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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 div1. 

map of the United States, which necessitates the I contou.l's are continuous honzolltal1ines conform-I the sides and corners of each sheet the nallles of sian, so that it splits in one direction. more easily 
preparation of a topographic base map. The iug to the surface of the ground, thefT wind adja;ent s~eets) if pU.blish:d, are pl'int~~. . I t!J:m in others. Thus. a grani~e llla~~ pa.sg luto a 
two are heing issued together in the forIll of an smoothly about smooth sllrfaces, recede mto all USC8 oj tlu: topollmpltrG shed. - ". Itllll the. and from that mto a lllwa·sclmt. 
atlas, the parts of which are called folios. Each reentrant angles of ravines, aud project in passing limits of Rcale the topographic sheet is an accunde I l'ocft:s.-These compri;,;c all l'(wkR 
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 small 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 fO]"lll a ,'e]"y large 
with explanatory and descriptive texts. be traced in the lIlap and sketch. mg the landscape, Itlap III hand, e\'ery character· part the dry land. 

3. Contours show the approximate grade of istic feature uf sufficient magnitude should be, 'Vhen the materials of which sedimentary rocks 
'1'111£ TOPOGRAPHIC MAP. any sloVe. The vertical space between t"vo con- recognizable. It should guiue the tmveler; 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 along a cliff: the iuyestor or ovmer \\·ho uesires to a1:icel'tain the water and deposited as gravel, saud, 01' lIl!1Ci, the 
map are of three distinct kinds: (1) inequalities or on a gentle slope; but to rise a given height I position and surl'uulldings of prop~rty to be deposit is called a mechanical sedilllellt. 'Ihest' 
of surface, called pellet; as plains) plateaus, valleys) on a gentle slope one must go farther thall on a IIJ0ught or sold; save the engineer prelimiIlary may become hardened into eonglomerato, sand
hills, and mouJltains; (2) distribution of water) steep slope, and therefore contourt> are far apart surveys in locating roads, railways, and irrigation stone) or shale. ",Yhen the material i~ cal'1'ieo. ill 
calle(l afo! streamR, lakes, and swamps; . on gentle slopes and. neal' together on steep ones. (litcheR; provide educational material f('l'schools solution by the water aHd is deposited without. 
(3) the. of man, calle. d .CUltu,1':) as roads) I For a ~at ot' g~ntly unduhtting co.-untry a sru~ll and homes; and Rene many of the put'poses of It ~.he aid ~f life,Jt is call~d a, c~ern~ca~ sediment; 
l'1lilJ"oa.d", boundaries, villages) and CItIes. contour mtervalls used; for a steep or mountam· Illap fo!' loeal reference. If deposIted WIth the aId of hfe, It Hl called an 

Relier-All eJeyations are measured from mean ous country a large inteTTal is llecessary. The THE GEOLOGIC l\-TAP. organic sediment. The more important rocks 
sea.leyel. The heightf; of many points are aceu- ! smallest intenal LLsed on the atlas sheets of the formed from chemical and organie deIJosits 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, gypSUlll) salt, iron ore, peat, 
important tLre given on the map in figures. ~ regions like the }iississippi de1tlt and the Dismal colot'~ 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:vfl,tion of 1 t-:hyalll~l. In mappingw'eat mountaillmas~ef'l,like, base map, the distl'ibutiun of rock for'lllatIOns.on lllenta,l):c deposits ~ay be 8epar:~tely f~lrmed, ~ll' 
all parts of tl~e area mapped, to uelweate the , thos~ 1Il ColOl:ado, th~ ~lltel'yal n~ay be 200 feet. I the FlUrfaee of ~he earth, and the str~tcture.sechon the drfierent mate~lals lllay he l?tel'lll:llgied m 
horizulltal outlIne, 01' cOlltour, of all slopes, aJHl to i For mtermedmte l'eltef contolll' Intervals of 10, Hlap shows theIl' undergrounu relatIOns, as fur as lllally ,\'ays, prodUCIng u great varwty of rocks. 
indicate t.heir gmile or degree of steepness. This 120, 2i\ :":i0, and 100 feet are used. known) and ill f;llCh detail as the scale pt'l'ITritf'l. Sedimentary rocks are usually made IIp of 
is done hy linef; connecting points of equal ele\Ta· J)J'(tin({[!e.--\Vatercourses are illdicated hy blue KINDS OF ROCKS layers 01' heds which can be easily sepa.rated. 
tioll aboye merlll sea-level, the lines being drawn i lines. If the stream flmvs the year round the These layers are called 8tl'aia. Rocks depll,sited 
at reg lll.H.1' \'ertical inte]'val~.. These. lines are I line is drawn unbl'Oken) .but ~f the dw,nuel is dl'Y Rocks are of many kinds. The OI'iginal crust in rSllccess~ve.layers are sai~ to he stratifi~J 
cuJle(l coutou}'s, and the umform vertICal a part of the year the hne IS broken 01' uotted. of the eal'th was probably composed of rhe sUlface of the earth IS not fixed, as lt seems 
between eaeh two eontollJ'S is called the " \Vherc a stt'eam sinks a.nd reappears at the sur· and all other rocks have been to be; it very slowly rises 01' sinks (H'er wide 
-interIHtl. Contour" aud elevations are printed in I face, the supposed underground course is shown them one ,,:ay or a~lOther. ,i e~panses, and as it rises or suhsidesthe s~~re-lines 
brown. by It broken blue line. Lakes, marshes, and other Atmosphenc agenCIes gradually break up tgne· of the ocean are chitIlged: areas of deposilIOn may 

The manner ill whICh contours express eleya- J bodies of water are also sho\vn in hlue) by appro- ollsl'Ocks,fol'lllingsuperficial,orK,u'fidal,deposits rise ahove the ,vater and become land areas) alld 
tion, fo]"]]]) and grade i" Hhown in the following ~I priate conventional signR. of sand, and gravel. Deposits of this class land areHS may sink below the water alld become 
sketell alld cOl'l'espolJ(lillg eontour map: Outtu,!'e.-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 boundarIes of he:-;t geologIC tane. lhrough the transportlllg gradually to smk a thousand feet tbe sea would 
tov\I'nships, counties, and States) and artificial agencies of streams the surficial materials of all flow oyer the Atlantic coast and the ::Uississippi 
details, are printed in black. ages Iltld origins are carried to the sea) where, und Ohio valleys froIll 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 :Mountains would 
ing Alaska) iH about 1\025,000 square miles. On action~ of the waves OIl the eoast) they form ~e(Ii- ,become an al'ch~felago., and .the ocean's ,shore 
a. map with the. scale or 1 mile. to the inch this mentm'y I'ocks. These are 11sllally h.ardened mtn I would traverse \\I,sconsm, Iowa, and ~ansas, .. and 
would covel' 3,025)000 square inches, and to conglomerate) sa~ustone, shal.e) and hme-ston.e, but extend ~hence to Iexas. l\[ore exte~slve changes 

I 

accommodate it the paperd. imensions. WOUl.d need they may remaIn uncollsohdateu an.'.l strll be, than thIS have repeatedly OCCUlTed m the .pa,..,t. 
to be auout 240 by 180 feet. Each square mile callecl "rocks 11 by the geologist, though popularly The chamcter ~f the original s~dime,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 or map surface, and (lne lineal' mile ]irom tIme. to tllne HI geologIC hI~tOJ'y Igne- pr~duce meta~orphlc rocks .. In t~e metamor
on the ground woulJ be represented by a lineal' OilS. and sedI~entary rock~ lliwe .been deeply phlsm .of a sedlm~ntary rock, Just as III the meta~ 

: inch on the map. This relation bet\veen distance bUrled, consolIdated, and raIsed agalll aboye the morplllsm of an Igneous roek, the ,m bstallces of 

I 
in nature and corresponding distance on the lllap sllrface of. the water. In these processes, thro~gh \~:hic~ it is compoHed lllayenter into new com· 
is called the scale of the map. In this case it is" 1 the agenCIes or pressnre, moYement, and chemICal hmatlOns, or lleVv~ substances may he added. 

I mile to an ineh." The scale may be expressed also action, they are often greatly altered, an(l in this ",Vhen these processes are complete the sedimen-

I 
by a fraction) of whieh the numerator is a length condition they are ~~alled metanWI1Jkic 'l'~ck..'" tary rock becomes crystalline., t\u~~h changes 
on the map and the denominator the coJ"t'espond- If/JUons '/'o('k.".~rhese are l'()(:ks. wbwh lmye transform sandsto.~e to quartZIte, hmest~llle to 
ing length in nature expl'e:~sed in the same unit. couled and consol~dated fr?IIl a hqllld state. As ma~'ble, and. r~odrfy other rocks accord~ll¥. to 

}'ig, l.-ld~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 exp]aI~e~, s~dlmentaJ'y roc~s were then' eO~llposltlOn. A system ?f parallel dlnslOn 
sCflle "1 mile to an inch" is expresRed hy deposlted on the (l1'lglllaligneous rocks. lhrough planes IR often produced, whlCh may cross the 

The sketch represents a river valley hetween Both of these methods are used on the maps the igneollR and sedimentary rocks of an ageR original beds or strata at any angle. Rocks 
two hills. In the foreground is the sea) with a bay the Geological Survey. molten ma.terial has from time to time been forced divided by such planes are called slates 01' Sdlists. 
whieh is partly cloRed by.a hooked snnd·bar. On Th,'ee scales are used upwaru to or near the surfaee) and there con-I Rocks of any period of the earth's histOl'Y nwy 
eaeh :-.ide of the valley IS a terrace. From the the Geological Survey; the srnltllest is solidated. vVhen the ehannels or vents iIltn be more or less altered, hut the younger forma-
terraee Oil the right a hill rises gradul111y, -while intermediate W;oo6' and the largest which this molten ma.terial is forced do not tionR have generally escaped lllllrke<1 metamor· 
from that on the left the grollnd ascends Rteeply correspond approximately to 4 miles, reach the surface, it either consolidates in cracks ~ phism, and the oldest sediments known, though 
iu It precipiee. Contrasted ,vith this preeipice is and 1 mile on the ground to an illch OJI t.he map. or fissures cl"Ossing the hedding 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 inch of map surface 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~~1a:.e :~:~::~ :'~c~~~~.eb~~;~::l c::;t~~18:~~s O\J~t~i:i~~:ir ~.~~~ sa;~;~~;:~e;·;e::d;~':~~::s~~:~::,~,~~::2:;I~~:;':: 
The following expbnation lllay make clearer the enclosures they cool slowly, and hence al'e gener- whether derived from the breaking up or disinte, 
manner in which contulirs 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 rockR by atmospheric 
form, and grade: At the bottom of each atlas sheet the scale is reach the surface the lavas oft.en flow out and. build ageneies or frolll glacial action. Surfleial rocks 

1. A contour indicates approximately a certain expressed in three different ways, one being a up volcanoes. These lavas cool rapidly in the air, that are due to disintegmtion are produced ehiefly 
height al)()\'e sea·leveL In this illustration the graduated line l'epresentiJlg miles and parts of acqniring a glassy or, more often) a partially by the action of ail', water, frost., allilllals, imd 
contour intenal is 50 feet; therefore the con- miles ill English inches, illlother indicating dis- taIline condition, They are USllft.lly more or plants. They consist mainly of the least soluble 
tOllrs are drawn at 50, 100, 150, 200 feet, amI so Oil) tance in the metric systelll, and a third gi"ing the porous. The igneous rocks thus formed upon the I parts of the rocks, which remain :tfter the more 
above sca·level. Along the contour at 250 feet lie fraetional scale. sllrface are called extl'u8h..'e. Explosiye aetion soluble parts have been leached out, and hence 
all points of the surface 250 feet above sea; and Atla-8 sheet8 a.nd The map is often aecompanies volcanic eruptions) causing are known a..'l residual products. Roils und Ruh. 
Himihu'ly with any other eontoUl'. 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 are found all elevations ''o'hich are bounded by parallels tl.nd meridians. These materials when cOTlsolidated constitute lations are often washed or lJlown int.o valleys OJ' 
allov(l the and oe1ow the lligher contolU'. The corresponding fOUl'-col'llered portions of ter- hl'eccias, agglomerates, and tuffs. The ash when other' depressions, where they lodge and form 
Thus the contour at 150 feet falls lust below t.he ,ritory are culled quadmuyle8. Each Rheet on carried into lakes or seas may becollle Rt.ratifled, deposits that grade into t.he sedimentary class. 

of the terrace, \1,'hile tha.t at 200 feet lies the scale of ~50:QlJj) contains one square degree, i. e., a so RH to have the structure of sedimentary rocks. Surficial rocks that are due to glacial action are 
the terrace; t.herel'ore all points on the uegree of latitude hy a degree of longitude; each The a.ge of an igneous rock is often difficult or formed of the products of disintegration, together 

terrace are shown to lH'l tHore than 150 but less sheet on the scale of 1~00t) eontains one-quarter of impossible to determine. 'Vhen it cuts across a with bowlders and fragments of rock rubbed from 
than 200 feet ahovE> ~ea. The ·summit of the a square degree; each sheet on the scale of (1:l,~..oo sedimentary rock, it is younger than tllat rock, the surface and ground together. TheRe are 
higher hill iH Rbted to be 671) feet Rhove sea; contains one·sixteellth of a square deb'Tee. The and ,vhen a sedimentary rock is deposited o\'er spread il'1'egularly over the territory oc(~upied hy 
accordingly the contour at 650 feet sUl'rounds it. areas of the correspomling quadrangles are about it, the igneous rock is the older'. the ice) and form a mixture of clay, pebbles, 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 lllay oecur 
numhered. Whcre this is not possible, certain The atlas sheets, being only parts of one mfl.p of forces an igneous rock may be meta.llIOJ'pllOsed. as a sheet or he bunched into hJlls aud ridges, 
eontoUI's-say every fifth one-are aceentuated the United States, are laid out without regard to The altel'fltion may involve only a rearrangement forming moraines, drumlins, and other special 
and numbered; the heights of others may then the boundary lines of the States, counties, or town- of its minute particles 01' it may he accompanied forms. Much ofthis mixed material was waRhed 
be ascertained hy counting up or down from a ships. To each sheet, Rnd to the quadrangle it by a change in chemical and mineralogic composi- away from the ice, assorted by water) and rede· 
numbered cOlltour. 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 washed from the ice onto the adjncent 
lalld is called 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. Classification 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 alld 
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'pl'int) exhibits those relations is calleu 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 arrallgement of rocks in the 
out the different patterns representing formations. : earth is the earth's structure, alld a section exhiLit-- ----.. -.-._ .. - _._. -----I ing this arrangement is calleu a stf'lfetllre section. 
______ . P"'F<I()~ ____ 1>!nW()L.;1 COLOR. The geologist is not limited, hO"lNe\'er, to the 

Pleistocene -........ _ . . . . . .. P I Any colors. : natural and al'tineifll cuttings for his information 
Neocene {~Vg:~:} ........ ··1 N Buffs. concerning t.he earth1s structure. Knowing the 
Eocene (includi.ng Oligocene) . - .. -.1 E I Olive-browns. manuel' of the formation of roekR, anil having 
Cret.aceous. .: K Olive-greens traced out the relations among beds OIl the RUT"-
Juratrias {~~i~~:lg} . Blue-greens. faee, he can infer their l'elati ve positions after 
~::~~~;~rous (including PCI1uian) •. ! ~ ~i~:~~urples. they pass heneath the sllrface, dr:nv sections 

8iluriall (ineiuding Ordovician) .. ··1 S I· Hed·purples. which represent the stI"llCture of the earth to a 
~~~~!:~~~.. -.. - £ ~!::;~-browlls considerahle depth, and construct a diagram 
Archean. A'l Any colors exhibiting what \vouJd be seen in tIle side of a 

\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 

cutting many miles long and several thousand feet 
deep_ Thif'l 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 togdher al'e the letter-symbul of the perio(l being omitted. I' b--~~===-~~"':irs-:::s:;,-;;=2~ 
designated a The time taken for the The number and extent of ~urncial formationR 

Tn fig. 2 there are three sets of formations, dis
tinguished by their underground relations. TIle 
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 
now high above the sea, forming a plateau, and 
their change of eleyation sho\\'s that a portion of 
the earth1s mftSS has swel1ed upwm·d from a 
lower to a higher level. The Rtrata of tIllS set are 
parallel, a relation which is called coliforlfWUlr. 

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

The horizontal strata of the plateau rest upon 
the upturneil, eroded edges of the heds of the 
second set at the left of the section_ The OHr-
lying deposits are, from their positions, evidentl): 
younger than the underlying formatiOlI~, anu the 
bending and degradation of t.he older stmta must 
ha\Te occurred between the uepositiun of the ollieI' 
beds and the acculllulation of the younger. ,Vhen 
younger strata thus rest upon:w el"Oued ~urfa.ee 
of ohler stratu t.he relat.ion hetween t.he two is an 
~l1woJlfOl"rnllble one, and their sllrface of eontaet 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 enbtal. 
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 forll1ations, and the formationR are circles, p-r:In.ted in any colors, are used: I Fig. 2.-Sketch showing a yertical ~ectioll ill 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 the tillle taken for its deposition are se;tled. l\b~lY of dIem are certalll~Y 19neou~.· The figure represents a landscape which is cut But this pressure and intruRion of jgneow, rocks 
the saiUe name, a~, for instance, Cambrian ,\" hether s~chmentary r~cks are aTlso Illc~IHled ]S 1 off sharply in t.he foregrollnd by a vertical plaIle I have not affected the overlying strata of the seeond 

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

the younger rest OIl those dud are older, and the are represented on the maps by pattemR consisting The kinds of rock are indieated 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 appropriate symhols of lineR, dots, aIHl dasIles. the strata of the second set. During thi/l 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 sclriilts suffereu metamorphiRm; 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 ill sections to repre- scene of erupti\ce activity; and they ·were deeply 
tUl'bance; sometimes ill sllch regions the disturb- dashes or hachures nmy he arranged in \vavy plll"- sent the commoner kinds of rock' eroded. The contact between the ~econd and 
:wce of the be(lR has been so great that their a]1ellines_ If tlJ€ 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 l'emain~ of plants mentary formations. 1£ the metamorphic rock is The section and landscape in fig_ 2 are ideal, 
anu animals, are guides to show \\Thich 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 contain the reltlains of phutR and pattern. I· related to the maps as the section in the figure is 
animals which lived in the sea or ·were ,vaRhed Known igneous formatioTls are represented by I related to the landscape. The pt·ofiles of the sur-
from the land into hI,kes or seas or wel'e buried in patterns of triangles or rhombs printed in any : face in the section correspond to the actual slopes 
surficial ueposits on the lanc1. 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 called 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 propel' 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 unknown the letter- measured from the surface by using the scale of 
]listory have to a great t'xtent differed frOTH those symbol consists of small letters ,yhieh suggest the the map_ 
of othel· perio(lR. Only the simpler kindR of name ot the rockR. Colum.nal'-s6ction Hheet.-This sheet contaius a 
marine life existed when the oldest fossiliferous THE VARIOUS GEOLomC SHEETS. concise description of the rock formations which 
rockH were deposited. Frolll time to time more JIistorical (fwlogy sheet.-This Rheet shows the' 1 occur in the quadrangle. The diagrams and 

complex kinds developed, and as the simpler ones areaR occupied by the vario11s formations. On the Fig. S.-Symbols used to represent difTerellt 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. I 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. 
iRtic types, 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 heading, aud their characters are indicated in 
rock in which they are found. Other types and description of the formation. If it iR desired of the sectIOn. the columnar diagTams by appropriate symbols. 
passeu on from period to period, and thus linked to find any given fOl'lnation, its name should lie The broad helt 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 figm'cs whit·h 
the time of the oldest fossiliferou~ rocks to the noted, when tlle an'as on the map corresponding correspond to heds of sanustone that rise to the state tIle least and greatest mea~urements_ The 
present. . in color and pattern may be traced out. surface. The upturned edges of these beds form, ayerage thickness of each formation is ShOWll in 

,Vhen two tormationR are remote one from the The legend is also a partial statement of the the ridges, and the intermediate yalleys follow' the column, which is drawn to a scale-usually 
other and it is impossible to observe their relative geologic history. In it the sytnl)()ls anu nallles are the outcrops of limestone and ('alcareous shales. 1000 feet to 1 inch. The order of accumulation 
positions, the chaI'acteristi(~ fossil types fOllnd in arranged, in columnar form, according to the origin ,Vhere the edges of the stra.ta appear at the of the sediments is shown in the columnar arrange
them may determine which ,vas (le-positeu first. of the formations--Rurficial, sedimentary, and surface their thickness 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 :it the top, 
areas, provinces, anu continentR, afrOI'd the most in the order of age, so tal' as known, the youngest obsenced_ Thus their positions underground can and igneous rocks 01' other formutions, when 
important meILns for comhining local histories at the top_ be infel'l'ed. present, are indicated ill their propel' relations. 
into a general earth history. Economic geology 8l1.eet_~This sheet l'epl'esents ,Vhen strata which are thus inclined are traced The fCll1nations are combined into systems 

Colol'I:l ((11,11 pattel'lls_-To show the l'elati\'e ageR the dist.ribution of useful minerals, the occurrence underground in mining, or by inference, it is fre- : which correspond with the perious of g~ol()gic 
of strata, the history of the Redimentary rocks is of artesian water, or other facts of economic quentlyobserved that they form troughs or arches, : history. 'l'huE the ages of the rocks are shown, 
diYided into periods_ The na.mes of the periods interest, 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 new to old), ,vlth the color topography and to the geologic formations. All shales, and limestones \vere deposited beneath 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 iuteIT'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 graphically or hy 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 strong 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 period 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 undel'ground can not he maps and their legends. 
the appropriate period-colol', \\lith the exception stone quarried_ inferred. lIence that portion 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. 

iJirectm'. 



DESCRIPTION OF THE CHARLESTON QUADRANGLE. 

By Ma.rius R. Campbell. 

GEOGRAPHY. I Kentucky, and then trends southwest, parallel I numerous streams which drain its suITaee, form-r and most of its surplus waters reach that stream 
, with the Appalachian Valley, as far as Nashville, 'I iug a hilly region in place of the plateau and a through Kana"wha River, whicll joins it at Point 

General reZations.-The Charleston quadrangle Tennessee. Its maximum development is in the broken margin of irregular hill slopes instead of , Pleasant, West Virginia.. Kana>vha River is the 
embraces an area of 938 sq.nare .. miles, extending II' vicinity of IJexington, where the Trenton lime. an escarpment. North of Ohio River the diEtinc'l' largest stream in this region; it crosses the qnad. 
from latitude 38° on the south to 38° 30' on the stone is exposed at the surface at an altitude of tion between the topographic features is less rangle in a northwesterly direction, flowing in a 
north, and from longitude 8P 30' on the east to 1000 feet above sea level, but in Tennessee it pronounced than farther south and there is more rather naITO,y valley which has been incised 
82° on the west. The quadrangle is located in again swells out into a dome·like structure which, or less merging of the eastern plateaus into the in the general snrfaee of the plain to a depth of 
the State of West Virginia, including Lncationof being eroded, is represented topographically by low plains of the Mississippi VaHey. from 500 to 1000 feet. Elk, Coal, and Pocat-alico 
parts of the counties of Kana\vha, quadrangle. the Central Basin of Tennessee. From the foot of the escarpment that marks riYerA are its principal tributaries within this ter· 
Boone, Putnam, and Lincoln, and is named from Geographically tllis anticline separates the the western limit of the coal·field plateau there ritory. Elk River is the largest hranch, but its 
the city of Cha1'1eston, which is situated at the Allegheny Plateaus into two parts, or structural extends a second plain or plateau, ·which is a extent in this quadrangle is Alight and conse· 
jUI!-ctiorl of Elk and Kanawha rivers, in the north. basins, which differ from each other in the charac· prominent feature of the topography at Kentucky quently it is not an important factor .in carr,ying 
eastern part of the quadrangle. tel' of the rocks which they contain, in their and Tennessee. This plain stands at an a1titude off the waters of the district. Coal River drains 

In its geographic and geologic relations this geologic structme, and in the topography devel· of about 1000 feet throughout the the largest territory in the quadrangle, whereas 
quadrangle forms a part of the Appalachian provo oped upon their surfaces. The eastern basin, '"' Blue grass" region of Kentucky, and r::I~':.~:~f Pocatalico River has ouly an insignificant part of 
ince) which extends from the Atlantic Coastal ext~nding the entire length of the provo Appalachian it can be traced northward into Ohio .... 00 feet. its drainage ha..'3in in the area. Along the western 
.Plain on tIte east to the Mississippi lowlands on ince from northeast to southwest, is well t:::I~::1i~i.r and Indiana. In Tennessee it is perfectly devel· side of the quadrangle there are several streams 
the west, and from central Alabama to central knm'fn as the Appalachian coal field. of lIIinol". oped along the western front of the Cumberland which flow toward the west and join either Mud 
NeWT York. T}le western basin is more restricted, being the Plateau, where it has approximately the same or Guyandot rivers, which enter the Ohio near 

Subdivisions f{f the Appalachian province.- southeastern portion of the eoal field of Illinois, altitude as in central Kentucky. Doubtle8s this Huntington, West Virf,rinia. 
Respecting the attitude of the rocks, the Appala. Indiana, and Kentucky. The rocks outcropping SUITace once extended across the Central Basin Kanawha River ha.s now a complete system of 
chian province may be divided into two nearly on the crest of the Cincinnati anticline are pre. of Tennessee, for the latter is bounded on the locks and dams hy which navigation ~s possible 
equal parts by a line which follows the north· vailingly calcareous, and the two coal fields are south by high land along the Tennessee-Alabama throughout the year frout"its mouth to 
western side of the Appalachian Valley, along the therefore not only structurally distinct but are line, and on the north by the great interior plain a point far above the limits of this ~:I~~ati"n 
Allegheny Front and the eastern escarpment of separated by a wide hand of rocks which are of Kentucky. • quadrangle. This affords an easy mode Kanawha. 

the Cumberland Plateau. East of this line the lithologically very different from the sandy coal· The evidence indicates that this surface was of transporting the coal that is extensively mined 
rocks are greatly disturbed by folds and faults, bearing strata on either side. formed by subaerial erosion which operated so along the river, from the mouth of Campbell 
and in many places they are so metamorphosed TopOfJraplbY of the Allegheny Plateau8.-The extensively that it reduced the soft rocks nearly Creek to the head of navigation. Elk River 
that their original character can not be determined. altitude of this division is greatest along the to the level of the sea, forming a peneplain. Since has never been improved by locks and dams, but 
West of the division line the rocks are almost southeastern margin, where the ridges and pIa.. that time the surface has been elevated to its the channel has been cleared so that considerable 
wholly sedimentary and with few exceptions the teaus attain sufficient elevation to be considered present position, 1000 feet above sea level, and traffic can be carried on hy push.hoats and in time 
strata lie nearly flat, in approximately the same mountains. They are not continuous, and in no streams have dissected it extensively. Owing to of higll water by rafts of lumber and logs \yhich 
attitude in which they were deposited. senAe can they be grouped into a single mountain the softness of the rocks in Tennessee descend from the upper course of the stream. 

The western division of the province is there· system. In the northern part of this division of amI to the geologic strlwture which is ~:E~t~:al Coal River was once improved by private enter· 
fore sharply differentiated from the eastern. divi. the province the general surface forms a plateau there developed, a second lilTlited plain ':t~:htl~';.d prise as far up as the cannel coal mines at Peytona, 
sian, hut it can not be so easily Repa. at all altitude of from 2000 to 3000 feet above of lower altitude was formeo, wllicl Rim. but with the abandonment of the milles came 
rated from the remaining portioll of tlle f§'i:1:~na~f the sea. Upon thiR platform stand numerous was subsequently elevated and now forms the neglect of the locks and dams and their conse· 
Mississippi Valley. In a geologic sense f~~~i~:I!~ ridges which Imve been formed hy the floor of the Central Basin. This surface has a < quent destmction hy high water, so that t.o.day 
it is a part of the Mississippi Valley. sippI Valley. partial erosion of small a~tic~inal folds ~;la~~t~e'!u general altitude of from 500 to 700 feet, und it is the river is in its original unhampered condition. 
The character and the stratigraphic succession of that traverse the plateau 111 hnes paral. separated from the higher surface hya steep slope Great quantities of timber are rafted down tllis 
the rocks are the same, and the geologic structurE' leI with its eastern margin. To the south the or escarpment which is generally caned the High. stream in time of high ·water, but during the ordi· 
that is characteristic of one is also fauna through. plateau is not so wen marked nor so high, and land Rim. Since the formation of the Central nary stage the water is too low for commerce of 
out the other. On account of these facts it would it has been deeply dissected hy the streams which Basin t.he land has been elevated several hundred any kind to he carrieo on. 
be arbitrary, on geologic grounds, to separate the drain its surface, leaving a hiUy, broken region in feet and the principal streams have carved deep The history of the drainage of thi~ region is 
two, or, in other words, to assign [t definite \yest· the place of the plateau. This region is also free and narrow valleys in its once even surface. extremely interesting, for, in a geologic Aense, 
ern limit to the Appalachian province. from minor folds; hen.ce there are no ridges rising In northern Kentucky the conditions were not it has been only ,a Ahort time since Hlstoryofthe 

From a physiographic standpoint this western above the general level. :Farther south extensive so favorable for extensive erosion as in Tennessee, Kanawha River below St. Albans .vas d~alnllge. 

division is clearly a part of the Appalaehian folds occur -within the limits of this division, and and consequently there is no feature exactly equiv. deflected to itA present course. The details of this 
province~ for its history can not be written apart parallel ridges or valleys are found which are alent to the Central Basin, but there are old high. history \vill he given in a subsequent paragraph, 
from that of the whole province, but it has little similar to those in the northern part of tbe provo level stream valleys, such as have been described and here it will be neCCASary only to note tlJat 
or no known relation to the region west of Mis· ince. In southern Tennessee and northern Ala· in the Richlllond (Kentucky) folio, which indicate at one time this river, inste~d of' turning north· 
sissippi River in either its physiographic history bama, however, the lithologic and structural that similar although not identical conditiom ward as it does at present, continued westward 
or its present snrfac~ features. This division is, conditions have been such that the anticlines are prevailed in the Ohio Valley during the same through Teay Valley, along the line or the 
therefore, physiographically limited on eroded, leaving the central parts of the broad general period. Chesapeake and Ohio Railroad, past Seott Depot, 
the east by the Allegheny Front and ~~1{~~f!~: synclines as elevated plateaus, which, in various TOPOG1UPHY OF THE CHARLESTON QUADRANGI,E. Hnrricane, Milton, Barboursville, and Hunting. 
the eastern escarpment of the Cumber· :.!:,"v~~cCe~ian places, have received local names, but which may ton. It is probable that Ohio Uiver then had no 
land Plateau and on the \vest by the be grouped under the general name of the Cum· This quadrangle lies in the Appalachian coal existence and that the st.ream formed by the junco 
flood plain of Mississippi River and the prairie berland Plateau. basin, and its topography is of the type which tion of Kanawha and Big Sandy rivers flowed 
plains of Illinois and Indiana. In contradistinc· The altitude of the mountainous belt varies northward through the valley of the present Scioto 
tion from the lowlands on either side, it has been from 500 feet in central Alabama to 2000 feet at River and discharged its waters into the system 
called by J, W. Powell the Allegheny Plateaus. Chattanooga, 3500 feet in the vicinity of the Great. Lakes. The subsequent ponding of 

The Allegheny Plateaus are made up of a variety of Cumberland G~p) and from 2000 to :=f:;:tii:lt. these northward.flowing streams by the advance 
of topographic features, including the greatly dis· 4000 feet throughout the northern part of the glacial ice caused them to overflow and 
sected Cumberland-Allegheny Plateau Allegheny of the province. From this extreme altitude on form a ne,,," river along tIle line of lowest divides. 
on the east, the Highland Rim atld the Platean8. the southeastern margin the surface descends to This new stream is Ohio River and its outlet if'! 
IJexington Plain in the middle of the territory, less than 500 feet on the western into the Mississippi instead of the Great Lakes. 
and the Central Basin of Tennessee and the low Mississippi River. This descent is The details of these great changes have not been 
plains bordering Mississippi RiYer on the west. by a succession of steps or escarpments, which worked out, but sufficient data are now available 

The geologic structure of the Allegheny PIa· mark the present extent of particularly hard beds to establish the principal facts of the change as 
teaus is comparatively simple. The strata lie of roek and also the various stages in the reduc· here outlined. 
nearly flat, but in places along the eastern margin tion of the surface to its present position. The ReUef,-'rhe surface features of any quadrangle 
their horizontality is disturhed by sharp folds highest and most pronounced escarp· Esc .... pment are difficult of interpretation if the student is con· 
which give rise to long, even·crested ridgeA, or to ment is along the western margin of :.tll~:t~:fn fined to the fat\ts shown in that quadrangle, for 
equally long, narrow val1eys parallel ........ ith the thj:! Appalachian coal field, separating, coalfield. I many of the conditi.ollA which have modified the 
margin of the field. In the interior there are a in Kentucky, tIle great interior plain from the action of erosion so as to produce the present 
few broad folds, but their height is so small com· higher and more hilly region of the coal field, and topography are general in their character and can 
pared with their breadth that the resulting dip in Tennessee marking the line between the East· i be understood only through a knowledge of the 
of the rocks is scarcely perceptible. ern Highlands and the Cumberland Plateau on Outline map showing the relation of the Charleston quad· I sUITace f~atures and the configuration of the drain· 

The most prominent structural feature is a low, the east. In Tennessee the escarpment is steep rangle to the Appalachian coal field. age lines over a wide extent of ten-itory. The 
broad arch, known as the Cincinnati anticline, and regular and the plateau is perfectly pre· characterizes the basin where the rocks are com· topography of the Charleston quadrangle is .espe· 
which enters the Allegheny Plateaus Cincinnati served, but in Kentucky the capping rocks were paratively soft and undisturbed. ! cially difficult of interpretation, for the rocks which 
from the direction of Chicago, curves anticllne. not hard enough to protect the plain after it was ])rainage. - The Charleston quadrangle is, compose the surface are so nearly homogeneous 
southward through Cincinnati and I~flxington, uplifted, and it has been greatly dissected by the located in the hydrographic basin of Ohio River, i that topographic features formed at different times 



and under different conditions of erosion grade 
almost imperceptibly one into another. 

In attempting to read the physiographic history 
of this quadrangle, it w1ll be necessary first to 
consider the history of a portion of the same gen
eral region in which the topobrra-p~ic forms fU'e 
well marked and clearly distinguishable ODe from 
another. The nearest place to which we can 
go for reference is central Kentucky, Topography 

where there is a clean-cut and sharp ~~~~:~d In 

distinction between the featUl'es of the Kentu.: y. 
coal field and those of the" Blue grass" region. 
This has been described in the Richmond and 
London (Kentucky) folios, to which the reader is 
referred for a more detailed account. 

In Kentucky the surface of the coal field is a 
partiaBy diss~cted plateau which stands at an 
elevation of about 1500 feet above sea leve1. At 
its western edge there is a sharp descent to the 
surface of the Lexington Plain, ·which has an 
altitude or about 1000 feet. Along diyiaes and 
near the headwaters of the streams the plain is 
perfectly preserved, but near the lower courses 
of the principal drainage lines its even surface has 
been destroyed to some extent by the backward 
cutting of small branches. Belo·w the I .. exington 
Plain, Kentucky and Licking rivers have cut deep 
gorges, but the presence of extensive terraces on 
both streams sJlO"WS that their down.cutting 1vas 
interrupted by a pause in the up-ward movement of 
the land, which permitted the streams to broaden 
their valleys at some stage of their development. 
Since the episode of terrace cutting there is no 
eyidence of variation in the work of tlle streams, 
and presumably the conditions under which they 
accomplished their work have remained fairly 
constant from that time to the present.. 

These features of central Kentucky are probably 
due to subaerial erosion. They are the results 
either of complete cycles of erosion, Cycles of 
dw-ing which the surface of the entire erosion. 
region was reduced to a peneplain, or of partial 
cycles in which the reduction extended only to 
such areas as were characterized by the outcrops 
of soft rocks. In the Lexington region the rocks 
are so nearly horizontal that, at first sight, they 
appear to have controlled the operation of erosion 
by determining level surfaces corresponding with 
their bedding planes, but careful examination 
sho,YS that the surface of this plain bevels the 
fornlations at a very low angle. These conditions 
indicate that the work of erosion was limited in its 
downward pr06'Tess to some horizon below which 
it could not operate and which had no relation to 
the bedding planes of the underlying rocks. SUell 
a limiting horizon is a base.level of erosion, and 
extensive areas of the surface in Kentucky were 
reduced approximately to this position in at least 
two periods of post.Paleozoic time. The ages of 
these surface features have not been 
definitely determined, but there is suffi. ~.frf~~!the 
cient evidence to class provisionally features. 
the uppermost peneplain as Cretaceous, the Lex· 
ington Plain as late Eocene or Neocene, and thc 
terraces of the river vaneys as early Pleistocene. 

The Charleston quadrangle douhtless passed 
through approximately the same cycle of events, 
but the conditions in West Virginia were not so 
favorable for the formation and preservation of 
topographic features with sharp distinctions, and 
hence any interpretation' of these features is 
inexact on account of the obscurity of the record. 

By reference to the topographic map it will be 
seen that the surface of the Charleston quadrangle 
shows little variation. It 1S It deeply dissected 
plateau in Wllich there is a fair degree of regular. 
ity in the altitude of the tops of the hills along 
northeast·southwest lines, and a gradual descent 
from 1800 or 2000 feet on the south to ahout 
1000 feet in the northwestern corner. The depth 
of dissection varies in a simila.r manner from 1000 
feet on the south to 400 feet on the north. There is 
a regularity in this hilly surface, ':h~ch Topogl'aphk 
bears no resemblance to thc stI'l klllg ~i:!~r;Sd~~t 
topographic features of central Ken. ~!~red In 
tucky, and, at first sight, it .seems Virglnill. 
impossible.tointerpret the features of the Charles· 
ton quadrangle in terms of .erosion cycles by which 
we are accustomed to express the physiographic 
history of land areas. It is apparent that the 
criteria for the interpretation of physiographic 
history in the Charleston' region must be very 
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different from those which are used in central 
Kentucky. 

The general upland surface of this quadrangle 
slopes 1vlt.h considerable regularity toward the 
northwest at an average rate of about 25 feet per 
mile. The rocks dip in the same direction, but 
their average rate of descent is considerably greater 
than the slope of the surface; hence the older 
rocks, wpich are exposed in the sout.heastern cor· 
ner, dip below the surface in passing to the north· 
west, and are replaced by younger formations in 
successive order. Since the Charleston sandstonc, 
,yhich ca.ps the hills in the southern half of the 
quadrangle, is harder and more resi~tant than the 
other formations, the surface, to a certain extent, 
is modified by this stmtuHl. Its effect, however, 
is not so pronounced as one would imagine, for 
in passing off its outcrop, either onto younger 
strata toward the northwest or onto older strata 
toward the sontheast, the general regularity of 
the sloping, hilly surface is fairly ·well preser,'ed. 
Taken as a ,vhole, the rock series is fairly homo· 
geneous and. quite reRistant to thc action of erosion. 
It is impossible under ordinary conditions of ero· 
sion for escarpments or even a moderate degree DI 
differentiation between features formed ut widely 
separated ep?chs to be produced upon rocks with 
the character and attitude above described and 
'vlth similar relation to the surfaee. If, theIl, the 
cye1es and sllbcycles of erosion Ilave been the 
same in vVest Virginia and Kentucky the results 
should nevertheless be characterized more by dif· 
ferences t.han by resemblances in their topographic 
expression. 

The oldest topographic feature in the Charles· 
ton quadrangle is the fairly even hilltops back 
from the main drainage lines. From Remnants 
their great regularity these tops are ~ot"hsep~~,,!"
regarded as the last remnants of a pla- plain. 
teau surface which once existed in this region and 
extended to and was continuous with the coal. 
field plateau of eastern Kentucky. The generally 
accepted belief is that this surface ,vas once a 
peneplain, formed probably during Cretaceous 
time near sea levoel; subsequently elevated, and 
dissected by running water until it has reached 
its present condition. 

The surface represented by these high summits 
has been elevated since its formation, and its alti. 
tude in the northwestern corner of the quadrangle 
is about 1200 :feet above sea level. Owing to 
the tilting and warping which accompanied this 
upward movement t.he surface gradually rises 
toward tne southeast to 1400 feet at Charleston, 
1800 feet at the forks of Little Coal River, and 
about 2100 feet at the southeastern corner of the 
quadrangle. 

By a close study of the topographic map it will 
be seen that the summits of the ridges decrease in 
height 'on approaching the principal streams of 
the region. This change in height is usually 
noticeable several miles back from the stream, but 
after a descent or a few hundred feet the ridges 
extend with nearly level tops to the very brink of 
the gorge in which the river flows. rl'he project. 
ing spurs on both sides are at about the same 
altitude, and the conclusion seems almost inevita· 
ble that at some time the large streams of this 
region were flo\ving in broad, shallow valleys, 
the bottoms of which corresponded with the level 
of the tops of the spurs along the rivers and the 
sides ",--jth the gentle slopes at a distance of sev· 
eral miles from the present streams. 

This region may be restored in the imagination 
to approximately the condition just described by 
supposing the valleys of the principal streams to 
be filled to the height, of the bordering hillR. It 
will be seen that this surface was one of compara. 
tively low relief. Along tIle major streams the 
valleys were broadened to a considerable extent, 
especially in the softer rocks, and the valleys of 
the lesser rivers were cut somewhat in proportion 
to the volume of water carried by each. 

These old, broad vaUeys seem to correspond to 
the Lexington Plain of Kentucky. They 11e dis· 
tinctly below the high.level plateau 
s~rface of the coal field, w~id.l ~s con· f£i~::ig~d. 
tlllUOUE throughout 'Vest Vlrgmla and ~;:~~on 
Kentucky, and they represent the old· 
est periOd of undisturbed erosion that hl1S been 
generally recognized in this region. At first it 
seems almost impossible to correlate these ill· 

defined and poorly preserved val1eys, having a 
width of only a few miles in their greatest devel· 
opment, with the extensive and unobstructed 
level surfaee of the Lexington Plain, but when it 
is remembered that the latter is carved from soft 
limestones and the 'Vest Virginia valleys from 
resistant s}mles and sandstones, the difficulties of 
correlation are greatly reduced and it is possible 
to consider the two as representing essent.ially the 
same physiographic conditions. • 

The eyc1e of erosion just descrihed was incom
plete, being interrupted by an extensive elevation 
of the land. Under the stimulus of· increased 
slope the streams cut deep gorges in their old, 
broad valleys. At present these gorges show 
depths ranging from 500 to 800 feet. In many 
of them it is impossible to detect any varia.tion in 
slope from top to bottom except that which is due 
to difference in hardness of the underlying rocks. 
In certain localities terraces and abandoned stream 
channels sho,,: that there was a slight pause in 
the movement of the crnst of the earth, during 
which the downward cutting of the streams was 
praetic-al1y at a standstill and lateral eorrasion 
widened the vaney to an appreciable extent. 

The most interesting episode in the recent geo· 
logic history of this region is the change in the 
course of Kanawha River from west to north, 
resulting in the evacuation of its old channel along 
Teay Valley. Teay Vaney has long been recog· 
nized as an abandoned river channel, and 
various suggestions have been made to TellY Valley. 
explain the diversion of the stream which formerly 
occupird it and to account for the deposits of cluJ' 
occurrlOg in it. Prominent among the suggestions 
is one rrhich assumes that Ohio ~iver v;ras dammed 
by It glacier at Cincinnati during the Glacit~l 

epocll,' but this fails to account for the facts, as 
do ot~r assumptions involving the direct effects 
of glacial ice masses or of warping of the earth's 
crust. 

Nevertheless, these adjustments appear to be 
intimately tllough not directly related to the great 
ice epoch. Teay Valley is but one of several simi. 
lar fedtures that occur within ahout 100 miles of 
t}le odtermost limit of glaciation; and in some of 
the most noted cases on Monongahela River, clay 
analogous to that of Teay Valley has yielded fos· 
sil plants which, according to Dr. F. H. Knowlton, 
belbn~ to a Glacial flora. Although these aban· 
doned channels seem to be due to conditions which 
were general throughout the Ohio VaHey, their 
relati+n to the surrounding topography, the varia· 
tion, from place to place, of the character of the 
sedimfntH deposited in them, and the difference 
in height to which these deposits extend, indicate 
that l.ocal and special conditions determined each 
case of diversion separately. 

Thr only hypothesis which appea,rs to satisfy 
exiRtirg conditions is that of local ice dams formed 
by th!e occasional breaking up of river Abandonment 
ice. In order to accomplish the diver. ~~~~~i::~1 
sion of the river toanew course the dam Ice dams. . 
must ,have been capable of raising the water from 
100 t HiO feet above its former level and the clio 
mate HlURt have been severe enough to hold such 
a dam in place from sea,son to season until the 
ponded water corraded a ne,v channel around the 
obstruction and to a depth below the level of the 
silt ,.).-hich, in the meantime, had accumulated on 
the r~cky floor of the old channel. 

IWl1pplying this hypothesis to Teay,Vaney it 
will ,be necessary to suppose that a dam of this 
kind occurred in the vicinity of Ash· 
land,' Kentucky, by which the stream !.:':h1:~~t 
was forced to abandon its valley back Kentucky. 
of Rtlssell and to seek a new channel farther north, 
by Ironton, Ohio, where the present Ohio River is 
located. Below such a barrier there would he no 
depdsition of sediments, for since the formation of 
the c;llUn the valley has not been occupied either 
by standing water or by a stream or any conse· 
quence. Above the barrier the water, although 
ponded to such an extent as to cause it to drop 
most of its load of fine material, was still affected 
by currents, so that the material laid down was 
rudely stratified, being arranged in much the same 
manner as the flood.plain deposits of the present 
large strea.ms. 

In the course of time another dam appears to 
have formed in the vicinity of Milton, and this 
barrier was so high and strong that it backed the 

water up to the level of the divide on the northern 
side of the valley, across which the stream found 
several outlets i~to the present val~ey Ice dllm near 
of Kanawha RIver. The corradmg Milton, West 
action of a current flowing across a VirginIa. 
divide from 100 to 150 feet above the general 
stream level is very strong, and it would require 
only a short time, comparatively, for the channels 
to be cut helow the level of the silt in the old 
vaHey. At least three channels appear to have 
carried off the overflow from the Ruhmel'ged val. 
ley. One of these was located along the present 
course of Kanawha River; the other two were 
sitnated farther west, in the valley of Hurricane 
Creek. Owing to the favorable location or the 
easternmost channel and to the large 9.eposit. of 
silt in the upper end of Teay Yaney, the stream 
was turned into its present course and the outlets 
by ''lay of Hurricane Creek were abandoned. 
During the reduction of this divide the water in 
the upper end of Teay Valley was stationary and 
undisturbed by the current which passed north· 
ward through the new outlet. In this Laminated 
quiet water finely laminated clay was clllydepusit. 
deposited, not only in Teay.Valley, but wherever 
the ponded water was free from the current of 
the river. 

Pocatalico River also suffered changes in its 
alignment about this time, for it has an aoan· 
doned valley almost as clearly defined Changes in 
as that of the Kanawha. The stream ti~~ ~~~a. 
appears originally to have passed by channel. 
Rocky Fork post.office, through the" Flatwoods" 
at Fry, and to have joined the old Kanawha 
River near Scary. This ahandoned. valle)' is at 
tIle same altitude as Teay Valley, and it must 
have heen evacuated at ahout the same time as 
the latter. The water of the Kanawha undoubt· 
edly overflowed this v'alley, for it has left deposits 
of laminated clay on the highest point of the old 
valley :floor now remaining. It seems prohable 
that Pocatalico River also was choked by the ice 
tIl at was brought from its upper course and 'that 
it was forced to Reek a llew outlet in its present 
location. 

Similar features may be seen on Elk River near 
Charleston. The divide hetween Coonskin Branch 
and Elk Twomile Creek is low and rather broad 
and is deeply covered with river deposits includ· 
ing bowlders as large as 7 inches in diameter. 
These bowlders could have been deposited only 
by a stream flowing across this divide, Old Channels 
and it seems almost certain that Elk of Elk River. 
River at one time turned south through the val· 
ley of Coonskin Branch and ran west along that 
of Elk Twomile Creek to the rpresent course of 
the river. The evacuation of this dlanneI pre· 
suma.bly occurred contemporaneously with the 
abandonment of Teay VaHey, for they are at 
about the same elevation. Presumably a local 
dam was formed on Elk River similar to the dam 
in Teay Valley, and it turned the stream from its 
original course into its present position. A fea· 
tme, similar to the one just described is seen 
opposite the mouth of Coonskin Branch, where 
the vmgon road up Elk River leaves the stream, 
crosses a low' divide, and desccnds to Minkshoal 
Branch. The low saddle through which the 
road passes contains a depoRit of rounded bowl
ders and sand which evidently marks the position 
of an old strearn channel. The altitude is some
what greater than at the head of Coonskin Branch, 
and it seems probable that ,this small diversion 
antedated the one previously descrihed. 

Scattering deposits of this chameter occur at a 
numher of points, but their relation to Teay Val· 
ley was not determined. 

Most of the large stream valleys of this region 
are marked by terraces cut into the blnff8 and pro
jecting spurs at about the same altitude as the 
rooky :floor of Teay Valley. They are particu. 
larly prominent on Coal RiYer and its various 
branches. They are remnants of 010, broad val· 
leys within which the stl'eams have cut their 
present narrow channels. These broad valleys 
indicate a somewhut advanoed cycle of erosion, 
which was interrupted by elevation of the land 
and the inauguration of the present, or post. 
Glacial, cycle. 

The physiographic features discusseu in the 
previous paragraphs indicate a sequence of events 
which may be summarized as follows: Firs't,.a 



.., 
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long epoch of subaerial erosion, in which the sur· of mechanical sediments was accompJiHhed by 
face of this quadrangle, as ·well as that of most or large streams, and it Reems possible that these 
the Appalachian province, 'was reduced Summllryoi streams may have been agents of wide distribu
nearly to the level of the sea. Tilis ~:~~!;~~~: tion as well, depositing their load on the low 
was followed by an uplift along an face features. plains at or slightly above the level of the sea, 
axis located southeast of this quadrangle, whieb Into the narrow basin on the eastern margin of 
raised the 8urface and tilted it toward the north. the present coal field the streams from the conti. 
west. On this uplifted surface erosion became nental area on the east swept their burden of waste 
active and, in the epoch of quiescence which fol. from the surface of the land. The rock floor of 
lowed the uplift, it developed a peneplain over the Appalachian trough graduany sank, ano\ving 
the outcrops of soft rocks and in regions adjacent the accumulating material to extend farther and 
to the principal drainage lines. Peneplanation f~rther toward the west, each succeed- Uqconfe>rmlty 

was again interrupted Lyan upward movement, ing bed overlapping that which was ~:~~n:: 
during and following which the streams again laid dO'i\'1l before it and resting uncon- basin. 

cut sharp channels into the level floors of their formaLly upon the -eroded surface of what was 
old, broad valleys. From the beginning of this preyiously land on the western side of the trough. 
uplift to the present time the active ,york of the I The continued subsidence allo\\-ed the coal-bear· 
streams has been intelTnpted only once by cessiV I ing rocks to be deposited as far west as the 
tion of the upward movement, and that epoch present limit of the field, and it -is possible that 
v!"as of so short duration that the river valleys I originally they extended entirely across the Cin
'were broadened to only a slight extent. The! cinnati anticline, connecting the Appalachian eoal 
activi.ty of the present streams shows either that I' ne.ld with that of 'western Kentucky, Indiana, and 
upward movement of the land is iu progress Illinois. 
at present or that the cessation of movement has: After the deposition of beds of sandRtone, Rhale, 
been so recent that the streams hm'e not had time I and coal t.o a thickness of several thou- Cle>seofsedl. 

appreciably to widen their vaHeys. sand feet, the entire AppalachiaT' coal mentatlun. 

l field 'was raised above the level of the sea and 
GEOI .. OGY. II permanently added to the continental area. 

GENERA_L SEDIMENTARY RECORD. Since the final emergence of this part of the 
province from the Carboniferous sea the coal fielu 

All the consolidated rocks appearing at the sllr- '1' has Leen continuously dry land, and its history 
face within the limitR of the Charleston quad- , during this period is more or lesR perfectly pre
rangle are of sedimentary origin-that is, they 1 served in the topographic features found upon its 
were deposited by water. They consist of shales, I surface to.day. To a certain' extent this history 
sandstones, and coal beds, having a total average has been interpreteu1 and the Ie-ruling features have 
thickness of about 2000 feet. The materials 01 been presented under the heading (l Topography 
which they are composed were origina.lly mud, I! of the Charleston qua,drangle. ll 

sand, and gravel derived from the waste of the 
older rocks and from the remains of plants which; STRATIGRAPHY. 

lived while the strata were being laid down. I TIle strata exposed in the Charleston quad-
The geography of the time when the rocks of , rangle have a thickness of }'thout 2000 feet. The 

this quadrangle were deposited is not well known, I thickness of the formations, their order of Sllcces· 
hut some progress has been made in the determi- I sion, and their general characters are given on 
nation of the physical conditions whieh prevailed, the Columnar Section sheet, but a more detailed 
especially in ascertaining the configuration of the description of the individual beds and a statement 
land during the period of the deposition of the of their probable f'qui\~alents in other fields are 
coal-bearing rocks. In the closing stages of the gi\Ten in the following paragraphs. 
lower Carboniferous or Mississippian 
epoch, a considerable, although prob- :~1:nd~:y~ 
ably variable, thickness of mottled red ~b:rr~~.:; 
and green calcareous shale (Mauch 
Chunk) was deposited over most of the Appa
lachian province. In all except the northeastern 
part of the province this followed a long epoch 
of limestone deposition, and hence the slmle is 
generally regarded as indicative of a shallower 
sea ~nd also relatively higher adjacent land than 
existed during the limestone-forming epoch. In the 
Appalachian Valley it is uncertain what was the 
next change, but along the western mar!,ri.n of the 
coal field, across eastern Ohio, Ken. 
tucky, and ce.ntral Tennessee, the red tif~!tqr~r 
shales were lIfted above the level of ~;:;u~.nif

the se~ forming a land area that cor
responded, in a general way, with the Cincinnati 
anticline_ It alSo seems proba,ble, although at 

DF.l<JP· WEI.L SECTIONS. 

A number of deep wells have been drilled in 
this quadrangle, which reveal the presence of 
many furmations lower in the geologic serips than 
those appearing at the surface. These seetions are 
sho-wn in graphic manner on the Columnar Section 
sheet_ The driller seldom appreciates the value 
of a earefully kept record, and, since it involves 
some trouble nnd cost, the record is generally 
neglected and frequently is only fragmentary and 
imperfect In all cases some allowance must be 
made for the difficultI which the driller eIlCounters 
in determining the exact nature of the material 
passed through and for the possihle inaccuracy of 
his observations. The well sections are given as 
reported by the driller. For the sake of presenT
ing details that can not be shown in a small-scale 
drawing the sections are here described. 

present it can not be demonstrated, that the Well A.-Along the lower portion of Kanawha River no 

Appalachian Valley, or at least a large portion welts have been driiled in this quadrangle, but a short dis-

of i~ also rose above sea level, leaving a narrow ~onuC;:t~ a t~:l~~~hb::n :~Il:!Ci;~Tcho~I:~~tl:~d~h~~!n~: 
trough along the eastern margin of -the Appa- horizon of the so-ealled Pittsburg coal. Thefollowingsection 

lachian coal field, in which deposition of the coal- was obtained from that boring and is given fur reference and 

bearing rocks first occurred. comparison. 

The scarcity at fossil marine- organisms in the Log of well at Winfield, on Kanawha Ri1>er, 

coal-bearing rocks of this region leads to the sup· T?!c;~'f' i~~~t 
position that this basin ,vas ,generally separated Shale.. 20 

from the sea Mld consisted, in large measure, of ~~;~:~~:::: .. 
fresh-water lagoons and extensive swamps, in Slate .... 

which the vegetable matter that has since beon :~:l:~~e .. . 
consolidated into coal was accumulttted, and ove1' Sandstone ... . 

which the sand and mud constituting the larger Shale .. 

part of the formations were distributed. It ha.OJ I ~:::s~~~~. , .. 
lately been suggested that rivers may have played Red rock., .. 

an important part in the distribution of the 
greatly diversified sedirnen~s of the coal.hearing I 
,rocks. This is certainly possible, for the existence 
of extensive peat swamps implies a land surface i 
of faint relief, and the close succession of coal and 
beds of sandstone and shale formed from the 
waste of the land shows that there were frequent 
incursions into the swamp of rivers or lakes, and 
occasionally of the selt. It can not be doubted 
that the great and presumably rapid accumulation 

Chal'le!!ton. 

Sand~tonp. ,. . 

5 
87 
10 

25 
5 

25 
15 
15 
10 
85 
10 
37 
40 
43 
35 
25 
10 
25 
70 
20 

108 

27 
82 

115 
125 
130 
155 
100 
185 
200 
215 
225 
310 

'''' 357 
397 
440 
475 
500 
510 
535 
605 
625 
733 
785 

Sandstone ... 

Shells ... 
Sandstone ... 

Sanru.t()ne ... 

Sandstone .. 
Dark sandstone . 
Limet!t()ne .. 

T~i."f~'r i~le~, 
20 80,3 
37 842 
21 . 863 
1fi 878 
19 897 
13 910 
45 955 
10 965 
20 
15 
25 
45 

985 
1000 
1021) 
1070 

45 1115 
15 1130 
20 1150 

. 2~5 
20 
15 

1405 
1425 
1440 

Sandstone.. 144fi 
Limestone.. . ........................ 175 1620 
Slate.. .. 21) lH45 
Sandstone. 25 1670 

lfeU B.-This is the only well that has been drilled along 
K~llawha River ill this quadrangle below Charleston.. It is 
loca.t(;)u on the river bottolll, 1 mile below Lock No.6, and, 
a(',cording to J. W. Pellhale, furnished the following sectiun; 

Log of well on Kan.awha iliver l1ltile below Lock Nil, 6 

T~C~ I~~~. 
45 Conductor .. 

Sandl:!tone " . . ............ 405 4i50 
CoaL. 
Sandstone ... 
Slate and shale .. 
Sandswne ... 
Slat-e and shale ... 
Sandstone ... 
Shale .. . 
Lime .. . 

Sandstone ..... 
Shale .. 
Sandstone .. 
Lillle., 

5 4f.i1i 
35 490 

. 220 710 
10 720 
40 760 
50 810 
10 BOO 
35 855 
45 900 

35 
.......... 480 
..... , 213 

903 
910 
945 

142ij 

1638 
25 1663 
47 1710 

425 2135 
Shells and shale , ..... , .............. 115 2250 
Shale. . . , ................ 14i'i 2395 
Sandstone . . 5 24.00 
Shale .. , ......... , .... 208 2608 

'l'his scction begins at about the base of the red shales of 
the Braxton format.ion and furnishes the best measure of the 
lower formatiolli! in this part of the coal field. 

Wdl C -The log of this well haH frequently been referred 
Lo as the t.ype section of the lower coal-bli'aring rocks in the 
Kanawha Valley~ Th(;)well wasdrHled in 1887 at Charleston 
Kanawha County. 

LoU oj melt at Charleston, Kanawha Cllnnty. 

Conductor .. . 
Unknown, .. . 
Shale ... . 
Coal.. , . 
Sandstone, .. 
Shll.le .... 
CoaL ... 
Shale and sandst,one ... 
Limestone .. 
Sandswne. 

Thickness 
in foot. 

26 
12 
S4 

76 
42 

68 
20 
60 
60 

40 
74 

150 
192 

260 
280 
340 
#KJ 

70 470 
Coal ... 
Unknown .. , . 
Shale ... 
Sandstone .. 
Shale .. 
Sandstone. 
Unknown ..... 
Sandstone .. 
Shale ..... 
I,imestune .. 
Randstone .. 
Limestone .. 
Unknown. 

20 
20 
50 
30 

.... 3[;5 

55 
170 
10 
10 
60 

.... 200 
25 
40 
85 
12 
80 

....... , .......... 148 

490 
510 
500 
590 
94.') 

1000 
1170 
1780 
1190 
1250 
1450 
147.') 
1511'; 
1600 
1612 
1692 
Hl40 

WelllJ,-The partial record of a well at the mouth of Lick 
Branch is given by Prof: I. C. White in Bulletin 65 of the 
Unitt;d StatE's Geological Survoy, as follow!!: 

Lng nf well on Kanawha Ri'Der near m.onth of Lick Branch. 

Unknown .... 
Shale. blue. 27 47 
Sandstone. . 51 98 
Shale and S;l,n!lHtone .. , 104 
Sandstone... 73 177 
Shale.. .. . 21 198 
Sandstone. . . 94 292 
Shale, blue... 33 325 
Sandstone. . 50 375 
Shale.. . . . :12 407 
Sandstone, white>.. 15 422 
Sandy shale, dark hlue.. . ..... , .. 195 617 
White pebbly sandstone. 

The lowest member in the above section generally has been 
~upposed to bc the top of the pottsville series, but Professor 
White has expressed the opinion that the top of this sories I 
way oceur in the bed of sandy shale noted by the driller as 
illlmediately overlying the pcbbly sandstone, anrl thil:! supPo· 
sition 800ms best to accord with the sections of the adjacent i 

wells. I 

Well E.-This well was drilled in 1887 by the same perwnl'l 
who drilled well F. It is located at Mruden, Kanawha Count,y. 

.[,og of well at Malden, Kanawha County. 

Conductor .. 
Sand~t.one, white., 
Shale .. 
Sandstone, white .. 
Sandstone, dark .. 
Coal and shale ... 
SMidstone, soft .. 
Unknown ... 
Limestone .. 
Broken rock .. 
Sandstone, white .. 
Sandstone, dark .. 
Sh.'lle, dark .. 
Limestone. blue .. 
Shale, red .. 

60 
30 
10 

..... 240 
10 

6 
.... 100 

. 100 
20 
24 

....... 180 
94 
10 
10 

Sandstone, bastard, and lime. . 20 
LimE'st,one, blue.. 50? 
Shale ................................. 834 

90 
100 
IMO 
350 
356 
456 
556 
576 
600 
780 
874 
81H 
894 
896 
916 
ll66 

1800 

This sect.ion as given and platted shows the limestone 
abnorlllally thin. but in the rel'.ord the thickness iH notpd as 
doubtful; hence it. seems probahle that the di8<'repanoy is in 
the record and that the lime:st()ne holds its general thickness 
of 150 to 250 feet.. 

Well F.-In 1887 a deep well was drilled on the Cnol Spl'ing 
Fork of Burning Spring Branch, and the section which is 
given below was preserved with considerable care; 

Log of well lin Cool Spring Fork of Bnrning Spring Branch. 

Thieknr"s Dc"th 
inf"",t infeetl 

Conductor. . 53 
Sand.. . . . .. 100 15:} 
Shale, gray. 8 161 
Sand, gray. 40 201 
Shale, dark.. 25 226 
Sand. lutrd and white ............... 174 400 
Coal.. 6 406 
Sand, hard and white .. 
Shale, whit.e .. 

. ...... 200 
10 

606 
616 

Limestone, white (shale?) ... 50 666 
Shale, whit.e.. . 40 706 
Sand, hard and whit().. . 255 961 
Shale, black.. 50 1013 
Sand. haJ'd and blue.. . ... 50 1063 
Limestone, blue,... . .... 300 1363 
Red rock, shaly... 50 1413 
Unknown ........................... 187 16UO 
Sand, coarse .. , 2 1602 
Shale, blue.. . . ... 250 
Shale, blfWk. . . 75 
Shale, bluo.. . ......... 322 2250 
~hale, shelly... .. . .. ........ . ...... 100 
Shale, blue. . 50 
Sand, shelly.. . fiO 2450 
Shale, blue and very soft,. . . 92 21142 

Well G.-On Simmons Creek, ti- miles from Kanawha Rivcr, 
is another well. Its section, as roportc!t by Mr. Pellhale, is as 
follows; 

Log of well on Simmons Creek j 1 miles from 7nnnth, 

Sandst()ne .. 
Lime shales .. 
Limest.one .. 
Red sand at buttOlll of well. 

T~~C~!r: i~k~~. 
. ..... 931) 

. ... 180 1115 
165 1280 

Well H.-At a dist.ance of 2 miles from the rivur another 
well was drilled. which, on the same authority, gave the fol
lowing log: 

Log of well on Lens Creelt 2 miles from mottth. 

Drift .. . 
Sand .. . 
Shale .. 

Thicknes" 
In !e~t. 

10 
............. 110 

80 
200 

120 
200 
<00 

4 '04 
Sand. . .............. 296 700 
Shales. green, red, and blue ........... 280 980 
J,imestone, gray and blue. . 240 1220 
Red sand. . 2 1222 

Well I.-On Lons Creek two wells have lleen drilled in 
dose proximity. The one farthest down the stream, or at a 
distance of 1: miles from Kanawha. River. affords, a.ccordiug 
to Mr. Penhale, the following section: 

Log of well on Lens Creek li 1MleHfrom mo-uth, 

T~~~j~ i~'?e~~, 
Sanilitones (~) . . . 840 
I,illle shales ............................ 200 1040 
White lime.. ., 160 1200 
Red sand at bottom of well. 

All details are lp.~king regarding the eharacter of t.he 
material down to a depth of 810 feet. 'l'hese are supplied, in 
a measure, by section H. 

Well J.-ThiH well il'O located on Kanll.wha River at tho 
mouth of Witehers Cre(;)k; thc elevation' of the head of the 
well is UIlkU,Own, hut it iH presumably about the ](wel of 
the bottom land along the Kanawha at thi,s point, or 570 feet, 
above sea level. 'fhe section is given on the authority of ,T. 
W. Penhale of Charleston. 

Log of weU on Kanawha RitJer nea1' 1/W1dh of TVUchM'i! 
Oreek. 

Unkrlown .. 
Coal and shale.... 20 520 
Unknown... . ............ 370 SlIO 
Bottom of all santI... '800 
J ,ime slJa.Je. . 70 960 

005 
1;~5 1100 

-Whit{l limel!tone ..... 
J~ime shaJe.. . 106 
Red sandstone at b<lttom of well, 



Well K.-Thls well was . drilled in 1887 near Winifrede, 
Kanawha County, by the Winifrede Coal Company, which is 
authority for the following section; 

Log of well at Winifrede, Kanawha Connty. 

Thiclrne"B i~lt!~. in feet. 
Conductor .. ... .. ........ 32 
Coal, "Winifrede" .. 4 36 
Unknown ... 11 47 
Sandstone ... 51 98 
Shale ... lOS 
Coal. .. 2 105 

'" 125 
25 150 

115 '65 
10 27G 
39 314 
2 S16 

105 421 
2 423 

431 
440 

120 560 
4 564 

1i8G 
Sandstone ... 
Shale ... 15 
Sandstone ... . .. 105 1575 
Limestone .. 15 IG90 
Sandstone .. .... 160 1750 
Shale ... 10 1760 
Shale, red 15 1775 
Shale, black .. 15 17!)0 
Red rock and shale .. 70 1860 
Limestone .. ... ............ ......... 140 2000 

Well L.-This well, which. has proved to be the iurge;,;t gas 
well in this district, is located at Radne, Boone County. 
The log of the well was very poorly kept and it is valuable 
only in determining certairl well·marked formations. Tt is 
given on the authority of C. C. Sharp of Corning. Ohio. 

Log of well at Racine, Boone County. 

Unknown 
Red sandstone and ~hale . 
Limestone .. 
Sand at 
Sand at ... 
Red shale in bottoll of well. 

Th;'C~~~B 
... 400 

4 
196 
11 

... 314 
............ 175 

...... 165 

4J)4 

600 
611 

"5 
1100 
1265 
1285 
1335 

4 

which the other formations may be classified. It I vicinity of Kanawha Falls. Owing to a change 
is present in ful1 force in aU hut two sections, and in the direction of the stream at this point, it 
in these it seems probabJe that the record is at i flows for a few miles up the dip of the strata and 
fault rather than that the limestone is absent 01' forms a fine cascade in plunging oyer the slightly 
as thin as indieated. It is barely possible that the upturned edge of the mafl.siYe bed of sandstone. 
limestone is variable in this region, but its great The section a10ng New River has been aceepted 
regularity in the majority of well sections leads generally as the type for the middle part of the 
to the supposition that it is present in them aU coal field, and the massive sandstone at the· top of 
and that its reported yariabi1ity is due to the t.he Pottsville series has been regarded as a con
failure of the driller to obser,e it rather than to stant and distinguishing feature of this -qorizon_ 
th¢ absence of the bed itself. Careful search, ho,vever, for this bed in the ter· 

The regularity of the thickness of this limestone ritory on both sides of the riYer clearly:proves 
is rather surprising ·when it is con~idered that this its lens~like character. It can not he identified 
quladrangle lR intermediate in position between beyond 15 01' 20 miles from New River, and even 
the region of. its great den~lopment on the eastern down the stream be10w Kanawha Falls it is soon 
si4e of the coal field, where it is approximately lost to. view, although its horizon continues alJm~e 
900 Iet't thick, and southern Ohio, where it thins water leye] to the mouth of Armstl'ong Creek. 
tOI a feather edge and disappears. The sections In the Oceana quadrangle, lying south of the 
gi hn show no trace of thinning toward the north- area under discussion, the horizon of this bed is 
west, but, on the contrary, the 1imestone seems to present, as shown hy the fossil plants, hut there 
hdlcl a constant thickness throughout the region. is no partieu1ar1y hard or thick bed of sauciRtone. 

IAbove this limestone, in several sections, occur These facts are of the utmost i~llportance in the 
tbjiu beds of limestone, red shale, calcareous shale, interpretation of deep-well sections. Since it has 
add red sandstone which evidently also belong to heen generally assumed that the top of the Potts
the MississippiaII, 01' lower Carboniferous, series. ·ville is nw.rked by a heavy sandstone, the line 
In the geologic folioR treating of this region this separating this formation from the one above has 
formation is called the Pennington shale. On the been drawn at the topmost bed of a generally 
eastern. margin of the eoal field it is several thou- sandy series. In a measure this is cOITect, hut the 
sand feet in thickness, but in this region it is evidencp of fossil plant.s shows that it is not nni
redueed to less than 300 feet at the maximum yersal1y so, and it shou1d be accepted merely as a 
and in Jllany seetions it is entirely ahsent. This provisionn1 determination. _ 
variation in thiekness is presumahly due to the In tracing the top of the Pottsville along Coal 
unconformity hetween the Mississippian and the River into this quadrang1e, it ,"vas found t.hat 
Pennsy1vanian, or upper Carboniferous, series. At there is no 'i...-ell·defined stratulll of sandstone at 
the dose of the Mississippian epoch the land on this horizon, and consequently the top could he 
the CillciTJllati anticline rose above the level of the located only approximately from such strati. 
water and the red PenniIlgton shales, forming 
the surface of the land at that time, were eroded 
ilTeguhlJ'ly and in some places were entire1y 

It is unfortunate that this record was not more ca:refully removed before the coarse heds of the Pottsville 

graphic evidence as was available and by means 
of fossil plants. The horizon thus determined 
passes he10w the leve1 of the stream in the vicin
ity of ROUlHl Bottom Branch and has been gen
erally supposed not to show again at the surface 
before reaching the western margin of the coal 
field. In the vicinity of Racine and Peytona, 
however, there is a coarse, ntassive I)/sco"\'eryof 
sandstone which uutil recently had !'i'r~::~~e 
been regarded as belonging to the Racine_ 
Kanawha formation, but which was identified by 
Prof. B. S. Lyman (Some Coal Measure sections 
near .Peytona, 'Vest Virginia: Proc. Am. Phi10s. 
Soc., VoL XX..:XIII, pp. 282-309) as the topmost 
bed of the Pottsville series. This determination 
was at first not generally accepted, but it has 
heen verified by David White from a eollection 
o:f fossil plants made frOln a coal bed immediately 
over1ying the heavy sandstone at Racine. Under 
tIle influence of the Brownstown anticline this 
Pottsville ~andstone rises above water level neal' 
Joe Branch, attains its maximum altitude at the 
mouth of Whiteoak Creek, and then sinks below 
the leve1 of the stream again near I .. ick Creek_ 

~:~:i: ~~~ ~~1~~1ineg 0:rl~ ~:::e °s:~~;~~tg~:~~~ ~:~~l:~ series were deposited. 
lead to the drilling of other wells in the near future. The 'Vherevel' deep horings have been made thc 

~~~I~~:~~l!~~c~:~tbf:~I~\:~:e:,~;~~~~t!~lh:~~;~ns~Ill:: I Pottsville s:J:ies has been found, but its thickness 
thickness is reported at 500 feet. The tools were lost in the' and composltlOn val1' greatly from p1ace The Potts
latter well and it was never completed. I to place. This series is complex, being "\'ille series. 

Well M.-This woll is located on Guyandot River near tho I eomposed of shale, sandstone, and cong10merate, but 

:~;~:'~fu:~s~e~~r~;:~~ct;:~si~~:~t~;r~~:~:i~~nq:~~ i the ori11er l'ftre~y differentiates these b:ds in h~s 
the wells along Kanawha River. ! record Look. Sillce only the upper porbon of thIS 

Log of well on (fuyandot River near mouth of Big Hart i series is exposed at the surface in this quadrangle, 
Creek. Thickness I the remainder need not be described in detail. 

in~~. j~le!f. : 8ewellfonnation.-This is the uppermostmem-
20 46 I bel' of the Pottsville series. It is named from the 
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By comparing the plotted sections it win be 
seen that in several cases the dri11 penetrated far 
below the Carboniferous limestone, but the simi
larityof the material OCCUITing below that stratum 
makes it practically impossible to subdivide it 
into formations or to correlate it ,,,ith beas of 
similar age on either side of the basin. Well M, 
on Guyandot River, is the deepest of the series, 
and it penetrated shales and sandstones to a depth 
of 1800 feet below the 1imestone horizon. Some 
of the sandy and especially the red beds of the 
upper part of this interm1 without doubt belong 
to the Carboniferous series, but the greater por
tion may be more safely classed as Devonian and 
correlated ·with the thick sediments of this age in 
the Appalachian Valley to the east. The Carbon
iferous limestone, or Newman 1ime-
stone, as it is termed i~ these folios, is !i~::.:r:r.:;. 
the reference stratum III all of these 
wells from which measurements are made and by 

town of Sewell, on New RiYcr, where some of the 
earliest mines in this d istriet were established 
the purpose of obtaining coal from this formation. 

Along New RiYer, on the southeastern margin 
of the coal field, the Pottsville is a great, comp1ex 
series having a thickness of not 1ess than 1400 
feet_ In passing northwest it gradually becomes 
thinner, being reduced to 925 feet in the section 
at Racine, which is one of the most accurate 
measurements in the eastern part of the Charles
ton quadrang1e. From this it decreases to about 
550 feet at Charleston, 480 feet at Lock No.6, 
and about 290 feet at 'Vinfield. These 
show that the decrease in thickness is 
in this quadrangle than it is eastward, 
exact manner in which the change is accom
plished is not ·well understood. Since this series 
gradual1y overlapped farther and far- O"\'erJapof 
ther upon what was previously land to t~er~X:f~ 
the northwest, the lowest beds of the erOus. 
complex series that occurs on the eastern side 
the coal field are probably the first to disappear 
in passing in a northwesterly direction. In like 
manner, the overlying beds successiyely disappear 
until, on the northwestern side of the fie1d, only 
the npperlllost members are present to represent 
the Pottsvi11e series. A study of the fossil plants, 
by David White, Rho,vs dearly tbat the ba~3al 

members of the Pottsyi11e series have no repre
sentatives on tIle western s1.(le of the eoal fie1d and 
that the rocks found there belong to the Se-well 
:formation, at the top of the series. 

This series is particularly conspicuous on Ne,Y 
River in the vicinity of Caperton, its prominence 
being due largely to a massi\~e sand- Localhea"\'Y 
stone or conglomerate "\vhich forIlls high t:;!itp~;t:! 
c1iffs along the brink of the gorge. "\'lIIe. 
This sandstone dips to tl.!-e northwest, in confor
mity with the general descent of tIle rock series 
in this direction, and it reaches water level in the 

This series is also abov~ water level' on both 
forks of J~itt1e Coal Uiver above Madison. On 
Spruce }I~ork the top is marked by a conse con
glomerate, whieh is quite prominent near Low 
Gap Creek but which disappears toward Madison 
and also in the opposite direction. On Ilond 
Fork t.here is nothing unusual in the character 
of the heds and their horizon can he told on1y 
from the fossils whieh they contain. The pres
ence of the Pottsville rocks on both Coal and 
I-itt1e Coal rivers is 'ivell estab1ished bJ~ the evi
dence of f08Ril plants and shou1d he expected from 
tIle rise of the rocks over tIle Brownstown anti
cline and the thinning of the various formations 
toward the north west~ 

The section from Hacine across the Liivide to 
Brownstown seems to show that the sandstone 
·which is so heavy at Uacine is also present on 
Lens Creek from the forks of the creek to Kalln
wha River. During the past season a few fossil 
plants were collected from the sha1e .ilUltuediate1y 
overlying t.he heavy sandstone on Lens Creek, and 
-whil~ the material'js not sufficient for fiha1 deter· 
mination it seems to indicate that the plant.bearing 
horizon is below that of the Eagle coa~. Since 
the interval between the Eagle coal 
and the top of the PottRyille thins . ~!:i£~k. 
to·warn the northwest, as do most of the 
otller formations, it is quite probable that the 
sandstone in Lens Creek forms the t@p of the 
PottsviUe series_ This assumption is still further 
strengthened by the comparison of well sections. 

The section at Raci·ne may l?e considered as a. 
correct scale for measurement because the well 
head is ·within 25 feet of the top of the heavy 
sandstone that is regarded as Pottsville. 1'he 
section is lacking in detailR, but the dividing line 
between the coarse sands of the Pottsville and 
the red shales and red sands of the Pennington 
beneath is probab1y well detennined. On the 
assumption that this is correct, the Pottsvi11e at 
Racine has a thickness of about 925 feet. The 
two wells on Lens Creek, I and II, strike the red 
or calcareous shales at 840 and 700 feet respec
tively. On the assumption that these three we11s 
start at approximately the same stratigraphic 
horiwn, it will be seen that the Pottsville is even 
thinner on Lens Creek than it is at Racine. This 
is not surprising, for there is a northward as wen 
as northwestward element in the thinning of this 
formation, and it is only reasonable to suppoiie 
that the red shales are nearer the surbce on Lens 
Creek than at l-ill.cine; but jf the sandstone on 
Lens Creek is not Pottsvi11f', tllen the top of the 
Pottsville must be be10w the surface and its thick
ness must be correspondingly reduced. Sucb a 
reduction in thickness, however, aoes not corre
spond with the section OIl Burning Spring Branch 
C,vel] F), whieh shows a probab1e mensure of 837 
feet. The structure, stratigraphy,·and fossils seem, 
therefore, to indicate the Pott.sville age of this 
sandstone on Lens Creek. It has not been here
tofore recognized by ge010gists and its adoption 
here is only provisional, pending the production 
of more definite evidence_ 

The proof of the existence of Pottsville rocks 
at Racine necessitates a change in the correlation 
of all the coal beds of this region. The 
beds on Coal ~iver have been definitely ~;{~~::.~~~ 
cOITelated WIth those on Kanawha : .. ~~~nece ... 
River, but, unfortunately, a coal bed 
lying directly above the heavy sandstone at Racine 
has been correlated with the Cedar Grove coal on 
the Kanawha, a corre1ation which is manifestly 
incorrect and whieh will have to be changed. 

Kanawha fm·mation.-This is the great coal
bearing formation of southern West Virginia. 
It occupies th.1--: interval between the Tbegreat 
Sewe11 formatIOn and the Charleston f::.;!ti!.'"~'!' 
sandstone. This formation varies in ~:~vr .... 
thickness in the same manner as the r:ini ... 

Pottsville, but, since it is not limited by uncon
formities, the change in thickness is accomplished 
by the general decrease toward the west in the 
amount of sediment, supplied during the deposi
tion of each stratum_ In the vicinity of Kanawha 
Fa11s this formation is about 1100 feet thick A 
short distance below this point the base passes 
below water le"el, and, until recently, was sup
posed not to appeal' again until the northwestern 
side of the coa1 fie1d was reached, but, as shovl-rn 
in the description of the previous formation, it 
probah1y does appear a few :feet above the level 
of the river at the mouth of Lens Creek, and 
then disappears as it passes below the center of 
the basin. The reappearance of the base of the 
formation at Brownstown and the yarious well 
sections in this vieinity afford, measurements of 
the thickness of this formation at several points 
in this quadrangle. At Brownstown it is approx
imately 700 feet in thickness, at Charleston 600 
feet, be10w T~ock No.6 500 feet, and at Winfield 
425 feet. Thus we can trace the change in the 
thickness of this formation from 1100 
feet on the southeastern margin or the ft~S~~':~a 
coal field to 425 feet in the center, r.:..":.'!~i.~ to 

and, as reported by Prof. I. C. 'Vhite, west. 
to 244 feet at Ironton, Ohio, on tbe northwestern 
margin of the :fie1d. Along its outcrop in the 
Charleston quadrangle it varies in thickness from 
800 to 650 feet, but under cover it probab1y 
decreases to 450 feet. 

Considered broadly, the Kanawha formation 
Illay be distinguished from both the overlying 
and. the underlying formations by the relative 
fineness and softness of its material, but when it 
is examined in detail this difference is not so 
marked as it seems from the general statement~ 
Probably the prevailing e1ement is sandy shale, 
but mingled with it are numerous beds of sand
stone, which. arc as massive and prominent in the 
topography as many of th(lse occurring above fl,nd 
below the formation. As a rule it cani.es more 
coa1 beds than any of the other formations, and 



many of these beds are of workable thickness and 
of sufficient purity to be extremely valuable. The 
base of the formatjon is fairly 1vell differentiated 
from the next formation below, and since this 
horizon has been determined 1vith certainty hy 
fossil plants, it will be comparatively easy to 
carry tIle plane of subdivision into oHler pluts of 
the field. In Kanawha County the top of the fur
mation is more clearly marked than the basc, for 
the uppermost limit Vis defined hy the The" Black 
"Black flint," \vhich is well known to ~ih::i'z:: 

coal prospector and operator and marker. 
even most of the citi7.ew:l of the regioll in wli(;h 
it is found. Unfortunately its outcrop 11'; limited 
in geographic range and the beft is somewhat 
variable in composition in tht" region in wIlich it 
OCellI'S. The Black flint is present in full devel
opment in the triangle hounded by Elk and 
Kanawha rivers and tIle eastern IIlltl'gin of the 
quailnmgle. It crosses Kanawha River and 
l':'xtends to the headwaters of Da1"'is Creek, and it 
is generally present on the hills nea.r the river, 
back of Brownstown, '\Vinifreile Junction, and 
Peerless. It is a regluarly bediled deposit which 
in its greatest development has a r,hickness of 
about 10 feet. In some places it eonsiRts of heavy 
beds of deTlse hlack :flint 'which is so pure tIl at it 
has been used extensive1y for anov;, heads and 
flint implements general1y. From this pure con
dition it grades down to a blaek siliceous shale 
which can be distillguished ,...-ith difficu1ty from 
other beds of simi1ar materia1 in the series. In 
every case it assumes this sha1y phase toward the 
margin of the deposit, and thus fades gradually 
from sigllt until finally it hecomes unreeognizab1e. 
This is we11 illustrated in the cuts of the Chesa
peake and Ohio Railroad, just above the station at 
Charleston, where it is exposed for some distance. 
Near Porter Branch the bed il'l easily identified 
and can he followed down the tracl~ from that 
point until it degenerates into. very sandy 81ale, 
and neal' the station it disappears aR a recogniz. 
able formation. South of the flint a·rea the top of 
the Kanawha formation can be determined only 
approximately. In a general way the sandstone 
overlying this fotTuation lIlay he found on most of 
the hilltops, hut it is genera11y impossible to dm'N 
a definite line of divislon between them. 

In the vicinity of Madison the lower part of the 
Kanawha formation is characterized by a thick 
bed of fine hlue sha1e which carries a great num
ber of calcareous concretions that are readil v rec
ognized. wherever they are found. ''''hen ~large 
they are generally known as "Turtlehacks," and 
they ha,ce suggested the name TLlrtle Creek whieh 
has heen given to the stream that enters Little 
Coa1 River near the to'wn of Danville. 

Oharle8ton sandstone.-The Charleston sand
stone consists of a serieR of coarse sandy or con· 
glomeratic heds which separate the Kanawha 
formation from the red and green shales and green 
l'Iandstones of t.he fOl'mation next above. In pass
ing across the outcrop of this formation Sandstones of 
on any line at right angles to the diree- !~!f.!'r':!~t~';.n 
tion of the outcrop, it is easily seen that are lenses. 
this series is, lithologically, clearly ~epamte and 
distinct from the series which lie ahoye and below 
it, but when the contacts are traced continuoush 
it is found that HIe coarse heds are almost uniye~'
sally in the form of lenses. and at the margin of 
one lens it is necessary to go either IIp or down 
in the series to reach the limit of the formation as 
determined by the next leus. In tlli", 'way the 
formation can be traced, hut it is very doubtful 
whetber the top as determined at one point is at 
the ,same liQril'lon as the top at another point a 
fe,v miles distant. It is only by mcans of the 
fossi1 plants that the time hor17.0ns can he deter
mined in connection with this formation. 

The Charleston sandstone is made up of a vari
able number of beds of coarse material separated 
by shale and coal heds. It is particularly promi
nent in the river bluffs trom :Malden to Spring 
Hil1. At Charleston it forms picturesque cliffs, 
eRpecially on the southweRtcl'll side of tIle river, 
and it is from this place that it has heen named. 

In variation of thiclOless this formation seems 
to fo11ow the same Jaw that governs the 10wer 
formations. In the soutlleastern quart.er of the 
quadrangle it caps the hills without showing any 
of the red shales of the succeeding formation 
.and has, an apparent thickness of abo~lt 400 feet. 

Charleston. 

At Charleston it is about 300 feet thiek, and in 
the Little Coal River region it presumably in few 
plaees exceeds 200 feet. Mter passing below 
water leve1 it seems to he as variable in thiekness 
as it is above. Below I,oek No, 6 it is reported 
400 feet in thickness, and at \Vinfiela it is appa
rently 1"75 feet thick. 

Braxton formation. - This includes uU the 
Carboniferous strata of the region above the 
Charleston sandstone. 'rhe formation Red aDd 
consists largely of red and green shales ~~~r:::3!es 
and f,'1'een sandstone, but there are stones. 
numerous lenses of wllite, eompact sandstone or 
eong10merate_ These lenses are general1y of con
siderable extent, frequently running for 5 or 10 
miles, but eventuany thinning down and finally 
disappearing from the section. Owing to the 
irregu1arity of the hard and prominent heels, it is 
a1most impossible to determine the exact structure 
01' the thickness of the strata with eertainty. The 
well section at \Vinfield shows a thiekness of 550 
feet between the Charleston sandstone and the 
so-ealled Pittsburg coal. To this must be added 
250 01' 300 feet for the height of the hills above 
this hori7.0n, making a total of 800 or 850 feet for 
the Braxton formation in thiR quadrangle. 

The Haymond or so-called Pittshurg coal hed 
has been taken bv Prof. 1. C. White as the ilivid
ing p1t-tne hetwee;l the Elk River series below and 
the ~lonongahe1a. River series above. This divi
sion of the strata was first used in Pennsylvania 
and is doubtless wen adapted to that region, hut 
in southern West Virginia this coal bed 'is too 
variable to permit of its use as a horizon marker. 
This division is not a natural one in this district, 
for the strata above this coal are lithologically 
identical with tho!'18 bel my; consequeTltly the 
more logical method is to consider all of these 
rocks as belonging to tlle Braxton formatioll, 
a name derived from Braxton Connty, West 
Virginia, w'here the formation ,vas nrst studied 
and in this manner. 

of f01'1natio11.s.-The earliest geo
logic work in the .t\.ppalac11ian coal field was done 
in Pennsylyania; hence that has been generally 
l'eganled as the type locality, and the rock series 
there exp0fl.ed has heen taken as tIle st:mdard for 
the entire baHin. \Vhen the coal-bearing roeks of 
the Kanawha VpJley were examined 
they ,vere found to bear a strong ~~~~e:~!loD 
resemblance, both in lithologic charac- ~~~~:~c. 
tel' llnd in snecession, to the type section 
of PennsylvHnia, and the formation names for the 
latter loeality were carried south to the new field_ 
These names were used in West Virginia entirely 
on account of the lithologic similarity of the rock 
series in the Kanawha Valley to the series of the 
northem field, 1,"'ithout reference to the contained 
fossils. The difficulty in using fossils fol' correla
tion purposes was that those of manne origin are 
too sparingly distributed, both geographically and 
throughout the geologic column, and tIle foss-il 
pla.nts had not been adequately studied at the 
time of the earlieRt work in this region. 

During the course of the present ,York exten
si ve collections of fossil plants have been made b) 

Dayid ,\Vhite froul the formations in the Kantt· 
wha Valley. Upon comparison with fossils from 
tbe type loca1ities in Pennsylvania, it has heen 
fonnd by .Jfr. White that the correlations based on 
lith{)logic similarities do not correRpond to those 
nuvle on the evidence of the fossil plants. Hence 
the application of Pennsylvania Hames to forma
tions, and even to individual coal beds, in this 
region is incorrect and the nnmes must give place 
to a. local nornenelature based on the chameter of 
the beds) without reference to sections in otller 
parts of the coal field. 'rhis sp:v:e is too limited 
to express in full Mr. White's conc1usions, but 
they may be fonnd in his paper entitled Uelative 
age of the Kanawha and A1legheny sel,-ies as indi
cated hy the fossil plants: llulletin of the Geo-
10f,rical Society of America, Vo1. II, pp. 145-178. 

8URFIOIAL ROOKS. 

PL"F,rSTO(JENE PERIOD. 

l'eay formalion.-In the Charleston quadrangle 
this formation is found principally in Teay Valley, 
from which its name is derived, but small areas 
of it also oecur in the" Flatwoods" at Fry and in 
n. few localities north of the niain 'feay Valley. 

It conf'lists principally of the flood.plain deposit. of 
the all{~-ient Kanawha River and of the finely lam
inated clay laid down by this stream hefore it 
abandoned Teay Valley for its present course. 
The rising of the Ilmd since this episode nnll the 
consequent dissection of the old valley have 
afforded ample opportunity for the study of the 
deposits. ,\Vherever the rock floor of the \-alley 
is exposed it is found to he covered 
with a layer of bowl~erR and gravel, all fi:~~!ea:f 
weUl'ollnded and eVIdently shaped and I~:.J:.;"i~D. 
deposited by a vigorous stream. These 
bowlders consist largely of vein quartz, whieh has 
been transported probahly from the mountains of 
North Carolina, but there is also a notable element 
of qnartzite and Blaek flint bowlders ill the collec
tion. The latter are abundant and of eonsiderable 
si7.e, one being obseryeil which measured from 12 
to 16 inches in its longest diameter and from 10 
to 12 inches transversely. The suggestion has 
been made that some other stream than the Kanft
wha excawtted the Teay Valley, but the presenee 
of fiint bowlders in ahundance shows elearly that 
Kanawha River occupied this valley, for only that 
river traverses the territory in 1·",hiell the Black 
flint occurs. 

Above the pavement of howlders and gravel 
there is generally sand, hut the arrangement of 
the different matenals is variable, like that in the 
flood plain of an active stream. Interhedded day 
and sand compose a large part of the 
deposit) and above them is a deposit of- :!.~i~~\~ 
finely laminated clay whieh has a maxi- clay. 

mum thiekness of about 50 ftlet. T}lis day is 
extremely fine and carries the Rame colors tImt 
are found in the shales of the Braxton formation. 
In aU the euts made by the streams now draining 
the vaHey the al'l'angement of the rnateriaJ. C01'l'e
sponds to that. already given, showing that the 
erosion of these smaIl valleys has been accom
plished since the deposition of the highest and 
finest materials in the vaHey. 

The genesis of the coarse deposits has been 
referred, withont question, to the time ",,,,hen the 
Kanawha occupied this valley as a Eving stream, 
but the origin of the laminated clay is not so 
easily accounted for. Occasional pockets of such 
clay may occur on the flood plain of a large and 
sluggish river where the overflo'0'" from great 
freshets eollects in back lagoons, allowing the 
mud carried in suspension to s10w1y settle, bllt 
tIlis explanation "rill not suffice to explain a 
depoRit 50 feet in thickness which apparently 
extended originally across the entire valley. At 
first sight it might seem as though the original 
suggestion of a glacial ice dam in Ohio River 
would best exp1ain the phenomena, but if such a 
dam existed it would eause deposition of fine 
sediments all along the old .channel above the 
dam, consequently the vaUey back of Russell, 
Kentucky, should contain such sediments as well 
as the rreay Valley p~oper_ Ponding Clay beds 
undoubtedly occurred III the upper end !~:n;,~~3~d 
of Teay Valley, and it seems probable ~:~~r:,;:! 
that it ,\-'as caused by an iee jam River. 
formed by the accnmulation of floating ri1'er ice 
borne down by the ,vaters of Kana,vha Ri \Cer. 

On the above supposition the clay deposited in 
Teay Valley belongs to the early pnrt of the 
Pleistocene period, and the sand and gTavel, \vhich 
praetically can not be separated from tIle day in 
mapping, are considered of the same geologic age. 

Albl1Jlum_-The latest formation in this quad
rangle is the :flood-plain deposit of the present 
streams_ Each stream has its flood plain, which 
is in process of cOTlstruction and reeonstruetion at 
every period of high wator, but on all of the 
streams except Kana1vha River these deposits are 
so small that they have been omitted in mapping. 
The alluvial plain of the Kanawha varies in width 
from one-half mile to one m-ile, and in a region so 
hilly and broken as that of '\Vest Virginia level 
land of this extent is of the greatest economic 
importance. 

STRUOTURE. 

The structure of the Appalachian coal field is 
that of a broad, flat trough, in ''\'hieh, in a general 
\vay, the oldest Rtrata line the bottom and extend 
to the margins on either side, while the sllcceeding 
formations oecnpy similar positions, except that 
their outcrops are always within and concentric 

with those of the next older formations. rrhis 
sllceession continues until the latest or youngest 
rocks are reached, in the center of the basin. 
This result may be produced in one of two ways: 
either the rocks were deposited in horizontal and 
parallel formations and subsequently folded into 
a trough or syncline, or they were deposited in a 
syncline of deposition, the form of which was 
determined mainly by the floor on which the 
sediments were deposited. In the latter case the 
basin would be gradual1y filled by the successive 
deposits, restricting its area more and more, until, 
fina11y, the last sediments carned into the basin 
would fill it completely and remove it fl'om the 
area of active deposition_ 

Doubtless the geologic phenomena shown in the 
Appalachian coal fie1d are the combined results of 
the processes here outlined, for it is 
evident that much of the material now ba5in II 
constituting .the coal-bearing rocks was ~~:JJi~:·. 
originally laid down in a syncline of 
deposition, and that this same material) since -its 
consolidation into indurated rock, has been thrown 
into great folds along the eastem margin of the 
fieJd. 

Thus in the Appalachian basin the sedimenta
tion of the coal-bearing rocks undoubtedly began 
in a trough.shaped depression, but that depres
sion was not located on the axis of the basin; 
the earliest deposition began along the eastern 
nll1rgin, and since the supply of materi111 came 
from the east, that part of the haRin received hy 
far the larger part of the material and consequently 
the lower :formations are very much thicker there 
than on the western side. Since the close of depo
sition, movements have occurred, which, in many 
places, produced large folds within the limits of 
the coal field; and in all cases, except in the 
southern end of the field, they have raised the 
eastern margin far above the western side. 

Fig, 2,-Sketch section a!lroSS tho Appalachian coal basin in 
the latitude of Charleston, West Virginia. 

These points are illustrated in the sketeh sec
tion across the basin as it now exists, shown in 
fig. 2. The lowest formation repre- ThinD1D!i:'of 
sented - the Pottsville _ thins from !~~,,!~~i~~: 
1400 feet on the eastern outcrop to west. 
about 250 feet on the western. A similar change 
is observed in the Kanawha from 11 00 ieet on 
the east to 270 feet on the west; and some ehange 
in the same directioll is noticeable in the overly
ing Charleston sandstone. The position of the 
Charleston quadrang1e, as shown by'the section, 
is neal' the center of the main trough, but its posi. 
tion relative to the Braxton formation is we11 
over toward the eastern side. 

Although the coal-hearing rocks of Virginia, 
Tennessee, and Alabama may be many times 
thi.cker than those of northern West Virginia, 
Pennsylvania, and Ohio, the northern part of the 
llasin contains more formations and younger rocks 
than the southern; tlJat is, the northern part 
represellts a longer period of time, but a slower 
rate of accumulation of materia1. The Clmrleston 
quadrang1e is at the southern extremity of this 
northern part of the basin, and hence its rocks 
are more influenced by the pitch of the syncline 
toward the north than hy the dips toward the 
eenter. Across the end of the hasin the limi ting 
outcrop of the Braxton formation is approximately 
east nnd west, hut when this line is fo11owed to the 
east and the west it is found to bend to the north 
and within a score of miles to rUll l)ara.llel with the 
axis of the basin and on opposite s-ides thereof. 

Btrlwtwre seotwn_-The seet-ion on the Structure 
Section sheet represents HIe strata as they would 
appear in the side of a deep trench Gut across the 
quadrangle along the line A-A. The vertical and 
horizontal scales are tIle same, hence the actual 
form and slope of the land and the dips of the 
strata are shown_ 

The 'only variation £rom the regular northwest
ern dips of the strata wh-ieh prevail on the weRt 
side of the Appa1achian trough is a Tbe Browns
low arch that crosses Ka.na.wha River tOWD arch. 
at the mouth of Lens Creek, and eonseql]ently has 
been called the Brownstown arch. On the His
tOl'ieal Geology sheet this arch if;! wen shown 
where it crosses the principal streauls, for it 



brings the Sewell formfLtion of the Pottsville" 
lIeries to view in the stream hedR, iLIld on the 
ridges between these streams it raiRe~ HIe Charles
ton sandstone so high that it has been eroded, 
lettv-ing the hilltops composed of the soIter mate
rial of the Kanawha formation. The direction of 
the axis of this fold is approximately N. 45" E., 
and it extends beyond the limits of this quadran
gle in both directions_ Its maximum development 
is at Coal River, and it declines in magnitude in 
both directions from this point. Jt. d'tlcrcasps so 
rapidly toward the northeast that the Pottsville 
rocks are barely uncoyered at Kanawha River, and 
beyond the limits of this territory the arch soon 
flattens out and disappears. 

MINERAL RESOURCES. 

SAT,T. 

Kanawha Vaney has long been noted for its 
production of salt, which dates back eYfm to the 
advent of the earlif'st white settlers. The "Great 
Buffalo Lick," from which sa1t was first 
made, was situated at the edge of the ~f!t.~i.freat 
river a fe,,, hUlldred yards above the . 
mouth of Campbell Creek At this spring was 
erected in 1797 the first salt furnace of the Kana· 
wha Valley, and in 1 R08 V,'HS completed the first 
rock-bored salt well ·west of the Alleghenies. 
During the next thi.rty yoars the industry expanded 
greatly, many wells were drilled, and at one time 
as many as forty furnaces were in operation in 
this vaHey. The salt produced at these works 
achieved a ·wide reputation for it~ presermtiYe 
quality, and for some years the output was equal 
to that of the great Onondagft, district Ot Nev,.' 
York. The maximum production of the field 
occurred in the decade from 1844 to 1834, ,dlen 
the yearly output ranged from 400,000 to 600,000 
barrels. Later new fields were openerl in this 
and other States where conditions were more 
favorable and the saH industry on the Kanawha 
began to decline. This decline has continued 
down to' the prf'sent time, when salt making is 
restricted to a single plant Ioeated at Malden, the 
product being only a smull part of ·what it ,...-as 
at the time of maximum production. 

The difficulties of deep. well drilling were so 
great in the early days that no effort was made to 
record the different strata through which the drill 
passed, except to note the general fact that the 
brine was found in sandstone at depths ranging 
from 600 to 1000 feet, and that wells drilled to 
greater depths were unproductive. From wells 
recently drilled it is known that the 
heavy sandstones and conglomerates of ~e"r~~~vil~lfhe 
the Pottsville series are the salt-water ~::ff~~lr 01 

reservoirs and that their depths depend 
entirely upon location. From the extf'nsi...-e 
drilllng that has recently been done it is itlso 
learned that sa1t water can be obtained at a great 
many places, but the time seems to have passed 
for the profitable development of this industry in 
the Kanawha region. 

PETROT,EU}I AND NAT"('RAJ .. GAS. 

Natural gas has also been knmm from the 
earliest settlement of this country, for a 
spring on a small branch about three miler,; 
the" Great Buffalo Lick" was a matte-r of great 
curiosity in the early days, and General Vila.shing
ton, ·who visited this region in 1775, located some 
land upon this very spot, induding the famous 
" Burning Spring." Gas was encountered in num· 
erous salt .... \'e11s, but it was not until 1841 that 
there is any record of its having been used com· 
mercially. In drilling for brine in t.hat year near 
the" Burning Spring" a strong fiuw of The" Burn_ 

gas was struck, which was utili7.ed in lngSpring." 
the furnaee for evaporating the salt. Two yem's 
lat.er gas was struck neal' the same locality at a 
depth of 1000 feet, and the pressure ,vas so gn·at 
that the tools were blo\vn from the well Dr. Hale 
of Charleston, in deseribing this well, says: "For 
many yelli's this natural fiow of gas lifted the salt 
water 1000 reet from the bottom of the well, 
forced it fL mile or more through pipes to fL salt 
turnace, raised it into a reOlervoir, boiled it in the 
furnace, and lighteo the premises all m'ound at 
night." This was so successful that drilling was 
done in many places for gas ·with which to TIm 

salt furnaees, but, like modern efforts in the same 

direction, while some "'\vere successtul, many were 
disappointing. 
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In late years systematic seareh has heen inaugu 
rated to find the supposed southwestward exten
sion of the grent oil and gas field of Pennsylvania 
awl northern Wes~ Virginia. It is impossible 
here to aiscuss the geologic rt'lations Ot oil and 
gas, but it is generally accepted t.hat low arehes 
or anticlines in the strata offer the most favorable 
conditions for the accumulation Ot these valuahle 
mineral products. The" Burning Spring" on the 
Kanawha is situated upon the western flank of 
the Brownsto,Yn flnticline, and here was found in 
the early days the greatest supply of gas; con· 
sequently it seemed probable that there Rtill 
remained stores of gas upon t.he cre'1t of this fold. 
The mORt extensive drilling in modern times has 
been in the vicinity ot this arch, as is shown by 
the location Ot wells on the map. Considerahle 
gas was found in some of these wells and for sev· 
eral years it has been uRed to supply the city of 
CharleF,ton, but the amount has gl'aduaUy dimin· 
iRheu and it has been necessary to search ior new 
fields. Wells have been drilled at so many points 
along Kanawha River that the contill. Continuation 
uous southwestward extension of tht< :;~~:n~:':,ii 
prod:lletive oil territory of Pennsylva. lIeld. 
nia is dearly disproved. The most recent de....-el
opment in this field is the striking of a heavy 
fiow of gas in a well at Hacine. The capacity of 
this ..,Yell is reported to be about 2,000,000 cubic 
leet per d,ly. It is located nearly upon the crest 
of the Brownstown antie1ine and at ahout its 
point of maxiltlum development, henee it is 
entirely in accord with HI€' anticlinal theory of gas 
and oil accumulation. 

The search for petroleum in this quadrangle 
has not been so sllccessful. Small quantitieA have 
been enconntered in numerous wells, but there is 
no record of any considerahle amount a,nd the 
territory must be regarded as unproductive as far 
as the present developments have extended. 

The strata whieh carry tIle gas of this region 
belong to various geologic horizons. All of the 
early supplies ,,;ere of'rived from some GeologIe 
member of the Pottsville series, and ~::i::s~~!ar_ 
doubtless much of the gas ot the pres- ing strata. 
ent day comes from the same hoTIzon. 'rhat there 
are gas-benTIng sands at other horizonA is shown 
by the llacine wel~ whi('h finds its supply at the 
bottom of the wen in a sandstone below the 
Carboniferou~ limestone. This sand presumably 
corresponds with the Pocono sandstone of Penn· 
~yln1ni.a and the ~(Big Injun" sand of the oil 
driller. 

COAL. 

Coal is by far the most important mineral 
product of this quadrangle. It is distributed 
throughout all of the geologic formations shO'wing 
at the snrface within the quadrangle, but the heds 
are of much more frequent occurrence in the 
lower than in the upper members of the series. 
Along Kanmvha River and in the small valleys 
immediately adjacent, the coal beds ExploItation 
have been thoroughly exploited for the i!t::'qll,::.i_ 
purpoAe of estahlishing mines on lines rangle. 
of eMY trallsportation, and in that region their 
number, position, and character are wen under· 
stood. On Coal River work of this character hus 
also been done which has furnished considerable 
information about the coal beds, but not to the 
same extent as along the Kanawha. In other 
parts of the quad.t:angle little has been done except 
to open coal heds {or looal supplieR and for the 
purpose of showing the value of the property. 
Since this "Tork is usually done in an irregular 
manner, the evidence fumished by it, although at 
times extensive, is difficult to systematize and 
arrange fo1' eorrelation purposes. . 

Mining has been carried on along Kanu.vha 
River sinee the days of the early salt works, but 
many of the beds then mined are too small and 
the coal is too impure to compete in the open 
market with the standard coals, and consequently 
they have passed into oblivion along with the 
salt furnaees which they supplied. About the 
middle of the last century great activity .... yas mani· 
fested in the deV"elopment of the cannel coal Leds 
along Coal River. I~ocks ana damA were can· 
structed along the river as far as Peytona and 
considerable coal was shipped from this point and 

mines near the mouth or Little Coal River. a coal horizon that carries at least two beds or 
mines have long been abandoned and the 

improvements along the river have fal1en to df'cay. 
Ii'rom thf' great difficulty which is encountered 
trying t.o correlate the various coal outcrops in 

this quadrangle it will he impossible to describe 
t.hem according to horizons, henee they will be 
eonsidered geographically. For this purpose the 
quadrangle is di vided into nine parts by the ten· 
minute projection lines, and thm:;e are designated 
by the first nine letters of the alphabet, as shown in 
the diagram on the Coal Section sheet, begillnillg 
with A at the northwestern corner and passing 
eastvv'ard across the sheet, ending in the southeast 
comer with I 

Division A.~This divisioll occupies the north· 
western corner of the quadrallgle. The surfaee is 
formed mainly of the reo shales of the Braxton 
formation, but the top of the Charleston sandstone 
is exposed in tlw valleys or Coal River and some 
of the smaller streams in the southern part of the 
oivision. 

The most important coal horizon in this divi
sion is the so·called Pittsburg Led, or, as it will 
be called here, the Raymond bed. The Ray_ 
This is mined along Kanawha River mond bed. 
from Raymond nortlnvard at several points, hut 
the bed is irreguJar in its occurrenee and can llOt 
be fonnd at every point at which its hori7.0n is due. 
At Plymouth, on the eastern side of the river, it 
is reported to run from 2 to 7 feet in thickness in 
the mine, with an average of from 5 to 6 feet. On 
the western side of the river little i8 known eon· 
eerning this coal. An opening OJI Bill Creek 
Rhows a tot.al thickness of 40 inches (section] of 
Coal Section sheet), with some shale partillgs 
which could not be measured. 'Vest Ot this point 
it is pr.esumably too thin to attrtl.Ct attention. 

Within a distance of 50 feet from the top of 
the Charleston sandstone there is a coal horizon 
of some prominence in the western part of thiR 
quadrangle, hut in Division A it appears to be too 
thin to mine. At an opening on Browns Creck, 
:~ miles above Tornado, it shows a thiekness of 
only 25 inches, which indicates that it is valueless 
in this division. Other thin beds occur, but 
nothing ..,yas seen which gives promiRe of becoming 
commercially valuallle. 

Divisiou.' B.-In t.his area occur several open· 
on the Haymond bed. It varies grf'atly in 

. fro~ place to place and. at T eseetion 
some POInts IS presumably wantlllg oll'he Ray. 
uJtogether. It reaches its maximum mond bed. 
development at the mine 3 miles east of Raymond, 
where section 2 .vas measured by Prof. 1. C. VVhite. 
Although showing such a large aggregate seetion, 
only the mai.n bench, 6 feet in thickness, is mined 
at this place. One mile above Bl'il1ian a prospect 
pit reveals a coal which is represented in section 
3 and which is supposed to be the Raymond coal. 
This same bed was probahly found on Hammond 
Creek (section 4), but the exact thickness could 
not be determined. 

In Division B there appears to be a coal horizon 
about 350 to 400 feet above the Charleston sand· 
st.one. Section 5 shows the thickness of the bed 
on the I~eft Fork of Twomile Creek. South of 
the Kanawha It coal at about this horizon has 
heen opened on the di\'iding ridge hetween 
Smith Creek and the river. It shows 46 inehes 
of dear coal (section G). but the outcrop is so 

the summit of the ridge that only a small 
area of the coal remains to be mined. 

lJivi8i01"1> C-The Raymond coal is present in 
full thickness on the dividing ridge which sepa· 
rates HIe basin of the Pocatalico from Eastward 
that of the Elk and Kanawha, but, ~~:eR!;'cn of 
unfortunately, it is so neal' the top mond ed. 
of the ridge that only a small area of it rcmains. 
On the divide between Twomile and 'rupper 
creeks this bed is extensively mined and the coal 
is llitllled to Charleston in wagons to supply the 
local demand. Section 7 shows this bed at a 
new opening at the head of Tupper Creek, where 
it shows 5 feet 11 inches of dear coal. There 
ure numerous openings along this ridge farther 
northeast, but it was diffieult to find one in 
which the coal was fully exposed. On the ridge 
hetween Sigman and Legg forks of Tupper Creek 
this coal haB heen opened and its reported thick· 
ness it-\ shown in section 8. 

Near the middle of the Charleston sandstone is 

moderate size along the valley of Elk HiveI'. The 
upper bed, shown in section U, has been worked 
for a long time at Graham Mines. This coal occurs 
about 120 feet ahove the base of the 
formation which, in this region, is gen· ~~~:~oal 
erally marked by the ledge of the Black 
flint. Twelve feet helow the main coal is anot.her, 
which is shown in section 10. The upper bed has 
been opened three.quarters of a mile east of the 
mine, ·where it shows the thickness given in section 
11. It is not always easy to distinguish these beds, 
for where a single opmling oceurs it is frequently 
impossible to say ,yhether it belongs to the upper 
or the lo ......... er of these two coal beds. On Cooper 
Creek, one mile from Elk River, there is an open· 
ing on one of these beds which shmvs a total 
thickness of over 3 feet, hut the coal is slaty and 
hroken by two partings (section 12), so that its 
available thickness if:! reduced to 2 feet. 

Senral openings were obseT\~ed on a coal hed 
which oecurs just beneath the flint led.ge. This 
bed is irregular iTI thiekness and also variable in 
quality, so that it is generally of little commercial 
illlPortance. Its best observed showing is in the 
hluffs of the Kanawha abon Charleston, where it 
has the thickness shown in section 13. It has 
heen opened on the various branches of Elk 
Twomile Creek, but at no point does it seem to 
promise much for future development. 

lJiviRion D.-In this territory the hil1'1 are not 
high enough to reach the horizon of the Raymond 
coaL 'rhe highest horizon at which a workable 
bed occurs iR in the base of the Braxton torma· 
tion, within flO feet of the Charleston sana stone. 
Apparently this horizon i" productive only on the 
western margin of this quadrangle. The most 
important developments are in the 
neighborhood of Griffithsville, where g~~I'::ts_ 
the coal is mined at a number of points ville. 
to supply the locul demand. Section 14 repre· 
sents it at a small mine just northeast of the >"il· 
lage. The bed is thin at this point, hut it seems 
probable that the hony coal noted in the next 
sect.ion is not taken up here but is left to form 
the -floor of the mine. A short distance southeast 
or Griffit.h"ville the same bed is mined and its 
thickness and character at this point are shown in 
section 15. On f:olugartt'ee Fork, about 2 miles 
south of Griffithsville, a coal at ahout thiR horizon 
is opened, but, judging from section Hi, it is hard 
to believe that this opening is on the same bed of 
coal as that mined at Griffithsville. 

The Charleston sandstone, which carries the 
heaviest beds of coal on Guyandot River, is 
apparently almost barren in this region. On 
Laurel Fork of Horse Creek a thin coal was 
observed (seetion 17) which apparently belongs 
ll.bout the middle of this formation, bllt since no 
other o}Jening was seen at this horizon it is impos. 
sible to say ·whether it is a valuable coal or not. 
Another poor coal which apparently belongs in 
this formation was observed on Ely .Fork of Cobb 
Creek and is represented in section 18_ 

The Kanawha is the most productive formation 
in this division as well as in the whole quadrangle. 
In the uppermost 70 feet ol this formation there 
seems to be a coal horizon of considerable value 
ltnd extent. In a general 'Ivay it corresponds to 
the group of coals on Kanawha River which 
o('curs within ahout 60 feet of the Black flint, 
hut it is impossi hIe to attempt the correlation of 
individual beds. The greatest known develop. 
ment is on Horse Creek within a mile of 
Little Coal River. Fl'om section 19 it ~~jc:ncjt'!;'T$e 
will be seen tlmt the bed is divided into C~eek_ 
two benches, the upper being splint and the 
lower block coal. Each hench presents a fine 
body of coal, and it is umortnnate that they 
should be separated by snch 11 thickness Ot shale. 
It seems probable that the bed aoes not hold this 
great tbickness far toward the north, for an open· 
ing on Ivy Creek, about 3 miles north of Horse 
Creek, shows either a very large bed which is 
mostly shale or else two beds separated by an 
interval of 6 feet of shale. Seet-ioll 20 represf'nts 
the coal at the last·lHE'ntioned opening. On Cobb 
Creek openings have been made at this horizon 
which reveal coal of workable thickness, but 
tllin in eomparison with the bed on Horse Creek. 
It is possible, however, that the bed is here so 
split up that the openings are only on one bench. 



The exact condition is unimportant, for the main 
consideration is a hench of good coal of workable 
thickness, without regard to whether it is HIe 
entire hed or only one of its benches. Near the 
mouth of Ely Fork of Cobb Cl'eek an opening 
has heen made on a coal 'which is represented in 
section 21. 

Sixty feet below the thick coal on Horse Creek 
there is a bed which at some loealities haR a thick
ness of 6 feet. At the opening previously rererrecl 
to on Horse Creek it is 4-0 inches in thickness, and 
the hed is represented in section 22. On Trace 
Branch, -!- mile east of the aho\-e-mentioned local
ity, this bed has been opened, but at the time of 
examination the coal was not accessible. It is 
reported, however, to be 6 feet in thiekneAs (sec
tion 2a). 

On the whole the Horse Creek loeality is 
promising. There appenr to be at least two 
beds which are of workable thickness in most 
parts of this district, a"nd the quality of the coal 
is good enough to "\\'arI'ant dmcelopment in case 
transportation can he secured for the output of 
the field. 

IHm:sion Ji.J~-So far as kno"wn, tllere are no beds 
of any great thickness exposed in this area; 
neverthele88, there has heen con8idemble activity 
manife8ted here since the eal'1iest uevelopmcnt of 
the property neal' the fork8 of Coal River. The 
workf:; have long since fallen to decay, blit the 
ancient reports of this property contain some Sl:'C

tions, maJe at the time or the first deyelopmE'nt, 
that are of consi.derable intereRt, for they are the 
best anJ most complete sections of the coal beds 
in the Charleston sandstone in this district at 
present available. The coal -ivhieh ,'vas m08t 
extensively worked in the early days lies pl'f'snm: 
ably at about the hori7.on OT the Blade flint, 01' 
at the base of the Charleston sandstone. The 
coal occurs 60 feet above low water at the mouth 
of Manning Branch on Little Coal ltivel', and. its 
thickness and character I1re fl.hown in section 24. 
It is much broken by }Jartings, bnt it is reported 
that these partings varied considerably in the 
mine, so that at some points the coal is much 
better than the section indicate8. A miue was 
also estahliRhed on thi8 hed 2~, miles below this 
place' and on the other side of Little Coal River. 
At this mine the bed is not so large, nor does it 
carry so many partings of shale and day, but, as 
shown in section 25, it is not a. promising coal for 
commercial mining. 

A very good general section of the coal heds in 
the lower part of this formarioll ,vas obtained at 
the mouth of Manning Branch) where a Coals on 
number of beds were opened on the Manning 
hillside, one above another. 'l'wenty Branch. 
feet above the mine previously described, or 80 
feet above water level, occurs a 30-inch coal, whieh 
is s}l(nvn in section 26. One hundred and twenty 
·feet higher on the hillside, or at an elevation of 
200 feet above water level, oceur8 the most prom
ising coal of the series. As shown in section 28, 
this is largely cannel coal. If this charadeI' holds 
over any extent of territory, with the thickneRs 
shown at this point, the bed wiD certainly be of 
considerable value. Reports are current of a bed 
of cannel somewhere on the headwaters or 1Tanning 
Branch, but, so far as could be learned, it is not 
opened and the rumor could not be verified; pre
sumably, however, it is the same as the bed just 
described. At Chilton, on Davis Creek, a coal has 
heen mined for a nnml)er of years "\yhich 
h.as general1y .been regard~d as ocenr- ~;~lEiI;n~ed 
rmg at the hOl'1:r.on of the Coalbnrg bed 
of the upper Kanawha. The mint', however, is 
only a short distance from the outcrop or the flint 
layer, and from the tracing of the heds which 
has lately been done it seems probahle that this 
bed is at the horizon· of the flint and is not the 
Uoalblll'g bed. The mine in question doe8 not 
oceur in this division, but an opening has been 
made on the same eoalllear the head of the creek 
which gives the thickness shown in section 29. 

'fhe coal bed illustrated in section 2G i:;; exposed 
at the mouth of Brier Creek (section 30), where it 
shows a somewhat thicker section than on Man
ning Branch. This eoal i~ not (lefinitely Imown 
farther east, but it lllay oe represel1ted by some 
of the numerous thin coals about the Ilead. of 
Briel' Creek. At Ruth, on Trace Pork of Davis 
Creek, a bed 3 feet in thickness has been opened 

Cha.rleston. 
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(section 31) which probably agrees in strati- These sections are supposed to he upon the 8ame This interval does not correspond with that of 
graphie position ,,,--jth the coal shmvn in section 28. i bed of coal, but it is apparent that if such is the any of the well.known coal beds of this region, 
,VII at appears to be the same bed has been opened I case one bench only has heen developed. hut it i8 not far from the intel'Yal ,Y}lich clml'ac
at the head of Middle Fork of Davis Creek (sec-: In the Kanawha formation there are a number terize8 the "\Villifrede coal on Fields Creek, hence 
tion 32), where it has the same thickne8s that it I of coal horizons which can be traced along the it has been generally regarded as that bed. Sec
has at Huth. On :Middle Fork neal' its junction I ri-ver bluffs with considerable certainty, but tion 54 is from an opening at the "\Vinifrede hori
with the main creek there is an ontcrop of coal I,Vllieh, owing to inadequate eX}Josure8 and to mn on Cane Fork of Davis Creek. The Winifrede 
whie~ shows th~ same thickness as t~e be~ just irree;ulan.ties in the strat::l, can not he i?entified in coal has been opened and mined at a number of 
descnbed, but It seems to be stratlgraphlCally the mteI10r, The physwal and chenl1cal charac- localities about Winifrede Junction and in the 
some\yhat lower. Its thickness and character are I ter8 of the coals are variable and heIlce these lower part of the drainage basin of Fields Creek, 
shown in section 33. I qualities can not be depended upon for definite but the mines have been abandoned and the coal 

The coal beds of the Kanawha formation are correlations. is now inaccessible at most of these points. In a 
not ,Yell represented in Division E. The only Above Lock No.4 on Kanawha River there is prospect pit one mile east of the village of "'Nini
one known is presumahly the same as the bed a well-known coal bed which occurs ttbout 40 feet frede the coal is still visible, and its thickness at 
sho,vn in sections 22 and 23, and it lies about 100 below tllC Black flint. It is 10ca.1lv known as this point is sho-\vn in section 55. This coal bed is 
feet below the horizon of the Black flint - the the Lewi8ton or Stockton eoa.l, l:Lud "it genemllyof moderate thickness, and its regularity 
top of the Kana"wha formation. Seetion 134 rep- reaches about its maximum deve}op- ~~:::~~~or and good quality render it more valuable than 
resents thiR bed us it ShOW8 near the month of I ment 42) at Crovvn Hill, 6 coo,l. Illany thicker beds which have only local develop-
'Vi1derne8s Fork of F(lrk Creek. On the I~eft ~ milE'S tbe eastern margin of this quadrangle. ruent. 
Fork of Bull Creek a eoa.l having the thickness ~ Belmy Lock No.4 this bed is doubtless present, Relow the 1Vinifrede horizon for a. distalwe of 
shovl'n in section 35 occurs about 120 feet above I but it is too thin to ha\Te attracted much attention_ about 200 feet the strata are genernlly barren of 
the top of the Sewell ~ormation. The lower bendl : On the northern tributaries of Camphell Creek a workable coal beds. At the base of this unpro
of coal at this opemng is not well oxpoRed, so coal bed which appears to be at this horimn has ductive Reries oceurs one of the most prominent 
that it is impossihle to state its exact thickness, been opened in a number of places. Section 43 coal horizons of the Kanawha Valley. In differ
but the figures given are pre8unmhly not far from representi:l the hest o}Jening, which is situated on ent parts of the coal field this horiz;n is marked 
correct. On Coal River near the mouth of Rull Dry Bral1ch a short distance from Kanawha. by such heds a8 the "Gas" or Coal Valley of the 
Creek a lower coal.is visible, which is represente<l River, and seet-ion 4.4 is from an opening neal' the upper Kanawha, the Powellton of ArtHstrong 
in section 36 and which prohablyoccurs ,vithin head of Younger Hollow. At the latter opening Creck, KeYi:ltone of Cabin Creek, Cedar Grove 
50 feet of the base of the formation. The opening the bed is of fair thickne8s, but the coal i8 too near the eastern margin of the Charleston quad
haa so fallen in that only 30 incheR of the lower impure to mine under present conditions. On rangle, and the Camphell Creek bed in the vicinity 
belwh WaR visible; the full thiekness is not known, Kanawha Fork of IhviR Creek there is a coal of Malden. The heds mentioned helong to one 
bllt presumably it is not nmch greater than the which appears to belong to this horizon. As general horizon, but it is probable that they are 
observed thickness. Many other coal openings shown by section 45, it is somewhat thinner than not exactly equivalent, each one being a local 
were observed in this section, but the beds were the Le\vishlIl eoal in the type locality, but this development of an otherwi8e thin and valueless 
either too small to note 01' the openings were so change ab'Tees with the general reduction in thick- bed of coal. In Divi8ion F these beds range from 
closed by fallen debris that it was imp08Rihle to ness toward the west. Section 4fi is reported by 425 to 475 feet below the Black flint and from 
determine their thickness and quality. In every Prof. B. S. Lyman from an opening on the hills about 200 to 250 feet above the base Ot the Kana
case the number of de8cribed beds will not equal above Brownstown. lle regards thi8 coal as the wha formation. 
the actual number that are of workable thickness, equivalent of the Pittsburg bed, but that is mani- Seetion f)5 represents the Cedar Grove coal at 
for the reason that many of them are inaccessible. festly incorred, since the Black flint oceurs in the the type locality 3* miles above Lock No.4. On 

Division P~-The coal beds of this area are same hill at a slightly greater altitude. Its p08i- Campbell Creek occurs Hie greatest CedlirOrove 
better known than those of any other portion of tion corresponds to the Lewif;toll coal. development of coal in this zone to be coal. 
the quadrangle_ Mining operations have heen The next important coal horizon whieh can be founo m the Charleston quadrangle. In the 
carrieJ on since the firRt development of the salt identified in this division 01' the adjacent terri- exploitation or thiR field it was found that the 
indui:ltl'y in the Karu.\.wha Valley and as a rt'suH tory is that of the Coalburg bed. It is COIl'burg workable coal lay in a basin that was small in 
prospecting has been more thoroughly Jone than named from the village of Coalhurg, a bed. extent hut that contained exceptionally fine coal 
in other localities. few miles east, of this quadrangle, where it has or considerable tllickl18i:ls. The thickest coal is 

The Charleston sandstone carries only a few been mined for a number of years. It is variable now worked out, but its seetion, according to W_ 
beds of coal in thi.s area, but t.o the east they in the total thicknesR of the bed and also in t.he S. Erlwarc1s, is shown in section 5'7. In places the 
become more abundant and the individual beds arrangement and thickness of the shale partings upper bench contained thin bands of shale which 
Me thicker and of more importance. "..-hich occur within it. The average thickness in detracted greatly frotH iti:l value. Where the coal 

Less than a mile beyond the eastern margin of this mine, as reported by Prof. i. C. vVhite, is was large the shale was small, so that the total 
the quadrangle the North Coal burg bed attains shov,rH in i:ledion 47. Toward the south this coal thickness a8 given in the section vms never 
its maximum development. It is here North Coal~ holds its nOl'lnal thieknes8 aR far up Cabin Creek rea,ched. The old workings fire reported to have 
175 feet above the Black flint, and its burg bed. as Ronda, as shown hy secttOlI 48, which l'epre- averaged 6 feet, and the new 4 feet 6 inches, in 
thickness, a8 given hy W. S. Edw-al'ds in" Coals sents this coal in the mine at that place. On the thiekness. Tn passing up the river this bed 
and Cokes of '\Vest Virginia," is represented by north sidc of Kanawha River this coal is Rome- changes rapidly by the introduction of shale part
section 87_ This bed eontaiI18 a large amoUllt of i what reduced in thickness, as shown in section 49, ing'S, as shown in section 58, which represents its 
coal, hut it is so broken up by shale partings, and I which is from an opening on the T~E'ft Fork of condition at the salt \vorks mine just above Mal
the several members vary so mnch from place to ! \Vitchers Creek, within a mile of the ea.stern Jen. In this mine the shale partings vary in num· 
place, that its va.lue is greatly impaired. This bed I edge of the quadrangle. bel' and thickness and in all eases they thicken in 
is doubtlesR present in Division F of the Charles- I In the Charleston quadmugle no eoal was seen paRsing av,ray from the Campbell Creek hasin. 
ton quadrangle, hut it8 thickness is probably: that exactly eorresponds ,vith the Coalhurg hed. The mine8 reeently opened on the western 
greatly reJuced. On Stitt Braneb of Davis Creek i A coal was observed in Chappel Branch and on branches of Lens Creek appear to be at this hori
a coal was observed whieh appears to he at this I the Hight Fork of HURh Creek which oceurs about zon. Section 59 is from the mine in Ring Hollow 
horizon, but its thickness is only about 30 inches. I 1 ilO fect helow the Black flint; it may be the and section 60 from the mine on Fourmile Creek. 

In the Kana.wha region above Lock 4 t}lere is I equivalent of either the Coalburg 01' Winifrede From the report of Prof. B. S. I~yman on the ter
another important coal horizon from 50 to GO feet I bedi:l. Seetion 50 represents the coal in Chappel ritory rwtween the forks of Lens Creek, several 
above the Black flint. 'fhis was first known a8 I Branch, and sedion 51 the one on Rush Creek. sections of this con.l bed have been taken which 
the. Cannelton block coal, from a mi.ne Cannelton About 20{l feet below the Black flint oceltJ'S the \yere not visited at the time of the present survey_ 
wlnch was formerly opel'fl.teu Opposlte bloCk COllI or \Vinifreae COltl, which iR nallied from the locality This bed is locally known as Wood's Upper Coal, 
Montgomery, but now it is gencrally cOlli No. 5' on FielJs Creek at which it is most extensively and it occms ahout 250 feet above the base of the 
spoken of as coal No.5. This bed is not known developed. The interval between this bed and formation. Sections 61) 62, n.nd G3 represent 
in the Charleston quadrangle, but it may he pres- the flint iR variable, ranging'from 150 to 200 feet. three openiTlgs on this bed between Left Fork 
ent there) 8ince it 'occurs along Kanawha River On Fields Creek it appearR to be generally at the and the main Lens Creek. 
only a short diRtance beyond the-eastern border. latter figure, although the interval can not be defi· In the J~ens Creek field there is a, prominent 
The nearest point at which this bed is opened is at nitely measured, since the :flint is not pre8ent, coal bed 50 feet below" the one last described, or 
MonlLrch, a short distance ahove North Coa.lburg, except IW3r the mouth of the creek. 200 feet abO\Tc the hase of the forma. TheFlictory 
where it has the thickness shown in section 38. '1'he WiTlifrede mines are not located in this tion. This is known as the Factory Cannel bed. 

Over much of Division F the horimn of the division, hence they will he more fully described Cannel bed, for the reason that it was used in 
Black flint is clIaraeterized hya bed 01 coal, but it I under Division I, hut there are a numher of open- eady dayR, hefore the discovery of petroleum, Tor 
is generally thin and bony and of little value. i iugs on this important coal bed in this territory. the manula.eture of oil. This coal is also the 
The coal ,vhich has heen mined for a number of On'Vitchers Creek there is an opening on the equivalent of the main canllel coaI which was 
years on Dav18 Creek presnmably belongs to this \Vinifrede coal immediately beneath the prospect worked so extensively at Peytona before the civil 
hori.mn, although it ha8 been classed as Coalburg pit on the Coalburg bed, previously described. war. 
by a number of geologists. Section 89 is compiled It is 170 feet below the outcrop of the Black flint, At the site of the old oil -flwtory on Left Fork 
from measurements made at the mine during the and its character and thiekness are shown in sec- of Lens Creek the coal is abOllt 30 inches in thick
pre8ent survey j section 40 i8 from the same bed, tion 52. In the hills bordering Kanawha River ness, as is shown by sections 64 and 55, which are 
as reported by W. S . .li:dwards;'and seetion 41 is opposite \Vinifrede Junction a coal, from openings in that neighborhood. At another 
frotH ~ report ~Y N.~. Shaler ~n "Th~ Vir. g~nilLs," I repre8ented by section 53, is mined ~l=?~~d" I pros~ect ~it in this vicinity the total.thick~ess 
made III 1881, III whlCh he 6"ves thlS sectIOn as I undor the local name of the "Black (sectlOu 66) appears to be greater tlmn that Just 
that of the principal coal bed of the'segion. I Diamond." '1'his is 220 feet below the Black flint. ,given, hut it is not known how mueh of, this is 



cannel and how much ordinary bituminous coal. 
On the main creek nearly opposite the mouth of 
Ring Hollow there is an old opening on this bed 
which is reported to have shown 4 feet of coal 
(section 67), but the coal is not visible at present 
and the amount of cannel is problematical. 

This bed appears to correspond to the Browns
town coal, which has been extensively prospected 
along the river hills. Section 68 is Browniltown 

from an opening at the old mine near colli. 

Carkin. So far as known, it does not show any 
cannel along the Kanawha, but eve~ when the 
cannel is absent the quality is such that it can be 
profitably mined when the thickness is reduced 
to 30 inches. Such was the case' at Peerless (sec
tion 69) until a few years ago, when all the coal 
of that thickness was removed and the mine was 
abandoned. On Lens .Creek Professor Lyman 
reports a lower coal horizon, which is locally 
known as Wood's Lower Coal. It occurs about 
130 feet above the base of the formation and it 
can be identified over about the same territory as 
the cannel bed above. Section 70 represents it at 
the site of the oil factory, and sections 71 and 72 
are from farther up the same fork of the creek. 
On the main creek two openings have been made, 
which furnish sections 73 and 74. 

The lowest recognizable coal bed in the Kana· 
wha formation in this region appears to lie within 
40 feet of the base of the formation. It is reported 
by Professor Lymau at a number of points on 
both forks of the creek. Sections 75 and 76 
show its general condition in this temtory. 

JJivittion G.-In this part of the quadrangle 
formations are more difficult to separate than in 
the parts already considered. Erosion has not 
proceeded far enough in the valleys of the minor 
streams to expose the Pottsville series, conse
quently it is clifficult to refer the coal beds to that 
datum. The Charleston sandstone caps the hills 
in the northwestern part of the division, and it 
can be used for reference, but elsewhere there is 
no recognizable stratum from which to determine 
the position of the coals. 

The highest known workable coal bed in this 
division occurs on Sycamore Fork, near the north
ern limit of the area. Its stratigraphic position 
appears to be about 70 feet below the top of the 
Charleston sandstone, and its thickness is shown 
in section 77. Section 78 represents the same 
bed on Flat Creek. Only a few outcrops of coal 
are seen within the Charleston sandstone. Sec· 
tions 79 and 80 represent two small coal beds 
near the head of Left F.ork of Mud River, which 
occur 130 and 160 feet, respectively, below the 
top of this formation. 

The coal horizon at ~e base of the Charleston 
sandstone is represented by several openings in 
this division. Section 81 is from an opening at 
this horizon on Mud River at Stonecoal Branch; 
section 82 is from the same bed near the head of 
Wash Hill Fork of Horse Creek; section 83 is 
from an opening on Peter Cave Fork of the same 
creek; and section 84 is from an opening at Hill, 
which has provisionally been referred to the same 
horizon. There is so little resemblance in these 
sections that it seems possible that they are not 
'all from the same bed, although occnrring at the 
same general horizon. 

The classification of the coal beds below the 
horizon just described is very difficult, and the 
following correlations must be accepted as merely 
provisional. A coal 6 feet in thickness is reported 
as occurring on Little Horse Creek 100 feet below 
the top of the Kanawha formation. This locality 
was visited, but the coal was not visibl~ and hence 
the report could not be verified. Another bed, 5 
feet in thickness and 150 feet below the one just 
described, is reported from the same locality, but 
owing to the condition of the prospect pit this 
was likewise unverified. 

On Big Creek, beyond tbe western limit of this 
quadrangle, a coal occurs which was described in 
the Huntington folio. It lies about Coal 

150 feet below the top of the Kanawha Ble t~. 
fonnation and its thickness is shown in section 85. 
Two other beds of coal have been prospected on 
Big Creek in the same hillside as the one just 
described. They are represented by sections 86 
and 87, and they occur 110 feet and 190 feet, 
respectively, below the coal bed shown in section 
85. The coal represented"by section 85 has been 
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opened in Division G of the Charleston quadrangle, The upper and main cannel beds at Peytona 
at the mouth of Ballard Fork of Mud River, are so closely associated that they will be consid
where it has the thickness shown in section 88. ered together as one coal horizon. At CaDnel b~ 
The coal bed represented by section 87 is presum· the original ~ine on Old House Branch at Peytona. 

ably the equivalent of a bed (section 89) opened near Peytona the thickness of the bed is shown 
on the North Fork of Big Creek about one mile in section 106, which is the average of seven meas
from the western edge of the quadrangle. In the urements in the mine by Professor Lyman. In a 
vicinity of Danville the last-mentioned horizon report on this region made in 1854 two sections 
appears to be represented by a small bed which, of this bed are given from open:ings on Drawdy 
at an opening about one mile BOuthwest of the Creek, which are shown in sections 107 and 108. 
village, has the thickness shown in section 90. In this same locality an opening which was acces· 
This' coal horizon probably occurs abont 300 feet sible at the time of the present survey furnished 
above the base of the Kanawha f!)rmation. section 109. These beds vary greatly from place 

About 250 feet above the base of the formation to place, not only in the quality of their coal, but 
there is another coal horizon, which haS been pros- in their thickness and relation to each other. 
pected on the headwaters of Big Ugly and Turtle Morgan Branch is at present the most noted local· 
creeks. Section 91 is from an opening on Big ity for coal on Drawdy Creek. Two large beds 
Ugly Creek, about one mile below the head of have been opened on this branch and they appear 
the stream, and section 92 shows its thicki:tess on to be at the same horizon as the Peytona cannel 
the divide between this stream and Right Fork coals. One bed is opened almost directly above 
of Turtle Creek. Section 93 is from an opening the other, showing an interval between them of 
on the same horizon on the head branch of Turtle only 15 feet. Section 110 represents the upper 
Creek. bed and section 111 the" lower bed at this point. 

About 150 feet above the base of the formation Three openings were observed on these beds on 
a coal occurs which has been opened at the head the headwaters of Rock Creek, but it is not possi. 
of Big Creek, where it has the thickness shown ble to say whether both are on the same bed or 
in section 94. not. Section 112 represents an opening at Foster, 

On Little Coal River near the mouth of Camp and from the fact that it carries cannel it is provi. 
Creek there are two openings on a coal bed which sionally correlated with the main cannel bed of 
appears to lie within 50 feet of the top of the Pe...ytona. Section 113 shows the thickness of a 
Sewell formation. Section 95 represents the bed on the Right Fork of Rock Creek, which 
opening on this bed above Camp Creek, and sec· presumably corresponds with the upper bed, 200 
tion 96 the one just below the creek. The bed is feet above the base of the formation. 
not large, but it appears to be the equivalent of At the Peytona mine a bed of coal locally 
a coal bed on Lens Creek, already described, and known as the Shoot bed was opened 90 feet below 
hence is important as a guide to other horizons. the main cannel bed, or about 125 feet Sboot bedat 

lJivision H.~ The known coals of this area above the base of the formation. Sec. Playtona. 

occur in all of the formations which outcrop, from tion 114 shows the reported character of this bed 
the middle ·of the Charleston sandBtone to 40 or at the mines, and section 115 is from an opening 
50 feet below the top of the Sewell formation. on Indian Creek, as reported by Profeesor Lyman. 
The highest known coal occurs about 100 feet The coal openings of Whiteoak Branch appear to 
above the base of the Charleston sandstone; an be on this bed, but the interval down to the base 
entry on Cold Fork of Laurel Creek driven on of the formation appears to vary in this part of 
this bed is DOW fallen shut, but the ~oal is reported the field from 125 to 150 feet. Sections 116 and 
to have shown 6 feet in thickness (section 97). 117 represent these two openings, and from their 
The prominent coal beds occurring just below the character and position they seem to be on the 
base of thiB formation along Kanawha River appar- same bed. An outcrop of coal at the head of 
ently have no representatives in this region- at Hubbard Fork of Rock Creek also belongs to this 
least none of them were seen. horizon, about 150 feet above the base of the 

Lower in the series the :first important coal Kanawha formation. Section 118 shows the 
horizon occurs from 350 to 370 feet above the thickness of the bed at this point. Section 119 
base of the Kanawha formation. A bed occurring represents a coal at the head of Camp Creek, 
at this horizon was opened many years ago above which also occurs at the same horizon. 
the cannel coal mine at Peytona, and its charac· In descending order the next important coal 
ter, as reported by Professor Lyman, is shown horizon appears to be about 70 or 80 feet above 
in section 98. This bed. has been prospected the base of the formation.. Sections 120 and 121 
in a number of places high up on the hills about represent two openings on this bed on Brush 
Madison, but the pits have in many cases fallen Creek, and section 122 was measured at an open· 
shut and it is frequently impossible to verify ing across the divide on a.branch of Camp Creek. 
.the reported thickness of the coal. Section 99 On Pond Fork near the mouth of Robinson Creek 
shows the reported thickness of this coal at an there is an opening on a bed of cannel coal, which 
opening on the point between the two forks of is represented by section 128 and which appears 
Little Coal River. On Rncker Branch east of to belong to this horizon. 
Madison there is a bed of cannel coal Below the last-mentioned horizon there seems 
which appears to come at this hori- ~~I =I~ to be no well·defined and extensive coal beds, but 
zon, although it may not be the equiva. 80n. occasional outcrops are encountered that are 
lent of the one just described. The coal at this· worthy of note. Section 124 represents one of 
opening was not all visible, but that which could these which Ot."cnrs on Camp Creek within 20 feet 
be seen is given in section 100. This indicates of the base of the Kanawha formation. Just 
that the Beam is valuable if it holds its character back of Racine there is an opening on a small 
over any considerable extent of territory. Sec- coal which, according to the fossil plants found in 
tions 101 and 102 are from a coal bed which has the roof shales and also according to the stratig
been opened at two places on the headwaters of raphy, occurs at the top of the Sewell formation 
Laurel Creek and which is supposed to be at this of the Pottsville series. Section 125 shows the 
same general horizon. In passing southward the part of the bed which is visible, the lower bench 
coal horizons become indistinct and hard to follow, being covered so as to conceal its full thickness. 
but an opening at the head of Whites Branch, On Pond Fork above the mouth of Robinson 
shown in section 103, seems to be at the same hori. Creek a coal of workable thickne98 (section 126) 
zon. The details of this section are not known, was observed which belongs about 40 or 50 feet 
but the bed shows many shale partings, which below the tQP of the Sewell formation. This has 
render it of less value than would appear from been mined' to some extent, but work has been 
the total thickness. abandoned and it is difficult to obtain an idea of 

In the old workings at Peytona a small bed. of the general character of th~ coal. 
cannel was discovered 20 feet above the main bed, lJivision L-The highest known producti ve 
or at a distance of 220 feet above the base of the coal horizon in this. area occurs near the top of 
Kanawha formation. At this point the bench of the Kanawha formation, or at the horizon of the 
cannel is reported to have varied from 21 to 31 Black i1int. In the dividing ridge between Coal 
inches in thickness. Professor Lyma~ reports this River and Cabin Creek this bed has a great devel· 
bed on -Indian Creek to have the thickness given opment,' but farther east it even rivals this field 
in section 104, and on Drawdy Creek, within 2 in great thickness and continuity over an exten· 
miles of Peytona, to be represented by section sive territory. Many years ago this bed was 
105. mined extensively at the head of Left Fork 

of Long Bottom Creek, which is a tributary' of 
Cabin Creek. The bed at this point is reported 
to have varied in thickness from 4 to 5 feet (sec. 
tion 127). Most of the openings in this I'f'gion 
are now fallen shut, so that it is impossible to see 
the coal and obtain a definite idea I'f'garding its 
thickness and character. In passing westward 
the bed thickens rapidly, as shown by section 128, 
which represents its condition at the head of 
Righthand Fork of Joe Creek. It is unfortunate 
that so large a bed of coal as is represented by 
this outcrop lies so high in the hills, for erosion 
has removed so much material from this region 
that only a small area of the bed remains. This 
unusual thickness does not appear to hold far 
toward the northwest, for an opening on Caro 
Fork of the same creek reveals only a slight thick· 
ness, as shown in section 149. 

The next important coal-bearing horizon in this 
area occurs about 200 feet below the top of the 
Kanawha formation, and it is generally TheWlnllrecle 

known as the horizon of the Winifrede colli. 

coal. The mines at Winifrede, the type locality 
for this bed, occur in this area. The coal varies 
somewhat in section, but on the whole is remark. 
ably regular. Section 180 was rneasUl'ed at the 
time of the present survey, and section 131, which 
gives more details regarding the quality of the 
coal, is taken from the report of Prof. I. C. White. 
This bed has been opened in many places on 
the head branches of Fields, Slaughter, and Joo 
creeks, but the openings are generally fallen shut 
and it is extremely difficult to determine the value 
of the bed in this territory. An opening directly 
west of the Winifrede mines, at a distance of about 
It miles, is reported to have shown a thickness of 
45 inches. An outcrop on Bucklick Fork of 
Slaughter Creek is reported to have shown 4.feet 
of coal, and one at the head of Slaughter Creek is 
said to expose a bed 6 feet in thickness. On the 
head of Spicelick Fork of Joe Creek the coal is 
still visible, having the thickness shown in section 
132. At the head of Coal Fork of Cabin Creek a 
bed of fine.looking coal has been opened in sev· 
eral places and it is locally considered to be the 
Winifrede bed. This correlation can not be veri· 
fied, but the available evidence seems to be in 
favor of the local determination. Section 183 
shows the condition of this bed near. the head of 
the stream. 

The next lower prominent coal horizon is that 
of the Peytona cannel coals, which range from 200 
to 220 feet above the base of the Kanawha forma
tion. At the type locality, as already described, 
there are two beds in this interval, but outside of 
this locality the two can not be differentiated, if 
indeed they exist as separate beds. The PeytoIl,a 
cannel coal shows at the head of Short 
Creek, above Racine, where, although ~r=~
its total thickness is small, it still carries above Roullne. 

a notable amount of cannel coal (section 184). 
Southeast of this opening the bed is not known 
to carry cannel at any point. An opening which 
is supposed to be on this. horizon occurs on 
Righthand Fork of Joe Creek and is represented 
in section 135. It shows no cannel coal, but the 
total thickness of the bed is very much greater 
than in the region about Peytons. On Little 
Whiteoak Creek several beds of coal have been 
opened which are evidently near the base of the 
formation. One opening, which occurs 150 feet 
above the river at Orange;seems to be on the Pey. 
tona cannel horizon. The exposnre shows no 
cannel, but the lower bench is splint coal, as 
shown by section 136. On Hopkins Fork of 
Laurel Creek it is difficult to determine the hori
zons of the cOals, but a bed 30 inches in thickness, 
showing at the mouth of Lavinia Fork, seems to 
belong to the Peytona cannel horizon, as well as 
one which shows one mile below this' point and 
which is represented by section 137. 

The next lower coal horizon is that of the 
Shoot bed of Peytona, 125 to 150 feet above the 
base of the formation. Se~tion 138 represents this 
bed on Indian Creek, about 2 miles southeast of 
Peytona. .I} bed of coal which appears to be at 
this horizon has been opened below 
Ora.nge at a height of about 100 feet £!:: 
above water level. It also shows on 
Whiteoak Creek, about 1.,. miles from the river, 
where it has the same thicknes~ as b~low Orange. 
Section 139 is from the opening below ~range, 



and section 140 is from Whiteoak Creek. On I the iun section is not visible; it does not, however, I There are occasional tr~es of iron ore at other I in large measure, at the insoluble residue, the 
Logan Fork opposite the mouth of Seng Fork give promise of being any better than on Toney I points in this quadrangle, but the quantity is sand and clay of the original rocks. Since 
there is an opening on a coal bed which furnished. I Creek. It oeem's on 1Nhiteoak Creek about 3t small and the ore is lean, so that the prospect for I Rand is the pre. ailing constituent of most of 
section 141 anel which appears toO belong to the I miles above Orange, but with a thickness of only the f'stablishtnent of iron industries in this regjol1 the coal-bearing rocks, and since also it is the 
horizon under consideration. 30 inches. In other localities, wllerever this bed in the near future is not promising. The almost I least soluble element, the soils are prevailingly 

On Coal River at the mouth Mile Branch a coal I has been observed, it is too thin to be mined total absence of limestone in these rocks is another I Randy and thin. 
bed has been opened at an elevation of about J 30 under present conditions. dmwback to the profitable smelting of iron in The least sandy soil is that produced by the 
feet above the level of the river. The sandstone i this region. weathering of the rocks of the Braxton formation. 
which shows above the level of the wagon road I IRON. Section on Davis Creek. The deep.red soils produced froUl these shales are 
is regarded as belonging to the Sewell formation; frequently very productive and are especially 
hence the bed on Coal River is about 100 feet In the early days of the development of the Sall(l~tone... well adapted to grazing. The surface of that 
above the base of the Kana1,vha formation. This mineral wealth of this section cOu"9iderable atten. i::ufri::~~~ales with streaks of ooal.... pari of the quadrangle which is underlain by 
bed is of considerable thickness, as shown by sec- tion was given to iron, and later a small Black_band! Slate... this formation is less rugged than that co\,· 
tion 142, and probably corresponds in a general furnace was erected on Kanawha River ore. Black-band ore.. I ering the outcrop of the other formations, and 
way with a coal horizon which has been deseribed at the mouth of Davis Creek to smelt the black. SOILR. i it is,. therefore, better adapted to agricultural 
on Lens Creek and in the adjacent region. band are which occurs in that vicinity, but the PUrsUitS. 

Coal beds are of common occurrence at the enterprise was not long lived and the old furnace The soils of the Charleston quadrangle are I The soils of the Charleston Randstone and the 
of the Sewell formation. On Short Creek two is now gradually falling into decay. The black- largely deri\ ed from the oecuy and disintegration Kanawha formation are generally poor, and the 
beds have been opened at this horizon, and they band ore of Davis Creek has been known for a of the rocks immediately underl;ying them j con- I hillsides are so steep that farming is extremely 
are separated by an interval of 20 feet. The lIang time. Its quaEty is excellent, but the quan- sequently the geologic map, which shows the i difficult and the crops are light. 
lower bed has a thic~ness of 2 feet 8 inches and i tity i~ not sufficient to enable it to ~ompete with I ar~al distr~bution .of t~e various formations, mar The flood plains of the. larger s~ream.s co~sti
the upper a total thICkness of about 4 feet, but the hIgh-grade ores of the Lake regIOn_ In 1881 I WIth ceriam rnodlficatIOns be regarded as a soIl I tute some of the beRt farmmg lands 1ll thHI regIOn. 
the coal is cut by several shale partings_ Section Pro!' N. S. Shaler examined this property and map also_ In the interpretation of the geologic I The flood plain of Kanawha River is particula:ly 
143 shows this bed near the mouth of Toney reported the accompanying Rection or the ore bed. map, however, it must be distinctly understood I valuable on account of its extent and the qualIty 
Creek, and section 144 at an opening on Toney This ore is reported to contain 31.46 per cent I that in the process of soil production many of I of its soil. 
Creek about half a mile from the river. 'fhis bed of metallic iron, and when roasted to run about I the important elements of the rocks are removed! 
has been opened at the moqth of Joe Brandl, but 64 per cent metallic iron. by solution and that consequently the soil consists, ! May, 1901. 

Charleston. 



lJ. S.GEOLOGICAL SURVEY 

LEGEN D 

RELIEF 
(p,."tedinbl'Own) 

DRAINAGE 
(I',inkd in blue) 

~ 
SU"f'"3Ul.S 

CULTURE 
(p""teilinbl«dc.) 

~ 
J.odrn 

C2J 
b.-n~y~Jl;~'linf"" 



u. S . GEOLOGICAL SURVEY 

I " 

LEGEN 0 

SURfiCIAL ROCKS 
iA."'''3''{'' ,~u..rt.·,,,1 

""'~'$ "'" $',,·.'n Ito' 
r·'''~ .. ,·"{,,d'''3 

.",.(ri,d~~.) 

III 
T.,ltv 

Ihl'ULLltlOH 

" ':;:,,::?;i!::;:~:\:r;E;; 

SEDIMENTARY ROCKS 

l.f"-;':,.·i~;;'i:.:Ii:;.;:::,"" 
'~yp""~,",,ol' 
"""ll"!!",,,,., 

. ii 
H"nxt'"l [,,,',, ,,,Ii,,,, 

:I~ ,,,7~;,~§~~~il~~!~~~:,. 

('[",rleSl01L 
Sallt\>;t"ne 

£~~f,~~i:,:~~f,·!§.:~~?i .. 
Kau"wbn 

xh.,2; ~;~',~' ~~!~.~~~ .. " .. " . ,,110 ",,,,, v N~.m, .. o",,,,,oJ l 



, , 
C""tQlll"i""·1...,JIOOf"':I. 

LEG EN D 

SURFICIAL ROCKS 
a.,~,,~ ~r Surf/"",l 
ro..>k.,,,,"~h, ..... n~ 
1"#'"""",r'{.". ",,,1,.",-"·/,,,.) 

Pal 

/liluVllllll 
'n.""/",,,,,,;,,.,,,_ 
K"""~'h,, fU.";i 

:-;""U."II 



US ,GEOLOGICAL SURVEY 

I 

j" 

LE G EN 0 

SURFICIA L ROCKS 

..., 1 Pol 

AilLn--iuDl 
(flood,,/,w,<>f'tJu. 

K'~:"'haR""'.J 

T •• y I 
forlll.a.b.oll. 

( g',;Z;;;::li7.·~~~',..'tffi~"'·U 

SWIM[NTARY ROCKS 

SHuT StCflON ( :::CI~ 
I B,·uxwu 

:'~ 1 ,,; .• ~~~tt""'~.~'~ 
! Cch 

Charlestou 

I {~:;:r~~;:i 

(Ii~ 
Xl\\ ~ Knnu whu 

fOTIllarion 
\f;:~'l:':::::~:::::~~;:;:;:) 

j c. W 
XII S e ... vell 

tor l.ll.u.tion 
(~,,,,I_ ,,,04 ~"_"',,,""~ 

("/:'::::);iEi':fFP;:;;(Y 

KllOWU 

IJ1Vihwtin 
formatIOns 



I ' T I ,,,«co FOUMATTOK NA)[E 

Teay forillation 

Braxton fOrlWltion 

"' 6 Charl(~stoll Handstorl(' 

~~ g 
a: « 
() 

, I Ka,nawila formation. 

I kewdl formation. 

:-, 

GENERALIZED SECTION FOR THE CHARLESTON QUADRANGLE. 
SCALE: 1 INCH _. 500 FEET 

CHARAC'l'ER OF HOCKS. CHAtlAC'l'HR OF 'I'OPOHRAPHY AND SOIL 

Coar~e sandstorw or eongiOlllerate, with ()(J()ftsjollal, ha,nds of Rhale and seams of 
roal Black flint occurs at the base of thE' formatwn east of Charle~ton Rugged topograjJhy allel poor soil. 

Shale and ~anrlston .. , with lIlany sealllS of' cual 

l~ 

SECTIONS OF WELLS IN THE CHARLESTON QUADRANGLE AND VICINITY. 

__ ~=_' ~I~C~H - 'co FEET. 

" 
S~~~~~tR~~!'A ltI~;~:" F~i~~\'~~;~i~ ~Il~;;" b!~~~8 IL~~:;Ii~~ ~!:;;~ 

CAABONIFEROUs-.·t·.:· 
-- c 

CARBONIFEROUS 

DIAGRAM SHOWING LOCATION OF WELLS 

~ l 

TABLE OF FORMATION NAMES. 

:II. R. CU!P~EI.I.: HUh"T'KGTOK FOLIO, I fl 
GEOLOGICAL SG1<YEY,JOOl 

-- - - - -- I l\IouongahelaRl\erCOlll$erIes 

Charleston sandstone. -- -----iN ~n ~"' ------=4- ElI~>vm S'":-:-_---

-l xv. 

poor 

~ana"';ha formatlOll _ I Ck Kana"ha formabon Allegheny RIver Coal SerIes 

Sewell formation --res ~;';-~gIOmel'ate.-
~- ~::~ 

j __ ~ __ l 
MARIUS R. CAMPBELL, 

Geologi8t. 



SUBDIVISIDNSDF H\!:: QUADRANGLE. 

r- ""nUN"' 

I
ii :_::'":::::_'::I:_~-
I u,,, w -_-_-__ ~~-, 
I (0«1."10" 

","''''''"-'--'----'-----

I
--'~'--

'(",' 

im; 

SECTIONS OF COAL ~EAM~ J", CHARLESTON Q1LIJlRANGLE "DiD nClNlTY 
(LOCATLO~S Ol' SECTLO"8 A"~ ~EOW~ ON TEE 

DIYT8TOS ~L 1)1'~ 1810N l~. 
- - - ----,-------

• "~ 

-,-- -- ---'-------

D I \. T 8 ION C. 
--- - ,-- -- ---,----

f;l:t'THJ:'-!7. i 

I 
I 

----- ----

J)IY IRION ll. 
,--- ----- - - - - --

SF,('TlON I. I ELY Fu",,- "]c CO"" CREEl<. 

II ". 
i 

- , - -- -- - ----'-----~ 

1)IVT8TO::\ E. 

KA~_'WHA RI" " ~ \[IJ:ES ,IUo,I< 'I 

I 'j" I, 

I I: 

_~I ____ J 

I 
___ L 

- ---- - --T --- !"FX"fJ0N-29--' --Sf~-UTJ0~-~ - RECTW:;: 

• '":~1:"'" I 
,~,,::,;:;:"""I 

I 

Hnn OF DAV1~ C"KI<J< . 

• 
_~ __ -"-_____ L ____ ---"-I ------c------"-------,-----'------

RE( THJN 3.1 I "EOTWN oj f;J« T1(\:,\ ~ 
I 

111 rEal ~h)DLF.rO", l\I(UTE(~W IER~E~8FoRK I JIll ~ORKOFB,rL(RE 
llA\bCRt.EK OFT"" (REEK .. ..' '. I CO,," 1 ,,,"" 1 ~ 
~- --

HIV IMIOX F. 
---- -- -- --T ----- -------,------ ----, -

Km,", Fo,. '" D"" c"'"" Ii 

:1 ~ iShalo --(oal.t'O". 
toal,3'lor." 

SeaIll.S'lOY'tu;'lOY'. 

-----l---- !-
1 

CA~L FORK 01' DAYIS ORE"K. I 
;;1:C1'101> 51. 

I RIGHT IfoRK OF RU'H CIlEEK. 

I"'"'' 
I 

I 
- j -- SICCTlOXOO. - i---------r- -,------!I 

J.Fl'T FORK OF Ll ," ("">.Eo( LEFT 1''''''J, OJ LE~~ CwmK. I! 

, • ~;:",::~ II 

;'"'-""-" 1,1 '~m,,'"", " 



II 

r 
II • 

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

~" 

--, , 

TinAW"" Onr,." 2 "".~~ ."\0'] 

'''''''''':J. 

L __ ~I __ 

II 

II 

I~~,';nn"~--
II i 

{odl,J"/' 

I 
llUl'RJ"" F""K 1 "".E RJ<~oW 

L.A""" l"OHK 

i HULARD }'ClRI< OF )lcD RIVER I 

',,,,,, 'r==:""' 
{'<MI,2'~"+ 

SAAm,:Vl{J"-f-. 

(o,',J'." 
'('.~t" ,;'4' 

""iI , 
>,."7' 

III", 
""~ 

Coal,3'1O.o". 

Dl \~ISIOX F (C()~TIKUED). 

,I .. 
, 

,0." I~~~ Sllal~"-'Hl ==---=_== 
('ual 24' _~~ 

, 

L ____ l 
I "e",. "",,""" " .. ,,",',' I B", reLY CR.~'-J< I "".1< Fno" 

- I --

I 

I, 

i 

• 
-------;~\)h-~--

:1 

LITTLE O<HL R1Y~n AnO\'~ 
C.A"'l'('REEI< 

).!'1'TLE CML H[YICR B''',()W 
C.A"I'CREEI< 

DIYT~rON 11 

,;". 

-' Coal,S'l" 

Dl \' I R 10:\ T. 

" 
:IC~' 

+-----

I'"'" 
-I 

l'OND l'ORK .AnOn' Rom~s()" 
CH"E~ 

• cn~l, 1<'8" 

I 
---,---- - -1--

I,"" 

I 

T 
! OO.AL It'YF.R AT MJI.~ l)RA~(·". 
I,,,,,· .. .... " 

I 

J 

I 

L 

-" 

l'oaJ.4'2' 
"o~m. 5'Gu , 

1- ~;:;'IO."!--:;:;--T 

i L''''''i':,:'::: 
J 

I 
1 "mil --

,,'(0,,1 

". ;'''('('~1 

ThLllUC'; R. CA}[PJlELL, 
Ctologl.-;t. 



INFORMATION CONCERNING 

TOPOGRAPHIC AND GEOLOGIC MAPS AND FOr,IOS 

AND OTHER PUBLICATIONS OF TIlE GEOLOGICAL SURVEY 

CAN BE RAD ON APPUCATIQN TO 

TIlE DIREOTOR, U. S. GEOLOGICAL SURVEY, 

WASHINGTON, D. C. 




