderate yellowish brown
(10YR5/4) to grayish orange (10YR7/4), very
fine grained, silty, thin-bedded, obscurely wavy
bedded, base sharp (Psv 3b ss)

26. Shale, olive gray (5Y4/1), weathers pale
vellowish brown (10YR6/2), silty, breaks into
small flakes on the outcrop; includes some light
olive gray (5Y5/2) siltstone layers as much as
0.6 ft thick

25. Sandstone, moderate olive brown (5Y4/4),
weathers light olive gray (5Y5/2), very fine
grained, thin-bedded, interbedded with shale in
lower part, obscurely wavy laminated; basal
contact exposed in ditch, east side of road; top
medium-bedded, blocky; base sharp (Psv 3a ss)
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24. Shale, olive gray (5Y4/1) with dark
yellowish orange mottling; contains thin, light
brown (5YR5/6) clay-ironstone stringers;
poorly, intermittently exposed in road ditches;
mostly covered
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— —| XXX mostly covered
| 2904 p—— 23. Sandstone, dusky yellow (5¥6/4) with light brown
1‘ e — (3YR5/6) and dark yellowish orange (10YR6/ 6) staining, very
155.1124| — —| XXX fine grained, irregularly thick to medium bedded, blocky,
e — swalv-bedded in places; overturned beds in pasture have trace
, ai— fossils and load casts on some soles; a 5-ft-thick, mottled, light
2804 — | XX olive gray (3Y5/2) and grayish orange (10YR7/4) clayey shale
= — laver is present ~2.5 ft below top of unit; exposed where road
turns north along section line (Psv 2d ss)
22. Shale, moderate olive brown (5Y4/4) interbedded with
siltstone stringers and lenses of the same color, micaceous;
siltstones include rare, finely ribbed plant casts in growth
position
21. Sandstone, grayish orange (10YR7/4), weathers moderate
vellowish brown (10YR5/4), very fine grained, shaly,
micaceous, thin-bedded; contains low-angle cross-

&

T
%Y

MBI

220+

T

!aminations, climbing ripples, and scour-and-fill features;
irace fossils on bedding soles; top and base gradational (Psv
2c ss)

20. Shale, light olive brown (5Y5/6), weathers grayish orange
(10YR7/4), siity, blocky, base sharp

19. Sandstone, yellowish gray (5Y7/2) to light olive gray
(5Y5/2), weathers moderate brown (5YR3/4, 5YR4/4), very
fine grained. thick-bedded, blocky; contains flow rolls,
dewatering structures, and swaly beds, base sharp and
irregular (Psv 2b ss)

18. Shale, light olive gray (3Y5/2) silty, brittle, base sharp

17. Sandstone, dusky yellow (5Y6/4) to light olive gray
{3Y5/2), weathers pale yellowish brown (10YR6/2) with
gravish brown (5YR3/2) staining, very fine grained,
micaceous, medium-bedded, contains low-amplitude swaly
bedding; base sharp and curved (Psv 2a ss)

16. Shale, olive gray (3Y3/2), variegated grayish red (5R4/2)
and vellowish gray (5Y5/2) in part; weathers to small brittle
flakes; weil-exposed in road cut, contains small, dark
vellowish orange (10YR6/6) clay-ironstone concretions in
upper part: becomes increasingly silty upwards

13. Limestone, moderate vellowish brown (10YR5/4),
-veathers moderate brown (3YR3/4; 5YR4/4); very impure,
silty and sandv; abundantly fossiliferous — contains crinoid
ossicies, brachiopods, and bivalves as much as 2 in. long and
1.5 in. wide: includes some thin shale partings, base sharp

14. Shale interbedded with nodular-bedded, lensing
sandstone, grayish orange (10YR7/4) to moderate yellowish
orange (10YR5/4) to moderate brown (5YR4/4); shale is silty |
and blockv; sandstone is very tine grained and noncaicareous f
:n lower part of unit, but very calcareous and sparseiy
‘osslliferous in upper part; bioturbated; base sharp

1
|
|




: Description of Units
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Scale (ft.)
Unit

* Sedimentary

2

[=]
o

N~

N | = | Thickness (it.}

;  13. Sandstone, dusky yeilow (5Y6/4) to light olive gray

. (5Y5/2), weathers moderate yellowish brown (10YR5/4),
very fine grained, silty, thin- to medium-, parallel-bedded;
strongly bioturbated; similar in appearance to limestone ~7
ft above, but is noncalcareous, base sharp (Psv 1e ss)

{;

&

1904427

12. Shale, light olive gray (5Y5/2), weathers moderate
yellowish brown (10YR5/4); contains lenses of bioturbated
sandstone in upper 1 ft of unit; base sharp

11. Sandstone, pale yellowish brown (10YR6/2) to light olive
gray (5Y5/2) with dark vellowish orange (10YR6/6) and
light brown (5YR5/6) staining; very fine grained, medium-
bedded, upper part contains low-angle cross-stratification,
climbing ripples, and smail-scale dewatering features; basal
part consists of roiled, pillow-like, sandstone masses (flow
rolls) extending downward into underlying shale with sharp
but irregular contact (Psv 1d ss)

10. Shale, dark yellowish brown (10YR4/2) to light olive
gray {5Y5/2), silty and sandy, fissile, nodular bedded in
places; contains scattered, smail, ironstone concretions, base
sharp; well-exposed in ditch at curve in road

f

a
4

180+

©.
®

5919
1704

|

708

160 4

]

5117

9. Sandstone, grayish orange (10YR7/4), weathers moderate
i . brown (5YR4/4), very fine grained, massive, blocky;

. includes some low-amplitude, swaly beds in places; base
sharp, irregular (Psv 1c ss)

1504 8. Shale, light olive grav (5Y5/ 2), weathers yellowish gray

(5Y7/2) with dark yellowish orange (10YR6/6) mottling,
highly weathered, pooriy exposed

25.8( 61

- 7.Sandstone, grayish vellow (5Y8/4), to dusky yellow
i . {5Y6/4), weathers moderate brown (5YR3/4), very fine

i grained; medium-, parailel-bedded; contains obscure, low-
angle cross-stratification; unit includes a 1.5-ft-thick, Light
olive gray (5Y5/2) sandy shale layer ~1.3 {t from bottom;
basal contact sharp and irregular (Psv 1b ss)

! - 6.Shale, light olive grav (5Y5/2), weathers yellowish gray
- (5Y7/2), highly weathered, poorly exposed

1404

130

¢ 5. Sandstone, grayish orange (10YR7/4), light brown

| (5YR5/6), and moderate brown (5YR3/4, 5YR4/4), very fine
. grained, massive; soft-sediment deformation features
common, such as convoiute beds, ball structures, and swaly
beds; includes minor shate interbeds in places; basal contact |
sharp, irregular and disconformable, unit fills shallow
channels in underlying snale (Psv 1a ss)

(Note: Total thickness or Savanna Formation is 1449.1 ft.)
McAlester Formation:

4. Shale, vellowish grav 15Y7/2) to moderate yellowish
brown (10YR5/4), weathered, intermittently exposed —
interval mostly coverea except for upper 4 ft, which is
mottled light brown (5YR5/6), moderate reddish brown
(10R4/6), and vellowish gray (5Y7/2)

[
[\
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0414 p— E‘ Keota Sandstone Member:
f — = 3. Sandstone, grayish orange (10YR7/4), very [
704 == fine grained, thick-bedded, massive; poorly ;
‘ == exposed in road bed and in ditch west of road;
iE —i appears to be slumped in ditch, base sharp
==
60 - == Keota Sandstone Member:
== 2. Shale interbedded with very fine grained
‘ ;E = lenticular sandstone, light olive gray (5Y5/2),
== weathers moderate vellowish brown (10YR5/4)
e Z and moderate brown (5YR3/4), stained dusky
48 121 = ='QYT 2" vellowish brown (10YR2/2) by manganese
=== T2 oxide; moderately bioturbated, fossil burrows
—_— = 7 abundant; contains some dark reddish brown
e ::-__j: =T (10R3/ %) ironstone concret‘ions; becomes
s increasingly sandy upwards
] ff —T:_— 03y 1. Shale, olive gray (5Y4/1), weathers grayish
.| |====i~ -~ orange (10YR7/4) to moderate veilowish brown
A == (10YRS5/ 4), siltv; contains siltstone-filled
= X burrows about 0.25-0.5 in. in diameter,
5011 E._f_ >3 generally on bedding planes, but also cutting
' —_— . across stratification; in upper part includes
20 - —=' 3 discoidal, dark reddish brown (10R3/4) to light

~~—.~ brown (5YR5/6) clav-ironstone concretions ~0.6
XX in.in diameter and 1-2 in. thick, as well as clav-

- ironstone iavers ~1 in. thick; becomes sandv
upwards and grades into overlving unit; base ot
K9 unit covered
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STOP 7

SPILLWAY SECTION

Adamson area, Pittsburg County, Oklahoma (Adamson 7.5" Quadrangle map). Measured in
eroded spillway of unnamed, small lake.

Thickness
)
PENNSYLVANIAN
Kress Grour
Savanna Formation
8. Sandstone to coarse siltstone, grayish orange (10YR7 /4), very fine grained, massive to
cross-stratified in lower part, wavy bedded in upper part, contains some soft-sediment
deformation features, interbedded with shale, thickness laterally variable ........................... 4.5
7. Shale, grayish orange (10YR7/4) to pale yellowish brown (10YR6/2), soft, clayey,
WEAHETEA ..eerreiie it bbbt etr et et ee et eeanerens 4.0
6. Siltstone, yellowish gray (10YR7/4), coarse-grained, poddy; contains cross-laminations
and soft-sediment deformation features; laterally discontinuous .........ccooceeeevivvrirvercreenn.n. 1.0
5. Shale, medium dark gray (N4), to medium bluish gray (5B5/1), slightly silty, soft; contains
moderate yellowish brown (10YR5/4) limonitic, shaly, concretionary lenses ....................... 11.0
4. Shale, grayish black (N2) with moderate yellowish brown (10YR5/4) streaks, very silty and
sandy, soft, highly carbonaceous; mterlavered with upper part of underlying unit ............. 0.05
3. Limestone, light gray (N7), weathers to dark yellowish orange (10YR6/6) and moderate
red (5R4/6), iron-rich; occurs as stromatolitic beds with hemispherical growth forms;
individual growth forms coalesce to produce both small and large domal mounds; base
highly undulatory; thickness varies from 10 to 14 in. ... 1.0
2. Shale, grayish black (N2) with moderate vellowish brown (10YR5/4) streaks, very silty
and sandy, soft, highly carbonaceous, thickness variable from 1 t0 3 in. ..ccecoovvvvvcvrrrernnnncnen, 0.2

Sandstone and silty shale, sandstone is medium light gray (N6), to light olive gray (5Y6/1),
very fine grained, thin- to-medium-bedded, parallel-bedded, very strongly ripple-marked,
numerous ripple bed forms exposed on bed surfaces, bioturbated, trace fossils on crests
and in troughs of ripples, contains macerated plant fragments, beds up to 1 ft thick,
includes several rooted Stigmarian systems ~18 in. below stromatolites; 4- to~-10-in.-thick
interbedded shale units are medium gray (N5) with pale reddish brown (10R5/4) stain-
ing, siltv, sandv, micaceous, contains macerated plant material and millimeter-thick sand-
stone stringers; a 1.5-ft thick, sandy, silty shale bed is in contact with the overlying carbon-
aceous shale unit; base of lowermost sandstone bed is covered by spillway concrete ......... 11.5

Total thickness of section  33.25




STOP 8 (OPTIONAL). CALCAREQUS TURBIDITE SANDSTONE IN
ATOKA FORMATION SOUTH OF CHOCTAW FAULT

Location: On east side of tributary to Buffalo Creek, near center W/2 W/2
NE/4 sec. 2, T3N R17E, Higgins 7.5" quadrangle, Latimer County,

Oklahoma.

Stratigraphic position: In upper(?) part of Atoka Formation. Queried
because overiying formation (Hartshorne equivalent?) has never been
recognized in the Ouachita Mountains. At least 3500’ of Atoka Formation
overlies this sandstone, before being cutoff by the "Ti Valley" fault. Bob
Grayson (Baylor) reported upper Atokan conodonts from this unit, but left
open the possibility that this or immediately overlying part of the Atoka

Formation may actually be Desmoinesian.
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STOP 9
APPENDIX

EXPLANATION

Sedimentary Features

Sandstone .7 Trough cross-stratification

- Low-angle cross-stratification
Sandstone, shaly
-~ Wavy bedding

Sandstone, silty oocoo  Nodular bedding
o ——a»—  Lenticular bedding
—.| Siltstone .
: /N Swaly bedding
Shale 7 Pinchand swell
A  Convolute bedding
, Shale, sandy ==  Slumped or contorted bedding
AAAS Ripple marks
. Black shale @ Flow rolls
- Shale, silty —y—  Scour-and-fill

/;& Dewatering feature

] interval —
i Covered interva — T Groove cast

M Micaceous
. Calcareous
Boxwork

lronstone band

ironstone concretion

Fissile

Plant stem
Comminuted plant material
Bioturbated

Vertical burrow

4

L

b2

:j? Stromatolites
1

>0

g
P}

—o—  Horizontal burrow
~/

Coarsening-upward sequence
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11700 +——
i
j
16904 | |
B
!
a
!
o
1680+ |
1
o
1670+ E
; | )
1660~
| ;
1 16504 ; A
125.8148
2
‘ - XREBS GROLUP
: ) . 3oggy Formation
16404 Blueiacket Sandstone Member:
| - 48. Sandstone, dark vellowisn orange (10YR6/6), weathers
i %j —ouerate veilowish brown (10YR5/4) to gravish pink (5R8/2) to
: ! light brown (5YR5/6), very tine to fine-grained, mostly medium- to
i . thick-bedded, massive in lower part; base fills channels in
63 0_1 ) =2z | underlying unit; contains extensive large-scale cross-bedding; flow
; ! roils and other soft-sediment deformation features common;
‘ cutcrop displavs stacked-channel sequence; base snarp (upper unit)
i ; s
,1620- !
‘: : ©)
1610~ =

11600+
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1600 1 S
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1590 e
=
1580+
o)
Q-///
125.8/48
15704 W Upper unit, Bluejacket Sandstone Member
| A
1560+
|
118504 |
11540+
I

1520+

1510~

; 120 147]

+7. Covered interval
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11500 - !
| |
: |
11490 |
o
i i ]
! i f ;
14804 I
i I
|
Cod .
} L |
1 120 147 i \ 47. Covered intervai
14604 i [
]
.
i |
Lo
14504 i
1440 :
z
o ‘1. |
14304 ' :

+b. Sanastone, paie veilowish brown (10YR6/2), weathers paie
orown (3YR5/2) to moderate brown (5YR4/4, 5YR3/4), very fine
zrained, shaiv, thin- to very thin bedded, wavv-bedded, rippie-
marked. micaceous; black, carbonaceous, comminuted plant
material on pedding surtaces; trace fossils on soles of beds;

14104
‘nterpedded with shale in lower part; basal contact gradationai

I flower unut)

1400+
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1400 ;
j
412 |
’ : Lower unit, Bluejacket Sandstone Member
13904 !
1380+ M Boggy Formation
== v * Savanna Formation
113704 p—
! - =
: i p————— -
1360 _ =
| = -
13504 —— o
‘ —_— V/ i 45.Shale, grayish orange (10YR7/4) to moderate vellowish brown
op— ¢ (10YR5/4), verv siltv and sandy, lenticular to wavy-bedded;
86.5 |45 T—— —— /=™ | contains abundant lenses and stringers ot very tine grained silty
R T P sandstone that are laminated in a cross-sectional view; trace fossils
‘ j [ P common; sandstone content increases upwards, and a few feet
13404 —— below contact with overlying unit, wavy-bedded, dark yellowish
i i = : brown (10YR4/2), cross-iaminated sandstone layers as much as 2
f i e 7 in. thick are present; base gradational; contact with overlying unit
; i _ = ¢ gradationai and picked where sandstone crops out to form a
! % e — resistant ledge in hill slope
51330-! —
N — : 7 i
==
L == 2
13204 ==
== =
113104 . :
. T
11300 —
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11300 i p——
1 —== -
186.5145|—— ——
. —_——— -
L ==
112904 p—
- - - 4. Shaie, vark vellowish brown (10YR4/2), silty; contains well-
—_ _ 4 indurated, light brown (5YR5/6) to moderate brown (5YR4/4)
{ ; — siltstone stringers that occur rhythmically about 1-2 ft apart and
! 20.0 44| —— i give the ovutcrop a ribbed appearance; base gradational
1280+ —
_— T
—— ./
11270 == v |
: _—
] ==
: S S — %
i _—
i —_— <A
= B
12604 —_
12504 == <
12404 pns—— 43. Shaie, oiive gray (3Y4/1), weathers moderate yellowish brown
: e — {10YR5/+4); contains moderate reddish brown (10R4/ 6) iron-oxide
—_— — 8 {  crusts on some bedding surtaces as well as scattered ironstone
— = - concretions of the same color; becomes silty in upper 25 ft of unit
803148 = — <
; ' 1 ——— — 8 ’
12304 | == ‘
1220+ —_ = 3
== 3
1210+ e —
o

1200+




Unit
Thickness (ft.)

S Scale (ft)
o

Unit No.

Features

Description of Units

80.3143
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11904

8.0 |42

% | owmme

S

411

———

42. Shale, black (N1), fissile; exposed at base of gully at northwest
side of abandoned gas weil pad

11, Covered interval

1. Sandstone. paie veilowish orange (10YR8/6), moderate reddish
orange (10R6/6), grayish orange (10YR7/4), and moderate red
{5R5/4), verv tine grained, mostly irreguiar-bedded, thick- to
medium-pedded; includes soft-sediment deformation teatures, rare
current rippies, and asvmmetric ripples on bed surfaces near top of
unit; reentrent erosion ot dip-slope exposures in road bed indicate
‘nterpedded shales (covered) are present in this interval (Psv 7 ss)




_ Unit
Thickness (it )

Scale (ft.)
Unit No.

Lithology

Sedimentary
Features

Description of Units

1100 +

57.1:40

1060+

10504

)

=z

AAAL

10404

110304

122.1:391

10204

101G-

¢

10. Sandstone. pale vellowish orange (10YR8/6), moderate reddish
orange {I0R6/6), grayish orange (10YR7/4), and moderate red
(5R5/4), verv fine grained, mostly irregular-bedded, thick- to
medium-bedded; includes soft-sediment detormation features, rare
current rippies. and asvmmetric ripples on bed surfaces near top of
unit; reentrent erosion of dip-siope exposures in road bed indicate
interbedded shales (covered) are present in this interval (Psv 7 ss)

39. Coverea interval

10004+— L
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1000
I
! |
z
I
L
9901 \\ |
\
980 \.
|
| L
970- |
H
|
122.1/39 Y, 39. Covered interval
9604 |
9504 |
i i
9404
3 { i
9304 |
' !
1
™~
| 38. Sandstone, dusky red (5R3/4) to moderate reddish orange
9204 A (10R6/6), weathers grayish red (5R4/2), very fine to fine-grained;
a mostiv thick-bedded and massive; contains abundant large-scaie
‘ ’ N ; Jeformation features such as tlow rolls and convolute beds;
. 20.7 38 o~ exhibits some swaly beds; weathers to large irregular-shaped
‘ oo blocks with “billowy” surfaces; poorly exposed in low ridge north
i =N of smail bond (Psv 6 ss)
910+ =/

37. Coverea interval
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8 %1 c = g {
» i 2> Buw i
el 0 !
900 + Y ‘
890 §1 / :
| f
; | !
| %
: !
: 880 : ')
i ;
SR
| 8704 ; |
o |
7781371 | ‘
' | 37. Covered interval
860~ | !
1
! |
850 1 ‘
[ ‘
[
- 840+ %
f ' |
o |
‘8304 ;
36. Sandstone interbedded with shale, grayish orange (10YR7/4)
i with light brown (5YR5/6) staining, very fine grained, medium-
820 - : bedded, blockv, poorly exposed in road bed; overlain by ~2 ft of
’ mottled, moaerate reddish brown (10R4/6) and grayish orange
! (10YR7/4) highly weathered silty shale; unit is covered where road
35.0 38 torks, but is exposed in east fork of trail; here the sandstone is
; irreguiariv bedded and has a pitted surtace from weathered-out
shale and ironstone pebbles. Top is covered, but unit is at least 35 ft
810 -~ thick (Unit 36 is otfset from top of ridge south of pond ~0.5 to the
northeast aiong gas weil road) (Psv 5 ss)
800




Scale (ft.)

Unit

Thickness (ft.)

Unit No.

Lithology

Sedimentary
Features

Description of Units
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1125/35

7404

' 7304

© 7204

7104

i
i
i

i
[
|
i
i

i
l
|
!

35. Covered intervai
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700 + { .
: % /
112.5/35] /
690 A : 75, Coverea interval
! A

680 4 34. Sandstone interbedded with shale, olive gray (5Y4/1) to pale
ellowish brown (10YR6/2) to dark yeilowish brown (10YR4/2),
thin- to medium-bedded, swaly bedded, trace fossils abundant on

‘ soies and pedding surfaces, pale reddish brown (10R5/4) plant
. fragment impressions abundant on some surfaces, soft-sediment
: Jeformation common in some sandstone beds (Psv 4f ss)
670 4
!
: 660+ :
' 23.233I 3. Coverea interval !
650 -
2, Sandstone, gravish orange (1L0YR7/4), weathers dark yellowish |
53 32 srown (10YR4/2), thick-bedded, very fine grained, includes some !
e swaiv beds and low-angie cross-stratification, blocky, base sharp
Psv de ss)
640 1 i —
g2 131 e — 1. Shale, grayish orange (10YR7/4) to paie yeilowish brown
el == (10YR6/ 2}, pooriy exposed
30. Sandstone, dark yellowish brown (10YR4/2), weathers grayish
| red (10R4/2) medium-bedded, contains low-angle cross-

6304 stratitication, wavy-laminated to flat, paraliel-bedded in part;
~inor bioturbation features on some surfaces; base sharp (Psv 4d
=5
29. Shaie. oiive gray (5Y3/2), weathers veilowish gray {(5Y7/2),

520 < ; cooriv exposed
: A !
t 23, Sandstone, dark yeilowish brown (10YR4/2), weathers blackish
red (5R2/2), very fine grained, thick-bedded, massive; obscure
14.9 1271 svidence for soft-sediment deformation; breaks into irregular,
i :mall, blockv fragments at top of unit, base covered (Psv 4c ss)
. 610~ 27, Coverea interval
— 25. Shale, olive gray (5Y4/1), weathers grayish orange (10YR7/4)
50 26 T — = .na veliowish gray (5Y7/2); contains scattered discoidal ironstone
(A —— : oncretions ~3 in. in diameter and 0.3-1.0 in. thick, base sharp; top

© 600 -
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} — — !
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25. Sandstone, olive gray (5Y3/2), weathers moderate brown
(5YR3/4) to dusky brown (5YR2/2), very tine grained, hard,
medium-bedded, nodular-bedded in lower 0.7 ft; massive, with
irreguiar, swaly parting surfaces in upper part (Psv 4b ss)

24. Shale, gravish red (10R4/2), very weathered, poorly exposed

23. Sandstone, dark yetlowish brown (10YR4/2) to light olive gray
(5Y5/2), very fine grained, shaly, very thin to thin-bedded; appears
to be mostly tlat, parallel-bedded, but contains low-amplitude
wave laminae in Jower part; moderately bioturbated; in upper 2 ft
contains exceilent dish-and-pillar dewatering structures; thin,
wavy-bedded, with low-angie cross-stratification in upper 0.5 ft;
base sharp (Psv 4a ss)

22. Shale, moderate yellowish brown (10YR5/4), siity, weathers
dark veilowish orange (10YR6/6) and moderate brown (5YR4/4);
inciudes rare iavers of ironstone <0.5 in. thick, and rare sandstone
stringers ~1.0 in. thick; becomes increasingly silty in upper 2.5 ft
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22. Shale, moderate yellowish brown (10YR5/4), silty, weathers
dark vellowsh orange (10YR6/6) and moderate brown (5YR4/4);
includes rare lavers of ironstone <0.5 in. thick, and rare sandstone
stringers ~1.0 in. thick; becomes increasingiy silty in upper 2.5 ft

21. Sandstone, light olive gray (5Y5/2) to dark yellowish brown
{10YR4/2), weathers moderate brown (5YR3/4), very fine grained,
low-angie cross-stratification, scour-and-fill features common; thin-
to medium-bedded, breaks into irregular blocks, trace fossils
abundant on surface of some beds; interbedded with shale in upper
part; base sharp (Psv 3d ss)

20. Shale, verv light gray (N8) with dark yellowish orange
(10YR6/6) and dusky brown (5YR2/2) staining; poorly exposed

19. Sandstone, dusky yeilow (5Y6/4) to light olive gray (5Y5/2);
weathers light brown (3YR5/6) to moderate brown (5YR3/4), very
fine grained, thin- to medium-bedded, thin-bedded and shaly in
lower | ft, contains low-angie cross-stratification; trace fossils and
indistinct rippies on some surfaces; base gradational (Psv 3c ss)

18. Shale, medium gray (N3), weathers vellowish gray (5Y7/2),
+lakv; contains scattered, smail, discoidal ironstone concretions,
base sharp

17. Sandstone, light olive gray (5Y5/2) with light brown (5YR5/6)
and dusky brown (5YR2/2) staining, very fine grained; forms a
solid. resistant block that appears massive in lower 1 ft, but exhibits
low-angie cross-lamination in upper 0.4 ft, surface ripple-marked
and bioturbated; includes a 1.5-ft-long Stigmaria cast in upper 0.2 ft,
trace fossils and grooves on sole; base sharp (Psv 3b ss)

16. Shale, medium dark grav (IN4), weathers grayish orange
110YR7/4); inciudes a 0.2-ft-thick, dark reddish brown (10R3/4)
ironstone laver containing carbonized plant fragments ~3.5 ft from
base of unit: other ironstone layers scattered throughout; ~9 ft from
top contains a U.3-ft-thick layer of calcareous, grayvish orange
{10YR7/4), verv fine grained, silty, concentric aigai structures
{stromatolites) with a thin-bedded, flat to irreguiar base in sharp
contact with underlying shale — the surface has a buibous or
hotrvordal appearance, with individual protrusions ranging from 1
{0 & in. across — internal laminae, in cross-section, more-or-iess
“omcide with the surface structures; the surtace 1s in sharp contact
vith the overiving shale
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15. Siltstone and shale, interbedded, dusky yellow (5Y6/4), dark
reddish brown (10R3/4) and blackish red (5R2/2) staining on
bedding planes, very thin bedded, low-angle cross-laminations,
indistinctly ripple marked, rare bioturbation features, base
gradational

14. Siltstone, very pale orange (10YR8/2), shaly, contains low-angle
cross-laminations, forms minor ledge in gully, base gradational

13. Shale, dark gray (IN3), weathers vellowish gray (5Y7/2) and
moderate yellowish brown (10YR5/4), base sharp

12. Sandstone, light olive gray (5Y5/2) to dark yellowish brown
(10YR4/2), verv fine grained, thin- to medium-bedded, parailel,
wavy-bedded, ripple-marked, minor trace fossils on some soles;
some boxwork structures on upper surtace, weil-indurated (Psv 3a
$s)

11. Shale, light olive gray (5Y5/2) to moderate yellowish brown
(10YR5/4) with dusky yellowish brown (10YR2/2) staining on joint
surtaces where weathered, blockv; very silty in some intervals that
form resistant ledges in guily; nodular bedded in places; some 0.5-
in.-thick siltstone stringers in upper 3 ft
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bedded. wavv-laminated: contains low-angle cross-stratification;
inciuues scattered impressions of plant tragments; rare trace fossils
: i on some soles; some surtaces npple-marked; becoms medium- to
143619 thick-beaded and blocky in most places in upper 15 ft of unit, with
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creex east of road (Psv 2 ss)
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(10YR6/6) mottling, siltv, weathered, base covered
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7. Covered interval

6. Sandstone, gravish orange (10YR7/4) to light brown (5YR6/4),
-veathers gravish red (5R4/2), very fine grained, mostly irreguiarly
medium-bedded; massive in part, but has abundant internal low-
angie cross-laminations in cross-section; trace fossils on some top
and bottom surfaces; contains some lenses with soft-sediment
Jeformation features; base sharp and irregular (Psv 1 ss) (contact
with underiving McAlester Formation is exposed in woods ~100 ft

east from N-S road, and ~200 ft N from E-W road; strike of beds is
N. 66° E and dip is 15° NW.)

5. Shale, verv pale orange (10YR8/2) to moderate reddish orange
{10R6/6), highly weathered. base covered

4. Covered interval with some pooriy exposed shaie; highly
weathered, very paie orange (10YR8/2) shale with moderate

-eadish orange (10R6/6) mottiing is exposed in road ditch east side
or creex on north side ot E-W road

Savanna Formation

McAlester Formation
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! Shale. o.uve gray (3Y3/2) to light olive gray (5Y5/2); contains
.ark reaaisi brown (10R3/4) ironstone concretions about 3~4 in. in
Ziameter and 0.5-1.0 in. thick; weathers to smail tlakes
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14 Stop 12 —Upper Part of Atoka Formation

Stop 12

Sedimentology of the Upper Part of the
Atoka Formation (Pennsylvanian), Wister Lake
Spillway, Le Flore County, Oklahoma

James R. Chaplin
Oklahoma Geological Survey

Location: S WX NWYUNEViSWY sec. 6,
T.5N,, R. 25 E,, Le Flore County

Permission to enter the spillway must be obtained at the U.S. Army
Corps of Engineers’ office located in Wister State Park.

SIGNIFICANCE

¢ spectacular exposures of the Atoka Formation (upper
part), a stratigraphic interval rarely exposed

« superb sedimentary structures, particularly ripple bed
forms that represent a range of flow velocities and
directions

+ overall thick, fining-upward transgressive shale se-
quence containing thin, coarsening-upward regres-
sive sandstone sequences

* well-exposed tear fault on northern flank of the Heav-
ener anticline that can be examined directly

¢ storm-influenced, mud-dominated shelf depositional
setting

» first published petrographic or lithofacies study, of
either a local or regional nature, on the upper part of
the Atoka Formation in Oklahoma.

GEOLOGIC SETTING

Wister State Park is located in the southern part of the

Arkoma Basin. The most prominent structural feature
within the park is the Heavener anticline, which trends
westerly across the area and extends well beyond the park
boundaries. Wister Dam is located on the northern flank
of the Heavener anticline where beds have a northward
dip averaging ~26° and an average strike of N. 68° W. The
Heavener anticline is broken on both flanks by numer-

Figure 7. West side of Wister Dam spillway where a 3.3-ft.-thick
sandstone bed (Unit 13, 199~202.3 ft intetval) is offset ~10 ft by
a fault. The Heavener anticline is broken on both flanks by nu-
merous faults, but these faults rarely have surface expressions.

ous tear faults. One of these faults can be observed at this
stop along the west side of the spillway where surface
rocks (Unit 13) are offset ~10 ft (Fig. 7).

GENERAL STRATIGRAPHY

The rocks that crop out in Wister State Park are as-
signed to, in ascending order, the Atoka Formation
(Atokan Series?) (~11,000 ft exposed in the vicinity of the
park) and the Hartshorne (250-300 ft) and McAlester
(900-950 ft) Formations (Desmoinesian Stage). Litholog-
ically, the succession is composed dominantly of dark
gray (N3) to medium dark gray (N4), noncalcareous, silty
shale and subordinate amounts of ripple-marked, locally
cross-bedded, very fine grained sandstones, some very
discontinuous (Fig. 8). A detailed lithologic description of
the upper part of the Atoka Formation is given in Mea-
sured Section, Stop 3. Figure 8 shows unit thicknesses,
thin-section and shale-sampling intervals, lithologic suc-
cession, depositional textures, level of bioturbation, sedi-
mentary features, and thin-section photomicrographs
from certain intervals.

Sandstone o ré%z ng O (S:Ic'm:trle"on
—= Slightly
Sﬁnldsfone, Lenticular = fissile
;ai:ilstone bedding / Plant stem
silty ' N Eladsde‘r POPS Comminuted
edaing plant material
Siltstone Slumped or ,
N ccmol::‘tgd o Brachlopod
|:___;__—-:_| Shale bedding Crinoid
Convolute debris
?:ﬁé;’ @// bedding @ Gastropad
Shale, _~ Ripple marks € € Bivalve
silty — Starved \JZ) Bioturbated
- ripples :
— Calcareous PP . F P :t?rrrlcf\?vmal
Swalev cross- S8 Ball-and-pillow
> Z stratifization structure e Vertical
Trough cross-  —e_s— -oad I burrow
» stratification stuctures Chondrites
Planar cross- & Scour-and-fill Zoophycos
stratification A Y4 Rip-up clasts Fining-
-  Low-angle & Carbonaceous upward
—— cross- it sequence
stratification P Pyritic Coirsening
Ripple-dift m Micaceous voward
%’ cross- XXX lronstone band seguence
stratification and lense
—= Parallel ® {ronstone
— laminations nodule

Figure 8 (p. 75-22). Diagram of measured stratigraphic section of the
Atoka Formation (upper part) at Wister Dam spillway. Unit number and
thickness, lithology, depositional texture, level of bioturbation, and sedi-
mentary features are shown. Explanation of symbols is shown above.

The approximate stratigraphic positions from which-shale samples (x)
and thin sections (e.g., 26-1) were taken are marked. Thin sections have
two numbers: the first number identifies the unit from which the sample was
collected, and the second number designates the stratigraphic position of the
sample within that particular unit (e.g., of the three thin sections collected from
Unit 26, 26-1 was collected from the lowest stratigraphic position within that
unit). Not all thin sections are represented by photomicrographs.

The level of bioturbation may vary slightly throughout any unit; there-
fore, the assigned ichnofabric index only represents the general overall
intensity of bioturbation throughout that particular unit.
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Figure 8 (continued).
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Figure 8 (continued).
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Figure 8 (continued).
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Measured Section, Stop 3
Atoka Formation (upper part)

SWLUNWUNEWMSWY sec. 6, T. 5 N, R. 25 E., Wister quad-
rangle, Le Flore County. Measured from base of exposure just
south of spillway overlook northward below spillway to gate
at lower end of cut. Section measured perpendicular to east-
west strike. Average strike N. 68° W., average dip 26° north-
northeast. (Measured by James Chaplin, LeRoy Hemish, and
Mark Keys.)

Thickness
(feet)

33. Shale, dark gray (N3) to very dusky red purple (5RP

2/2), silty, noncalcareous; contains some dark

reddish brown (10R3/4) ironstone layers at top of

unit; includes a 2-4 in. thick ironstone layer ~1 ft

above the base containing abundant chonetid-

and spiriferid-type brachiopods; some brachio-

pods are pyritized, others are calcareous; weakly

(2) bioturbated; gradational base; nonresistant

unit; top not exposed (shale sample A 33-1, mid-

dle Of UNIL) wovvveeerecrrecernrne e 50.5
32. Interstratified medium gray (N5), very fine grained

sandstone and siltstone, very shaly; calcareous in

certain intervals; contains very abundant trace

fossils; strongly (4) bioturbated to churned (5), top

weathers to shaly siltstone with abundant brach-

iopods; gradational base; (thin section sample

A32-1) i, ettt nenee 1.3
31. Shale, dark gray (N3), sandy to silty, noncalcareous;

includes some 1-2-in.-thick siltstone/sandstone

layers and dark reddish brown (10R3/4) and dark

yellowish orange (10YR6/6) ironstone lenses/nod-

ules/concretions; weakly (2) bioturbated; grada-

tional base (thin section sample A 31-1, very fine

grained sandstone/siltstone stringer ~1 ft above

DASE) c.vreereierrrereeereerere et e e 23
30. Interstratified medium light gray (N6) and medium

dark gray (N4) siltstone/sandstone and grayish

purple (5P4/2), silty shale, calcareous; highly rip-

ple bedded; sandstone, very fine grained, noncal-

careous; moderately (3) to strongly (4) biotur-

bated; gradational base; resistant unit; (thin sec-

tion sample A 30-1, at base of unit) ......co.occevvuernnnn. 2.0
29. Shale, medium dark gray (N4}, sandy to silty, soft,

noncalcareous; very fossiliferous, particularly at

top with brachiopods, crinoidal debris, bivalves

(some encrusting), and gastropods; includes some

dark reddish brown (10R3/4), ironstone nodules;

moderately bioturbated (3); base sharp; nonresis-

tant unit; (shale sample A 29-1, continuous) ........ 2.3
28. Sandstone, light bluish gray (5B7/1), medium light

gray (N6), noncalcareous, very fine grained, thin-

to medium-bedded, rippled; includes rare soft-

sediment deformation feature (contorted bed-

ding); contains some dark reddish brown (10R3/4)

ironstone bands/lenses; weakly (2) bioturbated;

irregular base; lenticular sandstone body ~26.3 ft

wide; resistant unit; (thin section sample A 28-1,

rippled sandstone lens near top) ......ccceevieeecnnnene .0.3-3.3
27. Shale, medium bluish gray (5B5/1) and medium

dark gray (N4), silty, noncalcareous; includes mi-

nor siltstone stringers; weakly (2) to moderately

(3) bioturbated; weathers to flakes/chips; non-

resistant unit; sharp base; (shale sample A 27-1,

middle of Unit) .....ccocervriiviiies 8.2
26. Sandstone/siltstone, medium light gray (N6), light

25.

24.

23.

22,

21.

20.

19.

18.

bluish gray (5B7/1), noncalcareous, very fine
grained; grades into siltstone at top; irregular bed-
ded; some small-scale soft-sediment deformation
features; shaly near top; rare swaley cross-strati-
fication; contains trace fossils, plant fossils, and
‘ironstone nodules; fractured; dark yellowish orange
(10YR6/6) staining on outcrop surface; weakly (2)
to moderately (3) bioturbated in certain intervals;
sharp base; very resistant unit; (thin section sam-
ple A 26-1, base of unit; A 26-2, middle of unit;
A 26-3, just below top of unit) ..o
Shale, medium bluish gray (5B5/1) and medium
dark gray (N4), noncalcareous, silty, soft, weathers
smoothly; includes some siltstone stringers/lenses;
weakly (2) bioturbated; gradational base; (shale
sample A 25-1, middle of unit, continuous) ..........
Interstratified dark gray (N3) to grayish purple (5P
4/2), noncalcareous, micaceous, silty shale (60%)
and shaly siltstone/sandstone (40%); 1-2-in.-thick,
rippled, shaly siltstone/very fine grained sand-
stone beds throughout; weakly (2) bioturbated;
gradational base............coveerciiininiiinns
Interstratified silty shale (50%) and shaly siltstone/
sandstone (50%); shale, dark gray (N3), silty, non-
calcareous; sandstone, medium gray (N5) and
grayish red purple (5RP4/2), noncalcareous, fine-
to very fine grained, dominantly fine grained,
rippled, highly micaceous and rippled unit; con-
tains very abundant comminuted plant material;
top of unit contains wavy, discontinuous, dark
gray (N3) carbonaceous laminations; weakly (2)
bioturbated; gradational base; (thin section sam-
ple A 23-1, rippled sandstone 4.9 ft above base}) ...
Shale (80%), dark gray (N3), noncalcareous, silty,
slightly fissile; includes rippled shaly siltstone
(20%) laminations/stringers; contains more silty
shale than Unit 21; includes rare ironstone string-
ers; weakly (2) to moderately (3) bioturbated; gra-
dational base; base of unit approximately at end
of concrete spillway apron; (shale sample A 22-1,
41.6 ft above base; thin section sample A 22-1, silt-
stone stringer 41.6 ft above base) ............ccceuenns
Shale (70%), dark gray (N3) and brownish gray (5YR
4/1) and shaly siltstone/sandstone (30%) string-
ers; shale, noncalcareous, micaceous, sandy; sand-
stone, noncalcareous, very fine grained, rippled,
occurs mainly as lenses; white (N9) oxidized stain-
ing on outcrop surface; weakly (2) bioturbated;
gradational base ...........covevvenninncinncrninenens
Siltstone/silty shale (60%) and very fine grained
sandstone (40%); shale, medium dark gray (N4)
and grayish red (10R4/2), micaceous, noncalcar-
eous except in certain intervals; includes some
rippled, light gray (N7) sandstone streaks; con-
tains some comminuted plant material; weakly (2)
bioturbated to nonbioturbated; gradational base;
(thin section sample A 20-1, 1.4 ft above base) .....
Alternating beds of grayish black (N2), micaceous,
noncalcareous, silty shale (50%) and grayish red
purple (5RP4/2) and brownish gray (5YR4/1), very
fine grained sandstone/siltstone (50%); rippled
sandstone/siltstone beds occur in 1-2-in.-thick
layers/lenses; weakly (2) bioturbated; noncalcar-
eous except where micro-size calcite crystals coat
shale surfaces; gradational base; (shale sample
A19-1, 6.2 ftabove base) ......cccevvvrnrniiiennnns
Shale, dark gray (N3), and brownish gray (5YR4/1),
silty, noncalcareous, monotonous shale sequence;
poor to moderate exposure due to slump blocks;
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weakly (2) bioturbated to nonbioturbated; nonre-
sistant unit; gradational base; offset to the east of
spillway floor to continue measurements; (shale
sample A 18-1, just below contact with Unit 17;
Al18-2, ~102.7 ft above base; A18-3, ~202.4 ft above

base; A 18-4 top of unit). ...covceecreeeeieniccrcrircenrennens 295.6

17. Shale, brownish gray (5YR4/1), silty, noncalcar-

eous; deeply weathered limonitic concretionary
horizon; contains abundant dark yellowish orange
(10YR6/6) and dark reddish brown (10R3/4) iron-
stone concretions; spheroidal-like weathering;
nonbioturbated; nonresistant; gradational base ..

16. Shale, grayish black (N3), brownish black (5YR2/1),

and grayish red purple (5RP4/2), silty, micaceous,
noncalcareous; includes some grayish red (10R
4/2) ironstone stringers/bands/ lenses, some with
pyrite; weakly (2) bioturbated; nonresistant unit;
sharp base; (shale sample A 16-1, continuous}) .....

15. Sandstone/siltstone, medium light gray (N6), non-

calcareous, micaceous, very fine grained, slabby,
rippled, parallel-bedded; weathers dark yellowish
orange (10YR6G/86); interbedded with pale red (10R
6/2) rippled sandy shale/shaly sandstone showing
small-scale ripple, lenticular and flaser bedding;
ripple types include a mixture of current and in-
terference ripples but current ripples are more
common; unit becomes more shaly at the top;
weakly bioturbated (2) to moderately (3) biotur-
bated in certain intervals; gradational to sharp
base; (thin section A 15-1, just above base of unit;
A 15-2,t0p Of UNIL) ..vcevecriiiiiii s

14. Interstratified shaly sandstone/sandy shale grading

into very fine grained sandstone at top; small-
scale heterolithic bedding; similar in lithology to
Unit 12; shaly sandstone/sandy shale alternating
with siltstone in 1-4-in.-thick beds; siltstone, light
gray (N7), noncalcareous, occurs as streaks and
rippled lenses; sandy shale, medium light gray
(N6) and medium gray (N5); wavy and lenticular
bedded; includes dark reddish brown (10R3/4)
ironstone beds/lenses; highly rippled unit; certain
intervals contain small-scale flaser/lenticular
bedding and soft-sediment deformation features
(convolute bedding, load casts); contains well-
preserved, slightly coalified Calamites stems, some
30 in. in length; moderately (3) to strongly (4) bio-
turbated, contain some Chondrites; gradational to
erosional base; (thin section sample A 14-1, ~1 ft
above base of unit; A 14-2, top of unit) .......c.ceeeeuue

13. Sandstone, yellowish gray (5Y7/2) weathers dark

yellowish orange (10YR6/6), noncalcareous, mica-
ceous, very fine grained; highly rippled unit, inter-
ference ripples dominant; convolute bedding at
base; includes dark reddish brown (10R3/4) shale
rip-up clasts, particularly near the top; some py-
rite nodules with white (N9) halos; contains dark
gray (N3) comminuted plant material and rare
scoured Calamites; top highly rippled, contains
indistinct scoured Zoophycos; weakly (2) to mod-
erately (3) bioturbated, contains horizontal graz-
ing/feeding trails; single very resistant bed; unit
offset ~10 ft by faulting along west side of spillway;
erosional base; (thin section sample A 13-1, base
of unit; A 13-2, top of unit). .....cevvvinnnicn

12. Shale, medium gray (N5), brownish gray (5YR4/1)

and medium bluish gray (5B5/1), noncalcareous,
very sandy, slightly fissile; small-scale heterolithic
bedding; includes some 1-4-in.-thick, dark red-
dish brown (10R3/4), very fine grained, noncal-

1.6

10.8

1.6

4.3

3.3

careous sandstone/siltstone stringers/lenses;
starved ripples, flaser bedding, and truncated sets
of small-scale ripple-drift laminations in certain
intervals; some pin-stripe millimeter-thick lami-
nations; certain intervals of very fine grained sand-
stone show small-scale soft-sediment deforma-
tion features including flame structure, convolute
bedding and load casts; outcrop surface has white
(N9) oxidized blotches; nonresistant unit; weakly
(2) bioturbated; gradational base; (shale sample A
12-1, CONEINUOUS) wovvviviniiiieniciiiercreerrs e

11. Shale, dark gray (N3), brownish black (5YR2/1) and

dark reddish brown (10R3/4), noncalcareous; in-
cludes light gray (N7) and grayish red purple (5RP
4/2) millimeter-thick very fine grained sandstone/
siltstone laminations/streaks; vertical plug; sand-
stone includes delicate, finely ribbed, thin-shelled
brachiopods; weakly (2) bioturbated to nonbiotur-
bated; nonresistant unit; gradational base; (shale
sample, A 11-1, continuOUS) .....c.ccovrerievrrcercrsernenrens

10. Interstratified siltstone/sandstone and sandy shale;

heterolithic bedded unit; highly contorted unit;
siltstone, light gray (N7) and pale red (10R6/2)
weathering dark yellowish orange (10YR6/6); flat
bedded, thin-bedded; dominantly siltstone unit
contains some rippled sandy shale/shaly sand-
stone; small- and large-scale soft-sediment defor-
mation features include slumped sandstone bod-
ies, contorted bedding, and ball-and-pillow struc-
tures; some scour channels filled with high-angle
trough cross-stratified sandstone; rapid lateral
changes in facies/thickness; weakly (2) biotur-
bated; gradational to erosional base; (thin section
sample A 10-1, ~1.4 ft above base; A 10-2, top of
L0911 5 U

9. Shale, medium dark gray (N4), brownish gray (5YR

4/1), and medium bluish gray (5B5/1), sandy,
noncalcareous; includes light gray (N7), very fine
grained, rippled sandstone lenses/streaks; slightly
micaceous; shale unit pinches out laterally due to
scouring by Unit 10; weakly (2) bioturbated to
nonbioturbated; nonresistant unit; gradational
base; (shale sample, A 9-1, continuous) ................

8. Sandstone, light gray (N7), very fine grained, mica-

ceous, noncalcareous; weathers dark yellowish
orange (10YR6/6); some siltstone in certain inter-
vals; highly deformed unit; soft-sediment defor-
mation features include pinch-and-swell bedding,
ball-and-pillow structures, and convolute bed-
ding; highly rippled unit, current and interference
ripples most common; small-scale truncated sets
of low-angle trough cross-stratification, partic-
ularly at the top; interlaminated, rippled sandy
shale in certain intervals; rare low-angle planar
cross-stratification; faint horizontal, even parallel,
laminations in certain intervals where flat-bed-
ded; some carbonaceous streaks/laminae; weakly
(2) bioturbated; unit highly variable in facies/
thickness laterally; base sharp, planar to highly
contorted; (thin section sample A 8-1, base of unit;
A 8-2,top Of UNIL) cooveerieerccree e

7. Interstratified sandstone/siltstone and sandy shale,

grayish red (10R4/2) and medium light gray (N6),
noncalcareous; highly rippled unit; includes 1-2-
in.-thick, very fine grained sandstone beds inter-
laminated with sandy shale; lenticular sandstone
beds more common in upper 2.0 ft; micaceous,
very carbonaceous, contain some comminuted
plant material (Calamites); certain intervals con-
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tain flaser/lenticular bedding and small-scale rip-

ple-drift cross-stratification; weakly (2) to moder-

ately (3) bioturbated, contains dominantly hori-

zontal grazing trails; base gradational; (thin sec-

tion sample A 7-1, ~1.4 ft below top of unit)........... 9.5
6. Sandstone, medium light gray (N6), fine- to very

fine grained, noncalcareous; weathers to dark yel-

lowish orange (10YR6/6); contains sandy shale

partings/streaks; dominantly a highly rippled unit

in which stacked bedding plane surfaces show a

diversity of ripple types; includes certain horizons

of shale rip-up clasts and low-angle cross-stratifi-

cation; individual sandstone beds 2-6-in.-thick;

certain intervals contain very abundant, scoured

Zoophycos on top bedding-plane surfaces; irreg-

ular- to ripple-bedded; rippled surfaces stained

dark reddish brown (10R3/4); weakly (2) biotur-

bated, certain intervals moderately (3) biotur-

bated; very resistant unit, exposed at edge of con-

crete apron; base not exposed; (thin section sam-

ple A 6-1, basal sandstone bed exposed; A 6-2, top

of wavy-bedded sandstone) .........ccevenvivenvvnnrecanenenns 9.5
5. Covered interval (concrete apron of spillway) ........ 60.9
4. Sandstone, light brown (5YR5/6) to moderate brown

(5YR4/4), dominantly fine grained but contains

certain intervals of very fine grained sandstone,

noncalcareous, porous; interval consists of two

~1-ft-thick sandstone beds separated by 0.8-ft-

thick light brown (5YR5/6), noncalcareous, sandy

shale; impure, contains abundant clay-alteration

products; thin-bedded; low-angle cross-stratifica-

tion; surfaces ripple-marked; weakly (2) biotur-

bated; (thin section sample A 4-1, uppermost rip-

pled sandstone bed) ........coeceveriiicniicnninienne, 2.6
3. Shale, light brown (5YR5/6) interbedded with light

gray (N7), grayish orange (10YR7/4), and light

brown (5YR5/6), very fine grained sandstone and

siltstone; noncalcareous; thin- to-very thin bedded;

wavy, parallel-bedded; surfaces ripple-marked;

weathers to small, broken fragments on the out-

crop; weakly (2) to moderately (3) bioturbated;

gradational base.........coevivvvrvcrnnninnecnnes 28.1
2. Sandstone, light brown (5YR5/6), moderate brown

(5YR4/4), and very pale orange (10YR8/2), rhyth-

mically alternating with dusky yellowish brown

(10YR2/2) sandy shale that weathers light brown

(5YR6/4, 5YR5/6); sandstone, fine- to very fine

grained, noncalcareous, thin- to medium-bedded;

wavy, parallel-bedded; sandstone beds are gener-

ally about 8-15 in. thick, particularly in upper

part; sandstone beds are more common and

thicker in upper part; certain intervals contain

shale rip-up clasts; surfaces marked with interfer-

ence ripples; top bedding plane surfaces covered

with trace fossils (horizontal locomotion/feeding

trails); weakly (2) to moderately (3) bioturbated;

gradational base; (thin section sample A 2-1, base;

A 2-2, top of 5.2-ft-thick rippled sandstone bed;

A 2-3 top of unit) ....ccceiriinnnincninninn, TR 22.1
1. Shale, very pale orange (10YR8/2) to light brown

(5YR5/6) to brownish gray (5YR4/1), slightly fis-

sile, sandy, noncalcareous; includes some moder-

ate brown (5YR4/4), very fine grained, bioturbated

sandstone beds; base covered .........ccoceeriniccnnnnne 195

Total thickness, including covered interval  ~886.0

STRATIGRAPHIC POSITION/THICKNESS

The thickness of the upper part of the Atoka Forma-
tion exposed at this stop is ~886 ft. The Hartshorne/
Atoka contact is exposed ~1.3 mi northwest of this stop
on the east point of Wister Ridge, just east of the picnic
area at Area 2 campground (Fig. 9). On Wister Ridge, the
uppermost erosion-resistant sandstone in the Atoka For-
mation is ~475 ft below the Atoka/Hartshorne contact,
The same resistant sandstone (Unit 26, Fig. 8) is exposed
in the lower part of the spillway section below ~69 ft of
silty, sandy shale. Therefore, ~406 ft of the uppermost
part of the Atoka Formation is not exposed in the spill-
way section. However, Hemish (1993a, p. 19) described
113.5 ft of this 406-ft interval on Wister Ridge. Lithologi-
cally, the interval is composed predominantly of olive
gray (5Y4/1) to medium gray (N5) silty shales that are
interstratified with light olive gray (5Y5/2) siltstones in
the upper 25 ft.

GENERAL DESCRIPTION OF SUCCESSION

The succession can be divided informally into the fol-
lowing general lithologic subdivisions (Fig. 8).

Lower 207 ft (Units 1-15)— Composed of four coars-
ening-upward lithofacies. The lowermost (finest
grained) part of each coarsening-upward sequence
begins with an approximately 10-20-ft-thick shale
or (less frequently) siltstone/sandstone interval.
The uppermost (coarsest grained) part of each
lithofacies usually is dominated by 5-20-ft-thick,
very fine grained sandstone/siltstone beds or, less
commonly, by fine-grained sandstone (Fig. 10). This
part of the overall succession has the greatest con-
trast in lithologies and contains the most abundant
and diverse sedimentary features, including ripple
marks, scour-and-fill marks, low-angle cross-strati-
fication, trough cross-beds, planar cross-beds, par-
allel Jaminations, lenticular and flaser bedding, con-
torted bedding, convoluted bedding, load struc-
tures, ball-and pillow structures, rip-up clasts, com-
minuted plant material, plant stems, carbonaceous
matter, pyrite, mica, trace fossils, and brachiopods
(Fig. 8).

Figure 9. Contact of Atoka Formation (A) and Hartshorne
Sandstone (H). Located at Area 2 campground in Wister
State Park ~1.3 mi from spillway section (Fig. 8).
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Figure 10. Northward dipping (26°) beds of the upper part of
the Atoka Formation (133- to ~886-ft interval) exposed in
Wister Dam spillway. Note the overall mud-dominated suc-
cession. Two small-scale coarsening-upward seguences can
be seen, one in the immediate foreground and the other at
about the middle of the photograph (Unit 10).

Figure 11. Lower part of mud-dominated part of succession.
Contact of shale Unit 19 with shale Unit 20 (516-572-ft inter-
val). Hoe pick head marks contact. Unit 20 is composed of
medium dark gray (N4) and grayish red (10R4/2) siltstone
and silty shale (60%) and 1-2-in.-thick, rippled, very fine
grained sandstone streaks/lenses (40%). Hoe pick is 2.2 ft
long.

Middle 207-516 ft (Units 16-18)—Consists mostly of
a very thick, dark gray (N3), silty, noncalcareous,
monotonous shale succession with streaks of silt-
stone and ironstone stringers locally. Sedimentary
features are rare to absent in this interval. Ironstone
bands, concretions, mica, and pyrite occur in the
lower 10 ft.

Upper 516-886 ft (Units 19-33)—Composed of four
coarsening-upward lithofacies.

516-572 ft (Units 19 and 20)—Represents the upper
(coarsest grained) part of the lowest coarsening-up-
ward lithofacies in this interval. Interval is com-
posed of alternating beds of medium dark gray (N4)
silty, micaceous, noncalcareous (except in a few
intervals) shale and 1-2-in.-thick laminations/
streaks/lenses of rippled, noncalcareous, very fine
grained, light gray (N7) sandstone and siltstone (Fig.

11). Sedimentary features include ripple marks,
mica, and comminuted plant material (Fig. 8). The
lowermost part of this coarsening-upward succes-
sion is represented by Unit 18, a monotonous,
295.6-ft-thick shale sequence (Fig. 8).

572-787 ft (Units 21-23)—The lowermost (finest
grained) part of this second coarsening-upward se-
quence is composed of 206.7 ft of dark gray (N3),
silty, micaceous, slightly fissile, noncalcareous shale
(65%) containing 1-2-in.-thick, light gray (N7), non-
calcareous, rippled, very fine grained sandstone
(35%) lenses and streaks. Sedimentary features in-
clude isolated ripple marks, bioturbation, and iron-
stone bands (Fig. 8).

The uppermost (coarsest grained) part of this
coarsening-upward sequence is composed of 8.2 ft
of interstratified dark gray (N3), noncalcareous, silty
shale (50%) and medium gray (N5) and grayish red
purple (5RP4/2), noncalcareous, micaceous, fine- to
very fine grained (mostly fine grained) sandstone
(50%) (Fig. 12). Sedimentary features include very
abundant comminuted plant material, ripple
marks, and wavy, discontinuous, carbonaceous
laminations.

787-818 ft (Units 24-26)—The lowermost (finest
grained) part of this third coarsening-upward litho-
facies consists of 16.1 ft of interstratified dark gray
(N3), noncalcareous, micaceous, silty shale (domi-
nant) and 1-2-in.-thick beds of shaly siltstone and
very fine grained sandstone. Sedimentary features
consist mostly of ripple marks in the lower 9.2 ft.

The uppermost (coarsest grained) part of the
lithofacies is composed of 15.1 ft of medium light
gray (N6), noncalcareous, very fine grained sand-
stone. Sedimentary features, confined to the more
sandy part of the interval, include small-scale, soft-
sediment deformation features, rare swaley cross-
stratification, ironstone nodules, trace fossils, and
plant fossils.

Figure 12. Upper part of mud-dominated part of succession.
Contact of shale Unit 22 with shale Unit 23 (770-787-ft inter-
val). Note the increase in rippled shaly siltstone streaks/
lenses in Unit 23. Unit 23 contains abundant comminuted
plant material. Hoe pick is 2.2 ft long.
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Figure 13. Contact of marine shale Unit 29 with interstratified
siltstone/shale Unit 30 (830—834-ft interval). Unit 29 contains
a good marine fauna of brachiopods, crinoid ossicles/stems,
bivalves, and gastropods. Geologic pick is 1.1 ft long.

818-836 ft (Units 27-32)—The lowermost part of the
fourth coarsening-upward sequence is composed of
12.4 ft of medium dark gray (N4), silty, noncalcar-
eous shale (Fig. 8). A lenticular (0.3-3.3-ft-thick),
very fine grained sandstone bed with contorted
bedding, ironstone bands, and ripple marks occurs
in this interval.

The uppermost (coarsest) part of this lithofacies
is composed of 5.6 ft of mostly interstratified me-
dium gray (N5), calcareous to noncalcareous, very
fine grained sandstone and dark gray (N3), silty,
noncalcareous, shale (Fig. 13). Sedimentary features
include ripple marks, ironstone lenses/nodules/
concretions, pyrite, contorted bedding, strong bio-
turbation, and marine fossils (e.g., brachiopods, cri-
noid ossicles, gastropods, and bivalves) (Fig. 8).

836-886 ft (Unit 33)— This 50-ft-thick interval repre-
sents only the lowermost (finest grained) portion of
another, overlying coarsening-upward sequence.
The interval is composed of dark gray (N3), silty,
noncalcareous shale. Sedimentary features consist
mostly of ironstone layers. One ironstone layer,
near the base, contains an abundant brachiopod
fauna (Fig. 8).

SEDIMENTOLOGY
Petrography

Twenty-seven thin sections from outcrop samples
were prepared and studied to determine textural and
mineralogical characteristics (Fig. 8). Sandstones are
represented by 19 of the 27 thin sections; siltstones, by
seven; shales by one. The coarsest sediment fraction ob-
served in the thin sections was fine sand (0.12-0.16 mm).

Primary sedimentary structures are well developed in
outcrop, but some also are discernible at thin-section
scale. Some thin sections show stratification or grain fab-
ric (Fig. 8, thin sections 14-1 and 20-1). Laminations,
wispy clay layers, and bioturbation are visible in a few

(Fig. 8, thin section 10-2). In one shale sample, centime-
ter-scale convolute bedding was noted (Fig. 8, thin sec-
tion 22-1). Heterogeneities in grain size and color are
present on a centimeter scale. One sample shows graded
bedding on a millimeter scale (Fig. 8, thin section 14-1).

Sandstones

Sandstones are represented by 19 of the 27 thin sec-
tions. Most of the sandstones are classified as quartz
arenites. Sandstones are mostly very fine grained (0.12—
0.16 mm); some contain as much as 20% silt-size grains,
whereas others may contain as much as 10% fine-sand-
size grains. Some of the fine-grained sandstones may
contain as much as 25% very fine sand-size grains.
Grains are poorly to moderately well sorted in most
samples.

Monocrystalline quartz is the dominant framework
grain in all sandstone samples. A few of the monocrystal-
line quartz grains are brown and slightly turbid. Some
grains appear welded together by quartz overgrowths
(Fig. 8, thin section 2-3). Apparent suturing of grains is
the result of quartz overgrowth cementation (Fig. 8, thin
section 2-3). Iron oxides form pin-point rims around
many of the quartz grains. Feldspar is present in small
amounts (<8%) in most samples. Both K-feldspar (ortho-
clase, microcline) and plagioclase are present; plagio-
clase is more common. Some feldspar is twinned. Rock
fragments, predominantly metamorphic(?), are scarce or
absent in the samples.

Accessory minerals are present in trace amounts
(<1%) in most samples. Mica, especially muscovite, is
present in most samples and is a significant component,
as much as 2-3%, in a few samples. Mica content in-
creases with decreasing grain size. Organic matter and
pyrite are the most abundant opaque grains.

Quartz is the most common and significant cement in
many samples. Quartz cement occurs as well-developed
crystal overgrowths on detrital quartz grains.

Clay generally is not abundant but is visible in most
thin sections as delicate, brownish grain-coatings and
pore-linings. Clay also is visible as a pseudomatrix, pro-
duced by compactional deformation of clay- or mica-
rich rock fragments between less-ductile grains. In the
very fine grained sandstones and in siltstones, detrital
clay is present as continuous and discontinuous lami-
nae. Opaque clay-sized particles, including organic mat-
ter, could not always be distinguished.

Siltstones

Siltstones are represented by seven of the 27 thin
sections. The silt grains range in size from 0.02 to 0.06
mm. Grains are poorly to moderately well sorted in most
samples. Grain shapes are generally subangular to angu-
lar (Fig. 8, thin section 10-2). The siltstone samples con-
tain 5-30% very fine sand-size quartz grains. Detrital silt-
size quartz grains and feldspar are mixed with larger,
platy grains of muscovite and organic matter. Organic
matter and pyrite constitute opaque grains. Lamina-
tions, consisting of millimeter-thick, closely packed silt
and very fine sand grains of quartz, occur in some sam-
ples. Detrital clay is visible as diffuse brown patches and
dark laminae.
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Shale

Shale is represented in only one of the 27 thin sec-
tions. (Fig. 8, thin section 22-1). Principal constituents of
the shale are terrigenous silt and clay. The terrigenous
silt fraction is composed of subangular to angular grains
of monocrystalline quartz and lesser amounts of mica,
feldspar, and accessory minerals similar to those in the
sandstones. Convolute bedding on a centimeter scale
was noted in the sample. Part of that micro-scale soft-
sediment deformation feature is shown in Figure 8, thin
section 22-1. Carbonaceous organic matter is present,
and pyrite occurs in trace amounts.

Sedimentary Features
Ripple Marks

The Atoka succession contains a variety of current
and wave ripples representing a range of flow velocities
and directions (Fig. 14). Some ripple patterns (interfer-
ence) suggest the combined influence of waves and cur-
rents. In some cases, thin mud drapes occur on ripple
foresets, or ripples have a more symmetrical form, which
suggests wave and, possibly, tidal influence. Paleocur-
rents measured from current ripples on bedding-plane
surfaces and from a limited number of cross-laminations
tend to be highly variable and are of limited value in in-
terpreting prevailing current directions. Superimposed
ripple-bed forms show rapid lateral changes in size and
orientation over short distances (Fig. 15). Ripple-bed
forms typically are <2 in. high. In this study, small ripples
are not regarded as distinct from the larger megaripples,
as I believe that the two classes show considerable over-
lap. However, the bed-form scale of some of the ripple
trains in the upper part of the Atoka Formation may well
warrant their classification as megaripples. This possibil-
ity will be considered in ongoing studies.

Both symmetrical and asymmetrical wave ripples
are present. Symmetrical wave ripples are essentially
straight-crested and show, in part, a tuning-fork-like
bifurcation. This type of ripple typically is produced by
slow-moving waves on the margins of a water body in
water a few inches deep and does not need a fetch (Rein-
eck and Singh, 1980) (Fig. 16A,B).

Asymmetrical wave ripples are similar to straight-
crested current ripples in possessing a steep lee side and
a gentle stoss side (Reineck and Singh, 1980). These wave
ripples may develop as climbing ripples or ripple lami-
nae in-phase if sufficient sediment is available in suspen-
sion. Crests of both asymmetrical and symmetrical wave
ripples show repeated bifurcation in the shape of a tun-
ing fork, and the profile of crests is rather regular (Fig.
16C).

Climbing ripples and ripple-drift cross-laminations
occur in the coarsening-upward sequences, particularly
at, or near, the tops of sandstone beds. They represent
current deposition in an environment where intermit-
tent interaction with, or reworking by, waves produced
the ripple laminae (Fig. 16D-F). Evidence for wave-influ-
enced ripple laminations in the succession includes op-
posite ripple-foreset directions within single ripple hori-
zons and laminations out-of-phase with ripple forms.
Climbing-wave ripple laminations are highlighted by the
presence of quartz-rich laminae distributed among clay-

Figure 14. View (taken looking southward) of the lower part of
the section, Units 6—8 (133—158-ft interval). Note the diversity
and abundance of ripple-bed forms on the 26° northward-dip-
ping bedding-plane surfaces.

Figure 15. Top of highly deformed Unit 8, shale Unit 9, and
lower part of heterolithic-bedded Unit 10 (156—165-ft interval).
Note the stacked ripple-bed forms in Unit 8 and the cross-
sectional view of planar cross-beds produced by migration of
straight-crested current ripples into relatively deeper water
during storm-events. In Unit 10, note the concave-upward
erosional scour (a) and contorted bedding (b). Geologic pick
is 1.1 ft long.

rich laminae. The climbing- ripple laminae are produced
by low flow-velocity currents saturated with sediments
{probable flood event). The high sedimentation rate
from suspension produces local hydrodynamic condi-
tions similar to those of waning turbidity currents. Some
unusually thick ripple-drift cross-laminations observed
suggest low-flow regime, but excessive bed-load sedi-
ment supply. ‘
Current ripples are most common and are repre-
sented by both unidirectional and multidirectional bed
forms. Straight-crested current ripples, with almost
straight and parallel crests, are the most common form
of current ripple (Fig. 17A). These ripples may show
small, tongue-like projections in the down-current direc-
tion. Straight-crested current ripples form at relatively
low velocities and, upon migration, may produce small-
scale units of planar cross-bedding (Reineck and Singh,
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Figure 16

A. Unit 8, top. Straight-crested symmetrical wave ripples

showing rounded troughs and parallel crests. Note biotur-
bation in troughs. Scale is 5 in. long.

B. Unit 13, upper part. Flaser bedding in wave-rippled (small-

scale, symmetrical) sandstone suggests alternating depo-
sition of sand (in turbulent water) and mud (in slack water).
Note compressed (elongated), shale rip-up clasts at top.
Scale is 5 in. long.

C. Unit 8, top. Asymmetrical wave ripples showing bifurcation

of crests in the shape of a tuning fork. Note the rather reg-
ular profile of the crests. Geologic pick is 1.1 ft long.

D. Unit 14, lower part. Small-scale heterolithic bedding (i.e.,

E

F
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centimeter-thick alternating couplets of siltstone and
shale). Note starved ripples (flaser bedding) at top of scale
and isolated, truncated sets of ripple-drift cross-lamina-
tions (1). Scale is 5in. long.

. Unit 7. Vertical sequence of small-scale sedimentary fea-
tures: starved ripples (lenticular bedding) at the base; lami-
nated small-scale planar bedding in the middle; and small-
scale trough cross-beds at the top produced by small-
scale climbing ripples. Scale is 5 in. long.

. Unit 2. Climbing-ripple lamination with laminae in-phase.
Ripples are asymmetrical and were produced under cur-
rent action. Rippled-bed forms are preserved as wavy
bedding. Knife is 3 in. long.
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Figure 17

A. Unit 7, near top. Straight-crested current ripples with al-
most straight and parallel crests. Note superimposed
ripple-bed forms and change in ripple pattern to strongly
undulatory, almost linguoid-like, small-current ripples on
left side of photo (1). Geologic pick is 1.1 ft long.

B. Unit 6. Bedding-plane surfaces showing weakly undulatory
small-current ripples (1) and strongly undulatory, almost
linguoid-like, small-current ripples (2). Geologic pick is 1.1
ft long.

C. Unit 6. Undulatory current-ripple train. Ripples have long,
continuous, wavy or undulatory crests that project forward

into tongue-like extensions. Geologic pick is 1.1 ft long.

D. Unit 13. Top bedding plane surface showing strongly un-

dulatory, almost linguoid-like, current ripples with out-of-
phase crests. Note the horizontal grazing (feeding) pattern
of Zoophycos (1). Scale is 5 in. long.

. Unit 6. Grazing (feeding) pattern of Zoophycos (1) on a

strongly undulatory current-rippled bedding-plane surface.
Probable trace maker of the spreiten was a surface de-
posit-feeding annelid. Pencil is 6 in. long.

. Unit 23. Interstratified silty shale (50%) and shaly siltstone

(50%). Siltstone beds show strongly undulatory, almost
linguoid-like, current ripples. Geologic pick is 1.1 ft long.



Stop 3 — Upper Part of Atoka Formation 31

1980) (Figs. 15,16E). Undulatory small-current ripples
possess long, continuous, wavy or undulatory crests. The
undulations may be arranged in-phase or out-of-phase,
but usually they are out-of-phase. The crests are con-
tinuous but project forward into tongue-like extensions.
These common ripple-bed forms represent a transition
form between low-energy straight-crested, small-current
ripples and higher-energy, linguoid, small-current rip-
ples (Fig. 17B-F) (Reineck and Singh, 1980). The migra-
tion of undulatory current ripples may produce weakly
festoon-shaped cross-bedding in side view and strongly
trough-shaped cross-bedding in front view. Linguoid
current ripples consist of small curved crests that extend
forward in a tongue-like or lobe-like forms (Fig. 17C).
The tongues are out-of-phase. The crests of the ripples
are discontinuous and broken and have forward clo-
sures; thus, they cannot be traced over long distances.
Migrating linguoid current ripples may produce strongly
festoon-shaped cross-bedded units. In the coarsening-
upward sequences within the upper part of the Atoka
Formation, there is a gradual transition from straight-
crested to undulatory, and undulatory to linguoid-like
ripples, and all transition forms are found (Fig. 17A,B,
D,F). :

Some ripple patterns suggest the combined influence
of waves, currents, and, possibly, tides. These longitudi-
nal ripples (interference) are relatively straight-crested,
and usually show no bifurcation of crests (Figs. 18,19A).
The ripple crests ran parallel to the current and wave
propagation was at right angles to the current. These
ripple-bed forms may have originated in cohesive,
muddy sediments with very low sand content. The sharp
interbedding of wave-rippled siltstone/sandstone and
shale suggests that deposition took place in conditions
alternating between wave-influenced and quiet water
(Fig. 16B). Discontinuous siltstone/sandstone lenses re-
flect the development of small-scale ripple bed forms
(starved ripples) produced by stronger flows associated
with storm waves (Fig. 16D,E). The starvation of the rip-
ples suggests that sediment supply was limited, at least
temporarily, and probably was episodic.

Stratification

Planar cross-bedding is not common. In some places,
scour channels are filled with high-angle planar cross-
stratified sandstone (Fig. 19B). The presence of planar
cross-beds in solitary sets suggests deposition from
straight-crested current ripples that migrated into
deeper water during storm events (Figs. 15;16D,E). |

Trough cross-stratification, present in some intervals,
is usually small-scale and commonly truncated (Figs.
16E,19C). Trough cross-beds record the migration of
sinuous-crested ripples from relatively low-flow velocity
currents.

Thinner couplets of sandstone/siltstone and shale,
without cross-laminations, suggest deposition below
storm-wave base. These couplets are particularly charac-
teristic of the heterolithic-bedded facies (i.e., Units 7, 10,
12, and 14) (Figs. 15,16D,19D).

Flaser/lenticular bedding is most common in the het-
erolithic-bedded units (Figs. 16D,E;19E). All variants of
flaser bedding are present: simple flaser-bedding, bifur-
cated flaser-bedding, wavy flaser-bedding, and bifur-

Figure 18. Tops of highly rippled (interference ripples) Unit
14, Unit 15, and lower part of grayish black (N3) shale Unit 16
(207-210-1t interval). Note sharp contacts. Geologic pick is
1.1 ft long.

cated, wavy flaser-bedding. Flaser bedding is associated
with straight-crested current ripples, small current rip-
ples with curved crests, and wave ripples. Lenticular bed-
ding is associated both with sand lenses of current origin
and with sand lenses produced by both symmetrical and
asymmetrical wave ripples (Figs. 16E,19E). It results
when incomplete ripples form on a muddy substrate
that is covered later by another mud layer and then sand
in the form of ripples. Thin sandstone beds contain
wayvy, discontinuous, clayey laminae, which developed
as clay drapes that filled ripple troughs and outlined
ripple lenses (Figs. 16B,D,E;19E). Flaser/lenticular bed-
ding provides evidence for: (1) availability of both sand
and mud, (2) alternating turbulent-water and slack-
water intervals for deposition of sand and mud, respec-
tively, and (3) high loads of suspended clay/silt/sand.
The occurrence of streaks and lenticular siltstone/sand-
stone laminations in a shale-dominated interval, ob-
served in certain intervals as load-casted ripples, sug-
gests a depositional environment where the hydraulic
regime is fluctuating constantly between periods of in-
creased and decreased fluid motion and/or where sedi-
ment supply is episodic (Figs. 11,12).

Horizontal, parallel, continuous laminations are rare,
but when present they are preserved as small-scale pla-
nar-bedding (Figs. 15,16E). The dominantly horizontal
laminations are formed by grain-size and sorting varia-
tions, silt or mud laminations, or carbonaceous material.
Such laminations are upper flow-regime sedimentary
features probably formed by deposition of sediment
from suspension in response to wave action, which sug-
gests aggradation of the facies into a more energetic
zone.

Rare intervals of intersecting, low-angle to slightly
undulatory, subparallel laminations with a slight upward
convexity suggest swaley cross-stratification as de-
scribed by Leckie and Walker (1982) (Fig. 19F). The dif-
ference between swaley and hummocky cross-stratifica-
tion, in my opinion, has not been resolved fully. Swaley
cross-stratification is produced by large, storm-gener-
ated waves that scour and then deposit very fine to fine
sand below the fair-weather breaker zone in broad, shal-
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Figure 19

A. Unit 12, near top. Interference ripple pattern suggestive of
both current and wave influence. Geologic pick is 1.1 ft long.

B. Unit 10. High-angle planar cross-stratified sandstone body
filling in scour channel. Cross-bedding probably was pro-
duced by the migration of straight-crested current ripples
into deeper water during storm-events. Geologic pick is
1.1 ftlong.

C. Unit 8, top. Truncated set of low-angle, trough cross-strati-
fied, very fine grained sandstone produced by the migra-
tion of sinuous-crested ripples from low-flow velocity cur-
rents. Pencil is 6 in. long.

D. Unit 7. Small-scale, coarsening-upward cycle with hetero-

lithic bedding (alternating couplets of sandstone and
shale) in lower part. Note concave-upward erosional scour
(1). Geologic pick is 1.1 ft long.

E. Unit 12, upper 1 ft. Flaser/lenticular bedding in starved-

ripple marked siltstone/sandstone. Clayey laminae devel-
oped as clay drapes that filled ripple troughs and outlined
ripple lenses. Scale is 5 in. long.

F. Unit 26. Rare swaley cross-stratification (1) in very fine

grained sandstone succession. Cross-stratification is pro-
duced by deposition in shallow swales related to increased
wave energy. Geologic pick is 1.1 ft long.
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low swales. This sedimentary structure is preserved best
between fair-weather base and storm-wave base where
low-energy conditions dominate (e.g., outer shelf, lower
delta front).

Soft-Sedinient Deformation Features

Penecontemporaneous, soft-sediment deformation
structures include contorted/slumped beds, convolute
bedding, ball-and-pillow structures, load-casted ripples,
pinch-and-swell bedding, and small-scale recumbent
folds. The abundance of the features suggests rapid sedi-
mentation (such as that caused by storm waves or by
gravity-induced slumping or sliding on oversteepened
depositional slopes), which produced unstable sub-
strates. Soft-sediment deformation also may occur
where there is abundant disseminated organic material:
trapped methane formed during organic decay may trig-
ger sediment failure by helping to raise the pore-fluid
pressure.

Contorted bedding (noted in Units 8, 10, 12, and 14
[Fig. 8]) is a product of syndepositional slumping of
sandstone bodies due to loading and oversteepening of
the depositional surface during periods of peak water
discharge (Fig. 15). Contorted bedding indicates suffi-
cient sand to induce load deformation and sufficient
mud to initiate sediment failure. Contorted bedding re-
sults in considerable disruption of the original bedding
(Fig. 20A,B).

Load casts and ball-and pillow structures (noted in
Units 8, 10, 14, 26, and 28 [Fig. 8]) indicate rapid deposi-
tion of sand onto a water-rich “soupy” substrate. Discon-
tinuous ball-and-pillow structures (pinch-and-swell
bedding) are produced when a sand layer is broken up
into several isolated ellipsoidal (pillows) masses (Fig.
20C,D). Sandstones soled by ball-and-pillow structures
and/or other soft-sediment deformation features indi-
cate in-place sediment failure after deposition (Fig. 20E).
These soft-sediment features are evidence for intermit-
tent storm cycles or shoaling events. In addition, these
features are indicative of slope instability due to: (1)
angle of slope, (2) sediment/water pore-pressure differ-
ences, and (3) sudden sediment influx.

Some beds pass laterally into a slumped horizon (con-
torted massive sandstone) that has been fluidized (Fig.
20D). The lateral variability in bed thickness produces a
pinch-and-swell type bedding (ball-and-pillow struc-
tures) (Fig. 20D) similar to that in Units 8 and 10 (Fig. 8).
Others beds have been deformed syndepositionally,
which suggests that episodic depositional events (e.g.,
storms) caused rapid influx of sediments and subse-
quent dewatering and/or slumping of water-saturated
sands/silts.

Another type of small-scale slump structure, a recurn-
bent fold, was formed in a very fine grained sandstone in
Unit 26 (Fig. 20F). The recumbent fold formed in place
from original bedding failure. The single occurrence in
Unit 11 of a sandstone plug suggests sand mobilization
following burial.

Scours

Locally, isolated broad erosional scours, some as
much as 8 ft wide and 2 ft deep, contain either low-angle

trough cross-beds or high-angle planar cross-beds of
very fine grained sandstone (scour-and-fill) (Figs. 19B,
21A). The scours and cross-bedded sandstones usually
are encased within planar-bedded siltstone/sandstone.
The erosional scours are concave-upward and sandstone
beds commonly pinch out laterally above the erosional
surfaces (Figs. 15;20A,C). Because of erosional scours
and soft-sediment deformation, sandstone/siltstone
beds generally are discontinuous laterally at outcrop
scale. The sharp basal contacts of several sandstone bod-
ies suggest that some erosion of the underlying strata
may have occurred prior to deposition of the basal sand.

Shale/Mud Clasts

Shale/mud rip-up clasts are not common and are
present only in Units 2, 6, and 13. Most of the clasts are
defarmed or “squeezed” and are oblong in shape, which
suggests that the clasts were semi-consolidated during
deposition and suffered plastic flow after burial (Fig.
16B). Some rounded clay/shale clasts occur at the tops of
rippled sandstone beds and indicate reworking and re-
deposition of partially consolidated mud during a period
of relatively higher flow-velocity. The occurrence of
mud/shale clasts suggests that the sediment was broken
up periodically by wave/current action in water probably
shallower than the depth of the effective wave base.

Pyrite/Siderite

Pyrite occurs in both disseminated and nodular form
and also as a replacement mineral for brachiopod shells.
The presence of pyrite indicates deposition under reduc-
ing conditions, probably produced by organic decay.

Ironstone, commonly in the form of siderite, occurs as
nodules, lenses, and bands. Its presence suggests anoxic
reducing conditions due to organic decay. The presence
of siderite also suggests that pore fluids lacked sulphate
which, if present, would have produced pyrite.

Plant Material

Carbonaceous material is common at several strati-
graphic levels and in several different forms. Commi-
nuted plant material is common throughout the succes-
sion. Laminations highlighted by comminuted plant ma-
terial are common. Partially coalified Calamites stems
are present in Units 7, 13, and 14 (Fig. 21B). Some of the
Calamites stems show evidence of scouring. The pres-
ence of comminuted plant material coincides with an in-
crease in micaceous-rich sandstones/siltstones/shales.

Coalified plant stems, common comminuted plant
material, and the dark gray (N3) color of the shales sug-
gest a heavily vegetated and poorly drained, low-energy,
marginal-marine source area as well as transportation by
storm-influenced currents/waves over a mud-domi-
nated shelf into a relatively low-energy, dysaerobic to
anaerobic, relatively deeper-water setting.

Body Fossils

Body fossils are extremely rare in the succession. A
dark gray (N3) noncalcareous shale (Unit 11) contains
delicate, finely ribbed, thin-shelled, pyritized chonetid-
type brachiopod shells. Brachiopods, crinoidal hash,
bivalves, and gastropods were recovered from a medium
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Figure 20

A. Unit 10. Highly contorted unit. Note contorted bedding (1),
concave-upward erosional cut-and-fill scour (2), and
weakly undulatory small-current ripple trains (3). Geologic
pick is 1.1 ft long.

B. Unit 8. Penecontemporaneous soft-sediment deformation
structure showing slumped or contorted bedding. Note
strongly rippled bedding-plane surface at the top. Geologic
pick is 1.1 ft long.

C. Unit 10. Bali-and-pillow structure (1), a product of soft-
sediment deformation that indicates rapid deposition of
sand onto an unstable water-rich “soupy” substrate. Note
concave-upward erosional scour at the fop of the photo.

Geologic pick is 1.1 ft long.

D. Unit 10. Foundered sandstone body resulting from in-place

sediment failure after deposition on a water-rich “soupy”
substrate. Note the lateral variability in bed thickness. Hoe
pick is 2.2 ft long.

E. Contact between Unit 12 and Unit 13. Note soft-sediment

deformation feature (truncated flame structure) at contact.
In-place sediment failure after deposition is suggested by
soft-sediment deformation features on the sole of Unit 13.
Geologic pick is 1.1 ft long.

F. Unit 26. Recumbent fold, a type of slump structure, in a

very fine grained sandstone, formed in place from original
bedding failure. Geologic pick is 1.1 ft long.
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dark gray (N4) sandy to silty, noncalcareous shale in the
upper part of the mud-dominated succession (Unit 29,
Fig. 13). In addition, a 2-4-in.-thick ironstone layer in
shale Unit 33 contains chonetid- and spiriferid-type
brachiopods in which some of the shells are pyritized.
The representative fossils collected are from organisms
adapted, for the most part, to soft substrate and relatively
turbid water.

The overall paucity of body fossils in the upper part of
the Atoka Formation suggests that sedimentation rates
were very high and/or that the environment was hostile
(e.g., oxygen-deficient) to benthic organisms. Thirteen

shale samples are currently being processed for micro-
fossil data (Fig. 8).

Biogenic Structures

The overall intensity or level of bioturbation is as-
signed an ichnofabric index of 1 to 5. These indices indi-
cate the degree of bioturbation according to the visual
scale of Droser and Bottjer (1986,1989): 1 = nonbiotur-
bated (1-10%); 2 = weakly bioturbated (10-30%); 3 =mod-
erately bioturbated (30-60%); 4 = strongly bioturbated
(60-95%); 5 = churned (95-100%). The percentages arbi-
trarily assigned to each ichnofabric index above are the

Figure 21

A. Unit 10. Isolated broad, concave-upward erosional scour
containing trough cross-beds of very fine grained sand-
stone. Note that the scour is entirely encased within planar-
bedded siltstone/sandstone that pinches out laterally above
the scour. Geologic pick is 1.1 ft long.

B. Unit 14, top. Cast of partially coalified Calamites stem.
Scale is 5 in. long.

C. Unit 12, top. Reddish brown oxidized bedding-plane surface
showing sand-filled horizontal burrows. Note difference be-
tween burrow-fill color and color of surrounding matrix.
Scale is 5 in. long.

D. Unit 30. Meandering, horizontal, back-filled grazing trail of
surface deposit-feeder. Probable trace maker was an anne-
lid. Similar traces occur in Unit 28. Knife is 3 in. long.

E. Unit 32. Highly bioturbated (churned) shaly sandstone fitho-
facies with an ichnofabric index of 5. Scale is 5 in. long.
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author’s (JRC). Some caution should be used when not-
ing the indices assigned in Figure 8. The intensity of bio-
turbation may vary slightly throughout any unit; there-
fore, the assigned index only represents the general over-
all intensity of bioturbation throughout that particular
unit.

Bioturbation structures are preserved best in the het-
erolithic-bedded units, that is, units with contrasting
rock types (e.g., interstratified sandstone and shale). The
most common bioturbation pattern is the alternation of
weakly bioturbated (sparse, restricted fauna) intervals
with nonbioturbated intervals (Fig. 8). This pattern sug-
gests that, in general, deposition probably took place
near the dysaerobic/anaerobic boundary and that there
was periodic alternation between dysaerobic (low oxy-
gen: dissolved oxygen between 1.0 and 0.1 mL/L) and
anaerobic (dissolved oxygen <0.1 mL/L) conditions.
Overall, biogenic structures are rare, and identifiable
ichnogenera are rare to absent. This overall paucity of
biogenic sedimentary structures probably indicates that
there was an unusually rapid rate of fair-weather suspen-
sion sedimentation and/or that the environment was
hostile (e.g., oxygen-deficient) to benthic organisms. The
relatively high abundance of relatively few ichnogenera
(e.g., Zoophycos and Chondrites) in certain intervals also
suggests stressful environmental conditions (Fig. 8).
These conditions may have been due to variable rates of
sedimentation, fluctuating salinity, unstable substrate,
or other associated environmental parameters.

The relative abundance of horizontal feeding-burrows
of deposit feeders (e.g., Zoophycos) in some intervals
of the succession indicates an intermittent low wave-
energy environment and a relatively slow rate of deposi-
tion that permitted benthic organisms to colonize the
substrate (Fig. 21C-E).

The occurrence of burrows throughout the coarsen-
ing-upward sandstone sequences suggests a marine set-
ting that must have been relatively shallow in order to
have had steady-to-episodic strong currents. The Zoo-
phycos feeding traces, most common in sandstone beds
at the top of the coarsening-upward sequences, are re-
lated to deposit-feeding organisms that lived in the over-
lying mud and burrowed down into the buried sand (Fig.
17D,E). Increased biogenic activity from the base to the
top of the sandstone sequence is in response to the ag-
gradation of the seafloor (i.e., moderately slow sedimen-
tation), the development of more oxygenated marine
conditions, and the relative absence of direct fluvial in-
fluence or marine reworking. The tracemaker of Zoo-
phycos was most likely a deposit-feeding vermiform or-
ganism (e.g., annelid, sipunculid) that developed a com-
plex feeding strategy. Some workers suggest that the oc-
currence of Zoophycos indicates middle- to outer-shelf
conditions (Bottjer and others, 1984). More recently,
other workers have shown that Zoophycos is a facies-
crossing ichnogenus that may be found in many differ-
ent depositional settings at all water depths, although it
is associated generally with relatively quiet water condi-
tions (Marintsch and Finks, 1978).

Chondrites was identified in Unit 14 (Fig. 8). Chon-
drites consists of dense, branching feeding probes prob-
ably of a worm-like animal. Chondrites may be a re-
sponse to local anoxic conditions caused by the decay of
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storm-buried organic material (Vossler and Pemberton,
1988). The presence of pyrite, siderite, and the trace fos-
sil Chondrites suggests that low oxygen levels existed
locally in the interstitial waters within the sediment
(Bromley and Ekdale, 1984).

DISCUSSION

This exposure of the upper part of the Atoka Forma-
tion contains a diverse suite of sedimentary features as-
sociated with current and/or wave processes. These in-
clude (1) small-scale cross-laminations, (2) current rip-
ples, (3) wave ripples, (4) scour-and-fill features, (5) ero-
sional truncations, (6) climbing wave-ripple laminations,
and (7) swaley bedding. Lulls or pauses in current activ-
ity preceding deposition of rippled sandstone are shown
by shaly partings lining basal scour surfaces. Periods of
lower flow-velocities and/or shallowing of water, prob-
ably associated with fair-weather conditions, are in-
dicated by the presence of ripple-bed forms on top of
trough cross-bedded sets.

Evidence of deposition by infrequent (episodic) high-
energy events of short duration (storms) characterizes
the coarsening-upward sandstone lithofacies found
throughout the overall mud-dominated lithofacies (Fig.
22). Some evidence for storm-influenced, episodic sedi-
mentation includes: (1) laminated siltstone/sandstone
lenses in silty shale intervals; (2) alternating flow-velocity
characteristics of vertical-bedding sequences (e.g., basal
rippled sandstone units. [low-flow regime] overlain by
sandstone cross-beds [higher flow regime] overlain by
rippled sandstone units at the top [low-flow regime}); (3)
asymmetric ripple laminations with flaser and thin, wavy
shale beds; (4) symmetrical and climbing ripples; (5) rip-
up clasts in cross-bedded sandstone facies; (6) sharp-
based sandstone beds separated by shale interbeds; (7)
rapid lateral variation in stratification; (8) horizontal
trace fossils common, but restricted to rippled surfaces
in upper part of sandstone facies; and (9) alternating
variations in grain size vertically. Some units have been
syndepositionally deformed, which suggests that epi-

Figure 22. Basal part of section, south of spillway overlook,
showing Units 1, 2, and.3 (0-70-ft interval). Note the coarsen-
ing-upward, small-scale depositional packages within Unit 2.
Note the increase in frequency and thickness of sandstone
beds upward in Unit 2. Hoe pick is 2.2 ft long.
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sodic depositional events (e.g., storms) caused rapid
sediment influx and subsequent dewatering or slumping
of water-saturated sands and silts.

Periods of moderate to intense sediment reworking
are recorded by (1) abundance of storm deposits, (2)
swaley cross-stratification, and (3) contorted/slumped
beds.

High rates of sedimentation are suggested by (1) a
truncated flame structure, (2) high-angle ripple-drift
cross-laminations, (3) abundant comminuted plant ma-
terial, (4) abundant soft-sediment deformation features,
(5) relatively poor sorting of sandstones, and (6) paucity
of body fossils and biogenic structures.

Dysaerobic to anaerobic environments during shale
deposition are indicated by (1) weak bioturbation, (2)
paucity of body fossils, (3) organic-rich shales, and
(4) abundant pyrite and ironstone (siderite).

INTERPRETATION

Environmental interpretations regarding the probable
depositional setting of this exposure of the upper part of
the Atoka Formation are constrained by a limited data
base. However, the overall succession of sediments are
related genetically and are part of a single depositional
system.

The textures, vertical succession of facies, and sedi-
mentary features suggest conditions ranging from sus-
pension fallout and, possibly, weak density flows below
storm wave base (e.g., slightly fissile shale, graded sand-
stone/shale couplets, etc.) through the progressively
higher energy and greater sediment supply of storm-
wave influence (e.g., wave-rippled siltstone, swaley cross-
stratification, etc.). All of the vertical stratigraphic trends
of the succession, considered together, suggest deposi-
tion on a storm-influenced, mud-dominated shelf.

The lower part (Units 1-15) of the succession (less
distal shelf) is mud-dominated, but it is more sand-rich
and has higher sand/shale ratios than the upper part
(Units 16-33) (Figs. 10,11,14,22). The lower part also
shows more frequent indications of oscillatory flow and

Figure 23. Upper part of Unit 31, Unit 32, and lower part of
Unit 33 (836-860-ft interval). A 1.3-ft-thick sandstone litho-
facies (Unit 32) is encased by two shale lithofacies, Units 31
and 33. Unit 32 contains abundant trace fossils and brachio-
pods. Geologic pick is 1.1 ft long.

of sedimentary features recording deposition by less dis-
tal processes.

The upper part (Units 16-33) of the succession (more
distal shelf) is mud-dominated and has lower sand/shale
ratios (Figs. 12,13,23). In addition, the upper part shows
less frequent evidence of oscillatory flow and records
deposition by more distal processes as evidenced by the
dominance of finer grained sediments and paucity of
shallow-water features. The upper part contains rare iso-
lated sand lithofacies, which suggests only localized
transport of sand (Fig. 23).

The gradational facies transition from lower, relatively
shallow-water, more sand-rich, storm-dominated shelf
deposits to an upper, relatively deeper-water, below-
wave-base, mud-rich succession, is supported by: (1) the
up-section increase in shale; (2) a progression up section
to less frequent, thinner sandstone beds; and (3) the rare
occurrence of swaley cross-stratification in the upper

_part of the section.

Transgressive Facies

On the whole, it is thought that the succession was de-
posited as part of a transgressive system. The vertical fa-
cies succession implies upwards deepening. The thick,
mud-dominated (i.e., dark-gray, noncalcareous, slightly
fissile shales) part of the succession records deposition
from suspension in a relatively low-energy, moderate- to
deep-marine setting. A subsiding basin during this rela-
tive sea-level rise provided accommodation space for
accumulation and preservation of thick shale lithofacies
within the upper part of the Atoka Formation. Continued
subsidence and/or transgression resulted in a repetition
of the infilling cycle. Storm-activity periodically inter-
rupted the background shale sedimentation in the basin.
The transgressive event was probably relatively slow
overall as indicated by the preservation of sandstone
beds encased in marine-shale lithofacies (Figs. 23,24).

As transgression continued, thick, dark gray, organic-
rich, essentially nonbioturbated shales were deposited.
The overall increase in organic-carbon content and the
absence of burrowing organisms suggest that the bottom
of the water column may have been oxygen-deficient.
However, these conditions may have been present only
at the sediment-water interface. Sparse horizontal bur-
rowing within thin siltstone/sandstone interbeds is in-
terpreted to represent brief oxygenated events resulting
from storm-influenced currents. The oxygenated waters
allowed a short-lived benthic community to colonize the
substrate.

Regressive Facies

During a relative sea-level fall, base level is lowered
and shelf sequences may record a shallowing-upward
(coarsening-upward) sequence. At maximum sea-level
fall, storms may effectively transport sediment far off-
shore. Sandstone lithofacies within the upper part of the
Atoka Formation, at least at this stratigraphic level and
geographic setting, are interpreted to record regressive
intervals deposited during sea-level fall within an overall
deepening-upward transgressive (flooding) event. Sand-
stones were deposited during sea-level lowstands when
sand prograded across a mud-dominated shelf.
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Figure 24. Unit 28. Lenticular, very fine grained sandstone
body encased by bounding shale packages (i.e., Units 27 and
29). Hoe pick is 2.2 fi long.

Storm activity influenced transportation and deposi-
tion of sediment on the shelf within the basin. One pos-
sible mechanism of sand transportation, storm-induced
geostrophic flows, would be consistent with the evidence
for oscillatory currents. These currents were probably
too weak to transport much sand except when enhanced
by storm currents. Periodic flooding (storm events) dur-
ing which sediments were transported seaward out of
brackish, marginal-marine bays and marshes is indi-
cated by: (1) the presence of crinoid stems and disarticu-
lated brachiopod and bivalve shells, (2) wood fragments,
and (3) organic fossil hash in sandstones.

The increasing frequency and upward thickening of
sandstone beds, the diversity of ripple-bed forms, and
the presence of small-scale cross-stratification suggest
deposition in a relatively shallow marine-shelf setting in
a zone seaward of fair-weather wave base, but within
storm-wave base. Relatively deeper water, more distal
shelf shales abruptly overlie each of these shallow-water,
more proximal shelf sandstone lithofacies.

An inferred chronological development of the succes-
sion can be proposed and might include: (1) an initial
transgressive event with a relative sea-level rise and con-
comitant, moderate reworking of sand in a shallow-ma-
rine setting; (2) a major transgression with subsequent

- flooding of the mud-dominated shelf and deposition of
thick, open-marine shales; and (3) periodic interruption
of background shale deposition by regressive events with
relative sea-level falls and deposition in certain intervals
of coarsening-upward sandstone lithofacies by storm-
influenced transportation of sand across a mud-domi-
nated shelf.

EXPLORATION SIGNIFICANCE

The key to effective exploration and to production
and ultimate recovery of hydrocarbons from these sand-
stone reservoirs is the recognition of depositional con-
trols and facies. Deep-sea fan deposits, deltaic sequences,
and shelf deposits result from very different processes;
they also have vastly different paleogeographic signifi-
cance. But, because the three share a wide variety of

common sedimentary features, distinguishing among
these depositional controls and facies may be difficult.
Therefore, the ability to identify the differences among
turbidite-sandstone facies, deltaic-sandstone facies, and
storm-influenced shelf sandstones will be a significant
aid in successfully predicting the occurrence and trend
in the Arkoma Basin/Ouachita Mountains frontal belt of
sandstones that have hydrocarbon-production potential.

N

Return to vehicles and retrace route back
through Wister on U.S. 270 to the inter-
section with U.S. 271.

Turn left (west) and proceed along U.S.
270/271.

Cross Mountain Creek and continue
due west on U.S. 270/271. Low ridges
on both sides of the road are formed
by unnamed sandstone units in the Sa-
vanna Formation. (The Savanna Sand-
stone is described at Stop 17A.)

Leave Wister 7.5" quadrangle, enter
Summerfield 7.5’ quadrangle.

Turn right (north) at community of Vic-
tor.

Spoils from abandoned strip pits in the
Cavanal coal are visible to the right
(east) of the vehicle. Coal was mined
from these pits at some unknown time
prior to 1931. Hendricks (1939) did the
field work for his publication on the
geology and fuel resources of this area
during the summer of 1931. His map
shows the mine as abandoned at that
time. However, he did measure sections
of the Cavanal coal in mines that were
active in 1931 (Hendricks, 1939, pl. 35).
The coal varies in thickness from 1 ft 8
in. to 3 ft 2 in. in the area. Named mines
in the vicinity mapped (and 1931 status
noted) by Hendricks (1939, pl. 35) in-
clude: the Lewis Slope (SW% sec. 28, T.
6 N., R. 23 E., abandoned); Wister Coal

123 4.1

129 0.6

13.7 0.8

164 2.7

165 0.1

Figure 25. Blocks of Cavanal coal on mine flat cars (circa
1931). Oakland Coal Co.’s mine, sec. 4, T. 6 N., R. 25 E.
(from Hendricks, 1939, pl. 32B).



