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EXPLANATION. 
The Geological Survey is making a geologic: 2. Contours define the forms of slopes. Since I town or natural feature within its limits, and at 'I changed by the development of planes of div-j· 

map of the United States, which necessitates the I contours are continuous horizolltal1ines conform-I the sides and corners of each sheet the nallles of sion, so that it splits in one direction, more easily 
preparation of a topographic base map. The ing to the surface of the ground, thefT wind adja;ent s~eets, if pU,hlish:d, are print~~. . I t!J:m in others. Thus. a grani~e ma~~ pa.ss iuto a 
two are heing issued together in the form of an smoothly about smooth surfaces, recede mto all uses oj tlu: topollmpltrG shed. - ". It1lll the. and from that mto a lIlwa·sdmt. 
atlas, the parts of which are called folios. Each reentrant angles of ravines, and project in passing limits of Aeale the topographic sheet is an accunde I l'ocks.-These compri;,;e all l'(wkA 
folio consists of a topographic base map and about prominences. The relations of contour and characteristic delineation of the relief, drain· ! which have depusited under water, -whetlier 
geologic maps of a sma11 area of country, together curves and angles to forms of the landscape can ~ge, and CUItUl"e of the d~"trict represented. View· I in lake, or stream. They forlll a ,'ery large 
with explanatory and de"cl'iptive texts. I be traced in the JIlUp and sketch. Illg the 1and~eape, map III hand, e\'ery character· part the dry land. 

r' , , 3. Contours show the approximate grade of istic feature uf sufficient magnitude should be, 'Vhen the materials of which sedimentary rocks 
IIIE TOPOGRAPHIC MAP. any sloVe. The vertical Rpace between t"vo con· recognizable. It should guiue the tl'llveler; sel'\-e' are composed are cal'l'ied as solid particleR by 

The features represented on the topogJ'aphic tours is the same) -whether they lie alollg a cliff, the illyestor or ovmer \\·ho uesires to :t1:icertain the water and deposited as gravel, salld, 01' lIl!1Ci, the 
map are of tillee dhtlnct kinds: (1) inequalittes I' or un a gentle slope; but to ll!'le a gl\en heIght I positlOll and surlUundlllgs of propOlt} to be deposit is called a mechanical sedilllellt. Thest' 
of RUl face, c,tlleu } ellet, as plums, plateaus, valle} s) on a gentle slope one must go fal ther th,lll on a I uough t or sold; sa\ e the englllem pI elimlIlaI) may become hardened into eonglomerate, sund· 
hills, lind muullt.llnS; (2) distributlOn of wateJ) steep slope, ,md therefore contourt; ale f,u apart I sm \ e, s III locatmg Ioa.ds, Idll\\ a) H, and llIIgatiOn stone) or shale. ",Vhen the material i~ cal'1'iecl ill 
calle(l aH streMHA, bkes, and R'wamps; on gentle "lopes and ne,lr togcthm on "tetp olles dltcheR, pun Ide educational matel Jal f('1 Achools solution by the water and is deposited without. 
(3) the of man, c'llled culture, as lOads, I For a flat ot gently unduhttmg cuunhy a small llld hortleo;; and sel'\ e man) uf the purpot;es of It ~.he aid ~f life,Jt is call~d a. c~em~ca~ sediment; 
1'1l1llod.d!ol, bound alles, \illages, and CIties contour mterval is used; fota steep 01 muuntam lll,lp fOi lO{,,11Iefelence If depOSIted WIth the aId of hfe, It Hl called all 

Belaj -All ele\ atlOns aJ e meas11led hom mean ous (ountry a large mten al IS lleCet;Sal) The THE GEOLOGIC MAP organic sediment. The more important rocks 
sea.leyel. The heightf; of many points are aceu· ! smallest intel'\'al LLsed on the atlas sheets of the fOl'rned from chemical and organie deposits are 
rately <letermineu, and those -which al'e most Geological Suryey is 5 feet. This is llsed fot' The maps representing areal geology show by limestont', ellert, gypsum, salt, iron 01'0, peat, 
important tLre given on the map in figures.; regions like the }ii~sissippi deltlt and the Dismal CO\Ot'f; and conventional signs, on the topowaphie lignite, and coal. Anyone of the ahO\~e se(li. 
It is desirable, however, to gi\'e the el:Yfl.tion of 1 t':hyalll~). In mappingw'eat mountaillmas~ef'l,like, base map, the distl'ibutiun of rock for'lllatIOns.on lllenta.l,):c deposits ~ay be separ:~tely f~n'med, ~ll' 
all parts of tl~e area mapped, to del\lleate the , thos~ 1Il ColOl:ado, th~ ~Ilteryal n~ay be 200 feet. I the RUl1ace of ~he earth, and the str~teture.sechon the drfierent mate~tals ltlay he I?terlll:llgied III 

huriz()ntal outline, OJ' eOlltollr, of all slopes, aJHl to , For mtermedlate l'eltef eontolll' Inter\'a.Is of 10, map Rho\\'s theIr underground relatlOlls, as fur as lllally ways, produetng a great varwty of rocks. 
indicate their gmile or degree of steepness. This 120, 2i"J, f:iO, and 100 feet are used. known, and ill ,meh detail as the scale pt'l'ITlitf'l. Sedimentary rocks are usually made up of 
is done by linef; connecting points of equal elO\Ta· J)J'(tina[!e.~-\Vatercourses are indicated by blue KINDS OF ROCKH layers or beds which can be easily sepa.rated. 
tion above merln sea-level, the lines being drawn lines. If the tstream flmvs the year round the These layers are called 8tl'aia. Roc-ks depll,sited 
at regular \'ertical intervals. These lines are line is drawn unbl'Oken, but if the ehalluel is dry Roeks are of many kinds. The OI'iginal crust in successive layers are said to he strlltified 
calle(l contou}'s, and the uniform vertical a part of the year the line is broken 01' uotted. of the earth was probably composed of The surfaee of the e::trth is not fixed, ItS it seems 
between eaeh two eontollJ'S is called the \Vherc a st['earn sinks a.nd reappears at the sur· and ull other rocks have been tu be; it very slowly rises or sinks m·er wide 
-interIHtl. Contoul''l aud elevations are printed in face, the supposed underground course is shown them one ,:ay or a~\Other. . i e~panses, and as it rises or subsidesthe s~~re.lines 
brown. by It broken blue line. Lakes, marshes, and other Atmosphene agenCIes gradually break up tgne· of the ocean are chiwged: areas of tleposlllOn may 

The manner in whICh contours express eleva· J bodies of water are also sho\vn in blue) by appro· ollsl'Ocks,forlllingsuperficial,ol'g'U'fid(jl,depo~jts rise ahove the ,vater and become laml areas, and 
tion, fO\'Ul, and grade i" Hhown in the following ~I priate conventional signs. of sand, and gravel. Deposits of this class land arellS may sink below the water alld become 
sketeh alld c01Tespoll(ling eontoLlr map: Outtnre.-The works of man, such as I:oads, l~a~·e _ f~ll1n~d on :~nd surfaces since the ~ar. areas of dcp~sition. If North America ,vere 

railroads, and towns, together \'lith houndaries of h~:-;t geologIC tane. Ihrough the tl'anSportlllg gradually to slllk a thousand feet the sea wuuld 
tovv'nships, counties, and States, and artificial agencies of streams the surficial materials of all flow oyer the Atlantic const and the ::Uississippi 
details, are printed in black. ages Rnd origins are carried to the sea) where, und Ohio valleys from the Gulf of :Mexico to the 

Scales.-The area of the United States (exclud. along with material derived from the land by the Great Lakes; the Appalachian :Monntains would 
ing Alaska) iH about H,025,OOO square miles. On action~ of the waves OIl the eoust, they form ~e(Ii- ,become nn arch~felago., anti .the ocean's ~h()re 
", map with the, scale of 1 mile, to the inch this mentm'y rocks. These are 11sllally h.ardened llltu I would traverse W,I,scunsIll, Iowa, and ~ansas'.,and 
would cover 3,025,000 square inches, and to conglomerate, sa~ustone, shal.e, and hmeston.e, but extend ~hence to lexas. l\[ore exte~stve changes 

I 

accommodate it the paperd, imensions, WOUl,d need they may remaIn unconsohdateu an,',l stIll he, than thIS have repeatedly OCCUlTed III the ,pa . ."t. 
to be auout 240 by 180 feet. Each square mile eallecl "rocks Jl by the geologist, though popularly The chamcter ~f the original 8:uime.nts may he 

"'-""::-rT'--'-,, of ground surface would he represented by a kn~wn as ?,ravel, s~nd, ~Tld clay... . changed by chemIcal. and dynamIC actIOn so as to 
square inch of map surface, and ()ne lineal' mile ]irom time. to tl!ne 111 geologIC hIt;tor,r Igne· pr~duce meta~orphIC rocks .. In t~e Illetamor· 
on the ground would be represented by a linear OilS, and sedI~entary roc-k~ lliwe .been deeply phism .of a se(hm~ntary rock, Just as m the meta~ 

: inch on the map. This relation bet\veen distance bUrled, consolIdated, and raIsed agalll aboye the morpillsm of an Igneous rock, the S11 h,tallces of 

I 
in nature and corresponding distance on the lllap sllrface of. the wuter. In these processes, thro~gh \~:h, ic~ it is eompoHed lllayenter into new com· 
is called the scale of the map. In this case it is" 1 the. agenCIes of pressnre, moYement, and ch:mlC~l lHTnatlOns, or new~ substances may he a:ldeu. 

I mile to an ineh." The seale may be expressed nlso nctlOll, they are often greatly altered, an(l III thIS ,\ hen these processes are complete the sedullcn· 

I 
by a fraction, of whieh the numemtor is a length condition they are ~~alled metanWI1Jkic 'l'~ck..'" tary rock becomes crystalline., t;u~~h chaugeR 
on the Illap and the denominator the cOlTespond. If/JUons '/'O('kH.~rhelle are l'()(:kH. wbwh Imve transform sandsto.~e to quartZIte, hmest~llIe to 
ing length in nature expre:~sed in the same unit. couled and consol~dated fr?IIl a hqllld state. As ma~'ble, and. r~odtfy other rock>! aCC()l'd~Il¥. to 

}'lg, 1.-1d~al sketch and eorr~SP·~~d-ing contour map. I Thus, as thel'e are 63,360 inches ill a mile, the has l?een explal~e~, 8~dImentary roc~s were theil' eO~llposltlOIl. A system ?f pa.rullel dInslOn 
scale" 1 mile to an inch" is expresAed by deposlted on the (mgllluligneous rocks. ILrough planes IS often produced, whlCh may cross the 

The sketch represents a river valley between Both of these methods are useu on the maps the igneolls and sedimentary rocks of a11 age8 original beds or strata at any angle. Rock8 
two hills. In the foreground is the sea, with a bay the Geological Survey. molten material has from time to time been {meed divided oy such planes are ealled slates or Sdlists. 
whieh is partly dORed by.a hooked snnd·bar. On Thl'ee scales are used upward to or neat the sl1l'faee, and there COIl· I Rocks of any period of the earth's histmy nwy 
eaeh :..ide of the valley IS a terrace. From the the Geological Survey; the srnalleAt is solidated. vVhen the (~hannels or vents illto be more or less altered, hut the younger forma· 
terraee on the right a hill rises grauul111y, -while intermediate W;oo6' and the largest which this molten ma.terial is forced do not tiOtl8 have generally eAeaped lllllrke<1 HletanlOr· 
from that on the left the ground ascends steeply correspond approximately to 4 miles, reach the surface, it either consolidates in cracks ~ phisHl, and the oldest sediments known, though 
ill a precipiee. Contrasted with this preeipice is and 1 mile on the ground to an illeh 011 the map. or fissures cl'Ossing the bedding planes, thus form· generally the most altered, in some loca.lities 
the gentle descent of the left·hand slope. In the On the scale G2,~ a square lTwh of map sllrfaee ing dikes, or else spreads out between the strata remain essentially unchanged. 

~~:;:,~;;~~t~f :~~~:~o;,e~!u:~: i:k~;~~~~;(\:l:::~~l; ~:;;:~s:~t~h:n~ca~~I::,,:,O:od~(1;~~2r s~~,a:.e :~:~::~ :'~c~~~~.eb~~;~::l c::;t~~18:~;s O\J~t~i:i~~:ir ~.~~~ sa;~;~~;:~e;·;e::d;~':~~::s~~:~::,~,~~::2:;1~~:~:: 
The following explanation may make clearer the enclosures they cool slowly, and hence are geneI'· whether derived from the hreaking up or disinte· 
manner in which contnurs delineate elevation, and on the scale 250~QOO' to al)()ut 16 sqnare miles. aUy of cryst.alline texture. \Vhen the channels gration of the underlying roeks by atmospheric 
torm, and grade: At the bottom of each atlas sheet the scale is reach the surface the lavas oft.en flow out and build agencies or frolll glaeial action. Surfleial rocks 

1. A contour indicates approximately a certain expressed in three different ways, one being a up volcanoes. These lavas cool rapiilly in the ail', that are due to disintegmtion are produced chiefly 
height al)oYe sea·le,·eI. III this illustration the graduated line l'epresentiJlg miles and parts of acquiring a glassy or, more often, a partially by the aetion of air, water, frost, alJilllals, imd 
contour interval is 50 feet; therefore the con· miles in English inehes, illlother indicating dis· tallinc condition, They are USllRlly more or plants. They consist mainly of the least soluble 
tOllrs are drawn at 50, 100, 150, 200 feet, amI so on, tance in the metric systeltl, and a third gi\'ing the porous. The igneous rocks thus formed upon the I parts of the rocks, which remain Itfter the more 
auove sea·level. Along the contour at 250 feet lie fraetional scale. snrface are called extl'u8h..'e. Explosiye action soluble parts have been leached out, and hence 
all pointA of the surface 250 feet above sea; and Atla-8 8lieet8 a.nd The map is often aecompanies volcanic eruptions, eausing are known a..'l residual products. Roils Ull(] sub. 
Aimihu'ly with any other eontour. In the space being published in of convenient size, ejections of dust or ash and larger fragments. soils are tIle most important. Residual accumu· 
between aJ'e found all elevations \vhich are bounded by parallels and meridians. These materials when consolidated constitute latiolls are often washed or olown into valleys or 
al)()v(l the and be10w the lligher eonto11I'. The corresponding four·cornered portions of ter· bl'eccias) agglomerates, and tuffs. The ash when other' depressions, where they lodge and form 
Thus the contour at 150 feet falls lust below the r ritol'Y are culled quadmuyle8. Each sheet on cltl'I'ied into lakes or seas may becollle Ht.ratined, deposits that grade into the sedimentary class. 

of the terrace, \vhile that at 200 feet lies the scale of ~50:0lJj) contains one square degree, 1. e., a so RS to have the structure of sedimentary rocks. Surficial rocks that are due to glacial action are 
the terrace; t.hereJore all points on the degree of latitude by a degree of longituJej each The age of an igneous rock is often difficult or formed of the products of disintegration, together 

terraee are shown to l)e more than 150 but less sheet on the scale of 1~00t) contains one.quarter of imposHible to determine. 'Vhen it cuts across a with bowlders and fragments of rock rubbed from 
than 200 feet ahovE> sea. The ·summit of the a square degree; each sheet on the seale of (1Z.~..oo sedimentary rock, it is younger than tllat rock, the surface and ground together. These are 
higher hill iR Hbted to he (71) feet ahove sea; contain8 one·sixteellth of a 8f-l'Ia.re deb/Tee. The and \vhen a sedimentar), roek is deposited over spread inegularly over the territory oe(~upied hy 
accordingly the eontour at 650 feet surrounds it. a.reas of the e01'l'espomling quadrangles are about it, the igneous rock is the older'. the ice, and form a mixture of clay, peLbles, and 
[n this illustration nearly all the contours are 4000, 1000, and 250 square miles, respectively. Under the influence of dynamic and chemical bowlders which is known as till It may occur 
numhered. Where this is not possible, certain The atlas sheets, being only parts of one ma.p of forces an igneous rock may be metanlOrpllOsed. as a sheet 01' he bunched into h1lls aud ridges, 
contourll-say every fifth one-are accentuated the United States, are laid out without regard to The alteration may involve only a rearrangement forming moraines, drumlins, and other special 
and numbered; the heights of others may t.hen the boundary lines of the States, counties, or town· of its minute particles or it may he accompanied forms. Much of this mixed material was washed 
be ascertained hy coullting up or down from a ships. To each sheet, and to the quadrangle it by a change in chemical and mineralogic composi. away from the ice, assorted by water) and l'ede­
numbered COJltour. represents, is given the name of some well·known tion. :Further, the structure of the rock may be posited as beds or trains of sand and clay, thus 



forming another gradation into sedimentary 
deposits. Some of this glacial wash \vas deposited 
in tunnels and channels in the ice, and forms char­
acteristic ridges and mounds of sand and gra.vel, 
known as osars, or eskers, all(l kames_ The 
material deposited by the ice is called glacial 
drift; that washea fl"Om the ice onto the adjncent 
lalld is calleu modified drift. It is mual also to 
class as surficial rocks the deposits of tlle sea and 
of lakes and rivers that were made fl,t the saUle 
time as the ice deposit. 

AGES OF ROCKS. 

Hocks are further distinguished according to 
their relative ageH, for tIley were not formed all 
at one time, hut from age to age in the etl,l'th's 
history. ClassifieatioJ] by age is independent of 
origin; igneolls, sedimentary, and i:llll'ficial rocks 
may be of the same age. 

the Pleistocene and the Archean, are distin. In cliffs, canyonR, shafts, and other natural and 
guisheu from one another by different patterns, artificial cuttings, the relations of different beds 
made of parallel straight lines_ Two tints of the to one anoUler may be seen. Any cutting wh1l'h 
}Jeriou-color are used.: a pale tint (the unuel'print) exhibits those relatioIls is caneu II section, and the 
is printed evenly over the whole surface represent- same name is applied to a diagram representillg 
ing the period; a dark tint (the overprint) hrings the relations. The arrangement of rocks in the 
out the different patterns representing formations. ' earth is the earth's structure, alld a section exhibit­

ing this arrangement is calleu a structure section. 
''".00---- - ~-I''"w~;~;;;;:--

Pleist.ocene _ .~~~-.. -.-. -.... ~ p I: Any colors. 

Neocene {~Vg:~:} . . . . . . . . .. N Buffs. 
Eocene (includi.ng Oligocene) . _ .. _.1 E 'Olive-browns. 
Cret.aceous. .! K Olive-greens 
J uratrias {~~i~~:lg} . Blue-greens. 
Carboniferous (including PCI1uian) .. ! C Blues. 
Devonian D Bille·purples. 
8ilurian (ineiuding Ordovician) .. ··1 S I· Hed·purples. 
Cambrian. _ .. _ £ Pinks. 
Algonkian. Orange-browns 
Archean . A'l Any colors 

\Vhen the predominant material of Ii I'oek mass Each formation is fllt'thermore given a letteI'­
is essentially the same, and it is bounded uJ'rocks symhol of the pedod. In the case of Ii Redimen. 
of different matel'iulfl, it is ('onvellient to eall the tar), formation of uncertain age the pattern is 

The geologist is not limited, howe\Ter, to the 
natural and al'tineifll cuttings for his information 
concerning t.he earth's structure. Knowing the 
manuel' of the formation of rockR, unit having 
traced out the relations among beds on the Rur­
faee, he can infer their relative positions after 
they pass heneath the Alll'face, dnnv sections 
which represent the stI"llCture of the earth to a 
considerahle depth, anu construct a diagram 
exhibiting what \vould be seen in tIle side of a 
cutting many miles long and several thousand feet 
deep_ ThiR is illustrate(l in the following figure: 

lllaRS throughout its ~'xtellt a and such printed on whitegronnd in the eolorof tIle period 
a fOf'matioll is tlle llllit of mapping. to ,,,,hieh the formation is Rll}lposetl to belong, 

Se\"era] formations cOlll:liuereu together al'e the letter-symbul of the period being omitted. I' b--~~===-~oc?:irs-:::s:;,-;;=2~ 
designated a The time taken for the The number and extent of surncial formationR 

Tn fig. 2 there are three sets of formations, dis­
tinguished by their underground relations. Tlle 
first of these, seen at the left of the section, is the 
set of l'Iandstones and shales, which lie in It hori· 
zontal position. These sedimentary strata are 
nmv high above the sea, forming a plateau, and 
their change of eleyation sho\vs that a portion of 
the earth's tTlftSS has swel1ed upwm·d from a 
lower to a higher level. The Rtrata of tIlis set are 
parallel, a relation which is called COliforlfwulr. 

The second set of formations consists 01 strata 
which form arches and troughs. These strata 
were once continuous, but the crests of the arches 
ha\Te been removed hy degradation. The beds, 
like those of the first set, are conformable. 

The horizonta.l strata of the plateau rest upon 
the upturneit, eroded edges of the heds of the 
second set at the left of the section_ The OHI'-

lying deposits are, from their positions, evidentl): 
younger than the underlying .rormatiOJI~, ana the 
bending and uegradation of t.he older stmta must 
ha\Te occurred between the uepositiull of the ollieI' 
beds and the acculllulation of the younger. ,Vhen 
younger strata thus rest upon lW er·oded surfa.ce 
of ohler strata t.he relat.ion hetween t.he two is an 
~I1WOJlf()l"rnllble one, and their sllrface of eontuct is 

deposition of :\ is eal1ed an epoch, and of the Pleistocene render them so important that, I 

the time taken for that of a syRtem, or sume to distinguish them from those of other periods of formation~ c01ll:lists of el'Ybtal. 
larger fraction of a I:l)'stem, a per£od_ The rocks and from the igneous rocks, patterns of dots and line flchists and igneous rocks. At some pVt:'l'iod 

are mapped by formations, and the formationR are circles, p-r:In.ted in any colors, are used: I Fig. 2.-Sketch showing a yertical ~ection in the front of tbe of their history tlJe schists were plieate(l 1»), }Jres-
classified into systems. The rocks composing a The ol'lgm of the Archean rocks_ is r:ot fully picture, with a landscape bcyond. sure and traversed hy eruptions of moltell rock. 

and tLe tillle taken foJ' its deposition are se;tled. l\b~lY of dIem are certalll~Y 19neou~.· The figure represents a landscape which is cut But this }Jress!1re and intr!lRion of jgneow, rocks 
the saiUe name, as, for instance, Cambrian ,\" hether s~chmentary r~cks are aTlso Illc~lldeJ. ]S I off sharply in t.he foregrollnd by a vertical plaIle I have not affected the overlying strata of the second 

system, Cambrian period. not det_erlllllled. The Alchea~ ~ocks, and all meta- that cuts a sechon so aR to show the umlerground set. Thus it is evident that an interval of con Rid-
As sedimentalT deposits or strata a.ccumulate morphlC rocks of unknown ongm, of whatever age, ' relations of the rocks_ erable dura.tion elapsed between the furmatioll 

the younger rest OIl those tlHlt are older, and the are represented on the maps by patterns consisting The kinds of rock are indicated in the section of the schiRts and the bebrl.nning of deposition of 
relative ages of the deposits may be discovered of short dashes irregularly placed. T}lese are by a}JIJI'opriate R),mhols of lineR, dots, aIHl daslles. the strata of the second set. During this interval 
by observing their relative positions. This rela- printed in any color, and may he darker or lighter These symbols admit of much variation, but the the sc1liiltS suffereu metamorphism; they were tlle 
tionship holdR except in regiolls of intense uis- than the background_ If the rock is a schist the following are generally used jJl sections to repre- scene of erupti\ce activity; and they ·were deeply 
turbanee; sometimes ill sueh regions the disturh- dashes or hachures nmy he arranged in \vavy plll"- sent the commoner kinds of rock' eroded. TIle contact between the second and 
lwce of the be(ls has been so great that their allellines_ If Hle rock is knO\vn to he of sedi- third sets, marking a time interval betweell t\'1;O 
position is reversed, and it is often difficult to mentaryorigin the hachure patterns may be com-II SHALES periods of rock formation, is another uncon-
uetermine the relative ages of the beus from their bined with the parallel-line patterns of sedi- formity_ 
positions j then f()8~ilr;, or the remainR of plants mentary formations. 1£ the metamorphic rock is The section and landscape in fig_ 2 are ideal, 
anu animals, are guides to show ·which of t\VO recognized as having been originally igneous, the' but they illustrate relations \vhich actually occur_ 
or more formations js the oldest. hachureR may be comhined with the igneous The sections in the structure-section sheet are 

Htrata often eontuin the reltlains of plautR and pattern. I' related to the maps as the section in the figure is 
animals which lived in the sea or ·were waRhed Known igneous fonnatioTls are represented by I related to the landscape. The pt·ofiles of the sur-
from the land into lakes or seas or wel'e buried in patterns of triangles or rhombs printed in any : face in the section conespond to the actual slopes 
surficial ueposits on the Janc1. Rocks that con- brilliant color. If the formation is of known age of the ground along the section line, and the 
tain the remains of life are calleu fossiliferous. the letter-symbol of the formation is preeeded by depth of any mineral-producing or water-bearing 
By studying these remains, or fossils, it has been the capital letter-symbol of the proper period_ stratum which appears in the section may be 
found that the species of each period of the earth's If the agfl of the formation is unknowu the letter- measured from the surface by using the scale of 
llistory have to a great t'xtent differed from those symbol consists of small letters \yhieh suggest the the map_ 
of othel· perio(lR. Only the simpler kindR of name of the rockR. Colum.nal'-s6ction Hheet.-This sheet contaius a 
marine life existed when the oldest fossiliferous THE VARIOUS GBOLomC SHEETS. concise description of the rock formations which 
rockH were deposited. Frolll time to time more JIistorical (fwlogy sheet.-This Rheet shows the' I occur in the quadrangle. The diagrams and 

complex kindR developed, and as the sim}Jler ones areaR occupied by the vario11s formations. On the Fig. S.-Symbols used to represent difTerent kinds of rock. verbal statements form a summary of the facts 
lived on in modified forms life became more margin is a legend, which is the key to the map. 1 relating to the character of the rocks, to the thick-
varied. But during each period there lived pecul- To ascertain the meaning of any particular colored The plateau In fig. 2 presents to\vard the lower nesses of the formations, and to the order of 
iar forms, \vhich did not exist in earlier times pattern and its letter-symbol on the map the I land an escarpment, or frout, which is made up accumulation of successive deposits. 
and have ,not existeu since; these are character- reader shoulu look for tllat color, pattel'l1, and 1 of sandstones, forming the cliffs, anu shales, con- The rocks are described under the correspond. 
iRtie typeA, and. they uenne the age of uny bed of symbol in the legend, where he will nud the name stituting tl!e slope-s, ILS shown at the extreme le-ft ing beading, aud their characters are indicated in 
rock in which they are found. Other types and description of the formation. If it is desired of the sectIOn. the columnar diagTams by appropriate symbols. 
passeu on from period to period, and thus linked to find any given fonnation, its name Rhould l>e The broad belt of lower land is travel·sed by The thicknesses of formations are giH'n under 
the systems together, forming u chain of life from I' sought in the legend and its color and pattern several riuges, which are seen in the secticlll to the heading "Thi{'kness in feet," in figLll'CS ·\\,hit·h 
the time of the oldest fossiliferous rocks to the noted, when tIle an'as on the map corresponding correspond to heds of sanustone that rise to the state tIle least and greatest measurements_ The 
present. . in color and pattern may be traced out. surface. The upturned edges of these heds form ayerage thickness of each formatiun is showlI in 

,Vhen two fOl'mationR are remote one from the The legend is also a partial statement of t.he the ridges, and t.he intermediate yallep follow the column, which is drawn to a scale-usuany 
other and it is impossible to observe their relative geologic history. In it the sytnl)()ls anu naUles are the outcrops of limestone and ('alcareous shales. 1000 feet to 1 inch. The order of accumulation 
positions, the characteristi(~ fos~il types found in arranged, in columnar form, according to the origin ,Vhere the edges of the strata a}Jpear at the of the sediments is shown in t.he columnar arrange­
them may determine which \vas (le-positeu first. of the formations--Rurficial, sedimentary, and surface their thiekness can be measured and the ment: the oldest formation is placed at the 

Fossil remains found in the rocks of different igneous-and within each group they are placed angles at which they dip below the surface can he bottom of the column, the youngest Ht the top, 
area..<l, provinces, anu continentR, afIord the most in the order of age, so tal' as knO\Vll, the youngest obse!,\ced_ Thus their positions underground can and igneous rocks 01' other formutions, ·when 
important means for comhining local histories at the top_ be infel'l'ed. pl'eAent., are indicated ill their propel' relations. 
into a general earth history. Economic geology 8l1.eet_-This sheet repl'esents ,Vhen strata which are thus inclined are traced The fCll1nations are combined into systems 

Colol'I:l ((1ul pattel'lls_-To show the l'elatl\Te ageR the dist.ribution of useful minerals, the occurrence underground in mining, or by inference, it is Ire- : which correspond ·with the perious of g~ologic 
of strata, the history of the Redimentary rocks is of al'tesian water, or other facts of economic quentlyobserved that they form troughs or arches, : history. Thus the ages of the rocks are shown, 
diYided into periods_ The na.mes of the periods lnterest, sho·wing their relations to the features of such as the section shows. But these sandstones, and also the total thickness of each systE'11l_ 
in proper order (from nmv to old), with the color topography and to the geologic formations. All shales, and limestones \vere deposited ueneath the The intervals of time \yhich cOl'l"e~pond to 
01' colors and symbol assigned to each, are given the formations which appear OIl the historical sea in nearly flat sheets. That they are now hent events of uplift anu degradation and constitute 
in the table in the next column. The names of geology sheet are shown on this sheet by fainter and folded is regaJ."ued as proof that forces exist iliteIT'uptions of deposition of sediments llwT be 
certain suhdivisions of the periods, frequently color-pattel'ns_ The areal geology, thus printed, which have from time to time caused the earth's indicated gra}Jhical1y or by the word "unconform-
used in geologic writings, are bracketed against afforus a subuued background upon whidl the surface to wrinkle along certain zones. ity," printed in the columnar section. 
the appropriate period name. areas of productive formations may be emphasized On the right of the sketch the section is com- Each formation shown in the columnar seetion 

'1'0 distinguish the seuimentary formations of by Rtrong colors. A symbol for mines is intro- posed of schists which 3J'e traversed by masses of is accompanied by its namE', a uescriptioTI of its 
anyone periou from those of another the pattel'l1s duced at each occurrence, accompanied hy the igneous rock The schists are much eoutorted character, and its letter-symhol as used ill the 
for the formations of each period are printed in name of the principal mineral mineu 01' of the and their arrangement underground can not he maps and their legends. 
the appropriate period-color, \\lith the exception stone quarried_ inferred. lIenee that port.ion of the section CHARLES D_ \V ALCOTT, 
of the first (Pleistocene) anu the last (Archean). Str1wtWl'e·s8c#on slwet.-This sheet exhibits the delineates what is probably true but is not 
The formations of anyone period, excepting relations of the formations beneath the surface. known by observation or well·foundeu inference. Revised June, 1897. 

iJireciOJ'. 



DESCRIPTION OF THE COALGATE QUADRANGLE. 

By JOFleph A. Taft'. 

GEOGRAPHY. 

GENERAL RELATION",. I 

forms of the Ouachita Mountain Range. The a long time the valleys become wide and silted, that at ordinary conditions the stream meanders 
ridges of the valley region are nearly paranel and the hills are gradually red-ueed to the level in rivulets or narrow channels. Indeed, its chan­
'with those of the range, but, with the exception of the valleys. nel is so choked with sand that the water does 

The Coalgate quadrangle is bounded by the of the few isolated mountains which lie in Arkan- The surface of the Coalgate quadrangle is of not at any stage of the river flow on the country 
meridians 96° and B6° 30' and the parallels 34° I sas Valley, they have low relief. low relief, and the topographic features indicate rock. During floods, which usually come in 
30' and 35°, and thus occupies .one· Bxtentand I The Prairie Plains region st.retches frOID the that it has been so for a relatively long period of spring from the headwaters of the river, vast 
quarter of a square degree of the earth~s ~hC:~::d~f I Arkansas VaHey and Ozark highland regions time. The larger streams have nearly ceased cut· quantities of sands are swept down, shifting for· 
surface. It is 34.4 miles long north rana: e. northward and westward across north· Chllra,ter ting their valleys deeper, and throughout most of mer shoals 4nd channels. Little River, which is 
and sO\lth and 28.5 miles wide, and contains west Indian Territory into Oklahoma ~~~,:,!tpi!,":& their courses are meandering in the deposits 'of silt tributary to the Canadian, crosses the northwest 
nearly 980 square miles. The Jargt'r part of the I and Kansas. Itsplaingraduallyascends region. and sand which their currents have deposited in corner of the quadrangle in a relatively wide, 
quadrangle lies w~thin the bounds of the Choctaw toward the llorthwes~ and is characterized in times of flood. The J'dative permanence of the silted valley. It is a short river and its source 
Nation. A strip of land :3 miles in width in ]' Indian Territory by bench and terrace forms of topographic features in this quadrangle depends does not reach the soft deposits of the Plains 
the western part of the quadrangle south of Cana· , topography-table.lands and escarpments. The upon the thickness and hardness of the sandstone from which the Canadian receives its supply of 
dian River is in the Chickasn,w Nation. rl'he area '. benches or table·lands are cut into and traversed and limestone beds and upon their stmcture. sand. 
north of the Canadian) except a narrow band one by valleys, but maintain their generally level form. Hardness enables them to withstand more effec.j 
mile in ,,,idth along the western border, is in I The escarpments face eastward and southward, tively the beating rain and the eroding streams., CLASSTFICATION m' TIlE 'l'Ol'OGRAPHlC l<'EATt:HES. 

the Creek Nation; this narrow band is in the away from the direction of the dip) and have a very When the rocks are tilted at a low '] rrhe three types of topography belonging to 
Seminole Nation. r tortuous outline. The cllaraeter of the Prairie angle, as in the northern half of the ~tta":.j~on the physiographic provinces 01' regions which 

Three physiographic regions or provinces are Plains geography is admirably illustrated in the quadrangle, the sandstone beds when lands. have been briefly outlined under the heading 
represented in this quadrangle, eaeh of which I north half of the Coalgate quadrangle. An arm once uncovered resist erosion and protect the! "General relations" occupy the entire area of the 
possesses distinct geologie conditions which have' of the Prairie Plains extends southward and joins softer shales beneath, thereby forming table·lands Coalgate quadrangle. In describing the topo· 
determined its surface form. These provinces I the Red River Plain between the ends of the and escarpments. On the other hand, where the I graphic features it is necessary to classify them 
are: the Ouachita Mountain Range, the Arkansas' Ouachita and Arbuckle mountains, separating beds are steeply uplifted, as in the southern and! under their respective types: the Ollachita Moun· 
Valley region, and the Prairie Plains. Three I these two ranges by a spac~ of nearly 50 miles. I southeastern parts of the quadrangle, the soft I tains, the Arkansas Valley, and the Prairie Plains 
other physiographic provinces enter PhysiographIc A second arm, also bearing southward, connects shales on either side of the sandstone are unpl'o. types of topography. 
into the geography of Indian Territory, regions. I with the Red River Plain between the Arbuekle tected and are rapidly eroded,leaving the sand· 01wcldta MountainR type.-The ridges lying 
and will be referred to in the general discussion. and '\Vichita mountains in Oklahoma. The stone unsupported and easily broken down. east of North ]joggy Creek, in the southeast 
These are: the Ozark region) whose. western end I Prairie Plains also join the A rlmckle Mountains TH1~ "RROADlm TOPOGRAPlIIC FEATURl<]S. corner of the quadrangle, belong to the foothills 
extends into northeastern Indian Territory; the' on the north. of Pine Mountain, which is a member of the Oua· 
Arbuckle Mountains, which are in the central Three main river systems-the Arkansas, the Viewed in a broad way, the south half of the chita Range. They resemble in form many of the 
part of the Chickasaw Nation west of the Oua· Cnnadian, and the Red-drain the whole area Coalgate quadrangle is a nearly le,'el plain. A ridges of the Arkansas VaUey type, which are 
chita Mountains; and the Red River Plain, which of Indian Tenitory. Arkansas River Riversyso few eminences rise above the level of 750 feet, adjacent on the west, and their separation from 
includes the entire southern border of Indian flows southeastward f!'Om the Rocky tems. and hut little of the highland between the main the Arkansas Valley topography would seem 
Territory, Mountains, crosses the Great Plains and the stream valleys falls below the 700·foot level. arbitrary; but they were determined by different 

The Ouachita Mountain Range, whose ridges Prairie Plains, and enters the vaHey between the The valleys are wide and shallow and the streams structure and are generally more elevated. They 
cross the sontheastern corner of the Coalgate Ozark and Ouachita mountains fH'ar the eastern meander in crooked courses through nearly level become gradually higher southeastward, culminat· 
qtiadrangle) extends from southeastern border of Indian Territory. Canadian River has flood plains. Beginning about in the middle of ing in the highest ridges of Pine Mountain, the 
Choctaw Nation near Atoka to central character of its source in New Mexico, flows eastward across the quadrangle, there is a general rise Altitudes. south end of which enters the southeast corner 
Arkansas in the vicinity of Little Rock, Wi~:e~I';,hita the Great Plains and Prairie Plains, and joins of the land toward the north, from of the quadrangle. 
aud is 200 miles long. It is character· Arkansas River at the horder of the Arkansas about 750 feet to 950 feet above sea. Elevations The ridge.making rocks are limestones, cherty 
ized by numerous ridges and mountains, bearing Valley region. In its course throngh the Prairie between 850 feet and 950 feet are generally, sandstones, and sandstones, which are separated 
generally east and ,vest. Neal' the western end, Plains it enters the northern part of the Coalgate maintained over the highland in this part of the I by thick beds of friable shale. After being 
however, they trend southward and decline rather quadrangle. Red River rises in New Mexico, quadrangle. On the high plateau in the north· crumpled closely in parallel folds the beds have 
abruptly to the general level of the ·Red River flows eastward through the Great Plains and east corner of the quadrangle a few crests are been worn away and their edges exposed. The 
Plain. The principal mountains and groups of across the" Panhandle" of Texas, and then forms from 1000 to 1100 feet above sea. softer beds were eroded more rapidly 
ridges of the Ouachita Range are separated by the entire southern border of Indian Territory. In the northern half of the quadrangle the and formed the valleys) while the ~~r:~!elormed 
relatively wide and flat valieys. ThOBe valleys Its northern tributaries in Indian TelTitory drain large streams have deeper and narrower valleys harder ones stand out in parallel, nearly ;~~t:O~~~d 
which lead from the mountain range descend a large part of the area south of Canadian River. than in the southern half, but they have eroded symmetrical ridges. Many of the hard 
gradually to the level of Arkansas Valley and I The watershed between the Canadian and Red, their channels down to a low grade and are beds lying between Limestone Ridge and the 
the Red River Plain on either side. Near the especially in the Chickasaw Nation, lies within a meandering in silted flood plains. rl'he small southeast corner of the quadrangle have been so 
western end of the range the crests of the ridges I few miles of the banks of the Canadian. Since tributary streams) especially those which flow! broken and crushed by fnulting that they have 
are at an elevation of about 1000 feet above! Canadian River belongs to the Arkansas River toward the south and east, descend in narrow, ] not been able to withstand erosion. They occur 
sea and nearly 400 feet above the le'"el of the system, the Canadian·Red watershed is also a· part steep channels and are rapidly cutting back into, in low detached hills and ridges, 50 feet and less 
larger valleys. They rise gradually eastward and of the divide between the hydrographic basins of the highland by headwater erosion. ! in height, and can not easily be recognized in the 
near the Arkansas-Indian Territory line attain Arkansas and Red rivers. It also here divides The southern two·thirds of the quadrangle is topography tIoS shown on the map. Limestone 
elevations of 2900 feet above sea and nearly 2000 the waters which flow into Mississippi Uivel' from drained by streams tributary to Red River. The Ridge, as well as others south of it, is broken OJ1 
feet above the valleys of the principal streams. those which 'flow directly into the Gulf of Mexico. principal tributaries are North Boggy,. abruptly at its south end by the fault which sepa· 
In Arkansas the general elevation of the ridges Muddy Boggy, and Clear Boggy creeks, Dramage. rates the Ouachita Mountain type of topography 
decreases eastward) until it reaches 500 to 700 TOPOGRAPHY OF THE QUADRANGLE. which flow southwest, south, and southeast and structure from the Arkansas Valley type. A 
feet above sea at the eastern end. Likewise, ORIOI~ m' 'fUE TO"POGRAPHIC .FOlUlS. respectively. They unite into one stream south number of ridges of the Stlme dass OCCllr in the 
from the sides toward the center of the range the of this quadrangle and flow through the wide McAlester quadrangle, which adjoins this quad. 
ridges increase in elevation until they are classed The various forms of the valleys and hills in plain between the Ouachita and Arbuckle moun· rangle on the east. These ridges are illustrated 
as mountains. Jackfork, Windingstair, Buffalo, this region have been vroduced by the dissolving tains. Of these three creeks, Muddy Boggy by the sketch in fig. L 
Rich) Blackfork, Kiamichi, and Seven Devils are and disintegrating action of water and frost, and drains the larger part of the quadrangle. Its 
the more prominent monntains of the Ouachita by the erosion caused by rain and running streams. source is on the watershed which divides the 
Range in Indian Territory. The northernmost The shapes of the valleys and hills and their loca· hydrographic basins of Hed and Canadian rivers. 
mountain of the western part of the range, known tion depend principally upon the degree of erosion The source of one of the small branches of this 
as Pine Mountain, comes to an end in the south· and upon the character and structure of the rocks. creek) which is oil the divide near Allen, is within 
east corner of the Coalgate quadrangle. When the land is uplifted and tilted the streams ~'l mile of the banks of the Canadian. Muddy 

The Arkansas Valley region lies between the flow more rapidly and cut deep valleys. They Boggy Creek near its SOlll'ce at the west horder of Fjg.1.-pr(~l;.::t~~:!t!~:.ri~~~a~l!~:n~o~~~~l'!l foothj]]s 
Ouachita l{ange on the south and the Ozark erode the softer rocks more readily than the the quadrangle is now at a lower level than Cana. 
~ountains on the north, and is characterized) harder ones, and naturally the softer rocks form dian River, although the streams are sevarated by 
especially in the western part) by narrow and valleys and the harder ones hills, ridges, and a space of less than 3 miles. From Allen the 
generally level.crested, low ridges and rolling mountains. On the other hand, when the general watershed bears eastward and southeastward 
uplands. At the confluence of the Canadian and surface of the land is nearly level at the beginning across the quadrangle, increasing the space 
Arkansas rivers the Arkansas Valley region con· of an epoch of erosion, or becomes so by erosion, between it and Canadian River. 
tracts, bears south",.'estward, and joins the Red the streams flow sluggishly and the currents are Canadian River, though a long stream, has a 
River Plain opposite the west end of the Ouachita not able to carry away all of the sediment which narrow hydrographic basin and a relatively very 
Mountain Range. Its low, level ridges F .... tures of is swept from the higher portion of . nalTow channel and flood plain. Plateaus and 
and flat valleys cross the southern half ~h:'I~;kansas the lands. Under these conditions the ~for;:tlOn hills, whose crests are at the level of the high 

AJ·kansas Valley type.-The rocks in which the 
Arkansas Valley type of topography is developed 
belong chiefly to the Coal Measures and are in 
general younger than those of the Ouachita 
ridges above described. They are composed of 
a great many beds of sandstone and shale, occur· 
ring in alternate strata. The sandstone beds are 
usually hard, vary in thickness from thin plates 
to nearly 200 feet, and are separated usually by 
much thicker beds of shale. of the Coalgate quadrangle. The fea· region. I' channels tend to become choked and the pla,ns. table.lands, overlook the river channel through 

tures of the Arkansas Valley region, especially in , streams meander from side to side and broaden most of its course. rr'he bottom of the channel is These rocks have heen crumpled jnto folds) 
the southern part, resemble very much reduced i their valleys. When these cond~tions continue for filled w!th fine sand to a depth of many feet, so but, unlike the Ouachita structure, t?e folds are 



wide and open and no faulting of consequence 
has occurred. The beds of rock which occur in 
these folds have had their edges planed Level_cru1d 

off by erosion, so that hard and soft b~~~!~rmed 
layers are alternately exposed through lolded rock • . 

great thicknesses of strata in nearly level·crested 
ridges and flat valleys. They extend parallel and 
nearly straight along the folds, or in curves across 
their axial portions. The whole series of rocks 
exposed by this folding aggregates a thickness of 
nearly 7000 feet, and has been divided into five 
formations. The areas of Caney shale and Wapa. 
nucka limestone occurring in this province in the 
south western corner of the quadrangle are too 
small to be considered iu this connection. The 
lowest to be considered, the Atoka formation, is 
only partially exposed, being concealed in part by 
the faults in the southeast and southwest corners 
of the quadrangle. It is composed chiefly of shale, 
and, as a result, its surface is general ly level. 

The Hartshorne sandstone, being composed of 
many thick beds aggregating nearly 200 feet, 
makes ridges that 1ie along t~e north western side 
of North Boggy Vl\lley and the southern side of 
Clear Boggy Valley, but is worn down to the 
level of these valleys in many places. 

The McAlester shale, the next succeeding for­
mation, contains but little sandstone and accord­
ingly it forms sha11o\\', wide, ' and nearly level 
valleys and plains. The plain southwest of Coal. 
gate is upon this shale. Goose and Clear Boggy 
creeks flow upon it, and it is almost entirely cov­
ered by their flood plains .. Two other areas occur. 
in this shale northeast of Coalgate. 

The Savanna sandstone lies next above McAles· 
tel' shale. This formation is composed of several 
sandstone beds separated by thick beds of shale, 
in all 1100 feet thick. These sandstones dip at a 
considerable angle, and as a result crop near 
together, forming low parallel ridges separated 
by narrow swales. Many streams cross these 
sandstones, but their persistent low ridges ex tend 
to the flood plains of these streams. In the case 
of anticlinal fO.lds the ridges, f~rlUed Mlct.Uon 

by the sandstones, gradually mlgrate ofr!d,Uln 

from the axis of the fold with the . .. t,clnc.. 

pl'ogress of e1'osion. Fig. 2 illustrates the form 
of the ridges in an anticlinal fold at successi ve 
stages of erosion. It also illustrates a series of 
cross sections at intervals along a pitching anti. 
cline. 

Fig. 2.-Generalized sections across an anticline of the 
SavCLllna I:Iandstone at three stages of erosion . illustrating tho 
torm and migration of the Mndstone ridges. 

(a) An early st..age, wlll;re only the highest beds ot the 
Savannll. sandstone are exposed. 

(b) A Jater stage of erosion, where all. the sandstone beds 
aree:rposed. 

(e) A still later stage, where all of th e ridges have receded 
trom the axis of the fold IUld a pla.in is formed In the center 
upon the Underlying McAlester shale. 

Sections at intervals across either the anticline 
passing through Coa1gate or that passing through 
Savanna in the McAlester quadrangle will illus· 
trate many stages of the erosion of the Savanna 
sandstone from the time the highest bed is first 
exposed until all the sandstones are removed from 
the axial part of the folds. 

In synclinal folds the process is the reverse and 
the ridges produced by the sandstones gradually 
approach the axis of the fold as erosion 

. advances. In this \Va~ successively a'~~f:~~n 
lower beds cap the flat rtdges and con· 
centric hills. Fig. 3 represents three sections. 
across ' the north end of the' I.Jehigh Basin, illus· 
trating the forms of the ridges and hills at suc· 
cessive stages of erosion. It also represents a 
series of crOAS sections at intervals up the pitch 
of the syncline. 

The Boggy shale succeeds the Savanna sand· 
stone and occupies a relatively large area. It is 
composed chiefly of shale and thin beds of sand. 
stone interstratified, and has a thickness of nearly 
3000 feet. It is only slightly folded, and dips 

2 

generally toward the northwest. Because of tlw ea""tW<l.l·d across the watershed and into the hydro. 
soft character of these rocks and their flat struc- graphic basin of Red Ri .... er, but neRr the eMtel'n 
ture, the surface is a nearly level, undulating plain. 
Locally some of the sandstone beds become 
thicker, and, where they are nearly horizontal , 
fOI'm low ridges and meSM. The minor sandstone 
beds produce very low ridges, or undulations in 
the plain. 

edge of the quadrangle it returns again to the 
'Canadian hydrogl'aphic basin, after passing nearly 
10 miles south of the present watershed. From 
this quadrangle it has been traced northeastward 
nearly 50 miles to the valley of Canadian River. 
The separate bodies of this sand are nearly level, 
but viewed as a whole the deposit has a grade of 

E. about 4 feet per mile eastward. Where the sand 

Fig. S.-Genera.lized sections across t.he Lehigh Bw;in, illus­
trating the form and migration or ridges in the syncline at 
three stages of erosion. 

(a) An early stage. where the Sl'l.ndstone beds form ridges 
around the basin. 

(b) A lat-er stage, where tho highest sandstone bed makes 
theeentral hill. 

(e) A still later stage, whore only tho lowest 8aIlih;tone bed 
remains, making a hill in a plain or the underlying McAlester 
9hale. 

Pmirie Plaht.s type.- The rocks in the north 
half of the quadrangle have a thickness of 2000 
feet, and are conglomerates, sandstones, and shales 
in altel'nate strata. They have been sepllrated 
in to eight formations. These formations are 
tilted toward the northwest at low angles, the 
descent being from 50 to 100 feet per mile. They 
outcrop in regular order upward from the south· 
east toward the northwest, and each formation ill 
its occurrence across the quadrangle produces a 
feature of the Prairie Plains type of topography. 
The shales are soft and disintegrate readily into 
small particles which are easily removed by ero· 
sion. Shales are foulld generally on the top of 
the table·lands near where the next escarpment 
rises and in the lower slopes of the escarpments 
below the protecting ledges of hal·der rocks. The 
sandstones disintegrnte more slowly, breaking into 
bowlders and coarse fragments, and thereby resist 
erosion. They produce the benches, the high 
table-lands, and the steep upper slopes T.ble_l ... ds ' 

and cliffs in escarpments. Thus table· ~il:"~~~Ct~e: 
lands with escarpments are formed by north ... est. 

the thick formations of sandstone and shale, and 
benches with low escarpments by the thinner 
beds of the same rocks. On going northwest 
across the country, successive escarpments of 
nearly equal elevation above sea will be observed, 
separated by the tilted surfaces of the table·lands 
and benches. 

Since all these formations dip toward the north. 
west, their edges are exposed toward the south· 
east. A great number of small rivulets and 
streams, with their sources in the shales beneath 
the table.land, are eroding by headwater cutting, 
thereby undermining the sandstones, which ·fall 
away in bowlders and debris, to be broken and 
disintegrated into pebbles and sand . In this pro· 
cess of erosion the escarpments gradually recede 
northwestward. 

Sandstones of the Thurman, Senbra, and Calvin 
formations become thinner and more shaly toward 
the southwest, and the topographic features pro· 
duced by them become smaller in the same direc· 
tion. The Senora formation, for instance, in the 
northeastern corner of the quadrangle forms a 
high plateau, with an escarpment 300 feet high 
facing the east. In the western part of the quad­
rangle it is not one·sixth as wide as it is in the 
northeast corner, and its south.facing escarpment 
does not exceed 100 feet in height. 

I~ocal stream erosion continues to modify these 
features of the topogr-aphy, but i t will not oblit­
erate them until the country is brought to base· 
level, where all eminences are reduced to a plain. 

Sand plains.-At some remote period of time, 
yet comparatively recent geologically, a deposit 
of sand and gravel was formed across the north· 
ern part of the Coalgate quadrangle in a general 
east-west direction. Remnants of this unconsoli· 
dated sand, in some instances 40 feet thick, 3 
miles wide, and· several miles long, occur spread 
across the edges of the Coal l\'Ieasures rocks, 
forming level" plains but little lower than the 
highest land. It extends from the Canadian Val· 
ley at the western edge of the quadrangle south-

lies in contact with hard sandstone the floor of 
the shallow channel or basin in which it was 
deposited may be observed. The sand is a fresh· 
water depOSit,. and was e~idently ]~id Anclentbtdol 

dow~ by a rIver. Judging I.rom lts ~~~~r.:t.dl.n 
relit-bons to the present CanadIan Val· f::::"i~~d. 
ley it probably .occupied a deserted 
channel of Canadian River. The width and extent 
of the deposit -indicate that the slope of the country 
toward the east was less than at present, and that 
the river flowed sluggishly, meandered in a broad 
valley, and deposited a large part of its burden of 
sand. 

Since the deposition of this sand the principal 
streams have cut their channels nearly 100 feet 
below its le\'el. The branches of Boggy Creek, 
which' flows to Red River, being favored by the 
structure of the rocks, have by headwater erosion 
mO\'ed northward, capturing tributaries of Cann· 
dian River. Caney Boggy Creek, for example, 
has its source 10 miles north of the old channel 
in which the sand plain OCCllrs. 

GEOLOGY. 

BROADER GEOJ-,OGIC RELATIONS. 

The rocks found in this quadrangle are con· 
gJomeratel', snndstones, coal, shale, and limestones 
of Carboniferous age. They are all of sedimen· 
tal'y origin - that is, they were deposited in water. 
Gravel, sand, and mud were swept into the seas 
by rivers and were there sorted and deposited by 
the waves and currents and later were hardened to 
conglomerates, sandstones, and shales. Vegetable 
matter, growing profusely in swamps and marshes 
near the seashore, accumulated dming long sue· 
cessions of seasons and produced peat. The land 
subsided, and the peat deposit was submerged 
and covered by sediments brought down from the 
land. After a long period of time and under the 
weight of thick sediment, the peat deposit was 
changed to coal. In other parts of the sea, both 
in deep and shallow water, where conditions were 
favorable, the shells and skeletons of sea animals 
with other lime sediments collected in beds and 
rater were hardened iuto limestones. 

By studying the character of all the rocks 
occurrillg at the surface in a region, the record of 
their formation may usually be interpreted and 
something may be learned of the physical changes 
of the land from which the sediments" came. In 
the Coalgate quadrangle a clear record of sedi· 
mentation is afforded by the rocks, which are 
well displayed for study. Very little has been 
learned, however, of the physical changes of the 
land. from which the sediments originally came, 
because even its inferred position is remote or 
concealed by later deposits. 

Rocks of Silurian age occur in the Ozark, 
Ouachita., and Arbuckle mountains, northeast, 
southeast, and southwest, respectively from this 
quadrangle, but their elevation into mountains 
and exposure by erosion has occurred chiefly 
since Carboniferous time and, therefore, after the 
deposition of the rocks occurring in this quadran. 
gle. The lowest Carboniferous sediments lying 
upon tbese older rocks are folded with 
them and do not contain much coarse ~::~!::dn.o:". 
material or otherwise indicate that de- !'i.'::t:'::!~f_ 
vated Jands were near during .their for. !{~~~rdte~: 
mation. The rocks of this region 
become thicker toward the east by an in~rel\Se in 
the thickness of the sandstone beds, which seems 
to indicate that the sediments were derived from 
the east. 

At the eastern end of the Arbuckle Mountain 
uplift, near the southenstern corner of the Coal· 
gate quadrangle, the basal beds of the Carbonif· 
erous .are thick stmta of clay and cherty shales 
containing limestone and -flint segregations and, 
are deposited upon base·leveled Silurian lime­
stones. An extensive lentil of 1imestone is asso· 

ciated with these sandy, cherty, and sbaly beds 
at the top. Following the limestone deposition 
conditions of sedimentation changed, and then, 
with little variation, continued to the end of 
Carboniferons time. Shales and sandstones fol· 
IO"',f"ed each other in alternate strata through 
nearly 10,400 feet of sediments. The shales are 
laminated and vary from clays to sandy clays and 
Band. Sandstones are fine grained, with the 
exception of local conglomerates, in which angu· 
lar chert pebbles are em bedded in fine sand. The 
sandstones are massive and laminated, cross 
bedded, and ripple marked. Locally thin beds 
of sandy fossiliferous limestone occur. The coals 
usually are found above and near the sandstones, 
and in one instance shell beds rest upon the coal. 

During the formation of this enormons thick· 
ness of sediments the seJ;l. bottom sank slowly. 
There may have been temporary elevations antI 
stationary conditions of the sea bottom for con­
siderable spaces of time, but the downward move­
ment prevailed. Where clays were forming, 
either the water was deep enough to be below 
the reach of currents, or else only fine . sediments 
were brought in by the streams. 'Vhere tbe 
sands were accumulating they were sorted alld 
rippled by the waves at the bottom of the shallow 
sea, and flat shores, and extended over wide 
s9"etches. 'Vide marshes existed along the 10\\"­

shores, and, undisturbed by the sea, the l.o .... hot,.. 

vegetable matter accumulated to depths :i .. ~ e:.~er~i.tI 
of many feet, and was then submerged g,":~~t~1 
by the sea, as the downward movement tIme. 

of the land recurred, and covered with sediments. 
Land conditions during the formation of the rocks 
are Iutther shown by the stems and leaves of plantS 
which occur abundantly in the strata overlying 
the coal, and by the trunks of trees which are 
occasionally found and which were buried and 
preser .. ed by the rapidly accumulating sandy sedi· 
ments. 

Fig. 4.-CMt of trunk of a coal t roo (Sigillaria) found in 
Savanna sandstone 4 miles southwest ot Coalgate. 

These land areas were, without much doubt, 
local in extent and of short duration in geologic 
time. Excepting the local cherty materials occur­
ring in the sandstones, the universally fine texture 
of the sang and the great thickness of clays ,vould 
indicate that the land from which they were 
derived was distant. 

DESCRIPTION OF THE ROCKB. 

The different formations are here classified 
according to their age, and in the following 
description they will be treated in regular order 
beginning with the oldest, which is the lowest in 
the undistnrbed section. These formations are 
mapped on the Historical Geology 'sheet, and the 
legend in the margin indicates their order of 
succession and relative ages. On the Columnar 
Section sheet the formations are graphically rep· 
resented and briefly described. All the consoli­
dated rocks of this quadrangle belong to the 
Carboniferous syste.m, and l\S far as known, to 
the upper Carboniferous or Coal Measures. The 
unconsolidated sands and river deposits 'are 
classed as N eocene and Pleistocene. ' 

, 1 



aARnO:NIFE'~WUS. 

Caney 8hak.-This forrpation occurs in two 
sma1l areas in the Coalgatel quadrangle_ The one 
in the southwestern coru'er includes only the 
upper beds of a large outCrop of this formation, 
which lies east and north.of an extensive body of 
Silurian limestone in the Arbuckle Mountain 
region_ Near the southeastern cornel' of the quad­
rangle the Caney shale crops in a narrow strip 
along the northwest side of I~imestone Ridge, and 
extends northeastward into the McAlester quad­
rangle. The rocks are faulted along the north 
side of this area, the beds on the east having been 
thrust up against younger rocks on the west, 
thereby cutting out the lower part of the shale_ 
Rocks of the Atoka formation, which belong 
stratigraphica~ly. 1800 feet a~ov~ the Sb.letbe 

Caney shale, he III contact WIth It on lowest rock 

the other side of the fault. In each exposed. 

locality of the Caney shale in this quadrangle 
about 800 feet of rock is exposed, approximately 
the upper half of the formation_ This part of 
the formation is composed of blue clay shale, 
with thin beds of clay, ironstone, lenticular con­
cretions, and a few blue limestone septaria_ In 
the lower part of the formation, in the adjoining 
Atoka quadrangle, the blue shale grades into 
black, friable, bituminous shale with dark-blue 
limestone segregations. The Caney shale through­
out is laminated, fissile, aud friahle, and in conse­
quence is rarely exposed_ On account of the 
softness of the rock it is almost universally worn 
down to level ground or is to be found in the 
lower slopes of hills which are surmounted by 
harder rocks of adjacent formations_ 

of Wapanucka, about 10 miles south of the quad­
rangle, sandstone beds occur at the base. 

The whole formation grows thinner westward, 
until but little else than the massive oolitic lime­
stone can he found. In Limestone Ridge the 
thickness is estimated to he nearly 200 feet. At 
the western bonIer of the quadrangle it probably 
does not exceed 30 feet. 

Atoka /onnation.-\Vith the exception of thin 
lentils of limestone and of calcareous cherty sand­
stone near the base in the southwestern 
and southeastern corners of the quad- ~~i~r:~~!ft~1 
rangle the rocks of the Atoka forma- :to'!.~nd­

tion are sandstone and shale. They 
al'e estimated to he nearly 3000 feet in thickness, 
the shale as a whole being very much thicker 
than the sandstones. The formation is separated 
by the sandstone strata into divisions varying 
from thin sheets to beds several hundred feet in 
thickness. 

The shales are friable clays and sandy clay 
shales and they crop in smooth level prairie val­
leys and in the . lower slopes of ridges and hills_ 
D nder sueh conditions fresh exposures of the 
sha.les are exceptional and little is known of their 
original color 01' physical appearance. When 
partly weathered, however, they show various 
shad~s of yellow and blue_ In the Atoka quad­
rangle just south of the Coalgate quadrangle 
some fresher exposures in Olear Boggy Creek 
sbow dark-blue to black clay shales. 

The sandstone beds are many, and vary from 
thin plates embedded in shale to massive strata 
several feet in thickness. They are generalJy 
extremely variable in thickness and would be 
classed as lentils. The sandstone strata in the 

Fig. [i.-Cast or trunk or a coaJ. tree (Sigillaria) round in Savanna sandstone 
4 miles southwest of Coalgate. 

southwestern corner of the quad­
rangle are in many respects un­
like those of the southeastern 
corner. In the former locality 
they are softer and more ferrug­
inous_ Sandstone beds of con­
siderable thickness occur near 
the base of the formation in the 
southwestern corner, and asso­
ciated ,,,itb them are local beds 
of thin impure l-imestone_ In 
places the sandstone makes 
prominent ridges and hills, 
while elsewhere the beds can 
not be located in the plain_ 
These beds, with higher beds 
of sandstone and shale, when 
traced northward lpparently 
come to an end at the south side 
of Goose Creek Valley near the 
border of the quadrangle. Their 
abrupt ending is due to the 

Wapanucka limestone_-The ,N apanucka Hme- , fault which cuts them off on the north. -In 
stone. crops as a narrow band along the eastern the southeast.ern corner or the quadrangle, beyond 
border of the Caney shale in the southeastern and the great fault, the lower beds of the Atoka for­
southwestern corners of the quadrangle. rrhis mation have been so folded and f3.lrlted that the 
formation is an extensive but relatively thin lentil, same beds are repeated many times in long, nar­
reaching beyond the limits of this quadrangle_ row, parallel belts for a width of nearly a mile. 
It produces ridges, except in those places where Southeast or this faulted strip the sandstone and 
the beds have been upturned to a vertical posi- shale beds are folded and steeply inclined toward 
tion, thereby permitting the soft shales to be the southeast. 
eroded from both sides, leaving the limestone On account of the structure of the rocks east 
unprotected. The abrupt ending of the formation of the great fault, their position in the Atoka 
at the south end of Limestone Ridge is due to its formation can not be accurately determined. The 
displacement by an extensive fault. Southward narrow belt of shale at the base of the fOI'mation 
the fault fo11O\"s approximately the strike of the and immediately overlying the Wapanucka lime­
rocks, and the limestone does not come again to stone is an exception,· however. The strata 
the surface in the quadrangle_ At Boggy Depot, exposed between the great fault and the Harts­
in the Atoka quadrangle, the 1Vapanucka lime- horne sandstone for nearly one-half mile occur at 
stone emerges from beneath the covering of Cre- I the top of the Atoka formation. rrhey are con­
taceous rocks bearing toward the northwest, and cealed here beneath the bottom lands of North 
continues in that general direction to the area in Boggy Creek 
the southwest corner of the Coalgate quadrangle_ Oku)kachoc chert lentil.-The Chickachoc cherty 

The beds at the top of this formation are white, sandstone isa lentil in the lower part of the 
massive, and often oolitic. Cherty sandy lime.": Atoka formation and occurs in the faulted strip 
stones and shales occur in the central ! above referred to. Because of its peculiar and 
part of the formation. Below these N~~~~';.~e : characteristic texture and hardness it has been 
variable beds, a massive white lime- beds. , sep:~rated from its associated beds and mapped_ 
stone occurs, but it is not constant in thickness It is about 80 feet thick and is composed of 
and character and in places could not be found_ stratified, yet massive, calcareous and cherty sand­
At the base of the formation there are calcareous stone. There is but little variation in the char­
and cherty sandstones which grade into shales on acter and textUl'e of the rocks in the Chickachoc 
the one hand and into nearly pure ferruginous lentil. Occasionally, however, thin stringers of 
sandstones on the other_ In Limestone Ridge the almost pure flint and siliceous limestones occur 
lowest strata are thin cherts antI-flint plates, inter- in exposures of unweathered rock 1Vhen 
bedded with siliceous limestones. In the vicinity j weathered the whole mass becomes nearly white 
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and breaks down into thin, coarse, hackly plates, 
which feel as if composed of sharp grit. The 
folding has been so excessive that the beds now 
rest in almost vertical positions_ At their south­
ern ends these chert ridges are abruptly termi­
nated by the great fault which has thrust them 
against higher beds in the Atoka formation. The 
chert in some of these ridges near their ends has 
been thrown into peculiar distorted f~lds, not to 
be explained except by the great pressure brought 
to bear against the ends of the upturned beds_ 

Hartshorne sand8tone. - This sandstone is 
important chiefly au account of its association 
with the lowest and mos·t valuable coal bed in 
the Choctaw coal field. This coal is immediately 
above the sandstone and is usually 
separated from it by a thin variable ~°i.:i::~r 
bed of shale. The Hartshorne sand- :~id~hoctaw 
stone is composed of many beds of 
sandstone, varying from thin plates to massive 
strata 3 feet in thickness. Thin beds of shale 
occur in places interstratified with the sandstone 
but the sandstone beds are so much more conspic­
uous in outcrop that the shales are rarely seen or 
their presence detected. The sandstone grades 
into the..shale formations above and below through 
shaly sandst.one beds, and the contact usually 
must be arbitrarily chosen. The thickness of the 
formation is estimated to be about 200 feet. In 
this quadrangle the sandstone is fine grained and 
usually hard and is brown on weathered surfaces. 
In the southeastern part of the quadrangle it is 
steeply upturned, and, except where locally worn 
down by Boggy Creek, it forms narrow sharp 
ridges. In the southwestern corner the dips are 
lo\y and the rocks softer, and the ridges, while 
wider than in the southea.-<;tern part, are lower. 
The branches of Clear I~oggy and Goose creeks 
cut many gaps in the low ridges, and neal' the 
western border of the quadrangle the sandstone 
is completely concealed in the bottom land. 

At the center of the southern portion of T. 1 
N., R. 9 E., the outcrop of Hartshorne sandstone 
comes to au end. The rocks are broken by a 
fault here so that the rocks above the Hartshorne 
sandRtone on the north side are brought in contact 
with rocks below it upon the south side. 

McAle8ta shale.-Shale, sandstone, and clay 
comprise this formation, which is estimated to be 
nearly 2000 feet thick in the eastern part of the 
quadrangle. The formation becomes thinner 
westward by a grad ual decrease in thickness of 
both the shale and slmdstone beds. Near the 
western border of the quadrangle the formation 
does not exceed 1500 feet, and the total thickness 
of the shales is nearly ten times that of the sand­
stones. The shales al'e laminated and are blue 
and black when freshly exposed_ They are chiefly 
clay shales though sandy shales and shaly sand­
stones occur interstratified with them. Two local 
beds of sandstone in the lower half of the forma­
tion, separated by nearly 400 feet of shaly strata, 
outcrop in low ridges near the border of the quad­
rangle southwest of Coalgate. Two 01' more thin 
beds of sandstone occur also in the upper part of 
the formation, and in places make low hills, but 
their ledges usually do not outcrop. The sand­
stone beds are but little exposed in the areas neal' 
the southwestern and southeastern corners or the 
quadrangle because the formation occurs in the 
nearly level creek vaUeys_ In the area about 
Coalgate and in the small inlier in the east-central 
part of the quadrangle only the upper 200 to 500 
feet of the formation are exposed. 

There are two coal beds in the McAlester shale; 
one at the base and the other about 200 feet 
below the top .. Both of these beds are Horizon of 

of workable thICkness and the upper the Lehigh 

one is extensi\o'ely mined in the vicinity "". 1. 
of Coalgate and at Lehigh, 5 miles south_ The 
coals in this formation will be considered under 
the heading" Economic geology." An interest­
ing feature, however, of the I~ehjgh coal, which is 
the upper bed and the one mined extensively at 
Lehigh and Coalgate, is the shale bed which 
forms its roof. This is a black bituminous shale 
about 18 inches thick which is filled with mollus­
can shells and the teeth and scales of fish_ 

The slllface of the area occupied by the 
McAlester shale is a smooth gently undulating 
prairie land except the two narrow areas in the 
southeastern and southwestern parts of the quad-

rangle which lie along the valleys of North and 
Clear Boggy and Goose creeks. The immediate 
:flood plains of these streams are densely wooded, 
but the land beyond is prairie with timber inter­
spersed. 

&v((lJ/Tla sand8tone.-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 sand­
stones, but the latter are better exposed and their 
presence is so strongly impressed upon the 
observer in the prominent ridges which they 
make that sandstone seems to be a more appro­
priate term to apply to the fOl'mation. There 
are five, and in some places more, groups of sand­
stone beds which vary in thickness from about 50 
to nearly 200 feet, those at the top and neal' the 
base of the formation being generally thicker 
than the intermediate ones. Thes·e beds are so 
nearly alike in physical appearance that they may 
be distinguished only by their position in the sec­
tion, by their thickness, 01' by the fossil remains 
which some of them contain. They are generally 
brown or grayish in weathered exposures and are 
fine grained and compact, except in very limited 
localities where they contain an element of chert_ 
In the eastern part of the quadrangle the upper­
most sandstone occurs in two members 50 to 100 
feet thick separated by a thin variable bed of clay 
shale and often contains quite massive layers 
which are in places ripple marked_ The forma­
tion as a whole becomes thinner from east to west 
across the quadrangle_ The sandstone beds are 
thicker and generally harder in the more eastern 
exposures. In the northern part of the I~ehigh 
Basin between Coalgate and North Boggy Creek 
many of the sandstone beds of the Savanna for­
mation contain considerable quantities of subangu­
lar chert pebbles. In places these chert deposits 
are so abundant as to form beds of conglomerate. 

Along the northwestern side of the· Coalgate 
anticline, west of Coalgate, thin siliceous lime­
stones are found associated with the highest sand­
stone horizon of the Savanna formation_ In the 
local flat syncline which occurs in the southeastern 
corner of T. 1 N., R. 9 E., these calcareous beds 
become impure limestones containing abundant 
fossil remains. These shelly limestones of vari­
able texture are also found at the top of the 
Savanna sandstone along the north side of Olear 
Boggy Creek Valley and continue to the western 
border of the quadrangle. 

In the outcrop of the formation in the eastern 
part of the quadrangle the sandstone beds are 
most prominent and produce many low parallel 
ridges which are separated by the smooth and 
relatively wide shale valleys. The sandstone 
ridges are generally occupied by strips of forest 
while the valleys are prairie or glady timber land. 
In the westem part of the quadrangle the sand­
stone beds generally dip at low angles so that the 
ridges are less prominent and there is less diver­
sity in the landscape. 

No coal of any importance has thus far been 
located in the Savanna formation_ It was reported 
that coal beds had been found in the vicinity of 
Nixon and at other localities in the western part 
of the quadrangle, but their thickness and extent 
were not determined_ 

Boggy slutle.-Above the Savanna sandstone 
there is a mass of shales and sandstone interstrati­
fied aggregating a thickness of 1200 to 2000 feet. 
This collection of strata has been named the 
Boggy shale because of the broad extent of their 
outcrop in the Boggy Creek valleys. There are 
probably in the formation not less than 20 sand­
stone beds, ranging in thickness from thin strata 
to probably 50 feet and separated by shales which 
in some places exceed 600 feet. 

The sandstones vary but littIe in physical char­
acter, and are generally brownish or gray, and in 
places rather ferruginous. The shales are exposed 
only to a very limited extent' on account of the 
generally low relief of the land and the wide, 
shallow valleys of the streams; . but in the few 
steep slopes and stream cuttings where fresh expo­
S11l'es were observed. they consist of laminated, 
bluish clay shale, containing small ironstone con­
cretions and thin wavy sandstone plates and shaly 
sandstone beds_ 

The formation thins from east to west, a result 
chiefly of the general thinning of the sandstone 



4 

beds. As the sandstone beds become thinner composed or bluish shales anu has a thickness or I The land surface of the Calvin sandstone area the Canadian River, as well as over the western 
they become more shaly and some of them more 50 to 120 feet. This shale, unlike the lower in the northern part of the quadruugle, especially part of its outcrop south of that stream. Loos<'Sand 

calcareous. Many thin fossiliferous limestone member, crops in the steep slopes of the escarp· near the Canadian River, is rugged, being deeply The soil is a loose sandy loam and the :h~i;;'j~b~~om 
beds are to be found in this formation in the ments and hills which are surmounted by the cut by small streams. The soil is thin and poor. country is covered by heavy forest. sandstone. 

western part of the quadrangle. succeeding Senora sandstone, and is, for the most Near the western border of the quadrangle, where Holdenville 8h.ale.-This shale, 250 feet in thick-
This formation, being high in the seri.es of coal· part, wooded and concealed by talus. the rocks are softer and more shaly, the land is ness, rests upon the 'Wewoka formation, and its 

bearing rocks, occurs in the central portions of the The sandstone member of this formation has gently undulating, and the. s9il is deeper and crop in this quadrangle is limited to a small 
synclinal basins and the regions of least disturb. sufficient thickness to warrant mapping could it more fertile and covered by broken forests. triangular area in the northwestern cornel'. The 
ance. In the southeastern part of the quadrangle, be located across the quadrangle. In the eastern JVetumka shale.-The shaly beds of the Calvin surface of the formation becomes broader north· 
in the syncline passing northeast throngh Lehigh, half of its outcrop it forms flat-topped)'idges and sandstone grade into the succeeding \Vetumka ·ward in the more level country about Holdenville, 
the beds of the outer portion of the areas of this hills with eastward and southward facing bluffs. shale, so that the division line between the forma- 3 miles north of the border of the quadrangle. 
formation dip at angles from 10° to 25° and the Westward it gradually changes to thin sbaly beds tions can not be easily determined stmtigraphic- The formation is composed of friable, blue clay 
sandstones form low concentric ridges. In the and finally disappears. The \\:hole formation in ally nor very accurately mapped. shale, with local thin heds of shelly limestone 
larger area, in the central part of the quadrnngle, the western part of the quadrangle is covered for With the exception of thin shaly sandstone and shaly calcareous sandstone in the upper part. 
the beds are generally nearly horizontal. By the most part by prairie interspel'Sed with patches layers near the center, the \Vetumka shale is The sandstone ledges outcrop in terraces around 
erosion the soft clays and shale beds are removed, of open timber land_ composed or friable, laminated clay shales. It is the slopes of the hills bordering the north side of 
leaving the sandstone capping low flat hills and The soils produced from this formation are estimated to he about 120 feet thick throughout I T .. ittle River. rrhe thin limestone occurs about 
mesas and low gently-sloping ridges with terraces generally more fertile than those of the shaly its occnrrence in the Coalgate quadrangle. 35 'feet below the top of the formation, and its 
upon the exposed ledges. strata of the lower formation in the southern part From the head of Big Creek to the Canadian outcrop is usually covered by the sandstone aud 

As a result of the broad exposures of sandstone of the quadrangle_ River Valley this shale crops in gently rolling conglomerate debris from the overlying formation. 
and shale due to the low dip of the rocks, there Benorajorrnation.-This formatiOll is composed prairie land and produces a soil more fertile than In its usual exposure 1 to 2 feet only of shaly 
are produced on their surfaces quite extensive of interstratified sandstones and sbaly beds hav- is usually found upon other formations in this limestone may be seen. At other places a bed 
stretches of hilly timber land and stiU broader ing a thickness of nearly 500 feet in the north- region. Beds near the top are exposed in many of shell breccia loosely cemented is found, repre­
areas of smooth grassy plains, corresponding eastern cornel' of tbe quadraugle. The thickness places in the escarpment beueath the sandstone senting the thin hard plates of the shelly rock. 
respectively to the sandstone and shale areas. of the formation decreases toward the southwest beds of the succeeding Wewoka formtttion. In The shales are rarely exposed. The smooth, 

ThUirman 8and8tone.-The Thurman sandstone chiefly by the thinning of the sandstone beds the western part of its occurrence the vVetumka grass-covered prairie soil, however, even in the 
represents the beginning of a marked change in until at the western border of the quadrangle it shale lies in the nearly level plain of Muddy steep slopes, bears evidence of the friable shale 
the character of the sediments which does not exceed I5() feet. The outcrop of the Boggy Creek Valley. beneath. 
were brought into the sea and spread :-h::'na:~i:tlJe formation in the northern part of the quadrangle Wewoka formation.-Above the vVetumka Strninole cOflglomemte_-About 50 feet of the 
across this region in Carboniferous :::a~\~"Of averages about 10 miles in \\ ... idth. The lower shale tbere is a succession of m~sive and, for the lower part of the Seminole conglomerate is 
time. Shales and fine sandy sediments 320 feet of the formation there is com· Thick9llnd. most part, friable sandstones and shales, seven in exposed in a small area in the north- Chertc(>n_ 

of the Boggy shale are followed by coarse pebbles posed almost entirely of sandstone f!~n:~t~o:;,- number, in alternate beds 40 to 130 feet thick. \vestern corner of the Coalgate qnad. f!~hi~~~est 
of white chert mixed with coarse quartz sand which forms a very rugged and stony blghland. These heds together are about 700 feet thick and -mngle. This part of the formation is rock exposed. 

forming the Thurman sandstone. After the depo. highland with sandstone bluffs, in places nearly are named the Wewoka formation, from the town composed of laminated or stratified subangulal' 
sition of this conglomerate, which reached a 100 feet higb, along the eastern side. This sand- of tbe same name in the 'Vewoka quadrangle to chert, with a sprinkling of qnartz pebbles from 3 
thickness of about 50 feet in the eastern half of st.one grades upward through thin sandy beds the north. The separate massive beds composing inches in diameter to small grains in a cement of 
the area now occupied by the Thurman sandRtone"! into shale strata which are approximately )60 the formation are of sufficient thickness to be fine brown and usually ferruginous sand. The 
in the Coalgate quadrangle, finer sands were feet in thickness_ mapped, but on account of the obscurity of the coarser conglomerate in the heds at the base is 
deposited until a maximum depth of more than Near tbe middle 9f the quadrangle the lower contact lineR, due to the friable nature of the loosely cemented and on weathered surfaces it 
200 feet was attained. massive sandstone becomes divided and shale beds, it is not possible to accurately distinguish breaks down into rounded bowlders and loose 

In the northeastern corner of the quadrangle beds 20 to 75 feet in thickness appear. With them. gravel. Forty to 50 feet from the base the con· 
tbe whole formation is about 250 feet thick, while this change in character the surface becomes less The lowest of the four sandstone divisions of glomerate grades into brown sandstone which 
in the western portion it does not exceed 80 feet. rugged and stony. In the western part of the the Wewoka formation is thinner, though gener- continues upward about 100 feet to the top of 
This decrease in thickness is gradual and is quadrangle the sandstone beds become quite ally harder, than the succeeding ones_ At its base the formation. The Seminole formation crops in 
accompanied by a similar change in the texture variable in thickness and in their position in the there are local indurated beds of sandy chert con· a rugged hilly country northwestward in the 
of the sandstone. The conglomerate which in formation. The outcrop of the formation here glomerate. These conglomerates are most promi- Seminole.Nation, making rough timbered lands. 
places is 50 feet thick at the east is at the west varies in ,,,idth from 1 to 4 miles depending nent near the western border of the quadrangle 
a mere ledge of pebble rock or may be entirely chiefly upon the erosion or the streams which where they form bluffs facing Boggy Creek Val­
absent. The saud stone beds in the upper part of cross it. The upper and more shaly member has ley. This group of sandstones and conglomerates 
the formation, while becoming finer and thinner in a variable thickness from 100 to 120 feet in this becomes thinner eastward and northward, so that 
texture westward, include beds of shale, a:ld near I western part. its outcrop is hardly perceptible on the border of 
the border of the quadrangle there are tlnn beds In texture tbe sandstones are generally fine the Canadian River Valley. 
of impure fossiliferous limestone. The Thurman grained and are gray or reddish brown in color. Above this sandstone and conglomerate there 
sandstone dips regularly from 60 to 100 feet per The shales, which occupy the more level land in is fossiliferous friable blue clay shale for 120 feet, 
mile northwestward throughout its occurrence in the western and northern parts of the outcrop, ending locally in thin white fossiliferous limestone. 
this quadrangle. are rarely well exposed and their original physical This sllale is exposed in many deep gulcbes 

East of Caney Boggy Creek the Thurman sand- characteristics were not satisfactorily determined. bordering the Canadian River on tbe south, and 
stone crops in a very rugged stony highland about! Bluish clay shales and brownish sandy shales outcrops in the rolling prairie land between 
5 miles in width which terminates on the east in I belonging in the upper part of the series, how- Allen and Leader. Especially good exposures 
precipitous bluffs capping an escarpment nearly ever, are exposed in tIle deeper cuttings of the may be seen in the deep ravines in NE. t of Sec. 
200 feet in height. West of Caney Boggy Creek streams which flow from the higher land of the 23, T. 5 N., R 8 R, where abundant fossil shells 
the width of the surface is from 2 to 3 miles to succeeding Culvin sandstone. weather out free and also occur in calcareous clay 
within about 6 miles of the western border of the CavlJin sand8tone.-Abo\re the Senora formation concretions. 
quadrangle where it contracts to an average of there is a deposit of masRive and thin-bedded sand- The succeeding sandstone member is about 110 
less than a mile. The surface, also, grows grad- stone with some shaly beds in the upper part feet thick. It caps the high land near the west­
ually less rugged toward the west and the south- having a thickness of 140 to 240 feet. For nearly ern border of the quadrangle, south of the Cana­
facing bluffs and escarpments become lower, and 140 feet upward from the base, the rock is a dian River and forms high bluffs surmounting 
instead of the dense forest of oak and pine upon massive but not very hard sandstone. In the the escarpments, facing eastward upon the north 
the formation as in the east there is a diversified northern part of its occurrence this lower and side of the river. Its beds are massive and friable, 
prairie and timber land. more massl\'e member of the formation cropR in breaking down readily into loose sand and weath· 

Stuart shale.-There is a gradual transition the steep hillsides and bluffs overlooking the ering into rounded ledges. 
upward from the Thurman sandstone through more level Senora formation toward the east. In Above this sandstone, and near the middle of 
thin beds of sha]y sandstone and shale interstrati. the southern part of its outcrop the lower sandy the formation, there is a soft fossiliferous blue 
fied into the Stuart shale. This formation has a member becomes shaIy, and even the massive beds clay shale nearly 130 feet thick. This 
thickness of about 275 feet in the northeastern which occur are more friable than the same depos- shale is remarkable for the abundant dance of 

and central parts of its exposure and about 100 its in the northern part of the quadrangle. Near and perfectly preserved fossil shells ~~:;~rfuS' 
feet in its western part_ It is composed of three the middle of this lower sandstone which it contains. Its full section is 
members, an upper and a lower one of shale sepa. member, west o~ Sand Creek, there is ~i!r£!:~d~. exposed on the Memphis and Choctaw Hailroad, 
rated by a variable sandstone 10 to 50 feet thick. a shaly and slIghtly calcareous bed 2 miles north of the mouth of Little River. Above 
In the central part of the rJuadrangle a tbin sand- which contains iron in the form of hematite. this thick shale there is a saudl:\tone 60 feet thick, 
stone and chert conglomerate lentil occurs in the On account of the brigbt-red . color of the iron which is succeeded by 45 feet of shale. Next 
lower shale member_ This lower member of the upon weathering this bed is a marked feature of above comes the highest sandstone member of the 
formation has a nearly constant thickness of the formation. formation, which is estimated to be about 100 
about 120 feet frem the northeastern corner of The upper part of the Calvin sandstone is least feet in thickness. The uppermost beds of this 
the quadraugle southwestward to within 10 miles shaly in the northern part of the area, and many sandstone are shaly and culminate in a shelly 
of the western border where it begins to contract, of the beds are hard and weather into slabs and sandy limestone. TLese uppermost strata of the 
and at the western border probably does not hard plates. The upper 90 to 100 feet of the Wewoka formation are concealed fOl' the most 
exceed 50 feet. It is composed cbiefly of bluish formation here contains two, and in places more, part in the valley of Little Ri\Ter, across the TlOrth· 
and black laminated clays. It crops in a level shaly beds 10 to 20 feet in thickness. The sand- west corner of the quadrangle. 
and rolling tract of prairie land which borders stone beds of this upper portion decreas-e south· On account of the friable nature of the sand­
the timber belt of the Thurman sandstone on the westward from 40 feet in thickness to thin layers stone, fine loose sand derived from it is spread 
east.. 'I.'he upper member of this formation is interstratified with shales. over the whole surface of the formation north of 

NEOCENE. 

In many places in this region, and at various 
altitudes from the hilltops down to the present 
stream valleys, there is a scattered ~ttered 
deposit of coarsf'.., hard, well-roullded :~:,:!tof 
pebbles, 1 to 4 inches in diameter. pebbles. 

They are composed chiefly of quartz and quartz· 
ite, and many have become rough or pitted upon 
the surface and are partly disintegrated through 
long exposure. These pebbles are found here 
upon the eroded edges of Carboniferous rocks, 
and 20 miles south upon Cretaceous rocks. '1'hey 
are too thinly spread over the surface to be map· 
ped, and it is not believed that they now occupy 
the position of their original deposits, since they 
occur as ahundantly on the low land as on the 
high. The age of these pebhles is problematieal. 
Some of them at least are of much later age than 
the Cretaceous, and others are as old or older 
than the Guertie sand, a well-defined deposit of 
Neocene or more recent age. 

Gue1,ti.e 8(Ind.-At some remote time, yet of 
reeent geologic age, a river flowed across the 
Coalgate qnadrangle in a southeasterly direction 
from where Canadian' River now enters it at the 
western side. The river at that time flowed about 
100 feet above the present level of R.emnantsof 

Canadian River, and the remnants of :~;;?'r~Vclnd 
the deposit of sand and gravel have an deposit. 

extreme thickness of about 50 feet and a width 
of nearly 3 miles. The plain of the old river 
channel has an even grade eastward of about 4 
feet per mile. This plain is practically parallel 
with the present grade of Canadian River. rl'he 
sand, like that of the present Canadian, is spread 
e\Tenly over the edges of older rocks, hard and 
soft alike. 

It is evid({nt that Canadian River once occupied 
this old channel. Since the change to its present 
course the streams upon the sonth that flow into 
Red River have migrated north ward, capturing 
the larger nart of the old channel. Caney Boggy, 
Panther, and Sand creeks may be noted as 
instances of streams which have migrated north. 
ward, the source of Caney Boggy being at pr~sent 



10 iniles north of the old river channel. 'l'hese 
streams have also eroded their valleys nearly 100 
feet below the level of the Guertie sand. 

The upper part of the Guertie sand is composed 
of very fine yellow sand or siliceous silt, resem­
bling very much the sand DOW being transported 
and deposited by Canadian River. Near the 
borders of the old channel, which probably were 
covered by water only in times of flood, the 
deposit is usually thin and is entirely of fine 
material. Generally the sand becomes coarse 
downward, ending in gravel at the base. In 
many places the :finer sediments have been waf:lhed 
away, leaving beds of coarse grave] and thin 
mantles of pebbles. In places the deposit is of 
even texture; in other places it grades gradually 
from fine to coarse materials; and in still other 
places especially noted in well sections, there are 
alternate strata of bluish, red, and yellow clay, 
silt, and sand, usually ending at the base in quick­
sand or graveL 

The sand is composed of fine white quartz 
which is usually more or less mixed with yellow 
silt. The pebbles of the gravel are well rounded 
and smooth, varying in size from that of a hen's 
egg to a sand grain_ They are composed of 
quartz, quartzite, jasper, and chert, and vary in 
color from white to yellow, red, and black. Very 
little material from the country rock, such as 
limestone, shale, and sandstone, was found mixed 
with the gravel. 

The gravel, where of considerable thickness, 
and the purer sands are usually covered by forest, 
and the finer silts and clays by prairie 01' open 
rorest. 

pLJ<JIS'rOCENE_ 

River sand.-All the large creeks and rivers 
in the Coalgate quadrangle deposit sediments in 
their flat valleys during times of flood_ Vlitl 
the exception of Canadian River these streams 
collect their sediments from the soil of the region, 
aud when laid down it is in the form of fine Rand 
and clay silts. These silts are generally thin and 
blend with the residual clay soils of the bed rock, 
and are not of sufficient importance to be mapped. 

rroward its source Canadian River flows across 
late Carboniferous and younger formation~ in the 
plains or Oklahoma, north Texas, and New Mexico, 
from which it derives large quantities of fine san.d. 
The amount of this sand brought down has been 
more than it could carry, and, as a result, its chan­
nel, in the region of the Coalgate quadrangle, is 
choked and filled to a depth of nearly 40 feet, so 
that at no place doe.s the river touch the country 
rock. An estimate of the depth of the sand was 
obtained from excavations made for bridge piers 
at Calvin, where the Canadian crosses the Oalvin 
sandstone, it'£! greatest barrier in this region_ All 
of the material at present brought down by the 
river is composed of fine yellow sand and silt and 
chocolate-colored clays. 

STRUOTURE OF THE ROOKS. 

All stratified rocks, especially those of broad 
extent, were laid down in nearly horizontal posi­
tions beneath the water. Their elevation into 
land and their tilting, folding, and breaking are 
due to forces of deformation within the earth_ 
Simple tilting of the strata in one direction is 
termed monoclinal folding; bendings upward into 
arches and domes and bendings downward into 
troughs and basins are termed anticlines and syn­
clines, respectively. When the strata are broken 
and displaced they are said to be faulted. All 
these kinds of deformation have affected the rocks 
of the Ooalgate quadrangle, and occurred during 
the Carboniferous period and immediately after_ 

STRUCTURE SECTIONS_ 

The folding and faulting which occur in this 
district are graphically shown on the Structure 
Section sheet. The sections represent the earth 
cut vertically along the lines above the sections to 
a depth of 2500 feet below the level of the sea, the 
face of the cut being presented to view. By 
taking the McAlester formation as it is shown in 
each section, a fair idea of the folding may be 
obtained, except that in the very greatly folded 
area in the southeast corner of the quadrangle_ 

In section A-A the McAlester is not exposed 
Coalgate. 

at the surface, but the anticlinal uplift at the 
southeastern end of the section brings it to the 
surface to the west_ In section B-B the top of 
the formation, could it be restored, would be 1000 
feet above the present level of the land in the 
valley of Coal Creek and probably 3000 feet 
above the surface at the great fault near the 
southeastern end of the section_ Southeast of 
this fault the section shows steeply inclined and 
faulted strata which occur below the McAlester 
formation and "iThich have been thrust upward 
and forward to the northwest_ In a similar way 
the southern end of section C-C shows an uplift 
which strongly tilts the McAlester shale and 
associated formations_ This structure is part of 
an uplift of peculiar folding and faulting, in 
which the Arbuckle ':\fountains to the southwest 
are involved, and is' but imperfectly represented 
in this quadrangle. 

All the structure sections show the northern 
two-thirds of the quadrangle with evenly inclined 
strata dipping at a very low angle toward the 
northwest. 

STRUCTURAL PltOVINCES. 

The rocks of the Coa1gate quadrangle have 
been affected by forces producing four distinct 
forms of folded structure occupying separate 
areas_ rrhese areas are but small parts of struc­
tural provinces which extend· toward the north, 
east, and west, and which coincide practically 
with the geographic provinces referred to under 
the heading" General relations." In this discus­
sion it will be convenient to use the same titles 
appEed there_ 

This upl1ft is limited on the north by the bor­
der of the Ouachita Range, which extends through 
southwestern Arkansas and southeastern Indian 
Tel'l'itory to the vicinity of Atoka_ The folds in 
the central portion of the range, both in Arkansas 
and in eastern Indian Territory, bear nearly east 
and west. Near the western end of the uplift 
the folds, both large and small, cUt've gradually 
from east-west to north-south until they are lost 
beneath a covering or nearly flat Cretaceous sedi­
ments. The southern portion of the range is 
worn down and concealed by these Cretaceous 
deposits. The northern half of the uplift in 
Indian Territory contains a great number of over­
lapping, nearly parallel, DaITOW folds which have 
been formed by northward and westward thrusts 
and in many instances have been overturned and 
broken_ 

The northern part of this much folded",belt of 
the Ouachita uplift crosses the southeast corner 
of the Ooalgate quadrangle, and bears southwest­
ward. In Indian Territory this greatly folded 
belt is limited on the north abruptly TheChoctaw 

and definitely by a very extensive fault_ 

fault. This great displacement, to be referred to 
as the Choctaw fault, separates the more gently 
folded northwestward-dipping rocks on the north­
western side from the older, overthrnst, south. 
eastward-dipping rocks on the southeastern side_ 

The "Wapanucka limestone, which crops in 
Limestone Ridge, is theJsouth limb of an anticli­
nal fold, of which the north limb is cut off by the 
fault_ '1'he same limestone occurs in the McAles­
ter quadrangle, to the east, in many folds similarly 
broken by faults_ At the southern end of Lime. 
s.tone Ridge the limestone is cut off by an east­
ward trend of the fault and is not exposed south 
of this locality. 

The Chickachoc chert lentil and associated 
strata of the Atoka formation southeast or the 
limestone ridge have been compressed into many 
narrow, parallel folds, overturned toward the 
northwest, and overthrust by faulting so that all 
the rocks dip steeply toward the southeast. These 
folds are cut off toward the southwest by the 
Choctaw fault, and the combined forces which 
operated at the intersection of these structures 
have crumpled the rocks into many peculiar 
structural forms. 

The western part of this uplift is coincident 
with the Arbuckle Mountains. The rocks or the 
eastern part have been worn down to the Creta­
ceous base-level, and are in part"concealed at the 
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southeastern border by nearly flat Cretaceous 
deposits_ 

During early Carboniferous time the region of 
the Arbuckle Mountains remained at a low level 
and may have been covered by the sea. At the 
beginning of the Coal Measures epoch the west­
ern part of the district was apparently uplifted 
into a mountainous country from which the 
streams, flowing into the sea, brought great quan­
tities of limestone debris, which formed limestone 
conglomerates along the :qorthern and southern 
sides of the uplift west of the Coalgate quad­
rangle. 

At this time the Wapanucka limestone and 
many sllcceeding beds were formed_ A short 
time after the close of the Oarboniferous period 
the whole Arbuckle region was elevated, and 
thousands of feet of Carboniferous rock as well 
as the central mass of older limestone aud granite 
which are now 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 and older 
rocks, dip steeply away. The central part of the 
uplift is composed of several broad, shallow folds_ 
The anticlines, wherein are exposed a great thick­
ness of massive lower Silurian lime- Normaldrop 

stone, are generally unbroken; while !b~I~~g;~kle 
the younger, softer, and thinner rocks region. 

in the intervening synclines have been crumpled 
into many small folds. These have been subse­
quently broken and displaced by tension or 
normal faults_ 

The northern limb of one of these anticlines 
passes across the southwest corner of the quad­
rangle. The fault which extends along the 
northern side or this fold enters the quadrangle 
in Goose Creek Valley and dies out eastward in 
the Coal Measures shale_ The rocks on the north 
are thrown downward, so that the sandstone and 
shale bedB at the base of the Atoka formation 
upon the southern side end against the fault, 
while the shales near the top of the formation 
upon the northern side extend parallel with the 
fault. The wavy outcrop or the -Wapanucka 
limestone in the southwest corner is due to small 
local, steeply pitching folds or wrinkles in the 
side of the broader anticline_ 

Another fault of the same nature as the one 
just described, 5 miles rarther south, yet upon the 
northern limb of the same broad anticline, enters 
the quadrangle at the southern border, in Clear 
Boggy Creek Valley_ This fault, with other small 
associated faults, bears northeastward toward 
Coalgate and dies ont in the strike of the rocks_ 
The northern limb of this anticline, which strikes 
eastward at the southern -border of the quad­
rangle, coalesces with the northern limb of the 
Coalgate anticline which bears toward the north­
east from this point. 

The structure of the Arkansas Valley region is 
a direct northward continuation of the Ouachita 
uplift, but the folds are generally fiatter, having 
received in a less degree the force of deformation_ 
In Arkansas and eastern Indian Territory there 
is a gradual change northward from the over­
thrust broken folds into the more symmetrical 
structures or the Arkansas Valley region. In the 
western part of the Ouachita uplift, as has been 
stated and as may be seen in a marked degree in 
this quadrangle, there is an abrupt change from 
the narrow, overturned, and broken folds to the 
wide, fiat, and more symmetrical structure_ 

The folding of the Arkansas Valley region 
in eastern Indian Territory decreases gradually 
into the very slightly undulating structure of 
the immediate valley of the Arkansas River. 
Thus, beginning at the north, the folds gradually 
decrease in intensity westward and merge, one 
after the other, into the monoclinal structure of 
the Prairie Plains. 

The Savanna anticline is one of the last of 
this series and is the northernmost fold in the 
quadrangle_ It crosses the east central Savanna 

part of the quadrangle and then bears antlcline_ 

northeastward across the McAlester quadrangle 
and joins the McAlester anticline in the vicinity 
of Alderson_ In the Coalgate quadrangle it 
pitches east and west from a dome·like uplift 

near its· western end, and the' Tocks -on the north­
ern side have much steeper dips than on the 
southern side. This arch flattens out in Oariey 
Boggy Valley and disappears near the middle of 
the quadrangle in the monoclinal dip to the north­
west_ 

From a wide, indistinct fold at the southern 
border of the quadrangle the Coalgate anticline 
contracts and pitches toward Coalgate Coalgate 

and then rises heyond in an elongated antlcline_ 

dome-like arch in Coal Oreek Valley. Beyond 
Ooal Creek it pitches rapidly northeastward for 2 
miles and then the axial portion becomes nearly . 
level and continues so to near the end of the fold, 
where it is lost in the south limb of the Kiowa 
syncline in the McAlester quadrangle. The rocks 
on the northern side of this arch also have steeper 
dip than on the southern side_ This is especially 
the case west of Coal Creek. 

The Kiowa syncline, which, within the Ooal­
gate quadrangle, lies between the Savanna and 
Coalgate anticlines, bears eastward KlowasYDm 

~cross the McAlester quadrangle for cline_ 

30 miles. Beyond Kiowa the basin first grows 
deep and broad and then contracts and becomes 
flat, ending at the east in the form of a spoon in 
the Hartshorne basin_ At the border of the Coal­
gate quadrangle the syncline is narrow- and shal­
low. Westward it becomes broader and still 
shallower until it L"I lost in the undulating but 
gently northward-dipping rocks, north of -Coal­
gate_ 

The Lehigh basin or syncline lies between the 
Coalgate anticline and the Choctaw fault. I~ike 

the Ooalgate fold, its eastern end begins Lehigh syn m 

in the Routhern limb of the Kiowa syn- dine. 

cline, a few miles east of the quadrangle_ It is 
unsymmetrical, the rocks on the southeastern side 
having been steeply upturned by the northwest­
ward thrusts accompanying the adjoining fault. 
From the northeastern end to a point east of 
Coalgate it is narrow and shallow_ Southward it 
becomes very much broader, changes its course 
from southwest to south, and pitches downward, 
making a deep oval basin which ends in the vicin­
ity of Atoka, 8 miles south of the quadrangle_ 

The rocks of the coal-bearing ~fcAlester shale 
on the eastern side of this basin dip at angles of 
50° to 80°, while on the western side the dip 
does not exceed 5°_ The beds at the top of this 
formation on the western side when followed 
downward are found to increase in dip to nearly 
15° within 2 miles and then gradually to decrease, 
finally reaching a horizontal pOiiJition at the center 
of the basin. 

As each successive fold of the Arkansas Valley 
type comes to an end at the western border of 
the Arkansas Valley Region, it gradually changes 
from an anticline or syncline, as the case may be 
to a northwestward-dipping monocline_ This 
border of transition from folded to northwestward­
dipping rocks is the southeastern limit of the 
Prairie Plains structure, which continues with 
slightly varying inclination across Oklahoma aud 
Kansas to the eastern uplifts of the Rocky Moun­
tains. 

The monoclinal structure then, in the northern 
half of the Coalgate quadrangle, is a small part of 
the southern border of a great province of similar 
strncture_ Beginning with the Thurman sand­
stone, the succeeding rormations incline toward 
the northwest at an even dip or grade of nearly 
100 feet per mile. The formations shown on the 
map are the exposed edges of these inclined 
strata. 

MINERAL RESOURCES. 

The mineral resources of this region are coal, 
limestone, sandstone, and clay. The coal is the 
only product that has been developed to any con­
siderable extent. 1'he limestone and sandstone 
have received less attention, and the clays none 
at all. In a region generally undeveloped, -as 
this is, and under such civil conditions as have 
existed in Indian Territory, it is probable that no 
mineral product would be developed except under 
assnrances of considerable profit_ 

All of the deposits of economic value in :this 
region are stratified and may be definitely located 



in the formations which are outlined on the map. 
Those formations which contain the most profit­
able beds of coal, limestone, and sandstone are 
emphasized on the economic sheet. Nothing very 
deJinite is known of the qualities of the clays. 
Special tests are required to determine whether & 

clay will produce :fire brick, for instance, or may 
be serviceable in the manufacture of cement, or is 
suitable for other purposes to which clays are 
adapted. Clays occur in most of these formations 
in great quantity, and it is deemed important to 
point ont their occurrence and condition of struc­
ture, so that in the future those who wish may 
investigate them to the best ad vantage. 

OOAL. 

There are two beds of coal of workable thick· 
ness both of which are in the McAlester shale. 
One occurs very near the base and the other about 
250 feet below the top of the formation. 

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 coal occu· 
pies the same stratigraphic position as 
the Hartshorne coal which is worked proIIabJe 

extensively in the eastern part of the :t1=r~ of 

Choctaw N &tion. It has been worked 
in this vicinity at what is known locally as the 
Hickory Hill mine, wllich is near the south end of 
the Lehigh Basin, 9 mile •• outh of Coalgate. The 
coal at this mine dips to the northeast about 50. 
It has been prospected at many places east and 
west of the mine in the southeastern part of the 
basin. Coal at this horizon crops on the south 
.ide of Clear Boggy and Goooe Creek valley. and 
has been prospected at Oconee and a number of 
other places. The dip of the coal and "BOciated 
rocks is about 70 northward. In the southeastern 
part of the quadrangle the rock. at this coal hori· 
zon dip 600 to 800 to the northwest, but the coal 
is not known to occur here. If it should be found, 
however, it probably could not be successfully or 
profitably mined on account of the .teep dip of 
the rock and the swampy condition of the land. 

The coal as it occurs at the Hickory Hill mine, 
now being worked by .Ioping down 600 feet, is 
laminated and breaks in mining into Hickory HID 

cuboidal blocks. In the joints of the .. IDe. 

coal and in places in the Iaminm there are thin 
filaments of iron sulphide, and near the sur-
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face there is sulphate of lime. The CO& i~ 
highly bituminous and is used chie~y for steam 
purposes. 

The upper coal in the McAI .. ter .hale is known 
locally .. the Lehigh bed on account of ito moot 
extensive development a.t the town of Lehlgll coal 

Lehigh, 8 mile •• outh of Phillips. This .... 
coal runs regularly about '3* feet in thickness and 
is without shale partings, as far as known. It is 
not known in the southwestern part of the quad. 
rangle because its crop occurs in the swamps of 
Cle .. Boggy and Goo.e Creek valley.. It crops 
in Coal Creek, 2 miles west of the border of the 
quadrangle, but the full thickne .. of the coal w .. 
t;Lot exposed. 

In the BOuth ... tern part of the quadrangle 
rocks at the horizon of the Lehigh coal crop in 
the hill .Iop .. facing North Boggy Creek and dip 
to the northwest 150 to 400 • The coal has not 
been prospected and its condition is not known. 
The dip increases to 600 at the southern border 
of the quadrangle, and so continues throughout 
the ... tern side of the Lehigh Basin. On the 
western side of the basin the coal is well disposed 
structurally, dipping to the east about 40 • It is 
actively mined at Lehigh, Phillips, and Coalgate. 
It pitches eastward -beneath the surface in the 
center of the arch at Coalgate, but rises again in 
about a mile. From the vicinity' of Coalgate 
eastward the dip of the coal on the southern side 
of the arch is 100 to 150 , while on the northern 
side it is much steeper. No mining has been done 
e .. t of Boggy Creek. From Coalgate .outhwe.j;. 
ward to Clear Boggy Creek the coal dips toward 
the northwest at about 25°. It is not known 
whether the coal occurs in the small area of the 
formation exposed in the dome·like uplift in the 
east.central part of the quadrangle. It is believed, 
however, that the coal should crov in the cen· 
tral part of thi. area. 

In phy.ical appearance the Lehigh coal i. 
laminated and breaks in mining into good.s~ed 
cubical blockB. Thin filaments of iron 
sulphide and SUlphate of lime occur f:e-="of 
occasionally in the joints of the coal. ~oaI. 
It is highly bituminous, the percentage. of the 
fuel constituents of the coal being carbon 41.12 
and volatile combu.tible matter 41.61. . There 
i. 18.7 per cent of aoh 4.5 and per cent of sulphur. 
The .. re.ulto are from an analyois of the coal 

from shaft No.5, at Lehigh, about 200 feet 
beneath the Burface. 

Coal of workable thickness in the Savanna for· 
mation is reported. in the vicinity of Nixon by 
prospector~, but it'h&EI never been opened, neither 
h .. ito quality been tested. 

LIMESTONE. 

The Wapanucka limestone is the only forma­
tion in this quadrangle Mntaining lime of any 
importance. The formation crops in limestone 
ridges from the·southeast corner of the quadrangle 
northeastward across the ::McAlester quadrangle 
and from the southwest corner southeastward 
nearly to the center of the Atoka quadrangle. It 
occurs in ample abundance for any purpose to 
which it may be applied. The bed. of purer 
limestone occur in the upper. part of the forma­
tion, and these may he utilized in the manufac­
ture of lime. These beds are rather hard, and 
they may be found in· dimensions which render 
them economically workable for foundations, 
bridge pier., and for general building pnrpooes. 
The middle and lower beds contain chert and are 
interstratified with chert and Bandy layers, and 
they may be· uood profitably for road materisI. 
The Missouri, Kansaa and Texas Railroad has 
established a crushing plant at Chickachoc switch, 
'near the eastern border of the quadrangle, and 
bas- utilized the limestone and chert very exten· 
oively for ito road ball .. t. The lime.tone bed. 
which occur locally in the Savanna, Wewoka, and 
Holdenville formations are too thin to be profit­
ably utilized. 

SANDSTONE. 

Beds of sandstone occur in the Savanna, Boggy, 
Thurman, ..senora, and Calvin formations which 
may be serviceable in many ways as building 
material.. Many of the beds, and e.pecially 
80me of thOBe of the upper part of the Savanna 
formation, produce excellent building stone. 
The color of the Savanna stone is yellowish or 
reddish brown, and the beds are evenly stratified 
and moderately hard. Thi. .tone i. quarried 
.uccesafully in large quantiti .. for dwelling and 
business houses in South McAlester, in the 
adjoining qnadrangle, where the MiBBOuri, Kan· 
S&8 and Texas Railroad crosses the formation. 
The thinner and harder beds in thi. and the 

Boggy formation will .. rva .. paving material .. 
The Thurman, Senora, and Calvin formations, 
especially in their northern parts, contain Btone 
which. may be utilized for various building pur· 
poses. Certain sandstone strata in the central 
part Qf the Stuart formation. also may contain 
beds of workable stone. In the southern and 
western part~ of the outcrop of these formations 
the sandstones are generally softer, the sand grains 
which compose them being leas strongly cemented 
together. All of the .andstone bed. referred to 
are fine grained, and yellowish or reddish brown 
in color. The cementing material which binds 
the sand is composed either of silica. or of silica 
and oxide of iron togather. In the lighter-colored 
stones the cement is chiefly silica, while in the 
darker it is in large part an iron oxide. Both are 
very durable in color .. well ... trength. 

OLAY. 

Clay and .hale are the mo.t abundant of the 
three great classes of rocks which occur in this 
region. They are found in thin strata and of 
local extent in the Wapanucka limestone, Harts· 
home sandstone, I Thurman sandstone, Calvin 
sandstone, and G,ertie sand. In all the otheF 
formations, excep. the Seminole conglomerate, 
bed. of clay an!! clay .hale occur in great 
abundance. These vary in quality from very 
sandy strata to purer varietiea of finely laminated 
clays. 

A.ooeiated with coaIs, usually at their lower 
contact, are beds of almost Btructureless blue 
clay. Th ... beds are not generally thick, but the 
clay may prove valuable in the manufacture of 
firebrick. These and other clay. lIBSOCiated with 
the coalo may be utilized more economically than 
othoro beeeu .. of their proximity to fuel. 

The clay .hal .. vary in bardne.. usually with 
the amount of sand and other impurities contained 
in them. The more impure varieties are almost 
stony in hardness, while the purer kinds are 
friable and upen Blight· weathering are often 
pl .. tic. 

The structure of the formations in which the 
elays occur has been sufficiently explained, it is 
believed, to .how where they may be profitably 
exploited. 

• March, 1901. 
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FORMATION NAME. 

Boggy shale. 

~ BavlIJllla sandstone. 
uJ 
"-
Z 
g 
~ 

McAlester shale. 

Atoka formation. 

(Chicka.choe ehert lentil.) 

Caney shale. 

COLUMNAR 
BECTION. 

1000 

3100 

800+ 

C!DllLUMlNIAfJ. SEC1'R1Ol1NI SHEET 

CHARACTER OF RO~KS. 

Thick-bedded sandstone and shale. 

Blue and black shale and sandstone of variable thicknesa, with numerous beds of coal, 
two of which are workable. 

Clay shale, sandy shale, and sandswne, generally thin bedded and friable in the west­
ern part. 

Blue ana black shale with dark-blue limestone segregations. 

CHARACTER OF TOPOGRAPHY AND BOIL. 

Low, parallel, wooded ridges and narrow, glady valleys. 
Soil genel'aJly poor and stony. 

Rolling and level prairie lands with few low parallel ridges. 
Moderately fertile sandy loam on slopes, sandy clay meadow land in flats, and stony 

barrens on the crests of ridges. 

Level rolling prairie with few low ridges and hills, usually wooded. 
Moderately fertile Sandy loam and close clay soil; thin and poor on steep slopes and 

often stony on hilltops. 

Nearly level plain. 
Fertile dark (llay soil. 

JOSEPH A. TAFF, 
Geologist. 
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