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The Geological Survey is making a geologic 
map of the United States, which necessitates the 
preparation of a topographic base map. The 
two "are being issued together in the form of an 
atlas, the parts of which are called folios. Each 
folio consists of a topographic base map and 
geologic maps of a small area of country, together 
with explanatory and descriptive texts. 

THE TOPOGRAPHIC MAP. 

The features represented on the topographic 
map are of three di,tinct kinds: (1) inequalitie, 
of Burface, called relief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called dJrailnage, as streams, lakes, and swamps; 
(3) the works of man, called oultu'I'e, as roads, 
railroads, boundaries, villages, and cities. 

Relief.-All elevations are measured from mean 
sea-level. The heights of many points are accu
rately determined, and those which are most 
important are stated on the map by numbers. 
It is desirable to show also the elevation of any 
part of a hill, ridge, or valley; to delineate the 
horizontal outline, or contour, of all slopes; and to 
indicate their grade, or degree of steepness. This 
is done by lines connecting points of equal eleva
tion above mean sea.level, the lin~s being drawn 
at regular vertical intervals. These lines are 
called contowrs, and the constant vertical space 
between each two contours is called the oontowr 
interva:t. Contours and elevations are printed in 
brown. 

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

Fig. l.-Ideallketch and corresponding contour ma.p. 

The sketch represents a river valley between two 
hills. In the foreground is the sea, with a bay 
which is partly closed by a hooked sand-bar. On 
each side of the valley is a terrace. From the 
terrace on the right a hill rises gradually, while 
from th.t on the left the ground aBcend, 'teeply 
to a precipice. Contrasted with this precipice is 
the gentle descent of the western slope. In the 
map each of these features is indicated, directly 
beneath its position in the sketch, by contours. 

-The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

1. A contour indic~tes approximately a certain 
height above sea·level. In this illustration the con
tour interval is 50 feet; therefore the contours 
occur at 50, 100, 150, 200 feet, and so on, above sea
level. Along the contour at 250 feet lie all points 
of the surface 250 feet above sea; and so with any 
other contour. In the space between any two con· 
tours occur all elevations above the lower and below 
the higher contour. Thus the contour at 150 
feet falls just below t.he edge of the terrace, 
while that at 200 feet lies above the terrace; 
therefore all points on the terrace are shown to 
be more than 150 but les, than 200 feet above 
sea. The summit of the higher hill is stated to 
be 670 feet above sea; accordingly the contour at 
650 feet surrounds it. In this illustration nearly 
all the contours are numbered. Where this: is not 
possible, certain contours-say every fifth one
are accentuated and numbered; the heights of 
others may then be ascertained by counting up or 
down from a numbered contour. 
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EXPLANATION. 
2. Contours define the forms of slopes. Since 

contours are continuous horizontal lines conform· 
ing to the surface of the ground, they wind 
smoothly about smooth surfaces, recede into all 
reentrant angles of ravines, and project in passing 
about prominences. The relations of contour 
curves and angles to forms of "the landscape can 
be traced in the map and sketch. 

3. Contours show the approximate grade of 
any ·slope. The vertical space between 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 one must go farther than on a 
steep slope, and theref~re contours are far apart on 
gentle slopes and near together on steep ones. 

For a :fiat 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 used on the atlas sheets of the 
Geological Survey is 5 feet. This is used for 
regions like the Mississippi delta and the Dismal 
Swamp. In mapping gr~at mountain masses, like 
those in Colorado, the interval may be 250 feet. 
For intermediate relief contour intervals of 10, 
20, 25, 50, and 100 feet are used. 

.Drainage.-Watercourses are indicated by blue 
lines. If the stream flows the year round the 
line is drawn unbroken, but if the channel is dry 
a part of the year the line is broken or dotted. 
Where a stream sinks and .reappears at the sur
face, the supposed underground course is shown 
by a broken blue line. Lakes, marshes, and other 
bodies of water are also shown in blue, by appro· 
priate conventional signs. 

Oulture.-The works of man, such as roads, 
railroads, and towns, together with boundaries of 
townships, counties, and States, and artificial 
details, are printed in black. 

8cales.-The are. of the United Stat .. (exclud. 
ing Alaska) is about 3,025,000 square miles. On 
• m.p 240 feet long aud 180 feet high thi, would 
cover, on a scale of 1 mile to the inch, 3,025,000 
square inches. Each square mile of ground sur· 
face would be represented by a square inch of 
map surface, and one linear mile on the ground 
would be represented by a linear inch on the 
map. This relation between distance in nature 
and corresponding distance on the map is called 
the scale of the map. In this special case it is "1 
mile to an inch." The scale may be expressed also 
by a fraction, of which the numerator is a length 
on the map and the denominator the correspond. 
ing length 'in nature expressed in the same unit. 
Thus, as there are 63,360 inches in a mile, the 
scale "1 mile to an inch" is expressed by ~. 
Both of these methods are used on the maps of 
the Geological Survey. 

Three fractional scales are used on the atlas 
sheets of the Geological Survey; the smallest is 
2M~OOO' the intermediate ~,and the largest 112,~. 
These correspond approximately to 4 miles, 2 
miles, and 1 mile of natural length to an inch of 
map length. On the scale tm,~ a square inch of 
map surface ~epresents and ,;orresponds nearly to 
1 square mile; on the scale 1\0~000J to about 4 
square miles; and on the scale~, to about 16 
square miles. At the bottom of each atlas sheet 
three scales are stated, one being a graduated 
line representing miles and parts of miles in 
English inches: another indicating distance in 
the metric system, and a third giving the frac· 
tional scale. 

Atlas skeets.-The map is being publi'hed 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 the scale of l~OOO contains one.quarter of 
a square degree; each sheet on the scale of ~ 
contains one·sixteenth of a square degree. These 
areas correspond nearly to 4,000, 1,000, and 250 
square miles, respectively. 

The atlas sheets, being only parts of one map of 
the United States, are laid out without regard to 
the boundary lines of the States, counties, or town· 
ships. For convenience of reference and to sug· 
gest the district represented, each sheet is given 
the name of some well-known town or natural 
feature within its limits, and at the sides and cor· 
ners of each sheet the names of adjacent sheets, 
if published, are printed. 

Uses of tluJ topograplvio Bk,t.-Within the 
limits of scale the topographic sheet is an accurate 
and characteristic delineation of the relief, drain· 
age, and culture of the region repres~nted. View. 
ing the landscape, map in hand, every character. 
istic feature of sufficient magnitude should be 
recognizable. It should guide the traveler; serve 
the investor or owner who desires to ascertain the 
position and surroundings of property to be 
bought or sold; save the engineer preliminary 
surveys in locating loads, railways, and irrigation 
ditches; provide educational material for schools 
and homes; and serve many of the purposes of a 
map for local reference. 

THE GEOLOGIC MAP. 

than in others. Thus a granite may pass into a 
gneiss, and from that into a mica-schist. 

Sedimentary 1'ookB.-These comprise all rocks 
which have been deposited under water, whether 
in sea, lake, or stream., They form a very large 
part of the dry land. 

"When the materials of which sedimentary rocks 
are made are carried as solid particles by the 
water and deposited as gravel, sand, or mud, the 
deposit is called a mechanical sediment. These 
may become hardened into conglomerate, sand
stone, or shale. When the material is carried in 
solution by the water and is deposited without 
the aid of life, it is called a chemical sediment j 
if deposited with the aid of life, it is called an 
organic sediment. The more important rocks 
formed from chemical and organic deposits are 

The areal geologic map represents by colors limestone, chert, gypsum, salt, iron ore, peat, 
and conventional signs, on the topographic base lignite, and coal. Anyone of the above sedi
map, the distribution of rock formations on the mentary deposits may be separately formed, 01' 

surface of the earth, and the structure-section the different materials may be intermingled in 
maps show their underground relations, as far as many ways, producing a great variety of rocks. 
known, and in snch detail as the scale permits. Sedimentary rocks are usually made up of 

KINDS OF ROCKS. layers or beds which can be easily separated. 
Thes.) layers are called 8trata. Rocks deposited 

Rocks are of many kinds. The original crust in successive layers are said to be stratified . 
of the earth was probably composed of i(J1U3Ous The surface of the earth is not fixed, as it seems 
'rooks, and all other rocks have been derived from to be; it very slowly rises or sinks over wide 
them in one way or another. expanses, and as it rises or subsides the shore·lines 

'Atmospheric agencies gradually brea.k up igne. of the ocean are changed: areas of deposition may 
ous rocks, forming superficial, or BWrficial, deposits rise above the water and become land areas, and 
of clay, sand, and gravel. Deposits of this class land areas may sink below the water and become 
have been formed on land surfaces since the earli- areas of deposition. If North America were 
est geologic time. Through the transporting gradually to sink a thousand feet the sea woulJ 
agencies of streams the surficial materials of all :fiowover the Atlantic coast and the Mississippi 
ages and origins are carried to the sea, where, and Ohio valleys from the Gulf of Mexico to the 
along with material derived from the land by the Great Lakes; the Appalachian Mountains woulJ 
action of the waves on the coast, they form sed;'" become an archipelago, and the ocean's shore 
inentary 'rocks. These are usually hardened into would traverse Wisconsin, Iowa, and Kansas, and 
conglomerate, sandstone, shale, and limestone, but extend thence to Texas. More extensive changes 
they may remain unconsolidatea and still be than this have repeatedly occurred in the past. 
called" rocks" by the geologist, though popularly The character of the original sediments may bel 
known as gravel, sand, and clay. changed by chemical and dynamic action so as to 

From time to time in b'f6010gic hi:story igne- produce metamorphic rocks. In the metamor
ous and sedimentary rocks have been deeply phism of a sedimentary rock, just as in the meta
buried, consolidated, and raised again above the morphism of an igneous rock, the substances of 
surface of the water. In these processes, through which it. is composed may enter into new com
the agencies of pressure, movement, and chemical binationa, or new substances may be added. 
action, they are often greatly altered, and in this When these processes are complete the sediment· 
condition they are called rneta'J'll..01'PlI,io 'I'ooh. ary rock becomes crystalline. Such changes 

Iyneous l'ooks.-These are rocks which have transform sandstone to quartzite, limestone to 
cooled and consolidated from a liquid state. As marble, and modify other rocks according to 
has been explained, sedimentary rocks were their composition. A system of parallel division 
deposited on the original igneous rocks. Through planes is often produced, which may cross the 
the igneous and sedimentary rocks of all ages original beds or strata at any angle. Rocks 
molten material has from time to time been forced divided by such planes are called slates or schists. 
upward to or near the surface, and there con· Rocks of any period of the earth's history may 
solidated. When the channels or vents int.o be more or less altered, but the younger forma
which this molten material is forced do not tions have generally escaped. marked metamor
reach the surface, it either consolidates in cracks phism, and the oldest sediments known, though 
or fissures crossing the bedding planes, thus form- generally the most altered, in some localities 
ing dikes, or else spreads out between the strata remain essentially unchanged. 
in large bodies, called sills or laccoliths. Such Swr.ftoial1'ooks.-These embrace the soils, clays, 
rocks are called intl'1t8ime. Within their rock sands,gravels,and'bowldersthat cover the surface, 
enclosures they cool very slowly, and hence are whether derived from the breaking up or disinte. 
generally of crystalline texture. "When the chan· gration of the underlying rocks by atmospheric 
nels reach the surface the lavas often flow out and 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. by the action of air, water, frost, animals, and 
line condition. They are usually more or less plants. They consist mainly of the least soluble 
porous. The igneous rocks thus formed upon the parts of the rocks, which remain after the more 
surface are called ercfIrtu8itve. Explosive action soluble parts have been leached out, and hence 
often accompanies volcanic eruptions, causing - are known as residual 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 often washed or blown into valleys or 
breccias, agglomerates, and tufts. The ash when other depressions, where they lodge and form 
carriell into lakes or seas may become stratified, deposits that grade into the sedimentary class. 
so as to have the structure of sedime:ptary rocks. Surficial rocks that are due to glacial action are 

The age of an igneous rock is often difficult or formed of the products of disintegration, together 
impossible'to determine. "When it cuts across a with bowlders and fragments of rock rubbed from 
sedimentary rock, it is younger than that rock, the surface and ground together. These are 
and when a sedimentary rock is deposited over spread irregularly over the territory occupied by 
it, the igneous rock is the older. the ice, and form a mixture of clay, pebbles, and 

Under the influence of dynamic and chemical bowlders which is known as till. It may occur 
forces an igneous rock may be metamorphosed. as a sheet or be bunched into hills and ridges, 
The alteration may involve only a rearrangement forming moraines, drumlins, and other special 
of its minute particles or it may be accompanied forms. Much of this mixed material was washed 
by a change in chemical and mineralogic composi. away from the ice, assorted by water, and rede· 
tion. Further, the strUcture of the rock may be posited as beds or trains of sand and clay, thus 
changed by the development of planes of divi- forming another gradation into sedimentary 
sion, so that it splits in one direction more easily deposits. Some of this glacial wash was deposited 



gllished from one another by different patterns, 
made of parallel straight lines. Two tints of th~ 

PleiHt,oeene ........ . P Any colors. 

Neoeene {fu:li~~~g:} . N Buffs. 

same name is applied to a diagraIll representing 
the relations. The arrangement of rocks in the 
earth is the earthls strlN":tul'e, ana a secHon exhibit
ing this arrangement is called a stJ'1wtwl'e 8ection. 

ffhe geologist is not limitedl hO'wever; to the 
natural and artificial cuttings for his information 

in tunnels and channels in the icc, and forlllS char
acteristic ridges and mounds of sand and gravel, 
known a.s osars, or eskers, and karnes. The 
material deposited by tbe ice is caned glacial 
drift; that washed from the ice onto the adjacent 
land is called modified drift. It i.'l usual also to 
class as surficial rocks tbe deposits of the sea and 
of lakes and rivers that were made :Lt the same 
time as tIle ice deposit. 

Eocene.1 including Oligocene} . OliTe-browns. concel'lling the earthls structure. Kno\ying the 

The first of dlese, seen at the left 01 the section, 
is the set of sanustoncs and shales, ."hich lie in 
a horiz'ontal position. These sedimentary strata 
are now high ahoye the sea, forming a plateau, 
and their change of elevation shows that a por
tion of the eartll'slllass has swellecl upward from 
a lower, to a higher lcvel The strata of this set. 
are parallel, a relation which is called ro-nfol'm
aUe. 

K Ulive-greells. manner of the formation of rocksl and having 
Hlue-gNens. traced out the relations among beds on the sur· 

Cretaceous ......... . 

Juratrias { ~,~r:::f~} . 
AGES OF ROCKS. 

Carboniferous { including Permian ~. C 
Devonian ................ . 

Rlues. face, he can infer their relat1Ye positions after 
:~~::::~~:~. they pass beneath the surface, draw sections 

The second set of formations consists of stmta 
which form arches and tl'ollghs_ These strata 
were once continuousl hut the crests of tIle arches 
have been removed by degradation. The heds, 
like those of the fil'st set, are conformahle. 

Rocks are further di,,;tingnished according to 
their relative ages, for rocks were not formed aU 
at one time, but from age to age in the earthls 
history. Classification by age is independent of 
origin; igneous, sedimentary, and surficial l'ocki:! 
Illay he of the same age. 

Silurian {including Ordovician} 
Call1brian . (; Pinks. . which represent the structlll'e of the earth to a 

A Orango-browns.! conRiderahle depth, and construct a diagram 
~ Any colors exhibiting ."hat would be seen in the side of a 

'Vhen the predominant material of a rock mass 
is essentially the same, and it is bounded by rocks 
of different materialsl it is convenient to can the 
mass throughout its extent a forrnation, and such 
a fnrmation is the unit of geologic mapping. 

Se\reml formations considered together are 
designated a 8Y8tem. 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 systeml a period. The rocks 
are mapped by formations, and the formations are 
classified into Aystems. The rocks composing a 
system and the time taken for its deposition are 
given the same name, as, for instancel Cp.mbrian 
system, Camhrian period. 

As sedimentary deposits 01' strata accumulate 
the younger rest on those that are older, and the 
relati \'e ages of the deposits may be discovered 
by observing their relative positions. This rela
tionship holdi:! except in regions of intense dis
turhance; sometimes in such regions the disturb· 
ance of the beds has been so great that their 
pOl>ition is reversed, and it is often difficult to 
determine the relative ages of the beds from their 
positions; then f08&ils, 01' 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 liveu in the sea or were washed 
from the lanu 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 from those 
of other perious_ Only the simpler kindi:! of 
marine life existed when the oldest fossiliferous 

Algonkian . 
Archean. 

period-color are used: a pale tint (the underprint) 
is printed evenly over the 1vhole surface represent
ing the period; It dark tint (the overprint) brings 
out the different patterns' representing formations. 
Each formation is furthermore gi\Ten a letter
symbol of the period. In the case of a sediment
ary formation of uncertltin age the pattern is 
printed on \yhite ground in the color of the period 
to which the rormation is supposed to belong, 
the letter-symbol of tlle period being omitted. 

The number of surficial rormations of the Pleis· 
tocene is so great that~ to distinguish its forma· 
tions rrom those of other periods and from 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. 
'Vhether sedimentary rocks are also included is 
not determined_ The Archean rocks, and all meta
morphic rocks of unknown origin, of ,vhatever agel 
are represented on the maps hy patterns consisting 
of short dashes irregularly placed: These are 
printed in any color, and lllay be darker 01' lighter 
than the background. If the rock is a Rchist the 
dashes or hachures may be arranged in wavy par
allellines. If the rock is kno,"Yn to he of sedi. 
montaTY origin the hachure patterns may be com
bined "'nth the parallel-line patterns of sedi
mentary formations. 

Known igneous f011uations are represented by 
patterns or triangles or rhombs printed in any 
brilliant color. If the f0rmation is of known age 
the letter·symbol of the formation is preceded by 
the capital letter.symbol of the proper period. 
If the age of the formation is unknown the letter
Rymbol consists of small letters which suggest tIle 
name of the rocks_ 

THE VARI01JS GEOLOGIC SHEETS. 

rocks were deposited. From time to time lUore Areal s7wet.-This sheet shows the areas occu
complex kinds developed, and as the simpler ones pied by the various formations. On the margin is 
Ii veu on in modified rorms life became more a legend, which is the key to the map. To ascer
varied. But during each period there lived pecul- tain the meaning of any particular colored pat
iar forms, wbicb did not exist in earlier times tern and its letter-symbol on the map the reader 
and have not existed since; these are character- should look for that color, pattern, and symbol in 
istic types, and they de:fine the' age of any bed or the legend, where be will find the name and 
rock in which they are found. Other types description of the formation. If it is desired to 
passed on from period to periodl und thus linked find any given formation, its name should be 
the systeU\S together and, formeu a chain of life sought in the legend and jts color and pattern 
from the time of the oldest fossiliferous rocks to noted, \yhen the areas 'On the map corresponding 
the present_ in color and pattern may be traeed out. 

'Vhcn two formations are remote one from the I The legend' is also a partial statement of the 
other and it is impossible to observe their relative' geologic history. The formations are arranged 
positions, tho characteristic fossil types found in accordillg to origin into surficial, sedimentary, and 
them may uetermine which one was deposited igneous, and within each class are placed in the 
first. oruer of age, so far as known, the youngest at the 

Fossil remains found in the rocks of different 
areai'l, of different provinces, and of different sluet.-This sheet represents the dis· 
continents, afford the most important means for trihution of useful minerals, the occurrence of 
combining local histories into a general earth artesia.n water, or other facts of economic interest, 
hiSttory. showing their rclations to the features of topog. 

Oolor8 and pattern8.-To show the relative ages raphy and to the geologic formations. All the 
of strata, the history of the' seuimentary rocks is formations which appear on the areal sheet are 
divided into periods. The names of the periods shown on this sheet by fainter eolor-patterns. 
in proper order (fr0ll111eW to old), with the color The areal geology, thus printed, affords a subdued 
or colors and symbol 'assigned to each, are Srlven hackground upon which the areas of productive 
below. The names of certain subdivisions of the formations may be emphasized by strong colors. 
pe['lods, frequently used in geologic writings, are A symbol for Jllines is introduced at each occur· 
hrn.cketed against the appropriate period names. renee, accompanied by the name of the principal 

To di8tingllish the sedimentary formations of mineral mined or of the stone quarried. 
auyone period from those of another the patterns I Str1J.ct1lrB-sectwn 8heet_-This sheet exhibits the 
for the formations of each period are printed in ; relations of the formations beneath the surface. 
the approp~ate period-color, with the exception In cliffs, canyons, shafts, and other natural and 
of the first (Pleistocene) and the last (Archeall). artificial cuttings, the relations of different beds 
The formations of anv one neriod. with the: to one another mav hp- f'oflen A TlV ("llt.tlnD" whi(~11 

eutting many miles long anu several thousand feet 
deep. This is illustrated in the folJowing figure: 

Fig. 2.-Sketch showing a vertical section in the front of the 
picture, with a landscape aboye. 

The figure reprcsents a Jandiicape which is cut 
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 rlushes. 
These symbols admit of Jllueh Yariation, hut the 
following are generally used in sections to repre· 
sent the commoner kinds of rock: 

The horizonttll strata of the plateau rest upon 
the uptu1'llec1, eroded edges of the beds of the 
second set at the left of the section. The over
lying deposits fire, il'OIll their positionl evidently 
youngel' than the unaerlying formati(ms, and.the 
hending and degradation of the older strata must 
have occurred hetween the deposition of the older 
beds and the accumulation of the younger. 'Vllen 
younger strata thus rest upon an erodeu Rurface 
of older strata tIle relation between the two is an 
'lllu:onformable one, and their surface of contact is 

of formations consist of crystal
line schists and igneous rocks. At some periou 
of their history the schists were plicatea by pres
sure and traversed by eruptions of molten rock 
But this pressnre and intrusion of igneoui:! rocks 
have not affected the oyerlying strata of the second 
/let. Thus it is evident that an intel"Val 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 deepl) 
eroded. The contact between the second and 
third setsl marking a time interval hetween hero 
perioas of rock formation, is another uncon
formity_ 

The section and landscape in fig. 2 are ideal, 
but they illustrate relations 1yhich actually occur. 
The sections iu the strllcture-section sheet are 
related to the maps as the section in the figure hi 
related to the landscape. The profiles of tlle Hur

face in the section correspond to the actual ."llolJei-l 
of the ground along the section line, and the 
depth of any mineral-producing 01' wltter.hcaring 
stratulll 'which appears in the section lllay be 
merumred from the surface by using the scale of 
the map. 

Ool'lvmnal'·section sli.eet.-This sheet contains a 
19neon~ rods. concise description of the rock formations which 

Fig. 3.-Symbols used to represent different kinds of rock. constitute the local record of ,geologic history. 
rfhe diagrams and yerlml statements form a S11In-

The plateau in fig_ 2 presents to\vard the lower mary of the facts relating to the character of the 
land an escarpment, 01" frontl "\v1li('h is made up rocks, to the thicknesses of the formations, and to 
of sandstones, forming the cliffs, and ",hales, COIl- the order of accumulation of successive deposits. 
stituting the slopes, us sho\yu at the extrome left The rocks are described under the correRpond. 
of thc section_ ing heading, and their characters are indieateil 1ll 

The broad belt of lower land is traversed by the columnar diagrams by appropriate Rymbols. 
several ridges, which are seen in the section t~ The thicknesses of formati.ons aTe given under 
correspond to beds of sandstono that rise to the the heauing "Thickness in feet," in :figllres which 
surface. The upturned edges of these beds form state the least and greate!'lt measurementR. The 
tlle ridges, and the int.ermediate valleys follow average thickness of each formation is shown in 
the outcrops of limestone and calcareous shales. the column, ,yhich is drawn to a seale-usually 

"\V1e1'e the edges of the strata appear at the 1,000 feet to 1 inch. The ordcr of accumulation 
surface their thickness can be measured und the of the sediments is shown in the columnar arrange
angles at which they dip belovv" the surface can be lllent: the olde8t formlttion is placed at the 
ohserved. Thus their positions underground can bottom of the column, the youngest at the top, 
be inferred. and igneous roelUl or other formations, when 

"\Vhen strata which are thus inclined are traced present, are indicated· in their proper relations_ 
undergTound in miningl or hy inference, it is fre- The formations are combined into systems 
quently observed that tlley form troughs or arches, wIliclt correspond with the periods of geologic 
such as the section shows. Rut theRe sandstones, history. Thus the ages of the rocks are sho\yn. 
shales, and. limestones were deposited lJeneath the and also the total thickness of each system. 
sea in nearly flat sheets. That they are now bent The intervals of time which corresponu to 
and folded is regarded as proof that forces exist events of uplift and degradation and eonstitnte 
which have from time to time causeu t.he eart,lJls interruptions of deposition of sediments lllay be 
surface to wrinkle along certaiu zones. indicated graphically or hy the word "unconfol'm-

On the right of the sketch the section is com- ity," printed in the columnar section. 
posed of schists 1vhich are traversed by masses of Each formation shown in the columnar section 
igneous rock The schists are much contorted is accompanied by itll name, a description of its 
and their arrangement underground can not he eharacter, and its letter-symbol as lIsed in the 
inferred. Hence tllUt portion of thc section maps and their legends_ 
uelineates what is probably true but is not I 
known by observation or well-founded inference. CHARLES D. \V ALCOTT, 

Tll flO" 9, thpT'P fll'A tnt·.,., ~pt,!OI .-.-F f(U'm!ltil'lTl'" /Jirpd.o}· 



DESCRIPTION OF THE MCMINNVILLE SHEET. 
GEOGRAPHY. and Ohio to western New Yark. Its eastern 

boundary is sharply defined along the AppaIa-
General1'elations.-The McMinuyille atlas sheet chian Valley by the Alleghany fron} and the 

is bounded by the parallels 35° 30' and 36° and Cumberland escarpment. The rocks of this divi· 
by the meridians 85° 30' and 86°. The district sian are almost entirely of sedimentary origin and 
mapped embraces, therefore, a quarter of a square remain very nearly horizontal. The character of 
degree of the earth's surface. Its dimensions are the surface, which is d_ependent on the character 
34.5 miles from north to sonth and 28 miles from and attitude of the rocks, is that of a plateau 
east to west, and it contains about 980 square more or less completely dissected, or, elsewhere, 

form the New (or Kan.awha.) River, which flows I there a low hill remaining where the rocks wer.e 
westward in a deep, narrow gorge through the unusually hard or where they were protected 
Cumberland Plateau into the Ohio River. From i from erosion by their position. Since the surface 
New RiYer southward to northern Georgia the was not perfectly reduced this is called a pene
Great Valley is drained by tributaries of the Ten- plain, and since it was formed near the lowest 
nessee River, which at Chattanooga leaves the possible level of erosion it is caned a base"level 
broad valley and, entering a gorge through the peneplain. After the surface of the ]lmd had 
plateau, runs westward to the Ohio. 'South of become reduced nearly to sea-level this region vms 
Chattanooga the streams flow directly to the Gulf elevated about 1,000 feet and at the same time 

miles. of a lowland. In the southern half of the prov- of Mexico. tilted southward. The streams, which had become 
The aJjacent atlas sheets are the Pikeville on the surface of the plateau is sometimes 

the east and the Se,vanee on the south; the coun- extensive and perfectly flat, but oftener it is much 
TOPOGRAPHY. sluggish, were at once stimulated to renewed 

activity and began rapidly to sink their c1lannels 
into the peneplain. Erosion progressed most 
rapidly upon soft rocks, so that on the "western 
part of this area, where the sandstone capping was 
thin, and in the Sequatchie anticline, where lime
stone formed the surface, the streams quickly sunk 
their channels down nearly to the lIew hai'lelevel 
of erosion, and then, by broadening their valleys, 
began the formation of a new peneplain. The 
old peneplain was preserved at the lligher level, 
where the hard rocks capped the plateau. After 
the formation of the second peneplain was \Yell 
advanced upon areas of soft rocks, the region WftS 

again lifted and the streams began cutting their 
present channels within the last-formed peneplnln. 

try to the north and west has not yet been sur- cut by stream ehannels into large or small, flat- The district mapped on the McMinnville sheet 
veyed_ The Jistrict lies wholly within the State topped hills. In"\Y est Virginia and portions of lies wholly within the western division of tIle 
of Tennessee, embracing all of 'Varren County Pennsylvania the plateau ii'l i'lharply eut by its I Appa.1achiau province, as above defined. The 
and portions of Cannon, De Kalb, 'Yhite, Van streams, leaving in relief irregularly rounded greater part lies in the highland rim of middle 
Buren, Grundy, and Coffee counties. knobs and ridges "w-hich bear but little resem· Tennessee. The southeastern portion is occupied 

In its geographic and geologic relations this blance to the original surface. TIle western POl" by the Cumberland Plateau, and the northwestern 
area forms a part of the Appalachi.an province, tion of the plateau has been completely removed corner hy the extreme eastern edge of the central 
which extends from the Atlantic coastal plain on erosion, and the surface is now cotnparatively basin. The western edge of the Cumberland PIa· 
the east to the Mississippi lowlands on the west 101"- and level, or ro)ling. teau is extremel'y irregular. The streams flowing 
and from central Alabama to soutllern New York. Altitude of tAe Appalachian province.-'l'he westward on its surface have cut their channels 
All parts of the region thus defined have a com· Appalachian -province as a wllOle is broadly backwUI'd so as to form many deep, narrow coves 
mon history, recorded in its rocks, its geologic dome.shaped, its surfa.ce riRing from an altitude between the irregular remnantR of the plateau. 
structure, and its topographic features. Only a of about 500 feet along the eastern margin to the The latter are sometimes isolated, forming flat
part of thiR history can be read from an area so crest of the Appalachian }fonntains, and thence topped hills or mesas. The slopes from the lower 
small as that covered by a single atlas sheet; descetlding westward to about the same altitude plain up to the plateau are very abrupt, and in 
hence it is necessary to consider the individual on the Ohio and Mississippi rivers. many places are in part vertical cliffs. The reason 

GEOLOGY. 

sheet in its relations to the entire province. Each division of the province shows one or for the abruptness of the slopes is found in the STRATIGRAPHY. 

8ubdimisions of the Appalachian province.- more culminating points. Thus the Appalachian relations of the hard and soft beds forming the The sedimentary 1'ecord.-All the rocks appearing 
The Appalachian province may be subdivided Mountains :rise gradually from less than 1,000 feet plateau. Its summit is capped by several hundred at the surface within the limits of the McMinn. 
into three well-marked physiographic divisions, in Alabama to more than 6,600 feet in western feet of sandstone and conglomera.te. Below these ville atlas sheet are of sedimentary origin; that 
throughout each of which certain forces have pro- North Carolina. From this culminating point beds are 700 or 800 feet of limestone. The latter is, they were deposited, by water. They consist 
duced similar results in sedimentation, in geologic they decrease to 4,000 or 3;000 feet in southern is removed largely by solution. The overlying of sandstones, shales, and limestones, presenting 
structure, and in topography. These divisions Virginia, rise to 4,000 feet in central Virginia, hUI'd sandstones are thus undermined and large great variety in composition and appearance. The 
extend the entire length of the province, from and descend to 2,000 or 1,500 feet on the Mary- blocks break off, forming vertical cliffs. In this materials of which'they are composed \,,'-ere ol'ig. 
northeast to southwest. land-Pennsylvania line. manner the escarpment which forms the western inally gravel, sand, and mud, derived from the 

The central division is the Appalachian Valley. I The Appalachian Valley shows a uniform boundary of the plateau is being pushed back waste of older rocks, or the remains of plants 
It is the best defined and most uniform of 'the increase in altitude from 500 feet or less in Ala- and the extent of the lower plain correspondingly and animals which lived while the strata -were 
three. In the southern part it coincides with the bama to 900 feet in the vicinity of Chattanooga, increased. That the sandstone cap and the being laid down. Thus some of the great beds 
belt of folded rocks which forms the Coosa Valley 2,000 feet at the Tennessee-Virginia line, and underlying limestones at one time stretched con· of limestone were formed largely front the shells 
of Georgia and Alabama and the Great Vaney of 2,600 or 2,700 feet at its culminating point, on tinuously across the area of the sheet is shown by of various sea animals, and the beds of coal are 
East Tennessee and Virginia. Throughout the the divide between the New and Tennessee rivers. the small rempant of these rocks forming Short the remains of a luxuriant vegetation which 
central and northern portions the easteI'tl side }'rom this point it descends to 2,200 feet in the Mountain o~ its western edge. By rea.son of its probably covered'low, swampy shores. 
only is marked by great va1leys -such as the valley of New River, 1,500 to 1,000 feet in the I location, away from the larger streams, this rem· The rocks of this portion of the Appalachian 
Shenanuoah Valley of Virginia, the Cumberland James River basin, and 1,000 to 500 feet in the nant has been preserved from erosion. province afford a record of almost uninterrupted 
Valley ot Maryland and Pennsylva.nia, and the Potomac basin, remaining about the same through rrhe surface of the highland rim, which forms sedimentation from early Silurian to late Carbon
I,ebanon Valley of northeastern Pennsylvania- Pennsylvania. These figures represent the average the greater portion of the area mapped, has an iferous time. Their composition and appearance 
the western side being a succession of ridges alter· elevation of the valley surface, below which the altitude of about 1,000 feet. The streams flow in indicate the nearness to shore and the depth of 
nating with narrow valleys. This division varies stream channels are sunk from 50 to 250 feet, narrow channels until they approach the central water in which they were deposited. Sandstones 
in width from 40 to 125 miles. It is sharply out- and above which the vaney ridges rise from 500 basin, when, like the streams on the surface of the marked by ripples and cross·bedded by currents, 
lined on the southeast by the Appalachian Moun to 2,000 feet. plateau, they plunge into nalTOW gorges 400 or and shales cracked by the sun on mud flats, indi
tains and on the northwest by the Cumberland The plateau, or western, division increases in 500 feet in depth. The smaller streams have cut cate shallow water; while limestones, especially 
Plateau and the Alleghany Mountains. Its rocks altitude from 500 feet at the southern edge of the these deep channels back but a short distance by the fossils they contain, indicate greater or less 
are almost wholly sedimentary and in large meas- province to 1,500 feet in northern Alabama, 2,000 from the edge of the highland rim, while the depth of water and absence of sediment. The 
ure calcareous. The strata, which must originally feet in central Tennessee, and 3,500 feet in south· larger streams, as Caney Fork of the Cumberland character of the adjacent land is also shown by 
have been nearly horizontal, now intersect the eastern Kentucky. It is between 3,000 and 4,000 River, have deepened their channels to a much the character of the sediments derived from its 
surface at various angles and in narrow belts. feet in 'Vest Virginia, and decreases to about greater distance. The escarpment bounding the waste. Coarse sandstones and conglomerates, 
The surface differs with the outcrop of different 2,000 feet in Pennsylvania. From its greatest highland rim is being pushed back toward the such as are found in the Coal Measures, were 
kinds of rock, so that sharp ridges and narrow altitude, along the eastern edge) the plateau slopes southeast in precisely the same manner as the derived from high land, on which stream grades 
valleys of great length follow the narrow belts of gradually westward, although it is generally sepa- escarpment bounding the Cumberland Plateau. were steep, or they may have resulted froill wave 
hard and soft rock. Owing to the large amount rated from the interior lowlands by an abrupt In the northwestern comer of the area mapped action as the sea encroached upon a sinking coast. 
of calcareous rock brought up on the steep folds escarpment. only irregular remnants of its surface remain. Red sandstones and shales, such as make up some 
of this district its surface is more readily worn Drainage of the Appalachiam p'l'ovince.-The "\Vhile the surface of the Cumberland Plateau is of the Cambrian and Silurian formations a few 
down by streams and is lower and less broken drainage of the province is in part eastward into protected by beds of sandstone the surface of the miles to the east, result from the revival of erosion 
than the divisions on either side. the Atlantic, in part southward into the Gulf, highland rim is protected by bedf'l of chert which on a land surface long exposed to rock decay and 

The eastern diVIsion of the province embraces and in part westward into the )lississippi. All intervene between two great masseR of limestone. oxidation, and hence covered by a deep residual 
the Appalachian l\Iountains, a system which is of the western, or plateau, division of the 11rov- The drainage of the area mapped on this sheet is I soil. LhneRtones, on the other lHtnd, if deposited 
made up of many minor ranges, and which, under ince, except a Rmall portion in Pennsylvania and entirely through tributaries of the Cumberland near the shore, indicate that the land was low 
various local names, extends ft'om southern New another in A labama, is drained by streams flow- HiveI'. . and that its streams were too sluggish to carry 
York to central Alabama. Some of its promi- ing westward to the Ohio. The northern portiOll The foregoing description and an examination off coarse sediment, the sea receiving only fine 
nent parts are the South Mountain of Pennsyl- of the eastern, or Appalachian Mountain, division of the topographic map show that in this region sediment and substances in solution. 
vania, the Blue Ridge and Catoetin Mountain of is drained eastward to the Atlantic, while south there are two plains whose surfaces are nearly The sea in which these sediments were laid 
Maryland and Virginia, the Great Smoky Moun- of the New River all except the eastern slope is parallel and are separated by a vertical distance down covered most of the Appalachian province 
taills of Tennessee and North Carolina, ana' the drained westward by tributaries of the Tennessee of about 1,000 feet. The lower plain is apparent and the Mississippi basin. The area of the 
Cohutta ).Iountains of Georgia. Many of the or southward by tributaries of the Coosa. in the level portions of the highland rim. The McMinnville f'lheet was near its eastern ma1'gin, 
roeks of this division are more or less crysta11ine, The position of the streams in the Appalachian upper plain is the general surface of the plateau, and the materials of which its rocks are composed 
being either sediments which have been changed Valley is dependent upon the geologic structure. and probably also the top of Short Mountain, were therefore derived largely from the land to 
to slates and schists by varying degrees of meta· In general they flow in courses which for long I below which the streams flow in more 01' less the eastward. The exact position of the eastern 
morphism, or igneous rocks, such as granite and distances are parallel to the sides of the Great deeply cut channels and above which rise a few shore-line of this ancient sea is not known, but it 
diabase, which have solidified from a molten con· Valley, following the lesser vaUeys along the out· isolated hills or mesas. probably varied from time to time within rather 
dition. crops of the softer rocks. These longitUdinal Areas of these two plains have been recognized wide limits. 

The western division of the Appalachian prov- streams empty into a number of larger, transverse over nearly the entire Appalachian province, sepa· 
ince embraces the Cumberland Platean and the rivers, which cross one or the other of the barriers rated by a varying vertical distance, and their 
Al1eghany Mountains, also extending from New limiting the valley. In the northern portion of relations throw much light upon the history of 
York to Alabama, and the lowlands of Tennessee, the province they form the Delaware, Susque-! the province during the later geologic ages. This 
Kentucky, and Ohio. Its northwestern boundary hanna, Potomac, James, and Uoanoke rivers, each. region fornlerly stood much lower than now, so 
is i~defini~c, bu~ m~~ be r.egarded as a somew:hat Of. wh~ch passes through the Appalachian Moun-I' tIlat the present plateau, the higher plain, was 
arbItrary hne cOlllCldmg wlth the Tennessee RIVer tams III a narrow gap and flows eastward to the near sea-level. The land was ,vorn down by 
from the northeastern corner of Mississippi to its sea. In the central portion of the province, in streams flowing upon its surface till it was 
mouth, and thence crossing the States of Indiana I Kentucky and Virginia, these longitudina.l streams reduced to a nearly even plain, with only here and 

SILURIAN ROCKS. 

The oldest rocks exposed within the limits of 
the McMinnville sheet belong to the Silurian 
period. Probably the older Silurian and Cam
brian rocks, which are brought to the surface by 
the steep folds a few miles eastward, extend 
beneath the whole of this ares and -far beyond its 
western limit, but since they hav'e neyer been 



brought to light by natural or artificial means readily distinguished from that or the Knox dolo- cross-bedded sandstone. It is not definitely deter
nothing is' definitely known as to their char- ,mite. <by the great nuniber of fossils which it con- mined whether the lower portion of the formation 
acter. wns. It is often made up or a mass 0:£ crlllOid was deposited continuously over the whole region 

OkWkamaugalim.est0n6.-Therockswhichform stems embedded in a siliceous cement. On and then removed by erosion before the conglom. 
the surface throughout the whole of the Middle weathering the cement remains as a porous "Chert erate was laid down, or whether jt was never 
Tennessee basin appear in this district only in filled with fossil impressions. In some cases the deposited in some places. The latter, however, 
the northwestern portion, where streams have cut fossils alone are silicified, so that they remain in is more probable. It seems that the sediments 
down to them through the overlying formations the soil after the solution of the calcareous por- which make up this formation were deposited 
of the highland rim. This formation, which is tion of the rock. As shown on the areal map, upon a somewhat uneven sea bottom, in broad, 
the oldest shown on the sheet, consists in the this formation comes to the surface over a third, shallow troughs extending in a northeast-south
main of massive blue limestones, but contains or more of the sheet. The beds are nearly hori. west direction. Thus the limestone at Clifty 
also tliin·bedded limestone and some calcareous zontal but rise gradu~lly westward, forming a Creek may have been lifted high enough to suffer 
,shale. The formation is probably 1,000 or more broad belt on the highland rim adjacent to the erosion while the Lookout shale and coal were 
feet in thickness, but only about 200 feet of its central basin. On the eastern side of this belt it being deposited in estuaries and swamps on either 
upper portion are exposed. The limestone con- appears in the deeper stream channels, and on the side. 
tRins many fossils, the most abundant being west it forms the summits of the hills. The The Walden. 8a1'l1i8tone.-Above the Lookout 
brachiopods and corals. The formation takes its 
name from ,the' valley of Chickama.uga Creek, 
,hown on the Ringgold and Chattanooga atla, 
sheets, where it is typically developed. 

DEVONlAN ROOKS. 

A few miles to the east of this region the 
Chickamauga limestone is overlain by another 
Silurian formation, the Rockwood shale. At 
,ome point between Sequatchie Valley and the 
valley of Caney Fork this formation disapperu.=s 
and the Devonian rocks re,t directly on the 
Chickamauga limestone. Whether this break 
corresponds to a period of erosion during which 
this region was dry land, or whether, by reason 
of some peculiar conditions in the sea, no sedi. 
ments were deposited during late Silurian time, 
is a question not satisfactorily settled. 

Ohattanooga black shak.-A thin stratum of 
shale appears to represent the whole of the depo. 
sition which took place in this region during 
Devonian time. The fossils which it contains 
indicate that this shale represents only the upper 
part of the Devonian of other regions, hence the 
lower Devonian formations are wanting in this 
region, and probably by reason of the same con· 
ditions which account for the absence of the 
Upper Silurian formations. 

The Chattanooga black ,hale has a remarkably 
uniform character wherever seen within the area 
mapped and for a long distance therefrom ~ all 
directions. It is about 15 feet in thickness, and 
consillts mainly 01 highly carbonaceous, nonfissile 
shale. The upper stratum, usually about 2 feet 
in thickness, is genllrally bluish.green, somewhat 
sandy, and contains a layer of small phosphatic 
concretions an inch or less in diameter. It seems 
probable that this upper greeni'h layer of shale 
represents an ancient ash·bed, the material having 
been ejected from a volcano and transported a 
long distance from its source, partly by winds 
and afterward by currents, when it had fallen on 
the surface of the sea which then covered this 
region. 

This formation, on account of its distinctive and 
striking appearance, has attracted much attention, 
and has been pro'pected in many places for coal 
and various ores, especially silver and copper. Snch 
exploitation, however, has always been attended 
by failure. Although the black ,hale contain, 
a large proportion of carbonaceous matter, which 
burns when it is placed on a hot fire, this propor
tion is not sufficient to make it a fuel, and no true 
coal is ever found associated with it. Small con
cretions of iron pyrites occurring in the shale 
have given rise to the commonly accepted but 
wholly erroneous belief that it contaIns valuable 
ores. 

In some portions of middle Tennessee, south· 
west of Nashville, the Chattanooga black shale is 
of commercial importance, since valuable beds of 
phosphate there occur associated with it. The 
conditions favorable for the accumulation of these 
phosphate beds appear to have been quite local, 
an~ although, as already ,tated, the formation 
carries phosphatic nodules, no bed of sufficient 
thickness to be commercially valuable exists in 
the region shown on this sheet. 

OARBONIFEROUS ROOKS. 

Fort Payne chert.-This formation consists of 
from 150 to 225 feet of very siliceous limestone. 
At the base, resting on the Chattanooga black 
shale, are usually heavy beds of chert with only a 
small amount of limestone or greenish shale. The 
proportion of lime increases toward the top of the 
formation and, gradually replacing the chert, it 
passes, without abrupt transition, into the Bangor 
limestone above. The chert of this formation is 

rock is rarely seen in place except in the steep 
sides of ravines, but its outcrops are marked by 
gray siliceous soil containing more or less abund
ant chert fragments. 

Ba1lfl0'l' limleBtone.-The Bangor limestone con
sists of 700 to 800 feet of limestone which every
where forms the lower slopes of the plateau 
escarpment, the :floors of all the coves, and the 
inner portion of the highland rim. It also occurs 
in numerous isolated areas on the higher portions 
of the highland rim, and it forms Short Moun
'tain from its base to a point within 200 feet of its 
summit. In general it is a massive, blue, crinoidal 
limestone, although it presents many local varia
tions from this type. Nodules of chert are more or 
less abundant throughout the formation, though 
not evenly distributed. Beds of white, porous 
chert are somewhat abundant in tbe lower portion 
of the limestone, and they are usually found 
embedded in the deep red clays which characterize 
the ~)lltcrops of the formation in the isolated areas 
above mentioned. In some places, particularly 
in the upper part of the formation, the limttstone 
contains a very large proportion of argillaceous 
matter, so that when the calcareous portion of the 
rock has been removed by solution it appears as 
a fine, clayey shale, usually gray or green, but 
sometimes red and purple. It seems that the con
ditions under which the limestone formed were 
not everywhere the same, and some localities were 
furnished with a larger supply of muddy ,edi· 
ment than others near by. Also one or more beds 
of h&rd brown sandstone, 15 to 20 feet in thick
ness, occn1' in the lime8tone, from 150 to 280 feet 
below its top. These beds protect in some meas· 
ure the underlying limestone, so that in many 
places a terrace is formed part way down the side 
of the escarpment. These sandstone beds also 
cap most of the outlying limestone hills west of 
the escarpment, which accounts for their level 
summits. 

Lookout 8a1'Uktone.-The calcareous shales at 
the top of the Bangor limestone indicate a change 
in the conditions of sedimentation·, shoaling water, 
and an increase in quantity of sediment. During 
the deposition of the succeeding formation the 
sea bottom was lifted, so that the water became 
shallow over a wide area, while an abundant 
supply of mud and sand was washed in from the 
adjoining land. These conditions were unfavor. 
able for the existence animals whose remains are 
so abundant in the preceding formation, and 
instead of limestone a great mass of shale and 
sandstone was deposited. The surface also stood 
above sea-level at various times, long enough at 
least for the growth of the luxuriant vegetation 
which formed the coal beds. 

The Lookout sandstone includes from 200 to 350 
feet of conglomerate, sandstone, sandy and clayey 
shale, and coal. Its upper limit, which is fixed 
somewhat arbitrarily, is taken at the top of a 
heavy bed of conglomerate usually forming the 
main cliff in the plateau of escarpments. Fre· 
quently a hard, cross-bedded sandstone below the 
conglomerate, and separated from it by an interval 
of sandy shale, makes a second cliff, in some places 
more prominent than that formed by the con· 
glomerate. At Clifty Creek, a few miles east of 
this district, the formation consists of a single memo 
ber. The shales and sandstones which ordinarily 
underlie the conglomerate entirely disappear, and 
the coarse, pebbly conglomerate rests directly on 
the Bangor limestone. West of this point the 
underlying shales reappear, and at Bon Air, on 
the western side of the plateau, they are nearly 
100 feet in thickness and contain two beds of coal. 
In Martin Point these lower beds increase to 150 
or 115 feet in thickness, and in addition to the 
shale and coal include a heavy stratum of coarse, 

conglomerate is another series of coal, shale, sand· 
stone, and conglomerate similar to the one just 
described, but somewhat more uniform in its 
character and present~ng less-abrupt changes. 
The formation in most places is capable of subdi
vision into four mem bers. At the base are several 
hundred feet of shales, in some places, approach. 
ing a fire.clay in appearance and in others passi.ng 
through micaceous, sandy shale into thin·bedded 
sandstones. This member is the most important 
part of the formation, since it contains the princi. 
pal coal seam of the region. It decreases in thick
ness toward the northwest, and on the area of the 
Pikeville sheet entirely disappears near the west· 
em escarpment, where the next member above it 
rests directly upon the Lookout conglomerate. 
Above the lower shale is a variable thickness of 
coarse, white or yellow sandstone, in some places 
containing a few conglomerate pebbles. This 
sandstone forms the surface of the plateau over a 
considerable portion of the area shown on the 
sheet. Above this middle sandstone are sandy 
shales, distinguished from those below by the 
large amount of iron which they contain, giving 
them usually a rusty-yellow surface. Finally, at 
the top of the Walden is a heavy, coarse sand· 
stone, generally conglomeritic.. The two upper 
members of the Walden occur chiefly along the 
eastern side of the Walden and Cumberland pIa. 
teaus and are not found in the area mapped on 
this sheet. 'fhey also form the broad, rounded 
hills which were described as rising above the 
general level of the plateau. 

These two formations, the Lookout and Walden 
sandstones, constitute the productive coal meas· 
ures of the region. The position and thickness 
of the various beds of coal will be described 
under the head of Mineral Resources. 

At the close of the Carboniferous period this 
region WM elevated permanently above sea-level, 
so that the constructive process of deposition was 
stopped and the destructive process of erosion 
was begun. 

STRu:,CTURE. 

As the materials forming the rocks of this 
region were deposited upon the sea bottom, they 
must originally have been disposed in nearly 
horizontal layers, and throughout the whole of 
the area of this sheet they retain almost exactly 
their original horizontal position. They have 
been elevated many hundred feet since their 
materials were deposited, and at the same time 
have been tilted slightly eastward. A few miles 
to the eastward of this region the beds do not 
retain anything like their original horizontal posi. 
tion but are inclined at various angles, forming 
many parallel folds composed of alternating 
arches and troughs. Besides having been folded 
the strata along certain lines have been fractured, 
and the rocks on opposite sides of the fracture 
have been thrust in different directions. 

These features of structure are manifestly due 
chiefly to compression which acted in a northwest· 
southeast direction at right angles to the trend of 
the resulting folds. If the region in which the 
beds remain unfolded was ever subjected to this 
compression, as is quite probable, the strata must 
have been more rigid than those along the ancient 
shore-line to the east, so that the force was trans· 
mitted and its effects accumulated in the present 
folded zone. 

The compression apparently began in early 
Paleozoic time, and probably continued at inter
vals until its culmination, shortly after the close 
of the Carboniferous, when the greater portion of 
the folding was effected. 

In addition to the horizontal force of compres
sion,_ the province has been subjected to other 

forces, which have repelLt~dly elevated and 
depressed its surface. At, least two periods of 
high land near the sea and two longer periods of 
low land are indicated by the character of the 
Paleozoic sediments. And 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 some vertical force. In every 
case the movements have resulted in warping the 
surface, and the greatest uplift has occurred 
nearly along the line of the Great Valley. 

8flructwre sectWn.-The section on the structure 
sheet represents the strata. as they would appear 
in the sides of a deep trench cut across the coun· 
try. Their position with reference to the map is 
on the line at the upper edge of the blank strip. 
The vertical and horizontal scales are the same, 
so that the elevations represented in the. profile 
are not exaggerated, but show the actual form 
and slope of the land. On the scale of the map 
the section can not represent the minute details of 
structure; it is ~erefore somewhat generalized 
from observations made near the line of the sec· 
tion in a belt a few miles in width. 

It is seen from this section that the beds dip 
very gently toward the southeast. Thus the base 
of the Fort Payne chert is represented as about 
at sea-level in the eastem end of the section and 
nearly 1,000 feet above sea-level at the western 
end. This corresponds to an average dip of about 
30 feet to the mile. 

MINERAL RESOURCES. 

Ooal.-The productive coal.bearing formations, 
consisting of the Lookout and Walden sandstones, 
occupy the surface of the Cumberland Plateau. 
These formations cover but a small part of the 
McMinnville district, and its area. of productive, 
coal is therefore correspondingly small. The area 
of the Lookout sandstone in this district in which 
workable coal may be found is about -65 square 
miles. The Lookout sandstone is much thinner 
here than a few miles eastward. It decreases 
from nearly 600 feet at the Sequatchie Valley to 
175 feet in this district. As shown on the 
accompanying vertical sections, it contains two 
seams of coal, both of which have been worked 
in a small way at various points. The lower of 
these seams rests almost directly upon the Bangor 
limestone. In some cases only a few feet of marl 
intervene. The thickness of this seam varies con
siderably, but within the area mapped it was 
nowhere seen to exceed 24 inches. The upper of 
the two seams occurs at the base of the cliff, 
usually formed by a massive Lookout conglom. 
erate. A few feet of shale and thin.bed~ed sand· 
stone intervene between the coal and the overly
ing conglomerate. This seam is also quite vari· 
able in thickness. On the north side of Martin 
Point it is from 8 to 10 inches thick, and on the 
south side from 36 to 48 inches. These two 
seams probably correspond to the two which are 
worked at Bon Air, shown on the adjacent Pike
ville sheet. The interval between them, however, 
is much greater here than at Bon Air, and the 
coal is not so thick. On account of their rapid 
variation in thickness this coal will probably be 
mined only for local conBllmption.' It is not a 
coking coal, but is an excellent steaming and 
domestic fuel. 

In the region to the south and east of the 
McMinnville district the most important coal 
seam, occurs in the Walden sandstone, a short 
distance above the Lookout conglomerate. Open
ings have been made on this Sewanee seam a few 
miles to the eastward, where it has a thickness 
probably between 3 and 4 feet. Although the 
seam has not been opened in the McMinnville 
district, it probably occupies an area of 20 square 
miles in the southeastern corner. The Sewanee 
seam ill more uniform in thickness and position 
than the coals in the Lookout sandstone, so that 
its commercial importance is much greater, not· 
withstanding the smaller area. 

Iron ore.-Two varieties of iron ore occur in the 
district, although both are in ,uch ,mall quanti. 
ties that they probably have little, if any, com· 
mercial imporlance. In the early days, before 
railroad transportation brought in the cheaper 
iron from other regions, a small amount of iron 
was made in forges in the region between Smith· 
ville and McMinnville. The ore used was limo· 
nite or brown hematite, which occurs in small 
pockete in the residu& material re,ulting from 



the decay of the upper portion of the Fort Payne 
chert. 

In other portioll8 of the highland rim, particu. 
larly in western-middle Tennessee, these accumu
lations of limonite attain considerable volume 
and supply }lumerous furnaces. 

The second variety of iron ore whiCh may be 
found in this district in commercial quantities is 
the carbonate or black band ore. At many pointe 
in the district mapped on the adjacent Sewanee 
sheet a bed of this ore occurs at the contact of the 
Bangor limestone and the Lookout sandstone. In 
Hubbard Cove, a few miles from the southerh 
limit of the McMinnville sheet, the bed has been 
opened, and is about at feet thick. Although 
not observed in the McMinnville district, it is 
probable that the same bed occurs in correspond
ing position. 

Btone.-Stone adapted to architectural uses is 
found in nearly every formation shown on the 
sheet, but haa been quarried in only a small way 
for local use. Somewhat extensive quarries of a 
pink sandstone occurring in the Lookout have 
been opened near Sewanee, and the same stone 
occurs in the southeastern corner of the McMinn
ville district. Distance from lines of transporta
tion, however, renders this of little present value. 
Good building stone also occurs in the Bangor 
limestone along the eastern half of the district 
mapped, and in the Chickamauga limestone in the 
northwestern corner. 

The harn, blue Bangor and Chickamauga lime
stones furnish an abundant supply of macadam 
material, which with but little transportation 
could be used to make excellent roads in all 
the valley portion of the district. The residual 
chert in areas underlain by the Fort Payne is an 
excellent road material and might be used with 
advantage in surfacing macadam roads. U mort· 
unately these abundant materials are as yet 
wholly unutilized. 

Olay8.-The residual depoaits resulting from 
the weathering of the Bangor and Chickamauga 
limestones are red and blue clays, generally well 
adapted for making brick. This is utilized for 
supplying local demand near the larger towns. 
At some points this clay is suitable for pottery 
and tiling. In the vicinity of Smithville a bed of 
white clay resulting from the weathering of shales 
in the upper part of the Fort Payne is used for 
pottery. Several beds of me-clay which are .. so· 
ciated with the coal probably contain material 

well adapted for making fire·brick, but they are 
as yet wholly undeveloped. 

SOILS. 

J)erivation and ~oWution.-Throughout the 
region covered by the McMinnville atlas sheet 
there is a very close relation between the character 
of the soils and that of the underlying geologic for· 
mations. Except in limited areas along the larger 
streams and on the steepest slopes, the soils are 
derived directly from the decay and disintegration 
of the rocks on which they lie. All such sedimen
tary rocks as occur in this region are changed by 
surface waters more or less rapidly, the rapidity 
depending on the character of the cement which 
holds their particles together. Siliceous cement 
is nearly insoluble, and rocks in which it is 
present, such as quartzite and some sandstones, 
are extremely durable and produce but a scanty 
soil. Calcareous cement, on the other hand, is 
readily dissolved by water containing carbonic 
acid, and the particles which it held together 
in the rock crumble down and form a deep 
Boil If the calcareous cement makes up but a 
small part of the rock, it is often leached out far 
below the surface, and the rock retains its form 
but becomes soft and porous j but if, as in lime
stone, the calcareous material forms the greater 
part of the rock, the insoluble portions collect on 
the surface as a mantle of Boil, varying in thick
ness with the character of the limeRtone, being 
generally quite thin where the latter is pure, but 
often very thick where it contains much insoluble 
matter. 

When derived in this way from the disintegra
tion of the underlying rock, soils are called 
sedentary. If the rock is a sandstone or sandy 
shale the soil is sandy, and if it is a clay-shale or 
limestone the resulting soil is clay. As there are 
abrupt changes in the character of the rocks, 
sandstones and shales alternating with limestones, 
so there ~e abrupt transitions in the character of 
the soil, and soils differing widely in composition 
and agricultural qUalities often occur side by side. 
The character of the soils derived from the various 
geological formations being known, their distribu
tion may be approximately determined from the 
map showing the areal geology, which thus serves 
also as a soil map. The only considerable areas 
in which the boundaries between different varieties 
of soil do not coincide with the formation bound
aries are in the river bottoms and upon the steep 
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slopes, where soils· derived from rocks higher up 
the slope have washed down and mingled with or 
covered the soil derived from those below. The 
latter are called overplaced soils, and a special 
map would be required to show their distribution. 

Olas8iflcation.-The soils of this region may 
conveniently be classed as (1) sandy soils, derived 
from the Walden and Lookout sandstones; (2) 
clay soils, derived from the Bangor and Chick· 
amaugalimestones; (8) ch~rty soils, derived from 
the Fort Payne chert; (4) alluvial soils, deposited 
by the larger streams on their flood·plains. 

&;'''/;11 soils.-The Cumberland Plateau is 
formed of sandstones and sandy shales, and its 
soiJ is a sandy loam. At the surface it is gray, 
while the subsoil is generally light-yellow, but 
varies to deep.red. In some places it consists 
largely of sand, but in others it contains sufficient 
clay to give the subsoil considerable coherence, 
so that a cut bank will remain vertical for some 
years. The depth of soil on the plateau varies 
from a few inches to ten feet or more, diminishing 
in proximity to streams, where erosion is most 
active. A large part of the plateau retains its 
original forest growth, chiefly of oak, chestnut, 
and hickory, while pines clothe the steep sides of 
the stream channels. The practice of burning off 
the leaves each fall prevents the accumulation of 
vegetable mold and has delayed a just apprecia
tion of the agricultural possibilities of this region. 
It has been found well adapted to fruit-raising, 
particularly for grapes and apples. 

Since the sandstones of this region occupy the 
highest land, the overplaced soils, or those washed 
down to lower levels, are mostly sandy. They are 
especially abundant at the foot of the escarpment 
surro~nding the plateaus, where the Bangor lime· 
stone and its clay soil are often wholly concealed. 
The delta deposits formed by streams emerging 
from gorges cut in the plateaus also give consider. 
able areas of sandy Boil, overlying rocks which 
would themselves produce clay or cherty soils. 

O/a;y ..nls.-These are derived chiefly from the 
Bangor and Chickamauga limestones, and their 
distribution coincides with the outcrops of these 
formations, as ebown on the geologic map. They 
sometimes have a deep-red color, but where the 
mantle of residual material covering the rock is 
thin it is often dark bluish-gray. 

The soil in the many coves which penetrate the 
Cumberland Plateau is derived chiefly from the 
Bangor. limestone. It is a bluish clay with a 
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slight admixture of sand from the rocks capping 
the plateau, and is exceptionally fertile. It is 
especially adapted to clover and grain. Consider
able areas of red.clay land occur on the highland 
rim between the foot of the plateau Rnd the inner 
edge of the Barrens. A deep red·clay soil char
acterizes also the isolated areas of. Bangor lime
stone in the central and western portions of the 
district mapped. 

Oherfly ..nls.-Outcrops of the Fort Payne 
occupy something more than a third of the area 
of the sheet and the chert which makes up so 
large a portion of this formation determines the 
character of the residual soil derived from it. 
The calcareous portion of the rock is removed by 
solution, leaving the insoluble siliceous constitu
ent as a deep residual mantle upon the surface. 
The soil derived from the lower part of the for
mation, where the chert is heavy and abundant, 
is usually rocky and difficult to cultivate, but 
rather fertile. That derived from the upper part 
of the formation is light-gray, very siliceous, and 
so finely divided that it appears to be almost free 
from grit and is readily borne by the wind. The 
subsoil is usually reddish or ye1l9w, and contains 
considerable clay, with angular chert fragments, 
which increase in abundance with depth. This 
gray, siliceous soil characterizes the "barrens" of 
the highland rim. The land is by no means 
barren, but has obtained the name by contrast 
with the seemingly inexhaustible red-clay lands 
adjacent. With proper cultivation and the use of 
fertilizers this soil becomes highly productive. 

Alfuvial8Oil8.-AlI the streams of this region 
are more or less rapidly deepening their channels, 
and hence have very narrow, if any, flood-plains. 
At the northern edge of the district mapped 
Caney Fork has cut down nearly to the level of 
the Cumberland River. It is now widening its 
valley, and is bordered by narrow strips of alluvial 
soil for several miles within the district. From 
the vicinity of Greenbrier bend to the mouth of 
Collins River the stream flows in a narrow gorge 
and has no flood.plain. Farther np, on Caney 
Fork and its tributaries, where the streams flow 
on the highland rim, they are again bordered by 
strips of alluvial soil This is a sandy-clay loam, 
and owes ite fertility largely to the vegetable 
matter which it contains. 

CHARLES WILLARD HAYES, 
Geologi8t. 

January, 1896. 
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