THE UNIVERSITY OF OKLAHOMA
GRADUATE COLLEGE

GEOLOGY OF THE STRANG AREA, MAYES COUNTY, OELAHOMA

A THESIS
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfillment of the recmirementé for the
| | degree of

MASTER OF SCIENCE

BY
I. D. SIMPSON, JR.
Norman, Oklahoma

1951

FPERN T I AE TS T - L
e v Ot v GG A




eENERAL

Vs OOammy AT ATT
YES COUNTY, OKLAHOL

GEOLOGY OF THE

344673



ACKNOWLEDGEMENTS

This thesis has been prepared in connection with graduate study
in the School of Geology at the University of Cklahoma.

The writer is particularly indebted toADr. George G. Huffman,
Associate Professor of Geology, for valuable aid in the field and for
assistance in alllphases of the work.

Dr, Hugh D. Hiser of the United States Geological Survey spent
several days in the area and his advice and suggestions contributed
greatly to the success of the project. The Oklahoma Geological Survey
furnished aerial photographs of the Strang Area, and Mr. Maleolm C.
Oakes, senior geologist, gave instruction and advice oﬁ their usage.
Library and laboratory facilities wére made available by the School of
Geology, Nermgg, Oklahema.

The manugcript was read and criticized by Professor Carl A.
Moore, Professor A, J. Williams, and Mr. R. H. Dott, Director of the

Oklahoma Geological Survey.



TABLE OF

LIST OF TABLES: o o o » o » o o »
LIST OF ILLUSTRATIONS o + o » «
| LIST OF PLATES. « o o ¢ » o & »
Chapter

I. INTRODUCTION. .

]

4 %" £ -

Loc&tign 'vbo AL RS RREN I S
Purpose of Investigation
Methods of Investigation .

History of Previous Investigations

II - E;EOGMPM a & * @ " U 5 & & = ®

Climate. « » s & + » » =

®

L 4

Principal Cities and Towns

Roads and Railroads. . .
Principal Industries . .
'III. PHYSIOGRAPHY. « o o o » o »
Relief and Elevations. .
Topography and Drainage.

Vegetation PR R T R
Nature of Hock Hxposures

IV. OSTRATIGRAPHY. « o o o o o

eneral Statement. .
Ordovician System. .
Cotter Dolomite .
Mississippian System
Chattancoga Shale
Boone Formation .
St. Joe Member . .«

& & k& W
% e P &5 W

®

-

¥ * & %

- ® @ . @ »

®

Reeds Spring Member.

CONTENTS

L Ll ] L
2 » ° L @
L] L] L] ®

L

L

L4 ® L L2 ®
L L Ld L L
¥ % B & =
L L L A L

% % K N
¢ % W 8 w
4 & % KX ¥
s * B w &
$ & = =B 9

L4 &« - L L3
° L - L3
. > L4 L -
L * 9 L3 -
- L . » i
. ® o * @
L] > s L4 L
° L] - ® L

Ha
<

* - L ° - ® ® L 2

> - - ™

e ® ®» & % & 9 %

* 8 © B % % ® &

L3 - - £

2 - s * < - - -

- L] L

® B e @

o e & -

» - ® - - - » -

* Ll -« ® & & L -

® - * o

° - - - L L] o &

- - - ® * @ - & . ™ . -

* ® & » & & 9 '@»

s 8 & » & 5 9 =

s 9 s »

&« B % % ¥ ¥ & ®

£ £ @ - -

£ d - - 2

£ W% B

b W 85 B - W ¥ & @

& e W5 % £ & » &

» % -

- -* £ - * L] £ L 3

* ® . @

- 5 & ® ©

- L] - -

> e * - - - * -

. & @ - * . ® &

- Ll - -

» . A * ® - - -

Page

viii

ek
DOWw W FWwHPE M

13

13
14
35
16

18

18
20
20
21

25
25
25




Keokuk" lember. « « » 25

Hﬁayﬂ& Grﬁup“ G e R SO e e T R e R R e e R 37
"Moorefield” Formation « « « v o o » o s ¢ o 0 0 00 38
"Hiﬂd$Vi113ﬂ Foragtlion & » % » & & % % & % %°% & & hl
"B&tesVille" Formati&n SRR I O IR U S T R N S R 51
nGrand River" Formations o « o o s s ¢ ¢ o 0 0 s o0 53

Fayetteville Formabion. « o o « o & ¢ ¢ ¢ ¢ ¢ @ oo @ « 57

Pemsylvmi&uﬁystam...........‘.......62
Hale FOFm&tiQﬂn Ll e e Gl e el e Rl T 62
Undifferentiated Atoka and Youngers s « s o o ¢ o ¢ o« &7

Qﬂat@rh&ry syﬁt@mn R RIS RS e B S ORI TR R & A% 68

Pleistocene Terrace Gravels « » » o o o o v ¢ s ¢ v v @ 68

Rﬁcent AlluVium ﬁePQSitSn_' bl Wl RGN SR e . 70

R@c@nt Eolian D’BpOSi‘bS. PRI PRI S R RS IS RV ® 71

V - STRUC‘TURE L] s o » L] o ® . & @ 5 » KB N ® N L3 L @ o & L] 72

General Regional Picture . 72
Local FOldiﬂg and Faﬁlting PERRIRESTE ORI T O e T e T2
Probable Age of Structures « « & & » % & % & & ¥ € A 76

g
»
L 3
*
*
-
Ed
L 2
-
L4
¥
®
L3
-
*
Ll

VI. L3 G‘E‘JGLOGIC HISTQRY. ® L L3 ® L - e L4 e * - L3 - * L . * ® L ] L] ® L4 77

i d
Ld
-
L
L ]
Ed
®
*
-
-
&
-
®
-
-
-
-
L4
-
8

YII. RECONOMIC GEOLOGY. + +

Asphaltis o « » =

TSI e SRR TR S AR (R o ®om o Wow KK & 8
Building BEems & & w9 % 8. % %, 8 6. 0 8 & 0 RN S » 8 8 & @ 80
enoatl & & 4 4 % % 8 & ¥ B ow o8 KN XD PR T I T S T 8l
Lead and Zinc CUNIE L0 b W RN B G Y s 9 % o ® 81
LimEStOﬁEp MR e T A B G R R PN T S T 81
0il and Gas Poaﬁibilitieﬁ; Lo g o e e T T 81
Tripﬂli- MR T W T T R T SRR N O R 82
Water ResourcesSe « » » » s & = » 8 PR ST R T G T S 82
VIII. OSUMMARY AND PORCTHSIOND o o » & & & % 4 & g ¥ 4 & 5 & & 3 89 8l

BI BLIOGW}K - L s 2 4 & & ¢ & & » & = s & ® = & * L4 . ¥ e & @ L] 86



Table

1.
11,
| 1I1,

Iv.

Ve

vz,
yIII.
It
Xe
XI.
X

| XIII.

LIV,

LIST OF TABLES

Section in Ravine te south of Spavinaw Creek bridge, east
Bideﬂﬁctiﬂnlé), o %N.,x.ﬁlﬁ. PSRRI S U TR B S

Section on bluff southeast of road fork, northwest corner
see‘tionZB,T.EZN.,ELQlE. PLESPRIEI e - S S A e S T e R

&

Section at large bluff on NW side Spavinaw Creek, west side

ﬁﬁctim 18, Te 22 H', Ha 21 B RO S R T O e U G R
Faunules from the "Keokuk" member of the Boone formation.
¥ &unulea of the "}‘{Qﬂmf ield” TR e e e S . R R R R

section on south embankment Beng Creek, west side section
10, T. 22 N" RQ 20 E‘ * L] » - ® » » ® L3 - » * o ® L] . L4

Section on west side Strang River bridge, south side sec-
t‘im lG, ,?t 22 Ni, RQ 2() };:. L L - L] L L L4 - Ll L 3 ° » ® & L ]

* ° a o

gection at northeast side of Beng Creek bridge.

Faun\lleﬁ of the “Hj,nd.sﬂlle"a R WiRIE e 8 oae R N A

*

*

Section at north boundary, west side Grand River, northeast

corner Qf Sec‘biOn l.}, To 22 Nu, R 20 Bl % 4@ R0, a.m %

Faunules of the npatesville’ formation. « « o o » o o & »

Section in north road cut on slope extending east to west,

southwest corner section 16, T 20 Ney Rs 20 By » 5 » « »

Faﬂmules of the "G}:‘and River" ST TG T I S . S R

»

.

-

section extending up north road cut to top of butte, south-

west corner section 5 and southeast cormer section 6, T.
22 N" RQ 20 E. . - - L ] El e - - . L . L . . ° L L4 L] ® L] L3

Section extending up slope in north road cut, south side
seOtionz'?,T.ZQN;,'f{..l‘f?E. e R TR R T R SR

vi

-

Page

28

29

32
36
41

L6
L7
48

L9
53

55
56

59



vit
P T j Page
| XVI, Faunules of the Fayetteville + » « o s s s s s s s s s s s 61

IVII. Section in south road cub, west flank Seneca fault zone,
northwest corner of section 21, T, 22 Nuy Re 20 Es ¢ « o & 65

' XVIII. Faunules of the Hale Pormatlion o« o« » s » & % % # & & 0 % @ 66



: Figure
1.
2.
3.

LIST OF ILLUSTRATIONS
Index map showing location of Strang ared. « s s o » » o

Generalized columar section for the Strang area « « o o

Geologic map of the Strang ared, + « + « o ¢ o = ¢ o ¢

viii

Page
3
19

In
Folder



L15T OF PLATES

PLATE IQ’ ‘/Q » . L4 . # s » L » . ° s & & » w L » & ® L

Figure 1.
Fj.gure b N
PLATE IT « »
Figure 1.
PLATE III. .

Figure 1.
Figure 2.

PLATE IV .
Figure l.

Figure 2.

PLATE V. o o
Figure 1.
Figure 2.

PLATE VI . .
Figure 1.

| PLATE VII. &
Figure l.

Figure 2.

st., Joe-Chattanooga contact.
Slumping Reeds Spring beds on north side of

Spavinaw Creek.

POV T T R R S

"Keokuk"-Reeds Spring centact.

P halt O (RA G TR G B

% % o TR e

s & 3 = * L °

Reeds Spring-S5t. Joe contact.
veathered Reeds Spring-St. Joe conbact.

“ ¥ &= 8 e B2 @ * L]

e & w B N % %

. " . S * % L4

UM SR S RN U O T NS SEEY SR

Unconformable "X eokuk'~"Moorefield" contact

along west side of Grand River.

Small normal fault in "Keokuk" limestone on
ai 1imb of Seneca fault zone on west side

ef Grand River.

O I 7R T S * & % W w8 % % 2 o L s L I »

Arched up "Keokuk" overlain unconformably by

Mioorefield" limesione.
{reoss-bedded mvooreficld! limestone.

Low terrace gravel depesits.

. 2 * * » . % € . » * ¥ &N N & W

2 & * B . SR R

golution cavity in Hale limestone overlain
by slumped Atoka sandstone.
Atoka sandstone slumped into collapse~

gbtructure.

i 3

Page

31

34

40

L3

69

75



GEOLOGY OF THE STRANG AREA, MAYSS COUNTY, OKLAHOMA
CHAPTER 1
INTRODUCTION

Lacation

The Strang area is located in the northeastern portion of
Mayes County, Oklahoma (see shaded area in Figure 1). It includes the
eastern half of T, 22 N., R. 19 B3 all of T, 22 Noy R. 20 E4; and the
west one-half of T. 22 W., R. 21 B, It lies about 43 miles northeast
of Tulsa and about 42 miles north of Muskogee. Pryor, the county seat
of Mayes County, is two and one-half miles southwest of the southwest
corner. The area, which is rectangular in shape, is six miles in width
in a north-south directian, 12 miles in length in an east-west direc-
tion, and encompasses a total of 72 square miles. The town of Adair
1ies three-cuarters of a mile to the north of the northwest corner where-
as‘Spavinaw'is located three-cuarters of a mile to the east of the eas-

tern boundary which crosses the Spavinaw Creek bridge on Highway No. 20,

Purpese of Present Investigation

The primary purpose of the investigation was the detailed map-
ping of all 1ithic units in the area. Fossil collections were made from
various formations to assist in stratigraphic correlations. Structural

1
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studies are included. The stratigraphic studies of this area represent

a northward extension of work recently completed immediately to the south,
Eventually, the units will be carried northward into the northeastern
corner of the state where they will be correlated with the formations of
Missouri. The map of this area will be combined with maps of adjacent
areas in compilation of the new shate geologic map now being prepared by
the United Stétes Geological Survey and the Oklahoma Geological Survey.

The results of this study and thoese of adjoining areas will be incorporated
in a joint paper compiled by br. George G. Huffman on the geology of

northeastern Oklahoma.

HMethods of Investigation

The greatest portion of the field work was completed during the
summer of 1950. Before going into the field, however, some of the pre-
vious literature concerning the general region was reviewed. Detailed
mapping of lithic units was preceded by general reconnaissance, measu?ing
of sections, and collection of fossils. The Locke Hand Level and a
steel tape were used for determining formstional thicknesses and the
Brunton Compass served to measure dipé and strikes of the beds. Aerial
photographs were furnished by the Oklahoma Geological Survey. The de=-
tailed map work was accomplished by tracing the unit contacts on a sheet
of transparent acetate paper superimposed over the aerial photograph.
Stereoscopic vision increased the degree of accuracy of this method. The
formational boundaries were then transferred to a base map from which

the finished copy was made,




b

History of Previous Investigations

The first work in this area was probably done in conmection
with topographic studies. C. H, Fitchl and his party surveyed the Pryor
Cuadrangle in 1896 and completed a polyconic projection of the topography
in 1901,

Ne ¥y Drakez, in 1898, was one of the first to attempt a dis-
cussion on the stratigraphy and structure of this region. He endeavored
to draw a crude map showing the contact between the Pennsylvanian and
Mississippian systems and pointed out the existence of dolomites, fos-
siliferous cherts, and granite in the vicinity of Spavinaw,.

Taff'sB early work to the south had some bearing on the £2e0logy
of this area. Qe mapped the geology of the Tahlequah and Muskogee Cuad-
rangles which was published in 1905 and 1906, and divided the iississip-
pian inte twe units, the Boone and Fayetteville. The Morrow was described
as a separate Pennsylvanian unit. Siebanthala referred to this geology
in many instances in his report on the mineral resources of northeastern
Oklahoma, which was published in 1908. Beside the dolomites at Spavinaw
he recognized the Chattanooga shale and stated that the Sylamore sandstone

member ét the base of the Chattanooga does not appear in this area. His

lC. H. Fiteh, U. S8, Geol, Survey, Topegraphic Sheet, Pryer
Cuadrangle, 1901.

ZNQ F. Drake, "A Geological Reconnaissance of the Coal Fields
of the Indian Territory," Proc. Am., Phil, Soc., Vol. 36, 1897, ». 377

33. A. Taff, U. 8. Geol. Survey Atlas, Tahlequah Folio (No.
122), 1905; Muscogee Folio (No. 132), 1906,

“C. %. Siebenthal, "Mineral Resources of Northeastern Oklahoma,"
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recognition of the Boone and Fayetteville corresponded to the conclusions
reached by Taff.

Eo B4 Snidars (1912) published a report pertaining to the lead
and zinc fields in northeastern Oklahoma. In his stratigraphy he consi-
dered the Ordovicisn dolomite egquivalent to the PBurgen sandstone, but
Giebenthal's earlier conclusiocns as to siratigraphy and structure in
1908 were generally accepted. Snidar,é in 1915, published a fairly comw
plete report on the geology of northeastern Olclahoma with the paleonto-
logy of the Chester Group as part II in the same bulletin, In part I 5&
proposed the nawve Mayes formation for all rocks between the Fayetteville
black shale and the Boone formaticn,7

In 1915, Eo Pu Eathara published a detailed study of the famna
of Morrow Group of northwest Arkansas and northeast Oklahoma. Strabti-
graphic relations of the fauna of the Morrow Group were discussed. This
book proved valuable in identifying Hale sandstone and limestone fossils

collected in the Seneca graben of this report.

The subsurface stratigraphy of the northern midcontinent oil

3. C. Snider, "Preliminary Report on the Lead and Zinc of
Oklahoma," Okla. Geol. Survey, Bull. 9, 1912, pp. 3heil,

6L. G« Snider, "Geology of a Portion of Northeastern Oklahoma,"

Okla. Geol. Burvey, Bull, 24, 1915.

7L, C. Snider, ibid., pp. 27-35,

&, . Mather, "The Fauna of the Morrow Group of Arkansas and
Oklahoma," Dennison Univ. Sci. Lab. Bull., Vel. 18, 1915-1916.
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fields was published by Aurin, Clark, and Trager in 1921.7 Pre-
Pennsylvanian subsurface units were correlated with outcropping beds in
northeastern Oklahoma, They correlated the Arbuckle limestone with the
siliceous limestone (Cotter dolomite) at 3pavinaw, the Chattanocoga with
the Woodford, and the Boone with the Mississippi lime. They were uncer-
tain concerning the exact relation between the Mayes and the upper part
of the Mississippi lime.

Charles N. Gouldlg published the "Index to the Stratigraphy of
Oklahoma" in 1925. Charles . Decker compiled the characteristic fossil
1ists. This was the first complete summation of formations with respect
to their ages and correlations to be assembled up to this time. The
Ozark Mountain section and the Carboniferous of northern Oklahemall were
dealt with in 2 separate portion of the book.

Mn article by G. S. Buchanan12 (1927) discussed the distribu~
tion and correlation of the Mississippian of Oklahoma. Tentative sea
expanses were shown and correlations were made between the formations
of the Arbuckle Mountains and northeastern Oklahoma.

Tn an article on the oil and gas possibilities in Hayes,

gF. L. Aurin, G. C. Clark, and &. A. Trager, "Notes on the
Subsurface Pre-Pemnsylvanian Stratigraphy of the Northern Mid-Continent
0i1 Fields," Amer. Assoc. Petrol, Geol. Bull., Vol, Vs, No. 2, 1921, PpP»
117-154.

10chas. . Gould, "Index te the Stratigraphy of Oklahoma,"
Okla, Geol. Survey, Bull. 35, 1925.

1lohas. N. Gould, ibid., pp. 54-86.

123, s. Buchanan, "The Distribution and Correlation of the
Mississippian of Oklahoma," Amer. Assoc. Petrol., Geol. Bull., Vol. 12,
Pt. 2, pp. 1307-1320.
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Delaware, and Ottawa counties, Ireland:? (1930) gave a good deseription
of the formations from the pre~Cambrian granite through the Cherokee
shale and pointed out the relatively negative prospects for oll and gas
in these counties,

In the same bulletin Sramlh wrote a similar article on the oil
and gas possibilities in Cherokee and Adair counties which lie to the
south énd east of Mayes County.

In 1930, a report was published on the geology of the Paleo-
zoic area of Arkansas by Carey Gronaia.ls This proved valuable in iden-
tifying some fossils inasmuch as many of the formations or their equiva-
lents discussed in this bulletin extend into the Sﬁrang area.

L&udan,lé

in 1939, wrote a paper on the stratigraphy of the
Osage subseries of northeastern Oklahéma. He described many Boone sec-
tions extending from Wyandotte southward to near Marble City, and called
attention to the massive, crinoidal bioherm reefs in many localities
within the St, Joe, He also offered evidence of an unconformity between
the Reeds Spring and "Keokuk", |

17

In 1941, R. A, Brant,”' ir an unpublished master's thesis,

lBH. A, Ireland, "Geology of Mayes, Ottawa, and Delaware Coun-
ties," Qkla. Geol. Survey, Bull. 40 NN, 1930.

Urs H. Cram, "Geology of Cherokee and Adair Counties," Okla.
Geol . Sgrvey, Bu;»,llo &GQQr 1933!

15Garay Croneis, "CGeology of the Arkansas Paleozoic Area," Ark.
Geol, Survey, Bull. 3, 1930.

16, R, Laudon, "Stratigraphy of the Osage Subseries of Northe~
eastern Oklahoma," Amer. Assoc. Petrcl. Geol. Bull., Vol. 23, No. 3, 1939,
PPe 325-335.

17R. A. Brant, "3Stratigraphy of fhe Heramec and Chester Series
of Mayes County, Oklahoma,” Master's Thesis, Univ. of Tulsa, 1941.
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subdivided the Mayes of Snider into four units of formational rank which
he assigned to the Meramecisn series. BSome of the guestionable conclu-
gions reached in this thesis stimulated further detailed work on the prob-
lem of the Mayes.

Mackenzie Gordon, Jr.lg published a paper on the Hoorefield
formation and Ruddell shale of the Batesville District of Arkansas in
1944, He restricted the term Moorefield to the lower limestones (Spring
Creek member of older reports) and introduced Ruddell for the upper shale
previously included in the Hoorefield. Hany of the fossils found in
this area correspond to those included in his faunal listings.

The Morrow series of northeastern Oklahoma was described by
Carl A. Moor319 in 1947. His report contains a Greenbriar section lo-
cated within the Seneca fault zome of this report where he measured a
two-foot section of Hale limestone, thus establishing its presence as

far north as the CGreenbriar school house.

18 ackenzie Gordon, Jr. '"Moorefield Formation and Ruddell
Shale, Batesville District, Arkansas," Amer. Assoc, Petrol. Geol. Bull.,
Vol. 28‘, No. }-1, l?l{-l%, PP 1626*}.6314-.

19Carl A. Moore, "The Morrow Series of Northeastern Oklahoma,”
Okla. Geol. Survey, Bull. 66, 1947.




CHAPTER II

GEOGRAPHY

Climate
The climate of this region is typified by intermediate conti-

nenta12G or the warm subtype with mean temperatures of the coldest month
below 32 degrees and from six to nine months above 50 degrees. The
length of the growing season is 140 to 220 days. The rainfall is be~
tween twenty and forty inches a year with a summer maximum, The summer
rains generally come in the form of thunderstorms of short duration, but
the winter rains are generally slow and extend through long periods dur-
ing which the atmosphere is very moist. Blizzards are very infrequent,
and as a rule, temperatures during extremely cold periods do not remain
below zero for more than 24 hours. Temperatures of 100 degrees are come
mon, but they last only a few days each season. The windiest period of
the year is during late larch and early Aprdil with the wind movement at
s minimum during August. The wind velocity is variable, increasing to=-
ward the warmest part of the day and falling at night. "Hot winds"
usually occur during a prolonged heated peried and cause great injury te

growing crops, but they are irregular and uncommon. April 6 and October

2O'fhomas A. Blair, Climatology, (New York: Prentice-Hall Inc.,

1914—2), PP 132, 219‘226¢
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22 are the average dates between the last and first killing frosts.r

Principal Cities and Towns

Strang, with a population of 283 inhabitants,** is the only

town within the 72 square mile rectangle. It is situated in the north
central part of the area, one and one-half miles east of Grand River.
Nearby farmers use its few stores primarily as a commnity center. The
railroad enables the shipment of agricultural products. Spavinaw, lying
just outside the eastern boundary, is a resort town and is the site of
Spavinaw Lake which furnishes the Tulsa water supply. According to the
1940 census, the population of Spavinaw was 255; 1950 figures are unre~
leased at this time. Pryor, two and ane-half miles to the goubthwest of
the area, increased its population from 2,504 in 1940 to 4 kbl in 1950,
On the whole, Mayes County shows a decrease from 21,668 to 19,486 over
this same period. The decrease in population seems to have taken place
in the smaller towns of the county as denoted by vacant houses and stores
and in the rural areas where many tenant farmers were unable to survive

on smaller tracts of land.

Roads and Railroads

The Kansas, Oklahoma, and Culf Railroad traverses the region

in a north-south direction just to the east of Grand River following the

21y 4. layton and 0. H. Brensing, Soil Survey of Mayes Count
Oklshoma, (Washington, D. C.: Bureau of Chemistry and Soils, March, 1937;,

3“""-& .

z%wgﬁy&mm%Cmmw,%ﬁmﬂmeQOHmmlmS.
Bureau of Census Figures, 1940; Mayes County and Pryor, Oklahoma, 1950.




3%
river terraces mainly. It connects Strang with large markets to the
north and shipping centers along the Gulf to the south making long hauls
for agricultural products unnecessary. One-eighth of a mile to the
west of the northwest corner of the area runs the Missouri, Kansas and
Texas Rallroad, It affords Pryor and many other swaller towns in the
county the same market outlets as Strang. Wighway number 69 parallels
this railroad lesding to Miaml, Oklahoma, and Kansas City to the north,
and Dallas to the south. State Highway 20 winds through the southeastern
part of the area connecting Pryor to Spavinaw and offers a good bypass
route to other major highways in the northesstern part of the state.
Other than these two highways there are no other paved roads within or
near the area. 'To the west of Grand River beyond the "Boone Hills," most
sections are bordered by good gravelled roads under county maintenance.
Tn many localities near Grand Hiver, terrace gravel deposits are plenti-
ful; Such deposits render good surfacing materials within easy reach of
211 section roads. To the east of Grand River, bedrock and terrace
gravels form a natural base for the roadways. sSome of these roads do not
parallel section lines, however, but follow the valleys or divides, which-

ever affords the cheapest means of construction.

Principal Industries

Agriculture in this county has been built largely around some
type of livestock raising. In the extreme western part of the area, in
regions underlain by the Fayelteville formation or Atoka and younger
units, ranching is the chief industry. Between here and the "Boone hills"

to the east of Grand River, fertile flat lands make agricultural crops
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‘such as corn and cereal grains important.

In the hilly regions in the eastern part of the area there are
a few orchards in which apples, small patches of blackberries, straw-
berries, and melons are raised.

Nearly every farmer cnltivates his own garden, has poultry
and ezgs, and raises his own cattle and hogs.

Spavinaw Creek and Grand Hiver offer ideal cabin sites for
Tulsans and the people of nearby cities., Spavinaw and Grand lLakes spur
recreational activities, making camping, fishing, and boating important

in the warmer months of the year.



CHAPTER III

PHYSIOCRAPHY
Physiographieally, the area can be divided into two provinces:
the Omark Region, comprising the hills to the east of Grand River; and
the Prairie Plains province, making up the homoclinal slopes west of the

river.

Relief and Elevations

Except for the middle one~third of the area to the west of
Grand River, the surface of the region gradually increases in elevation
from west to east in the direction of the Ozark Uplift. The increase
becomes more asbrupt at the foot of the "Boone hills" in the viecinity of
Grand River. €. H. Fitch23 and his surveying party show a minimum ele-
vation of 500 to 600 feet along the Grand River in the south=central
part of the area. This is about 50 f eet lower than the beds of creeks
in the southwest corner of the area, The maximum elevation of 950 to 1000
feet is recorded in the southeast corner. The eastern one~third stands
from 200 to LOO feet higher than the area teo the west, Hany steep val=
leys give the Béone surface a well-dissected appearance exposing under-
lying formations and affording great relief in many instances. The wes-

tern sector is reasonably level with many east-facing escarpments,

23g, . Fiteh, op. eit., 1901.

8
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especially along Grand River and two or three miles to the west., A few
knobs, buttes, and mesas interrupt the regularity of the terrain in other
cages., Ernaionlprngreasing down the dip slope decreases the elevation

to the west in the west one~third of the area.

Topography and Drainage

The hills east of the Grand River appear to have undergone
rejuvenation as indicated by the steep valleys and high, relatively flat
divides. The V-shaped valleys contain intermittent streams with very
high gradients except in one or two cases. Spavinaw Ureek has developed
a flood plain of variable width, measuring from a few hundred yards to
over one mile. This is bordered by steep cliffs which exceed 200 feet
in height in places., Cliffs of this nature were developed on the outside
of meanders as a result of stream undercutting. (See Plate I, Figure 2.)
A similar sibtuation preveailed along Grand River which enabled the stream
to broaden its flood plain. Three separate alluvial and two distinect
gravel terraces prove former positions of the river., In the western part
of the area gently westward dipping cuestas break the monotony of the
flat topography. Some topographic highs were left as a result of resis-
tant beds acting as cap rocks. Other elevated localities act as struc-
tural and depositional highs developed by Boone knobs. One unique high
was left as a result of a collapse~structure.

Eventually the waters from all of the streams in the area enter
Grand River. Bast of the river most of the intermittent streams drain
almost at right angles into Spavinaw Creek. This creek in turn flows to

the west-southwest into Grand River. The run~off in the western one~fourth
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of the area is toward the west and southwest into Pryor Creel while the
‘south-central sector is drained to the southeast by Wolf Creek and its
tributaries. The north-central part of the area is drained by several
ereeks which flow direetly into Grand River. During the wet seasons the
water in most of the intermittent streams east of the river is clear and
‘almost completely lacking in sediment. Those west of the river are usu-
ally muddy for they drain dark and sticky farmlands and areas covered by

eolian deposits.

?egetation

The vegetation in the eastern "Boone hills" consists mainly of
a dense growth of blackjack, red and post oaks with intermingling thorhy
vines and bushes. Many of the bush patches contain edible berries,
Grasses are sparse except in elevated portions covered by high terrace
gravels. Here sparse shrub trees and grasses made culbivation possible,
and most‘nf these areas have been converted into spple orchards, hay,
or grass meadows. Hickory, locust, pine, haw, shittimwood, persimmon,
and Osage-orange trees form a minor part of the vegetation., The chief
grasses consist of broomsedge, wild oatgrass, and needlegrasses. Thin
layers of leafmold cover other localities within this hilly sector, espe~
cially in canyons. The Prairie Plains region in the western part of
the area has a native vegetation consisting almost entirely of tall
grasses intermixed with wild legumes, such as prairie clover and wild
alfalfa. Some poverty grass and weeds have grown in overgrazed areas.
on some of the Atoka capped mesas and Boone knobs, shrubs and vines of

sumac, dogwood, wild grape, woodbine and butternut can be found. MNarsh
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grasses predominate in the alluvial lands while pecan, elm, ash, pin eak,
and many other types of minor trees may be found in the lowlands next to

the river and creeks.

Nature of Rock Hxposures

Excellent bedrock exposures may be found in many localities bub
continuous rock sections are essentially absent. Measured sections had
to be taken piecemeal throughout the area. Canyons and bluffs along
Spavinaw Creek offer complete measurable sections of the Chattanooga, St.
Joe, and Reeds Spring. The true thickness of the "Keokuk" could not be
ascertained at any exposure in the area because of erosion on its upper
surface., About 300 yards up Spavinaw Creek from the eastern boundary of
the area, four linear, northeast trending exposures of Spavinaw granite
may be seen. Overlying Cotter, Chattanooga, St. Joe, Reeds Spring and a
partial section of #Keokuk" are exposed in the first ravine inside the
area on the southwest side of Spavinaw Creek., West of Grand River, post-
"Keokuk" mits are described in many localities. The "Moorefield,"
Fﬁindsville,"'and npatesville" are typlcally developed along the creek on
the west side of section 10, T. 22 N., R« 20 E. Partial or complete sec-
tions were obtained at several other locations, mainly along the west
side of the Grand Ri#er in the north central part of the area, A complete
EHale sandstone and limestone section and a partial Fayetteville black
shale section were measured on the south side of the north Seneca fault
in a roadcut three-cuarters of & mile to the west-southwest of the
Greenbriar school house. A section of "Grand River" was measured just

west of this Seneca fault zone in the north roadcut extending from the
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bridge westward to the top of the hill. Fayetteville shale exposures
ﬁ@re good except at the base of the formation where alluvial material
Ecovers the lower few feet, Inasmych as most of the Atoka and younger
Pennsylvanian units lie outside of the area, no detailed study of these

beds was undertaken,

Uwiur:m(w";“f Ar Ml AMOMA



CHAPTER IV

STRATIGRAPHY

General Statement

The formations exposed at the surface in the Strang area range
in age from Ordovician to Middle Pemmsylvanian., Locally these are over-
lain by terrace gravels, alluvium, and eolian deposits of Pleistocene and
Recent age.

The Pennsylvanian beds crop out in the western part of the area
and in the Seneca Fault zone. Pennsylvanian strata include the Hale for-
mation of Morrowan age and undifferentiated Pennsylvanian units of Atoka
and younger.

Beds of lMississippian age are widely distributed throughout the
area. Kinderhookian, Osagesn, Meramecian, and Chesterian series are re-
presented.

Pre-Boone units are exposed only in the deeper canyons near the
eastern boundary. The Chattanooga black shale is believed Lo include
Upper Devonian correlatives in lower portions. The Ordovician is repre=-
sented by a single formation, the Cotter dolomite, classed as Beekmantown
or Canadian.

A generalized columnar section of rocks as exposed in the Strang
area is shown in Figure 2.

18
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SYSTEM SERIES GROUP AND FORMATION ROCK THICKNESS REMARKS
UNDIFFERENTTATED ATOKA RED TO BROWN FINE- TO COARSE-GRAINED SANDSTONE.
=z DESMOTNESTAN AND CHEROKEE ¢ SOME BLACK SHALE.
Z
=
B
2 i VASSIVE, SANDY, COARSELY CRYSTALLINE LIMESTONE
= YORRONAN HALE B o2 AND BRIGHT' RED PITTED AND FLUTED SADSTONE.
SUBLITHOGRAPHIC TO COARSELY CRYSTALLINE LIME-
ey Tenm STONE AND RROVNISH-GREEN TO YELLOWISH-GREEN
SHALE WITH DICTYOCLOSTUS INFLATUS. SOME BLACK
FISSILE SHATE.
CHESTERIAN
; 9 2 GRAY, COARSELY CRYSTALLINE TO DENSE AND SANDY
"CRAND RIVER" o= LIMESTONE WITH DIAPHRAGMUS ELEGANS, SPIRIFER
LEIDYI, AND AGASSTZOCKINUS GONICUS.
e Sl BLUE-GRAY, CALCAREOUS SILTSTONE; SANDY LIVE-
EoVRLE STONE; AND MINOR AMOUNTS OF YELLON SHALE.
a
>
= GRAY, COARSELY CRYSTALLINE LINESTONE WITH
W g e ANGULAR FRAGMENTS OF CHERT; LOCALLY CROSS-
MERAMECTAN e S LLE Ol REDDED; CAMAROTOECHIA PURDUEI, SYRINGOTHYRIS
TEXTUS, AND SPIRIFER ARKANSANUS. o
—L GRAY, MASSIVE, DENSE TO MEDIUM CRYSTALLINE LIME-
oot x = e STONE; LOCALLY CHERTY AITE DICTYOCLOSTUS CRAW-
LS == 2 ¥ORDVILLENSIS, LEIORHYNCHUS CARBONIFERUM, AND
CRIFFITHIDES PUSTULOSUS.
=
B
ny
17
0
7 OO MASSIVE WHITE FOSSILIFEROUS CHERT; BLUISH-
2 "KEOKUKY PO O O 6Lt - 250t | GRAY CRINOIDAL LIMESTONE; ORTHOTETES KEOKUK,
= O Od PSEULCSY RINX KEOKUK, AND SPIRIFER KEOKUK.
Sl (@) )
@@ E (!
B @@
el e
=
5 & S Od
[@s) [= K=
OSAGEAN g = —
= =
REEDS SPRING = < d 132! - 156" | INTERBEDDED GRAY TO WHITE LIMESTONE AND CHERT.
(<=3 [=] <
el GRAY, MASSIVE, CRINOIDAL AND THIN-BEDDED SHALY
ST. JOE 18 25 T
; BLACK PLATY SHALE WITH BLACK CONE~IN-CONE
KINDERHOOKIAN CHATIANCo % LIMESTONE NEAR CENTER.
[ ol
DEVONTAN
K] HARD, MASSIVE, WHITE TO GRAY DOLOMITE WITH
S CANADIAN COTTER 85! SOMZ SANDY DOLOMITE AND OOLITIC CONGLOMERATE.
g UNEXPOSED BELOK WATER LEVEL.
=)
o
FIGURE 2. GENERALIZED COLUMNAR SECTION FOR THE STRANG AREA
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Ordovician System

fotter Dolomite

2
History of Nomenclature.--B. O. Ulrich # named the Cotter dolo~
mite from exposures at Cotter, Daxter County, Arkansas in 1912, He first
called this formation the Jefferson City bub subsequent study at the type

localities determined the latter formation to be older than the Cotter,

Distribution.--The Cotter dolomite is exposed only on the south-
west bank of Spavinaw Creek at the eastern boundary of the area for a dis-

tance of about 200 yards in section 16, T. 22 N., R. 21 E.

Character and Th;gggaés.—~The Cotter consists largely of white
to gray dolomite. The lower part of the formation contains massive lay-
ers of white, slightly sandy dolomite, separated by thin layers of gray
dolomite and laminations of irregular, yellow chert. A nodular weathering,
light gray zone of massive sandy dolomite immediately overlies. Hassive
to occasionally thin-bedded gray dclamité forms tﬁe middle part of the
formation., This zone varies from finely crystalline to dense in texture.
Whitish to light gray massive intraformational conglomerate overlies the
central zone. The pebbles and ccbbles are disc~shaped and flattened
'parallel to the bedding surfaces. They are composed mainly of dolomite
but some consist of light gray chert. Characteristically, the well~

cemented dolomitic matrix is slightly sandy and very oolitic. Massive

2by . o, Ulrich, "Revision of the Paleozoic Systems," Geol. Soc.
Amer. Bull,, Vol. 22, No. 3, 1911, pp. 281-680.
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gray to white beds of finely erystalline dolomite mark the top of the
formation, Its total exposed thickness measures slightly over 85 feet

with the basal portion concealed.

¢ Relations.—~The Cotter formation overlies the

pre~Cambrisn Spavinaw granite unconformably just outside the e astern
boundary of the area. The dolomite is overlain unconformably by the
Chattanooga shale., The Burgen and Sylamore sandstones are absent in

this area, presumably by erosion before the deposition of the Chattancoga.

Paleontology.~~Although some fossils have been reported from

the Cotter in this area, none were obtained during the course of this

) investigation.

Age and Correlation.--The Cotter formation is classed as lower
ordovician2’® in age and has been correlated with the upper part of the
Arbuckle limestone. Iraland26 considered the unnamed dolomites of this
area as emivalent to the Cotter dolomite of the Canadian Series corre~

lated in part with the Beekmantown of eastern North America.

@gaaisﬁiggian System

Chattanooga Shale

History of Nomenclature.—C. s Hayes>! described the

250: W. G’Qﬂld, OE 2 citqg e 513"
26y, A, Ireland, op. eit., p. 16.

278. W. Hayes, "Geology of the Chattanooga Quadrangle,™ U, 5.
as, Chattanooga Felio, (No. 6), 1894,
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Chattanooga shale in 1891. It was named from the type locality at

Chattanooga, Tennessee. The term was introduced in Oklahoma by Paff,28

Distribution.~~The Chattanooga is exposed at six different
localities along Spavinaw Creek. Three of these, previously mapped in
earlier reports, are located at or near the eastern boundary of the area.
The first one crops out in the ravine to the south of the Spavinaw
bridge; the second appears in a road cut on Highway 20 a few hundred
yards to the southwest of the Spavinaw bridge; and the third is revealed
below a bluff of St. Joe limestone on the north bank of Spavinaw Creek
in the southeast corner of section 9, T. 22 N., R, 21 B. Three addi-
tional outcrops were located and mapped during this investigation. OUne
lies in and along the north bank of Spavinaw Creek at the section line of
sections 8 and 9, T. 22 N,, R. 21 BE., and another is located in the south=-
west quarter of section 8, T. 22 N., R. 21 E. The most westerly one par-
allels the southeast side of the road at the base of the bluff in the
southern part of seciian 18 and continues across the northwestern cor-
ner of section 23, T+ 22 N., R. 21 Es The ou;crop extends to within

one-half mile of the east bank of Grand River.

Character and Thickness.—~The Chattanooga formation is a black,

carbonaceous, thin-bedded, platy shale characterized by prominent verti-
cal jointing, Its weathered surface is usually iron stained, and occa-
sional bits of pyrite are found within a freshly broken piece. OSporadic

lenticular masses of black, coarsely crystalline, gone-in-cone limestone

285 A, Taff, ops cit., 1905, p. 3
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are common near the center of the formation, A measured section in the
ravine to the south of the Spavinaw bridge indicates a thickness of 65

feet,

Stratigraphic Relations.-~The Chattanooga rests unconformably

on the Cotter dolomite. Intervening units of Burgen sandstone, Tyner
shale, Fite limestone, Fernvale limestone, Sylvan shale, 5t, Clair lime-
stone, Sallisaw sandstone and chert, and Sylamore sandstone present in
areas to the south, are missing in this area. Tﬁa Chatﬁanoaga is sepa-
rated from the overlying St. Joe by wnconformity as indicated by the
variable thickness of green shale at their comtact. (See Plate I, Figure
1.)

Paleontology.-~The fauna of the formation includes some lingu=-
loid brachiopods, many conodonts, and an occasional pelecypod.29 Remains
of the fish, gggggggxg,3° and a plant spore, Sporangites huronensis, are
characteristic of the Chattanocoga. No fossils were collected from the

formation in this area.

Age and Correlation,--The Chattanooga has been variously cor-

related. Irelan > considered it as Kinderhookian or basal Mississippian

3

in age. R. Gy Maare‘z classified the Chattanooga and the basal Sylamore

294, A, Treland, op. cit., pp. 19-20.

305, A. Taff, op. cit., 1905, p. 3.

3y, A. Ireland, ops Cit., p. 8.

32z, ¢, iloore, "Barly Mississippian Formations of the Ozark
Region," Mo, Bur. of Geol. and Mines, Vol. XXI, 2nd Series, 1928, p. 108.




Figare 1. St. Joe massive limestone and green
shale (at contact) unconformably overlying Chattanocoga
black shale. Road fork, NW corner of section 19, T.
22 N.s R. 21 5y

Figure 2. Slunmping Reeds Opring beds accom-
plished by stream undercutting on outside of meanders,
north side of Spavinaw Creek, west side of sectlion
18, T, 22 N, Rs 21 E.
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sandstone member as lower Kinderhookian. Recent studies of the black
shale problem by Gamp?ellBB indicate that the New Albany shale of Indiana
and ite ecquivalent, the Chattanooga of Tennessee, déhﬁain conodonts of
both lower Mississippian and upper Devonian age. The Chattanooga of the
Strang Area may be partially or wholly equivalent to the type Chattanooga
of Tenmessee. It is correlated with the Woodford chertBA in the Arbuckle

Veuntains and the Grassy Creek shale of northeastern Missouri.
Boone Formation

History of Nomenclature,--The Boone formation was named by

J. C. Branner of the Arkansas Geological Survey and described by Simonds
in a report on the geology of Washington County, Arkansas.35 The basal
member of the Boone was named the Sﬁ. Joe marble in 1893 by T. C.
HopkinaBé who derived the name from the village of St, Joe in Searcy
County, Arkansas. The cvérlying Reeds Spring member was named by Moors
in 1928 from exposures in Stone County in southwest Miasouri.37 The

uppermost unit has been called the "Keokuk," an extension of the

333, Campbell, "New Albany Shale," Geol. Soc. Aumer. Bull.,

3%- ﬂo GQ“.}-&, QEQ ﬂit’o’ Ps 58a

355. ¢. Branner and F. W. Simonds, "The Geclogy of Washington
lenty," Al‘k. G@O_};‘i S’ul"V‘ey, .&l’ln- Re’p@r‘b 1888’ V'o.ln IV, 1891, ppn 27"370

BéT. C. Hopkins, "The St. Joe Marble," Ark. Geol. Survey, Ann,
Report 1890, Vol. IV, 1893, p. 253.

3y, c. Moore," Harly Mississippian Formation of the Ozark
Region,™ Mo. Bur. Geol. & liines, Vol. 21, 2nd Series, 1928, pp. 143=145,
161-163.

344673
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terminology applied by Owen (1852) for exposures at Keokuk, Eowa.38
In 1934; L. H. Glinejg suggested that the term "Boone" be suppressed as
a synonym of the term "Osage" and that the St. Joe, Reeds Spring, and
“Keekuk" divisions of the Boone be elevated to formational rank. The
United States Geological Survey continues to assign formational rank to

the Boone and considers the subdivisions of member standing.

Distribution.—The Boone formation covers most of the eastern

and soubheastern pmrtieris of T. 22 ., R. 20 B4, and the western one-
half of T, 22 N., R. 21 E. 4 large area of Bocone lies to the northwest
side of the Seneca graben in the écuthaast corner of T. 22 N., R. 20 H.
Other scattered localities are exposed as knobs or in creek cuts in all
but the northwestern and extreme western parts of the area.

The basal member of the Eodna, the St. Joe, is exposed at

nine different localities along Spavinaw Creek. The three easternmost

exposures have been mapped previously. The remaining six appear as linear

outcrops on each side of the creek with the most westerly one extending
to within one~half mile of (rand River.

The middle member, the Reeds Spring, is characteristically

exposed in bluffs and escarpments along the east side of Grand River and

on both sides of Spavinaw Creek (see Plate I, Figure 2). Tributaries

38p, o, Owen, "Carboniferous Rocks of Southern and Western
IOW&,“ R@EEQ 9801. S}&_Wo Wis-, IOW& &'. Hiﬂn., 1852, Pp‘ 91"‘"92.

3%, w. ¢lihe, "Osage Formations of Southern Ozark Hegion,

Missouri, Arkansas, and Oklahoma," Amer, Assoc. Petrol. Geol. Bull., Vol.

18, Now 9, 193114 PP 1132—-1159.
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entering these larger streams have cut through the overlying "Keokuk"
in nearly all cases exposing the Reeds Spring in the creek bobttoms and
occasionally, where not covered by talus and debris, slong the creek
embankments, Detailed work on the west side of Grand River did not re-
veal a single exposure of Reeds Spring.

The "Keokuk" is the most widely distributed member of the Boone
formation., Bast of Grand River it caps the high plateaus except in the
north central sector where it is exposed as knobs and in the deeper creek

cuts where it ferms a hard surface over which the streams flow,

Character and Thickness.--The Boone formation has a total

thickness of over 250 feet, Irregularity of the erosional surface at the
top of the "Keokuk" east of Crand River and concealment of the Reeds
Spring-"Keokuk" contact on the west side of the river makes accurate
messurement impossible., The "Keokuk" increases in thickness on the west
side of the river by the induction of crinoidal bicherm reefs.

The $t. Joe varies from 18 to 25 feet in thickness along Spavie-
naw Creek, thinning toward the river. It is mainly a massive to thin,
irregularly bedded buff limestone containing abuﬁdant small erinoidal
stems except at the base where a variable green shale marks the contact,
Above the basal shale and at the upper contact are two heavy beds of
dense to finely crystalline iimestone. These are separated by the softer
central portion composed of shaly limestone (see Tables I and II).

The Reeds Spring comprises the thickest complete unit in the
area, approximating 156 feet. From top to bottom itdis characterized by

an alternating secuence of interbedded limestone and chert. Hear the
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TABLE I

SECTION IN RAVINE TO SOUTH OF SPAVINAW CREEK BRIDGE

fast side, section 16, T, 22 N., Ry 21 &,

Formational Description

Thickness in Feet

or
Unit

To Base of

Boone formation:
"Ceokuk" member:
Chert, white, yellowish to reddish-brown tri-
politic at top, massive, jointed and frac-
tured, fossils common as molds and CastSisse..

Reeds Spring member:
Limestone and chert, gray, blue to buff (darker
near base), interbedded, mediwm, hard, lime-
stone saft@rntclbo;o'innooncn‘06000w#;c-'Qin-0

Bt. Joe member:

Limestone, bluish-gray, demse to finely erystal-
line, massive, hard, crinoid stems small and
abundenbevsseresssessssgssssosvasssssrvsrsnans

Limestone, light gray, demse, cherty and shaly,
nodular and laminated on weathered surface....

Limestone, bluish to buff yellow, dense to fine-
1y erystalline, massive to thin bedded, shaly
and soft, upper massive limestone parted by
soft $hﬂly 1im33t0n6, crinold slemSessavassese

Limestone, gray, dense to finely crystalline,
maﬁﬂiVﬂj hﬁrd, erinold stemBessssvrossesssssne

Shale, green, laminated, calcareous, mainly:

COVEYEOUsseunsssossassossonsntosnsssssnosasnaesy

Chattanooga formations
Shale, black, slightly iren stained, platy and
fissile, pyritic, cone~in-cone black lime~-
stone near center, jointed and fractured..es..

Cotter formationt

Dolomite, white to buff, finely crystalline,
hard, massive, some beds appear chertyeeessecs

Dolomitic conglomerate; pebbles and cobbles,
gray, dense to semi-crystalline, hard, cherty;
and dolomitic, elongated parallel to bedding;
matrix, white to light gray, slightly sandy,
very oolitic, well-cemented, hard, massives.s.

64,0

132.0

6.0

4.0
11.0

340

18

6543

25k

3.k

Formation

6400

132.0

25.3
19.3

15.3

L3
1.3

65,3

85,1

597
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Dolomite, white to light gray, 1lithegraphic to
erystalline, limy, hard, massive, medium to

thin bedded, nodular weathering surfacCés.icess 3042 56.3
Dolemite, white to buff, finely crystalline,
S&ndy, h&fd, MASEI Ve ssessssvessssosssesnsacsas 12.8 2601

Dolomite, white, buff to viltreous gray, finely
erystalline, sandy with gome laminations of
yellow chert near base, hard, massive to lami-
n&t@d, baﬁ&l beds un@xp@ﬂ@dqo-utovqo.;utaoaog' lBtB 1303

TABLE IX
SECTION ON BLUFF SOUTHRAST. OF ROAD FORK

Northwest cornsr section 23, T. 22 N., By 21 E,

Thickness in Feet
Formational Deseription of To Base of
Unit Formation

Boone Formatliont
8t.. Joe member: : -
Limestone, gray, demse to finely erystalline,
hard, massive, erinoddalisccsvssensacnnsanesnn 2.8 18.8
Iimestone (mainly covered with slump), gray to
bluish gray, demse, soft, irregular hedded
and nodular appearing, shaly limestone,
slightly cherty near top, erinoidalevesesvenss  Lle2 16,0
limestone, gray, dense to finely erystalline,
hard, masﬁiV@, Crincidalo........c.-¢a-....-.o A.Z h.?
Shale, green to yellow, soft, platy, calcareous. 0.7 047
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base the limestone is dense bluish-gray and dolomitic while the chert is
dark gray, rather flinty, to opalescent. The layering occurs every 4 to
6 inches. Approximately 17 feet above the base, & 2= %o l=inch zone of
gray, splintery, shaly limestone affords the only break in the formation.
Above this, the alternating sequence becomes lighter in color. The chert
content increases toward the top of the ﬁérmaﬁianm a8 the percentage of
limestone decreases. The iim@stmne changes upward to light gray and the
chert eventually becomes white. Two measured sections are listed in
Tables I and III,

The base of the first massive, white chert layer at the top of
the escarpment along Spavinaw Creek marks the contact of the Reeds Spring
with the "Keokuk" (Plate II, Figure 1). East of Grand River, the
"Keokuk" is composed of approximately 70 feet of massive to thick bedded,
white tripolitic, mottled chert. Some layers are as mach as 4 feet in
thickness. The weathered surface of the formation varies from yellow,
red, to dark brown due to iron staining. From 60 to 80 feet of "Keokuk"
is exposed on the west side of the river. Here reefs of crinoidal lime-

stone are abundant in vegions of maximum thickness. Laudonho

reported
similar deposits are in the 5t. Joe and noted that the "Keokuk" is also
crinoidal: Within this area the criqeidal bioherms appear to be limited
to the "Keokuk" west of Grand River. In the "Boone hills" area of this
report no reefs are evident in the 3t. Joe although all exposures exhibit
the erinoidal limestcne phase.

The St. Joe and Reeds Spring contact was easy to map because

4Op . R, Leudon, op. cit.; pp. 325-338.
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PLATE II

Figure l. "Keokuk" massive
chert (K) and Reeds Spring (RS)
contact at top of cliff, west side
of section 18, T. 22 N,, R, 21 E.
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TABLE III

SECTION AT LARGE BLUFF ON NW SIDE SPAVINAW CREEK

West side section 18, T. 22 N., H. 21 E.

Thickness in Feet
Formational Description of To Base of
Unit Formation

Boone formabtion:
"Keokuk" member:
Chert, white, sometimes mottled, iron stained,
to reddish-brown on weabhered surface, mas—
sive, fractured and jointed, upper contact
tmexpoaed by 83’0&19!1, f@aﬁﬁiﬁ@mﬁﬁa P T 69 0 69 +&

Reeds Spring members:
Interbedded limestone and chert; chert, white to
light gray, layers over 1 foot thick at top
to 6 inches at botbom, hard, weathers buff to
yellow; limestone, light gray, dense, hard,
medium to thin bedded at top, weathers dirty.. 34.7 155.7
Tnterbedded limestone and chert; chert, light
gray to gray, medium bedded, beds heavier
near top, hard; limestone, bluish-gray,
dense, medium bedded, beds thinner near tops
hard; zone bluff fcrming........n....uuu.. 103,5 121.,0
Shale, dark gray, calcareous, splintery, soft,
weathers one to four feet back in bluff.s.ssss 0.2 175
to
Oy
Tnterbedded limestone and chert, chert, dark
gray to opalescent, very fine grain, flinty,
hard; limestone, dark bluish-gray, fine
grain and dense, dolomitic, hard; alternate
beds of apparent equal thickness, 4 to 6
mchesQil_“.Q’!Q..’QﬁGODQOOOOlQ..O."..Q'!)‘vﬁ'l!.‘v l’?lz 1702
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of lithologic differences between the two members as shown by'Clinehl and
L&udonkz. The Reeds Spring and "Keokuk" contact is mapped for the first
time in this reglon. In the Spavinaw Creek area the interbedded lime-
stone and chert of the Reeds Spring grade inte massive chert layers of
"Keoluk" at the top of all bluffs (Plate II, Figure 1). The Reeds Spring
forms the more precipitious 1ewér portions of ﬁhe-escarpmants while the
"Keokuk™ ocecupies the lesser slépas above wﬁieh pass at the top into a
platesu-like divide. In many of the smaller valleys the contact is not
too definite, being covered by talus and debris. Where concealed or

indefinite, the contact is shown by dashed line,

Stravigraphic Relations,--The St. Joe formation rests uncon-

formably on the Chsttanooga shale as illustrated by the variable thick-
nesses of the gr@eﬁ shale at the base of the St. Joe (see Plate I, Figure
1),

A questionable disconformity exists between the 5t., Joe and
Reeds Spring. Laudanh3 states that it is his personal belief one exists
but that he cannot prove it. A picture of this contact along a bluff on
the west side of Spavinaw Creek shwﬁn several faét of Reeds Spring con-
verging against the upper massive bed of the St. Joe (Plate III, Figures
1 and 2). While this is not indicative of a regional uncoenformity, it

could possibly represent a local stratigraphic bresk.

hlL. M. Cline, op. cit., pps 1141, 1154.
th. R. Laudon, op. eit., p. 325.
k31, R, Laudon, ibid., p. 328.
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PILATE T11

Figure 1. Reeds Spring (RS) limestone and chert
beds converging against the upper bed of St. Joe (54d)
massive limestone; N. side of Spavinaw Creek, center
of section 18, T, 22 N., R. 21 E,

Figure 2, Highly weathered contact between Reeds
Spring (RS) and St. Joe (5J) limestone, N, side of
Spavinaw Creek, center of section 18, T. 22 N., R. 21 E.
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The "Keolkuk" lies unconformably on the Reeds Spring with the
hiatus representing Burlington time.hh Landonhs states that the uncon=-
formity 18 greater in IMissouri and decreases in magnitude on the southwest
flank of the Ozark Uplift. The break is also substantiated by a dis-
tinct faunal change in other regions, bub in this area it is not too ap~-
parent, the contact appearing almost gradational,

The "Mayes group" rests unccnfarﬁably on the "Keokuk". Autho-
rities agree that th@‘unconformity is due to irregular deposition of
Mayes units on the umeven erosional s&rfaca of the Boone chert. Many of
the "Keokuk" knobs within the area of this report are typically dome-
like atructureé with a core of crinoidal reef limestone. The general
alignment of these from north@aﬁt £ :ozuﬁwest narallel to the Seneca
fault zone suggests a venet:c rel;tionshlp between the regional structure
and silicification of the upper "Keokuk" beds which pass above the reef-
1ike knobs. Differential compaction of younger teokuk! beds over these
erinoidal reefs followed by extensive silicification formed resistant
knobs which now appear as inliers projecting through younger W¥ississippian

units.

paleontology.~~lo fossils other than crinoid stems were recov-
ered from the St. Joe. The Reeds Spring is nan»fossilifefcus in this
region. The "Keokuk" yielded an assemblage of fossils characteristic of

late Osagean beds. (See Table IV.)

AAL. 7, Laudon, op. cit., s 329.
3., R. Laudon, ibids
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TABLE IV

FAUNULES FROM THE "KEOKUK" MEMBER OF THE BOONE FORMATION

-

&S

Neozaphrentis sp.

Fenestralia sancta ;ude viei Prout

Fenestrella serratula .
Polypora varsoviensis

Crinoid shbems

Acambons prima (White)
Avonia concentrica (Hall)
Chonetes multicoata Winchell
Cravaena zlobosa Weller
Cyrtina sp. ¢f. G, neogenes Hall and Clarke
Dictyoclostus crawfordvillensis (Weller)
Dielasma sp,
fchinoconchus altenatus (Norwood and Pratten)
Linoproductus altonensis (Norwood and Vratt@n)
Linoproductus ovatus (Hall)
Llnogroductus 85D
Marginicinctus wortheni (Hall)
Orthotetes keokuk Hall
Orthotetes sp.
Productus sp. cf. P. scitulus Meek and %orthen
Pseudosyrinx keolauk Weller
Rh cho ora Spe.
chellwienella inaequalis (Hall)
Schigophoria sp. ;
Spirifer floydensis Weller
Spirifer keokuk Hall
Spirifer mortonanus Miller
, ferina solidirostris White
Spiriferina sp. ¢f. S. subtexta white

Myalina keokuk Werthen

Phillipsia sp.
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1. Along aqueduct, SW Corner Sec. 33, T. 22 N., R. 20 K.

2., Wolf Creek, East line of Sec. 25, T. 22 N., R, 19 E.
3« Left fork of Creek, center, Sec. 23, T, 22 N., R. 20 E.

L. Up creek 350 yards from south line, Sec. 2, T. 22 Nuy Re 2
5a North boundary, west side of Grand River, NE corner of Sec. L,

22 N., Ry 20 By

xJ.
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Age and Correlation.--The Boone formation represents the

Osagean series of the Mississippian system, The 3%, Joe can be corre-

lated with the Pern Glen of Missouri. Bransenhé says, "there is no doubt
that the two formations are in part contemporaneous.” The Reeds Spring

is considered equivalent to the upper‘chonteav in Missourl by Bransanh7
but has been correlated with the Fern Glen and possibly the lower Bur-
lington by others. According to Laudanka, it has no correlatives outside
the type area in southwestern Missouri, northwestern Arkansas, and north-

eastern Oklahoma. The "Keokuk" correlates with the liontrose cherts of

the type section at Keokuk, Iowa.

"Mayes CGroup"

The term Mayes was proposed by L. C. Smiderhg in 1915 for rocks
between the Boone chert and the Fayetteville formation in northeastemrn
Oklahoma. The type locality is in southern Mayes County. In an unpub-
lished master's thesis in 1941, B. A, Brant subdivided the Mayes into
four lithic units of formational rank which he termed the "Mocrefield,®
"Hindsville," "Batesville," and "Grand River." The validity of his cor-
relations with the Arkmnsas‘sectian has not heen'established. Usage of
Brant's terminology is therefore qualified in this report by insertion in

guotation marks.

"65. B« Branson, op, cit., p., 208,
AVE. B. Branson, ibido, Vs 179.
h81,, R, Laudon, ops cit., p. 328.

49, ¢. snider, op. cit., p. 27.
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Hioorefield" Formatieon

History of Nomenclature.--The Moorefield was named by Adams

and Ulr13h50 in 1904. It included the shaly beds lying belween the Boone
limestone and Batesville sandstone at Hoorefield, Arkansas. In l?kl;
Brant applied the term "Hoorefield" to the beds immediately overlying the
Boone in Mayes County, Oklahoma. In 194k, Gordonsl divided the forma-
tion of the Batesville district into two parts., He restricted the term
Moorefield to the lower limestone sequence and applied the name Ruddell

formation to the upper shale beds.

Distribution.~The "Hoorefield" is very limited in extent and
is exposed mainly along the west side of Grand River in sections 3, 4,
10, and 113 T. 22 M., R. 20 B, At Beng Creek in section 10, it is ex-
posed waestward for thiee~quarter$ of 2 mile from the river. Two other
minor - posures occur in the creek cut in the northeast corner of sec-
tian 16, Ts 22 Nuy Ri 20 E. and in the road culvert in the central part

of section 33 of the same township.

Character and Thicknass.¢~fhe formation is very inconsistant

where exposed, varying from 0 %o 36 feet in thickness. For the most part
it is divisible into a lower cherty limestone phase and an upper series

of magsive to thinly-laminated limestone beds. The lower part is mainly

50, I. Adams, A. H. Pardue, and E. O. Ulrich, "Zinc and Lead
Deposits of Northern Arkansas,” U, 5. Geol. Survey, Prof. Paper 2k, 1905,
p» 26Q

51Mackenzie Gordon, Jr. "Hoorefield Formation and Ruddell
Shale, Batesville District, Arkansas," Amer, AsSsoc, Petrol, Geols Bull.,
Vol. 28, Nos 11, 19%, Pe 16311\
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a dense gray to lithographic limestone, sometimes lenticular in nature,
with alternating irregular layers of light gray chert. Cherty nodules
similar to baseballs are infreguent within the limestone. The upper zone
tends to be massive if unweathered, but on a weathered surface it aliters
to platy, laminated layers. Often it appears medium bedded along Grand
River. The zone is mainly a demse to finely crystalline limestone of
bluish-gray color. Table VI shows the most complete measured section in

the area.

Stratigraphic Relations.-~The "Hoorefield" lies unconformnably
on the "Keokuk" (Plahé»I?, Figdre 1). Its irregular distribution through
this area may be attributed to the shallow seas which failed to deposit
the férmaticn over part of the irregular Keokuk gurface, The Mioorefield"
is overlain conformably by the "Hindsville", Small stringers of
"Hindsville" limestone extend downward inte the dense beds of the "Moore~

field."

Paleontology.~~The "Moorefield™ contains few fossils within
this area. Oriffithides pustulosus is sporadically abundant near the
base of the cherty-limestone phase. Just above the "Keokuk" contact in
the northeast corner of section 4, T. 22 N., R. 20 ., a zone of Dictyo-

clostus crawfordvillensis yielded the greatest amount of fossils. Leior-

hynchus carboniferum occurs sparingly.

Age and Correlation.-3rant52 cerrelatéd the "doorefield” of

SQR. A, Brant, "Mississippian Rocks of Rastern Oklahoma,™ Tulsa
Geol. Soc. Field Trip, ey 11, 1946, p. 1.




Figure 1. "Keokuk" (K) and "Moorefield" (M)
wmeonformity, bluff on west side of Grand River, west
gide of section 11, T. 22 N., R« 20 E.

Figure 2. Small fault on SE limb of Seneca ,
fault zone in "Keokuk" limestone, SE quarter of sec-
tdon 11, Te 22 Huy Ry 20 Be
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this area with the Hoorefield of Arkansas and the Warsaw of Lower Mera-
-mecian age. In 1927, Euchanan53 classified the Moorefield as the equiva-
lent of the St. Louis formation of lMiddle Meramecian age, and this has

been the accepted correlation by many geologists.

TABLE V

FAUNULES OF THE "MOOREFIELD™

e

w Em%& B0 .

Dictyoclostus crawfordvillensis (Weller)
Leiorhynchus carboniferum Girty
Spirifer arkansanus Girty

Spirifer sp. ¢f. s. bifurcatus Hall
Syringothyris textus (Hall

Aviculopecten sp. of. A. batesvillensis (Girty)

B oM MMM

“

Griffithides pustulosus Snider x

1. NE corner Sec. k4, West side of Grand River, T. 22 N., R. 20 B.

"Hindsville Formation'

History of Nomenc atnre.*~Braﬁt5& applied the term "Hindsville"

to beds in this area which he considered equivalent £e the Hindsville

limestone of Arkansas. The latter was named and assigned to the base of

53a. 5. Duchanan, "The Distribution and Correlation of the
Mississippian of Oklahoma," Amer. Assoc. Petrol. Geol. Bull., Vol. 11,
No. 12, 1927, p« 1307.

Shg. A. Brant, op. cit., 1941, pp. 1, 23-25.
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TABLE VI

SECTION ON SOUTH EMBANKMENT, BENG CHEEK

West side section 10, T. 22 N., R. 20 E.

Thickﬁess in Feet
Formational Description of To Base of
Unit  Formation

"Batesville"s
Shale, buff yellow, thin bedded, soft, mainly
COVErelossesssnsasossonessnssssssnssasssnesnis 12 125
Limestone, gray to yellowish-brown where wea-
thered, finely crystalline, silty, platy where
weathered, otherwise slabby to massive, medium

hard, mainly covered by debriS.i.csesssssssssses 113 1l.3
"Hindsville":
Limestone, COVETElyssssbhanssnsssosisanrssssnsnses 5‘5 900

Limestone, mainly covered, gray, coarsely bto
finely crystalline, angular varicolored chert
fragments at base, massive to platy, hard to
mﬁdiﬂm h&rd'...wa""‘..l..'l‘.ﬁ’.h!"‘..'.’.. 3’5 3’5

"Moorefield":
Limestone, light bluish gray, dense to finely
crystalline, massive, slabby to platy on wea-
thered surface, medium hard, strong petroli-
ferous Qdar, few fo88il8cassasonnsannnsnsannos 16'1 36.0
Limestone, bluish-gray, dense to semi-
crystalline, irregular bedded with slightly
discolored lenticles of chert, contains knobs
of chert similar to baseballs, hard, zone of
Griffithides pustulosa and Leiorhynchus car-
bonﬂferumAnear‘basai..-*.....;t..t....‘....... 19.9 19-9

Boone formation:
"Keokuk™t
Chert, white to reddish-brown at contact, mas-
sive, hard, fractured and jointed, unexposed
belﬁw creek boﬁtm‘a....................-;..“u 8&5 8.5
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PLATE V

Figure 1, Arched up "Keokuk" (X) weathered chert
overlain unconformably by Mioorefield” (M) limestone.
Dr, H, D. Miser removing fossils from Dictyoclostus
crawfordvillensis zone, West side of Grand River, NE
corner of section 4, T. 22 N,, R. 20 E,

Figure 2. Cross~bedded "Hoorefield" limestone,
West side of Grand River, NE corner of section 4, T. 22
Ney Re 20 B,
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the Batesville sandstone of Arkansas by Purdue and Miser™~ in 1916,

Distribution.~*ﬁeing stratigraphically above the "Hoorefield"
the “Hindsville“ggchieved wider distribution in the area, It floors the
low fertile portions of section 33, T. 22 N., R. 20 B.; overlaps the
MMoorefield® in the center of the section; and comes to rest against
"Keokuk" chert by lapping onto the chert knobs. In the north-central part
of the area the "Hindsville" is widely exposed along the west side of the
Grand River escarpment and locally in creek cuts. In section 9, T. 22 N.,
R. 20 E., and at the eastern boundary of section 13, T. 22 N,, R. 20 B.,
units of "Hindsville" lithology lap onto small "Keokuk" knobs. In the
north-central part of ssctien 11, T 22 H.s Be 20 %., a topographic high
contains a complete section of "Hindsville" which lies between partial
sections of the "Batesville," and "Moorefield." A small exposure which
resembles the "Hindsville" crosses the northern boundary in the northwest

corner of section 5, T. 22 N,, R. 22 E.

Character and Thickness.--The "Hindsville" varies from O to 9

feet in thickness'due to the irregular nature of the Boone surface. A
complete section shows three gréy, coarsely crystalline beds containing
angular fragments of varicolored chert. One chert fragment-bearing bed
is located at the base, another one two feet above the base, and the third

is located at the top of the section, The lower two beds are separated

by whitish-gray, finely to very finely crystalline limestone layers. The

555. H. Purdue and H., D. Miser,"Description of the EBureka
Springs and Harrison (uadrangles,” U. 3. Geol, Survey Atlas, 1916, Hureka
Springs and Harrison Folio, No. 202, p« 12.
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middle and the upper cherty beds are separated by several feet of gray
silty limestone which resembles tBatesville” lithology. The upper con-
glomeratic bed is distingnished by its oelitié, highly fossiliferous,
énd slightly Yellow»stained nature. Tables VII and VIII include a de-

tailed description of the "Hindsville" formation.

roti jc Relations.--The "Hindsville" overlies the "Moore-
field" confééﬁably'and‘is in turn overlain conformably by the "Batesville"
fafmatian‘ Where the "Hindsville" omnlaps "Keckuk" kncbs it has an wun-
conformable relationship with the underlying chert. The "Hindsville"
‘seas did not completely cover the higher knobs resulting in local ab-

sence through non-deposition.

Paleontelogz.n-Tbev“Hindsville" is fossiliferous only in the
three coarsely crystalline beds containing the angular chert fragments.
The best preserved fossils are found in the top conglomeratic layer.
Most of the recovered specimens are infernal molds and casts of frag-
mentary nature, Similarity of fossil forms suggest close relationship
with the underlying "Moorefield." The fauna collected and identified

from the "Hindsville" is listed in Table TX.

Age and Coggalaticn,-8rant56 correlated the "Hindsville" of
Mayes County with the Hindsville of Arkansas which he considered Merame-
cian in age. The "Hindsville" is lithologically and faunally related to
the "Moorefield!" and probably represents an upper crystalline facies of
the Moorefield of Arkansas, classed as upper Meramecian, 5. Louis in

age. The true Hindsville of Arkansas carries a lower Chester fauna.

562, A, Brant, op. eit., 1941, p. 25.
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middle and the upper cherty beds are separated by several feet of gray
gilty limestone which resembles "Batesville" lithology. The upper con-
glomeratic bed is distinguished by its oolitic, highly fossiliferous,
énd slightly yellow-stained nature. Tables VII and VIII include a de=

tailed description of the "Hindsville" formation.

~=The "Hindsville" overlies the "Moore-

field" conféfﬁably and is in turn overlain conformably by the "Batesville"
_foﬁmatiun‘ Where the "Hindsville" onlaps "Keokuk" kncbs it has an wn-
conformable relationship with the underlying chert. The "Hindsville®
seas did not completely cover the higher knobs resulting in local ab-

sence through non-deposition,

Paleantclogx.-Thé tHindsville' is fossiliferous only in the
three coarsely crystalline beds containing the angular chert fragments.
The best preserved fossils are found in the top conglomeratic layer.
Most of the recovered specimens are iniérnal molds and casts of frag-
mentary nature, Similarity of fossil forms suggest close relationship
with the underlying "Moorefield.” The fauna collected and identified

from the "Hindsville"” is listed in Table IX.

Age and Corralatiqg.-ﬁrant56 correlated the "Hindsville" of

Mayes County with the Hindsville of Arkansas which he considered Merame-
cian in age. The "Hindsville" is lithologically and faunally related to
the "Moeorefield! and probably represents an upper crystalline facies of
the Moorefield of Arkansas, classed as upper Meramecian, 5¢. Louis in

age. The true Hindsville of Arkansas carries a lower Chester fauna.

56p, A. Brant, op. cit., 1941, p. 25.
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TABLE VII
SECTION ON WRST SIDE STRANG RIVER BRIDGH

North side section 10, T4 22 N wo, R. 20 E‘

Thickness in Feet
Formational Description of To Base of
Unit _ Formation

"Grand River':
Limestone (only basal bed etp@sed), gray, coar-
sely crystalline, massive, hard, very fossili-
ferous, strong petrolifercus odar, gzone of

D;aghragguﬁ elﬁgansocqocongogco'-»iunq:-v-:ous 342 1.2

"Batesville':
Siltstone, brown, very fine grain, massive, soft
due to leaching, light weight "Cotton rock"... 0.5 9.2
Limestone, gray to yellowlsh brown where wea- :
thered, fine to medium crystalline, silty,
highly crosa-be sdded in 431&03500:0-...0u5...0-. 807 807

"Hindsville":
limestone, gray, covasely crystalline, angular
varicolored chert fragments, oolitic and fos-

silif&r‘@uﬁ, :Tﬁﬂﬁive, harﬂ'oacacao--noo-couot6. 007 799
Limestone, light gray, seml-crystalline, silty, :
pla‘ty, m@di\m hal‘duu-......n.u.nu..n... }-145 7‘2

Limestone, gray, coarsely crystalline, contains
a few angular fragments of dark chert, mas-

siv@, hardQGGOCOVOOHQQ'Qi0!'.!!"‘0.&0&‘!01“. 0‘6 2"7
ILimestone, gray, fine to medium crystalline, mas-
sive to thin irrvegular beds, medium hard.sss.es 1.5 2.1
Limestone, gray, coarsely crystalline, few angu-
lar chert fragments, massive, hardissssssseser 05 0.5
"Hoorefleld":

Iimestone, blulsh~gray, dense to finely crystal-
line, irregular beds of whitish-discolored
chert’ JﬁaSSive, hardl.QQ’q.’.Ql.ll..".l‘l"t‘ lh'o M'O

Boone formation:
NKe.omk":

Limestone, gray, coarsely crystalline; crinoidal,
medium irregular beddedsesecoasssssersansssnss 1.0 7.0

Chert, white (if unweathered), massive, hard,
fractured and jointed, yellowish, reddish to
brownish on weathered surface, base unexposed
At wntar Yovela i cvasin s nikisiivanuservases 040 6.0
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TABLE VIII

‘SECTIGK AT MORTHEAST SIDE OF BENG CHEEK BRIDGE

West side section 10, T, 22 N., R, 20 E.

Thickness in Feet

Formational Description of To Base of
Unit Formation

"Hindsville!:
Limestone, gray, corasely crystalline, contains
angular fragments of varicolored chert, mas-
sive, hard, slightly yellow stained, oolitic,
highly.fQSSiliferOHS‘noqotuotn;cuoot.uct--'oaoa 07 899
Limestone, light gray, semi-crystalline, mas-
sive (platy where weathered), silty, medium
hard, specks of iron staining where slightly
matharedeOQO'.0-!'.'—‘01"ID“OQ"".OQI'.C"'IO 4‘8 8‘2
Limestone, gray, coarsely crystalline, contains
angular fragments of chert, massive, hard, ’

spﬁckg of ir@n 8taiﬂing....¢-:........-........ 006 3«6
Limestone, gray, finely crystalline, massive te¢
thin irregular bedded, slightly iron-stained... 1.3 3.0

Limestone, whitish-gray, very finely crystalline
to dense, irregular bedded, soft, contains
light whitish-yellow iron stains near weathered
8urf&cﬂlaﬂtnit!itton-.qlicOolﬁit»‘lqulstict'ou 142 1:7
Limestone, gray, coarsely crystslline, contains -
angular fragments of varicolored chert, mas-
give, hard, fossiliferous and erinoidal..seee.e 0.5 0.5

Base of exposure at water level

5~
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TABLE IX

FAUNULES OF THE "HINDSVILLEM

L
Do
e

Fenestells serratula

#
i
i

Buxtonia multiliratus (Girty)

#
i

Camarotoechia purduei var. inflata Girty
Dictvoclostus crawfordvillensis (Weller)

Dielasma arkansanum Weller

Echinoconchus sp.

Eumetria verneuiliana (Hall)

i
1 1 H 3

Orthotetes kaskaskiensis McChesney

L

Orthotetes sp.

Orthotetes sp. ¢f, subglobosus Girty
Rhynchopora sps

Spirifer arkansanus Girty

Spirifer bifurcatus Hall

i

H
i

H

Syringothyris textus (Hall)

Tetracamera sp. ¢f. L. cuneata (Hall)

i
B

F MK MK IR ITHRT

Aviculopecten sp. cf. A. batesvillensis (Girty)

e
i
I

Caneyella sp.

i
»
1

Griffithides sp. ¢f. G, pustulosuys Snider X - X

.

¥ 1+ 1 313

B

1.
2o
3
L

South creek bank, west side sec. 10, T. 22 N., R. 20 E.

North road, sec. 5, T, 22 N., R. 21 K.

At culvert, SW cormer sec. 33, T. 22 N., R. 20 E.

West side of Strang river bridge, NW cormer sec. 10, T, 22 N.,
20 Ba

Re



SECTION AT NORTH BOUNDARY, WEST SIDE GRAND RIVER

Northeast corner of section 4, T. 22 N., R. 20 E.

Thickness in Feet
Formational Desecription Of. To Base of
Tnib  Formatiom

"Batesville™: ; | :
Siltstone, brownish~yellow, very fine grain,
gilt and iron oxide, massive, soft, light

weight "cotton rock" or punkstone....sseeesaes 0.9 6.7
limestone, gray, dense to medium crystalline,
silty, platy; slabby to massive, cross-bedded. 5.8 5.8
"Hindsville"s

Limestone, gray, coarsely erystalline, contains
brown sngular chert fragments, sandy, massive,

hard, cross-bedded, some fo88118seescsssssenss Lol 11.8
ILimestone, lizht gray, fine grain, silty, thinly
plated to massive, cross—baddedssscssecnrivsse Ted 1047

Limestone, gray, coarse grain, contains brown
anguler chert fragments, massive, hard, fos-
Silif@rQUK%.-ooon-qn-nyoo-n-:nuncn..uoo-a.a-opo 009 3;6
Limestone, gray, dense to finely crystalline,
coarsely crystalline 6 inches from top with

tiny brown chert fragments, massive, hard..... 1.8 27
Limestone, gray, coarsely crystalline, slightly :
iron stained, massive, hard, fossiliferous.... 0.9 049
"Moorefield":
Limestone, gray, wedium crystalline, slightly
silty, massive, hard, cross~beddedssesescvsaes Zabd 1148

Limestone, gray, dense to medium crystalline,

silty, massive, hard, characterized by dark

streaks, few crinoid stems, scattered dark

fragments, and cross~bedded in places,.eesvsss 24 8.5
Limestone, light gray, fine, medium to coarsely

crystalline, abundant reddish-brown angular

chert fragments, massive, hard, slightly

crinoidal and fossiliferousS.ssessssersnssssses 0.9 641
Limestone, light bluish-gray, dense to finely

erystalline, massive, hard, scattered reddish-

brown angular chert fragments and Dictyoclos-

tus crawfordvillensiB.isssesvevecsassassnscacs 12 5.2
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Limestone, light gray, dense, medium, lenticular
bedded, pinches out on knob zone of Dictyo~
clostus crawfordvillensis at base on flank of

amhqoiQAOQChobtt".ﬁ‘cﬁ(ttnc.occ&v&w'vlﬁulc-u

Boone formation:
"Keokuk? member:
Chert, white, massive, highly fractured and
jointed, dark brown on weabthered surface.sss..
Interbedded chert and limestone; chert, white
massive, irregular bedded; limestone, bluish-
gray, dense, irregular bedded, unexposed below

%teroottaaoﬁ»ioooo'o'woccﬁhi.ocq’:qnooﬂuo.onggu

+0
Lo
4.0

340

440

4.0

7.0

O
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"Batesville! Formation

History egrNamenclatggg,-ﬁrant57 correlated the sequence of

silty limestones of Mayes County, which he termed the "Batesville" for=-
mation, with the Batesville sandstone of Arkansas, The term Batesville
was first applied by Branner and Simands58 for exposures in Washington
County, Arkansas. These beds are now known to be the Wedington sandstone
member of the Fayetteville formation. Penro&e59 applied the term Bates-
ville to sandstones between the Moorefield and Fayetteville formations

near Batesville, Arkansas, The latter usage is currently accepted.

Distribution.~-The "Batesville" formation is more extensive

than the "Hindsville" chiefly because it is higher in the section and has
a greater areal expanse between the Boone knobs. In the north-central
part of the area good exposures are found in the ravines and near the top
of the escarpment on the west side of Crand Rivef. A hill capped with
WRatesville" in section 11, T. 22 N., R, 20 B, and a creek cut in section
3 of the same township form the only exposures east of the river. South=
east of the Seneca fault zone several square miles of the formation occupy
the flat lands between the Boone knobs. MNost of the creeks to the north

of the fault near the river are floored with "Batesville". Two domal

5TR. A, Brant, ops cit., 1941, pp. 1, 26=30.

58F. We Simonds, op. cit., p. 13.

%1, 4, T. Penrose, Jr., op. cit., p. 113.
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structures in section 10, T. 22 W., R, 20 E. show siltstone arching up
through "Grand River" limestone., In most cases the "Batesville"” is ab-

sent over the knobs due to non~deposition.,

Character and Thickness,--The maximum thickness of the "Bates—

ville" is about 14 feet. It thins to zero around the edges of the Boone
chert knobs, Charactefisticalij, it is a gray silty limestone that wea-
thers brown to form a light-weight "punkstone" which makes it easily re-
cognizable in the field. The depth of weathering varies from a few
inches to over a foot and is more intense in creek bottoms or wherever
exposed to sclution activity. The formation exhibits a peculiar type of
parallel.jeinting over flatly exposed surfaces. MNear the base it breéks
into slabby layers which renders it good as a building or siding stone for
houses. Cross-bedding occurs almost throughout the formation. Toward

the top it becomes shaly before grading into a buff-yellow shale imme-

diately below the "Grand River" contact.

Stratipgraphic Relations.-~The "Batesville" siliy beds overlie
the "Hindsville" formation conformably. An unconformable relationship
exists at the base only when the siltstones lap onto Boone knobs, In a
few cases the "Batesville" seas deposited the formation over the smaller
chert domes. An unconformity separates the "Batesville! from the over-

lying "Grand River" limestone.

Paleontology.--The "Batesville" contains few fossils in this

area. Buxtonia multiliratus proves the most abundant form and is pre-

served largely as internal molds and casts.
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TABLE XI

FAUNULES OF THE "BATESVILLE" FORMATION

i 2
Buxtonia multiliratus (Girty) x -
Camarotoechia purduei var. agrestis Girty - x
Sphenotus sp. ¢f, 5. yulgaris Girty - X

1. In Wolf Creek, north central part, sec, 31, T, 22 N., R. 20 E.
2. NE corner sec. 4, west side Grand River, T. 22 N., R. 20 E.

Age and Correlation.-8rant60 correlated the "Batesville" for-

mation with the Batesville of Arkansas and the St. Louis limestone of
middle Merameeian age. Recent work in these areas to the south tends to
place the "Batesville" as ths equivalent of the fuddell of Arkansas which

6l
Qordon  has tentatively classed as 3t. Genevieve in age.
"Grand River" Formation

History of Nomenclature,--The term was applied by Brant in

62
1941 for the limestone beds lying below the Fayetteville formation and
above the "Batesville" calcareous siltstone in Mayes County. Inasmuch as
the term Grand River is also applied to beds of Pennsylvanian age in

Michigan it is herein placed in guotation marks.

€0g, 4., Brant, op. eit., 1946, p. 12.

élM. Gordon, Jr., op. cit., p. 1626,

62}?.. A, Brant, OD citq, l?ll-l, PP 1, 31"'36.
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Distribution.=-~The "Grand River" formation crops out in a

soubhwest-northeast direction extending across the area from the southe
west corner to the west side of Grand River in the north-central part of
the area, The belt varies in widtg from one-half to over two miles. The
formation is present in the Seneca graben southwest of the river but is
covered by the mantle rock near the southern boundary. Two small areas
extend southeast of the fault. One outcrop is a little over a quarter
of a mile south of Creenbriar school and the other at the southern boun-
dary just below the fault. In several localities the formation may be

seen dipping away from Keokuk knobs.

Character and Thickness,--The "Grand River" is a gray, coarsely

crystalline limestone which grades upward into yellow weatheriﬁg calca=
reous shale. The top of the formation is marked by a massive bed of
gray, sublithographic limestone which resembles limestones in the Fayette-
ville, but it differs inasmuch as tiny crystals of calcite are dissemi-
nated through it to give a birds-eye appearance. The basal part of the
formation is crincidal and fossiliferous and is characterized by an
Agassizoerinus zone which serves as a useful field marker. The formation
contains scattered oblitic beds, a conglumara£ic layer near the center,
and is cross-bedded in sandy portions. The units are typically thick-
bedded but may be platy on weathered surface. On fresh break the lime-
stone has a highly petroliferous odor like that in the Yoorefield. The
total thickness in this area at the only locality where a complete sec~
tion could be measured is 13,7 feet. A detailed section is included in

Table XII.
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TABLE XIX

SECTION IN NORTH ROAD CUT ON SLOPE EXTENDING EAST TO WEST

Southwest corner section 16, T. 22 N,, R. 20 E.

Thickness in Feeb
Formational Descriptien of To RBase of
Unit  Formation

HGrand River": :
Limestona, gray, sub-lithographic with tiny cal-
cite crystals, massive, hard, weathers whit-
ish-yellow, highly variable in thickness

through@ut AlPR e s 00 s B a8sas8ssanecsssnssessso Ot5 1307
Shale, buff yellow, calcareocus, soft, thin-

bedded (mainly covered by wash in road cut)ess 40 13.2
Limestone, gray, dense coarsely to finely cry=-

stalline, massive, hard, fossilifercuS.ss.sses . 1e2 9.0

Limestone, gray, finely to semicrystalline, mas-

sive, well=-cemented conglomerate with dense

gray p@bbles.noactaootautcp:nt«pvcot.nt-to-tng 105 7;8
limestone, dense, finely to coarsely crystalline -

in center, sandy, massive, hard, highly cross-

bedded, contains streaks of asphalb.cessscesas 2.6 6.3
Limestone, gray, coarsely crystalline, massive,

hard, zone of Agassizocrinus conicus, small

. brachiopods and crinoid stems abundent..seeses 1.9 347
Shale, buff yellow, thin bedded, calcareous,
BOThsssvisnrnsisesssstsssvssntsnsssvsisrasnnss 153 1.8

Limestone, gray, coarsely crystalline, massive,
hard, fossiliferous, crinold slemSsceesssececs 05 0.5
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Stratigraphic Relations,=-~The "Grand River" overlies the

"Ratesville" with apparent unconformity. This is also true of the forma-
tion as it onlaps the Keokuk knobs. It underlies the Fayetteville for-

mation conformably.

Paleontology.~~The basal beds in the "Grand Hiver" are the most
fossiliferous, but few collecting localities are available in the area.

The most common forms are Diaphragmus elegans and Agassizocrinus conicus,

both located near the base of the formation. These fossils offered par-
ticularly geod markers for field mapping. The faunules as collected from

the "Grand River" are listed in Table XIIX.

TABLE XIII

PAUNULES OF THE "GRAND RIVER®

§
w

Triplophyllum spinulosum (Bdwards and Haime)

Composita subquadrate (Hall)

Diaphragmus elegans (Norwood and Pratten)
Dictyoclostus inflatus MeChesney
Dielasma arkansanum ieller

Bumetria verneuiliana (Hall)
Linoproductus ovatus (Hall)

Spirifer increbescens Hall

Spirifer leidyi Worwood and Pratten

oot K

boM oMW MR H

|

i

S
]

Agassizoerinus conicus Owen and Shumard

1. At hill on west side Strang River bridge, NW corner of sec. 10,
T. 22 ¥., B, 20 B, '
2., South ereek bank, west side sec, 10, T. 22 N., R. 20 B.

Age and Correlation.——BrantéB ¢classified the "Grand River" as

63R- B Brant, OV Citwc, 19‘!»6, Ve 11&0
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St., Louis and St. Genevieve in age on the basis of micro-fauna. However,

such genera as Agassizocrinus and Diaphragmus indicate that it is of

Chester age and a correlative of the Hindsville of Arkansas,
Fayetteville Formation

| 6
History of Nomenclature,--Simonds A named the Fayetteville

shale in 1891 for exposures in Fayetteville Valley, Arkansas.

Distribution.~-The Fayetteville formation occuples a prcminent.
belt across the northwest part of the area. The outcrop has a maxinmm
width of approximately three miles just below the north boundary. The
belt of outcrop narrows toward the southwest to approximately three-~fourths
éf a mile. An anticline brings blocky limestone to the surface at the
north boundary, section 2, T, 22 N.y Re 19 E. Good exposures of the
Fayetteville were mapped on each end of the broadened part of the Senéca
graben and black shale is exposed on the northwest side of the northern-
most fault. A few pieces of the typical Fayetteville limestone were
found in the fault zone, immediately north of the southern boundary line

below the Hale formation.

Character and Thickness.--The Fayetteville formation varies

from about 16 to L4 feet in thickness, attaining its maximum near the
north boundary and its minimum near the southwest cormer. The basal few
feet near the south boundary contain a greenish-brown shale. Massive,

white limestone beds separated by a dark, greenish-brown shaly parting

&FQ -wo SimOIIdS, OE- Cit;, pp. l&z""&»sc
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constitute the upper and major portion of the section. The limestone wea-
thers into sub-cuboidal blocks, and on a fresh break the color changes
inward from light grayishegreen to a dull black, These limestones are
typically sublithographic in texture to the south, and thin and disappear
to the north. Near the northern boundary fissile grayish-green shale
and beds of dark gray, finely crystalline fossiliferous limestone are
present within the formation. The upper dull black, fissile shale has
been removed by pre-Hale erosion except in two localities. On the west
side in the Seneca graben 18 feet of black shale is exposed. A measured
section is included in Table XIV, Evidence of black shale is seen in the
pond excavation near the north line of section 1, T. 22 N., R, 19 Bs,

just below the upper contact.

Straticraphic Relations.——The Fayetteville overlies the "Grand

River" conformably, apparently grading into it without too much change
in lithology. It i1s overlain unconformably by the Hale sandstone in the
Seneca Fsult region and by the younger Pennsylvanian beds in the western
part of the area. At a collapse-structure in section 8, T. 22 N., R.

20 %., Hale limestone rests on Fayetteville.

Paleontology.~-The upper shaly portion of the Fayetteville
yielded no fossils. To the south the limestone beds and shale partings
were highly fossiliferous while to the north the only fossils were col-

lected from the limestones. Dictyoclostus inflatus vroved most abundant.

Table XVI lists the faunules collected in this area.

Age and Correlation.--The Fayetteville is Mississippian,
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TABLE XIV

SECTION EXTENDING UP NORTH ROAD CUT TO TOP OF BUTTE

SW corner section 5 and 88 corner section 6, T. 22 N., R, 20 E,

Thickness in Feet

Formational Description of
Unit

To Base of
Formation

Abokas '
Siltstone, gray, very fine grain, siliceous cherty,
massive, hard, spicular, weathers red and blocky Ouly

Fayetteville: :

Limestone, dark gray, dense to finely erystalline,

very hard, layer acts as cap rock in places,

many Archimedes sp. and very fossiliferous...ee. 0.5
Shale, light greenish-gray, calcareous, fissile,

soft, some stringers of finely crystalline gray

1AM s tONBeessnsnosssssassnsssssasssponsnsnesvrsnsassy 503
Limestone, dark gray, mainly fine but also dense

to coarsely crystalline, medium bedded, hard,

very fossilifercus, weathers yellowishusssseesse Ok
Shale, light greenish-gray, calcareous, fissile,

SOﬁ, thin limestone 1a}fel‘ at ‘bt)p.”u--.......u 242
Limestone, dark gray, sublithographic to finely

erystalline, thin bed, hard, weathers light

y@llﬂ‘wish-gr@en.u-;s..n-....-.-.--n.......-.. Ol
Shale, light greenish-gray, calcareous, fissile,

soft, weathers light Srayeseescescsvsnserecssnes 2«1
limestone, dark gray, demnse to coarsely crystal-

line, massive, hard, very fossiiiferous, wea-

thers buff-yellow, zone of Dictyoclostus infla-

MG!O"IUOl"..".b‘....l"ﬁ.l‘,...‘Oli...i.li’l {}07
Shale, light greenish gray, calcareous, fissile,

saftvltlQQlQ.Q‘OQ0.".*“6"!.0.00!'.oﬁtbtoi.t'!in 3;0
limestone, dark gray, dense, medium bed, hard,

weathers buff yellow, very fossiliferous;

zone of Dictyoclostus inflaluSsesesvecrvovsccsce Dk
Shale, light greenish-gray, calcareous, fissile,

Scﬁijtiﬁil'.lll.ﬁ’!.90‘...!0'.!"“!D‘l.l""" 6.0
Limestone, dark gray, sublithographic, medium

bedded’ hard, weathers 'y@llﬂWiSh-Qooo-oootoloo0n 0»3
Shale, light greenish-gray, calcareous, fissile,

.‘?:Oft», weathers yenOWishcs¢-»cscqu-oo.-.-qcogo-o 12.0
Iimestone, dark gray, demse to finely crystalline,

medium bed, hard, fossils mainly smallecessascss 0.4
Shale, greenish-gray, calcareous, fissile, soft,

basal three gquarters of zone covered but bew

lieved to be same as shown 1 mile to north...... 10.6

L4

Oy

L3.5

3842
37.8

3546
3545

33+4
32.7

29.7
29.3
23.3
23.0

11.0

10.6
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TABLE XV

SECTION EXTENDING UP SLOPE IN NORTH ROAD CUT

South side section 27, T. 22 N., R. 19 E.

Thickness in Feet
Formational Descripbion of To Base of
Unit  Formation

Fayettevilles .
Limestone, dark gray, sublithographic, massive,
hard, weathers into subcuboidal blocks and
white on surface, on fresh break fractures
almost conchoidal, layers separated by 2 or
3 inch dark yellowish-gray shale parting con-
taining abundant Dictyoclostus inflatuS.sesessse 1244 15.9
Shale, dark yellowish-gray, thin bedded, caleca-
reous, contains a few suringers of sublitho-
graphic limestone near top, shale covered at

b&gaqu.i»gt.uvt.vvcut'-oqno,coa-uo--.ct;-bptvnvgo' 3‘5 305

g R PR ST S b S
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TABLE XVI

FAUNULES OF THE FAYETTEVILLE

Pleurod

I glephxiium spinulosum (fdwards and Haime) x

rodictyum sp. -

»

i

Crineid calyxes o
Prentremites sp. -

»

i

Archimedes compactus Ulrich -

Arcg;ggdes 8P -
Archimedes swallevanus Hall

Batostemella 8D
Fenestrellina sp.

Athyris cestriensis Snider

i
L B
F X EE

L

Brac

Camarotoechia purdyei Girty

Ehy TS ozarkensis Snider

Camarotcechia purduel var. agrestis Girty

PR

Comarotoechia purduei var. laxa Girty
Chenetes chesterensis weller

Cliet
Composita subquadrate (Hall)

jdina sublamellosa (Hall)

Dictyoclostus inflatus McChesney

Hustedia multicostata Girty
 Leior
Linoproductus ovatus zﬁall)
Punctesgirifer transverss

chus carboniferum Girty

Reticulariina spinosa (Norwood and Pratten)

sgirlfer incrabescsna Hall
Spirifer leidyi Hall

Paladin mucronatus Girty

oMM OEEEMNAETHRKEE]

BB OB OE MM MM MK

H
»

FEMNE L EHREE T REN

i

i

#

(S O

F 2t L4 4R ELE L TR T

i

2,
3.
b

North side of ditch, SE corner sec, 33, T. 22 N., R, 19 E.
At mesa at bend in road, south line sec, 6, T. 22 N,, R. 20 &
In diteh, SE cormer sec. 13, T. 22 N., R. 20 e

Seneca fault, W corner seec., 20, T. 22 N., R. 20 K,

e
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middle Chester in age and may be correlated with the upper Caney65 shale

of the Arbuckle section.

Pennsylvanian System

Hale Formation

History of Nomenclature,~-The Morrow series was described in

1891 by F. W. Simandaéé and named in 1904 by G. I. Adams and B. O.
ﬁlriah67 from expoéures near Morrow,'washington County, Arkansas. The
sequence of rocks was subdivided in 1907 by Purdue who named the lower
sandstone the Hale and the upper thin limestone the Bleyd.ég In the
Tahlequah area of eastern Oklahoma Taff,69 in 1905, considered the
Morrow as a single formatien divided into 3 lithic units., Carl A.
Moore7o (1947) subdivided the Morrow of Oklahoma into the Hale and

Bloyd formations corresponding to the units of the Arkansas section,

Distribution.—~The Hale formation is limited in distribution.

Exposures surrounding the broad expanse in the Seneca Fault zone in the

65g, N. Gowld, ops cits, ps 60.
66F. W, Simonds, op. cit., Pp. 1-154,

67g. 1. Adams, A. H. Purdue, and T. O. Ulrich, op. cit., 190k,
pp. 28, 109«113,

68A. H. Purdue, "Description of the Winslow Cuadrangle,” U. S.
Geol. Surv., Winslow Folio, No. 154, 1907, p» 3«

697, A. Taff, ops cit., 1905, p. 5.

7903r1 A. Moore, op. cit., pp. 24, 38,
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| central part of the area form practically all of its outcrop. Three

. pubble mounds in the southwest quarter of section 36, T. 22 N., R. 19 E.
are believed to be capped by Hale sandstone. The faunules callected
from the collapse (Plate VII, Figure 1) structure indicate a small ring

of Hale limestone at the south line of section 8, 7. 22 N., R. 20 E.

Character and Thickness.--The Hale formation is composed of

lower bright red sandstone and upper gray limestones. The sandstone
contains abundant fossils of marine origin which are left as internal
molds and casts where percolating solutions have dissolved them leaving
pitted and fluted appearance throughout the unit. It is typically limo-
nitic and iron-stained and varies in texture from fine to coarse grain.
At the Fayetteville contact the beds are massive and concretionary.
Overlying sandstone units are irregular and show cross~lamination. The
| upper limestones consist of two massive beds of almost egual thickness.
' They are coarsely crystalline and in places quite sandy. Fossils are
plentiful within these two layers but are hard to extract because of
their friable nature. The limestones grade laterally into coarse, mas-
sive sandstone within the space of a few yards.

The maximum thickness measured is 39 feet. Its thickness else-
where with reference to the minimum and maximum is indeterminable for
lack of good exposures. However, it can be said with fair certainty
that the thickness is quite variable with 39 feet representing a near

maximam,

Subdivisions.--The Hale formation within the Seneca fault zone

4s distinctly divisible into a lower sandstone unit and an upper
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limestone. The sandstone constitutes the greatest portion of the forma-
~tion with a thickness of 31 feet. The two limestone layers measure a

1little over & feet.

Stratigraphic Relations.~-The Hale formation rests unconform-

ably on the Fayetteville limestone and shale. This relationship is
4llustrated by the absence of the uppermest Fayetteville black shale in
many places and by complete absence of the Pitkin limestone which disap-
pears northward along the scuthern Mayes County line. In the western
part of the area the Atoka (?) sandstone rests directly on the Fayette-
ville limestone. Nlsewhere the Hale is overlain unconformably by Atoka
and younger Penmsylvanian. The upper Morrow, Bloyd formation is not

pres&nt in this area.

Paleontology.~~Both units of the Hale formation are very fos-

silifercus. The multiple coral, Pleurodictyum exilimura, is common with-

in the limestone. Poorly preserved Spirifer sp. occur in abundance with-
in the sandstone as internal and external molds and casts. Table XVIII

lists the Hale faunules as collected in this area.

Age and Correlation,--The Hale formation marks the base of the

Morrow series and Pennsylvanian beds of northeastern Oklahoma. It cor-

71

relates with the Hale of Arkansas, the Union VAlley of the Ada area,

the Cromwell of the subsurface, and the Primrose72 of the Ardmore Basin.

71Rebert Roth, "A Comparative Faunal Chart of the lMississippian
Fauna of the Pennsylvanian Union Valley Formations of Oklahoma and Arkan-
sas," Okla. Geol. Surv,, Circular 18, February, 1929, p. 13.

; 720. W. Tomlinson, "Regional Stratigraphy of lid-Continent,"
Amer, Assoc. Petrol. Geol. Bull., Vol. 25, January, 1941, p. 1629,

e e e
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TABLE XVII

SECTION IN SOUTH ROAD CUT, WEST FLANK SENECA FAULT ZONE

Northwest corner of section 21, T. 22 W., R. 20 E.

Thickness in Feet
Formational Description of To Base of
Unit _Formation

Atoka and younger Pennsylvanian:
Sandstone, red to reddish brown, medium to coarse
grain, iron-stained, medium to massive, irre~
gular b&dd@d, hard to Friablecssssoeansnssenrssses»UNNMGRS urme g~

sured sured
Siltstone, gray, fine grain, medium bedded, very
hard, red and ircn-stained on weathered surface,
contains some ligh‘b gray cherbosernsnnsoresssssone 05[& Ooh
to to
0.5 0.5

Hale:
Limestone, gray, coarse grain, very massive, hard,
sandy, cross~bedded, has peculiar feature of
changing laterally to sandstone in just a few
yards, very fossilifercus, zone of Delocrinus and
2;3&”0&1@2% ﬁqtooltdagonnnonv"nsnoouo-:cto--p-oo; 8«.2 39.2
Sandstone, red, medium to ccarse grain, pity and
fluted, loosely cemented, sub=-angular, friable,
fossils common as molds and casts, many brachs

and Sgirifar‘sn.....-.u......-.n”.i...u.-.....29.»0 31.0
Sandstone, red, medium grain, friable, loosely
emented, nbn-mi"QS%iliferw&n.......a..-...'..;..¢. i 2 2.0

Sandstone, yellowish-red, fine grain, limenitic,
pity and fluted, highly weathered, fossils common
a$ mclds ané casts.‘.'.".ﬂ‘.."l’"Ql‘&‘.ﬂ'lt'l.!" Ol9 Odg

Fayetteville:
Shale, black, platy, greenish at contact, base un~
expcaad.u.-.g.n.n..n.u.u........,.........‘.18.0 18.0
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TABLE XVIII

FAUNULES OF THE HALE FORMATION

|

Amplexus corrugatus Mather

Pleuredictyum exilirura (Mather)

Crinoid stems

Po.

Delocrinus sp. ¢f, D. pentanodus Hather
Eupachycrinus sp, cf, [. magister Miller and Gurley

Fenestella morrowensis Hather
ora Sps

Polypora triseriata Mather

Chonetes choteauensis (Mabher)

e s AL 5 s
Chonetes laevis Keyes
Composita ovata Mather

Composita ozarkana Mather

Composita wasatchensis White

Dictyoclostus fayettevillensis Mather

Dictyoclostus morrowensis Habher

Dictyoclostus sp.

Dielasma arkansanum Weller

Hustedia m]

Linoproductus sp.
Orthotetes robusta (Hall)

Spirifer rockymontanum Harcou
Spirifer sp.

Myalina sp.

iseri Mather

Paladin morrowensis (Mather)

1
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ﬂhdiffereﬁtiated Atoka and Younger

South of the Arkansas fiver in the Muskogee-Forum District and
;an the Ozark uplift, the Morrow is overlain unconformably by great thick-
{nessaa of Atoka formation which comprises several important sandstone and
‘shale membars.73 The Atoka is succeeded by the Harbshorne-icAlester se-
quenee. These units converge northward and the McAlester overlaps vari-
cus units of the Atoka formation.
| North of tha Arkansas River corresponding units have been in-
cluded in the Cherokee shale. The Little Cabin, mapped by Renfre7h
across the western part of the Strang area is bel ieved to correspoend to
the Warner sandstone in areas to the south, Lithologically, some of
these beds in the Strang area resemble the sandstones in the Atcka.

Subdivision and correlation of the Pemmnsylvanian units above
1tha Hale in this area is beyond the scope of this report, and hence, the
;units are mapped as Atoka and younger.

Atoka and younger units occupy practically the entire northe-
‘western corner of the area., 4 strip of the units over one~half rdle
wida and over two miles long lies in the basal portien of the Seneca
fault zone. The tongue-like projection in section 7, T, 22 N., R« 20 E.
is capped by a hard layer of pest~Morrow rock. Other patches of the units

cap mesas and buttes. Several feet of sandstone rest at a comparatively

730, W, Wilson and N. D. Newsll, “"Geoclogy of the Muskogee~Porum
Eistrict Muskogee and McIntosh Counties, Oklshoms," Okla., Geol, Surv.

ll:ﬁi,l%ﬁ.

7AH B. Renfro, "Geologic Map of the Vinita-Wagoner District,
Wortheast Oklahoma,” Unpublished Doctor's Thesis, Wisconsin Unlversity,

A9KT
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%igh a&gie in the centér of a collapse-structure in gection 8, T. 22 N.,
ﬁ. 20 E.

| The four teo six~inch cap-rock bed in section 7, T. 22 N., R.
20 B, is a gray siliceous siltstone, almost guartzitic in places, and
immediately overlies the upper Archimedes zone of the Faystteville. Ty-
pically, it weathers red and blocky and aleng a fresh break when mois-
%sned reveals tiny spicules under the hand lens. ILight gray chert spols
are common. 'In cap rock areas it supports a growth of ragweed. In the
south road cut in the Seneca fault zone (northwest corner of section 21,
T, 22 N., R. 20 B,) this bed overlies the Hale limestone. For the most
part the rest of the Atoka and y@ungaf units of this area consist of mas~
sive to medium irregularly bedded sandstones varying from coarse to wed-
{wn grain in texture and from red, reddish-brown, to buff in coler. A
ﬁlackish, iron-stained shale is found in one localiby at the northwest

corner of section 27, T. 22 N,y R. 19 Ea

Cuaternary System

Pleistocene Terrace Gravels
Terrace gravels composed of rounded and subrounded pleces of
chert sre widespread in the north-central part of the area. Several
souare miles of this sector lying just above the river alluvium may be
designated as "low terrace gravels." In the north part of section 3, T.

22 N., Ra 20 E,, a water well was drilled to a depth of 23 feet? and

75Frank Ross, Personal Communication, Strang, Oklahoma, July,
1950,
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PLATE VI

Figure 1. Low terrace gravel
deposits on east side of Urand River
along north boundary, NW quarter of
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%ié;ﬁiﬁéﬁéd in gravels. Probably such deposits are thicker near the river
land thin to the east baward the Boene hills. :

Terrace gravels ae&i@ve spotty distribution at higher levels.
Those occupying the highest divides in thé Boene hills to the east of
Grand River rest directly on Keokuk and are from 100 to 300 feet higher
than the "low terrace gravels.," These may be designated as "high terrace
gravels" and are found as far removed as four miles to the east of the
river. Similar deposits blanket the highest places immediately adjacent
to or near the west side of the rivmra Some of these reach a thiclmess
of from 10 to 12 feét and are mainly intermediate in elevation with re-
spect to the high and low terrace gravels within this area.

3. W, Stevall snd W. N. MoAmilty'® assign most of the high-

level gravel deposits in Oklahoma to the Pleistocene.

Recent Allﬁvium Deposits

Alluvial material is located principally along the river flood
ép&ain, Spavinaw Creek and some of its larger tributaries, and the lower
part of Wolf Oreek. Three former alluvial levels are exposed on the ine-
iside of the large river meander in the central part of the area. Most o:
%the alluvium consists of a dark gray to blackish residual soil. Deposits
along Spavinaw Creek are mainly of mixed gravel and dark soil although
gravel predominates near or in the creek bottom, The tribubary deposits
to the east of the river contain alluvial flats of dark soll mixed with

angular talus material.

76J. W. Stovall and W. N. HcAnulty, "The Vertebrate»Fauna and
Geologic Age of the Trinity River Terraces in Henderson County, Texas,"
m 1. Hidc N&tt, VO}.& M (1), 1950, PPa 211‘1‘2500
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| " Hecent ollan Deposits ,
1 Wind blown material covers a major portion of tﬁs western one-
khird of the area. The thickness is quite variable; the writer believes
fhﬁ average is from 3 to L feet with the maximum exceeding 10 feet in

élaces, The deposits are unsorted and without signs of layering, Typi-
@ally, the materisl is buffish-gray to gray in coler and contains a thick

covering of grass, especially over the Atoka formation.
|



CHAPTER V
STRUCTURE

General Regional Picture

Northeastern Oklahoma lies on the southwest flank of the Omark

uplift. The formations strike in an arcuate pattern and dip away from
the central region around the dome. The northerly location of the Strang
area relative to the southwest extension of the uplift causes the forma-
tions to dip in a west-northwestly direction across the area at an esti-
mated rate of 20 to 50 feet per mile. Knobs of Boone chert and the
Seneca fault zone trending in a northeast-southwest direction in the
central part Qf the area locally effect the dip of the strata. Local
‘folding is responsible for many irregularities along the formational cone

tacts.

Local Folding and Faulbing

The graben-like Seneca fault zone in the central township and
in section 36, T, 22 N., R. 19 B. constitutes the only visible surface
fanlting in the area. Although Ireland’® considers the fault continuous
from near Spurgen, Missouri to south of Pryor, Oklahoma; it is quite dis-

continuous in this sector, No traces of the fault are found to the

Ty, A, Ireland, ops cit., pp. 30-31.
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hérthé&ai of Grand River extending to the north township line in the area.
The Seneca graben passes northeastward into a broad syncline whose flanks
arve visible along the bluff immediately southwest of the river in the
southwest corner of section 11, T. 22 N., R. 20 E., Here the southeast
1imb is cut by a small normal fault with a ten~inch displacement (Plate 4
Figure 2). The Seneca fault zone broadens to nearly a mile in width in
the center of T, 22 N., R. 20 B, fcrmihg a faulted synclinal structure.
At the southwest corner of section 22, T. 22 N., R. 20 E., the southeast
14imb has a dip of about 25 degrees. The northwest limb at the northwest
corner of section 21, T. 22 N., R. 20 %, has 2 dip of 10 to 15 degrees.
In Wolf Creek in the northwest part of section 31, T. 22 W., R« 20 E.
beds within the Seneca graben form a syncline with each limb dipping in-
ward from 6 to 10 degrees. In section 36, T. 22 N., R. 19 &., the fault
position is covered by mantle rock, but rubble of Hale and Fayetteville
in the southwest quarter of the section is jndicative of further syncli~-
nal development.

A fault offsetting Atoka units in the southwest corner of sec-
tdon 27, T. 22 N‘; R. 19 E. as mapped by Raﬂfr077 is not verified by
present field evidence. : | '

Along Spavinaw Creek at the eastern boundary, Cotter beds dip
to the west away from the Spavinaw granite at the rate of 5 to 10 degrees.
For more than four miles to the west of the eastern boundary, minor folding
along the creek exposes Chattanooga and St. Joe units, Reeds Spring and

St. Joe strata dip slightly inward adjacent to the north and south sides

774, B. Renfro, op. cits
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'of the creek, but the overall picture is generally anticlinal for the
Spavinaw area with the axis of the gentle uplift extending along the
creek in an east-west direction. Along the sﬂuﬁh line of section 10,
T, 22 N., R. 20 £. monoclinal folding occurs in Reeds Spring and "Keokuk"
beds. Westerly dips from 8 to 12 degrees are recorded in the north road
cut before the strata passes under the low terrace gravels,

Throughout a larger portion of the central part of the area
and adjacent to the Seneca famlts, several Boone domes align themselves
in a northeast-southwest direction. HMost of the Mayes units thin as they
onlap the domes with unconformable relationship. In many cases differ-
ential compaction over the irregularities of the "Keokuk" surface effects
the Mayes units giving them a erinkled or jumbled appearance. Conditions
of this nature prevail on the flanks of the knobs in section 9, T. 22 H.,
R. 20 E. and at the south line in section 13, T. 22 N., Re 20 Bu

A collapse-structure (Plate VII, Figures 1 and 2) caused by
the dissolution of underlying limestones is located at the south line of
section 8, T. 22 N., R, 20 E, On the south side of the structure Atoka
sandstone dips northward at a 20-degree angle and on the east side units
of the formation are arched around the side of é dolomitic plug.

Local flattening of the dip in the northwestern part of the
area where the thin, siliceous Atoka (?) caps the Fayetteville mesa
indicates gentle anticlinal folding. A three~degree reversal of dip is
recorded on the east flank of the structure. Minor folding in the form
of undulations occur in many places. Small synclines are noted by sur-

face mapping in sections 9, 10, and 16 of T. 22 N., R. 20 E.
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PLATE VII

Figure 1. Solubion cavity in Hale limestone.
Overlain by slumped Atoka sandstone, collapse-
structure, south side of section 8, T. 22 N., R. 20 &,

Figure 2. Abtoka sandstone slumped into
collapse-structure. South side of section 8, T.
22 N., R. 20 Be
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Probable Aze of Structures

| The Seneca fanlts and minor folding within the area probably
formed in post-Atoka times. In the eastern sector rejuvenation of the
EOzark uplift is indicated by successive stages in terrace gravel deposi-

tion during the Pleistocene.



CHAPTER VI

GEOLOGIC HISTORY

Marine sedimentation began with the invasion of early Ordovi-
cian seas which deposited the Cotter dolomite over £h@ Spavinaw granite
contemporaneously with the upper Arbuckle limestone of central Oklahoma.
Wo doubt the sandy phases within the Cotter indicate the land mass,
Ozarkia, was high to the northeast. Further uplift continued in the
Spavinaw area at the close of early Ordovician times and erosion progres-
sed throughout the remainder of the period. Near shore conditions per-
sigted to the south during middle and late Ordovician as the Burgen,
:Tynar, Fite, Pernvale, and Sylvan formations were deposited., In north-
eastern Oklahoma the perioed closed with a general withdrawal of the seas.

In the Spavinaw area the long period of erosion existed until
the deposition of the Chattancoga black shale in late Devonian time.
Paptial inundation of the land bo the south occurred during the Hiagaran,
Ulsterian, and Bradfordian epochs, bub each is separated by periods of
erosion caused by repeated Ozarkian uplifts. Widespread deposition of
the black shale continued in the area and in most of Oklahoma and through-
out much of the eastern interior of the continent until the clese of the
Kinderhookian epoch in early Mississippian time. Following the deposi-

tion of the Chattanooga the seas withdrew giving rise to erosion.

T
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?Jm_ﬁﬂ*ﬁvjéﬁageén seéaraQQahcéd over the area, depositing the St. Joe
erinoidal limestone. Whether the seas retreated following the deposition
of the formation is ¢uesticnable. Possible local emergence oeceurred be-
fore the Reeds Spring was laid down. After the deposition of the Reeds
Spring limestone a withdrawal of the sea and erosion followed, the hiatus
being greater to the south and in the Missouri areas. Following the
;period of erosion, the seas covered vast areas deposilting the "Keokuk"
;1ime$tone. Although the vast“qaantitie$ of chert in the Reeds Spring and
Keokuk create an unsolved problem, they are considered to be of secondarﬁ
origin within the area and are believed to have been induced by ground
waters following the deposition of the limestones. Numerous erinoidal
biocherms within the "Keokuk" in the area gave rise to highly arched domes
which stood as "islands" throughout the rest of the Mississippian, 4
;r@traat of the seas and subsequent erosion closed the Osagean epoch,

Meramecisn seas advanced filling in low spaces between the
Boone knobs with "™Moorefield" limestone, Changing sea level and lowering
of wave base occurred during the deposition of the #Hindsville" chert
conglomerates. The seas lapped higher entq the knobs and in some cases
%completely across them by "Batesville" time before they withdrew at the
iclasa of the Meramecian epoch. An ensuing submergence deposited the
#Gpand River" limestone and Fayetteville limestones and shales, seemingly
without withdrawal of the seas until the close of the Mississippian
period. In many instances the "Grand River" seas did not cover the lar-
?ger Boone knobs. The Pitkin limestone was laid down to the south bub

the formation thins and disappears before reaching this area. Renewed



79

%%ig}gwgfwégéﬁéié éﬁa a.ldﬁg périod of erosion brought the Mississippian
@eriad to a close.,
lorrow seas advanced from the south and southwest but failed
%o onlap much of the area in the direction of the Omark uplifﬁ. The Bloyd
ﬁs restricted to areas to the south whereas the underlying Hale sandstone
and limestone were deposited as far north as the Strang area. The close
%cf Morrowan times saw & rotreat of the seas from the general area Lo the
southwest, and it is difficult to ascertain the extent of the pest-Hale
erosion which was no doubt intense. Niddle Pennsylvanian Atoka and
Cherckee seas advanced across bhe area lapping onto the Ozark dome.
Marine and shallow water or swanpy condibions existed during wuch of this
deposition.

Northeastern Oklahoma underwent djastrophic movement in post-
Atoka and pre-Savarma time as the seas possibly withdrew for the last
time in this area. Nenewed uplift in the Pleistocene is marked by suc-

icessive stages of terrace gravel deposition.



CHAPTER VII

ECONCMIC GEOLOGY
Teonomic resources of the Strang area are limited to local
usage. The chief products found in commerecial guantities are building
stone and gravel. Asphalt, lead and zinc ores, oil and gas and tripoli
are present in such small quantities they are impractical to mine or pro-

duce.

Asphalt
Some prospecting for natural asphalt has been done in rocks of
&ayea age. In the southwestern quarter of section 29, T. 22 N., Be 20 By
?several shallow test wells were dfilled but with poor results. Asphalt
@n this area seems to be limited to very thin, black residual veins withw
4n the "Moorefield" and "Grand River" formations.

|
i

Building Stone

The peculiar property of the "Batesville" formation to break
iinto thin slabby layers provides excellent siding material for houses.
ﬁany residences in the ares are constructed with this type of limestone.
¥Ouarries yielding the materiel are located in the southwest corner of

section 3 and the west side of section 10, T. 22 N., B, 20 E. The upper

zone of the "Moorefield" has been quarried for the same purpose in the
southwest corner of section 11 of the same township.

80
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Gravel is used locally for road maintenance., Excellent pits
are located in the asoutheast corner of section 4, the central part of sec-
}tion 10, and on the west eide of section 12, T. 22 E.; Re 20 B+ The

higher terrace gravels tend to be better for commercial usage in that

‘they contain far less river alluvium.

Lead and Zinc Ores

Sphalerite and galena ores of the Boone chert as typically

ld&valoped in the Tri-State region do not appear in this vieinity.

Limestone
In adjacent areas the "Grand River" limestone has proved use=
:ful as a crushed stone. However, the thin development and onlapping
nature of the formation relative to Boone highs in the area gives pre-

ference Lo more complete sections located elsewhere.

01l and Gas Possibilities

The prospects for oil and ges are slight. The formations crop
out across the area permitting the upturned edges to be exposed at the
éaurface. ‘Any'eil and gas within them would be allowsed to escape unless
confined to local structural pockets. Also, extensive ground water action
has acted as a flushing agent.

The Sylamore sandstone below the Chattanooga shale, if present
in subsurface in the area, occupies an ideal position for a reservoir
rock. However, the sandstones of Ordovician age to the east of Grand_

River in Mayes, Delaware, and Ottawa counties gontain water and any oil
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'ﬁﬁféééﬁtmhéﬁubean flushed eut.73 Structure and ideal conditions pravail

%in many places but water is always found in place of oil.

In the south part of section 10, T. 22 N., R. 20 E,, a gas
seep occurs within the Boone chert. It was piped to a farmhouse and
served for cooking purposes for many years. No gas well has been found
within the area containing sufficient quantities for commercial produc-

Tripeli
Tripoli is a light weight porous rock originating from wea-
thered chert and is usually confined to the upper surface of the "Keokuk'
formation. The material is used as a filtering agent, but when ground
into a fine powder the tiny granules act as a metal polish or abrasive.
Small amounts of the material have spotty distribution in the central
@art of the area., Better deposits in other regions supersede the extrac-

tion of tripoli from this area.

Water Hesources

The eastern part of the areas is endowed with an mlimited
;aupply of clear spring water draining from the l”.Bc:mrme hills." The high
;rate of rainfall and retarded run~off due to thick vegetation are attri-
butes to continuous supply. The fractured nature of the Keokuk chert
offers ideal conditions for the downward movement of ground water. For
%he nost part the springs seep from b etween the interbedded limestone

and chert beds of the Reeds Spring formation.

784, 4. Ireland, op. cit., ps 32
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i " Bast of the eastern boundary, Spavinaw Creek has been dammed to
!furnish a water supply for the City of Tulsa. Weter from the Grand River
;ia utilized by Pryor, Oklahoma and supplied the Choteau Ordinance Works
tduring World War II. Hydro-electric power is furnished by the Grand River
%dam near Pensacola, Oklahoma, Upon completion of the Markam-Ferry Dam

;to the south, much of the low floedplain adjacent to the river and Spavie

|
naw Creek will be flooded permanently.




CHAPTER VIII

SUMMARY AND CONCLUSIONS

The formations within this area are all sedimentary, ranging
from Ordovician to Pemmsylvanian in age. Pre-Cambrian granite crops out
in Spavinaw Creek immediately east of the eastern boundary.
| The Cotter dolomite of Ordovician age is exposed only along the
eastern boundary on the southwest side of Spavinaw Creek. Silurian units
are absent. The Chattanooga black shale unconformably overlies the Cot-
ter and is assigned to the upper Devonlan and principally the Kinder-
hookizn series of the lower lMississipplan. The St. Joe, Reeds Spring,
and Keokuk members of the "Boone" comprise the Osagean series, These
have been mapped separately. Known unconformities exist at the hottom
and top of each member except the cuestionable one at the 5t. Joe-
Reeds Spring contact. The Meramecian is represented by essentially
conformable rock units of the Hioorefield,” ”Eiﬁdsville," and "Batesville"
formations. The "Grand River" limestone overlies the "Batesville" and
Keokuk knobs unconformably and grades upward into the Fayetteville forma~
tion. The "Grand River" and Fayetteville are classed as Chester in age
and form the youngest Mississippian rocks in this area.

The Hale samdstone and limestone of lower Pennsylvanisan age

1ie unconformably on the Fayetteville. The formation constitutes the

8L
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%é;éiwpéftiﬂn of the Eerraﬁrgroﬁp and is practically restricted in areal
idistribution to the confines of the Seneca fault zone.

The major s tructural feature of this area is the Seneca graben
ghich trends in a northeast-southwest directlon. Keokuk knobs noticeably
aligned themselves with the fault's trace. The dome-like structures are
attributed mainly o crinoidal bicherms within the Keckuk. Minor folding
causes some surface irregularities.

The principal economic resources of this area are gravel,
building stone, and water, The future possibilities for oil and gas

production in commercial quantities are negligible,
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