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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo.~jGal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenus, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streams, lakes1 a.nd 
(3) the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are ((('('urateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of' the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal ele\'a-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represented by 
pach spaee bctwf'en lines being the same throughout eHcll map. 
These lillf's nre called cOJ/four lines or, more brietl \', contours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J ri vcr VB Hey bt'twet'll two hills. In 
tIlt:' foregrOlliul tile seH, \\lth a bay that is partly closed hy 
a hooked sand hal'. On eaeh sirlf' of tht' v:llley is a tenw'e. 
The terrllCC on the rig-ht merges into a gentle hill slope; that 
on the left is u[L('keo by a ascent to Ii diff, or SCfll"p, whidl 
contrasts with the gradunl away from its ncst. In the 
map each of these features indicat.t'd, directly bel10ath its 
position in the sketch, by contour lint'R, Tlw map does not 
include the (liHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A eoniour line reprt:'sentR a eertain height above' sea le\·e1. 
In this illnstration thc contoUT interval is 50 feel,; thel'eforE' 
the contour lines arc llrawn at 50, 100, ] 50, and 200 feet, and 
so all, ahove mcan sea level. Along the contour at 250 feeL lie 
aI! points of the surface t.hat Ht"t' 250 f~et above the sea~that is, 
thii:l eontour would be the shore line if the sea \vere to rise 250 
feet; alan!!: the rontour at 200 feet. are all points that nrf' 200 
feet abo\'e the sea; and so on. Tn the ."pace bet,"ween any two 
contours are ul1 pointR whose clevations are aboy,=, the lower 
and below the Iligher ('on tour. Thus the eontnur at 100 ft'f't 
falls jUSL helow the edge of the tel'l'are, and tltat at :l00 feet lit:'i'l 
aboye the terrace; therefore all points on tile terrace arc shown 
to be more tlwn 150 but less than 200 feet abo\"e the sea. 
The summit of t.he higher hill is rm:nh(1 GiO (fcet aboye sea 
level); the ('ontoUT at ()oO feet surrounds iL. In 
this illust.ration the contoUl' lines arc nuwbered, and those 
for 260 and ,")00 feet are areentuHted by being Illade heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The aecentnating and nnmht'ring of certain of them-say eyery 
fifth one-suffires and the hl'ights of the others may he l.lSeer
tained hy eOllnting up or dO\Vll from th('se. 

2. Contour lines show or' express the forms of slopes. ~\.s 

contours are continuolls horizontal they wind SlllOOtllly 
about smooth surfaces, reet:'dt:' into rt'entrant of 
ravinei'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our curws Hnd 1:..0 of t.he 

('an be seen f!"Olll. the map and 
lines sl~ow the approximate of any sl~pe. 

The vertical interval between two \'{mtours the same, whether 
they lie along a cliff or on a genLle slopt'; but. to attain a gi ven 
ht:'if!;ht on a gentle slope one IIIust go Dnther than on a Htccp 
siope, and therefore eontOun:> are till' apnrt on gentle slopes 
and near togethf'r on stef'p onc". 

A small contour int~ryal is nccessary to express the relief of 
a flat oj' gently undulating country; a steep or mountainolls 
country can, as a rille, be a(leql1ately represented on the SHme 
seale by the use of a huger iuten-tll. The smallest interya I 
used on the atlas sheets of the Ueological Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may be 250 feet nnd for less rugged country ('on
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lJe.-\Yater~ol1I"sf's are indicated by blue lines. Fora 
perennial stream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvll hy a 
blue linf'. Lakes, marRhcs, and odler bodies of ,vater 

by conventional sigBs in hlue. 
for the works of' man and all letter

are printed in 
,)ca,tc.,.-j~l1e area of the Uniied States (exclusive of Alaska 

and island possessions) is uLout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the scnle of 1 mile to the inch 
would ('oYer 3,0:27,000 sCjllare incllCi::l of pnper aI1(1 measure 
aLout 240 by ]80 feet. Each square mile of ground Sll1-iace 
wonld be represented hy a inch of map surfllee, and a 
linear mile on the ground a lineal' inch on the map. The 
stale mav be also a fradion, of whieh the numer-
ator is H" OB the map and tue denominator the eorre-
spondin)!; lengt.h in nature expressed in the same unit. Thus, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 
Hnd (\~.:",()o, (,orresponding approxi

mately to -4 milt's, and 1 mile on the ground to an 
inch on t.he map. On the seale of ineh of map 
surface ahout 1 square surt"i-lee; ,on the 
scale of a bout. 4 s(]unre milf's; and on the sea Ie of ~OOJ , 

alJOltt lG '3CjIUlTe mile8. At the bottom' of each atlas i:lheet the 
scale is in three a gradua,ted line repre

a similar line indicating 
a fraction. 

oU""""""'(".·~J "cmap of the Unit.ed Stat.es 
is being shedS of eOll\'enient size, wlrieh 
represent areas houwlc,d parallel.; awl meridians. ThCBe 
~neas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one slllUl.re degree-that is, a of latitude hy a 
degree of longitude; each sheet on thp of reprcbents 
one-fourth of a squal'e degree, and clIch sheet on scale ot 

one-:-;ixteenth of a square degree. The areas of the corre
sponding qlladranJ!;les are about 4000, 1000, and 2;)0 square 
miles, though HH'y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of Olle map of the United 
States, are not limited by political boundary lines, such as 
those of SLates, counties, an (I tow nships. Many of t.he maps 

arell" lying in two or eyen three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some weJl-known town or natural feature within its limits, and 
at Lhc sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nWPb l'eprt'6entillg the show, colors and 
conventiowll sip;ns printed on topographic map, the 
distribution of rock masses on the surface of the land and, by 
means of structure sections, their underf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of many kinds. On the geologic mnp they are 
diRtinguishecl w;; igneous, sedimentary, and metamorph~c. 

19n~'lms 1>oclcs.~Rocks that ha\8 cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
hay from to t.ime l)een forced upward in fissures or ehan-
lie],.; of and sizf's through rocks of all to or 
lI(;arly to the Itocks formed by the of 
mohen material, or magma, within these ehanncls~that is, 
below the surfu('/'---;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called a where it fills a large and irregular ronduit the 
mass is termed a Bloch:. "\Vherc molten map;ma trayerses strat
ified rocks it be iIltruded along bed.ding planes; sueh 

nr "hed.s if eomparatiyely thin, and lacco-
chambers prod ueell by the pressure 

of t.he mal!;Illa. rock molten matcrial rool.; 
slowly, witll the result that rocks are generally of 
crystalline texture. vVhere the channels reaeh the surfaee 
the moltell material poured out t.hrough them is called IW/!(1, 
aud lavas often build up volcaniC' mounli:1ins. rocks 
that. have solidified at'the snrface are called 
Lavas generally cool murt:' rapidly than iutrllsive 
a:--1 a rule contain, espt:'f'ially in their superJieial parts, wore or 
lel::1H voleanie produced Ly rapi(1 ehillillg. The outer parts 
oflanl How,:;; are llHlWlly porous, owing to the expansion of' 
the gase" originally present in the magma. Explosive action, 
due to these gases, often aceompanies volcanic eruptions, 
causing (jl,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when eOllsolidated, constitute breecias, agglom-

and tuffs. 
l'oclcc~.~Uoeks composed of the transported 

fragments or particles of older roeks that haye undf'r~one 

di::;illtegration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed ill such water bodies by ehemical precipi
tation are termed sediuu:nta1-Y, 

The ehief ngent in the transportation of roek 46bris is water 
in motion, including rain, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are earrit'd in soluLion, and deposits of these are called 
oq:wnie if formed with the aid of lift.', or ('hclIIical if formed 
·without the aid of life. The more important roeks of chemical 
and organie origin are limestone', chert, salt, iron on" 
peat, lignite, and eoal. Anyone of the named 
may be f'\eparatt'ly formed, or the diITerent he 
intermingled in many wayi'l, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in llIotion, or wind, lmd a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits js loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bowlders and pebbles wit.h day or sand. 

Sedimcnt.ary roeks arc usually made up of Illyt'r",. or beds 
which can be separated. Thcst' ure called .strata, 
and rocks in such layers are to be strlltified. 

The snri'aee of the earth is n~t immomble; 0\ er wide regions 
it very slowly rises or sinks, with reference to the sea, and 
Rhore lint'S arc thereby changed. .L\.s a result of upwarcl \ 
moyement manne sediment~1ry, ro(~ks may become part. of the 
land, and most of our land areas are in fact orcupietl by rocks 
originally deposited as sedilllents in the 

Rocks exposed at the surff~ce of tlle air, 
watf'r, ice, animals, and plants, 
known as bacteria. They 
soluble parts HTC leachp(l ont, the 
left as a residual layer. \Vater washes this 

and more 
matf'ria I being 
material down 

the slopes, and it. is 
other bodies of wat~r. 
but it is 

carrietl by riYers t.o the,orean or 
its journey is not eontinuous, 

huilt into river bars and flood plains, 
_·Uln \·ial deposits 

belong to 
layer is commonly inelnded 

Their upper parts, o~cupied by th~ roots of 
eOll:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable admixture of matter. 
and by various 

processes, rocks may in com position 
and in t.exture. If the new pro-
nounced than the old such rorks arc ealled In 
the of metamorphism the cOllstituents of a chemi(,~ll 

may enter into new cOtllbinations nnd eertain substances 
may be iost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphie form may exist within a 
single rock mass. Surh changes transform sandstone into 
quartzite and limestone into marhle and modify other rocks 
in various ways. 

From time to time during 
been deeply buried and haye 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raised and later exposed by erosion. In snch 
rocks the original structures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of division, along 
which the rock. splits most readily, may have been deyeloped. 
This structure is called and may cross the original 

rocks rhanltterizcd by it 
Crvstal8 of mica or minerals nwy have gr~wn 

in tbe rock in "such a as to produce It laminated or foliated 
structure known as The roelcs characterized by this 
structure are schisf.s. 

As a rule, the oldest rocks are most altered and the young,=,l'" 
formations haw escaped metamorphism, hut to this mle there 
are many impOlinnt t.'speeially iu l'egiolls of igneous 
activity fmd complex 

TOlOl.A.TlO.KS. 

For of 
above are inLo A :'!e(limentmy 
formHtion l.'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform cllflrad~r or rocks more 01· 1ess uniformly 
"\\il.riell in eharader, fo1' example, an alternation of shale and 
)jmestone. 'Vhere fn}m Olle kind of rocks t.o 
another is graduHI it. may Twet:'s:'!ary to two contigu-
ous formations by an arbitrary line, aTHI some rases the 
dist.ill(~t.ion depends almost <"nt.irdy on the contained fossils. 
An ignt'ous fOl'mat-lon eont.ains one ur more bodies of one kina, 
of' similar occurrence, or of lil-:e origil1. .r\ metanH1l11hie for
mation lIlay cOlwist of rock of nniform rharal.'ter or of se\ eral 
roeks having comIllon l.'haraetel'istirs 01' origin. 

'Yhen for Reicntifi(' or el.'onomic reasons it is dcsimhle to 
recognize and map onc 01' more deyploped parts of a 
yaried formation, such parts arc member", or In" oom(' 
odler appropriate term, as '(!ntil.i:J. 

.\GER OF ROCKS. 

Geoloy'ic ti1lie.~The iime during which roeks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 

• 



and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
f!)'oll}wd togf'ther into a 8Yl:Jtent. The pl'illeipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
th1ul a Rf'rie); iR called a !Jrollp. 

Inasmuch as scdimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt aro older, and their relative 
ages may be determined by observing their positions. In 
many rcgions of intense' disturbance, howevcr, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to dntcrmine their relati \"e from thcir 
present positions; under Hueh eondiLi,ons if prcscnt, 
may indicate whieh of t.wo or moro formations oldest. 

Mnny stratified rocks eontain f()ssil,~, the remains or 
imprints of plants and animals which, at the time the strata 
were dcpositcd, lived in bodies of ,ynter or were ... \ashed into 
them, or were bmied in surficial deposits OIl the hlncl. Rueh 
roeks: are ('alled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssiliferom; rocks were deposited. From t.ime to time more 
complex kinds awl as the 8impler ones Jived on in 
modified forms life more yaried. But during each 
period there lived peculiar forms, which did 1Iot exist in ('arher 
timl:'s and lwve not existed sinpe; t.hf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp;e of any bed of ro('k in which they are 
found, Other types passed on from period to period, and thus 
linked the forming fl. chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two seuimcntHry formations are rernot.e from ea('h other ami it 
is impossible to obscrYe their relative positions, the charncter-
istic fossil found in thclll may (If'termillC which 'was 
deposited Fossil remainR in the strata of different areas, 
provinc(~8, and eontineutr: afford the most import.ant means for 
comhining local histories into a earth hiKt.ory. 

It is mallY places difficult or to dt'terllliue the age 
of an igneons frfrlllation, hut rlw rdatiw age~of .:mell n f()rm;J
t.ion can in generaJ be ascertailled by 
associated Redimentary formation of known 
igneous lllfiRS or iR df'positetl upon it. 
which llletallloTphi(' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the recohled on Dlfip i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon), and pa.tiaus.-Ench f()l'lnation iR :::;hovm on 
the map hy a dist.inetive combillation of color awl pattern allii 
is'laheled hy a speeiallett.cr symbol. 

Patterns {CompO.'wd of parallel 
fOl"l1lat.ions 

lineR m'c u:::;ed to 
ill tlw jnlakes, 

tlots awl 
eirdf's repre:::;ellt idluyial, and eolian i{ll'lfllltions. Pat
tel'l1~ of trianglf's and rhombs are u:::;ed for ignf'ouR fi)l'IllaLions. 
:Metulllorphic ro{'ks of unknown origill nre 
Sh01i, <l~:shes placed; if the 1'0('];:: is 
may lw \\avy linc8 plJrHllcl to the t>truetll1"e 
Suihlble THlttel'llR an' used 10r met.amorphie 
tions known to he of or of igneous origiu, The 
patterns of eaeh cbs.., are in variollR (~6101's. \Vith the 
patterns of para]]cl colors are used to indieate ag{~, a 
partieular c0101' to cHeh t>ystem. 

The s\'mbols of two or more letters. If the age 
of' a fOJ'~ation i:::; known the snnhol includet> the 
bol, whit'h is H cHpital lett('; 01' monogram; 
symbols ate ('o1l1pot>ed of Klllalllettel's. 

I'lym
tllC 

The Hollnes of t.he systems and of sl:'ries that have heell given 
distinctive in or(ler fi'om to olaeRt, with the 
color and assigne(l to 
subjoined 

Symbols and colors a8.~if}ned to the l'ock systems 

By.tAll 

f'TTRF.\CE l'O.l:GUi:'. 

lIilll'l, ynl1pYK, 1ll1d 1,11 oiher slLfffl('e forms IJaYI:' beeD produced 
F9r f'xample, most the result. 

streawtl that l1(nr through 1), 
plains hOJ"(]('ring- mall)' streams were up 

hy thc st.reams; \\a"es cut tl(,Jl ()lifI;" nml, in eooperation \\ith 
c~rrellts, '6uild up sand spits aIld ham. Topographic form" 
thus conl'ltitute part of the rc{'ord of tIle of dIP ('arth. 

Some ionns are insepHrahly eOIllwer,cd with TIH~ 

hooked sh9wll in figure 1 is an illustration. To thil'( dnes 
alluvial plains, lava streams, drumlins (slllooth 

of till), and moraines (ridg-('s of drift made 
at tJlC Ot.her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clllSS belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1WC' an n 11uvial 
plain is first built and afttrward partly eroded fl'Vlly. The 
shaping of a marine 01' lacustrine plain it> ul'lual1ya douhle 
process, hills hei~g- worn awa.y (degraded) and Ylllleys being 
filled up (aggraded). 

AU parts of the land surfaee are to the aetion of air, 
water, and ice, w11ich slowly wenr down, and streams 
carry the waste mat€rinl t.o the sea. As t.he Jep~'nds all 
the £low of water to the sea, it ean no,t. ('arried belo'w sea 
level, and t.he ,,-,"ea is therefore called the basf::-Iet'el of erosion. 
Lnkes or hlrg: rivers may ddc~rmine Iocfll hase-Ievels for certain 
regions. When a large t.ract is for a long time undisturbed by 
uplift. or suhsidence it is df'graded nt'arly to basc-le\'t'l, and tIll:' 
fairly even snrface thus prodlH'ell is called If the 
tract, is aft€l"W1m.1 uplifted, the ele\ated 
re('oTd of the former elose·rf'lation of the tract to base-level. 

'1"111: V~UtlOUS GEOLOGIC I'lHEETS, 

map ::lho'wing the areas occupied 
is called nn areal geology map. On 

,vhieh is the key to tile lllap. To ascer-
tain the meaning any color or pnttf'rn and its letkr 
the rfwler should look for that ('0101', pnttern, und 
the where he will find tllC name and 

If it is desired to find 
name should be sought in the 
llOtcd; well the areas on the 
pnttern mny be traeed out. TIle 
ment of tile geologic history. In 

according 
unknown 

group t.hey ure placed in the order 
at. t.he top. 

lllap reprf'stmt.ing the distribu-
tion of and roekl::' ,ina their relat.ions 
to the topogrllphic fpatllres find to the 
~ermed the economic Heolog!l map. The that appeal' 
Oll the areal geology lllnp are usually shown on t.hil::> map by 
fainter color and the areas of produdive formationH 

(~()lors. .A mine symbol shows the 
or qualT,v and is nccompfmied tll(' 
mineral mined or stonl' If 

mining indust.ries or artetlilln in the 
nUlpy to sbow thuse additional economic features 
in tht' folio. 

shaftl-1, and otJler 
different heds to 

elltting thnt exhibits thosc 
a sectiun, and the same term is applied to a 

reneC'Somt.;ng the rebtiolls. The arrangf'illf'ut of'rocks 

is llOt limited, flOwt'ver, to natllrnl and arti
for hi" iuformnt.ion eoneerning the earth'::l 

the mallner of f()rmation of rocktl and 
the be(ltl on t.he surface, 

they P1h:;S benclith Lhe 
surflwe and ('an draw reprl:'s('nt.ing t.he strurture to a 

cOllsi<irrable uepth. i:"3uch a see~ioll is illust.rated iIl figure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the fronT and It landscape 
beyond. 

The figure repTescnts a landscape whieh is cut off sharply 
in the foreground ou a vertical plane, so as to show the 
underground relations of t.hc rocks. The kinds of rock are 
indicat.ed by appropriate patterns of lines, dots, and dashCl:l. 
These patterns admit of mueh variation, but those shown in 
Ggure a are used t.o represent the eommoner kinds of roek. 

':l=cj"t<>n~HalHl~'Hl' 
gIOLll<"c!l.te, 

ShaJylm19st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at tllf' kft of figure 2 prescnts toward 
the lower land an escarpment, or fi'ont, \\hich is .made up of 

sHndst.ones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed by several 
ridges, whieh are seen in the scction to correspond to" the out
crops of a lwd of sandst.one that rises t.o the SUl'f~lce. The 
upturllf'a f'(lge~ of tIlis hed forlll the ridges, and the inter
mediate yalleys follow the outerops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thickness can be measured and the' angles at which they dip 
helm·" the snrffwe can be obscl'\'ed. Thus their positions 
underground can be int"(·rred. The direetion of the intersec
tion of a lied widl a hOl~zontal plane is ealled thc ,~trike. The 
inclination of the bed t.o the horizontal plaIle, measured at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughK and arches, 
sllch as are seen in 2. The arches nrc calle(l anticlines 
ana the troughs As the sandstones, shales, aud 
limestones were deposited beneath the Sf'a in nearly flat sheets, 
the fitct that dley arc now bent. and fcildf'd is proof t.hat forces 
have from time to time caused the f'arth's surface to wrinkle 
along ('ertain zones. In places the ~trat.a are broken across 
and the parts haye slipped Neh other. ~uch breaks are 
terme(lfaults. Two kinch; are shown in iigure 4. 

At the rigl1t of figure 2 the seetion tlhows schists that arc 
tra ,"ersed by igneous rocks: The schists nre much contorted 
nnd their arrangement uwlerground can not 1IC inferred. 
Hence that portion of the seetion delineates what is probably 
true but j~ not known by ohservation or by well-fOlUldf'd 
inference. 

The sf:'ction also shows three set." of formations, distinguished 
by tht'ir underground relatiolls. The uppermost set, ~een at 
the left, is made up of sandRtOllt'S and Hilales, which lie ill a 
horizout.al position. These I'ltraw were laid dO'wn under water 
but are now high above the forming a plateau, Hnd their 
ohange of ekmtion shows that u of the eilrth's mast< has 
beell uplifted. 1'11(' strata of set. are parallel, a relatioil 
wlJieh is called cmoero/·muolC. 

The second set ('ollsistR of strata thnt have be-en 
folded into arehes and troughs. These strata were OIL('e con
tinuous, but the crests of the archf'!:l htl\Te b;'en remo\'ed bv 
erosion. The beds, like those of the jillit set, are conformabl~. 

The horizont.al strata of the plateau rest upon the upturned, 
eroded edges of thc beds of the ::oeeoml set. shown at. HIe left of 
the section. The are, from their position, 
c\'idently younger than deposits, and thc bend-
ing awl t'Toding of the older beds must havc occurred betwe~n 
t.llf'ir deposition and the accumulation of the youngf'r bedH, 
The roeks arc to the older, and the 
suriuee i", 11ll "nconformity. 

The third set of formations ('onsistt> of crystalline schists and 
igneous roe1o::s. At sonle per.iod of their history the Hehists 
were folded or by pr1:'1::>S111'.e and t.raversed by emptiolls 
of molteH But the pre8SUrf' and intrusion of igneous 
ro(·kg have not affected the overlyinf!; stmta of the second set.. 
Thus it is evidellt that a con8iderab]e int.eneal elapsed between 
the formation of the sehisLs and the beginning of deposition of 
the st.rata of the seeond set. During tJlis int.erval the sehi<;lts 
were metamorphoscd, they were (listurbed by eruptive 
and they were deeply eroded. The contact between thc 
l:llld third sets is another unconformiLY; it. marks a time 
intenal bet.\\een 'two periods of roek forrr;ation. 

The section and landseape in figure 2 are idf'al, but t.hey 
illustrnte aetnal relalionH. The sedions on the struetUrL'
st'ction sheet are related to the maps as the seetion in the 
figure is relat.cd to the landsC'ape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
along the section line, and tilC depth from the surface of any 
min~ral-producing or waLer-bearing stratum that appea.rs in 
the section may be measured usillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumnaJ~ 8fction, which eontains It cone1se 
description of the sedimentary forlllationt-i that oeem in the 
qU~idrangle. It. presents a summary of' the filets relating to the 
eharader of the rocks, the thi(~kness of the formations, awl t.he 
order of aeeuIIlulation of 1:1I1(:('essi ve deposits. 

The rocks are briefly deseribcd, and their eharaders are 
indicated in the columnar diagram. The thicknei:3ses of for
illations are given in figures thaL stilte the lenst and greatest 
meIL'lUl'ements, and the thicknesH of caeh formation i8 
shO\\n in the COlUlllTl, which drnwn to ::oeale. The order of 
aceuIllulation of t.he sedimenti:3 is shown in the columnar 
arrangement.-the oldest being at t.he hottom, the youngest at 
the t.op. 

The intervalt> of timc that corrcspond to events of uplift. and 
degradation and eonst,itut.e iuterruptiolltl of deposition are 
indicated graphically and by the word" unconformity," 
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DESCRIPTION OF THE COLUMBUS QUADRANGLE. 

By G. D. Hubbard, C. RI. Stauffer,.J. A. Bownocker, C. S. Prosser, and E. R. Cumings.1 

INTRODUCTION. 

GENERAL RELATIONS. 

The Columbus quadrangle is bounded by parallel, 39° 45' 
and 40° 15' lind by meridians 82° 45' and 83° 15' and com· 
prises the Dublin, Westerville, West Columbus, lind East 
Columbus 15·minute quadra~gles, an area of 915.25 square 
miles. It is in central Ohio (see fig. 1) and includes nearly 
all of Franklin County and parts of Union, Delaware, Lick
ing, Fairfield, Pickaway, and Madison counties. The city of 
Columbus is in the center of the quadrangle. 

FIGURE i.-Index map of centra.l Ohio sbowing location of Columbull 
quadrangle (ruled area). 

In its general geographic and geologic relations the quad
rangle forms a part of the rather indefinite border zone in 
which the' Glaciated Plains and the Appalachian province 
merge. It may equally well be regarded as lying just. within 
the border of the Glaciated Plains or on the northwest flank 
of the Appalachian province, and it exhibits some ofUle geologic 
and topographic features of both. 

GENERAL GEOGRAPHY AND GEOLOGY OF THE REGlON. 

DIVISIONS. 

The State of Ohio comprises two major topographic divi
sions-the Erie Plain in the northwest, occupying about 
one-fourth of its area, and the Allegheny Plateau in the 
southeast, occupying nearly all the rest of the State. (See fig. 
2.) In the northeastern part of the State these two divisions 
are separated by a 'well-defined escarpment, the western con
tinuation of the Portage escarpment of New York, which is 
apparently traceable southwestward to the Columbus quad
rangle, where it is lower and less steep. Thence it extends 
westward in a very irregular course to the middle of the west . 
side of the State, but west of the eighty-third meridian the 
plateau and plain are hardly distinguiahabie as separate fea
tures. In Indiana the plain apP(JarB to merge westward into 
the general lowland of the Mississippi basin. 

The extreme northwest corner of the State is crossed by the 
southeastward-facing Marshall escarpment, which sepa1'8tes 
the Erie Plain from the Thumb upland of Michigan. In 
the extreme southwest corner of Ohio the Allegheny Pla
teau merges without a definite escarpment into the Lexington 
Plain of northern and central Kentucky, although in the east
central part of that State the two divisions are separated by a 
low escarpment. 

The boundary of the area covered by the great ice sheets of 
the Pleistocene epoch crosses Ohio from the southwest corner 
to the middle of the east side, about two-thirds of the State, 

1 The topography and the Quaternary deposits and the history of the 
Mesozoic and Cenozoic er8J! are dell6l'ibed by Prof. Hubba.rd; the PaJeozolc 
rocks and the history of the Paleozoic era by Prof.,. Stader; and the 
eccncmic geology by Prof. Bownocker. The Introduction was prepared 
largely in the oMce of the United States Geological Survey. The study 
of the Paleozoic formations was begun for the United States Geological 
Survey in 1902 by C. S. Prosser and E. R. Cumings, who mapped those 
formations in the southern baJf of the quadrangle. In 1907 the results of 
their work were transferred by the United States GeologlcaJ Survey to the 
GeologioaJ Survey of Ohio and the mapping of the quadrangle was com
pleted byC. R. Stauifer. In the prepa.rationof this folio the data. obtained 
by Dr. Prosser and Dr. Cumings, to whom credit should be given on the 
areal-geology map, have been freely used, but Dr. Stanifer alone is respon
sible for the part of the text treating of the Paleozoic formli.tions. 

all the northern and western parts, as shown in figure 7 (p. 10), 
having been glacil:lted. In Ohio, however, as in Pennsylvania 
and New York, this line does not coincide with any preglacial 
physiographic boundary. 

FICiUSE S.-Outllne map of Ohio showing physiographic divisions. 

RELIEF. 

In Ohio the Allegheny Plateau ,tand, between 1,000 and 
1,500 feet above sea level, and on the whole slopes westward 
and southwestward, but it appears to be made up of several 
minor plateaus that stand at somewhat different altitudes and 
slope in different directions; hence it is far from regular in 
altitude or in slope. The highest point, near Bellefontaine, 
in the west-central part of the State, is 1,.550 feet above sea 
level and one or two other points stand nearly as high. 

rrhe plateau is so much dissected by valleys from 200 to 800 
feet deep that not much of it remains, and in but few parts of 
the State is its plateau character evident. In places the floors 
of the broader and shallower valleys expand into nearly level 
plains miles in width, broken only by low swells and ridges, 
chiefly of glacial origin. In other places narrow, steefHMded, 
more or less V-shaped valleys trench the floors of the broader 
valleys to a depth of 200 feet or more. The bottoms of these 
narrower valleys, which lie 500 to 800 feet below the general 
plateau level and 500 to 700 feet above sea level, are occupied 
by the present streams. 

The escarpment that separates the Allegheny Plateau from 
the Erie Plain is moderately bold in the northeastern part of 
the State, where it rises 600 feet or so in 10 or 12 miles 
from the shore of Lake Erie. It is broken by a few broad 
valleys that head back in the plateau and is trenched by nu
merous narrow gorges of streams that flow down the slope to the 

1 • lake. As far west as Cleveland the base of the escarpment is 
close to the lake shore, but beyond that place it takes a more 
southwesterly course and is much less conspicnous. In the 
western part of the State, where it is low and obscure, it is 
broken .by two broad gaps that extend southward into the 
valleys of Scioto and Miami ri verB. 

The part of the Erie Plain within Ohio ranges in altitude 
above sea level from 575 feet along the shore of Lake Erie to 
nearly 1,000 feet at some places near the bases of the bounding 
escarpments. Its relief is slight and it is on the whole a 
gently rolling plain, interrupted only by low swells and, 
morainic ridges. At its southwest border it merges into the 

. lowland of the Mississippi basin Rnd extends northeastward 
as a narrow strip along the south shore of Lake Erie into New 
York. To the north it passes beneath the lake, which is shal
low and lies on the plain rather than in it, and reappears to 
form a great part of the triangular peninsula between Lakes 
Huron, Erie, and Ontario. 

DRAINAGE. 

In Ohio the drainage of the Allegheny Plateau, except that 
of a few small areas along its northwest margin, flows to Ohio 
River and then.ce by the Mississippi to the Gulf of Mexico. 
That of the Erie Plain, on the other hand, flows into Lake 
Erie and' sO on to the Gulf of St. Lawrence. The divide 

between the two drainage basins is rather level and incon
spicuous and nearly everywhere lies close to the boundary 
be~ween the plain and plateau, but several short streams lise 
on the plateau and flow out through gaps in the escarpment 
to the plain. 

The plateau as a whole is well drained and contains few 
lakes and swamps except near the divide, where the drainage 
is not so good and swamps are more abundant. The narrow 
belt of the Erie Plain in the nol'theastern part of the State is 
also well drained, but in the broad, nearly level area in the 
northwestern part the drainage is somewhat obstructed by 
glacial deposits and there are several small lakes and many 
swamps, though swamps are not so numerous as they were 
before the region was 'settled and cultivated. 

STRATIGRAPHY. 

The indurated rocks exposed in Ohio are 'all of sedimentary 
origin and of Paleozoic age, ranging from Middle Ordovician 
to Permian. Their distribution is shown in figure 3. They 
comprise limestone, dolomite, shale, sandstone, and conglomer
ate, with beds of rock salt and gypsum in the middle part of 
the section and beds of coal and fire clay in the upper part, 
and they have a total thickneaa of 5,400 to 5,800 feet They 
are underlain by strata of Lower Ordovician and Upper Cam
brian age, which are not exposed in the State, and the whole 
senes of beds undoubtedly rests on a floor of pre-Cambri'an 
crystalline rocks, such liB outcrop beneath the Paleozoic strata 
in the Lake Superior region, in northern and eastern Ontario, 
and in the eastern Appalachians. 

=- -~-,PERMIAN PENNSYLVANIAN'MISSIS~IPPIAN, DEVONIAN 

CAIiBONIFEROUS 0 ,0 ;oc~: 40 'QMilu 

FlCiURB B.-Geologic map of Ohio. 
From the geologio map of North Amertoa In U. S. Geol. Survey Prof. PaperTt. 

Little is known of the character of the Paleozoic rocks 
beneath the exposed strata, but they probably consist chiefly of 
limestone and sandstone, a8 in neighboring regions wh~re they 
outcrop. The Middle and Upper Ordovician strata exposed in 
the State are 1,800 feet or more thick and consist in the lower 
part of sandstone (at the base) overlain by limestone, and in 
the upper half chiefly of shale. The Silurian strata are 700 to 
750 feet thick and consist chiefly of shale in the lower third 
and limestQne and dolomite, with beds of gypsum and rock 
salt, in the upper two-thirds. The Devonian system includes 
200 to 400 feet of Middle and Upper Devonian beds, which 
rest unconformably on Silurian strata. No strata of Lower 
Devonian age are known in the State. 

All three series of the Carboniferous system are represented 
in Ohio, although part of the Mississippian is lacking and only 
the base of the Permian is found. The Mississippian series, 
about 1,000 feet thick, comprises several formations of shale, 
sandstone, and fine conglomerate! often collectively spoken of 
as the Waverly group; and the Maxville limestone! which over
lies them unconformably. The Pennsylvanian series compri.ses 
1,200 feet of sandston~"and shale, many beds of coal and fire 
clay! and a few beds 'of lim.estone, and is divided into the 
same four formatigns-Pottsville, Allegheny, Conell~augh, and. 



Monongahela-ss in Pennsylvania. The Pennian series is 
represented by the Dunkard group, of which about "500 feet 
remains in Ohio. It Consists of shale, sandstone, limestone, 
and a few thin coal beds. 

Overlying and in most places concealing the hard roeks in 
the northern two-thirds of the State is a blanket of unconsoli
dated glacial drift of Quaternary age, reaching in places a 
thickness of several hundred feet. South of the drift-mantled 
area the surface is in places covered by outwash derived from 
the drift and the larger valleys are bordered by alluvial ten-aces 
that contain much material of glacial origin. 

STRUCTURE. 

The strata must have been deposited in a nearly horizontal 
position, but they have since been uplifted, tilte4 in various 
directions, and warped into low, broad folds. The geologic 
structure, however, viewed in a large way, is relatively simple. 
The beds are nowhere closely folded and as a rule the dip is 
is scarcely perceptible. The main structural features of the 
region are the Cincinnati anticline and the Pittsburgh syncline. 
(See fig. 3.) 

The Cincinnati anticline is an elongated dome occupying 
western Ohio, eastern Indiana, and central Kentucky, its prin
cipal axis extending from the west end of Lake Erie past 
Cincinnati to Nashville. The oldest rocks exposed occupy the 
center of the dome, in northern Kentucky, and successively 
younger beds ouk'l'op in concentric belts about the central area 
and dip outward in all directions, but chiefly southeastward, 
toward the Appalachian basin j westward, toward the Illinois 
basin; and northward, toward the central Michigan hasin. 
The Pittsburgh" syncline is a roughly oval trough occupying 
southwestern Pennsylvania, southeastern Ohio, and northwest
ern West Virginia, its axis lying just southeast of Ohio River. 
The youngest strata occupy the center bf the basin and suc
cessively older formations outcrop in concentric belts about it 
and dip inward from all sides beneath the younger beds. 

In a wide belt extending northward across the middle of the 
State and including the Columbus region, which lies midway 
between tl).e anticline and syncline, the beds strike in general 
north and dip east, younger strata being exposed in succession 
from west to east. The strike continues to be northward 
nearly to Lake Erie, but in northeastern Ohio it swings around 
through northeast nearly to east and toward the northeast end 
of the Pittsburgh syncline the beds dip southeast and south. 
In the northwest corner of the State the strike is northeast and 
the dip is north west, toward the Michigan basin. 

OUTLINE OF GEOLOGIC HISTORY. 

Practically nothing is known of the rocks that underlie the 
Paleozoic strata of the region and hence nothing is known of 
its history in pre-Cambrian time. At the beginning of and 
during a great part of the Cambrian period it was land that 
probably formed a part of the ancient continent of Laurentia. 
Another continent, called Appalachia, lay some distance to the 
east and southeast, and between the two was a long, narrow 
channel, the beginning of the interior Paleozoic sea that later 
occupied most of the region that is now the Mississippi basin 
and "the Appalachian Plate!l.u and Appalachian Valley. Late 
in Ca"JDbrian time the continents were· partly submerged and 
the Paleozoic selt spread wide over the land, so that southern 
Laurentia, including Ohio, was covered by sediment laid down 
in·the advancing sea. Deposition continued in the region dur
ing Ordovician and Silurian time, although, owing to wnrping 
of the earth's surface, the outline of the sea was continually 
changing and some areas were at times receiving sediment and 
at other times undergoing erosion. Sediments of different 
character were laid down as the conditions of deposition varied, 
and when the conditions were favorable the sea swarmed with 
life, abundant remains of which are preserved in some forma
tions. In late Silurian time the sea by relative uplift of the 
land became shallow, and parts of it became lagoons, from which 
evaporation was rapid and in which mineral matter was con
centrated and deposited as thick beds of gypsum and rock salt. 

The close of the Silurian period was marked by an uplift of 
great extent, by which the sea was much reduced in size or 
perhaps wholly drained from the Ohio region, and thousands 
of square miles of recently deposited beds were added to the 
land area. In western Ohio, eastern Indiana, and central 
Kentucky the strata were uplifted in a broad, flat arch, the 
Cincinnati anticline, the formation of which had probably 
been begun by earlier warpings of the region but culminated 
at this time. It first rose as an island in the interior sea and 
later was probably joined to the mainland for a time. As the 
land emerged the recently deposited sediment was attacked by 
erosion and part of it was removed, so that when the sea again 
returned to the region and deposition was resumed the newly 
deposited strata ov"erlapped the older beds unconformably. 
This emergence and erosion lasted through early Devonian time. 

In Middle Devonian time the sea again spread over the 
region, the island formed by the Cincinnati anticline was 
greatly reduced in size though probably never completely sub
merged, and deposition was resumed. ConditioDs were not 
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very favorable for the existence of life "in the sea, so that 
organic remains. are not abundant in the Upper Devonian 
rocks. At one time, however, the waters swarmed with great 
armored fishes, the hard parts of which were entombed in the 
mud of the sea bottom. From this time until the end of the 
Paleozoic era the interior sea was never very deep, at least in 
the Ohio region, and it was on the whole growing smaller and 
shallower. Owing to the continual slow warping of the earth's 
surface and the consequent changes in the size, form, and depth 
of the sea, ita margin moved back and forth across eastern Ohio, 
and erosion nearly everywhere alternated with deposition. 

By the beginning of the Mississippian epoch the sea had with
drawn from a part of northern Ohio, but the conditions were 
such that the streams were depositing alluvial material upon 
the land eurface. The sea soon withdrew from the entire State, 
but toward the close of the epoch southeastern Ohio was again 
submerged. In Pennsylvanian time eastern Ohio lay nearly 
at sea level, being at times submerged and receiving thin 
marine deposits and at other times being land, covered with vast 
swamps in which flourished a rank ji!;rowth of plants whose 
remains formed thick beds that in time became beds of coal. 
These conditions continued well into Permian time, when the 
sea finally disappeared from the region and, so far as known, 
has never since returned. 

The end of the Paleozoic era was marked by a great uplift of 
eastern North America, resulting in the emergence of a vast 
area which bad previously been covered by the interior sea, and 
by the deformation of the strata laid down in Paleozoic time. 
In the eastern part of' the Appalachian province the beds were 
dosely folded and in many places fractured and overthrust, but 
in the Appalachian Plateau and in the region farther west they 
were thrown into open folds or only gently warped and tilted. 
In Ohio the deformation was comparatively slight. By these 
movements the Cincinnati anticline was probably somewhat 
accentuated and the Pittsburgh syncline was deepened. 

Throughout the Paleozoic era the interior sea was bordered 
on the east by the continent of Appalachia. The streams that 
drained the western part of that continent must have flowed in 
general northwestward into the interior sea and must have 
lengthened their courses in that direction as the land emerged. 
In the uplift that closed the era the axis of greAtest elevation 
seems to have been well to the east, within the borders of the 
old continent, and from it the surface must have had a general 
northwesterly slope, though diversified by local cOTI'ugations 
and by broad swells and basins. In early Mesozoic time, 
therefore, the master streams that drained the Appalachian 
Plateau probably flowed northwestward across the region, 
though their place of discharge into the sea is not known. The 
surface may have been, and doubtless was, reduced nearly to 
base level several times and it certainly was so reduced at least 
once, probably about at "the close of the Jurassic period. The 
peneplain thus formed is called the Cumberland Plain. Appar
ently it can not be recognized in Ohio. Its formation was 
terminated by renewed uplift, and by the end of Cretaceous 
time a large part of the surface was reduced to a new peneplain, 
represented in Tennessee by the Highland Rim, and in Ohio 
apparently by the surface of the Allegheny Plateau. The for
mation "of this peneplain was in turn brought to an end by 
uplift and dissection, but early in the Tertiary period the part 
of the region now occupied by the Erie Plain was again reduced 
nearly to base level. In Tertiary time, also, the Allegheny 
Plateau was dissected and the bedrock surface of the region 
received nearly its present form. By the unroofing of the Cin
cinnati anticline in the earlier peneplanations the lees resistant 
older beds had been exposed in the central part of the dome, 
and "in the Tertiary dissection they were reduced more rapidly, 
thus forming the lower areas of the Lexington Plain. 

In the Quat~rIl:ary period entirely new conditions set in. 
Great sheets of ice that formed continental glaciers spread out
ward from centers of accumulation in Labrador and in an area 
west of Hudson Bay and advanced southward into the United 
States as far as New Jersey on the Atlantic coast and to the 
thirty-eighth parallel ill southern Illinois. Four, perhaps fi"ve, 
such ice sheets successively invaded the territory west of the 
Mississippi and at least two of them-the third or Illinoian and 
the last or Wisconsin-entered Ohio. At the time of its great
est extent the ice covered about two-thirds of the State, in the 
southwestern corner reaching a little beyond Ohio River. The 
times of glaciation were separated by interglacial stages during 
which the climate was warm, perhaps warmer than at present, 
and ili:e ice sheets melted away entirely from the region and far 
back into Canada and may, in fact, have wholly disappeared. 
During the interglacial stages the surface was clothed with 
vegetation, and huge mammals-some of types now wholly 
extinct, such as the mammoth and the giant sloth-roamed 
over the plains. 

As the ice ad vanced it eroded the surface more or less, accen
tuating the relief in some places and obliterating it in others, 
and it picked up and carried along a great quantity of stones, 
clay, and sand. When it melted away, the transported mate
rial was in part left where it was deposited by the ice and in 
part carried away by streams flowing from the ice and deposited 

as outwash. The mantle of drift left by the ice is in places 
several hundred feet thick, and in areas of slight relief has 
formed an entirely new surface, which bears little or no rela
tion to the surface of the underlying bedrock, for it completely 
filled and obliterated many of the preglacial valleys in that old 
surface. During each interglacial stage, as well as since the 
final disappearance of the ice, a new system of drainage was 
established OIl the new surface and more 01' less dissected it. 
'l'he preglacial drainage of the Allegheny Plateau was north
westwa,rd, to the Erie Plain, but as the ice margin retreated 
across the State from south to north the drainage from the 
melting ice at first escaped freely to the south, and dissected 
the surface sufficiently to determine the direction and character 
of the drainage of the present time. After the ice had left the 
high ground, however, and its margin was retreating down the 
northerly slope to and across the Erie Plain, the drainage no 
longer escaped freely southward but was ponded in a series of 
small lakes between the ice edge and the plateau. At first 
these lakes discharged southward through notches in the 
plateau, but as the ice melted back their levels were. lowered 
and they broadened out and united to form the series of lakes 
that preceded the present Lake Erie. The divide between 
the drainage to. the Ohio and that to the lake was thus 
in part newly established and in part uncoveI'ed nearly every
where along or close to the edge of the plateau. 

In eroding their valleys the postglacial streams have at 
some places cut down to bedrock and made gorges in it and 
at other places have partly cleared out the drift..filled old 
valleys. They have also cut into and terraced the outwash 
deposits left by the glacial streams or the deposits formed in 
the glacial lakes. The surface has again been covered with 
vegetation and rendered habitable. The latest chapter in the 
history of the region h8s been'the story of its settlement by 
man, who has taken advantage of geographic and geologic con
ditions where they were favorable and has to some extent 
modified them where they were not. 

CLIMATE AND VEGETATION. 

The mean annual precipitation in the Columbus quadrangle 
is about 38 inches, nearly 7 per cent of which falls ~s snow. 
Although the precipitation is well distlibuted throughout the 
year it is relatively low in September and October, when 
it averages about 2.5 inches, and is highest in May, when it 
averages abont 4 inches. In BOme winters from 3 to 6 inches 
of snow covers the ground for 1 week to 3 weeks. Prob
ably not more than one-third of the precipitation runs off as 
surface drainage. Much rain falls in prolonged drizzles in the 
spring, and on the other hand occasiona.l summer droughts 
last from 2 to 4 weeks. The streams are therefore subject to 
great fluctuations in flow. 

The mean annual temperature is 52° F. and the recorded 
extl'emesof temperature are _20° and 104°. The average tem
perature for January is 29° and for July is 75°. The summer 
climate is often very trying, as there are occasional periods 
during which the temperature ranges from 90° to more than 
100° and the humidity from 80 to 95 per cent. 

The temperature and precipitation make possible the 
growth of forests, fruit trees, cereals, and vegetables. The 
region was formerly almost wholly forested but is now nearly 
deforested, the patches of planted or new wild growth of timber 
covering not more than 10 per cent of its area. 

TOPOGRAPHY. 

RELIEF. 

General character.-The Columbus quadrangle lies in the 
Glaciated Plains, its eastern side including the escarpmen,t 
that forms the western boundary of the Allegheny Plateau" in 
central Ohio. Its surface is level or g:ently rolling, presenting 
comparatively slight relief and few prominent topographic 
features. Its altitude ranges from 670 feet above sea level in 
the valley of Scioto River, at ita south side, to 1,180 feet on 
one of the group of hills in its southeast corner. The general 
altitude of the "surface is rather lower in the middle of the 
quadrangle "than along the eastern and western sides and 
decreases gradually from north to south. 

Although it forms a part of the Glaciated Plains the quad
rangle lacks the variety of glacial features-the rolling surface, 
with sag and swell, kettle and hummock, lake and swamp
that characterizes much of that province. The surface of the 
drift mantle is so nearly level and the valleys are 90 few and 
young that, aside from one large moraine, most of the "area 
constitutes a remarkably level till plain, broken only by mod
erate postglacial erosion. The valleys of the main streams that 
cross the area are, however, topographic features su"fficiently 
conspicuous to warrant somewhat detailed description. 

The quadrangle comprises t,hree topographic districts-the 
highland area along the eastern~de, the general upland plain 
in the :northern and western parts, and the lowland plain in 
the ~outheastern part. Each" district is but a part of a larger 
similar area, most of which lies outside the quadrangle. 

1liBhland area.-The highland or hilly area owes its altitude 
and relief to the presence of sandstones and siliceous shales 



that are more resistant to erosion than the rocks of the rest of 
the quadrangle. It occupies all the east side of the quadrangle 
except the broad valley between Pickerington and Canal 
Winchester, which extends eastward from the lowland plain 
and separates the highland into two parts. In the southeast 
corner of the quadrangle an area of about 30 square miles is 
occupied by a group of hills that collectively form a sort of 
plateau, whose rather uneven surfhce ranges generally from 
960 to 1,060 feet above sea level, though Chestnut Ridge and 
a few smaller knobs in the group rise to a height of 1,100 feet 
or more. The knob on the east margin at' the quadrangle, 
northeast of Greencastle, is the highest point in the quadrangle. 
North"ward and westward from the plateau-like area the surface 
falls rather abruptly to the lowland plain, into which it merges 
at altitudes between 860 and 700 feet above sea level, and 
along this slope it is sharply dissected by many small ravines. 

The northeastern part of the quadrangle, a roughly trian
gular area extending west to Sunbury and south to Pickerington 
and including about 100 square miles, is also part of the 
highland. It rises to a height of 1,140 feet above sea level at 
several points and slopes westward and southwestward to the 
upland plain, into which it merges at altitudes between 1,000 
and 900 feet above sea level. Its surface is broadly rolling, 
presenting rather gentle slopes, many of which are almost bare 
rock, as the mantle of soil and drift here is thin. The surface 
of this part of the quadrangle is not so sharply dissected as 
that of the southeastern part, and the bounding slope is more 
gentle and much less uneven in outline. Scattered oYer it are 
small, rounded or ovoid hills of drift, or tumuli, ranging in 
height from 10 to 25 feet. 

upland plain.-'1'he north, northwest, west, and southwest 
parts of the quadrangle, forming ahout two-thirds of it, consist 
of a smooth or gently rolling plain, the general altitude of 
which ranges from 840 to 960 feet above sea leyel. This plain 
is highest in its northwestern part, ,,,here its altitude is nearly 
1,000 feet, alld it slopes slightly southward. The upland sur
fa.ce is not continuous, howeyer, as it is broken by the valleys 
of the main streams into a number of north-south belts, from 
~ to 8 miles wide. The belts of upland that lie east of Scioto 
RiYer are confined to the northern part of the quadrangle, 
being terminated on the south by the confluence of the yalleys 
and their broadening to form the lowland plain. A broad belt 
of upland that lies west of the Scioto extends from north to 
south entirely across t.he quadrangle but is some"what inter
rupted in the southwest corner by the valley of Darby Creek. 
The surface on the main divides is almost leyeJ, including only 
a few low swells and shallow depressions. From the divides 
it slopes gently toward the valleys and is rather closely dissected 
at their margins. As the valleys converge toward the south 
the divides also slope gently southward. 

A low, irregular ridge, one-half mile to 2 miles wide lind in 
places rising 60 or 70 feet above the general surfiiCe, crosses 
the upland ill a. sweeping curve past Sunbury, Galenll, Africa, 
Powell, Jerome, and New Califol'llia. It is the Powell moraine, 
described under the heading "St.ratigraphy." Its top is brOAd 
and l'olliug, is fairly even in altitude, and, unlike that of other 
moraines in the quadrangle, is broken by no kettle holes. Its 
sout.hern slope is uearly evcry\vhere much bolder and steeper 
tImn its northern slope, and seen from the south it forms a 
rat.her conspicuolls topographic feature. Other lUuch less con
spicuous morainic ridges lie here and there on the upland. 

Lowland plah1.-The south-central and southeastern parts 
of the quadrangle, except the highland in the southeast corner, 
form a lowland plain, which lies between 700 and 800 feet 
above sea level. This plain is the most nearly level pArt of 
the quadrangle, nowhere deeply dissected yet \vell drained. 
Some parts of it are almost dead level, and it presents through
out a remarkably even surface, in which a few broad, shaUow 
valleys have been cut. This plain is a part of a broad basin
like valley that en.ters the quadrangle from the east near 
",Vaterloo and lea\'es it neal' the middle of the south side. 

At a number of places low ridges and hills of glacial origin 
rise abOV8 the lowland suriilCe. Near the east side of the low
land are several lo\v, more or less broken, and as a rule sinuous 
ridges, which are eskers. They occur neal' Gahanna, north 
and also southeast of Brice, and south west of Canal ",Vin
ehester. They range in height from 5 to 40 feet, and reach 
in places a width of 400 feet and a length of 1. mile or more. 
Other small hills scattered about the lowland, such as Bakel' 
Hill, just sonth of Columbus, which is smoothly rounded and 
rises 50 feet above the plain, are kames. Spangler Hill, 6 
miles south of Columbus (see PI. I), and a number of neigh
boring hills form a group of karnes, between which lie huge 
kettles t.hat covel' nearly u square mile (see PI. II). Some 
of these hills stand 60 to 70 feet above the plain. Another 
small group of kames and kettles lies about 3 miles north of 
Canal Winchester. 

At se\'eral other places there are low drift morainic ridges, 
with charactel'istie knob and kettle topography. Such ridges 
are found east of Columbus, between Reynoldsburg and Brice, 
north,yest. and southwest of Groveport, north of Lockbourne, 
about Waterloo, and southwest of Lithopolis. 

Valleys.~The most conspicuous topographic features of the 
quadrangle are the valleys of the main streams, which cross 
the upland plain as steep-walled trenches 100 to 160 feet deep 
and 1 to 2 miles wide at the top. Four such valleys, those of 
Scioto and Olen tangy rivers and Alum and ",Valnut creeks, 
enter the quadrangle from the north and extend southward 
about halfway across it to points where they spread out and 
merge into the lowland plain. The upland in the southwest
ern part of the quadrangle is trenched by the valley of Darby 
Creek, which has an average depth of 80 feet and a width of 
half a mile to 2 miles. In the lowland the valleys are much 
less eonspicnous, being only 40 to 50 feet deep and having 
gently sloping sides. 

The narrowest and steepest-sided of the main valleys is that 
of the Scioto north of Marble Cliff. Its ,vidth from rim to 
rim is about a mile where it enters the quadrangle and rather 
more than 2 miles neal' Marble Cliff, but it is only a few 
hundred yards wide at the bottom. At many places it is 
bordered by nearly yertical bluff's of limestone, 40 to 60 feet 
high, at others the sides of its valley rise 100 feet in 600 or 
700 feet with nearly bare rock surfaces, and many cliffs ]0 to 
30 feet high are scattered along both sides of the valley. The 
average steepness of slope is not far from 1 in 40. The valley 
of the Olen tangy has many short, steep slopes and that of 
Walnut Creek has a few, but both are relatiYely milch broader 
than that of the Scioto and their slopes are relatively mu<:h 
gentler. The valley of Alum Creek is steep walled in but two 
places. The a verage steepness of slope in all three valleys 
coes not exceed 1 in 50 or 60. The valleys of Darby and 
Little Darby creeks are more trench like or boxlike than those of 
the other large streams, for although the valley walls are gen
erally some distance apart, they are steep and make rather 
well-defined angular junctions with the till plain above and 
the flood plain below. Where they cross the lowland plain 
all the valleys widen greatly, their depth is much diminished, 
and their side slopes are very gentle except where they have 
been made steeper by recent cutting. At Columbus the Scioto 
and Olen tangy valleys unite and from that <:ity southward the 
valley of the Scioto is in places 2 miles or more broad on the 
bottom. 

A fringe of small valleys and ravines dissects the bluff of 
each of the main valleys. They are abundant along the four 
main valleys that cross the upland in the northern part of the 
quadrangle and most abundant along the yalleys of Olentangy 
River and Alum Creek north of the Delaware-Franklin county 
line. '1'he slope of the ravine walls is rarely gentle, but it 
differs greatly in different ravines, in different parts of the 
sa.me ravine, and eyen ill different parts of the same declivity, 
depending on the material in which the ravine is cut. A good 
example of variation in grade is seen in the ra vine entering the 
Olentangy Valley from the east, west of Lewis Center. The 
upper part, which is there cut in shale, is of medium width 
and has rather gentle side slopes. Farther down, neal' the 
forks of the stream, the ravine is cut in softer shale and is 
correspondingly wider, but from a point a little below the 
forks to the mouth of the ravine the walls are of limestone and 
are steep and _ close together. Many ravines begin in drift. 
with gentle slopes, but their sides get closer together and 
'steeper farther down, where the ravinf's are cut in rock. 

All the main valleys and a. few of the minor oues al:e floored 
with strips of flood plain, ranging in width from a few hun
dred feet to nearly 3 miles. The flood plain of the Scioto 
below its junction with Olentangy H.iver is broad, reaching a 
width of 2 miles or more in most places, but north of Marble 
Cliff it is very narrow and at many places is WAnting. 
Olentangy. River and Alum, ",Valnut, and Darby creeks are 
bordered throughout their eourses in the quadrangle by flood 
plains of irregular width, much broader portions lying here 
and there, especially at their confluences with other streams. 

Out upon the flood plains are built many alluvial fans, which 
range in width from a few square yards (fans too small to be 
mapped) to a. mile and include compound forms that extend 
nearly 2 miles along the sides of the main valley. The larger 
fans are best developed in the valleys of Alum and Walnut 
creeks; the smaller ones occur by hundreds along the Scioto, 
Olentangy, Darby, and other valleys. Here and there, as on 
the east side of Olentangy River a mile or so north of the 
Delaware-Franklin county line, a large fall of low grade has a 
smaller, steeper fftll built npon it. Some fans have been partly 
dissected by the streams that built them, and in places mftterial 
thus removed has been deposited in new secondary fans in 
front of t.he older ones. 

Terraces a.re a.bundant along several of the valleys. Some 
are formed of superfirial deposits, either drift or alluvium; 
others are cut in rock. Those formed of alluvium are especially 
well developed in the valley of Darby Creek at Harrisburg, 
where a group of four terraces ha Villg a total height of 28 
fE.>et stands out from the west wall of the yalley. Similar 
terraces have been formed in other places, especially in the 
valleys of the st.reams that cross the lovdand plain. Terraces 
cut in roek are abundant along Scioto and Olentangy rivers 
and occur at all altitudes above the streams and a.t all strati-

graphic horizons. The railroad stat.ion at Marble Cliff stands 
on such a terrace, 3.5 feet above the riYer. (See PI. III.) On 
the east side of the river at Dublin a rock terrace that stands 
30 to 40 feet above the stream is 20 to 200 yards wide. The 
rock terraces have been described in a recent paper 1 from 
which the summary in the following paragraph is compiled. 

All the rock terraces slope downstream and most of them 
toward the river. Almost everyone is nearer the river leyel 
at its downstream than at its upstream end; therefore the 
grade of the stream has lessened since the terraces were cut. 
Furthermore, the highest terraces have the steepest do"mstream 
f;lopes and the lowest have slopes but little greater than the 
grade of the stream. Rock terraces are developed only where 
the rock is limestone, either with or without a thin covel' of 
shale. Shale alone does not appeal' to be well adapted to their 
formation. At. only a few places are such tenaces found on 
both sides of a valley. and where opposing terraces do occur 
they stand at very different altitudes. 

At a number of places in the quadrangle there are short 
chauuels, some reaching a length of 3 miles, which wel'e 
formerly occupied by streams but are now dry or are tra versed 
only by small streams that did not make them. Most of them 
lie along the sides of the larger valleys 01' extend across 
morainic belts. They were formed late in Pleistocene time, 
mainly by temporary streams flowing from the melting ice, 
and are treated further under the heading ~'Geologic history" 
(p. 12). The locations of the principal abandoned channels 
are shown on the surficial-geology map. 

DRAINAGE. 

Geneml character.-Although the quadrangle is iu a glaci
ated region and is extensively mantled with glacial deposits it 
is well drained and contains no natural lakes or ponds and no 
swamps except a few small ones that lie in large undrained 
kettles. Its westel'll third is underlain by limestone and con
tains many small st,reams. Some of these are intermittent 
because of variations in rainfall and the scarcity of springs; 
others are apparently discontinuolls, their water sinking into 
coarse alluvium or into underground passages in lime!,;tone and 
leaving their channels dry for short dist.ances. In a belt a 
mile wide along the west side of the Scioto between Bellepoint 
and Dublin there are many sink holes' that open into enlarged 
joints and crevices, some of which receive the surface drainage 
of a considerable area and conduct it to the river though others 
lead away from it. Other sink holf's are found about Marble 
Cliff and in a belt west of Olentangy RiYer. 

The quadrangle is drained to the Ohio almost wholly 
through Scioto River, but the extreme southeast cornel', about 
Greencastle, is drained to the Ohio through Hocking Ri vel'. 
In much of the area the main streams flow from north to south 
in roughly parallel courses, an al'l'angement charaderistic of 
this part of central Ohio, but they also converge southward, so 
that the drainage of about four-fifths of'the quadrangle reaches 
the Scioto within the quadrangle. 

}Iany of the streams, especially those that have flood plains, 
flow in meandering courses. Along the Scioto below Colum
bus and along lower Darby Creek there are some abandoned 
channels and oxbo\vs, but such put-off meanders are rare. 
Some smaller streams, which are still flowing in narrow val
leys that contain little' or no flood plain, have well-developed 
incised meanders. 

Streams.-Scioto: River, the master stream, enters the quad
rangle from the north at Bellepoint, flows ncross it in a general 
southerly course, and leaves it at the middle of the south side. 
In its course through the upland, as far south as Marhle Cliff, 
the grade of the stream is nearly 5 feet to the mile, but from 
Columbus southward across the lowland plain, ,,,he1:e the 
stream is broader and shallower, the grade is less than 2 feet 
to the mile. Owing to this 10\,;' grade and to the large amount 
of ',','ater contributed by Olentangy River disHstrous floods 
sometimes occur along the low hlI1d portion of the Scioto. 
About one-fol-ll'th of the quadrangle is drained directly to the 
Scioto by short lateral tributaries, the chief of which is Scioto 
Big Run, which enters the main stream from the west just 
south of Columbus. The Scioto is joined on the east by 
the Olentangy at Columbus and by 'Valnut Creek near 
Lockboul'lle. 

Olentangy River, the chief tributary of the Scioto within 
the area, enters the quadrangle from the north, flows almost 
directly south, and joins the main stream at Columbus. Its 
course is entirely within the upland alld its drainage basin is 
confined to a belt only 5 miles wide, hence it has no large 
tributaries within the quadrangle. Its grade is rather more 
than 5 feet to the mile. 

'Valnut Creek, which, \Vitb its tributaries, Alulll and Black
lick creeks, drains the northeastern and eastern parts of the 
quadrangle, about two-fifths of the whole, joins the Scioto west 
of Lockbourne. It enters the quadrangle from the north at 
Sunbury and flows southward through the upland and out into 
the lowland plain. In this part of its course it has almost no 
tributaries from the west, but it receives from the east several 
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moderate-sized streams that drain the eastern slope of the high
land area. At a point 2 miles south of Zimmer, it is joined by 
Alum Creek from the north and by Blucklick Creek from 
the east. Alum Creek, which enters the quadrangle from the 
north at Cheshire and flows southward past the east side of 
Columbus, drains a narrow belt of the upland and, like the 
Olentangy, has no large tributaries 'within the quadrangle. 
Blacklick Creek, which riE'E's on the west slope of tbe highland, 
northeast of New Albany, and flows south and southwest to 
the confluence of the three streams, drains about half the east 
side of the quadrangle. From its confluence with the other 
two streams'Valnut Creek takes a meandering southwesterly 
course across the lowland to the Scioto. 

Little 'Valnut Creek, ,vhich drains all the southeastern part 
of the quadrangle except a small area about Greencastle in 
the extreme corner, enters the quadrangle from the east near 
Jefferson, flows westward to Groveport, and turns southward, 
leaves the quadrangle and joins the Scioto several miles south 
of the area. It recei yes several tributaries, both from the north 
and from the east. 

Darby Creek, which drains the southwestern part of the 
quadrangle, enters from the west near the middle of the '",est
ern side. For a few miles it flows alternately within und 
v.tithout the area, then swings southeastward past Georgesville 
and Harrisburg, leaves the southern side of the quadrangle, 
and joins the Scioto at Circleville, some distance to the south. 
At Georgesville it is joined by Little Darby Creek and at 
Harri8'burg by Hellbranch Run. The extreme southwest 
cornel' of the quadrangle is drained by Opossum Run, a tribu
tary of Deer Creek, which joins the Scioto much farther south. 

Falls and rapids.-The gmde of many of the lateral 
tributaries to the main streams of the upland area is so 
steep that rapids occur at several places along their courses 
and small falls at a few places. The falls are generally but 
not inyariably due to a hard layer that lies 25 to 30 feet 
below the top of' the Columbus limestone. 

Hayden Falls on Hayden Run, which enters the Scioto from 
the '\-vest 8 miles above Columbus, is the best known. The 
water leaps over a hard layer of limestone after cascading over 
several beds of less resistant limestone above. Recently the 
stream has ceased to run over the fans at times of' lo,v 
water, bnt sinks into joints, opened by solution, some dis
tance npstream, through which it finds its way to the gorge 
below the falls. 

Slate Run, on the east side of the Scioto a mile south of 
Hayden Falls, has a small double fall. Just opposite Hayden 
Run is another small fall. Indian Run, which enters the 
Scioto from the west at Dublin, has two small branches that 
unite half a mile above its mouth, on each of which is a small 
fall some distance above the junction. .Just west of the new 
Cuspnris qnarry, on the west side of the Scioto three-foul'ths 
of a mile above Marble Cliff, a small stream euters, with a 
SO-fuot full over the topmost layer of the Columbus limestone, 
abo\'e which for 100 yards or so is a rupids due to thin layers 
of Dela \vare limestone. Other small falls occur on branches 
of the Scioto and a few insignificant ones on branches of the 
Olentungy. ' 

CULTURE. 

Columbus, the capital of the State and an important rail
road and manu£'lcturing center, with a population in uno of 
181,511, is the only city in the qnadrangle. A number of 
small towns and villuges, the largest of which is'Vesterville, 
are scattered about the area, but the population outside of 
Columbus is essentially rural and is r,ather e\'enly distributed. 

The chief occupation of the people is agriculture Hnd the 
greater part of the area is under culti ,Tution. There is (:;on w 

siderable manuftlcturing in Columbus and some large limestone 
guarries are operated just outside the city. 

Steam railroads radiate in every direction from Columbus 
and connect that city with all parts of the State. Several inter
urban electric lines extend in different directions from Colum
bus, only one of which terminates within the quadrangle. 
The area is closely covered with a network of highways, some. 
of which are laid out along section and to\vnship lines, but 
most of which are governed more closely by the topography. 
The National Road crosses the quadrangle from east to west, 
passing through Columbus, and other important turnpikes 
radiate in several directions from the city. There are at 
present no navigable waters in the quadrangle, but canals, 
now abandoned, formerly extended southward and southeast
ward from Columbus. 

DESCRIPTIVE GEOLOGY. 

STRATIGRAPHY. 

CHARACTER OF ROCKS. 

The exposed rocks of the Columbus quadrangle are wholly 
sedimentary and range in age from Silurian to Quaternary. 
They comprise indurated strata-sandstone, shale, and lime
stone-of Paleozoic age, and unconsolidated smficial deposits
till, glacial outwash, lake beds, and alluvium-of Quaternary 
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age. Beneath the outcropping strata there is, as shown by 
borings, a considerable thickness of Silurian and Upper and 
Middle Ordovician rocks, which are presnmably underlain in 
tmn here as elsewhere in the Mississippi basin by Lower 
Ordovician and Upper Oambrian strata, the whole resting on 
a floor of pre-Cambrian rocks. Ko deep wells of which good 
records are preserved have been drilled since 1890, and the 
generalized description of rocks not exposed is based chiefly 
on the interpretation of old records, such as those of the 
statehouse well and the Kilbonrne & Jacobs Co. well, an inter
pretation which differs somewhat from that formerly adopted 
for the same strata. It must be remembered that the forma
tions disclosed by a deep well section can, as a rule, be 
distinguished and discriminated only in the most general way. 

The general character, thickness, and seguence of the Paleo
zoic formations are shown diagrammatically in the columnar 
sections forming figures 4 and 5, which are generalized sections 
for the whole quadrangle. The several formations will be 
described in chronologic order, the description beginning with 
the oldest. Although the Paleozoic rocks outcrop at but fe\y 
places, in ravines, those formations are regarded as exposed 
that would lie at the surface if the blanket of surficial materials 
were removed, and the areal-geology map shows, as nearly as 
possible, the extent of the bedrock surface occupied by each 
formation. All the formations exposed at the surface are 
fossiliferous, aud characteristic fossils from each are reproduced 
on Illustration Sheet II. 

ROCKS NOT EXPOSED. 

ORDOVICIAN SYSTEM. 

The lowest rock penetrated by the deep wells at Columbus 
is a white calcareous sandstone, the upper part of which in 
some wells is found to be charged with salt and sulphur water. 
In areas farther south the sandstone contains beds of greenish 
shale. The whole is correlated by the author with the St. 
Peter sandstone of the Mississippi Valley region, but the lower 
half or more is regarded by Ulrich and Bassler as of the same 
age as the Beekmantown limestone of New York. The thick
ness of these deeply buried strata at Columbus is not known, 
but one well penetrated them to a depth of 316 feet. ,"Vhen 
this well was drilled these sandy beds were believed to be the 
Potsdam sandstone, but the recent boring at Waverly, Ohio, 
which extends downward to the pre-Cambrian crystalline floor, 
shows that the Potsdam and other Cambrian rocks do not 
occur in central Ohio. The record of the 'Vaverly well, as 
published by Bassler, begins ""ith 320 feet of sandy dolomite, 
referred to the Lower Ordovician, above which is the white 
saccharoidal St. Peter sandstone. Upper Camhrian beds, how
ever, seem to lie upon the pre-Cambrian floor in northwestern 
Ohio, where there is 470 feet of quartzose and in part arkosic 
sandstone, with glauconitic and dolomitic sand::ltone, referred 
to the Upper Cambrian by Ulrich in a desrription of two deep 
wells near Findlay, the logs of which were published in 1913 
hy Condit. 

MBysvllletormBtlon. 

CharBcter of rocks. 

Blue, .... reenlsh, brown, and gray 
cBkareouashlllewlththiu layers 
of limestone. 
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White aDd gray calcareous eand'l atone with some greenish ehaJe. 

FmURE 4.-Columnar seotion Or the rocks encountered in drilling in the 
Columbus quadrangle. 

Scale:1Inch-400feet. 

III the Columbus quadrangle the St. Peter sandstone is 
overlain by 4 i 5 feet of light-gray to drab impure limestone, 
which has heretofore been referred to tlle Trenton limestone 
but is regarded by Ulrich as of Stones River and lower 
~fohawkian age. This limestone contains only a small 
amount of magnesium carbonate and is decidedly different 
in physical character and chemical composition from the rock 
that occupies the same stratigraphic position in the oil region 
in northwestern Ohio, which is a true dolomite. The chem
ical composition of the rock at Columbus is shown by the 
following analysis of a sample taken from one of the deep 
wells of the region: 

Analysis of limestone from deep we1l1lea1' CoZumbus. 

Calcium carbonate __ . ________________________ _ 
Magnesium carbonate ___________ .. _________________ _ 
Iron and Il.luminUIll oxides __ _ _______________ _ 
Insoluble residue ___________________________________ _ 

69.8 
4.3 
2.7 

28.6 

99.9 

Aboye the limestone just described is a dark to almost black 
shale, reported in the Columbus quadrangle as 375 feet thick. 
It is thought to be the lower part of the Eden shale, which 
seems to be rather persistent throughout the State. The Eden 
shale is exposed in the valley of Ohio River at Cincinnati, 
where it consists of 250 feet of' soft blue shale and a few thin 
interbedded layers of limestone. 

In the Columbus quadrangle the dark shale is overlain by 
650 feet of blue to greenish-brown and gray calcareous shale, 
which probably includes a considerable proportion of blue 
limestone, and which is largely referable to the Upper Ordovi
cian. The lower part of' these beds is probably upper Eden, 
the middle, the greatest part, presumably belongs in the Mays
ville formation of the Cincinnatian series, and the upper part 
is probably Richmond, but the records are so imperfect that 
the formations have not been separated. The exact boundary 
between the Ordovician and Silurian systems in central Ohio 
is a subject of controversy and one on which the well records 
furnish no direct evidence. In this folio, as in general prac
tice, the beds correlated with the Richmond are assigned to 
the Ordovician. 

SILURIAN SYSTEM. 

The lowest formation referred to the Silurian consists of red 
and gray shale 80 feet thick, which doubtless represents a part 
of the Medina group. 

The next overlying limestone and shale, which haye a total 
thickness of 120 feet and include some red lavers, are referred 
to the formation usually called the Clinton i~ Ohio. In the 
vicinity of Waynesville this formation is composed of white, 
pink, and red crinoidallimestone, which caps many of the hills 
and is belie\-ed by Ulrich and others to be older than the true 
Clinton. 

About 68 feet of soft, light-bluish to drab shale, which is 
thought to be the Osgood shale, and whieh includes some thin 
calcareous layers, overlies the" Clinton" in central Ohio. In 
areas farther south west the shale is thicker and is interbedded 
in part with the Dayton limestone. The Osgood is equivalent 
to the Rochester shale member of the Clinton formation of 
western ~ ew York and has been positively correlated with it 
by Bassler. 

Aboye the supposed Osgood shale is 49 feet of limestone, 
which must include the Cedarville limestone and perhaps the 
underlying Springfield limestone, although the Springfield 
thins rapidly northeastward and may not extend to the Colum
bus quadrangle. Where the Cedarville limestone outcrops 
near Cedarville it is a massive gray dolomitic limestone with 
some thin-bedded layers and contains a typically Kiagarall 
fauna, which exhibits close relations to that found in the 
equivalent beds in eastern ,"Visconsin. 

ROCKS EXPOSED. 

SILURIAN SY1'TEl:I. 

Distribution, chamcter, and thickness.-The lowest outcrop
ping formation in the Columbus quadrangle is the Monroe, a 
fine-grained, compact, rather thin bedded, and generally dis
tinctly banded drab dolomite. 'VeIls at Columbus have pene
trated 373 feet of such dolomite, which includes considerable 
gypsum and part of which probably represents the Salina for
mation of New York. The Monroe formation thickens mate
rially toward the north, especially near Lake Erie. 

The formation occupies a narrow, discontinuous strip along 
the western border of the quadrangle, where it occnrs in small 
outcrops along Darby, Little Darby, and }1ill creeks, which 
expose, as a rule, a thickness of 6 to 8 feet of the rocks. The 
contact behveen the formation and thf'. overlying Columbus 
limestDne is exposed along Darby Creek 3 miles northwest of' 
Harrisburg and at many places farther north, although the 
outcrops are poor and of little interest except for the contact 
they show. Low outcrops of the 2.\lonroe skirt the banks of 
Mill Creek at many places for a distance of several miles north 
of Watkins, but they paSl3 unde'r drainag'e level at a cliff of 



" 

Columbus limestone we8t of Bellepoint. The best and most 
accessible outcrops of' the formation, as well as of its upper 
contact, are in the vicinity of Georgesville. In the south bank 

-I 

Bluish_black bituminous shale 
showlug"cons-Iu_cooe"struciure 

t~,~g~:iehN~~~~1 caonnct"reCt(j~~!I~!~~ 

FIG-URN 5.-Columnar section of the rocks exposed In the Columbus 
quadrangle. 
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of Little Darby Creek about 11 mile \yest of its junction with the 
Big Darby the following section is exposed in the limestone 
cliff: 

Section in the cliff along Litae Darby Cj'eel~ nea1· G-eorgesviUe. 

Columbus limestone; 
LiItle~tone, rather maAsi\'e, semicrystalline, brown, 

with pockets of calcite ~rYl!taI8; weathers irreg· 
ularly with a CQnspicuQu~ly pitted or honeycombed 
surface and forms a retl residual soiL ___ 12 

Limestoue, drab with a yellowi~h tinge, mottled wit.h 
darker spots; cOlllmonly semicrystalline; oc('urs 
in a single hlyer with an uneven but. not honey· 
combt'd surface _. 2 0 

Unconformity. 
?Jfonroe formation: 

Limestone, drab, thin, uneven bedded, yery impure; 
contains some seams of calcite in the upper part; 
has rough bedding planes, is contorted, and 
weathers with a honeycolllbed surface,__ 3 8 

IJimestone, very light colored, fine grained, compact, 
in three con!'picuous layers, hns a clean v~rti('al 
fract.ure; more evenly bedded tllan the overlying 
bed_ 4 0 

I,ilnestone, llw,ssive; weathers into irregular layers 
with uneven bcddingplanes; lower layers compact 
and flue grained _ 4 0 

Limestone, thin bedded, ash-colored, banded; breaks 
wit.h a clean vert.ical fracture_ 1 0 

Limestone, drab to yellowish, massive impure argil· 
laceous, magnesian; exposed at inten'als to low 
water level _ 5 10 

Fossils and c01'relal-ion.-The fauna of this great mass of 
nolomite is small and rather poorly preserved. In the Colum
bus quadrangle Leperditia alto'ides and Spi'i'ifer ohioensis var. 
have been found, but even tllese are rare. In other regions, 
especially northern Ohio, southwestern Ontario, and southern 
Michigan, the Monroe contains a larger variety of forms. 
Many of them show marked Devonian affinities, so that the 
correlation of the beds has been questioned. As the term 
Monroe has usually been applied in Ohio it is not a formation 
but a group name, and has been employed to designate the 
Silurian strata lying above the strata of Niagaran age. It 
represents the period of geologic time during which much of 
the Cayuga group of New York was deposited. 

DEVONIAN SYSTEM. 

Character, thickness, and distribution.-Upon the Monroe 
formation lie unconformably calcareous and magnesian strata, 
105 to 110 feet thick, which Newberry named the COlumbus 
limestone, "as it is the rock opened in the quarries near that 
city."l The type loeality is at the old State and Marble Cliff 
quarries along Scioto River. (See PI. IV.) The lower 40 feet 
of the formation consists of brown magnesian limestone con
taining much bituminous matter and showing a wavy, banded 

l Ohio Geol. Survey vol. 1, pt. 1. p. 143, 1S78. 
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structure, which is not nearly so pronounced as that of the 
Monroe formation. The beds are massive, irregular, and more 
or less indistinctly separated. They contain, here and there, 
small masses of chert and pockets of calcite crystals, As a rule 
the layers show little signs of crystallization, but some blocks 
glisten with calcite cleavage faces. The chemical composition 
of this part of th,e Columbus limestone is well shown by the 
following analysis of a sample taken at Dublin: 1 

Analysis of lime&tone from Dublin, Ohio. 

Calcium cat"bonate_" 
Magnesium c.a.rbonate 
Iron oxide_ 
Siliceous matter 
Organic matter 

55.09 
41.07 

,63 
1.96 
,92 

99.67 

The lowermost layers are a true basal conglomerate, con
Eisting of pebbles of compact banded drab limestone of the 
Monroe formation embedded in a. matrix of bro-wn Columbus 
limestone. The pebbles are -well rounded and range in diame
ter from a fraetion of an inch to 3 or 4 inches. In some places 
a little quartz sand is mingled with the pebbles, and at others 
the sand is so abundant that the rock has been called a sand
stone. The thickness of the conglomerate is at most places 
about 6 inches and at very few is it more than 2 feet. It may 
be seen at nearly every exposure of the contact in the central 
part of the State and is well shown along .Big Darby Creek 
about 2 miles above Georgesville. 

The upper 65 feet of the formation cons'ists of highly cal
careous semicrystalline gray limestone, evenly bedded and very 
fossiliferous which are t.he quarry beds, shown in figure 9 
(p. 13). The following analysis of a specimen from :Marble 
Cliff2 shows the chemical composition of this portion of the 
formation: 

Analysis of specimen of Columbtts limestone. 

Calcium carbonate_. 
)fagne"ium carbonate_. 
Iron and aluminum oxides _ 
Siliceous matter. __ 

93.28 
2.69 
2.18 
1.41 

99.56 

About 9 feet. below the top of the formation is the "smooth 
rock," whose surface resembles well-developed slickensides, 
analogouE to those found along many fault planes. Fossils 
lying along this surface are planed off smoothly. It seems 
probable that this is a plane along which motion has taken 
place between two layers of rock-a shear plane. It is most 
perfectly developed at Marble Cliff and at the State quarries, 
but mav be traced northward at least as far as Dublin. In 
some places, as at CaspariE quarry, the shearing, if such it be, 
occurred along two parallel planes about a foot apart; as a 
rllle, however, there is but one plane. At 11al'b1e Cliff these 
smooth surfaceR show distinct ripple marks and the smooth 
surface has been explained as due merely to the compacting of' 
the ca.1careous muds under the action of the waves at a time 
wheu perhaps little sedimentation was taking place. It 1S 
doubtful, however, whether a surface so smoot.h could be so 
perfectly preserved in the soft calcareous muds. 1foreover, the 
ripples are not sharp but. more or less round ('rested, as they 
might be if 11 small amount of motion had taken place along 
the smooth surface. 

The upper 6 to 53 inches of the formation is the" bOIle bed," 
which contains at many pla~es abundant. plates and teeth of 
fishes. "Here we ha.ve the assemblage of millions on millions 
of generally imperfect but. mostly recognizable organs or frag
ments of the hony structure of the forms of fish life most 
characteristic of the Devonian age." 3 The bones and teeth 
are excellently preserved, retaining eveIl their original luster. 
The "bone bed" is coextensive \vith the outcrops in the 
central part of the State Hnd is well enough defined at San
dusky t~ be recognizable. An excellent outcrop of this layer 
occurs in the -small run that enters Scioto River from the east 
at Fishinger's bridge, a mile above the Columbus storage dam. 

Another important feature of the formation consists of the 
chert beds and. their associated fauna, which is especially 
remarkable for its excellent preservation and for the great num
ber of mollusks it includes. The more important chert zone is 
about 60 feet belm\' t.he "bone bed" at the top of the forma
t.ion. At the storage dam it is about 9 feet thick but thins 
out northward_ The chert occurs mainly in concretionary 
masses, the silica of which was probably derived from scattered 
siliceous tests and spicules of plants and animals, and was sub
sequently aggregated, by ground water, into the form of cherty 
nodules, and by replacement it has changed many calcareous 
in to siliceous fossils. 

The formation occupies a belt from 2 to 6 miles wide along 
the west side of the quadrangle, a narl'Q'w strip extending down 
the vaHey of the Scioto from Bellepoint to Columbus, and two 
small areas along Olen tangy River in Liberty Township. In 
the broad belt the limestone is rarely exposed naturally, 
although it is often struck in wells and sometimes uncovered 

'Orton, Edward. Report on the geology of l!'rankliu County: Ohio Geol. 
Survey, vol. 8, p. 616, 1S78. 

S Idem, p. 617. 
8 Newberry, J. S., U. S. Gool. Survey Mon. 16. p. 30, 1889. 

in plowing or in digging trenches. It is well exposed along 
the Scioto above Columbus. The sectioll in the quarries at 
:\Iarble Cliff may be considered as typical of the upper part, 
wherE'.as a little of the lower part is exposed just below the 
Columbus storage dam, and the entire thickness of the massive 
brown port.ion outcrops along the Scioto ana its tributaries 
near Bellepoint. 

The following section, which was measured at the Oolum bus 
storage dam during its construction and includes the quarry 
on the west bank, is one of the most complete ever obtained 
for these beds. The lo-wer 35 feet of the measurement for the 
Columbus limestone and the whole of that given for the 
Monroe formation was taken from the core of one of the bor
ings made in testing t.he solidity of the bedrock as foundation 
for the dam. 

Section at Columbu8 storage dam. 

Delaware Hmestone: )<"1. in 
Limestone, bluish, with mueh black chert _. 1 6 
Limestone, bluish brown, shaly, with bands of black 

chert ___ .j. 2 
Shale, 80ft, thin beddea, brown, wit.h some black 

chert __ 1 2 
Columbus limestone; 

Limestone, rather massive, bluish gray, subcrystll.l
line; some gray·white chert and a well-defined 
"bone bed"at-top; Eridophyllum N!'I"neuiliannm, 
Spirfjer w:uminatus, and Platyoeras dumosum 
are characteristic fossils. _ ~ _" _. 9 6 

Limestone, gray, very fossiliferons, and fa.lrly mas· 
sive, showing "smooth rock" at the top; char
acterized by large cephalopods among which 
Ry/icel'as cyclops is conspicuous.__ 20 4 

Limestone, mwsive, bluish gray, containing great 
numbers of Spirifer gregarius; the cavities in the 
rock and the interior of many of the fossils are 
flUedwithpetroleurn____ 5 0 

Limestone, massive, gray, containing numerous 
corals and brachiopods ___ 16 0 

Limestone made up largely of Favosites emmon8i __ 
Limestone, massive, gray, very fossiliferous; Spirifej' 

Jna~1"oth.y/"is common__ _ 2 [j 

Limestone, grayish brown, cberty, especially rich in 
gastropods; Bellel'ophon pelops, Loa:onema pea:-
atum, Hfl1"motoma maia common _" 9 4 

Limestone, gras to brown, made up lru-gely of corals 
belonging to the genera. Favosites, Syringopora, 
and Syna.pt.ophyllum._ . _________ ... ____ 8 6 

Partly covered to level of the top of well :!'io. 10 ___ . [j B 
IJimestone, strongly magnesian, massive, brown __ 31 10 
Conglomerate, brown limestone, with embedded 

pehbles of banded drab dolomite_._ 2 4 
Monroe formation: 

Dolomite, drab, mostly thin bedded__ 7 0 
Dolomite, drab to dark brown, massive to bottom of 

well_._,._ .. ________________ 9 8 

Fossil8 and cOTrelation.-The Columbus limestone contains 
the usual Ononda~a fauna in great abundance. Among its 
more common species are-

Calcisphoora robusta William- I Splrffe-r macrothyris Hall 
son. Stropheodonta o(;'mi.osa (Conrad). 

Eridophyllum verneuilianum i Strophl:'odonta hemi~pbp.rica Hall. 
Edwards and Hahne. Stropheodonta perplanlt (Conrad). 

Favosites emmonsi Rominger. Strophonel1a ampla Hltll. 
Favosites hemispherlcus (Troost.). Aviculopect.en princeps (nonrad). 
Favosites turbluat.u!I Billings. , OonocardiUIll cuneus (Conrad). 
Heliophyllum corniculum (Le- 'I Llmopteria pauperata Hall. 

S;~:l~~~ora tabulata Edwards ~:!:~~:!~~i~. ~~:e~~~~a (Conrad). 
and Baime. Bel1erophon pelops Hnll. 

Zaphrentis p;igantea Lpsueur. , Callonema hellfltulum (Hall). 
Zllpbrentis prolifica Bmings. Diaphorostoma linelttnm (Conrad). 
Stromatoporella granulata Nich- Euryzone lucina (Hall). 

olson. Horlilotoma maia (Hall). 
Nucleocrinus verneuili (Troost). I .. oxonema pexatum Hall. 
Co'ciniunl striatum Hall and Platyceras aumosum Conrad. 

Simpson. Plenronotus decewi (BillingR). 
Cystodietya gilberti (~feek). Turbonopsis shumnrdi(De Verneull). 
Polypora celsipora (Hall). Tentaculites scalariformis Hall. 
Atrypa reticularis (Linnoous). Poterioc<,ras eximium (Hall) .. 
CfUllarotrochia tethys (Billing8). Ryticeras cyclops (Hall). 
Chonetes mucronatus HaH. Spyroceras thoas (Hall). 
Leptoonarhomboidll.lil!(Wilckens). ChaslIlops anchiops (Green). 
:Yeristella nneuta (Conrail). 'Coronura diurus (Green). 
Pent.a,merella arata (Conrad). : Phacops cristata Hnll. 
Rhipidomel1a vanuxemi Hall. I Proetus rowi (Green). 

~~!~:~:~ ;;~~~~~:!~l~~~~rr1~). I M~~;!~~~i~~~h6~e:~pheidolabia 
Any species characteristic of the Onondaga limestone is likely 
to be found in its Ohio equivalent. 

Along Scioto River, especially on the west bank between the 
Casparis quarry and the old State quarries, there are many 
active quarries or a.bandoned pits in the Columbus limestone, 
in which the collector may find a wealth of fossils such as is 
exceeded at but few other localities. Unfortunately, however, 
the fossils are embedded in the solid limestone and are gen
erally not easily ext:t;acted. 

Fossils are rare in the lower part of' the formation and those 
which are found are as a rule poorly preserved molds and 
casts. The scarcity of organic remains is probably due not to 
poverty of the fauna during the time of deposition of the Eedi
ment but to subsequent changes t.hat have affected these'lllyers. 
Chemically they are nearly true dolomite, and dolomitization 
like all metamorphic processes, may be fatal to the preserva
tion of fossils. 

Character, thickness, and distribution. - Overlying the 
Columbus limestone is 35 to 40 feet of blue to bluish-brown 
cherty limestone and calcareous shale, which contrasts strongly 
with the more purely calcareous llmestone of the upper part of 



the Columbus. This formation h~s received the name Dela
ware limestone. Its range in composition may be seen from 
the following analyses: 1 

Analyses of Delaware limestone. 

Calcium carhonate __ 
Maguesium carbonate __ 

Aluminum and iron o;l:ides 
~iliceous matter __ _ 

Shaly Building 
bed •. stoue. 

72.82 57.09 

5.99 33.14 

2.80 2.97 

16.06 5,33 

Orga,ni{'.lnatter ___ _ __. 1.75 .88 

_____ -"1-_99A2~9~ 
The formation averages in thickness only about 36 feet in 

eentral Ohio, but is much thicker farther north, where it is 
also a purer limestone. At Delaware, from which city it takes 
its name, it has been extensively used as a building stone. 

The formation occupies a belt from 2 to 6 miles wide 
extending from north to south across the quadrangle some
what "vest of the middle, and a narrow strip in the valley of 
Olentangy HiveI' north of the boundary between Delaware and 
Franklin counties. For much of its length the broader belt is 
bisected by the narrow strip of Columbus limestone outcrop
ping along Scioto River. South of Columbus the formation is 
covered by a rather thick deposit of drift, although it has been 
struck by the drill in sinking wells, and as a surface rock it 
appears to lie entirely west of the Scioto. Nearly every out
crop along tbat river within the quadrangle shows at least 
some of the Delaware. An excellent section is exposed along 
the Dublin pike on the east side of the river just beyond 
Fishinger's bridge, or 1t miles above the Columbus storage 
darn, and the entire formation outcrops along Slate Run, not 
far beyond. Another section, which is equally interesting 
and which shmvs the overlying Olen tangy shale s0111e\vhat 
better, is to be found along Bartholomew Run, which heads 
neal' Powell and enters Olentangy River a mile north of the 
Franklin-Delaware county line. The following section ,vas 
measured along this run: 

Section of Olentari{jY shale and lJelaware limestone on Badholomeu.' Run. 

Ohio sbale: 
Shale, black, rather thhl bedded and considprably 

weathered, containing a number of large sphe-
roidal COllcretiolls ______ . __ 16 0 

Olentangy ~hale: 
Rbule. soft. blue, marly; upper part yellowish __ 3 10 
Layer of fiat more or less disklike calcareous con-

eretions ___ .________ _ _ ________ _ 

Rhule, soft, blue. Inarly. with some brown layers_ 7 2 
Limestone, impure, bluish___ 6 
Shale. bluish, marly, with sOllle thin bauds of brown 

or black shale ___ 2 0 
Shale, black, containing some fragments of fossil 

plants _ 
Shale, blue, 1 0 
Shale. black; into small blocks by two 'lery 

regular s~'stems of joints; abundant pyrite __ 
Shale, blue, marly 1 8 
Limestone, impure, blue; in two distinct layel's 4 
Shale, bluish green, marly, containing bands of 

brown shale _ 2 4 
Shale. brown, ·with bluish marl-filled marks or trails 

of marine" worms" and fragments of plants . __ 
Shalf'. soft. bluish green, marly, containing great 

nmnoers of small limestone eoncretions_ 5 0 
Shale. brown, with some" worm" t.rails through it 

and contahling a few bryozoans __ 
Shale, bluish green. soft, and gritiess, showing some 

trails of marine animals _ _ 2 4 
Delaware limestone: 

Limestone, shaly, blue to brown. the top penetrated 
by "worm" holes and filled with blue marl from 
above; Ush teeth and bones, somewhat water
worn, and a few pebbles are also included in the 
shaly mass; only known e;l:posure of this eontact-_ 

Limestone, very cherty, bluish brown; layers rather 
even and sparingly fossiliferous; called 'rully 
limestone by Winchell and conceded by Newberry 
to contain a Hamilton fauna__ 9 4. 

I.imestone, granular, grayish brown, containing 
much pyrite which has repJaced the original sub
stance of sOllie of the fossils; carries a fauna con· 

the small globular eoral, Hadrophyllum 

Limestone, massive, bluish; containing very 
chert _ __,__ 2 0 

Limestone, thin bedded, shaly, with much black 
chert ______ .__ 1 0 

Limestone, blue to brown, containing pyrite and 
black chert intermingled and much contorted; 
these layers, together with the two 
gflllerally contain many specimens of 
bisulcata _ _ _ 4 0 

Limestone, rather Illassi\'e blue. with !Jome chert and 
shaly layers; Tentar:uUtl!S scalariformis abundant 8 0 

Shale. thin bedded, brown, calcareous. with thin 
layers of hlack chert; contains the Marcellus shale 
fauna __ .____ .7 0 

Limestone. brown. somewhat ehaly; probably a 
part of the above zone, e;l:tending to le,"el of the 
run below the highway bridge__ _ _ ____________ 2 6 

Fossils and correlation.-The Delaware limestone is not so 
fossiliferous as the Columbus, but it includes many layers that 
are crowded with organic remains. Its fauna is made up in 
part of forms surviving from Onondaga time and in part of 
Hamilton forms. Among the more characteristic species are 

th~ ~~~~o"';:-:~~"'lg,;;~:::",:::vo:::yCC, v=o;-I, C03,~p~, '=18, 1878. 

Cystiphyllum vesiculosum Gold
fuss. 

HadrophylluIIl d'orbignyi Ed· 
wards and HaiJne, 

Heliophyllum halli Edwards and 
Haime ' 

CYSt.orlicTya hamiltonensis Ulrich, 
Alllbocrelia umbonata (Conrad). 
CamarotCllchia proliilca Hall. 
Chonetes aefiectus Hall. 
Cyrtina hamiltonensis Hall, 
Uelthyris consobl'ina (D'Orbigny). 
Leiorhynchus limitare (Yan-

uxem). 
Leptrnnarhomboidalis(Wilckens). 
Lingula ligea HalL 
Lingula manni Hall. 

}fartinia maia (Billings)_ 
Or1Jiculoidea lodiensis (Yanuxem), 
Pholidostrophia iowaensis (Owen). 
Rhipidomella vanu;l:emi Hall. 
~pirifer audMulu8 (Conrad). 
Htropheodonta concavll Hall. 
Stropheodonta demissa (Conrad). 
Rtropheodonta perplana (Conrad). 
Aviculopecten princeps (Conrad). 
Cypricardella tenuistriata (Hall), 
Actinodesma erectum (Conrad), 
Grammysia bisulcat.a (Conrad). 
Nyassa arguta Hall. 
Sphenotus cuneatus (Conrad). 
Platyceras erectum (Hall). 
Tentaculites scalariformis Hall 
Phacops mna (Green). 

The lowermost 5 to 10 feet of the formation consists of 
brown shale in which Whitfield discovered a fauna that led 
him to correlate it with the Marcellus shale of N ew York. 
These Marcellus fossils may be fnund in nearly every outcrop 
of this shale in the quadrangle. 

As a whole the fauna of the Delaware limestone is intimately 
related to that of the Traverse formation of Michigan and of 
the basal part of the Hamilton formation of New York, 
although in central Ohio it still retains certain forms that are 
found also in the Onondaga fauna. The latter, however, are 
chiefly forms that have a long range in geologic time and that 
are therefore of little value for determining correlations. A few 
species, however, which were formerly thought to be character
istic of the Onondaga are found in the Delaware limestone. 
Although the Delaware is unquestionably of Marcellus and 
basal Hamilton age, it is certain that the conditions nnder 
which it was deposited resembled somewhat more those that 
prevailed during the development of the Columbus limestone. 
Persistent Onondaga species are therefore more abundant 
among these calcareous sediments of Ohio than in the bitumi
nous and argillaceous shale in New York. 

Chamder and thickness.-Upon the Delaware limestone lies 
from 23 to 46 feet of soft blue calcareous and argillaceous shale, 
with several persistent thin layers of argillaceous limestonp, 
constituting the Olentangy shale. Several layers of black 
shale similar td the Ohio shale, and several more or less we11-
defined beds of flat calcareous concretions are interbedded with 
the soft blue layers. Kotwithstanding the transitional charac
ter of the formation, however, its contacts ""ith the underlying 
Delaware limestone and the overlying Ohio shale are at many 
places sharply defined. At some places the black shale lies on 
a rlecidedly uneven surface, as at Dripping Rock and at the 
type section along Olentangy RiYer at Delaware. The section 
along Bartholomew Run, given above, shows well the general 
makeup of the formation. 

Distribution.-The formation occupies a narrow strip, gener
ally less than half a mile wide, extenrlillg from north to south 
across the middle of the quadrangle, and an irregular area in 
the yalley of Olentangy River, extending southward to the 
Delaware-Franklin county line. The exposures are confined to 
the valley of Olen tangy River and to the ravine of Slate Run. 

Fossils and c01Telation.-The formation contains very few 
fossils. The only tracE'S of animal remains found in it within 
the quadrangle are a few fish teeth, a crinoid stem, OIle pelecy
pod shell, and a bryozoan. In several layers of brown to 
purplish-blue shale occurring persistently in the lo\ver part of 
the formation there are markings which seem to be worm trails. 
The 'usual assignment of a Hamilton age to the Olen tangy is 
undoubtedly correct. Its lithologic character and the meager 
fauna found in the outcrops just north of the Columbus quad
rangle ,both lend support to that assignment. It is reasona bly 
certain that the limestone and marl of Prout, Ohio, which 
ha\'e yielded a fauna of lower Hamilton age, form the northern 
equivalent of the Olentangy shale. The basis for this belief 
rests on the similarity of the fossils found in the Olentangy 
shale at Delaware and in the mad at Prout, near Sandusky. 

Characteristic jeatures.-The Ohio shale, which overlies the 
Olentangy shale, is generally bluish-black or brown in fresh 
exposures, but in places it is composed partly of bluish-gray 
layers. "\Veathered surfaces may be distinctly blue, but in 
many places they retain their characteristic black color, except 
for iron stains that give them a dull-brown hue. The shale is 
firm and somewhat massive when first exposed, but it is soon 
broken up into more or less thin lamime which later break into 
small fissile fragments, and in the end it weathers to a rather 
stiff clay. It contains a considerable amount of pyrite, which 
gi ves the dull brown of the weathered surface above referred 
to. The shale exhibits two more or less regular systems of 
joints which, along R;ocky Fork, trend approximately N. 45° 
E, and N, 450 W, 

A characteristic feature of the lower part of the formation is 
the occurrence of large "ironstone" concretions at several 
horizons. (See PI. VI.) They ordinarily measure from it 
inches to 3 feet in diameter but some ar~ as much as 6 feet 
across. l\Iost of them are spheroidal but some are of other 

forms. In places the bedding planes may be traced into the 
concretions, showing that at least part of the original shale 
is included within the mass. These concretions, like most 
others, were probably formed in place by the secondary aggre
gation of like matter, usually about some fragment of foreign 
material as a nucleus. This mode of formation may be inferred 
from the fact that the l~yers of shale are deformed both above 
and below the concretions, from the uniformity of composition 
of the individual concretions, and especially from the arrange
ment of the matter in concentric layers. The nuclei of many 
of these concretions are crystalline masses of such mineral~ as 
calcite, barite, and selenite. In others organic matter, such 
as a fish bone or a piece of wood, has served as a center about 
which the accumulation occurred. The concretions are ordina
rily more abundant in the lower 40 or 50 feet of the formation. 

In some parts of' the shale, especially the upper part, there 
are numerous calcareous layers, which ran~e in thickness from 
a fraction of an inch to several inches and have the peculiar 
"cone-in-cone" structure found in several of the formations of 
Ohio. The cones occur in two series, with the bases upward 
and downward respectively. The origin of this structure 
is unknown. It has been thought to be concretionary but 
more probably its origin is in some way connected with the 
compressive stress developed by the load of overlying sedi
ments. Near the upper limit of the formation is a layer of 
numerous small flat concretions of pyrite, which is rather per
sistent in the vicinity of Central College and southward. 

Distribution.-The formation occupies a belt from 8 to 10 
miles wide extending across the quadrangle from north to south 
and nearly in a central position. Good exposures are abundant 
in the deep valleys of the tributaries of Olentangy River from 
Stratford to Worthington and at ~orth Columbus. There are 
many excellent exposures of the shale along Alum Creek; in 
fact the valley of that stream lies wholly within the formation. 
Among the best ofthe outcrops is that along the run at Cheshire, 
in the extreme nOl'thern part of the quadrangle, where some 40 
feet of the black shale is exposed. Another good section is just 
east of Blendon along a run entering Alum Creek from the east. 

Thickness.-The thickness of the Ohio shale in the Columbus 
quadrangle, as determined by data obtained from well records, 
is between 600 and 650 feet. 

rrhe following section, measured along Lewis Center Run, 
includes rather more of the Ohio shale than that along Bar
tholomew Run; it also shows something of the formation: 

Section of Devonian shales and limestone along Lewifl Center Run. 

Ohio shale: 
Shale, black, well jointed. with SOIlle spheroidal con

cretions and other small ones of pyrite; contains 
some fragmentary fossil plants __ 

Shale, soft, gray. with black layers in upper part __ _ 
Shale, black, with spheroidal concretions_ 

Olentangy shale: 
Shale, soft, blue, marly __ _ 
Layer of argillaceou~ blue limestone concretions, 

more or less discoidaL _______ _ 
Shale, soft, greenish blue, marly __ _ 
Layer of irregular flat limestone concretions with 

much pyrUs _________ _ 

Shale, 80ft, bluish green 
Limestone, argillaceous, same color as shale ______ _ 
Shale, soft, greeni1lh blue, with some layers of brown 

to black shale __ 
Layer of irregular flat bluish limestone concretions_ 
Shale, soft, greenish blue, marly ___ _ 
Layer of irregular flat limestone concretions __ 
Shale, bluish green __ 
Limestone, blue ___________________ , ___ " 
Shale, soft, greenish bIlle, partly covered_._ 

Delaware limestone: 
I .. imestone, bluish brown, rather massive, not abun-

dantly fossiliferaus _____ _ 
I..imestone, gray, slightly granular, containing Had-

rophyllum d'orbignyl ___ _ 
I..imestone. bluish brown, fossiliferous __ 
Limestone, bluish, granular, crinoidal, with some 

fossiliferous gray chert; corals abundant __ _ 
I.hnestone. brown, and chert, black, much inter· 

mi;l:ed and contorted __ , ___________ _ 
Limestone, bluish, alternating with black chert ____ _ 
Limestone. bluish, massive, and fossiliferous, to level 

of Olentangy River __ 

35 0 
10 
25 

70 0 

3 4 

3 2 

16 

1 6 
4 

2 0 
6 

8 0 

39 8 

9 0 

10 

1 8 

3 0 
4 0 

5 4 

2B 7 

F08sils.-Aside from the rather rare impressions of long flat
tened stems (Calamites), leaves, and spore cases of plants, the 
fossil wood associated with some concretions, a Lingula, cono
dont teeth, and a few fish bones, the great body of the forma
tion is practically barren of' fossils in the Columbus region. 
In the uppermost layers, however, certain forms which seem to 
belong to the Bedford fauna appeal' in the black shale, as if 
this fauna had appeared before the close of the period in which 
the conditions favored the formation of black shale. Perhaps, 
however, the sea in which the Bedford was deposited worked 
oyer some of the black mud of the Ohio shale and the true 
boundary between the two formations lies below the fauna. 

DtvisiorM and correlation.-In the northern part of the State 
the Ohio shale becomes a group,."Qomposed of'three more or less 
distinct formations-the Huron shale, the Chagrin formation, 
and the Cleveland shale. However, Dr. Prosser regards the 
Huron shale- as Hihe 'western lithologically more or less changed 



stratigraphic equivalent of the Chagrin formation." 1 The 
propriety or-this correlation, however, is not admitted by some 
geologists. The threef'old division indicated above has ncit 
been applied to this formation in ceutral Ohio, nor is it clear 
that the separate formations would be recognizable there, yet 
it is interesting to note that the middle part of' the formation 
iu the Columbus region coutains numerous layers of soft 
bluish-gray shale resembling somewhat that of the same hori
zon, the Chagrin, farther north. The Cleveland shale prob
ably does reach the Columbus region and may be represented 
by the greater part of' the Ohio shale, but up to the present 
time no satisfactory dividing line has been disco\"ered between 
it and the remainder of the Ohio shale beueath it. 

The Ohio shale is equivalent, in whole or in part, to the 
Antrim shale of Michigan, the black K ew Albany shale of 
Indiana, and the Chattanooga shale of the southern Appala
chia.n Valley, which are sometimes referred to as of Genesee 
age. In the opinion of most geologists, however, these forma
tions represent the sediment accumulated in this part of the 
sea while the Genesee, Portage, and Chemung strata were being 
deposited in New York. The view has been advanced by 
Ulrich that the Ohio shale and its representatives toward 
the south a.re of Mississippian age. 

DEVONIAN OR CARBONITEROD8 SYSTEM. 

GharacteT, distribul'ion, and thicknes8.-The Bedford consists 
of' clay shale and, near the top, of some thin layers of sand
stone. It ranges in color from bluish gray to red or chocolate
brown, the red being seen mainly in the middle part of the 
formation. In fresh outcrops, as in stream beds, the strata 
appear massive, but on exposure they soon weather to a 
sticky red or yellow clay. The formation in ''leathered con
dition is ·well exposed in the hills east of Central College, 
where it forms a line of bluffs along the east bank of Big 
Walnut Creek. The soft and easily eroded shale has been 
carved into striking forms resembling, to some extent, those of 
the badlands of South Dakota and Nebraska. The color of 
the middle part of' the formation is so conspicuous that the 
name Red Hills has been gi ven to the locality. 

The lo\\'er part of' the formation, especially in the eastern 
part of the quadrangle, includes seYer!:!1 layers of small, flat 
argillaceous concretions, which have a decidedly concentric 
stl'uctme and some of which contain fossils. Near Lithopolis 
much larger concretions of irregular shape are often found. 

One of the most notable features of the formation in this 
part of the State, as well as in the vicinity of Cleveland, is the 
disturbed condition of the strata ill the upper part. Many of 
the beds are much contorted, and in places even crushed, 
whereas the overlying Berea sandstone is little or not at all so 
affected. The nature of the material of the Bedford shale indi
cates that it was deposited at some distance from shore. Per
haps at the outer margin of this mud deposit, or even elsewhere, 
there werc steep subm~ll'ine slopes. The slumping or super
ficial faulting of such deposits would result in the contortion 
of the layers, especially if the material were sufficiently tena
cious to hold together. 

The thickness of the Bedford shale ranges from 60 feet in 
the northern part to no feet in the southern part of the Colum
bus quadrangle. Its base is ordinarily defined by a highly 
fossiliferous bed, but at many places it is not easily distin
guished from the overlying Berea sandstone, for the upper part 
of' the Bedford is commonly arenaceous. Dr. Prosser, howe\,er, 
regards the greater percentage of caleium carbonate in the Bed~ 
ford as a means of distinguishing it from the Berea where the 
two al'e physically similar. Toward the top of the formation 
thin sandstone layers are progressively more numerous until 
they make the whole bulk of the rock. 1foreover, these thin 
layers of sandstone bear ripple marks, ·which indicate that tlley 
,vere formed nea.r a shore under conditions similar to those 
under which at least a large part of the rock usually included 
in the Berea was deposited. This transition is especially well 
displayed along Big Walnut Creek between Galena and Sun
bury. Along Ra.ttlesnake Creek, however, near its junction 
,yith Big 'Valnut Creek, a massive concretionary layer marks 
the real beginning of the sandstone and hence the probable 
hase of the Berea. Somewhat similar conditions exist along 
Rocky Fork, neal' Gahanna, but a.t other places, even in the 
northern part of t.he quadrangle, the Berea is 11!arkedly uncon
formable on the Bedford. \l 

The formation ocenpies an inegular narrow belt extending 
from north to south across the eastern pa.rt of the quadrangle. 
It outcrops chiefly along 'the east bank of Big 'Valnut Creek, 
except south of the National Road, where it swings eashvard 
and is exposed chiefly along Black Lick and the tribntaries of 
Little Walnut Creek. 

Numerous outcrops furnish good sections of the formation. 
The sections gi ven I!-re selected because they are fairly accessible 
and because they show some of the succeeding formations 
C'xcellerHly. The following is a combined section of the out-

1 Prosser, C. S, Jour. Geology, vol. 21, p. 362,1913. 
• Idem, vol. 20, pp. 558-589, 1912. 
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crops occurring along Rocky Fork from its union ,,,ith Walnut 
Creek below Gahanna to the upper part of its tributary that 
flows through New Albany. 

Section of Bedford shale and Gfl80ciatedjormatiort,'J along Rocky Fork. 

Cuyahoga formation: 
Sandstone, t.hin bedded, aiternat,ing with blui~h 

shale; exposed along the tributa,ry of Rocky Fork 
flowing through ]'\ew Albany _ 50 0 

Shale, soft. bluish ___ ____________________ 5 0 

Sunbury shale: 5[; __ ~ 
Covered interval, most of it. probably belonging to 

the Sunbury shale__ 10 0 
Shale, fissile, black. iron stained. and somewhat 

decornposed; the lower 2 or 3 inches cont.aining 
abundant brachiopods and some fish teeth; ex· 
posed along a small t.ributary at the bend of 
Rocky Fork just.sout,hof highway __________ . __ 2[; 8 

Berea sandstone: __ ~5 8 
Sandstone, rather massive, many lenticular beds 

and some showing ripple mftrk~; lnyer of mnrca-
site on t.op _______ _ 

Sand~tone, fine grained, in layers from a fraction of 
an inch to 10 inches thick and well ripple marked; 
~ome layers much contorted In places and with 
local beds of shale __ __ 

Shale, arenaceous, gray, grading into sandstone up
stream and containing some thin layers of ripple
marked sandstone_ 

Sandstone, concret.ionary ____________ _ 

Bedford shale: 
Shale, soft, argillaceous, blue, arenaceous toward 

t.op; some slablike fragments when freshly ex
posed show marks resembling t.he impressions,of 
plant. stems ____ . ___ _ 

Shale, soft, argillaceous, gray, mottled 
Shale. soft, fissile, chocolate-brown; weathers rap

idly to stiff reddish clay __ 
Shale, soft, argillaceons, blue; fissile and much 

jointed __ 
Shale, argillaceous, blue; very fossiliferous, espe-

cially near ba&e ____________________________ _ 

Shale, dark bluil!h brown, rather 80ft, containing 
some fossil shells and worm trails (~) cast in pyrite 

Ohio sbale: 
Shale, black, prominently jointed (joints running 

17 6 

8 6 

12 
1 

" 0 

as 8 
8 0 

25 6 

15 6 

2 0 

90 0 

northeast and northwest), and much iron stained__ () 0 
Covered interval _ __ ____________________ 5 
Shale, black__ __ ______________________ 10 
Shale, black.. with eeveral layers of "cone-in·cone," 

to level of Big Walnut. Creek ___ ., _ 8 10 

29 6 

The formation is well exposed at Taylor, on the Pennsylvania 
and Baltimore & Ohio railroads, where it is used in the manu
facture of brick and tile. The contact with the Ohio shale is 
also exposed in the small gully at the north end of the brick 
and tile yards. Along Duncan Run there is an exceptionaUy 
fine section through the lower part of the Mississippian series 
and a part of the Devonian system. The following section 
gives the gross measurements taken in the cut made by this run: 

Section of Bed/ord 8hale and associatedJormation8 along.Duncan Run. 

Cuyahoga format,ion: 
Sandstone, blue to gray, in beds from a few inches 

to 6 or 81nche8 t.hick ___________________________ .__ 5 0 
Shale, bluish gray. alternating wit.h ahaly sandstone, 

the surface showing marks resembling impressions 
of plant stems or trails of animals__ 10 0 

Shale, gray, not. well exposed _ 0 

20 
Sunbury shale: Shale, :flasile, black __________________ . __ 30 
Berea sandstone: Sandst.one, buff to bluish gray, fine 

grained; upper layer much iron·st.ained, lower layer~ 
rather thin, shaly, and well ripple·marked ___ .. _____ 40 0 

Bedford shale: 
Shale, moUled and gray. argillaceous with some 

sandylayers._ . ____________ ._. ___ "__ 28 6 
Shale, soft; red or chocolate·hrown_____ 16 
Shale, gray, wIth a few thin chocolate· brown layerl!. 12 
ShaJe, very compact, hard; red or chocolate·brown_ 
Shale, soft, gray, argillaceous, cont.aining fossils in 
. the lower part ___ ._ _ __ . ___ .. _______ 2 10 

60 0 
Ohio shale: Shale, firm, black, to level of Big Walnut 

Creek ___ . ______ 55 0 

Fossils and correlation.-The greater part of' the Bedford 
shale is nnfossiliferous. In most places, however, an abundant 
fauna occurs in a basal bed 1 foot to 2 feet thick. This fauna 
has never been carefully studied and many of its species still 
remain undescribed. The following list gi ves the genera" a 
few of the species, and some of the related forms in this fauna 
as jt occurs along Rocky Fork: 

AmboCOllia norwoodi Foerste. 
Camarotoochia kentuckiensis 

Foerste. 
Chonetes sp. 
Cranoonasp. 
Lingula meeki Herrick? 
Lingula sp. 
:Xucleospira cf. millima 'Veller. 
Orbiculoidea newberryi Hall 
Productella cf. concentrica Hall. 
Rhipidomella cf. missouriensis 

Swallow. 
Schuchertella herricki Foerst.e. 
Syringothyris carteri Hall. 
Macrodon irvinensis Foerste. 

Microdon cf. reservatus Hall. 
Microdoll sp. 
Nucula cf. glenparkensis'Veller. 
Nucula,na sp. 
Palreoneilo bedfordensis Meek. 
Pterinopecten sp. 
Sphenotus sp. 
Bellerophon cf. jeffersonensis 

Weller. 
Bellerophon sp. 
Bembe:da sp, 
Pleurotomaria sp. 
Conularia sp. 
Goniatites sp. 
Orthoceras sp. 

This fauna is no less remarkable in its association of species 
than in its occurrence among essentially barren deposits. 
Although it contains a Devonian element, which links it in a 

general way to the Hamilton, it also resemhles rertain faunas 
of the Kinderhook, such as that of the Glen Park limestone 
member, so far as they contain a Hamilton element. How
ever, the Bedford fauna differs widely from the normal north
ern faunas of the Kinderhook. Besides the unconformity at 
the top there is faunal evidence of the Devonian age of the 
Bedford, notwithstanding the fact that its fauna resembles that 
of the Hamilton rather than that of the Chemung, although 
stratigraphically it lies above the probable representative of the 
Chemnng. Evidence that the Bedford shale is Devonian has 
recently been presented by Girty,l Prosser,2 and Kindle. 3 It 
must be borne in mind, however, that this reculTent Devonian 
element is found else\vhel'e iu the Mississippian of Ohio and 
that it may be traced in various faunules through the CuyU'boga 
formation. A similar lingering of Devonian faunal elements 
in the Carboniferous beds of the south west has been observed 
fit many places. There is thus some evidence of the Carbon
iferous age of the Bedford fauna, which appears to be related 
especially to that of the early part of the southern Kinderhook. 
In view of the inconclusive evidence regarding its age or rela
tions, the correlation of the Bedford fauna is much in doubt. 

CARBONIFEROUS SYSTEbf. 

Cha·racter, thickness, and distribution.-The Berea is the 
oldest persistent sandstone formation that outcrops in central 
Ohio. It is a rather medium g!'ained gray to buff-colored rock 
and occurs in beds that are of various thicknesses but that are 
in general thicker or more massi ve toward the top of' the for
mation. Some of' the beds have a tendency to increase or 
decrease in thickness along their outcrops. (See PI. V.) Dis
tortion and concretionary structure are common throughout the 
lower part of the formation, and many of' the beds so charac· 
terized grade into the ordinary layers. The thin layers and 
many of' the thicker layers are notably ripple marked. Some 
of the ripple-marked beds are also contorted, so that the distor
tion occurred after the deposition and was not contemporaneous 
with it. A persistent and noteworthy feature of the formation 
is the occurrence of a layer of marcasite on its extreme upper 
surface. The decomposition of this iron sulphide probably 
gives rise to the hydrogen sulphide of' the sulphur springs 
along Rocky Fork. 

The thickness of the Berea is far from uniform. It is only 
4 feet in the southeastern part of the quadrangle and Dr. 
Prosser finds it reduced to 13t inches neal' 1farcy, but it is 
probably more than 65 feet at Sunbury. This great difference 
may be in part due to the fact that at the locality last named, 
as at most others in central Ohio, it is almost impossible to 
draw the boundary line between the sandy upper layers of the 
Bedford shale and the succeeding Berea sandstone. In the 
southern part of the quadrangle, neal' Lithopolis, however, the 
Berea sandstone lies unconformably on the soft Bedford shale. 
(See PI. V,) 

The formation takes its name from Berea, Cuyahoga County, 
where it is extensively quarried. Tn southeastern Ohio it is 
one of the horizons at which oil and gas are found. 

The formation occupies an irregular belt, from a quarter of a 
mile to 3 miles wide, extending southward from Su n bury across 
the eastern part of the quadrangle. Between Pickerington 
and Jefferson it reaches the eastern margin of the area. It is 
well exposed in the sections given in the description of the 
Bedford shflle. In the following section, which was measured 
along Rattlesnake Creek opposite Sunbury, a greater t~ickness 
of the rock is exposed: 

Section of Berea 8andstone and alone Rattle8nake 

Cuyahoga forma,t.ion: Shale, soft., blue __ _ 
Ft. In. 

___ . _ 5 0 

Sunbury shale: 
Shale, black. bituminous; somewhat. iron stained in 

meagel'outcrop ___ . ___ ._ .. _.,______ 12 0 
Shale, black, in partly (lovered intervaL_ 5 0 

Berea sandst.one: 
Sandst.one. gray to buff, rat.her thin bedded, with 

much iron sulphide in upper 4 inches ___ 
Sandstone In fairly thick lent.icular layers int.er-

bedded with thin layers ____ _ 
Sandstone in concretionary masses with thin shltly 

layers, all more or less disturbed _______ __ 
Sandstone in ripple-marked thin shalylayers, some 

what banded __ __ _____ . ______ __ 
Sandstone in rather massi"e, somewhat concl'etion-

17 0 

25 0 

15 0 

, 6 

5 0 

ary layers interbedded with some shale 5 () 
Shale, soft, arenaceous, containing some concretions 6 8 
Layer of masBive concretions, more or less continu-

ous but interrupt.ed and apparently somewhat. 
replaced by bluish shale __ . __ __ , 0 

65 2 
Bedford shale: 

Shale, bluish gray, rather argillaceous, but gritty ___ 2 0 
Covered to level of B'fg Walnut Creek ____ .___ 5 0 

"7 0 

-'G-,,-ty-, a-, H-,-, a-,o-lo-g,,-.-g,-o-' -th-, B-,-df-o,d-,-'-h.-,,-o-' OCCh-'o-, N,w Ym'k 

Acad, Sci. Annals, vol. 21, pp. 295-319, 1912,. 
• Prosser, C. S., The Huron anu Cle\·elatid shales of nbrthern Ohio: Jour. 

Geology, vol. 21. pp. 323·362, 1913. 
'Kindle, E. M., The strat.igraphic relations of the Devonian shales of 

northern Ohio; Am. Jour. Sci., 4t.h ser., vol. 34. pp. 212·213,1914 . 



FOllsiLs and cOl'Telation.-Fossils are rare in the 13erea, none 
having been found in the Columbus region. In the northern 
part of the State, however, a few fossil fishes, probably fresh
water forms, have been found in it. At the village of Berea 
Dr. Newberry found in it also 80me shark teeth and a large 
Lingula, both of which indicate marine deposition. Frag
ments of wood resembling charcoal are abundant in the upper 
layers of the formation throughout the northern part of the 
Rtate, where the deposit is probably in part a land forma
tion. The "Corry" sandstone, which is the representative 
of the Berea sandstone, found in northwestern Pennsylvania, 
contains a considerable marine fauna, which has a distinctly 
Kinderhook facies. 

CharacteT and thickness.-}'ew sedimentary contacts are more 
clearly marked than that between the Berea sandstone and the 
S~lllbury shale. The contact may be located within a fraction 
of an inch, the cessation of the deposition of sandy sediments 
having been very abrupt. 

The ~uubury consists of 17 to 35 feet of black argillaceous 
shale containing much bituminous matter. It resembles 
some\vhat in general appearance the Ohio shale but it is 
thinner bedded, more fissile, and less resistant to weathering. 
The lower layers of the shale, ho,vever, which ding with 
wonderful tenacity to the top of' the 13erea sandstone, are 
more resistant, and throughout large areas the ~unbury is 
l;epl'esented by only a few inches of black shale overlying the 
sandstonE'. 

The formation occupies an irregular helt, in pla('es :Z miles 
across, extending from Sunbury southeastward across the cast
el'll part of the quadrangle to Pickerington. It outcrops also 
in the southeastern part of the quadrangle, in a narro," sinu~ 
ous belt that extends along the north and west margins of' the 
group of hills around Chestnut Ridge. The type locality of 
the formation is along Uattlesnake Creek east of Sunbury, but 
it is better exposed along Rocky Fork northeast of Oahanna 
and in Dutch Hollow at Lithopolis. tlome sections that 
include it have already been given, and a section at Dutch 
Hollow ill which it is found is presented below, in the descrip
tion of the Cuyahoga formation. 

F08Sil$.-At many plaees the lower (:l or .s inches of the 
formation is highly fossiliferous, although the number of 
species is small. Lingula metie Hall and Orbiculoidea he1'ze1'i 
Hall and Clarke are abundant, as are also fish teeth. The 
great body of the shale, however, is essentially nonfossiliferous. 

Character, tbickne8s, and disll'ibution.-In all sections that 
expose the ('ontact between the Sunbury shale and the Cuya
hoga formation the base of the Cuyahoga consists of 5 feet of 
bluish-gray shale. This shale is overlain by beds of fine
grained sandstone alternating with shale, chiefly of bluish color. 
tleveral persistent layers of the sandstone that occur in the 
f30uthern part of' t.he State were long ago designated by dis
tinctive names, as Buena Vista stone and City Ledge. Dr. 
Prosser has reyived the name Buena Vista and applied it to 
its possible equivalent in eentral Ohio. He calls the lower 
60 feet of the Cuyahoga formation the Buena Vista member 
and suys that the lowest sandstone of the member apparently 
corresponds to the .-;tratum in ~outhern Ohio termed the "City 
Ledge." Only u small part of the formation is exposed at 
any place within 1he quadrangle. Its character is well shown 
in Plate VII. Its total thickness, however, is about 200 feet at 
Chestnut Ridge. 

The formation occupies the northeastern part of the quad
rangle as fur south as Pickerington and an area in the south
eastern part on the slopes surrounding Chestnut Ridge. 

The following section was measured alonA' the little run in 
Vutch Hollow at Lithopolis. It begins near the SOO-foot 
level, three-quarters of' a mile northwest of' the coyered bridge 
and extends nearly a mile upstream. 

Section of Cuyaho(Ja and underlyin(JfoTmations in Dutch Hollow. 

Cuyahoga formlttion; 
Several fairly even compact layers of grayish sand

stone, followed, in ascending order, by bands of 
urenaceous gray bhale and soft uneven sandstone 
lay('rs, t.o the crest of the hill at the Lyndecket· 
quarry; the layers of sha.le contain fragments of 
plants ____ ._.. 31 0 

Preest.one. compact, even grained, blue. _______ 4 () 
8andstone, interbedded with shale and thin shaly 

sandstone, outcropping at the covered bridge and 
along the steep bank below _ 31 

~andstone, blue but iron stained,·in a massive layer_ 2 
Shale, arenaceous, gray, and sandstone, blue in thin 

layers 4 2 
Sandstone, blue, iron stained, in a l1lassive layer; the 

"City Ledge" 2 9 
Shale, very soft, gray; constitutes ba~e of the 

formation wherever this part has been found out· 
cropping 

Sunbury shale: Shale, fiss11e, black, in very thin laminre 
and considerably iron stained in old exposures; con· 
taining Lingnla melie und 01'biculoidea herzeri at 

, 0 

7D 11 

bas!; 21 U 

8 

Berea sandstone: Sandstone, fairly coarse grained, gray, 
in thick, eompMt layers with no intercalated shale; 
upper part of ~xposure strongly impregnated with 
pyrite in small nodules or concretions; ripple marked_ 5 0 

Bedford shale: Shale, ~oft, argillaceous, drah, but stained 
yellow where weat.hered_ B 6 

FIJ8sils.-The shale of the Cuyahoga formation contains, 
besides abundant flat iron stone concretions, a fev,' other con
cretions in which fossils have been found. Other than frag
ments of plants, no fossils were found in this shale in the 
Columbus quadrangle, although at some localities, especially 
in the northern anJl southern parts of the State, considerable 
collections of ani~al remains have been made at different 
horizons in the formation. Some of these faunules bear a 
marked resemblancy to that found in the basal layers of the 
Redford shale. 

Chamctm', thicknes8, and distl'ibution.-The Black Hand 
formation consists of 50 to 500 feet of soft and hard coarse
grained sandstone ranging in color from yellow and buff 
to brown and red. 11nch of it is cross-bedded and in 
places it. is very massive. Here and there the rock contains 
a number of quartz pebbles and in places approaches a true 
conglomerate. Only a small part of the formation outcrops in 
the quadrangle. 

The formation occupies a small area in the southeast corner 
of the quadrangle, in the hilly region about Chf'stnut Ridge, 
southeast of· Lit.hopolis. Chestnut Ridge is composed of a 
coarse, massive yellow sandstone, the base of the formation, 
which is extensively developed in Hocking Valley, 10 miles to 
the east. The hills are therefore geologically and topograph
ically the outliers of the picturesquely eroded region that gives 
to Hocking Valley its beautiful scenery, and they O\ve t.heir 
existence to the formation that caps them, which offers great 
resistance to weathering and erosion. 

A t the north end of Chestnut Ridge the upper shale and 
thin sandstones of the Cuyahoga formation are expo8ed to a 
point within 40 or 60 feet of the coarse yellow sandstone cap
ping the ridge. A section at this point is given below. 

end of Chestnut 

Black Hand formation: Feet. 
Sandstone, massive, thick bedded, coarse grained, soft, 

yellow; the whole rock is hf're and there impregnated 
with iron in il'l'egular bands and concretions; at some 
places the layers are of variou~ ~hl;l.de8 of red or brown, 
but at others the bands are entirely without coloring 
matter.__ 40 

Covered interVal _____ . 50 

Cuyahoga formatlon: ~ 
Sandstone, thin bedded, and shale, bluish, at the base 

of the exposure, nlore iron stained and somewhat 
coarser toward the top _____ . __ __._____ 60 

Covered to road level at Jefferson 

65 

Possils and Qorl'elation.-At some places the formation con
tains fossils, but none were found in the region here considered. 
The sandstone of Chestnut Ridge resembles closely that seen 
in the quarries south of ~e\'mrk and about Lancaster, but 
perhaps is more 'nearly like the rock llear La.ncaster, which is 
not so fine j:?;rained as that neal' Newark. This coarse sand
stone ean be traced almost continuously eastward to the vicin
ity of Lancaster, where it is well exposed in the westernmost 
outcrop of the formatioll at that place. 

QUATERXARY SYSTEM. 

The unconsolidated surficial deposits of the quadrangle 
belong to the Quaternary system and comprise residual clay, 
glacial drift, and stratified clay, sand, and gravel of Pleisto
cene age, and alluvium of Recent age. The glacial deposits 
include drift of the Illinoian and Wisconsin stage8, and some 
scattered fragmentary st.ratified deposits represent one or more 
of the interglacial stages. Only deposits of Wisconsin and 
Recent age are shown on the map, as the older deposits are 
exposed only beneath the later drift and in areas too small to 
be mapped. 

Old residual clay, formed by the weathering of the under
lying indurated rock, is exposed beneath the glacial deposits at 
several places in the quadrangle. At one place it is overlain 
by Illinoian till, so it is at least as old as pre-Illinoian. Its 
formation probably began in the )Iesozoic era and continned 
until well along in the Pleistocene epoch. 

At Hyattyille, in the valley of a little stream half a mile 
southeast of the station, the follo\ving section is exposed: 

Section at Hyattville. 

Feet. 
'fill, yellow, fresh and loose (Wisconsin)__ 7 
Till, hlue, hard and jointed (Illinoian) _______ .________ _ 6 
Sand, stratified and much weathered, thickness uneven__ 2 
Clay, dark, rusty, hard and jointed, without admixture of 

foreign ulaterial, grading int·o shale benf'ath_ 

About 1 to 1 t miles south of Africa, bebveen the little runs 
that enter the Olen tangy from the west, the glacial deposits are 
exposed at sBveral excavations made in grading the road.. 
Here the Illinoian till is lacking, so that the fresh '\Viscol1sin 
till rests directly upon dark residual clay t.hat grades into 
",·eathered shale, which in turn grades into sounder, firmer 
shale at the base, Several othel' similar exposures were found. 

In the limestone quarries south of the Scioto and half a 
mile north of the insane asyhmi at Columbus, residnal clay 
and chert, containing no glacial material, fill crevices bebveen 
\veathered hlocks and along bedding planes of the limestone. 
Similar occurrences are found in the large quarries at Marble 
Cliff and elsewhere. (See fif{o 6.) 

PWURE 6.-Cavities in limestone filled with preglacial residuum of clay 
and chert. 

About 8, miles west of Union Statton, Columbus. a, Glacial drift; b, residual chert and clay 
with nO foreign pebble •. 

An these bodies of residual material show that the indurated 
rocks had been deeply weathered and that a fairly thick layer 
of rock ,vaste had been formed before the Illinoian ice invasion. 

At a few places alluvial and lacustrine deposits are exposed 
beneath Illinoian drift. Along Glenmary Run, 10 to 11 miles 
north of Columbus, plastic and arenaceous cla.ys, 60 to 70 feet 
thick and having a known horizontal extent of half a mile 
north und south and nearly as much east and \vest, lie beneath 
characteristic Illinoian till. Some of the clay is blue and 
contains small, button-like, calcareous concretions and some is 
yellow and contains ferrugillous clay concretions. Both sorts 
are profusely jointed and in places rather sandy. The expo
sures seem to indicate that the material is of local distribution 
and that it occupies part of a pre-Illinoian valley. 

At anoili('l' ]oeality, half a mile up the run from the sand
stone quarry northeast of Reynoldsburg, the following section 
is displayed beneath fresh yello,,;" drift of' \Visconsin age: 

i'\ection of llNnoian and older depr)8Us n01,theast rif RtunoldsbuJ'g. 

Drift, jointed, indurated, and containing concretions 
(Illinoian)___ 1-8 

Sand, fine, no fossils ________ .. __ . ___ ... ___ _______ 3-6 
Ciay, blue, sticky, containing Illany decayed leaves 

and stems__ 3-4 
Rand, fine, containing many fossil shells__ _ 6± 

]\0 OdIeI' exposure of' this deposit has Leen found. The 
fossil shells, which include ~evel'al species of' small g'astropods 
and one 01' more of pelecypods, were all identified by Calvin 
and Shimek as modern forms, but as there has been little 
change in laud and fresh-water inollusks in Quaternary time, 
they do not serve to fix the age of the deposit. Its position 
beneath the Illinoian till indica.tes that it was laid down 
during one of' the earlier interglacial stages, posRibly the 
Yarmouth. 

::\Iany wells have penetrated grayel and sand and even 
quicksand beneath the hard blue Illinoian till. Not many 
of these wells pass through the gravel, but in most of those 
that do the gravel is said to lie directly on bedrock. Such 
deposits of gravel and saud are not confined to anyone part 
of the quadrangle, but they seem to be local, as if formed 
in buried valleys. Similar gravel also occurs beneath out
wash urift of \Visconsin age in the hluffs a.long the Rcioto at 
Columhus. 

Throughout. lllueh of the quadrangle, as is shown by more 
than "75 widely scattered exposures and scores of wells, the 
Wisconsin is underlain by an uneven layer of compact, indu
rated, jointed, bluish 01' brownish till, which is at many places 
weathered and cemented along the joints. The weathering is 
accompanied by a change of color of the till, and where the 
till is eroded by streams the cemented material stands out 
ill relief aboye the less resista.nt, less' ,veathered, and less 
cemented portions. l\Iuch of this older till contains carbon
ates, which are in part at least original ingredients. They 
may, however, include some cementing material that wa~ either 
introduced or dissol'led and reprecipitated, a fact that would 
account ill part for the greater hardness of' the old till. In 
this till calcareous concretions are abundant and pebbles are 
common but bowlders are rather rare. At. many places such 
fragments are much \veathered, especially those that lie near 
a joint or near the surface of the deposit, at othf'l' places they 
are but little weathered. The limestone pebLles are probably 
the least weathered, as many of them still bear perfectly pre
served glacial st.rire, but most of the pebbles of igneous and 
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metamorphic rocks are more or less oxidized, kaolinized, iron 
stained, and generally disintegrated. The thickness of this 
old till at some places is more than 100 feet but most of the 
exposures show lees than 20 feet. The material is referred to 
the Illinoian drift on account of its character and its relation 
to the Wisconsin drift and is correlated with the more extensive 
deposits of Illinoian drift in other parts of the State. 

INTERGLAOIAL BEDS. 

Traces of an interglacial soil that is intermediate in age 
between the lllinoian and the Wisconsin drift have been 
found at four places in the quadrangle. On the north side 
of the east branch of Glenmary Run about a quarter of a 
mile above the junction of the two branches the yellow strati
fied clay deeClibed in a previous paragraph outcrops in the 
bed of the sh'E!am and is overlain by characteristic Illinoian 
drift. The Illinoian is in turn overlain by Wisconsin drift, 
from which it is separated by a thin zone of dark weathered 
soil of interglacial age. 

On the north Aide of Springwater Run a short distance above 
its junction with Darby Creek, just south of Harrisburg, inter~ 
glacial beds are exposed as shown in the following section: 

Section of Pleistocene deposita near Harri8burg, Ohio. 
Feet. 

Till, yellow, loole and unwea.thered. (WisooDHin) ______ . _____ 80 
LoeIB, light gray, l1kethatotsouthernIllinois ______________ 1 
Sand, fine, weathered, and sandy till (Illinoian t) ___ ow. ______ 8 
Gravel, eoane and weathered, having a smooth, sharp oon-

tact with overlying bed (Illinoian') ____ .. _____________ ______ 1 

Till, blue, compaetand jointed (Illinoian)___________________ Ii 

At the bend of the stream north of the road about 2t miles 
west of Matville interglacial deposits are exposed and the 
following section was measured: 

8ection of .Hei8tocene deposits We" of Maooilk. . .... 
Drift, fresh, with fresh gravel at base (Wlsconsln) ___________ 10 
Soil-like waterial, dark and weathered (SangamoDt) ________ 1 
Bowlder clay, old and indurated (lllinoian) _________________ 8 

A section in the east bluff of' Darby Creek half a mile north 
of Orient is as follows: 

SecUon of PleiBtoeene deposits not'th of (}rient. 

Soil, dark, and weathered till grading down into nnder-
lying material (WllIloDsln)____________ _________________ 8-4 

Clay, yellow and stonY', fresh and loose, with sharp eon-
ta.ctwith bed beneath (Wisconsin) _____________________ 12-15 

Soil-like ma.terial, dark, compact, and much weathered, 
grading into nf'ri below (BaDga.mon'l) ____________ ._____ 2-4 

Till, blue, old, and dense (Illinman) • ____ .. _____ 50 

About 4 miles south of' Columbus, west of the Scioto, the 
little stream that heads near Grove City is cutting into old 
peat. At least 4 feet of such material is exposed, half below 
the water and half above, and it is overlain by fresh drift in 
the bluffs on both sides. The stream has apparently cut into 
au interglacial peat bog. 

Although the old soils and peat are exposed at only a few 
places those places are widely scattered, and the exposures are 
important as evidence of at least one interglacial interval in 
the region. 

WIBCON8IN DBIlI''l". 

Older Stratlfl.ed Depoel.ta. 

At two places gravel and sand lie beneath Wisconsin drift 
in situations that establish their connection with the Wiscon~ 
sin stage. A little more than 1i miles north of Reynoldsburg, 
in the east bluff of the run flowing southwestward, is an 
excellent exposure of sands and clays, more than 20 feet thick. 
The beds are horizontally stratified and consist of clay and 
very fine sand, but apparently contain no organic remains. 
Two layers qf sand show very perfect ripple marks that are 5 
inches from crest to crest and 1 inch high, and were presum
ably formed in a fairly large body of standing water. 

NeAl' the suspension bridge over Rocky Fork, 1t miles east 
of Gahanna, in a valley cut in Illinoian drift, is a. deposit of 
stratified sand and gravel. It is apparently outwash laid down 
prior to the deposition of Wisconsin drift, 25 feet of which 
overlies it. 

A number of well records reveal the presence of gravel 
between the Wi.!lC<)llsin and the Illinoian drift at other places, 
if the identifications of' those deposita in the wells are correct. 

Ground moraine.-The material constituting the ground 
moraine or general till sheet of the Wisconsin stage is ordi
narily loose, slightly weathered, yellow to buff or brown 
bowlder clay, consisting of clay, sand, pulverized rock, and 
rounded and angulHr pebbles and bowlders in great variety 
of size and composition. The ingredients are not uniformly 
mixed and different sorts predominate in· different places, 
resulting in gravelly, stony, sandy, and clayey phases of the 
til1. I .. ikewise the proportions of the rock types differ greatly 
according to the sort of local rock most freely gathered by the 
glacier. In the eastern and southeastern parts of the area 
sandstone is abundant in the till j in the western part lime
stone is the most abundant material j and ill the central part 
clay from the shales and chert from the Delaware limestone 
are abundant. Crystalline rocks brought from a distance 
probably do not 'constitute more than 5 to 25 per cent of the 
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stony material anywhere. The thickness of the till differs 
greatly from place to place, ranging from almost nothing to 
more than 100 feet. The base on which it rests is probably 
more llneven than its surface was when it was first laid down. 

The 'surface of the ground moraine is remarkably even 
throughout a large part of the area, but even where it is most 
nearly level the material differs somewhat from place to place. 
Darker areas, rich in humus, the larger of which show obscure 
stratification, break the general gray or yellowish color of the 
soil. These areas are especially noticeable in the spring, 
when the ground has been prepared for planting and before 
the crops have obscured the surface. They are interpreted as 
former slight depressions, in which deposits 'of peat and sur
face wash were formed. 

In the hilly belt in the northeastern part of the quadrangle 
the surface of the general till sheet is diversified by conical to 
ovoid, rather steep sided, generally isolated small hills or 
tumuli of stony till. The material is largely of local origin 
and the fragments are mostly subangular. One such tumulus 
contains stratified sand. 

Bowlder8.-Many bowlders of igneous and metamorphic 
ro('ks brought from a distance, as well liS bowlders of limestone 
and sandstone of more or less local origin, are scattered through 
the ""\\Tisconsin drift. They may be found in considerable 
quantities in streams just below large cuts in drift from which 
they have been sorted. A few lie on the surface or are but 
partly covered. The largest are igneous or metamorphic rocks 
and a few weigh 25 to 40 tons each. Many, like the pebbles, 
have flattened faces and smoothed, grooved, or striated surfaces. 
Among the most interesting are bowlders of a breccia~like 
rock, consisting of large and small fragments of many sorts of 
rocks embedded in a dense, hard, green matrix. Here and 
there single bowlders contain fragments of ten or twelve differ· 
ent sorts of' rock, some flat faced and angular, others rounded. 
Some are made up almost wholly of pebbles, with but small 
masses of matrix, others consist almost entirely of matrix with 
a few small pebbles. The matrix i~ fine grained, felsitic or 
even crystalline, and generally greenish. In some specimens 
it might be called graywacke, in others it is more nearly a 
mica schist, and in still others it resembles felsite, but there are 
no signs of contact metamorphism of the pebbles by the matrix. 
It is believed that these·bowlders are fragments of an ancient 
till that has been indurated and somewhat metamorphosed j 
its matrix of clay and pulverized rock have become graywacke 
or mica schist but the pebbles rem~in comparatively unaltered. 
If this belief is well founded the bowlders probably came from 
the lower Huronian formation of middle and northern Ontario, 
which Coleman 1 has described as a metamorphosed drift deposit. 

Moraine8.-Moraine loops that rise a little above the till 
plain cross the quadrangle as shown on the surficial·geology 
map. The southernmost one curves across the hilly tract in 
the southeast corner of the quadrangle near Marcy. It is" 
hummocky and pitted with kettles, now mostly drained. 
Outside the kettles the drift is stony and contains angular 
fragments from the bedrock of the hills at the north and 
rounded or flattened fragments of limestone, granite, and gneiss 
from more distant places. About 4 miles north of this lies a 
second moraine, which is more ridgelike and much less 
kettled. It skirts around the hills from Jefferson toward 
Lithopolis and attains a thickness in places of 60 to 80 fe€'t or 
more. For 2 or 3 miles neal' Lithopolis ,the moraine is IDck~ 
ing. About 1 mile west of the town it begins again and con~ 
tinues as a hillside terrace, next as a ridge, and finally it 
flattens to a gently rolling area Oll the plain, into which it 
merges completely and disappears. It is thinner west of 
Lithopolis than east of it. 

At several places around Waterloo and southeast of Grove
port there are areas of thickened hummocky drift with kettles, 
some of which still contain ponds or marshes. 

A belt of thickened drift that assumes definite morainal 
form ent~rs the quadrangle from the northeast at a point east 
of Center Village. Southeast of the village it is even better 
developed and is characterized by ridges, tumuli, and groups 
of hummocks. It continues more or less interruptedly south
ward past New Albany, Ovid, Taylor, and Brice; then is 
lacking for 4 miles, but it rises in deep masses of drift wit.h 
fair morainal form northwest of Groveport and is traceable to 
the ridge and moraine area north of Lockbourne and S~ade~ 
ville. West of the Scioto and south of the latitude of Colum~ 
bus the Wisconsin drift is everywhere thick. Many wells 
penetrated it 30 to 60 feet before reaching the older, harder 
drift below. Throughout this tract, however, the surface 
expressions of uneven thickness are rare and unsystematic. 
Many little swells are found in the southern part of the quad
rangle, neal' Commercial Point and Matville and west of 
Harrisburg. Another area of swells, some of them hummocks, 
is found along Scioto Big Run, and another lies west of the 
cemetery southwest of Columbus and continues westward past 
Camp Chase Avenue, Alton, and southward nearly to Gallo .. 
way and on westward across Darby Cref!k. 

1 Coleman, A. P., The lower Huronian ice age: Jour. Geology, vol. 16, 
No.2, pp.149-11i8, 1908. 

Thickened drift. with a morainic surface occurs near the 
northeast corner of the quadrangle. By means of scattered 
hummocks, short ridges, and a few kettles the belt of moraine 
can be traced from the northeast corner of the quadrangle, 
near Condit" westward nearly across Trenton Township, thence 
southwestward across Walnut Creek to a point 3 miles south 
of Galena, thence southward past Westerville to Blendon. 
From Minerva Park southward to Mifflinville the distinctive 
morainal form is not found, but the Wiscons.in drift is thick 
and at many places the combined thickness of the Illinoian 
Dnd Wisconsin exceeds 100 feet. Rather distinctive morainal 
form again appears south of Linden Heights. 

The Powell moraine lies in a broad belt extending from 
Sunbury southwestward past Galena and Africa, midway 
between Orange and Flint, past Powell, Jerome, and New 
California, and westward out of the quadrangle. In some 
places the thickness of the drift in this moraine, as shown by 
wells, is 150 feet, but probably half the thickness is made up 
of Illinoian deposita. At several places, where hummocks and 
kettles are lacking, the thick accumulation of drift constitutes 
the best evidence of the presence of the moraine, but the belt 
also includes many areas of typical morainal form. Most of the 
drift of the Powell moraine in the western half of the quad~ 
ra.ngle. especia.lly as reported by well drillers at New California 
and Powell and as seen in exposures, is compact and suggests 
a submarginal origin, Immediately north of the moraine the 
drift is thick, but it becomes perceptibly thinner within 2 or 3 
miles. 

Outwash.-The outwash gravel and sand of Wisconsin age 
are generally fresh, but little stained, and rarely cemented. 
They range in thickness from a few inches to 100 feet. Such 
deposits are most common along. present drainage lines but 
are by no means confined to such lines. A level sandy plain 
lies south of the moraine at Shadeville and east of Lockbourne, 
and a level, sandy area comprising 4 or 5 square miles lies 
south of the Powell moraine and east of Flint. A patch of 
gravelly outwash lies between Bakel' Hill and South Columbus. 
It is much larger than it appears at the surface, because it is 
covered by later drift, 20 to 50 feet deep, for at least 3 miles 
south lind southeast from its outcrop. Deposita of Wisconsin 
outwash are very meager for a region containing 80 large a 
moraine as the ·Powell. 

Kame8 and e&kel"8.-The kames forming Baker Hill and the 
group at Spangler Hill are the most typically developed and 
by fa.r the thickest in the area. Those at Spangler Hill are 
shown in Plate I. At Baker Hill, where the deposit is more 
than 50 feet thick, the stratification is greatly confused, folded 
into short kinks, and broken j at Spangler Hill, where the 
deposit is more than 100 feet thick, oblique but not confused 
stratification is found. 

The surficial~geolo~y map shows five eskers and several 
detached fragments of gravel ridges. They consist of ~ra\'el 
and sand, as thoroughly washed as can be found in the 
quadrangle, and all have been opened as sand and gravel pits. 
The stratification is far from regular j in many places it is 
cross-bedded, and here and there the beds are tumbled and 
confused at the margins. Flat pieces in these deposits lie in 
positions which indicate that the stream which laid them down 
flowed southward. The pebbles in the deposits of these three 
types-outwash plains, kames, and eskers-are of' as many sorts 
of rock as are found in the moraines, but they are rounded 
and smoothed and' few of them have striated faces. The 
gravel in them descends lower than the till plain, in many 
places several feet lower. In the esker 2 miles northwest of 
Brice the sand and gravel are 70 feet thick, although the 
ridge rises but 30 feet .bove the till plain. Many of the 
kames and eskers are capped by till and some are covered with 
bowlders in addition. Of the last type the esker just men· 
tioned forms the best example. Of the type with till and no 
conspicuous bowlders the Irish Hills Rnd' Baker Hill are the 
best illustrations, and on Baker Hill the very top seems to be 
free from drift, although it lies far up on the sides. 

Other sand hills and ridges of Wisconsin age are the kames 
at PinhoQlc: on Walnut Creek and the fragments of esker 
ridges aligned southward therefrom for 4 or 5 miles. The 
sand is not well assorted or stratified but has been used more 
or less for roads and cement work. The ridj!;es fail and the 
sand and gravel plain begins about 1 mile north of Gahanna. 
This sheet of strati6.ed sand and gravel., broken by erosion, 
continues southward from Gahanna for 1t miles with a thick~ 
ness of 10 to 30 feet. It does not rise above the general fevel 
of the drift on either side but is essentially as high. 

In the south-central part of' the quadrangle, just east of' the 
Scioto Valley, there are a number of inconspicuous esker--like 
sand ridges. The deposits seem to be rather deep and consist of 
fine, clean sand. Several other gravel and sand bodies occur 
in the drift as fragments of outwash deposits 01' sections of 
eskers or kames. 

Laemtrine deposits.-Sevel'aJ. deposits of lacustrine clay and 
sand overlie the Wisconsin drift. As their accumulation began 



while the ice was still near they are classed as Pleistocene, 
although their deposition may not ha,"e been completed during 
that epoch. 

A bcnstrine deposit covering about a square mile lies 1 to 2 
miles east of Lithopolis. It consists of light-gray clays and 
fine sands across its central part and a sandy zone around its 
margin. Its thickness probably nowhere exceeds 6 or 8 feet 
and actual shore-line phenomena are very weak. South of 
Galloway there are three or four It'lke beds covering 100 to 150 
acres. The surface layers are a rich black soil. Stratification 
is not well defined and the total thickness of the beds is prob
ably not more than a few feet. These areas are becoming 
more and more obscured by cultivation. North of Canal 
'Vinchester there are t\yo more patches of lake deposits. The 
larger is about 3 miles from town and consists of sandy clays 
and of peaty areas that are still more or less swampy. In the 
eastern part of the Spangler Hill kame gt'oup, 4 to 5 miles 
south of South Columbus, there is a kettle lake bed, now 
thoroughly drained and floored with fine black soil. The 
former shore lines and a small sand bar can be traced by the 
sand deposits a~'ound the peaty central portion. The surface 
of the deposit is remarkably level and smooth, as shown in 
Plate II, and the stratification is plain. The accumulation is 
but a few feet thick, and probably came largely from moraines 
on the east, shown in the distance in the picture. In the 
Powell moraine south of New California there is a small lake 
bed., The deposits consist of clay, sandy clay, and, toward the 
margin, sand. It is a kettle in the moraine occupied by a 
lake through which Sugar Run flowed. The deposits were 
brought by. the stream or by surface wash from the surrounding 
moraine. Deposition is now complete, the kettle is full above 
the present outlet and the stream drains the bed perff'Ctly. In 
many places over the drift there are small areas of lake, pond, 
or swamp deposits cOllsistil1g of clay and peaty clay. These 
are t~o small to be shown on the map but in the aggregate 
constitute many acres. 
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Much fine material has been washed from the higher parts of 
the general till surface and redeposited in the depressions, and 
such rearrangement of material contribnted in no small degree 
to the formation of a generally even surface. The deposits, 
which are not stratified, range in thickness from a few inches 
to several feet. In many of them it is impossible to distin
guish between Pleistocene and Recent material, inasmuch as 
the formation of peat and muck is still going on. 

STRUCTURE. 

The Paleozoic strata of the Columbus quadrangle must 
originally have been nearly level, but although the quadrangle 
lies in a region that has been comparatively free from deforma
tion they have from time to time been subject€d to jl;entle 
uplift and warping and now dip eastward at the rate of 20 to 
30 feet to the mile. (See fig. 7.) The quadrangle is sitnated 
on the eastern flank of the Cincinnati anticline and the easterly 
dip of the strata may be due largely to that fact. Several low 
cross folds extend from west to east across Scioto and Olentaugy 
rivers, in the northern part of the quadrangle, and apparently 
die out eastward. 2\lost of them are gentle, but two are of such 
magnitude as to bring the contact between the Delaware and 
Columbns limestones 50 feet above the level of Olentangy 
River, whereas at points both upstream and downstream the 
contact passes below water level. 

During the great deformation that affected much of eastern 
North America near the close of the Paleozoic era the strata 
were subjected to warping atld two well-defined sets of joints 
were formed. These two sets are approximately at right angles 
to each other and trend northeastwaru and northwestward 
respectively. Jointing is especially well deyeloped in the 
Ohio shale along Rocky Fork and in the Sunbury shale 
and the Cuyahoga formation south of Lithopolis. In the 
limestone, chiefly along Scioto River, ground water has 
widened the joints by solution so much that many of the 
small streams flow partly 01' wholly in subterranean channels, 

The widespread snbmergence was hrought to a rather sndden 
close by rene\'i'ed nplift and the introduction of conditions 
favorable to the deposition of the clayey material that formed 
the Utica shale, which is generally black. Much of the sur
rounding territory had then emerged from the sea and the 
abnndant sediments that formed the shale resulted from the 
'weathering of areas of limestone. 

The deposition of the mud 'which formed the Eden shale was 
probably continuous with that ",'hich formed the l\Iaysyille and 
Richmond formations, the time of deposition being one of 
preponderant transgression of the sea. In the southwestern 
part of the State, where these formations outcrop, Foerste has 
"worked out the interesting faunal oscillations resulting from 
alternating incursions of the sea from the north and the 
south. Uichmond deposition was t€rminated by the uplift 
of the Cincinnati anticline, when a large part of southwestern 
Ohio became land and perhaps has never since been entirely 
submerged. This up"ward movement affected the Columbus 
quadrangle and may have cOllverted into land a much 
greater portion of the State, and even of the continent, than 
now appears probable. 

SILlJRlAK PERIOD. 

After the uplift the first sediment deposited during renewed 
submergence was a red clay which probably represents the 
weathered 01' oxidized detritus eroded from the nm'i'ly nplifted 
shale areas. As the sea deepened and widened the "Clinton" 
beds were deposited, in some places as calcareous mud but in 
many others as clay 01' perhaps even as sand. With the 
elevation of the old eastern land mass known as Appalachia 
and the rejuvenation of its streams, which probably occurred 
about this time, the "Clinton" phase of deposition passed 
gradually into that of' the Osgood shale and finally into the 
period of dolomite deposition represented by the Springfield 
and Cedarville limestones. During the later part of Niagaran 
time, represented by the last-named formations, calcareous 

FIGURR 7.-Geologic section from west to east across the Columbus quadrangle. in the vicinity of ColuIUbus. 
Shows the uniform eastward dip of the rocks beuea.th the mantle of drilt, Bucoossively bigher formations appearing at or neat' the surface toward the east. 

Horizontal ""a.le: Sa.me aB ma.p In order to avoid undue exaggeration of the dip of the beds the thicknesses are not drawn to soaie 

RY.oCENT SERIES. 

The valley of the Scioto from Grand view south'ward is 
floored with alluvium to a width of a mile or more, and 
similar deposits, which at some places are as much as half a 
mile wide, floor the valleys of the other large streams. In 
mallY of the minor valleys there are little strips and patches 
too small to be shown on the map. As the streams are engaged 
mainly in degrading rather than aggrading their beds the 
alluvium is nowhere thick, generally not mOTe than 10 or 12 
feet. In some of the deforested lateral valleys it has in places 
aDcumulllted to a depth of 20 feet, and in general the alluvium 
in such valleys is much thicker than that in those in which 
the timber yet remains. ).Iost of the allnvium forms flat 
flood plains, but thicker portions here and there form sand 
bars that rise 10 feet or more above the general flood-plain 
level. Some of the alluvium lies on rock terraces. 

The alluvium is generally sand, gravel, or fine sand grading 
into clay. It was evidently derived from the material that 
borders the streams. 'Vhere that is drift the alluvium is 
mainly clay, but includes some sand composed of fragments of 
quartz and other. minerals, and many bowlders and stones, 
also derived from the drift. The material is roughly stratified, 
the bowlders and coarser material below and the finer above, 
and the clay and silt at the top. 'Vhere the valley walls are 
limestone the alluvium is generally meager and consists chiefly 
of drift washed in from the sides or from npstream. It con
tains some pebbles of limestone, however, and in piaces, as on 
some of the rock terraces along the Scioto, it includes some 
residual clay and chert derived from the limestone. 'Vhere 
the valley i~ cut in shale, as along Olentangy River and Alum 
Creek, the alluvium contains many fragments of shale as well 
as material derived from the drift. Alqng Blacklick and 
Walnut creeks and many of' their tributaries fragments of' 
sandstone and shale are abundant in the alluvium. Like the 
material derived from ~he drift, they are roup:hly sort.ed, and 
the flatter pieces assum~ a stable position, pitching upstream. 

On the flood plains in many places other poorly stratified 
deposits form aUu vial fans. rfhe material composing them is 
of the sorts found in the flood plains but is generally coarser. 

some of which discharge their water at the foot of the blnffs 
along the river. 

Besides the joints a few faults of slight displacement were 
formed. Several faults ,yere noted along Rocky Fork, where 
they are most conspicuous in the Bedford shale. Those seen 
in that part of the narrow valley neal' the contact bet,Yeen the 
Bedford shale and the Berea sandstone are probably due to 
slumping, during itl:1 deposition, at the mar~.jns of the thick 
deposit of mud that no\v forms the shale. 'fhis produced local 
distortion of the beds, which in many places resembles folding. 
Upon these distorted strata the Berea sandstone lies in com
paratively undisturhed condition. 

GEOLOGIC HISTORY. 

PALEOZOIC ERA. 

EARLY PAJ"EOZOIC TTME. 

The geologic history of the Columbus quadrangle in early 
Paleozoic time must be inferred from what is known of the 
general history of the region in which the quadrangle is situ
ated. During a large part of the Paleozoic era, at least after 
Middle Cambrian time, the quadrangle ,vas submerged beneath 
the waters of an interior sea and received deposits similar to 
those of early Paleozoic age found in neighboring regions. 

The earliest event recorded in the rocks known to underlie 
the quadrangle ,vas the deposition, early in the Ordovician 
period, of a bed of almost pure quartz sand, now forming a 
sandstone that is correlated with the St. Peter sandstone of the 
"Mississippi Valley region. Just previous to the deposition of' 
this sand the Columbus region had probably been land, and, 
on the return of the sea, sand formed of detritus of the old 
crystalline rocks on the north or of sandstones, such as those of 
the Upper Cambrian, was spread oyer the submerged area. 

This event was followed by a considerable deepening and 
rapid spreading of the sea, involving the whole area of the 
State and reaching its climax in Trenton time. The several 
stages in this transgression of' the land by the sea, during 
which the calcareous mud that now forms the earlier Ordovi
cian limestones was deposited, can not be determined from the 
well records, but the shore line probably oscillated back and 
forth, as in adjoining regions. 

mud, now forming limestone and dolomite, was in process 
of deposition over a greater area than at any time since the 
Trenton epoch, and the sea was filled with numerous forms 
of life. A change of climate, ,,,ith perhaps a shallowing of 
the epicontinental sea, brought about the deposition of the 
impure calcareous and gypsifel'ous beds of the }Ionroe for
mation and finally the recurrence of land conditions brought 
the close of the Silurian period. 'Vith the exception of a 
few small outcrops of the .:Jlonroe formation, the unconform
ity representing this intel'ml of land conditions forms the 
first record in the Columbus quadrangle that can be directly 
observed. 

DEVONIAN PERIOD. 

Columbus sedimentation.-During the early part of the 
Devonian period the quadranglE', and probably the \ ... hole of 
Ohio, was a land area. The Columbus region continued to be 
land until well into Middle Devonian time, when the sea 
spread rather rapidly westward over the State, depositing a 
conglomerate on the eroded surface of the :Monroe formation. 
The \'mterworn pebbles of this conglomerate are derived from 
the banded drab dolomite of the underlying formation, which 
must therefore have been well consolidated before the first, 
Devonian sediments were deposited. ..lssociated with the 
dolomitic pebbles is a small amount of quartz sand, the origin 
of which is not knovi'll. It is the only possible suggestion of 
the Oriskany sandstone known in Ohio. The lower part of 
the Columbus limestone is sparingly fossiliferous and contains 
a considerable quantity of finely divided carbonaceous matter 
in the form of films and dark WRYy bands. These beds are 
also dolomitic and probably this portion of the formation was, 
in large part, deriyed from the older Silurian dolomites as the 
sea gradually overspread them. This phase of the formation 
was followed by a clearing of the sea and the deposition of an 
abundantly fossiliferous and very pure calC'areous mud. The 
Columbus limestone contains the typical Onondaga fauna, 
among which are mingled faunal elements derived from Europe 
and from South America, apparently indicating that there was 
probably a transgression of the Devonian sea from both the 
north and the south, mingling the denizens of these foreign 
seas with those indigenous to North America. 

• 
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Delaware and Olentangy sed£mentation.-The Columbus 
limestone terminates rather abruptly and is directly followed 
by the brown shale of Marcellus age, which forms the basal 
layers of the Delaware limestone as recognized in Ohio. The 
Delaware contains a considerable amount of detritus that was 
probably derived from -"'~ppalachia, which seems to have 
received another rejuvenating uplift about this time, as is 
indicated by the fact that the beds of .Marcellus and Hamilton 
age, scarcely 70 feet thick at Columbus, thicken rapidly east
ward, reaching a maximum of more than 1,500 feet in parts of 
PennsylYania that are near the source of supply. However, 
after the first influx of clastic sediments, limestone-forming 
conditions were restored o\'e1' much of Ohio and adjoining 
regions and with the chang'e came a return of such Onondaga 
forms of life as had been able to withstand the Marcellus con
ditions, and the sea once more swarmed with familiar organ~ 
isms. Such was the early Hamilton history in Ohio. A little 
later the sea. withdrew only to read vance and bring with it 
the usual Hamilton deposits of the. east, here represented by 
the Olen tangy shale. The fauna of this soft shale is not 
abundant except in the northern part of the State, where the 
upper beds are generally filled with specimens of the most 
characteristic fossils of Hamilton time. 

Ohio sedimenfalion.-After the deposition of the Olentangy 
shale t.here was a break in sedimentation, probably of short 
duration, which was follmved by the deposition of a great 
thickness of bituminous black mud and a subordinate amount 
of gray mud, which were probahly derived chiefly from the 
low~lying lands of the Cincinnati anticline and similar land 
areas farther north. These regions were somewhat rejuvenated 
at the beginning of the Upper Devonian epoch at the same time 
thnt the old crystalline area of the east was affected by reuplift 
resulting in the thick and generally coarse deposits cha1'flcter~ 

lstic of the Upper Devonian of ~ew York and Pennsylvania. 
This uplift produced a quickening of the streams, and the old 
soils derived from the deeply weHthered limestones, mingled 
with the carbon accumulated from the abundant vegetation, 
were carried out into the sea and there deposited as the black 
sediments nmv forming the Ohio shale. 

DJ~VONIAN OR CARBONIFEIWUS l'ERIOD. 

Bedford sedimentation. - The break at the dose of the 
deposition of the Ohio shale is not very marked. In fact some 
of the fossil species found in the top layers of the black shale 
appear to be the same as those ill the Bedford shale. 'Vith 
the beginning of Bedford time there was a change in the 
character of' the sediment flnd the introduction of an abun
dant fauna, but the fossiliferous phase was of rather short 
duration, as few forms are found more than 2 or 3 feet aboye 
the base of' the formation. The sea in the region of Ohio 
appenrs to have had a somewhat varied history but appflrently 
it persisted nearly to the close of Mississippian time, perhaps 
sometimt's even losing its connection with the open sea, and 
eventually disappearing chiefly because the basin was filled 
with sediment. Toward the close of Bedford time thin arena
ceous beds began to be deposited in the Hrgillaceous mud. 
They are well ripple marked und are associated with evidences 
of old deltas, which thus speak of the offshore conditions 
that prevailed in the region during that time. 

CARBONIFEROUS PERTOD. 

MISSlssn'PIAN I!:POCIL 

Be1'ea sedimentation.-At the beginning of Berea time the 
deposition of' sandy se(liments began to prevail in this part of 
the sea. The sandstone also is ripple marked and contains 
many lenticular and cross-bedded layers. In parts of the 
Columbus quadrHngle, especially the southeastern part, the 
Berea is very thin and lies with marked unconformity on 
the Bedford shale. (See PI. V.) This unconformitv is some
what general and is especially pronounced in northem Ohio. 
North of the quadrangle the Berea. sandstone thickens mate
rially, and there it is probably in part an offshore formation 
and in part a land formation. The source of the sand was 
undoubtedly the old crystalline area on the north. The Berea 
sandstone contains few fossils other than bits of' wood and 
the scant remains of .fishes found in thfl northern pa.rt of the 
Rtate. In Pennsylvania, however, the "Corry" sandstone, 
\vhich is the eastward equivalent. of a part of the BereH, is 
very fossiliferous. 

8nnbw'Y sed'imentat'ion.- Eventually conditiolls favorable 
to the deposition of Carbonaceous mud were again restored and 
with them came an abundant fauna. The number of species is 
slllall but some of the individuals were exceedingly numerous. 
Small brachiopods of the Lingula and Orbiculoidea types are 
mingled with fish teeth and fragments of plants. The Sun
bury is, in fact, a highly bituminous shale, which resembles in 
some respects the Ohio shale and like tha.t was probably 
derived largely from the land areas of the Cincinnati anticline. 

Cuyahoga. and Black Hand sedi1ltentation.-As the sea 
expanded the sediment was derived less from the old lime
stone areas and more from the higher regions on the east, 
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so that. a considerable amount of sand was interbedded 
with the argillaceous mud. The material deposited gradually 
changed to a purer sand and then to coarse sand"and grayel. 

Later lIfississippian thne.-About Columbus no record 
remains of the events that immediately followed the deposi
tion of the Black Hand formation. Only a few miles to the 
east, however, that formation is overlain by the Logan forma~ 
tion, and that in turn is overlain unconformably by the Max
yille limestone, and probably both once extended westward 
oYer the Columbus quadrangle. Presumably, therefore, depo~ 
sition continued in the quadrangle through Logan time, while 
more sand was being laid down, but was then terminated hy 
emergence of the al'ea. After an interval of erosion the region 
was again submerged and a calcareous mud, now the Maxville 
limestone, was deposited. 

Pottsville time. - At the close of l'IIississippian time a 
widespread emergence of the region took place and the 
interior Paleozoic sea was reduced to a mere remnant of 
its former self. During the ensuing interval of erosion the 
)Iaxyille limestone was largely removed and in places even 
the upper part of the Logan formation was cut away, and 
the region was reduced to a peneplain, over the surface of 
which the coarse gravel of the later Pottsville transgression 
was spread. ~ 0 such deposit now covers any part of the 
Columbus quadrangle, but it is found about ~ewark, only 
30 miles to the east, and probably once extended westward 
beyond Columbus. 

Deposition of coal-bearing beds.-During the rest of Penn~ 
sylvanian time and the early part of Permian time south~ 

eastern Ohio was low and flat and lay nearly at sea level. 
At times it was slightly submerged and received thin deposits 
of sand, clay, or limy ooze. At other times it was slightly 
elevated, but the greater part of the surface was covered with 
swamps and a dense plant growth. Streams ran here and 
there across the surface, cutting shallow channels in the 
recently deposited and still unconsolidated beds. Vegetal 
debris accumulated in the swamps 01' was washed away and 
redeposited in deltas and estuaries, forming thick beds which 
in the course of time have become dried out, compacted, and 
altered into coal. 

In the Pittsburgh syncline many alternate beds of sand, clay, 
alid vegetal debris and a few thin beds of calcareous mud, 
some of them highly ferruginous, ,vere deposited before the 
close of Carboniferous t.ime. The sea bottom seems gradually 
to have subsided as the sediment was accumulated, so that 
the sea was probably never deep, although the total thickness 
of the coal measures in the middle of the basin is nearly if 
not fully 3,000 feet. Southeastern Ohio was neal' or at the 
margin of the area of deposition and the thickness of the coal 
heds there is considerably less. 

The denudation of the surface since Carboniferous time has 
been sufficient to remov-e the marginal beds, so that it is 
ulleertail1 whether the Columbus area was ever submerged 
after )lississippian time. On the other hand there is no doubt 
that during much of Pennsylvanian time it was a land area 
that contributed its share of detritus to the formation of the 
later Carboniferous strata in the basin. 

Deformal'ion of the strala.-The great deformation that 
affected most of eastern N ort.h America at the close of Car
boniferous time seems to have only slightly disturbed the 
rocks of the Columbus quadrangle, but such disturbance as 
they have undergone was produced largely nt that time. The 
strata were tilted eaHt'ward-away from the Cincinnati anti~ 

cline ,and toward the Pittsburgh syncline-were gently warped 
into the low cross folds described under the heading "Struc
ture-" (p. 10), and were jointed. The area -was uplifted, cer
tainly several hundred feet above sea level, possibly a few 
thousand feet, and the smface was probably thrown into low 
wrinkles that conformed to the warping' of the rocks. 

Throughout the period of deposition of the Carboniferous 
strata the general slope of the sUlface in the Columbus area 
must have been'southeasterly, toward the middle of the Appa
lachian coal basin, and as the folding of the rocks progressed 
and the basin became a syncline of deformation as well as of 
deposition the southeasterly slope must at first have been 
augmented. The general result of the uplift, however, was to 
give the surface of the 'western part of the province a gentle 
slope to the northwest. or west. and a like direction to the main 
streams. 

MESOZOIC ERA. 

In the region about Columbus there is apparently no record 
of the early part of the Mesozoic era, as all the topographic 
features formed then seem to have been de8troyed by later 
erosion. The general course of events, however, can be inferred 
from what has been learned of the history of other parts of the 
Appalachian province at that time. At t.he beginning of the 
era the surface of the quadrangle, like that of the rest of Ohio, 
must have stood at least several hundred feet above sea leyel, 
and sloped gently to the '.vest or northwest. The main streams 

had their sources far to the southeast, neal' the axis of the 
uplift, and must have flowed across the region in a ~eneral 

westerly 01' northwesterly direction. So far as is known the 
region was land throughout Mesozoic time. The surface was 
greatly lowered by prolonged denudation and passed through 
at least two cycles of erosion, separated by uplift. In each 
cycle the region was reduced to a nearly featureless plain that 
lay but little above base-level. 

No trace of the older of the two plains, the Cumberland 
peneplain, now remains in the quadrangle. Early in Creta~ 
ceous time, however, the area ,vas probably part of a platenu 
of moderate altitude, the uplifted Cumberland plain, whose sur~ 
face also had a general northwesterly tilt and across which the 
main streams still fio\'.'ed northwestward. During the Creta
ceous period the region was again reduced to a peneplain, 
which is approximately represented by the remnants of the 
Allegheny Plateau in central Ohio. Near the end of the 
period, as far as can be determined from the available evidence, 
the region was again uplifted a few hundred feet and the 
rejuvenated streams beg,ll1 to dissect the new plateau. 

CENOZOIC ERA. 

TERTIARY PERIOD. 

Dissect-ion qf surface.-The record of Tertiary time in the 
area is also wholly one of erosion. The uplift that converted 
the Cretaceous peneplain into a plateau seems to have been 
greater toward the northeast, so that the new plateau was 
probably tilted gently to the west 01' southwest. Apparently, 
however, the uplift. was so gradual that the main streams cut 
down their beds as fast as the land rose and thus continued in 
their northwesterly courses. The plateau has been so much 
dissected that in the Columbus quadrangle it is represented 
only by the hilly belt along the east side of the area and in the 
southeast corner. During this cycle of' erosion a great part of 
the surface of northern Ohio was again reduced nearly to buse 
level, forming the Erie Plain, and the sllrface of the Columbus 
quadrangle -was also considerably reduced. 

Except for a few buried gorgelike valleys of possibly early 
Pleistocene age a.nd for snch grinding down of the surface as 
may have been done by the ice, the bedrock surface of the quad
rangle received practically its present form during Tertiary 
time. Though by 110 means closely approaching reduction to 
a new base level, the dissection of the surface proceeded well \ 
past maturity and the resultant topography wus of the old~age 
type, characterized by a broadly rolling surface, with open 
valleys, low divides, and gentle slopes. 'Veathering pene~ 
trated to a considerable depth and the surface was mantled by 
a thick blanket of residual soil and rock waste. Joint fissures, 
especially those in limestone, were widened by weathering and 
solution and filled with residual clay and pieces of chert. In 
the limestone formations sink holes were developed and much 
underground draiuflge was established. The local base level 
of erosion at that time was evidentlv lmver than now, flS both 
the underground channels and the~ bottoms of the valleys in 
the bedrock smface are below the present drainage leyel and 
quite as many underground channels seem to lead away from 
the present main surface drainage lines as toward them. 

P1'fglacial topography.-The form of the bedrock sllIface 
beneath the drift has been partly worked out in the quad~ 
rangle from data obtained in wells and streflm cuts. It is 
highest in the northeast and southeast corners, moderntely 
high across the northern part, and lowest in the central
southern part. It thus corresponds in general form to the 
present surface, but has somewhat greater relief. In the 
northern and western parts the old surface was broadly rolling 
and unbroken by large hills 01' valleys. In the southeastern 
part it was crossed by a wide valley that entered from the 
east near Pickerington and left near the middle of the south 
side a.nd had much the same form and position as the present 
lowland plain. A stnall tributary valley led southwest~ 

ward from a point near Powell and joined the main valley 
south of Columbus. 

The large valley was part of a valley described by Tight, 1 

and was that of a Tertiary stream-"Newark River"-which 
drained east-central Ohio and flowed in a general westerly 
direction a,cross this pa.rt of the State. A little south of the 
Columbus area it was joined by a stream thflt fio-wed northward 
through the valley of the preseJ?t lower Scioto River and carried 

·the draina.ge of mudl of southern Ohio and 'Vest Virginia.. 
The combined streAm probably flowed northwestward toward 
Indiana, but its farther course is not known. 

QUATER~ARY PERIOD. 

EARr;y PLEISTOCRYE TDIE. 

Nothing is certainly known concerning Pleistocene events in 
the quadran~le before the invasion by the Illinoian ice. 
There is, however, no evidence of any earlier glaciation, and 
so far as can be inferred from present know ledge the conditions 

'Tight., 'V. G., Dminage modifications in southeastern Ohio and 
adjacent parts of 'Vest Virginia and Kentucky: U. S. Geol. Survey Prof. 
Paper lS, 1908. 



remained practically the same as they had been in late Ter
tiary time. The existence of the gorgelike buried valleys 
containing Illinoian drift shows, howevcr, that erosion 'was 
accelerated, at least in places, before the Illinoian ice reached 
the area, as, manifestly, slopes I:IS steep as those of their walls 
could hardly have been formed in the same erosion cycle with 
the old-age topography characteristic of the quadran~le at the 
close of the Tertiary. That the gOl'gefJ ,,,ere carved by rt'juve
mtted erosion caused by uplift at the beginning of or early in 
Pleistocene time is possible, bnt they seem to bear no relation to 
the prc\rious topography and cut across from one old valley to 
another in a manner hardly consonant with such a mode of 
formrrtion. Another possibie but wholly conjectural explana
tion of these gorges is that they are due to a disturbance of 
the normal drainage by a pre-Illinoian ice sheet that came 
neftI' but did not reach the quadrangle. However, no facts 
ha ve been discovered in the quadranp;le or its immediate 
neighborhood that support either of these hypotheses, and a 
third one, stated under the next heading, seems on the whole 
to be more probable. 

The Illinoian ice sheet presumably entered from the north, 
as did the later "\Visconsin ice, in a great rounded scallop known 
as the Scioto lobe, which occupied the space uet\veen the high
lands neal' Bellefontaine on the west and those extending from 
Mansfield southward past Newark and Carroll to Chillicothe 
ou the east. The ice was prohably so thick at times as to cover 
many of' the bordering hills and it certainly covered all the 
area beho,l'een. It removed and carried away most of the thick 
mantle of rock waste and residual clay and smoothed and stri
ated the firm bedrock. It also left a nearly continuous covel' 
of drift in the urea when it had again melted away. 

The most reasonable explanation of the buried gorgelike 
valleys containing Illinoian drift seems to be that they ,vere 
carved during the advance of the ice sheet by streams that were 
disturbed or forced out of their natural channels by the ice. 
A luke was formed in front of the advancing ice in a youthful 
yalley at Glenmary and beds of sand and clay were spread 
over its bottom. Outwash deposited by streams flowing from 
the ice as it came on was later overridden by the glacier and 
covered with a sheet of tilL 

Onl;} a meager record is preserved of the events of the 
interval between the disappearance of the Illinoian ice and 
the invasion by the "Wisconsin ice. There is no evidence of 
other glaciation during the interval. The surface of the 
Illinoian till was leached and weathered and much fine loose 
material was blo\'m about by the wind and redeposited to 
fortn accUJl1ulations of' loess. rrhe climate was as genial if 
110t more so than at present, and the area was reoccupied by 
vegetation and by animal life. a soil yws formed over the 
suriilCe of' the Illinoian till, and vegetal remains were accumn
lated -in places. 

The most striking records of interglacial time preserved in 
the qnadrangle are a score or so of small valleys carved in 
Illinoian till or through that material into bedrock and later 
partly 01' wholly filled by Vnsconsin drift, but now revealed 
here and there by Recent erosion. They are the work of 
intel'glacial streams, Ivhich natnrally were directed by the 
form of the surface of' the Illinoian till, and they bear no 
systematic relation either to the pre-Illinoian topography or 
to that of the present time. The present streams cross them 
nearly at rig>ht. a.ngles in many plnces. They'seem to have 
attained a much greater degree of maturity than have 'the 
Recent valleys, an indication that interglacial time in the 
area was Illu~h longer than that since the disappearance of the 
'Visconsin ice from the areH. 

wrSCONSIY aLACrA.TION. 

Im)(IS'I~On by the ice.-Early in 'Wisconsin time the ice I:Igain 
invaded the quadran?;le, approaching from the north as before 
in a broad lobe called the Scioto lobe. (See fig. 8.) The 
Illinoian drift was overridden, pressed down and packed into 
its present density, and was probably jointed in places. At a 
few places partly bedded material was even distorted, appar
ently by shoving. The ice sheet advanced southward until 
it nearly reached the Ohio near Cincinnati and deeply covered 
the Columbus quadrangle. 

After the iee sheet had reached its maximum extent the 
melting back of its margin soon began to be more rapid than 
the advance of the ice aud the ice ft'Ont begnn to retre!lt. 
At times, however, the rate of advance was equal to 01' 

exceeded that of melting hllck, and the ice margin remained 
stationary for a time 01' advanced Hp:ain for a short distance 
and then receded, usually building a recessional moraine as 
it did so. A number of snch moraines were formed in the 
quadrallg'l€' during halts in the retreat of the ice front or brief 
revh'als of its advance. 

Eadiel' lViscon.$in tilne.-During the first halt within the 
quadrangle the moraine thut lie's around )1a1'cy and extends 
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northeastward and thence eastward to the boundary of the 
quadrangle was formed. This moraine is the innermost 01' 

latest of' the mbraines grouped by Leverett 1 under the head of 
","Yestern member of the eastern limb" of the Scioto lobe. 
The hills about Lith~polis presented so much obstruction to 
the glacial movement that the ice front was noticeably held 

FWURH 8,-MIiP of Ohio showjng I/.'iaeiulllloraines, direction of ice lllove· 
ment, and limite of the drift left by the ice at its several stagt's. 

back there, and across the northern slope of the hills the 
margin of the ice lay 250 to 300 feet higher than on the plain 
at the west. During the retreat of the ice af'tel' it had built the 
moraine its melting contributed to the till sheet on the hills 
between the moraine and Lithopolis. 

After the ice had melted entirely off the hills and its 
margin had witildrawn to the lowland on the north, leaving 
a sheet of till over the slopes, it seems to have retldvanced a 
little, sboving the drift against the hillsides both east and 
west of Lithopolis. In the area east of thnt town two crests, 
nearly parallel and less than a quarter of a mile apart., record 
two forward pushes. 

The ice front dammed the mouth of a broad valley extending 
north ward fl'om the Lithopolis hills and formed a small short
lived marginal lake in its upper part. The lake received no 
drainnge other than small rills and surface wasb, hence no 
deltas were built in it and shore-line phenomena were but 
feebly developed about it. The halt. of the ice front at this 
place was probably brief. :J.lost of the moraine was pushed 
up from the plain rather than freed from the ice by melting. 

After it had formed this moraine the ice melted more 
rapidly. It withdrew from the mouth of the valley and the 
lakelet was drained. Streams flowing in or beneath the melt~ 
ing ice built the esker ridges southwest of Canal ,"Yinchester 
known as the Irish Hills, in which the positions of more or 
less fluttened pebbles indicate that the curl'ent flowed south
ward, 01' toward the bifurcated end. Other esker-like ridges 
between Brice and Piekerington, a group of kames west of 
Pickerington, and the sand hills and ridges west of Duvall 
that constitute the north end of the Circleville esker date from 
this time of retreat. 

At. this t.ime the Scioto seems to have been a divided stream 
near the south edge of the quadrangle and to have remained 
divided for some time, a channel west of the present river 
carrying sOm~ of the Scioto drainage during this substage. 
Darby Cl'eek also was divided lonp: enough to form the well
developed abandoned valley west of the present stream. 

Another minor halt and read vance of the ice front is marked 
by a series of morainell along a line extending westward 
2 miles from the east margin of the quadrangle opposite 
Center Villflge, thence southward and southwestward past 
Kew Albany, Ovid, Taylors, and Brice, thence northwest of 
Groveport, north of Lockbourne, and into Shadeville. From 
Shade ville the position of the ice front is difficult to trace. 
The moraine and kames that extend 2 miles northward from 
Shadeville may have been built in a notch or reentrant of 
the ice front. The abandoned {'hannel east of the kames was 
the site of a stream at this time but not long enough to 
become a well-marked watercolll'se. A stream flowing from 
the ice developed a chaunel a mile west of Havens Corners, 
and a little later another stream 25 to 30 feet lower and half 
a mile to the west, formed a second channel, which, however, 
WflS not used as long as the other. 

The size and continuity of the moraine and the difference 
in the distance between the moraines in the southern and the 
eastern parts of the quadrangle show that the halt was short., 
and that it was much shorter in the southern than in the 
e36te1'11 part. The crookedness of the line of deposits indicates 
a ragged ice front, and the unequal development of the moraine 

lLeverett.. Fmnk, Glacial formations and druinage fel1tllres of the Erie 
and Ohio basins; U. S. Geol. Smyey Mon. 41, pp. B83, 405, 11102. 

even at closely adjacent points may be due to the irregular 
distributi0n of debris in the glacier, which would result in 
differential melting and an irregular ice front. 

While the glacier was melting back from the Shade ville. 
New Albany stand to the next one northward, the phenomena 
were similar to those of former intermorainal times. Sub
glacial deposits and other material "Were freed gradually, and 
were scattered over the surface to constitute the intermorainal 
till plain. Subgla.cial drainage built an esker a little more 
than 2 miles west of Reynoldsburg. Later, but during the 
same recession, the kame-esker-sand pla.in group from Pinhook 
to Gahanna was built. About 2 miles west of New Albany 
an abandoned channel 20 feet deep leaves Rocky Fork valley 
on the west side and runs parallel to the valley for If miles 
southward, where it again joins the valley. It was made either 
by glacia.l drainage and a di vided stream during the retreat of 
the ice or possibly afterward by a divided Rocky Fork. 

Bakel' Hill, the large kame south of Columbus, was furmed 
during this retreat of the ice front. It was built in such a 
position with reference to the ice that the final melting left its 
slopes covered ,vith till nearly up to but not upon the summit. 
The Spangler Hill group of kames was also made about this 
time, by drainage from the ice, which piled sand and gravel in 
heaps, either into notches in the margin of the ice 01' over the 
western edge of the lobe. The unequal deposition of drift left 
a large kettle in the eastern part of the group in which a pond 
lay for a. long time, giving rise to the level plain (see PL 
II) and a rich peaty soil. 

The feeble moraine of this substage and of those preceding 
and following is thoroughly in accord with the scanty supply 
of outwash which can be correlated with the moraines. t;ome 
gravel was carried down the streams from the edge of the ice, 
but more must have been laid under the ice, as considerable 
areas along the east side of the Scioto are underlain with gravel 
and capped with till. 

As the ice front withdrew across the intermorainic areas the 
till plain was completed and left bare. Everywhere a capping 
of loose light material over the more compact till shows that at 
leflst a veneer of drift was left on the final melting of the 
glacier. but that most of the till sheet was deposited as the ice 
ad,'anced and was compressed by the weight of the ice. 
SCl'lttered hummocks and swells and single tumuli of typical 
drift testify to unequal deposition, but there is little evidence 
that a.ny such forms were made by water. 

Two streams carved channels along the eastern edge of the 
ice, beginning about 2 miles north of Parks Mills and extend
ing southward, one about half a mile and the other almost to 
the Mills. The shorter, eastern channel was cut first and in 
shale and the othEr in grayel and drift. About 2t miles north
east of Westerdlle water flowed outward from the ice across 
the moraine and carved a well-defined channeL 

Other drainflge lines established while the ice was melting or 
sttlgnant, after the moraine neal' Shadel'ille and New Albany 
was built, and while the streams were beginning their valleys, 
are shown on the surficial~geology map. A probably sub
glacial stream built the short esker and sand plain in the 
northeastern pa.rt of Columbus. 

Puwell snbslage.-The rather bold southward-facing front 
and considerable heip;ht of the Powell moraine, together with 
its uniformity in altitude, its lack of kettles, and the total 
absence of any ice-front phenomena on its inner border, indi
cate that the moraine is largely submarginal-that is, that the 
edge of the ice passed over or lay upon the moraine dUl'ing its 
accumulation. The western ha']f ot' the moraine in the quad
rangle sustains this interpretation very well, but the eastern 
part was probnbly less overrid.den. As the moraine is at few 
places less than 1 mile and at many places is 2 miles wide, it 
seems probable that the ice front alternately advanced and 
retreated for short distances while the moraine was being 
formed. The compactness of the drift about Powell and New 
California further corroborates the interpretation of the Powell 
1ll01'nine as a submarginal moraine smoothed and packed down 
by overriding ice. 

The Powell' moraine represents a much longer halt in the 
retreat of the ice front than any other in the quadrangle, a 
halt that gave time for a l!lrge accu·mulation. Unequal deposi
tion of till abont a mile south of California made a basin for a 
littl~,.pond shut in by the moraine, but it lasted for a short 
time only and was long ago filled by surface wash. 

l\vo drainage channels, now abandoned, were made while 
the Po\vell moraine was being formed. One, a mile or lllore 
long, lies between Sunbury and Galena and was made by a 
marginal stream j the other extends nearly across the moraine 
north of 'Westerville and was the site of a stream until Alum 
Creek had cut a channel deep enough to rob it of water. Most 
of the drainage of the Columbus quadrangle while the moraine 
was being formed was restricted mainly to the present valley 
comses; nor did the streams lay do,,,n much waste dlll'ing this 
substage, for only insignificant deposits, occur in their valleys. 
Around Columbus are 10 or 12 square miles of outwash depos
its of' late Wisconsin age, most of' which probably date from 
the Po\vell substage. The steep grade from the moraine 



southward to a point neal' Marble Cliff on the Scioto and to 
Clintonville on the Olentangy prerented deposition, whereas 
the lower grade for some distance farther south encouraged it. 

Lawr Wiscons1'n t1:1IIe.-After building the Powell moraine 
the ice finally melted from the quadrangle, depositing back of 
the moraine a level, even-surfaced till sheet, as in the other 
intermorainic areas. Its retreat across northern Ohio, as in 
the Columbus quadrangle, Y>laS interrupted by halts and short 
adYances, each marked by a recessional moraine. After it had 
left the plateau a lake-glacial Lake Manmee-was formed 
between the ice front and the escarpment and discharged 
southwestward into 'Vahash River. ,Then followed the glacial 
lakes that sucressively occupied the busins of the Great Lakes, 
until finally the ice disappE',.B.red from the drainage basin of the 
St. Lawrence, an event which is generally regarded as marking 
the close of the Pleistocene epoch i~ North America. 

During the melting of the "\Yisconsin ice the streams that 
began flowing as soon as the surface of the quadrangle was 
uncoyered were at work stripping the surface of loose material, 
forming their valleys, and adjusting themselves to the condi
tions that they found. The "\Visconsin ice sheet had blotted 
out the former drainage lines and had left over the region a 
till sheet having a fairly e\'en surface, diversified, however, by 
five somewhat concentric moraines, several kames and eskers, 
and many details of ice Hnd water work. In spite of erosion 
and deposition by the ice the features peculiar to the three 
main topographic divisions of the quadrangle still persisted 
and, together with the unevenness of the surface of the drift, 
served to direct much of the initial postglacial drainage. Upon 
such a surface and such material-generally loose deposits of 
heterogeneous composition and irregular thickness, with hard 
rock just beneath-the present streams began flowing and the 
area again became subject to noruml stream erosion. 

Drainage development.-In the Columbus area no noticeable 
change in conditions marked the transition from Pleistocene to 
Recent time. 'fhe ice had left the area long before and the' 
present drainage system was already well developed. 

As a rule the courses of the streams are consequent on the 
topography as t.he 'Visconsin glacier left it. Probably none 
but the Scioto below Columbus follows an earlier valley and 
even there the old valley is much too large for the stream, 
whose present flood plain occupies n0 more than one-third or 
one-fourth of it. Little 'Valnut Creek also wanders for some 
miles through a part of the old "~ewark River" yalley. The 
courses of SOUle streams are determi~ed in part by moraineR, 
3S, for example, those of 'Yalllut Creek abo\'e Galena and of' 
Blacklick Creek above Havens Corners. Scioto Big Run took 
a normal course down the long, gentle, drift-mantled slope of 
t.he "Newark River" valley, as did other smaller streams south 
of it, but its course lies in a belt of very thick drift in an area 
of somewhat morainic topography. Walnut Creek flows for 18 
miles south of Galena close to the foot of the westward-facing 
slope of the highland belt, in a course determined by the ice 
when it still lay neal' on the ·west. 

'Yhile the ice front was retreating !:lcross the quadrangle 
some of the streams flowing from it had di dded channels, as 
stated in a previous paragraph. Other divided channels, such 
as those south of Grandview and along the Scioto south of the 
cemeteries, are due to aggradation. As the streams ce!:lsed to 
aggrade or lost their heavy burdens they began to cut down, 
and of two divided cbannels that one which was deepened 
more rapidly soon took the water from the other, leaving an 
abandoned channel. Henick Run and a small tributary of 
Scioto Big nun flow in such courses. Others are shown on the 
surficial-geology map. 

As the main valleys were deepened the drainage down their 
slopes started a fringe of subsequent lateral valleys, which are 
well-marked features along; Scioto and Olen tangy rivers in the 
northern part of' the quadrangle. Lateral valleys are also 
developed in the souther11 part, but as the main valley there 
lies so little below the till plain they are still shallow and are 
less conspicuons. "\Vhile these lateral valleys were being devel
oped both alluvifll and rock terraces were being cut along 
Scioto (see PI. III) and Olentan?:y rivers and to a much less 
extent along Alum and Darby creeks. 

The multiplication and growth of' lateral valleys have brought 
about dissection of the till plain. The valleys have been 
widened and tributaries to them have been cut and then 
lengthellPd by headward erosion until a large part of the till 
plain has been dissected by the streams. Hundreds of square 
miles, however, yet remain almost unmodified by erosion. 

"\Vatelfalls that were formerly at the mouths of several of 
the tributaries of the Scioto have retreated up their valleys, 
some only a hundred feet or so, others a thousand feet or more. 
In Indian Hun, emptying at Dublin, a single fall was formed, 
which retreated half a mile up the run to tJle junction of the 
two forks, 'where it divided, and each fall has now migrated 
some little distance farther up. 

Little flood plains have been formed at many levels as the 
streams have cut down and at the same time have slightly 
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widened their valleys. 'Vhere the lateral erosion is slight tbe 
flood plains are meager. The present valley floors are broader 
than previous ones. Earlier valley floors and flood plains are 
left as terraces a little above the stream as do\'mcutting pro
ceeds, then lateral planation trims up the fronts of the terraces, 
or entirely removes them, building broader plains at a lower 
level. Only along the major streams and a few of the larger 
tributaries are the present flood plains broad enough to be 
mapped. Upon the plains at the mouths of most of the 
tributaries waste has been deposited in the form of fans, some 
simple, others compound. Some of the tributaries, as their 
grade is being reduced, are beginning to dissect their fans. 
Here and there a large stream of low grade has built a broad 
fan and a more recent smaller one has built a steep fan upon it. 

Changes on the till plains are still going forward, even 'where 
headwal'd erosion has not begun to modify them. The fine 
material is being washed from swells and hummocks into the 
sags, 'ivhich are thus being filled. Kettles that once held small 
ponds are now swamps or are drained and under culti vation. 

By all these changes valleys have been developed to rather 
advanced youth over much of the till plain. )Iore mature 
stages of development have been reached along the main 
streams or those working in drift, but large parts of the till 
plain still stand in the stage of early youth, untouched by 
streams. 

Relation~ of topography and culture.-The untouched rem
nants of the till plain form excellent farming lands and have 
been appropriated to agriculture. Because of their incomplete 
drainage they have been underdrained by tile, made largely 
from the abundant glacial drift. This underdrainage checks 
further stream development. 

The slopes of t.he main valleys, especially the younger slopes 
of the lateral valleys, are largely given over to timber or to 
pasture. The flood plains are mostly under cultivation, and 
near Columbus they are much used for gardening. 

The steep rock bluffs of the Scioto and many of its tribu
taries lay bare the Columbus limestone and make quarrying 
easy, and the industry has had a remarkable development 
around Marble Cliff in recent years. 

Columbus, the only city in the quadrangle, was founded on 
the pleasant, well-drained, gravelly bluffs of the Scioto at the 
two big bends below its junction with the Olen tangy. The 
city has spread northward and southward along the rivers 
more than 8 miles and eastward across the higher interstream 
area to and beyond Alum Creek. It grew westward over the 
broad gravelly flood plain in spite of flood dangers, and in 
recent years has spread over the high interstream area between 
Olentangy and Scioto rivers. Easy railroad communication 
h8s helped to make it a commercial center, and the well-popu
lated rich agricultural lands around it have produced large 
quantities of grain and cattle for local consumption and have 
furnished a good market for local manufactures. 

ECONOMIC GEOLOGY. 

Th'e mineral resources of the Columbus quadrangle include 
limestone, sandstone, clay, SAnd, and gravel, as well as water 
and soils. 

I,IMESTO~F.. 

The limestone of the quadrangle ranks among the most 
important in the State and is suitable for a variety of purposes. 
Large quarries extend along Scioto River from the vicinity of 
the Central Hospital northward to tile storage dam, a distance 
of 4 miles. 

Flux.-The Columbus limestone, which is used in a large 
way for flux, differs (,onsiderably in composition from place to 
place and from layer to layer. Thus the" bone bed" contains 
a large percentage of calcium phosphate, one analysis shmving 
over 16 pel' cent. Probably an analysis of the basal part 
of the same layer would show les8 th311 one-tenth of 1 pel' 
cent. Its content of silica is low, ranging commonly from 
1 to 4 per cent, both extreml2s being unusual. The iron and 
alumina generally make up less than 1 pel' cent of' the rock. 

The calcium and magnesium carbonates have a greater range, 
and as one increases the other decreases. The proportion of 
calcium carbonate is greatest neal' the top of the formation, 
where in some places it constitutes 96 per cent of the rock, 
and decreases irregularly with the depth to only 80 per cent 
in places. . 

The proportion of magnesium carbonate is lowest neal' the 
top, where it may be less than 1 per cent, and highest neal' 
the base, where it may exceed 16 pel' cent. These relations 
are well shown in the two following analyses, the first being 
that of the" gray rock" near the top of the formation and the 
second that of the" six-foot six" neal' the base of the quarry: 

Composition of "gray rock." 

Calcium carbonate __ 
Magnesium carbonate __ 
Silica _________ _ 
Iron and alumina _________________________ _ 
Phosphorus ______ _ 

96.51 
1.48 
1.10 
.70 
.04 

Composition of "six.joo(-sfx cotl'rse." 

Calcium carbonate __ 
Magnesium carbonate __ 
Silica __ 
Iron and alumina _ 
Phosphorus __ _ 

80.900 
16.070 
2.000 
1.100 
.016 

For use as flux in making pig iron the limestone must be 
low in phosphorus. silica, and sulphur. Not all the beds can 
be used for this purpose, and at present the upper limit is the 
"gray rock." All the beds of limestone below this layer are 
available for use as flux, though some of the beds are better 
adapted to this use than others. 

Building sione.-The Columbus limestone is an important 
source of building stone, and is at present the only rock 80 

used, though the sandstones of the Cuyahoga formation in the 
southeastern part of the quadran~le have in former years 
yielded some stone for that purpose. (See PI. VII.) 
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The rock is fairly even 
bedded, but the layers have 
a considerable range in thick
ness. (See PI. IV.) Thus 
at Marble Cliff the ran~e is 
from less than 1 foot to Ulore 
than 6 feet, the thickest lay
ers lying below. (See fig. 9.) 
The rock is strong, meeting 
in this respect the seyerest 
demands of the architect or 
engineer. The surface of 
different layers differs some
what, giYing rise to such 
names as rough rock, hackle
tooth, smooth rock, etc. 
Some of the rock is crystal
line and takes a fair polish. 
In fact some of the beds were 
once thought to be marble, 
hence the name Marble Cliff. 
The color ranges from buff 
to blue, the buff predomi
nating, but on exposure the 
shade may darken or become 
mottled. 

Practically the whole of 
the Columbus limestone mny 
be used as building stone. 
~aturally the thickest layers 
are best suited for massive 
structures and the thinner FxaURIl: 9.-SectioD of Columbus lime

stone at Marble Cliff quarry. bedr! serve for foundations, 
ShOW~~j:~~,!;:r;: k~:~n :~dtl,!h~u:r~;.eg by caps, sills, and steps, and for 

use in ordinary structures, 
such as residences. The layers do not differ greatly in physi
cal character, so that Ol1e works about as easily as another. 
The stone does not carve well. All in all the "rock can not 
he classed as a first-rate building stone, except perhaps for 
massive structures like the statehouse, which is constructed .of 
it, its appearance being rather unattractive, and it is losing 
fa Val' except for foundations. 

Paving stone.-The Columbus limestone is used in a very 
small way for flagging and curbin~, and on a much larger 
scale in concrete sidewalks and as a foundation for street 
paving. The Delaware limestone also is used in making con
crete and the limestone of the Monroe formation is suitable for 
this purpose. 

Ballast and road metal.-The Columbus and Delaware lime
stones are well adapted for use as ballast on railroads and 
traction lines and are crushed in large quantity for this pur
pose. Both limestones are used also in constructing public 
highways. The Berea sandstone also is qnarried and crushed 
for road making but in a small way. It is used for the bottom 
course and is covered with limestone. 

J.1finor tLses.-The Columbus limestone makes a good lime 
of the hot or quick-setting variety and was formerly burned 
on a rather large scale for this purpose. In fact it is now 
oceasionally burned in a small way in tIle northwestern 
quarter of the quadrangle. Probably the lime-buming indus
try has declined because the stone can be used with more 
profit in other ways. The limestone of the }foll1'oe formation 
also might be used for making lime, and as it is dolomitic 
it would yield a cool or slow-setting lime. The Columbus 
limestone is used also on soils and in the manufacture of glass 
and soda ash. 

SHALE AND CLAY. 

The shale and clay of the Columbus quadrangle are suitable 
for making bricks, building blocks, and draintile, and formerly 
the shale was used for making sewer pipe. 

Ohio shale.-Although the Ohio shale may be used for 
making the more common clay products, such as brick, drain
tile, and sewer pipe, it is not well adapted for any of these 
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uses. In composition it differs greatly within short distances 
in yerticn-l section as wen as areally, so that the product is hard 
to control in the kiln and the result is uncertain. 

In many places it contains considerable carbon. The com
bustion of the carbonaceous matter during burning may under 
certain conditions produce too high a temperature, fusing the 
clay and of course warping the tiles 01' bricks. It also contains 
more or less sulphur, and in places it includes concretions of 
pyrite. The effect of sulphur depends largely on the way in 
which it Occul'S-that is, whether it is free or com bined with 
other elements. It may appear on the surface of the finished 
product as a '1,'hite coating that is unsightly and of course 
injures the market value of the product. 

Calcium carbonate is another substance that is nearly eyery
where if not eyerywhere present in the Ohio shale. In certain 
layers it forms a large part of the mass; in others it forms only 
a very small part or possibly is lacking. Its effects are various, 
depending in part on its amount and on the other substances 
present. It may promote fluxing, and if abundant may act as 
a bleaching agent, so that the product has a buff color. 

The iron present is in the form of carbonate, sulphide, and 
oxide, and the proportion of these differs notably in different 
parts of the shale. Iron promotes fusion and lnfluences the 
color, 'which, 11o\1,'ever, is not dependent entirely on the amount 
of iron, but also on the form in 'which it exists, on the other 
substances present, on the degree of heat, and on the physical 
state of the clay. 

Bedford shale. - The Bedford shale is of the aluminous 
variety and is fairly uniform in composition. It is used for 
making bricks, building blocks, and draintile at Taylors, about 
3 miles east of Columbus. 

GlacIal clay.-The Columbus quadrangle is coyered with 
glacial clays, which differ in composition and texture from 
place to place. As a rule the clays of the eastern half of the 
quadrangle are of finer texture t.han those of the western half. 
The clays have been UflCd to a small extent in all parts of the 
quadrangle for making common brick and draintile. The 
clay in the valley of Little '\Yalnut Creek at Groveport is 
especially adapted to making building brick. 

SAND AND GRAYEL. 

Large deposits of sand and gravel do not OceUl' in the 
dcinity of Columbus and practically none is found in the 
northern half of the quadrangle. Farther south they are more 
abundant, occurring along the principal valleys and in tbe 
interstream areas. A large deposit of gravel lies on the east 
bank of , Val nut Creek at the place where the Columbus, 
Buckeye Lake & Newark traction line crosses it. Bakel' Hill, 
just south of Columbus, is essentially a mass of' sand and 
gra\'el and much the same may be said of the hills on the 
Hartman farm f a few 'miles south of Columbus. 

During the last few years the unique industry of dredging 
the channel of the Scioto for sand and grayel has been deyel
oped at Columbus. Two styles of dredges are used, one of 
which lifts the materials in buckets and the other sncks' them 
up. Once on board the dredge the materials are screened, the 
finer forming sand and the coarser being marketed us gravel. 
Bowlders obt.ained in the dredging are crushed and mixed with 
t.he gravel. Gravel is probably used most extensively for 
road building, but it is employed also in laying walks and in 
making concrete and certain kinds of roofing in which tar is 
protected with a light coyer of gravel. Sand is in large 
demand for making plaster af!.d in cement work. 

SEARCH FOR OIL AND GAS. 

A persistent search for oil and gas has been made in the 
Columbus quadrangle. (See fig. 10.) Three wells in Colum
bus alone have penet.rated the limestone of Trenton (?) age 
and a record of one of these follows: 

Record of we'll bored In C07urnbus, Ohio, in search for oil 01' gas, 

Glacial drift __ 
Delaware limestone _ 
Columbuslimestone __ 
Limestones of the )fonroe formation and of Niagll..ran Ilge_ 
Limestone of Clintoll (?) age ______ _ 
Shales, dark gra,y. ullclassifled _____ _ 
ApprOXimate place of "Clinton" oil and gas sand ______ _ 
Shales, brown, of Medina (Y) age ___ , 
Shales and limestones probablv representing the Rich-mond, May~Yille, Eden, and Utica ______________________ _ 

148 

100 

509 

66 

60 

67 

1,053 

148 

180 
280 

78' 

'05 
915 

91' 
982 

2,085 
Limestone of Trenton (1) age _____ _ ___ 1 _______ 2,OB,' 

In a test well sunk on the statehouse grounds drilling did 
not. cease until a depth of 2,77fj feet had been reached. This 
well showed that the Imvest limestone listed in t.he abo\'e 
record is 475 feet thick. At least seyen additional wf'llls were 
drilled into the limestone of Trenton (1) age in the eastern half 
of the quadrangle, and one of them, on the Hartman farm, a 
fe-w miles sout.h of Columbus, reached H depth in excess of 
3,100 feet. In none of these wells was either oil 01' gas found. 
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In addition to the wells which reached limestone of Trenton 
(?) age, at least six others have been sunk to the horizon of the 
"Clinton" sand (see fig. 10), but these also were failures. In 

'--~~-"-~~~~'.o Miles 
FIGURE 10.-0utline lllap of Colltmbus quadrangle showing location of 

deep wells drilled for oil and gaB. 
C. 'Vella that reach the "Clinton" aa.nd; T. wells that reach the "Trenton" limestone, 

fact it has been pretty definitely settled by the drill that this 
sand does not exist under the quadrangle. 

WATER RESOURCES. 

The quantity of ,vater stored in the ground depends not 
only on the precipitation, in the form of rain and snow, but 
also on the porosity, thickness, and structure of the materials on 
which the water falls or through which it percolates. In the 
Columbus area the surficial fine clay is almost impervious, but 
the coarser beds of sand and gravel are capable of storing and 
yielding large quantities of ,vater. The limestones that under
lie the 'vestern half of the quadrangle are also porous and are 
traversed by cracks, joints, and ·well-ma·rked bedding planes 
and are capable of storing a large supply of water. 

Except in a few small a.reas, mostly along streams, the sur
ficial d-eposits are sufficiently thick to hold large volumes of 
water, but in many places they are too compact to permit water 
to enter, and wells in such places may give inadequate supplies, 
The depth, at which sufficient ·water can be found differs greatly, 
eveD. where· the surface is flat or gently rolling. 'VeIls in the 
drift around Columbus range in depth from 20 to 50 feet. 

Many wells have been drilled by manufacturers in Columbus 
to a depth of more ,than 100 feet. They penetrate t.he lime
stone that underlies the drift and most of them yield large sup
plies. 'Yater from such wells is generally very hard, and 16 
analyses made in Columbus, equally divided between rock 
and drift wells, show that the water from the rock averages 27 
per cent more of solid matter. 

There are few flowing artesian wells in the Columbus quad
rangle, though two large flowing wells near Harrisburg supply 
the farm of the Columbus Hospital for the Feeble-minded. 
One of these is shown in Plate VIII. The supply of water 
from these wells, which were drilled for oil or gas, is reported 
to have been struck at a depth of 5.50 feet. The water-bearing 
rocks rise to the west and are covered by an impervious layer 
of clay or shale, ·which affords artesian eonditions. 

An~ther artesian area is near the corner of East Eleyenth 
Avenue and Summit Street, Columbus. Formerly water was 
found at a depth of a few feet in the drift and was encountered 
in excavating a number of cellars. So many wells were sunk, 
however, that the head has decre,ased. 

Concerning the ground water of t.he Columbus area C. F. 
Long, analytical chemist, writes as follows: 

The ground wat,ers in and about Columbus are uniformly hard, as 
may be seen from the following table showing the results of tests. 
All the samples analyzed show alkalinities ranging from 242 to 468 
parts per million. The amounts of incrustants, on the other hand, 
show greater variation, the range being from zero to 470 parts per 
million. The water from drift wells is somewhat lower in alkalinity 
or temporary hardness than the water from wells driven into rock. 
The amonnt of incrustantB differs greatly, some waters from the drift 
exhibiting a total absence of the ingredients that form hard scale, 
whereas others from t,he same formation contain relatively large 
amounts. '1'he water from wells drilled into the rock generally con
.tains a large amount of incrusting constituents, ranging from 230 to 
470 parts per million. The follOWing table shows the mineral con· 
tent of the water of several wella in a,nd uear Columbus: 

Mineral content of water of wellfJ in and nea1· Columbus, Ohio. 

[P .. rts per mllUon; analyae, by C, F, Long,] 

"Equivalent to permanent or Iloncarbonate hardness expressed as 
CaCO •. 

1, Statehouse; center of city: depth 80 feet, in rock, 
2. Ralston Street Car Co.; east of city; depth 90 feet, in rock and drift. 
3. G. E. Smith Shoe Co,; center of city; depth 80 feet·, in rock. 
4, 0, Sohl; north end of city; depth 90 feet, in shale, 
5. Bott Bros,; center of city; depth 80 feet, in rock, 
6. C, R. Brown; north of city; depth 40 feet, in drift. 
7, Excel~ior Seat Co,; northwest of city; depth riO feet" in drift, 
8. Keever Starch Co,; Bouth of city; depth 80 feet, in drift, 

Springs are common, especially along Scioto RiYer at places 
where it has cut through the limestone and thus made an 
outlet for the water stored in the rock. On the hills around 
Lithopolis there are many springs, a few of which are large. 
The watel'-beflring rock there is mostly sandstone containing 
but little soluble matter, and the water therefore carries less 
mineral matter than that obtained from most other sources in 
this quadrangle. The best known spring in the quadrangle 
is on the grounds of the Ohio State University. Its flow 
yaries considerably and its supply probably comes from the 
drift rather than from the bedrock. 

SUR'FACE WATERS. 

The principal streams flow from north to south and their 
valleys as far as Columbus lie along somewhat parallel lines 
and are therefore separated by comparatively narro·w areas. 
The streams south of Columbus converge toward Scioto River, 
which is the master stream of the quadra.ngle. 'This arrange
ment of streams provides a distribution of surface waters not 
commonly found in an area so small. The surface waters are 
not used for generating power, as the flow is frequently too 
small for sueh use. 

Scioto Rtve1·.-The drajnage basin of the Scioto north of 
Columbus comprises about 1,060 square miles. The topog
raphy of this area is flat or gently rolling and the sUTiace run
oft' is therefore slov,' flS compared with that of the M uskingum 
or other streams that drain hilly parts of the Stflte. The mini
mum measured flow of the Scioto at Columbus is [) second-feet 
and its maxillium flow in the great flood of 1913 was estimated 
at 80,000 second-feet. The stream was used formerly at several 
places for po,ver, but the storage dam of the new city water
works has destroyed the opp.ol'tunity for development of power 
immediately aboye Columbus. South of that city the Scioto 
has a broad flat plain and banks of drift, and damming the 
ri ye1' is therefore more difficult; nevertheless, a mill was oper
ated for years on the river at Shadeville. 

lValej' supply of Columbus.-The water supply of Columbus 
is filtered and 'softened wflter from Scioto RiYer, the new plant 
including one of the largest water-softening equipments in the 
world. A storage reservoir with a masonry dam has been 
built on Scioto River above the city. A new pumping station 
and the purification works were .built about 4t miles below the 
dam. The raw river water is raised at the purification works, 
iii;! treated with lime water and a. solution of soda ash, is 
thoroughly mixed, and is then subjected to sedimentation in 
six. basins having a total CApacity of 15,000,000 gallons. It is 
then filtered through ten rectangular rapid sand filters, each 
having a normal capacity of 3,000,000 gallons a day. The 
filtered water passes to two covered reservoirs, each having a 
capacity of 5,000,000 gallons. The daily consumption of 
water is about 15,000,000 gallons. 1 

The table on page 15 indicates the average mineral 
content and the range in mineral content of the water of 
Scioto River at Columbus. The yearly ayerage is given for 
1909, 1910, and 1911 and the mont~ly and yearly averages 
for 1912. According to serial tests '-~ade by the Ohio State 
Board of Health in 1897 the water of Scioto River at the 
Sandusky Street Bridge, Columbus, contained an average of 
477 parts per million of total solids, of '1,'hich 98 parts was 
volatile, and 7.2 parts per million of .chlorine, and had a 
temporary hardness of 168 and a permanent hardness of 95 
parts per million. The C910r of the water varied from 15 to 
60 parts per million. According to 't€sts made by C. P. 
Hoover, of the Columbus 'Vater Purification Works, of 4 
samples collected in the later half of 1909 the total min
eral content of the river water ranged from 286 to 396 parts 
per million. ' 

1 Gregory, J. H., The improved water and sewage works of Columbus, 
OhIo: Am, Soc. Civil Eng. Proc., vol, 86, pp. 2-119, 587-622, 1910, 



AtJerage mineral content of the water of Scioto Ri'(Jer at Colttmbu8, Ohio. 

[P&rtsper mUllon; analyses by C. P. Hoover, Columbus W&terPurIOca.tion Works.] 
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"Equivalent to permanent or noncarbonate hardness expressed as 
CaCO •. 

Olentangy Ri·ver.-The Olen tangy, which unites ,vith the 
Scioto at Columbus, has a drainage basin of 520 square miles. 
Its minimum flow is about 5 second-feet and its maximum 
flow is estimated at 60,000 second-feet. The water was form
erly used for generating power at several places in the quad
rangle, and was a source of the water supply of Columbus. 
The stream is ponded at Olentangy Park (Columbus) for 
pleasure or recreation. 

Other streams.-Alum Creek drains about 196 square miles. 
It was formerly used for generating pmver at several places 
and also as a source of ·water for Columbus. The stream 
unites ""ith Big Walnut and Blacklick creeks ill the southeast
ern quarter of the quadrangle. No use is made of the water 
of these bvo streams except by farmers. 

SOILS. 

General character.-The bedrock of the quadrangle is nearly 
every,vhere covered with a thick mantle of surficial deposits, 
chiefly of glacial origin, so most of the soil consists of trans
ported and foreign material. In spite of the thickness of the 
drift in most of the area, however, the soils contain consider
able material derived from the underlying formations. The 
formations occupy belts having a general north-south trend 
and the ice moved southward over the area, so that a belt of 
till underlain by rock of anyone sort contains considerable 
material that was derived from the underlying rock and merely 
carried south,Yara a little way along the belt; and narrow belts 
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of till along the line of contact of two formations contain mix
tures of material derived from the two. ).fingled with the 
material of local deriyation is drift from northern Ohio and 
even some from Canada. All these elements ha ve had a share 
in determining the charader of the soils. 

The soils of the quadrangle differ in history as well as in 
composition, as by no means all the soil is formed of unmodi
fied glacial drift. In the valleys there are considerable areas 
of alluvial soils, deposited either along existing streams or 
along streams that flowed from the melting ice, and such soils 
are as a rule more fertile than those compol:led of unmodified 
till. Even on the upland areas, although there are no alluvial 
deposits formed by large streams, there has been more or less 
wash from higher to lower ground and a concentration of the 
more fertile elements of the soil in the slightly lower areas. 

The fertility of soils and their adaptability to raising various 
crops depend in part on their physical character and in part 
on their composition, and both of these depend in turn on the 
material fi'om which the soils were derived and on the amount 
of modification which they have undergone. The soils of 
different parts of the quadrangle therefore differ considerably 
in fertility. 

Soils derived from limestone are in general more fertile than 
those derived from shale or sandstone because they contain a 
greater variety of the materials essential to plant growth. As 
a rule the limestone soils of Ohio are noticeably richer than 
those formed from sandstone or shale. This difference is well 
illustrated in the Columbus quadrangle, where the soils of the 
western half of the area, which is underlain by limestone, are 
distinctly more fertile than those of the eastern half, which is 
occupied by shales and sandstones. 

Alluvial soils are, on the average, more fertile than most 
sedentary soils, because they contain a greater variety of mate
rials and a larger proportion of organic matter. By the wash 
from higher to lower ground the finer, more soluble elements 
of the uplands are concentrated in a relatively small area of 
lowland. The soils of the valleys of the quadrangle are there
fore richer than those of the uplands. 

Sandy and gravelly soils, if not too stony, are generally more 
fertile than clay soils, because, being more porous, they are 
better drained, are less injured by long drought, and permit 
freer circulation of air. As a rule, too, they contain a greater 
variety of constituents. 'fhe soils of the southeastern part of 
the quadrangle consist largely of glacial outwash, and, although 
for that r€l:lson they are hardly so rich in organic matter as 
more recent alluvium, they are among the most fertile soils of 
the quadrangle. 

Clwssijication.-The soils of the quadrangle have been studied 
and mapped by the Bureau of Soils,1 and the reports of that 
bureau contain the essential details regarding the distribution, 

1 u. S. Dept. Agr. Bur, Soils Field Operations, 1902, p. 403, and 1905, 
p,715. 

thickness, and character of the several types of soils recognized 
by it in the area. 

The greater part of the upland area of the quadrangle, about 
four-fifths of the whole, is covered by a clay-loam soil, formed 
of the weat.hered glacial drift. It differs greatly from place to 
place in character and fertility, which depend in part on the 
nature of the underlying rock and in part on the quantity of 
stratified drift it contains. The soil in the northeastern part 
of the quadrangle, where the drift is thin and the underlying 
rock is chiefly shale, is somewhat poorer than the average in 
plant food, and is a rather fine grained clayey soil, which packs 
too closely and is therefore not sufficiently permeable to air and 
water and suffers from drought. Such soils are improved by 
underdraining. 

Numerous small irregular areas, which occupy slight depres
sions in the general surface and are scattered through the 
quadrangle, though more abundant in its southern part, are 
covered with a black clay loam. This loam is more fertile 
than the soil of the surrounding tracts and owes its color and 
its greater fertility chiefly to its content of organic material, in 
part derived from vegetation that grew on the areas and in 
part washed in from the higher land about them. 

The terraces along the valley sides and a few outwash plains 
are covered with a gravelly loam, in which, ho\vever, the per
centage of pebbles is not generally large enough to interfere 
seriously with cultivation. Most of the areas of this soil are 
in the southern half of the quadrangle, and some of' them are 
above the average in fertility. 

The flood plains, although formed largely of sand and gravel, 
are covered with a dark-colored fine silty or clayey loam, which 
is, on the whole, the most fertile soil of the quadrangle. Its 
color is due to the presence of organic matter. Lying as it 
does in the valley bottoms, this soil is subject to overflow by 
the spring floods, which, on the whole, do it more harm 
than good. Some floods renew its fertility by leaving a fresh 
deposit of silt, rich in organic matter or plant food; others 
wash away the finer alluvium or cover it with less fertile sand 
and gravel. 

In summing up it may be said that, inasmuch as soils that 
overlie limestone are ri~her than those that overlie shale and 
sandstone, the soils of the western half of the quadrangle 
are on the whole more fertile than those of the eastern half. 
Furthermore, as the soils in the valleys are richer than those 
on the uplands and as alluvial soils are richer t.han those 
formed mainly of weathered till, the soils of the southern half 
of the quadrangle are rather better than those of the northel'll 
half. Finally, since the land lies lowest, the valleys are broad
est, and the alluvial soils are thickest and most exteusiye in 
the southeastern part of the quadrangle, the most fertile soils 
are found in that part. 

July, 1914. 
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PLATE I. KAMES OF SPANGLER HILL, 5 MILES SOUTH OF CO LUMBUS. 

PLATE II . SMALL GLACIAL- LAKE BED ON HARTMAN FAR M, 5 MILES SOUTH OF COLUMBUS. 
Lookin2' soulheut to ..... a.,d moraina.l hil ls in the d istance. 

QUARRY FAce OF COLUMBUS LIMESTONE, NEAR MARBLE CLIFF. 

Showinll: thicker-bedded q~.rry rock at the base. 

PL .... TE VI .- LARGE SPHEROIDAL " IRONSTONE " CONCRETION S, CHARACTERISTIC OF THE LOWER 
PART OF THE OHIO SHALE, AT "THE NARROWS." NORTH OF WORTHINGTON . 

Irregu lar hills ofdr;lt. 

PLATE II I. lEVE L SURFACE OF ROCK TERRACE OF SCIOTO RIVER AT MARBLE CLiff. 

Terrace was cu t on De a ..... are limestone, f ragments of which we re used in budding the stone fence in the foreground. 

PLATE Y.- BEREA SANDSTONE RESTING UNCONFORMABLY ON BEDFORD SHALE, NEAR LITHOPOLIS. 

The hard led2"8 abo~e the man's head shows the lu ll thickness 01 Serea sandst~ne present at this p lace. The na ture 01 the uncon' 
form ity and !hevariable thickness ollhe sandstone a,eclearly shown . (PhotOIi( .aph by H. A. Gleason.) 

PLATE VII. - QUARRY FACE OF LOWER PART OF CUYAHOGA FORMATIO N 
AT LITHOPOLIS. 

PLATE VIII.- FLOWING ARTESIAN WELL NEAR HARRISBURG. 

Wate r obtained from Siluflan hmestone about '100 lee t below surface. 
Showin2" thick beds of homoieneousfine'i,ained s.andstone$u itablefo, buildin\!. 



LIST OF FOSSILS SHOWN ON ILLUSTRATION SHEET II. 

Illustration Sheet II shows some of the fossils commonly found in 
the formations that outcrop in the Columbus quadrangle. The 
illustrations are taken from figures in other reports, chiefly those 
of State geological surveys, and are natural size except those 
otherwise marked. 

FOSSILS FROM THE MONROE FORMATION (SILURIAN). 

1. &huchertellahydraulica (Whitfield). Enlarged 2i diameters. 
Not positively known in central Ohio. 

2, 3. Spirifer ohioen'i8 Grabau. A rather rare fossil in this quad
rangle. 

4. Greenjieldia whiljieldi Grabau. Not positively known in 
central Ohio. 

5. Goniophora dubia Hall. Not positively known in central 
Ohio. 

6. Leperditia aUQide8 Grabau. Enlarged about 2, diameters. 
A very common fossil at certain horizon,~ in the forma
tion. 

FOSSILS FROM THE COI,UMBUS LIMESTONE (DEVONIAN). 

7. FavoRites turbinatus Billings. This compound coral is com
mon in almost every section. Some of the larger speci· 
mens attain a diameter of 6 inches. 

8. Syringopora tohulata Edwards and Haime. A large mass of 
closely set, straight corallites, having a convex upper 
surface; a common fossil. 

9. Oladop01'a, robusta Rominger. A rather common coral 
colony, which assumes the digitate form. 

10. Helioph!lllum corniculum (Lesueur). One of the ·most com· 
mon cup corals of the upper portion of the formation. 
:Most of the specimens are a little smaller than the illus-
tration. 

11. ZaphrenJ.is prolifica Billings. A common coraL 
12. Zaph/'entis gigantea Lesueur. The largest of the cup corals 

and a characteristic fossil wherever the formation occurs. 
13,14. &hizophoriapropinqua Hall. Common throughout the for· 

mation. 
15, 16. Oholletes mucronatus HalL Common in the Columbus lime· 

stone and also occurs in the Delaware. 
17, 18. Productella spinulicosta Hall. Common in the Columbus 

limestone and al~o occurs in the Delaware. 
19. PlwUdostrophia iowensis (Owen). Common in the Columbus 

limestone and also in the Delaware. 
20,21. Stropheodontaperplana (Conrad). Common in the Columbus 

limestone and also occurs in the Delaware. 
22. Stropheodonta hemisphm'ica HalL Common in the Columbus 

limestone and oooasiOlially found in the Delaware. 

23. Meristella Mauta (Conrad), A very characteristic fossil of 
the middle portion of the formation. 

24. Atrypa retwularis (Linne). A common fossil of this and 
many other formations. 

25. Reticulm'ia jimhriaia (Conrad). Xot an abundant fossil, 
but many specimens are well preserved. 

26, 27. Spirifer gregarius Clapp. A very characterishc fossil that 
occurs in greatest abundance a little abo\'e the middle of 
the formation. 

28, 29. Spinfer acuminatus (Comad). A very characteristic fossil 
of the upper portion of the formation. 

30,31. Spirifer duodenarius (Hall). Characteristic of the upper 
portion of the formation. 

32. Aviculipecten cleon Hall. A rather rare fossil. 
33. Paracyclas elliptica HalL Occurs in both the Columbus and 

the Delaware limestones. 
34. Modiomorpha concentrica (Conrad). A rather common fossiL 
35. OO1locardium cuneus (Conrad). A common fossil in the 

Columbus limestone but rare in the Delaware. 
36. Pleuronotus decewi (Billings). A common fossil of the 

Columbus limestone and occasionally found in the Dela· 

37. Platyceras dumosum Conrad. Characteristic of the upper 10 
feet of the formation. 

38. Oallonema bellahilum (Hall). Abundant in the chm·ty layers 
of the middle portion of the formation. 

39. Loxonema pexatum Hall. Common in the middle and ul'per 
portions of the formation. 

40, 41. Bellerophon pelops Hall. Common throughout the formation. 
42. Ooleolus crenaticinctus HalL A rather rare fossiL 
48. Spiroceras tlloas (Hall). Not very abundant but very char

acteristic. 
44. Ryttceras columbiense C"~hitfield). Characteristic above the 

middle of the formation. 
45,-46. Phacops cristata (Hall). Abundant in this formation. 

47. Ohasm,ops calypso Han. Sot abundant but characteristic. 
48. l'rodWt rQwi (Green). Abundant in this formation. 

49,50. Ooronura diurus (Green). Rathel' common and very char· 
acteristic. 

FOSSILS FROM THE DELAWARE T,UIESTQII,!<, (DEVOCfIAN). 

51. Lingula ligea Hall. Abundant in a zone neal' the mi~dteof 
the formation. 

52. Lingula manni Hall. Common ill the 6 feet of brown shalc 
forming the base of thi'l limestone. 

53, 54. Orbiculoidea lodiensis (Vanuxem). Commonly associated 
with Lingula manni. 

55, 56. Leiorhynchus limitare (Vanuxem). A characteristic fossil of 
the Marcellus shale and common in the basal brown shale 
of the Delaware. 

51. Rhipidomella vanuxemi RaIl. A common fossil of the Dela
ware limestone and also occurs in the Columbus. 

58, 59. Chonetes deflectus HalL Common throughout the formation. 
60. Leptrenarhomboidalia (,nlckens). Common throughout this 

formation and many others. 
61. Stropheodonta demissa (Conrad), Common in this forma· 

tion and also in the Columbus limestone. 
62, 63. Delthyris consobrina (D'Orbigny). A common and very 

characteristic fossiL 
64, 05. Cyrtina hamiltonen$is Hall. A common fossil of the Dela

ware limestone and also occurs in the Columbus. 
66, 67. Mm·tinia nUlia (Billings). Abundant and very characteris

tic. 
68. Grammysia bisulcata (Conrad). Characteristic of certain 

layers just below the middle of the formation. 
69. Plerinea flabellum (Conrad). Found in both the Delaware 

and the Columbus limestones. 
iO, 71. Platyceras erectum Hall. A rather commOtl fossil. 
72, 73. Tentaculite3 scalarif01'mis HalL Common but not very char

acteristic. 
74. Phacops rana (Green). A rather common fossil. 

FOSSILS FROM THE BEDFORD SHALE (CaRBONIFEROUS). 

75, 76. PaZeoneilo bedfordensis Meek. One of the most character_ 
istic fossils of the formation, abundant at the base. 

FOSSILS FROM THE SUNBURY SHALE (CARBONIFEROUS). 

77. Lingula melie Hall. A common and characteristic fossil of 
the base of this formation. 

78, 19. Orbiculoidea herzeri Hall and Clarke. An abundant fossil 
associated with Lingula melie. 

FOSSILS FROM THE BLACK HAND FORMATION (CARBONIFEROUS). 

These fossils are among the common forms in the Black Hand for
mation at Newark, east of the quadrangle, and are probably to be 
found in the same formation in the Columbus quadrangle. 

80. Allori81lta winchelli Meek. 
81. Allorisma convexum Herrick. 
82. &nguinoUtes naiadiforrnis Winchell. 
83. Leiopteria ortoni Herrick. Enlarged about 4 diameters. 
84, Ol'enipecteu willchelli (Meek). 
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160 

~~ I 

165 I 
• 64 

! ~~ I 
6, . 
68 I 

t ~~ I 

!?1 : 
l?21 t?5 

?4 
,5 I 

~~ I 

Sonora. 
Nueces 
Bidwell Bar .' 
Tazewell 
Boise. 
Richmond 
London 
Tenmile District Special. 
Roseburg 
Holyoke 
Big-Trees 
Absaroka. 
Standingstone 
Tacoma 
Fort Benton 
Little Belt Mountains 
Telluride 
Elmoro 
Bristol 
La Plata 
Monterey 
Menominee Special. 
Mother Lode District 
Uvalde. 
Tintic Special. 
Colfax 
Danville 
Walsenburg 
Huntington 
Washington 
Spanish Peaks 
Charleston. 
Coos Bay 
Coalgate. 
Maynardville 
Austin 
Raleigh, 

78: Rome, 
,9 I Atoka. 
80 Norfolk 

t 81 Chicago 
t 82 ' Masontown-Uniontown 
! 85,j New York City 

84, Ditney 
85' Oelrichs 
86 Ellen-sburg . 
87 Camp Clarke, 
88 Scotts Bluff , 
89 
90 
91 
92 Gaines 
95 Elkland-Tioga 

t 94 Brownsville-Connellsville 
95 
96 
9, 
98 
99_L ___________ _ 

.. Order by number. 

I 

I 

State, 

Montana 
Georgia-Tertnessee ..... 'I 

'California ..... . 
Tennessee. 

California I 
Tennessee 
Colorado. 
Tennessee 
Colorado. 
Va.-Md.-W.Va 
California 
KY.-Va.-Tenn 
V irginia- Maryland 
Virginia-West Virginia 
California ... 1 

Tennessee-North Carolina. 
California 
California 
Ala.-Ga.-Tenn 
Tennessee. 
Tennessee. 
Tennessee. 
Maryland-Virginia 
Montana. 
Tennessee. 
Virginia-West Virginia. 
Tennessee. 

~a~~f~~ii:ginia-MarYland ... j 

Wyoming 
California 
West Virginia-Virginia .... i 
Tennessee. 
West Virginia 
Alabama. 
Colorado. 
California 
Montana. 
California 
Tennessee 
California 
Texas 
California 
Virginia-West Virginia. 
Idaho. 
Kentucky 
Kentucky 
Colorado. 

.. 1 

Oregon. 
Massachusetts-Connecticut. 
California 
Wyoming. 
Tennessee, 
Washington 
Montana, 
Montana. 
Colorado. 
Colorado. 
Virginia-Tennessee 
Colorado, . 
Virginia-West Virginia, 
Michigan. 
California 
Texas .. 
utah 
California 
lllinois-Indiana 
Colorado, 
West' Virginia-Ohio . 
D. C,-Va.-Md. , 
Colorado, 

I West Virginia. 
Oregon. 

I 

Oklahoma (Ind. T.) .. 

Texas 
West Virginia, 
Georgia-Alabama, ' 
Oklahoma (Ind. T,) 
Virginia-North Carolina 
Illinois-Indiana 
Pennsylvania 
New York-New Jersey 
Indiana. 
South Dakota-Nebraska, 
Washington 
Nebra.ska 
Nebraska 
Oregon, 
North Carolina-Tennessee. 
Wyoming, 
Pennsylvania-New York, 
Pennsylvania 
Pennsylvania. 
Tennessee. 
South Dakota . 

t Payment must be mada by money order or in cash. 
t These fohos are out of stock, 

5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

• The texts and economiG-geo\ogy maps of the PlaGerville, Sacramento, and Jackson folios, 
which are out of stoGk. have been reprinted and published as a sing-Is folio (Folio reprint Nos. 11. 5, 
and 11),thepriGeof which is $], 

No,* Name of folio. 

10~r ~l:X:dd' 
101 San Luis 
102 Indiana , , . 
105 Nampa. 
104 Silver City 

1051 Patoka 
106 Mount Stuart. 
10'l Newcastle, 
108 Edgemont 

State. Price,t 
---j----- ----. 

South Dakota , 
California 
Pennsylvania 
Idaho-Oregon 
Idaho. 
Indiana-Illinois 
Washington 
Wyoming-South Dakota, 
South Dakota-Nebraska. 

Cents. 
5 
5 

] 09 Cottonwood Falls, 
110 ' Latrobe ' . " I 

I ! 111 I Globe. '. 

Kansas. 
Pennsylvania 
Arizona. 

I 112 Bisbee (reprint) . 
115 Huron 

~ ~: i ~~t:~n~~g 
I 116 Asheville. 

11, 

118 I 
119 

I !J20 
121 

, 122! 
125 
124 

t 125 
126 

t 127 
128 

1129 
!J50 

151 
152 
155 

.1154 

I 155 
156 
15< 

lI58 
lIB9 

140 
1141 
1142 

145 
t 144 
1145 

146 
14? 
148 
149 

t 150 I 

1

1151 I 
152 

t 155 
, lI54 , 

155 I 
156 

1 i;~ I 

Casselton-Fargo 
breeneville 
Fayetteville' 
Silverton. 
Waynesburg 
Tahlequah, 
Elders Ridge 
Mount Mitchell . 
Rural Valley 
Bradshaw Mountains. 
Sundance 
Aladdin, 
Clifton 
Rico 
Needle Mountains 
Muscogee 
EbensbUrg 
Beaver, 
Nepesta . 
St. Marys 
Dover 
Redding 
Snoqualmie 
Milwaukee Special 
Bald Mountain-Dayton 
Cloud Peak-Fort McKinney, 
Nantahala . 
Amity 
Lancaster-Mineral Point 
Rogersville 
Pisgah. 
Joplin District (reprint) . 
Penobscot Bay , 
Devils Tower . 
Roan Mountain, 
Patuxent 
Ouray 
Winslow 
Ann Arbor (reprint) 
Elk Point 
Passaic 
Rockland 

159 Independence. 

: m Ii ~~~E~:~~~:~:il1·· 
t 165 Santa Cruz 

111641 Belle Fourche. 
11165 Aberdeen-Redfield, 
11166 EI Paso 
~116? Trenton. 
11168 I' Jamestown-Tower. 
11169 Watkins Glen-Catatonk 
111?0 Mercersburg-Chambersburg. 
II HI Engineer Mountain. 
11172 Warren, 
11175 Laramie-Sherman 
111'l4 Johnstown. 

I
· 11175 Birmingham 

11176 Sewickley. 
~r 177 Burgettstown-Carnegie 

'111178 Foxburg-Clarion 
11179 Pawpaw-Hancock 

I 11180 Claysville 

I· 111 81 Bismarck 
11182 Choptank 

! :: ~~! ~l:~:~:urnet .. 

1 

§ 185 Murphysboro-Herrin 
§ 186 Apishapa". 
§18'l Ellijay 

I
I § 188 Tallula-Spnngfield, 

189 Barnesboro-Patton, 
§ 190 Niagara 

. § 191 Raritan 
192 Eastport, 

§ 195 San Francisco 
194 Van Hom 
195 Belleville-Breese 

~ § 196 I PhilipsbUrg 
§ 197 Columbus 

_ L __ 

Arizona. 25 
South Dakota [; 
South Dakota, 5 
Pennsylvania 5 
North Carolina-Tennessee. 5 
North Dakota-Minnesota 5 
Tennessee-North Carolina. 5 
Arkansas-Missouri 5 
Colorado. 
Pennsylvania 
Oklahoma (Ind. T.) 
Pennsylvania 
North Carolina-Tennessee. 
Pennsylvania 
Arizona. 
Wyoming-South Dakota. 
Wyo,-S, Dak.-Mont 
Arizona. 
Colorado, 
Colorado 
Oklahoma (Ind. T.) 
Pennsylvania 
Pennsylvania 
Colorado 
Maryland-Virginia 
Del.-Md.-N. J . 
California 
Washington 
Wisconsin 
Wyoming, 
Wyoming, 
North Carolina-Tennessee. 
Pennsylvania 
Wisconsin-Iowa-Illinois 
Pennsylvania 
N. Carolina-So Carolina 
Missouri-Kansas 
Maine 
Wyoming 
Tennessee-North Carolina 
Md.-D. C 
Colorado. 
Ark.-Okla. (Ind, T.) 
Michigan .. 
S, Dak.-Nebr,-lowa 
New Jersey-New York 
Maine 
Kansas 
Md.-Pa.-W, Va .. 
New Jersey . 
Pa:-N. J.-DeJ 
California 
South Dakota 
South Dakota 
Texas 
New Jersey-Pennsylvania. 
North Dakota, 
New York . 
Pennsylvania 
Colorado. 
Pennsylvania-New York 
Wyoming 
Pennsylvania 
Alabama. 
Pennsylvania 
Pennsylvania .. 
Pennsylvania 
Md,-W. Va,-Pa . 

5 
5 

50 
5 

25 
5 

5 
5 
5 

I ~~~~~~::~~aa. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

25 

I 
Maryland 
Texas 
Ky.-W. Va.-Ohio 
Illinois 
Colorado. 
Ga.-N. C.-Tenn , 
lllinois 
Pennsylvania . 
New York, 
New Jersey, 
Maine 
California 
Texas 
lllinois 
Montana. 
Ohio 

5 
25 
25 
25 
50 
25 
25 

~~J" 25 

_. __ 2~_ 

I Octavo edItions of these fo!ios may be had at same priGe . 
'1r Octavo editions only of these folios are in stock. 
~ These follOS are also published in octavo form at 50 "ents each, except No, 19'5 . 

whichjs ,5 cents. 




