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The Geological Survey is making.. !("o1j>gic 
map of the United States, which necessitates' the 
preparation of a topographic base map. The 
two are being Issued together in the f@rIll of an 
atlas, the parts of which are called folios. Each 
folio consists of a topographic base map and 
geologic maps of a small area of country, together 
with explanatory and descriptive texts. 

THE TOPOGRAPHIC MAP. 

The features represented on the topographic 
map are of three diRt-inct kinds: (1) inequalities 
of surface, called relief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called drainage, as streams, lakes, and swamps; 
(3) the works of man, called culture, as roads, 
railroads, boundaries, villages, and cities. 

Reliej.-.:....All elevations are measured from mean 
sea level The heights of many points are accu
rately determined, and· those which are most 
important are given on the map in :figures. 
It is desirable, however, to give the elevation of 
all parts of the area mapped, to delineate the 
horizontal outline, or contour, of all slopes, and to 
indicate their grade or degree of steepness. This 
is done by lines connecting points of equal eleva
tion above mean sea level, the lines being. drawn 
at regular vertical intervals. These lines are 
called contours, and the uniform vertical space 
between each two contours is called the contour 
interval. Contours and elevations are printed in 
brown. 

The manner in which contours express eleva
tion, form, and grade is shown in the following 
sketch and corresponding contour map: 

Fig. t.-Ideal sketch and corresponding contonr map. 

The sketch represents a river valley between 
two hills. In the foreground is the sea, with a bay 
which is partly closed by a ho.oked sand bar. On 
each side of the valley is a terrace. From the 
terrace on the right a hill rises gradually, while 
from that on the left the ground ascends steeply 
in a precipice. Contrasted with this precipice is 
the gentle descent of the slope at the left. In. the 
map each of these features is indicated, directly 
beneath its position in the. sketch, by contours. 
The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

1. A contour indicates approximately a certain 
height above sea leve In this illustration the 
contour interval is 50 feet j therefore the con
tours are drawn at 50, 100,150,200 feet, and so on, 
·above sea leveL Along the contour at 250 feet lie 
all points of'the surface 250 feet above sea; and 
similarly With any other contour. In the space 
between any two contours are found all elevations 
above the lower and below the higher contour. 
Thus the contour at 150 feet falls just below the 
edge of the terrace, while that at 200 feet lies 
above the ten-ace; therefore all points on the 
terrace are shown to be more than 150 but, less 
than 200 feet above sea. The summit of the 
higher hill is stated to be 670 feet above sea j 
accordingly the contour at 650 feet surrounds it. 
In this illustration nearly all the contours are 
numbered. Where this is not possible, certain 
contours - say every fifth one - are ac?entuated 
and numbered; the heights of others may then 
Le ascertained by counting up or down from a 
nUlllbered contour. 

E~PLANATION:\ 
" ~. 

2. Contours define the forms of slopes. Since the ·sides and 'corners of eaCh sheet the n~mes Ot 'tion. Furth~r, the structure of the rock may be 
contours are continuous horizontal lines conform· adjacent sheets, IT publis)1ed, are printed. changed by the development of planes of tlivi
ing to the surface of the ground, they willd U:ses 0lthe topographic sMet.-Within the limits sion,. so that it splits in one direction more easily 
smoothly about smooth surfaces, recede into all of scale the topographic sheet is an-accurate and than in otlrers. Thus a granite may pass :into s· 
reentrant angles of ravine.s",.and project in passing characteristic delineation of phe relief, drainage, gneiss, and from that into a mica-schist. 
about prominences. The relations of· contour and culture of the district. represented. Viewing Sedimen'tuJry 1'OCks.-These comprise all rooks 
curves and angles to forms of the landscape can the landscape, map in hand, every characteristic which have been deposited under water, whether 
be ttaced in the Illitp and sketch. fE'~ture of sufficient magnitude shoul~ be recog· in sea,!lake, or stream. They form a. v~ry large 

3. Contours show the approximate grade of nizable. It should guide the traveler; serve the P!lrl of the dry land. 
any slope. The vertical space between two con· investor or owner who desires to ascertain the When the materials of which sedimentary rocks 
tours is the· saJllet w.~ether they lie along a cliff position. and surroundings of p~perty to be are composed are carried as solid particles by 
or on a gentle ~ope; but to rise a given height bought or sold; save the engineer preliminary water and deposited as gravel, sand, or mud, the 
on a gentle slope one must go farther than on a surveys in locating roads, railways, and irrigation deposit is Qalled a moohamcal sediment. These 
steep slope, and therefore contours are far apart ditches j provide. educational material for schools may becoJ;Ile hardened into conglomerate, sand-
o~ gentle slopes and near together on steep ones. and homes.; and serve many.of the purposes of ~tone, or shale. When the material is carried in j 

For a flat or gently undulating country a small a map for local reference. sl?lution by the water and is deposited without 
contour interval is used; for a steep or mountain- the aid of life, it is called a chemical sediment; 
ous country a large interval is necessary. The THE GEOLOGIC MAP. if deposited with the aid of life, it. is called an 
smallest interval used on the atlas sheets of the organic sediment. The more important rocks 
Geological Survey is 5 feet. This is used for The maps representing areal geology show by formed from chemical and organic deposits are 
regions like tlie Mississippi delta and the Dismal colors and conventional signs, on the topographic limestone, chert; gypsum, salt, iron ore, peat, 
Swamp. In mapping great mountain masses, like base map, the distribution of rock formations on lignite, and coal. .Anyone of the above sedi· 
those in Colorado, the interval may be 250 feet. the surface of .the earth, and the structure·section mentary deposits may be separately formed, or 
For intermediate relief contour intervals of 10, map shows their underground relations, as far as the different materials may be intermingled in 
20, 25, 50, and 100 f~et are used. known and in such detail as the scale permits. m~y ways, producing a great variety of rocks. 

.Draimage.-Water courses are indicated by blue KINDS OF ROCKS. Sedinientary rocks are usually made up of 
lines. If the ~treams flow the year round the layers or beds which can be easily separated. 
line is drawn unbroken, but if the channel is dry Rocks are of many kinds. The original crust These layers are called 8trata. Rocks ·deposited 
a part of the year the line is broken or dotted. of the earth was .propa,bly composed of igneous in successive layers are said to be stratified. 
Where a stroom sinks and reappears at the sur- rocks, and all other rocks have been derived from The smiace of the earth is not fixed, as it seems 
face, the supposed underground course is shown them in on'e way or another. to be; it very slowly rises or sinks over wide 
by a broken blue line. Lakes, marshes, and other Atmospheric agencies gradually break up igne- expanses, and ~ it rises or subsides the shore lines 
bodies of. water are also shown in blue, by appro· ous rocks, forming superficial, or surficial, deposits of the ocean are changed: areas of deposition may 
priate conventional signs. of clay, ,gand, and gravel. Deposits of thls class rise above the water and become laI\d areas, and 

Oulture.-The works of man, such as roads, have been formed on land surfaces since the land areas may sink below the water and become 
railroads, and towns, together with boundaries of earliest geologic time. Through the transporting areas of deposition. If North America were 
townships, counties, and Sta.tes, and artificial agencies of streams the surficial materials· of aU gradually to sink a thousand feet the sea would 
details, are printed in black. ages and origins are carried to the sea, where, flow over the .Atlantic coast and the Mississippi 

Scale8.-The area of the United States (exclud- along with material derived from the land by and Ohio valleys from the Gulf of Mexico to the . 
ing Alaska) is about 3,025,000 square miles. On the action.of the wav~s on· the coast, they form. Great La'kes; the Appalachian Mountains would 
a map with the scale of 1 mile to the ·inch this 8edimentwry rocks. These are·usually hardened become an archipelago, and the ocean's shore 
would cover 3,025,000 square inches, and to into conglomerate, sandstone, shale, and limestone,' would traverse Wisconsin, ~owa, and Kansas, and 
accommodate it the paper dimensions would need but they may remain unconsolidated and still be extend thence to Texas. More extensive changes 
to be about 240 by 180 feet. Each square mile called."rocks" by the geologist, though popularly than this have repeatedly occurred in the past. 
of ground surface would be represented by a known as gravel, sand, and clay. The character of the original sediments may be 
square inch of map surface, and one lin.ear mile From time to time in geologic history igneous changed by chemical and dynamic action so as to 
on the ground would be represented by a ·linear and sedimentary rocks have been deeply buried, produce metamorphic rocks. In the metamor
inch on the map. This relation between distance consolidated, and raised again above the surface phiEfm of a sedimentary rock, jnst as in the meta
in nature and corresponding distance on the map is of the water. In these processes, through the morphism of an ignequs rock, the substances of 
called the scale of the map. In this case it is "1 agencies of. pressure, movement, and chemical which it is composed may enter into new com
mile to an inch." The scale may be expressed also action, they are often greatly altered, and in this binations, or new substances may be added. 
by a fraction, ·of whi-ch the numerator is a length condition they are called metamorphic rocks. When these processes are complete the sedimen
on the map and the denominator t.he correspond. Igneous rocliB.-These are r'?Cks which ~ave tary rock becomes crystalline. Such changes 
ing length in nature expresSed in the same unit. cooled and consolidated from a liquid state. As transform sandstone to quartzite, limestone to 
Thus, as there are 63,360 inches in a mile, the has. been explained, sedimentary rocks were marble, and modify other rocks according to 
scale o~ "1 mile to an i~ch " is expressed by 6lI.~ deposited on the original igneous rocks. Through their composition. A system of parallel division 
Both of these methods are used on the maps of the igneous aDd sedimenta-ry ;rocks of all ages planes is often produced, which may cross the 
the Geological Survey. molten material has from time to time been forced original beds or strata at . any angle.· Rocks 

Three scales are used on the atlas sheets: of upward to or near the surface, and there consoli· divided by'iuch planes are called slates or schists. 
the Geological Survey; the smallest is .' the dated. When the" channels or vents ·into which Rocks of any period of the e~'s history may 
intermediate 125~OOO' ~nd the largest \\Ilk- TJtese this molten mate.rial is forced do not reach the be more or less altered, but the younger forma
correspond approximately to 4 miles, 2 miles, surface, it may consolidate in cracks or fi;00,8ures tions have generally escaped marked memmor
and 1 mile on the ground to an inch on the map. crossing the bending planes, thus forming dikes, phism, and the oldest sediments known, though 
On the scale 62,1.0 a square inch· of map surface or spread out between the strata in large bodies, generally the most altered, in somE" localities 
represents and corresponds nearly to 1 square called sheets or laccoliths, or form large irregular remain essentially unchanged. 
mile j on the scale lsil500l to about 4 square miles j cross-cutting masses, called stocks. Such rocks are Su,r.flcial rocks.-These embrace the soils, clays, 
and on the scale25(jl00fj)to about 16 square mile!3. called vnfJrusive. Within their rock inclosures sands,gravels,andbowldersthatcoverthesurface" 
At the bottom of 'each atlas sheet, the scale is they cool slowly, and hence are gene!a11y of erys: whether derived from the breaking op oT disinte
expressed in three different ways, one being a talline texture. When the channels reach· the gration of the underlying rocks by atmospheric 
graduated line representing miles and 'parts of surface the lavas often flow out an~ build up agencies or from glacial action. ~urficial rocks 
miles in English inches, another indicating dis· volcanoes. These lavas coo~ rapidfy in the air, that are due to disintegration are produced chiefty 
tance in the metric system, and a third giving the acquiring a glassy or, more often, a partially crys- by the action of air, water, frost, animals, and 
fractional scale. talline condition. They are usually more or les., plants. They consist mainly of the least soluble, 

Atlas sheets and quai/;rORl{/les. -The. map is .porous. The igneous rocks thus formed ·upon the parts of the rocks, which remain after the more 
being published in atlas sheets of convenient aize, surface are called ewtl'1J;8ive. Explosive action soluble parts h~ve been leached out, and hence 
which are bounded by parallels and meridians. often accompanies volcanic eruptions, causing are known as residual products. Soils and sub. 
The corresponding four.comered portions of tel'. ejections of dust or ash and larger fragments. soils are the most important. Residual accumu
ritory are caRed q1uadra'flgles. Each sheet on These materials when consolidated constitute lations are often washed or blown into valleys or 
the scale of ~) contains one square degree, 1. e., a breccias, agglomerates, and tn:ffs. The ash when other depressions, where they lodge and form 
degree of latitude by a degree of longitude j each carried into lakes or seas may become stratified, so deposits that grade into the s.edimentaiy class. 
sheet on the scale of at.ooo contains one-quarter of as to nave the structure of se~mentary rocks. Surficial rocks that are due to glacial action are 
a square degree j each' sheet on a scale of ~ The age of an igneous rock is often difficult or formed of the prod.ucts of disintegration, together 
contains one·sixteenth of a square degree. The impossible to determine. When it cuts across a with bowlders and fragments of rock rubbed from 
areas of the corresponding quadrangles are about sedimentary rock it is younger than that rock, the surface and ground together. These are 
4000, 1000, and 250 square miles, respectively. and when a sedimentary rock is deposited over spread. irregularly over the territory occupied 

The atlas sheets, being only parts of one map of it the igneous rock is the older. by the ice, and form a mixture of .clay, pebbles, 
the United States, are laid out without regard to Under the influence of dynamic and chemical and bowlders which is known as till. It may 
the boundary lines of the States, counties, or town· forces an igneous rock J:l!.ay be metamorphosed. occur as a sheet or be bunched into hills aud 
ships. To each sheet, and to the quadrangle it The alteration may Involve only a rearrangement ridges, forming moraines, drumlins, and other 
represents, is given the name of some well-known of its minute particles or it may be accompanied special forms. Much of this mixed material Wt:1.8 

town or natural feature within its limits, and at by a change in chemical and mineralogic composi· washed away from the ice, assorted by water, and 



redeposited as beds or trains of sand and day, 
thus forming another gradation into sedimentary 
deposits. Some of thi~ glacial wash was deposited 
in tunnels llnn dmnnels in the ice, and forms ehal'
aeteristic ridges ann mounds of sand and f,'Tavel, 
known as osar8, or eskers, and kames. The 
material deposited by the ice is called giacial 
drift; that washcd from the ice onto HIe adjaeent 
land i::; ('albl modified drift. It is usual also to 
class as surficial ro('ks the deposits of the sea and 
of lakes aud riveTS that ,vere made at the same 
tiTtle as the ice deposit. 

AGES OF ROCKS. 

mentfUJ" formations of anJ~ one period, excepting I principal mineral mined or of the stone quarried. I PaJ'ts slipped past one a.nother. Such breaks are 
the Pleistocene and the Archean, are-distinguished I StJ'ucture-8tction sheet.-This sheet exhibits the termed faults. 
from one :tllOther by different patterns, made ?f 'll'elatiollS of the formations beneath the s11l'fa~e. I On the right of tte sketch the section is com
parallel straight liIles. Two tints of the period- In cliffs, canyons, shafts, and other IJ'atural and i pos~d of schists ·wllich arc traverseo hy masses uf 
color are used: a pale tint ,is printed :venly over I artificial cuttings. the relations of diffc:ent b:d8 I igneous .rock. The sehiRts are much contorted 
the ·whole surface representmg the penoo.; a dark, to one anothor be seen. Any cuttlllg ,yhlCh and theIr arrangement undm·ground can not he 
tint brings out the different pattf't'lls representing exhibit8 those is called a 8ection, and t~e I infened. Hence that port jon of the section 
formations. 1£aeh formation is furthermore given same name is applied to a diagram representing I delineates "What is probahly true but is not 
- - - - - the rehtions. The arrangement of rocks in the known by observation or well·founded inference. 

___ ~~I~=L 1= = = ~ earth i" and a l'ection exhibit- In fig. 2 there are thrl':'e setR of formation8, dis-

Cenozoi(' 

.1 p I Any colol'1j ing tIlis arrangement is a structu1'e 8ection. tinguished by their underground relation". The 
The gl':'ologist is not limited, }lOwever, to the first of these, seen at the left of the section, is the 

natural and artificial cutting" for his information set of sandstone" and shales, which lie in a hori-
E IOlive-urowIIi>. concerning the earth's structure. I Kno·wing the zontal position. These sedimentary strata are 

Rocks are furth,er djstingllished according to Mesozoic manncr of the ·formation of rocks, and having now high above the sea, forming a plateau, and 
their. relative for they ,vere not formed an I traced out the relations among beds on the sur· their change of elevation shows that a portion 
at one time, age to in the earth'fl face, he can infcr their relative positions after of the earth's mass has swel1ell upward from [l. 

history. Classincation by age inuepennent of Paleozoic they pass beneath the surface, draw sections lower to a higher level. The strata of this set are 
origin; i,gneous, sedimentary, and surficial rocks which rf'presellt the structure of the earth to a I parallel, a relation which is calletl coo,fm'mobi,. 

may be of the same age. £ Orangc.browIIS. consideral)le depth, and construct a diagram I The second set of formaticHls of strata 
'Vhen the prenomimmt material or a rock mllss . . Ai I Any eolors. I exhibiting what would be seen in the side of a which form arches and troughs. These strata 

is essentially the same, and it is bounded by rocks, ----- cutting many miles long and several thousand feet I were once continuous, hut the Cl'ei'lts of the arches 
of different materials, it is convenient to call the I a lettcr'''YlUhol composcd of the "perioo letter com- ! deep. This is illustrated in the fol1o"ing figure: I have been removed hy degrallation. The beds, 
ma'lS throughout its extent and such binell with smull l?tters standing for the forma- [like those of the first set, are confol11mhle. 
11 formation is the unit of tion name. Tn the case of a sedimentary formation The horizonal strata of the plateau rest upon 

Several formations are of uneertain age the pattern is printl':'d on ,,,hite ! the upturned, eroded edges of the beds of the 
nesignated a the ground in the color of the period to which the I second set at the left of the section. The over-
dpI)Osition of a is called all epoch, and formation is supposed to helong, the letter-symbol I lying deposits are, from their positions, evidently 
th\"' time taken for that of a system, 01' some of the period bcing omitted. younger than the underlying formation~, and the 
largcr fradion or a system, a period. The rocks The number and extent of surficial formations, beneling and degradation of the older strata must 
are 1)), formations., and the formations are 1 chiefiy Pleistocene, render them so important that, have occurred bet·ween the deposition of thl':' 

into Sy'ltClml. The rocks composing a I to dil'lfinf,'lJ.i8h them from those of other periods older bcds and the accumulation of the youngcr. 
s~'stem and the time takel~ fo~ its deposition ~re I a~ld frOll] .the i~neous rocks, patterns of dots and ,"Yhen ,vollnger strata thus rest. upon an eroded 
gn~en the same name, as, for mstance, Carnhrmn clre1es, prlllted m any colors, a1'e used. sllrface of older strata tlle relatIOn betwet'n the 
system, Camhrian period. I The origin of the Archean roc-ks is not fully two is an 'll!ll.con/orrnable one, and their strrface 

As sedimentary deposits or strata accumulate settled. Many of them are certainly igneous. The fit,"11re represents a landscape which is cut of contact is an unconforrn£ty. 
the rest on those that are and the I ,"Yhether sedimentary rocks are also included is off sharply in the foreground hy a vertical plane, The third set of formations consists of crystal-

of the deposits may he not determined 'rhe Archean rocks, and all so as to shm\ the underground relations of the line schists and igneous rocks. At some period 
their relative positions. This rela, I metamorpllic rocks of unknown origin, of what- rocks. of their history the schists were plicated hy prf't' 

except in regions of intense I eyer age, arc represented on the maps by patterns The kinds of rock are indicated in the section sure and traversed by eruptions of molteu rock. 
dit>turbance j sometimes in such regions the diS-I consisting of short dashes irrregnlady pllU~ed. by appropriate symbols of lines, dots, and dashes. But this pressure and intrusion of igneous roeks 
turhanee of the beds has heen so great that t.heir The"e are printed in any color, and may he darker 'rhese symbol::; admit of much variation, but the ha\~e not affected the overlying I'ltrata of the 
position is reversed, and -it is often difficult to i or lighter than the haekgl'ound. If the rock is a following are genemJly used in sections to repre- second set. Thus it is evjdE"nt that an intelTal of 
dl'tel'miue the relative ages of the heds fronl. their I Rchist the dal'lhf'" or haehures lllay be arranged in sent the commoner kinds of rock: considerable duration elapsen between the formfl.-
positiom; then /088il.Q, or the remains of plants I wavy parallel Jines. If the metamorphic rock is tion of the sehists tLlld the beginning of depositiun 
and animals, are guides to show 'which of t\yO [ known to be of sedimentary origin the hachure .. B-:; of the ,tratn of t),e secona set, During this 
or more formations is the oldest. . patterns may be combined with the parallel-line '._' ~._~~~ interyal the schist" suffered metamorphism ; they 

Strata often contain the remains of plants and I patterns of sedimentary formations. If the rock' . were the scene of eruptive actiyit.y; and they 
animal" which liYed in the sea or "rere washecl is recognized as haying been original1y igneollB, Sh!\lylimestones. were deeply erodell The contact between the 
from the land into lakes or seas or were buried in the hachmes lllay be comLined with the igneous second and third sets, rnarking a time intern!.l 
Rurfieial deposits on the land. Rocks that con- pattern. ~--. between two periods of rock fornlfttion, is another 
tain the remains of life are called fossiliferous. Known igneous formations' are represpnted by ~~.:::-__ ~~~~. __ ~~-~- unconformity. 
By studying these remains, or fossils, it has pattern~ of triangles 01' rhombs printed in any rrhe secti~n and landscape in fig. 2 are ideal, 
found that the species of each period of the earth's brilliltnt color. If the formation L'lof known age Slmlysandstones. Calcareoussandstone',l. but they illustrate relations whieh aetnally o('cm. 
history have to a gretl.t extent differed from those the ]ettl':'J"-symbol of tlle formation is preceded by I rrhe sections in the strllcture-section sheet are 
of othcr periods. Only the simpler kinds of the (japitlLl letter-symbol of the proper period. I related to the maps as the section in the figure is 
marine life existed ,vhen the oldest fossiliferous If the age of the formation i~ UIlknown the I related to the landscape. The profiles of the sur· 
rocks were deposited_ From time to time more ll':'ttcr.symiJol consists of small letters which faee in the section correspond to the aetual slopes 
complex kind" developed, and as the simpler ones suggest the name of the rocks. of the ground along the section line, and the depth 

lived on in modified forms life became more 'l'HE VARlOUR GEOLOGIC SHEETS. Fig. 3.-Symbols med to ;;~~::::d(~~;:~::;::(:c: rock. from the surface of any mineral-pl'oducill[; or \yater-
varied. But during each period there lived pecul- bearing stratum which appeaJ'S in the section may 
iar forms, "\\ hieh did not exist in earlier times Areal geology slwet.-This sheet shows the TIw plateau in fig. 2 presents toward the lower be measured by using the scale of the map. 
and have not existed siuce; these are charader· areas occupied by the various formations. On land aT; escarpment, or iront, which is made up Colwn·na1' section s/teet.-rrhis sheet contains a 
istic types, and they define the age or any bed of I the margin if! a legend, whidl is the key to the of sandstones, forming the cliffs, and shales, con- concise description of the rock formations which 
rock in which they are found. Other t)'Pes map. To ascertain the meaning of any "flfU'ticular stituting the slopes, as shown at the extreme left occur in the quadrangle. It present~ a summary 
passed on from period to period, and thus linked ('olol'cd pattern and its letter.symhol on the map, or thc section. of the facts relating to the charadeI' of the roeks, 
the systems togethe:r, forming a chain or life from the readcr should look for that color, pattern, and I The broad belt of lower land is traversed hy the thicknesses of the formations, and the order 
the time of the oldest fossiliferous rocks to the symhol in the legend, where he will find the llttme I several ri(lges, which are seen in the section to of accnmulation of successive dcpo'lits. 
present. and dcscription of the formation. If it is desired correspond to beds of sandstone that rise to the The rocks are descrihed under the cot'respon(l 

'Vhen two formations are remote one from the to flnd any given formation, its name should be surface. The uptul'Ued edges of these hed" form heading, and their characters are indicated in 
other and it is impossible to observe their relathre sought in the legend and its C,oll'Jr and pattern the ridges, and the intermediate "alleys follow columnar diagrams l)y appropriate l'ymhols. 
positions, the charaeteristic fossil types found in 1 note(~, ·when the areas on the map corresponding the outel'ops of limcstone and calcareous shales. The thieknesses of formations are given in figures 
them may detel'mine which was deposited first. i in color and pattern may be traced out. Where the elif!,"es of the strata appear at the w hicb state the least and greatest meaSl11'ements. 

Fossil remains found in the rocks of different I The legend is also a partial statement of the surface thejr thickness can he measured and the The average thickness of each formation is shown 
areas, proyinces., and continents afford the most "geologie history. In it the symboh, and names angles at which they dip below the sUl'lace can be in the column, whieh is drawn to a scale-usually 
important means for combining local histories I are art'allgen, in columnar form, according to the ob .. erved. Thus their positions underground ean 1000 feet to 1 inch. The order of accumulation ~f 
into a general earth history. I origin of the f01'mations-surfieial, sedimentary, be inferred. The direetion tlJat the interseetion the sediments is shown in the eolumnflr arrange-

(jolo!'8 and pattern8.-To show the relative ages I and igneous - and within eaeh group they are of a bed with a horizontal plane will take is called! ment: the oldest formation is placed at the bottom 
of strata, the history of the sedimentary rocks is [ placed in the order of age, so far as knowll, the the 8tl'ike. The inelination of the hed to the hori-I of the co11llun, the youngest at the top, and igne. 
divided into periods_ The names of the periods at the top. zontal plane, measured at right angles to the strike, ous rocks or surficial deposits, when present, are 
in proper order (from new to old), with the colors geology sheet.-This sheet representi'! is called the dip. I indicated in their proper re1n.tions. 
and symhol assigned to each, are given in the the distrihution of m;efnlminemls, the occurrence \Vhen strata ·which are thus lIlclined are traced I The formations are comhined into systems 
table in the next column. The names of certain of artesian water, or other facts of ecollomic jnter. underground in mining, 01' by iJd'erence, it is fre- ,which correspond ,vith the periods of geologic 
subdivisions and groups of the periods, frequently est, showing their relations to the features of topo- quently observed that they form troughs 01' arches, I history. Thus the ages of thc rocks are shown, 
used in geologic writings, are bracketed against graphy 11nd to the geologic formations. All the snch as the section shm'ls. The arches al'e called! and also the total thickness of each systf'm. 
the appro}Jrlate period names. formations ",rhieh appear on the histori(ial geology anticline8 and the troughs 8ynclines. But the I The intervals of ti1lle which cort'e::;pond tq 

To di"tinguish the sedimentary formations of sheet a.re shown on this sheet by fai,nter eolor pat- sandstones, shales, and limestones were deposited I events of uplift and degradation and cO!lstitnte 
anyone period from those of another the ptl.tterris terns. The areal geology, thus printed, affords a heneath the sea in nefl.l'ly fiat sheets. That they interruptions of deposition of sediments are ilidi
for the formations of each period are printeJ in subdued background upon which the areas of pro- are now hent and folded is regarded as proof that I cated graphically and Ly the ,yonl "unconformity." 
the appropriate period-color, ,,,i.th the exception ductiye formations lllay be emphasized hy strong forces exist which have from time to time caused i CHARLES D. ·W ..... \.LCOTT, 
of the one at the top of the column (Pleistocene) colors, A symbol for mines is introduced at each the earth's surlaee to wrinkle along eertain 7.0neR. I Director. 
and. the one at the bottom (Archean). The sew· occurrence, accompanied Ly the name of the In places the strata are broken across and the, Revised January, HJ02. 



DESCRIPTION OF THE ATOKA QUADRANGLE. 

By J osellh A. Taft', 

GEOGRAPHY. : The Red River Plain is a low, nearly fiat, tions of the land. Under these conditions the toward the coast, but it is inclined toward the 

I 
eastwardly inclined plain which extends along the channels tend to become fiBed and the streams Gulf at a lower angle. 

The Atoka quadrangle is bounded by meridians entire southern side of Indian Territory: TheRd meander from side to side, broadening their The northern border of tllis gravel.covered 
96" and 96" 30' and parallels 34" and 34° 30', It is the northern side.of the broad River Plain. valleys. When these conditions continue unin. peneplain is elevated approximately 600 feet 
and occupies one-fourth of a ~qnare Location of vaney of Red River, which slopes gently south- terruptedly the valleys become wide and silted above the sea. Leading from it upward along and 
degree of the earth's surface. It IS 34.9 the qUlldran., eastward to\vard the Gulf coast. It borders the and the hills are generally reduced to the level near the present valleys of the principal rivers, 
miles long and 29 miles wide, and con· gole. south side of the Ouachita and Arbuckle rooun· of the vaUeys. there are remnants of fiat, meandering river val-
tains about 986 square miles. The boundary line; tains and touches the Arkansas Valley province leys which are but slightly depressed below the 
b h Ch d Ch' k . b hI" h P .. PI' j h GEKERAI, FEATURES OF nIB QUADRANGLE. I I I f hI' II' I . etween t e octawan IC asaw natlODs runs I etween t em. t Joms t e r[Lll'le ams art er genera eve 0 t e near y liat 1'0 mg p am or 
north and south through the quadrangle about 3 west, between the Arbuckle and 'Vichita moun· In the Atoka quadrangle, especially~ north of peneplain and contain deposits of gravel and sand. 
miles from its western border. The Choctaw tains, in western Indian rrerritory and southeast· the Cretaceous sediments, there are certain broad Likewise, along and near the Arkansas and Cana· 
Nation lies to the east of this line and the Chick· ern Oklahoma. At the northern border of this and well·defined topographic characteristics which dian river valleys there are remnants of wide, flat 
asaw Nation to the west. plain south of the Arbuckle Mountains it is are significant in considering the physiographic meandering river channels partially filled with 

Four topographic provinces are represented nearly 1000 feet above sea level , while south of history of the region. The first of these is limited gT"avel, sand, and silt. One instance has been 
in this quadrangle. They are the Ouachita the Ouachita Range in southeastern Indian Terri· to a belt 10 to 30 miles in width parallel with noted where the old elevated flat Canadian channel 
Mountains, the Arkansas' Valley, the tory it is a little over 500 feet above sea. and immediately north of the Cretaceous border. made a detour of more than 50 miles from the 
Arbuckle Mountains, and the Red ~~:h~~po. The At'buckle Mountain province extends from I The characteristics of this topography have been location of the present river. This peneplain 
River Plain. With two other provo prOvinces. the vicinity of Boggy Depot, in the central part studied across the Atoka and Tishomingo quad. stretches westward and northward across Indian 
inces these four constitute the physiographic dis· of the quadrangle, northwestward rangles and the western part of the Arbuckle Territory in the eroded surface of both Creta
tricts of Indian Territory. The others are the nearly across Chickasaw Nation. It ~hoeu~r:I~'l<le Mountains, a distance of about 60 miles. As ceous and older strata. As explained above, this 
07.ark Highland, which lies in southern Missouri, I is about 70 miles long, and has an pr .. v""e. explained more fully under "Geology," the low· penep1a.in is -inclined t.oward the south Intersection 

northwestern Arkansas, and northeastern Indian average width of about 20 miles. It rises gradu. est Cretaceous formation, the Trinity sand, was at a lower angle than IS the Cretaceous ~:;''i~~a~:!" 
rrerritory; and the Prairie Plains, which extend, ally from about 750 feet above the sea at its east· deposited upon a smooth and nearly flat floor or marine erosion plain, and near the !~df'!:!rary 
from the Arkansas Valley region and Ozark High- J ern end to ] 350 feet at its western end. At the plain of truncated Paleozoic rocks. This sand is northern border of the Atoka quad. peneplain. 

land northward and westward across northwest· eastern end and along its southeastern side, to the the shore deposit of the Cretaceous sea, which rangle they intel'sect at elevations approximating 
ern Indian Territory, Kansas, and Oklahoma. I east of Tishomingo, it coalesces with the border· ,transgressed northward and westward to an 850 feet above the sea. Toward the north the 

The Ouachita Mountainsl whose ridges enter ing Red River Plain. In its northern and west· I unknown distance beyond the present occurrence Cretaceous plain projects above the land, while 
the northeastern part of the Atoka quadrangle, ern parts it rises abruptly 100 to 200 feet above, of Cretaceous rocks. The land at this time was the Tertiary peneplain continues nearly level, being 
extend from the vicinity of Atoka to The Ouachita the bordering plains. The high land of the) probably a low coastal plain and was reduced to preserved in innumerable flat.topped ridges and 
central Arkansas near Little Rock- Mountains. Arbuckle Mountains forms a nearly flat plain, a surface of marine planation as the sea ad vanced. hills of hard rocks in the Arkansas Valley region 
approximately 200 miles. The range is charac· of which only the borders are deeply cut. rrwo Since the Trinity sand is a soft rock, it is removed and in the uplands of the broad vaUeys in the 
terized by numerous long, low mountains and small districts in the western part of this region, so rapidly in comparison with the wear Creta,eous Ouachita Mountain Range. The crests of many 
ridges, bearing generally east and west. Near known as the Eastern Wooded IIills and the West· of the underlying hard rocks that con- ~:~1n~f of these ridges and hills are a little below the 
the western end, however, they trend southward ern Wooded Hills, rise abo.e the general level of siderable areas of the Cretaceous plain erosl .. n. general lev'el of the peneplain, which in this 
and, declining rather abruptly, join the Red I~,iver the elevated mountain plain. are exposed before it is appreciably defaced. The region is about 850 feet, while a few are a little 
Plain. The principal mountains and groups Qf I Three main river systems, the Arkansas, the exposed border of this marine erosion plain con· higher. The higher eminences are usually table
ridges of the Ouachita Hange are separated by Canadian, and the Red, drain the whole area tiul1es southward along the western edge of the like, being protected by flat, hard strata, while in 
relatively wide, flat valleys. These valleys, where, of Indian Territory. Arkansas Hiver Main river Cretaceous sediments to cent.ral Texas.' North· the lower hills the harder, ridge·making beds are 
they lead out from the mountains, descend gradu. flows southeastward from the Rocky i~df::~~rl~ ward the ridges of hard rock rIse gradually higher either steeply upturned or are supported by thin 
ally to the level of the Arkansas Valley and the: Mountains across the Great Plains and tory. above sea level and above the valleys until the strata only. Rising above this peneplain of level· 
Red River Plain on either side. Near the western-Ii the Prairie Plains, and enters the broad vaUey remnants of the plain can no longer be recognized. crested ridges and hills in the Arkansas Valley 
end of the range the crests of the ridges are at an between the Ozark and Ouachita mountains near In this quadrangle they reach an altitude of 800 region are well·defined areas where broad folds 
elevation of nearly 1000 feet above the sea., and I the eastern border of Indian Territory. Canadian to 900 feet above sea. In the central part of the in the rocks have favored the preservation of 
about 400 feet above the general level of the 'I River has its source in New Mexico, flows east· Arbuckle region, in the adjoini[)g Tishomingo monadnock·like mountains and peaks. Those 
larger valleys. '1'hey rise gradually eastward and ward across the Great Plains and Prairie Plains, quadrangle, the exposed Cretaceous marine ero· in Indian TerritoFY are the Sansbois, Cavana], 
near the Arkansas-Indian Territory line attain, and joins Arkansas River at the border of the sion plain, because of the broad expanse of hard Poteau, and Sugarloaf mountains, which rise to 
altitudes of about 2900 feet above the sea and [! Arkansas Valley region. Red River rises in New rock beneath it, extends farther north. It should heights of 1700- t? 2500 feet above the sea, 
nearly 2000 feet above the valleys of the princi. I ~lexico, flows eastward through the southern part be borne in mind that the crests of ridges and approaching the general levels of the mountains 
pal rivers. Eastward, in Arkansas, the elevation of the Great Plains and across the "Panhandle" high lands north of the well·defined limit of this in the Ouachita and 07.ark regions. These moun· 
of the ~idges becomes generally less, until it Ii of Texas, and then forms the souther? boundary of pla~n mark only appro~im.ately the surface of the tains occupy broad synclinal folds culminating 
reaches 000 or 700 feet above sea level at the part of Oklahoma and all of IndIan Territory. plam, for, as soon as It IS uncovered the rocks in sharp Cl'ests or peaks, and are isolated in the 
eastern end. J~ikewise from the sides toward! The northern tributaries of Red River in ~ndian begin to wear down, and only the hardest of them peneplain. The broad distribution of the surfi· 
the center of the range, especially in Indian Tel" Territory drain a large area south of Canadian remain unreduced for a long time. cial deposits in the wide, shallow, and elevated 
ritory, the ridges increase in elevation until they River. The watershed between the Canadian A second physiographic plain, of later age and river channels and their relations to the Tertiary 
are classed as mountains. Jackfork, Winding. and Red rivers, especially in the Chickasaw broader exposed surface, occurs in this region. gravels, as already explained, together with the 
stair, Buffalo, Rich, Blackfork, Kiamichi, and Nation, lies within a few miles of the banks of The agents of erosion which have made this plain almost universally equal degradation of both 
Seven Devils are prominent mountains of the the Canadian. Since Canadian River, belongs to have both uncovered and obliterated much of the hard and soft rocks to the same general le\re}, 
Ouachita Range in Indian TerritOIY. Some of the Arkansas River system, the Canadian-Red Cretaceous marine erosion plain north and west strongly support the hypothesis that the surface' 
the prominent ridges at the extreme western end watershed is a part of the' divide between the of its present limits above described. Spreading stood nearly at the level of the sea when it had 
of the range extend a short distance into the hydrographic basins of the Arkansas and Red across the western border of the Tertiary (Eocene reached its peneplain stage. , 
northeastem part of the Atoka quadrangle. rivers. It also divides the waters which flow and Neocene) rocks in northeastern Texasr south· Since Tertiary time the land has been elevated 

The Arkansas Valley region lies between the into Mississippi River from those which flow eastern Indian 'reITitory, and southwestern AI'. I and probably. slightly tilted toward the southeast. 
Oaachita Range on the south and the Ozark directly into the Gulf of Mexico.' kansas and extending toward the Gulf there are During and following this elevation erosidn 
Mountains and Prairie Plains on the The Arkllnsas extensive deposits of gravel and sand on the high 1 became more active and has removed the softer 
north, and is characterized, especially Valleyregi .. n. TOPOGRAPHY. lands. They are spread upon a peneplain, or an ! strata so thlit now the wide, flat valleys of the 
in its western portion, by narrow and generally OUICHN OF TIIE TOPOGRAPHIC _FOR'>IS. eroded plain, across the edges of lower larger streams are about 200 feet below the level 
level·crested low ridges and rolling uplands. At Tertiary, Cretaceous, and Paleozoic r:~~g~'!~1e of the Tertiary peneplain. rrhes.e valleys are so 
the confluence of the Canadian and Arkansas I The various forms of the valleys and hills in strata. These deposits extend toward Tertiary age. wide and flat and are so nearly at the 
rivers this region contracts, bears southwestward, this region have been produced by the dissolving the Gulf as far as the border of Pleistocene same level that the~ may be cons.idered ~~1~~~{t:ee. 
and joins the ned River Plain in the central part ,i and disintegrating action of water and frost, and coastal sediments. Although the plain upon to form rudely a stIll lower plam rep· ~:;:.dval~ 
of the Atoka quadrangle, between the Ouachita by the erosion caused by rain and running streams. which these gravels were deposited has been: resenting the present stage of erosion. 
and Arbuckle mountains. Its low level ridges, The shapes of the valleys and hills and their Ioca· dissected by recent erosion, yet there are consid'i Thinner, hard, B~eeply tilted strata and rocks 
and flat valleys curve around conformably with I tion depend principally upon the degree of erosion erable areas near the present Cretaceous-Tertiary intermediate between hard sandstones and soft 
the folds of the strata in the north-central part and upon the nature and structme of the rocks. border where it has been but recently exposed or ' shales, give rise to various levels between the 
of the Atoka quadrangle. The features of the I[ 1Vhere.Iand is uplifted and tilted the streams flow is still covered by thin mantles of gravel. In the Tertiary and this latest peneplain. 
Arkansas Valley region, especially in this south· rapidly and cut deep valleys. The soft rocks are Texas Tertiary region, upon the watersheds The surface of the Atoka quadrangle, when 
ern part, closely resemble reduced forms of the eroded more readily than hard ones, and form between the principal rivers east of the Brazos, considered in a broad way, is generally of lo'w 
Ouachita Mountains. The ridges of the valley I valleys, while the hard rocks remain as hills, there are small areas which rise above the gravel- relief. The larger streams meander in wide 
region are generally parallel with those of the I ridges, and mountains. On the other hand, when covered plain to elevations approximating 700 valleys through deposits of silt and sand which 
range, but, with the exception of the few isolated: the general surface of any land is originally nearly feet above sea, upon which the gravels do not they have deposited during floods. Where the 
mountains which lie in the Arkansas Valley, they 11e\:.el or becomes so by erosion~ streams flow occur and were probably never deposited. This I rocks are tilted at a low angle) as in the southern 
have low relief and their crests fall nearly within sluggishly and are not able to carry away all the peneplain is analogous to the Cretaceous marine half of the quadrangle, the harder limestone beds, 
the same plain. sediment which is swept from the higher pol" erosion plain described above in that it descends when onee uncovered, resist erosion and protect 
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the softer shales beneath, thereby forming table- the Arkansas Vaney region. These bordering: which make low ridges, hills, or swales, and nearly 
lands and escarpments or benches and terraces. low ridges of the Ouachita region are Blllck Knob level plains. Clear Boggy Creek, with its wide, 
Where the beds are steeply tilted, as in the north- represented in the Atoka quadrangle R,idge. swampy flood plain, occupies the central part or 
eastern part of the quadrangle, the massive sand· hy only the Black Knob Ridge. This is a ridge the afea of the Atoka formation in the northwest· 
stone and flint formations stand in rugged ridges, of peculiar flinty rock, and it represents a phase of ern part of the quadrangle. 
while the soft shales between are worn down to this topographic type not found elsewhere near The Wapanucka limestone occurs near the bor
flat valleys. The gently rolling and nearly flat the border of the Ouachita region in Indian Ter- der of the Arbuckle highlands, but is separated 
wooded plain that extends east and west across ritory. The strata are nearly vertical and the irom it by narrow but flat plains of the Caney 
the middle of the quadrangle is determined by ridge is quite symmetrical, with smooth, steep shale. In the vicinity of Wapanucka and in the 
the rock formation, which is soft throughout. slopes and with many dome·like knobs in the crest. axial part of the large fold in the northwest corner 

The southern half of the Atoka quadrangle is The central third of the ridge between North of the quadrangle this limestone produces low, 
a nearly level plain. A few eminences rise to the Boggy and Muddy Boggy creeks is treeless, ·while level·crested ridges. Elsewhere its beds are either 
level of 750 feet, and little of the high land the ends are covered by forests of scrub oaks. The vertical or outcrop near important streams, and 
between the main streams falls below 650 feet. ridge ends abruptly in the northeast corner of consequently have been worn down nearly to the 
Beginning a little south of the middle of the the quadrangle, where the flinty formation is level of the plain. The Caney shale is a soft rock 
quadrangle there is a general rise of the land terminated by faulting. At the south end it throughout and occupies a fiat plain. 
toward the south-a total of about 100 feet- descends gradually to thp- plain of soft Cretaceous Arbuckle ....lfonntai-Jj, topogl'aphy.-'l'he areas of 
to the watershed between Blue River and Boggy rocks. granite and Paleozoic rocks in the northwestern 
Creek, which passes east through Caddo, at an The more rugged sandstone bills east of Black part of the quadrangle form the extreme eastern 
elevation of 700 or 750 feet above the sea. From Knob Ridge have a different topographic form; end of the Arbuckle uplift. This uplift grows 
this watershed the surface slopes gently south· the rocks are massive and hard and the beds are gradnally broader and increases in elevation west· 
ward to Red River. In the northeastern part of tilted toward the southeast. As a result the ward. With the exception of the Sylvan shale, 
the quadrangle, where the larger streams have nortb-vvest slopes are steepest and are strewn with the rocks involved in this nplift are generally 
encountered hard sandstones and cbert, they have bowlders and talns from the broken ledges. 'I'he hard, and, when well uncovered, stand in relief 
cut deep and narrow valleys. Where soft rocks crest or these hills and ridges, beginning at the above the bordering plain of softer Carboniferous 
are encountered the valley floors are flat and are south, rise gradually from the ned River Plain strata. 
coextensive with these rocks. 'I'he small trion· northward. It has been previously pointed out The surfaces of both the hard and the soft rocks 
tary streams in the more rugged northeastern that these crests, like those of Black Knob Ridge, of the Arbuckle uplift in this quadrangle lie in a 
part of the quadrangle descend in narrow, steep lie in a plain from which the Trinity sand has smooth plain -the resurrected Creta· 
channels. been removed. ceous marine erosion plain. ~n the ~~:r:i":~h,:n 

The waters of the Atoka quadrangle are col- A peculiar feature of the drainage in this region area' west of Boggy Depot thIS old ~~bu':."!~':u. 
lected in three large streams, all of which flow in is that the large streams, North Boggy and Muddy Cretaceous plain is only partially un· 
a southeasterly direction. These are Boggy creeks, flow from their fiat val· covered, while in the region west of V\Tapanucka 
Muddy Boggy and Clear Boggy creeks ~;:::::.~~ leys in the soft shales without obstruc. ~:~~inw:::~k and in the northwest cornel' of the quadrangle 
and Blue River. North Boggy, the largest tribu· tion to the west across Black Knob Knob Ridge. the Trinity sand has been long removed. Here 
tary of Muddy Boggy, enters the quadrangle in I Ridge and among the rugged hills farther east in the streams have cut channels into the softer 
the northeast corner. Clear Boggy and Muddy narrow, sharply cut channels. In recent "geologic rocks of the Carboniferous, leaving the hard beds 
Boggy creeks unite southeast of the quadrangle I time the 'rrinity sand and probably higher Creta· in a plain nearly 100 feet in relief. This some
and flow into Red River. Blue River is also ceous rocks extended over this part of the quad. what elevated plain of hard rock has been par· 
tributary to Red River. 'rhe valleys of these rangle and the streams flowed unobstmcted on tially dissected. 
streams are so wide and shal10w that in times of them toward the southeast. After the streams cut 'rhis erosion plain continues westward across the 
flood they overflow their banks more than a mile 
in places. Muddy Boggy and North Boggy 
creeks, which have their sources in the Carbon· 
iferous sandstones and shales where springs do 
not occur, practically cease to flow during long 
dry seasons. Not so with Clear Boggy Creek 
and Blue River, which are fed continually by 
abundant large springs that issue from the great 
limestone formations in the Arbuckle Mountain 
region. 

The four types of topography represented in 
tbe physiographic provinces of the region, which 
have been briefly outlined ab~ve, occur within the 
Atoka quadrangle. In describing these topo
graphic types it is convenient to arrange them 
under their respective provinces: the Ouachita 
Mountains, the Arkansas Valley region, the 
Arbuckle Mountains, and the Red River Plain. 

Ouachita MOl1mta'in type.-The Ouachita Moun· 
tain topography is represented by the small area 
of rugged, hilly country lying east of the Mis· 
SOUl;, Kansas and Texas Hailroad in the north· 
east corner of the quadrangle. These hills are 
the extreme western ends of mountain·like ridges 
which gradually rise higher eastward and develop 
into Rich and Kiamichi mountains in the central 
part of the range in Indian Territory. 

The ridges are coextensive with the OCCUITence 
of hard rocks, which are either sandstones or flinty 
strata. Between the principal ridges, Ridges 01 the 

hills, and mountains there are fiat val· ~':,~":;!in 
leys, which are invariably located upon region. 

and limited by the surface extent of the shales or 
shaly formations. 

The crests of the higher of these ridges in this 
quadrangle lie in a plain slightly inclined toward 
the south. Southward this plain passes beneath 
the Cretaceous strata and forms the eroded surface 
of the older rocks upon which the Cretaceous lies. 
It is the plain of marine gradation made by the 
early Cretaceous sea. As the Cretaceous border 
is approached going south, the bills and ridges 
become lower in elevation and the valleys shal· 
lower, until they merge into one another at the 
border of the Cretaceous deposits. 

The ridges near the north side of the Ouachita 
region are less prominent than those in the central 
part, and decrease in elevation in that direction 
until they are on a level with similar ridges in 

through these soft rocks into the underlying hard 
beds, their channels were established and could 
not be changed, and are now deeply cut in these 
hard rocks. 

Arkansas Valley type.-The Arkansas Valley 
type of topography in the Atoka quadrangle 
occurs in the north·central part of the quadran. 
gle, between the Ouachita Mountain and Arbuckle 
Mountain regions, and joins the Red River Plain 
on the south near the Cretaceous border. As in 
the Ouachita topography in the northeastern part 
of the quadrangle, the hilltops of both hard and 
soft rocks are in the Cretaceous base.level plain. 
Northward the sandstone ridges and hills become 
gradually higher, until near the north border of 
the quadrangle the most prominent elevations are 
nearly 200 feet above the general level of the val. 
leys. The highest crests In these ridges and hills 
are approximately in the Cretaceous plain. 

rl'he rocks governing the Arkansas Valley type 
of topography in the Atoka quadrangle belong to 
the Carboniferous. They ate chiefly sandstones 
and shales, occurring in alternate strata, with one 
series of limestones, and in this quadrangle they 
occupy chiefly a wide basin·like fold, the north 
end of which lies about 4 miles north of the 
border. The shales are soft and easily eroded, 
forming valleys and :flood plains, while 
the sandstone beds are generally har~ ~~e;:~~t 
and stand out as ·more or less proml· "trha~I!;'t;';,se~s 
nent ridges. 'I'hese rock beds outcrop 
concentrically around 1.his large fold, as indicated 
in part by the topography, and as can be seen on 
the geologic map. 'Since the rocks dip toward 
the center of the fold, the ledges of sandstone 
upon the western side present their more abrupt 
faces toward the west, while those on the eastern 
side ha,,'e their steeper slopes toward the east. 
Near the center of this syncline, in the northern 
part of 'I'. 1 S., R. 11 E., the rocks are nearly fiat 
and the sandstone beds make table·like elevations, 
sheltering from erosion the softer shales which 
crop in the slopes. 

The most prominent ridge· making sandstones 
occuI' in' the upper part of the Atoka formation 
and in the Hartshorne, Savanna, and Boggy for. 
mations. The most elevated of these ridges are 
approximately 750 feet abo,,-e the sea, and there 
are occasional knobs rising to 900 feet. 

The McAlester shale and the lower ,part of the 
Atoka formation contain thin sandstone members 

Arbuckle region, with Cretaceous sediments yet 
remaining upo.n its southern border, as far west 
as the Washita HiveI'. '1'he plain in this western 
part may be recognized over broader areas, since 
the truncated rocks are more uniformly hard. 
,\Vith the exception of the Washita River gorge, 
near the center of the region, it is but slightly 
dissected, except very neal' the borders, where the 
streams descend rapidly and where soft rocks 
occur. 

The rocks, especially upon the border of the 
uplift, are steeply upturned, so that the Hunton 
and Sylvan formations outcrop in relatively nar· 
row bands. The former is a hard limestone, while 
the latter is a homogeneous friable shale. The 
one forms narrow, even·crested ridges, while the 
other is always reduced to valleys. In the axial 
portion of the broad anticline in the northwest 
corner of the quadrangle the Hunton limestone 
dips at low angles toward·the east. Here it pro· 
duces a broad ridge with low slopes east\\'ard and 
steep terrace escarpments facing westward, toward 
the valley of the Sylvan shale. 

Red RbJ61' Plain.-The whole region of the 
Red River Plain in the Atoka quadrangle is 
occupied by the seven Cretaceous formations 
which are indicated on the geologic maps. Each 
of these produces characteristic minor topographic 
features depending upon lithologic and structural 
characteristics. . 

The Trinity sand occupies nearly a third of the 
area of the quadrangle across the medial portion. 
It is practically a homogeneous friable sandstone 
or compact sand, and, except at its extreme south· 
ern border, where it underlies the succeeding 
Goodland limestone, it produces a nearly flat, 
rolling land, gently inclined toward the south. 
Except in small areas in the northwestern part, 
the Trinity sand is covered with a dense forest, 
chiefly of scrub oak. 

The Goodland limestone is a thin but relatively 
hard formation, dipping gently toward the south. 
It is continuously exposed and forms Successionoi 

fiat though generally narrow table· ::bl=~o:.sn':t .. 
lands and benches, with accompany. slopes. 

iog escarpments facing the Trinity sand country 
below. 

The succeeding Kiamitia formation, except a 
few thin ledges, is friable clay, forming gelltle 
prairie slopes leading up to the outerop of the 
Caddo limestone. The Caddo formation has 

numerous beds of sandstone, marl, and clay, with 
thicker and harder limestone strata occurring at 
the top. This in turn, like the Goodland lime· 
stone, is succeeded by soft clays and forms broad 
table·like uplands, bordered on the north by low 
escarpments or steep declivities. 

South of the Caddb upland are numerous low, 
knobby hills and broken escarpments which rise 
to elevations of 750 or SOO feet above the sea. 
These knobs are capped by the harder ferruginous 
beds at the top of the Bokchito formation and by 
the succeeding hard Bennington limestone. The 
most prominent of these elevations are the Caddo 
Hills and Sugarloaf Mountain. Other similar 
elevations occur west of Blue River. These same 
hard rocks form a very tortuous and rugged, 
though low, escarpment in the southwestern part 
of the quadrangle. They also compose the floor 
of the broad tracts of upland in the vicinity of 
Bokchito and Bennington, near the southern 
border of the quadrangle. 

The topography of the elevated country in the 
southwest corner of the quadrangle resembles 
very closely that of the Trinity sand region. '1'he 
Silo formation, which occupies this area, is a soft 
sandstone and therefore the surface is undulating 
and nearly fiat. Near the northern border, hQl.Y· 
ever, the streams, which fall over the steeper 
t.enaces of the Bennington limestone immediately 
below, ha~e cut back into the Silo sandstone, pro· 
ducing rough tracts. 

GEOLOGY. 

PRE-OAMBRIAN IGNEOUS ROOKS. 

r n the eastern part of the Arbuckle Mountain 
uplift there is a large area Ot igneous rocks the 
eastern end of which extends into the Atoka quad
rangle. It is bounded on the north, west, and in 
part on the south by Cambrian and Silurian strata. 
Across most of the southern portion Cretaceous 
sediments lap upon the igneous area and conceal 
it in large part by residual sands. Along the 
north and south margins the contacts hetween the 
igneous and older stratified rocks are not normal, 
but are marked by faults. Through about one· 
half mile of contact in the Atoka quadrangle, in 
sec. 2S, '1'. 3 S., R. 9 K, and across the west end 
of the area in the Tishomingo quadrangle, the 
Cambrian strata rest normally upon the igneous 
rocks, the lowest formation, the Reagan sandstone, 
being composed of the products of disintegrated 
igneous rocks. These igneous rocks, consisting of 
granites and associated granular rocks, are there· 
fore older than the overlying Cambrian st.rata
how much older, a careful survey of the whole 
Arbuckle Mountain region has failed to show. 

Tis7wmvngo gnl!n'ite and aRsociaterl igneous 
-rocks.-The Tishomingo granite is named after 
the capital of the Chickasaw Nation, which is 
located upon it in the adjoining Tishomingo 
quadrangle. The granite is accompanied by 
other igneous rocks which appear to be dikes, but, 
as has been stated, the surface of the granite area 
in the Atoka quadrangle is extensively covered 
by the sands of the basal Cretaceous formation 
and it 'vas not possible to trace intrusions in the 
granite for any considerable distance. In many 
places where the dike rocks were studied, the 
exposures are very limited and the true relations 
of the dikes to the granite could not be satis· 
factorily determined. 

The following petrographic notes are hy 1\h. 
Ernest Howe. 

In general the Tishomingo grll.nit.e is of rather coll.rse te"X· 
hue, of pinkish or reddish color, and generally pOOl.' in the 
feJ'I'omagnesian silieateR. Biot.ite is always 
pl·csent., but in such unimportant quantitie~ as Granite. 

hardly to warrant calling the roek biotite-granite, but rathel' 
a hiotit-e·bearing granite. In one instance the rock. 
a contact facie~, was somewhat porphyritic ano;! 
biot.ite ani] hornblende in considerable amounts, togethcr 
with It generous development of thc aC<"JE'SSOJ'Y minerals. The 
mJl1stitllents of t.he average granitc are fcldRpars, quartz. and 
biotite. Of t.he feldspars, mieroclin(l :is in somewhat grcater 
amount .than thE' orthoclase, while a plagioclase awl miero
pegmat.itie intorgrowths of quartz and feldspar are quite sub
ordinat.e. As It whole, the granite of t.he At.oka quadl'll.ngle 
would be eharaet.erized as a microclifl{l'rich gra,nite with bIO
tite always present. but, never prODlinent. The ac(\e~sory 
minerals me not in any way unuAual; zimon amI apatite are 
quite common; mllgnetitc is generally present, and rutile 
very spal'ingly so. Assoeiated with the pink gra~lite are peg· 
maht.e veins which eontain the same minel"al8 as the granites 
in coarse aggregat.es. Mierocline i~ thc Prtlvaillng feldspar, 
and muscovite is not uncommon, but i~ never in great.er quarl 
tity than biotite. GaITlet OCCUl'l! ill some as an important 
accessory. 
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tiOIl contained 
fresh, but. in most 
hornbk'nde. 
tion Ab, An., anci it. extremely 
and thc hydrous oxidos of iron arc the common alteration 
pJ'oduetf'. In a.ll, the ~trllct'\lre is strongly ophit.ic. even in one 
case where tho rock wa~ induded by the granite without 
clearJy defined limit,s. 'l'he la.lllprophyrltic dike i~ almost too 
far gone for determination. A fcldspar, appar-
ently altored to muscovite. 
With this is 

posed that it can not be determined satisiaM,orily a.J! an 
original minel'aL The biotite i~ the only fresh mineral present. 
Supposing the felUsp:u- to be orthodase. and the hornblende, 
together with the biotite, to be original mineral"" this rock 
will be phwed as one of the kersantit.es. 

SEDIJ[ENTARY ROOKS. 

OAlIBRL'l.N ROCKS. 

(Ordovician) age. The Reagan sandstone was 
classified accordingly as Silurian, but should 
be mapped as Cambrian, since numerous fossil 
remains or mollusks and crustaceans occurring 
in the upper calcareous layers of this formation 
in the Tishomingo quadrangle show that the rocks 
are of Cambrian age. 

CAMBRo·srLUltIAX ROCKS. 

Arouckle limestone.-This formation occurs in 
five separate areas in the Atoka quadrangle, and 
is nowhere in undisturbed or normal contact with 
the underlying formation except in sec. 28, T. 3 S., 
R. 9 K, where it is found in regular stratigraphic 
succession upon the small area of Reagan sand
stone. No exposure of the top of the Arbuckle 
limestone is known to occur in the Atoka quad
rangle. On account of the very extensive folding 
and faulting which the Arbuckle limestone has 
Euffered the, dips of the beds and the true order 
of sllccession could not be made out in a con
siderable part of the area. The surface of the for
mation for the most part is a smooth plain, and the 
rocks are partially obscured by a residual mantle 
of Trinity sand, which until recently covered them 
entirely, so that fragments of the limestone 01' an 
occasional ledge projecting through the sand, or 
soil are the only exposures found over much of 
the surface, In the area borth of Rock Creek, 
in secs. 28, 20, and 21, T. 3 S., R. 9 E., it is esti
mated that 2000 feet of the formation are exposed 
from the base upward. Nearly as great a thick
ness of the limestone is exposed in the southern. 
most area, which apparently 'belongs in the upper 
half of the formation. The middle and largest 

Reagan* sandsto:ne.-This sandstone is repre- area is not sufficiently exposed to yield a section of 
sen ted in the A toka quadrangle by a single out- the rocks, since the surface is flat and largely soil 
crop in sec. 28, T. 3 S., R. 9 E. The east end of covered. The limestone of the two areas lying 
the outcrop abuts nearly at right angles against north of the granite is for the most part well 
the granite, from which it is separated by a very exposed, but the original structure is so obscured 
profound fault. rroward the west it passes uncon- by faulting, probably within the formation as 
formably beneath the Trinity sand, the basal for- well as upon both sides, that little could be made 
mation of Cretaceous age. The Reagan sandstone out concerning the thickness of the strata or posi. 
occurs along the swampy valley of a small tion in the formation. rrhese limestones are dull 
stream, so that the lower beds of the rormation blue to cream colored and generally massive. 
as well as the granite beneath are concealed by When compared with the strata of the continuous 
soil and sediment. The exposures of these beds section or the same formation occurring in the 
in the Atoka quadrangle are not sufficient to middle and western part of the Tishomingo quad
afford a clear description of the nature of the rangle there is little doubt that they belong within 
formation. The part of the formation exposed, the lower half of the formation. 
however, consists of many thin beds of brown :F'arther west this formation composes the central 
quartzitic sandstone and grit in the lower parl mass of the Arbuckle Mountains (from which it 
and thinner calcareous sandstones with shale receives its name), where it has an 
layers in the upper part_ Near the eastern end estimated thickness of 6000 fe{}t. In i;~!:'~/J'li,;e_ 
prominent ledges of brown gritty sandstone are this region it is folded into a' broad stone. 

exposed neal' the top of the formation. In the steep-sided arch, which -is itself folded and faulted, 
middle of the area only occasional outcrops of and in many places complete sections of the for
thin beds are seen. At the western end, very mation may be obsel'\red. It is composed chiefly 
near the southwest corner of sec. 28, occur expo. of hard bluish-white and cream-colored limestone 
sures of quartzitic sandstone in thin layers, which stratified in thin layers and beds reachitlg 3 feet 
show a thickness of nearly 200 feet. The varia- in thickness, interbedded with slightly argillaceous 
ble dip of the rocks here, together with marked layers. Occasionally siliceous limestone and shale 
jointing, indicates probable displacement of the beds were noted. Still less common are thin 
strata and possible exaggeration of the true thick- layers of chert and cherty oolite and limestone 
ness of the formation. breccia or intraformational conglomerate. In this 

In the central part of the Tishomingo quadran. region, where the beds are more or less steeply 
gle, which adjoins this quadrangle on the west, tilted and generally exposed, they occur at the 
there are complete exposures of the Reagan for- surface in miniature ridges a few feet in height, 
mation in the vicinity of Reagan, from which vil- depending upon structure and composition. The 
lage the formation derives its name. Here it rests harder and more crystalline the limestone the 
11 pon the uneven eroded surface of the granite, greater the resistance it offers against the agents 
and varies from thin calcareous sandstone strata of disintegration. 
to a formation nearly 300 feet in thickness. In At the base there are thin sandy limestones 
contact with the granite in places there which form transition strata, 200 to 300 feet thick, 
are beds of arkose consisting of granitic ~:~t:ell.rkoSe from the Reagan up to the purer limestone of the 
materials more or less completely dis- granite. Arbuckle. Succeeding these are 500 to 600 feet 
integrated. These arkose beds are usually suc- of dull-blue or cream-colored limestone. Much of 
ceeded by quartzose grits consisting of sorted crys- this massive limestone weathers into very irregular 
ta1line quartz grains, while higher still are finer brown and sometimes black bowlders. These 
and less- pure sandstones 'with shale layers, fol- strata are succeeded by white limestone beds of 
lowed by calcareous sandstones, which are overlain variable hardness, which continue up",,-ard to 
by the limestone of the succeeding formation. within 400 01' 500 feet of the top. As the top of 

Fossils from the Reagan sandstone were not the formation is approached the beds become 
observed in the Atoka quadrangle, nor elsewhere thinner and less pure, finally culminating in sandy 
in the Arbuckle Mountain region, until after the· and marly limestone which contains occasional 
classification of the roeks had been made and the I beds of clay and thin sandstone strata. rrhese 
maps for the folio printed. The lowest fossils I beds mark the transition from the pure limestone 
tlmt had been obtained at that time were those of the Arbuckle to the lowest sandstone member 
in the succeeding formations of lower Silurian of the succeeding Simpson formation. 
-,---~,--------.----,------- .Fossil shells, which oocur abundantly in the 

*On the maps this forma.tion name is spelled Regan; but as lower transition beds at the base of the Arbuckle 
:~!s :Oer~~~8~1~~I~o~:c~.a.me of tho town of Reagan, tho spoll- limestone and less abundantly in the purer lime. 

Atoka. 

stone for probably 2000 feet above,' have been 
referred to the upper Camol'ian. The age of thes-e 
fossils had not been determined at the time the 
maps were printed and on them the whole forma
tion is classed as Silurian. The very 
abundant fauna in the upper transition th~:kll::: 
beds at the top of the formation, as stone. 

well as that OCCUlTing down to a horizon probably 
3000 feet lower, is of 100ve1' Silurian (Ordovician) 
age. :!\Tore precise correlation of the Arbuckle 
limestone can not at present be made. 

SlLU1~lAN ROCKS. 

thickness between 400 and 500 feet. They make 
a lithologic transition bet'.veen the Simpson and 
Viola formations, though the beds are for the 
most part closely related to the formel', 

The Simpson formation throughout contains 
an abundance of fossil shells which show that it 
belongs in the lower Silurian (Ordovician). 

Viola limestone.~The Viola limestone receives 
its name from the village of Viola) which is located 
close to the occurrence of the formation 5 miles 
,,"'est of ~V apanucka. This limestone crops out 
in four narrow exposures near the northern 
border of the granite and in a fifth and much 

There are two areas Qf Silurian strata in the larger area in the northwest corner of the quad. 
Atoka quadrangle, one in the northwest corner rangle. Fun sections of the Viola limestone are 
and the otber in the northeast, belong- Two distinct exposed only in the two localities west of Wapa. 
ing respectively to the Arbuckle Moun- sir!~ia':!' nucka. In these and the other two areas neal' 
tain and Ouachita Mountain uplifts. sedinlents. the granite the rocks dip steeply toward the north, 
Although these areas are less than 20 miles avart, while in the large area to the north, where -only 
the formations are lithologically different and can the upper part of the formation is exposed, the 

be correlated, except in a general way by fos- dips are low tmvard the east. 
sil remains. In the Arbuckle area the formations I The Viola formation represents a continuous 
are chiefly limestones) while in the Ouachita they and slightly variable deposition of limestone 
are almost entirely shales and siliceous sediments. approximately 700 feet thick. In fresh exposures 
In the Arbuckle region the upper Silurian is rep- the limestone is massive in appearance, with strati
resented by limestone containing abundant fossil fication JJlanes faintly showing. On weathered 
remains, succeeded by Devonian sediments several surfaces there are sho\Yll beds of limestone rang
hundred feet in thickness. In the Ouachita region ing in thickness from thin strata to a few feet, 
occur local cherty deposits which are upper Silu- and with them are occasional irregular bands and 
l'ian while Devonian strata are not known to occur. nodular masses of chert 01' flint_ This cbert is 
The lowest Carboniferous formation, a deposit of most abundant in the 10'over and middle portions 
black shale, extends from one region to the other, of the formation. The texture of the limestone 
resting upon Devonian rocks in the Arbuckle for the most part is fine aud dense. Some beds 
region and upon Silurian in the Ouachita region. are coarsely crystalline, while others are com
For these reasons it is more convenient to discuss posed chiefly of shells and shell fragments. The 
the SilUI'ian formations in each provinceseparately. abundant fauna occurring throughout the Viola 

Simpsonfo-l'1nation.-This formation is exposed 
in the Atoka quadrangle in two small areas near 
the western border, west of Wapanucka. tn both 
instances it is separated from the Arbuckle lime
stone by fanlts, the lowest beds of the ~impson 
being a.lso concealed. The upper part of the for. 
mation, on the contrary, is fully exposed and is 
succeeded in regular order by the Viol~ lime
stone. In both areas also the rocks dip 'toward 
the north and are parts of the northern Ilmbs of 
anticlinal folds. In both areas also th~ rocks 
occur near the northern border of the highland 
made by the granite and associated roc1-:s, and 
are trenched by small streams, in consequ'ence of 
which they are well exposed. 

The thickness of the Simpson formation is 
estimated to he 1500 feet. In the Tishomingo 

and in the Arbuckle Mountains 

limestone show that it is of lower Silurian (Ordo. 
vician) age. 

At the base there is a gradual transition from 
thin-bedded shell limestone and greenish shale of 
the Simpson formation into the mass of the Viola 
liIl!estone, while at the top there is an abrupt! 
change from limestone to the dark-blue and green. 
ish shales of the succeedirig formation. 

Bylman shale.-This formation takes its name 
from the village of Sylvan) in the ,central part 
of the Tishomingo quadrangle, near which it is 
typically exposed. It is a formation of soft, 
greenish, fissile shale which weathers easily to a 
fine soft earth. In the Atoka quadran- Soft. green_ 

gle it is estimated to be not more than ish shale. 

50 feet thick, while frut-her west, in the Arbuckle 
Mountains, it increases to nearly 300 feet. The 
Sylvan shale rests upon the Viola limestone and 
is succeeded as abruptly by nearly equally hard 
beds of the Hunton limestone. 

west, where the forr.lation is completely As the Sylvan shale is a soft rock, it iT;lvariably 
exposed in many places, it varies in thickness occupies swales 01' valleys between the harder 
from 1200 to 2000 feet. limestone ledges of the contiguous formations. 

It is composed of sandstones and fossiliferous The talus from these adjoining limestones covers 
limestone with jnterbedded greenish clay shales a large part of the outcrop of the Sylvan; and 
and marls, which may 1e separated into several since the shale is occupied by forest, it is rarely 
quite distinct members. At or neal' the base, exposed, and at no place is it completely exposed_ 
neal' the top, and in the central portion there are The Sylvan shale crops in four separate areas, 
members of sharp, brown, and in places massl\Te three of which lie neal' the nqrthern border of 
sandstone. Many of the beds occurring in these the granite. A fourth and the largest area occurs 
members are composed of nearly pure gritty I neal' the north \v-est corner of the quadrangle. In 
quartz sand. In places such sandstone beds are the three southern areas the formation dips steeply 

feet in thickness, occur ,,,ithout distinct to the northeast, while in the northern it dips at 
hedding, and are indurated, while at other local· a low angle toward the east and north. 
ities they are found in compact but unconsolidated The Sylvan shale represents an iuterval of time 
beds. Occasionally there are various beds, some - between the known lower Silurian, or Ordovician, 
of which are limestones interstratified with the and the upper Silurian in this region. Fossils 
sandstones. These sandstone members range in have been found only in the green shales near the 
thickness from thin strata to beds aggregating base of the formation, in two localities near the 
100 feet, the lower and middle sandstones usually north-central part of the Arbuckle Mountains, and 
being thicker than the upper one. The outcrops indicate lower rather than upper Silurian age. 
of the sandstone are marked by timber, while the Hunton lilfltestone.-At the close of the Sylvan 
intel'\'ening strata are generally occupied by shale epoch there came a change in sedimentation 
prairie. and nearly pure white limestone and limy marls 

The limestone and marl members of the Simp- were deposited to a thickness of approximately 
son formation, except the transition beds at the 150 feet. This limestone takes its name from 
top and bottom, lie between the upper and lower the village of Hunton, near which it is typically 
sandstone members and are separated from each and completely exposed. Here also it contains 
other by the intermediate sandstone. They are in great numbers well-preserved fossils of upper 
composed usually of thin yellowish or bluish Silurian type. The formation represents the 
limestones with greenish marly clays interstra- closing episode of Silurian time in' this region. 
tified. In places some of the limestone beds are The Hunton limestone varies in thickness in 
white and pure, and at all localities a large part I the Arbuckle uplift from a thin bed to .about 300 
is composeJ of fragments of fossil shells. Above feet. Near the Ouachita River, in the southern 
the uppermost sandstone member there are inter- portion of the uplift, it is absent for a space of 10 
stratified shell limestones and clays ranging in miles. In the northern and eastern parts of the 
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uplift the formation is practically the same as that i' under the· heading "Geologic Structure," it is which a large part of the formation is exposed. 
shown in exposures Dem' Hunton. Beginning at steeply tilted toward the east. At the southern end I It is estimated that about 3800 feet of this for-
the base, there are variable beds of I it comes from beneath the flat Cretaceous rocks, I mation from the base up are exposed in the Atoka 
white oolite, in parts of which coarse ~='d , and at the northern end it is cut off abruptly hy I quadrangle. It crops in one large and three small 
and fine spherical granules appear as oolite. I an extensive fault, along which the rocks have I areas in the hill country in the northeastern por-
if originally sorted and stratified. Elsewhere' been thrust upwar(l and westward. I tion of the quadrangle. These areas are the 
spherules ranging in size from that of a. small I The formation takes its Dame from the town of extreme west ends of large exposures which 
pea to fine grains appear intermingled. In places I Talihina., in the Tuskahoma quadrangle, near I extend into the Ouachita Range, making the 
also the oolite is silicified, sO that bowlders and which place it occurs with large exposures in the I Rich, Jackfork, and Kiamitia mountains. 
fragments of the siliceous oolite are left upon the I mountains. The Jackfork sandstone consists of a series of 
surface after tbe limestone. bas been removed. The Talihina chert is approximately 1200 feet generally even-textured, fine.grained, brown and 
Following the oolite are bluish and cream-colored thick and is composed of three not very well- gray sandstone strata ranging from thin layers to 
granular and nne·textured limestones and marly defined members. The lowest of these Cbertbeda massive beds 50 feet in thickness. Occasionally 
beds attaining a combined thickness of about 100 members consists of :flint, chert, black :~~lJIlaob interstratified with these beds are thin strata of 
feet. Many of the beds in this part of the sec· and bluish shales, and lentils of dense R.ld.... clay shale and shaly sandstone. The shaly beds 
tion are crystalline and hard) while others are limestone interstratified. It is estimated to be are very rarely exposed on account of the pFotec
composed in large part of comminuted shell !rag- 600 feet in thickness. In most parts these :flints, tion afforded by the sandstone beds and sandstone 
ments. Near the top are marly beds which carry cherts, and limestones are in sheets rarely exceed· talus. 
an abundance of well-preserved fossils, some of ing 6 inches in thickness, while the shales occur The Jackfork formation has not yielded fossils 
which are silicified. The uppermost 60 feet of as thin laminae or fissile layers. The cherts and of any kind, but in the Kiamichi Mountains, on 
the formation is for the most part hard and thin flints are black, gray, whitish, with a few green- the southern border of the McAlester quadrangle, 
bedded. Many nodular cherty concretions and ish flinty beds in the upper part. This member it is directly overlain by thin limestone and cherty 
numerous fossils, some of which are beautifully grades up into the middle member, which is com- strata of lower Silurian age (upper Ordovician). 
silicified, occur in these beds. posed of fissile shales and thin cherty layers and Occurring, therefore, between two formations con

SILURIAN ROCKS IN THE OUAQHITA UPLIFT. 

In the western part of the Ouachita Range 
there has been uplifted a mass of Silurian (more 
specifically, upper Ordovician) .trata aggregating 
approximately 12,000 feet in thickness. It is 
estimated that more than 11,000 feet of this sec
tion are exposed in the northeastern part of the 
Atoka quadrangle and are included in four dis· 
tinct formations described below. 

Fossil remains have not been found in the 
StJi.ngtown shale, the lowest formation, except 
at its .top.. These ~o~sils, with. those ~or::=r: 
-occurnng III the TahhlDa chert, 10 the aDd Aliouckle 

upper part of the Standley shale, and ndhDenu. 

in the limestone immediately above the Jackfork 
sandstone, show that the whole series of rocks 
belongs to the upper Ordovician division of the 
Silurian and is of the same age as the Viola lime
stone, which occurs in the upper part of the 
Silurian section in the Arbuckle uplift. 

Stringtown 8hak.-Only the upper part of this 
formation comes to the surface in this quadrangle, 
and the base of the formation has not been 
observed anywhere in Indian Territory. The 
only clear exposure of the shale in the Atoka 
quadrangle is in one small area about a mile 
southeast of Atoka. It occurs below the Talihina 
chert which forms Black Knob Ridge, and crops 
along the western side of it, between Stringtown 
and the Cretaceous area to the south. It is 
limited on the western side by Carboniferous 
strata, from which it is separated by the great 
fault which follows the western border of the 
Ouachita uplift in this region_ This faulting is 
described under "Geologic Structure." 

The single locality sontheast of Atoka where 
this formation is partially exposed shows the 
shales to be very much crushed and deformed, so 
that no re~nable estimate of the thickness could 
be made. What appeared to be the upper part 
of the formation is a black, fissile, cherty shale, 
and below it are green clay shales. Elsewhere 
in the quadrangle the formation makes smooth 
slopes, in most part prairie lan.d, and there is no 
indication of other rocks than shales beneath the 
soil. 

The npper part of the Stringtown shale crops 
out in the dome.like uplift 8 miles northeast of 
Tuskahoma, near the center of the portion of the 
Ouachita uplift in Indian Territory. It occurs 
in this locality in a flat circular cove surrounded 
by prominent ridges of the overlying Talihina 
chert. The upper part of the shale crops beneath 
the talus of this chert, while the soft gr-een shales 
lower in the formation lie in tpe :flat, partly 
wooded plain of the cove. The upper part is 
composed of black, siliceous, slaty shales similar 
to those in the vicinity of Atoka and contains 
lower Silurian graptolites (upper Ordovician age). 
~low these beds are greenish fissile and friable 
s~ales with occasional inclusions of calcareous 
cone-in-cone and ironstone concretions. 

Taliki'tUJ chert.-This formation occurs at the 
.surface in this quadrangle only in Black Knob 
Ridge, which extends from a point 2 miles BOuth 
of Atoka nearly to the northeast corner of the 
q!ladrangle. With local exceptions, to be noted 

has an estimated thickness of 300 feet. It occurs taining upper Ordovician fossils, the Jackfork 
at the eastern base of the prominent ridges made sandstone is also of the same age. 
by the lower chert, and in consequence is almost In Caney Creek Valley, at the southern border 
invariably concealed beneath the abundant talus of the McAlester quadrangle, these Silurian lime
from this chert. This member also grades upward stones are succeeded by the Caney shale of the 
into the upper chert in such manner that its limit lower Carboniferous, which formation occurs with 
can not be well defined. The upper member is but little variation in both~the Ouachita and the 
also estimated to be about 800 feet in thickness, Arbuckle Mountain sections. At other localities 
and is composed of chert and shale in all respects in secs. 3, 4, and 5, T. 2 N., R_ 15 E., in the same 
like the lower member except that the individual quadrangle, upper Silurian chert and limestone 
layers are generally thinner. Exposures of this strata immediately underlie the Caney formation. 
member have not been found sufficiently fresh to 
indicate the presence of limestones. This chert 
produces a line of low, round knobs and occasion
ally ridges which lie at the eastern bases of the 
prominent ridges and knobs made by the lowest 
member of the formation. 

On account of the variable strata and thin beds, 
the talus of angular and sharp chert is thick from 
the bases of the hills almost to the crests, except 
where the rocks -are being actively eroded by the 
streams. 

Standley shale-This formation follows the 
Talihina chert in grad ual transition. Siliceous 
chert, black shale, and greenish clay shales 
occur in alternate members for nearly 800 feet 
above the base. There are two cherty members, 
80 and 40 feet in thickness, which were noted in 
sec. 7, T. 2 S., R. 12 E., 550 and 800 feet, respec· 
tively, above the base of the formation. These 
cherty strata resemble many of the thin and more 
shaly cherts found in the Talihina formation. 
Continuing upward in the section, there are 
greenish and dark shales alternating with drab 
or brown and moderately hard sandstones until 
the formation reaches an estimated thickness of 
6000 feet. Distinct sandstone members range in 
thickness from 20 to 100 feet and are Tblc:k sec:UoD 

separated by shales or shales interstrati- of .bal __ 

fied with sandy beds 140 to 2000 feet in thick· 
ness. The best section 01 the formation in this 
quadrangle was noted across secs. 7, 8, and 9, T. 
2 S., R. 12 E. 

The sandstones are 80 soft that they produce 
little more effect upon the surface configuration 
than do the clay shales iIi which the.Y are embed
ded. The whole formation invariably crops in 
'nearly level plains or valleys and in such steep 
slopes at the borders of these valleys as are pro
tected by the harder overlying formation. 

The Standley ,hale is found in the wid. valley 
plain extending from the northeast corner of tbe 
quadrangle down Chickasaw Creek and across 
North Boggy and Muddy Boggy vaUeys to the 
broad plain of the Trinity sand BOuth of Atoka. 
It also extends eastward up Chickasaw ~nd I.little 
Chickasaw creeks, joining. the broader plains 
and valleys of McGee and Jackfork creeks and 
Kiamichi River in the central part of the Ouachita 
Range in Indian Territory. The formation takes its 
Dame from the village of Standley, in ·the Kiamitia 
Valley, where it is extensively exposed. 

Jackfork 8andstone.-The Jackfork sandstone 
is the mountain.making formation of the'Ouachita 
Range in Indian Territory. It repre- Tblc:kllectloa 

sents an almost continuous sedimenta- oIUDdRoDU. 

tion of 5000 feet of brown and gray sandstone. 
It receives its name from Jackfork Mountain, in 

DEVONIAN ROCKS. 

Rocka of Devonian age, so far as at present 
determined, are confined to the Woodford chert, 
which rests conformably upon the Hunton lime
stone, which is of Silurian age. This formation 
is known only in the Arbuckle uplift, around and 
in which it is found where there are suitable con-
ditions for its exposure. 

Cherty beds occur in the Ouachita uplift east 
of the Atoka quadrangle directly beneath the for· 
mation which overlies the Woodford chert in the 
Arbnckles, but fossils from these cherts belong 
to the upper Silurian. The stratum or interval 
which represents the Devonian as it is known in 
the Arbuckle uplift is concealed by faulting at 
t~e western end of the Ouachita uplift in the 
north""stern part of the Atoka quadrangle. These 
Devonian rocks have yielded but few fossils, and 
the exact parting between the Devonian and Car
boniferous can not at present be determined. The 
fossils obtained from the Woodford chert, how· 
ever, show that the larger part of the formation 
belongs to the Devonian. 

Woodford chert.-This formation outcrops in 
the Atoka. quadrangle in five separate areas. In 
the three areas lying north of the granite it is 
steeply upturned, dipping toward the northeast, 
while in the large area in the northwest corner of 
the quadrangle it dips low toward the east across 
the axial part of the large fold. At the sonthern 
border 9f the large Silurian area 2 miles north
west of the Chickasaw Rock Academy another 
small outcrop was observed. 

The Woodford chert is composed of thin strata 
of dark chert, cherty shale, and black, fissile, bitu
minous shale aggregating 600 to 700 feet in thick
ness. The formation is variable 88 to thickness 
and AS to position of the beds which compose it. 
In places the cherty beds approach Hint' in tex· 
turt', and some layers are several inches Bedsolftlaty 

in thickness. Locally such beds make chert_ 

a large part of the formation, occurring in either 
the middle or lower portion. Elsewhere little can 
be found except thin, fissile, siliceous black shale. 
Locally also bluish shale has been noted. inter· 
stratified with black shale and chert. Near the 
base of the formation in places there are lentils 
and large concretions of almost pure flint. 

Some of the cherty beds are in places calcareous 
and approach siliceous limestone. Certain :flint 
shales contain numerous small, round, marble-like 
concretions which may be phosphatic. 

Large fragments of silicified fossil wood have 
been noted upon the surface of the Woodford 
chert and at one locality in the adjoining Tisho
mingo quadrangle a broken trunk of a fossil tree 

was fonnd embedded in this stratified chert. 
Fossil shells are of rare occun-ence in the Wood
ford formation, but those found in the chert west 
of the Atoka quadrangle proved. to be of Devonian 
age, while othe;rs found near at hand in the clay 
shale immediately above the chert are of lower 
Carboniferous age. 

CARBONIFEROUS ROCKS. 

Caney shale.-Shales of lower Carboniferous 
age, known as the Caney shale, succeed the 
Woodford chert in the northwestern part of the 
Atoka quadrangle and elsewhere throughout 
the Arbuckle Mountain region. The same forma
tio~ in the northeastern part of the quadrangle is 
concealed by displacement along the fault which 
separates the Silurian from the Carboniferous 
rocks. This formation outcrops, however, in 
numerous places farther east in the Ouachita 
Range and is found resting upon the Silurian 
limestones and cherts which occur above the great 
thickness of sandstones and shales in the north
eaRtero portion of the quadrangle. 

The Caney shale in its lower part consists of 
black, bituminous, fissile shale with spherical 
calcareous segregations and irregular, BillICk bltu .. 

dense, blue limestone bodies. This IIIlnoa ...... e. 

bituminous shale ·"is succeeded by clay shales 
which include small ironstone concretions .aJ1d 
occasional calcareous septaria. 

The surface of the Caney shale area is flat, and 
the rocks are so concealed that the structure can 
not be made out with sufficient accurracy to deter
mine the thickness of the formation. It is roughly 
estimated, however, to be 1600 feet. 

The formation outcrops in a very irregular 
area across the eastern end of the Arbuckle uplift 
and is limited upon the eastern side by the out
crop of the succeeding Wapanucka limestone. It 
is cut by numerou~ normal faults, shown l1:pon 
the map, which bring it in contact with all the 
formations below it in the· region except the 
Reagan sandstone. Such faults, which bring 
formations of different nature in contact, can he 
easily detected, whereas faults within the shale 
can not be located. Local narrowing of the Oaney 
shale outcrop, such as that It miles west of Wap
anucka, can only be explained by faulting within 
the shale, but the line of displacement can not be 
determined. 

The black shale in the lower part of the Caney 
formation contains fossil remains of lower Carbon
iferous (Mississippian) age. The blue shales 
higher up in the formation have not yielded 
fossils, and the dividing line beiw-een lower and 
upper Car.boniferous is not known, since the lime· 
stone immediately succeeding is of Coal Measures 
(upper Carboniferous) age. 

Wapanucka Umestone.:-The Wapanucka lime
stone has been traced. throughont the extent of its 
outcrop frum the northeastern side of the Arbuckle 
uplift northeastward along the north side of the 
Ouachita Range nearly to the Arkansas State line_ 
Broadly considered it is a lens 400 feet thick in 
the middle, thinning out at its edges. Across the 
Atoka, McAlester, Tuskahoma, and part of the 
Coalgate quadrangles, however, it is continuous; 
although it varies somewhat in thickness, it is to 
be considered a formation. 

This limestone occurs only in the north western 
part of the quadrangle. The displacement along 
the great fault west of Black Knob 
Ridge in the northeastern part of the ~:.~~== 
quadrangle has caused the Silurian RoDe_ 

strata to be brought in contact with Carboniferous 
rocks younger than the Wapanucka limestone, 
thereby concealing it from view. Two normal 
fauIts, one upon each side of the :flat-pitching anti
cline in the northwestern part of the quadrangle, 
dieplace the Wapanucka limestone for a distance· 
of about half a mile. Elsewhere the formation· 
crops in its normal position. 

The formation comes from beneath the flat 
Oretaceous deposits one mile northwest of Boggy· 
Depot and continues northwestward in its tortru
ous outcrop to about·6 miles beyond the north
west corner of the quadrangle, where it becomes 
so thin that it can not be traced farther_ At this 
western extremity it joins beds of limestone con
glomerate which thicken westward to enormous 
proportions around and across the northwestern 
part of the Arbuckle Monntain uplift. 



The width of tbe outcrop Ot the formation is 
governed chiefly by variations of dip but also in 
part by the limestone ridges, though there is a 
slight tbinning of the rocks from southeast to 
northwest. Where the formation 1S shown in its 
narrowest outcrop in the southern part of '1'. 1 R., 
R. 8 E., the dip is 60° to 70°. Elsewhere the dip 
varies from 10° to 15°. Northwest of Wapanucka 
and in the axial part of the anticline in the north· 
>vest corner of T. 1 S., R. 9 E., the limestone 
makes considerable ridges, thereby broadening the 
outcrops. 

Southeast of Wapanucka the formation is 
approximately 125 feet thick, and is composed of 
several members of calcareous and cherty sand· 
stone, limestone, and shale. An exposed section 
in the N",V. t of sec. 32, T. 2 S., R. 9 E., shows 
at the base 36 feet of shale and calcareous brown 
sandstone, followed by 24 feet of shaly and hard 
bluish limestone. Above this limE'stone there are 
15 to 20 feet of dark-blue and black fissile shale. 
The sbale is succeeded by 10 to 12 feet of hard, 
cherty limestone and calcareous sandstone which 
in turn is followed by beds of hard limestone 40 
feet thick Succeeding strata to the top of the 
formation were concealed by the soil. The sand· 
stone beds at the base thin out toward the west 
and are not found near the northwest corner of 
the quadrungle, where the limestone layers are 
also thinner. A thick bed of white oolitic lime
stone occurs at the top of the forma· 
tion in the northwestern part of T. 1 S., White oolite. 

R.9 K, where the formation has broad exposures. 
Below this oolite are limestone and shale to the 
base of the formation. 

The Wapanucka limestone yields a consider· 
able number of fossil shells of Coal :Measures 
(upper Carboniferous) age. 

Atoka formaUon.-With the exception of tbin 
lentils of limestone and of calcareous cherty sand· 
stone near the base in the northwest and nortbeast 
corners of the quadrangle, the rocks of the Atoka 
formation are sandstone and shale. They are 
estimated to be nearly 3000 feet in thickness, the 
shale as a whole being very much thicker tban 
the sandstones. The formation is divided by the 
sandstone strata into shltle members varying from 
thin sheets to beds several hundred feet in thick· 
ness. 

The shales are friable clays and sandy clay 
shales and crop in smooth valleys and in the 
lower slopes of ridges and hills. Dnder such 
conditions fresh exposures of the shales are excep· 
tional and little is known of their original color 
or physical appearance. When partly weathered, 
however, they show various shades of yellow and 
blue. Some fresher exposures in sec. 11, T. 2 S., 
R. 9 Kl on Clear Boggy Creek and in Delaware 
Creek Valley, show dark·blue to black clay shales. 

The sandstone beds are many, and vary from 
thin plates embedded in shale to massive strata 
making prominent sandstone members. These 
thicker sandstones are generally variable in thick· 
ness and would be classed as lentils. Several of 
these occur in the upper part of the formation 
east of Clear Boggy Creek and make prominent 
ridges, especially in their northern outcrops. 
Anotber member near the base makes local rough 
sandstone hills southeast of 'V-apanucka. Promi· 
nent local beds of conglomerate composed uf fine 
brown sand and subangnlar chert pebbles make 
high ridges and hills immediately west and south· 
west of Stringtown. Conglomerate beds of similar 
nature occur also in the upper part of the forma· 
tion west of North Boggy Creek and north and 
west of Atoka. A peculiar feature of this chert 
conglomerate is that its limit i~ range Carbaniferaus 

north and south corresponds WIth the ~~:~e~~~; in 

occurrence of Silurian chert in Black B~i~~tn~fb 
Knob Ridge. The sandstone strata in Ridge. 

the northwest corner of the quadrangle are in 
many respects unlike those of the northeast cornel'. 
In the former locality tbey are softer and more 
ferruginous. Sandstone beds of considerable 
thickness occur near the base of the formation in 
the northwest corner, and associated \yith them 
are local beds of thin, impure limestone. In 
places the sandstone makes prominent ridges and 
biUs, while elsewhere the beds can not be located 
in the plain. In the northeast corner of the 
Atoka quadrangle and in the southeast corner of 
the Coalgate quadrangle west of the great fault, 

Atoka. 

the lower beds of the Atoka formation }mve been 
so folded and faulted that the same beds are 
repeated many times in long, narrow, parallel 
belts for a width of nearly a mile. Southeast of 
this faulted strip the sandstone and shale beds 
are folded and steeply inclined toward the south
east. 

Ohickaclwc chert lentil.-The Chickachoc cherty 
sandstone is a lentil in the lower part, of the Atoka 
formation and occurs in the faulted strip above 
referred to. Because of its peculiar and charac· 
teristic texture and hardness it has been separated 
from its associated beds and mapped. It is about 
80 feet thick and is composed of stratified, yet 
massi ve, calcareous and cherty sandstone. There 
is but little variation in the character and texture 
of the rocks in the Chickachoc lentil. Occasion· 
ally however, thin stringers of almost pure flint 
and siliceous limestones occur in exposures of 
unweathered rock. When weathered the whole 
mass becomes nearly white and breaks down into 
thin, coarse, hackly plates, which feel as if com· 
posed of sharp grit. The folding in this part of 
the Atoka formation has been so exces· Sharp parallel 

si.-e that the beds are now mostly tK~e:a~'i~~ded 
vertical and the chert bed has been c erty bed. 

repeated numerous times by faulting, forming 
sharp, narro',v parallel ridges. At their southern 
ends these chert ridges are abruptly terminated 
by the great fault >vhich has thrust them against 
higher beds in the Atoka formation. Neal' the 
ends of some of these ridges the chert has been 
thrown into peculiar distorted folds, which can 
be explained ouly by the great pressure brought 
to bear against the ends of the upturned beds. 
All of the known exposures of this chert occur 
in the Coalgate quadrangle except one small area 
which extends into the Atoka quadrangle and 
terminates against the fault near the railroad in 
sec. 4, 'I'. 1 S., R. 12 E. 

Hal'tslwJ'118 Sa:JI(Z15tone. - This sandstone is 
important cbiefly on account of its association 
with the lowest and most valuable coal 
bed in the Choctaw coal field. rrhe ~:I:!~~::tone 
coal 1S immediately above the sand. Atoka coal. 

stone and is usually separated from it by a vari· 
able thin bed of shale. The Hartshorne sand. 
stone is composed of many beds of sandstone, 
varying from thin plates to massive strata 3 feet 
in thickness. Thin beds of shale OCCUl' in places 
interstratified with the sandstone, but the sand· 
stone beds are so much more conspiCllolJS in out· 
crop that the shales are rarely seen or their 
presence detected. The sandstone grades into 
the shale formations above and below through 
shaly sandstone beds, and the dividing line must 
usually be arbitrarily chosen. The thickness of 
the formation is estimated at about 200 feet. 

In this quadrangle the Hartshorne sandstone 
and all succeeding Carboniferous formations occur 
only in the basin about Lehigh. In the western 
portion of the Ijehigh basin the sandstone is fine 
grained and usually hard and is brown on weath· 
ered surfaces. Here the rocks dip 4° to 5° toward 
the east and northeast and make ridges of con· 
siderable prominence. In the eastern portion of 
the basin they are steeply ppturned, and, except 
where locally worn down by Boggy Creek, they 
form narr'O""i\-, sharp ridges. Going eastward around 
the southern side of the Lehigh basin the beds 
change Trom a brown sandstone to a chert con· 
glomerate with a matrix of brown sand. In the 
southeastern part of the basin, opposite 
the southern end of Black Knob chert ~~!~'!.~~~he 
ridge, a large part of this formation is glomerate. 

chert conglomeI"'ate which continues along the 
eastern side of the syncline to the northern 
border of the quadrangle. It is evident from 
this fact that during this portion of Carbon· 
iferous time the SilllTian chert beds of Black 
Knob Ridge or its former extension contributed 
the chert to these Carboniferous conglomerates. 

McAlester shale.-Shale, sandstone, and clay 
constitute this formation. Its thickness is esti· 
mated to be nearly 2000 feet, and tbe total thick 
ness of the shales is nearly ten times that of the 
sandstones. The shales are laminated and are 
blue and black when freshly exposed. They are 
chiefly clay shales, though sandy shales and shaly 
sandstones occur interstmtified with them. Two 
local beds of sandstone in the lower balf of the 
formation, separated by nearly 400 feet of shaly 
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stratal outcrop in low ridges west and southwest 
of Lehigh. Two or more thin heds of sandstone 
occur also in the upper part of the formation, and 
in places make low hills, but their ledges usually 
do not outcrop. In tbe western part of the 
Lehigh basin, where the rocks dip at low angles, 
the various beds occur in broader areas. Between 
the low ridges 0-£ sandstone the shale surfaces are 
spread in wide, flat, and shallow prairie valleys. 
In the eastern part of the basin where the forma
tion is steeply upturned, the outcrops are narrow. 
The surface is more elevated and the harder beds 
make rough low hills and ridges. Like the Hart· 
shome sandstone the sandstones of this formation 
occur in the western part of the Lehigh basin, 
while in the eastern portion many of the sand· 
stone beds are replaced by chert conglomerates. 

There are two coal beds in the McAlester sbale; 
one at the base and the other about 200 feet below 
the top. Both of these beds are of 
workable thickness and the upper one ~~:rf~l;or_ 
is extensively mined in the vicinity of mation. 

Phillips and at Lehigh. The coals in this forma· 
tion will be considered under the beading i( Coat" 
An interesting feature, however, 0-£ the Lehigh 
coal, which is the upper bed and the one mined 
extensively at Lehigh, Phillips, and Coalgate, is 
the shale bed which forms its roof. This is a 
black bituminous slJale, ahout 18 inches thick, 
containing numerous molluscan' shells and the 
teeth and scales of fish. 

Sm)anna sandstone.-Above the McAlester 
shale there is a succession of sandstones and shales 
about 1150 feet thick. The shale beds combined 
are probably thicker than the sandstones, but the 
latter are better exposed and their presence is so 
strongly impressed upon tbe observer in the prom· 
inent ridges that sandstone seems to be a more 
appropriate term to apply to the formation. 
There are five, and in some places more, b"l"OUPS 

of sandstone beds, wbich vary in thickness from 
about 50 to nearly 200 feet, those at the top and 
those neal' tbe base being generally thicker tban 
the intermediate beds. These sandstones are so 
nearly alike in physical appearance that they 
can be distinguished only by their position in 
the section or by their thickness. They are gen· 
erally brown or grayish in weathered exposures, 
and are fine grained and compact except in certain 
localities in the eastern part of the Lehigh basin. 
Here many of the sandstolle beds contain consid
erable quantities of subangular chert pebbles, in 
places so abundant as to form beds of conglomer. 
ate. The formation as a whole becomes thicker 
from west to east across the quadrangle. The 
sandstone beds are thicker, coarser, and generally 
harder in the more eastern exposures. 

Immediately north of the Atoka quadrangle in 
the northeastem cornel' of T. 1 S., It. 9 E., thin 
siliceous limestones are found associated with the 
highest sandstone horizon of the Savanna forma· 
tion, and in places tbese impure limestones con
tain abundant fossil remains. 

In the outcrop or the formation in the eastern 
portion of the Lehigh basin the sandstone beds 
are most prominent and steeply inclined, produc. 
ing many low parallel ridges. In the western 
and southwestern portions of the same basin or 
syncline the sandstone ridges are generally covered 
by strips of forest while the valleys are prairie or 
open timber land. Here the sandstone heds gen
erally dip at low angles, the ridges are less promi. 
nent, the valleys wider, and there is less diversity 
in the landscape. 

No coal of any importance bas thus far been 
located in the Savanna formation. It was reported, 

~oweve~, ~h~t coal b.eds had ~een found Possible 

III the vlclmty of NIXon, 6 mIles north· coal-bearing 

west of Phillips, but their thickness strata. 

and extent were not determined. 
Boggy shale.-Above the Savanna sandstone 

there is a mass of interstratified shales and sand· 
stones having a total thickness of nearly 2000ieet. 
Approximately 800 feet of the lower part of this 
formation occur in the central part of the Lehigh 
basin in the Atoka quadrangle. This group of 
strata has been named the Boggy shale because of 
its broad outcrop in the valley or Muddy Boggy 
Creek in the Coalgate quadrangle. 'l'here are 
probably in the formation not less than 20 sand· 
stone beds, ranging from thin strata to beds about 
50 feet in thickness and separated by shales which 

in some places exceed 600 feet. Some of these 
sandstone beds, It large part of which are com· 
posed of chert conglomerate, are like those in the 
lower formations in the eastern portion of the 
Lehigh basin. 

The sandstones in the upper part of the forma· 
tion in the Coalgate quadrangle vary but little in 
physical character and are generally brownish or 
gray, and in places rather ferruginous. The 
shales are exposed to only a very limited extent 
on account of the general1y low relief of the land 
and the wide, shallow valleys of the streams, but 
in the few steep slopes and stream cuttings where 
fresh exposures were observed they consist of 
laminated, bluish, clay sbale, containing small 
ironstone concretions, thin, wayy, sandstone plates, 
and shaly sandstone beds. Boggy Creek, which 
flows along the eastern side of the area, affords a 
number of exposures of bluish shales in the lower 
part of the formation. 

In the lower part of the formation as exposed 
east of Lehigh the sandstone and conglomerate 
beds are thickest and make rough ridges and 
hills. Certain shale beds which lie nearly flat in 
the central part of the area give rise to smooth 
prairie tracts among the timbered sandstone hills. 

CRJj1TACEOUS ROCKS. 

Cretaceous strata occupy approximately the 
southern two·thirds of the Atoka quadrangle. 
Like all the other stratified rocks in the region 
they were deposited in a nearly flat position. 
Their history since their formation, however, 
has been very different from that of the older 
strata. Instead of being folded, fractured, 
and faulted, as are the latter, they remain 
practically in their original flat position, slightly 
inclined southward toward the old Cretaceous 
sea. The only disturbanc~ these rocks have 
suffered is that of vertical movement, they hav. 
ing been elevated as a body ahove the level of the 
sea. 

Trinity sand.~'rhe 'l'rinity sand is the beach 
and near·shore deposit of the lower Cretaceous 
sea which. encroached upon the land from the 
south. Its progress was so slow and its work so 
complete that all of the Paleozoic rocks - granite, 
sandstone, limestone, and shale - both hard and 
soft alike, which are now exposed along the north· 
ern border or the Cretaceous rocks, were worn 
down to practically a smooth plain or base-level. 
Upon this plain across the edges of the older 
strata the Trinity sand was laid down in the 
relative position we now find it. 

The Trinity formation is composed of local 
coarse conglomerate and finely packed though 
incoherent sand, with occasional sandy clay and 
clay lenses, aggregating 200 to 400 feet thick. 
The conglomerate occurs invariably at the base 
and ranges in thickness from a thin stratum to 
beds approximating 50 feet. It is cross bedded 
and interstratified with sand and sandy clay. It 
is composed of various kinds of smooth, rounded 
particles of quartz and quartzite, ranging from 
sand grains to pebhles more than 6 inches in 
diameter, and of chert pebbles, usual1y small and 
only partially rounded. The quartz pebbles are 
foreign to the region, while the chert Local chert 

is local, being derived from the Talihina f~~~~°c:.~~~e 
chert, neal' which it 1S most abundant c~ou". 

in the vicinity of Black Knob Ridge. D pward 
the conglomerate pebbles become smaller, grading 
fin~lly into grits of quartz or chert. 

The conglomerate at the base of the formation 
is coarsest and most abundant in the region south 
of Atoka. In the western part of the quadrangle, 
where the Trinity sand overlies the grauite, the 
basal part of the formation is composed chiefty of 
quartz grit derived from the disintegrated granite. 
'1'he basement rocks here are comBosed of hard 
limestone and granite, and it is striking that both 
rocks alike should be reduced to fine sediment 
by the Cretaceous sea which eroded them. 

}~rom the conglomerate at the base to the top 
of the formation against the Goodland limestone 
the Trinity formation is the same fine, friable sand, 
which breaks down readily into loose sandy soil. 
Occasionally, both in the conglomerate and the 
sand, silicified fragments o{ trees are Paun drift_ 

found, which were originally driftwood waod. 

swept into the sea from the shore. The Trinity 
formation extends continuously in broad outcrop 



westward and southward from this region into 
central Texas, \\'here its broad areas in the region 
of Trinity River have given the formation its 
name. 

Goodland lim6stone.-Next ,ab'ove the Trinity 
formation there is a massive white limestone about 
25 feet thick. The outcrop of this white lime· 
stone is continuous across this quadrangle, bear· 
ing generally east and west. lAke the other 
Cretaceous formations it dips at a very low angle 
toward the south and makes cliffs and terraces 
above slopes of the friable Trinity sand. Soft 
shales form the next formation above and these 
are easily eroded, exposing quite broad tracts of 
the :flat Goodland limestone bet\veen tbe valleys 
of the larger tributary streams flowing north 
toward Blue River and Clear Boggy Creek. 

The Goodland limestone is a representative, in 
part at least, of several formations whicb occur 
in tbe lower Cretaceous in central Texas, from 
.which region to Indian Territory it is continuo 
ously exposed. 

A bed of oyster shells is usually found at the 
base in contact with the 1'rinity sand. Higher 
in the limestone there are numerous fossils com· 
mon to the Comanche seiies of the lower Creta· 
ceous in Texas. 

Typical exposures of this limestone occur at 
Goodland, on the St. Louis and San Francisco 
Railroad in soutbeastern Choctaw Nation, and 
as tbe first of these limestones to be described 
were from this locality, tbe name Goodland has 
been applied to the formation. 

KiamicM fOl'mation.-Lying upon the Good· 
land limestone there are thin layers of slightly 
siliceous limestone with a thin stratum of shale 
marl interstratified. These together are but a 
few feet in thickness and are not usually exposed 
in the :flat land immediately above the floor of 
tbe Goodland limestone. Blue clay marl about 
30 feet thick succeeds the thin, sbaly 
strata and then follow approximately :;::1.b~~!et.; 
20 feet of blue clay marl and oyster-
shell beds interstratified. These shell beds usuany 
are less than a foot in thickness. Tbey are com
posed almost entirely of oyster shells ranging 
in size from very small to 3 inches in lengtll, 
cemented by marly lime. The more or less indu· 
rated beds are generally exposed as ledges or 
slabby fragments forming a continuous outcrop 
at the top of the formation. 

The Kiamicbi formation, witb other Cretaceous 
deposits occurring in the Atoka quadrangle, crops 
across the southern portion of the Choctaw Nation. 
Prominent exposUI'es of tbis formation have long 
been observed in the plain of Kiamicbi Uiver 
near the St. I~ouis and San Francisco Railroad in 
southeastern Choctaw Nation and for this reason 
the formation has been so named. 

Caddo limestone.-This formation consists of 
clay, calcareous marls interstratified witb white 
or yellowish marly limestone, and semicrystalline 
limestone, making a section about 150 feet thick. 
The marly beds are thickest near the base, the 
lower 60 feet being composed chiefly of clay marls. 
Above this there are 20 to 30 feet of lime marls 
with some chalky white limestone strata inter· 
bedded. In this member are some oyster.shell 
beds similar to those at the top of the Kiamichi 
formation. Higher stiH in the formation the 
marly beds become thinner, while the limestones 
increase in number and thickness until near the 
top the marl occurs as thin strata or mere partings 
between the limestone beds. Finally, at the top 
of the formation, there is a bed of oyster shells 
similar to those occurring below and at the top of 
the Kiamichi formation. 

The barder limestone at the top of the forma
tion projects as a ledge in the escarpment which 
it produces in the vicinity of Caddo and in many 
places east and west across the quadrangle. 
Many valleys have their beads in the escarpment 
and some cut across it, and the streams in tbese 
valleys make fresh exposures of the limestone and 
marl. The Caddo formation throughout contains 
great numberS and many kinds of marine fossil 
shells" 

Bokcldto jOl'mation.-This formation is so 
named because of its splendid exposures on 
Bpkchito Cree'k in the vicinity of the village of 
the same name. It is composed chiefly of clay 
and sandy clay, with beds of friable sandstone~ 

siliceous shell limestone, and ironstone segrega· 
tions and concretions, aggregating approximately 
140 feet. Ninety feet of the formation 
from the base upward ~s of sa~dy clay r~~~Ei,t. 
shale with some ferrugmous lUllestone 
segregations and ironstone nodules. East of Caddo 
Hills these beds crop in the lower slopes of hills 
and in flat prairie land near tbe north border of 
the formation. West of Caddo Hills they form 
broad tracts of generally :flat country across the 
valley of BIlle River besides occurring in the 
lower slopes of hills near the west border of 
the quadrangle. Above these sandy layers are 
friable sandstone beds 20 to 30 feet in thickness. 
In many places these beds are seen to be false 
bedded, alternating with and including deposits 
of sandy clay. These local beds are succeeded 
by bluish shell limestone strata separated by 
friable shales. 'fhe limestone layers are hard 
and usually semicrystalline and upon weathering 
turn yellowish brown or reddish. The calcareous 
matrix and the oyster shells are usually of equal 
hardness, so that the latter weather in sections on 
tbe face of the rock. The limestones project in 
many places as ledges and bowlders, but the 
shales are rarely exposed. These beds witb lime· 
stones at the top and base vary in thickness from 
10 to 20 feet. Finally, at the top of the forma· 
tion, tbere are about 50 feet of sandy and clay 
shales and locally friable sandstone strata. It 
has been observed that these sandstone Ctoss=bedded 

beds in places are cross bedded, indicat. sandstones. 

ing variable currents in the waters during their 
accumulation. In the clay strata and in some of 
the iron and lime concretions there are many 
fossils with the original shell, and in some cases 
the nacreous luster, still preserved. 

Benn'ington limestmw.-'l'he Bennington lime· 
stone is at the top of the lower Cretaceous in this 
region. In the Texas region this formation is 
represented by from 80 to 100 feet of calcareous 
fossiliferous clays. Coming north'Nard these clays 
gradually thin and change to limestone and clay 
interstratified and then into a hard limestone 
which occurs in southern Indian Ter6tory and 
the Atoka quadrangle. 

In the Atoka quadrangle the Bennington ·lime· 
stone is generally massive dull·blue limestone 10 
feet or less in thickness. It is composed in large 
part of countless specimens of a peculiar sman 
oyster, ]£xogYl'a arid-ina, by which name tbe clays 
representing this formation in central Texas have 
been known. Locally there are thin deposits of 
marly limestone resting upon the harder beds of 
the Bennington which are the representative in 
age, in part at least, of tbe succeeding limestone 
formation in central Texas. A good exposure of 
this rock occurs near the road one mile northwest of 
Bennington. The Bennington limestone, altbough 
a thin formation, is generally exposed in low bluffs 
and terraces, the rocks above and below being 
friable and more easily eroded. West of Robbers 
Roo~t, near t~e border of the quadran. Limestone 

gle, It crops III the crest of some re~- c:iJdI::ftms. 
nental buttes, and south of Caddo It 
forms the cap rock of Caddo Hills. It is the sur· 
face formation of a considerable area of flat fertile 
land in the southeastern part of the quadrangle. 

Silo sandstone.-Ollly the lower part of the 
Silo sandstone occurs in the Atoka quadrangle. 
The whole formation is estimated to be approxi. 
mately 500 feet thick in north Texas adjoining 
Red River, the nearest locality to the Atoka quad. 
rangle where it is completely exposed. 

The Silo sandstone is the basal formation of 
the upper Cretaceous~ and, like the Trinity sand, 
it was deposited near the shore of the 
Cretaceous sea, but upon a ~ery slightly ~!!~:~:e:~ 
eroded surface. It conslsts of fine 
brown sand and sandy clays interstratified. The 
sandy beds are thickest in the lower middle part 
of the formation, and occasionally extend to the 
base, although the basal beds are usually clays 
and sandy clays. Some of the sandstone beds 
contain segregations of brown siliceous iron ore 
which occur as stony fragments upon the'surface 
where the including sand has been removed. 

Toward tbe upper part of the formation as it 
oCCllrs in this quadrangle the sands are fin~r, less 
abundant, and more generally disseminated in the 
clays, making deposits of siliceous clays or 
argillaceous sand not so distinctly stratified 
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as are similar strata toward the hase of the a vertical position. In this case the forces caus· 
formation. ing the dislocation are considered to act chiefly in 

The outcrop of the lower and more sandy a vertical direction and the rocks above the fault 
deposits is usually occupied by forest, while that plane move down with respect to the rocks 
of the upper part is occupied by prairie land beneath it. The effect is termed normal faultillg. 
interspersed with clumps of timber and open All these kinds of deformation have affected pre
wood. Cretaceous rocks of the Atoka quadrangle and 

CORRET.ATION OF CHETACEOUS FORMATIONS. 

The change in the nature of the Oretaceolls 
strata from Indian Territory southward through 
Texas is such that it is necessary to use different 
names for the formations deposited during the 

Correlation tablp of Cretar:.eotts formations. 

" ... ,,,.,, '" "'""'" FO~_ _""'" ".:'''' m A""" F"uo" "I" 

Silo sand8tone. 
'I " "" Eagle Pord formation. 

---- .. - Badalimestonc. i 
Bennington iiwestone. Del Rio clay. I 
Bokchito formation. 
Caddo limestune. Georgetown lilllcstone. 
Kia.m.ichi formation. 

"----"--I--Edward~ lill)estolJe. j 
Goodland lilllc~tono. ~;~~I:~~~.~'I.~~ak limestune. 

Glen Rose formation 
'l'rinity sand. Travi~ Peak formatiOll. ,_- -----

same geologic time in tl16 two regions. The for· 
mations named in this folio or their equivalents 
have been traced continuously from the Atoka 
quadrangle in Indian Territory to the Austin 
quadrangle in central Texas and the accompany· 
ing table is introuuced to show the correlation of 
strata. 

There are scattered deposits of coarse, bard, 
well·rounded pebbles, 1 to 4 inches in diameter, 
occurring in roany places in this region, 
and at various altitudes from the hill- surficial 

top~ to the present stream val1eys. ~~m:~ of 

These gravels are composed ehiefly of 
pebhles of quartz and quartzite, many of which 
have become rough 01' pitted upon the surface 
and are partly disintegrated through long expo· 
sure. Such deposits are found in this quadrangle 
upon the eroded edges of Carboniferous and 
Silurian rocks, and farther south upon Cretaceous 
rocks. They are too thinly spread over the sur· 
face to be mapped, and it is not believed that 
they now occupy their original position, since 
they. occur distributed at various levels. The 
age of these deposits is problematic. Consider· 
able quantities of pebbles, which are found in 
the vicinity of Stringtown and northeast\vard, 
came probably from the conglomerate member at 
the base of the Trinity sand whicb is considered 
to have once spread over extensive areas north 
of its present border. Some of these gravels at 
least are of much later age than the CretaceolH" 
since they are found scattered over the edges of 
the Cretaceous formation in the southern part of 
the quadrangle and in nortbern Texas beyond 
the valley of Ued Hiver, and they are tentatively 
regarded as Neocene. Their relation to the Tel'· 
tiary peneplain is not known. 

GEOLOGIO STRUOTURE. 

All stratified rocks, especially those of broad 
extent, were deposited beneath the water in 
nearly :flat positions. Their elevation into land 
and their tilting, folding, and breaking are due to 
forces of deformation within the earth. Simple 
tilting or warping of the strata in one direction 
is termed monoc1inal folding. Bending of tbe 
rocks upward into arches and domes and down· 
ward into troughs and basins is termed anticlinal 
and synclinal folding respecti,'ely. Such struc· 
tures are considered to be produced by compres· 
sive forces acting approximately parallel to the 
surface of the earth, and crumpling the nearly 
flat rocks into folds as the leaves of a book may 
be folded by the hands. If tbe forces producing 
such folding cause sufficient movement, the rocks 
may be broken and the strata upon one side may 
be thrust past those upon the· other, producing 
what are called thrust faults or overthrusts. The 
planes of such overthrusts vary in position from 
horizontal to an angle of 450 from the horizontal, 
and the rocks above this plane move upward with 
respect to the rocks beneath it. Another form of 
dislocation JUay occur along planes that approach 

occuned long prior to Cretaceous time. 
rrhe composition of the rocks now exposed in 

this region indicates that no elevation of the strata 
into prominent land occurred between the Cam
brian and lower Carboniferous. Near the begin· 
ning of upper Carboniferous time the 
western part of the Arbuc~e region ~::r:J:::p:r 
,vas elevated to land and lU part to ~:~~'t::.i!~r
mountainous conditions. The Cam. 
brian, Silurian, Devonian, and lower Carbonifero 
ous rocks, aggregating 8000 to 10,000 feet, were 
thus elevated and folded, and their erosion pro· 
duced extensive Carboniferous limestone conglom. 
erates bordering the uplift. Similar chert con· 
glomerate deposits occuring at jntervals through 
several thousand feet of upper Carboniferous strata 
contiguous to the west end of the Ouachita Moun· 
tains, where a thick chert and flint formation of 
Silurian age is exposed, indicate that a part of 
the Ouachita Range also was elevated into land 
during upper CaTboniferous time. 

At the close of, or shortly after, the Carbonif· 
erous period the Ouachita and Arbuckle regions 
were entirely uplifted into land and the rocks 
folded and faulted as now found. The 1ength of 
time required for the production of these strnc
tures is not known. It occurred however, between 
the Carboniferous and Cretaceous periods and 
most probably ended long prior to the transgres. 
sion of the Cretaceous sea. The almost unitrersal 
lack of local coarse materiaJ, even at the base of 
the Trinity sand, which is the beach deposit, 
would indicate that the land was low and had 
little relief at the time of the encroachment of 
the Cretaceous sea. 

Since Cretaceous time the whole region has 
been uplifted and but slightly tilted southward 
without folding. This late oscillation of the land 
and the progress of recent denudation Ims already 
been discussed under the heading "Topography." 

STRUCTURE SECTIONS. 

The folding and faulting which have occcurred 
in this district are graphically shown on the Struc
ture Section sheet. rrhe sections represent the 
earth cut vertically along the lines shown on the 
map to a depth of 2500 feet below the level of 
the sea, and the face of the cut presented to view. 
By taking the McAlester formation, wbich is 
shown in strong color in Section BB, a fair idea of 
the folding in the I"ehigh Ryncline may be obtained. 
This formation, if projected upward toward the 
east, would approach the great fault several thou· 
sand feet above the present surface of the lanu. 
Section CC illustrates the extensive normal fault· 
ing in the granite and in the Silurian and Carbon· 
iferous rocks; also the low·dipping monoclinal 
Cretaceous rocks farther south. 

Section AA illustrates the axial pitch of the 
eastern end of the flat anticline in the northwest
ern corner of the quadrangle. 

Sl'RU01'UUAJ. l'lWVINCRS. 

rrhe rocks of the Atoka quadrangle have been 
affected by varying forces producing distinct 
forms of structure occupying separate areas. 
These areas are but small parts of stl'Llctllral 
provinces which extend toward the north, east, 
south, and west, and which coincide practically 
with the geographic provinces referred to under 
the heading "Geography." In the discussion of 
the. structure it will be convenient to use the 
same titles applied there. 

This uplift is limited on tbe north by the 
northern border of the Ouachita Range, which 
extends through southwestern Arkansas and 
southeastern Indian Tel'l'itor;y to the vicinity of 
Atoka. Tbe folds in the central portion of the 
range, both in western Arkansas and in eastern 
Indian Territory, bear nearly east and west. 
Near the western end of the uplift the folds, 
both large and small, curve gradually toward the 
south and disappear beneath a covering- of flat· 



lying Cretaceous sediinents. The uplift may be 
di\,iJed longitudinally into hvo belts, northern 
and southern. The southern portion is worn 
down and in part concealed by the Cretaceous 
deposits. The northern half of the uplift in 
Indian Territory contains a great number of inter· 
lapping, nearly parallel, narrow folds, which have 
been formed by northwesbvard thrusts and in 
many instances have been overturned and 
hroken. 

In Indian Tenitory this greatly folded belt is 
limited abru)Jtly on the north by a very extensive 
fault. This great displacement, called Choctaw 

the Choctaw fault, separates the more fault. 

gently folded north\vestward.dipping rocks on 
the northwestern side from the overthrust south· 
eastward dipping, older rocks on the southeastern 
side. 

This great fault enters the northern pal·t of the 
quadrangle neal' the Missouri, Kansas, and Texas 
Railroad, and bears nearly due south along the 
western side of the Talihina chert ridge. The 
Silurian rocks upon the eastern side have been 
thrust upward and westward over the upper Car
boniferous rocks upon the west. The Stringtown 
sImle, Talihina chert, and Standley shale, probably 
8000 feet of strata, are not represented upon the 
western side of the fold, having been concealed 
by the overthrust faulting. Other thrust faults 
of extensive displacement occur in the Ouachita 
Range near the axes of large folds parallel with 
the trends of the rocks. In all these cases 
or faulted folds the overthrust is to Belt offaulted 

the northwest. 'fhe western ends of folds. 

four of these faulted folds enter the northeastern 
part of the Atoka quadrangle and die out in the 
Standley shale. The recurrence of the lower 
part of the Jackfork sandstone along three of 
these faults, dipping always toward the southeast, 
is evidence that the corresponding southerll limbs 
of these synclines are faulted out. 

In line with these faults toward the southwest 
there are corresponding northeastward pitching 
narrow folds in the Talihina chert and lower part 
of the Standley shale, which would indicate that 
these rocks ,yere deeply buried at the time of 
their folding and that they have since been 
uplifted and tilted eastward when they were 
thrust up along the great fault at the west side 
of mack Knob Ridge. 

ARKANSAS VALLEY REGION. 

As described under" Geography" the Arkansas 
VaHey region is a broad physiographic basin lying 
between the Ouachita Mountains upon the south 
and Ozark Highland on the north. It is a deep 
structural basin, much folded, especially on the 
southern side. 

Structurally the Arkansas Valley region is a 
direct northward continuation of the Ouachita 
uplift, but the folds are generally flatter. 
In western Arkansas and eastern Indian 
Territory there is a gradual change 
northward from the overturned broken 
folds into the more symmetrical structures of the 
Arkansas Valley region. In the western part 
of the Ouachita uplift the change is more 
abrupt. 

The folding of the Arkansas Vaney region in 
eastern Indian Territory decreases gradually 
northward into the very slightly undulating struc· 
ture of the immediate valley of the Arkansas 
River. The folds gradually decrease in intensity 
westward and, one after the other, merge upon 
the northern side into the monoclinal structure 
of the Prairie Plains. 

The Lehigh syncline represents the extreme 
southwestern limit of the Arkansas Valley struc· 
ture. }""'rom a southwestward course, parallel to 
the general folding of the region farther northeast, 
it turns due south into the Atoka quadrangle and 
comes to an end in a deep, unsymmetrical, spoon· 
like basin between the Ouachita Mountain and 
Arbuckle Mountain regions. The form of this 
syncline has been affected by the forces which 
produced the contiguous structures of the Ouachita 
and Arbuckle uplifts. On the eastern side the 
rocks have been tilted steeply by the overthrust 
faulting. On the southwestern side the trends of 
the rocks in the syncline conform rudely to the 
folding in the eastern portion of the Arbuckle 
structure. 

ARnUOKLE "L'PLIFT. 

The western part of this nplift is coincident 
with the Arbuckle Mountains. The rocks of the 
eastern purt have been worn down to the level of 
the Cretaceous erosion plain, and are in part con· 
cealed at the southeastern border by the :flat Cre· 
taceous deposits. 

During early Carboniterolls time the rocks in the 
region of the Arbuckle )Iountains were flat and 
were covered by the sea. At the beginning of COllI 
Measures age the western part was uplifted and 
folded into a mountainous country and the soft 
lower Oarboniferous strata were eroded and again 
tranRported into the sea. More tha~ this, streams 
cut down into harder Silurian and Cam· Unconformity 

brian rocks in this mountainous district ~t~::'i;~~
and brought into the upper Carbonifero bonlferous. 

ous sea great quantities of limestone, whieh formed 
limestone conglomerates along t~e northern and 
southern sides of the uplift ,"'lest of the Atoka 
quadrangle. At this time the 'Wapanucka lime· 
stone and many succeeding bedR wel'e formed. 

After the close of the Carboniferous period the 
whole Arbuckle region was ele.ated, and thou· 
sands of feet of Carboniferous rock as well as the 
central mass of older limestone and granite which 
are nc)\\r exposed in the center of the uplift were 
tilted, folded, and faulted. 

This uplift is a broad, wrinkled, and broken 
anticline. The strata on both sides, including 
many formations of Carboniferous, Devonian, and 
Silurian age, dip steeply away. The central part 
of the uplift is composed of several broad, shallow 
folds. The axial parts of the anticlines, wherein 
are exposed a great thickness of massive Cam· 
brian and Silurian limestone, are generally broadly 
flexed; while the younger, softer, and thinner 
rocks in tlle intervening synclines are crumvled 
into many small folds. These synclines are broken 
and displaced in an extraordinary degree by ten· 
sion or normal faulting which took place probably 
during or since the folding. 

At the eastern end of the Arbuckle uplift one 
of the northern folds, called the Hunton anticline, 
enters the northwest cornel' of the H t 

Atoka quadrangle, pitching eastward .. ,:'ticli~e. 
at an angle of 10°. The axial portion is broad 
and flat while the sides are sharply flexed down· 
ward and even faulted. The displacement of the 
faulted strata on each side of the fold is several 
hundred feet. Toward the east these faults die 
out in the Carboniferolls strata, but toward the 
west they increase and join a number of fractures 
of the same nature. 

A flat eastward·pitching syncline OCCUT'S imme· 
diately south of the Hunton anticline. This may 
be called the ,Vapanllcka syncline Wllpanucka 

because it occupies the broad flat val. synCline. 

ley of ,Vapanucka Creek. rfhis syncline 
broader and flatter eastward until it dies out or 
joins indistinctly with the Lehigh basin in the 
coal field. Westward it contracts by faulting 
toward the axial part until it practically ceases as 
a fold 6 miles ,vest of the quadrangle. Still 
farther west across the Tishomingo quadrangle it 
occurs in parts along a faulted zone. The south· 
ern limb of the vVapanucka syncline in the Atoka 
quadrangle is very extensively fractured and dis· 
placed by a system of faults. In each case the 
displacement is downward toward the northeast. 
Where two or more of these faults having dis· 
placements in the same direction join, the com· 
bined throw is v·ery great. One mile east of the 
border of the quadrangle Carboniferous shales are 
brought down in contact with lower Silurian or 
Cambrian limestone in a displacement of probably 
4000 feet. Two miles south of Wapanucka the 
displacement is even greater. At this place nearly 
the whole Cambrian and Silurian sec· Extensive 

tion of about 8000 feet is concealed by faulting. 

cumulative faulting. 
The long granite area which extends northwest· 

ward from the vicinity of Boggy Depot occupies 
the axial part of an anticlinal fold, the sides of 
which have been faulted in an extraordinary 
manner. This fold will be called the Belton 
anticline from the town of Belton which 
is located upon it 5 miles west of the ~~~::gm,: 
quadrangle. The contacts between the 
Silurian and Cambrian limestones and 
with the exception of one instance in sec. 
S., R. 9 E., are along faults. Originally, 

7 

the rocks had been disturbed, nearly !WOO feet of 
Cambrian, Silurian, and lower Carboniferous rocks 
rested normally above the granite. Now they 
are steeply tilted and fractured, approaching the 
granite abruptly at various angles. The iiat Cre· 
taceous sediments conceal a large part of the rocks 
upon the southern side of the anticline. 

That part of the Red River Plain in the Atoka 
quadrangle is confined to the area of Cretaceous 
rocks. The Cretaceous rocks were deposited after 
the folding of the older rocks in the northern part 
of the quadrangle and the sediments were spread 
across their worn edges, as has been shown in the 
discussion of the stratigraphy. Since Cretaceous 
time this region, including the Atoka quadrangle, 
has not been deformed but has been broadly 
uplifted and depressed, and the surface probably 
slightly inclined. At the present time these rocks 
are uniformly and evenly tilted toward the south 
at the approximate grade of 40 feet per mile. 

MINERAL RESOURCES. 

The mineral resources of this region are coal, 
granite, limestone, sandstone, and clay. Besides 
these resources there should be considered· also 
the soils, some of which are very fertile. Coal is 
the only product that has been developed to any 
eonsiderable extent. Building materials have 
received less attention, and clays none at all. In a 
region generally undeveloped, as this is, and under 
such civil conditions iUl have existed in Indian 
Territory, it is probable that no mineral product 
would be developed except under assurances of 
considerable profit. 

All of the deposits of economic value in this 
region except granite OCCllr in stratified rocks and 
may be definitely located in the formations which 
are outlined on the map. Those formations 
which contain the most profitable beds of coal, 
limestone, and sandstone are emphasized on the 
Economic Geology sheet. Nothing very definite 
is known of the qualities of the clays. Special 
tests are required to determine whether a clay 
will produce fire brick, or may be serviceable in 
the manufacture of cement, 01' is suitable for other 
purposes to which clays are adapted. Clays 
occur in the Carboniferous formations in great 
quantity, and it is deemed important to point out 
their occurrence and condition or structure, so 
that in the future those who wish may investigate 
them to the best advantage. 

COAL. 

There are two beds of coal of workable thick· 
ness, both of which occur in the McAlester shale. 
One occurs close to the base of the formation and 
the other about 2:10 feet below the top. 

The lower bed, which is known locally as the 
Atoka coal, is about 4 feet thick and has shale in 
contact both above and below. This Atoka coal at 

coal occupies the same stratigraphic !!H';.!.'t~~b:on 
position as the Hartshorne coal, which horne COllI. 

is worked extensively in the. eastern part of the 
Choctaw Nation. It has been worked in this 
vicinity at what is known locally as the Hickory 
Hill mine, which is neal' the south end of the 
Lehigh basin, 4t miles south or Lehigh. The 
coal at this mine dips to the northeast about 5° 
It has been prospected at many places east and 
west of the mine in the southern part of the 
basin. The position of this coal is immediately 
above the Hartshorne sandstone and it should be 
found beneath the soil approximately upon the 
contact between this sandstone and the succeed· 
ing McAlester shale. At the southern end of 
the basin the coal dips tm\"'ard the north at an 

of about 10°. Northwest of the Hickory 
mine the dips vary from 4° to 6°. In the 

northeastern part of the quadrangle the rocks at 
this horizon dip 60 0 to 80° to the northwest, but 
the coal is not known to occur. If it should be 
found, however, it probably could not be profita. 
bly mined all account of the steep dip of the rock 

The coal as it occurs at the Hickory Hill 
mine is laminated and, in mining, breaks into 
cuboidal blocks. In the joints of the Character of 

coal and in places between the laminae ~f~~~r~"liiit 
there are thin filaments of il'On sulphide, mine. 

and near the surface there is sulphate of lime. The 

is highly bituminous and is used chiefly for 
steam purposes. ' 

The upper coal in the McAlester shale is known 
locally as the I~ehigh bed on account of its most 
extensive deyelopment at the town of Lehigh coal 

Lehigh, 3 miles south of Phillips. This bed. 

coalrtlns regularly about 31 feet in thickness and, 
as far as known, is without shale partings. 

In the northeastern part of the quadrangle 
rocks at the horizon of the Lehigh coal crop in 
a rough llilly country and dip 40° to 60° NW. 
The coal has not been prospected at this place 
and its condition is not known. Southwestward 
the dip decreases to approximately 25° in the 
axial part of the basin northwest of Atoka. On 
the ·western side of the basin the coal is wen dis· 
posed structurally, dipping to the east about 4°. 
It is actively mined at Lehigh, Phillips, and Coal· 
gate, the last·named place being 2t miles north of 
the quadrangle. 

In physical appearance the Lehigh coal is lami· 
nated and, in mining, breaks into good.sized cubical 
blocks. Thin fil~rnentH of iron s~lphide Character 01 

and sulphate of hme OCCUI' occaSIOnally the Lehigh 

the joints of the coal. It is highly coal. 

bituminous, the fuel constituents of the coal being 
carbon 41.12 pel' cent and volatile combustible 
matter 41.61 pel' cent. There is 13.7 pel' cent of 
ash, and 4.5 per cent of sulphur. These results 
are from an analysis of the coal from shaft No.5, 
at I~ehigb, about 200 feet beneath the surface. 
The samples were taken from the commercial 
product on cars ready for shipment. 

GRANITE. 

The Tishomingo granite is exposed in an area 
of about 12 square miles in the Atoka quadrangle. 
As described above under" Geology" the granite 
is generally of rather coarse texture and is pink 
ish or reddish. It is variable, however, both in 
color and texture, ranging from a very coarsely 
crystalline to a fine·grained rock, and from light 
pink to almost l>ed. 

In parts of the area the Tishomingo granite has 
suffered crushing and faulting to such an extent 
that it can not be used successfully as a building 
stone. In such places the rock is intersected in 
many directions by fractures which cause it to 
break into irregular small pieces upon being 
qualTied. In a large part of the area, however, 
it occurs as a massive rock,80 that large masses 
of valuable stone could be quarried. 

The Tishomingo granite will make a handsome 
building stone and will bear a smooth polish in 
working for ornamental purposes. This Ornamental 

granite has not been quarried in the stone. 

Atoka quadrangle though it occurs within 10 
miles of the railroad. In the Tishomingo quad· 
rangle it has been utilized, the Chickasaw capitol 
building at Tishomingo being constructed entirely 
of this stone. A new branch of the St. Louis 
and San Francisco .Jlailroad has recently been 
built from northern Indian Territory to Texas 
across the western part of the Tishomingo granite 
area, which should induce deyelopmellt of the 
granite industry. 

T,BlER'I'ONE. 

The vVapanucka limestone is the most import. 
ant formation in this quadrangle for t.he produc. 
tion of building stone. The formation CI'0p,."I in 
ridges from the northwest corner of the quadran· 
gle southea~twal'd to the vicinity of Boggy Depot. 
This limestone occurs in aruple abundance for any 
purpose to \vhich it may be applied. The beds 
of purer limestone occur in the upper part of the 
formation and may be utilized in the manufacture 
of lirue. These beds are rather hard, and Illay be 
obtained in dimensions which render Wapanucka 

them serviceable for foundations, bridge :;..~~st~';Jd~ 
piers, and for general building pur. mg stone. 

poses. A bed of fine wllite oolitic limestone 
occurs near the top of the formation, weH situated 
for quarrying, in the northwestern part of T. 1 
S., R. 9. E. This rock is moderately hard and 
will make an excellent building stone. The 
middle and lower beds contain chert 
and are interstratified with chert and R.oad ballast. 

sandy layers, and they may be used profitably for 
road material. The Missouri, Kansas and Texas 
Railroad has established a crushing. plant at Chick· 
achoc switch, neal' the southwest corner of the 



M(JAles,ter quadrangle, and has utilized very exten
~ively the Wapanucka limestone and chert occur
ing near there for its road ballast. 

The Goodland limestone is a nearly pure 
massive bed of white limestone well situated and 
structurally disposed for use, but it is generally 
too soft and weak for a good building stone. It is 
considered an excellent lime-pro,ducmg Llme_produ<:. 

rock and is situated upon the border iDg ro<:k. 

of the extensive timber belt of the Trinity sands, 
where fuel for burning lime is abundant. 

Certain beds of the Arbuckle, Viola, and Hun
ton limestones are quite crystalline and hard, but 
they are for the most part steeply tilted, folded, 
and broken, so that they can not be utilized suc
sessfully as building stone. Near the northwest 
corner of the quadrangle, however, parts of the 
Viola and Hunton limestones are nearly flat, and 
some of the harder beds may serve for common 
buUding purposes. Some of the limestones in 
these formations are cherty and others are sili
ceous, and they would make road metal of high 
quality. 

SANDSTONE. 

Beds of sandstone occur in the Savanna and 
Boggy formations which may be serviceable in 
many ways as building material. SIIVllnna 

Many of the beds, and especially some ;~~:s:~Wd~ 
of those of the Savanna formation, pro- ma: stone. 

duce excellent building stone. The Savanna stone 
is yellowish or reddish brown, and the beds are 
evenly stratified and moderately hard. This stone 
is quarried successfully in large quantities for 
dwelling and business houses at South McAlester, 
in the adjoining quadrangle, where the Missouri, 
Kansas and Texas Railroad crosses the formation. 
The brownish sandstone at the base of the Savanna 
formation is quarried in the town of I.Jehigh and 

8 

utilized in the construction of foundations of The structure of the formations in which the I sand and clay and upon the inclination' of the 
business houses. In the eastern part of the clays occur l18s been sufficiently explained, it is surface. 'l'he soil of the clays is generally com· 
Lehigh basin the rocks are steeply upturned and believed, to show where they may be profitably i pact and occupies flat areas, best adapted to 
many of the beds contain fragments of angular exploited. meadow and pasture. The sandy loams rest npon 
chert, so that they are not weB adapted for build- SOIT.s. I the low slopes of hills and gentle sweBs made by 
ing. The thinner and harder beds in the Savanna , the sandy members of the formations and consti-
and Boggy formations will make good paving The soils in the Atoka quadrangle are of great I tute the best tillable soils. 
flags. All of the sandstone beds of these forma- variety, ranging from an almost barren stony soil, The Trinity sand prodnces a loose sandy soil 
tions e:wept the conglomerates in the eastern part I' serviceable only for grazing, to the most fertile I or simply a loose sand without perceptible ele· 
of the I~ehjgh basin are fine grained and yeBow- river bottom and black marly upland. The soils, ments of soil. In places where the countt'y is 
ish or reddish brown. The cementing material 'I excepting those in the stream bottoms) are resid- almost perfectly flat this formation makes a 
which binds the sand is composed either of silica ual; that is, they are derived directly from the dis-/light loamy soil, moderately fertile, which is best 
or of silica and oxide of iron together j in the I integrating rock of the formations lying beneath' adapted to the prodnction of fruits and 
lighter-colored stones it is chiefiy silica, while in them. The classification of the soils therefore I vegetables. In the more rolling part ~::~:d IJllt 

the darker it is in large part iron oxide. Both would correspond practically to the clas~ification ' and in most of the flat lands, the land. 

stones are very durable in color and strength. of the rock formations. I Trinity sand area has still upon it the forest, its 
An of the formations composed of hard rocks - I best product, which should be careful1y preserved. 

CLAY. Arbuckle limestone, Simpson formation, Viola The Goodland limestone produces a black 
Clay and shale are the most abundant of the limestone, Hunto.n limestone, Woodford Gral,lng calcareous clay soil, but, owing to its outcrop in 

rocks which occur in the Carboniferous formations chert, Talihina chert, .lackfork sand- lands. terrace escarpments and steep slopes, the soil is 
in this region. Tn the 'Wapanucka limestone and stone, and 'Vapanucka limestone-because of removed as fast as formed, except in occasional 
IIartshorne sandstone they occur in thin strata their narrow outcrop or rugged surface, produce small flat areas between the valleys. The suc
and are of local extent, but in the other forma- stony soils, and, with the exception of very limited ceeding Kiamichi, Caddo, and Benning- Pertlle black 

tions they occur in great abundanct!. rl'hese beds areas, are fit only for grazing lands. ton limestones form black calcartluus 50119. 

vary in quality from very sandy strata to purer The Tishomingo granite lies in a nearly level clay soils which are very fertile. These lands are 
argillaceous, finely laminated clays. plain, but for the most part its soils are very thin generally smooth, though rolling. The Bokchi to 

Associated with coals, usually at their lower I and contain an admixture of loose sand from the formation, being composed of ferruginous sands 
contact, are beds of almost structureless blue clay. Trinity formatioll, which recently covered it. and clays with occasional limestone layers and 
These beds are generally thin, hut the clay may i The Caney 8h111e is friable and calcareous, and forming a more or less hilly or rolling country, 
proye valuable in the manufacture of . probably phosphatic, especially in the lower part. I' produces moderately fertile J'eddish or 
fire brick. These and other clays asso- FIre clay. This shale land is flat or gently rolling, and con- brownish Joams, which are best adapted 
clated with the coals may be utilized more tains the most fertile soils in the northern part of I to fruit growing. The Silo formation makes a 
economically than other beds because of their the quadrangle. The .country of the Standley reddish and brown sandy soil resembling that of 
proximity to fuel.' shale is generally smooth, but its soil is not very the Trinity formation. It is more fertile, how-

The clay shales usually vary in hardness with fertile. I ever, and, besides producing the usual crop of 
the amount of sand and other impurities contained The Atoka, Hartshorne, McAlester, Savanna, cotton and grain, it is admirabJy adapted to the 
in them. The more impure varieties are almost and Boggy formations produce a variety of clay I cultivation of peaches and small fruits, especially 
stony in hardness, while the purer kinds are fri- and sandy loamy soils. The relative fertility of gral'es. 
able and upon slight weathering are often pln.stic. these depends upon the proportionate mixture of :February, 1902 
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FORMA'rION NAME. 

Boggy shale. 

Sava.lIna ~andstone. 

TnrOK::<E88 
IN }'E~T. 

GENERALIZED SECTION FOR THE NORTHERN PART OF THE ATOKA QUADRANGLE. 
SCALE: lINOH~f6UO-FEET. 

CHARACTER OF ROCKS 

---------

CHARACTER OF TOPOGRAPHY. 

- -- - --------------1 

S~!~d~~~~:~l:fr~~ston(l. and conglomerate of white chert pebbles in brown Ritlges and high, rough, hilly land. 

750-1100 Brown sand~tone and shale 

r---r-=_-I~--~~~I-------------------j 

'" :::> 
o 
0: 

::' z 
o 
OJ 
0: 

<3 

I 

MeAlrstershale. 

At-oka [orJ..\.lation. 

(Chiclmchoe dlert lentiL) 

Caney ~hale 

Viola liInE'Rtone. 

Simpson formation. 

z L----:-!i--~ I 

C;; I 

I 

Arlouckle limostone. s, 4000-
6000 

I Shale, hrown sandston.c, and (·ong-lollierate of white chert pebbles in brown 
sandstone lllatrix. 

Ridges and rough, hilly land in the east; low, smooth ridges and level valleys 
in the south and west. 

-----1-------- --- --------

j Shale and brO'wn sandstone, variable in thickness, texture, and hardness. 

Thin lentil of ehert and lillle~toIl.e in the northeast, and a conglomerate bed of 
iron eoncretionH t-oward the Rout.hwest .. 

I Blue ~hale with thin ;;andy lentils and smail il'onstone concrctions. 

I Black fi;;silc sbale with dark-blue fossiliferO'llS limestone concretions. 

Thin-bedded chert and fissile blw.k shale Blue ilint.lentils at the base. 

I White and bll.li;;h limestones with flint ('oneretions in tht' middle. 

- - -- - ------

Sandstone. calea,rcous sandstone, and shale. 

Thin fossiliferous liwestone and shale. 

Caieareous sandstone and shale 

Fossiliferous limestone and bhale 

Sandstone and shaly beds 
----------

! )fassive and thin-bedded white and light-blue limestone~ with eherty concretions. 

D\111·bluelllas~iY<, and thiniimestones. 

Coarse red granite with dikes of basic roek~. 

Nearly level undulating plains, valleys, and low ridge;;. 

J,evel plains and valleys. 

Low ridges and hilly land. 

Low ridges and hilly land. 

-t-
I 
I I Slopes of shallow valleys 

---------

Slightly dissected plain of recently uncovered Cretaceous base-leveL 

~----- -

*Study of the foosils colk'ci<xl in this r<lj(ion has shown that the Regan sandstone and the lowH portj()n of ATbuckle limc"tone belong in the Cambrilln, and 
that the Woodferd ehert beloTlgs In the Devonian. These facts were learned too law to permit the neces""rj changes to bc lIlade in tilt' maps 

JOSEPH A. TAFF, 
Geolog-i8t. 



POR~A'l'ION NAME 

Jackfork sandstone. 

Tn'\ihina ehert 

~tl'ingt()wn ~haJt" 

GENERALIZED SECTION FOR THE NORTHEAST CORNER OF THE ATOKA QUADRANGLE. 

T>n.c,~,":."" I IN; 

I 

3800+ 

---::"==-_ ____ CHARACTER OF TOPOGRAPHY. 

I 
, 

Brown ani! drab sandstone, shaly sandstone, and thin shale beds. 

I ,-, ". -,,," """ 

I 

H~~~~~e~nd greenish fissile shales and massiyo and thin-bedded friable drab saud- Kearly level plains and valleys. 

F\iliceou8 and ehert.y fissile Hhale. 

TIlue. greenish, and whit.e strati !led llint ann chert.. 

Uherty and day slIales. 

Black. biui~h, and white st.ratified /lint, chert, and cherty sha.}!;) wit.h thinlentilH I 
of hlno limestone. 

Bln.(~k and blue bhales wit.h a bed of eherty shale. 

ROUllded, smooth kllohby ridges. 

Lower slopes of ridges awl ieyel land 

GENERALIZED SECTION FOR THE SOUTHERN PART OF THE ATOKA QUADRANGLE. 

JOSEPH A. 'fAFF, 

Gwlo(J£st. 
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