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GEOLOGY OF TH!'; S1'RANG AREA, MAY.ES COIDiTY, OKLAHOM.A 

CHAP'fER I 

IN'l'RODUCTION 

Location 

The Strang area is located in the northeastern ?Ortion of 

Mayes County, Oklahoma (see shaded area in Figure 1). It includes the 

eastern half of 'l'. Z2 N., R. 19 E.; all of T. 22 N., R. 20 :S .; and the 

west one-half of T. 22 N., R. 21 E . 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 southweflt of the southwest 

corner. The area, which is recta.ngu.lar in shape, is six miles in width 

in a north-south direction, 12 mi.les in length in an east-west direc-

tion, and encompasses a tota.l of 72 square miles. The town of Adair 

lies three-quarters of a mile to the north of the northwest corner where

as Spavina,w is located three-quarters of a mile to the east of the eas

tern bollnda.I'y which crosses the Spavinaw Creek tridee on Highway No. 20. 

Purpose of Present Investiga.ti 011 

'!'he primary purpose of t he investigation was the detailed map

ping of all lithic units in the area. Fossil collecti ons i,rere made from 

various formations to assist in stratigraphic correlations . Structural 

l 
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studies are included. 'I'he 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 st.ate where they will be correlated with the formations of 

Missouri. The map of t his area will be combined with maps of adjacent 

areas in compilation of the new state geologic map now being prepared by 

the United States Geological Survey and the Oklahoma Geological Survey. 

The results of this study and t hos e of ad joining areas will be incorporated 

in a. joint paper compiled by Dr. George G. Huffman on the geology cf 

northeastern Oklahoma. 

Methods of I nvestigatio~ 

'rhe 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 reviev,,ed. Detailed 

mapping of 1.i.thic units was preceded by general reconnaissance, measuring 

of s@ctions, and collection of fossils. 'l'he Locke Hand Level and a 

steel tape were used for determining foIT1.ational t hicknesses and t he 

Brunton Compass served to measure dips and strikes of the beds. Aerial 

photogra.,.)hs were furnished by the Oklahoma Geolog::tcal durvey. The de

tailed map work was accomplished by tracing the unit contacts on a sheet 

of transpar ent acetate paper superimposed ove r t he aerial photograph. 

Stereoscopic vision i.."lcreased the degree of accuracy of this met hod. The 

fo:rmationa.l boundaries were then transferred to a bas't:! map from which 

the finished copy was made, 



4 

History of ?revious Investigations 

The first work in this area. was probably done in connection 

with topographic studies. C. R. Fitch
1 

and his party surveyed the Pryor 

Qq.adra.ngle in 1896 and completed a polyconic projection of the topography 

in 1901. 
2 

N. F. Drake, in 1898, was one of the first to attempt a dis-

cussion on the stratigraphy and structure of this reg:i.on. He endeavored 

to draw a crude map showing the contact between the Pennsylvanian and 

'ssissippian systems and pointed out the existence of dolomites, fos

s:tliferous cherts, and granite in the vicinit.y of Spavinaw. 

Taff's.3 early work to the south had some bearing on the geology 

of this area. He mapped the geolo&V of the Tahlequah and Muskogee Quad

rangles which w-as published in 1905 and 1906, and divided the Mississip

pian into two units, the Boone and Fayetteville . The ~wrrow wa.s described 

as a sepArate Pennsylvanian unit. Siebenthal 4 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 sh.ale and stated that the Sylamore sandstone 

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

1c. H. Fitch, u. S . G-eol. Survez, 1'opogra.pl:1ic Sheet, Pryor 

Quadrangle , 1901. 

2!.J. F. Drake, 11 A Geological Reconnaissance of the Coal Fields 

of the Indian Territory,r' Proc . Jun. Phil. Soc., Vol . 36, 1897, p . 377. 

3J. A. Taff, U. S. Geo]. ._ Survey Atlas; Tahlequah It'olio (No. 

122), 1905; Muscogee Folio (No. 132), 19o6, 

4c • .!ii , Siebenthal , "Mineral Resources of Northeastern Oklahoma, 11 

U. S. Geol. Surv~y Bull. 3&0, 1908, pp. 187-190. 
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recognition of the Boone and Fayetteville corresponded to the conclusions 

reached by Taff'. 

L. C. Snider5 (1912) published a. report pertaining to the lead 

an.d zinc fields in northeastern Oklahoma. In his stratigraphy he consi

dered the Ordovician dolomite equivalent to the .iJurgen sandstone, but 

Siebenthal' s earlier conclusi.ons as to stratigraphy and structure in 

1908 were generally accepted. Snider ., 6 in 1915, published a .fairly co:rr..

plete report on the geology of northeastern Oklahoma \'11'it h the paleonto

loe-.s- of the Chester Gr0up as part II in the same bulletin. LYJ. part I he 

proposed the na.rr e Mayes formation for all rocks bet ween the Fayetteville 

black shale and t he Boone forn..ation . 7 
fl. 

In 1915., J . F. Mather
0 

p,1blished a detailed study of tho fanna 

of Morrow Group of northwest Arkansas and northeast Oklahoma . Strati

graphic relations of the fauna of the Eorrow Group \\iere discussed. This 

book proved valuable in i dentifying Hale ,andstone and limestone fossils 

collected in the Seneca p:rsben of th.i..s report. 

The subsurface strati@raphy of the northern midcontinent oll 

5r,. C .• Snider, 11Prel:i.m.:Lnnry Report on the Lead a.nd Zinc of 
Oklahoma.,u Okla , 0:eol. Survex; Bul.l . 9, 1912, pp . 34- 41. 

6
r, . C. Snider, ttGeology of a Portion of .Northeastern Oklahoma , 11 

Okla. Geel . Survey, Bull, 2Lt, 1915 . 

71 . C. Snider, ibid., pp . 27- 35. 

8K. F . Mather, "The Fauna. of the Morrow Group of Arkansas and 
Oklahoma, 11 Dennison Univ. Sci. L,:ib . Bull., Vol. 18, 1915-1916. 
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fields was published by Aurin, Clark, and Trager in 1921.9 Pre

Pennsylvanian subsurface units were correlated 'With outcropping beds in 

northeastern Oklahoma . 'l'hey correlated the Arbuckle limestone ~,;ith the 

siliceous limestone (Cotter dolom:tte) at Spavinaw, the Chattanooga i,,d.th 

the ':loodford., 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. GouldlO published the 11Index to the St r atigraphy of 

Oklahoma11 in 1925. Charles E. Decker compiled the characteristic fossil 

lists. 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 Oklahoma11 were 

dealt with in a separate portion of the book. 

12 
An article by G. s . Buchanan (1927) discussed the distribu-

tion and correlation of the Mississippian of Oklahoma. Tentative sea 

expanses were shown and correlations were made between the fom.ations 

of the Arbuckle .fountains and northeastern Oklahoma . 

In a.n article 011 the oil and gas possibilities in Mayes, 

9F. L. Aurin, G. C. Clark, and E . A. Trager, nriotes on the 

Subsurface Pre-Pen.11.syl vanian Stratigraphy of the Northern Mid- Continent 

Oil Fields, 11 Am.er. Assoc . Petrol. Geol. Bull., Vol. V, No . 2, 1921, pp . 

117-154. 

lOcha.s. N. Gould, 11Index to the Stratigraphy of Oklahoma, 11 

Okla. C'J€ol. Survey, Bull. 35J 1925 . 

11Chas . N. G-011ld , ibid .• , pp . 54-86. 

12G. S . Buchanan , 11The Distribution and Correlation of the 

Mississippian of Oklahoma, 11 Amer . Assoc. Petrol. Geol. B.ull • ., Vol. 12, 

Pt. 2 , PP• 1307-1320. 
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Dela.ware, and Ottawa counties, Ireland13 (1930) gave a good description 

of the .formations from the pre-Cambrian granite through the Cherokee 

shale and pointed ou,t the relatively negattve prospects for oil and gas 

in these counties • . 
In the sa.11-e bulletin Cram14 wrote a similar article on the oil 

and gas possi.bilities in Cherokee and Adair counties which lie to the 

south and east of Mayes County. 

In 1930, a report -was published on t he geology of the ?aleo-

15 
zoic area of Arkansas by Carey Croneis. This proved valuable in iden-

tifying some fossils inasmuch as many of the formations or their equi va-• 

lents discussed in this bulletin extend into the Strang area. 

Lau.don,
16 in 1939, t·J!'ote a pa.per on the stratigraphy of the 

Osage subse:ries of north.ea.stern Oklahoma . He described many Boone sec

tions e.xtendj.ng from Wyandotte southward to near Marble Ci.ty, and called 

attention to the massive, crinoida.l bioherm reefs in many localities 

within the St . Joe. He also offered evidence of an unconformity between 

the Reeds Spring and °Keokuk 11 • 

In 1941, R .. A. Brant., 17 in c>.n unpu.blished master •s thesis, 

1.3 H. A. Ireland, HGeology of Mayes, Ottawa, and Delaware Coun-

ties,11 Okla . Geol, Survey , Bull. 40 NN , 19.30. 

14:rra H. Cram, 11Geology of Cherokee and Adair Counties," Okla. 

Geel. Survey, Bull. 40QQ, 19.30. 

1 5carey Croneis, 11Geology of the Arkans~1.s Paleozoic Area., 11 ~ 
Geol. Survey 1 Bull. 3, 1930. 

l6r,. R. Laudon, "Stratigraphy of the Osage Subseries of North

eastern Oklaho.ma, 11 Amer. Assoc. Petrol , Geol . Bull., Vol. 23, No . 3, 1939., 

PP• 325-335. 
17R. A. Brant , nstra.tigraphy of the Meramec and Chester Series 

of Ma.yes County, Oklahoma," Master 's 'fhesis, Univ~ of Tulsa, 1941. 



subdivided the Ma.yes of Snider into four units of formationa.l rank which 

he assigned to the Merameci.an series. Some of the questionable conclu

sions reached in this thesis stimulated further detailed work on the prob

lem of the Mayes. 

18 
Mackenzie Gordon, Jr. published a pa.per on the Moorefield 

formation a.nd Ruddell shale of the Batesville District of Arkansas in 

1944.. He restricted the term }1oorefield to the lower limestones (Spring 

Creek member of older reports) and introduced Ruddell for the upper shale 

previously :included in the Moorefield. }!'.any of the fossils found in 

this area correspond to those included j.n his faunal listings. 

The Morrow series of northeastern Oklahoma was described by 

19 
Carl A. Moore in 1947. His report contains a Greenbriar section lo-

cated within the Seneca fault zcne of this report where he measured a 

two- foot section of' Hale limestone, thus establishing its presence as 

far north as the Greenbriar cbool house . 

18Mackenzie Gordon, Jr. t1Moorefield J:<~ormation and Ruddell 
Sha.le , Bat esville District, Arkansas," Ar:ler . Assoc . Petrol. Geel. Bull.., 
Vol . 28, No . 11, 1944, pp. 1626-1634. 

1 9car l A. Hoore, ''The Morrow Series of Northeastern Oklahoma,n 
Okla. . Geol. Surv-ey 3 Bull . 66, 1947. 



CHAPTER II 

G:;-.,OGRAPHY 

Climate 

The climate of this region is typified by intermediate conti-

20 
nenta.l or the -warm subtype with mean t emperatures of the coldest month 

below 32 degrees and fron1 six to nine months above 50 degrees. 'Ihe 

length of the growing sea son is 140 to 220 days. The rain.fall 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 !"d.ins are generally slow and extend through long periods dur

ing which the a t rnosphere is veriJ moist. Blizza.r ds_are very infrequent, 

and as a rule, temperatures during extremely cold periods do not remain 

below zero for more than 24 hours. 'l'emperatures of 100 degrees are com

m.on, but t hey last only a few days each season. The w"'lndiest period of 

the year· is du.ring late Harch and early April with the wind movement at 

a, minimum during August. The wind velocity is variable , increasing to

ward the warmest part of the day and falling at night. 11Hot winds 11 

usually occur during a prolonged heated period P...nd cause great injury to 

growing crops, but they are irregular and unco:rr-.mon. April 6 and October 

20 ( Thomas A. Blair, Climatology, N0w York: 
1942) , PP• 132, 219-226. 

Prentice-Hall Inc., 

9 
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22 a:r."e the average dates between the last and first killing frosts. 21 

Principal Cities and Towns 

Strang, 1-d.th a population of 283 inhabitant1;,, 22 is the only 

town within the 72 square mile rectangle. It is situated in the n orth 

central part of the area, one and one-half miles east of Grand River. 

Nearby farmers use its few stol:'es primarily as a commtmity center. The 

railroad enables the shipment of agricultural products. Spavinaw, lying 

just outside t he ea.stem bOWldary, is a r<'lsort town and :ls the site of 

Spavinaw Lake which furnishes the 1'uls water supply. According to the 

19l~0 census., the population of Spavinaw wa,s 255; 1950 figures are unre

leased at this time. Pryor, two and ~e-half miles to the southwest of 

the area, mcreased its population f rom 2,504 in 1940 to 4.441 in 1950. 

On the whole , Mayes County shows a decrease from ~21,668 to 19,486 over 

this same period. The decrea~;e in populatJ.on 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 ni.a.ny tenant farmers were unable to survive 

on smaller tracts of land. 

Roads and Railroads 

The Kansas , Oklahoma, and Gulf Ra.ilroad traverses the region 

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

21M. H. tayton and o. H. Brensing, Soil Survey of Mayes County, 

Oklahoma, (W--c1,shingt.on, D. C.; Bureau of Chemist and Soils., March, 1937), 

3-4-

22security ,Abstract Co,pa.ny2 Pryor , Oklahoma, Official U.S. 

Bureau of Census Fi res, 194.0; 'Mayos County and ?1.70:r, Oklahoma, 1950. 
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river terraces r.aainly. It connects Str ,mg 1...ith large m.a.:rkets to the 

north and shipping centers along uhe Gulf to the sou.th making long hauls 

for agricultural productc unnecessary. One- eighth of a. mile to the 

t-mst of the northl-rest corner of the area runs the Missouri, Kansas and. 

Tex.as Ra.::l.lroad. It affords Pryor a.nd many other smalJ_er t01rms in the 

county the same market outlets as Strang . Highway nur.1bc,r 69 parallels 

this railror.d le8.d:ing to Miami., Oklahoma, and Kansas City to the north, 

and Dallas to the south. State Highway 20 ·w:i:rJ.ds through the southeastern 

I>art of the area corma cth1g Pryo:r. to Spavinaw and offers a. good bypass 

route to other ma jor highways in the northeastern. pa:rt of the state. 

Other than t.hese h·rn highways there are no other paved roads within or 

near the area. To the uest of Grand ~iv-er beyond the 'Boone Hills , " most 

sect.Lons are bordered by good gr avelled roads under county maintenance . 

In many localities near Grand Hiver., terra,.;e gr 1,:i.vel deposits are plenti

ful. Gu.ch deposits render good surfacing materi als w.i.thin efl.sy rea ch of 

all section roads. To the east of Grand Rivor , bedrock and terrace 

gravels form a natural base for the roadways. Some of these roads do not 

parallel s ection lines, however, but follow the valleys or divides, which

ever affords the cheapest means of construction. 

Prine i-ea.l Industries 

Agriculture in t his county has been built largely a.round som.e 

type of livestock raising. In the extreme western part of the area., in 

regions underlain by the Fayetteville formation or Atoka and younger 

units, ranching is ·c.he chief industry. Between here and the 11 Boone hills" 

to the Ei a £'t of Grand Ri vcr, fertile flat lands make agricultural crops 
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such as corn and cereal grains important. 

I n the hilly regions in the eastern part of the area there a.re 

~- few orchards in whtoh apples, S!l.U'-11 patches o.f bJ: ckberries, straw

berries, .3;nd melons are raised. 

Ne;1.rly every :farmer cultivates his o,,n garden, has poultry 

and eggs, and raises his own cattle and hogs. 

Spavinaw Creek and Grand River offer ideal cabin sites for 

Tulsa.ns and the peo';)le of neRrby cities. Spavinaw and Grand Lakes spur 

recreational activitioa, mak.ing camping, fishing., and boat.:ng important 

in the warmer months of the year. 



CHAPTER III 

PHYSIOGR PHY 

Physiographically, the area can be divided into two provinces: 

the Ozark 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 TJplift. The increase 

becomes more abrupt at the foot of' t he 11 Boone hills 11 in the vicinity of 

Grand River. C. H. F'iteh23 and his surveying party show a minimum ele

vation cf 500 to 600 feet along the Grand River in the south ... central 

part of the area. This is about 50 feet lower than the beds of creeks 

in the southwest corner of the area. The maximum elevati on of 950 to 1000 

feet is recorded in the southeast comer. The ea.stem one-third stands 

from 200 to 400 feet higher than the area to the west. Many steep val

leys give the Boone 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, 

23 F C. H. iteh, __ o._p __ ._e;..;;i;..;.t...,.., 1901. 

1.3 
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especially a.long (}rand River and two or three miles to the west. A fe-w 

knobs., buttes, and mesas interrupt the regularity of the terrain in other 

cases. Erosion progressing down the dip slope decreases the elevation 

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

ToEograpgy· and Drainage 

1'he 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 va..lleys contain intermittent streams with very 

high gradients except in one or two cases. Spavinaw Creek 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 j,n places. Cliffs of this nature were developed on the outside 

of meand.ers as a result of stream undercutting. (See Plate I, Figure 2.) 

A similar situation prevailed a..1ong Grand River which enabled the stream 

to brQa.den its flood plain. 'I'hree separate alluvial and two distinct 

gravel ter:r-aces prove form.er positions of the river. In the western part 

of the area gently westward dipping cuestas break the monotony of the 

fiat topog:raphy. 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 a s a result of a collapse-structure. 

Eventually the waters from all of the streams in the area enter 

Grand River . East of the river most of the intermittent streams drain 

almost a.t right angles into Spavinaw Creek . This creek in turn flows to 

the west-southwest into Grand River. The nt."l-off in the western one-fourth 
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of the area is toward the west and southwest into Pr<Jor Creek vJhile the 

south ... centra.l sector is drained to the southeast by Wolf Creek and its 

tributaries. The north-central part of the area is drained by several 

creeks which flow directly into Grand River. During the wet seasons the 

water in moat of the intermittent streams east of the river i.s clear and 

almost completely l a.eking in sediment. Those west of the river are usu-. 

ally muddy for they drain dark and sticky farmlands and areas covered by 

eolim deposits. 

Vegetation 

The vegetation in the eastern 11Boone hills II consists mainly of 

a. dense growth of blackjack, red and post oaks with :intermingling thorny 

vines and hushes. Many of the bush patch2s contain edible berries. 

Grasses are sparse except in elevated portions covered by high terrace 

gravels. Here sparse shrub trees and grasses ma.de cultivation possible, 

and most of these areas have been converted into apple orchards, hay., 

or grass meadows. Hickory, locust, pine., haw, shittimwood, persimnwn, 

and Osa.ge ... orange trees .form a :minor part of the vegetation. 1fhe chief 

grasses consist of' brooms edge, 1".d..ld oatgra.ss, and needlegrasse$. Thin 

layers of lea.fmold cover other local:lties with.i.n this hilly sector, espe

ciall.y in canyons. The Prairie Plains region in the western part of 

the area has a native vegetation oonaistirig ~liaost entirely of tall 

grasses intermixed with wild legumes, such as prairie c:lover and wild 

alfaJ.fa. Some poverty grass and weeds have grown in overgrazed areas. 

On some of the Atoka. capped mesas and Boone lmoba, shrubs and vines of 

sumac, dogwood, wild grape, woodbine and butternut can be fo md. Yiarsh 
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grasses predominate in the alluvial lands while pecan, elm, ash, ?in oak, 

a.Yl.d many other types of minor trees may t e found in the lowlands next to 

the river and creeks. 

Nature of Rock Exposures 

T£xcellent bedrock exposures may be found in. many localities but 

continuous rock sections are essentially absent. Measured sections had 

to be taken piecemeal throughout the area. Canyons and bluffs along 

S;>avina:w Creek offer complete measurable sections of the Chattanooga, St. 

Joe, and Heeds Spring. The true thickness of' the "Keokuk" co11ld 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, Chattanoo~a., St. Joe, Reeds Spring and a 

partial section of ttKeokuk 11 are exposed in the first ravine inside the 

area on the southwest side of Sp,winaw Creek. West of Grand River, post

rIKeokuk11 units are described in many localities. The "Moorefield,'' 

11 Hindsville,'1 and "Batesville" are t ypically developed along t he 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 River in the north central part of the area. A complete 

Hale sandstone and limestone section and a partial Fayetteville black 

shale section were measured on the south side of the north Seneca fault 

in a roa.dcut three-quarters of a. mile to the west-southwest of the 

Greenbriar school house . A section of "Grand River 11 was measur ed just 

west of this Seneca f , ult zone in the north roadcut extending from the 
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bridge west ward to the top of the hill. Fayetteville shale exposures 

were good except at the base of the formation where a.1J.uvial material 

covers the lower few feet. Inasmuch as most of the Atoka and younger 

Pennsylvanian units lie· outside of the area, no detailed study of these 

beds was ur1dertaken ~ 

UNI E 0 or' HO A 
{ 



CHAP'l1ER IV 

STRATIGRAPHY 

General Statement 

'I'he f'orruations exposed at the surface in the Strang area range 

in age from Ordovician to Middle ?ennsylvania.n. Locally these are over

lain by terrace gravels, alluvium, and eolian deposits of P-leistocene and 

H.ecent age. 

The Pennsylvanian beds crop out in the western part of the area 

and :in the Seneca. Fault zone. Pennsylvanian strata include the Ha.le for

mation of Morrowan age and undifferentiated Pennsylvanian units of Atoka 

and younger. 

Beds of Mississippian age are widely distributed throughout the 

area. Kjnderhookian, Osagean, Mera..mecian, and Chesterian series are re

presented~ 

?re-Boone units are exposed on:l,y 1n the deeper canyons near the 

ea.stern boundary. The Chattanooga black" shale is belm ved to include 

Upper Devonian correlatives in lower portions. The Ordovician is repre

sented by a. single formation., the Cotter dolomite., classed as Beekma.ntom 

or Canadian. 

A generalized columnar section of rocks as exposed in the Strang 

area is shonn in Figure 2. 

18 
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Ordovician System 

Cotter Dolomite 

History of NomencJ.ature.-E. O. UJ.rich
24 

named the Cotter dolo-

:mite from exposures at Cotter, Baxter County, Arkansas in 1912. He first 

called this formation the Jefferson City but subsequent study at the type 

localities determined the latter fonnation to be older than the Cotter. 

Distribution.-The Cotter dolomite is exposed only on the south

west bank of Spavinaw Creek a.t 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 'l'hickne.ss .. -The Cotter consists lar gely of white 

to gray dolonrl. te . The lower part of the forrr.ation 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 :iJnmediateJ.y overlies. Massive 

to occasionally thin-bedded gray dolo:m.ite forms the middle part of the 

formation. This zone varies from finely crystalline to <lense in texture. 

Whitish to light gray massive intraformational conglomerate overlies the 

central zone. The pebbles and cobbles 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 

24-E. O. Ulrich, 11Revision of the Paleozoic Systems, 11 Geol. Soc. 

Amer. Bull., Vol. 22, No . 3., 1911, pp. 281-680. 
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gray to wtdte beds of finely crystalline dolomite mark the top of the 

formation. Its total exposed thickness measures slightly over 85 feet 

with the basal portion concealed. 

Strat;\-graphic Relations. -The Cotter _ formation overlies the 

pre-Cambrian Spavinaw granite unconf ormably Just outside the eastern 

boundary of the area. 'I'he d olomi ta is overlain unconf ormably by the 

Chattanooga shale. The Burgen and Sylamore sandstones are absent in 

this area, presumably by erosion before the deposition of the Chattanooga , 

Pa.leontoJ;og.y: ........ Althou.gh some fossils have been reported from 

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

investigation. 

Aff.ie an;i Cc:>rrelat:ton.--The Cotte:r formation is classed a.slower 

Ordovician2 .5 in age and has been correlated -,..r.i th the upper part of the 

Arbuckle limestone. Irela.nd26 considered the unnamed dolomites of t his 

area as equivalent to the Cotter dolomite of the Ca.~adian Series corre

lated in part with the Beekmantown of eastern North America. 

M.;ississipPian System 

Chattanooga Shale 

Histo;ry; ot Nomenclature.-C. W. Hayes27 described the 

2 5c • N • Gould, op •- cit • , p. 54 • 

26H. A. Ireland, oa. cit., P• 16. 

27 C. w. Hayes, "Geology of the Chattanooga Quadrangle, 11 U. s. 
Geol. Survey, Atlas, Chattanooga Folio, (No. 6) , 1894. 
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Chattanooga shale in 1891. ' It was nooned from the type locality at 

Chattanooga, 'fennessee. The term was introduced in Oklahoma. by 'l'a.ff. 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 ea.stern 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 sm1thwest of the Spavinaw bridge; and the third is revealed 

below a bluff of St. Joe lime.stone on the north bank of Spavinaw Creek 

in the southeast corner of section 9, T. 22 N. , R. 21 E . Three addi

tional outcrops -were located and mapped during this investigation. One 

1:i.es in and along the north bank of Spavinaw Creek a.t the section line of 

sections 8 and 9, T. 22 N., R. 21 E., 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 sou.theast side of the road at the base of the bluff in the 

southern part of section 18 and continues across the northwestern cor-

ner of section 23, T. 22 N., R. 21 E. The outcrop ex.tends to within 

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

Character and Thick...'1ess.--The Chattanooga for:niation 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. Sporadic 

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

28J. A. Taff, op. cit., 1905, P• 3. 
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are common near the center of the formation. A measured section in the 

rav.ine to the south of the Spavinaw bridge indicates a thickness of 65 

.feet. 

Stra.tigra:t2ltlc Rela.t~_ons.--'the Chattanooga. rests unconform.ably 

on the Cotter dolomite . Intervening units of Bu.rgen sandstone, 'fyner 

shale, Fite li:mestone, Fern.vale limestone., Sylvan shale, St, Clair lime

stone, Sallisaw sandstone and chert , and Sylamore sandstone present in 

areas to the south; are missing in this area.. The Chattanooga. is sepa

rated from the overly:ing St • Joe by unconformity as indicated by the 

variable thickness of green shale at their contact. (See Plate I, :F'igure 

1.) 

PaJ.eontolog.y.--The fauna of the formation includes some lingu-
, 

loid brachiopods, many eonodonts, and an occasional pelecypod.29 Rema.ins 

of the fish, Dinictpy;s.,30 and a plant spore, Spora.ngites huronensis., are 

characteristic of the Chattanooga . No fossils were collected from the 

formation in this area. 

Age a.11.d Correlation.--'l'he Chattanooga. has been variously cor

related, Ireland31 considered it as Kinderhookian or basal Mississippian 

in a.ge. R. c. Moore
32 

classified the Chattanooga and the basal Syla:m.ore 

29H. A• Ireland, o;e. cit .. , pp. 19-20. 

30J. A. Taff, O;Q, cit., 1905., p. 3. 

31H. A. Ireland, OI,?, cit., P• 8. 

32a. C, Moore, "Early Missi~sippian Formations of the Ozark 

Region~" Mo. B11r. of Geol • . and Mines, Vol. XXI, 2nd Series, 1928, p. 108. 
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PLATE I 

Figure 1. St, Joe massive limestone and green 
shale (at contact) u.nconformably overlying Chattanooga 
black shaJ.e. Road fork., NW' corner of section 19, 'f. 

22N,., R. 21E. 

Figure 2. Slut:tping Reeds 3pring beds accom
plished by strearn undercutting on outside of meanders, 
:north side of Spavinaw Creek , west side of section 

18, T. 22 N., R. 21 ~. 
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sandstone member a.s loner Kin.derhookia..11. Recent studies of the black 

33 
shale problem by Ct.1.mpbell indicate that the :Mew Albany shale of Ind:i.ana 

a.nd its equivalent, the Chattanooga of Tennessee, contain conodonts of 

both lower Mississippian and upper Devonian age. 1rhe Chattanooga of the 

Strang Area may be part:i.ally or wholly equivalent to the type Chattanooga 

of Tennessee. It is correlated with the Woodford chert34 in the Arbuckle 

Mount.a.ins and the Grassy Creek shale of northeastern M.issourL 

Boone .F'ormation 

Histor, of Nol}lenclature .-'rhe Boone .formation · was named by 

J. C. B:r.anner of the Arkansas Geological Survey and described by Simonds 

in a report on the geology of hfashington County, Arkansas.35 The basal 

member of the Boone we.s n a.med the St • Joe marble in 1893 by ri•. C. 

36 Hopkins who derived the name from the village of St. Joe in Searcy 

County, Arkansas . The overlying Reeds Spring member was named by Moore 

in 1928 from exposures in Stone County in southwest Missouri.37 The 

uppemost unit has been called the "Keokuk, 11 an extension of the 

3.3a. Cam bell, "New Albany ShaJ.e, 11 Geol. Soc. Amer. Bull., 

Vol. 57, 1946, n. 829-908. 

34c. N. Gould, op. cit • , p. 58. 

35J. c. Branner and F. W. S.imonds, "The Geology of Washington 

County," Ark. Geol. -Survey, .Ann. Report, 1888, Vol. IV, 1891, pp. 27-37. 

56T. C~ Hopkins, "The St. ,Joe Mar ble,rr Ark . Cteol. Surve;r::, Ann. 

Report 1890, Vol. IV, 1893, P• 253. 

3?:a. C. Moore," Early Mississippian Formation of the Ozark 

Region," Mo . Bur. Gaol . & r::tnes, Vol. 21, 2nd Series, 1928, PP• 143-145, 

161-163. 

344673 
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terro.mology applied by Owen (18.52) for exposures at KeokuJr, Iowa. 3$ 

In 1934, L. H~ Cline39 suggested that the term 1tBoone11 be suppressed as 

a synonym. of the te 110sa.ge 11 and that the St. Joe, Reeds Spring, and 

"Keokuk" divisions of the Boone be elevated to forma.tional rank. The 

United States Geological Survey continues to as~ign formational rank to 

the Boone and considers the subdivisions of member standing. 

Distribution.-The Boone formation covers most of the eastern 

and s,ou.the.a.stern portions of T. 22 N., R. 20 E., and the wiast arn one

half of T. 22 N., R. 21 E. A large area of Boone lies to the northwest 

side of the Seneca, g1·aben in the southeast comer of T. 22 N., R. 20 E . 

Other scattered localities a.re exposed as knobs or in creek cuts in all 

but the northwestern and extreme western parts of the area. 

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

nine different localities along Spavinaw Creek. The three easternmost 

exposures have been ma.pped prev:i.ously. 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 Grand Riv~r. 

The middle member, the Reeds Spring , is characteristically 

exposed in bluffe and escarpments a.long the east side of Grand River and 

on both sides of Spavin w Creek ( see Plate I, Figure 2). 'rributaries 

38n. D. Owen, "Carboniferous Roe -s of Southern and ~..:estem 

Iowa., 11 Rept., .Geol. Surv. Wis. z Iowa & Minn., 1852, PP• 91-92. 

391. li . Cline., 110sage Formations of Southern Ozark Region, 

Missouri, Arkan.as, and Oklahoma., 11 A.mer. Assoc . Petrol. Geel . Bull. , Vol . 

18, No. 9, 1934, PP• 1132-1159. 
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entering these larger streams have cut through the overlying 11Keokuki1 

in nearly all cases exposing the 'Reeds Spring in the creek bottoms and 

occas:i.onally, where not covered by talus and debris, o.long the creek 

embankments. Detailed work on the -west side of Grand River did not re

veal a s·ngle exposure of Reeds Spring . 

The "Keokuk" is the most widely distributed member of the Boone 

formation. ll:ast of Grand River it caps the high plateaus except in the 

north central sector where it is expost:d as mobs a.nd in the deeper creek 

cuts where i.t fo:rms a hard surface over which the streams flow. 

yha.raGter and T'hickne.ss.--'rhe Boone formation has a total 

thickness of over 250 feet. Irregularity of the erosional surface at the 

top of the 11Keo~uk 11 east of Grand River and concealment of t.he Reeds 

Spring-"Keokuk" contact on the west side of the river makes accurate 

me;,,.surement impossible. The 11lf eokuk 11 increases in thickness on the west 

side of the river by the induction of crinoidal bioherm reefs. 

The St. Joe varies from 18 to 2 5 feet in thickness along Spavi

naw Creek, thinning toward the river. It is m.ainl.v a. massive to th.in, 

irregularly bedded buff limestone containing abundant small crinoidal 

stern.s 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 f::inely crystalline limestone. 'rhese are separated by the softer 

central portion composed of shaly limestone (see Tables I and II), 

The Reeds t1pring comprlses the -~hicl'-est complete unit in the 

area, approximating 156 feet . F'rom top to bottom it is characterized by 

an a.lternatin[' seq11ence of interbedded limestone and chert. Near the 
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TABLE I 

SRC'rION IN RAVINE 'fO SOUTH OF' SPAVINAW CREEK BRIDGE 

East side, section 16, T. 22 N., R. 21 E. 

Formational Description 
Thickness in Feet 
Of To Base of 

_ ____,..,._ --------·-------------------·-· _U.,.n~i;..;~;...-.....:.F_orm;;,.;. _i.a_t;;.;i:..;;;o.n_ 

Boone formation: 
nKeokU.k 11 member: 

Chert, white, yellowish to reddish-brown tri
politic at top, massive, jointed and frac
tured, fossils common as molds and casts. ,. , ~-•• 

Reeds Spring member: 
Limestone and chert, gray, blue to buff ( darker 

near base), :interbedded, medium, hard, lime-
stone softer ...•.•. ·......•........•........... 132.0 

St . Joe member: 
ttmestone, bluish-gr~y, dense to finely ccyst~l

line, massive, hard, crinoid stems small and 
ahtU1.dan.t .............. ......... ◄ ............ • • • • .. • 6. 0 

Limestone, light gray, dense, cherty and sha.ly, 
nodular and lami...~ated on weathered surface .... 4.0 

Limestone, bluish to buff yellow, dense to fine
ly crystalline, massive to thin bedded, shaly 
and soft, upper massive limestone parted by 
so.ft shaly 11.mestone, erinoid stems........... 11.0 

Limestone, gray, dense to finely erysta.lline, 
massive, hard, crinoid stems •••••• , •• ,........ 3.0 

Shale, green, laminated, calcareous, mainly 
cove1--ed • •••••••••• ,, ••••••••• ~ •• ~-.............. • l, 3 

Chattanooga formation: 
Shae, black, slightly iron stained, platy and 

fiss·1e, pyritic, cone-in-cane black lime-
stone near center, jointed, and fractured...... 65.3 

Cotter formation: 
Dolomite, white to buff., finely crystalline, 

hard, massive, some beds appear cherty........ 25,4 
DolOlr~tic conglomerate; pebbles and cobbles, 

gr ay , dense to seni-c~Jstalline, hard, eherty, 
and dolo.mit1.c, elongated parallel to bedding; 
matrix, white to light gr ay, slightly sandy, 
very oolit.i.c, well-cemented, hard., massive ...... 3.4 

64.0 

1.32.0 

15.J 
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Dolomite, white to light gray, lithograph:i.e to 

crystalline, limy, hard, massive, medium to 

thin bedded, nod'.llar w-eathe1"ing surface ••••••• 

Dolorrd te, vthi te to buff, finely crystalline, 

sa..."ldy, hard, .massi V8 ••••••••• ~ ••••••• , .•• , ••••• 

Dololl!ite, white , bu.ff to vitreous gray, finely 

crystalline, sandy t-d.tb some la.min.at·· ons of 

yellow chert near base, bard, :ma.ssi.ve to lami-

nated, basal beds un0xponed .................... . 

TABLE II 

SECTION ON BLUFF' •30u•rw.~ S'l1 OF ROAD FORK 

30.2 56.3 

26.l 

13 • .3 

Northwest cornBr section 23, T. 22 N., R. 21 E. 

Forma.tional De.scription 

Boone Formation: 
St. Joe member: 

Limestone . ., gray, dense to finely crystalline, 

hard, m s si ve , c-rino:ldal •• ~ ................... . 

Limestone (mainly covered with slump), gray to 

bluish gra~r, dense, soft, irregular bedded 

and nodular appearing, shaly limestone, 

sli.ghtly cherty near top, crinoid.al •..•••••••• 

Limestone, gray, dense to finely crystalline, 

hard, massive, crinoidal •••••• ~••••••····•·••• 

Sh le, green to yellow, soft, platy, calcareous. 

'l'hickness in Feet 
Of 'fo Base of 
Unit Formation 

2.8 18.8 

11.2 16 .. 0 
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base the limestone is dense bluish-gray and dolomitic wtlile the chert is 

dark gray, r a.ther flinty, to opalescent. The layering occurs every 4 to 

6 inches, Appronma.tely 17 feet above the base, a. 2- to 1.--inch zone of 

gray, splintery, shaly limestone af.fords the only break in the formation. 

Above this, the alternating seqt1ence becomes lighter in color, 'l'he chert 

content increases towa.r<l the top of the f ornm.tion:s 8.S the percentage of 

limestone decreases. The limestone changes upward to light gray and the 

chert eventually becomes white. Two measured sections are listed in 

Ta.bl.es 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 11Keokukn (Plate II., Figure 1). East of Grand River, the 

ttKeokuktt is composed of a.ppro:Jd.mately 70 feet of massive to t hick bedded, 
\ 

white tripolitic, mottled chert. Some layers are as much as 4 feet in 

thickness. The weathered surface of the formation varies from yellow, 

red, to dark bro-wn due to iron staining. From 60 to 80 feet of "Keokuk 11 

is exposed on the west side of the river. Here reefs of cri noidal lime-

stone are abundant in regions of maximum t hickness. 
40 

La.udon reported 

similar deposits are in the St. Joe and noted that the 11Keokuk 11 is also 

crinoida.l. Within this area the crinoida.l bioh0rms a.ppea.r to be limited 

to the 11Keokuka west of Grand River. In the "Boone hills 11 area of this 

report no reefs are evident in the :3t. Joe although all exposures exhibit 

the crinoidal limestone phase. 

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

4<\. R. Laudon, op. · cit.; PP• 325-338. 
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PLATE II 

Figure 1. ''Keokuktt 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 MW SIDE SPAVINAW CREEK 

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

Formational Description 
Tlnckness :in Feet 
Of To Base of 
Unit Forraa.tion 

Boone formation: 
nKaokuk 11 member: 

Chert, white, sometimes mettled, iron stained, 
to reddish.broi-m. on weathered surface, mas
sive, fractured and jointed, uppe.r eonta.ot 
unexposed by erosion, fossilifeJ"ous .. ,. •••• ,..... 69.0 

Reeds Spring member: 
Interbedded limestone and chert; chert, white to 

light gray , layers over l foot thick at top 
to 6 inches at bottom, hard, weathers buff to 

yellow; limestone, light gray, dense, hard, 
medium t o thin bedded at top , weathers dirty. ~ 34, 7 

Interbedded limestone and chert; chert, light 
gr ay to gray, medium bedded, beds heavier 
ne·ar top , hard; Ltmestone, bluish-gray, 
dense, medium bedded, beds thinner near top , · 

hard; zone bluff forming•••••·•·•·•••••••••••• 103,5 
Shale, dark gr ay, calcareous, splinter y , soft, 

weathers one to four feet back in bluff. • • • • • • 0. 2 
to 
0,..4 

Inter bedded limestone a..."ld chert, chert, dark 
gray t o opalescent, ver y fine grain, flinty, 

hard; limestone, dark bl uish- gr ay, fine 
grain and dense, dolomitic, hard; alternate 
beds of apparent equal thickness, 4 to 6 
i.rlches •• •••••• • ••••••••••••• • .... •·• ••• • • .. • • • - .. • 

155.7 

121.0 
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of lithologic differences beti.veen the two members as shown by Cline 
41 and 

42 Laudon · • The Reeds Spring arid 11Keokuk 11 contact is mapped for t he first 

time in this region~ In -t,he Spavinaw Creek area the interbedded lime

stone and chert of the Reeds Spring grade into massive chert layers of 

nKeokukn at the top of a.ll bluffs (Plate II, Figure 1). 'fhe Reeds Spri ng 

forms the more precipitious lower portions of the escarpments while the 

nKeokukn occupies the lesser slopes above which pass at the top into a 

plateau-like di ~nde. In JM.ny of the smaller valleys the contact is not 

too definite, being covered by t·lus and debris-. Where coneeal~d or 

indefinite, the contact is shown by dashed line, 

Stratigra:~ihie 11,elations.•-The St. Joe formation :rests uncon

formably on the Chattanooga shale as illustrated by the variable thick

nesses of the green shale at the base of the St. Joe (see Plate I, Figure 

1). 

A questionable disoonformity e.:,d.sts between the St. Joe and 

Reeds Spring. taudon43 states that it ts his persone.l belief one exists 

but, that he cannot prove it. A picture of this contact along a bluff on 

the west side of Spavinaw Greek shows several feet of Reeds Spring con

verging against the upper massive bed of the St. Joe (Plate III, F~gures 

1 and 2). While this is not mdicative of a. regional unconformity, it 

could possibly represent a local stratigraphic break. 

4\. M. Cline, o;e. cit., PP• 11.41, 11,54. 

42 L. R. Laud.on, 012. cit., p. 325. 

431... R. Lauden, it>i.d., P• 328. 



3h 

PLATE Ill 

Figure l. iteeds Spring (RS) limestone and chert 
becls converging agains~ the upper bed of St. Joe (SJ) 
massive limestone; N .. side of Spa:vina.w Creek, center 
of section 1£3, T. 22 N., R. 21 • • 

Figure 2 . Highly weathered contact between Reeds 
Spring (RS) and St . Joe (SJ) limestone, N. side of 
Spavina:w C:reek, center of section 18, T. 22. 1~ • ., R. 21 E. 



35 

'fhe 11Keol-cuk 11 lies un.conforJnably on the Reeds Spring with the 

hiatus representing Burltngton time. 44 La.udon45 statee that the uncon

formity is greater in Missouri and decreases in m::1gnitude on the southwest 

flank of the Ozar k Uplift. The break :i.s also substantiated by a dis

tinct fa.una.l change in other regions., but in this area i.t is not too ap .... 

parent, the contact appearing almost grada.tional . 

The 111'fayes group" rests unconformably on the "Keokuk". Autho

rities a,gr ee that th~ unconformity is due to irre,,,:ular deposition of 

Ma.yes units on the uneven erosional surface of the Boone chert. Many of 

the 11Keokuk 11 knobs within the area of this report are t ypically dome-

like str11ct·ures wit}?. a core of el:'inoidal reef limestone. The general 

aligmnent of these f;com northeast to so1.::,_thwest"
1 
parallel to .the Seneca 

fault zone s11ggests a genetic relationship bet1•~een . the regional structure 

and silicification of the upper i1Keoku_l<tr beds which pass above the reef

like knobs. Differential compaction of younger trKeokuktt beds over these 

crinoidaJ. reefs follo-wed by ext$l'lsive silicification formed resistant 

knobs wm.ah now appear as _inliers projecting through younger Mississippian 

units. 

Paleontology;.--No fossils other tha.."'1. crinoid stems were recov

ered from -the St. Joe. The Reeds Spring is non-fossiliferous in this 

region. The nKeorukt' yielded an assemblage of fossils characteristic of 

l ate Osagean. beds. (See Table IV.) 

4¾,. R. Lauden_, on . cit • ., P • 329, 

45 L. R. Lauden, ibid. 

" 
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TABLE IV 

FAUNULES FROM THE "KEOI(t]Ku flJ}.::,MBf~R OF THE BOONE FORMATION 

.Neoz phrentis sp. 

Fe:ne9tra.lia sancta ludovici ?rout 
Fenestrella serratula . 
Polzeora varsoviensis 

Crin oid :rt.ems 

Aca.mbona p:i:·ima ( White) 
Avonia concentrica (Hall) 
Chonetes multicosta Winchell 
Cravaena globosa. Weller 
Dzytma sp. c;f. .Q.:. neo~enes Hall and Clarke 
Dictyoclostus crawfordvillen~is (Weller ) 
Di elasmo. sp .. 
lfichinoeonchus a.ltenatus (Norwood and Pratten) 
binop:roductus altone1 sis (Norwood and. Pratten) 
Linoprpductus ovatus ( Hall) · 
1inoproduct11s sp. 
Marginicinct:ss wortheni (Hall) 
Orthotetes keolruk Hall 
Ort,hotetes ep. 
Productus sp- £Lt_ .Et. scitulus Meek and Worthen 
Pseudosyri.nx keolruk Weller 
Rhynchopo:ra sp . 
Schellwienella :i.naequalis (Hall) 
SchizoEhoria sp. . 
Spiri.(er f1019:ensis Weller 
Spirif er keokuJc Hail 
Spirifer m9rtonanus Hiller 
,S12i,r;~f.'~rip.~, solid:irostris White 
Spiriferina sp. c:f. §..:.. stthte:x;ta. White 

~1:y:a.lin.;i keokuk vi.1orthen 

Phillif!sia sp. 

1 2 

- - ... 
X - - .... ... 
X _, - ...,.. -

X X -

... - X - -

X ... - .... ...., 

X .,... - - ... 

X - - - .. 

X - .. - .. 
X .... - ..... 

X ..... - -

X ....., ..... - ..... 

X - -

X .. - - -

X - -

X - - X -

X X - - -

X .,. -

X - ... - -

.. ..,. - ..,. X 

X - - .... -

- X -

- X -

X .,. ... - -

..,.. X - - ~ 

X - - - -
X .... .,. ....... 

X - - - ...,. 

X ... - - .. 

1. Along aqueduct, SW Corner ,'Jee. 33, T. 22 r ., R. 20 E. 
2. Wolf Creek, East line of Sec. 25, T. 22 N., R. 19 E . 
3. Left fork of Creek, center, Sec. 2.3 , 1' . 22 N., R. 20 l!,. 

4 . Up creek 350 yards from south line, Sec. 2, T. 22 N., R. 20 B. 
5. North boundar y, ·west side of Grar .. d River, NE comer of Sec. 4, T. 

22 N • , R. 20 E •. 
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1\ge anc,i O.orrelation .--'fhe Boone formation represents the 

Osagea.n s aries of the Mississippi2111 system. The ~~t. Joe can h e corre ... 

i¾-6 
1ated with the Pern Glen of Missouri. Branson saye, 11there is no doubt 

th~>.t t he t wo forr,1ations a.re in part cont emporaneous. 11 The Reeds Spr i ng 

is considered equivalent to the upper Chouteau in Missouri by Dranson47 

but has been correlated with the Fern Glon and possibl y the lm•rnr Bur-

liugton by otheTs. 
48 

According to La.udon , it has n o correlatives outside 

the type a.i-•ea in southwestern Missouri, northwestern ArkansaG , and north

eastern Oklahoma . The t1K0okuk 11 correlates 1,.,"ith the Montrose cherts of 

the type section at Ke okuk, Io".m . 

"Mayes Group 11 

The t ent }fayes was proposed by L. C. Snider49 in 1915 for rocks 

between the Boone chert and the Fayetteville formation in northeastern 

Oklahoma . The type locality is in southern Mayes County . In an unpub

lished master's thes·.s in 1941, 'l . A. Brant subdivided the Ma.ye s :into 

four lit hie u11,it s of formationa.l rank which he termed the HJfoorefield, 11 

11Hindsville, 11 11 '9atesville, 11 and 11Gi~a.nd River." The va.lidit.y of his cor-

relations 1dth the Arka"1sas section has not been 0strlbl:i.shed. Usage of 

Brant's t er minology is t herefore qmuified in this report by insertion in 

quotation marks. 

l+~g. B- Branson, .2.E.• cit,, P• 208. 

47g , B. Branson, ibid., P• 179. 

481 . n. Laudon, op. cit,., P• 328. 
' 

491. c. Sni der, .212• cit., P• 27" 



I 

n1-1oorefield tr Formation 

History of Nomencl.ature . - 'fhe Moorefield was named by Adams 

and Ulrich
50 

:5.n 1904. It included t b.e shaly beds lying between the Boone 

limestone and Batesville sandstone at Moorefield, Arkansas. In 1941; 

Brant applied the term nMoorefield'' to the beds im.m-ed,i.ately overlying t he 

51 
Boone in Mayes County, Oklahoma. In 1944, Gordon divided t he f orma-

tion of t he Batesville district into two parts. He restrieted the term 

Moorefield to the lower J..imestone sequence and applied t he name Ruddell 

formation to t he upper shale beds. 

Dj/·tribution.-'rhe 11:M:oore.field" is ver-J' l imited in extent and 

is exposed mainly a long t !1e west e:i.de 0f Gr nnd River in sections 3, 1+, 

10, e11d 11; T. 22 N., R. 20 E. At r3er,ig Creek in section 10, it is ex• 

posed west"v-m.rd for three-quarter s of a mi.le from the r iver. Two othE~r 

minor posures occur i..'1. ti1e creek cut in the northeast corner of sec

tion 16., '.P . 22 N ., R. 20 E. and in the road culvert in t.he cent r al part 

o.f section 33 of the sa.1ne to1,,nship . 

Character and Thi .ckn~ ss. -The formation .is very in con sistant 

where exposed, var.ring from 0 to .36 feet in thickness. For t he most part 

:i.t i s divisL le .nto a. lower cherty l imestone phase and an u,pper series 

of massive to thinly-laminat ed limestone beds. The l ower part is w..ajnly 

50G. I. Adams, A. H. Purdue, and E. O. Ulrich., 11 Zinc and Lead 

Deposits of Nor'\jheru Arkansas, 11 U. 3 . Geol. Su,rvey~ Prof . Paper 211- , 1905, 

P• 26. 

51t-!ackenzie Gordon , Jr. 1'i•foorefieJ.d Format.ion and Ruddell 

Shale, Batesville District , Arkansas , 11 Amer • . Assoc. Petrol, Geol . Bull.., 

Vol . 28, No .. 11, 1944, p. 1631. 
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a dense gray to lithographic limestone, sometimes lentic~lar in nature, 

with alternating irregular layers o;f light gray chert. Cherty nodules 

similar to baseballs are infrequent 1r.'ithin the limestone. The upper zone 

tends to be massi,ve if un-w-eathered, but on a weathered surface it alters 

to platy, laminated layers. Often it appears medium bedded along Grand 

River. The zone is mainly a dense to finely crystalline limestone of 

bluish-gray color. Table VI sho\,;s the most complete measured section in 

the a rea. 

St:rati~raphic R13lations .-1'he 11Moorefield II lies unconforma.bly 

on the "Keokuk'' (Plate IV, Figure 1). Its irregular distribution through 

this area. may be attributed to the shallow sea.s which failed to deposit 

the formation over part of the irregular Keokuk surface. The n1-1oorefieldr1 

is overla.5.n conf ormably by the "Hindsville 11 • Small stringers of 

"Hindsville rt limestone extend do-wn-ward into the dense beds of t he Hf.foore

field." 

Pa.leontoloe;:y.-The 11Moorefieldn contains few fossils within 

this area. Gr:lf'fitbides :pustu.losus is S})Oradically abundant near t he 

base of the cherty-li.mestone phase., Just above the '.'Keokukn contact in 

the northeast comer of section 4, T. 22 N., R. 20 E., a zone of Qictyo

clostus crawfordvillensis yielded the greatest amount of fossils. Leior-

lJln:chus carboniferum occurs sparingly. 

Age and Correlation.-Brant
52 correlated the 11Moorefieldt1 of 

52R. A. Brant, "Mississippian Rocks of Eastern Oklahoma,n Tulsa 

Geol. Soc. Field Trip, May 11, 1946, p , 14. 
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PLATE IV 

Figure 1. 11 Keokuk 11 (K) and 11Moorefield11 (M) 

unconformity, bluff on west side of Grand River, west 

side of section 11, T. 22 N ~, R. 20 :H:. 

Fi re 2- Sm.all fault on SE limb of Seneca 

fault zone in "Keokukn limestone, SE quarter of sec

tion 11, T. 22 N., R. 20 E •. 
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this area w-i..th the rt.oorefield of Arkansas and the Warsaw of Lower Mera

mecian age. In 1927, Buchanan53 classified the Moorefield as the equiva

lent of the St- Louis formation of Middle Meramecian age, and t his has 

been the accepted correlation by many geol.ogl$ts. 

FAUNTJLES OF THE itMOOREFIELD" 

:au.xtonia sp. 
Dictyoclostus cra.wfordvillensis (Weller) 
Leiorhmchu§> c arboniferu.m Girty 
Spirifer arkansanus Girty 
Spirif$r sp. cf •. !.:_ b!.f\;rca.tus Hall 
Sn:ingothyris te:>..--tus (Hall) 

AviculoEecten sp • .£!.:. !:,_ batesvillensis 

Griffitbides nustulosus Snider 

(Girty) 

1 

X: 

X 
X 

X 

X 
X 

X 

X 

1. NE corner Sec. 4, West side of Grand River, T. 22 N., R. 20 E . 

"Hindsville Formationn 

'ii 

History of Nomen,clatt1:,~ .• -Bra.nt 54 applied .the term "P,indsville 11 

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

.limestone of Arkansas. The latter was named and ass.igned to the ba.se of 

53 G. s. Buchanan, n'l'he Di$tribution and Correlation of the 
Mississippian of Oklahoma," A:mer. Assoc. Petrol. Geol. Bull., Vol. 11, 
No. 12, 1927, p. 1.307. 

54a. A. Brant, op. cit., 1941, pp . 1, 23-25. 
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'l'ABLE VI 

SECTION ON SOUTH EbIDANKMENT, BENG CREEK 

West side section 10, 1'. 22 N., R. 20 E .. 

Formational Description 

Shale, buff yellow., thin bedded, soft, mainly 

Thickness in Feet 
Of To Base of 
Unit Format2on 

covered ... _ •..•• ~ .. ·•• • •• .. •••• · •·•••••• · ··•··•••••• 1.2 12.5 
Limestone, gray to yellowish~bro~n where wea

thered, finely crystalline, silty, platy where 
weathered, otherwise slabby to ·massive, medilli"Il 
hard, mainly covered by debris.. • • • • • .. .. .. • • • • 11. 3 11. 3 

ti Hindsville": · 
Limestone, covered ••••••••••••.•••.••••••••••••• 5.5 9.0 

Limestone, mainly covered, gray, coarsely to 
finely cryst alline, angular varicolored chert 
fragments at base, ma.sslve to plat y , ha.rd to 
medium hard~ •••..•.• , ................ _. + ...... , • • 3. 5 3. 5 

i 1Moorefield 11 : 

Limestone, light bluish gray, dense to finely 
crystalline, massive, slabby to pl aty on -wea
thered surface, medium. ha.rd, strong petroli-
ferous odor, few fossils •••••••••••••• ;, ....... 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 
Gr:i.ffithides pustu.losa and t,eiorhyp.chus ~-
boniferum near ·base.............................. 19.9 19 .• 9 

Boone format,ion: 
11Keokuk 11 : 

Chert, white to reddish- brown at contact, mas
sive, hard, fracturec and jointed, unexposed 
below creek bottom ••••••••• •· •.••••• , •••••••••• 
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PLATE V 

Figure 1. Arched up 11Keokuk 11 (K) w~athered chert 
overlain unconfor:mably by "Moorefield 11 (M) limestone. 
Dr. H. D. Hiser remov.ing fossils from Dictyoclostus 
cra.wfordvi.11,ensis zone. West side of Grand River, NE 
corner of section 4, T .. 22 N., R. 20 E~ 

Figure 2. Cross-bedded rrHoorefieldn limestone, 
West side of Grand River, ME corner of section 4, T. 22 
N., R. 20 E. 
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the Batesville sandstone of' Ark3.nsas by Purdue and Miser55 in 1916. 

Di.stribution.-Being stra.tigra.phically above t he HMoorefield11 

the "H.i.ndsvillen achieved wider distribution in the area. It floors the 
~ 

low fertile portions of section 33, T. 22 N., R. 20 E.; overlaps t he 

11Moorefield11 in the center of t he section; and comes to rest against 

"Keokukn chert by lapp:ing onto the chert knobs. In the north-central part 

G•f the area the "Hindsville" is widely exposed along the west side of t he 

Grand River escarpment and locally in creek cuts. In section 9, T. 22 N., 

R. 20 E., and at t he eastern boundary of section 13, T. 22 N., H.. 20 E., 

uni ts of 11Hindsville 11 l i thology lap onto small "Keokuk" lmobs. In the 

north-central part of sGction 11, T. 22 N., R. 20 s ., a topographic Pigh 

contains a complete section of 11Hindsville 11 wi1iah lies bet-ween partial 

sections of t he "Batesville, 11 a.'ld 11Moorefield. li A small exposure which 

resembles the tlHindsvillen crosses t he northern boundary in the northwest 

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

Character and '.t'hieknee:s .• --'rhe nHindsville 11 varies from O to 9 

feet in thickness due to the irregular nature of t he Boone surface. A 

complete section s11ows three gr ay , coarsely crystalline beds containing 

angular fragments of varicolored chert. One c hert fragment-bearing bed 

is located at the base, another one t wo feet above t he base , and the third 

is located at t he top of the section . The lower two beds a re separated 

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

5\1. H. Purdue and H. D. M" ser, ttDescription of t he Eureka 

Springs and Harrison Quadrangles, 11 U. S . Geol. Survey Atlas, 1916, Eureka 

Spr:ings and Harrison Folio, No . 202, p. 12. 
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middle and ·the upper chorty beds are separated by several feet of gray 

silty limestone which resembles 11Batesvillen lithology. The upper eon

glomeratic bed is distinguished by its oolitic, highly fossiliferous, 

and slightly yellow-stained n ature, Tables VII and VIII include a de

tailed desc:ript:i.on of the 11Hindsirille 11 formation. 

Stratigraphic Relations.--The 11Hindsville 11 overlies the "Moore

field" conformably a.nct is in tum overlain conform.ably by the 11Batesville 11 

formation. \1lhere the "Hindsvillen onlaps ''Keokuk: 11 kncbG it has an un

conformable reJ..a.tionship with t he underlyipe chert. The 11 Hindsville" 

seas did not completely cover the higher knobs r·esulting in local ab

sence t hrough non-deposition. 

Paleontolog..y.--The 11 Hindsville 11 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 recovel"ed specimens are internal molds and casts of frag

mentary nature. Sj.m.i.l:..1.rity cf foss · 1 forms suggest close relationsrdp 

with the underly ing 11}foorefie).d. 11 The f auna collected and ::i. dentified 

from the "Hindsville" i s lis ted .Lll Table IX • 

.Age and Correlation.-Brant 56 correlated the "Hindsville" of 

Mayes County -with the Hindsville of Arkansas which he considered Merame

cia.n in age. The "Hindsville 11 is l ithologically and f aunally relatl3d to 

the nMoorefieid11 and probably represents an upper cryst alline f a.cies of 

the ·Moorefield of Ar. ansas, classed as upper Meramecian, ~Jt, . Louis in 

age. 'l'he true Hindsville of Arkansas carries a lower Chester fauna. 

56,a. A. Brant, op. cit., 1941, p. 25. 
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middle and the upper chorty beds are separated by several feet of gray 

silty litnestone which resembles "Batesville" lithology. The upper con

glom~)ratic bed is distinguished by its oolitic., highly fossiliferous, 

and slightly yellow-stained nature. Tables VII and VIII include a de

tailed descript:i.on of the 11HindsvilleH formation. 

St,r s.tigra.phic Relations ~--The "Hindsville" overlies the HMoore

field11 conformably ani,l is in turn overlain conform.ably by the "Batesville 11 

formation. &-vhere the "Hindsville" onlaps "Keokuk" kncbc it has an un

conformable relationship with the underlyine chert. The 11Hindsvillen 

seas did not completely cover the higher knobs resul ting in local ab

sence t hrough non-deposition. 

Pa.leontolop,.y.--The 11 H:indsville 11 is fossiliferous only in the 

three coarsely crystalline beds containing the angular chert fragments. 

The best preserved fossils a.re found in the top conglomeratic layer. 

Most of the recovered specimens are internal molds and casts of frag

mentary nature. S:bn.i.l'J.rity of fossil forms suggest close relationship 

with the underly ing *'Moorefield. 11 The f auna collected and :i. dentified 

from the "Hindsville" i s li~ted in Table IX. 

Age an~ C,orrel a.tion.-Brant 56 correlated the 11 Hindsville" of 

Ma.yes County with the Hindsville of Arkansas which he considered Merame

cian in age. The "Hindsville" is l.i.thologically and f aunally relat':'ld to 

the rtMoorefieid" and probably represents an upper crystalline f acies of 

the ·Moorefield of Arkansas, classed as upper Meramecian, St,. Louit, in 

age. The true m n dsville of Arkansas carries a lower Chester fauna. 

56it. A. Brant, op. cit., 1941, p. 25. 
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SECTION ON WEST SIDE S"TRANG RIVER BfilDOE 

North side section 10, T. 22 N., ll . 20 E .. 

Forrna.tional Description 

Limestone (only basal bed exposed), gray, coar
sely crystalline, massive , hard, very fossili
ferous, strong petroliferous odor, zone of 
Di a.phragmus elegans ••••••••••••••••••••• , ••••• 

"Batesville 11: 
Sil tstone, brown, very fine gr ain , massive, soft 

due to lea hing., light 1.1eight 11 Cotton rock11 ••• 

Limestone, grB,y to yellowish brown Nhere 1ttee,
thered, fi11e to medium crystalline, silty, 
highly cross-bedded in pl aces •••••••••.•.••••• 

r1Hindsville n: 

Limestone , gray , cora.sely crystalline, angular 
va.rj.colored chert fragments., oolitic and fos
siliferous , t1tassive, hard ••••••••••••••••.••.• 

Limestone, light gray, semi- crystalline, silty, 
pJ_aty, medium. 1-iard •••. - .•...•••.•• , •.••..•..•. 

Limestone, gray, coarsely crystalline, contains 
a few angul ar fragments of dar k chert, mas-
sive , hard • ...................................... 

Limestone, gray , fine to mediuni cry..,ta.lline, mas
sive to t hin irregular beds , medium hard •••.•• 

Limestone, gray, coarsely crystalline, few angu
lar chert fragments , massive , hard •••••••••••• 

11 hioorefield11 : 

Limestone, bluish- gray, dense to finely crystal
line, irregular beds of whitish-discolored 

Thickne~s :i.n Feet 
Of To Base of 
Unit Formation 

1.2 1.2 

9.2 

0. 7 7.9 

l~ . 5 7.2 

o.6 2.7 

1. 5 2.1 

0. 5 0. 5 

chert, massive , hard •.• , •••••••••••••••••••••• 14.0 

Boone formation: 
11Keokuk 11 : 

Limest one , gray, coarsely crystalline; crinoidal, 
medium irregular bedded~ ••·••··•••••••··••·• •• 1.0 7 . 0 

Chert,, white (if unweathered) , massive, hard, 
f r actured and jointed, yellowish, reddish to 
brownish on \'reather~d surface, ba se unexposed 
at wa.t(3r level ............ ,, ........ ¥............ 6.0 6. 0 
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SECTION A'I' NORTHEAST SIDI~ OF' BENG CREEK BRIDGE 

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

Forraational Description 
Thickness in Feet 
Of To Base of 
Unit Formation 

"Hindsville 11
: 

Lime stone., gray, c orasely crystalline, contains 
angular fragments of varicolored chert, ~.1as
sive, hard, slightly yellow stained, oolitic., 
highly fossi liferous .••••.••••••••• •........... 0.7 8.9 

Lime atone, light gr ay, sem:i.-crystalline, mas
sive (plc:i.t y where ,,,oa.t ht;red) , silty, medium 
ha.rd, specks of :i.ron sta.ining where slightly 
weathered ••.• .. ..... _, ............. , •. , ............. 4 . 8 8 •. 2 

Limestone, gr ay, coarsely crystalline, contains 
r.1-r1gul a.r f'r~ •. gmeut.A of r.hert, massive, hard, 
speeks of iron staining. • • • . . . • • • . • . . • • • • • • • • • • 0. 6 

Limestone, ere:y , f:lnely crystalli ne , massive t,o 
thin irregtLlnr bedded, slightly iron-stained. .. 1.3 

Limestone, whitlsh- e;ray, very finely crystalli..ne 
to dense, irreg, 111,r bedded, soft, contaJns 
U.ght whitish-yellow iron stains near weathered 

3.0 

surface . ~ , ................. ~ .... a .. • • • • • • • • • • • • • 1 . 2 1. 7 
Limestone., gray, coarsely cryst.alline, contains 

angult~r fragments of varicolored chert, ili,a.s-
si ve, hard,, fosstliferous nnd crinoidal ......... 0.5 0.5 

Base of exposure at w-ater level 

' . 



48 

TABLE IX 

FAUNUIES OF THE 11HINDSVIL1.Ell 

Fenestella s erratula. 

Buxtom:a multiliratus (Girty) 
Carnarotoechia I?Urduei var. inflata Girty 
Dictyoclostus cra~ifordvillensis (Weller) 
Dielasma arkansanum Weller 
Echinoconchus sp. 
Eumetria vemeuiliana. (Hall) 
Orthotetes kaskaskiensis McChesney 
Orthotetes sp. 
O:rthotetes sp • .££:. subglobosus Girty 
'.Rhn;chopora sp. 
Spirifer arkansanus Girty 
~Eirtfer bifurcatus Hall 
Szringothyris te.xtus (Hall) 
Tetracamera sp • .£!:.. !.:,. cuneata (Hall) 

Av:iculopecten sp. £1.:. fu... batesvillensis (Girty) 
Caneyella sp. 

Griffithides sp. tl.!_ Q.:._ pustulosus Snider 

1 2 

X -

- X 

X -

- ·- X -

X - - -

- X 

X X - -
- X 

.x - - ... 
X - - -

X -

- - X -

X X - -

X - - -

- - - X 

X -
- X .. .. 

X - X -

L South creek bank, west side sec. 10, T. 22 N., R. 20 E . 
2. North road, sec. 5, T. 22 N., R. 21 E. 
3. At culvert, SW corner sec. 33, T. 22 N., R. 20 E. 
4. ·~;est side of Strang river bridge, NW corner sec. 10, T. 22 N., R. 

20 z .. 
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TABLB X 

SECTION AT NOB.'l'H BOUNDARY , NEST SIDE GRAND RIVER 

Northea,st corner of secti on lJ., T. 22 N. , R. 20 E . 

Fonnat lonal Description 

"Batesville 11 : 

Siltstone , brownish- yellow, very fine grain, 
silt and :i.ron o:id.de, :nassJve J soft, light 
weight 11 cotton rock 11 or punkst,one ••••••••••••• 

L:L'"llest.one, gr .s.y, dense t. o medium crystal.line, 
silty, platy; slc'lbby to massivt~, cross- bedded. 

nHindsvil e 11 : 

Lim<ost one, gr c1y., co~\rsely crysta]J.ine, contains 
brown ang,1l a r chert fragments, sandy, nassi ve, 
h ... :.·d, c ro s ::;-bi:dd,Nt > :10n .. e f o s s5 ls , •... .•••• •••• 

L.ilnes'..:,c:)e, l ic;ht c;ray, fine grain, s:i.lty, t inly 
pli:::.ted t,,:) u~af:Ai ve , cros s- b;=idded •••••• ••• • , •••• 

Limestone, gray, coars(i gr am , conta ins brown 
angule.r chert f.r .~1grr..,,ents, Int.'-lss:i..ve, hR.rd, fos-
silifEJrous . ................................... . 

Limestone , gr ay, den,:.,e to finely crystalline., 
coarr; .ly cryi-1tal1J.ne 6 inches from t op with 
tiny brown chert fr<iigments , massive, ha.rd ••••• 

LiJn.esto.ne , r ay, coarsely cryGtalline , slj_ghtly 
iron stained, massi vo, hard., f ossili.f '3rous •••• 

' foorefield 11 : 

Limestone, gr ay, medium crJrstalline, slightly 
silty, massive, hard, cross-bedded ••••••• , •••• 

Limestone , gray, dense to medium crystalline., 
silty, massive, hard, chara~terized by dark 
st:i:ea.ks, few orinoid stems, scattered da.rk 
fragoents, and cross-bedded in pl aces •• \•••·•• 

Limestone, light gr ay, fine, medium to coarsely 
crystall5.ne, abundant reddish-brown angular 
chert fragm.ents, .r;1assive, hard., sli ghtly 
crinoidaJ. and fossil ferous ••••••••••••••••••• 

Limestone, light bluish- gray, dense t o finely 
cr;rstalline, massive, hard, scattered reddish
brown angular chert fragment s and Dictyoclo~-
~ crawfordvillensis •••••••.•.•.•.•.•...•...• 

'rh.i..ckness in F'eet 
Of 'l'o Dase of 
rnit Formation 

1.1 11.a 

7 .1 10.7 

0.9 3. 6 

1.8 2.7 

0 .9 0.9 

11.0 

0 .9 6.1 

1.2 5.2 
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Limestone, light. gray, dens~•, zr,edium, lenti cular 
bedded, pinches out on knob zone of Dictyo ... 
clostus crawfordvillensis a t base o-n flank of 
~~ ---------ar-ch", ........ ...... ~ ...................... -4' ••••••••• 

Boone formation, 
n'Keokuk 11 member: 

Chert, white~ massive; highly fractured and 
jointed, d.9.rk brown on -w:eat hered surface~ ••••• 

Interbedded cher t and limestone; chert, white 
massi .ve , irregular bedded; limestone, bluish
gray, dense , irreg1lar bedded, unexposed below 
water, ... ...... . , .............................. . 

.o 
to 
4.0 

3.0 

4,0 

4,.0 
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11 Batesvillen Forrri.ation 

Histog of Nomencla.ture.--Bra.nt 57 correlated the sequence of 

silty limestones of Mayes County, which he termed the 11 Batesville 11 for

m£J.tion, with the Batesville sandstone of Arkansas. The term. Ba.tes·v'"llle 

was first applied by Branner and Simonds58 for exposures :in Washington 

C01mty, Arkansas. These beds are now knm'l!n to be the Wedington sandstone 

member of the Fayettev:i.lle formatlon. Penrose59 applied the term Bates

ville to sandstones between the Moorefield and Fayetteville for:m.a.tions 

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

Distributio:n.-The nBatesville" formation is more extensive 

than. the 11 Hindsville 11 chiefly because it is higher in the secti on and has 

a greater a.real expanse between t he 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 Grand River. A hill capped with 

11 Batesvilleif in sectlon 11, T. 22 N., R. 20 ·1~ . and a creek cut in section 

.3 of the same to\il.nship form the only exposures east of the river. South

east of the Seneca fault zone several square miles of the fonnation occupy 

the flat lands between the Boone knobs. Host of the creeks to the north 

of the .fault near the rive r are floored with "Batesville". 'f wo domal 

57R. A. Brant, OE· cit., 19LiJ., PP• 1, 26-30, 

58.,,, 
1'. w. Si monds, op. cit., P• 13. 

59a. A. F. Penrose, Jr.' 02. cit., P• 113. 



52 

structures in section 10, '1'. 22 N., R. 20 E . show siltstone arching up 

through "Grand River14 limestone. In most cases the t1Batesville 11 is ab

sent over the knobs due to non-deposition. 

· Character and Thickness.--The maximum thickness of the 0 Bates

ville II is about lL~ feet. It thins to zero around the edges of the Boone 

chert knobs. Characteristically, it is a gray silty limestone that wea

thers brown to form a light ... waight 11pankstone 11 which makes it easily re

cognizable :i.n the field. The deptb of weathering varies from a few 

j_nches to over a foot and is more intense in creek bottoms or wherever 

exposed to solution activity. ·rhe formation exhibits a peculiar type of 

parallel jointing over flatly exposed surfaces. !Jea.r the base it breaks 

into slabby layers which renders it good as a building or siding stone for 

houses. Cross-bedding occurs almost throughout the fonnation. Tov.-ard 

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

diately below the 11 G-rand Ri ver 11 contact. 

Strat:i,gra.phic Relations.--The nBatesvilleH silty beds overlie 

the "H::l.ndsvilleu forillation conformably . An unconformable relationship 

exists at the base only when the siltstones lap onto Boone knobs. In a 

few cases the "Batesvillen seas deposited the formation over the smaller 

chert domes. An u.."lconformity separates the 11Batesville 11 from the over

lying "Grand River11 limestone. 

Paleontolog,v.-The 11 Batesville 11 contains few fossils in this 

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

served l argely as internal molds and casts. 
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'fABLE XI 

PAUNULJ~S OF THE "BA'l'ESVILLE11 FORMATION 

Buxtonta multiliratus (Girty) 
Camarotoechla purduei var. agrestis Girty 

S:ehen~ sp. .£!.:_ ~ vulga.ris Girty 

1 

X 

..... 

l. In \-Jolf Creek, north central part, sec. 31, •r. 22 N. , R. 20 E . 

2. NE comer see. 4, west side Grand River, T. 22 N., R. 20 E. 

2 

X 

X 

Age and Correlation.--Brant 60 correlated the ''Batesville fl for

mation with the Batesville of Arkansas and the St. Louis limestone of 

middle :01eramecian age. Recent work 1n these areas to the south tends to 

place the "Batesville" as the equivalent of the Huddell of Arkansas which 

61 
Gordon has tentatively classed a.s St. Genevieve in age . 

!'Grand River" Forrr..a.tion 

Histocy of Nomenclature.-The term was applied by Brant in 

62 
1941 for the limestone beds lying below the Fayetteville formation and 

above the 11 Batesville 11 calcareous siltstone in Mayes County. Inasmuch as 

the term Grand River is also applied to beds of ? ennsylvanian age in 

Michigan it is herein placed in quotation marks. 

~- A. Brant, o:e. ei t., 1946, p. 12. 

61n. Gordon, Jr • ., o;e. cit., P• 1626. 

62r, 
( ~ . A. Brant, OE• eit., 1941, PP• 1, .31- J6. 
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Distributi<:m.--The 11 Grand fdvern formation crops out in a 

s outhwe~t-northeast direction extending across the area from the south

west corner to the west side of Grand River in the north-central part of 

the area. The belt varies in width from one-half to over two rrd.les. The 

formation i.s present in the Seneca gr aben 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 Greenbriar school and the other at the southern boun

dary just below the fault. In several localities the formation may be 

seen dipping a.way from Keokuk knobs. 

Character and Thickness.-The 0 G-rand River" is a gray, coarsely 

crystalline limestone which grades upward into yellow weatheri ng calca

reous shale. The top of the formation is 1~1rked by a massive bed of 

gray, sublithographic limestone which resembles ]j,.n1estones 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 crinoidal and fossiliferous and is characterized by an 

Agassizocrinus zone which serves as a useful field marker. The formation 

contains scattered oolitic beds, a conglomeratic 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 Moorefield. The 

total thickness in this area at the only locality 1,vhere a com;ilete sec

tion could be measured is 13.7 feet. A deta.i.led section is included in 

Table XII~ 
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TABLE XII 

SECTION I N NORTH ROAD CUT ON SLOPE EXT~NDING EAST TO l'JEST 

Southwest corner section 16, T. 22 N,, R. 20 J.:: . 

Format.:i.onal Description 

11 G:rand Ri ver 11 : 

Limestone , gray, sub-lithographic with tiny cal
cite crystals, massive, hard, weat hers whit
ish-yellow, highly v· ria.ble in t,hickness 
throughout area .••••••••••••••••.•••••••..••. , 

Shale, buff yellow, calcareous, soft, thin
bedded (matnly covered by wash in road cut) ••• 

Limestone , gr ay, d ense coarsely to finely cry
stalline., 111a.ssive, hard , fossiliferous.• ..•••• 

Limestone , gr ay, fi.Y-J.ely t o sem:i.crystalJ.ine, mas

sive, ~~11-cemente~ conglomerate with dense 
g:ray pebbles .. ,. •..•..••.....• I'll ••• , ••• • • ., ••••••• 

Limestone, dense , finely to coarsely crystalline 
in center , sandy, massive, hard, highly cross
bedded, contains strea<s o.f asphalt ••••••••••• 

Limestone, gr ay, coarsely crystalline, massive , 
har d , zone of tp'iassizccrinus conicus, small 
br achiopods and. crinoid stem.s abundant ........ . 

Shale , buff yellow, thin bedded, calcareous, 
so ft . ' . ' .....•.. ♦. . . ..................... ' •••••. ••••• 

Limestone, gray, coarsely crystalline, inassi ve, 
hard, f'ossilii'er ou ·, crinoid stems •••••••••••• 

Thiclmess in Feet 
Of To Base of 
Unit Formation 

0. 5 13.7 

4.0 13 .2 

1.2 9.0 

1 .. 5 7.8 

2.6 6.3 

1.9 3.7 

1.3 1.8 

0.5 0.5 
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Stratigraphic Relatj..ons.--The narand River 11 overlies the 

1tBa.tesvillell with apparent unconformity. This ls also true of the forma

tion a.s it onlaps the Keokuk knobs. It underlies the Ft:1yetteville for

;m.a.tion confor.mably. 

Paleontologz.-The basal beds in the "Grand River11 are the most 

fossiliferous, but few collect:tng localities are available in the area. 

'rhe :roost common f orm.s a.re D,iaphraeryrrus e].egans and Agassizocrlnus conicus; 

both located near the base of the formation. These fossils offered par

ticularly good markers for field mapping. The fa.unule s as collected from. 

the 11Grand River" are listed in Table XIII, 

TABLE XIII 

FAUNULES OF 'rf-lE "GRAJ.'J'D RIVER11 

l 

Triplophyllum spinulosum (Edwards and Haime) 

~omposita subquadrate (Hall) X 

Diaphragp1'1.!! elegans ~Nort"1'ood and P:ra.tten) X 

Dictyoclostus inflatus HcChesney X 

;Dielasma arkansanum ~feller X 

Eumetria vemeuilia.na. (Hall) X 

Lino~roductus ovatus (Hall) X 

Spirifer increbescens Hall 
Spirifer leigx,i Norwood and Pratten 

A~assizocrinus conicus Owen and Shu.ma.rd X 

1. At hill on west side Strang River bridge, NW corner of sec. 10, 

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

2 

X 

X 

-
X 

X 

X 

X 

A~e and Correlation.-Brant63 classified the 11Grand River" as 

63 6 R. A. Brant, op. cit., 194, p. 14. 
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St. Louis and St. Genevieve in a.ge on the basis of m.icro,..fauna. Ho-wever, 

such genera. as At5:a.ssizocrinus and Diaphr-4&-mu s indicate that it is of 

Chester age and a correlative of the Hindsville of Arkansas. 

Fayetteville Formation 

History of Nomenclature.--Simonds 
64 

na.vned the F'ayetteville 

shale in 1891 for exposures in Fayetteville Valley, Arkansas. 

Distribution.-The Fayetteville format.ion occupies a prominent 

belt across the northwest pa.rt of the area . The outcrop has a. maximum 

width of approximately three miles just below the north boundary. 1'he 

belt of outcrop narrows toward the southwest to approximately three-fourths 

of a mile. An anticline brings block-y limeston0 to the surface at the 

north boundary, section 2, T. 22 N. , R. 19 E. Good exposures of the 

Fayetteville were mapped on each end of the broadened part of the Seneca 

gr aben 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 .--'l'he Fayetteville formation varies 

from about 16 to 44 feet in thickness, attaining its ma.xi.mum near the 

north boundary and its minimum near the southwest comer. 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 

64F. W. Simonds, op. cit. , pp. 42-48. 



58 

constitute the upper and major portion of the section. The limestone wea

thers into sub-cuboida.l blocks, and on a fresh break the color changes 

inward fi"om light grayish-green to a dull black. 'I'hese limestones are 

typically sublithographic i.11 texture to the south, and thin and disappear 

to the north. Near the northern boundar-,'.l fissile grayish-green shale 

and beds of dark gr ay, 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 jn the Seneca graben 18 feet of black shale is exposed. b,_ measured 

section is included in Table XJ.V. Evidence of black shale is seen in the 

p ond excavation near the north line of section 1, T ~ 22 N., R. 19 E., · 

just below the upper contact. 

Stratigraphic Relations.-1'he F'ayetteville overlies t he "Grand 

River" conformably., app{1.rently gr ading into it without too much change 

in lithology. It is overla1.n unconformably by the Hale sandstone in. t.he 

Seneca. Fa.ult region and by the younger Pennsyl va.."1.ia.n beds in the western 

part of the area. At a collapse-structure in section 8, T. 22 N., R. 

20 E., Hale limestone rests on Fayetteville. 

Paleontologx.--'l'he upper shaly portion of the Fayetteville 

yielded no fossils. 'fo the south the limestone beds and shale partings 

were highly fossiliferous while to the north the only fossils were col

lected from the limestones. D~ctyoclostus inUatus proved most abundant, 

Table XVI lists the faunules collected in this area. 

Age and Correlation.-The Fayetteville is Mississippian , 
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'l'ABIE XIV 

SBCTION EXTENDING UP NORTH TIO.AD CtrT TO TOP OF BU1'TE 

S'w corner section 5 ~nd SE corner section 6, T. 22 N., R. 20 E. 

Formational Description 

toka.: 

Thickness in Feet 
Of To Base of 
Un;it Formation 

Siltstone, gray, very fine gr ain, siliceous cherty, 
massive, hard., spicular, weathers red and blocky 0 . 4 

Fayetteville: 
Limestone, dark gray, dense to fine.Jy crystalli.ne, 

very hard, layer acts as cap rock in pl a.ces , 
w..any Archimedes sp. and very fossiliferous •••••• 

Shale , light greenish- gr ay, calcareous, fissile, 
~oft, some stringers of finely crystalline gray 
limestone •.• , ..•. , .............. o. •••••••••••••••• 

Limestone, dark gr ay, mainly fine but also dense 
to coarsely cryst.::illine, medi 1m bedded, hcl.r.d, 

very f ossiliferous , -weathers yellowish •••••••••• 
Shale , light greeni.sh- gray) calcareous, fissile, 

soft, thin limestone l ayer at top ••••••••••••••• 
L:i.meetone, dark 5ra.y, sublithographic to finely 

crystalline, thin bed, hard, -w,~athers light 
yello1rl sh-green .•..••.... ~ * •••••• , • , .. ... .. ....... .. 

Shale, light greenish- gray, calcareous, fissile, 
soft, weat hers light gray •••••••.••••••••••••••• 

Limestone , dark gray, dense t,o coari:iely crystal

line, massive , hard , very fossiliferous, wea-
thers buff- yellow, z,one of Dictyoclostus infla-

~· • • · • • ~ • · · • · · • · • • • ·• • · • · • · • · · · · · · • · · · ~ · • • • · · • • 
Shalf3, 11.ght greenish gray, calcareous, fissile, 

so ft. • ■ - ♦ • * • • ·• • t • f O ■ • • 0 • 0 • e ■ e t • 6 • ♦ ♦ ••. 0 • Iii • ♦ • • , • O _, 

Limestone, dark gray, dense, medium bed, hard, 
weath r s buff. yellow, very fossiliferous; 
zone of Dictxoelost1J,.:3 inflatus ••••••••••••••••• , 

Shale, light gt-eenish-gray , calcareous, fissile, 

so~fi . . , ......... • • • • • • • • • • • • • • , • • · • • · • • .. • • • .. · • • • • 
Limestone , dark gr ay, sublithographic, medium 

bedded, hard, weat hers yellowish •••••.•••••••••• 
Shale, light greenish- gr ay, calcareous, fissiJ.e, 

soft, weathers yellowish •••••••.•...••...•.••••• 

Limestone, dark gr ay, dense to finel.y crystalline, 
medium bed , hard , fossils m...~inly small •••••••••• 

Shale, greenish-gr ay, calcareous , fissile, soft, 
ba.s· 1 three qll ':i.rters of zone covared but be
lieved to be same as shown 1 mile to north ••..•• 

o. 5 44.0 

5.3 43.5 

0.4 38. 2 

2 .2 37 .8 

0.1 35.6 

2.1 35.5 

0.7 33.4 

3.0 32.7 

Q.4, 29.7 

6.o 29.3 

0 .3 23.3 

12.0 23.0 

0.4 11.0 

10~6 10.6 
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TABLE XJT 

SECTIO~J EXTlINDI NG UP SLOPE L"l NORTH . . OAD GUT 

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

Formatj_ona.1 Description 

Fayettevillei 
Limestone, dark gray , sublithograph.tc, massive, 

hard, weathers into subcuboidal blocks and 
white on surface, on f resh break fractures 
AJ.most conchoidal , layers separated by 2 or 
3 :inch dark yellowish-gray shale parting con-

'fhickness in Feet 
Of To Base of 
Unit Formation 

taining abundant lli.ety:oclost1J,13_ in.flatu..2,•........ 12 .4 15. 9 
Shale, dark yellowish-gray, thin bedded, calca

reous, contains a few iir~ringers of subli tho
gr;zi.?hi C limestone near top, shale covered a.t 
base. • . . . • . . . . . . . . . . . . . . . • • • . . . . . . • . . . . . . .. . • • • . •. 3. 5 3 . 5 
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TABLE XVI 

F AUNULES OF THE F AYE'l'TEVILLE 

Pleurodictyg.nt sp. 
T~iplophyllw11. spln1.1losum (I~dwards and HaiHle) 

Crinoid calyxes 
Prentrem.1.tes sp. 

Arcbimedes compa.ct11,s Ulrich 
Archimedes sp. 
Archimedes svra.J.lcv mu.s Hall 
Batost<:>11J,el,.la sp. 
Fenestr ,llina sp . 

Athyri~ cestriensis Snider 
Bracp.ythyris ozarkensis Snider 
Ca;rnarotoechia m;rdg,ei Girty 
Camarotoechia purdu~i var. ~grestis Girty 
Camarotoechia purduei v-ar. ~ Girty 
Chonetes chesterensis .valler 
Cliothn:idlp.~ !JJ.b~llosa (Hall) 
Oomposita subguadrat ~Hall) 
Dietyo,clostus in:flatus McChesney 
Hustedia multicosta.ta Girty 
Leiorh;yp.chus y~r,boniferum. Girty 
¾incproduc_~~ ,QYatu2_ t Ha~l) 
Punctos2irifer trans rers'i 
Retioulariina sninosa rNorwood and Pratten) .. ~.., . ' .._,....,. 

SEirifer increbescena Hall 
Spirifer l~ig.y1 Hall 

?aladjn mucrona tus Girty 

1 2 4_ 

- X - -
X -

- X 

... - - X 

- X 

- X - X 
.. X ._ -

X - X -
X X - -

- - X -- X ... -
X ... 

X - - -
X - - ... 
- X - -- X - -
X X X -
X X X X 
.. X ,. .. 

• X ~ -

- X .... -

X - X - 1 

X X X -

- X - .,,. 

- X 

- X .., -

1. North side of ditch, SE corner sec. 33, T. 22 N., R, 19 E. 

2. At me ."t a.t bend in road, south line sec. 6, T. 22 N,, R. 20 E . 

3. In ditch, SE corner sec. 13, T. 22 N., R. 20 E •. 

~- • Seneca fault, SW corner sec. 20, T. 22 N., R. 20 E. 
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middle Chester in age and may be correlated 1,dth the upper Caney shale 

of the Arbuckle section .. 

Pennsylvanian System 

Hale Formation 

Histon; of Nomenclature.-The Morrow series was described in 

1$91 by F. W. Simonds
66 and named in 1904 by G. I. Adams and E. O. 

67 I 

Ulrich from exposures near Morrow, lashington County, .Arkansas. The 

sequence of rocks was subd.ivlded :in 1907 by Purdue who named the lower 
68 

sandstone the Hale and the upper thin limestone the Bloyd.. In the 

Tahlequah area of eastern Oklahoma Taff, 69 in 190 5, considered the 

Morrow as a single formation divided into 3 lithic units. Carl A. 

Moore
70 (1947) subdivided the Morrow of Oklahoma into the Hale and 

Bloyd formations corresponding to the units of the Arkansas section. 

Distribution.-'Phe Ha.le formation is limited in distribution. 

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

65c. N. Gould, op. cit., P• 6o. 

66F. W, Simonds, op, cit., pp. 1-154. 

67 G. I. Adams, A.H. Purdue, and E, O. Ulrich, op. cit., 1904, 

P?• .28, 109-113. 
68A. H. Purdue, 11Description of the Winslow adrangle," U.S. 

Geol. Surv., Winslow Folio, No. 154, 1907, p. 3. 

69J. A. Taff, op. cit., 1905, P• 5. 

70carl A. Moore, op- cit., PP• 24, 38. 
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central part of the area form practically all of its outcrop. Three 

rubble mounds in the southwest quarter of section J6, T • .22 }1 ., R. 19 E, .. 

are believed to be capped by Hale sandstone. The f aunules collected 

from the collapse (Plate VII, Figure 1) structure indicate a sm.a.11 ring 

of Hale limestone at the south line of section 8, 1' . 22 N., .a. 20 E. 

Character and Thickness .--'rhe Hale formation is composed of 

lower bright red sandstone and upper gr ay lime stones. The sandstone 

contajne abundant fossils of marine origin wh.tch are left as internal 

molds and casts where percolating solutions have dissolved them leaving 

:pitted and fluted appearance throughout the unit. It is typlcally limo

nitic and iron-stained and varies in texture f:r-o.m fine to coarse grain. 

At the Fayetteville contact the beds are maesive and concretionary. 

Overlying sandstone units are irregular and show cross-lam:i.na.tion. The 

upper limestones consist of two massive beds of almost equal 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 limeetones grade laterally into coarse, mas

sive sandstone 'Within the space of a. few yards. 

The maxinn.un thic!mess 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 thiclmess is quite variabl e with 39 feet representing a near 

maximum. 

Subdivisions.-The Hale format ion vtlthin the Seneca fault zone 

is distinctly- divisible into a lower sandstone un:1.t and an upper 
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limestone. The sandstone constitutes the greatest portion of the forma~ 

tion with a thickness o.f 31 feet. The two lim.estone layers measure a 

little over S feet. 

Stratigraphic Relations.--The Hale formation rests unconfor:m-

ably on the F'a.yetteville limestone and 5hal.e. This relationship is 

illustrated by the absence of the up;>ermost Fayetteville black shale in 

many places and by COlnplete absence of the Pitkin limestone which disap

pears northward along the southern Mayes County line. In the western 

p<'\rt of the area. the Atoka(?) sandstone rests directly on the Fayette

ville limestone. Elsewhere the Hale is overlain u.nconformably by Atoka 

and younger Pennsylvanian. Th$ upper Morrow, Bloyd formation is not 

present in this area. 

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

siliferous. The multiple coral, Ple:urodict;y-gm exilimura, is co:rn.mon with.

in the limestone. Poorly preserved S£irifer sp- occur in abundance with-

in the sandstone as internal and external molds and casts. '!able XVIII 

lists the Hale faunules as collected in this area. 

Age and Correlation.--The Hale formation marks the base of the 
I 

.Morrow series end Pennsylv·mian beds 0£ northeastern Oklahoma. It cor

relates with the Hale of Arkansas, the Union Valley71 of the Ada area, 

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

71Robert Roth, "A Comparative Fa.una.l Cha.rt of the Mississippian 

Fauna of the · Pennsylvanian Union Valley Form..-:3,tions of Oklahoma and Arkan ... 

sas," Okla. Geol. Surv., Circular 18, February, 1929, p. 13. 

72c. i . Tomlinson.,. "Regional Stratigra hy of Mid-Continent., u 

Amer. Assoc, ?etrol. Geol. Bull,, Vol. 25, January, 1941, P• 1629, 
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TABLE XVII 

SECTION IN SOUTH ROAD CUT, WEST FLANK SENB;CA FAULT ZONE 

Northt•.rest corner of section 21, 1'. 22 N. , R. 20 E. 

Thickness in Feet 
Formational Description Of To Base of 

Unit Formation 

Atoka and younger Pennsylvanian : 
Sandstone , red to reddish brom, medium to eoar$e 

grain, iron-stained, medium to massive , irre-

gular bedded, hard to friable ...................... unmea.-
sured 

Siltstone, gray, fine gr ain, medium bedded, very 
ha.rel., red and iron-sta.:ined on weathered surface, 

contains some light gra;y chert •••••• , ••••••••••••• 0.4 
to 

Hale: 
Limestone, gray., coarse grain, very mas ive, hard, 

sandy, cross-bedded, has peculiar feature of 
changing lateraJ.ly to s andstane :in just a few 

yards., very fossiliferous., zone of Delocrinus and 

0.5 

unmea
sured 

0.4 
to 
0.5 

Pleurodietyµrn ..................... , ...... ..•..• ....... 8.2 39.2 

Sandstone, red, medium to coarse grain , pity and 
fluted, loosely cemented, sub-angular, friable, 
fossils common as molds and casts, many bra.chs 

and Sp~rifers~ •••••··•••••·-·•·•~••'••••••••·•••••29.0 31.0 

Sandstone, red, medium grain, friable, loosely 
cemented, non-fossiliferous .......................... 1,1 2.0 

Sandstone , yellm-dsh-red, fine grain, limonitic, 

pity and fluted, highly we9.thered, fossils common 
as r.:1.olds and casts ••••••••••••••••••••••••••••• , •• 0 -•. 9 0.9 

Fayetteville: 
Shale , black, platy, greenish at contact, base 1m-

exposed ..•.. .•. -. ......... ,. ••• , ...................... • 1.8 .. 0 18 .O 
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TABLE XVIII 

FAUNUL.ES OF THE HALE FORJ.14.ATION 

.Amplexus corruga.t•*~ Mather 
Pleurodict:vum erllimu.ra. (Mather) 

Crinoid stems 
Delocrinus sp. £!:,_ !2.:_ Eentanodus Mather 
Eupach:ycrinus sp. £&_ J.h_ mag:ls~cr N:lller and Gurley 

Fenes-tella morro'\»rensis Hat.her 
Pol;ypora sp. 
~ol~reora, triseriata Mather 

Chonetes choteauenais (:Mat her) 
Chonetes laevts Keye$ 
Composita ova.ta father 
Composita ozarkana Mather 
Composita wasatobensis White 
Dictyoclostus fayettevillensis Mather 
Dictioc1 ostus morrowensis Mather 
Dictyoclostus sp. 
Dielasma arka.nsanum Well r 
Hustedia miseri Mather 
Linopr~ductus sp. 
Orthotetes robusta (Hall) 
Spirifer rock:yrnonti:mum. Marcou 
Sp;i,rifer sp. 

MY:a.lina sp. 

Paladin morrm-rensis (Mather) 

1. Seneca Fault, center sec. 20, T. 22 N., R. 20 E . 

l 2 

- - - X 
- X 

X X X X 
.,. .- X .. 

- .... """" X 

- - X -
X - ..... .,.. 

- - X -

_, - X .. 

X - ..,. -

... X 

- X 

X - X -
X ... X -

X - - -
- X 

- X X -
X - X -
- ... X ... 

X X X .,.. 

X .. ..., .. 

X ,.. - ""I 

X - - -i 

2. On west flank of Seneca =au1t, NW corner sec. 21 and south side 

sec. 16, T. 22 N., R. 20 E. 
3~ Collapsed str ucture , south line, sec. 8, T. 22 N., R. 20 E . 

4, Seneca Fault, SW corner sec. 20, T. 22 N., R. 20 E. 
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Undifferentiated Atoka. and Younger 

South of the Ar·kansas River in the Mnskogee-Porum District -snd 

on the Ozark uplift , the Morrow is overlain unconfor.mably by great thick

nesses of Atoka fonnation which comprises several important sandstone and 

shale members .73 The Atoka is succeeded .y the Hartshorne-McAlester se

quence . These units converge northward and the McAlester overlaps vari

ous units of the Atoka. fotmation . 

North of the Arkansas River corresponding units have been in

cluded in the Cherokee shale. The Little Ca.bin, mapped by Renfro74, 

across the western part of' t he Strang area is believed to correspond to 

the Warner sandstone in areas to t he south , · Li thologi.cally, some of 

these beds in the Strang area resemble the sandstones in the Atoka. 

Subdivision and correlation of t he Pennsylvanian units above 

the Ha.le S.n this area is beyond the scope of this report, a.nd hence, the 

units are mapped a s Atoka at'1d younger. 

Atoka and younger units occupy practically the entire north

western corner of the area.. A strip of t he units over one-half mile 

wide and over two miles long lies in the basal portion of the Seneca 

fa.ult zone. 'rhe tongue-like project,ion in section 7, T. 22 N., R. 20 E. 

is capped by a hard layer of post,-Morrow rock. other patches of the units 

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

73c. It] . Jilson and iJ. D~ Newe ll, ua,2:ology of the Muskogee-? ortU'll 

District, Muskogee and ~Icint.osh Counties , Oklahoma,n Okla. Geol. Surv. 

Bull . 579 19.37 • 

74tt.. B. Renfro , 11Geologic Map of the Vinita- Wagoner District, 

Northeast Oklahoma,,n Unpublished Doctor 1 s Thesis, h sconsin University, 

1947. 
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high angle in the center of a coll .:.pse-structure in section 8, T. 22 N., 

The four to six--inch cap- rock bed in section 7, T. 22 N., R. 

20 E, is a gr" y siliceous siltotone, almost quartzit:i.c i..'1 places , and 

immediately overlies the upper Arehimedes zone of the Fayetteville . 'fy

pically, it weathers red and blocky and along a fresh break when mois

tened reveals tiny spicules under the hand lens . Light gray chert spots 

a.re common. In cap rock areas 1-t suppor•ts a gro,.4th of ragweed. In the 

sou-th road cut in the Seneca fault zone (northwest corner of section 21, 

T. 22 N., R. 20 E .. ) this bed overlies the Hale limestone. For the most, 

part the rest of the Atoka and younger units of this area consist of mas-

sive to medium irregularly bedded sandst0nes varying from coarse to med

ium. gra5n in texture and from red, reddish-brown, to buff in color. A 

blackish, iron-st .ined shale is found in one locality at the northwest 

corner of section 27, T. 22 N. , R. 19 E~ 

Pleistocene Terrace Gravels 

Terrace gravels composed of rounded and subrounded pieces of 

chert a:re widespread in the north-central part of the area. Several 

square miles of this sector lying just above the river alluvium may be 

designatod a<> 11 low terrace gr.,-..veli? . tr In the north part of section 3, T. 

22 N. , R. 20 E., a wa.ter well was drilled to a. depth of 23 feet 75 and 

75r1rank Ross , Personal Communication, Strang, 01-:1.aho ,a, July, 

1950. 



PLATE VI 

Figure 1.. LoH terrace gravel 
deposits on east side of Grand !. iver 
along north b oun a.ry, NW quarter of 
section 3, T. 22 N., R. 20 E, 
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terminated in gravels. Probably such deposits are t}L.cker near the river 

and thin to the ea.st to\0rard the Boone hills. 

Terrace gravels achieve spotty distribution at h.i.gh.er levels. 

Those occupying the highest divides in the Boone hllls to the east of 

Grand R.i. ver re.st directly on Keokuk and are from 100 t.o 300 feet higher 

than the 11low terrace gravels . 11 These :may be designated as 11 high terrace 

gravels 11 and are found as far removed as four miles to the east of the 

river. S:L'ldl~r deposits blanket the highest places i:mmediateJ.y adjacent 

to or near the ·west side of the river. Some of thes~ reach a thickness 

of from 10 to 12 feet and are r.1ai:nly intermediate in elevation with re

spect to the high and low terrace gravels 1rlthin tbis area.. 

J. '11 . Stovall and W. ll .. }~cAnulty-76 assign most of the high

level gravel deposits in Oklahoma. to the Pleistocene. 

Recent Alluvium De,.. osits 

Alluvial lll:lteria.l is located principally along the river .flood 

plain, Spavinaw Creek and some of its larger tributaries, and the lower 

part of Wolf Creek. Three former alluYia.l levels are exposed on the in

side of the large river meander in the central part of the area. Most of 

the alluvium consiots of a dark gray to blac:-ish residual soil. Deposits 

along Spavinaw Creek are mainly of ruixed gravel and dark soil although 

gravel predominates near or in the creek bottom The tributary deposits 

to the ea.st of the river contain alluvial fiats of dark soil nixed with 

angular talus material. 

76,J. w. Stov3,ll and l,J . 1 • McAnulty, "The Vertebrate Fauna and 

Geologic Age of the ;J.rinity River 'ferraces in Henderson County., •rexa.s,n 

Amer .. !id . Nat . , Vol.. 44 (1), 1950, pp. 211-..250. 
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Recent Eolian Deposits 
/ 

vi:i.nd blo1cm material covers a major' portion of t.he western one..,. 

third of the area. The thickness is G,'U.ite w-1.ria.ble; the i·.r.r:U~er believes 

the average is from 3 to l+ i'eet ,,:i·l,h the maximum. exceeding 10 feet in 

places. The do?osits &Z'e unsorted and without sien,s of layering~ Typi

cally, the material is bu.:ffish- gray to gray in color and c ontair,. s a thick 

cover:ing of grass, especially- over the Atoka formation. 



CHAPTER V 

STRUCTURE 

G~neral Reg,a..onal Picture 

Northeastern Oklahoma. lies on the sou.thwest flank of the Ozark 

uplift. The formations strike in an a.rcuate pattern and dip away from 

the central region around the dome. '11he 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 a.n 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 of the area locally effect the dip of the strata. Local 

folding is responsible for n1any irr>egularities along the formational con

tacts. 

Local Folding and Faulting 

The graben-like Seneca fault zone in the central township and 

in section 36, T. 22 N., R. 1.9 E . constitutes the only visible surface 

faulting in the area. Although Irelanct76 considers the fa.ult continuous 

,from near Spurgen, Missouri. to south o;f Pryor, Oklahoma, it is quite dis

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

76if. A. Ireland, op. cit., PP • 30-31. 
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µortheast of Grand River extending to the north township line in the area. 

The Seneca gre.ben passes northeastward into a broad syncline whose flanks 

are visible along the bluff' immediately southwest of the river in t.he 

southwest comer of section 11, 'f. 22 N., R. 20 E. Here the southeast 

iimb is cut by a small normal fault with a ten-inch displacement (Plate 4 . 

Figure 2). The Seneca. fault zone broadens to nea rly a. mile in ltddth in 

the center of T. 22 N., n~ 20 E. forming a. faulted synclinal structure. 

At the southwest corner of section 22, T f 22 N., R. 20 r~ ., t he southeast 

limb has a dip of about 25 degrees. 'l'he northwest limb at the northwest 

corner of section 21, T. 22 N., R. 20 ~ . has a dip of 10 to 15 degrees. 

In Wolf Creek in the northwest part of section 31, T. 22 N., R. 20 :r.t .. 

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., n. 19 E., the fa.ult 

position is covered by mantle rock, but rubble of Hale and Fayetteville 

in the southwest quarter of the section is indicative of further syncli

nal developn1ent. 

A fault offsetting Atoka units in the southwest corner of sec

tion 27, T. 22 M., R. 19 E. as mapped by Renfro77 is not verified by 

present field evidence, 

Along Spavinaw Creek r~t the eastern boundary, Cotter beds dip 

to the west away from the Spavinaw granite at the rate of 5 to 10 degreers . 

For more than four miles to the west of the eastern boundary, minor folding 

along the creek e.xposes Chattanooga and St . Joe units. Reeds Spring and 

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

77H~ B~ Renfro, op. cit. 
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of the creek, but the overall picture is generally anticlinal for the 

Spavinaw area with the a.xis of the gentle uplift extending along the 

creek in an east~west direction. Along the south line of sBction 10, 

T. 22 N., R. 20 E . monoclinal folding occurs in Reeds Spring and ttKeokuk" 

beds. Westerly dips from 8 to 12 degrees are recorded in the north road 

cut before the strata passes under the l ow terrace gravels. 

Throughout a larger portion of the central part of the area 

and adjacent to the Seneca faults, several Boone domes align themselves 

in a northeast-southwest direction. Most of the Hayes units thin as they 

onlap the domes with unconformable relationship. In many cases differ

ential compaction over the irregularities of the 11Keokuk11 surface effects 

the Mayes units giv:l.ng them a crinkled or jumbled appearance. Conditions 

of this nature prevail on the flanks of the knobs in section 9, •r . 22 N., 

R. 20 E . and at the south line in section 13., T. 22 rr ., R. 20 E . 

A collapse-structure (Plate VII, Figures l 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 a dolomitic plug. 

Local flattening of the dip in the northwestern pa.rt of the 

area where the thin, s:tllceous lt toka (?) caps t he Fayetteville mesa 

indicates gentle a.nticlinal 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 ?laces. 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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?LATE VII 

Figure 1. Solution cavity :in Hale limest one. 
Overlain by slumped Atoka sandstone, collapse
structure, south side of s ect·ion 8, tr . 22 N., R. 20 l~ • 

.n.gure 2. Atoka sandstone slumped into 
collapse-structure. South side of section B, T. 
22 N. , R. 20 E . 



Probable Age of Structures 

The Seneca faults and minor folding within the area probably 

formed i.n post-Atoka times. In the eastern sector rejuvenation of the 

Ozark uplift is indic.s.ted 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 the Spavinaw granite 

contemporaneously with the upper Arbuckle limestone of central Oklnhoma. 

No doubt the sandy phases within the Cotter indicate the land mass, 

Ozarkia, was high to the northeafJt. Further uplift continued in the 

Spavinaw area at the close of early Ordovician times and erosion progres

sed throughout the rema:i..'!'lder of the period. Near shore condition fl per

sisted to the south during middle and late Ordovician as the Burgen, 

'Tyner, Fite, Fernvale, and Sylvan formations were deposited. In north

eastern Okla.horn.a. the period closed with a general withdrawal of the seas. 

In the Spavinaw area the long period of erosion existed until 

the deposition of the Chattanooga black shale in late ) evonia.'1 time. 

?art.ial inundation of the land to the south occurred during the Niagaran, 

Ulsterian, and Bra.dfordian epochs, but each is separated by periods of 

erosion caused by repeated Oza:rkian uplifts. 'dldespread deposition of 

the black shale continued in the area and in most of Ol•·lahom.a and through

out much of tho eastern interior of the continent until the close of the 

Kinderhookian epoch in early Mississippian time. Follmid.ng the deposi

tion of the Chattanooga the seas withdrew giving rise to erosion~ 
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Osagean seas advanced over the area, depositing the St. Joe 

crinoidaJ. limestone. ~AJhether the seas retreated following tlle deposition 

of the formation is questionable. Pos5ible local emergence occurred be

fore the Reeds Sp::-ing was laid down. After the deposition of the Reeds 

Spring limestone a withdrawal of the sea. and er·osion followed, the hiatu~ 

being greater to the south and in the Missouri areas. Follol/1.ring the 

period of erosion, the seas covered vast areas depositiri.g the 11Keokukn 

limestone. Althoug..h. the vast quantities of chert in the Heeds Spring '.J.Ud 

Keokuk create an unsolved problem, they are com,idered to be of secon<laey 

Ol"igin within the area and are believed to have been induced by grour .. d 

·w·d.ters following the deposition o.f the limestones. Numerous crinoidal 

bioherms within the r1Keokuk11 in the are gave rise to highJ.y arched domes 

1-1hich stood a.s "islands" throughout ttie rest of the Hississip;,ian, A 

retreat of the sea• a.nd subsequent erosion closed the Osagean epoch. 

Heram.ecian nea.s advanced filling in low spaces between the 

Boone knobs with "Moorefield11 limestone. Changing sea level a.nd lowering 

of wave baee occurred during the deposition of the 11 Hindsville 11 chert 

conglomerates. The seas lapped higher onto the knobs and :in some eases 

completely across them by '!-!Batesville" time before they withdre•:.f a t the 

close of the Meramec1.:m epoch. An ensuing submergence deposited the 

ttGrand Rivert1 limestone a.."'ld Fa.yettErd.lle limestones and shales, seemingly 

without withdrm-rdl of the seas until the .clot.a of the !·' · ssissipp:a.."1 

,Pf.3riod., In many instances the HGrand River11 seas did not eo 1rcr the lar

ger 3oon~ knobs. The Pitkin limestone ~ia.s laid down to the sonth but 

the fori..nation thins and disappears before reaching this area. Renewed 
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uplift of Oza.rkia and a long period of erozion brought the Mississippian 

period to a close. 

Horrow seas advanced from. the south and southwest but failed 

to onlap much of the area in the direction of the Ozark uplift. The Bloyd 

is restr icted to areas to the sou·ch whereas the underlying Hale sandstone 

and limestone vrere deposited as far north as the Strane; area. The close 

of Horrowan tim0s saw s retreat of the seas fro:ri the general araa to the 

southwest ., and it is difficult to ascertain tbe ext,ent of the post- Hale 

erosion which wa.s no doubt :intense . Middle ?ennsylv:mian Atoka and 

Cherokee seas advanced acros;3 the area lapping onto the Ozax•k dome . 

Marine and shallow i,ro:te:r or swam.py conditions exist,ed during much of this 

deposition. 

Northeastern Oldaho:ma unJerwent diastrophi.c :movcmfmt in post

Atoka and pre- Savanna. ti:m.e as the se.us possibly -,,r.ithdrew for the last 

time in this area . Renewed upltft in the Pleistocene is marked by suc

cessive stages of terrace gravel deposition . 



CHAPTER VII 

ECONmuc GEOLOGY 

Econ.omic r esou rces of t he Str ang area are l'.Lruited to loc,,l 

usage. The chief products found in commr-n:·cial quant itie$ are build.."i.ng 

~,tone and gravel. Asphalt , lead and zinc ores, oil 'nd. g:1s and tripol:t 

are present in such small quant i ties they are impracticnl to mine or ::,ro ... 

duce . 

Asphalt 

Some prospecting for natural asphalt has been done in rocks of 

Mayes age. In the southwestern quarter of section 29, 'I'., 22 N., R. 20 E . 

several shallow test 1iells were drilled but w:Uh poor results. Asphalt 

in this area. seeJl'Js to be limited to very thin, black residual veins with ... 

in the nMoorefieldi1 and iiGrand Riveru formations. 

Buildin,&t Stone 

Th(, pecuJ iur property of ttie "Batesville" forrr1£1tion to break 

into thin slabby l ayers provides excollent siding material for houses. 

-'iany residences ·n the area nre constructed 1-d.th this type of J.iraestone . 

Cu.:-:rrier. yie ding the :-nutcrie.l arn J.oc;.,.ted 1n the southwest corner of 

sHction 3 and the we st s ide of sect-son 10, T. 22 r., E. 20 r: . The upper 

zone o.f the 111.foorefield11 has been quarried for the. s&11e purpose ln the 

southwest corn.er of section 11 of the same township. 
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Gravel 

Gravel is used l ocally for road :maint.~nance. Excellent pits 

are locat~,d in the southeast corner of sect,ion l1., the central part of sec

tion 10, anc.l on the wost side of section 12, T. 22 m., n. 20 E . The 

higher. terrace gravels tend to he better for cornr.aercial usage :i.n th.::i.t 

trey contain far less rlver aJ.lmt:i.u.m. 

Lead and Zine Ores 

Sphalerite and galena ores of the Boone chert as typically 

developed i n the •rri- Stat.e regiQn do not appear in this vicinity. 

Limestone 

In adjacent are;-:i.s the 'Grand River" limestone has prove use

ful as a crushed stone. However, the thin 1.evelopwent and onlapping 

nD,ture of the forr,,a-tion relative to Boone highs in the area gj_ves pre

ference to more complete sections located ,}.sewhere. 

Oil and Gas Possibilities 

The prospects for otl and gas a.re slight. The .formations crop 

out across the area perrr~tting the upturned edees to be ex-~osed at the 

surface. Any oil and gas within them would be allowed. to .escape unless 

confined to l ocal 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 otta.wa counties contain water and any oil 
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present has been flushed out. 78 Structure and ideal conditions prevail 

in ma.n,y places but water is always found in place cf oil. 

In the south part of section 10, T. 22 N., R. 20 E ,. _, a. ga.s 

seep occurs within the Boone chert. It was piped to a fa hou.se and 

served for cooking purposes for many years. No gas well has been found 

within the area containing sufficient quantities for commercial produc

tion. 

·rripoli 

Tripoli is a light weight porous roek originating from wea

thered chert and is usually confined to the upper surface of the 11Keokuk 11 

fon:nation. 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 

part of the area. Better deposits in other regions snpersede the extra.c .... 

tion of tripoli from this area. 

Water Resources 

'rhe eastern part of the area. is endowed with an unlimited 

supply of clear spring water draining from the "Boone hills. n The high 

rate of rainfall and r etarded run-off due to thick vegetation are attri

butes to continuous supply. 'fhe fractured nature of the Keokuk chert 

offers ideal condi tions for the domwa.rd movf"...ment of ground water. For 

the most part the springs seep from between the interbedded limestone 

and chert beds of the Reeds Spring formation. 

78H. A. Ireland, op. cit., P• 32. 
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East of the e a.st.em boundary, Spavinaw Creek has been dammed to 

furnish a. water supply for the City of Tulsa. Water from the Grand River 

is utilized by Pryor, Oklahorna and supplied the Choteau Ordinance :tlorks 

during 'tforld 1,Jar II. Hydro•e1ectric 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 floodplain adjacent to the river and Spavi~ 

naw Creek will be flooded permanently. 



CHAPTER VIII 

SUMMA.RY AND CONCLUSIONS 

The f ormations within this area. are ·all sedimentary, ranging 

from Ordovician to Pennsylvanian in age . Pre- Cambrian granite crops out 

in Spavinaw Cr eek immediately east of the eastern boundary . 

The Cotter dolomite of 0:rdmrician age is exposed only along the 

eastern boundary on the s outhwest side of ~3pavinaw Creek. Silurian unit s 

are absent. 'rhe Chattanooga black shale unconformably overlies the Cot

ter and is assigned t o the upper Devonian and principally the Kinder

hookian series of the lower Mississippian . The St , Joe, Reeds Sprj.ng, 

and Keokuk rn.enibers of the "Boone 11 comprise the Osagean ser ies. These 

have been mapped separately. Known unconformities exist at the bottom 

and top of each member except the queutionable one at the St . Joe-

Heeds Spring contact . 'rhe Jl.~era:mecian is :represented by essentially 

conformable rock units of the 11Hoorefield," "Hindsvllle," and 11Batesvillcn 

formations . The "Grand Hi ver" limestone overlies the HBa.tesville II and 

Keokuk lmobs unconformably and grades upward into the Fayetteville forma

tion . The "Grand River r1 and Fayetteville &re classed as Che ster in age 

a.nd form the youngest '. ssissipp:i.an rocks in this ar·ea . 

The Hale sandt,tone and limestone of lower· Penns;rl vanian age 

lie unconf'ormably on the Fayetteville. The formation con~'titutes the 
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basal portion of the Morrow group a.nd is practically restricted in areal 

distribution to the con.fines of the Seneca fault zone. 

The major structural feature of t hi .s area is t he Seneca graben 

-which trends in a northeast- southwest direction. Keoku._lc knobs notieeably 

aligned themselves wlth the f ault I s trace. 1'he dome-like structures are 

attributed ma.inly to crinoida.l bioherms within the Keokuk. trinor folding 

ca.uses some surface irregularities. 

The principal economic resources of this area are gr avel, 

building stone, and water. The future possibilities for oil and gas 

production in commercial quantities a.re negligible. 
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