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The Geological Survey is making a geologic 
map of the United Statet-l, 1vhieh necessitates the 
preparation of a topographic haHe map. The 
two are being issued -together in the Torm of an 
atlaH, the PaJ'ts of which are called folios. Each 
folio cOUBiRts of a topographic hase map and 
geologic maps of a small area of country, together 
with explanatory and descripti ve texts. 

TIlE TOPOGRAPHIC MAP. 

The features represented. on the topographic 
map are of three distinct kinds: (1) inequalities 
of surface, called 'reli(f; as plains, plateauR, valleys, 
hills, and m01lntains; (2) distribution of water, 
called as streallls, and swamps; 
(3) the of man, called as roads, 
railroads, houndaries, villages, and cities. 

Relid,-All elevations are measured from mean 
sea·level. The heights of lllally points are accu· 
rately determineu, and those which are most 
important are stated on the map by numhers. 
It is desirable to sho\,~ also the elevation of any 
part of a hill, ridgte, or valley; to delineate the 
horizontal outlinp" or contour, of all slopes; and to 
indicate their grade, or degree of steepness. This 
is done hy lines connecting points of eyual eleya· 
tion above mean sea.leyel, the lines being drawn 
at regular vertical illtervalf.!. These lines arte 
called rantoUl!'!?, and the (~onstant vertical Epace 
betwoen each two contoUJ's is called the contour 
Interval. Contours and elevations are printed in 
hnnvn. 

The manner in which contoUl's express elm'a
tl0n, form, and grade is shown in the following 
sket<:h and corresponding contour map: 

Fig. l.-Idealsketeh and COITf'sponding contollr map. 

The sketch represents a river yalley between two 
hills. In the foregrouud i!:l tllC Rea, with a bay 
1vhich is partly closed by a hooked sand·bar. On 
each side of the yalley is a terrace. From the 
terrace on the right a hill rises gradually, \vhile 
from that on the left the ground ascends steeply 
to a precipice. Contrasted with this precipice is 
the gentle descent of the ,v-estern slope, In the 
map each of these features is indicated, directly 
heneath its position in the sketch, by contours. 
The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

1. A cont.our iudicates approximately a certain 
height above sea·level. In this i1lm;trntion the con· 
tour interyal is 50 feet ~ therefore the contours 
occur at 50, 100, 150, 200 feet, and so on, above sea· 
leyel. Along the contour at 250 feet lie al] points 
of the surface 250 feet abo\'e sea; and so with any 
other contour. In the space between any two con
tours occur all elevations a.hove the lower and below 
the higher contour. Thus the contour at 150 
feet fallR just helow t,he edge of the t.errace, 
while that at 2(10 feet lies aLove the terrace; 
therefore an points on the terrace are shown to 
be more than 150 Lut less than 200 fret abo\'e 
sea. The summit of the higll€r hill is stated to 
he 670 feet aboYe sea; acconhngly the contour at 
H:lO feet surrounds it.. In this illlHltration nearly 
an the contours are numbered. ",Vherc this is not 
possihle, certain contours-say every fifth one
are w--,centuated and numhered; the heights of 
others may then he ascertained by counting up or 
down from a llUlubered contour. 
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EXPLANATION. 
2. Contours define the forms of slopes. Since 

contours are continuous hor17,Ontal Jines conform· 
ing to the surface of the ground, they wind 
smoothly about smooth HUlfacei'l, recede into all 
reentrant angles of ravines, and project in passing 
ahout prominences. The relations of contour 
curves and angles to forms of the landscape can 
be traced in the map and Aketch. 

3, Contours sh01v the approximate grade of 
any slope. The vertical space hetween two con
tours is the same, whether they lie along a cliff 
or on a gentle slope; but to rise a given height 
on a gentle slope Olle llIust go farther t.han on a 
steep slope, and therefore contours are far apart on 
gentle slopes and near together on steep ones. 

For a flat or gently undulating country a small 
contour interval is used; for a steep or mountain· 
ous country a large interval is necessary. The 
smallest interval ui:\ed on the atlas sheets of the 
Geological Survey is 5 feet. This is used for 
regions like the ~:Iississippi delta and the Dismal 
Swamp. In mapping great mountain masses, like 
those in Colorado, the inter\ral may he 250 feet. 
For intermediate relief contour intervals of 10, 
20, 25, 50, and 100 feet are used. 

I)'l'ainage.-"\Vaterconrses are indicated by blue 
lines. If the stream flmvs the year round the 
line is drawn unbroken, but if the channel is dry 
a part of the yeHr the line is broken or dotted. 
·\Vhere a stream sinks and reappears at the snr· 
face, the supposed underground course is shown 
by a broken blue line. Lakes, marshes, and other 
bodies of water are Hlso shown in blue, byappro. 
priate conventional signs. 

Oultu1'e,-The --workR of man, such as road~, 

railroads, and to-W'I1S, together with boundaries of 
townships, counties, and States, and artificial 
details, are printed in black. 

Sca:les,-The area of the United States (exclud. 
ing Alaska) is about 3,025,000 square miles. On 
a map 240 feet long and 180 feet high this would 
cover, on a scale of 1 lllile to the inch, 3,025,000 
square inches. Each sq uaJ'e mile of ground sur
face would be represented by a sf}uare inch of 
map surface, and one linear mile on the ground 
would be represented hy a linear inch on the 
map. This relation hetween distance in nature 
and correHlHlllding distance on the map is called 
the seale of the map. In this special case it is ill 
mile to an inch." '1'he scale may be texpressedalso 
bva fl'action, of which the numerator is a length 
0;1 the map and the denominator the cOlTespond. 
ing Jength in nature expressed in the same unit. 
Thus, as there are 63,360 inches in a mile, the 
scale "1 mile to an inch 11 is expressed by 6.1,!lln. 

Both of these method~ are used on the maps of 
the Geological Survey. 

Three fl"aetional scales nre used on the atlas 
sheets of the G-eologieal Survey; t.he smallest il-l 

~5U~OOO' the intermediate 120~O<JO' and the lnrgest W;~iO· 
These correspond approximately to 4 miles, 2 
miles, and 1 mile of natural 1ength to an ineh of 
lllap length. On the scale 62,~() a square inch of 
IIlap surface represents and nearly to 
1 square mile; on the Hcale to about 4 
square miles; and on the scale 
square miles. At the bottom 
three scales are stated, one being it graduated 
line representing miles and part.s of miles in 
English i1lches: another indicating distance in 
the metric system, and a third giying the frac· 
tional scale. 

A tZa8 sMet8.-The map is being published in 
atlas sheets of convenient size, which are bounded 
by parallels and meridians. Each sheet on the 
scale of contains one square degree; each 
sheet on scale of 1~5:000 contains one.quarter of 
a square degree; each sheet on the scale of md-500 
contaill~ one·sixteenth of a square degree. These 
areas correspond ncarly to 4,000, 1,000, and 250 
square miles, respecth-ely. 

The atlas sheets, heing only parts of one map of 
the United States, are laid out 1,,-ithOUt regard to 
the boundru-y lines or the States, counties, or town· 
ships. For ~onvenience of reference and to sug. 
ge."t the district represented, each sheet is given 
the llarne of some wel1·known town or natural 
feature within its limits, lLnd at the sides and cor· 
ners of each sheet the name" of adjacent sheets, 
if published, are printed. 

[lRe8 of tlte topOl:praphic slwet.-Within the I than in others. Thus a granite may pass into a 
limits of scale the topographic sheet is all accumte gneiss, awl from that into a mica·schist. 
and characteristic delineation of the relief, drain- 1"ocks.-These eomprisc all rocks 
age, and culture of the region representeu. View·, which have deposited undel' water, -whether 
ing the landscape, map in hand, ever~r oharacter. I in sea, lake, or stream, They form a .ery laJ'ge 
istio feature of sufficient magnitude should be part of the dry land. 
recognizable. It should guide t.he trayeler; serve -When the materials of which sedimentarv rockH 
the investor or owner 'Ivho desires to ascertain the are made are carried as solid particles by the 
position and slllToundings of property to be water and deposited aR gravel, saud, 01' mud, the 
bought or sold; save the engineer preliminary ueposit is called a mechanical sediment. The",;e 
surveys ill locating roads, railways, and irrigation may become hardened jTltO conglomerate, siintl
clitches; provide educational matterial for schools stone, or shale. When the material iR cllrrie(l in 
and homes; and senre many of the purposes of a solution by the water anu is _ deposited '\vithont. 
map for local reference. the aid of life, it is calle.! t1 chemical sediment; 

TIlE GEOLOGIC MAP. 

The areal geologic map represents by colors 
and conyentiona.l signs, on the topographic base 
map, the distribution of rock formations on the 
surface of the eartb, and the stl'ucture"section 
maps show their underground relations, as far as 
known, and in such detail a" the scale pennits. 

KINDS OF HOCKS. 

if deposited with the aid of life, it is called an 
organic sediment. The more important rocks 
formed from chemical and organic deposits are 
limestone, chert, gypSUlll, salt, iron ore, peat, 
lignite, and coa1. Anyone of the aboye sedi
mentary deposits JIlay l)e separately formed, 01' 

the different materials may be interminglea ill 
many ways, producing a great variety of rook;;. 

Sedimentary rocks are usually llw.de np of 
layers or beds which can he eal-lily separated. 
These layers arc called 8tratrt. Roc1u! deposited 

Rocks are of many kinds. The original crust in successi ye layers are said to be stratified. 
of the earth was probably composed of £gneml8 The surface of the earth is not fixed, as it seems 
'rocks, and aU other roekR have been cleriyed from to be; it very slowly rises or Rinks over .vide 
them in one \vay or another. expanses, a.nd as it rises or subsides the shore·lineR 

Atmospheric "agencies gradually break up igne. of the ocean are changed: areas: ,)f oeposition may 
ous rocks, forming superficial, or 8U7:jicial, deposits rise above the water and become bnd areas, a.IHl 

of clay, sand, and. grmrel. Depo~its of this class land areas lIlay sink 11e]ow the water and hecome 
have been formeo on land surfaces since the earli· areas of deposition. If North America were 
egt. geologic time. Throng}] the transporting gradually to sink a thousand feet the sell. would 
agencies of streams the surficial mn.tel'ials of all flow over the Atlantie coast and the :J.IillsisslPl,i 
ages and origins are carried to the sea, where, and Ohio valleys from the Gulf of :J.Iexico to th~ 
along with material derived from the land by the Great Lakes; the Appalachian l\lountains woulJ 
action of the ."aves on the coa.st, they form sed):. become an archipelago, and the ocean's i<hore 
7fl.tntapy -rocks, These are usually h~rdencd into would traverse ",Visconsin, Iowa, and Kansas, and 
conglomerate, sandstone, shale, and limestone, hut extend thence to Texas. More extensive changes 
the'y may remain unconsolidated and still be than this have repeatedly occurred in the past. 
called" l'ocki-l 11 by the geologist, though popula1·Jy The character of the original sediments may he 
known as gravel, sand, and clay. changed by chemical and dynamic action so as to 

From time to time in geologic hil'!tory igne. produce metamorphic rocks. In the JlltetaHl()l'· 
ons and sedimentary rocks have been deeply phism of a sedimentary rock, jnst as in the met.a
buried, consolidated, and raised again ahoye the! morphism of an igneous rock, the substances of 
surface OT the water. In these processes, through which it is composed may enter into new COUl

the agcncies of pressure, movement, and chemical binations, or new substances may be added. 
action, they are often greatly altered, and. ill this ",Vhen these processes are complete the sediment· 
condition they are called mttanwrpkic ?'Ocl~8. ary rock becomes crystalline. Such ehanges 

IyneoUf; mcks,-These are rocks which Imvc transform sandstone to qnartzite, limestone to 
cooled and consolidated from a liquid state. As marble, and modify other rocks according t.o 
has becn explained, sedimentary rocks were tlleir com position. A system of parallel divisioll 
deposited on the original igneous rocks, Through planes is often produced, wJlich may cross the 
the igneous :wd sedimentary rocks of all ages original beds 01' strata at any angle. Rockf; 
molten material has from time to time been forced divided hy such planes are called slates or schists. 
upward to or neal' the surface, and there con· Rucks of any period of the earth's history may 
solidated. 'Vhen t.he channels or _ vents int.o be more or less altered, but the younger forIlla· 
which this molten material is forced do not tious have generally escaped marked metanwr· 
reach the surface, it either consolidates in cracks pllism, and the oldest sediment.s known, though 
or fissures crossing the bedding planes, thus form· generally the most altered, ill "orne localities 
ing dikes, or else spreads out between the strata remain essentially unchanged. 
in large hodies, called sills or laccolithH. Such, ,,';'1u:fkial ?·ock8,-These em brace the soils, days, 
rocks are called intf'1lR'iDd. ",Vithin their. rock I sands, gravels, and bowlders that coyer the surface, 
enclo"ureR they cool yery Rlowly, and hence are I whether derived from the hreaking IIp or disinte
generally of crystalline texture. ",Vhen the chan· gration of the underlying rocks by atmospheric 
nels reach tpe surface tIle lavas often :flow out antI agencies or from glacial action. Surficial rocks 
build up volcanoes. These lavas cool rapidly in that are due to disintegration are produced chiefly 
the air, acquiring a glassy or, more often, a crystal. hy the action of air, water, frost, animals, au(l 
liue condition. Thev are usually more 01' leHs plants. They eonsist mainly uf the least soluble 

The igneous"rocks thus £drmed upon the parts of the rocks, which remaiu afte!' tlH~ more 
Hurfaee are called ea;tl'ugtve. Explosive action Holnhle parts have heen leached out, awl 11811ee 
often accompanies volcanic eruptions, causing are known as I'esidual products. Soils and sub· 
ejections of dust or ash and larger fragments. soils are the most important.. Residual accumu· 
These materials when consolidated constitute lations are of tell washed or blown into yalleys 01' 

breccias, agglomerates, and tu:ffs. The ash when other aepressions, where tlley lodge and form 
carriea into lakes or seas may become stratified, I deposits tIl at grade into the sedilllentary class. 
so as to have the structure of sedimentary rocks. Surficial rocks that are due to glacial actioJl are 

The age of an igneous rock is often difficult or formed of tlle products of disintegration, together 
impossible to determine. ,,\Vll€n it cuts across a with howlders and fragments of rock rubbed from 
sedimentary rock, it is younger than that rock, the s11l'face and grouuu together. These are 
and when a sedimentary rock is deposited oyer spread irregularly (n"er the territory occupied by 
it, the igneous rock is the older, the ice and form a mixture of clay pebbleH Rnd 

Under the influence of dynamic and chemical howld~rH -which is know]] as till," It may :)(~cur 
forces an igneous rock may be metamorphosed. as a sheet 01' be hunehed into hills and' ridges, 
The alteration may involve only a rearrangement forming moraine:'!, drumlins, ana other special 
of its minute particles or it iliay be accompanied forms. Much of this mixed material vms washed 
~Y a elJange in chemical and mine .. ralOgiC comp. oSi·li a"y.~y from the ice, as~orted by 1vater, and rede· 
tlOn. Further, the structure of the rock may be pmnted as beds or trams of sand and c1a.y, thus 
ehanged by the development of planes of divi· forming another gradation into sedimentary 
SiOTI, so that it splits in one direction more easily deposit". Some of this glacial wash was depol-lited 



in tunnels and channels in the ice, and forms char
acteristic ridges and mounds of sand and gravel, 
known as osars, or eskers, and kames. The 
material deposited by the ice is called glacial 
drift; that washed :from the ice onto the adjacent 
land is called modified drift. It is usual also to 
class as surficial rocks the deposits of the sea and 
of lakes and rivers that were made at the same 
time as the ice deposit. 

AGES OF ROCKS. 

Rocks are further distinguished according to 
their relative ages, for rocks were not formed all 
at one time, but :from age to age in the earth's 
history. Classification by age is independent of 
o!igin; igneous, sedimentary, and surficial rocks 
may be of the same age. 

When the predominant material of a'rock mass 
is essentially the same, and it is bounded by rocks 
of different materials, it is convenient to call the 
mass throughout its extent a formation, and such 
a formation is the unit of geologic mapping. 

Several formations considered together are 
designated a 8'fIsfgm. The time taken for the 
deposition of a formation is called an epoch, and 
the time taken for that of a system, or some 
larger fraction of a system, a period. The rocks 
are mapped by formations, and the formations are 
classified into systems. The rocks composing a 
system. and the time taken for its deposition are 
given the same name, as, for instance, Cambrian 
system, Cambrian period. 

As s~imentary deposits or strata accumulate 
the younger rest on those that are older, and the 
r.elative ages of the deposits may be discovered 
by observing their relative positions. This rela· 
tionship holds except in regions of intense dis. 
turbance; sometimes in such regions the disturb· 
ance of the beds has been so great that their 
position is reversed, and it is often difficult to 
(letermine the relative ages of the beds from their 
positions; then fossil8, or the remains of plants 
and animals, are a guide to show which of two 
or more formations is the oldest. 

Strata. often contain the remains of plants and 
animals which lived in the sea or were washed 
from the land into lakes or seas or were buried in 
surficial deposits on the land. Rocks that con· 
tain the remains of life are called fossiliferous. 
By studying these remains, or fossils, it has been 
found that the species of each period of the earth's 
history have to a great extent differed ITom those 
of other periods. Only the simpler kinds of 
marine life existed when the oldest fossiliferous 
rocks were deposited. From time to time more 
complex kinds developed, and as the simpler ones 
Ii ved on in modified forms life became more 
varied. But during each period there lived pecul. 
iar forms, which did not exist in earlier times 
and have not existed since; these are character
istic types, and they define the age of any bed of 
rock in which they are found. Other types 
passed on from period to period, and thus linked 
the systems together and formed a chain of life 
from the time of the oldest fossiliferous rocks to 
the present. 

Wben two formations are remote one from the 
other and it is impossible to observe their relative 
positions, the characteristic fossil types found in 
them may determine which one was deposited 
first. 

Fossil remains found in the rocks of different 
areas, of different provinces, and of different 
continents, afford the most important means for 
combining local histories into a general earth 
history. 

Oolol's and patterns.-To show the relative ages 
of strata, the history of the sedimentary rocks is 
divided into periods. The names of the periods 
in proper order (from new to old), with the color 
or colors and symbol assigned to each, are given 
below. The names of certain subdivisions of the 
periods, frequently used in geologic writings, are 
bracketed againBt the appropriate period names. 

To distinguish the sedimentary formations of 
anyone period from those of another the patterns 
for the formations of each period are printed in 
the appropriate period-color, with the exception 
of the first (pleistocene) aod the last (Archean). 
'PI..... .j'!" ...... nh ......... ".j'! ....... ~~ ,,7>,. ~"~,,.1 ~~;.j.h .j.hn 

guished from one another by different patterns, 
made of parallel straight lines. Two tints of the 

Pleistoaene ...... . 

N eocene {ilfg::} 
Eocene { including Oligocene} . 
Cretaceous. . . . . . . . . . . . 

Juratriaa {~~~} .... 
Carboniferous {inCluding Permian} . 
Devonian. . • . . . . . •... 

Siluria.n {inclUding OrdoviOian} .' 
Cambrian .............. . 
Algonkian . 
Archean .. 

P Any colors. 
N BuB's. 

Olive-browns. 
Olive-greens. 
Blue-greens. 

Blues. 
Blue-purples. 

S Red-purples. 
€: Pinks. 
A Orange-browns. 
IR Anycolors 

period-color are used: a pale tint (the underprint) 
is printed evenly over the whole surface represent· 
ing the period; a dark tint (the overprint) brings 
out the different patterns representing formations. 
Each formation is furthermore given a letter
symbol of the period. In the case o£ a sediment· 
ary formation of uncertain age the pattern is 
printed on white ground in the color of ~he period 
to which the formation is supposed to belong, 
the letter.symbol of the period being omitted. 

The number of surficial formations of the Pleis· 
tocene is so great that, to distinguish its forma
tions from those of other periods and ITom the 
igneous rocks, the entire series of colors is used 
in patterns of dots and circles. 

The origin of the Archean rocks is not fully 
settled. Many of them are certainly igneous. 
Whether sedimentary rocks are also included is 
not determined. The Archean rocks, and all meta
morphic rocks of unknown origin, of whatever age, 
are represented on the maps by patterns consisting 
of short dashes irregularly placed. These are 
printed in any color, and may be darker or lighter 
than the background. If the rock is a schist the 
dashes or hachures may be a.rranged in wavy par· 
allellines. If the rock is known to be of sedi. 
mentary origin the hachure patterns may be com
bined with the parallel.line patterns of sedi· 
mentary formations. 

Known igneous formations are represented by 
patterns of triangles or rhombs printed in any 
brilliant color. If the formation is of known age 
the letter·symbol of the formation is preceded by 
the capital letter·syrn bol of the proper period. 
If the age of the formation is unknown the letter· 
symbol consiBts of small letters which suggest the 
name of the rocks. 

THE VARIOUS GEOLOGIC SHEETS. 

Areal8hoot.-This Bheet shows the areas occu· 
pied by the various formations. On t~e margin is 
a legend, which is the key to the map. To ascer
tain the meaning of any particular colored pat. 
tern and its letter·symbol on the map the ·reader 
should look for that color, pattern, and symbol in 
the legend, where he will find the name and 
description of the formation. If it is desired to 
find any given formation, its name should be 
sought in the legend and its color and pattern 
noted, when the areas on the map corresponding 
in color and pattern may be traced out. 

The legend is also a partial statement of the 
geologic history. The fOI1Dations are arranged 
according to origin into surficial, sedimentary, and 
'igneous, and within each class are placed in the 
order of age, so far as known, the youngest at the 
top. 

Economic skeet.-This sheet represents the dis
tribution of useful minerals, the occurrence of 
artesian water, or other facts of economic interest, 
showing their relations to the features of topog
raphy and to the geologic formations. All the 
formations which appear on the areal sheet are 
shown on this sheet by fainter color-patterns. 
The areal geology, thus printed, dords a subdued 
background upon which the areas of productive 
formations may be emphasized by strong colors. 
A symbol for mines is introduced at each occur
rence, accompanied by the name of the principal 
mineral mined or of the stone quarried. 

Btructwre-seotion 8heet.-This sheet exhibits the 
relations of the formations beneath the surface. 

In cliffs, canyons, shafts, and other natural and 

~~~~l~ ~~~t~~,_:~~ n r~:~~ons A ~~ ~~:Le~~~~~: 

same name is applied to a diagram representing 
the relations. The arrangement of rocks in the 
earth is the earth's 8tructure, and a section exhibit· 
ing this arrangement is called a structure seaflion. 

The geologist is not limited, however, to the 
natural and artificial cuttings for his information 
concerning the earth's structure. Knowing the 
manner of the formation of rocks, and having 
traced out the relations among beds on the sur· 
face, he can infer their relative positions after 
they pass beneath the surface, draw sections 
which represent the structure of the earth to a 
considerable depth, and construct a diagram 
exhibiting what would be seen in the side of a 
cutting many miles long and several thousand feet 
deep. This is illustrated in the following figure: 

Fig. 2.-Sketchshowing a vertical section iu the front of the 
picture, with alandseape above. 

The figure represents a landscape which is out 
off sharply in the foreground by a vertical plane 
that cuts a section so as to show the underground 
relations of the rocks. 

The kinds of rock are indicated in the section 
by appropriate symbols of lines, dots, and dashes. 
These symbols admit of much variation, but the 
following are generally used in sections to repre
sent the commoner kinds of rock: 

Lentils In strata. 19De0U8rockB. 

Fig. 3.-Symbols used to represent different kinds of rock. 

The plateau in fig. 2 presents toward the lower 
land an escarpment, or front, which is made up 
of sandstones, forming the cliffs, and shales, con· 
stituting the slopes, as shown at the extreme left 
of the section. 

The broad belt of lower lsnd is traversed by 
several. ridges, which are seen in the section to 
correspond to beds of sandstone that rise to the 
surface. The upturned edges of these beds form 
the ridges, and the intermediate valleys follow 
the outcrops of limestone and calcareous shales. 

Where the edges .. of the strata appear at the 
surface their thickness can be measured and the 
angles at which they dip below the surface can be 
observed. Thus their positions underground can 
be inferred. . 

When strata which are thus inclined are traced 
underground in mining, or by inference, it is fre· 
quently observed that they form troughs or arches, 
such as the section shows. But these sandstones, 
shales, and limestones were deposited beneath the 
sea in nearly :flat sheets. That they are now bent 
and folded is regarded as proof that forces exist 
which have from time to time caused the earth's 
surface to wrinkle along certain zones. 

On the right of the sketch the section is com
posed of schists which are traversed by masses of 
igneous rock. The schists are much contorted 
and their arrangement underground can not be 
inferred. Hence that portion of the section 
delineates what is probably true but is not 
known by observation or well·founded inference. 

T_ .I! __ n -,-1..~_~ ___ -'-1 _____ ~_.L. .1! 1! __ _ i! __ 

The first of these, seen at the left of the sectioD, 
is the set of sandstones and shales, which lie in 
a horizontal position. These sedimentary strata 
are now high above the sea, forming a plateau, 
and their change of elevation shows that a por
tion of the earth's mass has swelled upward from 
a lower to a higher level. The strata of this set 
are parallel, a relation which is called conform
able. 

The second set of formations consists of strata 
which form arches and troughs. These strata 
were once continuous, but the crests of the arches 
have been removed by degradation. The heda, 
like those of the :first set, are conformable. 

The horizontal strata of the plateau rest upon 
the upturned, eroded edges of the beds of the 
second set at the left of the section. The over· 
lying deposits are, from their position, evidently 
'younger than the underlying formatiflus, and the 
bending and degradation of the older strata must 
have occurred b(Jtween the deposition of the older 
beds and the accumulation of the younger. When 
younger strata thus rest upon an eroded surface 
of older strata the relation between the two is an 
unconformable one, and their surface of contact is 
an unconformity. 

The third set of fOI1Dations conBist of crystal
line schists and igneous rocks. At some period 
of their history the schists were plicated by pres
sure and traversed by eruptions of molten rock. 
But this pressure and intrusion of igneous rocks 
have not affected the overlying strata of the second 
set. Thus it is evident that an interval of consid. 
erable duration elapsed between the formation of 
the schists and the beginning of deposition of the 
strata of the second set. During this interval the 
schists suffered metamorphism; they were the 
scene of eruptive activity; and they were deeply 
eroded. The contact between the second and 
third sets, marking a time interval between two 
periods of rock formation, is another uncon· 
formity. 

The section and landscape in fig. 2 are ideal, 
but they illustrate relations which actually occur. 
The sections in the strncture-section sheet are 
related to the maps as the section in the figure is 
related to the landscape. The pro:files of the sur· 
face in the section correspond to the actual slopes 
of the ground along the section line, and the 
depth of any mineral-producing or water-bearing 
stratum which appears in the section may he 
measured from the surface by using the scale of 
the map. 

Columna;r·sectWn SMet.-This sheet contains a 
concise description of the rock fonnations which 
constitute the local record of geologic history. 
The diagrams and verbal statements form a sum
mary of the facts relating to the character of the 
rocks, to the thicknesses of the formations, and to 
the order of accumulation of successive deposits. 

The rocks are described under the correspond. 
ing heading, and their characters are indicated in 
the columnar diagrams by appropriate symbols. 
The thicknesses of formations are given under 
the heading "Thickness in feet," in figures which 
state the least and greatest measurements.' The 
average thickness of each formation is shown in 
the column, which is drawJ? to a scale-usually 
1,000 feet to 1 inch. The order of accumulation 
of the sediments is shown in the columnar arrange
ment: the oldest formation is placed at the 
bottom of the column, the youngest a; the top, 
and igneous rocks or other formations, when 
present, are indicated in their proper relations. 

The formations are combined into systems 
which correspond with the periods of geologic 
history. Thus the ages of the rocks are shown. 
and also the total thickness of each system. 

The intervals of time which correspond to 
events of uplift and degradation and constitute 
interruptions of deposition of sediments may be 
indicated graphically or by the word" unconform· 
ity," printed in the columnar section. 

Each formation shown in the columnar section 
is accompanied by its name, a description of its 
character, and its letter.symbol as used in the 
maps and their legends. 

CHARLES D. WALCOTT, 



DESCRIPTION OF THE 
GEOGRAPHY. 

General relations.-The territory represented 
by the Pocahontas atlas sheet is one.quarter of a 
square degree of the earth's Burface, extending 
from latitude 37° on the south to 37° 30' on the 
north, and from longitude 81 0 on the east to 81 0 

30' on the west. Its average width is 27.5 miles, 
its let;lgth 34.5 miles, and its area 951 square 
miles. 

The sheet is named from the town of Pocahontas, 
Virginia, the poiut at which the first development 
of the Flat Top coal field was begun, and from 
which the celebrated seam of coal takes its name. 
The territory is nearly equally divided between 
the States of Virginia and West Virginia, includ· 
ing in the former portions of the counties of 
Bland, Wythe, Tazewell, and Smyth, and in the 
latter portions of the counties of McDowell, 
Mercer, and Wyoming. The adjacent atlas sheets 
(north to east, to south, to west) are as follows: 
Raleigh, Hinton, Dublin, Hillsvil1e, Wytheville, 
Abingdon, Tazewell, and Oceana. 

In its geographic and geologic relations this 
area forms a part of the Appalachian province, 
which extends from the Atlantic coastal plain on 
the east to the Mississippi lowlands on the west 
and from central Alabama to southern New York. 
All parts of the region thus defined have a com
mon. history, recorded in its rocks, its geologic 
structure, and its topographic features. Only a 
118rt of this history can be read from an area so 
small as that covered by a single atlas sheet i 
hence it is necessary to consider the individual 
sheet in its relations to the entire province. 

S,,/xlivisUm8 of the AppaladuioR> pr01Jinoo.
The Appalachian province may be subdivided 
into three well-marked physiographic divisions, 
throughout each of which certain forces have pro
duced similar results in sedimentation, in geologic 
structure, and in topography. These divisions 
extend the entire length of the province, from 
northeast to southwest. 

The central division is the Appalachian Valley. 
It is the best defined and most uniform of the 
three. It coincides with the belt of folded rocks 
which in the southern portion of the province 
forms the Coosa Valley of Georgia and Alabama 
and the Great Valley of Ea,t Tennessee. Through. 
out the northern and central portions the eastern 
side only is marked by great valleys, such as the 
Shenandoah Valley of Virginia and the Cumber· 
land and Lebanon valleys of Maryland and Penn· 
sylvania, while the westem portion is but a suc· 
cession of narrow ridges with no continuous or 
broad intermediate valleys. This division varies 
in width from 40 to 125 miles. It i, 'harply out. 
lined on the southeast by the Appalachian Moun
tains and on the northwest by the Cumberland 
Plateau and the Alleghany Mountains. Its rocks 
are almost wholly sedimentary and in large meas· 
ure calcareous. The strata, which must originally 
have been nearly horizontal, now stand at vari· 
ous angles and intersect the surface in narrow 
belts. With the outcrop of different kind, of 
rock the surface changes, so that sharp ridges and 
narrow valleys of great length follow the narrow 
belts of hard and soft rocks. 

The eastern division of the province embraces 
the Appalachian Mountains, a system made up of 
many individual ranges, which, under various 
local names, extends from southern New York to 
central Alabama. Some of i~ prominent parts 
are the South Mountain of Pennsyl vania, the 
Blue Ridge and Catoctin Mountain of Maryland 
and Virginia, the Great Smoky Mountains of Ten· 
nessee and North Carolina, and the Cohutta 
Mountains of Georgia. Many of the rocks of this 
di:vision are more or less crystalline, being either 
sediments which have been changed to slates and 
schists by varying degrees of metamorphism, or 
igneous rocks, such as granite and diabase, which 
have solidified from a molten condition. 

The western division of the Appalachian provo 
ince embraces the Cumberland Plateau and the 
Alleghany Mountains and the lowlands of Ten· 
nessee, Kentucky, and Ohio. Its northwestern 
boundary is indefinite, but may be regarded as 
coinciding With the Mississippi River as far up as 
Cairo, and thence extending northeastward acrosR 

the States of Illinois and Indiana. Its eastern 
boundary is sharply defined by the Alleghany 
front and the Cumberland escarpment. The 
rocks of this division are almost entirely of sedi· 
mentary origin and remain very nearly horizontal. 
The surface, is that of a plateau more or less 
completely worn down. In the southern half of 
the province the plateau is sometimes extensive 
8.nd perfectly flat, but it is oftener much divided 
by streams into large or small areas with flat tops. 
In West Virginia and portions of Pennsylvania 
the plateau is sharply cut by streams, leaving in 
relief irregularly rounded knobs and ridgea which 
bear but little resemblance to the original surface. 
The western portion of the plateau has been com· 
pletely removed by erosion, and the surface is 
now comparatively low and level. 

AUi&ude of the Appo1achillln province.-The 
Appalachian province as a whole is broadly 
arched, its surface rising from an altitude of 
about 500 feet along the eastern margin to the 
crest of the Appalachian Mountains, and thence 
descending westward to about the same altitude 
on the Ohio and Mississippi rivers. 

Each division of the province shows one or 
more culminating points. Thus the Appalachian 
Mountains rise gradually from less than 1,000 feet 
in Alabama to more than 6,600 feet in western 
North Carolina. From thi, culminating point 
they descend to 3,000 feet in sonthern. Virginia, 
rise to 4,000 feet in central Virginia, and again 
descend to 2,000 feet on the Maryland-Pennsyl. 
vania line. 

The Appalachian Valley shows a uniform 
increase in altitude from 500 feet or less in Ala
bama to 900 feet in the vicinity of Chattanooga, 
2,000 feet at the Tennessee·Virginia line, and 
2,500 or 2,700 feet at its highest point, on the 
divide between the New and Tennessee rivers. 
:From this point it descends to 2,200 feet in the 
valley of New River, 1,500 to 1,000 feet in the 
James River basin, and 1,000 to 500 feet in the 
Potomac and Susquehanna basins. These figures 
represent the average elevation of the valley sur
face, below which the stream channels are sunk 
from 50 to 250 feet, and above which the valley 
ridges rise from 500 to 2,000 feet. 

The plateau, or western, division increases in 
altitude from 500 feet at the southern edge of the 
province to 1,500 feet in northern Alabama, 2,000 
feet in central Tennessee, and 3,500 feet in south· 
eastern Kentucky. It is between 3,000 and 4,000 
feet high in West Virginia, and descends to about 
2,000 feet in Pennsylvania. The plateau slopes 
gradually westward, although it i, generally sepa
rated from the interior lowlands by an abrupt 
escarpment. 

IJraina(fe of the Appal<wMan province.-All of 
the western, or plateau, division of the province, 
except a small portion in Pennsylvania and 
another in Alabama, is drained by streams flow
ing westward to the Ohio. The northern portion 
of the eastern, or Appalachian Mountain, division 
is drained eastward to the Atlantic, while south 
of the New River all except the eastern slope is 
drained westward by tributaries of the Tennessee 
or southward by tributaries of the COOSR. 

The position of the streams in the Appalachian 
Valley is mainly dependent upon the geologic 
structure. In general they flow along the out· 
crops of the softer rocks in courses which for 
long distances are parallel to the mountains on 
either side. These longitudinal streams empty 
into a number of larger, transverse rivers, which 
cross one or the other of the barriers limiting the 
valley. In the northern. portion of the province 
these transverse rivers are the Delaware, Susque. 
hanna, Potomac, James, and Roanoke, each of 
which passes through the Appalachian Mountains 
in a narrow ga.p and flows eastward to the sea. 
In the central portion of the province, these 1ongi
tudinal stream, form the New (or Kanawha) 
River, which flows westward in a deep, narrow 
gorge through the Cumberland Plateau into the 
Ohio River. From New River to northem 
Georgia the valley is drained by tributaries of 
the Tennessee River, which at Chattanooga leaves 
the broad valley on ita westward course to the 
Ohio. South of Chattanooga the streams flow 
directly to the Gulf of Mexico. 

POCAHONTAS SHEET. 
1.'opograplvy of flU] .A.ppalackian province.-The 

dllrerent divisions of the province vary much in 
character of topography, as do also different por· 
tions of the same division. This variation of top. 
ographic forms is due to several conditions which 
have modified the work of erosion. In the Appa
lachian Valley, differences in rock character and 
geologic structure are the conditions which chiefly 
govern erosion. In the Appalachian Mountains 
and the Cumberland Plateau, structure plays but 
a secondary part, and the rocks are frequently so 
nearly homogeneous as to have but little effect 
on the topography. Throughout the entire provo 
ince the forms produced are largely controlled 
by the altitude of the land, which varies in rela
tion to sea·level as the surface is worn down by 
erosion or is uplifted by movements of the earth's 
crust. If the land is high the streams descend 
rapidly to the sea, corrading narrow gorges nearly 
to the baselevel of erosion. By lateral corrasion 
these narrow gorges are gradually widened and 
the sides reduced from precipitous cliffs to gentle 
slopes. The divides between adjacent streams 
are, little by little, worn away, and the surface 
gradually approaches baselevel and becomes a 
peneplain. But this process is carried to com· 
pletion only in case there is a constant relation of 
land and sea. This relation may be changed by 
earth movements which either raise or lower the 
land. When erosion is thus interrupted in any 
stage of its development, some of the character. 
istic topographic forms remain among features of 
later development, and they constitute a record 
of the conditions to which they belonged. 

In the Appalachian province there are rem· 
nants of peneplains which indicate two periods 
of relative stability of the surface of the earth. 
The exact time at which these features were 
formed is not known, but their relation to the 
sediments around the margin of the province 
serves, in a general way, to fix their ages. The 
earlier and more extensive peneplain was formed 
in the Cretaceous period. During a very long 
epoch of erosion without marked uplift the sur· 
face was worn down to an almost £eature1ess 
plain. This period of tranquillity was interrupted 
by gradual earth movements which extended 
over most of the province and which raised the 
surface far above its former position, but the 
elevation was unequal and'the plain was warped. 
In the Eocene and N eocene periods other pene
plains were formed, but the time during which 
the relation of land and sea remained constant 
was short, and only the softer rocks were worn 
down nearly to the baselevel of erosion. Again 
the process of baseleveling was terminated by an 
uplift which a:ffected the entire province and 
which warped the later peneplains in a manner 
similar to the warping of the Cretaceous plain. 

The more recent history of the province is one 
of general elevation accompanied by oscillations, 
which have caused the margin of the sea to vary 
in different portions of the epoch. During this 
time the modern river gorges were cut and much 
of the low·level topography was produced. 

Jlelief of tlUi Poealwnlmi area.-This territory 
includes portions of the Cumberland Plateau and 
the Appalachian Valley. The irregular ridges 
and valleys of the Flat Top Mountain region are 
characteristic topographic features of the central 
portion of the Cumberland Plateau, and the suc· 
cession of parallel ridges in the southern part of 
the territory are' equally characteristic of the 
Appalachian Valley in Virginia. In thi, di,trict 
the surface was reduced to the level of the Creta.
ceous peneplain, except a few of the higher sum· 
mits, which now stand from 3,300 to 4,200 feet 
above sea·level. Clinch Mountain, west of Burke 
Garden, is the most conspicuous of these high 
points and in Cretaceous time probably consti· 
tuded a ridge rising from 500 to 700 feet above 
the plain. The highest summits of East River 
and Big Walker Mountain, also probably ,tood 
in low relief above this plain, the surface of which 
is represented by portions of the crest-line of 
Cove, Little Walker, Big Walker, Brushy, Rich, 
and East River mountains and the higher sum
mits of the coal field of West Virginia. 

Although raised to a considerable elevation by 
the uplift that warped the Cretaceous peneplain, 

the Pocahontas district, located upon the princi. 
pal divide of the Appalachian Valley, was so far 
removed from the main drainage lines that its 
surface was subsequently carved into valleys and 
ridges only. The hills were not planed away 
during Neocene time, although the valleys in the 
southern part of the area were probably slightly 
widened i but even there there is no definite plain 
remaining. North of East Ri,Ter Mountain a 
peneplain.is recognizable in the gently rolling 
surface which stands at an elevation of about 
2,600 feet. Standing above and clearly separated 
from the plain are several elevations which in 
some manner have been protected more than the 
surrounding areas and to-day remain as monad· 
rwclcs,* or unreduced remnants of a once greater 
altitude of the land. 

The amount of uplift which this region has 
suffered in late geologic time is easily determined 
by the elevation at which the various peneplaiu"s 
now stand above sea-level, from which they 
formerly sloped gently upward. The total uplift 
since Cretaceous time has been from 3,000 to 
3,500 feet, the sum of two general movements, of 
which the later was 2,600 feet. Besides the 
general peneplains described above, this region 
possesses a well-developed local baselevel, entirely 
independent of the general surrounding condi
tions. This is Burke Garden, a unique feature, a 
garden in a wilderness of sharp ridges and nalTOW 
valleys. It is a limestone area surrounded by 
mountainous walls of hard sandstone. Wolf 
Creek has cut a gorge on its northern side, through 
which its surplus waters are discharged, but the 
removal of the calcareous rocks within the barrier 
progresses as fast as the creek can cut its gorge; 
hence the floor of the garden is planed to the 
level of the outlet of the draining stream. 

The topographic forms produced by the various 
conditions outlined above are very well shown in 
this area. In the Virginia portion, geologic 
structure has been the most influential of the con· 
ditions modifying the action of erosion. The 
ridge, formed by the upturned edge, of the hard 
rocks are generally very narrow and straight, and 
between them narrow valleys are excavated in 
the softer rocks. The steepness of the slopes, 
and the great depth to which the,e valleys are 
eroded, indicate that a large portion of the eleva.
tion already described has occurred in very recent 
times. The most important valleys in this terri· 
tory are (1) Bland·Sharon Springe Valley, (2) 
Burke Garden, and (3) Clinch River Valley. The 
last is more important in the region west of that 
represented by this sheet, but it continues. east
ward pa,t Bluefield and diaappears in the rugged 
region about Ingleside. North of this line the 
snrface is more regular, being gently rolling over 
most of the area between East and Bluestone 
rivers. In the coal field the country is barren in 
the extreme, and before the development of its 
coals barely furnished food for the scanty popu· 
lation. This region, originally a table.land, is 
now almost completely dissected. The streams 
flow in narrow V·shaped ravines, above which 
the divides rise from 500 to 1,000 feet, in narrow, 
irregular lines of knobs showing little reseID blance 
to the original even surface. 

.lJraiOO(f8 of the Pocahontas area.-The major 
portion of this territory is within the New River 
basin and is drained by Bluestone and East rivera 
and Wolf and Big Walker creeks. Bluestone 
River is the largest of these streams. From its 
source on the divide between Springville and 
Five Oaks, in Tazewell County, it flows northeast 
to Graham, where it is joined by Wright Valley 
Creek. At this point the river turns from i~ 
course along the strike of the rocks and crosses 
the Stony Ridge syncline to Bluestone Junction. 
Again it resumes its northeastward course and 
unites with New River 4 miles above Hinton, 
West Virginia. The tributaries entering the 
Bluestone from the north are generally small, but 
have become important on account of the coal 
exposed within their valleys. Below Bluestone 
Junction the best known are Mill, Simmon, Flip. 

It Monoonoek, a. term applied to an eleva.tion remaining 
above the general level or a peneplain; 110 called from Mount 
Monadnock, a height in New Hampshire which survived the 
planation of the surrounding region. 



ping, Crane, Widemouth, Rich, and Camp creeks. 
The valley of Bluestone River is everywhere 
narrow and shaxply cut, but below Spanishburg 
it becomes a-eanyon with precipitous sides, so that 
the wagon roads can neither follow nor cross the 
stream. 

East River is a small stream heading at Blue
field and following east along the foot of East 
River Mountain to New River. Wolf Creek, 
rising in Burke Garden, flows east along the south. 
ern base of Rich Mountain to Rocky Gap, where 
it is joined by Clear Fork and Laurel Creek, 
forming quite a large stream. From this point 
of junction it flows directly to New River along 
a shaxply cut valley at the northern boee of Wolf 
Creek Mountain. Big Walker Creek drains the 
broad open valley about Bland, and east of this 
territory unites with Little Walker Creek, which 
drains the area between Big and Little Walker 
mountains. South of Big Walker Mountain a 
small area is drained by Reed Creek, another 
branch of New River. 

The North Fork of the Holston River drains 
the region south of Clinch Mountain and west of 
Sharon Springs. North of Clinch Mountain and 
west of a line drawn from Hutchinson Rock to 
Tip 'rop are a few of the head branches of Clinch 
River. This stream and the North }"ork of the 
Holston are the only representatives of the Ten
nessee River system in this territory. 

In the coal basin west of the Flat Top divide 
the drainage is divided between the Guyandot 
and Big Sandy rivers. The portion north of 
Indian Ridge, or Wyoming County, is in the 
drainage basin of the former; while McDowell 
County is wholly within the limits of the latter. 
Tug Forkr rising near the Peeled Chestnut Gap, 
passes off this territory about due west of its 
source and constitutes the main head stream of 
the Big Sandy River. The area drained by this 
stream is insignificant in size, but is destined to 
become of importance when mining is begun on 
the coal which outcrops around its basin. The 
best-known valley in McDowell County is that ot 
Elkhorn Creek, which is now the center of coal 
and coke production in the already famous Poca
hont .. or Flat Top field. In Wyoming County 
the principal stream is Pinnacle Creek, one of the 
head. branches of Guyandot River_ 

GEOLOGY. 
STRATIGRAPHY_ 

Tlw flener-al sedimentu;ry rectml.-All of the 
rocks appearing at the surface within the limits 
of the. Pocahontas atlas sheet are of sedimentary 
origin - that is, they were deposited by water. 
They consist of sandstone, shale, and limestone, 
having an average total thickness of 17,000 or 
18,000 feet and presenting great variety in com
position and appearance. The materials of which 
they are composed were originally gravel, sand, 
and mud, derived from the waste of older rocks, 
and the remains of plants and animals which 
lived while the strata were being laid down_ 

The sea in which these sediments were laid 
down covered most of the Appalachian province 
and the Mississippi basin, but it propably varied 
from time to time .within rather wide limits_ 

As a rule, the younger rocks are limited in their 
outcrop to the northwestern side of the Appa
lachian Valley, whereas the older rocks are more 
generally exposed along its southeastern side. 
Whether this is due to the more extensive folding 
of the latter portion, by which the lower rocks 
have been brought within reach of erosion, or to 
the early folding and elevation above sea-level of 
the southe,astern portion and the· non-deposition of 
the later sediments over this land area, is as yet 
an unsettled question. In thjs territory, how
ever, Cambrian rocks occur on the northern edge 
of the valley at the eastern end of an extensive 
anticline which, as it extends westward, is faulted 
in such a manner that the Cambrian rocks are 
thrust upon the Coal Measures. 

CAMBRIAN STRATA. 

R'U88ell formation.-The outcrop of Cambrian 
rocks above referred to occurs north of Witten 
Mills in Tazewell County, Virginia, and consists 
of variegated shale and impure limestone. The 
total thickness exposed probably does not exceed 
300 feet, though farther west there are certainly 
visible 1,000 feet of the same formation. In this 
territory the series is apparently unfossiliferous, 
but in its fuller development it contains the 

Olenellus fauna of Lower Cambrian age_ This 
formation, 80 named because its greatest develop
ment is in Russell County, Virginia. is probably 
equivalent to the Rome formation and the Apison 
shale of southern Tennessee, described in the 
Chattanooga and Ringgold folios. 

CAMBRO-SILURIAN STRATA. 

Shenandoah lime8Wne.-The great sheet of 
Cambro-Silurian limestone which is almost coex
tensive with the Appalachian Valley is well 
exposed in the southern half of this territory_ It 
immediately overlies the Russell formation and 
extends upward to the well-known f088iliferous 
Chickamauga limestone. This was called by 
Rogers the Valley limestone, or No. II, and has 
heretofore been freqnently correlated with the 
Knox dolomite of eastern Tennessee, but in map
ping the intervening territory the Knox is found 
to represent but a part of the Shenandoah lime
stone. In the northern part of East Tennessee 
the formation of the Knox was preceded by the 
deposition of several distinct beds of limestone 
and calcareous shale,. having at the Tennessee
Virginia line a thickness of about 1,500 feet. 
Northeastward from this line the shales become 
more c.alcareous and at varying distances are 
replaced by limestone. The upper, or Nolichucky, 
shale retains its character as far east as the west
ern edge of the Pocahontoe territory, but at that 
point it changes to limestone, which, together 
with the other members of the alternating series 
of Tennessee, helps to make up the great mass of 
the Shenandoah limestone. Thus the last-named 
formation can not be correlated with the Knox 
dolomite, for it comprises not only the whole of 
that formation but at least 1,500 feet of Cambrian 
strata beneath it. 

Throughout southwestern Virginia this forma
tion shows considerable change in character 
across the strike, or in a northwest-southeast 
direction. On the northern side of the valley it 
probably does not exceed 2,500 feet in thickness, 
and carries chert at various horizons. It is gen
erally a heavy-bedded, gray dolomite, containing 
considerable blue limestone near its top, and 
dark, sandy limestone near its base. In the 
southern portion of the valley the chert almost 
whoUy disappears; the limestone becomes light
colored and siliceous, and at many horizons 
carries thin beds of shale. In thickness it cer
tainly reaches, and possibly exceeds, 4,000 feet. 

In many places the top of the Shenandoah 
limestone is marked by a conglomerate composed 
of a calcareous matrix with pebbles of chert, 
sandstone, vein quartz, and quartzite. Nowhere 
in this territory are the pebbles known to exceed 
1 inch in diameter, but on Stony Creek in the 
vicinity of New River the pebbles attain a 
diameter of 3 or 4 inches. Generally chert, more 
or less angular, predominates, and the matrix is 
a red, earthy limestone. This occurs at about 
the same horizon as the Birmingham breccia of 
Georgia and - Alabama, and, like that stratum, 
probably records an uplift and erosion of the sea 
bottom. The dolomite of some adjacent zone, 
probably lying to the eastward, was elevated to 
form part of the shore. On the ancient shore
lines the chert, as it weathered out, was broken 
up, assorted by the waves and currents, and with 
pebbles of other kinds was again deposited in the 
calcareous mud off the coast. 

This limestone is named from the great Shen
andoah Valley in northern Virginia, where it 
outcrops over extensive areas_ 

SILURIAN STRATA_ 

OMckamauga li'1fU!8tone.-This limestone is 
named from Chicka.mauga Creek in Walker 
and Catoosa counties, Georgia, and is probably 
equivalent to the base of Rogers's No. III. The 
line of separation between it and the underlying 
Shenandoah limestone is frequently well marked 
by the bed of conglomerate already described. 
Where that is absent the separation is not easy, 
but in a general way it can be made at the point 
where the white, impure limestone of the Shen
andoah is ~eplaced by the blue, fossiliferous beds 
of the Chickamauga. As a rule, the latter 
increases in thickness toward the northwest, 
having its greatest development near the margin 
of the Appalachian VaUey. In this territory the 
variation is not much, ranging from 800 feet on 
the northern face of East River Mountain to 700 
feet on Big Willer Mountain. It is generally a 

blue, flaggy, fossiliferous limestone which, becom
ing heavier-bedded toward the base, is with diffi
culty separated from the underlying limestone_ 
Its base is generally marked by a heavy, blue bed 
carrying black chert, which serves to fix the 
boundary in many places. Toward the southeast 
this formation becomes more shaly in its upper 
portion, and on the southern line of the valley it 
is probably largely represented by the shales of 
the Sevier formation. This limestone is import
ant, since it is the great marble-producing forma
tion of the South. In this territory there are 
small areas of marble, but it is coarse-grained and 
of a gray color, and not valuable except for build
ing purposes. 

M()(J(](J8in lime8tone.-The transition from the 
hard, blue limestone of the Chickamauga. to the 
calcareous shale of the Sevier formation is marked 
by a belt of red, earthy limestone, named from 
Moccasin Creek, Scott County, Virginia. It 
varies from 300 to 500 feet in thickness, and 
generally occupies a position geographically inter
mediate between the great development of lime
stone o~ the northwestern and of shale on the 
southeastern side of the valley. These red lime
stones are quite conspicuous, for they generally 
outcrop on the steep slopes of the valley ridges 
and give a pronounced color to the landscape. 

&vt'er Bkale.-Forming the steep northwestern 
slopes of the larger valley ridges is this shale 
formation, named from Sevier County, Tennessee. 
It is the upper portion of No. III according to 
Rogers's classification, and in thickness it varies 
from 1,250 to 1,500 feet. As a rule it is calcare
ous at its base and sandy in its upper portion, 
showing a gradual transition from the limestone 
below to the sandstone above. 

Bay8 sand'8tontl.-The sandstones and shales 
immediately overlying the preceding formation 
are distinguishable chiefly by their red color. 
They generally consist of thin-bedded sandstone 
at the top, passing downward into sandy shale, 
still retaining the prevailing color, and merge 
with the sandy beds of the Sevier shale. This 
sandstone is named from Bays Mountain, in north
ern Tennessee, and is equivalent to the lower por
tion of No. IV of Rogers'S classification_ Usually 
the crest of the ridges is formed by the Clinch 
sandstone, with the Bays outcropping just below, 
bnt in some cases the Clinch is worn back in the 
low gaps and the summit is formed by the red 
sandstone of the Bays formation. 

OUme" sandstone.-All of the important valley 
ridges owe their existence to this plate of heavy 
sandstone, which has preserved their summits at 
or near the general level of the old Cretaceous 
peneplain, while the areas immediately adjacent 
have been worn down to form the present valleys_ 
This sandstone varies from 125 to 250 feet in 
thickness, and, from its massive character, is easily 
separable from the formations both above and 
below. It was called by Rogers the Medina 
sandstone, or No_ IV, but it is here given a local 
name from Clinch Mountain, the highest ridge in 
this area. It frequently forms picturesque ledges, 
such as Dial and Hutchinson rocks. 

Roehwood formatton.-Immediately overlying 
the Cmnch sandstone and forming the southern 
slope of the ridges is a mass of shale and sand
stone, varying in thickneps from 15 feet in Cove 
Mountain, on the Wytheville and Bland turnpike, 
to probably 400 feet on East River Mountain_ 
The larger part of the formation is composed of 
sandy shale and ferruginous sandstone or fine 
conglomerate. In Cove Mountain, where the 
minimum measure of 15 feet was obtained, the 
base of the formation, consisting of sandy shale, 
is alone preserved j the upper portion appears to 
be entirely absent, either through non-deposition 
or through subsequent erosion. A coarse, white 
sandstone, about 40 feet in thickness, forms the 
extreme top of the Rockwood formation. Occur
ring as it does between easily erodible formations, 
it is frequently the only stratum showing in out
crop, and affords an excellent guide to the strati
graphy. This is quite important, since the two 
adjacent formations are the principal ore-bearing 
strata of the region. This formation constitutes 
a portion of No. V of Rogers)s classification. 

Gile8 f<>rm4lion.-Above the heavy Rockwood 
sandstone occurs a group of strata of very diverse 
characteristics but practicably inseparable in ~e 
field. In the Kimberling Wilderness, near the 
eastern edge of the area, the series is about as 
follows: (1) Overlying the Rockwood sandstone 

are 30 or 40 feet of blue limestone, varying from 
blue calcareous shale at the base to heavy blue 
limestone at the top. (2) This is succeeded by a 
very coarse ferruginous sandstone, greatly resem
bling some of the heavier beds of the Rockwood 
formation. At Holly Brook it is 15 or 20 feet 
in thickness, and is made up of quartz pebbles 
about one-eighth of an inch in diameter, cemented 
by iron oxide. (3) Above the sandstone is a 
cherty limestone, or rather, a mass of chert 30 or 
40 feet in thickness, which is everywhere present 
along the line of outcrop of this formation and is 
frequently the only guide to the subjacent strata. 
(4) Above the chert is an indefinite thickness of 
yellow or green fossiliferous sandstone_ In the 
Kimberling Wilderness, east of this area, pebbles 
of 1imestone, evidently derived from the lowest 
number of this series, are found imbedded in the 
green sandstone. The thickness of the sandstone 
could not be determined, since it outcrops over a 
level valley and is so erodible that it wears down 
regularly, leaving no cliffs by which it can be 
measured. It is probably less that 100 feet in 
thickness, but, owing to its light dip, covers a 
wide area. 

The limestone portion of this formation is gen
erally classed as I~ower Helderberg, or No. VI, 
and the upper, sandstone portion as the Oriskany, 
No. VII. This is no doubt correct, and were 
they everywhere as plain as on No Business 
Creek, they could be separated into two forma
tions. They generally outcrop in the valley .t 
the southern base of the Clinch ridges, and are 
usually badly covered by the debris from the 
sandstones forming the crest. Under such COD

ditions, two members are usually seen in out
crop-the chert and the ferruginous sandstone
and the observer is left to determine the presence 
or absence of the other members from the soil on 
the hill slopes. Such determinations have' but 
little value, and would be misleading if expressed; 
so it was decided to be inexpedient to map the 
upper sandstone as a separate bed, but to map 
the whole as a single formation, named from 
Giles County, Virginia_ The upper sandstone 
was seeD at about six places in this territory. 
In other places where its supposed line of out
crop was crossed it was impossible to determine 
whether it was present or not. The existence 
of the conglomerate at this horizon on No 
Business Creek indicates that immediately fol
lowing the deposition of the limestone occurred 
an ele,,-ation of at least a portion of this region 
above sea-level, and that from the land thus 
formed were derived the limestone pebbles 
already described_ If this be correct, parts of 
the Pocahontas territory may have been dry land, 
upon which the green sandstone was never 
deposited, while other portions of it may not have 
been so affected and deposition may there have 
gone on uninterruptedly_ Hence it would be 
incorrect to show the formation over the whole 
area, and, owing to the peculiar conditions under 
which it outcrops, the observer can never be 
assured whether the rock is present or not; con
sequently it is mapped together with the lime
stone and ferruginous sandstone, some member of 
which is always present. This method of group
ing in(Jludes strata of both Devonian and Silurian 
age in one formation, but this is preferable to a 
possible misstatement regarding their areal dis
tribution. 

Dl!."'VONIAN STRATA. 

Romney 8hale.-Overlying the Giles formation 
is a great series of Devonian shales, probably cor
responding to Rogers's No. VIII. These begin 
at the base with black, carbon~eous shale, which 
is replaced higher up by green, sandy ehaIe, and 
this in turn by thin-bedded, green sandstones, 
shale, and conglomerate. The black, carbona
ceous shale at the base is a variable stratum from 
400 to 600 feet in thickness, which passes into 
the green shale above by insensible gt'adatioDs 
and interbedding. No definite Hne of demarka
tion between them can be drawn, and they are 
shown on the map by the merging of patterns, 
without a definite boundary-line. The formation 
is named from Romney, Hampshire County, West 
Virginia. This shale, being easily erodible, forms 
valleys, among which those of Little Walker, 
Hunting Camp, Wolf, Laurel, and Dry creeks 
are the most prominent. 

KimherUmg shal6.-The upper portion of the 
great Devonian shale series could not be Bub-



divided. It is practically a lithologic unit, except 
that it grows more sandy toward the upper por. 
tion. It is named from Kimberling Creek, which, 
in Bland County, i1ow, through a wild and 
rugged region formed by these shales, and widely 
known as the Kimberling Wilderne". The b.se, 
as already described, is indefinite, and the upper 
limit is somewhat uncertain. The green sand· 
stones, sandy shales, and conglomerates pass 
almost imperceptibly into the sandstones and 
shales of the coal.bearing formation of Lower 
Carboniferous age. There is usually a slight dif· 
ference in color and character of the sandstones 
of these formations, which determines the' bound· 
ary.line. The heavy beds of the Price sandstone 
are typical Coal Measure sandstones - coarse, 
yellow, and cross-bedded. All beneath are green 
and thin-bedded except the conglomerates. 

The great increase in thickness of the Devonian 
shales in passing from south to north is one of 
the mo,t 'triking feature, in the stratigraphy of 
the Appalachian province. Thus, the entire 
Devonian series is probably wanting in the vicino 
ity of Anniston, Alabama; at Chattanooga it 
does not exceed 25 feet, a thickness which it 
holds over a large area in that vicinity; north· 
ward it ,well, to .t le .. t 800 feet at the south· 
western end of Clinch Mountain, 15 miles north 
of Knoxville; from this it increases rapidly, 
reaching 1,800 feet in Clinch Mountain on the 
Virginia· Tennessee State-line, and about 2,000 

-feet at Little Moccasin Gap; on the western edge 
of the Pocahontas territory it is about 3,500 feet, 
increasing to nearly 4,000 feet on its eastern 
edge, and to at least 5,000 feet on New River. 

CARBONIFEROUS STRATA. 

of Roger.'. No. XI, i. named from Bluefield, will depend largely upon local features, and hence 
Mereer County, West Virginia, the mo,t import. are nece,l!al'ily limited to the small area through. 
ant town in the Pocahontas area. It is truly a out which the local feature ,is prominent. The 
transition series between the limestone below and Pocahontas seam of coal is the most prominent 
the sandy beds above. It varies in character feature, and, since it has been carefully traced 
from prevailingly calcareous at base to sandy at throughout the entire coal field of this territory, 
top, and is limited above by a bed of heavy forms a reliable local horizon for mapping pur· 
quartzite, which form, Stony Ridge. Thi, ,hale pose,. All the rock" from the top of the red 
is confined to two areas-one along the line of shales up as far as the roof of the Pocahontas 
railroad, and the other in Abbs Valley, where it seam, are included in one group and named from 
appears on the anticlinal fold a!reedy noted. So the place at which thi, important coal was first 
far as could be determined, it varies but little in opened. 
thickness, ranging from 1,250 to 1,350 fe~. Pocaiumtas f0rmation.-Two or three coal 

Himton formation.-Extending upward from se8DlB are known in t~e lower portion of this 
the base of the quaI·tzite forming Stony Ridge, formation, but conditions do not appear to have 
through a variety of beds of calcareous shale, become especially favorable for the growth of 
impure limestone, red argillaceous shale, sandy coal plants until the close of the deposition of the 
shale, and sandstone, to the base of a thin but formation and the beginning of the deposition of 
extensive bed of conglomerate, is the Hinton for· the vegetable matter which has since been con· 
mation. In this heterogeneous formation there solidated into the Pocahontas coal. This seam 
is no bed which could be identified and mapped, varies in thickness from about 10 feet at Poca· 
and, though ranging from 1,250 to 1,350 feet in hontas to 4 feet 6 inches on the headwaters of 
thicknes" it i, regarded as a 'ingle formation. the Guyandot River, in the northern part of the 
West of Littlesburg it outcrops along three lines, field. The Pocahontas forIilation appears to hold 
but east of that point the two ndl'thern areas a constant thickness of 360 feet throughout this 
unite around the anticlinal point and expand into entire area. Its principal lines of outcrop are as 
a wide area covering the entire country east of follows: (1) It extends along the southeastern 
Princeton. It is named from Hinton, West side of the field from the northern edge of the 
Virginia., where it is well exposed along New territory to Pocahontas, where it is cut off by the 
River. Abb. Valley fault. (2) In the valley of Tug 

Princeton conglomerate.-This i, a ,mall Fork and it, head tributarie, the arching of the 
stratum, probably nowhere exceeding 40 feet in strata has been so pronounced, and the cutting of 
thickness, but a very important one in determin. the streams 80 deep, that but small areas of the 
ing stratigraphic relations. It makes an extensive formation are left uneroded on the spurs and 
showing at Princeton, from which it is named, ridges; and the Pocahontas seam itself, being at 
and at various points along its line of outcrop. the extreme top of the formation, is wholly gone 
In the northeastern corner of the territory it is over a large portion of this valley. (3) In the 

PriCfJ formation.-The division·line between nearly horizontal, and, being more resistant than Elkhorn Valley, only the upper portion of the 
Devonian and Carboniferous rocks in this region the adjacent beds, forms a table-land in which formation is exposed, but the Pocahontas coal is 
is arbitrary, depending upon minor differences in the Bluestone River has cut a deep and rugged best disposed for economic mining. From Coal· 
the sandstones, which mayor may not be con· gorge. Where crossed by the railroad below dale, at the northern end of the railroad tunnel, 
stant oyer larger areas. But since the shales Graham, the base is a conglomerate, the matrix there is a continuous outcrop of this seam to the 
below are clearly Devonian, and the coal.bearing of which contains considerable calcareous matter, western edge of the tenitory, besides an extended 
strata above clearly Carboni!erous, it is highly and the pebbles are quartz, sandstone, and impure exposure in the valley of the North Fork of the 
desirable to separate them, even though the line limestone. At this point the upper layer is a same stream. The coal is nowhere more than 200 
be drawn arbitrarily. The coal.bearing forma- massive-bedded sandstone, which has been feet above the stream, and ranges from that ele· 
tion, corresponding to No. X of Rogers, is named quarried for heavy masonry. vation down to the level of the water. (4) On 
from Price Mountain, in Montgomery County, BluestoneformatWn.-AbovethePrincetoncon. the heed branche, of the Guyandot River the 
Virginia, where the coals have been mined for a glomerate occurs a series of rocks similar to the Pocahontas seam is exposed in places, but the 
number of years. The formation consists of Hinton formation, except that it is thinner, prob- strata are so depressed that but little more than 
sandstones, shales, and coals, and in general ably Dot exceeding 800 feet in thickness. This for. the coal shows, and that in irregular outcrop. 
appearance is almost identical with the measures mation is, in general, composed of red shale, but Olarkformation.-The strata above the 'Poca
in the coal field to the northwest. It is limited contains many beds of impure limestone, some- hontas seam do not durer essentially from those 
in its outcrop to the southern portion of the terri· times conglomeratic, and sandstone of varying below. ,They consist of alternating sandstones, 
tory, across which it is exposed in two lines of thickness and character. At Pocahontas this for. shales, and coals, but with no marked beds. 
outcrop. One, north of Big Walker Mountain, mation extends upward to the coal.bearing series, Immediately overlying the Pocahontas seam is a 

are several seams of coal at about the Quinnimont 
horizon, which have been called the Horsepen 
group. A heavy seam has been opened at Smith 
Store which has long been a puzzle to the pros
pectors of the region. In appearance it resembles 
the Pocahontas seam in its best development, but 
no one has succeeded in tracing its outcrop to 
where the Pocahontas is positively known. By 
it, fo"il plant., as well .. by 'tratigraphic evi· 
dence, it is now known to be in the Quinnimont 
formation, and is probably equivalent to one of 
the upper Horsepen coals. It is therefore above 
the Quinnimont coal horizon. 

Raleiy" sandstone.-Immediately overlying the 
Quinnimont formation is the heaviest and best· 
marked sandstone in the series exposed in this 
field. It is about 80 feet in thickness, and 
develops both in thickness and coarseness east
ward to New River, where it varies from 100 to 
150 feet in thickness, and much of its mass is 
compo,ed of quartz pebbles. It is named from 
Raleigh County) a large portion of the surface of 
which i, mede up of this heavy bed. In the 
Pocahontas region it is a coarse) massive sand
stone which, under favorable conditions) forms 
cliffs upon the exposed points of the spurs. It 
caps Flat Top Mountain near the northern edge 
of the territory, and is the principal bed in the 
same mountain south of Peters Gap. All the 
western portion of Indian Ridge owes its eleva· 
tion to this resisting stratum. 

&wellf0rmation.-Throughout the coal field 
in the Pocahontas region there are but few rocks 
remaining above the Raleigh sandstone. These 
outcrop on Flat Top Mountain south of Peters 
Gap, and on a few high points of Indian Ridge. 
This formation is named from the town of SeweD, 
on New River, where a coal seam 70 feet above 
the Raleigh sandstone has been mined for anum· 
ber of ,years. In the Pocahontas region but a 
small portion of the base of this formation is 
preserved. It contains a few seams of coal, but· 
the area covered by the formation is too small to 
be of much value. 

Although no pebbly sandstones occur within 
the limits of this field, the coal.bearing rocks 
belong to the Conglomerate or Pottsville series. 
Thi, opinion h .. been held by all who have 
worked in this region, but it was verified through 
studie, by David White of the fo"il i10ra of the 
Pocahontas field, as well as by continuous tracing 
of the beds eastward to New River, where the 
Pottsville series is clea.:rly differentiated from the 
'trata both above and below. 

STRUCTURE. 

extends we,tward from Bland aero., the entire who .. base i, generally marked by a heavy hod heavy ledge of sandstone, 50 or 60 feet in thick· JJefonitWn 0flerm8.-A, the material, forming 
territory; and the other, south of the same moun· of sandstone. In this vicinity, and probably ness, which has served as an excellent guide in the rocks of this region were deposited upon the 
tain, .crosses the southeastern corner of the terri· .throughout the area of this sheet, this heavy sand· prospecting for this seam. Above this sandstone sea bottom, they must originally have extended in 
tory, forming the southern slope of Little Walker stone marks the upper limit of the red shales,- is the same monotonous succession of beds for a nearly horizontal layers. At present, however, 
Mountain. a point at which occurs a pronouJJ,ced change distance of 380 feet to a second general coal hori. the beds are usually not horizontal, but are 

Pulaiki shald.-Theupper portion of the Price from the calcareous sediments of the Bluestone zon, which has been traced continuously to New inclined at various angles, their edges appearing 
formation is usually absent through, faulting, so formation to the coal.bearing or sandy beds of River and found to be equivalent to the celebrated at the surface. The angle at which they are 
that the next succeeding formation has but a the· formations above. This line of division can Quinnimont seam. This occurs generally at the inclined is called the dip. In the process of 
limited outcrop. It is a bright-red shale, which not be carried eastward, since the red shales top of a ledge of sandstone about 40 feet in thick· deformation the strata have been thrown into a 
attains a great development in the vicinity of extend several hundred feet higher in the series ness and of remarkable persistency. The line of series of arches and troughs. In describing these 
Pulaski, Pulaski County, Virginia, from which it on New River than at Pocahontas; but it is an division is drawn at th'e top of this sandstone, and folds the term syncUne is applied to the down· 
is named. In thickness it varies from a maximum important local line of division, and hence is used therefore at the bottom of the Quinnimont seam. ward.bending trough and the term anticline to 
of 300 feet on the eastern side of this territory to in this region. The formation so delimited reaches from one well· the upward-bending arch. A synclinal axis is a 
20 feet or less on the western edge, and probably The base only of the Bluestone formation is known seam to the other, but includes neither. It line runnirig lengthwise in the synclinal trough, 
is wanting altogether a short distance beyond the present in the Hurricane Ridge syncline, and also carries, however, several small seams, but nothing at every point occupying its lowest part) toward 
limit of the territory. in Bent Mountain north of Concord Church. The of importance in this region. The formation is which the rocks dip on either side. An anti· 

Greenbrier limestone.-This formation consists main line of outcrop is along the Bluestone River. named from Clark Gap, in Flat Top Mountain, clinal axis is aline which occupies at ev'ery point 
generally of heavy, blue limestone, cherty at some It disappears a few miles west of Pocahontas, where the series is quite well exposed. The for· the highest portion of the anticlinal arch, and 
horizons, and always abundantly fossiliferous. being cut off by the fault which develops in the mation follows in outcrop the sinuous windings away from which the rocks dip on either side. 
Toward the top it becomes shaly and passes into Abbs Valley anticline. of the formation below, except in a. few places The axis may be horizontal or inclined. Its 
the calcareous ,hale of the base of the formation In the valley of Tug Fork the coal.bearing where the divides have been cut deep enongh to departure from the horizontal is called the pite", 
above. The limestone shows only in three lines rocks lie so high that the streams have cut allow this formation to outcrop continuously and is usually but a few degrees. In addition to 
of outcrop, and in but one of these is its full entirely through them, exposing for a long dis- 'from one drainage basin to another. the folding, and as a result of the continued 
thickness present. In Abbs Valley it outcrops tance the red shale of the Bluestone formation. Quinnimont forma:Uon. - No well. marked action of the same forces which produced it, the 
in a smal~ area, but, being on the crest of an anti· Near the edge of the territory the dip of the stratum occurs in the rocks of this field for a dis· strata along certain lines have been fractured, 
cline, only its upper layers are visible. The belt rocks becomes greater than the gradient of the tance of 300 feet above the top of the sandstone allowing o~e portion to be thrust forward upon 
of limestone along East River V.lley i, faulted ,tream, and the red shale pas,e. heneath water. forming the upper limit of the Clark formation. the other. Such a break i, called afault. If the 
on its southern side, so that its upper portion level. It is, in general, a shale interval, but with many arch is eroded and the syncline is buried beneath 
alone is present. In the southeastern corner of beds of sandstone and some coal seams. This the overthrust mass, the strata at the surface may 
the territory it again shows, but is here appar· OOAL-BBARING STlU.TA. formation is exposed on the crests of most of the all dip in one direction. They then appear to 
ently folded upon itself, and it is uncertain In the Pocahontas region all the rocks above spurs and ridges in the field, except the highest have been deposited in a continuous series. 
whether the top of the formation is present or the red shates of the Blnestone formation belong summits of Flat Top Mountain and Indian Ridge. Folds and faults are often of great magnitude, 
not. Assuming it to be present, the thickness is to this class, and are included in No. XU of It is named from the town of' Quinnimont, on their dimensions being measured by miles, but 
about 1,700 feet, whereas the northern line prob. Rogers's classification. They consist of interbed· New River, where the coal at its base has been they also occur on a very small scale. 
ably averages about 1,200 feet. This formation ded sandstones, shales, and coals, with no per. mined for many years. At this point the seam 8Wuctwre of tJte Appala{Jhian provinae.-Each 
is the limestone portion of No. XI of Rogers, and ceptible order of recurrence and with no bed pos- is just thick enough to mine, but it is very irreg. subdivision of the province is characterized by a 
was subsequently named by him Greenbrier lime· sessing very marked characteristics; conseqnently ular, and probably does not exist in workable distinctive type of structure. In the plateau 
stone. their subdivision into formations is extremely thickness in the Flat Top field. On the southern 'I region and westward the rocks are generally hori· 

BluefielilBkale.-This shale, the upper portion difficult and of uncertain value. The formations side of the coal field, west of Smith Store, there zontal and retain their original composition. In 

Poeahonte.e-B. 



the valley the rocks have been steeply tilted, 
bent into folds, broken by faults, and to some 
extent altered into slates. In the IDQunta.in dis
trict faults and folds are important features of 
the strncture, but the form of the rocks has been 
changed to a greater extent by cleavage and by 
the growth of new minerals. In the valley region 
the folds and faults are parallel to the old shore· 
line along the Blue Ridge, extending in a north· 
east and southwest direction for very great dis
tances. Some of these faults have been traced 
300 miles, and Borne folds even farther. Many 
folds maintain a uniform size for great distances, 
bringing to the surface a Bingle formation in a 
narrow line of outcrop on the axis of the anticline, 
'and another formation in a similar narrow outcrop 
in the bottom of the syncline. The foldB are also 
approximately equal to one another in height, so 
that many parallel folds bring to the surface the 
same formations. The rocks dip at all angles, and 
frequently the sides of the fold are compressed 
until they are parallel Where the folds have 
been overturned, it is always toward the north
west, producing southeastern dips on both limbs 
of the fold_ In the southern portion of the 
Appalachian Valley, where this type of structure 
prevails, scarcely a. bed can be found which dips 
toward the northwest. 

Out of the overturned folds the faults were 
developed, and with few exceptions the fault 
planes dip toward the southeast and are parallel 
to the bedding planes. Along these planes of 
fracture the rocks moved to varying distances, 
sometimes as great as 6 or 8 miles. 

There is a progressive increase in degree of 
deformation from northeast to southwest, result
ing in different types of structure in different 
localities In southern New York the strata are 
~ut slightly disturbed by a few inconspicuous 
folds. Many new folds are developed in Pennsyl. 
vania, and all are of increased magnitude, but the 
folds are open, and, as a rule, the dips are gentle. 
This structure holds 8$ far south as central 
Virginia, where a few folds on the eastern side of 
the Great Valley ha:ve ~een compressed. to such 
an extent that faulting has ensued. In southern 
Virginia and northern Tennessee faults become 
more common, and open folds are the exception. 
From central Tennessee to Georgia and Alabama 
almost every fold is broken, and the strata form 
an imbricated structure, in which all of the beds 
dip to the southeast. Throughout Alabama the 
faults are fewer in number, their horizontal dis
placement is much .greater, and the folds are 
somewhat more open. 

In the Appalachian Mountsins the same struc
ture is found that marks the Great Valley, such 
as the eastward dips, the close folds, the thrust 
faults, ete. In addition to these changes of form, 
which took place mainly by motion on the bed· 
ding planes, there was developed. a series of 
minute brea.ks across the strata, producing cleav
age, or a tendency to split readily along these 
new planes. These planes dip southeast, usually 
about 600 • As the breaks beeame more frequent 
and greater, they were accompanied by growth of 
new minerals out of the fragments of the old. 
All rocks, both sedimentary and original crystal. 
line, were subjected to this process, and the final 
products of the metamorphism of very different 
rocks are often indistinguishable. Throughout 
the entire Appalachian province there is a regular 
increaae of metamorphism toward the southeast, 
so that a bed quite unaltered at the border of the 
Great Valley can be traced through greater and 
greater changes until it has lost every original 
character. 

The structures above described are manifestly 
the result of horizontal compression which acted 
in a northwest·southeast direction, at right angles 
to the trend of the folds and cleavage planes. 
The compression began in early Paleozoic time 
a.nd probably continued at intervals up to its cuI· 
mination after the close of the Carboniferous. 

In addition to the horizontal force of compres
sion, the province has been subjected to forces 
which have repeatedly elevated and depressed its 
surface. In post-Paleozoic time there have been 
at least three and probably more periods of 
decided oscillation of the land, due to the action 
of vertical forces. In every case the movements 
have resulted in the warping of the surface, and 
the greatest uplift has generally coincided with 
the Great Valley. 

St!ructwre secti0n8.-The sections on the struc-

ture sheet represent the strata as they would of these folds have been eroded, leaving three 
appear in the sides of a deep trench cut across horizontal plates of the sandstone outcropping at 
the country. Their position with reference to the various altitudes in the mountain. The structure 
map is on the line at the upper edge of the blank in this region is still further complicated by a 
space. The vertical and horizontal scales are the small fault; which extends from N ye Cove west
same; so that the actual form and slope of the ward nearly to the edge of the territory. The 
land and the actual dips of the strata are shown. plane of this :fault, as shown in Section C C, dips 
These sections represent the structure as it is to the northwest, being the only exception to 
inferred from the position of the strata observed the general rule of southeastward.dipping fault 
at the surface. On the scale of the map the planes. East of Rocky Gap the structure of 
minute details of structure, can not be represented Buckhorn Mountain is also extremely compli
and therefore the sections are somewhat general- cated. It consists of a number of irregular, 
ized from the dips observed in a belt a few miles closely oppressed folds which have been badly 
in width along the line of the section. crushed and thrust upon other folds in a similar 

Faults are represented on the map by a heavy, condition, the whole forming a most confused 
solid or broken line, and in the section by a line mass of broken and folded rocks. This belt is 
whose inclination shows the probable dip of the limited on the southeast by a fault which 
fault plane, the arrows indicating the direction originates near Shawver Mills and develops east· 
in which the strata have moved on its opposite ward, until at Rocky Gap the stratigraphic throw 
sides. of the fault is such that the Shenandoah lime· 

8tirucfJure of the PoeaJumt(1Jj Mea.-According stone is brought in contact with the Bays sand· 
to geologic structure, this territory may be stone. 
divided into two portions corresponding to the The next succeeding belt, limited on the north
topographic divisions already made for the entire west by the Rocky Gap fault and on the south
province. The line along which this division east by the Bland fault, is one of broad, open 
may be made corresponds with Bluestone River folding. In general it is a :flat synclinal basin 
and Laurel Creek. with its southern limb ~ut off by the Bland fault. 

North of this line the strata are nearly hori- In this broad basin numerous arches or dome· 
zontsl And without break of ""IY kind. A light shaped anticlines have developed, which form a 
northwestern dip is maintained OVtfi' most of the most interesting part of the structure. At the 
field, but it is not regular and in several places is eastern edge of the territory this fold is a simple 
replaced by opposing dips. The shallow basin syncline, but very broad and shallow. East of 
of the coal·bearing rocks is traversed by a number Kimberling Springs a low dome brings up, in a 
of slight undulations, which cause great variation limited area, the Romney black shale and the 
in the dips of the rocks. These irregularities are ,cherty member of the Giles formation. At Hicks· 
shown on the economic sheet by contour lines of ville a very pronounced arch breaks the monotony 
light color in the darker tints, with a vertical of the syncline, and forms, by its gentle uplift, 
contour interval of 100 feet. the peculiar russs called Round Mountain. The 

South of this line the strata are highly con· axis of this fold pitches down opposite Grape. 
torted, forming in some places folds with a field, forming a neck between RO'lmd Mountain 
breadth of several .miles; in other places the and Burke Garden. Again it expands in a large 
folds have broken and the southern limb of the dome-shaped anticline :crom which erosion has 
anticline has been thrust upon the northern limb produced Burke Garden. This fold dies out 
of the syncline. irregularly to the west in several small folds, all 

The first important structural feature on the of which end before reaching the edge of the 
northwestern side of the Appalachian Valley is territory. A nearly symmetrical anticline, known 
the Abbs Valley anticline. On the eastern side as Thompson Valley, is slightly offset from this 
of the territory this fold iB broad and gentle, fold and extends westward for a great distance. 
with its axis in the vicinity of Concord Church. The southern limb of the anticline forms Clinch 
From this point its course is southwest, parallel Mountain, which extends southwestward nearly 
to the principal structural features of the region. to Knoxville, Tennessee. The basin deepens as 
Three or four miles above Pocahontas, a fault it approaches the Bland fault, and the basal 
develops in the vertical measures on the north· member of the Carboniferous series comes in next 
western side of the fold, which, near the western to that line. This fault is quite irregular, having 
boundary of the teITitory, cuts off the Princeton two pronounced offsets cOITesponding to the great 
conglomerate, the Bluestone formation, and the northerly bend in Big Walker Mountain. The 
Pocahontas formation, leaving the Hinton forma- latter mountain is but the northern limb of a 
tion in contact with the Quinnimont formation. similar synclinal fold which has been almost 
Southeas! of the anticline, and parallel with it, is obliterated by the faulting of its southern limb 
a synclinal basin, of which the two Stony ridges and the overthrust of Cove Mountain upon this 
are the upturned edges. East of Bluestone River, trough. 
the northern ridge disappears, because that side Big Walker Mountain exhibits a peculiar cross· 
of the basin has become too :flat to form a ridge fault opposite Elina, in which the strata east of 
and the southern Stony Ridge is merged in the the fault have been thrust farther northwest than 
steep escarpment facing East River. those west of the break. The cause of this break 

South of this belt of moderate folding occurs a is probably connected with the change in the 
belt of faulted and highly tilted strat.. This is direction of the ridge at this point. 
limited on the north by a fault which, in general, Of the seven longitudinal faults occurring in 
follows the line of the railroad and will be this territory, at least two are far-reaching toward 
referred to 118 the Graham iault. As a rule, the southwest, where faults are the rule and open 
along this line the Greenbrier limestone is in con- folds the exception. These extensive breaks are 
tact with the Kimberling shale, and dips con· the St. Clair and Bland faults. The others 
formably under it. On the southern side of simply disappear in anticlinal folds or merge with 
the belt the Kimberling shale is usually in con· the more extensive faults already named. 
tact with the Silurian or Cambrian limestones. 
The fault which separates them is approximately 
parallel to the Graham fault, and will be called 
the St. Clair fault. 

South of the faulted belt occurs a broad basin 
in which there is intense minor folding. The 
northwestern or but slightly disturbed. limb of 
the syncline forms East River Mountain; and 
the southeastern or intensely folded limb pro
duces Buckhorn Mountain. In the eastern por
tion there u. a comparatively open basin of 
Devonian shales, limited on the east by the high 
knob at the intersection of the ridges and on the 
west by Big Ridge, a cross range connecting th~ 
two mountains. West of Big Ridge there is a 
smaller basin of the same Devonian rocks, known 
as Nye Cove. West of this cove the folding has 
been very severe and the broad basin is corru
gated with many minor folds. In these the Clinch 
sandstone has been bent back upon itself in hori
zontal folds in a remarkable manner. The edges 

MINERAL RESOURCES. 

The importance of the Pocahontas region is 
chie:fly due to its mineral resources. These are 
not varied, but, so far as known at present, 
include coal, iron, marble, clay, and stone. By 
far the most prominent of these is coal, which 
has given to this region ~ts economic import
ance. 

0001.-The northern portion of the Pocahontas 
territory embraces almost all of the developed 
portion of the Pocahontas or Flat Top coal field. 
This iB by far the most important mineral district 
in the region, and it is an important factor in the 
coal production of the United States. Although 
of comparatively recent development, the field 
has experienced continued and unprecedented 
prosperity. In 1882 the New River branch of 
the Norfolk and Western Railroad WIlB con· 
structed to Pocahontas and mining on a commer· 
cial scale was begun. From that time it has 

grown, until in 1894 the total output of the dis· 
trict, according to the report" Mineral Resources 
of the United States, 1894," is 3,096,867 tons of 
2,240 pounds each. The opening of new mines 
and the building of coke ovens still continue, and 
probably in the near future will extend to other 
valleys than those in which operations are at 
present carried on. 

The formations in which coal beds occur are 
the Pocahontas, Quinnimont, and Sewell, having 
a total thickness of 1,190 feet. These contain a 
number of seams of workable thickness, but the 
great No. III or Pocahontas seam overshadows all 
the others, rendering them insignificant by com· 
parison. In the portion of the field represented 
by this sheet the upper coals probably will never 
be worked, for, as the coal is removed from the 
Pocahontas seam, the roof is allowed to fall, 
breaking and dislocating all of the rocks above. 
After this has occurred the upper seams can not 
be worked; so all of the mining done on No. III 
is at the expense of the various overlying seams. 
Farther within the coal field, toward the north· 
west, the Pocahontas seam sinks below water; 
level, and the upper coals will doubtless receive 
the attention of the operators. 

It is impossible to show, on the economic sheet, 
the outcrop of an individual seam, but since the 
base of the Clark formation is the roof of the 
Pocahontas seam, the boundary.line between the 
Clark and Pocahontas formations represents the 
line of outcrop of that seam. 

The general northwestward dip of the rocks in 
the coal field is shown by the structure sections, 
but in the systematic tracing of the Pocahontas 
seam numerous undulations were developed 
which can not be shown on so small a scale. In 
order to represent these slight deviations from 
the regular basin structure, contours with a 
vertical interval of 100 feet have been drawn. on 
the ftoor of this seam, and the result is shown on 
the economic sheet. The seam dips, in general, 
northwestward from an altitude of 2,700 feet 
above tide at Pinoa.k to 1,600 feet at Vivian, but 
the contour sheet shows that this dip is far from 
regular. In places it descends but 100 feet in 3 
or 4 miles, and in others its descent is about 200 
feet per mile. The contours also show a cross 
arch from Spanishburg to. the head of Burk 
Creek, and a longitudinal one extending west 
from Cooper. This fold extends 20 or 30 miles 
beyond the limit of this territory, and is parallel 
to the fault which bounds the field on the south. 
South of this arch $ere is a trough, the deepest 
point of which in this area is 600 feet below the 
crest of the arch on the north. The Pocahontas 
seam has been depressed below the surface in 
the region southwest of Pocahontas, and on the 
southern edge of the field has been engulfed 
by the fault, so that it does not appear in out· 
crop. 

In the valley of . Elkhorn Creek the seam 
descends gently toward the northwest, having 
altitudes of 2,340 feet at the western end of the 
railrcad· tunnel at Coaldale, 2,250 feet at May. 
beury, 1,890 feet at the mouth of the North 
Fork of Elkhorn Creek, and 1,500 feet where it 
passes beneath water-level a mile beyond the 
western edge of the territory. On the Tug Fork 
its elevation is greater, and consequently the area. 
underlain by coal is much less. It is so far above 
the creek that the Bluestone formation shows in 
the bottom of the valley throughout most of its 
extent in this region. The rate of descent down 
the stream is about the same as' on Elkhorn 
Creek, but not sufficient to carry the coal below 
water-level in this territory. North of Elkhorn 
Creek, on the head branches of Guyandot 
River, this seam appealls for a few miles, but soon 
sinks beneath the level of the creeks. Through
out the entire region ~he dip is sufficient to pro
vide natural drainage for the mines, and generally 
they can be so arranged that the main entry will 
be level or have a slight down grade, so that 
transportation to the mouth of the mine is 
reduced to the least possible cost. 

The Pocahontas seam varies in thickness irom 
4 to 10 feet, attaining its maximum at the original 
point of opening on Coal Creek at Pocahontas. 
From this point it diminishes in thickness in all 
directions, but most rapidly toward the north· 
east. 

A coal seam bearing a striking resemblance to 
the Pocahontas, in structure and thickness has 
long been known near Smith Store. At this out-
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crop it shows the following section: 

Coal.:. 
Shale ... 
Coal. 
Bone ... . 
Coal .... . 

Total. 

Ft. In. , . 
• , 
• 

• 0 

There has been doubt about the identity of 
this seam, but the fossil plants collected from its 
roof shales, corroborated by stratigraphic evidence, 
clearly show that it is not the same as No. III, 
but belongs to a considerably higher horizon. 

The character of the Pocahontas coal is too 
well known to require a full discussion here. It 
has acquired foremost rank as a steam coal, and 
finds a ready market at the seashore in supplying 
ocean steamers. It also produces an excellent 
coke, which, however, generally requires. to be 
crushed in order to yield the best results. As a 
rule the lump coal is ploced directly upon the 
market for general purposes, while the slack and 
:fine coal goes direct to the ovens and is coked. 

There is a small coal field in the southern por· 
tion of this territory in which the coals are of 
Lower Carboniferous or Pocono age and are 
found in the Price sandstone. The seams are, as 
a rule, small and much broken up by partings; 
the rooks are frequently highly tilted and more 
or less crushed; and the coals are generally high 
in their percentage of ash. From time to time 
they have attracted considerable attention and 
efforts have been made to develop them, but so 
far without success. Coal seams in the Price 
sandstone are known in the vicinity of Bland and 
Sharon Springs and near the southwestern corner 
of the territory j also in rocks of the same age 
BOuth of Little Walker Mountoin, on Reed Creek. 

Iron or68.-In this territory the principal ores 
of iron are associated with the Rockwood and 
Giles formations. The former is the great ore
bearing formation of the South, and is widely 
known from the red fossil ore which it generally 
contains. In the Pocahontas region this ore is of 
poor quality. Most of the sandstones of the 
Rockwood formation carry a large amount of 
iron, but the siliceous material with which it is 
associated would prevent its use in the furnace. 
In many places the shales of this formation carry 
a hematite ore of promising appearance, and 
apparently in sufficient quantity to be of com· 
merCial value. At present it is undeveloped and 
but little is known regarding its quality or 
quantity. Ore occurs in the Giles formation, 
probably in small quantities only. This is the 
famous Oriskany ore of northern Virginia, but in 
the Pocahontas field it appears to be Illore 
intimately associated with the limestone stratum 
than with the sandstone. From the presence of 
limestone pebbles in the Oriskany sandstone, as 

Pocahontas-5. 

well as from the mode of occurrence of the ore mass of sand, and calcareous shale to clay. In 
itseli, it seems probable that the ore is due to limestones the calcareous matter is dissolved and 
subaerial disintegration of the limestone which the solution is carried off by running water, either 
then formed a land surface and the segregation on. the surface or through the various under· 
of the ferruginous matter in the residual clay. ground passages; while the residue, consisting 
This probably occurred contemporaneously with mainly of sandy and clayey material, remains to 
the deposition of the sandstone; so the ore may form the soil. 
be classed as Oriskany in age, though formed Knowing, then, something of their genesis, 
directly from the Helderberg limestone. soils may be classified according to the underly. 

Marble.-The Chickamauga limestone, which ing rocks, and the geologic map be made to do 
in East Tennessee carries the great deposits of duty as a map of soils. True, there are some 
variegated marble, is, in the Pocahontas region, small exceptions to this rule. In a country whose 
generally a blue limestone, carrying marble at slopes are as steep as those of the Pocahontas 
but one locality. This is at the northern base of territory, there must be considerable overplace. 
Big Walker Mountain, in the great bend between ment of soil by washing down of material derived 
Bland and Sharon Springs. The marble:is coarsely from the overlying formations. Since the crests 
crystalline and of a light-gray color. It occurs in of the ridges are always formed by beds of sand· 
massive beds, and may be a fine building stone. stone, the overplaced soil is universally sandy and 
It has never been developed, except. for local use, detrimental to the soil of the valley below. 
and will necessarily remain undeveloped until Sandy 8OilB.--Such formations 8S the Bays, 
transportation can be secured. Clinch, Rockwood, Price, and Princeton sand· 

Lime8tone.-Throughout most of this territory, stones, together with much of the coal.bearing 
limestone for burning into lime or for road metal rocks, give a poor soil, va'rying slightly as the 
is very abundant, but as yet has not heen utilized rocks vary from which it is derived. Pure sand. 
to any extent. 'stone, like the Clinch and some beds in the 

Building 8tone.-This also exists in abundance, Carboniferous series, produces nothing but white 
but the demand has not been sufficient to lead to or yellow sand, whereas other sandstones associ· 
quarrying, except for immediate and local needs. ated with shales give a very sandy clay soil. 

Briok olaY8.-These have been utilized at Tip &ilB tkrVved from shales.-Since there are in 
Top in Wright Valley, but not to any great extent. general three kinds of shale-arenaeeous, alumino 
Suitable clays doubtless can be found in many of ous, and calcareous-it follows that the resulting 
the limestone or shale valleys, should the demand soils will range from sandy clay to a rich lime· 
be sufficient to attract capital to their develop. stone clay, with all the intervening grades. The 
ment. Kimberling shale gives the poorest soil of the 

SOILS. 

In this territory the soils are almost as clearly 
differentiated as the rocks from which they are 
derived, and a map of the areal geology will suf· 
fice to show the general distribution of the differ· 
ent kinds of soil. The soils are the result of 
decay and disintegration of the rocks immediately 
beneath; hence there is a close agreement between 
the chal'acter of the soil and the original rock 
from which it is derived. It is not intended by 
this stakment to convey the idea that the soil 
has all the chemical constituents of itB parent 
rock, for by the very process of soil.making a 
large proportion of the more soluble material is 
removed, leaving the hulk of the soil composed 
of the less soluble residue. Sedimentary rocks, 
such as are found in this region, suffer dec~y by 
the removal of the cement which binds the par· 
ticles together. If the cement be siliceous, as in 
quartzites and some sandstones, the rock resists 
solution efficiently and is but slowly altered; but 
if the cement be calcareous it is soon removed 
and the rock broken down. Thus calcareous 
sandstones are soon reduced by this process to a 

region, but little of its outcrop being cultivated. 
Many of the coal.bearing shales form but little 
better soils. The great shale forma·tions of the 
Lower Carboniferous produce much better soils, 
for many of their beds are strongly calcareous, 
and in general the country along the line of their 
outcrop is more gently rolling and better adapted 
to farming. The Sevier shales are quite rich in· 
calcareous matter and fonn good soils; but 
generally they are quite inaccessible, since they 
universa.lly outcrop on the steep northerly slopes 
of the Clinch sandstone ridges. The Bluefield 
shale is equally rich in lime, and the surface is 
much more level, forming excellent fanning lands. 

Soi18 de1'ivedfrom limestones.-As a rule, these 
are the best soils of the region. Ranking highest 
as a producer of rich soils is the Chickamauga 
limestone, which has made Tazewell County 
famous as a blue-grass region. There are five 
principnl areas of Chickamauga limestone in this 
territory, but these differ considerably as to rich· 
ness of soil. Probably the most noted of these is 
Burke Garden, the :floor of which is composed 
almost entirely of this limestone. The extreme 
richness of this area is largely due to the present 
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Upper Medlna. 

Lower Medina. 

Hudson. 

Trenton limestone. 

I 

Knox limestone. 

Knox shale. 

baseleveled condition, which doubtless has pre
vailed for a long time, and has resulted in the 
deep decay of the rocks, with a great. accumula
tion of the residual products of the limestone and 
01 vegetable mould. The next area in importance 
is west of Dial Rock, in the vicinity of Tazewell. 
Farther west this merges with the Thompson Val. 
ley area, forming a broad and rich valley, but 
much more deeply cut than Burke Garden. The 
areas along East River and Wolf Creek Moun· 
tains are too narrow and sharply cut to be of 
great value, except in favored localities where the 
rocks are Hatter and erosion is less active. Along 
the northern face of Big Walker Mountain the 
dips are light and the outcrop covers a wider 
area, giving in places excellent farms. 

Second in importance as a soil producer is the 
Greenbrier limestone, but in this territory its out
crop is so restricted that it becomes of minor 
importance. In Abbs Valley it gives a rich soil, 
but the area covered by its outcrop is very small. 
The narrow strip along the railroad produces 
some very good soil, but in general it is a rugged 
region and but poorly adapted to agriculture. 
In the Cove, its broadest area, there are some 
good farms, but the soil is not so rich as farther 
northwest. 

The Shenandoah limestone ranks next in import
ance, but the soil derived from it is generally 
siliceous and comparatively poor. In many places 
the chert from this limestone is a great detriment 
to the soil, for it decays very slowly and in the 
course of ages accumulates as a complete mantle 
over the surface. Near the western edge of the 
region, on the divide between the Tennessee and 
Kanawha basins, the outcrop of this formation is 
well adapted to farming; but toward the eastern 
edge the streams have cut deeply into the surface 
aud little level land remains; consequently the 
country is poorly fitted for agricultural pursuits. 

Considered as 8 whole, the territory may be 
divided into three agricultural districts: (1) The 
region northwest of Bluestone River and Laurel 
Creek, in which the soil is prevailingly poor, 
capable of producing but little more than meets 
the requirments of the present scanty population 
outside of the mining districts. (2) The eastern 
half of the territory, including the southern half 
of Mercer, the western part of Bland, and a small 
portion of Wythe counties. This is an area of 
medium value. It has a few rich valleys, but on 
the whole the soil is rather poor and agriculture 
is not in a flourishing condition. (3) Tazewell 
County, one of the richest agricultural districts 
of Virginia, and long famous for its live stock. 

April,1895. 

MARIUS R. CAMPBELL, 
Geologist. 
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Calcareous sha.le. 

Blue limt!!ltoue and ca.le&reous BlWdstone. 

Heavy beds at the base which carry some 
bllLCkchert. 

VIRGINIA - WEST VIRGINIA 
POCAHONTAS SHEET 

Gentleslopel. 
Pasture lands. 

Valley!!. 
RichllOU. 

Generally sa.ndy shale or thin·bedded. Steep slopes. 
green sand8tone. Poor soil, almost destitute of vegetation. 

Green, ea.ndy shale. 

Bla<kcborl. 

Limestone conglomerate with red or white 
::t~!l~~ ~~..l:bbles, aometimes 

Gray, magnesian lillle8tone with cherty 
hor:lzo1l8. 

TWo bed of blue. oalea,reoulllIhale, limited 
to the western part of the district and 
representing the Nolichucky shale of 
Tennessee. 

D&rk, aUJoeons llmeatone. 

Variepted shale, with beds of impure 
limeltone 

Gentle slopes. 
Poor soil. 

~ valleys and chert ridges. 
Good IOn where not eherty. 

Low WIlL 
Putn~lands. 




