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EXPLANATION. 

The Geological Survey is making a large topo- others may then be ascertained by counting up 01'1 d,ooo contains one square degree (that is, represents 1 bottom is raised to dry land these rooks are exposed, 
graphic map and a large geologic map of the United down from a numbered contour. an area ODe degree in extent in each direction)j each and then we may learn from them many facts COD' 

States, which are being issued together in the form 2. Contours define the horizontal forms of slopes. sheet on the scale of ~ contains one-quarter of eerning the geography of the past. 
of a Geologic Atlas. The parts of the atlas are Sinc~ contours are continuous borizontallines c,on- a square degree; each sheet on the Bcale of ~ As sedimentary strata accumulate the youn~er 
called folios. Each folio .contains a topographic .fornnng to the surface of the ground, they willd contains one-sixteenth of a square degree These beds rest on those that are older and the relatIve 
map and a geologic map of a small section of coun- smoothly about smooth surfaces, recede into all:r'e- areas correspond nearly to 4000, 1000 and 250 ages of the deposits may be discovered by observ­
try, and is accompanied by explanatory and de- entrant angles of ravines and define all promi- square miles. ing their relative positions. In any series of undia-
scriptive texts. The complete atlas will comprise nences. The relations of contour ch~acters to The atlas sheets, being only parts of one map of turbed beds the younger bed is above the older. 
several thousand folios. forms of the landscape can be traced m the map the United States, are laid out without regard to Strata generally contain the remains of plants 

THE TOPOGRAPHIC MAP. 

The features represented on the topographic map 
are of three distinct kinds: (1) ineqUalities of sur­
face, called relief, as plains, prairies, valleys, hills 
and mountains; (2) distribution of water, called 
wrainage, as streams, ponds, lakes, swamps and 
canals; (3) the works of man, called culture, as 
roads, railroads, boundaries, villages and (:ities. 

ReZ,iej.-All elevations are measured from mean 
sea level. The heights of many points are accu­
rately determined and those which are most im. 
portant are stated on the map by numbers printed 
in brown. It is desirable to show also the eleva­
tion of any part of a hill, ridge, slope or valley; 
to delineate the horizontal outline or contour of all 
slopes; and to indicate their degree of steepness. 
This is done by lines of constant elevation above 
mean sea level, which are drawn at regular vertical 
intervals. The lines are called contour8 and the 
constant vertical space betwee.n each two con· 
tours is called the contowr interval. Contours are 
printed in brown. 

The manner in which contours express the three 
conditions of relief (elevation, horizontal fOIID and 
degree of slope) is shown in the following sketch 
and corresponding contour map: 

Fig. 1. The upper figure reprel:lents a sketch ot a river valley, 
wlth terraces, and of a high hill encircled by a elift'. TheBe 
features appE'ar in the map beneath, the slopes and forms of 
the surface belng shown by contours. 

The sketch represents a valley between two hills. 
In the foreground is the sea with a bay which is 
partly closed by a hooked sand·bar. On either side 
of the valley is a terrace; from that on the right 
a hill rises gradually with rounded forms, whereas 
from that on the left the ground ascends steeply 
to a precipice which presents sharp corners. The 
western slope of the higher hill contrasts with the 
eastern by its gentle descent. In the map each of 
these features is indicated, directly beneath its po­
sition in the sketch, by contours. The following 
explanation may make clearer the manner in which 
contours delineate height, form ,and slope: 

1. A contour indicates approximately a height 
above sea level. In this illustration the contour 
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 on with any 
other contour. In the space between any two con­
tours occur all elevations above the lower and be­
low the higher contour. Thus the contour at 150 
feet falls just below the edge of the terrace, while 
that at 200 feet 1ies above, the terrace: therefore 
all points on the terrace are shown to be more than 
150 but less than 200 feet above sea. The summit 
of the higher hill is stated to be 670 feet above sea; 
accordingly the contour at 650 feet surrounds it. 
In this illustration nearly all the contours are num­
bered. Where this is not possible, certain contours 
are made heavy and are numbered; the heights of 

and sketch. the boundary lines of the states, counties or town- and anima.ls which lived in the sea or were washed 
3. Contours show the approximate grade of any ships. For convenience of reference and to suggest from the land into lakes or seas. By studying these 

slope. The vertical space between two contours is the district represented each sheet is given the remains or fossils it has been found that the species 
the same, whether they lie along a cliff or on a name of some well known town or natural feature of each epoch of the earth's history have to a great 
gentle slope; but to rise a given height on a gentle within ita limits. At the sides and corners of each extent differed from those of other epochs. Rocks 
slope one must go farther than on a steep slope. sheet the names of adi.acent sheets are printed. that contain the remains of life are calledf08silijer-
Therefore contours are far apart on the gentle 0'118. Only the simpler forms of life are found 
slopes and near together on steep ones. THE GEOLOGIC MAP. in the oldest fossiliferous rocks. From time to 

For a. flat or gently undulating country a small A geolouic map represents the distribution of time more complex forms of life developed and, 
contour interval is chosen; for a steep or moun- 0- as the simpler ones lived on in modified forms, the 
tainous country a large contour interval is neces. rocks, and is based on a topographic map,-that kinds of living creatures on the earth multiplied. 
sary. The smallest contour interval used on the is, to the topographic representation the geologic But during each epoch there lived peculiar forms, 
atlas sheets of the Geological Survey is 5 feet. This representation is added. which did not exist in earlier times and have not 
is used for districts like the Mississippi delta and Rocks are of many kinds in origin, but they may existed since; these are clUl/racteristic type8, and 
the Dismal Swamp region. In mapping great be classed in four great groups: Superficial Rocks, they define the age of any bed of rock in which 
mountain masses like those in Colorado, on a scale Sedimentary Rocks, Igneous Rocks and Altered they are found. 
of ., the contour interval may be 250 feet. For Rocks. The different kinds found within the area Beds of rock do not always occur in the positions 
intermediate relief other contour intervals of 10; repre~nted by a map are shown by devices printed in which they were formed. When they have been 
20, 25, 50, and 100 feet are used. in colors. disturbed it is often difficult to determine their 

.Dj'ainage.~ The water courses are indicated by Rocks are further distinguished according to relative ages from their positions; then fossils 
blue lines, which are drawn unbroken where the their relative ages, for rocks were not formed all at are a guide to show which of two or more forma­
stream flows the year round, and dotted where the one time, but from age to age in the earth's history tions is the oldest. When two formations are reo 
channel is dry a part of the year. Where the The materials composing them likewise vary with mote one :from the other and it is impossible to 
stream sinks and reappears at the surface, the sup- locality, for the conditions of their deposition at observe their relative positions, the characteristic 
posed underground course is shown by a broken different times and places have not been alike, fossil types found in them may determine which 
blue line. Marshes and canals are also shown in and accordingly the rocks show many variations one was formed first. Fossil remains found in the 
blue. Where beds of sand were buried beneath beds of rocks of different states, of different countries and 

Oulture.-In the progress of the settlement of mud, sandstone may now occur under shale; where or different continents afford the most important 
any region men establish many artificial features. a £low of lava cooled and was overflowed by means for combining local histories into a general 
These, such as roads, railroads and towns, together another bed of lava, the two may be distinguished earth history. 
with names of natural and artificial details and Each of these masses is limited in extent to the area Areas of sedimentary rocks are shown on the 
boundaries of towns, counties and states, are print-' over which it was deposited, and is bounded above map by colors printed in patterns of parallel 
ed in black. and below by different rocks. It is convenient in straight lines. To show the relative age of strata 

As a region develops, culture chB?-ges and grad- geology to call such a mass a formation. on the map, the history of the sedimentary rocks is 
ually comes to disagree with the map;, hence the (1) SwpeJrjieiaZ rock8.-These are composed divided into nine periods, to each of which a color is 
representation of culture needs to be revised from chiefly of clay, sand and gravel., disposed in heaps assigned. Each period is further distinguished by 
time to time. Each sheet bears on its margin the and irregular beds, usually unconsolidated. a letter.symbol, so that the areas may be known 
dates of survey and of revision. Within a recent period of the earth's history, a when the colors, on account of fading, color blind· 

&ale8.-The area of the United States (without thick and extensive ice sheet covered the northern ness or other cause, cannot he rec~gnized. The 
Alaska) is about 3,025,000 square miles. On a portion of the United States and part of British names of the periods in proper order (from new 
map 240 feet long and 180 feet high the area of the America, as one now covers Greenland. The ice to old), with the color and symbol assigned to each, 

gathered slowly, moved forward and retreated as are given below: 
United Stateswoul4 cover 3,025,000 square inches. glaciers do with changes of climate, and after a 
Each square mile of ground surface would be repre- long and varied existence melted away. The ice 
sented by a corresponding square inch of map sur- left peculiar heaps and ridges of gravel; it spread 
face, and one linear mile on the ground would be layers of sand and clay, and the water flowing from 
represented by a linear inch on the map. This re- it distributed sediments of various kinds far and 
lation between distance in nature and correspond. wide. These deposits from ice and flood, together 
ing distance on the map is called the scale of the with those made by water and winds on the land 
map. In this special case it is "one mile to an inch." and shore after the glacier had melted, and those 
A map of the United States half as long and half made by similar agencies where the ice sheet did 
as high would have a scale half as great; its scale not extend, are the superficial formations. This 
would be "two miles to an inch," or four square period of the earth's history, from the beginning 
miles to a square inch. Scale is also often ex- Qf the glacial epoch to the present, is called the 
pressed as a fraction, of which the numerator is a Pleistocene period. 

N eocene (youngest). 
Eocene ......... . 
Cretaceous ...... . 
Juratrias ........ . 
Carboniferous .... . 
Devonian ....... . 
Silurian ........ . 
Cambrian ....... . 
Algonkian (olde't) . 

D 
S 
~ 
A 

COLOR-PRINTED IN 
PATTERNS OF PARALLEJ:, 

.LINES. 

Yellowish bufl'.· 
Olive·brown. 
Olive.green. 
Gray.blue.green. 
Gray.blue. 
Gray.blue.purple. 
Gray·red.purple. 
Brown·red. 
Orange.brown. 

length on the map and 'the denominator the corre- The distribution of the superficial rocks is shown 
sponding length in nature expressed in the same on the map by colors printed in patterns of dots In any district several periods may be repre-
unit. Thus, as there are 63,360 inches in a mile, and circles. sented, and the representation of each may include 
t~e scale" one mile to one inch" is expressed by (2) Sedimentary roch.-These are conglomerate, one or many formations. To distinguish the sedi-
88,860' sandstone, shale and limestone, which have been mentary formations of anyone period from those 

Three different scales are used on the atlas sheets deposited beneath seas or other large bodies of of another, the patterns for the formations of each 
of th~ U. S. Geological Survey; the smallest is water and have usually become hard. period are printed in the appropriate period-color; 
~ the second. and the largest 62,~ These If North America were gradually to sink a thou and the formations of anyone period are distin­
cOl'l.'espond approximately to four miles two miles, Band feet the sea would flow over the Atlantic coast guished from one another by different patterns. 
and one mile of natural length to one inch of map and the Mississippi and Ohio valleys from the Gulf Two tints of the period-color are used: a pale 
length. On the scale tw.!oo one square inch of map of Mexico to the Great Lakes. The Appalachian tint (the underprint) is printed evenly over the 
surface represents and corresponds nearly to one mountains would become an archipelago in the whole surface representing the period; a dark tint 
square mile; on the scale of 12tl~000I to about four ocean, whose shore would traverse Wisconsin, Iowa, (the overprint) brings out the different patterns rep­
square miles; and on the scale of .' to about Kansas and Texas. More extensive changes than resenting formations. Each formation is further­
sixteen square miles. At the bottom of each atlas this have repeatedly occurred in the past. The more given a letter.symbol, which is printed on the 
sheet the scale is expressed as a fraction, and it is shores of the North American continent have map with the capital letter.symbol of the period. 
further indicated by a libar scale," a line divided changed from age to age, and the sea has at times· In the case of a sedimentary formation of uncertain 
into parts representing miles and parts of miles. covered much that is now dry land. The earth's age the pattern is printed on white ground in the 

Atlas sMets.-A map of the United States on surface is not fixed, as it seems to be; it very slowly color of the period to which the formation is sup· 
the smallest scale used by the Geological Survey rises or sinks over wide expansEj.S; and as it rises or posed to belong, the letter.symbol of the period 
would be 60 feet long and 45 feet high. If drawn subsides the shore lines of the oceans are changed being omitted. 
on one of the larger scales it would be either two The bottom of the sea is made of gravel, sand (3) Igneous1'OCk8.-These are crystalline rocks, 
times or four times as long and high. To make it and mud, which are sorted and spread. As these which have cooled from a molten condition. 
possible to use such a map it is divided into atlas sediments gather they bury others already depos- Deep beneath the surface, rocks are often so hot 
sheets of convenient size which are bounded by par- ited and the latter harden into layers of conglom as to melt and flow into crevices, where they con· 
aUe]s and meridians. Each sheet on the scale of erate, sandstone, shale or limestone. When the sea geal, forming dikes and sheets. Sometimes they 



pour out or CTfU.:ks and volcanoes and flow over : margin is a which is tht~ key t.o the map. of the foreground as 'well as in the distance. The I removed hy degradation. The beds, like those of 
the surface as l,nra. Sometimes they are thrown ,I To asceItain meaning of any particular culored v€Jtical plane cutting a section shows the under· the first group, being parallel, are conformable. 
from volcanoes as ashes and pumice, and are spread II pattern on the map thf' reftder should louk for that ground relations of the 1'Oek8. The kinds of rock The horizontal ~trata uf the plateau rest upon 
over the surface by winds and streams. Often (~olor and pattern in the ll:'gcnd, where he "will find are indicated in the section by appropriate symbols the upturned, eroded edgeR of the beds of tIlt' 
lava flowR are interbedded with ash beds. the name and deseription of the formation. If it of lines, dots, and dasheR. TheRe Rymbols admit second f,'TOUp on the left of the section. The over. 

It is thought that the first rocks of tbe earth, is desircd to find any gi vcn formation, its lltune of much variation, hut the following are generally lying deposits are, from their pORition, evidently 
whkh formed during what is caned the Archean should be sought in the legend and its culored pat· used .in seet-ions to represent the commoner kinds younger than the underlying formations, and thf-! 
period, were igneous. Igneous rocks have intruded tern noted, when the :LI"f-!!lii on the llIap correspond. of rock: bending and degradation of the older strata mllst 
among masses beneath the surface and have been ing in color and pattern may be traced out. have o(,('lllTed between the deposition of the olde-r 
thro\\'n out from yolcanoeR at all periods of the The legend ill also a partial statement of the I beds and the a~cumulation of th~ youllger. ",Vhen 
earth's development. These rocks occur therefore geologic history of the district. The formations younger strata thus rest upon an eroded surface of 
'with sedimentary formatiotl8 of all periods, and are arranged. in group. s according to orif.,tin-super.\, older strata or upon their upturned and eroded 
their ages can sometimes be determined by the ficial, sedimentary, igneous or crystalline; thus the edges, the relation between the hvo is 1tncoriform. 
ages of the sediments with which they are asso· processes by which the rocks were formed and able, and their surface of contact is an '((w'o1/,. 
dated. the changes they have undergone are indieated. jormity. 

Igneous formations are represented on the geo· Within these gronps the formations are plaeed in The third group of formations consist of crystal-
logic maps by patterns of triangles 01' rhombs the order of age so far as known, the youngest at I line schists and igneous rocks. At some perind 
printed in any brilliant color. 'Vhen the age of a the top; thus the succession of processes and con· of their hist~)l'y the schists hayc been plicated hy 
formation iR not known the letter·symbol con81sts ditions which make up the history of the di:-.trict pressure and traversed by eruptionE'! of moltt'n 
of small letters 1yhich suggest th'e name of the is suggested. rock. But this pressure and intrusion of igneous 
rockfl; 'when the age is kno'wn the letter.symbol The legend llwy also contain descriptions of for· rocks have not affected the overlying strata of the 
has the iliitial letter of the appropriate period pre· mations or of groups of formations, statements of second group. Thus it is evi.dent that an interval 
fixed to it. the occurrence of useful minerah;, and qualifica. of considerable duration elapsed between the for· 

(4) Altered '}'Oclc.'1.oj cpystalline text?u'e.-These tions of doubtful conclusions. mation of t.he schists and the beginning of deposi. 
are rocks which have been so (~ha.tlged by presS1ure, The sheet presents the facts of historicltl geology tiol\ of strata of the second group. During this 
movement and chemical action that the mineral in strong colors 'with marked distinctions, and is Fig. 3. 8ymbol~ tlsed to represent diffel'Puf. kinds of rocks, interyal the schists suft'ered metamorphism and 
particles have recrystal1ized. adapted to 11se as a wall map R'" 1yell as to closer 'were the scene of eruptive activity. The eOlltact 

Both sedimentary and igneollS1l'Ocks lHay change study. The plateau in ,Fig. 2 present.s t.o\\'ard the lower between the second and third groups, marking an 
their character by the growth of trystals and the Economic geology.-This sheet represent.s the land an escarpment which is made up of cliffs and interval bet.ween two periods of rock formation, is 
gradual deyelopmentofnew minerals from the orig- distribution of useful minerals, the occurrence of steep slopes. These elements of the plateau.front an unconformity. 
inal particles. Marble is limestone which has thus art.esian \,"ater, or otller racts of economic interest; correspond to horizonta.l beds 'of sandstone and The section and landscape in Fig. 2 are hypo. 
been crYl'ltallized. Mica is one of the common min· showing their relations to the features of topog· sand,Y shale shown in the seetion at. the extreme thetical, but they illustrate only relations which 
erals which may thus grow. By this chemical alter· raphy ILnd to the geologic formations. A 11 the left, the sandstones forIlling the cliffs, the shales actually occur. The sections in the Structure Sec. 
ation sedimentar)' rocks become crystalline, and ig· geologic formations whieh appeal' on the Illap of constituting the slopes. tion sheet are related to the maps as the section in 
neous rocks change t.heir composition to a greater or areal geology are shmvn in this map also, but The broad belt of lower land is traversed by sev· the figure is related to the landscape. The profiles 
less ext.ent. The process is called metamorphism the distinctions bebyeen the colored pattpJ"IIs are eralridges, \vhieh, where they are cut off by the of t.he surface in the section correspond to the actual 
Juul the resulting rocks are said to be metamorphic. Jess striking. The areal geology, thuR print.ed, section, are seen to correspond t.o outcrops of sand· slopes of the ground along the section line, and the 
,Metamorphism is promoted by pressure, high temp. aft()I'ds a subdued backf,'1'ound upon whieh the stone that rise to the surface. The upturned. edges depth of any mineral·producing or \vater.bearing 
emtnre and \-vater. 'Vhen a mass of rock, under areas of productive formatiolls may he emphasized of these harder beds form the ridges, and the in- stratum which appears in the section may be rueas. 
theSle conditiolls, is squeezed during movements in by strong colors. terrnedil:l..te valleys follow the outcrops of lime· ured from the surface by using the scale of the 
the earth's crust, it may diviue into many very A symbol for mines is introdueed in this map, stone and calcareous shales. map. 
thin pal"Jl.llellayers. 'When sedimentary rocks are and it is accompanied at each occurrence by the ",Yhere the edges of the strata appeal' at the sur· Uolumnm' sections.-This sheet contains a con. 
for1neo in thin layers by deposition they are called Harne of the mineral mined or the stone quarried. face their thicknesses call be measured and the cise description or the rock formations 1vhich con. 
shales; bllt when rocks of any class are round in Strueflure 8ectioJls.-This sheet exhibits the reo angles at which they dip below the surface can be stitute the local record of geologic hiswry. The 
thin lay~rs that are due to pressure they are called lations existing beneath the surface among the observed. Thus their positions underground can diagrams and verhal statements form a summary of 
slatef'. \Vhen the cause of the thin layers of meta- formations ,vhose uistl'ibution on the surface is be inferred. the facts relating to the characters of the rocks, 
rnorphic roeks is not knowIl, or is not simple, the represented in the map of area'! geology. 'Vhen strata which are thus inclined are traced w,the thicknesses of sedimentary formations and 
rocks ale called sckt"sts, a term which applies to In IlIly Ahaft or trench the rocks beneath the underground in mining or by inference, it is fre· to the order of accumulation of suec~essive de. 
both shaly and slaty st1'uctures. surface may be exposed, and in the yert.ical side or quently observed that they form troughs or arches, posits. 

Rocks of any period of the earth's history, from the trench the relations of diffe-rent beds may be such as the section shows. But these sandstones, The chnracters of the rocks are described under 
the Neocene back to the Algonkian, ma~r be more s'eell. A natural or artificial cutting which exhibits shales and limestones were deposited beneath the the COITesponding heading, and they are indicated 
Of' less altered, but the younger formations have those relations is calleu ascction, und the Sllme name sea in nearly flat sheets. 'Where they are now in the columnar diagrams by appropriate symbols, 
generally escaped marked metamorphism, and the is applied to a diagram representing the relations. bent they must, therefore, have been folued by a such as are used in the structure sec.tions. 
oldest sediments known remain in some localities 'fhe arrangement of rocks in the earth is the earth's force of compression. The fact that strata are The thicknesses of formations are given under 
essentially unchanged. 8tr'IIctu-re, and a section exhibiting this alTangement thus bent is taken as proof that a force exists the heading" Thickness in feet," in figures which 

Metamorphic crystalline formations are repre· is called a stl'llcf'lJ.J'e section. which has from time to time caused the earth's state the least and greatest thickne.'lses. The ayeI'. 
sented 011 the maps by patterns consisting of short }lines and tunnels yield some facts of under. snrface to wrinkle along certain zones. age thickness of each formation is shown in the 
uashes irregularly placed. These are printed in ground structure, and streams carving canyons The mountain peaks on the right of the sketch colUllln, which is drawn to a scale,-usually 1,000 
any color and may be darker or lighter than the through rock masses cut sections. But the geol. are shown in the section to be composed of schists feet to 1 inch. The order of accuIIlttlation of the 
background. If the rock is a schist the dashes or ogist is not limited to these opportunities of dired which are traversed by masses of igneous rock. sediments is shown in the columnar arrangement 
hachures may he arranged in wavy parallel lines. observation. Knowi.ng tIle manner of the forma· The schists are much contorted and cut up by the of the descriptions and of the litllOlogic symbols 

If the formation is of known age the letter.sym. tion of rocks, and haying traced out the relations intruded dikes. Their thickness cannot be meas· in the diagram. The oldest fOl'lllation is placed 
bolof the formation is precedeu by the capital alllong bcds on the surface, he can infer their reIa· ured; their aTrangement underground cannot be at the bottom of the column, the youngest at the 
letter.symbol of the propel' veriod. If the age of tive positions after they pass beneath tho surface. inferred. Hence that port.ion of the section which top. The strata are drawn in a horizontal position, 
the formation is unknown the letter.symbol con- Thus it is possible to draw sections 'tvhich represent shows the structure 0.£ the schists and igneous as they \yere deposited, and igneous rocks 01' ot.hel" 
sists of small letters only. the structure of the earth to a considerable depth rocks beneath the surface delineates what may be formations whieh are associated with any partic. 

and to construct a diagram exhibiting what would true, but is not known by observation. ular stratum are' indicated in their proper rela. 
USES OF THE }!APS. be seen in the side of a treneh many miles long and Structure sections afford II means of graphic tions. 

Topograplty.-'Vithin the limits of scale the to· several thou::.and feet deep. This is illustrated in statement of certain events of geologic history The strata are divided into groups, '\vhich col'. 
pographic sheet is an accurate and characterist.ic the following figure: which are recorded in the relations of groups of respond vlith the great periods of geologic history. 
delineation of the relief, drainage and culture of formations. In Fig. 2 there are three groups of Thus the ages of the rocks w·e shown and all-Jo tlH-) 
the region represented. Viewing the landscape, formations, which are distinguillhed by their sub· total thickness of deposits representing lilly gen. 
r~l.ap in hand, every charactel'istic fe.ature of sui· terranean relations. logic period. 
fieient magnitude should be recogni,mble. The first of these, seen at the left of the section, The intervals of time "vhieh eOlTespond to events 

It may guide the traveler, w'ho can determine is the group of sandstones and shales, which lie in of uVlift and degradation and constitute interrup. 
in ad vance or follow' continuously on the lllap his a horizontal position. These sedimentary litrata, tions of deposition of sediments may be indicated 
route along strange highways and byways. -\"hi('.h aceumulatpd beneath 1vater, are in them· graphically or hy the 'Won] "ullconformity," Vl'inted 

It may serve the investor or owner who deslres selves evidence that a sea once extendcd over their in the columnar section. 
to ascertain the position and surroundings of prop· expanse. They are now high aLove the sea, form· Each formation shown in the columnar sect.ion 

erty to be bought or ~old. .. Fig. 2. Shnwiug a vertical ~e(\t.iOTl ill thH frollt of the picture in~ a ~lateau,. and their c~an,~e of elevat~o~l show~ is accompanied, lIOt only by the descriptiol\ of its 
[t may save the engmeer prehmmary sUlveys m With a landscalJe abo\e that that portIOn of the emth;,; mass Oil ,dllch thc: character, hut hy Its na.me, its letter symbol as used 

locatmg roads, raIlways and irl'igatlOn ditches . rest swelled uV\'i~Id from a lO\ver to a lllghcr le\re1. in the llla}Js and then legends, una a conCIse ftC 

It pro\rides educational matenal for schools and I The figure l'ep1esents a landscape "hlCh IS cut The strata of th18 group rue parallel, a relatIOn count of the topographic features, soils, or other 
homeE'!, and serves all the purposes of a map for off shal ply in the foreground by a ,ertlCal plane \\ hich is call-ed (;OJ~fo} 1nable fitdll lelated to It. 
local reference. I The landscnpe exhIbIts an extended plateau on the I The second group of formatIon;,; eonljISts of Ijtrata I r ",V PO \VELL 

Areal geoloqy-This sheet sho\\sthe areasoccu left, a broad belt of lower land recedmg to,"al'd I \\ihwh form alches anu Lroughi'1. Thesestrata,,'Vere '" JJi;ector 
pled uy the \allOllll tocl"s of the dIstrIct On the the nght) and mountam peaklj ltl tltp ('xtrellle I'lght contlllll()llS, hnt thp (rest:.; of the arches ha, e been I 



CHATTANOOGA ATLAS SHEET. 

GEOGRAPHY. 

GUMT"a1 relation8.-The Chattanooga atlas sheet 
. is bounded by the parallels 85° and 35° 30', and 

the meridians 85° and 85° 30', It embraces, there­
fore, a quarter of a square degree of the earth's 
surface. Its dimensions are 34-5 miles from north 
to south, and -28'2 miles from east to west, and it 
it contains 974·64 sqnare mile.. The adjacent 
atlas sheets are, on the north, Pikeville, on the 
east, Clevelond, on the south, Ringgold, and on the 
west, Sewanee. The sheet lies wholly within the 
State of Tennessee, the southern limit being within 
about a mile of the Tennessee-Georgia line. It 
em braces portiODS of Bledsoe, Rhea, Sequatchie, 
Marion, Hamilton, and James counties. 

TopofJraphy.-The country included within the 
atlas sheet presents several widely different types 
of surface. The differences are due jointly to the 
character of the underlying rock and to the geo­
logic structure-the relation of the strata to the 
surface. This connection between the geology and 
the topographic features will be explained later. 
Beginning in the northwest corner of the sheet 
and passing to the southeast, the following distinct 
areas may he noted: (1) the Cnmberland plateau, 
(2) the Sequatchie valley, (3) Walden ridge, (4) 
the Tennes.ee valley, (5) White Oak monutain. 

A small portion only of the Cumberland plateau, 
about 85 square miles, is embraced within the lim· 
its of the sheet. The general surface is level or 
rolling, elevated approximately 2,100 feet above 
sea level The drainage is by streams flowing 
northwest to the Cumberland river and southeast 
to the Sequatchie. These streams have rapid fall 
and the larger ones have cut deep canyons several 
miles back from the edge of the plateau. 

Toward the southeast the plateau is terminated 
by an abrnpt escarpment, trending N. 30° E. and 
forming the western edge of the Sequatchie valley. 
On the eastern side of the valley is an escarpment, 
similar, but less broken by stream channels and 
somewhat higher than that on the west. The width 
of the valley between these two parallel escarp· 
ments is about four miles and its general surface 
is between 700 and 800 feet above sea leve~ or 
1,300 feet helow the adjacent plateau. 

East of the Sequatchie valley i, Walden ridge. 
This is not properly a ridge but rather a plateau 
which resembles in many respects the Cumberland 
plateau. It, area within the sheet is about 330 
square miles, or one-third that of the entire sheet. 
The surface ,lopes gently toward the southeast 
from 2,200 feet above sea. level on the western 
edge to 1,700 on the eastern. The drainage is 
wholly toward the southeast. A large nnmber of 
streams head near the western side, frequently 
within a few hundred yards of the escarpment, 
and, flowing southeast in gradually deepening 
channels, emerge into the Tennessee valley from 
deep rocky gorges. A, the stream, debouch upon 
the valley their descent is less rapid so that they 
are able to carry les. sediment, hence a part of the 
material eroded from the gorges is deposited in a 
kind of delta around their mouths. Since these de­
posits are composed wholly of coarse sand, gravel 
and boulders they are quite porous and most of 
the streams wholly or in part disappear from the 
surface for short distances. Toward the southern 
edge of the sheet Walden ridge i, cut through by 
the Tennessee river, which at Chattanooga turns 
westward almost as right angles to its upper course. 

East of Walden ridge i, the valley of the Ten· 
nessee river, a portion of the great Appalachian 
valley which extends toward the northeast through 
Virginia an!! Maryland into Pennsylvania and 
toward the southwest through Georgia into .Ala,. 
bama. The area of the portion embraced. within 
the atlas sheet is about 440 equare miles. The 
elevation of the Tennessee river is between 670 
and 709 feet above sea level, and the general sur­
face of the valley is a little higher, but many hill, 
and irregular ridge. ri,e two or three hundred feet 
above the river. The actual flood-plain or bottom 
is nowhere extensive, and on one side or the other 
the river usually washes the base of a ,teep, rocky 

DESCRIPTION. 

blnff. At Chattanooga the river leaves the broad from any high lond that could yield coarse sedi· shal .. with some bed. of sandstone. Still further 
Appalachian valley, and sweeping past the foot of mente. 
Lookout mountain enters the narrow canyon carved Cuwnasaufla 8hale.-This formation is composed 
across Walden ridge. With steep wooded slopes at the base of thin limestones interbedded with 
rising from the water's edge and surmounted, a shales, in the middle of yellow or greenish clay 
thousand feet above, by vertical cliff, of gray sand· shales, and at the tcp of blue seamy limestone or 
stone, the gorge affords BOrne of the most pictur- calcareous shales. Some of the thin beds of lime­
eeque ,cenery t" be found in the southern ApI'"" ,tone, especially tho,e near the lower part of the 
lachiaus. formation, have a peculiar oolitic structure, being 

Compared with ite upper valley, the gorge of the made up of rounded or flattened grains about a 
Tennessee below Chattanooga is extremely young tenth of an inch in diameter. This oolitic lime­
and there is evidence that ~t has been occupied by stone is sometimes absent. The boundary between 
the present river but a short time. Until recent the Rome and Connasauga then becomes very in­
geologic oges the Tennessee probably continued definite and their separation difficult. The esme 
southward in the broad Appalachian valley di- i. true when the upper part of the Rome also con· 
rectly to the Gulf of Mexico. Since it was diverted tains beds of lime, as is sometimes the case. The 
to its present course it has lowered its hed only thicknes, of the Connaeauga shale probably, varies 
about 250 feet, this being the height of the divide between 1,500 and 2,500 feet, but on account of 
which separatee ite waters from those still flowing the great contortions which the beds have suffered, 
southward. the same uncertainty attaches to their measurement 

Crossing the southeastern corner of the sheet in as to that of the two older formations. The fonna­
a direction parallel to the edge of Walden ridge is tion take, ite name from the Connasauga valley, in 
White Oak mountain, a sharp ridge ,teep on ite . Georgia, on the Dalton sheet. 
western side and sloping gently to the east, with The Cambrian forma#ons occupy a compara­
an elevation from 1,800 to 1,500 feet above sea tively small portion of the area of the Chattanooga 
level. East of White Oak mountain are numerous sheet. Two narrow strips occur near the center of 
ridges, in a general way parallel with it but lower the Tennessee valley, and a somewhat broader belt 
and less regular. Grindstone mountain, however, crosses the extreme southeastern corner of the 
has an elevation somewhat greater, and with its sheet. The latter is limited. by faults upon both 
level top and steep sides it forms a small isolated sides and consists wholly of the two lower forma­
plateau or mesa in all respects, except in its limited tions, the Apison and Rome. 
extent, similar to the Cumberland plateau in the 
western portion of the sheet 

STRATIGRAPHY. 

All the rocks appearing at the surface within 
the limits of the Chattanooga atlas sheet are of 
sedimentary origin, that is, they were deposited by 
water. The materials of which they are composed 
were originally mud, sand and pebbles derived 
from the waste of some older rock, or the remains 
of plants and animal, which lived while the strata 
were being laid down. Thue some of the great 
beds of limestone were formed largely from the 
shells of various sea animals, and the beds of coal 
are the remains of a luxuriant vegetation which 
covered low, swampy shores. 

CAHBRl.A.N ROCKS. 

Apison Bhale.-The oldeet rocks exposed within 
the limit, of the sheet consist of slightly .andy or 
clay shales named from their typical development 
at Apison near the southeastern corner of the sheet. 
Their most striking peculiarity is the brilliant col· 
oring which they display in sharply contrasted 
bands of red, purple, green and yellow. The thick· 
ness of the formation is not known, since it is 
always limited on one side by a fault, but at least 
1,000 feet are expo,ed at ite type locality. 

A bed of gray siliceous limestone sometimes 
occurs between this and the succeeding formation, 
but though found both north and south of thi, 
region it does not occur within the limits of this 
sheet. 

Ro7lU! formatiun.-N ext above the Apison shale 
are the sandstones and shales of the Rome lonna.­
tion.· They are between 3,000 and 4,000 feet in 
thickness, but on account of the folding and crump· 
ling which the strata have suffered. it is impossible 
to obtain accurate measurements. The lower part 
of the formation is composed of alternating layers 
of sandstone and shale. Passing upward the pro­
portion of shale gradually increases, so that toward 
the-top only a few thin siliceous beds occur, which 
can """"""Iy he called sand,tone. The shales are 
usually brown or dark olive-green, while the sand· 
stone beds are reddish brown or purple, with 00· 

casionallayers of white quartzite. The sandstone 
beds show ripple-marks and other sign, of having 
been deposited in shallow water, but the water was 
evidently growing deeper during their deposition, 
and the succeeding formation contains limestone 
and calcareous shale, which must have been formed 
on a comparatively deep sea bottom. and remote 

SILURIAN ROOKS. 

Knofll dolomite.-The loweet division of the Si· 
Iurian, the Knox dolomite, consists of from 8,000 
to 3,500 feet of mas,ively bedded and ,omewhat 
crystalline magnesian limestone. This limestone, 
or more properly dolomite, contains a large amount 
of silica in the form of nodules and layers of chert 
or flint. Upon weathering, that part of the rock 
which consists of the carbonates of lime and mag. 
nesia is dissolved, leaving behind the chert, usually 
imbedded in red clay. This residual material cov­
ers the surface to great depths and the dolomite 
itself is eeldom eeen except in the channel, of the 
larger streams. 

The Knox dolomite comes to the surface in a 
belt about two miles wide through the center of 
the Sequatchie valley and occupies the greater part 
of the Tennes,ee valley between Walden ridge and 
White Oak mountain. In both valleys ite outerops 
are marked by the characteristic low, rounded, 
chert hills, which ri,e from 300 to 400 feet above 
the level of the stream •. 

Ohickamauga limestone.-The next formation 
is the Chickamauga limestone, which occupies a 
broad, continuous belt along the eastern side of 
the Sequatchie valley and a much narrower one, 
not entirely continuous, along the western side. 
The formation is here a pure, blue, thin beddad 
limestone, about 1,000 feet in thickness. It ap­
pear, again on the eastern side of Walden ridge 
with much the same character as in the Sequatchie 
valley. East of Chattanooga and in the South 
Chickamauga valley are large exposures of the for­
mation, where it has a thickness of about 1,600 feet 
and contains a considerable amount of earthy im· 
purity. Aloug the weetern base of White Oak 
mountain is another broad belt showing a still 
further increase in thickness to about 2,200 feet, 
and also a greater proportion of earthy material, 
especially in the upper part of the formation. The 
Chickamauga limestone takes its name from the 
valley of Chickamauga creek, on the Chattanooga 
and Ringgold sheets, where it i, typieally d .. 
veloped. 

Rochwood formaUon.-The Rockwood forma­
tion, which is the highest division of the Silurian 
in this region, varies widely in character and thick­
ness within the limits of the sheet. It forms a nar­
row ,trip aloug the e .. tem side of the Sequatchie 
valley, with a thickness of about 200 feet, and is 
compoeed of calcareou, shales and some beds of 
blue limestone. On the eastern side of Walden 
ridge it is 300 feet thick, and consists of calcareous 

east, in White Oak mountain, the formation attains 
a thicknees of 1,000 feet, of which the lower 800 
are made up of hard brown sandstone interbed. 
ded with s.ndy shale. The upper portion consiste 
of sandy shale with a few calcareous beds. The 
formation is named from Rockwood, Tennessee. 
It is of great practical importance on account of 
the heds of red fossil iron ore which it usually con· 
tain,. These are described under the head Min· 
eral Resources. 

DEVONIAN ROOKS. 

O~a black 8hale.-Overlyiug the Rock· 
wood formation is a thin stratnm of shale which 
appears to repreeent the whole of the deposition 
which took place in this region during the De­
vonian period. Typical exposures of this shale 
appear in the north end of Cameron hill within the 
city limits of Chattanooga, from which locality it 
takes its name. 

The Chattanooga black shale has a remarkably 
uniform character wherever seen within the limits 
of the atlas sheet, and for a long distance on either 
side north and south. It varies in thickness from 
10 to 25 feet. The upper portion of the shale, 
three or four feet thick, is neually dark gray in 
color and often carries a layer of round concre­
tions about an inch in diameter. The remainder 
of the formation is jet black, from an abundance of 
carbonaceous matter, and when freshly broken it 
emits a strong odor like petroleum. 

This shale, on account of its distinctive and strik· 
ing appearance, has attracted much attention from 
miners, and h .. been prospected in many place. for 
coal and various ores, especially silver and copper. 
Such exploitation, however, has always heen at­
tended by failure, since the shale contains nothing 
of present economic importance. Although it con­
tains a large proportion of carbonaceous matter 
-:which bums when it is placed in a hot fire, the 
amount is not sufficient to constitute a fuel, and no 
true coal is ever found associated with the shale. 
Small concretions of iron pyrites, which it often 
carries, have given rise to the commonly accepted 
but wholly erroneoue helief that the shale contains 
valuable ores. The formation is of economic im· 
portance only as a ,tarting point in prospectiug 
for the red fossil iron ore which occurs below it 
and at a uniform distance, over considerable areas. 

OARBONIFEROUS ROOKS. 

Fort PC1IJfIUJ chert.-This formation consists of 
from 50 to 200 feet of very siliceous limestone. At 
the base, resting on the Chattanooga black. shale, 
are usnally heavy beds of chert with only a small 
amount of limestone or greenish calcareous sh8J.e. 
In the western part of the sheet the line inere .. es 
toward the top of the formation and gradnally re­
placing the chert it passes without an abrupt tran· 
sition into the Bangor limestone above. It is there 
about 200 feet thick. In White Oak mountain and 
eastward the lower part of the formation is com· 
posed of heavy beds of chert, while the upper part 
contains coarse cherty sandstones which become 
porous by the solution of the calcareous matter 
they originally contained. The chert of this for· 
mation is readily dietinguished from that of the 
Knox dolomite by the great nnmher of foseils 
which it contains. It is often made up of a mass 
of crinoid stems imbedded in a siliceous cement; 
on weathering, the cement remains a porous chert 
filled with the fossil impressions. In some cases 
the fossils alone are silicified so that they remain 
in the soil after the solution of the calcareou, 
cement. The formation occurs in a narrow strip on 
the eastern side of the Sequatchie valley, usnally 
forming, with the Rockwood shale, a narrow ridge 
parallel to the mountain escarpment,. Aloug the 
eastern base of Walden ridge the fo~ation occu­
pies somewhat larger areas though it is not entirely 
continuous across the sheet. It forms the greater 
part of Cameron hill in Chattanooga and the gentle 
eastward slope, of White Oak mountain. The for­
mation name is taken from Fort Payne, Alabama. 



Floyd shale.-AB before stated, the chert, on I These two formations, the Lookout and Walden 
the western portion of the sheet, passes upward sandstones, constitute the productive coal meas­
directly into the Bangor limestone, but east of ures. The position and thickness of the various 
White Oak mountain another formation, the ]'loyd bed, of coal will he described under the head of 
shale, comes in between them. This consists of Mineral Resources. 
from 600 to 850 feet of variable sediment" for the At the close of the Carhoniferous period thi, 
most part carbonaceous shales, containing local region was elevated permanently above sea level, 
beds or fine grained, flaggy sandstone, and also so that the constructive process of deposition was 
some beds of blue limestone with nodules of cherl. stopped and the destructive process of erosion was 
These calcareous portions are highly fossiliferous, begun. 
though the black ,hale, are generally quite barren STRUCTURE. 
of organic remains. 

BanI/or li_stoM.-The Bangor limestone i, 
from 800 to 1,000 feet thick in the Sequatchie val­
ley and on the eastern side of Walden ridge, where 
it forms the lower portion of the mountain slopes. 
East of White Oak mountain it is only 600 feet 
thick, resting on the Floyd ,hale, and only a 'ingle 
small area has escaped erosion, though it doubtless 
formed a continuous sheet over the whole of this 
region, and originally may have extended some 
distance farther eastward. The limestone shows 
with unmistakable clearness the mode of its for­
mation. It is in many cases composed almost en­
tirely of fragments of crinoids together with the 
calcareous coverings of other sea 8J1imals which 
died and left their remains on the sea bottom. 

It i, probable that the lower portion of the 
Bangor limestone on the western part of the sheet 
and the Floyd shale on the eastern part were de­
posited at the Bame time, the former in a compar­
atively deep sea and the latter near the ,hore where 
the ,upply of mud and ,and was ahundant. Al­
though they may be of the same age, the rocks 
differ so widely in charlWter that they are given 
"distinct formation names. The name of the lime­
stone is taken from Bangor, .Alabam~ and that of 
the shale from Floyd county, G<lorgia. 

The presence of the Floyd shale on the eastern 
and ita absence from the western portion of the 
,heet, together with the changes already noted 
in the lithologic charaeter of the Rockwood and 
Chickamauga, indicate that during their deposi­
tion the land, from which the sediments were de­
rived, was toward the southeast while the deep 
sea. was toward the northwest. 

Looktmt .ll!TUi8tone.-At the close of the period 
occupied by the deposition of the Bangor limestone 
there was an uplift of the .ea bottom, 80 that the 
water became shallow over a wide area while an 
abundant supply of mud and s8J1d was washed in 
from the adjoining land. These conditions were 
unfavorable for the animals whose remains are so 
abundant in the preceding formation, and inetead 
of limestone a great mas.s 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 bed,. 

The Lookout ,andetone includes 450 to 550 feet 
of conglomerate, thin bedded sandstone, sand and 
clay shales, and coal. It, upper limit i, at the top 
of a heavy bed. of conglomerate or coarse sandstone 
from 25 to 75 feet in thickne", which form, the 
principal cliff about the edge of Lookout moun­
tain, south of Chattanooga and in the escarpments 
of Walden ridge and the Cumberland plateau. In 
the eastern part of the sheet the formation occu­
pies but a single small area, capping Grindstone 
mountain, although it i, probabl. that, like the 
other carboniferous formations already described, 
it once extended across the intervening region in 
a sheet continuous with that upon Lookout moun­
tain. 

Walden sand.tone.-'l'he Walden ,andetone in­
cludes all the rocks lying above the Lookout con­
glomerate. Its sandstones, shales and coal beds 
were deposited under conditions very similar to 
those which prevailed during the deposition of the 
preceding formation. The conditions, however, 
changed les, frequently and were ,omewhat more 
favorable for the accumulation of coal. What the 
original thickness of the Walden sandstone may 
have been can not now be dete:rmined, but it is 
certain that much of the formation has been re­
moved by erosion. It is confined to the western 
part of the sheet, forming the ,urface of Walden 
ridge, from which it is named, and of the Cumber­
land plateau. It, greate,t thickne .. of from 600 
to 700 feet occurs in the Cumberland plateau a 
few miles west of Sequatchie valley, though there 
may be as great a thickness in the eastern part of 
Walden ridge near the center of the sheet. 

IJqfonition of terms.-A, the materials forming 
the rocks of this region were deposited upon the 
sea bottom, they must originally have been in 
nearly horizontal layers. At present, however, the 
beds are not usually horizontal, but are inclined to 
the surface at various 8J1gles. This is the result 
of compression in a northwest and southeast direc­
tion, by which they have been bent into a series 
of arches and troughs. In describing these folded 
strata the term If!Incl;im,e is applied to the down­
ward bending troughs and a;nticlt'ne to the upward 
bending arches. A synclinal axis is a line run­
ning lengthwise of the synclinal trough, at every 
point occupying its lowest part, toward which the 
rocks dip on either side. An anticlinal axis is 
a line which occupies at every point the highest 
portion of the anticlinal arch, and away from which 
the rocks dip on either side. These axes may be 
horizontal or inclined. Their departure from the 
horizontal is called the pitch of the axis and is 
usually but a few degrees. In addition to the 
folding, and as a result of the continued action of 
the same forces which produced it, the strata along 
certain lines have been fractnred, and the rocks 
have been thrm.t in different directions on opposite 
sides of the fracture: this is termed a fault. 

8trucfiwre sections.-The three sections on the 
structure sheet represent the strata as they would 
appear in the sides of a deep trench cut across the 
country. 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. These sections represent the 
structure, as it is inferred from the "position of the 
strata observed at the surface. On the scale of 
the map they can not represent the minute detail, 
of structure j they are therefore somewhat general­
ized from the dips observed in a belt a few miles 
in width along the line of the section. 

Faults are represented on the map by a heavy 
solid or broken line, and in the sections by a line 
whose inclination shows the probable dip of the 
fault plane, the arrows indicating the direction in 
which the strata have been moved on its opposite 
sides. 

Relatwn of toPOlJraplvy to 8tructure.-The most 
prominent structural as well as topographic feature 
upon the sheet is Walden ridge. It will be seen 
from the sections that the nearly horizontal strata 
which underlie this plateau dip gently away from 
the edges toward the middle, forming thus a broad 
shallow trough; this is a typical syncliruil 'IlWWTIr 

lain. In Sequatchie valley the strata are more 
steeply inclined and dip away from the middle 
toward the ,ides; thi, i, a typicalmnfiiclinai valley. 
East of Walden ridge, in the Tennessee valley, 
also, a general arching of the strata is observed, 
though with Ie" regularity than in the anticline 
of Sequatchie valley. In White Oak mountain the 
strata form a deep 8J1d narrow syncline, though it 
i, the western edge of the trough which makes the 
mountain through the greater part of its length. 

Thus there is an intimate connection between 
the ,tructure and the present topography. The 
surface has been fashioned by the streams which 
flow upon it, and the action of the streams has been 
controlled by the po,ition of the hard and .oft 
layers of rock. The valleys in general are upon 
anticlinal arches, and the mountains are formed by 
,ynclinal troughs. Thi, result has been brought 
about by the more rapid erosion of the.hard beds 
at the tops of the arches than in the bottoms of 
the troughs. The streams must originally have 
flowed in the synclines, but they have gradually 
transferred their channels to the axes of the anti­
clines and the original relation of high and low 
land has been reversed. 

Folds and fauUs.-The Sequatchie valley anti. 
cline is the wes~rnmOBt of those remarkable par­
allel folde which characterize the Appalacilian 

region. West of this the strata are nearly hori­
zontal though broad undulations can be detected. 
by careful measurements_ On the eastern side of 
the valley the strata dip beneath Walden ridge at 
angles varying from" 15° to 20°; on the western 
,ide of the valley they are much ,teeper, being gen­
erally vertical or overturned. Along the western 
side of the valley there is a fault, 8J1d this, as ex­
plained above, is the further result of the action 
of those compressing forces which produced the 
fold. In consequence of thi, fault some of the for­
mations which- occur on the eastern side"" of the 
valley and which should occur on the western side 
are concealed by other formations thrust" across 
their broken edges. Thus the Chickamauga lime­
stone and Knox dolomite come into contact with 
the Bangor limestone, while intervening formations, 
the Fort Payne chert, Chattanooga black shale and 
Rockwood shale, are concealed_ This is the reason 
that the red fossil iron ore of the Rockwood for­
mation is not found along the western side of the 
valley. 

The axis of the Walden ridg:e syncline is con­
siderably east of the central line of the plateau. 
Thus there is a slight easterly dip from the western 
edge almost entirely across to the eastern escarp­
ment. This fact has great practical importance 
since it insures easy drainage of coal mines and 
hence economical mining. 

Between Chattanooga and the edge of Walden 
ridge there are three small folds shown in section 
C C of the structure section sheet. Of these the 
western extends southward, forming Lookout val­
ley upon the Ringgold ,heet, and northward to 
Falling Waters cI'eek, but almo,t entirely disap­
pears before reaching the line of section B B. This 
folded belt is cut off on the eastern side by a fault 
which passes through the east side of Cameron 
hill in Chattanooga and extends northward a short 
distance from the edge of the plateau to about 
Retro. Beyond this a narrow syncline extends 
to the edge of the sheet, forming Lone mountain 
and the ridge east of Coulterville. This narrow 
syncline is separated from Walden ridge by a 
faulted anticline which forms the valley of Sale 
creek. Section A A shows the manner in which 
the strata of Lone monntain have been thrust over 
upon the eastern edge of the Walden ridge syn­
cline. 

The Tennessee valley is developed for the most 
part upon the Knox 40lomite, which lies in broad 
and rather gentle folds. Two sharp anticlines 
bring the underlying Cambrian rocks to the sur­
face in long narrow strips of nearly vertical strata, 
while two strips of nearly horizontal Chickamauga 
limestone occupy portiolls of the synclines. The 
one between Chattanooga and Missionary ridge is 
bounded on the ellllt by a fault, on which, as ,hown 
in section C C, the dolomite forming the ridge has 
been thrust across the overturned edge of the syn­
cline. 

Crossing the southeast corner of the sheet is a 
fault which brings the oldest rocks of the region 
against the youngest_ The displacement along this 
line is much greater than in the faults further west, 
being fully 12,000 feet. This motion has not 
usually taken place upon a single plane, but is 
distributed among several fault planes within a 
narrow belt in which the rocks are greatly con­
torted and crushed. 

relation of coal beds in the dUl'erent parts of the 
field. 

The vertical distance from the top of the Ban­
gor limestone to the top of the conglomerate, that 
is, the thickness of the Lookout sandstone, varies 
between 450 and 550 feet. Wherever the rocks 
are well exposed, at least three beds of coal are seen 
between these limits and in some places as many 
as six. One bed immediately below the conglom­
erate, or heavy sandstone, is fairly constant in posi­
tion though it varies considerably in thickness. 
From a few inches at the northern edge" of the 
sheet it increases southward to three feet or "rriore, 
and is worked at the Daisy, £tna and McNab 
mines. Below this the Dade coal, which at the 
southern edge of the sheet haa a thickness of about 
three feet and is worked principally nt the Dade 
mines in Georgia, may be represented by one of 
the thinner beds seen in the sections further north. 
Of the remaining lower beds only one other is 
worked, namely, the lowest in the series, which is 
about 320 feet below the top of the conglomerate. 
It varies in thickness within distHnces of a few hun­
dred feet from a mere streak to three or four feet. 

In the first 125 feet above the conglomerate is 
a group of from two to four coal beds, at least one 
of which is generally workable. Exact correla­
tions of the beds within this group have not been 
made, and it is quite probable that a single bed in 
one part of the field may be separated by shale 
and sandstone layers into two or three in another 
part. This is the horizon at which occurs the coal 
so extensively worked at Tracy city and other 
points west of ~equatchie valley. A bed occurs 
in several of the sections at a quite uniform diB­
tance of from 250 to 275 feet above the conglom­
erate and is worked at the Daisy and ~tna mines. 
Finally the Richland coal, 630 feet above the con­
glomerate, is worked near Dayton, just off the 
north edge of the sheet. The rocks containing the 
Richland coal have been quite generally eroded, 
so that the workable area of the bed is not so 
great as that of beds lower in the series. This coal 
is found only in the deeper parts of the Walden 
ridge syncline and in isolated hills rising above the 
main floor of conglomerate. The same limitation 
in area is applicable to the next lower workable 
bed, the .Mtna coal, though in a lesser degree. 

In conclusion, without attempting strict correla­
tion of individual bed" the coals of the Walden 
formation may be grouped at three horizons, at 
anyone of which workable coal is likely to be 
found. The first is within 120 feet above the con­
glomerate and contains the beds worked over the 
widest area. The second horizon is from 250 to 
275 feet above the conglomerate and contains the 
beds worked at .Mtna and Daisy. The third. is 
about 630 feet above the conglomerate and con­
tains the Richland coal, but is restricted in area 
on account of erosion. 

All the coals of this region are bituminous, and 
all '0 far tested are well ,uited for coking. A 
good quality of coke is made at Daisy, Uathburn 
and DaytoD. 

Iron ore.-Two varieties of iron ore, which dif­
fer widely in appearance and in modes of occm·­
rence, are found on the Chattanooga sheet. They 
are hematite, or red /o88il ore, and U'ff/J)'lI,Ue, or 
brown ore. 

Hematite.-The red fossil ore is associated with 
rocks of the Rockwood formation and is very sim-

MINERAL RESOURCES. ilar to the ore occurring at the same horizon in 
The mineral resources of the Chattanooga sheet such widely separated localities as WiBconsin, New 

consist of coal, iron ore, lime8tone, building and York and Alabama. It is a regularly stratified 
road stone, and wu·k and til. olay. bed, retaining a con,tant thickness and definite re-

Cbal.-The productive coal-bearing formations, lation to other strata of the formation over con­
consisting of the Lookout and Walden sandstones, siderable areas. Like any other rock stratum, how­
occupy the surface of the Cumberland plateau and ever, it is not absolutely constant, so that, while 
Walden ridge. They have an area within the atlas the map indicates within narrow limits the aI·eas 
sheet of about 400 square miles, and contain from within which the ore may occur, careful examina­
one to three beds of workable coal. tion is required to determine whether at any par-

The accompanying vertical sections on the co- ticular locality its quantity and quality are such 
lumnar section sheet show the position and thick- as to make it commercially valuable_ 
ness of the varions coal beds. The sections are The proportion of iron in the ore usually de­
not generalized, but each represents the actual creases with distance from the surface, and at 
measurements made at a single locality. It will considerable depths it becomes simply a more or 
be seen that the beds vary considerably in num- less ferruginous limestone. The decre~ down­
ber, position and thickness from one part of the ward in the proportion of iron is due to the fact 
field to another. The datum from which their that near the surface the lime has been largely 
position is measured up or down in the section is" removed by percolating snrface wat~rs, leaying 
the top of the conglomerate. It is not always behind the insoluble iron oxide as the 80ft" ore. 
possible to determine this point exactly, so that The presence of lime in the ore is not" objection­
some uncertainty is thus introduced into the cor- able, except as it renders mining more difficult, for 



it removes the necessity 01 adding limestone as a 
flux in the f\U'll8Ce. The soft ore is very easy to 
mine, and considerable quantities are frequently 
obtained by trenching along the outcrop of the 
bed even when it is not of sufficient thickness to 
make deep mining now profitable. This is the 
character of all the ore workings on this sheet at 
present. 

The ontcrop of the Rockwood formation occu­
pies & narrow strip along the eastern side of the 
Sequatchie valley, the strata dipping at low angles, 
8° to 15°, toward the east under Walden ridge. 
The corresponding outcrop of the formation on the 
west side of the Sequatchie valley is concealed by 
a fanlt, as already explained. Although the ore 
is not worked aloug thi, ,trip within the limit, of 
this 'heet, it is probably pre,ent throughout its 
whole extent in worksble quantity. The extensive 
Inman mines are just off the western edge of the 
sheet on the aame belt. The ore bed is separated 
from the overlying Chattanooga black shale by 
about 60 feet of bluish calcareous shale. It h .. a 
thickne .. of 5!- feet at Inman. 

On the .. ,t side of Walden ridge is a strip of 
Rockwood continuous from the north edge about 
halfway across the sheet, below which is a break 
of a few miles caused by fanlting. Beyond this 
break the belt continues to the edge of the sheet. 
This southern portion is fonned by two narrow 
parallel bands which are the outcrops of the for· 
mation on opposite sides of a narrow anticline. 
The ore in this belt east of Walden ridge has been 
extensively mined both north and south of the 
Chattanooga sheet, but within ite limits only an 
inconsiderable amount of surface mining has been 
done. 

In White Oak mountain the greater part of the 
Rockwood formatiou consiste of hard, brown sand· 
stones, and only the upper portion contains the 
calcareous shales which invariably arcompany the 
iron ore. On the same belt some miles toward the 
northeast the ore forms a heavy bed and is ex­
tensively mined, but it decreases rapidly toward 
the south, and probably does not occur in White 
Oak mountain in workable quantities beyond the 
eouthern edge of the Chattanooga sheet. Consid· 
erable ore has been taken from the surface work­
ings on both sides of the East Tenne .... railroad. 

Limonite.-The limonite ore does not occur in 
this region as a regularly stratified bed, but in 
irregular surface deposits. Hence the limite within 
which it may occur can not be indicated with the 
earne certainty .. in the case of red ore. Although 
iron oxide is very widely dietributed throughout 
the rocks and soil, it is only when it beoomes seg· 
regated in large quantities and in a comparatively 
pure condition that it is commercially valuable as 
an ore. The agency by which the segregation is 
ell'ected is the percolating surface water, which con· 
tain, small quantities of weak acids derived from 
the atmosphere and decaying vegetation. These 
acids diesolve the iron diesemin.ted through the 
rocks. When the solution is exposed to air either 
at the surface or in cavities under ground the iron 
become, insoluble and is precipitated as the slimy 
yellowish substance generally seen about mineral 
springs. This subataoce gradually hardens and, 
where it collects in sufficient quantity, fonus a bed 
of limonite or brown iron ore. 

The only considerable deposits of brown ore 
known to occur within the limits of the sheet are 
along the eastern side of the Sequatchie valley. 
The conditions were favorable for its accumulation 
near the contaet of the Fort Payne chert and the 
Bangor limestone. Heavy deposite occur in this 

position at Kitner gap but they have never been 
worked. 

.lMnestone.-The eupply of limealone on the 
·Chattauooga sheet, suitable. for blast-furnace flux 
and for lime, is abundant and convenient of access. 
The Bangor limestone is most largely used on ac­
count of its freedom from impurities and its close 
proximity to the furnaces or to lines of transporta-' 
tion. It generally contains an appreciable amount 
of magnesium carbonate, which sometimes reaches 
as much as 35 per cent. The magnesium limestone 
of the Knox dolomite is also somewhat used. as a 
flux, especia.lly in the basic steel process, and is 
burned for lime very extensively at Graysville, 
just oll' tho southern edge of the sheet. 

BuibJim,g _-Stone adapted to architectural 
uses occurs in nearly every formation on the sheet. 
That which has been moot largely used is in the 
lower part of the Chicksmauga limealone. At 
Hickson, on the Cincinnati Southern railroad, and 
near Chickamauga, on the Western and Atlantic 
railroad, are quarrie, of blue or dove-colored earthy 
limestone. The stone is evenly bedded, quite easily 
worked, and makes a fine building material. Sand· 
stones especially well adapted for foundations oc­
cur in the Rockwood formation of White Oak. 
mountain and in the Lookout and Walden sand· 
stones. These have as yet been quarried only for 
local use and in a small way. 

Boad material.-The hard blue Bangor and 
Chickamauga limestones furnish an abundant sup­
ply of macadam material requiring but little trans­
portation. The residual chert or flint of the Fort 
Payne and Knox dolomite formations is an ideal 
road JIl8terial and has been used vlSry largely in 
surfacing the macadam roads in the vicinity of 
Chattanooga. 

Olay8.-The residual deposite resnlting from 
the solution of the Chicksmauga limestone are red 
or blue clays, and are generally well adapted for 
making brick. Some portions of the Bangor lim .. 
stone leave 8. residual clay suitable for brickmak.­
ing, and also for drain tile. Several beds of fire 
clay which are ... ociated with the coal probably 
contain material well adapted for making fire brick, 
but they are .. yet wholly undeveloped. 

SOILS. 

I}erimaUtm ooa ai8~Wn.-Throughout the 
region covered by the Chattanooga atlas sheet 
there is a very close relation between the charac­
ter of the eoils and that of the underlying geolog­
ical formations. Except in limited areas along 
the larger streams and on the steepest slopes, the 
soils are derived directly from the decay and dis­
integration of the rocks on which they lie. All 
sedimentary rocks such as occur in this region are 
changed by surface waters more or less rapidly, 
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 ex­
tremely durable and produce but a scanty soil. 
Calcareous cement, on the other haud, is readily 
diBBolved by water containing carbonic acid, and 
the particles which it held together in the rock 
crumble down and form a deep soil. If the cal· 
careous cement makes up but a small part of the 
rock it is often leached out far below the sur­
face, and the rock retains its form but beoomes 
soft and porous; but if, as in limestone, the cal· 
careous material forms the greater part of the rock, 
the insoluble portions collect on the surface as a 
mantle of soil varying in thiekness with the char· 
acter of the limestone, 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 sed­
entary. If the rock is a sandstone or sandy shale 
the soil is sandy, and if it is a clay shale or lime­
stone the soil is clay. As there are abrupt changes 
in the character of the rocks, sandstones and shales 
alternating with limestones, so there are abrupt 
transitions in the character of the soil, and soils 
difierjng widely in composition and agricultural 
qualities often occur side by side. AB the atti­
tude of the strata determines the breadth of out­
crop of each formation in different places, it also 
determines the axea of the particular soil derived 
from each. Where the strata are nearly horizontal 
at the surface, as the Chickamauga limestone at 
Chattanooga, the corresponding soil covers a broad 
area, but where they outcrop in a nearly vertical 
position, 88 the same formation at Dayton, its re­
sulting soil occupies only a narrow strip. 

Knowing the character of the soile derived from 
the various geological formations, 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 
slopes where soils derived from rocks higher up the 
slope have washed. down and coY"ered or mingled 
with the soil derived from those below. The latter 
are called overplaced soils, and a special map would 
be required to show their distribution. 

Ola&iJieatio'n.-The soile of this region may con· 
venientlY be cl ... ed a, (1) Sandy soile; derived 
from the Walden a.nd Lookout sandstones, some 
parts of the Floyd shale, the Rockwood formation 
of White Oak mountain and the Rome sandstone. 
(2) Clay soile; derived from the Baugor and Chick· 
8IDaugalimestones, the Rockwood west of the Ten­
n ..... river, the upper part of the Floyd and the 
Connasauga and Apison shales. (3) Cherty eoile; 
derived from the Fort Payne chert and the Knox 
dolomite. (4) Alluvial soils; deposited by the 
larger streams upon their flood plains. 

&nuJu BOila-Cumberland and Walden plateaus 
are formed by sandstones and sandy shales, and 
their soil 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 more often 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 a dozen or more feet, depend­
ing chiefly on proximity to streams and the con­
sequent activity of erosion. 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 etream channele. The prac· 
tice of bucuing oll' the leaves each fall prevente 
the accumulation of vegetable mold and has de· 
layed a just appreciation of the agricnltural possi. 
bilities of this region. The Rockwood formation 
of White Oak. mountain is made up of sandstones 
and sandy shales, and its outcrops have sandy soils. 
This is I ... important than that of the plateaus, 
since the strata are steeply inclined so that they 
produce ridges, and some beds of hard sandalone 
break. up into blocks which cover most of the sur­
face. Some calcareous sandstones near the top of 
the formation produce the emall areas of deep 
fertile soil which are found at intervals along the 
sununit of White Oak mountain. The strip of 

Rome sandstone east of White Oak mountain 
yields sandy soil, while the surface is rocky and 
ridgy so as to be scarcely tillable. 

Since the sandstones of this region occupy the 
highest land, the overplaced. soils, or those washed 
down to lower levele, are mostly sandy. They are 
especially abundant at the foot of the escarpment 
surrounding 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 soil overlying rocks which 
wonld them,elves produce clay or cherty soile. 

Olay BOila-The most productive of these are 
derived from the Bangor and Chickamauga lime­
stones, and their distribution coincides with the 
outcrops of those formations as shown on the geo­
logic 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. This 
is its character west of Missionary ridge and of 
White Oak mountain where the largest areas of 
the limestone occur. The rocks generally weather 
more rapidly where they have a steep dip than 
where they are nearly horizontal. Hence the soil 
is,deeper and more highly colored on the narrow 
belt of limestone east of White Oak mountain 
than on the broader belts of the same rocks above 
mentioned. The clay soils derived from the Cam­
brian shales are somewhat less productive. The 
Apison, Connasauga and Rome shales make stiff 
bluish gray ,oile which are usually thinner than 
those covering the limestones, the shaly structure 
often appearing a few inches below the surface. 

All of these clay soile are well fitted to retain 
fertilizers, and hence, with proper treatment may 
be brought to a high'state of productiveness. 

OkJrty BOu..-More than half of the area east 
of Walden ridge is underlain by the Knox dol.,. 
mite. The soil derived from this formation con­
sists of clay in which chert is imbedded. The pI'()o 
portion of chert to clay is variable; in some places 
only occasional fragments occur, while in others 
the residual material is made up almost wholly of 
chert. Where the clay predominates the soil is 
deep red, but becomes lighter with the increase in 
amount of chert, and in extreme cases is light gray 
or white. Even when the proportion of chert is 
very large this is a strong productive soil, especial. 
ly adapted to froit-raising. The eoil derived from 
Fort Payne chert is similar to that from the Knox 
dolomite, but the areas of the Fort Payne are much 
smaller and usually on steep slopes, so that its soil 
is relatively unimportant. 

Alluvial BOils.-Excepting the gorges of the Ten· 
ne .... through Walden ridge, the streams of this 
region flow in broad valleyo but they are rapidly 
cutting narrow channele below the general level 
of these valleys, so that these flood plains, the al· 
luvium covered bottom lands, are· nowhere ex­
tensive. The largest flood plains are along the 
Tennessee river northward from the entrance to 
it, gorge. A strip of bottom land from a quarter 
of a mile to half a mile wide usually 000tll'B along 
one side of the river with a bluff upon the oppo­
site side. The soil of these bottoms is a rich sandy 
loam, containing a considerable proportion of fine 
mica scales derived from the crystalline rocks far 
to the east. Some ar ... of alluvial soil also flank 
the smaller stroam" espscially South Chickamauga 
creek and Sequatchie river, constituting the most 
continuously productive land of this region. 

C. WILLARD HAYES, 

e.oZouiar.. 
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formation. 

TENNESSEE 
CHATTANOOGA SHEET 

limestone; 
gray or light blne; 

genemlly granular and 
massively bedded; con­
taining nodulel'! and lay­
ers of ebert. 

Blue seamy limestone in­
terbedded with clay 
shale. 

Olive green or brown cIay 
shale. 

Thin beds of blue lime­
stone, generally oolitic, 
interbedded with eIay 
shale_ 

or brown shale 
with thin siliooolUllayers_ 

bluish gray 

Purple, brown and white ICo,,,b,, ,'dg'" 
Handstone interbedded soil. 
with sandy shale. 

~ arrow rolling valleys. 
StilI clay soil. 

C. WILLARD HAYES, 
Geologist. 




