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ABSTRACT 
The Mena and Board Camp quadrang les 

are in rhe Ou achirn folded belt in wesr­
cenrral Arkansas. Rocks ranging in age from 
Middle Ordovician to Middle Mississipp ian 
crop our in these two quadrangles and in ­
clude representatives of two distincr deposi­
tional environments. The Bigfo rk Chert, 
Polk Creek Shale, Missouri M ounrain Slate, 
and Arkansas Novacu lite were deposited 
duri ng ::t pl'riod of tectonic inactiv ity and 
are deficient in arenaceous elastic material. 
The bedded siliceous sed iments of this se­
quence are primary deposits, ar least partl y 
biochemical in origin, which probably were 
deposited in relatively shallow water. Th e 
northward thinning of rhe Arkansas Novae -

ED ITOR IAL COMM ITTEE FOR THI S PAP ER: 

uli re is due largely w nondeposirion rather 
than m erosion. These Midd.lt Ordovician 
ro Lower ~1i ssi ss ippia n sediments ha\·(' a 
rora l thickness of about 3.000 leer. They 
crop our in the southeast and south portions 
o f these quadr~mg l es and are referred m as 
th e core o f rhe O uachi rns. The Stanley 
shales and Jack fo rk sandstones were depos­
ited in a subsid ing basin during a period 
of uplift of adj acem land areas. The three 
formation s o f rhe Srnnley Group dc:scribed 
in Oklahoma can be recognized in this por­
tion of Arkansas. T hese rwo groups ar(' 
Mi ddle Mississ ippi an and are approximate­
ly I 2,000 feet thi ck. 

The genera! strike o f rhe fold axes and 
the bedd ing is east-west and northwtst-
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southeast. The plunge of the folds is ro the 
west. In the Board Camp quad rang le rhe 
axial planes of these folds dip to the nonh: 
to the south and west and axial planes dip 
south. 

High-angle reverse faulring is rhe domi­
nant type of structure in the Arkansas No­
vaculire an<l older rocks in the con~ area, 
whereas low-angle thrusting is character­
istic in the Stanley and younger formations. 
The Windingstair fault, a low-ang le thrust 
which has been traced from the Ouachiras 
in Oklahoma eastward. into rhe M ena quad­
nngle, is rhe most prominen t fau lt in rhe 
:irea studied. The displacement along chis 
fault decreases in <ll1 eastward di recrion and 
the fault apparendy dies o ur in rhe shales 
of the Stanley Group. 

I. lNTHODl ·cTION 

The Mena and Board Camp quadrangles, 
seven and one-half minute q uadrangles lo­
cated in excrcme west cencral Arkansas ( see 
Location Map, Fig. l), include an area of 
approxirnatcly 122 sq uare milts wirh in rhe 
belt of folded Paleozoic sed iments thar form 
the Ouachita Mouncains. 

A broad valley <five m iles wide) in rhc 
norrhern an<l central portions o f the mapped 
area is formed by the erosio n o f the Stanley 
shales. This ropographic low is bounded on 
the north by the res isran r sandsrones of rhe 
frontal Ouachita Mountains. To the sourh 
are sharp linear ridges o f cherc and novac­
ulite, and valleys formed by the erosion of 
softer formations o f pre-Mississippian age. 
The shale valley controls rhe agricu lrure and 
population of rhe regio n. Wi rhin chi~ area 
rhe land is generally su itable for farming or 
cartle raising. The mouncainous terrain is 
used primarily as a source of rimber. 

The Ouachi ta RiYer, a tributary co rhe 
Red R iver, rises a ftw miles norrh of Mena 
and flows eastward through both quadran­
gles. The remaining drainage is rriburary ro 
rhe Ouachi ra Ri ver. 

The town o f M ena lies a t the wesrern ex­
tremity of the Mena quad rangle cipproxi­
mately halfway between Ft. Smirh and Texar­
kana. Other small towns in these quadran­
g les include Board Camp, Ink, Nunley, and 
O ld D allas. Access co rhe area from rhe 
norrh and south is provided by U.S. H igh­
ways 7 I and 59. Arkansas State Highways 

8 and 88 craverse rhe area from ease to wesr. 
Polk Coumy 1nainrains g ravel- rapped roads 
which inrerconnecr and serve the ru ra l a reas. 

T he Mena and Board Camp q uadrangles 
previously have nor been mapped geologic­
ally and, except for gross geologic fcacu res 
which appear on rhe geologic map of Ar­
kansas, publ ished in I 929 by the Arkansas 
Geological Survey, rhe geology has nor been 
known. The quadrangles are bo unded o n the 
south by rhe DeQ ueen q uadrang le, wh ich 
was mapped by H . D . Miser and A. H. 
Purdue ( l929). 

The darn obtai ned from rnapping rhe 
Mena and Board Cairip quadrang les were in+ 
rerprcred m derermine rhe deposirional h is+ 
tory of the rocks and their srrucrurnl evolu­
tion. Special 3rtenrion was focused on sev­
tral points: comparison o f the two distinct 
sedimenrary sequences in rhe area; recog+ 
nirion of rhe continuation of the formations 
of the Stanley Group as defi ned in Okla­
homa; dererminacion of the cause o f the 
norrheast chinning of the Devonian-Mis­
siss_ippian Arkansas Novaculi re; and recog­
ninon of rhc extension of a ma jor regional 
rhrusr fault into rhis area. 
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11. GENERA i. GEOLOGY 

The princ ipal anr iclinal fold of rhe Oua­
ch ita M ountains, rhe Bcn mn-Broktn Bow 
uplifr ( M iser, 1959 , p. 32J, extends from 
Benton, Arkansas, westward m Broken Bow, 
O k lahoma. It conta ins strata of Cambrian 
( ! ) , Ordovician, Silurian, and Devon ian 
age. F lan k ing rhe amiclinori u rn are Mis­
sissippian and Pennsylvan ian strata. Out­
crops within the M ena and Board Camp 
quadrang les, wh ich enclose an area on rhe 
wesr.i1orrhwest flank of rhe anr iclinorium, 
reveal sediments ranging in age from Ordo­
vician ro Mississippian. These include rhe 
Bigfork Chert ( Middle Ordovician), rhe 
Po lk Creek Shale (Upper Ordovician) , Mis­
souri Ivfounrain Slare (Silurian), rhe Ar­
kansas Novaculi re ( Devonian-Lo\\'er Nti s­
sissi ppian ), rhe Sranley Shale ( Mississi p­
p ian ), and rhe lower ponion of rhe J ack­
fork Group ( M ississippian ). The cumu­
la t ive th ickness of these formarions is ap­
proximately 15,700 feet. 

The Big fork Chert-Arkansas Novacu lirc 
inrerval is parr of rhe sequence of siliceous 
sedi111enrs, thin shales, and sandstones which 
comprise rhe Lower Paleozoic rocks of the 
Ouachiras. This is one of rwo disrincr lirho­
ropes reflecting rhe two major depositional 
en vironmen ts thar exisrcd in rhe Ouachita 

rrough. The other major lirhorope is reprc:­
senred by approx imately 22,000 feet of shale 
and argillaceous sandstones of rhe upper 
Pa leozoic Srnnley - J ack fork - Johns Valley -
Amka sequence The Arkansas Novaculire­
Sranley Shale contact marks the boundary 
be rween rocks formed in t\\'O distinct types 
of deposirional environments and a sharp 
change in rhe stratigraphy of the Ouachira 
Mounrains. The older rocks of rhc Bigfork 
Chert-Arkansas Novaculire interval wirhin 
the main anticlinoriuff1 are relati\'cly thin, 
siliceous sedimems and inten·ening th in 
shales representing a period of re lat ively 
slow sedimenrnrion. The younger rocks com­
prising rhe flanks are th ick sequences of sand 
and shale which accumulared during a period 
of r:i.pid sedimenrarion due ro tt:ctonic ac­
civity border ing rhe source area. 

I I I. STRATIGRAPHY 

B IGFORK CHFl<T 

Definitio11 
Purdue ( 1909) named rhe Bigfork Cherr 

for ourcrops near rhe Big Fork post office 
in rhe norrhwesr corner of rhe Caddo Gap 
quadrang le. Ir originally had been mapped 
as novaculice by the Arkansas Gcologicil 
Survey (Griswold, 1892; see Plate ::; J Tr is 
defined as rhose str;tr.1 which lie :1b0Yt: rhe 
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Womble Shale and below the Polk Creek 
Shale. 

Ui.rtrib111io11 
Omcrops of rhe Bigfork Cherr in rhc: 

-rvfena and I3o.-ird Camp quadrangles are lim­
ired m the southeast portion of rhe Board 
Camp quadrangle. There it crops out in two 
ridges which extend e:asrward our of che map 
area. Rtgiona!ly, rhc forrrnuion crops out 
in rhe core of the Ouachita t-.[ountains in 
central Arkansas and in sourheasrern Okla­
honu. Outcrops of Bigfork Chert are also 
found nonh of the core area in Oklahoma 
in rhe Poraro Hills in Pushmarnha and Lari­
mer Counties and on l3\ack Knob Ridge. 
Aroka County. 

Litholog.1 . Pe1rop,rajJhJ. and "(hickne.u 
Only rhe upper parr of rhe format ion is 

exposed in rhe area mapped; however, this 
is well shown in a road cur along Arkansas 
Srnre Highway S in Sec. 6, TJS. R:ZS\X1. 

H e rc rhe fornurion consisrs of indi\·idu<l! 
layers of black, dense chen ranging from 
(\\'O m nvelvc inches in rhickncss and <l irer­
naring with one ro rhree inch layers of black 
c<lrbonaccous shak:s. F resh s:rn1ples arc dif-

The !av· 
Ordinai·y 

ficult to obrain because rhe cherr is brirtlc 
and breaks easily along fractures and bed­
ding planes, and because of rhc dcprh of 
\\'Carhcring. In places rhe fracrures an: filled 
\\'irh quanz. The Bigfork Chen bears a dis­
rincr resemblance ro rhe middle.: member of 
rhc: Arkansas Novaculirc but gener:t!ly is 
darker and nonrrans!ucc:nr. 

A petrographic study of the Bigfork Chen 
sho\\'S thar it consists of a mosaic of micro­
crysmllinc quartz or chalcedony, with wayy 
hminations of sapropeiic or argillacc:ous 
material. Quarrz pscudomorphs after cu­
bonare rhombs are numerous. One sample 
of 13igfork conrai ns a hash of monaxon and 
ffiaxon sponge spicules and a rhomb 1111-

bedded in :1 spicult, evidence rhar the car­
bonare crysrall izc:d in place. Phorom1cro­
graph 13-1 (fig. :ZJ shows laminations \\'arped 
around rnrbonare rhombs, further evidence.: 
of in si111 crystallization of the carbonate: 

i\1iser and Purdue ( 19:29) estimated the: 
thickness nf the Bigfork Chert to be 600 feet 
in the Caddo Gap quadr:mglc, Montgomery 
Counry, Arkansas. Ham ( 1959 ) states thar 
in i\lcCurrnin Counry, Okbhoma, the: Big-
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fork is about 600-700 feet thick. In the 
:Mena and Board Camp quadrangk:s only 
about _)00 feet of the upper portion of the 
formatmn are exposed. 

Stratigraphic l?.el.tti01JJh1p 

The Bigfork Chert is conformable ro the 
O\'erlying Polk Creek Shale. The contact is 
gradarional and exhibits a gradual decrease 
in the amount of chc:rt and an increase in 
the number and thickness of chcn beds. 
The contact with the underlying \'(/omblc 
Shale is nor exposed in the Mena and Board 
Camp quadrangles. 

P,tlcrmtology. /lgc. 1111d Corrclt1tio11 
Graprolires, poorly preserved as gray car­

bonaceous films on the bedding planes of 
the black shale layers near the top of the 
formation. represent the only mcgafossils 
known from the Bigfork in die mapped area. 
The graprolires appear m be scandcnr forms 
similar m Dij1fograptus and Clil1u1Lograpt11s. 
Sponge spicuks ha\·e bcc:n recognized in 
phoromicrographs of the thin secrions from 
the Bigfork Cherr. 

Griswold ( 1892 J placed rhc Bigfork 
Chen in the Ordovician on rhe basis of 
fauna! eYidc:ncc. Further stud ies of grapm­
lite faunas have rc:sulted in the assignmc:nr 
of the formation to the: Trcmonian Stage of 
the l\fiddlc Ordovician ( r..1iser and Purdue, 
1929. p. 39). Decker ( 19)6, p. 1256) cor­
related the Bigfork Chert ar Black Knob 
Ridge, Atoka County, Oklahoma, with the 
VioJa Limesrnnc of the Arbuckle M ou nrains. 
Harlton (195.3J and Hendricks, el ,if. r 1947) 
also noted fauna! similarities with rhc Viola 
and considered the Bigfork ro be its srrari­
graphic eguivalenr. The correlation of the 
Bigfork with the Viola Limestone of Okla­
homa and the Trenton Limestone of N ew 
York now is generally accepted. 

POLK CREEK SH ALi' 

Defi11i1io11 
Purdue named the Polk C reek Shale: for 

exposures along the headwarters of Polk 
Creek in Montgomery County, Arkansas. 
It is underlain by the Bigfork Chert and, in 
the area where Purdue defined it, overla in 
by the Blaylock Sandscone. [n rhe Mena and 
Board Camp quadrangles the Blaylock is 
absent and the Polk Creek is overlain by the 
Missouri Mountain Slate. 

Vol. 4 

Di.rtrib11tion 
The Polk Creek Shale crops our in the 

southern and southeastern area of the Board 
Camp quadrangle. ln this area, valleys adja­
cem to rhc ridges supported by Bigfork 
Chert a rc formed in rhc Polk Creek Shale. 
Ir is exposed in one localiry in rhe south­
western part of the J\1ena guadrang k. 

Outcrops of rhis formarinn are found 
throughout rhc cor<:: of the Ouachita Moun­
tains in Arkansas and Oklahoma and in rhe 
Poraro Hills and Black Knob Ridge areas of 
Oklahoma. 

LithologJ and Fhichnesi 

The Po lk Creek Shale is chararn·rist icall r 
a black, fissi le o r paper-thin shale that is 
sufficiently carbonaceous ro soi! one's fingers. 
Pyrite is disseminared rh roughour the forma­
tion. Some layers arc hard and dense. On 
weathering, the strata become softer, clayey, 
and dull gray. Parring alon~ cleavage planes 
nm parallel ro bedding is hirly common. 
f3ecause of rhe non-resisrant natu re of rhe 
shak, exposures of rhe formtirion are gen­
e ral ly poor. The best o f rl1e exposures oh­
served during this srudy are a long Ark-l!lS'.1" 
H ighwav 8. In addition, some "'earhered 
outcrops are present alon.u some of rhc 
county roads and in rhe bed of I3oµ:gy Crcf'k 

No con1plere. exposed section w{l" f011nri 
in either quadrangle. A sectinn of Polk 
Creek Sha le is exposed in a bluff just wc<>r 
of Bigfork C reek about 2.5 00 fre t bevond 
rhe eastern boundary of the I3o~ rd C.<1 mo 
quadrangle. From the evidence afforded by 
this outcrop, and from the width of the 
mapped belt of occurrence_ the rhickness of 
rhe Polk C reek Shale is estimated ro be 200 
feer. Ir is possible rhat it is thicker in rlw 
southeasr corner of the Board Camp qu-1d­

ranglc, although much of the apparent in­
crease in rhickness is d ue ro repetition by 
folding. 

Mi ser and P11rdue ( 1929. p. 39) repo rted 
a thick ness ranging from a feather edge ro 
175 feer, bur rhe average thickness is ap ­
proximately I 00 feet. H endricks, el al. 
( 19/i7) stare that at Black Knob Ridge in 
Oklahoma the thickness of the formation 
varies and is eroded ar the rop, bur the 
maximum rhickness exceeds ! 3 7 feer. 
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Straligraphic Rela1irwsh1p 
The Polk Creek confonnably overlies rhe 

Bigfork Chert. Irs re!arionship with the 
O\·erlying Missouri Mounrain Slate in rhe 
l\fena and Board Ca111p quadrangles is nor 
wc:Jl defined, but ir apparently is conforiri­
able. 

Throughout much of the cenrral anti­
clinorium of the Ouachiras rhc: Polk Creek 
Shale is overlain by the fllaylock Sandstone 
( J\1iser and Purdue:, 1929). However, in 
the: l\kna and Board Camp qu,1drangles the 
Blaylock Sandstone is nor present and the 
Polk Creek Shale is overlain by the Mis­
souri J\lnuntain Slate. :Miser and Purdue 
( 19:19. p. 1·1 ! have stared that in the Caddo 
Gap quadrangk w the: sourheasr of rhc 
mapped area, tht: Blaylock thickens in a 
southward din:·ct ion from 0 ro 1,500 fee1 
within a distance of three miles. Thus, they 
considt:r th<.: Blaylock to be a wedge of sedi­
menrs dcri\'ed from an early Paleozoic orog­
cny m the south. 

There is no record of an orogeny in rhe 
scdimenrs of rlx.· Mena and Board Camp 
quadr.mg!es. bur few exposures of the Polk 
Creek-Missouri Mountain conracr are av,lil­
abk for srudy. The contact between the l\.1is­
souri fl.fountain Slate and Polk Creek Slulc 
is exposed in only one known locality, along 
Mill Creek in Sec. 8, T)S. R28W. The poor­
ly exposed conracr does not indicate the pres­
ence of an unconformity between the two 
formations. Therefore, in the area of study 
rhcy are considered confonnablc. 

Palcrmlologr. Age. t111d Corre!t1tiou 
Poorly preserved graproli tcs have been 

found in the Polk Creek at several localities 
where cleavage and bedding are parallel. 
These carbonaceous films arc indisrinct bur 
they are rhe only fossils found in this for­
mation in the Mena and Board Camp quad ­
rangles. As in the Bigfork Chert, they ap­
pear to be scandent forms sin1ilar m OijJ­
lof!,ti!pl11r and Clim11cof!,r11pl11J. Purdue 
( 1909) assigned the Polk Creek Shale. along 
with the Bigfork Chen, to the Ordovician 
Sysrtm on the basis of contained faunas. 
Ulrich (in Miser and Purdue, 1929) cor­
related the Polk C reek Shale with the Upper 
Ordo\'ician Harrfell Shale of Grear Britain. 
Decker ( 19) 5) established the correlation 
of the Polk Creek with the Sylvan Shale of 
the Arbuckle Mountain region. Significant 
to both correlarions were rhe Upper Ordo-

vician graprolire faunas rhar occur in rhesc 
formarions, pan icularly Oice/logrr1p1m com­
pltma/Hs Lap,·vorrh. 

M "ISSOL'HI 1'40UNTAIN SLATE 

Oefi11ilio11 
The Missouri Mounrain Slate was named 

by Purdue ( 1909) for outcrops on Missouri 
Mounrain in Polk and Montgomery Coun­
ties, Arkansas. H e defined it as overlying 
rhe Blaylock Sandstone, where the Blaylock 
is present, and overlyi ng rhe Polk Crc.:ek 
Shale, where the Blaylock is absent. In rhe 
Mena and Board Camp quadrangles. it over­
lies rhe Polk Creek Shale and underlies rhe 
Arkansas Novaculire. 

Dis1rih111ion 
The Missouri Mountain Shue crops out in 

che southern and tasr cenrrnl portions of the 
M ena and Board Camp quadrangles a lo ng 
hill slopes and in valleys parallel ro r idges 
of Arkansas Novaculire. Regionally ir crops 
our in rhc Benton-Broken Bow uplift in 
Arkansas and sourheasrcrn Oklahoma and in 
rhe Poraro Hills and Black Knnb R idge lo­
calities of sourl1easrern Oklahoma. 

LithologJ. Pe1rogrt1fJhJ. a!I(/ Thick11e1.1 
The formation is composed of a soft s lale, 

or low-grade metamorphosed argi lli te, with 
well developed cleavage rangent to rhe bed ­
ding. Ir is typically dark, blood red, b'lt at 
some localities it is light green. Cleava~e 
surfaces often display rhe sheen or g listeni ng 
appearance common m low-grade mcra­
morphoscd argillaceous sediments le weath­
ers readily and genc.:ral!y is sc:cn 8S a rubble 
of light brown ish red or buff slate. T his is 
common on rhc slopes or ridges, particular­
ly in rhe Mena quadrangle. 

The "tvfi ssouri lvfountain Slate has consist­
ent lirhologic character and rexturc. lt con­
tains a few pc:rsisrenr s ili cifed silrsroncs. 
1 4 rn 3 Ii of an inch thick. ;ind a fe,v layers 
of qu:urzite, rwo ro six inches rhi(k The 
si!icified layers are typically near the top of 
rln:' formation. due probably ro r11e bener 
exposures of this pan of the format;on af­
forded by d ifferenrial weathering with re ­
spect to the overlying Arkansas Novaculirc. 
In one locality a rwo- ro four -inch quarczire 
layer was observed neu rhe base. 

The quarrzires consist of well sorred. 
rou nded grains of derrical quartz and cherr. 
The quartz is covered by secondary enlarge­
mem which, a long with interpenetration of 
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rhe grains and microcrysrallinc mosaic-like 
sil iceous cemen t) serves as a bonding agent. 
Well rounded derrital cherr fragmems are 
common. and recrysta llizarion has made rhe 
boundar ies indisrinn bc:rween these chc:n 
fragments and the quarcz. 

A m in or amou n t of clay and feldspar is 
presenr. T he rock is 85 to 87 percent quanz. 
Ir is termed a protoquarrzire, according to 
Pettijoh n 's classification ( 1957, p. 291 ). 
T his and other samples of these sandsmncs 
appear to be: impervious. alrhough Goldstein 
( l 959b) stares rhar porosities in the _Mis­
souri Mountai n sand scones are as high as [ 8 
percent. 

T he formation is sofr and readily weath­
ered and, as a result, exposures are poor with 
no complete secrion available for srudy in 
the area mapped. The formation is 300 ro 
/;()() feet thick on rhe south slope of Dallas 
Mountain in rhe Board Camp quadrangle; 
in rhe Mena quadrangle it is only I 00 ro 
150 feet thick. 

Miser and P urdue ( 1929. p. 46) state 
that rhc rhickncss of the formation in rhe 
DeQueen and Caddo Gap quadrangles ranges 
from 50 feet in rhe sourhcrnmost outcrops 
to approx imarcly 300 feet in rhe ~1issouri 
Mounrains. In the exrreme easrern Oua­
chirns, the Missouri Mountain is 50 ro 150 
feet thick (Purdue: and Miser, l 923). 

Stratip,rt1phic Reldtio11ship 

The Missouri Mounrain Slate is conform­
able and gradarional with rhe overlying Ar­
kansas Novacul irc in the Mena and lbard 
Camp quadrangles. The conract is well ex­
posed in a number of localities. The best 
exposures ;ire: 

L On rhe west bank of Board Camp 
Creek, Sec. 7, T)S, R29W (see Fig. 9 J . 

2. T he east cenrral portion of Sec. I l. 
ns, R.1ow. 

3. ln rhe sourhwesr corner of Sec. 2, 
·ns, R 29W. 

The lirhologic sequence exposed at rhe 
Board Camp Creek !ocaliry is like that ob­
served in the orher exposun'.S. Here. rhe 
upper portion of rhe Missouri Mountain 
format ion is a thin, platy, greenish or red­
dish brown slate containing a few beds qf 
siltsrone, one-half to one inch in thickness. 
In rhe upper few feet of rhe sequence, [\\'O­

to four- inch beds of light gray novaculire :il­
te rrute wirh shale. Upward in the section. 
the percenragc of novacu!ite ro shale' in-

creases. and the individual novaculitc beds 
are thicker. 

According to Purdue and Miser ( 192.)) 
these nvo formations are separated by an 
unconformiry near Hor Springs in rhe east­
ern Ouachius. This. however, they consider 
to be local, stating rhat rhe general rebtion 
ship betwe::en the:se two formations is con 
formable. Hendrick s, d t1!. ( 19·17) report 
rliat the two formations are conformable in 
the Black Knob Ridge area of Oklahoma. 

Palt'o!l!0log). Age. t111d Correlation 
No fossils were found in rhe i\1issoun 

Mountain Slate in the Meiu and Board Camp 
quadrangles. Due ro rhe c:ssenrially unfos­
siliferous nature of rhe formation and th<: 
lack of thorough stratigraphic \\·o rk at that 
time. Purdue ( 1909 ) did nor refer the l\.Iis­
souri Mountain to any geologic system. SLH­

ing rhat it might be of Ordo\·ician, Silunan, 
or Carboniferous age. H endricks, cl al 
( l 947) reponed a few fossils from this for. 
marion at Black Knob Ridge, Atoka County, 
Oklahoma. These are evidence for a Siluri,;n 
age 

The Missouri Mo untain Slate is equivalent 
in age to the basal Niagaran shaty limestones 
of Tennessee which change from gray ro red 
as rhey approach rhe Mississippi c:mbaymenr 
(Miser and Purdu e, 1929. p. ' 19 ). StrJU· 
graphically. the forn1ation lies abm·c: the 
early Silurian Blaylock Sandstone and bc!O\\ 
rhe Devonian-Lower i\{ississippian ArkansJs 
Novaculire. The e\'idence is that tht: 1'.Iis· 
souri ~{ounrain Shnc is of i\fidd le rn Upptr 
Silurian age. 

AHKANSAS NOVACL 'I/Tl : 

Defi11i1io11 
The mosr distincrive formation through 

out rhe central Ouachita i\founrains, fro1r 
rhe srandpoinr of ropograph}' and lid1olog} 
is rhe Arkansas No\'aculire. Li thologic.1lly 
it is disrinctive for irs massive. \\'hirL, bas;1J 
member. Topographicilly it is disrincrin: 
for irs sreep. narrow ridges, \\'hich reflect the 
steepness of dip, and the thickness and re: 
sisrance of the formation compared \\·1rh 

adjacent fornurions \'(!here rhL formation 1s 
rhicker, rhe ridges are: broader and Jun: 1101 

been breached by erosion. 
The first discussion of rhe age: of the Ar· 

kansas Novacu!ire \\'as published by (ins 
wold ( 1892) in his paper .. \X'hcrsmnes .ind 
the Novaculires of Arkansas. " In rhc report 
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he first used the term "Arkansas Novaculire 
or Arkansas Stone." However, he also in­
cluded the Bigfork Chert in rhis usage. Pur­
due ( 1909, p. 39) first appl ied the name in 
a formarional sense in def ining rocks which 
lie bcnveen the Missouri 11ounrain Slate and 
rhe basal Stanley shales (then termed the 
Mountain Fork Slate) Miser ( 1917) di­
vided the Arkansas Novaculit(' into three 
iriembers. These divisions were not mapped 
in the present study because of the poorly 
exposc:d conracts. They were recngn ized 
where exposed, however, and used as gu id es 
ro determine the proper stratigraphic se­
quence or relation to the adjacent format ions. 

The term "novaculire" was first applic:d 
to rocks of the Ouachiras by Schoolcra ft 
( 1819) Goldstein ( l 960, p. I 39) states 
that the name dares back as far as t 796. 
The term was deri"ed from the Larin word 
for razor, nrn <1cu/<1. refc:rring ro rhe early 
usage of these rocks as whetstones. Tarr 
( 1938) defined novaculite as "a very dense. 
even textured, light colored, cryptocrysrailine 
siliceous rock similar to chen but characrer­
ized by a dominance of quartz rarher than 
chalcedony.'' 

Di.rtrib11tion 
The Arkansas Novaculirc crops om in rhe 

somhern and eastern ponions of rhe M ena 
and Board Camp quadrangles, throughout 
the: Benton-Broken Bow uplift in Oklahonu 
and Arkansas, and in the Porato Hills and 
Black Knob Ridge areas. Irs outcrop parrcrn 
outlines the area gc::nerally rerrried .. the: core 
of the Ouachita 1-foumains." 

Lithology, Pe1rogrt1phJ. and Thickne.rs 

In the 1-1ena and I3oard Camp quadrangles 
rhe lower mc:mber of the Arkansas Novac­
ulire is massive \\·irh some: beds eighr LO ren 
fecr thick. Ir is prc:domina n cly white or 
lighr gray. The: middle n1cmber consists of 
dark bluish-gray chc:rc in beds from one ro 
c:ight inches in thickness inrcrbcdde<l with 
fissile black shale. The upper member is 
gray and bluish gLty, massive novaculire. 

The lowtr member of the Arkansas No­
vaculite <..:onsisrs of a white: o r li ght gray 
novaculite. The beds vary in thickness from 
four to ten feer. lnterbcdded with the novac­
ulite are beds of gray to black shale rang­
ing from one ro eightee n inches in rhick­
ness. Locally, quanzit ic sandstone beds of 
similar thicknesses occu r near the base of 
the member. 

Petrographic study shows that rhc rocks 
of rhc lower member have: a <lensc ground­
mass of microcrysrnlline, equigranular, mo­
saic quartz. The grains have a uniform size 
between 0.0 I and 0.02 mm. Scattered 
throughout the microcrysraliine groundmass 
are rhombic areas filled with mosaic quartz 
( identical to that of the surrounding ground­
mass) or unicrysralline quartz. The size of 
the rhombs ranged frorn 0.03 to 0.08 mm. 
These rhombic crystals indicate that a car­
bonate, either dolomite or siderite, was 
formerly present. When observed with re­
flected /igln, rhe red ouclincs observed 
around a few of the grains \Vere evidence 
rhar rhe original carbonate was sideritc. 

Some areas , oval in shape, 0.10 to 0. 125 
mm in size and slightly darker (han the sur­
rounding groundmass, may represent radio­
larian remains. 

ln the area mapped, rhe lowest member 
of the Arkansas Novaculirc is the rh ickest in 
the M ena quadrangle, with a thickness of 
approximately 125 to 150 feer on Dallas 
Mountain and surrounding r idges. Ir th ins 
sharply to the east in the 1::3oard Camp quad ­
rangle. where a six- ro eight-foot secrion ot 
light bluish g ray novaculire crops our in 
Boggy Creek. lr is underlain by green shale 
of the Missouri Mountain Formation and is 
co nsidered to be rhc lower member of rhe 
ArkansJs Novaculire. This lower me1nber 
is persistent to the eastern border of the 
Board Camp quadrangle and may be traced 
throug h scattered outcrops along rhe ridges 
in that region. 

A quartzite is present at the base of one 
of the lowermost massive. light gr:1y beds 
of novaculire (sec fig. :) ) . There are other 
locally occurring quartzite beds near d1is 
conracr. They range from three to eighteen 
inches in thickness and consist of well 
rounded deniral quartz grains and chert 
frag1rn.:nrs. A minor amount of seconda ry 
overgrowth surrounds some of the ckrriral 
quartz. and the interstices contain a mosaic 
of silica. Carbonate rhombs are nutrlCrous 
and, in one case, occur along the comacr be­
tween tilt quartz grain :rnd the interstirial 
chen, penetrating the quartL. Dark, argil­
laceous or clay material is present !n rhc 
interstices, giving a dark color to the rock. 
This argillaceous ma(erial is compressed m 
con form to the grain boundarie:-,. 

The chert (o r novaculire) of rhe middle 
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This fearu re, reponc.:d by Yarious :u1thor. .... 
( Cline, I 960: Shelburne. 1960: and i\!orris. 
1961). may be: considered as a (ypc of tzradc:d 
bedding. Orherwise, graded beddinµ is in­
conspicuous nor only 111 rhe Ten1riile Creek 
Fonriarion. bur also in other uni(s of rhc 
Srnnley Group. Flu(t and groove cases and 
convolute bedding are found , but tlie) are: 
nor abundant. Cross bedding is rare bur has 
been nored in some: of the sandstones and, 
on a small scale. in die thin sil rsmnes. 

T he sandstones are lenticular, and individ­
ual sr rara may be traced larerally no more 
than rwo mi lc:s. Some: are as much as six 
feet rh ick. although a rh ickncss of one ro 
rhree fc.:ct is more: usual. In the f3oard Camp 
quadrangle, south of rhe O uachira River, 
rhc: san<lstancs arc thicker and more nurrn::r· 
ous. and they support narro,\· linear ridge-'>. 

Several siliceous shales in the upper por­
t io n of the Tenmile Creek Formation ha\'f: 
been rraced through the area. T hey arc dark 
bluish gray in cclor and have conchoidal 
fracrnre. On weathering. these: shalc:s bc:­
come lighter gray. softer. and appear rn be 
1riore argillaceous. Associared wirh rhem arc: 
dark µra)', thin-bedded shalc:s. In one lo­
caliry rhey occur w ith a rhin layer of cross­
bedded sandst0nc. 

O ne inrer\'al of si!icc.:ous slnles has been 
rraced across rhe Board Camp quadrangle 
and (he norrheasrtrn corner of rhe Mena 
quadrangle. The: besr exposu res suggest rhat 
as many as four siliceous shale units arc 
p resent wid1 inrerbcdded dark and light gm) 
nonsiliccous shales in a srrarigraphic inrcr­
,·al approximately 75 feer rhick. This zont 
is considered to be diac described b} H arl­
ron ( 19)8, p, 868) and Cline ( 1960, p, )4) 

as di\'iding tht lower and upper members 
of rhe Tenmile Creek Formation. Ar most 
localirics only one or rwo siliceous shalt 
un irs arc: recogniztd. T he soil and \'egtrn­
rion cover often conceal nor onh these d is­
rineti\'<: !irhologic markers bur ais«) any srruc­
rural fearurc::, which might affect their lat­
ent! cxtenr. rhus hamptring n1appint:. 

In genera!. rhe siliceous sh;1lc:, found at 
various inrervals in rhe Srnnley Group are 
similar perrographical ly. T hey consist of 
fine argillaceous material. sericite or rn~1~CO· 
vite and fine gr:iins of quartz. In add1t1on. 
d1ey conrnin spherical or ellipsoidal pan.ides 
of silica which consist of chalcedony wi th a 
radial fibrous texture. These particle-" are 
elongate: parallc.:1 ro rh<: bedding. Bedding is 
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companc:d around the larger particles. These 
,globules are considered rc:mnanrs of some 
1111cro-orgamsm. possibly cross sc:nions of 
radiolar1:111s or sponge spiculc:s. The silica 
of \\·hich rhey orip:inalty wert composed has 
been recrysullized and fills the globular 
shape of rhc oriµinal shell outline. 

i~umerous other forms, definitely nxog­
n izable as sponge: spicules. art scarrcred 
throughout the silict:ous shales. Usually they 
are concentraced as a rnicrocoquina. as seen 
in rhc thin section of a siliceous shale from 
rhv f\.1oyers Formation. This concenrrafr)ll 
is along the bedding ;l!ld in rhc bands of 
sapropclic marerial. T here is a ,·ariety of 
rypes: monaxon, rriaxon (some wirh bulb· 
ous tcrmin;1]s on <.:ach spine), and some char 
are irrt"gularly shaped. 

No complete section of the Tc.:nmilc Creek 
Fornurion is exposed ar any one localiCY 
wirhin rhe J\1ena and Board Camp quad­
rangles. T he monmonous lithologic char· 
acrer pre\'encs accura(e measurement of a 
composite: secrion. Assun1ing an average dip 
of 4 5 degrees, and no structural complica· 
tions, the: thickn<:ss of the Tenmilc: Creek 
Formation along rhe c:asrern border of the 
mapped area is ,1pproximatcl)' 15,000 fcec 
Measured dips indicate: that 45 degrees 1s 
too high; thus. rhe actual rhicknc:ss would 
be less' ,than the above figure. 

Other amhors ha\'c: esrirnared rhc thick­
ness of the Tcnmile Creek Formarion ( Lw­
dnn, 1959: Cline, 1960: Shelburne, 1960) 
to be from 7,600 to 10.000 feec Compared 
wi rh rhes<: esrimarcs, the: formarion is thicker 
111 the .i\[en:t and Board Camp quadrangles. 

Cline and Shelburne I 1959. p, 207) state 
rhat rhe Sunier ,md J ackfork groups arta!n 
an aggregate thickness of l 6}00 fecr. 111 

Johns V::illey in the Tuskahoma syr:drne, 
Pushmawha County Oklahoma. Th1nc:cn 
:rnd ont-half miles ro the northwesr at the 
Ti Valley fau lr, rhe::sc groups thin ro pra~ 
rim!!\' norhing. They suggest th<tt rhc: rapid 
thirn~ing is primarily dcposirion:d, a_nd that 
the co1wc:rgc:ncc: is at all srratigraphK lc\'cls 
in bmh groups. 

i\[OYl'ltS FOR~IAT!ON 

The: ~fo\'ers Formation was named by 
Harlron { 1938, p. 87 0) for outcrops north 
of rht Yilla,¥.e of ~foyers, Pushmataha Coun· 
ry. Oklahoma. on che south fla.nk_ of the 
Tusk;thom:t svnclinc:. ]rs lower lurnt is de· 
fined ;ts rhc, base of rhc ~foyc.:rs Siliceous 
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Figu1T L Th(' nw.-;sin· b(_'ds cf the lower mLmbu· cf the .-\rkanscts Novac:ulite ove r­
l;i.·ing: dark n·d shalo• of tht· ;\lis:-:ouri i\Jountain i"c l'rnatio n ( lowet" lefl) . l.Dealit.v is just 
wu•t of Ikard Camp Crt'l'k, Set·. I. T:JS. IUD\\'. 

by a ftw thin btds uf dark nm·;Klilir<.: of th<: 
middlt member and some: beds of white 
no\aculitt l)f the low<:r mtmb<::r. A rubble 
of brc:cciatL'd nm :iculire found along <l ridge 
just east of tht m.ip art:t is the only evi­
dence for its pn:scnu..:. The tX<ICt thick ness 
of the Arkansas No\;Kulirt in dH.: <:astern 
su;rion is difficult ro dcn.:rmim.: bec1usc: of 
soil and vegetation covers. In many insra11cc::-. 
the extent of the rHlYaculite musr be ma pped 
on the presence: of irs rubble. 

~1iser and Purdue ( 19~9, p. 50) report 
rhat rhc Arkan<.;as No\'a(ul irc anains irs 
grc:acest rhickncss in the Caddo. J\1i ssouri, 
and Cossacm ]\fountains, \\·here ic is approx i­
macc:ly 900 fru chick. Thc:sc •tre:1s are ten 
ro fifrc<:n milc.:s somh :ind southc-ast of the 
I\frna and Board Camp <.1uadrangles. In rhc­
Cross I\1ountains, approxi1narcly fiftctn rnilc:s 
southwcsr of the Mena quadrang lt. the for­
mation 1s ~00 to 550 feer thick. 

P.tleontolo.~.l · At:e .• md Crnrcf,111011 

No megafossils wu<.: found in the Ar­
kansas Nmacu lit<.: within the 7Vft:na :ind 
Board Camp quadrangles. Figur(· '5, a 

phoromicrogr;1ph of the middle member, 
illustrates some ellipsoidal forms, e\'idcncc: 
for th<.: presence of organic material, prob­
ably radiolarians. "Miser and Purdue ( [ 929, 
p. 58) rcpon finding only si licified wood 
and a singlL' collecrion of conodonrs. Gold­
srL'in <tnd H endricks ( 1953) found sponge 
spiculc:s, radiolarians. and sporc:s. 

Griswold ( 1892) referred m rhc rocks of 
rl1L' '"novaculirc area .. a nd considered chem 
to be of Lower Sil urian :-ige, cquivalenr ro 
whar is now the T renton portion of the 
Ordovician. Purdue: ( ! 909), in his discus­
sion of the ArkanS<I~ Novacu!itc. did not as­
sign an age m these: rocks. M iser and Purdue: 
( 1929, p. 57-59) concluded (based largcl)' 
on rhc opinions of Cl rich, 19 ! l ) that rh<: 
!ower division is j\_,1 iddle Devonian and th<:: 
other two members are of Middle and Upper 
D<::vonian age. 

The Arkansas Novacu lite was consider<::d 
ro be e nti rely Devonian by most workers 
until H ass ( 195 1 ). on the basis of conodonrs 
collecred at the Caddo Gap locality, placed 
the low<::r division of the formation in the 
Lower or 1\ l iddle Devon ian. All except rhe 
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F igure 5. Arkam·a~ i'\ovaculitc (A -~). 

:\Iiddlc member of the fo rmation containing 
fine cla:v in a rnafrix of micrncr:-..·:-;tallinc 
s il ica. finer than lhat of the lower member. 
E ll ipsoidal fonn s contain a hig'}1e1· con..:en­
t r ation of sil ica than the surround ing· ma­
trix. Thc::-;c Ccn11s sug:gcst the forme r pres­
ence of radio!Hrian8. The maximum lotH!: 
ax is in the phciomi(· rocTa p h is about fl.JS 
mm. The e!lip~cids and th(' fin<' da~· par­
t icles arc o ri ented parallel to bedding: 0 1· lo 
foliati on. 01'dina r:v light. X t:lf. 

upper .10 feer uf rhe middle rne:mber and all 
of (he: upper member were defi ned as 
Kinderhook or possibly Osage age. Ha"S 
also provided a sun1n1ary of prev iou~ wo rk 
leading m the dererrninarion of rhc age of 
the formation. 

COMPAHISON 0 1· A 1u..:.ANSAs Nov Au 1.1Tr 

AND BIGFORK CHER1 

The Bigfork Cherr and the middle mem~ 

ber of the Arkansas No\';v~ulirc are similar 
borh microscopicdly and megascopically. 
T he Bigfork is <;Omewlur more argilbceous, 
generally darker. and nonrranslucenr. Uorh 
arc slighrly finer grained and LO!ll<tin a 
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Fi.c·u1·e G .. -\rkansas :\ovH('tdil<· (A.GI. 
l ipper member of the formation, tonsis 111g 

of carbonate and ('a !'bonat(' drnmh:-; lis· 
Dersed in a rnafrix of microcrystalline si 1ca 
Crnsscd nicols. X Ji-i. 

hit!litr pc:ru:nrat!t of cLiy rhan rhc: uppc:r :rnd 
hrncr members of che Arkansas No\'aculi((: 

T·hese two factors conrrihur<.: w rhur darker 

color. [\'idencc: of oreanic runains is much 

more common in rhe Bigfork and, in one 
rock. sponge spicules prm·ide the major por­

tion of rhe silica prcsem. 

K ing ( 1~>1 7 . pn. 5·1 and 55 >. m comnarv 

in e rhe chc·ns and 110\'aculitcs in rhe Caba!v 
los Formarion of rhc r-.forarhon Ha.sin of 
west Tc:xas. noted rhat 110\'aculircs are: whw 
ma.:;si\cl\' bc·dde(1 11niforml\' fine l!r:Hncd 
1\·irh no c\·idcnce of laminarion. and apnt .. r 
rn h;n t a some,,-hal porous texture:. The 
chcns :ut dark. in la\'ers onlv se\'eral inches 
rhick, laminated. and contain more chsric 
and organic nurerial dun noYaculites. Gold­
src:in ( I 960) su!..;J~ests rhar it i.:. nor possible: 
ro dr:I\\- a ngid di.srinetion ben,·t.:c:n du:rr 
~ind 110\'<!Uil ire. 
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STANLl'.Y GROl p 

Defi11!tio11 
Taff ( l902 1 originally defined the 

··srandky Shale·· as the thick shale beds 
which l;e bc:t\\'<:tn rhe Talihina Chen and 
the fackfork Sandstone. lt was dt scribed 
from. outcrops along the Kiamichi River 
valley nc1r the village of Stanlev I spdhl 
Srandky p1 ior to 1900) in Pus'imaraha 
County, Okh,'ioma. Purdue I 1909. p. ·10 I . 
in describing this sequence. initiated the 
spelling 'Si :inky,' which lus b~":oirie rhe 
accepted for111. 

H;1rlton i 1918) made a signific111r con­
rribution ro the undcrswndin~ of the srra­
rigr:!phy of the Sranky, which he irncrprcn:d 
~1s a dc:pnsitiona[ ·'.croup." Usin~ rl1in. per­
sistent siliceous shales as srratil!raphic lll"rk­
ers, he then di\'ided it inro thrf'e forirr1rions· 
a lowu. Tenmilc Creek: :1 middle. !\foyers: 
and an upper. Chickas·_1w Creek. H:ulrnn's 
tvpe section for rhese subdivisions of the 
Stanley Group is <lt the sourh end of the 
Tuskahrnna synclint:, near ~1'oyers, Pushnh1-
raha County, Oklahoma. The Stanley Group 
mm: includes th<: strata lying bct\\'een lhe 
Arkansas Novaculite and the Jackfork Group. 

He ~llso considered rlnt the o\·erlying 
Jackfork rcprc:scnted a depositional "group" 
and placed it and the Stanley in the Push­
mataha Series of his proposed Bcndian Sys­
tem. The Bendian was regarded as inter­
mediate between the ~fississippian and 
Pcnnsyh'anian. Although rht Ilendi:rn Sys­
tem is not now considered ro be valid, Harl­
mn's Iirholo,l.!ic subdivisions ha\"<: bten recog­
nized by subsequcnr workers in Oklahoma 
(Cline and Shelborr:c. 1959; l.audon. 1959; 
Cline, 1960; Shclborne, 1960; and se\'eral 
other workers) and in the ~kna and noard 
Camp quadrangles. 

Distrih111ion 
Scdimtnrs of rht: Stanley Group arc: found 

throughout rhe Ouachita ~1nunrnins in Ar­
kansas and Oklahoma. They underlie aln-iosr 
1.dl of the nonhc:rn two-thirds of the Mena 
and Board Camp quadrangles. Structurally 
and ropographically incompetent, che Stan­
ley forms a ,·alley, broken only b) a few 
ridges supported by the more resisranc sand­
smnes. ~fost of the prominent valleys in the 
Ouachiras arc undu\ain by the shales and 
sandsrones of rht Stanley Group. 

U1holog; Purogr11/Jhy. and 'Thickness 
In the: ~kna and Board Camp quadrangles. 

the Stanley is rcpresenred by an estimared 
12.000 fcec of shale \\'ith minor amounts of 

.;;andsrone ,,·hich become more common 111 

rhe upper 1.500 feet of the g roup. 

TENf\111.E CHEEK FORMATION 

The Ten1nile Creek Formation includes 
the srrarn bct\\'een rhc Arkansas Nm·aculitc 
and the ba.,al silicL'.ous shale of the ?vfoyers 
Fornution. It is predominantly shale bur 
conrains sequence~ of sandstone, some of 
\\'hich arc massivc:-beddcd and form promi­
nent ridges. Individual beds of sandsronc 
also arL'. scatt<.:red throughour rhc formation. 
The: shales arc usually dark gray w d:uk 
olive: green on ~1 fresh surface and weat her 
to a Jighrer oJi,·e i?:rtcn or buff. The olive­
grccn Zolor is gen~·r.il!y disrinnivc of wcali1-
ered Sranley shales. Persiscenr_ chin-bedded 
siltsmnes are in terbedded \\'ith rhe sh,iJe. 

-r-.fost of the sandstones are poorly sorced. 
argillaceous, mic1ceous, :ind contain shale 
fragments. They are gray on fresh surfaces, 
\\"Cath<:ring ro an olive green, brown ish 
green, or tan. Occasional bc:ds. howc:ver. 
consist largt'i} of qu-:trtz wirh a siliceous 
cement. These may contain a mafic con ­
stituent, making chem appear darker than 
rhe typical argillaccous Stanlc:y sandsrones. 

Six specimens, considc.:red on the: basis of 
hand .-;ample examinarion and field ob.serva­
rion to be rypical of Tenmilc Creek sand­
stones, were (:Xan1ined pctrographically. 
These: consisr of angular ro subangu lar quartz 
in a clay marrix . The qu;inz is medium m 
\'cry fine grained, and constitutes from 5) 
m 78 perccnr of (he: rock. Thcrdore, these 
rocks arc graywackes accord ing ro Peni­
john's classification ( 1957, p. 29 1 ), for they 
contain more chan 15 percent dctriral ma­
crix. Although quarrz is rhe predominanr 
dctrital mineral and there i.s an abundann: 
of mica, chen fragments, rock fragments. 
feldspar, and magneritc ar<: present but ar<: 
not common. Chlorirc is common. 

B<.:dding, pc:rc<.:prible in some rhin sections 
a.s an alignmcnr of chc long axes of quanz 
grains and parallel elongarion of cla} par­
ticles in che rock. is seldom recogniz,1ble 
\\'ithin rhe s:111dstonC:S in rhe field . Some 
have sharp conracts wich underlying shales 
but become: gradually more argillaceous as 
dKy gr:idc up'' ard into ll1c overlying shales. 
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This fe1rurc: , reported by \·;uious author.'> 
( Cline, I 960: Shelburne. I %0: ond l\forris. 
l 962) . may be: considered :lS a type of graded 
bedding. Otherwise, gr:lded bedding is 111-

conspicuous nor only in the Tenmik: Crt:ek 
Formarion. bur also in other units of the 
Srnnley Group. Flute and groove casts and 
convolute bedding are found, bur the) art 
nm abundant. Cross bedding is rare but has 
been norcd in some of the sandstones and, 
on a small scale, in the thin silrsrones. 

The sandstones are lenticular, and individ­
ual strata may be traced !arera!ly no more 
than rwo miles. Some: are as much :1s six 
feet thick, although a lhickncss of one to 

rhree feet is more usual. In the Board Camp 
quadrangle, south of the Ouachita River, 
the sandstones are thicker and more numer­
ous. and they support narrow !incar ridges. 

Several siliceous shales in the upper por­
tion of the T enmik: Crec:k Formation have 
been traced throu gh the: area. T hey arc dark 
bluish µray in color and have conchoidal 
fracture. On weathering, these shalc:s be­
con1e lighter gray, softer, and appear to be 
more argillaceou :-.. Associated with rhem are 
dark µray , thin-bedded shales. ln one lo­
cality they occur wi th a thin layer of cross­
bedded sandstone. 

One interval of siliceous shales has been 
traced across the Board Camp qu adra ngle 
and rhe northeastern corner of tht }.fcna 
quadrangle. Th e best exposures suggest that 
as many as four siliceous shale units are 
present with inrc.::rbeddcd dark and !igln grny 
nonsi!iceous shales in a stratigraphic inter­
val approximately 75 fc:et rhick. This zone 
is considered ro be: rhar descr ibed by H arl­
ron ( 1938, p. 868 ) ond Cline I 1960, p. )4) 

as dividing the lower and upper members 
of the Tenmile Creek Forn-iarion. At most 
localities only one or two .s il iceous shalt 
units are recog ni zed. The soil and \·egera­
tion cover often conce:-il nor onl) these dis­
tinctive lirhologic marktrs but also any 'ltruc­
rural features which might affect their lat­
eral extent. thus hampering mapping. 

In general. the siliceous s!ules found at 
variou's inrer\'als in the Stanley Group are 
si1r1ilar petrographically. They consist of 
fine argillaceous material. sericite or 111usco­
\·ite and fine grains of quartz. ln addlrion. 
rhey contain spherical or _e llipsoidal parr.icles 
of silica \Yhich consisr ot chalcedony with a 
rad ial fibrous texture. These particle~ are 
e longate para llc:I w the bedding. Bedding is 
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compacted around the larger particles. These: 
globules are considered remnants of some 
micro-organism. pos;;;ibly cross sections of 
radiolarwns or sponge spicules. The silica 
of which rhey original!y \\·ere compostd has 
hetn rc:crysullized and fills the globular 
shape of the original shell outline. 

Numerous orhcr forms, definitely [{:cog­
nizable: as sponge spicules, arc scattered 
throughout the .siliceous :;halc.:s. Usually they 
are concentrated as a rnicrocoquina, as seen 
in the thin section of a siliceous shale from 
the 11overs fornucion. This concenrrati~m 
is aloni the bedding and in the bands of 
.sapropelic material. There is a \'aricty of 
types: monaxon, triaxon (some \Yi th bulb­
ous terminals on each spine), and some rhac 
arc irregularly sluped. 

No complete section of the Tenmile Creek 
f ormation is exposed at any one locality 
\\' ithin the ~kna and Board Camp quad­
rangles. Tht monoronous lirhologic char­
acter prevenrs accurate measurement of a 
compos ite seetion. Assuming an average dip 
of LIS degrcts, and no structural complica­
tions. the thickness of the Tenmi\e Creek 
Formation along thc eastern border of the 
mapped area is approximately l 5,000 feet. 
:Measured dips indicate that ..:i5 degrees is 
roo high: thus. the acrnal thickness would 
be lessuthan the aboYe figure. 

Other authors Juve estimated the thick­
ncss of rhe Ten mile Creek Formation (Lau­
don, 1959: Cline, 1960: Shelburne, 1960) 
robe from 7,600 ro 10,000 feet. Compared 
with these estimates, the: formation is thicker 
in rhe j\fena and Board Camp quadrangles. 

Cline ond Shelburne ( 1959, p. '.'07) srnte 
that the Stanley ,tnd J ackfork groups atta~n 
an aggregate d1ickncss of 16,200 fou. in 
Johns Valley in the Tuskahoma synclme, 
Pushmataha County. Oklahoma. Thinccn 
:rnd one-half miles ro the: northwest at the 
Ti Vallc:y fault. these groups thin to pra~ 
tically nothing. They suggest rlut the: rapid 
thinning is primarily depo.siti~mal, ~nd that 
the co1wergence is at all Stf<HlgrnphIC levels 
in both groups. 

J\[OYLRS FORJ\IATI ON 

The;: j\foyers Form ation was nameJ by 
Harl ton ( 1938. p. 870) for outcrops north 
of the \ill age: of i\1oyers. Pushmataha Coun­
ry, Oklahoma. on the south fla_nk_ of the 
Tuskahoma syncline. Its lower l11rnt .. 1s de­
fin ed as the base of the i\foycrs Siliceous 
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Shak J\kmbcr ~ind its upper limit by the 
basal siliceous shale of rhc Chickasaw Creek 
Formation. Ar th<: typ<: section it is approxi­
mately 1,100 feet thick. 

Lirhologicdly, thc Moyer." Forrnarion dif­
tc.:rs from tht' underlying r<:nmile Creek by 
ciie rnnc1sc in the: amoum of sand in rela­
tion ro shak. The sands are 1riore massive 
~md slightly less argillacc:ous than those 
which charactcriLt rhe undc:rlying Tenmile 
Cretk stLltJ. They :ire gray on a fresh sur­
face ;ind weather, often spheroidally, m 
hrown or f'.lll hues. Rorrom markings and 
Ltll1\'0]11tc bedding are common. The shales 
.irv grav, grny-gn.:cn. or hbck, ,111d are simi­
lar ro the slulc:s in the Tcnmik Creek for­
m:u1nn. The rcsisl:tnt sands form low paral­
lel ridges which ;lf<: easily recognized on 
topographic maps or aeri~11 phorographs. 

In the i\kna quadran~lc: the J\foyer~ For­
mation crops out c:ast of Rich i\·founrain di­
rectly north of thc.: rown of Mena. l n the 
Board Camp qu.1drangle it crops our i111-

1cdiarc:lv south of Goldsberry I\founrain 
.inli Limb ]\fountain. In borh of rhcs<:: areas 
·he l<m narrow, parallel ridges are easily 
disceniblc: on the topograph ic map. 13elow 
·his scqu(.:'ncc: lic:s <I bc:d of siliceous shale 
ten to twc:my fru thick. This unir is con­
sidered to n:prc:st:nt the Moyers Si liceous 
Shale 'Member which defines the lower limit 
(If rhc: formation as described by Harlmn 
(19i8, p. 87°) and mapped by Cline <1960) 
and Shelburne ( 19()()). Below th is siliceous 
shale is the Ten mile (reek Formation, which 
f<)rms top<>graphic l<)WS. 

East of Rich l\founrain th<:: i\1overs For­
mation has an avcraµ-t westward dip of 17 
degrc:cs. Its cakularc:d thickness is between 
1.200 :rnd I ,,100 fret. 

CH1<KASA\\ CnEF K roHMAT10N 

The name: Chickasaw Creek Formation 
steffis from Harlron's di\ ision of the Stanley 
Group. Some geologists ( H endricks, et al .. 
1917) ha\'c placed it 10 riie Jackfork Group. 
Others (Cline and Slwlburne. 1959; Laudon, 
1959) follow Harl ton in includinc it within 
the Stanley Group. The base of the forma ­
tion is defined by (ht b1sal Chickasaw Creek 
siliceous shale. and its uope r limit is defined 
by a siliceous shale which lies below the 
massi\'t: sandstones of the fcirkfork Group. 

The best c:xposurt of rhe Chickasaw Creek 
Formation is in rht creek b111k below rhe 
Ward Lake Spillway at the base o f Rich 

Mountain. where _2,5 feet of srrara a re re­
fc:rred to the formation. The strnrigraphic 
secrion consists of black shale. with a few 
beds of siltstone one to rwo inches thick . 
Dark bluish black siliceous shales occur in 
rwo thin inrervals. The lower one is rwo 
fcer thick and the upper one approxiffiatcly 
five feet thick. Overlying this upper group 
of <.;iliccous shales is twelve feet of soft, black 
shale with intercalated s:rndsmne beds one 
to three inches in thickness. Fau lting trun­
cates the mp of the shale zone, and rhe Stan­
ley and Jackfork groups are in fault contact 
ar this locality . 

A siliceous shale bed may be traced around 
rhe easrern rip of Rich Mountain. This bed 
appears ro be in the sair1e strat igraphic posi­
tion as those found below the Ward Lake 
Spillway, and is considered to be equivalent 
to the shale present rhere near t he top of 
the formation. Poor exposures prohibit de­
railed srudy. 

Str11ti1:.raphic !?elatio11shij1 
The relationsh ip bctw(·en rhe Stanley and 

rhe underlying Arkansas Novaculire normal­
ly is conformable, although rhe break is 
sharp. Local unconformities are present 
along the contact between these rwo forma­
tions. Several hundred feer south of Berh­
esda Lake in rhe southeast 1 lj of Sec. .1 I, 
T2S, R)OW, the basal bed of the Sianley 
contains a thick breccia of nnvaculite. This 
breccia grades up into a quanzose sandstone 
(see Fig. 7). Along the creek draining Beth­
esda Lake m the norrh and in outcrops just 
west of rhe lake. che comacr is conformable. 
This abrupt change in the relationship be­
tween the Arkansas Novacu!ite and the Sran­
!ey shales occurs within a d istance of less 
rhan one-half mite. Other possible local un­
conformiries between these two units are 
recognized by the occurrence of brecciated 
novaculire nor in .riff(. Their occurrence is 
more comrnon in the east. central area of rhe 
Board Camp quadrang le. 

The Sranler a nd Jack fork groups are con­
sidered conformable throughout the Oua­
chirns. 

Paleo1110/og; . Age. and Corrc:latiou 

Jn rhe Mena and Board Camp quadrangles 
no megafossils \vere found in the Scan ley 
Group. A fc:w microfossils ( rnon:i.xon and 
triaxon sponges spicules and radiolari;rns ) 
wen: recognized in pl1otorn icrographs of 



No.~ 

F'ig:ure 7. Tenmile Creek b receia (S-J:\B). 
Brcccia near tlw Stanley-Arkans<:~s .\'oval:u­
l i te conlad. Th(' !al'ge frag·nwnl in Lhl' 
ce nter i~ chert. Th('l'e are othe r fragments 
of chert and si li c:eou:-; s hale throughout the 
breccia. Th{' sand~tone in the upper por­
tiGn of the phctorninog-raph is slratigraph­
icallv ahcvc the brecciated \aver and c·on­
sists' c f ang·ular to :-:ubrnu~ded quartz. 
Crcsscd nicob, X .). 

s iliceous shales from lhc Sranlcy. Honess 
( 192.1) collected crinoid stems, br,1ch io­
pods, and a s ingle bryozo:in fro1n two lornli­
rics in McCurrai n County, Oklahoma. Stud­
ies of th is fauna indicated a Mississippian­
Pennsylvanian ( ! ) age. Plam fragments Juve 
been found in rhe Srnn ley from other areas 
in rhe Ouach iras ( M iser and Purdue, 19:29; 
Cl ine, 1960 ). Conodonrs also have: been 
used in duerm ining che age of (he Sranlcy. 

Th<: :igc: of Ll1c Sr:rnky Group has been 
chc su bject of much discussion during the: 
last h;i lf century. In his original ddiniLion, 
Taff pbced the Stan ley "' formation"' in the 
Upper Ordovician d ivision of che Silurian. 
ln ]a(cr scudies it has been assigned ro vari ­
ous positions w ich in rhe '"Carboniferous 
System.·· Miser and H o ncss ( l9]-, p. I 0) 
placed borh the Stan ley and rhe J ackfork in 
rile i\1ississippian. This :1ssig nmenr was 
based on rhc occurrence o f i\fiss issippian 
fossils in rhe low<.:r porrion o f rhc.: Johns 
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Valley Shale overlying the Jackfork at Johns 
Valley, Oklahoma. From his srudy of cono 
donrs from siliceous shales, Hass ( 1950, p. 
1580) regarded the lower part of the Stan­
ley as Meramecian. He correlated the Srnn­
ley with the Caney S11ale of the Arbuckle 
i\1oumain area and rhc Barnett Formarion 
of Texas, formations that have: !ong been 
referred w rhe i\lississippian Sysrem. Cline 
( 1960, p. 85). mapping in rhe cenrral Oua­
chitas of Oklahoma, recognized a deposi­
tional wngue of the Caney Shale in the 
lower part of the Johns Valley Shale. This 
ronguc of rhe Caney conrained late nfiss1s­
sippian gon iatites. As the Johns Valky Shale 
lies stratigraphically above the Stanley Jack· 
fork sequence, rhe Meramecian age of the: 
Stanley Group appears to be confirmed 
More comprehensive discussions of the age 
of the Sranley-Jackfork-Johns Valley-Atoka 
sequtnce have been presenred by Misu and 
Purdue ( 1929, pp. 65-75) and Cline ( 1960, 
pp. 40-4 1) . 

.JACKFOllK (;ROL'P 

Defini1io11 
T aff ( 1901) named the J ack fork ··1ornn 

ti on .. from exposures on Jack fork ~foumain 
in southern Pitrsburg County, Oklaho111a 
H arlton ( 1938), from his srudits of (ht 
Round Prairie syncline in Arnka County. 
Ok lahoma, divided Taff's unit inro four for· 
marions :rnd gave it the status of a "group. 
In ascending order. rhcse formations are 
the \Xlildhorse Mountain, Prairie Mounr.11n 
Markham Mill. and \Xiesley. Subsequently, 
in l 959, he namc.·d the Game Rdugc For· 
marion and placed it in rhe j.Kkfork .... (iroup 
above: the \Xleslcy. The Game Refuge orig 
inally had been correlated with rhc: Penn 
sylvanian Union Valley Sandsronc (Had­
ron, l 938), and this name was introduced 
for rhe upper formation of the i\1ississip 
pian Jackfork Group. 

f)iJ1rih11t io11 
The .J ackfork Group crops our prom1n<.:1H 

ly throughout rhe Ouachira Mounrain arc.i 
in Arkansas and Okhhonu. It is a sequtnc 
qf massiYe, resistant sanc.lsrones and inrer· 
bedded sh::dc:s, supporting many ridges in­
cluding Rich i\1oumain, Irons Fork nroun­
rain. and Fouche i\1ountain. Only the lo\\"cr 
beds of rhc Jackfork are exposc:d lll thl 
norrhern pans of rhc: i\1en:i and Board Camp 
qu~1drang!cs. These overl ie rhc i\foycrs 
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Fig·un' X. Lo\\"l'l' beds of the \Yildhorse :\Io~111tain Fcrmation, exposed on the south Bank 
of \\"anl Lake Spill\\'ay. The ~trata dip north. 

Chickasaw Crcc:k ... c:qucncc of rhc: Sranley 
(iwup at the cistern c:nd of Rich j\founrain 
(sec: Fig. 8) and on the: soulh flank of 
(;oJdsb(:rry J\1ount;1111 ( ;1 "foothill" of Irons 
f'ork ?\fountain J 

L"t/w/ogy. Pctr11g1t1/)h1. 1md "/ h!(fllcJ.! 

The \X'ildhor'ie J\foumain Formation (the: 
only poruon of the Jackfork Group exposed 
in the i\!cna and Board Camp guadrnngles) 
conr1tins a highc:r ptrcentage of sandstone 
rhan is found in rht underlying Sranley 
Group. Thc:sc: sandstonts ;ire 1r1assivc, occur 
in thick scquc:ncc:s. and generally contain a 
higher pc:rn:nragc of quanz in relation m 
the chy malrix rhan do those of the Sranley 
Group. J\fost could be c lassc:d as prmoqu'.1rtZ­
ircs ( sc:c: Pc:tti john's classification. 195 7 J 

Th c:y arc dark gray ro off-white: on fresh 
surfaces and wtarher to a brown or light 
un. The: darker sands conrain a larger fr:ir~ ­

rion of day material. Current fearnres in­
cluding flme casrs, groo'"e casrs, and load 
casts arc: fairly com1non. Plant remains are 
abundant in S(;me btds and se\"eral fragmencs 
of Ca/,1mitu were: found in rhe basal bc:ds 

Th(: cur for the: spil\w;ty at the \\ c:st end 

of Ward Lakt exposes 2.10 feet of the Wild­
hori;:e Mountain Formation. lmerfcrc:ncc 
ripple marks arc: present on the mp of sev­
eral beds of quartzosc: sandstone. Near th( 
top of this exposure ~ome µraded b::dding 
is obser\"ed in one of the 1111ssi ve sandstones. 
Coarse grains of anguhr quartz are suspend 
ed in a matrix of mcdiun1 to fine erained 
quanz and clay. Thc: amount of coars-= 
grained material becomes less abunda n t neilr 
the rnp of the bed. Ar this locality rhe Jack­
fork is in fault comacr with the: underlyinp: 
Chickasaw Creek f ormation. Around R ich 
l\1ounrain and along the south side of Gold~ 
J~errv Mountain rhc con tan is considered ro 
be dc:posirional. 

Individual sandsronc strata in the: \Xl ikl­
horsc ·Mountain f ormation range from a ft'\\. 

inches ro founeen feet in rhicknc:ss. T he 
formation is rhick bedded and, bccwst of 
rhe high ouarrz content and jointing, appears 
blocky. The shales of (he lower parr of rhe 
formation are bbck ro Ilg.hr gray in color 
Soft and fissile. they weathe r ro light gra\· 
mnes, although rhe most inrcnsc:ly \\'C:atherc:d 
sh.tits are light Llll. Near \'(lard Lake: several 
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50- ro l 00-foot scguc:nces of shales ;1re 
exposed. 

Several specimens of s:indsroncs from the 
Jackfork Group. were studied petrograp'1ic­
ally. They .cons1sr of quartz ranging in size 
froi.11 medium to \'eq 1 fine grained Till: 
grams are subangular ro subrounded :rnd 
secondary overgrowth is well develope:.1. 
Clay fragments arc concenrrared in the in ­
terstices or mashed along rhe conrnns b~­
t ween grains. There are a few scatt(·red 
~ragments of chert. Bedding may be noted 
1~1 rhe thin sections hy the subparallel clo:1g:1-

rion o f rhc quanz gra ins. 

quanz ranges from 9.) ro 98 percent. bor­
dcnng on the limi t berween orrhoquarczitc 
and p roroquanzitt, according w PeHi john's 
classi firn rion. Bokman ( 1953) rerms rhc 
Jackfork sandstones subgraywackes and 
Goldstein ( 1959bJ considers them "d'rry" 
q uarn:ose sandstones and subgraywackes. 

Seely ( 1962) , who mapped the Rich 
i\1ounrain area ro the west of rhe Men:i 
quadrangle, assigned ),378 feet of srrara in 
the lower pan of the Jackfork Group ro the 
Wildhcrse Mountain f'o rmarion . Only these 
lower strata occur within the: IVfena-l3oard 
Camp area, and their assign ment ro the 
\Xfildhorse !vfounra in Formation is here ac· 
cepted. The lmver Jackfork stnua e:··poscd 
on Goldsberry l\1ountain a rc considered tO 

belong also ro the same formation. 

Palco1110/og) . A,ge. rmd Correlation 

As me:ntionc:d in rhe discussion of the age 
o f the Stanley Group, the Jackfork lies b"­
low rhc Johns Val!ey Shale. the lowc:r p:irr 
of which contain !are i\1ississippian goni­
arites. Based on these data. rhe Jackfork 
Group is older than Upper Cheste~ian and 
is younger than dlf' Nfcramecian Sranle) sedi­
mencs. A more precise age assignment of the 
\Xfildhorse i\1ounrain f'ormarion cannot be 
made on present evidence. 

IV. STHI 'Cl , .H I' 

N.c/!,io11al 
The: Benrnn- Broken Bow uplift is an ;1nti­

dinor ium approximately 200 miles long and 
30 miles wide extending from central Ar­
kansas \Yesnvard into sourhcasrern Okla­
homa. l t can be divided into several promi­
nent srrunural features { i\[ iser and Purdue. 
1929. p. ! ) : rhc Crystal J\'founuin anricline. 
th<: Mazarn syncline.:. tht Cassoror anticline. 
and rhc Cross J\ toumains anriclint (sec lo-
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cation map, Fig. I) Along the axis of the 
anriclinorium are exposed Cambrian. Ordo­
vician, Silurian, and Dc\'onian strata. i\.f!s­
sissippian and Pennsylvanian strata crop out 
along the flanks and are referred ro as the 
frontal Ouachiras. 

In tht fronta l Ouachiras the: srrar.t ha\'C: 
been broken by a series of thrust faulrs. The 
major dirusts dip to the south, and lu\'C· 
sim ilar srrikc generally parallel to chat of 
the sediments and the axis of the Benton 
Broken Bow uplift. They sc:p;1r;uc the fron 
ta! Ouachiras into structural blocks. The: 
<lmounc of displacement of thc..:sc thru~rs !us 
bcc.:n rhc.: subject of much speculation and 
disagreement. 

In the Benton-Broken Bow uplift th<: 
faulting is commonly h igh-angle rc:vc:rsl;, al 
though there arc examples of low-angle 
thrusts. The folds in the Benton-Broken 
l3o w uplift are closely compressed. Thc.:y arc 
commonly asymmetrical, one limb Yerrical 
or overturned, bur some arc isoclinal. There: 
are also compound folds. some of which arc 
normal or inverted fan folds. 

The froncal Ouachiras are characterized by 
folds that arc broader than rhos<: in the 
Benton-Broken Bow uplift. The mounrains 
arc syncl ines, five m rc:n miles in width, 
and composed of Jackfork and Atoka strara. 
The imervcning amiclinal valleys arc formed 
by shales of the Stanley Group. 

The M'ena and Board Camp quadrangles 
lie on che northwest flank. near the "nose" 
of rhe Bcnron-Brokc:n Bow up!ifr (set Fi,1~ 
I ) . The srrucrnral fcarnres recognized \\'L 

in these quandranglcs are characteristic of 
those found elsewhere in the Ouachira ~foun 
talll area. 

Folding 
A portion of rhe Benron -Brokc.:n uplttr 

consisting of Devonian and older str;1ta, 1s 
referred tO as the "core .. of rhc: Ouacliitas. 
The srrucwrc of these rocks diffc:rs fron 
rhar of the: ~tississippian t1nd Pc:nnsyhal1l;tll 
straca on the flanks of the: uplift There art" 
two fanors to which rhis difference: ma\' he 
attributed. One is the strarigr<tphic ch:mgc 
from the: relatively thin bc.:ds of the core 
sedinKntS ro the rhicker strata on the: flanks 
The other facror is thac the flank srr.ua arc: 
farther from the ctncer of the: uplift and 
were not. subjt·crtd ro th<: same: degree of 
compressi,·t· srre:ss. 

Folds within th<: core.: area ;trc· common!) 
isoclinal (Miser .111d Purdue. 1929, pl. ) 
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An cxample of isoclinal toJds forming .1n 
inn:rtcd fan fold is illusrr.w.:d on cross sec­
rion A-A' (Fig. 10 rh1s lsrn:linal fold 
axis exr<:nds inw the: s< urhcaq area of rhc 
'\1uu quadrangle and trends norrl1\\'C.:st­
-.:ourhcast (sec.: gcolngK map. Pl. I ) . The 
axis !us b:.:c:n mapped in the ;1rca south of 
rhc: l\kna and Board Camp qtudranglc:-. for 
Sl'H:ral miles alone. the: srrikc of the str,1ct 
( li.f1ser and Purdu,l'. 1929. pis. 1.1 and I)). 
North of rht: cenrr.d ;txis of this fan fold rhc 
;1xial planes of the isoclinal folds dip to the 
nonh and rhe south limbs are m-criurn<:d· 
southward. the norrh limbs arc O\"C:rrurncd 
and rhc axial planes dip w th<..: south. 

The: oldest fornurion txposcd in the ~lcna 
,111d Board Camp quadranglc:s. rhc: Biufork 
C:herr. forms rhc.: crc.:sr and flanks of tWl) 

anriclinc.:s \\'hich c.:xrcnd into rhc mapped arc,t 
from the.: casr. The.: axes of rhc.:sc.: ;1miclincs 
can be.: rraced to the west through the Sr.111-
lcy shales into the 1\-kna qu;tdrangle. Thi: 
rc.:maindc.:r of rhe n;IJTO\\- linc;1r ridgc.:s in rhc.: 
somhern portion nf rhc: an:;t ;trc: supporrcd 
by rhc.: Arkans;ts No\';tculire. ·1 c rhe <;outh 
and sourhwc.:sr of the 'Bigfork" amiclinc.:s. 
rhc.: folds <HC sharpc.:r :111d more.: c:long:Hc.:. The: 
~fisscuri !\fountain SLw: is exposed in the 
crests of n1ost of these: folds. Norrh of the: 
"Bii.dork" anriclines rhe folds are broader, 
and rhe ridgc.:s are not as high as those ro 

rhc: south. Tht rcducrion in ropographic 
prominence.: is arrriburcd m the north and 
norrheastward thinnint: of rhe: Arkans,1s 
No\ aculirc. Thar th<: folds are broader is 
due.: to the.: rc:larin.: flank position on the.: ;txis 
of rhc.: anric!inorium. 

One of the: folds in \\'hich Bigfork Chert 
is exposed in its crest occurs in a road cur on 
Stare Higlrnav 8 in Sec. 6, T\S. R~8W. The 
~outh limb of the fold is O\'erturned with 
faulred and righrly folded srrara of rht llig­
fork dipping steeply LO rhe nonh (Fig. 9b J 

The: crc:st is concc.:alcd b\' m-crburdc.:n <Ind, on 
tll<.: north limb. chc: Bigfork srrau dip m the 
north :tr angles of 20 to 50 dcgrcc.:s. Thc.:sc: 
exposures ck:arly exhibit rh<.: comnlcxnv of 
folding 111 rhc: area. Th(: dc:tails of rhc.: fold­
ing usually cannot bt obsc.:rved bc:cause of 
soil and \'egetation cover. Tn the interpreta­
tion of such structures. fracture: clta,·:ige 
pro\'(:d ro be a usdul mo] in dercrmining 
rht tops and bottoms of beds. lr \\'as p;u­
ricubrly usc.:ful in the: easr ctmral ponion 
of the Board r.amp (_1uadrangk. \\'h('rt: th<: 

shales above and below die: A rk;ins;lS Novac­
ul ire .ire: \'ery similar, in determin ing the 
proper srrarigraphic sequence and, rhus, the 
idcnrificarion of rhc.:sc.: similar srrara. 

A large regional fold. the: Rich J\{ounmin 
syncline. c.:xrc.:nds inro rhe norr!i\\'esr corner 
of rhc Mena quadrangle. Seely ( I %2 J 
traced th i:-, fold :1s much as 10 milts to the 
\\TSt imo Oklahom:1. In the.: Nfc:na quad­
rangle the axial plane dips rn rhe south ar 
an angle: of abour Lj 5 degrees (Seely, 1961 ) . 
The !~lunge of die fo ld '-is m the northwest. 
This is one of .se\'Cral s imilar structural 
features in the fronral Ouachiras. Th:::' major 
folds recognized in the: Sran!ey shales may 
be: rr:iced to folds mapped in adjacent, more 
cornpc:rc:m rocks. l\finor folds, faulrs, d ip and 
strike \'arJ<Hions. and conrorred bedding mar 
also be seen in ourcrops, bur soil CO\'C::L vege­
tation, ;rnd che similarity of !ithologies pre­
vent 1racing mos1 of these strucrural fcarures. 

F,w/ti11g 
The frontal Ou;tchiras are cur by St:\'eral 

re,i..;ional thru!>r faults, one: of which, rhc 
\'<' indingsrair faulc has been traced inco rhe 
.Mena quadrangle:. Seely ( 1962), whi le map­
ping the geology of an adjoining area, er.iced 
the \'\!indingsrnir fault from eastern Okla­
hom;t into the porrion of the Mena quad­
rangle north :ind west of -U.S. H ighways 71 
and 59 ( sc.:c.: fig. ! ) . During the pres<:nr 
study rhis fault has been mapped for an 
;H..!ditional four miles to rhe norrhwesr cor­
ner of Mena Lake:. I cs trace: is delineated by 
rhe abrupr change: in srrikc.: (Secs. 6 and 7. 
T1S, 1\.)0\Xf J where rhe Ttnmilc Creek For­
marion, striking tasr-wcsr. is rhrusr against 
rhe north-south srriking Moyers Formarion. 
Associated \\'irli rhis abrupr change in strike 
are minor faults and conrnrtcd bedding . Al­
though rhis abrupt change in strike direc­
tion converg<:s to a sourhcasr-norrhw<:sr di­
reuion, thc: re is addirional <:vic.lencc d1ar the 
fault <..:xrc:nds farrhc.:r to the cast. From rhc: 
north\\'C:St cornc:r of Sec. 15, T~S, R._10\XI . 
l1rier Creek and Prairie.: Creek follow almost 
a straight line to \\'here: rhey empry into the: 
Ouachirn River. which also continuc:s ro 
flow in ;in t'asrcrly direction for several hun­
dred feet. Funhcr exrension of die line ro 
the c:asr would mark roughly rhc term ina­
tion of the cwo siliceous shale: bc:ds. On tht· 
evidence cited abo\'e rhc· \Xlindingsrair f'11ilr 
dc:finirc:ly can be traced to Sec. l 5, T2S, 
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Figure 9a, b. PhotO.t!Taphs of outuops of Bigf0rk Chnt on thp south linib of an anti­
cline exposed alcng Arkansas 11i.!.!.:hway !-(, nortl1w<::st ("(il'!Wl' Sel'. G, T:;S, IU~\\'. Photo­
graph 9a: tig:htly folded beds; plunge to tlw \\·1:-;t. PhotG1 .. ~:1·aph !l\J: ste(_•ply dipping iwds 
tJe<H tlw c-ontad, with Lhe Polk Creek Shale. 
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R30W, and it is suggested that it extends at 
least to Sec. 16, T2S, R29W . 

Movement along the Windingsrnir faulc 
displaced rhc Tenmile Creek Formarion 
against uppermost beds of the Moyers For­
mation (cross section B-B', Fig. I 1 ) The 
total missing stction is approxiiriarcly 1,900 
feet. The Moyers Formation, which else­
where has a roral thickness of 1.)00 feet, is 
missing on the uprhrown side of rhe fault. 
The remaining approx imardy ?100 feet of 
missing section is from the upper ponion of 
the Tenmile Creek Formation. Thi s amoum 
was calculated by estimati ng the thickness 
of rht Stanley Group along the eastern 
boundary of rhe map us ing an average dip 
of 45 degrees, based on field measurtmenrs, 
and the outcrop width. Sirriilar measure­
ments along the western boundary indicate 
that not more: than a few hundred feet of 
the upper portion of the Tenmile Creek For­
mation are n1issing south of the Winding­
srair fault. 

Seely ( l962) has estimated the dip of the 
Windingsrair fault to be less than 42 dc:­
grc:c:s. Hc: basc.:d this estimate: on the dip of 
the axial plane of the Rich ·Mounrain syn­
cline. He also suggests rhar rhe dip is prob­
ably steeper to the east. Harr ( 196) ! esti­
mated the Windingsrair fault plane to have 
a dip of 60 to 70 degrees. 

A northward striking thrust fault located 
in rhe northwest portion of the ~1c:n<t quad­
rangle: is rdated to the: Windingsrair faulr. 
It has chrust rhe beds forming the.: east end 
of Rich ~:fountain (in the northwest corner 
of the map) ro the northeast over those of 
rhe Tenmile Creek Formation . The north­
east direction of thrusting along this fault is 
evidence that chc: downrhrown block has 
several hundred feet of right lateral move­
ment. This northward striking thrust prob­
ably can be: rr:Krd w the.: north of Rich 
Mounra111 to connecr wirh rhe Honess fault 
(Seely, 1962, pl. I). It is here riamed the 
Brier Creek fault. 

The Honess fault (Seely, 1962) has been 
mappc:d along the south side of lrons Fork 
Mountain (Morris, 1962) in the Y City 
quadrangle (borders the Board Camp quad­
rangle on the north). Ir extends into the 
Board Camp quadrangle ( Sec. )5, TIS. 
R29W) where it is truncated by a rear fault. 
The.: conclusion that rhe Honess fault is trun­
cated by a tear fault is based on rwo lines 
of c.:vidence: ( I ) rhe ab rupr termination of 

the Moyers Formation and ( 2) the conform­
able srrarigraphic relationship between rhe 
Stanley and Jackfork Stram on the south 
flank of Goldsberry Mountain. 

Other tear faults which truncate and offset 
thrust faults have been mapped in the Oua­
chita Mountains ( Hendricks, et (d .. 194 7). 
Ir is postulated that faulti ng associated with 
the Honess fault ht1S truncated rwo siliceous 
shale beds which crop our in Sec. 35, T IS. 
R29W. This is based on rhe disconrinuiry 
of the rwo siliceous shales. They cannot be 
traced co rhe west either due ro truncation by 
faulting or because they are losr under rhe 
cover of vegetation. These siliceous shales 
h:lve been placed in the Tenmile C reek 
Formation. 

Mnrris ( 1962) mapped rhe Acron fault 
in the Acron quadrangle to the north. le is 
based on the presence of crumpled distorted 
bedding which he observed to be consistenr 
along the north side of the Ouachita River. 
This fault has nor been traced into the 1vfena 
quadrangle. The Acron fault , however, may 
truncate the siliceous shales which have been 
traced to the east bank of the Ouachita River 
in Sec. 2, T2S. R 30W, in the norrh central 
pan of the Mena quadrangle. 

Faulting also is common in rhe tighrly 
folded strata of the Benton-Broken Bow up­
lift of rhe Ouachita Mounrains. AJ[hough 
some of the faults in this area have been 
traced for as much as fifteen milts ( ~1 i scr 
and Purdue, 1929, pl. 3), rhey arc nor rc:­
gional in extent as compared to the rhrus1 
faulcs in the frontal Quachiras. T he major­
ity of these faults arc high-angle reverse 
faults. T he fault planc:s generally d ip in the 
direction of rhe dip of the axial planes of 
rhe folds rhey cur. Exceptions ro this general 
pattern are illustrated on cross sccrion C-C' 
( Fig. 12 ) . 

Three anriclinal folds in tht east cc:nrral 
portion of the Bo;trd Camp quadrangle arc 
cur by reverse faults which have a right lar­
eral strike-slip cornponenr. T he strike of 
these faults approximates that of the bed­
ding in the Sranlty shales unt il they cross 
rhe folds flanked by rhe more resisrant Ar­
kansas Novacu lire. H erc the trace of rhe 
fault bends :tnd srrikcs oblique::ly across the 
outcrop. 

The Sulphur Creek fault, about rwo miles 
southwestward of the southernmost of the 
three faults rnenr ionc:d above, has left lat­
eral strike-slip rnovernenr of approximatdr 
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2,'500 feet. The mr.d displacement of the 
thn:c: righl lalc:ral srrikt:-slip faulrs is closely 
in accord with thl: amoum of mo\·<.:mu1r 
along the ldt l:uua[ strikc:-slip Sulphur 
Creek fault. Thus, the block which lies be­
tween the Sulphur Cn:.x:k fault and the three: 
right larnal strike-slip faulcs bas bu:n mo\·ed 
to rhc west. 

In conrrasr to rhc re la tin: abundance of 
high-angle IC\Trsc faults. thrust faulling is 
nor common in rhc: Bcnrrn1-Brokcn Bow up­
lifr. T he Towc:r l\.1ounuin fault in the sourh­
wesr portion of tht.: rriap, howt\'<:f, is ;1 low­
angle thrust ( stc: cross sccrion D-D', Fig. 
! _)) lrs trace: curs tht <.:ast side of Tower 
I\lounrnin at approximately a uniform ele­
\'ation. E\·idc:ncc: for rhe fault is based on 
(I) abrupt changes in strike: and dip direc­
tion bctwec:n the Sranky Group and the Ar­
k;rnsas NovaculitL, (?) thL breccia1io11 of 
some of the massin: no\'acul itc, and ( ~) rhe 
Sta nley 111 contact with, or close to. beds of 
the lmn.:r mcmbc:r of the Arkans.ts No\·ac­
ulitc. Th<: no\aculitc: !Ms bec:n thrust to the 
cast, and on Round Top Mounrain the lowc:r 
mtmbcr of the no\·aculite rests on rht Tc:n­
mile Creek Formation . To the south and 
soi thw<.:sr rlie Tower Mounrain thrust sttep­
c:ns and connc:us wirh the D;dbs I\lountain 
fault. 

There is a possible relationship bc:rwecn 
the high-ang!<: rc:\·crst faults in the core and 
the: thrust faults in rhc: frontal Ouachiras. 
Dunng deformarion rhe .sediments exposed 
in the: core were d<:c:p ly buried by the over­
lying f\.fississippian <llld Pennsylvanian for­
mations. The structural fcawrcs in rhe cor<.: 
\\'Uc txrendcd inro rhe overlying sediments. 
Thc:rc:forc, th<: faulring would be rhe "roms·· 
of faults which exrc:ndc:d into Ll1<: Sran!ey 
shales, and were defleued to form thrust 
planes. Erosion of rhcse overlying sedimems 
lus remo\'ed the traces of rhese faulrs and 
c:xposed their "roots .. in the core. Evidence 
for this exists in the M-ena and Board Camp 
quadrangles \\-h<:rc: rhc Tower Moumain 
fault, a low-angl<: rhrusr, joins rhc Dallas 
Mountain faulr. a high-angle reverse L1uiL. 

V. GtcOl.O(;i(. HISTORY 

/111rod11uirm 

Two distinct depositional ph.1scs may be 
recognized in the strata exposed in the 
M ena and l3oard Camp quadrangles The 
recognirion is based on rhe srrarigraphic 
cluractc:risrics, \\ hich ar<: dcrc:rmined by the 

tectonic stability of rhe Quachirn rrough 
during irs depo.;;irional history. The early 
phase includes rhc Bigfork Chen, Polk Creek 
Shale. J\1issouri i\'founrain Slate, and Arkan ­
sas Novaculire, and is termed rhe "recwnic­
ally stablt phase." The inrerval in which 
they \\'C:rt dcposired is upper Middle: Ordo­
\ ician to Lower Mississippian. Durillg this 
time the rart of deposirion was relatively 
slow, rhe Ouachita trough was tecrnnicall) 
stable, and rhe influx of coarse dnrit;tl sedi­
ments was comparatively small. As a result. 
it has been tnmed a sed imenr-swr\'c:d rrough 
( Cline, I 960) 

The: second phase began with the deposi­
tion of the Stanley Group and includts rhe 
youngtr srrara expost:d in th<: Ouachitas. 
The Sranlcy consisrs of a thick o;;cqutnce 
of dark shales with ,t;raywackes in lesser 
amounts. Th e: lower Jackfork beds are mas­
.<iive quarrzose sands~ones and gray shales. 
These srL1ta were deposired in a rapidly fill­
ing and subsiding trough during the !\fiddle 
I\1ississippian. Thi~ is the "rtcrnnica! ly un­
srable phase." 

Thc r:ttio of rhickness between rht strara 
in rhe early phase of dtpusition and the 
strata of the bttr phase is ,1pproximatdy one 
to four, when considering the Quachira.<i as 
a whole. In the i\frn<I and Board Camp 
quadrangles. the ratio is Lliree rimes as great. 
alrhough rhe ccmplere section is nor exposed. 
These ratios illustrate rhe rapid and abrupt 
changes in the rare of dcposirion in rhe Oua ­
chita trough area. 

THTON!C:Al.LY STABLE Pt!ASF 

Bigfork Cher1-l'olk Creek Sh,de 

DejJosi1io11 

In rhc late I\1iddlt Ordovician rhc silica 
conrenr of the waters of Lhe Ouachir;1 trough 
increased and the: bedded chtrrs and inrer­
bcdded dark shales of the Bigfork Chen were 
deposited. The origin of the Bigfork cllt'rtS 

and of orher bedded cl1c:ns has be<:n rh<: sub­
jcet of wide discussion. There arc thrc:c prin­
cipal theories of origin: biochc:rnicaL mera­
somatic, and primary prccipiurion. A large 
number of gcologists ha\'e discussed siliceou.'. 
sediments from \'arious localities, and there 
is abundant tvidenct to give definirc sup­
porr ro a polygenc:tic origin of chcn. 

At least a pan of the silirn which formed 
Lhc: bedded siliceous deposits comprising die 
Bigfork Cherr is of ;i biochemical origin. 
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One thin secrion of the Bigfork Chert from 
the Board Camp quadrangle shows a hash of 
monaxon and rriaxon sponge spicules; other 
sections contain none. However, nor all of 
the rocks studied petrographically show defi­
nite evidence of organic contributions to 

their formation. In these rock<; recrysralli­
zar ion is more thorough, thus leaving little 
evidence of any fossils rhey might have con­
tained originally. How much of th is ev i­
dence has been destroyed is conjectural. 

Geologists who have worked in other 
areas (Robey, !929: Taliaferro, 1933~ Hr:1m­
lette, 1946: Bissell, 1959) have noted the 
association of chen with volcanism and pro­
posed rhar volcanic ash contributed ar least 
a part of the silica. Bramletce ( l 9"i6, p . 28 ) 
presents dara from chemical analyses m show 
that rhc loss of silica from be<ls of vir ri c 
volcanic ash is characteristic of rhe M on­
terey Formation of California. Rubey ( 1929. 
p . 100) notes the same association in the 
Mowry Shale of the Black Hills region. He 
stares that rhe silica in the shale is de rived 
from altered volcanic ash. Goldstein and 
Hendricks ( 195?') are of thc opinion that 
the siliceous sediments of the Ouachiras arc 
of primary origin and that the source for 
the silica \vas extensive volcanism Evidence 
for widespread Ordo"ician volcanism is 
noted by Ross ( 1928) who has quoted other 
authors on the occurrence of bentonire in the 
Ordovician rocks of rhc: Appalachian area. 
From these rt'porrs Trenton age volcani sm 
is well documented. 

No direct evidence: of volcanism was noted 
within the chert and novaculitc: of the M ena 
and Board Camp quadra ngl es, and ro the 
author's knO\vledge none has been described 
from these rocks throughout the Ouachita 
area. Submarine volcanic acr ivity rn the 
south of the present core of t he Ouachiras 
and sub11"1arine \veathering of extensive de­
posits of volcanic ash, thus releasing silica, 
is a possible explanation for the sil ica. Be­
cause of the slow rate o f prccipiration, silica 
could have been dis persed throughout the 
waters of the Ouachita trough. Additional 
volcanic emanat ions could have raised the 
silica content above the solu bility equilib­
rium, ulti1r1arely leading to the precipitation 
of bedded sil iceous deposits 

Furthermore. the occurre1Ye of carbonaLe 
rhombs. or remnants of carbonate rhornbs, 
replaced by silica in the Bigfork Chert, in­
dicates that this format ion may also bf~ in 
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part the product o f replacement processes. 
Under conditions of an euxinic environ ­
ment_ carbonate can be deposited simul ­
taneously with silica ( Krumbein and Gar­
rels. 1952). Thar the Bigfork Chert was 
deposin.~d in an cuxinic environmem is sup­
ported by the presence o f black carbonaceous 
sh ales interbcdded with the chert and the 
carbonaceous character of the cherr itself. 

The direcr evidence observed in the Big­
fork deposits within rhe Mena and I3oard 
Camp quadrangles indicates that two proc­
esses we re responsible for th e ir origin. Sili ­
ceous sponges spicules give evidence of bio­
chcmica l orig in and the replacement of 
carbonate by silica lends evid ence of a re­
placement or igin , although rhe lane r ac­
counrs for only a small portion of any one 
rock. 

Based on the uniformity of lirhologic and 
petrographic characreristics, as seen in the 
M ena and Board Camp quadrangles, it is 
co ncluded that the cherts of the Bi gfork 
are in part rcplacerncnr and biogenetic but 
!arge!y primary dcposirs. It is suggestC:'.d that 
volcanic act ivity is a possible source for the 
sili ca. 

Th e infe rred cuxinic envirornr1enr which 
prevailed during rhe deposition of the Bi g­
fork Chert persisted imo the Upper Ordo­
vician. The supply of silica was decreased 
and rhc resulting deposits were rhe black, 
carbonaceous Po!k Creek sha les. The rate 
of sedimenrarion was s!ow because the sou rce 
area was o f low relief or at such a distance 
that it supplied on ly arg illacenus mate rial. 
With restricted circulation, characteri stic of 
the euxinic environment, coarse nuterial 
would not have been moved inrn rhe basin 
of deposition. 

1\li.rso11ri 1\/ 011ntr1i11 Slate De/Jn.rit irrn 
During Missouri ~1ounrain time the mud­

dy Silurian sea was \Videspread throughout 
the O uachita trough. The argillaceous sedi­
ments of rhis formation are a product of 
slow sed imenrari o n in an area receiving little 
elastic material. The inrermirrenr influx of 
derriral quartz resulted in the deposition of 
rhe thin quartzite beds in the upper porrion 
of the formation. Currents winnowed our 
argillaceous n1aterial after deposition. 

Goldstein ( 1959b) described heavy min­
eral suires from Pa leozoi c sandsrones of the 
Ouachita Mountains. H e nored a change in 
heavy mineral conrcnr be(\veen the Mis-
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sou ri i\1founrnin and the older sed iments. 
Garnet is a comrnon heavy mineral in the 
sandstones of rhe J\1issouri M oum ain bur it 
is virtually absent in sandstones in rhe older 
formations. This suggests a change in prov­
enance from olde::r scdimenrnry rocks ro 
roc~s of basc_n:enr corriplex rype. 

1 he deposmon of the Missou ri Mountain 
Slate was charncrerizcd by environmental 
change f~o.m rhar which prevailed du ring 
the depos1[]0n of the Polk Creek Shale. The 
red color .of this formation, due m presence 
o f hematite, suggests oxidizing conditions 
a nd deep chemical weathering in a source 
area of low relief. 

In the Black Knob Ridge area and in rhe 
Pornro H ills in southeastern Oklahoma rhe 
wp of the Polk Creek Shale is eroded' and 
in one local ity the Pol k Creek has been 
complercly rernoved. wirh rhe ?>.fissouri 
Mounrai.n lying on rhe Bigfork Chert 
( H cndncks, et (I/.. 1947). Miser and Purdue 
( 1929, p. 44) report the local occurrence 
of a conglomerare at rhe base of rhe Missouri 
Mountain Slate. The rapid norrhward thin­
ning of rhe Blaylock and rhe prese:nce of 
rhe conglomuate suggest an unconforiniry 
between these rwo formations. However, 
Miser and Purdue ( 1929, p. 44) do not 
recognize a gene ra! strat igraphic break at 
rhis incerva! and suggest rhar the Blaylock 
grades upward in rn the Missouri i\1ou main. 
H oness ( 192), p. I 09) also srarcs rhar in 
the Oklahoma Ouachirn area rhc Blaylock 
Sandsmne and the Missouri Jvfounrnin Sl:ue 
are conformable. T he absence; of a wide­
spread unconformity berwcen rh<: Polk Creek 
Sha le and rhe 7Vfissouri Mounrain Shue may 
indicate rhar sOJne of the lower beds of the 
lvfissouri tvfountain in rhe Me na and Board 
Camp quadrang les were deposited conre1r1-
poraneously with the Blaylock, \vhich is lirn­
ired m areas sourh of rhe quadrangles. Th is 
supports a source area sourh of the O uachiras 
and thar the Blaylock was a near-shore (or 

ntar-sou rce ) dcposic. 
Post-13laylock deposirs (specifically the 

l\rfissouri Mounrnin Slate and Arkansas No­
vaculire ) thin to rhe north and northeast in 
the l\1ena and l3oard Cam p quadrangles. 
During the Silurian-Devon ian interval a sub­
aqueous positive area presen t in central Ar­
kansas tended to red uce the thickness of the 
sedi ments deposired in rhis a rea. This fearn re 
also nrny be reflecred in rhe norrhward rhin­
ning o f the Blaylock Sandsrnne. 

ArkrmSrlS Nol {ICH!ite Deposition 
Except for a bed of quartzite sandstone 

near the base of the novaculite, beds of che 
lower mernber of the Arkansas Novaculite 
are .relatively free of coarse detrital material, 
Sc?imcn~ sources were distant enough that 
~.his pornon of che Ouachita trough remained 
sed imen t srnrved.'' 

Throughout the period of deposition of 
the lower and middle Arkansas Novaculite 
members the euxinic environment prevailed, 
the. supply of silica was replenished, and 
argtllaceous material was introduced which 
formed thin beds of carbonaceous shales. 
The increased supply of argillaceous material 
resulted in the deposition of alternaring beds 
of dark sha le and chert in rhe middle mem­
ber. Petrographic srudics have shown rhat 
the cherts of this iriember contain fine 
argillaceous material, indicating either that 
the .argillaceous sediments were deposited 
continually and rhe supply of si lica \vas inter­
mittent o r (hat intermittent increases of ar­
gillaceous sediments masked silica deposition. 

During Lower :M ississippian rime the cal­
careous upper member of the novaculite was 
deposited, and ir is exposed in the we.stern 
porrio.n of rl~e M-cna quadrangle. The petro­
graphic srud1es provided no evidence of re­
placement. Calcareous mater ial occurs dis­
seminated within rhe chert in rhombs and 
irregularl}1 shaped parches, and there is no 
reason w suggest anything other than char 
primary carbonate was deposited contem­
poraneously wit!~ t he siliu unless the orig­
m al rock was a li mesrone which was partial ­
ly replaced by silica, leaving only remnant 
carbonate rhombs. 

No macrofossils have been recognized in 
the Arka nsas Novaculite within the :Mena 
a nd Board Cam p quadrangles. There is in­
direcr evidence of micro-organic remains and 
ra~iolarians. Conodonts and siliceous sponge 
sp1Culcs have been reported in this forma­
tion (Goldstein and H endricks, 1953; Hass, 
1950) Silicified wood, including stumps 
rwo feet in diameter, has been found in the 
upper me inber of rhe Arkansas Novaculitc 
( Miser and Purdue, 1929, p. 32) in Pike 
County to the southeast of the area here 
described. 

The upper member of the Arkansas No­
vaculire is nor prestnt in the Board Camp 
quadrangle. Irs absence in this area is the 
result of nondeposirion and erosion. Like-
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wise, all mc:mbers of the Arkansas No\'ac­

ulite thin to the <.:ast. In a few isolarc:d lo­
ulir!cs there is a brcccia of novaculitc near 
r~1c conw.cr buwecn the Arkansas Novac­
u!ite and the Stanley Group. Although seen 
only at sGutered localiries, rhis brecciated 
novaculire is more common in the eastern 
portion of the an:a, \vhc:re the formalion is 
thinnest. The thinning of the lov.:er and 
middle mc:mbe:-rs continues c:astw~ud into 
the Oden (piadrangk. 

Near Lake Bethesda in the.: western parr o f 
the map a quartz itic s:rndsmnc: grades do'' n 
into a breccia of I iglu and dark chert at the 
base of the Sranley. This is the: o nly local­
ity where a brc:ccia was observed in place. 
The remainder of the contact is gradational 
and rhc: rwo formations do nor reveal evi­
dence of an unconformiry. lr is concluded 
rhar, alrhough erosion did conrribure to parr 
of the rhinning of the Arkansas Novaculir<..:, 
as signified by rhe presence of breccias, rhe 
majoriry of this rhinning is due to non­
(_1eposirion, based on thinning of all unirs of 
the Arkansas Novaculirc and the i\1issouri 
Jvfounrain. This resulrcd from d1l: subaque­
ous positi\'C: area which cxisred in central 
Arkansas during the Silurian :rnd De,·onian. 

Other workers have noted conglomerate 
ar or near the contact of the Arkansas Novac­
ulitc and the Stanley Shale. Miser and Pur­
due ( 1929, p. I ?12) discussed the occurrence 
of a local conglomerate at rhe base of the 
Srnnlcy in rhc DeQueen and Caddo Gap 
quadrangles. 1n the Hor Springs quadrangle 
there is a widely distributed conglomerate 
at the equivalent stratigraphic level ( Purdue 
and Miser, 192)) which is overlain by a 
pure quartz sandsmne, rhe Hor Springs 
Sandsmne. [n the same: area there is north­
ward thinning of the Arkansas Novaculite 
from 800 to I 00 feet. 

There appears w be a general opinion 
among geologists thar bedded siliceous de­
posits arc producrs of an c1wironmenr rc­
stricred from current circulation or wave 
acrion. This resrriction n-iainly is considc.:red 
rn be the rcsulr of deep-water environmenrs. 
The evidence presented above indicarcs rhat 
the depth of warcr was not as great as pre­
viously belie\'ed. A general lack of coarse 
clascic sedi1nenr is due m the disrance from 
the source areas and low relief of rhe areas, 
and the lowc:r Paleozoic sediments of rhe 
Ouachita trough were deposited in a restrict-
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cd porrion of the basin. The occurrence of 
the breccias in a few isolated local irics in­
dicates rhar erosion was ar least p::i.rtially 
responsible for the norrhcastward thinning 
of the Arkansas Novaculitc. 

King ( 1937, p. Sit) and Miser ai:d Pur­
due ( 1929, p. 5 I ) have exp ressed the view 
that novaculitc is of shallow -warer crigin. 
King notes that some of rhc bedding sur­
facc:.s .show fine corrugations that have the 
appearance of ripple marks. Miser and Pur­
due describe them as large, uneven ripple 
marks. 

TECJONIC1\l,l.Y UNSTAHl.E Pilr\SE 

Jn :Middle Mississippian tirTle rhere was 
an abrupt change in the depositional en­
vironment of the Ouachira rrough. The 
"starved basin'" environment which had pre­
vailed during the lower Paleozoic termi­
nated. The source area was uplifted and 
strea1r1s were rejuvenated, supplying an in­
flux of clasric detritus ro the trough. 

The Sranley sandsrones consist of ;1ngular 
to subangular, fine ro medium grained quarrz 
in a clay matrix. They also contain chert 
fragmenrs, rock fr;1gments orher rhan chert, 
feldspar and mica. l3c:dding is massive, and 
rhcre is some graded and convolute bed­
ding. The fearures of the Stanley sandstone~ 
are indicative of rapid deposirion and burial. 
Turbidity currenrs have been sug!!ested as 
rhc transporting and dcposition1l mechanism 
(Cline, 1960, p. 88) 

Kucnen (195)), pp. IOliS-1017) sum­
marizes the main arguments in favor of tur­
bidity currems as the ultimate transporring 
agent for marine gray\vackes. Some of rhe 
sedimcnrary fearures characteristic of rhese 
deposits, such :JS graded bedding, absence of 
ripple 1r1arks, absence of autochthonous ben­
thonic life, and current fearures on the 
underside of grarwackes, have bt:en noted 
in rhe Sranley. Of these fearures, graded bed­
ding is rhc most inconspicuous in the Sran­
ley sandstones, common ly cbservcd as beds 
in sharp conracr with the underlying shale 
bur in indisrincr or gradarional contact with 
the ovc:rlying shale. Graded bedding was 
noted also in some of the sandsrones of the 
lower .J ackfork on Rich Mountain. 

A combirurion of rhc size of marerial, the 
distance from the source, and the length of 
rime of flow formed a graywacke with <l. 

uniform rexrure bur which graded inro the 
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overlying shale. such as rhar obser\'ed in the 
i\1cna and Bo:ud Camp quadrangles. T ur­
bidity currents, therefore, arc considered rn 
have moved the sedimenrs ro the sire of 
deposition, where rhey were bu ried before 
being sorred by curTtnt or wave action. 

T he concep t of Llanoria. a hypotherirnl 
Paleozoic landmass situated ro rhc south of 
of the present sire of the Ouachirn J\1oun­
r:-i ins, has long been a subjen o f controversy 
and specu larion. l r is considered by some 
ro be the: source of rhe nujority of rhc e las­
t ic sediments deposited in rhe Ouachita 
trough. In recent years. srudic:s of paleo­
u1rrenr directions based on measurc:irienrs 
of sole markings have rcvc.:alcd a general 
wesr-sourhwc:sr current dircccion within rhe 
trough area ( Reint inund and Danilchik. 
1957; Scull, Glover. and Planalp, 1959; 
Shelburne. 1960: Cline 1960: Br iggs and 
Cline, 1962 ). This di rection is gcntrally in 
.1l ignn1cnr wrih rhe axis of rht trough. 

Srudies of the re!arionships of rccronic 
srrike and current d ireccion as indicated by 
sole markings hav<: been discussed by Petti­
john ( 1962) In rhc Appalachian Basin ir 
has been shown rhar l11e:rc: is both longi­
tudinal :-ind nansvc:rse filling ( J\1cBridt, 
1962). Kuencn (1957) and D zulynski, el 

al. ( 1959) note current direnions par:il lel to 

tht tecronic strike of troughs in Europe 
It has been suggested by some workers 

( Morris, 1962 ; Shelburne. 1960 ) rhar rhe 
sou rce area for Lhe J ackfork-Aroka sed iments 
lay ro rhe norrheasL Thtse scdimenrs would 
be transported along rhe margin by long­
shore cu rrents. Porter and Pryor ( 196 J ) 

have: shown <l southwesterly direnion for 
iVf ississippian sed iment movc:menr in rhe 
J\1ississippi Embaymtnr and Illi nois l3asin. 
providing a source for sed imenrs c:mcring 
rhe Ouachita trough from rhe approxima[e 
area of norrhcasr Arkansas. Du ring the dep­
osition of rhe Srnnley-Aroka sttiuence. sedi­
mems transported into rhc basin \\'Ould be: 
moved down the slope and along the bot· 
rom o f the: rrough inw irs dec:pesr portions, 
somewhere in the a rea that is now south 
central Oklahoma. 

The pa!cocurrcnr features ntlted in strar:-i 
of the Ouachitas were formed by rhe bst 
medium to t1«111sporr rhe sedimu1rs bdore 
rhey \VC:re deposited and !irhified, bur :ire 
nor nece:ssarily indicative: of the direction co 
the ini{ial dispc:rs<tl cenre:r. Similar p;i!eo-
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cu~renr patterns measured in the Appala­
c\~1.an trough haYe not precluded rhe possi­
bilny of a sed imtnt source to the east. The 
similariric·s in the: dcn-:lopmenr of the two 
fold belrs strongly indicate that a nujor 
source of sed iments could ha\T txisred 
south of rhe Ouachita rrough ar '~uious times 
during rhc: Paleozoic. Thtse sediments were 
transported down the side of the trough and 
then moYtd \\'esrward along the axis. 

Se\'eral siliceous shale beds are found in 
the Sranlcy in rhe: J\lena and lloard Carnp 
quadrangles. T hey consisr largely of a matrix 
of fine mud and organic material :-ind con 
rain sponge spicul~s. Cline ( I 960 J .rnd 
others have reporred radiolarians and corni 
donrs in orher siliceous shale bcds rhrrn gh 
our the Ouachiras. The prcscrYation of 
fragile, fine el<.:menr.s in th<.: nurrix materi1.1l 
musr have been the: result of slow scdnncn 
tarion. as sugge.stcd by Cline ( 1960) Thar 
they arc: thin deposits which may be traced 
breral!y for long distances in the Ouach1t.1s 
ind icatcs deposition during a period of gcn 
era! quiescence in the trough. Also. rhc 
fact that rhc.:y Jrc idcnrified throughout the 
Ouachicas ind icates that rhc process< f rhi 
formation \\·as uniform rhroughouc he: 
Lrou.gh. 

The decrease in the ratc of influx of sc:dt 
:11cnrs during relatiYe quiescence is ind1c.ict 
by a cross-bedded sandsrc;.K associated w 1 

rhe 1\toyers Siliceous S:ule in Scc. :!.(i, l I :-i, 
R~9W. \'<law: and currcm acr:on formed 
cross bedding in rhi .'> rhrcc:- ro four-inch bycr 
before iL was buried by additional sc:di111e1Hs. 

The scdimenrs of chc Sranlcv and J;tLk 
fork groups :uc compar:1bk t<; the: {Jysch 
facics in the Creraceou~ and Locc:n<.: ot the 
Alps and Carpathians of Europe ( Sujkowsk 
1957: Dzulynski, ct <ii .. 1959; Trumpy 
1960). According rn Sujkowski ( 195') 
and Cline ( I 9(J0), tht: ttrm fly sch, mca111n.i--; 
li terally "'gliding rock," was inrroduccd imo 
Llw litcrarure by Sruder in 182' for des!.:rib· 
ing :t sequenc<.: of i 11tt'fscr~1rificd sh~des, marls. 
and s:rndsroncs. It \\<IS rcstricred ;It first ro 
;t formation name for lower Terri:uy sed1 
mcnts in northern SwitzcrLrnd. Thc rcrn1 
!us undergone some changes in nK;1111ng, 
bur now is hc: ld m represent :1 lithologic 
facies and has b:·en :1pp!ied w a number of 
similar rock stquenccs. 

Al though thc:re ill"<: litho!ogic \Jriations 111 

rlH: diHercm suH<:s of rm.:ks describcd .1~ 



170 'J'11/a11e S1udh1.r iu GeologJ Vol. 4 

flysch, rhcre appears to be general agree­
ment on irs definition. The sediments of 
the Stanley and Jackfork groups observed 
in the ~fena and Board Camp quadrangles 
fir rhe broad descriptions of flysch facies. 

In the Stanley, rhe sandsmnes apparently 
do nm continue for <lisranccs greater rhan 
rwo co rlirce miles, and normally do nor 
~urain vc.:ry great thicknesses. Lack of con­
tinuous outcrops and structural com plica­
rions are partially responsible for these ob­
ser\'ations. Sole markings arc nor common 
in the Sranley bur they are rather characrer­
isric of rhe Jackfork. The Stanley is pre­
Jominanrly shale, 70 m 80 percenr, bur rhe 
pcrccnrngc of sandstones and the over-all 
grain size increases in rhe Jackfork. The 
;lddirion of coars<:r mattrial in rhc .Jackfork 
indicw.:s an incr<.:ast in che scrcngch and 
number of sedimenc-lransponing 11gencs. 
The increase in currenc acciYi ly produced 
more sok markings in Jackfork sandsmnes 
rhan rhose in the Srnnley. They are con­
sidered to belong to the black shale flysch 
facies with rhe Jackfork being more are­
naceous than the Stanley. 

VT. SLIMMARY 

The craronic. or suble, phase of geo­
syndinal developmenr in rhc Ouachita 
~founrains includes nm only che Bigfork 
Chen and youngc:r rocks but also an older 
sequence not reprcsenced in rhe mapped 
area, which includes the Lukfara Sandstone, 
rhe Collier Shale, the Cq1stal i\founrain Sand­
stone, rhe Mazarn Shale, rhe ntakely S,rnd­
srone. and the Womble Shale. This stable 
geosynclinal phast ( tht Lukfarn Sandstone­
Arkansas Novaculire sequence) consists of 
black shales, sandstorn:s, and bedded siliceous 
sedimenrs, wirh an approximare rhickness 
of 5,000 feet, deposited between Cambrian 
( ! ) and Lower Mississippian time. H am 
( l 959) and orher aurhors have called ir the 
black shale-sandscone-chen fac ies bemuse it 
contrasts wi rh rhe rnrbonare-chen-grec:n shale 
faci<:s of the stratigraphically equivalent sec­
tion in rhe Arbuckle l\1ounrains of Okla­
hrnna. 

ln addition co che Sranley and .Jackfork 
groups, the tecwnlcally unsrable or trough­
filling phase in rhe Ouach iras consists of 
rhe Johns Valley Shale ( Mississippian­
Pennsylvanian age) and the: Atoka S:rnd­
srone (Pennsylvanian). 

Perri john ( 1957) oudined a 1ecronic cy-

cle and described the sedimenrary assem­
blages which characterize rhe various srages 
in rhe cycle. The early phase of geosynclinal 
development is characterized by deposition 
of quarrzose sandstones and carbonates, fol­
lowed by a series of black G1rbon:1Ceous 
shal<:s. with associared bedded chert. This 
!artcr porrion of the sequence is termed rhe:: 
euxinic facie::s. The c:nrire early phase is 
considered tecronically srablc. le is succeed­
ed by the renonically unsrable phase, which 
results in the deposition of large amounrs of 
elastic marerial, mainly graywackes and tLtrk 
shales of rhe flysch facies. The flysch is fol­
lowed ~y the nwlasse facie.s, :rnd st!bsequcnr 
conversion to 11 nonmanne env1ronmenc. 
Deformation and uplifl ffla)', or 1n:1y nor, 
follow. 

This cycle, wirh irs perrographically dis­
rinct sedin1tnrary facies, may be applit'd, 
with slight ad jusrments, ro rhe Ouachita geo­
syncline. The quarrzose sandsrone unirs 
( Lukfara, Crystal ~·fountain. and l31akely ) 
are imerbedded with black grapmliric shales. 
The shales are in the place of carbonates, 
as rnrbonare rocks are: r:ue in rhe Ouachiras. 
The overlying Bigfork Chen-Arkansas No­
vacu!ire srrarigraphic inrerval , consisr ing of 
dark carbonaceous shales anJ bedded sili ­
ceous deposirs, is characteristic of the re­
srricred euxinic environment. The posr­
Arkansas Novaculite succession of d:uk 
.shales and inrervening graywackes of rhe 
Sranley-Jackfork-Johns Valley units are the 
flysch representatives. These deposits are 
succeeded by che Atoka sands of the: molasse 
facic:s. l3tginning during rhe pc:riod of che 
deposition of rhe Atoka, the sedimenrs in 
the Ouachica rrough were folded and faulted. 
This complercd rhe recronic cycle of rhe 
Ouachi ca trough. 

V il. REFEHENCES CrrnD 
BARTON, J. )1 .. 19-15, Pre-Permian axes of 

maximum deposition in west Texas: 
Amer. Assoc. Petrnl. Geo\., Bull., v. 29. 
p. J:l:JU-t:l-18. 

I31LLl/\' G8, \I. P., I H:>-1, Structural Gcolog·y: 
Prcntic:c-Hall, Inc.. 8ndcwood Cli Cfs . 
N. J., 2d ed., 01-1 p. 

BrSSEL, H. J. , 1959, Silica in sed iments of 
the upper Paleozoic of the Cor dilleran 
area; i11 Silica in Sediment s- a symposi­
um: Soc. Econ. Paleontol. ·Mineral., Spec. 
Pub!. 7, p. 150-185. 

801\i\'lAN, JoHK, 195:), Lithology and petrol­
ogy of the Stanley and Jackfork formu­
tions: .Jour. Gcolog·y, v. (ii, no. 2, p. 1.-12-
110. 



No. 4 Geolog_) of 1\l ena-Board Cttmp Q11,alra11gles. Arka11Jt1J 171 

BIL-\MLETTE. :\I. N., 19-16. The :\lonterey F'o!'­
rnati on of California and the ori1 . .dn oi its 
si liceous rocks: United States Gcol. Surv .. 
Prof. Paper :Zl:2, 57 p. 

Ba1GGS, GA IWE: TT , 196:2, A pa!cocurrent ~tudy 
of Upper I\ l ississippian and Lower Penn­
sylvanian reeks of the Ouachita l\1oun ­
tains and Arkoma Basin. southeastern 
Oklahoma: Unpub. Ph.D. dissertation, 
Univ. \Vi sconsin, J2:{ p. 

13IOGGS, GAHltET'r, and L. "'.\!. CLINE. HJ6:2, 
Paleocunent study of Upper :\Jississip­
pian and lower Pennsylvanian rocks of' 
Ouachita :\lountains and Arkoma Basin, 
Southeastern Oklahoma: Geol. Soc. Amer­
ica, Abstracts . 1962, p. 22A. 

CL1N1-;, L. :\!., L9GO, Late Paleczoic rocks of 
the Ouachita :'llountains: Oklahoma Geol. 
Surv., Bull. 85, ll:l p. 

C LINE, L. .:\!., and 0. B. S 11ELIH.HNL JD5D. 
Late l\Iississippian and early Pennsylva­
nian stratigTaphy of the Oua<.'.hita :\1oun­
tains, Oklahoma; in th e Gcolog:y of the 
Ouachita :\l ountain~-a symposium: Dal­
las Geo!. Soc. and A rd more Geo!. So<.'.., p. 
170-207. 

C'ooPEJ{, C. L., H):{5, Conodonts from the 
up per and middle Arkansa~ Novaculite . 
~\ 1 ississippian, at Caddo Gap, Arkan sas: 
Jour. Palec,ntology, v. 9, p. :{07-:H:J. 

])ECh'.EH, C 11ABL~s E., lH:rn, Graptolites o.f 
the Svlvan Shale of Oklah oma and Polk 
C1·cei.: Shale of Arkan:..as: Jour. Paleon­
tology, v. 9. p. 697-70R. 

])..-:.chtH. CllAHLE.S E., lD:{li, Table of tenta­
t ive lower Paleozoic correlations on basi:-; 
of graptolites: AnH.'I'. Assoc. Petrol. Geo\., 
Bull.. v. 20, p. 125:2- 1257. 

/)OTT, R. 11., and J. K. I-l OWAHD. JDli2, Convo­
lute lamination in nongTad ed sequenCl'!i: 
Jour. G(;o\og:y , v. 70, p. 111-1:21. 

DZYLYNSKI, S., l\ I. KZI AZ l\I EWICZ. and Pll. 
11. KuENEN, 1959, Turbidites in fl:•/S<.'.h of 
the Polish Carpathian :\lountains: Geo!. 
Soc. America. Bull., v. 70, p. lOH!>-J I I R. 

F' LAWN, P. T .. HHHa, Tcctoni('s; i11 The 
Oua('hi ta Systern: Texas Bur. Econ. Geo! 
Un iv. Texas, Pub\. no. 6120, p. 16:{-1 7:2. 

FLAWN , P. T., l!JGlb, The sub:.:u rfacc Oua­
chita structu ral bC'lt in Texas and south­
east Oklahoma; i11 The Oua('hita System: 
T exas Bur. E ('Oll. Geo!., Univ. Texas, 
Pub!. no. 6120, p. 65-RO . 

GOLJJSTt: IN, AUGUST, JIL, l D.)~h~, Ch~rts .a.n,I 
novaculite::; of Ouachita fa('1es; 111 Silica 
in Sedirncnb:i- a symposium: Soc. Econ. 
Palcontol. l\Iineral. Spe('. P ub\. 7, p. J:{ :>-
149. 

GOLDS.TE. JN, AUGUST, J1c , 105Db, Petrography 
of Pal eozoic sandstone::; from the Oua('h1 -
ta Moun tains of Oklahcma and Arkansa s; 
i11 The Geology or the Ouachi~a :\loun ­
tains- a svrnposiurn: Dallas C.eol. Sot. 
and A n!n{ore Geo\. Sot .. p. 97-J 16. 

GOLDSTJ>~ I N, AUGUST .. J IL, J 961, The Ouachita 
:\l ou ntains of Oklahoma and Arkansas; 
i11 The Oua('hita System: Texas Bur. 
Eccn. Geol.. Univ. Texas. P ubl. no. GJ:W. 
p. 2 1--17. 

GOLDSTEII'\, Al'Gl'ST, JR .• and T . A. HE~­
DRICKS, 195:~. Siliceous ~ediments of Oua­
chita facies in Oklahoma: Geo\. So('. 
America, Bull., v. ()-l, p. -l~l - ..t-11. 

G1u s wOLI J, I.. S., lRB~. \\'hetstones and no­
vaculites of Al'irnnsas: Arkansas Geo\. 
Surv., Ann. Report for lHDO, v. :~, p. 205-
206. 

l!Al\t , ,V. E., H):>H, Correlation of pre-Stan­
ley strata in the Arbuckle-Ouachita :\loun­
tain regicn; i11 The Geology of the Oua­
('hita l\fountains- a symposium: Dallas 
Geol. Soc. and Ardmore Gcol. Soc., p. 71-
SG. 

lIAHLTO N, B. H., 1 ~):~8, Stratigraphy of tht' 
Bendian of the Oklahoma Salient of thl' 
Oua('hita :\fountains: Amer. As!-:iOC. Pl'­
trnl. Geol., Bull., v. 22, p. 852-Hl-1. 

I iAHLTO~' B. IL, rn:>:3, Ouachita chert facics, 
southeastc..rn Oklahoma: Arner. Assoc. 
Petrol. Gee.I., Bull., v. :11, p. 77H-7!16. 

llAHLTO N, B. H., UL)!), Age dassification of 
the upper Pushmataha Series in the Oua­
chita Jlountains; iJ1 The Geolog·y of tl11: 
Ouachita .Jlountains- a symposrnrn: Dal­
las GC:ol. Soc. and Ardmore (;cc,l. So('., p. 
l:H-J:rn. 

l!Ass, W. 1-1., 1\150, Ag·e of lower part of 
Stanley Shale: Arner. Assoc. Petrol. Ceol.. 
Bull ., v. :JI, p. 1578-1588. 

H ASS, W. f-L, 1!)51, Age of the . .\ rkansas 
Novaculite: Amer. AsSO('. Petrol. (;l'ol .. 
Bull.. v. ;{:), p. 2;):26-25-11. 

llAHT, 0. D., 1H6:~. Geology of the eastcr11 
part of the Winding 8tai1· hange, LL'­
Flore C'ountv, Oklahoma: Oklahoma (;eol 
Surv., Bull. "1o:J, 87 p, 

Hr.Nrn{Kl\S, T. A., 1H59, Structure of the 
frontal belt o! the Ouachita .:\fountains; 
i11 The Geology of the Ouachita Jloun­
tains a S,\'rnposium: Dallas Geo!. Soc. 
and A r d more Geo!. Soc .. p. -1..t-06. 

I1.EJ\'l>HJCKS, T. A., JI. JI. KN~CHTEL, and 
J os1A 11 BJ{lllGL, Hl:n, Geolog·y of Bla('k 
Knob Ridge, Oklahoma: Arner. Asso('. 
Petrol. Geo!., Bull., v. 21, p. 1-29. 

I £ND RI CKS, T. A., L. s. GA!WNEH, :\I. .:\1 
KNH' llNL. and P. AVEHITT. l!)..t/, (;eology 
of the western part of the Oual'hita 
:\louritains in Oklahoma: United States 
Geol. Surv., Oil and Gas Inv .. Prelim. 
l\Iap no. ()(-) (:1 sheets). 

J10NE~S. C. \V., Hh~:~, Geolog-y of the south­
eni Ouachita :\lountains of Oklahoma: 
Oldahoma Geol. Surv., Bull. :):2, pt. I. 
:i7R p., pt. ll , 7G p. 

Y- 11'\G, P. B., Jf):17, GcolOg'Y of the l\larathon 
Rei.d on, Texa s : United States Geol. Surv., 
Prof. Paper 187, 1-lH p. . 

i'.ING, r. B., 1H6la, The subs.urface Oua('!ll­
ta structura l belt east of the Ouachita 
l\1ountains; i11 The Ouachita System: 
Texa s Bur. Econ. Geo!., Univ. Texas, 
Pub\. no. 01:20, p. 82-H7. 

KING. P. B., Hllilb. Hi story of the Oua('hita 
System; i11 T he Oua('~ita,,System; Texas 
Bur. E:eon. Geo! .. lln1v. I exas, T ubl. 110. 

Gl:W, p. 1/.;.J89. 



172 Tulane Studies in Geology Vol. 4 

KRAUSKOPF, K. B., 1959, The geochemistry 
of silica in sedimentary environments ; in 
Silica in Sediments.-a symposium: Soc. 
Econ. Paleont. Mineral., Spec. Pub!. 7. 

KUENEN, PH. H., 1953, Significant features 
of graded bedding: Amer. Assoc. Petrol. 
Geol., Bull., v. 37, p. 1044-1066. 

KuENEN, PH. H., 1958, Problems concern­
ing source and transportation of flysch 
sediments: Jour. Nederlandsch Geolo­
gisch Mijnbouwkundig Genootschap (n. 
ser. ), 20• Jaarg., p. 329-339. 

KUENFJN, PH. H., and H. w. MENARD, 1952, 
Turbidity currents, graded and non-grad­
ed deposits: Jour. Sed. Petrology, v. 22, 
p. 83-96. 

LAUDEN, R. B., 1959, Stratigraphy and zona­
tion of the Stanley Shale of the Ouachi­
ta Mountains, Oklahoma: Unpub. Ph.D. 
dissertation, Univ. Wisconsin, 114 p. 

McBRIDE, E. E., 1962, Flysch and associated 
beds of the Martinsburg Formation (Or­
dovician), central Appalachians: Jour. 
Sed. Petrology, v. 32, p. 39-91. 

MISER, H. D., 1917, Manganese deposits of 
the Caddo Gap and DeQueen quadrangles, 
Arkansas: United States Geol. Surv., 
Bull. 660, p. 59-122. 

MISER, H. D., 1929, Structure of the Oua­
chita Mountains of Oklahoma and Ar­
kansas: Oklahoma Geol. Surv., Bull. 50, 
30 p. 

MISER, H. D., 1959, Structure and vein 
quartz of the Ouachita Mountains of 
Oklahoma and Arkansas; in The Geology 
of the Ouachita Mountains-a symposi­
um: Dallas Geo!. Soc. and Ardmore 
Geol. Soc., p. 30-43. 

MISER, H. D., and c. w. HONESS, 1927, Age 
relations of the Carboniferous rocks of 
the Ouachita Mountains of Arkansas and 
Oklahoma: Oklahoma Geol. Surv., Bull. 
44, 48 p. 

MISER, H. D., and A. H. PURDUE, 1929, The 
geology of the DeQueen and Caddo Gap 
quadrangles, Arkansas: United States 
Geol. Surv., Bull. 808, 195 p. 

MORRIS, R. C., 1962, Geology of the Acron 
and Y City quadrangles, Arkansas: Un­
pub. M. S. thesis, Univ. Wisconsin, 55 p. 

OKLAHOMA HISTORICAL SOCIETY, 1966, writ­
ten communication. 

PETTIJOHN, F. J., 1957, Sedimentary Rocks: 
Harper and Bros., New York, 2d ed., 
718 p. 

PETTIJOHN, F. J., 1962, Paleocurrents and 
paleogeography: Amer. Assoc. Petrol. 
Geol., Bull., v. 46, p. 1468-1493. 

POTTER, P. E., and w. A. PRYOR, 1961, Dis­
persal centers of Paleozoic and later elas­
tics of the upper Mississippi valley and 
adjacent areas: Geol. Soc. America, Bull., 
v. 72, p. 1195-1250. 

PURDUE, A. H., 1909, The slates of Arkan­
sas: Arkansas Geol. Surv., p. 1-95. 

PURDUE, A. H., and H. D. MISER, 1923, De­
scription of the Hot Springs district: 
United States Geol. Surv., Geol. Atlas, 
Hot Springs Folio (No. 215), 12 p. 

REINEMUND, J. A., and WALTER DANILCHIK, 
1957, Preliminary geologic map of the 
Walden quadrangle and adjacent areas, 
Scott County, Arkansas: United States 
Geol. Survey, Oil and Gas Inv., Map OM 
192. 

Ross, C. S., 1928, Altered Paleozoic volcanic 
materials and their recognition: Amer. 
Assoc. Petrol. Geol., Bull., v. 12, p. 143-
164. 

RuBEY, W. W., 1929" Origin of the siliceous 
Mowry shale of' the Black Hills Re~ion: 
United States Geol. Surv., Prof. Paper 
154, p. 154-170. 

SCHOOLCRAFT, H. R., 1819, Lead Mines of 
Missouri: Charles Wiley and Co., New 
York, 299 p. 

SCULL, B. J., G. D. GLOVER, and RODG£R 
PLANALP, 1959, The Atoka of the McAles­
ter basin-Arkansas valley region; in The 
Geology of the Ouachita Mountains-a 
symposium: Dallas Geo!. Soc. and Ard­
more Geo!. Soc., p. 166-174. 

SEELY, D. R., 1962, Geology of the Rich 
Mountain Area, LeFlore County, Oklaho­
ma, Scott and Polk Counties, Arkansas: 
Unpub. Ph.D. dissertatio·n, Univ. Okla­
homa, 197 p. 

SELLARDS, E. H., w. s. ADKINS, and F. B. 
PLUMMER, 1932, in The Geology of Texas, 
v. I Strat:graphy: Texas Bur. Econ. 
Geo!., Univ. Texas, Bull. 3232, 1007 p. 

SHELBURNE., 0. B., JR., 1960, Geology of the 
Boktukola syncline, southeastern Oklaho­
ma: Oklahoma Geo!. Surv., Bull. 88, 
84 p. 

SIEVER, RAYMOND, 1962, Silica solubility, 
0 ° -200 ° C., and the diagenesis of siliceous 
sediments: Jour. Geology, v. 70, p. 127-
150. 

SuJKOWSKI, ZB. L., 1957, Flysch sedimenta­
tion: Geol. Soc. America, Bull., v. 68, 
p. 543-554. 

TAFF, J. A., 1902, Description of the Atoka 
quadrangle: United States Geol. Surv., 
Geo!. Atlas, Atoka Folio (No. 79), 8 p. 

TALIAFERRO, N. L., 1933, The relation of vol­
canism to diatomaceous and associated 
siliceous sediments: Univ. California 
Puhl., Bull. Dept. Geol. Sci., v. 23, 55 p. 

TARR, W. A. 1938, Terminology of the chem­
ical siliceous sediments: Rept. Comm. on 
Sedimentation for 1937-1938, National 
Research Council, p. 8-27. 

TRUMPY, RUDOLPH, 1960, Paleotectonic evo­
lution of the central and western Alps: 
Geol. Soc. America, Bull., v. 71, p. 843-
908. 

ULRICH, E. 0., 1911, Revision of the Paleo­
zoic Systems: Geol. Soc. America, Bull., 
v. 22, p. 477. 




