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The Geological Survey is making.. !("o1j>gic 
map of the United States, which necessitates/ the 
preparation of a topographic base. map. The 
two are being Issued together in the f@nu 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 diRt-inct kinds: (1) inequalities 
of surface, called relief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called drainage, as streams, lakes, and swamps; 
(3) the works of man, called culture, as roads, 
railroads, boundaries, villages, and cities. 

Reliej.-.:....All elevations are measured from mean 
sea level The heights of many points are accu
rately determined, and· those which are most 
important are given on the map in :figures. 
It is desirable, however, to give the elevation of 
all parts of the area mapped, 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 lines being. drawn 
at regular vertical intervals. These lines are 
called contours, and the uniform vertical space 
between each two contours is called the contour 
interval. Contours and elevations are printed in 
brown. 

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

Fig. t.-Ideal sketch and corresponding contonr map. 

The sketch represents a river vaney between 
two hills. In the foreground is the sea, with a bay 
which is partly closed by a ho.oked sand bar. On 
each side of the valley is a terrace. From the 
terrace on the right a hill rises gradually, while 
from that on the left the ground ascends steeply 
in a precipice. Contrasted with this precipice is 
the gentle descent of the slope at the left. 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 indicates approximately a certain 
height above sea leve In this illustration the 
contour interval is 50 feet j therefore the con
tonrs are drawn 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 
similarly With any other contour. In the space 
between any two contours are found all elevations 
above the lower and below the higher contour. 
Thus the contour at 150 feet falls just below the 
edge of the terrace, while that at 200 feet lies 
above the ten-ace; 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 hin is stated to be 670 feet above sea j 
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 ac?entuated 
and numbered; the heights of others may then 
Le ascertained by counting up or down from a 
nUlllbered contour. 

" ~. 
2. Contours define the forms of slopes. Since the ·sides and 'corners of eaCh sheet the n~mes Ot 'tion. Furth~r, the structure of the rock may be 

contours are continuous horizontal lines conform· adjacent sheets, IT publi$ed, are printed. changed by the development of planes of tlivi
ing to the surface of the ground, they willd U:Se8 o/the topographic 8Met.-Within the limits sion,. so that it splits in one direction more easily 
smoothly about smooth surfaces, recede into all of scale the topographic sheet is an-accurate and than in otlrers. Thus a granite may pass :into s· 

reentrant angles of ravine.s",.and project in passing characteristic delineation of phe relief, drainage, gneiss, and froni. that into a mica-schist. 
about prominences. The relations of· contour and culture of the district. represented. Viewing Sedimen'tuJry 1'OCks.-These comprise all rooks 
curves and angles to forms of the landscape can the landscape, map in hand, every characteristic which have been deposited under water, whether 
be ttaced in the lllitp and sketch. fE'~ture of sufficient magnitude shoul~ be recog· in sea,/lake, or stream. They form a. v~ large 

3. Contours show the approximate grade of nizable. It should guide the traveler; serve the P!lrl of the dry land. 
any slope. The vertical space between two con· investor or owner who desires to ascertain the When the materials of which sedimentary rocks 
tours is the· saJllet w.~ether they lie along a cliff position. and surroundings of p~perty to be are composed. are carried as solid particles by 
or on a gentle ~ope; but to rise a given height bought or sold; save the engineer preliminary water and deposited as gravel, sand, or mud, the 
on a gentle slope one must go farther than on a surveys in locating roads, railways, and irrigation deposit is Qalled a moohamcal sediment. These 
steep slope, and therefore contours are far apart ditches j provide. educational material for schools may become hardened into conglomerate, sand-
o~ gentle slopes and near together on. steep ones. and homes.; and serve many.of the purposes of ~tone, or shale. When the material is carried in J 

For a flat or gently undulating country a small a map for local reference. sl?lution by the water and is deposited without 
contour interval is used; for a steep or mountain- the aid of life, it is called a chemical sediment j 
ous country a large interval is necessary. The THE GEOLOGIC MAP. if deposited with the aid of life, it. is called an 
smallest interval used on the atlas sheets of the organic sediment. The more important rocks 
Geological Survey is 5 feet. This is used for The maps representing areal geology show by formed from chemical and organic deposits are 
regions like tlie Mississippi delta and the Dism.al colors and conventional signs, on the topographic limestone, chert; gypsum, salt, iron ore, peat, 
Swamp. In mapping great mountain masses, like base map, the distribution of rock formations on lignite, and coal. .Anyone of the above sedi· 
those in Colorado, the interval may be 250 feet. the surface of .the earth, and the structure·section mentary deposits may be separately formed, or 
For intermediate relief contour intervals of 10, map shows their underground relations, as far as the different materials may be intermingled in 
20, 25, 50, and 100 f~et are used. known and in such detail as the scale permits. m~y ways, producing a great variety of rocks. 

.D'l'aimage.-Water courses are indicated by blue KINDS OF ROCKS. Sedinientary rocks are usually made up of 
lines. If the ~treams flow the year round the layers or beds which can be easily separated. 
line is drawn unbroken, but if the channel is dry Rocks are of many kinds. The original crust These layers are called 8trata. Rocks deposited 
a part of the year the line is broken or dotted. of the earth was .proPably composed of igneous in successive layers are said to be stratified. 
Where a stroom sinks and reappears at the sur- rocks, and all other rocks have been derived from The smiace of the earth is not fixe4, as it seems 
face, the supposed underground course is shown them in on'e way or another. to be; it very slowly rises or sinks over wide 
by a broken blue line. Lakes, marshes, and other Atmospheric agencies gradually break up igne- expanses, and ~ it rises or subsides the shore lines 
bodies of. water are also shown in blue, by appro· ous rocks, forming superficial, or 8Wrficial, deposits of the ocean are changed: areas of deposition may 
priate conventional signs. of clay, ,sand, and gravel. Deposits of thls class rise above the water and become laI\d areas, and 

Oulture.-The works of man, such as roads, have been formed on land surfaces since the land areas may sink below the water and become 
railroads, and towns, together with boundaries of earliest geologic time. Through the transporting areas of deposition. If North America were 
townships, counties, and Sta.tes, and artificial agencies of streams the surficial materials· of aU gradually to sink a thousand feet the sea would 
details, are printed in black. ages and origins are carried to the sea, where, flow over the .Atlantic coast and the Mississippi 

Scale8.-The area of the United States (exclud- along with material derived from the land by and Ohio valleys from the Gulf of Mexico to the . 
ing Alaska) is about 3,025,000 square miles. On the action.of the wav~s on· the coast, they form. Great La'kes; the Appalachian Mountains would 
a map with the scale of 1 mile to the ·inch this sedimenta;ry rocks. These are·usually hardened become an archipelago, and the ocean's shore 
would cover 3,025,000 square inches, and to into conglomerate, sandstone, shale, and limestone,' would traverse Wisconsin, ~owa, and Kansas, and 
accommodate it the paper dimensions would need but they may remai~ unconsolidated and still be extend thence to Texas. More extensive changes 
to be about 240 by 180 feet. Each square mile called."rocks" by the geologist, though popularly than this have repeatedly occurred in the past. 
of ground surface would be represented by a known as gravel, sand, and clay. The character of the original sediments may be 
square inch of map surface, and one lin.ear mile From time to time in geologic history igneous changed by chemical and dynamic action so as to 
on the ground would be represented by a ·linear and sedimentary rocks have been deeply buried, produce metamorphic rocks. In the metamor
inch on the map. This relation between distance consolidated, and raised again above the surface phiEfm of a sedimentary rock, jnst as in the meta
in nature and corresponding distance on the map is of the water. In these processes, through the morphism of an ignequs rock, the substances of 
called the scale of the map. In this case it is "1 agencies of. pressure, movement, and chemical which it is composed may enter into new com
mile to an inch." The scale may be expressed also action, they are often greatly altered, and in this binations, or new substances may be added. 
by a fraction, ·of whi-ch the numerator is a length condition they are called metamorphic rocks. When these processes are complete the sedimen
on the map and the denominator t.he correspond. Igneous roclis.-These are r'?Cks which ~ave tary rock becomes crystalline. Such changes 
ing length in nature expresSed in the same unit. cooled and consolidated from a liquid state. As transform sandstone to quartzite, limestone to 
Thus, as there are 63,360 inches in a mile, the has. been explained, sedimentary rocks were marble, and modify other rocks according to 
scale o~ "1 mile to an i~ch " is expressed by 6lI.~ deposited on the original igneous rocks. Through their composition. A system of parallel division 
Both of these methods are used on the maps of the igneous aDd sedimenta"l'J ;rocks of all ages planes is often produced, which may cross the 
the Geological Survey. molten material has from time to time been forced original beds or strata at . any angle.· Rocks 

Three scales are used on the atlas sheets of upward to or near the surface, and there consoli· divided by\luch planes are called slates or schists. 
the Geological Survey; the smallest is .' the dated. When the" channels or vents ·into which Rocks of any period of the e~'s history may 
intermediate 125~OOO' ~nd the largest \\Ilk- TJtese this molten mate.rial is forced do not reach the be more or less altered, but the younger forma
correspond approximately to 4 miles, 2 miles, surface, it may consolidate in cracks or fi;00,8ures tions have generally escaped marked memmor
and 1 mile on the ground to an inch on the map. crossing the bending planes, thus forming dikes, phism, and the oldest sediments known, though 
On the scale 62,1.0 a square inch· of map surface or spread out between the strata in large bodies, generally the most altered, in somE" localities 
represents and corresponds nearly to 1 square called sheets or laccoliths, or form large irregular remain essentially unchanged. 
mile j on the scale lsil500l to about 4 square miles j cross-cutting masses, called stoch!. Such rocks are 8ur.flcial 'l'ocks.-These embrace the soils, clays, 
and on the scale25(jl00fj)to about 16 square mile!3. called vnfJrusive. Within their rock inclosures sands,gravels,andbowldersthatcoverthesurface" 
At the bottom of 'each atlas sheet, the scale is they cool slowly, and hence are gene!a1ly of crys: whether derived from the breaking op or disinte
expressed in three different ways, one being a talline texture. When the channels reach· the gration of the underlying rocks by atmospheric 
graduated line representing miles and 'parts of surface the lavas often flow out and build up agencies or from glacial action. ~urficial rocks 
miles in English inches, another indicating dis· volcanoes. These lavas coo~ rapidry in the air, that are due to disintegration are produced chiefty 
tance in the metric system, and a thlrd giving the acquiring a glassy or, more often, a partially crys- by the action of air, water, frost, animals, and 
fractional scale. talline condition. They are usually more or les., plants. They consist mainly of the least soluble, 

Atlas 8heets and quai/;rORl{/les. -The. map is .porous. The igneous rocks thus formed ·upon the parts of the rocks, which remain after the more 
being published in atlas sheets of convenient aize, surface are called ewtl'1J;8ive. Explosive action soluble parts h~ve been leached out, and hence 
which are bounded by parallels and meridians. often accompanies volcanic eruptions, causing are known as residual products. Soils and sub. 
The corresponding four.comered portions of tel'. ejections of dust or ash and larger fragments. soils are the most important. Residual accumu
ritory are caRed q1uadra'flgles. Each sheet on These materials when consolidated constitute lations are often washed or blown into valleys or 
the scale of ~) contains one square degree, 1. e., a breccias, agglomerates, and tn:ffs. The ash when other depressions, where they lodge and form 
degree of latitude by a degree of longitude j each carried into lakes or seas may become stratified, so deposits that grade into the s.edimentaiy class. 
sheet on the scale of at.ooo contains one-quarter of as to nave the structure of se~mentary rocks. Surficial rocks that are due to glacial action are 
a square degree j each' sheet on a scale of ~ The age of an igneous rock is often difficult or formed of the prod.ucts of disintegration, together 
contains one·sixteenth of a square degree. The impossible to determine. When it cuts across a with bowlders and fragments of rock rubbed from 
areas of the corresponding quadrangles are about sedimentary rock it is younger than that rock, the surface and ground together. These are 
4000, 1000, and 250 square miles, respectively. and when a sedimentary rock is deposited over spread irregularly over the territory occupied 

The atlas sheets, being only parts of one map of it the igneous rock is the older. by the ice, and form a mixture of .clay, pebbles, 
the United States, are laid out without regard to Under the influence of dynamic and chemical and bowlders which is known as till. It may 
the boundary lines of the States, counties, or town· forces an igneous rock may be metamorphosed. occur as a sheet or be bunched into hills aud 
ships. To each sheet, and to the quadrangle it The alteration may involve only a rearrangement ridges, forming moraines, drumlins, and other 
represents, is given the name of some well-known of its minute particles or it may be accompanied special forms. Much of this mixed material Wt:l.S 

town or natural feature within its limits, and at by a change in chemical and mineralogic composi· washed away from the ice, assorted by water, and 



redeposited as beds or trains of sand and clay, 
thus forming another gradation into sedimentary 
depositi'!. Some of thi~ glacial wash was deposited 
in tunnels ann channels ill the ice, and forms ehal" 
aeteristic ridges ann mounds of sand and f,'Tavel, 
known as osars, or eskers, and kames. The 
material deposited by the ice is called giaeial 
drift; that washed from the ice onto tIle adjaeent 
land i~ ('albl modified drift. It is usual also to 
class as surficial ro('ks the ueposits of the sea and 
of lakeEl aud riYers that were made at the same 
time as the ice deposit. 

AGES OF ROCKS. 

mentfUJ" formations of anJ~ one period, excepting I principal mineral mined or of the stone quarried. I PaJ'ts slipped past one a.nothel'. Such breaks are 
the Pleistocene and the Archean, are-distinguished I StJ'ucture-8tction sheet.-This sheet exhibits the termed faults. 
from one :tllOther by different patterns, made ?f 'll'elatiollS of the formations beneath the s11l'fa~e. I On the right of tte sketch the section is com
parallel straight liIles. Two tints of the period- In cliffs, canyons, shafts, and other IJ'atural and i pos~d of schists ·wllich arc tl'averseo hy masses uf 
color are used: a pale tint is printed evenly over artificial cuttings. the relations of different beds igneous rock. The sehiRts are much contorted 
the ·whole surface representing the period; a dark r to one anothor be seen. Any cutting ,,,1ich I and their arrangement undm'ground can not he 
tint brings out the different patterns representing exhibit8 those is called a 8ection, and t~e I infeITed. Hence that port jon of the section 
formations. 1£aeh formation is furthermorc gi\-en same namc is applied to a diagram rcpresenting I delineates what is prohahly true but is not 
- - - - - the rehtions. The arrangement of rocks in the known hy ohservation or well·founded inference. ___ ~~I~=L 1= = -= ~ earth i" and a l'ection exhibit· In fig. 2 there are thrl':'e setR of formation8, dis· 

Cenozoi(' 

.1 p I Any colol"1j ing tIlis arrangement is a structu1'e 8ection. tinguished by their underground relation". The 
The gl':'ologist is not limited, }lOwever, to the first of these, seen at the left of the section, is the 

natural aml artificial cutting" for his information set of sandstone" and shales, which lie in a hori· 
E IOlive-urowII.'>. concerning the earth's structure. I Kno·wing the zontal position. These sedimentary strata are 

Rocks are furth,er djstingllished according to Mesozoic manncr of the ·formation of rocks, and having now high above the sea, forming a plateau, and 
their_relativc for they ",vere not formed an! traced out the relations among beds on the sur· their change of elevation shows that a portion 
at one time, age to in the earth'fl face, he can infer their relative positions after of the earth's mass has swel1ell npward from a 
history. Classincation hyage inuepenilent of Paleozoic they pass heneath the surface, draw sections lower to a higher level The strata of this set are 
origin; i,gneous, sedimentary, and surficial roeks which rf'presellt the structure of the earth to a I parallel, a relation which is calletl coo,fm'mobi,. 

may be of the saBle age. £ Orange-browns. consideral)le depth, and construct a diagram I The second set of formaticlTls of strata 
'Vhen the prenominant material or a rock mllss . . Ai I Any eolors. I exhibiting what would bc seen in the side of a which form arches and troughs. These strata 

is essentially the s:urw, and it is bounded by rocks, ----- cutting many miles long and se\Teral thousand feet I were once continuous, hut the Cl'ei'lts of the arches 
of different materials, it is convenient to call the I a letter'''YlUhol composcd of the "[Ieriou letter com· ! deep. This is illustmted in the fol1o"ing figure: I have been removed hy degrallation. The beds, 
mags throughout its extent and such binell with smtlll l?tters standing for the forma· [like those of the first set, are confol11mhle. 
11 formation is the unit of tion name. In the case of a sedimentary formation The horizonal strata of the plateau rest upon 

Several formations are of uneertain age the pattern is printl':'d on "\"hite ! the upturned, eroded edges of the heds of the 
nefl.ignated a the ground in the color of the period to which the I second set at the left of the section. The over· 
dpI)Osition of a is called all epoch, and formation is supposed to belong, the letter.symbol I lying deposits are, from their positions, evidently 
thp time taken for that of a system, 01' some of the period being omitted. younger than the underlying formation~, and the 
larger fradion or a syRtem, a period. The rocks The numher and extent of surficial formations, henrling and degradation of the older strata must 
are 1)), formations., and the formations are 1 chiefly PleiEltocene, render them so important that, have occurred bet·ween the deposition of thl':' 

into sy'ltems. The rocks compoRing a j to dil'lfinf,'lJ.ish them from those of other periods older hcns and the aecumulation of the youngcr. 
s~'Eltem and the time takel~ fOl: its dcpofl.ition ~re I a~ld frOll] .the i~neous rocks, patterns of dots and ,"Yhen ,vollnger strata thus rest. upon an eroded 
gn~en the same name, as, for mstance, Carnhrum clre1es, prlllted m any colors, al'e used. sllrface of older Rtrata tIle relatlOn betwet'n the 
system, Camhrian period. I The origin of the Archean roeks is not fully two is an 'll!ll.con/orrnable ono, and their surface 

As sedimentary deposits or strata accumulate settled. Many of them are certainly igneous. The fit,"11re represents a landscape which is cut of contact is an unconforrn£ty. 
the younger rest on those that are and the I ,"Yhether sedimentary rocks are also included is off sharply in the foreground hy a vertical plane, The thjrd set of formations consists of crystnl. 
relath'e of the deposits may he not determined 'rho Archean rocks, and all so as to shO"'.\ the underground relations of the line schists and igneous rocks. At some period 
by their relative positions. This rela, I metamorpllic rocks of unknown origin, of what· rocks. of their history the schists were plicated hy prf't' 
tiOIlSliip except in regions of intense I eyer age, arc represented on the maps by patterns The kinds or rock are indicated in the section sure and traversed by eruptions of molteu rock. 
disturbance; sometimes in such regions the dis./ consisting of short dashes irrregulady plaeed. by appropriate symbols of lines, dots, and dashes. But this pressure and intrusion of igneous roeks 
turhanee of the beds has been so great that their The"e are printed in any eolor, and may he darker 'rhese symbol:; admit of much variation, hut the ha\~e not affected the overlying Rtrata of the 
position is reversed, and -it is often difficult to i or lighter than the haekground. If the rock is a following are generally Ufwd in sections to repre· second set. Thus it is evjdent that an intelTal of 
dl'tel'miue the relative ages of the beds frOHl their I Rchist the dal'lhf'" or hachures lllay be arranged in sent the commoner kinds of rock: considerahle duration elapseo between the formfl.· 
pOl'litionB; then /088il.Q, or the remains of plants I wavy paranel Jines. If the metamorphic rock is tion of the sehists tLlld the beginning of depositiun 
and animals, are guides to show 'which of t\VO [ known to be of sedimentary origin the hachure iii B-:; of the ,tratn of t),e secona set, During this 
or more formations is the oldest. . patterns may be comhined with the parallel.line '._' ~._~~~ interyal the schist" suffered metamorphism; they 

Strata often contain the remains of plants and! patterns of sedimentary formations. If the rock' . were the seene of eruptive actiyity; and they 
anima]" which liYed in the sea or ,,'ere washec1 is reeognized as haying been original1y igneollB, Sh!\lylimest>Jlles. were deeply erodell The eontact between the 
from the land into lakes or seas or were buried in the hachmes may be comLined with the igneous second and third sets, rnarking a time interntl 
Rurfieial deposits on the land. Rocks that con· pattern. ~--- between two periods of rock fornmtion, is another 
tain the remains of life are called fossiliferous. Known igneous formations· are represpnted by ~~-=-__ ~~~~. __ ~~-~- unconformity. 
By studying these remains, or fossils, it has patterns of triangles 01' rhombs printed in any rrhe secti~n and landscape in fig. 2 are ideal, 
found that the species of eaeh period of the earth's brilliltnt color. If the formation L'lof known age Slmlysandstones. Calcareous sandstones. but they illustrate relations whieh aetnally Ol'Cur. 
history ha\'e to a great extent differed from those the ]ettl':'J".symbol of tIle formation is preceded by I rrhe sections in the strncture·section sheet are 
of other periodR. Only the simpler kinds of the (japitlLl letter.symbol of the proper period. related to the maps as the section in the figure 11'1 
marine life existed when the oldest fossiliferous If the age of the formation is UIlknown the I related to the landscape. The profiles of the sur· 
rocks ·were deposited. From time to time more ll':'tter.symhol consists of small letters which face in the section correspoud to the aetual slopcs 
complex kiml" developed, and as the simpler ones suggest the name of the rocks. of the ground along the section line, and the depth 

lived on in modified forms life became more 'l'HE VARlOUR GEOLOGIC SHEETS. Fig. 3.-Symbols med to ;;~~::::d(~~;:~::;::(:c: rock. from the surface of any mineral,pl'oducill[; or \yater· 
varied. But during each period there lived pecul" hearing stratum which appeaJ's in the sect jon may 
iar forms, ,\ hieh did not exist in earlier times Areal geology slwet.-This sheet shows the TIw plateau in fig. 2 presents toward the lower be measured by using the scale of the map. 
and have not existed siuf'e; these are charadeI'. areas occupied by the various formations. On land ali escarpment, 01' Trant, whieh is made up Colwn·na1' section slteet.-rrhis sheet contains a 
istic types, and they define the age of any bed of I the margin if! a legend, whidl is the key to the of sandstones, forming the cliffs, and shales, con· concise description of the roek formations ·which 
roek In which they are fonnd. Other t)"'Pes map. To ascertain the meaning of any "flfU'ticular stituting the slopes, as shown at the extreme left occur in the quadrangle. It preElcnt~ a summary 
passed on from period to period, and thus linked colorcd pattern and its letter.symhol on the map, of the section. of the facts relating to the charadeI' of the roeks, 
the systems togcthe:r, forming a chain or life from the reader should look for that color, pattern, and I The broad belt of lower land is traversed hy the thicknesses of the formationR, and the order 
the time of the oldest fossiliferous rocks to the symhol in the legeiHl, where he will find the llttme I several ri(lges, which are seen in the section to of accumulation of snccesRive dcpo'lits. 
present. and dcscription of the formation. If it is desired correspond to beds of sandstone that rise to the The roeks are deseribed under the conesponrl. 

'Vhen two formations are remote one from the to flnd any given formation, its name should be surface. The uptul'Ued edges of these hed" form heading, and their characters are indieated in 
other and it is impossible to ohserve their relath'e sought in the legend and its c,oll'lr and pattern the ridges, and the intermediate "alleys follow columnar diagrams 11y appropriate l'ymhols. 
positions, the charaeteristic fossil types found in I note(~, when the areas on the map corresponding the outcrops of limestone and calcareous shales. The thicknesses of formations are given in figures 
them may determine which was deposited first. i in eolor and pattern may he traced out. Where the eli?es of the strata appear at the w hic11 state the least and greatest meaSl11'ements. 

Fossil remains found in the rocks of different I The legenu is also a partial statement of the surface thejr thickness can he measured and the The average thickness of each formation is shown 
areas, proyinces., and continent.s afford the most "geologie history. In it the symbol'l and names angles at which they dip below the smluce can be in the column, which is drawn to a seale-usually 
important means for combining local histories I are art'aIlgen, in columnar form, according to the ohRerved. Thus their p08itions underground ean 1000 feet to 1 inch. The order of accumulation ~f 
into a general earth history. I origin of the f01'mations-surfieial, sedimentary, be inferred. The direetion tllllt the interseetion the sediments is shown in the eolumnflr arrange· 

Oolo!'8 and pattern8.-To show the relative ages I and igneous - and within eaeh group they are of a bed with a horizontal plane will take is called! ment: the oldest formation is placed at the bottom 
of Rtrata, the history of the sedimentary rocks is [ placed in the order of age, so far as known, the the 8tl'ike. The inelination of the bed to the hori·1 of the colmun, the youngest at the top, and igne. 
diyided into periods. The names of the periods at the top. zontal plane, measured at right angles to the strike, ous rocks or surficial deposits, when present, are 
in proper order (from new to old), with the colors geology sheet.-This sheet representR is called the dip. I indicated in their proper relations. 
and symhol a"signed to each, are given in the the distrihution of m;efuiminerals, the occurrence \Vhen strata which are thus inclined are traced I The formations are combined into systems 
table in the next column. The names of certain of artesian water, or other fads of ecollomic inter. underground in mining, 01' by iJd'erence, it is fre· ,which cOlTespond ",vith the periods of geologic 
subdivisions and groups of the periods, frcquently est, showing their relations to the features of topo. qnently observed that they form troughs 01' arches, I history. Thus the flges of the rocks are shown, 
used in geologic writings, are bracketed against graphy 11nd to the geologic formations. All the such as the section ShO'\'lS. The arches are called! and also the total thickness of caeh sptf'm. 
the appro}Jriate period names. formations ,yhieh appear on the historilial geology allticline8 and the troughs 8ynclines. But the I The intervals of tillle which cort'espolld tq 

To di~tinguish the sedimentary formations of sheet a.re shown on this sheet by [ai,nter color pat. sandstones, shales, and limestones were deposited I events of uplift and degradation and cO!lstitnte 
anyone period from those of another the patterns terns. The areal geology, thus printed, affords a beneath the sea in nearly flat sheets. That they interruptions of deposition of sediments are ilidi· 
for the formations of each period are printeJ in subdued background upon whieh the areas of pro- are now hent and folded is regarded as proof that I cated graphically and Ly thc ",-ord "uneonformity." 
the appropriate period.color, ",,,""ith the exception ductiye formations lllay be emphasized hy strong forces exi"t which h[we from time to time caused i CHARLES D. ·W .... \.LCOTT, 
of the one at the top of the column (Pleistocene) colors, A symbol for mines is introduced at each the earth's surbee to wrinkle along certain 7.0neR. I Directof'. 
anu the one at the bottom (Archean). The sew· occurrence, accompanied Ly the name of the In places the strata are broken across and the, Revised January, HJ02. 



DESCRIPTION OF DITNEY QUADRANGLE. 
" 

Gene-ral and Pleist.ocene1 Geology by l'lyron L. Fullmrj Economic Geology by George II. Ashley. 

TOPOGRAPHY. j issuing from its margin. In fact, Little Pigeon miles southeast of Somerville (62·0 feet); Snake River flats.-All of the rivers and large streu,ms, 

LOCATION. j ~:dt~!p~~::e~~e~::~;::~;: O:~[i~~P~:~:~:t s~:eat~: ~~l~~~, '::~ ::~~~~~e:~h~; ~~~n~~1:b(6;Oor::e;:3 ~~~a~:S;a7;~i~! :~e s~!n:; ::~~~:'e ft~~~;~~\~i~~~ 
The Ditney quadrangle iF! located in south-! main in their original courses. feet) j Big Ditney Hill, 3 miles north and Ii generally overflowed each spring. Vil ells sunk 

-western IndiaTJa, its southern boundary being only I llRT.lEF. miles east of Millersburg (660 feet); and Little for water show that the silts are often of co4sid. 
B miles from the Ohio River at its nearest point, Ditney Hill, about 3 miles north,vest of tlle same erable thickness, varying from a few feet in the 
and its northwestern corner about 9 miles from The DitHey quadrangle exhibits four rather dis· village (600 feet). minor valleys up to 100 feet or more ill sOll1e of 
the Wabatlh River, which marks the bouudary tinct types of topography: (1) Rugged uplands" The level now represented by tIle upland crests the larger ones. The river flats are -widest in 
between the States of Indiana ana Illinois. It. (2) rolling uplands, (3) upland plains, and (4) I, appears, as stated, to have been a part of a broad, those streams which still occupy their ori~inal 
embraces the area betwef'n latitude 38° on the ri\~er flats. The last two resulted from the aecu· (flat, or gently undulating plain of the kind known valleys, and are narrowest in those which were 
south and 38° 30' on the north, and between mulation of \lllconsolidated material in relati.-ely I to geologists as a peneplain, -which was developed forced into new channels during the ice invasion. 
longitude 87° on the east and 87° 30' on the west, recent geologic times, while the first two, which lover a large P9rtion of the l\Essissippi Basin at a The fiats bordering the principal streams var~ but 
and includes one·fourth of a square degree of the emhrace by far the greater part of the area, have I period when the land stood much nearer sea level little in elevation throughout the quadrangle, 
earth's surhe-e. Its north and south length is resulted from the 'action of stream erosion upon I than at present, and which ,vas subsequently being in general between 380 and 400 feet atO\re 
about 34.4 miles, itB hreadth about 27.3 miles, the hard rocks. The resistance of these rocks to raised to its present level and eroded by streams sea level. Between the _elevation of the flats of 
and its area 9H7.9 square miles. It comprises foUl' erosion has been very nearly the same throughout until only the scattered remnants mentioned are Pigeon Creek at the southern border of the qba.d. 
15·minute quadrangles-the Petersburg, Velpen, the quadrangle, the resulting relief depending, left. Its development is considered in greater rangle (390 feet), distant ,10 nriles or less from 
Boonville, and Degonia ~prings-and includes therefore, upon the relations of the surface to the detail under the heading "Physiographic de\:elop· 1 the Ohio, and tbe elevation of the Patoka jflats 
nearly the whole of Pike County and considemble drainage lineR ment," p. 6. i (400 feet) north of Oakland City aIHl 75 miles or 
portions of GibRon, Vanderburg, Warrick, Speno I The general rule that the larger the stream the In addition to the high upland level just! more from the Ohio, there is a difference of only 10 
eel', and Du bois counties. Its name is taken rrom : more will the sUl'face of the adjoining areas suffer described there appear to be otber remnants in i feet. Tlw meanders of tbe stream are exceedi!ngly 
the Ditney Hills, which are a prominent topo. 'I reduction to low and rounded forIlls holds good the shape of long, ev~'n cretlts 01' of land s1ll'faces pronounced, and by their resit:ltance to the L free 
graphic renture in the sQuth\veRtern part of the I within the quadrangle, except where alterations at lower levels, for t~ere are a number of rather flo'''' of the water give rise to annual overflows 
area. i wel'e'effeeted in the drainage system through the extensive crests or flats shown by rock hills at an which cover the adjacent flats to depths of several 

DltAINAGE. influence of the Pleistocene ice im'asion. Among elevation of about BOO feet, while ridges and hills feet. These conditions are very favorabl~ to 
I exeeptions of this nature is the 9road, open valley of intermediate elevations are common. Though changes in the courses of streams, and bayous and 

All of the drainage from the surface of the near Otwell, evidently formed by a large stream, the evidence is not conclusive, it seems probable abandoned channels are common. ! 

Ditney quadrangle finds its way to the Ohio but now occupied only by a sma}l creek. The that subsequent to the formation of the first a 
River, the stl'eams of the soutbern half flowing Patoka River from east of Velpen to beyond second peneplain was developed at an elevation DESCRIPTIVE GEOLOGY. 
south and empt-ying directly into that river itself, \Vinslow, on the other hand, occupies a narrow, of from 100 to 150 feet below the former. It was 
while those of the northern half flow first into tbe steep·sided valley altogether disproportionate to probably much less perfectly developed, however, Derivation of the rocks.-The rocks exposfd at 
Wabash, a few miles west of the quadrangle, and i the large size of the stream. The explanation of and it seems likely that in this region it was gen. the surface of the Ditney quadrangle a1'e of 
thence soutb to the Ohio. The largest stream I both lieR in the deflection, through the indirect eraBy confined to the areas bordering the main two types. They include not only those i firm, 
within the limits of the quadrangle is the Patoka I agency of the ice, of the large stream formerly drainage lines. hard beds which everyone at once recognizes as 
River. This stream enters the area from the east, ' occupying the Otwell Valley into the bed of a Rolling uplands.-In this class are included rock, but also the loose, unconsolidated deposits 
about 10 miles south of the northeast cornel', and I smaller steam heading not far from Velpen. the lower and less rugged upland surfaces. rrhe of silt, sand, glacial till, etc., likewise considered 
-flows across it in a general "Ivesterly direction, I Similar disproportions between the sizes of the hills are generally much smaller than in the pre. by geologists as rock, which occur as fillings in 
paSlsing out 5 or 6 miles south of the northwest ~ streams and their valleys, likewise due to the ViOUA group. Theil' altitude seldom exceeds 550 the valleys or R."I a mantle of greater or less thick
corner and joining the '\Vabash at a point 13 miles I -influence of the ice invasion, exist in Pigeon and feet, and they llsuaUy exhibit smooth j gently ness over the general surface of tbe quadrangle. 
west of the limits of the quadrangle. 1 Bluegrass ·creek8 in Greer and Campbell town· rounded forms. The valleys are broad, relatively The mltterials of which the harder roc~s are 

With respect to area drained, Little Pigeon I ships, the former, and larger, flowing in a narrow shallow, and are characterized by gently curving composed were in the main originally derived, in 
Creek _stands next to the Patoka River. Its i valley, while the latter flows in one which is broad cross sections, by the low pitch of their streams, 1 the form of gravel, sand, mud, etc., from the I'wear· 
drainage area inclLldes the southeast quarter of i and open. and by broad, flat divides. The rolling uplands I ing away of some old land mass under the ~ction 
the quadrangle, and has an extent of over 2~5 I R'ugged uplands.-In the group designated MIg. are best developed in the vicinity of the older! of Sltreams or waves, the resulting waste being 
square miles. Pigeon Creek proper drains ahout ged uplands are included the highest hills and drainage lines, especially in the southern and I carried to the margin or tIle seas then ex\sting 
two·thirds of the western half of the quadrangle. ridges of the quad~angl~. The type is best devel· western portions of the quadrangle, the time since I and there deposited as stratifi~d sedimentf).ry 01' 
Other streams of importance are Cypress Creek, oped in the eastern half of the area, especially -in the ice invasion being far too short for the devel- I fragmental rocks. These beds, as time ha.s el~ptled, 
draining a considerable area between Pigeon and the region between Flat Creek OIl the nortIl and opment of a rounded topography by erosion in I have been gradually solidified by the chelllical 
Little Pigeon creeks in the southern portion of the the valley of Pigeon Creek on the south, but is tbe regions bordering streams that were forced deposition of matter about the gruins of ~vhich 
quaurangle, and a number of small streams drain· repreRented in the western half of the area by a into new channels at that time. they are composed, the material thus deposited 
ing the northern edge of the quadrangle and number of more or less isolated peaks rising a A r01l11lg upland surface appears to exist acting as a cement to bind the grains together 
flowing northward to the 'Vhite River, just north hunured feet 01' ~,() above the level of the sur· between the 'Vhite and Patoka rivers, in the into a solid mass. Besides the materials dhived 
of the area under consideration. i rounding region-s~- The hills are charaeterized by northwestern portion of the quadrangle, ?ot -it is £rom older land matls~; th~re \vere freqlIently 

The minor streams show a some~hat radial I relatively sharp summits and· the ridges by long, largely buried by deposits laid do\vn during tlie i bedR of shells and marls, sometimes many feet in 
arrangement about a- point a little southeast of the even crests sometimes extending, for distances of ice invasion, and is now represented mainly hy i thic~ness, which, ,were formed beneath tqe sea, 
center of th~ quadrangle, ~ region which in general 2 to 7 miles with change of elevation of only 20 low, rounded hills projecting here and there and beds of peat, which were accumulated ~n tlle 
is the highest within its'limits.' 'fhe southward. to. 4;9 ,'feet, a feature that is the n'lQre noticeable through the deposits mentioned. swamps and basins along its borders. The former, 
flowiing streams as a who1e are somewhat longer because 'Of the fact that the ridges, as a rule, are Upland plains.-The upland plains consist of like the fragmental rocks, were cemented l~rgely 
and ,have greater volume than those flowing north. sharp and narrow and are characterized by steep broad, fiat, or gently undulating surfaces standing by the chemical deposition of matter between the 
ward, the difference probably being due to the slopes, which are cultivable only with difficulty. at an elevation of about 500 feet and composed of component grains, while the latter gr~uully 
shorter distances to the Ohio in the case of the The minor channels, which are exceedingly nlLmer· deposits 'ivhich accumulated during the' period became hardened to their present form through 
former, and their consequent increased grade, by I ous, -are usually more or less V.shaped and are of the ice invasion. These deposits ,are of -two the loss of their volatile and unstable portipus by 
reason of which they have cut back farther into i separateq from one another by equally sharp distinct types. 1'hose of the first type, inc1uding oxidation, only -the carhon and its more' stable 
the upland. I divides. They exhibit steep descents in their tho:5e forming the broad, flat uplands in the compounds remaining. ! 

Before the advent of the great ice sheet which, I upper comses. vieinity of }i'lat Creek, in the northeast portion of The materials of the unconsolidated or sllrficial 
in relatively late geologic time, covered the north. i The elevation to which the higher points of the the quadrallgle, were laid down as stratified clays, rocks were derived from the underlyjng qonRoli. 
ern portion of the quadrangle and the region to ,uplands rise is nearly uniform throughout the sands, and t,'Tavels by streams issuing from the ice dated rocks or from other rocks lying wirth or 
the north, the rivers showed in their broad-er rela- ; area of the quadrangle, and a'ppeal's to indicate sheet into a broad. luke, known as glacial I.Jake this area, some from. sources e\-en aR rar distant 
tions a notieeable conformity with the geologic J that they are but the remnants of an old surface, Patoka" l,vhich then existed in this region. The as Canaua. In part these materials ,vete laid 
structure. The V{abash HiveI' flowed, in a general J almost a plain in character, which once extended depoRits thus laid dowu constitute in places an I down by streams and rivers, and in part :by the 
way, neal' the center of the broad, low, synclinaJ over the whole of the Ditney', :;trea. ,\Vithin almost featureless plain, above which the border· I direct action of an ice sheet similar to th.t now 
trough constituting the coal hasin of Illinois and I the limits of this area the highest portion of the ing uplands or occasional hills rise like bluffs eovering the surface of Greenland, which in the 
Indiana, while the Ohio and the tributaries of the illpland. level is -in the region a little to the east 01' islunds from a sea. Deposits or the second early part of the present geologic penoti ~turted 
Wabash in Indiana followed courses roughly and northeast of the center, neal' the point from type, known as till, are composed of a heteroge. in the far north and spread out over nearly the, 
parallel ""ith the dips. The pronounced drainage which the drainage diverges, and where a consid. neous mass of clay and sand with some pebbles, whole of the northeast portion of North A'rneriea. 
features nave survived to the present time, but erable number or the crests stand at elevations of which was formed heneath the ice sheet during The ice in the Ditney quadrangle appears to 
many of tlle smaller streamtl underwent important j from HOO to 640 feet above sea level. Isolated its occupancy of the region. These are best have reached as far south as the west-eentral POI" 
modifications in consequence of the oustruction of hills of similar elevation, however, are found at developed along the south side of the ,\Vhite tion of the nrea, though in the region lying farther 
their valleys by the ice sheet 01' of the deposition various points throughout the quadrangle. Among River fiats, in the northwesterIl portion of the west it reached a number of miles farther south· 
of glacial materials by the iee 01' by the streams these may be mentioned McGregor and other hills area. The plain extends southward for several ward. The materials deposited by the ice 01' its 

about 3 miles west and 1 mile north OI Somer· miles, but is mor,e or less broken hy rock bills aSRociated drainage probably do not anywhere in 
su~~:~~~sa~~ef~ts ~;ia!~~n~o ~~:~~:~t~:e:ea:~:s~!~:~l~ vjlle (elevation, 600 feet); Kennedy Knob, 1 mile which project above its surface and by tltreams the quadrangle reach a thickness of much more 
for final corroboration of results in a portion of the area. . north,Yest of Somerville (HOO feet) j the hill It which have eroded deep channels in its tillI.ss. than 100 feet, lv-hile the deposits laid down since 



2 

the disappearance of the ice are of still less within its limits, making it an important coal.!limestone to a nearly pure chert, at least in tlJ.e I coal constitutes the onl,V one of eeonomie value. 
importance. producing formation in certain parts of Indiana. weathered outcrops. North of Duff it attains a : It is mined at many points and varies in thiekness 

The older consolidated rocks, on the other hand, The name of the formation is taken from the city thicknf'ss of 8 or 10 feet, and the hillsides below I from 4 to 9 feet, 5 feet being a common measure· 
reach a thickness in southwestern Indiana of o~ Brazil, 75 miles north of the Ditney area, its outcrop are strewn with its fragments. It is ment. Further details are given under the head 
several thousand feet, though probably a thick· in the yicinity of w.hich the coals of the forma- believed to be the same bed that outcrops at High of "Economic resources," p. 7. 
ness of not more than 600 feet is exposed at the tion are of considerable economic importance. Hock, in Daviess County, and at the standpipe at Millersburg formation.-In the Millersburg for· 
surface of the quadrangle. These exhibit many Shaly sandstones constitute by far the larger Huntingburg.. mation are included the sandstones and shales 
alternations of sandstones, shales, limestones, coals, part of the formation, though beds of shale and The beds belo\v the cherty limestone are seldom lying between the bottom of the Millersburg coal 
etc., but they may be grouped by their lithologic, occasionally beds of limestone or of chert well exposed, but a good section is afforded at and the limestone of the Somerville formation. It 
characters into fi..-e formations, which, in at-\cend· at a number of horimns. Of coals there are five High Rock, on the north side of 'Vhite RiYf'r, ' constitutes the greater part of the surface in the 
ing order, are the Brazil, Petersburg, Millershurg, or Flix beds, ranging in thickness from a few inches just north of the northeast cornel' of this quad. western third of the quadrangle, receiving its name 
Somerville, Ditney, and Inglefield. All or them to;~ feet or more. The sandstones are extremely rangle. It is as follows: from the town of Millersburg, a village on the line 
belong to the Pennsylyanian or "Coal-Measure" \-a1'iable in thickness, gi\ring rise to important or the old Wabash and Erie Canal about 8 miles 
series of the Carboniferous period. TIle general differences in the intervals between the coals at &J('tion in the l;7;h PJ;;!~:II;;{v2~ Z;::.~.formalion near nortllwest of Boonville, in the "dcinity of which 
characters and relati\Te thickness are described in different points. They are also subject to some· its main coal has been mined at a number ofplacf's_ 
some detail in the following paragraphs, and are what abrupt changes in physical character, and, Slope, with chert fragments... . ... 11i Outcrops are much rarer than to the east, and, 
shown graphically in the geologic column at the like the almost equally changeable shales, can ~;:::~fc:::~~g~:;~=!:;:~~~~~~ck~t~,:'" 61) the coal being seldom workable, few openings 
end of the folio. seldom be traced for any gl'eat distance. One sandy shale.. . .. 12 have been made. The follmving section, afforded 

General geologic relations.-'Yhile in a broad or two limestones, however, could be followed . , 1: by the high hill 1 mile north of LynnYiUe, in see. 
way it is pos~ible to consider the geologie basin over considerable areas, but the Petersburg coal, 34, T. 3 S., H. 8 'V., .gives :t good idea of the char· 
O! the Mississippi region as coextensive with the which immediately overlies the Brazil formation, Light·drab shale.. acter of the formation in that vicinity. Though 
physiographic basin, the former has less unity is the only bed that could be satisfactorily fol· Coal reported inriverbed.... there is doubtless cons.iderable variation in the 
than the Iatt!:'!'. During yery early geologic time, lowed throughout the area, though other coals The detailed account of the characters and individual beds, the general character probably 
however, and throughout lJJany subsequent geo· were frequently recognized by their position occurrence of the coals is reserved for discussion remains essentially the same tbrougllOut the quad. 
logic periods, the larger part of the south-central relative to the Petersburg bed. under the head of ~~ Economic resources," p. 7. rallgle. 
portion of North America 'was co\rered by a L:t;oaa The absence of exposures more than a few feet Peter8burg formation.-The Petersbmg forma· Section of the Millet'lIburg formation nm·t!t of L!/1IIWille. 1 

sea, which extended from the area of the Gulf of thick and of carefully taken drill records makes tion includes the sandstones, shales, limestolle~, 
Mexico north'.vard to the region of the Great it difficult to compile a sat.isfactory section of the coals, etc., from the bottom of the Petersburg to 
Lakes, and stretched from neal' the eastern limits formation, but the following, made up from all the bottom of the Millersburg coal, or in the absence 
of the Appalachian Mountain system on the east available information, will give an idea of the of the latter to the top of the limestone which 
to the Rocky Mountain region on the west. Over eharact.er, sequence, and thickness of the com· normally occurs just heneath it. The name is 
the bottom of this broad basin there were depos. ponent beds: taken from the town of Petersburg, about which 
ited beds of sedimentary rocks, including lime· Generttlized section oj BraziljMmatwn. the coal of the same name is exten,'lively mined. 
stones, shales, sandstones, and conglomerates, the The character of the formation is brought out by 
limestones predominating among the lower heds the following seleeted sections, one each from the 
and the sandstones among the upper, and the northern, central, and southern portions of the 
whole' probably reaching a total thickness of from 
4000 to 5000 feet. rrhese rocks were originally 
deposited in a horizontal position, but were after· 
ward subjected in places to broad, gentle warp· 
jngs, giving rise to broad, low rock domes, from 
which the beds dip gently away into basins that 
are equally extensive and equally shallow. The 
Ditney quadrangle is situat.ed a little to the 
east of the center of such a broad, shallow basin 
whic1J lies between a broad dome known as the 
Cincinnati anticline on the east and a similar 
low, flat dome in Missouri. This basin is known 
as the Illinois-Indiana coal basin (fig. 1), and into 
it the rocks dip gently from all directions. In 

j 

~-:-~,~~~~~~~~~~--~~~ 
FIG. i.-Outline map showing the relations of the Ditney 

quadrangle to the lllinois~Indiana coal field. 
The oollJ tieJd is repre"ented by the obliquely ruled llrel1. 

the Ditney quadrangle the rocks belong to 
the upper (sandy) portion of the great series of 
sediments occupying the Mississippi Basin, and 
present a dip to the west amounting to about 25 
feet per mile. 

OA RBONIFEROUS ROOKS. 

45 

3 i 
40 

1 I 

Sandstone and shale.. . ....... j40-fiO 
IWck Creel~ coal, often double... ..... 0--3 

~~~~ ~r limestone ... '17~~~ 

shale . I 60-80 70 II Holl:md coal, ll"regular, thlll, or wanbng I 0-3 

MasSIve sandstone, sometimes replaced b~ 

Coal 1 __ 0-_%,--+=_, 

~----

No complete section was obtained between the 
~etersburg and the Houchin Creek coals, though 
the two are found: so frequently in the same hill 
as to leave no doubt of their :relative positions. 
The interval between them ranges frOl)l 60 to 100 
feet, 70 feet being a fair average. ,In many places 
a massive sandstcne 30 or 40 feet thick shows a 
short distance below the Petersburg coal, while 
in other places it appears to be almost entirely 
replaced by shale. 

The follo"'\\lillg section, taken at the county line 
east of Pikeville, gives the thicknesses and char· 
acters of the Rock Creek and Holland coals, 
together with the intermediate beds, in somewhat 
more detail than the general section. 

Section of a portion of the Rrazil formation eagt of PikeviUe. 

Shaly sandstone ... 
Rock Creek coal: 

Coal .. 
Drab shale. 
Coa!. .. 

Fireclay .. 
Shaly sandstone .. 

Feet. Inches. 
~ 

10 

Hard, massive sandtjtone ................ 115 
Soft, ma-!!llive slUldstone.. . . ..... 10 
Hard, massivc sand~tone ... _15 

Brazil Jormation.-The Brazil formation in. Hard sandst.one and shale .. 

eludes the fferies of somewhat closely alternating :::~l~ :~~!;:n:~~stone .. 
sandstones, "\yith occasional shales, limestones, Chort and impure limestone .. 

coals, etc., extending from the top of the" Mans· ~:~~~~~.~~~.l:: .......................... , .... 3 .. 
field sandstone 11 (Pottsville) of the Indiana geo __ _ 
logical survey to the bottom of the Petersburg I TotaL ......................... 72 6 

coal of the Petersburg fo~tion. Five or six The cherty limestone of this section is probahly 
coals, some of them several feet thick, are included its ~ost noticeable bed. It varies from a pure 

area. 

Section of the Pelerllblt1'U formation at Hosmer, Glezen 
post·office, PdW Oounty.' 

F~et 

Fire clay alld ~hale of the Millcrsburg coal .. 3 
J.imestone .. 
Sand~t()lle alld bhaie, the former ~ollletilUes 

ma~sive .. 
SoftBhale ... 
Coal .. 
White clay .. 
Soft white sa,ndstom· ... 
Hoft shale .. 
Sandstone. 
Sandy slmle .. 
White sbale .. 

Soft shale ... 
Petersburg eoa]: 

Coal and slate . 
Shale with traces 01 coal .. 
Coal ..... 

.......... 4!i 

10 
S 

10 
6 

10 

8eetion of Petersburg formation east of &al!w~'ilk. 

Limestone .. . 
Covered ... . 
Limcstone ....................... . 
Mainly coverrd, but with black" bloOlll," 

prohably eoal. . 
Shale with lines of iron nodules ... 
Light·brown, shaly sandstone .. 
Light-drab clay ~hale .. 
Dark-blue shale ... 
Coal., 
Dark, 
DJ'ab, 
Shaly 
Sandy shale and clay ~h<lle ... 
Lilllestone . 
Drown, Bandy shale ... 
Black, hitulllinous, sheE'ty .. hale .... 
Petersburg coal. . 

. ... 15 

Section of Pt3tersbU1·.q formation at Ohandler.· 

10 

Feet. Inches. 
Fire clay of the Millcr81mrg coal .... 
Dark-blue limestone. with crinoid .. telll~ .. 
Indurated nlay shale ... 

2 6 

Hard sandst.one .. 
Light 
Sandy 
Sandstone .. 
Gray shale ... 
Dark clay shale ... 

11 

. ......... 10 
2 

Gray shale with plateS of sand .. tone ....... 34 
Black ~hale .. 
Sbale with large eoneretions .. 
Coal. fair ... 
l'yritepartillg .. 
Coal, g-ood •• 
Coal. laminat.ed .. 

10 

The Petersburg formation outcrops as a belt 
several miles in width extending across the quad. 
rangle from north to south, just west of the Brazil 
formation. Of its component beds the Petershurg 

'Compiled from sl11'face outcrops and from diaIllond·drill 
recOl'ds fllrniHhed by the J. "Woolley Coal Co., Evansville, 
Illd. 

'John Collet: Seventh Ann. Rept. Indiana Geol. Surv., p. 
287. 

Sou1('rvillc fonnation: 
Limestone, sltaly and flinty .. 
Covered. possibly containing thin coal .. 15 
Limestone. compact and flinty.... 4. 

Millersburg fOl"llJation: 
Clay shale and nodules .. 
Bulf fire clay 
Coar~e red llandstone. . . ........... .. 15 
Sandy shale, with carbonaceous pal·tiLJg~. 8 
Clay shale, with pyrite partings.. .. 12 
Black "clod," rotten slate... 1 
Coal. 
}'[re day .. 
Sandy shale and thin· bedded sandstone. 18 
Covered, mainly the same as preceding .. 60 
ltHliE'rsburg coal.. S 

Somerville formation.-The Somerville forma· 
tion in general is essentially a double bed of lime
stone with a parting of shale. It outerops on the 
hilltops about Somenrille and Lynnville, on Big 
and J,ittle Ditney hills, in the higher hills all 
along the western portion of the quadrangle, and 
possibly in the uplands south of Union. Its name 
is deri \--ed from the village of Somerville, in the 
vicinity of which it outcrops, as stated, on the hill
tops. A limestone of this formation) some 15 feet 
in thickness, is reported to cap the hill 1 mile 
northwest of the town, and a similar thickness 
probably occurs on the hill 1 mile to the south· 
east. One and one·half miles north and 3 miles 
west of Somerville the lower bench of the lime· 
stone is 15 feet thick, the upper bench 5 feet 
thick, and the intervening gray shale 10 feet thick 
North of Lynnville the limestone outcrops on 
several of tlle hills, but is absent on others of 
equal altitude, possibly being cut out by an 
unconformity at the base of the Inglefleld sand. 
stone. The character of the formation is shovm 
in the section given in the discussion of the Mil· 
lersburg formation. O~ pitney Hill the lime· 
stone appears in two benches, each about 10 feet 
in thiekness, separated by a ] 5·foot interval, 
probably of shale. WeRt of Bluegrass Creek the 
limestone outcropS at numerous points, but the 
thickness is nowhere well exposed. 

lJitn61j j'or1(lation. - The Ditney formation 
ernbraees all heds from the top of the Somerville 
formation to tlJe base of the Inglefield sandstone. 
It appears to be composed of the ordinary succes· 
sion of sandstones, slJales, eoals, etc., so chal'aeter. 
istic of all Carboniferous formations, hut in th~ 
area under consideration only a few feet are 
present as eappings above the limestone on the 
higher hills. A roadside section on the line 
hetween sees. 32 and 33, T. 2 S., R. 9 ",V., al10ut 
3 miles northwest of Somerville, shows tIle fol. 
lowing succession: 

Section of a portion of the Inglefield sanilfdone and of the 
])itne.1J and Some1'mlle formations northwest of ,.,'o-merville. 

Inglefield sandstone: 
Heavy sandstone .... 

Ditney formation; 
Covered. 

Limestone .. 
Gray shale .. 
I,imestone .. 

.25 

10 

•. HI 
•• , •.•• 1.'i 

'Authority, John Collet,: 'l'hird and Pourth Ann. RE'pt. 
Indiana Gool. Surv., p. 279. 



Evidence obtained outside the limits of the I ciated streams. The material has all been moved 
quadrangle to the southwest shows that there I from its original location, and is therefore known 
was probably an erosion interval between the: under the name of ml"ift. This drift was fre
deposition of the Ditney Iormfttion and the o\'e1'- ! qnent] r deposited directly by the ice, being either 
lying Inglefield sandstone, and that It portjon, or ! set free by the melting of the portion into w hieb 
even the whole, of the Ditney, and possi11)' even i it had been frozen, or simply lett behind as a 
the Somerville formatioll, may ha\'e been cnt out I' sheet beneath the ice, as the friction between it 
in pla:~es before the deposition of the Inglefield I and the overridden surfaces became so great as to 
sandstone. I cause lagging and lodgment. The drift liberated 

Inglefield sanrZst-one.-The name of this sand'r by either of these methods usually consists or a 
stone is taken from the station of Inglefield on - heterogeneous mixture or all grades or material, 
the EnLllsville and Terre Haute Railroad, about I ranging from clay to large bowldcrs, and is known 
6 miles southwest of Elberfeld. In the railroad I as till. Drift which was not deposited directly 
cut at this place the Randstone is \yell exposed from the ice, but which was taken up and trans· 
and shows a probable unconformity at the base. ported by glacial streams and -finally deposited in 
This sandstone has been correlated by the geo'

r 
more or less stratified masses, is known as strati. 

logical survey of Indiana with the :Merom sand· fled or modified drij't. 
stone, fOl"lnerly quarried near the village of Merom, I Glacial stages.-While not usually apparent 
8nllivan County, Ind., and this name has been r from a superfidal study of the drift, a detailed 
used in the various reports of the Indiana survey examination of its struetUl'e and its general distri· 
since 1870. Uecent field ,york has served, how" bution and aSRoeiations Rhows that, im;tead of there 
ever, to throw gravc doubts upon the exactness of being a single sheet formed by one ice ad,ance, 
the correlation, and the formation has, therefore. there are in reality several distinct drift sheets, etlch 
been given the name Inglefield. In the south· or which represents a separate ice advance. The 
western portion of the State it appears to ha\Te intervals of deglaciation or disa,ppearance of ice 
an average thickness of from 80 to 100 feet. A between the advances are made apparent ~y the 
sandstone caps the hilJa about 3 miles north\\Test presence of soils, by beds of peat and marl, and 
of Somerville and probably occurs in the higher by the weathering of certain zones now buried in 
portions of the uplands northwest or Frandsco. the midst or the drift depoRits. The sheets them· 
A similar heavy sandstone, of -which John Collet! selves differ markedly in extent, and often in color, 
gives the following section, occurs along the Pike· composition, and other physinal properties, and 
Gibson county line (sec. 7, T. 1 S., R 9 'V). these differences, together with the morainal 

Sect'ion of massive sandstone south of Union. ridgeR marking the various positions of the ice 
Feet. margins, form the basis for the subdivision of the 

Soft whit,e and yellow ~andstone ... 
Soft laminated sandstone ... 
Quarry sandstone .. 

. 30 Glacial period ill Korth America into nine 
.... : ~; divisions, as follows: 

Total ................................ 70 

This sandstone was regarded by :111'. Collet as 
the Merom, with which it agrees in physical char· 
acteristics. The interval between its base and 
the Millersburg coal, howeyer, is only about 100 
feet, as compared ",cith about 200 feet southeaRt of 
FmJlcisco and elsewhere. This may be explained 
in pltrt by the absence, presumably through ero· 
sion inunediately antedating the depo~ition of the 
sandstone, of the Ditney formation and of all but 
a fe,Y feet, probably the lower portion, of the 
Somel'Yil1e limestone. The remainder of the dis· 
erepn.ncy may possibly be explained by the sup· 
position of Ii thinning of the Millersburg formation 
to the northwaJ"d. 

Outcrops north of the glacial boundary are very 
rare because of the thickness of the drift covering, 
and it has been impossible to trace the sandRtone 
in such areas. Its upper limit has not been recog· 
nized in the Ditney quadrangle, though its hori· 
zon prohably touches the hilltops in the extreme 
northwest portion. A short distance to the west 
it is marked by a thin coal bed, overlain in turn 
by sheety black shale and a thin limestone. The 
character of the plant remains in the overlying 
shales shows the formation to belong to the Penn· 
sylvanian series of the Carboniferou.s. 

PLEISTOOENE DEPOsrl'B. 

The deposits which jn North America char· 
aeterize the Pleistocene period as a whole are of 
three classes, and embra,oe (1) those whose tleposi. 
tion was associated, either directly or indirectly, 
with the presence of the great ice sheets -which at 
several stages during the period covered large POI" 
tions of the northern half of the cout5nent, (2) 
those which were--deposited through the ordinary 
infiueIlces of wind and water in the .intervals 
between the stages of gbeial inYasion, and (3) 
those which have been deposited by similar 
agencies since the disappearance of the ice of the 
lateRt advance. 1'he first are knovi'll as Glacial, 
the Recond as inter·Glac-ial, and the third aR post
Glacial or Recent 'deposits. The materials of 
these deposits can not always be rererred to a 
single definite dass, however, for in ruany instances 
the deposition has continued through more than a 
single stage. 

G-T,ACIAL AND lKTEltG-J.ACIAL DEPOSITR. 

Definition8. - rl'he glacial deposits consist of 
materials which have been pie ked up or dragged 
along on the bottoin of the ice sheet during its 
southv{at'd movement, or transported by its asso· 
- - _._._-,---- - -, .. _-- ~~~-

"I'hird and Fourth Ann. Repts. Indiana Geoi. Burv., p. 251. 

Ditney. 

Outline of Glacial stages. 

1. Pre· Kansan or suh·Aftonian glaciation. 
2. Aftonian dcglaeiation. 
3. Kansan glaciation. 
4. Yarmonth deglaeiation. 
G. lllinoian glaciation. 
6. Saugamon deglaciation. 
7. Iowan glaciation. 
S. Peorian deglaciation. 
9. 'Viseonsin glaciation (latest stage). 

Of the drift Rheets of the various stages 
described, only one, the Illinoian, has been proved 
to occur within the a,rea of tlle Ditney quad. 
rangle, though the existence of an earlier one is 
suspeeted. A soil zone old~r than the Illinoian 
till, the weathered zone of the Sangamon stage, 
the silt deposits (loess) or the Iowan and the 
early part or the immediately following stages, 
and the terraces and dunes of stratified materials 
of the Wiseonsin stage are, however, well repre· 
sented in the area. 

Pre·Illinoian 8oils.-Logs, more or less car· 
bonized on the exterior, coal streaks, (lignite 0, 
zones of black muck, etc., have been reported in 
wells, at considerable distances helo,.\{ the sur· 
face, at a number of points. Among these wells 
may be mentiolled (1) one oeeurring just north of 
the east·west road at the point where it crosses 
the line separating sections 31 and 32, T. 1 N, 
R. 8 )V. (3 miles west and 1t miles south of 
Petersburg); (2) wells along, the main road lead· 
ing n9rlh from Oakland City to Dongola, --and 
about 1 mile north of the former; and (13) it deep 
well neal' the eenter of the western border of sec. 
31, T. 1 S., R. 9 W. (3t miles north and 1 mile 
west of Francisco). rrlle records are given below. 

Record of well (1), southwest of Petersburg. 

Blue mud. 
Feet 
0-61 

J,ogs of wood, lumps of (luaJ (lignite), et(· . . 61-62 
Gravel (giving abnndant but, muddy water). . 62-63 
Soft (llay (no pebbles reported) . .. 63-98 
Sandstone (water abundant on top, but tastes 

b~ ferrous sulphate)... . .... 98 

Record of we Us of group (2), north of Olikla.nd Oily. 

Wells are frOlll23 to 45 feet deep, and strike "bla<lk muck" 
at about the level of the Patoka flats. They do not go into 
this, however, and IJ,one have encountered rock. 

Record of well (3), lWrthwmlt of Frnncisco. 

Dirt and sand. . 
"Ash loam" .. 
Blue clay .. 
Qui<lksand . 
Coal (lignite), 4 inehes .... 
Gravel (with w3ter) .. 

Feet. 
(}-12 

. ........ 12- 16 
. ......... 16-76 

. 76-lO6 

The coaly or more probably lignitic material 
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of the last well, OCCUlTing as it does over 100 feet 
below Ole present flood plain of the Patoka RiYer, 
points to an origin at a time when the land stood 
at a higher level than at present, presumably not 
long before the first of the Pleistocene ice inva· 
RionR. The logs and ligllites of the first well 
clearly occur under a thick filling or till, and their 
occurrence at the level or the present 'Vhite River 
:fiatR, and about 35 feet above the rock bottom, 
suggests that the till may have been depoRited 
over a river flat. Rtanding at an elevation- not far 
from HIe 1e\'el of the present flood plain. The 
conditions north of Oakland City appeaJ' to be 
similar. After penetrating 20 to 45 feet of prob. 
able drift the wells enter black muck at about 
the level of the Patoka flats. It is recognized, 
however, that in either case it is also possible to 
suppose that the lignite and muck zones simply 
mark time intervals in a compound dJ'ift sheet. 

P08.')ihly pl'e-Illinoian drift.-At a number of 
points south of the known limits of the Illinoian 
till, there nre shown on the Areal Geology map 
depoRits of highly oxidized sands and gravels con· 
taining ronnded pebbles of quartz and fragments 
of flint and Jasper, supposedly derived from the 
older. .lime.stones to the east and north. Crystal. 
line rock fragments, of Canadian origin, though 
rare, are occasionally found. The material is 
clearly stratified and is prevailingly sandy, the 
pebbles forming a relatively small proportion of 
the mass. The color of the upper beds is uRually 
a deep red, but lower down in the sections the 
red colors give place to bro·wns. The materials 
are partially cemented. Some of the pebbles are 
coated with a bronze.colored film of iron oxide, 
but the coating is generally lacking on a consider· 
able number of the pebbles, being in this respect 
in contrast with the universal staining exhibited 
by the pebbles of the supposed Tertiary gravels 
which cap some of the hilltops near Shoals, to 
the northeast of the quadrangle, near Tell City 
and Cannelton to its southeast, near Princeton to 
the west of t.he quadrangle, and at points in IlEnois 
and Kentucky. 

The gravels generally appear to be only a few 
feet thick, and are exposed only on the tops or 
sides of the llills. They reach a considerable 
thickness on the south slope of the hill southeast 
of Littles, between it and the Patoka River, how· 
ever, and appear to constitute nearly the entire 
mass ot the high hill on the south side of the 
Patoka Valley 2 miles southwest of Wheeling, the 
hill, in fact, exhibiting many 01 the features of a 
kame moraine. A section in a small ravine just 
east of the road at the crest of the hill showed 
nearly 30 feet of partially cemented stratified 
Rands und gravels under a 10·foot coating of loess, 
while minor exposures are to be Reen on each of 
the roads leading to the crest. The gravel and 
sand is red at the top, but downward grades 
through brovm to a yello-wish.huff color. The 
stratification at the exposures in the ravine is 
nearly horizontal, but along the road on the north· 
east side of the hill the sands show a delta struc· 
ture, with pitch to the south. 

Though the gravels are nowhere exposed, it 
ReelliS likely that they constitute a portion of the 
filling, shown by the wells to be at least 50 feet 
deep, and possibly neru-ly 100 feet in places, which 
separates the" ,;alleys of th~ South Fork of the 
Patoka: River from Hllrricane Greek just north 
of Oakland City. Single weathered pebbles and 
smaH bowlders of northern derivation have been 
found at a number of points along the roadsides 
nearly as far south as Boonvil1e, but though RUg
gestive of glacial origin their significance is not· 
established. 

The gravels occur at all level,., f~om near ,that 
or the stream beds, or perhaps even below, up to 
the crests or hills having elevations of 500 feet or 
more, and they are found over considerable areas 
in the quadrangle. Their arrangement and dis· 
tribution are such that it seems impossible to 
explain tl1em through the ordinary processes of 
RtreaUl deposition, and there appears to be no con· 
elusive evidence of the existence of ponded waters 
dming their deposition. On the other hand, the 
occurrence is in harmony with the condition.<; of 

Accepting the view that the gravels are glacial 
in origin, their age remains to be determined. 
Their color and general ,yeathered aspect give 
them an appearance much older than the ordinary 
Illinoian drift, but this may be due to the fact 
that their material is mainly sandy, a composition 
which in this region seems to be associated with 
high oxidation. Careful search was made for 
exposureR that would show the relations to the 
Illinoian till, but no case Wl'lS noted where a 
highly colored till or gravel rej3ted below one of 
less advanced oxidation. Drift exposmes show· 
ing deep.red colors at the top are common, hut 
the color is present only in the sandier varieties, 
and grades off, both dowmvard and laterally, into 
the unoxidized portions. An examination or the 
pebbles seemed to show that there was no great 
difference in the degree of \\Teatherhlg of the two 
types of drift. The general absence of the gravels 
on the top of the Illinoian till would seem to have 
more weight than their absence from beneath. it, 
as gravels in the latter position would naturally 
suffer extensive erosion if not complete removal, 
becoming incorporated in the maSR of -the later 
till sheet laid down by the overriding ice. On 
the other hand, tills often thin out, and in places 
practically disappear a.s the outer limits reached 
by the ice sheets are approached, the deposits at 
the onter margin sometimes eonsisting mainly, if 
not wholly, of stratified materials. The evidence, 
therefore, must be regarded as indecisive, but 
it Reems probable on the whole that the date of 
origin 6f the gravels is earlier than that of the till, 
though both may belong to the_ same general 
invasion. The limits of the supposed glacial' 
gravels are shown on the Areal Geology map, and 
their southern border· is regarded provisionally as 
marking the limits of the farthest ice advance, 
though the possibility of a transient advance 
nearly as far as BoonyilJe is suggested by the 
finding of the isolated northern fragments previ. 
ously mentioned. 

Possibly pre-Illinoian 108ss. - Il1 a section 
afforded by the banks or the old Wabash and Erie 
Canal at the divide 1 mile south west of "Francisco 
some of the features are suggestive of 'a loess of 
a period earlier than at least a portion of the 
Illinoin.n stage. The section i8 a.s fo]]ows: 

Bedwn of bank of Wabash and Erie Canal southweiJt oj 
Francisco. 

Light·colored, loess·like clay ............. . 
Feet. , 

Yellow sand, very fine and distinctly though irreg· 
ularly stratified ... 

mack cJay (gumbo) .. , 
Dark clay (stained by Yegetable matter) .. 
Light clay (like loess) .. 
Disintegrated shaJy sandstonc ... 

The question whether the ye11o\v sand may not 
represent the pumpings of a hydraulic dredge has 
presented itself, but the present condition or the 
exposure is such that this qHestion could not he 
decided with certainty, and the long period which 
has elapsed Rince the cutting of the canal makes 
it impossible to obtain trustworthy inform11tion 
in regard to its construction. The irregularities 
in the stratification are suggestive of dred6ring81 
but the general oceurrence and apparent relations 
to the other beds tnake it probahle thut the sand 
is a natural deposit, laid down hy the outfiow of 
glacial waters during a late stage of the Illinoian 
invaRion. If so, the loess beneath it iR distinctly 
older than that particular stage of the invasion, 
and_ if the gumbo is an indication of a long time 
interval it is much older; but whether it is tOebe 
regarded as belonging to an earlier s~age of the 
same invasion or to an eru-lier invaRion is not clear. 

At a point some 5 miles west of Wheeling, and 
outside the limits of the quadrangle, a clay with 
aimndant pebbles of the type characterizing the 
Illinoian drift was found overlying a true loess 
carrying the common -loess fossils, which in turn 
rested on an oxidized drift sheet. It could not be 
determined, however, whether both of the sup· 
posed drifts, together with the included loess, are 
to be regarded as Illinoian" or whether the lower 
belongs to an earlier stage of glacial occlipation. 

deposition along the margin of an ice sheet, and Till s7wet.-The only deposits known to have 
at least a portion of the deposits, which in char-[ been laid down by the direct action of the ice 
acter seem to be a unit throughout t.he area, I within the ru-ea of the Ditney quadrangle duro 
appears to be of. the nature of a kame moraine. I ing the Illinoian invasion are those belonging to 
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the till sheet deposited beneath ice of that inva-I iug from 60 to 70 feet or more above the river 1 were deposited lllallY feet of fine glacial sediments. it formed an outlet, over a divide 2 miles east of 
sion by the melting of the basal debris-laden layer, I fiats occur along the south side of the 'Vhite I Theil' thickness at the lowlalld~ bordering j.--lat Elberfeld. Thi, diy-ide was proha11y at first 
or by the lodgment of debris, as previously! River Valley, in the northern portion of the quad- Creek is 75 to 120 feet or more. At Otwell a somewhat reduced, through the agency of the 
explained. rangle. rrhe smface is in places almost absolutely boring sunk by Dr. W. M. De Motte to a depth overflowiug waters, hilt to wllltt extent has not 

The matrix or body of the till thus deposited ilat over eonsiderable areas, but is in general: of 119 feet failed, it is said, to reach r~k. been determined. Iti'! original level must, how
consists, ih the region under consideration, of a broken from place to place by rock hills and Another boring, made by William Bell, between ever, have been 10'18 than 435 feet, \,i'hich i'1 t.he 
more or less sandy clay, which was derived partly knolls ,vhich rise like islands above it, or by Flat Creek and the headwaters of Mud Creek, (j elevation of the present rock divide between 
from old soils or earlier drift sheets and partly shatp ravines that have been cut into its mass miles west of Otvi'eU, is stated to have reached Pigeon and Bluegrasil creeks, otherwise the over· 
from the grinding and ,pulverizing of fragments of by the streams since its completion. A some· rock at a depth of 78 feet, "\"'lllile several others at ilow would have been in the valley of Bluegrass 
sandstones, shales, limestones, etc., which had what broken plain of neaf-ly the same elevation is sbort distances to the north and east are reported Creek The col east of Elberfeld is now buried 
been torn from the parent ledges by the action of found on the north side of the 1Nhite River, indio to have reached it at depths of 75 to 80 feet. TJle beneath an unknown thickness of the silts whic,h 
the overriding ice. In this clayey matrix are eating in aU probability that the great drift plain surface deposits of the Lake Patoka area, like gradually accumulated and fined up th~ glacial 
embedded angular or moderately weB·rounded was originally continuous across the present valley those of the surrounding regions, consist of from lake nearly or quite to the level of its waters, and 
fragments of rock varying from mere chips to of the 'White Rivel' and continued for several miles 5 to 10 feet of loess. Below this in most sections which extended dow'n its outlet as far as the 
large pebbles and even to bowlders seyeral feet in north\vard.. Its thickness along the White River in this portion of the lake is a considerable thick· I Ohio. '1'he silt of the lake, taken in connection 
diameter. Rock fragments showing surfaces that probably reached 150 feet or more, for records of ness of sand, >"hile below the sand and continuing' with a somewhat marked drift barrier formed 
are smoothly polished or striated by friction with wells dug sev-eral miles back from the river on the to the hard rock is what is commonly called a along the ice margin to the 1'iestward, had tlle 
overridden rocks are milch less common than in south sllmv in cases no rock down to a depth of blne mud. In the portion of the Patoka Valley effect of permanently di \Terting t.he wnters of Big 
many glaciated areas, especially those of harder 100 feet. In general, however, the thickness of in the ,"vestern third of the quadrangle, which Creek, Smith Fork, and Pigeon Creek from their 
rocks, but a considerable number have been the till of the drift plaiIls is less than 50 feet, became eovered hy the waters of the lake as the old western outlet into the dlannel beginning 
observed within the limits of the quadrangle. The though it shows marked and somewhat sudden ice retreated, fe,·\[ deep wells ha\Te been sunk. A east of Elberfeld and leading southward to the 
fragments were generally less than an inch in variations, due to the existence of a rather rugged well '70 feet deep in the eastern half of sec. :33, Ohio. 
diameter, and were mainly of hard rocks, such a.s rock topography beneath the accumulation of till '1'. 1 S., R. 9 W. (It miles south of Oatsville), Stream deposits.-In this region dcpositR of the 
outcrop at points far to the east, northeast, or nortb. (see fig. 3, p. 7). The material composing the hmvever, gave the following section: Illinoian streams are mostly coyered by reeeut 
many having been derived even from beyond the plain is usually till, but deep sections reveal the Section shown by record oj well near Oatsville. alluvium. Neal' the western border of tIle quad. 
Great La.kes. Ma.ny varieties of rock are repre· presence of considerable quantities of stratified Feet rangle, however, there are remnants of a lmv ter-
sented, the more common being granite, diorite, materials in plaees, espeeially along the bluffs ~~g~i~~sa,nd.. !i race, consisting of silt, 10 to 15 feet or more 
quartzite, quartz, ilint, and jasper, the first three, bordering the White Rivet' Valley in the extreme Ea:;;y drillillg (probably santly clay) .............. 47' above the recent alluvium of the Patoka River 
and possibly the fourth, being deri\--ed from the northwestern portion of the quadrangle. Verytoug-h clay ................................ 10 bottom. These hecome more prominent to the 
Great Lakes region or beyond, and the remainder As the boundar~y marking the limits of the ~:kd:!~~~~Pr::~~~~)sandY clay) .. , wf'stward and are there belie\Ted to be of late 
probably mainly frolll the Silurian and Carbon. Illinoian till is approa.ched the till plain iR Reen Total.. . ................ 70 Illinoian age. Deposits of a similar nature, and 
Herous limestones to tIle northeast. to be less perfectly developed. Rock begins to probably belonging to the same category, occur at 

The soft sandstones and shales underlying the show through it with greater frequency, and it The record already given in the discussion of a few feet elevation above the alluvial bottoms 
till in this region and probably furnishing tlle finally diminiRhes to a relatively thin mantle, the pre-Illinoian soils of the well nortlrwest of at otliE'r points in the quadrangle, hut they are 
larger part of the materials of the finer portions which confOl'ms to the contoul' Ot the rock surfaces. Francisco sbows an even greater depth of sedi· too indefinite to admit of mapping. 
of the till are not commonly represented. by In general the till al)pears to continue \~th a ment. In the enlargement of Lake Patoka which 
pebbles or bowlders, though a few fragments of thickness of several feet almost if not quite to occurs in the northeastern portion of the quad. 
somewhat massive sandstone and of limestone the outer Jimits of its occurrence, though occa· rangle the deposits seem to have been built up to 
have been noted. The pebbles known to ha.ve sional areas of rather small size are found ROllle an elevation of about 500 feet. 
been derived from the Great Lakes region or distance back from the margin where no till The deposits of the lake stand, as has been 
beyond are almost universally well rounded, hut appears to have been depoRited. No prominent stated, at an altitude of about 500 feet above sea, 
the ilinty pebbles froUl the limestone areas, though hills of till, such as are known to occur a few miles and the outlets should, therefore, be found at that 
they ha,Te lost their sha.rp edges, still present a to the west of the quadrangle, ha\Te heen noted height. Divides of approximately that elevation 
rather angular appearance. The local bowlders, within its .area, though occasional low swells, do, in fact, occur at a number of points south ana 
being of rela.tively soft and friable Illaterials, gen. apparently of till, have been observed at several Routhwest of O~kland City, the lowest (apparently 
erally exhibit considerable rounding. Theweather· points. auout 495 feet) being 1 mile north of Somerville, 
ing of the granite and diorite pebbles and bowlders Outwa.sh gravels, sands, and silts.-Sillce more along the railroad. I .. ike the l,'rancisco divide, 
varies greatly, some hardly being stained even on or less water was continually being set free uy they have few features suggestive of outilowing 
the exterior, while others are almost completely the melting of the ice sheet, and OIl ilowing streams. Whether the supply, and therefore the 
disintegrated. A weathered zoue reaching an from its margin carried witJ:t jt a considerable outflow, of the Patoka waters ,vas slight, whether 
eighth or a quarter of an inch inward from the portion of the detritus previously held by the ice, the outilow occurred at a number of points of the 
surface is perhaps a fair ayerage. It seems prob· tlle sands and gravels deposited by these waterl'l same elevation and therefore had little effect at 
able that the variation in the extent of weather· are commonly found in more or less intimate any single one of them, whet.her there WitS a gen· 
ing is due largely to differences in compoRition or association "vith the tills along the ice margin and eral submergence of the region to about the 500· 
to the stage to which incipient weathering had for considerable distances down the valleys lead· foot level, or whether the 'vaters, as Mr. Leverett 
advanced at the time of the removal of the frag. ing a,vay from it. It is possible that some of the has suggested, escaped beneath the ice is not 
ments from their parent ledges. lower depollit8 and gravels described as occulTing established. 

The texture o~ the finer portions of the till outside the limits of the Illinoian till sheet may L01'ler than any of these divides, however, is 
variesgreatly,pl'obablydependinguponthenature have been deposited when the ice stood in the that on the line of the abandoned Wabash and 
of the rock from which it was principally derived. position indicated by the boundary of the till Erie Canal 1 mile southwest of Francisco. This 
Where sha.le appears to have furnished the larger sheet, lmt those depositR which occur as cappings divide is at an altitude of 460 feet, or about 40 
portion of the material the till is generally very to ,hills that themselves constitute pronounced feet lower than the waters of Lake Patoka are 
clayey, and is of a gray or bluish.gray color in its elevations were apparently deposited in connec· knovt'll to have stood. The presence of yellow 
unoxidized portion. Where sandstones have tion "\vith an ice advance extending well beyond sand in the section at this point, preYiollsly 
furnished much material the till is sandy, and the limits of the till sheet. The principal over· described, wonld seem to indicate a temporary 
varies in color from a rather deep buff in the w'ash deposits are doubtless usually confined to outlet of glacial waters across the col at that point. 
moderately oxidized portions to a deep red in the the lower portions of. the valleys, wbere they are As there is, however, no indication of Imy marked 
upper and more strongly weathered parts. The now frequently hidd~n beneath later silts. ·They westward slope o~~ the ~~n:face of the Patoka 
limestones in the Ditney I:'Lrea.appear to,have been are kn01vn to reach a .considerable thickness in deposits, and no evidence ih the shape of deposi. 
of too limited development to have had a marked the lower portion of the valley of Little Pigeon tion or erosion features, either "in the lake or at 
iniluence upon either the color or the composition Creek, where they have completely bill'ied a rock the divide, or of any strong cUlTents, Bueh as a 
of the till. The till within the quadrangle i8 usu· topography of considerable jrregularity. The difference of level of 40 feet in the width of a 
ally oxidized to a depth of 7 to 10 feet, or even deposits here, as in other places removed from the quadrangle would demand, it seems clear that tlle 
more, the oxidized portions being rarely seen, influence of strong currents, a.ppear to be largely Francisco divide was not the site of an outlet, 
except in unusually deep cuts. In the oxidized composed of bluish silt, but near the ice margin, except, perhaps, in the closing stages, when the 
portions the color is ordinarily deep buff to as along the Patoka Valley, they are often, accord· ice had retreated westward from the point at 
brown, but reddish tints are very common in the ing to well records, sandy and even pebbly. wllich it had previously rested, su.pposedly 

Ero8ion and local deposition.-Studies of the 
erosion features of the Sangamon stage in other 
regions have shown that the streams were broad 
and sluggish, "'lith only shallow and rather poorly 
defined channels, and tllat the deposition ,vas very 
slight in amount. In the Ditney region, ho,yever, 
the erosion was locally of considerable importance, 
})l'obably removing 80 to 100 feet. of Illinoian till 
from the valley of the "Thite River and possibly 
even greater amounts of material along the Ohio 
River. Deposition during the Sangamon stage 
was prohably limited to a fe\\'- unimportant 
secondary deposits, produced hy the re\vorking of 
the Illinoian drift by the agency of the streams. 
It is thought that possibly some of the gravel 
deposits on the borders of the valleys may be of 
this type, but the eyidence is not conclusive. In 
many localities in Iowa alld Illinois, and to less 
extent in Indiana, peaty heds of black muck which 
were deposited in this intergla.cial stage ha\'e 
been noted and deseribed, but ",lith the excep. 
tion of the gumbo, of doubtful significance, at the 
Francisco divide, nothing of the sort was seen 1n 
the quadrangle. However, a black soil, possibly 
belonging to the Sangamon stage, oecurs, it is 
reported, in sec. 15, '1'. 1 S., U. 5 ,V., 3 miles south 
of Jasper and just east of the limits of the quad. 
rangle. 

Weathered zone.-Though important deposits 
of the Sangamon" stage are lacking, the interval 
bet\\reen ice advances is nevertheless well repre· 
sented hy the Sangamon weathered zone. This 
zone marks the top of the Illinoian drift, and is 
recognized by the leached and weathered char· 
acter of that portion of the deposits. Where the 
overlying loess is of considerable. thickness its 
lower part is usually but little oxidized and its 
appearance is in somewhat marked contrast with 
that of the weathered zone upon which it rests. 

sandier varieties. The red type of till frequently Depo8its of glacial Lake Patoka.-During the between Dongola and 'Vinslow. 
gave evidence of incipient cementation by iron maximum developm~nt of tbe Tllinoian ice sheet .Deposits 0/ glacial Lake Pigeon.-}'rom the Following the formation of the weathered·zone 
oxide, but the solidification, was usually less its margin lay across the Patoka RiYer, in point at which the ice margin crossed the Patoka soils, and possibly silts, of the Sangamon, stage, a 
marked than in the stratified sandy layer formed the central part of the Ditney quadrangle, it continued southwestward to the limits ot the considerable thickness of fine, almost structureless 
as 3;n original deposit by the glacial streams or probably in the region between Dongola and qna.drangle, and then southwarJ., parallel with but silt, known as loess, was deposited as q, mantle over 
from the reworking, by water, of the red till. 'Vinslow. From here the margin extended, with just outside of the border. A little weHt of the cen· nearly the entire surface of Iowa, Illinbis, and 

sections giving accurate measurements of the a number of irregularities, northeastward to the tel' of the western boundary it crossed HIe valley Indiana, aHd in portions of IIlany other States to 
thickness of the till are uncommon, and are gen· vicinity of Otwell, crossing East White l-liver not then occupied by waters flowing from the region the east, south, and west. This loess has been 
erany so located as to give only minimum thick· far. from the northeast corner of the quadrangle. now drained by Big Creek, Smjth Fork, and the I traeed a.s far back as the edge of the drift sheet 
nesses. 'VeIls have afforded data of great value The waters draining into the pre.Glacial Lower eastern headwaters of Pigeon Creek in the west· I of the Iowan ice invasion in northern I1Enois, but 
as to depth to the rock, but usually little informa· Patoka. Valley (fig. 2, p. 6), heing deprived of their central portion of the area. The result ,vas tbe i stops at or near its border, apparently indicating 
tion can be obtained as to the exact nature of the: outlet., accumulated as a glacial lake in th.iS valley i f,ormation of a lake similar to. but smaller than I[ that the deposition took place during the stage of 
materials penetrated. In general the thickness, [I and its tributaries. To this the name Lake i Lake Patoka, in which depositH of a similar nature glacial ocellpancy. 
though sho",-ing great variation, may b), said to Patoka has been applied. Into it flowed the silt· j were laid down.' Its composition varies considerably at different 
be considerable. Broad, plateau.like plains stand. laden streams issuing from the ice front, and in it In the case of Lake Pigeon the water rose until points, but the loess is generally characterized by 
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about 70 per cent of silica, largely quartz, and a I exposures being the ordinary brown ol',buff of 
considerable amount of £eldspathic material, in the top. The red color is most common where 
addition to the calcareous portion. Two analyses the loess rests on sandstone, but red loess has also 
of loess from near Terre Haute, Borne distance been note~ upon both shale and limestone. In 
north of the Ditney area, and a third of loess from some localities there appears to be a gradual 
near Princeton, just west of the quadrangle, are transition from sandstone through disintegrated 
given below. sandstone into the red loess, and also from till 

The first sample (No.1) is from s' point 10 into loess, 'but in such instances it is probable that 
inches, the second (No.2) from a point 22 inches, the loess, or more properly loess·like silt, is either 
and the third (No.3 from Princeton) from a point a secondary deposit or has been partly reworked 
at least 80 inches below the surface. The analyses or modified through the action of the roots of 
were made for the Indiana geological survey and trees and shrubs penetrating to the partly decom
first a.ppeared in its Twentieth and Twenty.first posed rocks or till beneath. 
Annual Reports. An indistinct banding frequently occurs in the 

Analy868 of Iowan silt from near Terre Haute and Prince- loess because of the greater amount of moisture 
ton, Ind. held by certain portions, but no sandy or pebbly 

[NOlI. 1 a.nd II by Prof. W. A. Noyes; No. 9 by Prof. Robert Lyons.j layers, or in fact any reliable evidences of stratifi· 
cation, were seen in the area. 

SiO~ . 

Fe~Oa·· . 
FeO ..... 
TiD •.. 
CaO .. 

MgO. 

H.O. 

Total. 

The large pebbles of northern material found 
outside the recognized drift border may possibly 

79.77 72.87 71.00 have been derived from the loess itself, being 
9.95 11.25 18.56 dropped, it may be supposed, by floating ice duro 
8.89 6.75 1.84 ing a period of submergence, when the waters 

:~ would have reached an elevation of at least 500 
.70 
.67 
.26 

1.08 

.95 

.69 

1.06 

.14 feet. There is other evidence, in the shape of 

.52 divides silted with loess·like material and of ele· 
.89 1.26 vated fiats of similar silts, that there may have 

2.05 2.26 .82 been standing water up to this elevation during 
~~~ the deposition of the loess, but sufficient evidence 

........ 100.42 100.46 100.67 has not yet been obtained to establish this mct. 
,-----~--- The thickness of the loess is extremely variable, 

but the amounts appear on the whole to be greater 
in the vicinity of prominent streams, in which 
places the loess sheet sometimes reaches a thick
ness of 10 or 12 feet or more. The mantle on the 
upland plains is generally 5 to 8 feet thick. On 
the slopes and on some hilltops it is much thinner, 
and in some places is wanting, 

WISCONSIN DEPOSITS. 

but little work has been accomplished in the Dit
ney region. In the smaller valleys there have 
probably been more or less additions to the gla
cial fillings through the downward creeping or 
wash of the loess from the hillsides. In the larger 
valleys the streams have been busy in cutting out 
flood plains a few feet below the level of the gla
cial stream fillings, but these are still too small to 
accommodate the waters at the time of excessive 
floods, and the second bottoms are still overflowed 
at times and doubtless receive more or less silt 
from the overflowing waters (see flg. 3, p. 7). 

The flats along the White River, on the north· 
ern border of the quadrangle, are composed chiefly 
of recent alluvium. The low terrace just west of 
Petersburg is an exception, and is a remnant of 
the grav~ls of the Wis.consin stage. There has 
probably been no change in the altitude of the: 
land since Wisconsin time, and the process of 
deposition appears to have been essentially con
tinuous, thoug\t occasional deposits at a slightly 
higher level than those now forming have b:een 
noted. 

GEOLOGIC STRUCTURE. 

I ... ocal dips, often of several degrees, may be 
seen in many of the exposures of the Ditney 
quadrangle, and sometimes complicated series of 
minor warpings with dips as high as 20° to 30° 
have been observed. l!'rom a superficial examina
tion, therefore, it might appear not only that there 
is a considerable dip to the rocks of the Ditney 
area, but that there is also great irregularity in its 
direction and amount. A closer study, however, 
reveals the fact that these irregularities rnmally 
extend but a few feet or rods, and that they have 
almost no effect on the broader structural features. 
By the tracing of coals or other persistent beds it 
is clearly shown tlmt, although the dips are 
extremely variable and even easter1y in places, 

The amount of calcium carbonate (CaCOs) 
present depends largely upon the amount of 
weathering to which the loess has been subjected, 
and consequently the calcium carbonate is. present 
in minimum amounts near the surface. In the 
determinations of the CO2 of the CaCOs at New 
Harmony, a few miles west of the limits of the 
quadrangle, a sample taken 2 feet below the sur· 
face is reported to have gi'\'"en but 0.229 per cent 
CO2 , while one taken 10 feet below the surface 
gave 6.032 per cent. The Terre Haute and 
Princeton samples are of the leached type. 

In texture the loess is clayey, but the presence 
of fine grit is easily detected. The following 
mechanical analyses, made by Prof. Milton Whit· 
ney, of the Department of Agriculture, give some 
idea of the size of the grains of the surface loess 
in eastern lllinois, and probably present fairly 
well the composition of the loess of the Ditney 
area. Where the grains exceed 0.1 mm. they are 
usually concretions of iron oxide or of lime. 
These concretions frequently reach a diameter of 
an inch or more, and are of all shapes, tubular 
types, however, being especially common among 
the iron·oxide variety. 

The ice sheet of the Wisconsin stage did not the general dip is to the west, the amount varying 
reach the Ditney area, and there are therefore no from 10 to 40 feet, with an average of about 20 
deposits of this stage covering the general surface feet, to the mile. This dip, slight as it is, is sufli
of the region. Every stream, however, which led cient to make a difference of more than 500 feet 
either directly outward from the ice margin or between the altitude of a given bed at the eastern 
was fed by tributaries heading at the ice front border and that which it has at the western 
carried considerable amounts of glacially derived border of the quadrangle. 
materials, which were deposited as broad, flat The Millersburg and Petersburg 'coals are the 
plains of sand or fine gravel. Of the streams in .only beds sufficiently well defined to admit of 
the vicinity of the Ditney quadrangle, only the tbeir recognition throughout the quadrangle, and 
Wabash and White rivers head in the region only the latter is of much value in determining 
occupied by the ice, though the Ohio received the structures. In the vicinity of its outcrop the 
drainage of a number of other streams heading details of dip are readily determined, but to the 
near the ice front and bringing down quantities west, where the coal lies at some distance below 
of glacial sediments, which were deposited as the surface, the information is very meager, being 
broad flats on either side of the river. The largely confined to a few shafts and wells, though 

Mechanical analy868 of the Iowan silt in eastern Illinois. Wabash River was also the outlet of a large gla. approximate information is sometimes afforded by 
ciallake in the region of the Great Lakes. the elevation of the Millersburg coal, which occurs 

Diameter,in 
millimeters. 

"" ~ •• ~ <Ii ;;~J In the Ditney area the Wisconsin sediments at intervals of from 80 to 120 feet above the 
~ ~Jl~;.e.!:I seem to be confined to the flats deposited by the Petersburg bed. On the basis of this information, 
'.18 t: ii! til :S-=j t:!:5~ EI ]~J White River along the northern edge of the underground or structural contours showing 

____ I-------I-~"-M-I~z""-.·-' ~+=-" _ quadrangle just west of Petersburg, and to a nar· approximately the elevation and structure of the 
Peroent. Permmt. Pere>mt. row strip belonging to the Ohio flats west of Petersburg coal have been made. All points on 

2- 1 Fine gravel 0.00 0.80 0.00 Midway, in the southeastern portion of the area. anyone of these lines are of the same elevation, 
.~:~ ~=m8::d ~:: 1.05 0.08 They are entirely free from loess. The deposits and points between two lines are of intermediate 

'~:~ ~: ~::~d.. . ... ;::: j:~ ~.~ :f£~:1t~;3~:~::~~::t!7~:~~~ !~:!~i.::~{~d~:t~~E7!:'~!~~~: 
:~~:~~ ~~~~ .~~ ............... , 12. 78 ~U'O ~::: by the river sin~ WiBConsin times. The top and seen that th~ ilipa::.in the.~gion alop.g ,the outcrop 

.005-.0001 Cla.y... • .. 00~36 ''1:4.00' 22:10 more especially tIle inner margins of the ten;~e of the Petersburg coal and west of Francisco are 
Toialmine"J."a.l matter. 96.4296.6292.$ I ~mai-ked by sand d1lJles formed by the action relatively steep, while in the intermediate region, 

Organic matter, water, rot winds before vegetation had covered the sur· including the area about Oakland City, they are 
1088................... 8.58 8.88 6.61 face (see :fig. 3, p. 7). With the exception of much more gentle. 

Lost! bydil"6Ct ignition.. 6.01 8.11 5.73 this area, the flats along the White River are An examination of the contours indicates that 
composed of rece~t alluvium. The deposits west the general stri,ke of the rocks is nearly north and 

In color the loess is ordinarily buff or brown, and south of Midway include both sands and south, but that there is a general though slight 
but gray, yellow, and red are common colors. gravels and appear to reach considerable thick- tendency to northwesterly dips in the northwest· 
Mottling is very common. The gmy colors are ness. As in the case of the deposits along White ern portion of the quadrangle and to southwest· 
usually found some distance below the surface, River, they are in th~ form of s' wide, ill-drained erly dips i~ the southwestern portion, in addition 
but are sometimes within a foot o~l;wo of the top . plain or terrace, which stretches to the Ohio, to the many minor irregularities shown in the 
of 'the ground. In the Ditney area loess fossils about 10 miles to the south, and which also stands central portion o~ the quadrangle. It is probable 
have been discovered only in this type of loess. a number of feet above the adjacent flood plain. that similar irregularities ~cur in the western 
I~pne case, just outside the limits of the area to The plain is several feet low.er. than the earlier portion, but data are lacking for all except the 
thee west, fossils were found in gray loess within and high alluvial deposits of the valley of Little broader features. 
3 feet of the surface, showing the clay to be very Pigeon Creek, from which it is separated by an For some distance west of Whiteoak the dip as 
impervious to water and extremely resistant to escarpment about 15 feet high. measured on the Petersburg coal was 80 feet to 
both leaching aJ;ld oxidation. the mile. South of Osbel the coal rises sharply 

In the Ditney region the loess of a bright-red RECENT DEPOSITS. to the north. At Hartwell it stands at an alti· 
type occurs, as a rule, only outside the limits of Under Recent deposits are included those tude of 510 feet, while 11- miles a little' to the 
the Illinoian drift sheet. The color is most which have accumulated since the disappearance east of south of tha~ place it stands at 610 feet. 
markedly red at the bOttom, bm gradually of the last, or Wisconsin, ice sheet. ffhe time West of the same point th~ dip is 50 feet a mile 
becomes lighter upward, frequently in the thicker since this ice retreat has been relatively short, and for some 3 miles, after which it decreas& to 20 

Ditney. 

feet or less. West of Stendal the dip is 20 feet a 
mile for 6 miles, and similar dips continue south 
to Scales ville. Around Folsomville and Crowville 
the dip amounts to only 10 feet a mile. 

The dips along the eastern border of the quad. 
rangle, where the coals are thinner, more variable, J 

and less persistent, are much more difficult to 
determine and are less reliable. Measurements 
ba,ed on a thin, cherty bed in the hills· between 
Ireland and Duff indicate a dip of 20 feet to th. 
mile, but sections around Pikeville gave dips as 
high as 40· feet to the mile. Aronnd Holland the 
dip is about 25 feet to the mile. 

Faults of some magnitude have been noted at 
several points in adjacent regions, and some having 
a few feet throw have been seen within the quad
rangle. It is possible that the sharp changes in 
the altitudes of the beds along the line from west 
of Whiteoak to near Cabel, in the region just east 
of Littles and Oakland City, and also immediately 
west of Chandler may be dne to faulting, though 
monoclinal folding is regarded as more probable. 

Among the more noticeable of the irregularities 
are the shallow synclinal troughs near Littles, 
Ayrshire, Winsl6w, and neal' the county line north 
of Scalesville, and the low anticlinal swells north. 
west of Glezen, from Oakland City to the Patoka 
River south of Winslow, near Arcadia, northwest 
of De Forest, and southeast of Boonville. 

In addition to the structure contours of the 
Economic Geology sheet, sections showing the 
structure as brought out by the Petersburg and 
other coals are given on the Structure Section 
sheet. 

GEOLOGIC mSTORY. 

P A.LEOZOIO EVENTS. 

JJeposition.-The deposition of the great series 
of sediments laid down in the interior sea occupy
ing the broad Mississippi Basin began in Cam· 
brian time with a thick bed of sand which was 
spread along the changing shores in waters that 
were generally shallow, ripple marks and other 
shallow·water or shore features being common 
in the resulting sandstone. At the close of the 
Cam brian period there was, in Indiana, a change 
from conditions favorable to the deposition of 
sandstone to those favoring the accumulation ~f 
limestone, and a 50-foot bed of the latter was 
deposited at the beginning of the Silurian period. 
Although there was a partial return to the former 
conditions during the deposition of the succeeding 
formation, the St. Peter sandstone (portions of 
which are calcareous), the deposition of limestone 
continued, with a few relatively unimportant 
breaks, throughout the whole of the Silurian and 
part of the Devoni~ period. Beginning with 
Middle Devonian times, however, limestone gave 
place to black shale, which in the early part of 
the Carboniferous period was followed by sand
stone, and later by limestone, the. deposition of 
which continued until the close of the early or 
"Lower" Carbo~iferous. '1'he series of deposits 
closed with an interval during which the recently 
depositeil beds lIVere lifted bodily, and with. 
out tilting, above the level of the sea, where 
they were extensively eroded by the action of 
streams. 

Mter the early Carboniferous interval of ero
sion the beds) once more sank beneath the waters 
of the great interior sea, and deposition continued 
as before. The conditions, however, were· no 
10ngeI' constant through long periods of time, but 
were c?ntinually changing, the waters of the sea 
Heing now shallow, now deeper, and at times, as 
following the deposition of the Mansfield. sand
stone and just before the deposition of the 
Inglefield sandstone, completely withdrawing and 
permitting the erosion by surface streams of the 
beds previously deposited. Each chang'e was 
recorded by differences in the charltcter,~or struc
tural features of the rocks, beds of sand alterna
ting with beds of mud, or of shells, corals, 
etc., which on subsequent solidification became 
sandstones, shales, and limestones. At times the 
region was occupied by wide swamps or shallow 
lagoons, in which quantities of peaty ma,tter, now 
changed to coa1, accumulated. Together these 
beds make up the series of coal. bearing rocks of 
which those of the Ditney quaqmngle are a part. 
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They are the highest and youngest of the solidi·' ally lowered and its prominences were reduced to est glacial deposits, are to be regarded as the invuf:lion they were deflected by the iee and the 
fied rocks of Indiana. broad, low, well-rounded hills separated by wide, resnlt of a reworking, in late Tertiary or early drift ridges 'built up near its 'margin, and v{ere 

The thickness of the entire series, from the fiat, and shallow valleys. Such a featureless SUl'- Pleistocene time, of older Tertiary sediments, as forced to seek a southward outlet to the Ohio. 
Cambrian to the close of the Carboniferous, is face is caUed a pene-plain, and there is but little Mr. Leverett has suggested, or as undisturoed late This outlet was found just east of Elberfeld, the 
probably 4000 or 5000 feet, of which, in the Indi. douht that a number of suecessive general or local Tertiary deposits, as Mr. A. C. Veatch has urged, divide over which the waters -flowed having an 
ana region, considerably more than half is lime· peneplains were developed one after the other in cannot be Raid to be fully answered. :No deposits elevation of less than 435 feet, the elenltion of 
stone, the conditions being in marked contrast to the region under discussion, as appears to ha,re I of the 1ltlture of thm,e descrihed have been found the rock rim at the head of the ,-alley of Blue-
those existing neal' the borders of the sea to the heen the ease of the Fleries beginning with the within the limits of the quadrangle. grass Creek, which otherwise would have served 
east, where the depo,'lits were composed largely of pre.Triassic and .ending ,d.th the Tertiary plain GLACIAL HIfoiTORY. as the outlet. Minor ehanges in drainage, due to 
sandy and shaly materials. along the AtlantIC coast. The remnants of the the deposition of silt, etc., in the sluggish streams 

The deposition of the sedimentary rocks did latest of the pronounced plains in the region of Pre-Illinoian events.-It has usual1y been con· or slack water whieh formerly existed in the 
not take place uniformly over the whole of the the Ditney quadrangle are preserved even to the Ridered that neither the pre.Kansan nor the Kan· I region, have been observed near Tennyson, in the 
hasin. Even at the beginning of the Cambrian present tillle in the flat· topped crests and isolated san ice sheet reached as far south as the Ditney southeastern portion of the area, and nortlleast of 
period islands existed, it is believed, in the south. hills rising, as described in the discussion of region, but, although there is no reliable evidence Oakland City. In the former region Coles Greek 
ern portion of Missouri, and possibly elsewhere in topography, to elevations of from 600 to 650 reet. in the quadrangle of glacial occupation at a period and Barren Fork turn and -flow for several !Hi]es 
the great continental Rea, and local uplifts, possi. No remnants of a topography older than the earlier than the Illinoian stage, there are two fear parallel with hut in the direction opposite that of 
bly in some cases accompanied by slight folding, peneplain under diRcussion are known in the Dit· tures that are strongly suggestive of earlier drift Little Pigeon Creek, into which they eventually 
brought similar islands into existence from time ney region. The age of the peneplain can not and loess depositR. These are the presence of a flow. In the latter region South Fork of Patoka 
to time at other points as deposition progressed. be regarded as positively established, though 'it loess ",--ith a gumbo surface beneath apparent lUi. River has been deflected frorn its old channel, 
Of these the one most intimat.ely related to the appears to form a part of a surface which noian sands at the divide 1 mile southwest of which formerly entered the main river in the 
region of the Ditney folio was the Cincinnati stretched eastward to the base of. the Allegheny Franeisco, and the oceurrence of oxidized sands vicinity of Hurricane Creek north of Oakland 
island, produced by the broad, dome·like fold l\fountains and southward along their western and gravels outside the known limits of the Illi· City, into a much naITO\YfU· channel roughly par· 
kuO\vn as the Cincinnati anticline, the mnxirnmu margin to Alabama, a sunace wllich is probably noinn till sheet. The real significance of these allel with the first, leading into tll€ Patoka just 
development of which is in the vicinity of Lex· equhralent to the I .. exington Plain of Kentucky, features is at least doubtful, and they may simply east of Dongola. 
ington, Ky. From here this fold extends south· and is thought to have heen formed in earIy Tel" represent different stages of the same general, Sangamon eroswn.-:Following the diBappear. 
westward to Nashville, Tenn., and northward and tiary times. invasion. ance of the Illinoian ice sheet there seems to have 
northwestward through Cincinnati and into the Drainage f!f the peneplain.-Though no deposits· Illinoian deposition and been a slight uplift of tbe land, " .... ·hi<:h accelerated 
north·central portion of Indiana. rrhis broad other than dIe loess and till have been found on In the Illinoian stage the ice erosion during the Sangamon stage. In some 
dome, the uplift of which began long berore the I the crests in the Ditney area., there are a ll11111her the quadrangle and remained there through a long 'I' other regions the Sangamon streams were broad 
beginning of the deposition of the beds of the Dit· of points in the surrounding region 1vhere deeply period of time, during wllidl the great till plain, and sluggish nnd eroded little, but in the 
ney quadrangle, together with the original island stained bronze·colored gravels, eomposed mainly of the nortlnvestern portion of the quadrangle \ Ditney area the erosion a'ppears to have been 
in southern ~Iissouri, which had in the course of of quartz and flint, and supposed to be of Tertiary accumulated beneath its lower surface and the considemble and removed at least 80 to 100 feet 
time become considera.bly enlarged, formed the age, are found resting upon the peneplain remnants extem!ive sediments of Lake Patoka'ivere built up of the till filling the 'Vhite River VaUe;,y over It 

opposite shores of a broad embayment or strait at elevations of 550 to over 700 feet. A list of hy the streams flowing from its marf,rin. bj·eadth of 2 or more miles, and possihly even 
extending from western Kentucky across south· 10culitiesfurnished hy"Mr. Frank Leyerett includes In consequence of the obstruction of the estab· greater .amounts of stratified materials along the 
western Indiana) Illinois, northem Missouri, south. the following: (1) South bluff of East White lished drainage lines by the Illinoian Ice, or by Ohio River. The absence of till on many of the 
ern Iowa, etc., and connecting with the north. River 2 miles southwest of Shoals, Ind.; (2) deposits of till or glacial sediinents during its steeper slopes along the more important drainage 
western extension of the interior sea in western bluffs of Ohio River hack of Tell City and oceupancy of the regiun, many important changes lines is also probably due to erosion during this 
Missouri and Io·wa. It was in this embayment Cannelton, Ind.; (3) near Stephensport, Breckin· in the :tLTangement of the streams resulted (see stage. 
that the Carboniferous rocks of the Ditney region ridge County, Ky.; (4) near Brandenburg, Meade fig. 2). In fact, as previously stated, Little lligeon, That the stage was of considerable length is 
were laid down. County, Ky.; and (5) near Rosebud, Pope County, Cypress, and Bluegrass creeks are the only strenms attested by the extent of the erosion, by the semi· 

Uplift and #lting.-'l'he sedimentary beds were Ill. of importance in the quadrangle which persisted rounded character of the resulting topography, 
originally in an essentially horizontal position It will he noted that in each case the occnrrences in their original courses. The Patoka River, no,v and by the leaching and weathering of the drift 
throughout the extent of the embayment in which are in the vicinity of present drainage lines, a prominent stream reaehing back to the eastward as represented in the Sangarnon soils. 
they were deposited. At the dose of the Carbon. though from 100 to 200 feet or more above the 80 miles or more from the ·Wabash, was not in Deposition if the Iowan loess.-The next event 
iferous period there were fllrtller uplifts of both stream leyels, while on crests of equal heights in existence as a single stream previouR to this ice of importance was the deposition of a mantle of 
the Cincinnati and Missouri domes or anticlines. the intermediate areas gravel deposits are lacking. invasion, though parts of the valley through loess over the general surface of the region from 
The intermediate area, constituting what is now This is taken to indicate that the gravels were which it now flows were occupied by pre.Glacial the lowest to the highest points, its thickness 
known as the-Illinois-Indiana coal basin, partook probably deposited in the broad, shallow valleys. streams of some sill.e, flowing eventually to the averaging 10 feet 01' more on level surfaces and 
of the uplift, and its deposits were lifted above of the Tertiary peneplain, a,nd that the main northwest into the 'VlJite or the East White from 5 to 8 feet on hilltops. The origin of the 
the level of the sea, but the amount of the eleva· drainage lines of that period coincided in a general River. One of these north-westward.:flowing loess has been a puzzling problem, and has been 
tion was much less than in the bordering region, way with those of dIe present time. streams erossed the northeast corner of the quad. attributed to the action of both ,,,ind and water. 
the result being the development in the rocks of Late 'l'el'tiwry 81'o8ion.-After the reduetion of rangle in the vicinity of Otwell, the valley wllieh The presence of land fossils, the lack of evidence 
a slight but persistent dip toward the eenter of this portion of t.he Mississippi Basin to the pene· it formerly oceupied being easily recognized. of water stl'l1cture, and t.he range in elevation of 
the basin in eastern Illinois. The coal.bearing plain surface described, an elevation took place Another took its rise south of Velpen, and fo]· the loess from the lowest valle.ys to the highest 
rocks, forming the 'surface were doubtless origin. that lifted the surface of the region to an alti· lowed the course of the present Patoka River hilltops are the most common arguments for wind 
ally connected with similar rocks to the south alld tude considerably above that 'whieh it possesses nearly to the western edge of the quadrangle, origin; while the greater almndanc~ of the 10e,'lR 
also to the northwest, but subsequent erosion at the present time. With the heginning of this when it also turned northwest and flowed into along the streams, its accumulation in Dlany cases 
destroyed these connections and left the coal rocks eleyation the streams, which during the later the White RIver (see fig. 2). at especially exposed points, as at the crests of 
in the present isohtted basin. The limits of this stages of 'the development of tTu'; p~l1eplain sur· 
coal basin, together with the position of the Djt· face had be'en very sluggish, entered upon an 
Dey quadrangle, are shown in fig. 1, p. 2. active period of erosion, resulting in the carving 

MESOZOIC AND EARI.Y CEN07,OIC EVENTS. 

Subsequent to the uplift which followed the 
deposition of the Oarbonirerous rocks, and which 
raised them aboye the level of the waters in which 
they had been deposited, there appears to have 
been no further incursion of the sea into the region 
under consideration, and there is, therefore, no 
recorded history in the form of rocks. It is only 
in the land forms, or the topography resulting 
from erosion}. that evidence of the succeeding 
events is to be looked for, and as each new set 
of topographic features was developed only at 
the expense of older ones, it is only the later ones 
that are left to tell of the events that have taken 
place. 

F01'ma#on of Tertiary peneplain.-No sooner 
had the Carboniferous beds appeared above the 
surface of the sea by the further uplifting of the 
Cincinnati anticline than erosion set in and began 
its work of reducing the surface thus formed. It 
is probable that at first erosion did not keep pace 
,vith uplift, and an elevation of some prominence 
may have resulted. On the cessation of the 
up",-ard movement, however, erosion continued 
with undiminished energy its work of redueing 
the land and carrying the materials to the sea~ 
which was now well to the south of the Indiana 
region. The surfaee of the land was thus gradu. 

out of broad valleys and the general reduction of 
the surface to a lower level. Here and there, 301----r--------c 
where the surface was more remote from the 
active streams, or where the rocks wer,e of a more 
resistant character, remnants of the peneplain 
were left in the form of the crestR and outlying 
hills previously mentioned. It is not probable 
th .. ~t the erosion was uniformly active throughout 
the period of downeuttillg, and there is some evi· 
dence, in the shape of somewhat broad flats and 
divides at an altitude of ahout 500 feet, that a local 
peneplain was developed at that elevation, and it 
is possible that there are still other levels at which 
local plains developed. If so, these later pene· 
plains, like the first, suffered uplift and erosion, 
until hroad valleys were carved out to the level 
represented hy the rock floors underlying the 
deep silts and glacial fillings of the present val· 
leys. 

Lllte Tertiary 07' early Pleistocene depositional 
Btage.-Following the period of Tertiary erosion, 
during which the land was carved by the streams .PIG. 2.-Pre·Pleistocene and prmmnt drainage in the Ditney quadrangle and vicinity. (After Leverett,) 
until it had essentially the form it would now P:re·I'leistocene Btrcamsaro shown by dotted Jine;;. 

show if the overlying siltR Ilnd glacial deposits Next to the Patokn River, Pigeon Creek has sharp hills, and the absence, except in rare 
were removed, there appears to have heen a sub· suffered. the most important change of course. instances, of anything resembling dune structure 
sidence or an overloading of the stream8, which The branches of tllis stream heading in the regions baye been urged aR arguments against origin by 
caused the deposition of bronze·colored gravels now drained by Snake RU,I, Sand Creek, Smith ,vind action. The most natural explanation that 
along the Ohio south of the Ditney area. The :Fork, Big Creek, etc., originally united a short has been proposed is that the material of the loess 
question whether these gravels, wllich certainly distance west of t1le quadrangle aWl flowed west· originally derived from glacial b'Tindings alld 
bave the aspeet of being much older than the old· J ward to the Wabash, but during the Dlinoia.n carried outward from the ice sheets by streams 



llnd spread over broad flats along the drainage 
lines) from which it was picked up, transported, 
and redeposited by tIw wind as a mantle over the 
general ~mrface of the uplands. 

The loess along the Wabash River up to a ccr· 
tain level is stratified, occurs in definite terraces, 
and appearR to be unmistltkably the resuH of 
aqueous deposition, while above this level the 
loess deposits appeal' with equal ccrtainty to be 
the resuH of wind action. The level to which the 
,vater.deposited 10eRs rises varies considerably. 
'Vith the possible exception of the loess which 
co\"ers portions of the lo'wlands in the western 
portion of tIle quadrangle, the deposits of the 
Ditney area appear to have originated mainly 
through the action of the wind. 

Peorian intm'glacial stage.-The Peorian stage 
is not known to have been charactel'izecl by any 
not.able e\rents in the Ditney area. The land 
appears to hm-e remained at essentially the same 
elevation as during the deposition of the loess, 
and the latter suffered little erosion during the 
interval, though doubtless there was a creeping 
and sliding of the material down the hillsides into 
the valleys. 

Wt"sconsin dejJo8ition.-In the Wisconsin stage 
the ice, though failing by more than 75 miles to 
reaeh the Ditney area, by its melting furnished 
large quantities of ,Yater charged with sediments, 
which -flowed from the ice margin down the 
Wabash and -White rivers and formed hroad, flat 
plains of sand and fine gravel along their valleys, 
portions of which were subsequently taken up by 
the wind, before thc introduction of vegetation) 
and redeposited as dunes along tIle valley borders. 
The Ohio River, though nmvhere touching the iee 
front, recei,'ed the drainage of a numher of streams 
heading at the margin of the ice sheet and bring. 
ing down qnantities of glacial sediments, which 
were deposited along its course. The deposits 
,vest of Mid,vay are probably of thiR origin) 
though the upper portion may have heen depos. 
ited in an extensive lake which appears to have 
occupied the area in relatively recent times) there 
still being undrained areas of considerable size at 
the time of the settlement of the region. 

During the final retreat of the ice the "\Vabash 
River was the outlet of Lake :Maumee) a large 
glacial lake extending over the areas now covered 
in whole or in part by Lakes Michigan, Huron, 
and Erie, together with considerable areas about 
their borders which had accumulated between the 
retreating ice and the northward·sloping land in 
the region mentioned and which emptied into the 
'Vabash a little west of Fort Wayne, Ind. 

RECENT EVE)i'l'S. 

Subsequellt to the deposition of the \Viseonsin 
sediments, just noted, the region appears to have 
stood approximately at the same level as at pres· 
ent. The streams, being narrower and less charged 
,"'ith sediment than during the Wiseonsin stage, 
ha\Te cut into the deposits of that stage and 
excavated flood plains of more or less breadth a 
few feet below their surface. The work appears 
to be going on at the present time, the flood 
plains still being too small to accommodate the 
,vaters in time of excessive floods, which occa· 
sionally rise and overflow the \\risconsin fiats, 
both along the White River and the Ohio. 

FIG. 3.-Diagrmnmatic section across White River Valley 
west of Petersburg. 

1. Recent alluvium. 2, Late Wisconsin· dunes. S. WiBCOn!lin sand a~d gravel 
4-, Iowan lo<ljjS. 5, lllinoian tilL 6, Red rock. 

The Auccession of Pleistocene eyents is wj311 
brought out by the cross. _ sec~iori of the 1\Thite 
Rivey Valley given a1'o\"e. 

ECOl'\O~nc RESOURCES. 

COAL. 

7 

extensively mincd in the fall and "'i'vlnter months) ! thicknesses of 4 to 6 feet are most common (see 
to supply' local demands. The outcrops of the: Coal Section sheets). 
l\fillerf'.burg, Petersburg, Survant, Rock Creek, I It iF! believed loca.lly that the coal worked at or 
imd HoHand coals are shown on the Economie neal' tIle Aurface at Ayrshire and betwecn W~nslow 
Geology sheet) together with the location of the and _Littles is a "floating ltein)) lying about 60 
mines a.nJ the more important local ,vorkings. feet above the Petersburg Led, and it is claimed 
The approximate elevation of the Petersburg coal that an 8-foot hed has been found by dr.illing 
with referenee to sea level is given by llleans of about 60 to 80 feet below the one now worked. 
unclt'rground contours) the determinations being A cMeful study of the available data, however, 
based on outcrops of the coal and overlying for· leads to the belief that the coal at Ayrshire) 
mationR, and upon shaft and well sections where Winslow, Oakland City, and Littles all comes 
such could be obtained. 'fhe depth of the coal from the Petersburg bed, and that the S·£oot bed 
below the surface can be determined by subtract· below is either a newly diseov'ered bed or the 
ing its elenttion as shown by the coal contours continuation of one of the thin beels of the Brazil 
from that of the surface contours at the same formation which outcrops farther east. 
point. The coal frequently carries pMtings of bony 

The thicknesses of the yarious coals at different coal, shale, etc., which sometimes reach consider· 
points are shown on the Coal Section slleets fol· able thicknesses. Such a parting occurs at Scales· 
lo,ving the maps. It ·will be noted that all of the ville, and continues to thicken southeastward, 
coals show marked and sudden variations in tIlick·1 until at a mine northwe~t of Folsomville it forms 
ness) due, it is believed, to their accumulation in a parting 3t feet thick between the two benches, 
basins of variable depth, or in series of baRins [but sonth of Folsomville it soon runs .out. At 
that were only partially connectcd 0"[' even com· - seyera.1 points the coal is associated with a small 
pletely separated. The coals above the Millers· overlying vein known as a "rider.') In the region 
burg are not shown, as they are few in . number, between Winslow and Selvin the rider is a 6-inch 
are usually under a foot in thickness) and are not yein occurring from 5 to 15 feet above the main 
,yarkable, eYen for local purposes) except in rare bed. At Cabel a rather thick rider oecul'red just 
instances. above the main coal, and the t,·,!O were worked 

coal.-At an interval varying from together at one time, but the working did not 
above the Petersbllrg bed there is prove profitable. The thickness of the coal, with 

nearly always a second bed, several feet in thick- its partinf,rs, and the characters of its floor and 
:ness, inuuedifttely overlying 5 to 10 feet of lime· roof at various points are shown on the Coal 
stone. Such a coal, some 3 feet or more in thick- Section sheet. 
ness, has been worked for the local supply at The following analyses, made by the State geo· 
several points about Millersburg, and has received logical and natural history survey, give some 
the lltLme of :Millersburg coa1. Coals of similar indication of the chemical character of the bed in 
thickness, likewise associated with limestones, thiA ltuadrangle. While they do not indicate a 
have been seen at a conRiderable number of points coal of very high grade, the ease and cheapneRs 
to the south, east, northeaAt, and north of Millers· with which it may be vwrked makes it a valuable 
burg. A recent boring and shaft at Buckskin Yeln. The 1'00£ as a rule is excellent, being of 
sho,vR the coal to be over 6 feet in thickneRs in the tough, olaek, sheety variety which maintains 
that vicinity. To the south) east) and northeast itself without props for years, even in large rooms. 
the iuteryal above the Petersburg bed appears to 
remain fairly constant at about SO or 90 feet, and 

AnaIY,~M oj PetenJburg coal. 

it seeIlll;; probable that the coal is in reality the 
3-fillershurg bed; but in the vicinity of Oakland 
City the interval from the Petersburg bed to the -
lowest overlying limeRtone and eoal is ahout ] 20 
feet. At Illgleton, northeast of Oakland City, ~;:~~l~~:I~. 0.S1 12.36 

and in the region to the north of the Patoka River, Woolley, Pe 

however, a coal (and usually also a limestone), gen· terl<burg .. 1 81'1.31 

5.20 5.21 12.9 

7.S2 3.56 12.6 

erally regarded. as of the Millersburg bed, is to be _______ I _~ 
seen at many points at an intel'\'u.l of about 100 1 Pounds of water evaporated per pound of coal. 

feet ahove the Petersburg; but to,Yard Petersburg 
the conditions become confusing, there being two 
and perhaps three coals within an.interval of about 
50 feet of one another, making it impossible to 
determine with certainty which) if any, of them is 
the equivalent of the Millersburg bed. The vari· 
om; outcrops are plotted on the Economic Geology 
sheet UJ'I belonging to the Millersburg coal, hut 
their identity with the coal at Millersburg is not 
fully established in the areas mentioned. 

The :.\:Iillersburg coal) 01' a coal helongiIlg to the 
same general horizon, is worked somewlutt exten· 
sively for local supply!:louthwest of Petersburg, 

:Mines of small size are operated at a large 
number of points, fond in the aggregate have a 
large output. The larger mines, however) are of 
necessity loeated near the railroads. There are 
perhaps twenty points at which the coal is mined 
for shipment) aInong which are Petersburg, Ayr. 
shire) Littles) Oakland City, Cabell Boonville) 
De Forest) and Chandler. The small mines, fre· 
quently only strippings, are especially numerous 
north and northeast of \Vinslow, south of Augusta, 
west of Stendal, north ani! northeast of Scales ville) 
bet\veen Scalesville and Folsomv--ille, and between 
Folsomville and Boonville. 

on Hobinson Creek, on both sides of the Patoka Lower coals.-The coals below the Petersburg 
River at Dongola, north of Ingleton, south of bed in the Ditney quadrangle are of relatively 
Lynnville) and at Millersburg. little importance. Several of them, however) 

Petersburg coal.-'l'he outcrop of the I>cters· reach a thickness of 3 feet in places, are usually 
burg coal is largely hidden by glacial deposits in of a semi·block eharaeter, and on the whole are 
the northern portion of the quadrangle, but over of much better quality than the Petersburg bed. 
an area beginning nea,r Cato and continuing to On account of the cheapness of the coal from the 
the sonthern border) south of Boonville, it has latter, however, little attempt has been made to 
been opened at many points and is worked at develop the lower beds; and as natural outcrops 
snort intervals. '1'1e dip being very gentle, ayeI" are very r~re, their traoing is attended with much 
aging only about '20 feet to the mile, to the west· difficulty and uncertainty, arid it is only in excep. 
wtlJ'd, and the coal lying at or near drainage leyel tional cases that their thickness and quu.1ity can be 
over considerable areas, the outcrop partakes of determined. While some of the coals may locally 
all the sinuosities of the drainage lines, its lenf,rth thicken to workable beds, it does not seem prob. 
being several times that of the quadrangle. able that they will be developed for at least a con· 

The coal is of variable thickness, but probably siderable length of lime. The outcrops of three of 
averages about 5 feet in this quadrangle. East the coals, the Survant, Rock Creek) and Holland 
and northeast of Boonville, however, its average beds, are shown on the Economic Geology sheet, 
thickness is some\vhat greater, being not far from while on Coal Section sheet 2 are given their 

Coal constitutes by far the most important 6 feet, and thicknesses of 7 feet are common in thickness and associations at characteristic out· 
mineral resource of the quadrangle, there being many of the mines, while in pockets a thickness crops. 
fiye or more beds which are of sufficient thiekness as high as 9t feet is reported. In.this region it' The Houchin Creek coal, lying between the 
to warrant development, at least fo1" local supplies. -is solid and uniform throughout, except that the Petersburg and Survant "beds, is exposed in the 
Only one of the beds, however-the Petersburg upper 3 to 6 inches is dry, resembling cannel coal vicinity of Houchin Creek, Selvin, and 'Heming. 
coal-is worked for purposes of shipment. The in places. Thicknesses of S feet occur in many of way, as well as at other places. Its thickness is 
other veins) especially the Millersburg coal, Me the mines about Petersburg. At other points variable, ~eaching in 'places 18 inches, and it is 

Ditney. 

almost invariably 'overlain by black) slleet}', 
bituminous shale like that over1;ring the Peters· 
burg coal The Survant coal is more important) 
lJaving a thickness of 5 feet in the knob8 near 
Gentryville) at the soutpeastern portion of the 
area, but is usually not over 3 feet thick. It is a 
semi.coking coal, and is c'haracteristically overlain 
by a ma8sive sandstone or by a light.colored shale 
that breaks into rhombs. ..L\t one point near 
Survant the interval is duly 6 feet between this 
coal and the coal above, hut as a rule the space is 
at least 30 feet. The S!Urvant coal is probably 
the same as the Garrison !coal north of Tennyson, 
the Taylor coal at Selvin,"', the Corn coal north of 
Stendal, the Miller coal w~st of Pikeville, the coal 
under the bridge at Snrvalnt, and the IIollenburg 
coal southwest of Velpen. I 

A short distance below Ithe Survant coal is the 
Velpen coal, one of the .bost persistent beds in 
the ·region. It is frequently spoken of as "the 
18.inch vein," fk"! it maintanns that thickness with 
great persistency. It is characteristicaHy covered 
with a black, bitumino~, sheety shale, above 
which there is often a f06t or two of limestone. 
The interval between it antl the Suryant coal runs 
from 25 to 60 feet, the spJce being) as far as seen) 
all shale, with the exception of the black shale 
and the limestone over th~rlower coal and tho clay 
under the coal above. T~e Velpen coal is abun· 
dantly exposed around VelJpen, at Pikeville, north. 
east and south of selvin'Jnd southwest of Heil· 
man, and is probably the oal occurring just east 
of Grass. Around Selvin i ,is reported in a number 
of places to be underlain!at a distance of only a 
few feet by 3 feet of coal Of poor quality. At no 
place was this underlying coal seen. One or two 
thin hands of impure coal are reported to COllle 
between the two in places. The lower coal may 
be the Rock Creek coal of the general section) but 
where that coal was seen it was usually at least 30 
or 40 feet below the Velpen coal. The Rock Creek 
coal is of better thickness than the Velpen, often 
running up to 3 reet. It sometimes) however, 
splits into two ben<:hes, usually not more than It 
foot apart and often separated hy a mere film) 
though it il'! supposed to be i~))1aees split into 
benches 5 or 6 feet apart. There appears to be 
considerahle sandstone aboye the coal, sometimes 
coming dmvn onto its roof. It outcrops as a 
double coal southeast of Velpen and northeast of 
Pikeville. Southeast of Pikeville and northwest 
of Zoar the parting is not so thiek. It is double 
west of Holland, and usually appears to be broken 
up in 'Varrick and Spencer counties. 

The HolIand coal is often thin or wanting, hut 
in places it acquires workable thickness. A mile 
south of Duff it is reported in a well to be 3 feet 
4 inches thick) and to be overlain by 3 feet of 
blue) flinty limestone and underlain by 60 feet of 
sandstone. The cherty limestone ·which occurs 
with the coal can be traced along the eastern 
limits of the quadrangle and as far east as Dale, 
where it is underlain by 3 feet of coal. The lime· 
stone outcrops abundantly southeast of Holland, 
but the coal, if ther¢, frequently fails to show in 
outcrop. 

'rhe coal underlying the Holland coal at an 
interval of about 100 feet does not appear to out· 
crop anywhere in the quadrangle. The coal above 
it has been opened along Birch Creek, and is prob. 
ably one of the coals found along the Patoka River 
northeast of Duff. In the locality of the section 
given in the description of the Peterslmrg forma· 
tion, a. 2-inch parting occurs 1 foot from the top. 
At one point on Birch Creek this coal has a thick· 
ness of 3 feet, with an inch parting 14 inches from 
the top. The upper part of the coal is a'sulphur. 
ous) caking coal) but the lower bench is reported 
to be of a good semi·block character .. At this 
point the coal has 14 fect of hl\l'd, sheety shale 
over it, and it is thought to corresponll to a coal 
found abundantly a little farther east, with lime· 
stone over it. 

ECONOkIIC PRODUCTS OTHER THAN COAL. 

Natural gas.-A considerable pool of natural 
gas was struck in the "Jumbo" gas well near the 
Woolley coal mine at Petersburg, but, although 
considerable drilling was done about Petersburg 
and at other points within the quadrangle, no 
other commercial pools were developed. The 
"Jumbo" well, after flowing for a time, ceased to 
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produce. It has since been cleaned out and sup_lu~ed just as it comes from the .pit, n~ material, 
plies several hundred stoves in the town, and " either sand, pebbles, or crushed brICk, bemg added. 
shows a rock pressure of 585 pounds. _ A new I Brick yards, also using the loess without the addi
,veIl in the same viCinity is now being drilled. It tion of any_material, are operated at Oakland City 
is possible that similar if not greater pools may and at Boon\'ille. The works are run only a few 
occur elsewhere in the quadrangle, but their posi- months of the year, the output of the yards prob-

that any of the ores will become 
value in the near future. 

of economic surfuce of the uplands, and afford soine of the 
best soils of the area. The broad loess·covered 

Glas8 sand.-In a few places, as southwest of 
'Vhiteoak and northeast of Velpen, white sand
stones,· possibly suitable for glass making, were 
noted. 

tion can not be predicted in advance of drilling. ably averaging from 500,000 to 1,000,000 bricks Mineral waters.-A considerable number of the 
The positions which are geologically the most each, most of which are used in the adjacent deeper wells penetrating the rock get water- that 

is charged with ferrous sulphate (FeSO 4)' known 
as" copperas water," but this type of water is not 
confined to the consolidated rocks. Springs issu
ing from the till plain on the property of James 
Barker, sonthwest of Petersburg, the exact loca
tion of which was given under the heading" Iron 
ores" above,· not only taste strongly of FeSO 4 but 
are surrounded by a surface deposit of bog iron 
ore. A wen nearby did not strike rock until a 
depth of nearly 100 feet was reached. 

favorable for wells are the low anticlinal swells, to'wus or in the immediate vicinity. 
and the arelts along strike lines just east of the In the southern part of the town of Petersburg 
points at which the westward dip changes from is a brick yard which obtains its supply from the 
flat to steep. These localities can be roughly embankments of the abandoned canal. 'fhe mate· 
determined from the structure contours of the rial_ is apparently a mixture of loess, sand, and 
Economic Geology sheet. till, the sand being present in considerable 

Deep wells at Princeton, a few miles west of the amounts. Pebbles are not commotl. The output 
quadrangle, and also in the vicinity of Birdseye, of the yardR is said to average 800,000 bricks 
east of the quadrangle, have struck small quanti. annually, most of which are used in and about 
ties of both gas and oil, the latter sometimes Petersburg. 
caiTying large amounts of asphaltic material. Qne or two brick kilns using the disintegrated 

Fire olay.-The clays of the coal.bearing rocks shales are occasionally run at points in the east
of Indiana have been investigated by W. S. ern half of the quadrangle to supply local demands. 
Blatchley, State geolog1st, and the results were In a few places shales were seen that seemed to 
pnblished in the Twentieth Report of the depart. give promise of being suitahle for the manufacture 
ment of geology and natural resources. The of paving brick, tiles, etc. The shales occur most 
following discussion is based mainly on that report. commonly above the second coal, below the Peters· 

Fire clays 3 to 8 inches in thickness are associ- burg vein, and have been noted at se\'eral points 
ated with the coals at numerous points about west of Cup Creek (west of Pike\,iIIe), and at the 
Petersburg, but are best developed north of the Taylor mine at Selvin. So far as known no tests 
town and a short distance outside the limits of of the clay have been made. 
the quadrangle. On the land of Hosea Alexander, 8andstone.--The sandstones of the region are 
howe\-"er, in the NE. t sec. 4, T. 1 S., R. 8 W., usually s}mly or thin bedded, but a fe\y thick beds 
a shaft showed 3 feet 4 inches of fire clay with, of massive character were noted. They are very 

Strong mineral springs also OCCllI' at Degonia 
and Ash Iron Springs, in the southeastern portion 
of the quadrangle. An analyses of the water of 
the former showed the presence of the sulphates 
of potash, soda, alumina; and magnesia, phosphate 
of lime, chloride and carbonate of iron, carbonic 
acid, silicic acid, and free carbonic acid. The 
water is supposed to possess valuable medicinal 
properties, and a large hotel has been built at the 
springs for the accommodation of visitors. Another 
hotel is at Ash Iron Springs, a little over a mile 
south of the former. 

SOILS. 

numerous Btigmal'ia. Tests made at the brick 'I "soft and work easily, but harden somewhat upon The soils of tbe Ditney quadrangle IlIay be 
YaJ'ds at Petersburg sh.owed it to make refractory. exposure to the weather. They are used oliIy I' divided into five groups: (1) Soils of the river 
brick of good grade. locally. Considerable amounts have been qual" bottoms; (2) soils of the terraces or second bot-

No fire clay of importance has been reported ried at a point about a mile west of Oakland City, toms; (3) loess; (4) till or bowlder drift; and 
from the portion of Dubois County lying within where the sandstone occurs as a massive bed (5) residnal soils. Each will be considered in 
the limits of the quadrangle, but in the ravines I about 30 feet in thickness. A qnarry about a turn. 
running back from the Patoka River and its larger' mile south of Union has also furnished consider. I Soils of the 1'iver bottoms.-In this group is 
tributaries in the southeastern portion of Pike! able quantities, while smaller amounts have been! included the l:Ioil8 of the lowest portion of the 
County there is a fire clay from 4 to 6 feet in : qllill'ried 'at a number of other points in the' bottom lands, or those subject to at least annual 
thickness associated with the coal. It is light I quadrangle. overflow. In the quadrangle they are best devel. 
gray, siliceous, and snitable for making fire brick. , .Limestone.-Thin limestones, usually not more i oped along the Patoka River, where they reach a 
Used with a soft gray shale overlying the coal, it than 5 or 10 feet in thickness, are common in the I breadth of several mile~ in places. Similar flats 
makes a vitrified brick of superior grade. Ditney quadrangle. As a rule they are not per. I also border Pigeon,I,ittle Pigeon, Bluegrass, and 

Near Oakland City fire' clay is reported as sistent, but the one associated with the Millers- ,Cypress creeks and other streams. 'rhe soils gen
present below both coals. In the J. D. Johnson burg coal is found to occur over a large area in eraIly consist of clay or almost impalpably fine 
shaft, southwest of the town, the Petersburg coal central portion of the qnadrangle. Rather I sands, are whitish in color and "cold," being 
is reported to be underlain by 8 feet of dark-gray thick limestones are found on the knobs neal' saturated with water in the winter and spring 
fire clay, which is said to have furnished good fire Somerville, Lynnville, and on the Dituey Hills, months and p~rched by drought in summer. 
brick for use at the mines. At the quarry 1 mile but they underlie only very limited areas. Although portions of the bottom lands have long 
west of the town at least 4 feet of fire clay occurs 1'he colors on fresh surfaces are usually gray to been nnder cultivation, large aJ'eas still remain 
just below a 2-foot bed or coal. dark bluish gray 01' almost black. The limestones forested, the most common timber being elm, red 

The clay beneath the Petersburg coal in the are frequently fossiliferous: and are rather pure. maple, and glUn; bilt where a considerable por
vicinity of Boonville contains a rather high per- , They weather gray or yellov~-ish. They do not tion of 'sand is preRent beech, sugar maple, over
centag~ of alkalies; which act as fluxes, causing it I work readily, and on weathering give a very cup oak, and tulip trees also occur. Within the 
to fuse to a black, porons mass. At the brick undesirable color, and are consequently little used last few years somewhat extensive areas have 
yards north of the to'Vll there is a soft shale which for building. Neitller are they burned for fertil- been reclaimed for agricultural purposes by 
if h>Tound and mixed with the siliceous surface izer, as the soil is ordinarily sufficiently calcareous drainage ditches. 
clay (1'oess) would probably prove suitable for withont the addition of lime. Their character Hoil8of the t&rracesor second hottoms.-The soils 
vitrified products and hollow brick. is snch that they could be used lor road metal, of this group are limited principally to a narrow 

In the portion of Vandenburg County lying but they are too thin to be ,vorked profitahlyon belt along the south side of White River west of 
within the quadrangle there are no important out· a small scale, it being cheaper to ship cruRhed Petersburg. They aJ'e composed of a medium
crops of coal, the Petersburg and Millersburg limestone from the large quarries located on grained saud deposite:-U_ by the river during the 
veins, with their associated clays, being some the thick limestones of the Lower Carboniferous Wisconsin stage of the glacial invasions. They 
distance below the surface. Spencer County rocks farther east in the State. are much coarser in texture than the soils of the 
affords no important outcrops of fire clay within Iron ores.-Several of the shale beds carry car- river bottoms, and not being subject to overflow 
the area under discnssion, but fire clays are asso· bonate of iron in the shape of concretions or are not so wet and cold as the former. The dune 
eiated with the coal at Lincoln City, 4 miles east "blak banded ore," and beds of limonite of the I sands southwest of Petersburg may be placed in 
and 1 mile north of Gentryville, and JURt outside bog-ore type, a foot or more in thickness, were: thiR group. "Nheat seems to be the principal 
the limits of the quadrangle. noted at a few points. Bog ote covering a con-I' crop. 

B1'iok cZay.-Clays used for making drain tiles siderable area and still in process of formation Loe8s 8oil8.-Where undisturbed the loess soils 
and common building brick are obtltined from the was noted in the vicinity of a spring on the land are buff in color, bnt unde.r cultivation rapidly 
loess, from the tills, and from disintegrated shales. of James Barker, near the north-south line between: assunie an ash-gray color and become more com· 
Two yards using the loess are located at Francisco, secs. 31 and 32, T. 1 N., R. 8 \V. (3-& fiiles south-I pact in texture. South of the Patoka River they 
considerable quantities of drain tiling and some west of Petersburg), and prohably similar ores I frequently exhibit a strong red tinge in their lower 
bricks being turned out fl:nnually. The clay is occur at other points. There is no likelihood,! portions. They occur over practically the eutire 

fiats marking the top of the till plain ill the north
,~'estern portion of the quadrangle and the deposits 
of glacial Lake Patoka in the northeastern por
tion afford la:rge cropf'! of -wheat. The moilerately 
rolling portions are devoted to wheat, COl'll, and 
tobacco, five.eighths of the total product of tobacco 
in Indiana coming from the rolling or bottom 
lands of Spencer and Warrick counties. The tree 
growth includes ,yulnut, sugar maple, wild cherry, 
pawpaw, and many other kinds. 

'ltU 01' bowldet·-d;rift soils.-Though underlying 
the loess over broad areas ill the northern part of 
the quadrangle, it is only on the steep hillsides 
or the sides of rayines that the loess has been 
removed. The slopes composed of soils of this 
type are usually too steep for cnltivation, and are 
covered with a growth of wood similar to that on 
the loess soils. 

Residual soils.-As in the case of the till, it is 
only where the slope of the land is so steep that 
the coating of loess has been removed that sojIs 
of the residual type occur at the surface, though 
they are every ... vhere present beneath the loess out· 
side the Emits of the till sheet, They are com
posed of a heterogeneous mixture of sand, clay, 
and fragments of rock, and have resu~ted from the 
disintegration and decay of the underlying rock 
at a period before the loess was deposited. Like 
the tin soDs, they are genera]ly covered with 
a growth of wood. 

W A'l'Eit SUPPI,Y. 

Taken as a whole, there is in the Ditney area a 
shortage in the 'water supply during the summer 
months. All but the main streams are dry 
throughont a consider.fLble portion of the year, 
and springs are far too few to snpply the needed 
water. Dependence is therefore placed on wells 
and cisterns, with varying results. On the river 
bottoms, though the surface is frequently parched, 
water can usually be obtained within 15 feet of 
the surface, and large supplies can frequently be 
had by driving 75 to 100 feet in the soft silts and 
Bands. Except possibly in rare instances, no irri
gation is attempted, however. The water is gen
erally of good quality. 

Although the loess undoubtedly holds large, 
quantities of moisture, its compact, clayey texture 
and the complete absence of sandy layers pre
vents the easy passage of water through it, and it 
is only in relatively rare instances that water in 
any amount can be 0btained from it. The glacial 
till is more gravelly, and frequently good flows 
are obtained, but the water is usually hard. 

Much of the surface rock throughout the quad
rangle is sandstone, and this frequently affords 
good supplies of water of satisfactory quality. 
In many instances, however, the water does not 
occur throughout the sandy stratum in which it is 
found, but only in rather definite channels, one 
well often obtaining a good supply, while another 
but a short distance, away fails entirely. The 
quality of the rock water is very variable. Some 
of it, as has been noted, is of excellent quality, 
but much of it is hard, and "copperas water 1J 

(water containing E'eSO 4) is very common. 
'Yells in the rock on naITOW ridges 01' on the 

edges of steep bluffs are usually dry throughout 
several months each year, and many of the shal
lower wells in other situations, 'in both rock and 
till, are dry at times. Cisterns are used in many 
instances, but the snpply is small and is insuffi· 
cient for any but domestic purposes, and hauling 
is not uncommon. 

September, 1902. 
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FORMATION NAME. 

Millersburg formation. 

Petersburg formation. 

(Houchiu CreBk coal.) 

(8urvantCOIII.J 

(VelpeDcoal) 

Brazil fornlation. 

(Rock Creek coal.) 

(HollandCORl.) 

(Coals of Daviess Connty.) 

150 

300 

Lower portion, alternating thin sandstones and sandy 
shales with the Millersburg coal at the base. 

Alternating sandstones and shales with a persistent 
bed of limeswne at the top, the Petersburg coal at 
the base, and an occasional intermediate thin coal. 

Alternating shales and thin sandstones with an occa
sional thin limestone and several coal beds. !laBS
ive sandstone at the top of the formation and below 
the Holland coal. 

TABL.E OF FORMATION NAMES. 

NAIfER ANn SyWlOLS DIlED IN THIS FOloIO. AsHLEY: INDUNA GE(}L(}""CAL S\:RVEY, TWE"TY-TRIRD ANNUAL REPOltl', 1898. 

Coal MeaBures, Division VIII. 

f--cIccng7-I'_fi--c'ICd __ ~_dc:'_to_n._. ____ -----t--cc"" +-M=erom sandstone, Coal Measlll'es, Division ~X_. __ _ 

m.~ ~~~==a=u=on~. _________ ~Cd~ 
Somerville formation. Cs 

Millersburg formation. em Coul Measures, Division VII. 
Petersburg formation. Cp Coal Measures, Divisions V and VI. 

Brazil formation. Cb Coal Measures, Divisions II (in part), III, and IV. 

TABL.E OF COAL NAMES 

N.urESUSEnINTHIsFoloIO. AsHLRY: INDIANA GEOUl(lICAr, SCIWI<¥, TWENTY' Cox, COLLETT, ETa.: llmUNA GEOLOGICAL Sl"'RVEY, 
THIRD AlIlIUAL REPORT,lB!W!. REPORTS 1-14,18tl1l-1884. 

Millersburg coal. Coal VII. Coal N (sometimes M). 

Petersburg coal. Coal V. Coal.M (sometimes L). 

Houchin Creek coaL Coal IIIb, and others. 

F~:=:;:.:;=::"'~"'7=11=-. -------t-'~:"":: .. :"-~~~;b~. -----------1 L~~~~/t~~ ~ri~~~p~\vebe1° ~::ri,~i!~ 
the usage varied at each locality, 

Rock Creek coal. Coal Ilia, IIIb, and others. 

Holland ooal. Coal III in part. 

Z 
-< 
Z 
g 
"' C 

Z 
-< 
0' 
:::> 
...J 
iii 

FORMATION NAME. 

Loess, stratified drift, and till. 

lllitchelllimestone. 

Oolitic limestone, 

Harrodsburg limestone. 

Knobstone sandstones and 
shales. 

New Albany shales. 

Hamilton formation. 

Corniferous formation. 

Lowe.r Helderberg formation 1 

'Vaterlime formation? 

Niagara formation. 

Clinton and Medina formations? 

Cincinnati formation. 

Utica shale. 

SEOTION IN JUMBO GAS WEL.L., PETERSBURG, 

J 
~ • 
i 
I 

Clayand8O.Dd. 

Blue&ndyellowl!mestone. 

Coa.l (PeterBbnrg) o.ndShBle. 

HBnloandolone. 
l\a.ndy8hBle. 

WELL RECORD. 

Oa.nm:lcoalorohalew!thstteak1!offlrecllly. 

Il1InI ... ndyShll.le. 

lliIrdlnneot;one. 
lIlueli,,,eBtono. 

I\ha.le. 

~$:::: (otrong fiow"Rlue L1~J<" ...... ter), 

~ho.le. 
LImestone. 

NOTE._The na.m.es below the Brazil formation in this section are thOl!B used by the Indiana survey, 

audexa.ct correIa.tioD "111th the New York sectiOD is DOt Intended. 

MYRON L. FULLICR, 
Geologi8t. 
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