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ABSTRACT

The sequence of pre-Wisconsinan glacial and drainege events in
southwestern Ohio, southeastern Indiane, and northern Kentucky is now
established on the basis of: (1) a detailed field study of the glacial
deposits, (2) a petrographic examination of T4 samples of till - including
heavy, light, and clay mineralogy, pebble counts, till fabric, and size
analyses, and (3) a topographic study of abandoned valleys and an
examination of the deposits within these valleys.

A truncated paleosol, in till, beneath Kansan till in Decatur
County, Indiana, is the first clear evidence of Nebrasksn gleciation
east of Illinois. This Nebraskan till is herein named the St. Maurice
till. Nebraskan glaciation was responsible for the abandonment of the
north-flowing pre-glecial (Teays) river system in this area and the
establishment of & new, southwest-flowing river system whose course
neerly coincided with that of the present Ohio River except in south-
western Ohic. During Aftonian time, this river and many of its tribu~
taries were cut severasl hundred feet below the old Teeys valleys to
produce the period of drainage known as the Aftonian Deep Stage.

At least two stadial advances of Kansan ice followed, with one
pushing southeastward into westernmost Ohio and across the Ohio River
into the northern counties of Kentucky. The surficial Kansan till in
this area is named the Cincinnati till. The route of the Aftonian Deep
Stage River from Cincinnati to Lewrenceburg (Indiena), which flowed via
Hamilton (Ohio), was forced southward at this time so that the ensuing

Yarmouthian Deep Stage Ohio River coincided with the present route of

vii
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the river except within the city of Cincinnati.

Illinoian ice advanced in two stades from both the northwest and the
northeast. West of Cincinnati, the Harrison Iobe advanced southeastward
to about the Ohio River valley although it invaded this valley in only
two places. This lobe was responsible for the permanent abandonment of
the Yarmouthian valley of the Great Miami River in western Ohio and the
establishment of a new valley several miles to the southeast. East of
Cincinnati, the Clermont Lobe crossed the Ohio River into Campbell County
(Kentucky) for = distance of up to two miles and invaded northern and
eastern Hamilton County (Ohio). The last change in the course of the
Ohio River i this area ~ame about when Clermont Lobe ice permanently
diverted the river from its route around northern Cineinnati to one

coincident with its present course along the city's southern edge.

viii
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INTRODUCTION
Ares Under Study

The area under study includes abcocut 3000 square miles in south-
western Ohio, southeestern Indisne, end ncrthern Kentueky (Fig. 1).
The area incorporates 2ll cf the Ohio River valley between the cities
cf Cincinnati, Ohic, and Madiscn, Indianz - = distance of ebout T0 miles -
end the counties adjacent to it. These counties sre: Hamilton and east-
ern Clermont Counties (Ohio), all of Dearborm, Ohio, Ripley, end
Switzerlend Counties and parts cf Jefferscn, Decetur, and Franklin
Countics {Indiana), 211 cf Boone and Gallatin Counties, and most of

Cempbell, Kentcn, and Carroll Counties (Kentucky).

ObJectives

The tills of this area were studied both in the £ield and lsborstory
for the fcllowing reascms: (1) The gleciel deposits of southwestern
Ohio, scutheastern Indianz, end northern Kentucky have never been
studied in deteil; (2) the eree of pre-I2linoisn (Kansen?) drift
jdentified in scuthwestern Ohic and northern Kentucky (Durrell, 1961)
is the mcst eesterly occurrence of surficizl drift of this esge 1in the
U. S. In fzct, buried pre-Illincian glacial deposits are known from
only o~ few places eest of the study area; (3) the sge of tue surface

arift in tho southecastern corner of Indizna has never been estazblished.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwiad Inoypm pauqiyosd uononpoadas Joyung “1sumo JybuAdoo syj jo uoissiuuad yum paonpoidey

DECATUR
co.

=\

e \

.
DK-I

]
i
[}
1
[}
1
1
s
-

0560003

-
-

RIPLEY co.

HAMILTON

FRANKLIN T

WARREN

®cL-3

NEW RICHMOND

® B-10=SAMPLE AND
STRATIGRAPHIC
LOCATIONS.

5 10 15

scole of miles

Figure 1 - Area under study showing sample locations,



3

The objectives of the study were to: (1) mep the meximum extent
of ice cover (i.e. of till), (2) study the topogresphic and stratigraphic
relations of the pre-Wisconsinan tills, (3) make a detailed leboratory
anilysis of the tills so that individuel till sheets can be identified
and correlated empirically, (4) combine the topogrsphic, stratigraphic,
end laboratory data to determine the sequence of early Pleistocene

glacial end drainege events in the ares.

Bedrock Geology of the Region

Rocks of Pealeozoic ege'form the bedrock surfzce throughout Chio,
Indiana, and northern Kentucky. The oldest rocks, Middle Ordovician in
ege, crop out in the deepest river valleys of the study area and elong
the crest of the Cincinnati Arch in central Kentucky (Fig. 2). To the
caest and west of this broad anticlinal structure, the age of the exposed
rocks becomes younger until Upper Paleozoic sediments ere exposed at
the surface in eastern Ohio and southwestern Indiena. Northward from
the north~central pert of Kentucky, progressively younger rocks crop
out but, with the considerably lower regional dips along the axis of
the Arch, distances to each succeedingly younger outcrop are greater
than they are to the east or west.

Within the area under study, rocks renge in ege from Middle
Ordovician to Silurian. The Silurian rocks crop out only along the
western edge of this arez and are primarily limestones and dolomites.

The Ordovician sequencc is composed of ebout equel proportions of
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Figure 2 - Bedrock geology of Ohio, Indiana, and northern Kentucky (after U, S. Geological
Survey, Geologic Map of the U, S,, 1960).
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interbedded limestones and shales. In genersl, the younger rocks outside
of the study area contain fewer shale ané more siltstone and sendstone
units. Dolomite and limestone predominate in the Silurien-Devonian
sequence and limestones, shales, end clastic unite meke up most of the

Mississippian-Pennsylvanian sequence.

Previous Work

The earliest glaciel studies in southwestern Ohio, southeastern
Inddana and northern Kentucky were done for the state surveys in the
1870's (Warder, 1872; Orton, 1873; Sutton, 1876). Wright (1884, 1890)
and Leverett (1902) first presented maps of the glacial boundery in the
region and further elaborated on the glacial deposits. Many authors
have discussed the glacizl znd pre-glzcisl draincge conditions of the
erea and there heve been numerous controversies on the subject (see for
example, Jemes, 1888; Fenneman, 191k, 1916, p. 113-12%; Fowke, 1898,
1900, 1924, 1933; Leverett, 1902, p. 116-118, 1929, p. 19-26; Mallot,
1922, p. 132-138).

Investigation of the ice-laid deposits, however, has been lacking.
Except for Durrell (1956, 1961) and Leighton and Ray (1965), no field
or laboratory study of the tills in the area has been published since
the deys—of Leverett (1929). Leverett's report still stands as the most
comprehensive on the glacial deposits of northern Kentucky end his

mapping has been modified in but a few places.
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General Review of Regional Pleistocene Stratigraphy
Nebraskan drift

The oldest Pleistocene drift in the east-central U. S. is Nebraskan
in age. The neearest to the study srees thet undisputed Nebraskan deposits
are found is in central Illinois {(Frye, Willman, and Black, 1965).
Deposits of questionable Nebrasken ege have been identified in several
places in Ohio and Kcentucky end include:

(1) Erratics of exotic rock types reported from widely scattered
locstions in northern Kentucky (Jillson, 192ke, b, 1925; Leverett, 1929)
and southeastern Ohio (Patton and Hicks, 1925; Leverett, 1929, p. 50;
Irelend, 19%3; Merrill, 1953). Most of the erratics are many miles
south of the presently drawn glaciel boundary and some are apparently
of Canadian origin. They generally are small, renging from a few
ounces to several pounds in weight, but two are reported to weigh
several tons. Although till has never been found associated with these
erratics, some have interprcted them as being the erosionel remmants of
a very old till sheet and have moved the glacial boundery many miles to
accommodate them (Rey, 1969; Thwaites, 1946, P1. 3).

(2) In a cut ten miles southwest of Cincinnati, & leached,
manganese-rich, clayey grevel unit between two tills has been interpreted
by Leighton and Ray (1965) es a truncated Aftonian soil profile that is
buried by Kansan till.

(3) Deeply weathered outwash, south of the glacial boundary in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



extreme eastern Ohio, is interpreted by Lessig (1961, p. 36) as terrace
remnents belonging to "the first gleciation of the Allegheny Plateau”.
Lessig bases this conclusion largely on the fact that the terrace is the
highest and most deeply westhered of four terrace levels in the upper

Ohio River dresinage besin.

Kansan drift

Drift attributed to Kensan glaciation is recognized over s wide
erce of the mid-continent from Iowa to Pennsylvanie (Reed, et al., 1965;
Wright and Ruhe, 1965; Frye, Willman, and Black, 1965; Wayne and Zumberge,
1965; Goldthwait, et al., 1965; Durrell, 1961; White, Totten, and Gross,
1969). The southernmost edge of Kensen till extends into southern
Illirois, southwestern and southeastern Indisna, northern Kentucky, end
southwestern Ohic (Flint, et el1., 1959). Between southwestern and
northeastern Ohio, Kansan drift is unknown. All Kansen deposits east
of Illinois ere buried beneath younger drift except those in south-
western Ohio and northern Kentucky. Two Kansan ice advances,
stades, are recognized in southeastern end western Indisne (Teble 1)
but nowhere is ther=s en interstadiel episode indicative of more than a

brief northward retreet in the ice (Gooding, 1966).

Illinocian drift

Tilinoien till is exposed at the surface in 2 two- to more than

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1 - Classification of Pleistocene stratigraphic units in soutkwestern Ohio, south-
eastern Indiane, and northern Kentucky (Gooding, 1963, 1966; Goldthweit, et al.,

1965; Goldthwait, 1969).

GLACIAL-INTERGLACIAL

Wisconsinan Glacial

Sangemonian Interglacial

Illinoian Glacial

Yarmouthian Interglacial

Kansun Glacial

Aftonian Interglacial

Nebragkan Glacial

Nemes usied for the first time in this report are underlined.

STADIAL~INTERSTADIAL NAMED UNITS

"Late" Wisconsinan (+Woodfordien) -
Mid? ‘Hsconsinan -
"Barly" Wisconsinan (+Altonian) i

Richmcnd Stade ?
Abingtun Interstade ?)Danville til1l1
Centerville Stade

Columbina Stade ?
Garrison Creek Interstadz »Cincinnati till
Alpine 3tade ?

—— St. Maurice till




fifty-mile wide belt beyond the Wisconsinan drift border across the
southern parts of Illincis and Indisna and intc central Ohic (Flint,

et al., 1959). Two Illincian ice edvances are recognized in many places
in Indiana end Ohio (Gooding, 1963; Durrell, 1961, p. 5T; Goldthwait,
1969; White, 1969, p. 141). The till cf thesc advances is separated

by silt or outwash which is thought to represent a short, ipterstediel,

period of ice retreat (Table 1).

Wisconsinan drift

"Late" Wiscomnsinan (Wcodfordien) till is exposed along the northern
edge of the study area. In places, north of the Wisconsinan terminal
moraine, "Barly" Wisconsinan (Altonian) deposits are exposed. South
of this, the only Wisconsinen drift is outwesh in the major valleys
(Goldthwait, et al., 1965; Weyne end Zumberge, 1965). Drift of this

ege was not included in the present study.
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FIELD EXAMINATION OF GLACIAL DEPOSITS
Thickness and Topographic Setting of the Tills

North of the glacial boundary of the region (Fig. i5), till is found
scattered across the uplands and in many of the larger valleys. Up-
land thicknesses rarely exceed 20 feet in southwestern Ohio and northern
Kentucky and 10 feet in southeastern Indiena. In meny of the early
glacial drainegeways (Deep Stage valleys), till extends well below the
present floodplain reaching thicknesses of more then 100 feet.

Southeast of Cincinnati, meny of the tributeries to the present
Ohio River are cut in till rather than bedrock and till is exposed in
the Ohio River wvalley at the present river level. From the mcuth of
the Little Miemi River in eastern Cincinnati to sbout the mouth of the
Great Miemi River near Lewrenceburg, Indiena (Fig. 1), no till occurs
below the uplands slong the present course of the Ohio River.

Along the Ohio River from Lewrenceburg to Mesdison, Indiana, till
is commonly exposed within the mein valley and in some of its tribu-
taries at the level of the present velley bottom. In only two places,
however, is till exposed at elevetions between the present valley
bottoms and the floors of the abendoned Teays-ege valleys, more than
200 feet higher. These two locaticns are (Fig. 1), (1) near Wersaw,
Kentucky (locetion S-4), and (2) eest of Carrollton, Kentucky (location
CR~1). The elevations of all sample locations are givem in the

Appendix. Contrery to the concept of Rich (1956), there is not a
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complete ebsence of till beclow the upland level elong the Ohio River
between Lewrenceburg to Madison, Indiana.

Because the study erea is located near the Ohio River, there has
been considerable erosion of Kansan and Illinoian drift and much of
the original thin till cover has been removed. As a result, many
cuts expose only bedrock or bedrock residuum.

There is little topcgraphic expression of the Kansan and Illinoien
till as there is in areas of Wisconsinan drift cover to the north.
Except for a small area of hummocky Kansen drift in northern Boone
County, Kentucky, 21l relief in the area is the result of destructional,
rather than constructional, processes. For the sbove reasons, &
precise glacial boundary for both the Illinoian and Kansan till sheets

is difficult to define.

Depth of Leaching

Southwestern Ohic, southeastern Indianes, end northern Kentucky can

be divided into three regions on the basis of the depth of leaching

in till. These are: (1) where leaching ranges from 12 to 17 feet

in northern Kenton and Rocne Counties, Kentucky, and southwestern
Hemilton County, Ohio; (2) where leaching ranges from 6 to 8 feet in
northeastern Hamilton and Clermont Counties, Ohio; and (3) where
leaching renges from 6 to 12 feet in the counties of southeastern
Indiena, Gallatin and Carroll Counties, Kentucky, and northwestern

Hamilton County, Ohio. The boundaries between these areas are not
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well-defined largely due to the ennsiderasble amount of post-glacial
erosion which has produced many saberrently shallow leaching depths,
perticularly near the Ohic River.

The depths to carbonates in sand and gravel almost always exceed
those in the adjacent tills. On the uplands of northern Kentucky,
southwestern Ohio, and in perts of the abszndoned 0l& Kentucky River
valley in Gallatin County, Kentucky, these leaching depths are in
excess of 18 feet. The greatest known depths of leaching are in the
outwash sands in northern Kenton County, Kentucky. There, carbonates
are found at depths between 3% and Ll feet (Schaber, 1962).

Throughout southwestern Ohio, till that is leached to a depth of
6 to 8 feet is considered Illinoian in age (Durrell, 1961, p. 56:
Teller, 1967). On this basis, the till in northeastern Hemilton and
Clermont Counties is Illinoian. In Kenton, Boone, and southwestern
Hamilton Counties, where till is leached more than 12 feet and outwesh
more than 18 feet, = pre-Iluiinoian sge is strongly indiceted.

Within the study crea in southeastern Indiane, leaching depths
commonly are greeter thon those in the Illincian till of southwestern
Ohio, but seldom reach the great depths found in the area of pre-
Illinoian drift. Although the total cerbonate percentage of the till
in southeastern Indisna is generelly lower than it is in tills to the
eest (Teble 9 in Appendix), the grectest leaching Cepths - 10 to 1°
feet -~ frequently coincide with an increased silt content of tye ti11.

However, the author feels that more evidence is needed in oréer tc
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correlate the till of southeastern Indiana with either-the Illinoian

or pre-Illincian tills of adjacent Ohioc. and Kentucky.

Loess Thicxness

The thickness of loess cover in the study ares is quite varisble.
In places, loess is absent, probebly due to ercsion, but in others msy
be as thick as six feet. The area of thickest cover is in south-
western Familton County (Ohio), Boone and Galletin Counties (Kentucky),
and eastern Switzerland County (Indiang, where the till and bedrock
surface is generally buried by about 4 feet of loess. This mey be due
to its close proximity to the source of much of the windblown material
in the Chioc River valley and/or to the greater age of the surface in
that aresa.

On the Illinoien drift of Hamilton and Clermoent Counties (Ohio),
lcess varies from two to three feet in thickmess. Goldthwait (1968,
Fig. 1) shows the loess cover on the Illinoian till plain of south-
western Ohio to range in thickness fram sbout two feet to more than
four feet.

In most of scutheastern Indiana, the loess avereges about three
feet in thickness. In that area, the loess commonly grades downwerd
from silt (loess) to pebby silt (+ loess) to silty and pebbly cley
(ti11), and finally into & cley loam till. This is in contrast to the

generslly sbrupt loess/till contact found in Chio end Kentucky. The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

gradation may indicate that the ice sheet stagnated, was covered by
windblown meterial, and then melted, allowing the loess to mix with the
upper surface of clayey debris in the ice during melting. Where an
ebrupt loess/till contact is found, loess deposition probably post-dates
the melting of the ice sheet.

South of the Illinocian glacial boundary in northern Kentucky and
southwestern Ohio, two loesses, of nearly equal thickness, appear to
be present. This distinction is based only on a color difference (see
for example, stratigraphic section K-3 in Appendix). Since Goldthwait
(1968) has shown that loess on the Illincian till plain of south-
western Ohio is ccmposed of Woodfordiam (Peorian) and Altonian (Roxena)
loesses, and in places also of Illinocien (Loveland) loess, it seems
likely that loess of two, and probably more sges was deposited over

most of southwestern Ohio, southeastern Indiana, and northern Kentucky.

Description of Glacial Deposits
Water-laid deposits

Outwash terraces are found in mcst of the major valleys of the area.
In the Ohio River valley, near Cincinnati, the Wisconsinan terrace
level is at 540 feet and the Illinoian level at 600 feet. Pre-Illinoien
outwash is recognized only on the uplands of the area, primarily in
northern Kenton County (Schaber, 1962), northern and western Boone County

(Durrell in Rey, 1965, p. 62-63; Swadley, 1969a) and along the northern
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bluff of the Ohio River in southwestern Hamiltcn County.

Lacustrine deposits of bedded silts end bedded or color banded
clays are exposed in many cof the Teays—-age end Deep Stage-age valleys
and in subsurmit positions on the uplends of southwestern Hemilton
County, Ohio, and northern Kentucky (Durrell, 1961, p. 55; Durrell in
Durrell, Forsyth, and Goldthwait, 1961, p. 67; Durrell in Gooding and
Weyne, 1961, p. 129-30; this report, stratigraphic sections H-T, H-8,
end H-10 in Appendix). Most of these deposits are Illinoien and pre-
Illinoian although Wisconsinen lacustrine material is exposed zlong the
northern edge of the study erea. Outwash and till ere commonly
interbedded with the lecustrine sediments.

Deeply weethered fine grained sands, 10 to 30 feet in thickness,
are scettered across the uplands of ncorthern Cempbell County, Kentucky
(Teller, 1962). Although a glaciel origin for these sands has been
proposed (Brand, 1934), no evidence is availeble tc support this
conclusion. A similer Geposit was discovered on the uplands of eastern
Carroll County, Kentucky, along SR 1112 (3.h miles south of Ghent and
1.4 miles northeast of Easterday). Exposed at this location is 13 feet
of leached sand which grades upward into silt. Small quartz and chert
pebbles are scattered throughout the sand. No bedding was cbserved.
This sand, 1like that in Campbell County, overlies a clayey material
resembling the local bedrock residuum. This deposit extends along the
uplands for several tenths of a mile and local farmers indiceate thsat
similer deposits are found on other nearby ridge tops. Because the

sand here and in Campbell County is found at the highest elevations of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17

the area, it seems unlikely that it is related to the Teays-age
drainage. It mey be interpreted es (1) a pre-Teays (Cenozoic) drainage
rernant, (2) an upper Paleozoic chennel remnent like that described

by Hrebar and Potter(1969), or (3) an cutwash or ice contact deposit.

Ice-laid deposits

Most cuts in the ares expose only ome till sheet. In eestern
Hemilton and Clermont counties, however; within the Illinoian Clermont
ILcbe of Durrell (1961, p. 57) (Fig. 4), two till sheets, separated by
one to ten feet of gravel, are often exposed. In only twc pleces
within the Clermont Lobe is there a non-celcereous zone between these
tills. These are (Fig. 1): (1) in the George Rack gravel pit in the
Mill Creek valley (location H-17) where there is 13 feet of leaching
in a send between two calcarecus tills (Durrell, 1961, p. 57; Durrell
in Dwrrell, Forsyth, and Goldthwait, 1961, p. 80), and (2) in south-
eastern Hemilton County (location and stratigraphic section H-13) where
there is three inches of non-calcarecus silt at the tcp of a silt, sand,
and gravel unit which lies between two tills.

The two-till sequence in eastern Hamilton and Clermont Counties
mey represent Illinoian and pre-Illincian ice advances. However,
except for the leaching at H-17, which Durrell (1961, p. 57) indicates
nay be a trunczted Yarmouthian soil prcfile, no significant weathering

zone has been found between the tills in southwestern Chio. For this
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reason, the two tills in eastern Hamilton and Clermont Counties are
thought to represent fluctuations in the Illinoien ice of the Clermont
lobe. The three~inch non-celcareocus zone at H-13 either accumulsted
(accreted) on the surface or was weeathered in situ when the Illinoien
ice temporarily retreated northwerd. If this retreat yag of stadisl
renk, the tills probably are equivalent to the Illinoian stades in
southeastern Indiana described by Gooding (1963); the lowest till deing
deposited during the Centerville Stade and the upper cne during the
Richmond Stede.

In southeastern Indiana, Gooding (1963, 1966) has deseribed
several sections where two units of Illinoian till are exposed. The
only one of these vhich is within the study area, is important because
it is the southern most cutcrop where there is good evidence for two
Illinoien ice advances. This section is located 3.5 miles east of
Osgood in Ripley County and the lowest of the two Illinoian tills
overlies & Yarmouthien soil developed in till. Gooding (1966)
assigns the lowest Illinoien till at that located to the Centerville
Stade and the upper till to the Richmond Stede.

South of Ripley County, only one cut exposes more then a single
till; it is’. loceted in western Ohio County, Indiana (location and
stratigraphic section 0-1). Both tills at that location may be
I1linojian in age or, even though there is not now & zone of weathering
in the buried till or the gravel ;betﬁeén the tills, the lowest till

mey be much older than the overlying one.
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In a.dditién to the Kansen till exposed neer Osgcod in Ripley
County (Gooding, 1966), buried pre-Illinocien tills are identified in
two other places within the southeastern Indianse study erea. One is
located in southeastern Decatur County (location DK-1) where five tills
are exposed. The upper (surface) till is leached seven feet end is
considered@ to be Illinoian. Underlying this (Fig. 3) is & 9-fcot soil,
developed largely in till, which is interpreted to be Yarmouthian in
age. Below the Yarmouthian paleosol are four distinct calcareous tills.
The upper two ere separated from eech other by & thin calcareous gravel
and the middle two by thin silty beds which are, in part, non-calcereous
(Fig. 3). The upper five feet of the lowest till is oxidized and
distinguished from the overlying till by this oxicdation and its high
content of chert.

Of grestest significance in this expcsure is the 5-foot oxidation in
the upper part of the lowest till. Since the oxidation almost certainly
develcped as a surface weathering phenomenon, it is interpreted as being
the vestiges of a pre-Kansan, Aftonian, soil that was truncated by Kensan
ice. Therefore, the till in which this soil developed is Nebrasken in

ege. The till is herein named, informally, the St, Msurice till after

a small town by that name just to the east. This is the first positive
evidence of Nebraskan glaciastion eest of the state of Illinois.

The three tills between the truncated Aftcnian palecsol and the
Yarmouthian paleosol in the Decatur County outerop are correlated with

the type Kensan section of Gocoding (1966) in Fayette County in the
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990 ft.

Figure 3 - Type-’ section of Nebraskan St. Maurice till in Decatur
County, Indiana; 0.7 miles west of St, Maurice where 200 North Rd.
crosses small creek (SW 1/4 SW 1/4 sec, 30, T. 11 N., R, 11 B.).
More detailed description in Appendix.
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following wey: (2) The besal Kansan till is considered eguivalent to
the till Jdeposited during the first or Alpine Stade beczuse it is
sepearated frcem the cverlying tills by a thin ncen-calcarecus sand. This
non-calcareous sand is interpreted as representing the Garrison Creek
Interstade. (b) The upper two Kensan tills probably were deposited
during the second or Columbia Stade although it is possible that each
till represents a sepcrate, stedial advence.

The second new expeosure cf pre-Illincian till in southeastern
Indiane is in Dearborn County, about 5 miles west of the Ohio River
(location end stretigraphic section D-3), where there is 2 3-till
sequence. The lower till is leeched four feet and is cverlain by
caleareous till. The ealcareous middle and upper tills are distinguished
from each other by their cocleor and gress lithology. Tue upper till is
buried by three feet of silt (loess) and this loess/till unit has a
9~fcot leached zcne developed in it. The upper till is interpreted,
because of its leaching depth, to be Illinocian in age. The middle till
probebly is either en ezrlier Illinoian till or the basel portion of
the upper unit. The leaching in the lewer till is interpreted as 2

truncatedé Yarmouthian scil profile cdeveloped in Kansan till.

Direction cf Ice Movement
Till fabric

Till fabric measurements were mede at 18 lccations in the study
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ares. The procedure used in meesuring the fabric was much like that
advocated by Drake (1968). The azimuth of 33 tc 50 pebbles, with e
meximum length of one to three inches, was measured in place on the
outerop. The azimuth reading was plotted in the northern hemisphere
of e rose diegram if the dip of the pebble's long axis was in a2 ncrth-~
erly direction; if not, the ezimuth velue was placed in the southern
hemisphere of the rose diegrem. Only pebbles that hal an A axis/B axis
(longest axis/intermediaste axis) ratio of 1.7/1 cor greater were recorded.
Drake shows that by using this axial ratio, as few as 20 long =xis
neasurements are representative of any strong pebble orientation at any
one locality.

When the till febric measurements are divided intc geogreaphic
areas based on their age, as cdetermined by the study of leaching depths,
the following ice flow patterns emerge (Fig. 4):

(1) In the pre-Illincien areas of northern Kentucky =nd extreme
scuthwestern Ohic, gll fcbric crientations are northwest-southeast.
Pre-Jllinoian ice, therefore, flowed from the northwest.

(2) In the Illincian area of Clermont and eastern Hemilton Counties,
Ohioc (the Clermont Lobe), one of the twc fabric measurements (CL-1)
supports the eearlier findings of Durrell {1961, p. 57) that the ice
sheet flowed from the northeast. The other fobric measurement (CL-3)
was tazken from 2 deep early Pleistocene wvelley that is coriented north-
west-southeast and, thercfore, its corientaticn probably reflects only

the local ice-flow direction in thet valley.
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(3) In southeastern Indianc 2né some adjecent portions of Kentucky
and Ohic, in the area ccusidered uncertein in sge on the basis of depth
to carbenetes, there is 2 rediel pettern of till febric orientations.
This pettern is interpreted as indiceting that the ice, the Harrison
Lobe (Durrell, 1961, p. 5T7), flcwed southward as a narrow tongue into
the southeastern corner of Indians.

Distinction between till dsposited by the Clermont Lobe and that
deposited by the Horriscn Lobe can probably be made on the basis of till
febric d=te., All till febric measurements teken within the area of
pre-Illincian drift in ncrthern Kentucky and southwestern Ohic, however,
have a northwest-scutheast orientation =nd, therefore, cennct be
distinguished cn this basis from till depositec by the Illincian
Herrison Lobe of ice which 21sc hes this fabric orientation in adjacent

southeestern Indiane (Fig. &4).

Strise

CGlecid strize are kncwn at twe lceations in the study area. One
of these is near Osgocd in Ripley County, Indiana (location R-5, Fig. 4).
Here, elong the western edge of the Herrison Lobe, numerous striae are
oriented ¥ 50° E and N 34° E supporting the till febric evidence that
the ice flowed from the northeast in that arca. These strine are found
on the Silurien (Niagaran) limestone surface beneath 8 to 12 feet of
loess/till. The glercial drift is leached seven feet end, therefore,

is probably Illincien in age. The N 50° E strise are cut more deeply
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than the N 34° E directicn.

The second lcocetion where strize have been found is in eastern
Hamilton County, within the Clermont Lobe, in a smell valley behind the
school et the end of Roe Street, 1.0 miles ncrth of the Little Miami
River end 0.7 miles dircctly north of the downtcwn square in Mariemont
(Mederia 7 1/2-minute topcgraphic mep), (Durrell, unpublished data).

The striese are cut intc Ordevician (Cincinnatian) limestone and oriented
N 70° W (Fig. 4). Because these striese are in an old pre-glacial
valley, with an orienteticn roughly perallel to thet cf the striee,

ancé beceause meost other evidence in that area suggests a northeast to
scuthwest ice movement in the Clermont Lobe, these striae sre considered
aberrant.

Streem parallelisn

An 2d8ditionel feature in southenstern Indisne, stream parallelism,
ney also be indicetive of the ice flow directicn in thet aree. This
parallelism is best displayed in eastern Ohio County, west of Rising
Sun, and in Deerborn County, northwest of Lewrenceburg, where the
nejority of valleys strike sbout ¥ 45° W. This preferred strean
orientaticn can be clearly seen in these areas on the Aberdeen and
Guilford T l/2-minute topcgrophic meps. West of this area, a less
obvious streem perallelism occurs which shifts fron the northwest-south-
gest orienteticn nesr Lawrenceburg to 2 ncrtheest-southwest orientation

in Ripley County. The overall pattern of the streams ecrcss this area
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is a radial one which roughly parallels the ice movement directions as
deternined from striae and till fabric meesurements (Fig. U4).

A Getziled field study wes not made cn the valleys exhibiting the
preferred orientaticn. At this time, two possibilities seem to best
explain the parallelism; they eare:

(1) The streams developed elcng an ice-prcduced, mega-fluted
pattern in the surfcce of the area. The radieting pattern, coinciding
with fabric and striae information, suppcrts this hypothesis.

(2) A well-developed jcinting pattern in the bedrock of the arce
may have produced a parallelism cf streeams that was not obliterated
during glaciation. Hofmenn (1966) fcund the mejor Jcint orientation
in the Upper Ordevician of scuthwestern Ohio tc be northwest-southeast.
He alsc notes that related tc these joints are smell folds, faults, and
broed unduletions and concludes (p. 546-SLT), ... The northwest
direction of the older (preglaciel) drainage mey itself have been
ccntrclled initially by topogrephic irregularities, reflecting subsur-

face structurel features....”
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PETROGRAPHY OF THE TILLS
Introduction

The purpose of the laboratory asnalyses was to characterize the
tills whose eges were known so0 that they could be empirically correlated
with tills whose ages were uncertain. Willman, Glass, and Frye (1963)
and others have successrunj done this in Illinois. In addition,
important differences might be discovered between individual Illinoian
or pre-Illincian stades.

The samples were divided into three groups based on the depth of
leaching in the area from which they were collected. These groups are:
(1) eastern Hamilton and Clermont Counties (Ohic) where leaching is
consistently between 6 end 8 feet (Illinoien samples), (2) the uplands
of Kenton and Boone Coumties (Kentucky) and southwestern Hamilton
County {Obio) where leeching generally exceeds 12 feet (pre-Illinocian
samples), and (3) all ereas where the leaching depth does not fall into
one of the sbove categories -~ primarily the counties of southeastern
Indiana, northwestern Hamilton County (Ohio), and Gellatin and Carroll
Counties (Kentucky). The last group is referred to as the uncertain-
age samples.

After every petrographic anslysis, each uncertain sample was
essigned an Illinoian or pre-Illinoien sge if possible. A summary of

these assignments is shown in Figure 15. However, since till febric
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data (Fig. 4) indicate that till in both the pre-Illincisn and uncertain
ercas were depositeld by ice mecving from the northwest, e similerity of
properties dnes not necess_a.ri]y meen that they were deposited by the
seme ice sheet. A difference in prcperties between the pre-Illinoian
anéd uncertain semples, however, would be a strcng indication that they

were deposited by two different advances of ice.

Procedure

All samples of till analyzed in the lzaboratory were calcareous -
reacting strongly with dilute ( 3:1) hydrochloric acid - and many were
oxidized. In general, the following steps were used in the analyses
(modified efter Willmen, Glass, and Frye, 1963).

(1) 100 grams of till were disaggregated by adling tep water and hand
shaking.

(2) The slurry wes wet sieved through a 62u (#230) sieve until the
wash water was clear. The wash water was not retained.

(3) The >62u material wes dried and then sieved thrcugh whole phi
interval sieves.

(%) Bach fracticn was weighed.

(5) the 3¢ and 4¢ (fine and very fine greined sand) fractions were
boiled in 337 hydrochlcric acid for two minutes to remove the
carbcnates and the ircn staining on the grains.

(6) The acidized semple was seshed, dried, and weighed.

(7) The heavy minerals were separated in Bramoform (S.G. 2.86 et 25°C).
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(8) A split of the heavy minerals was mounted with Aroclor (Mcnsante
#4465; n=1.665) end 200-400 greins on each slicde were identified -
by & line count.

(9) 2 synthetic rock wes mede with the light minerels by adding an
equel portiom of clear "bakelite' powder (Transcptic Powder,
Buehler No. 20-3400AB) and mclding the mixture under tempersture
end pressure (in 2 Buehler Metsllurgical Apparatus) into 2 1 1/k-
inch dismeter disec.

(10) A thin section wes then made from this synthetic light-mineral rock
end@ the potassium feldspars were etched with hydroflucric acid
vapors and stained by emersing in sodium cobaltinitrite (Bailey
and Stevens, 1960).

A second sample of till, 20 grams, was used for size analysis of
the <62y fraction and determinetion of the clay minerslogy. The
following is 2n explanation of the reason for using a second sample for
this. In order to cobtain enough of the fine and very fine sand greins
for enalysis, 100 grams had to be used. Since pipette anelysis requires
2 nmaximm of 1000 milliliters of liquid, the wash water useld cduring wet
sieving had to be kept below this volume. Experiments showed that,
beceuse the tills ccntained high percentages of clay and silt, it was
extremely difficult to keep the volume of water thet small for 100 grems
of sample. In addition, the <62y weight reccnmended for pipetting is
10 tc 15 grams, sc the initiel sample weight had to be kept to ebout

20 grems (Folk, 1965, p. 37). It was reascned that if any samples are
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congilered representative, all fractions of it shculd be comparable in
minerelogy, grain size, etc. Experiments confirmed this. The procedure
for exarninetion of the 20 gram sample was &s follows:

(1) The sample was Jisaggregeted by ndding distilled water with 2.5
grems /1000 milliliters of Calgon dissolved in it.

(2) It wes then wet sieved through 2 62u sieve, using the same Calgon
and weter soluticn. All <62y nmeterial wes retained ané plaeced in
8 1000 milliliter gradueted cylinder.

(3) The scluticn was pipetted according to the standard procedure given
in Felk (1965, p. 37-40).

() About 20 milliliters of liquid conteining <20 particles was
renoved, ccncentrated by centrifuging, and placed on frosted
petrogrephic slides.

(5) The slides were air dried znd the clay minerzls analyzed by x-ray
diffraction on e Generel Electric XRD-5 unit. Slides were irradi-
ated with ccpper radiaticn (1) untreated, (2) glycolated (for at
least 48 hours in 2 rcom tempersture vapcr bath of ethylene glycol),
and {3) heated (tc 340°C for one hour). A semi-quantitive analysis
of the clay minerels was obtained by using the following procedure

(Glass, 1969, written cormunication}):

Expendeble =jintensity of 8.8° peak”} - fintensity of 8.8° peak]= X
cleys jafter heating tc 3h0°§_ ' after glycolation

Keolinite and Chlorite = intemsity of 12.4° pesk after glycolation = Y

Illite = intensity of 8.8° pesk after glycclation = 2
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X . % Expandable claoys (includes all clay minersls that expand to
X+Y+Z gbout 1TA° with ethylene glyccl)

Y _ % Keolinite and Chlorite (chlorite includes all nonexpandable
X+Y+Z 144° material)

Z___ % Ilite
X+Y+2

Tﬁe relative percentages of kaclinite and chlorite can often be
determined by comparing their third crder peaks at 2%.9° end 25.1° but
those peaks were not well encugh defined fcr this in the present study.
In nearly all cases, however, it coculd be determined which of the two
were present in the "Kaclinite end Chlorite® (12.4° pesk) group. This
wes done by first determining if a chlorite peek (5.9°) was present.

If it wes not, then all, or most, of this group rmust be kaolinite. If
there was 2 5.9° pezk, indicating that at lcast scme chlorite was
present, then the slide was heated to 500°C for 1 hour to destroy all
keolinite. If kaolinite was present along with the chlorite, the 12.4°
peak would b2 reduced in emplitude; if it wes not reduced, only chlorite

was present.

Grein-Size Distributicn

Many studies have analyzed the distribution of particle sizes in
tills and scme have found this ceriterion useful in distinguishing one
ti1l sheet from snother. Shepps (1953), Forsyth (1965), and Goldthwait
(1969, p. 3) have differenticsted scme cof the Wisconsinan tills in Ohio

on this basis. Many till studies, however, have shcwn that the mechan-
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ical composition within one till sheet can be as varisble within itself
as it is from one Lill sheet to another. Field observations indicate
thaet the particle size distributicn in the basal part of a till sheet
is often more similer to an underlying uncconsclidated unit than to the
upper portions of the sarme till sheet. Therefore, unless sampling is
always from the seme (prefersbly non-basel) position in the till, it
seems unlikely that size distribution will ever become o widely used
correlation tool.

Size analysis date from this study is presented in Table T in the
Appendix and elso is plotted on triengular diagrams (Figures 5 and 6).
When the pre-Illinocian percenteges from locetion DK-1 (Fig. 1) - exposed
beneath a Yermouthian soil in the extreme northwestern cormer of the
study area - are excluded, the 90% confidence limits define two distinct,
but closely speced and slightly cverlepping, areas on the disgram for
the Illinoian and pre-Illincian. Ccmputetion of the arithmetic means

for these two groups egain allows the distinction to be made (Table 2).

Table 2 - Arithmetic means (and standard deviations) for mechanical
anslyses of Illinoian and pre-Illincian tills (excluding Decatur
County samples).

Sand and
Granules (%) Silt (%) Clay (%)
(,062~2.0 mm) (.004-.062 rm)  (<.004 mm)
Illinoian till 34.3 (+6.8) 35.9 (£3.5) 29.9 (%k4.1)
(13 samples)
pre-Illinoien till 26.7 (4.8) 34.7 (%3.3) 38.6 (k4.1)
(16 semples)
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Figure 5 - Grain-size distribution of Illinoian and
pre-Illinoian tills; 90% confidence limits outlined.
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Figure 6 - Grain-size distribution of uncertain-age
till plotted with outlines of grain-size limits of
Illinoian and pre-Illinoian tills.,
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These analyses show that, as a rule, tills deposited by Illincian glaciers
are more sandy and less-cleyey then those deposited by the pre-Illinoian
ice sheet.

When the sand-silt-clay percentages of the uncertain-age tills were
plotted on a triangular diegram showing the confidence limits of the
I1linoian and pre-Illinocian mechenical enslyses (Fig. 6), about 60% of
the uncertain group fells within, or clesest to, the 90% confidence
1limits of the Illinoian till. This 60%7 includes the majority of the
samples from southeastern Indiana. The uncertain semples falling into
the pre-Illinoian group are primerily those from the uplands of Gallatin
County {Kentucky) and northwestern Hamilton Coumty (Ohio).

On the basis of nmechanical analyses, the surface till throughout
the southeast Indiana study aree is most like that of the Iliinoian
samples of the Clermont Lobe end therefore is considered Illinoian in
age. Pre-Illinocian till is restricted to the uplends of Kenton, Boone,

Gallatin, and western Hemilton Counties.

Clay Mineralogy

Guantitative snalyses of clay minerals has been used successfully
to distinguish till sheets in Illinois (Willmen, Glass, end Frye, 1963;
Johnson, 1664; Frye, et 1, 1969). Elsewhere in the east-central U.S,
this apprcach has been little used except es a tool in discerning the
stage of development of weatherin in tills (Bhattacharya, 1962, for

exarmple ).
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The detailed cley =nalysis of each sample in the study area is
presented in Teble 8 in the Appendix. The relative quantities of clay
types in the Illinocian ané pre-Illincien sarples are shown in Figure T.
Twc closely speced but distinct areas are outlined on the diegrem when
the 90% confidence limits ars drawn. Again, as with the size analysis
data, the Decature County, Indianc (location DK-1), guantities were
not included in this determinetion. This distinction can also be nade
on the basis of the arithmetic means of the cley percentages in both
groups (Table 3). The pre-Illincian, then, cen be distinguished from
the Illincian or the basis of its low amount (<10%) of keolinite and
chlorite and associated high amocunt (>45%) of expandable~type clays.

Kaolinite occurs in 81l samples. When bcth kaclinite and chlorite
ere present, the amocunt of kaolinite is always greatest. Chlorite is
present in 85% of the Illinoian samples but in cnly 6% of the pre-Illi-
noian semples. Very few of the uncertain group ccntain chlorite. The

absence of chlorite, in samples of this study, is associated in nearly

Table 3 - Arithmetic means (end standerd deviations) for clay
nineral components of Illincian and pre-Illincian tills
-(exeluding Decatur County samples).

Kaolinite Expandable

Illinoian till 2h (£7) L6 (£5) 31 (%9)
{13 sarples)
pre-Illinoien till 6 (£3) 39 (%9) 55 (+10)

(16 sanmples)
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Figure 7 - Clay mineral composition of Illinoian and
pre-Illinoian tills; 90% confidence limits outlined.
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Figure 8 - Clay mineral composition of uncertain-age
ti11 plotted with outlines of compositional limits
of Illinoian and pre-Illinoian tills.
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every case with the presence of oxidation in the unit sampled. This
correlation agrees well with the conclusions of Droste (1956), Willman,
Glass, and Frye (1966 s P 21), and others thet chlcrite is one of the
most sensitive minerals to weathering, being altered even before the
carbonates are removed. The low emount of "Kaoclinite and Chlorite" in
the pre-Illinoien group, however, is not thought to be entirely the
result of destruction of the chlorite by oxidation because the oxidized
Illinoian samples still have two to three times as much kaclinite and
chlorite as do the pre-Illinoian ones.

When the relative abundances of cleys in the uncertain samples are
plotted on a disgram showing the confidence limits of the Illinoian and
pre-Illincian sbundances (Fig. 8), 60% fall within or closest to the
pre-Illincian. However, the age assignments cGetermined from the clay
mineralogy do not divide the uncertain-age till in scutheastern Indiane
and adjacent parts of Kentucky an@ Ohio intoc distinct geographic areas.
Instead, both the Illincian and the pre-Illinoian samples are mixed
(geogrephicelly) throughout thet area (Fig. 15).

The relatively high emounts of expandable minerals in the pre-
Illinoian tills of this area (generally >50%) are campereble to whet
Frye, Glass, end Willmen (1963) fcund in the Kansan till of western
Illinois. The Kansan till (es well as the Illinoian till) of easterm
Illinois snd western Indiana, however, has a relatively low amount of
expandeble minerals and e high amount of kaclinite and chlorite and

therefore is quite different from the pre-Illinoian of this area (Frye,
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Glass, end Willman, 1963; Johnson, 196k; this report, samples PCM-le

and PCM-1b).

Heavy Mineralogy

Heavy ninerals have provided the means to differentizte till sheets
in Ontario (Dreimanis, et a1, 1957), Illinois (Frye, Glass, and Willman,
1963), and other mid-western stetes, but, tc dete, no heavy mineral
studies have been published on any of the pre-Wisconsinan tills in Ohio,
Indiena, or Kentucky. The percentages of the heavy minerels identified
in this study are given in Table 9 in the Appendix and the arithmetic
means of the Illinocien and pre-Illincisn groups are shown in Tsble k.
Perheps the most notzble feature of these means is the simllarity between
the two age groups. The only mineral types thet differ more than & per-
cent or so are total garnet, hypersthene, totel pyroxene, epidote, end
opagues. When standard deviation is considered, the differences in
the percentages of total garnet and the opaques is not significant. The
difference between the tcotal pyroxene percentages is largely the result
of the variation in the hypersthene percentages. The only significant
and consistent veriation between the Illinoian and pre-Illinoian heavy
mineral suites is in the hypersthene and epidote content.

When a ratio between the hypersthene and epidote percentsges is
camputed, it is generally greater then 1.0 for the Illinoian samples and

is less than 1.0 for the pre-Illinocian samples. This information is
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Table b - Arithmetic means end stendard deviations (in percent) for
heavy minersl ccmponents of Illinoisn =nd pre-Illinoian tills
(excluding Decetur County semples).

s g &
7 F 3
~ a <
~ ord g ol
: 5 & 3
» 3 e 3
g ° L | ke
owd s = E
O [} (|
5 o [ >3
ot 1 g
5 & B 3
Heevy wnineral + 54 ____fi' . w
Garnet, colorless 7.3 8.8
Garnet. pink, etec. T.8 9.4
totel Garnet 15.2 2.9 18.3 3.7
Hornblende 35.8 36.4
Trenolite-fntinolite 2.9 3.1
total Amphiboles 38.8 39.5
Augite~Diopside h.5 3.4
Hypersthrene 3.2 2.0 0.8 0.6
Enstatite 2.5 2.2
tctal Pyroxenes 10.2 3.2 6.4 2.3
Epidote 1.3 1.0 2.6 1.5
Titanite 1.0 0.4
Zircon 0.7 0.9
Tourmaline 0.k 0.1
Stauro., Sillin., Kyan. 0.7 0.8
others 2.4 2.5
opequas 18.8 4.8 16.8 2.5
alterites 10. ‘5_ 11.1
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shewn graphically in Figure 9. The hypersthene and epidote percenteges
of the uncertein samples are plotted in Figure 10. Nearly 211 of these
semples have a hypersthene/epidote ratio of less then 1.0 and therefore
fall into the pre-Illincian group. On this basis, the uncertain samples
of southeastern Indiansa, southwestern Ohioc, and northern Kentucky appeer
to be related to the same ice advence that deposited the pre-Illinoian
till. However, because both the pre-Illinoian and the uncertain samples
are within the aree invaded by ice moving from the ncrthwest (Fig. 4) -
probably across similar source rocks - this correlation is not, by itself,

considered significant.

Light Minerelogy

Anglysis of the light mineral fraction has helped tc distinguish
till sheets in Illinois (Johnscn, 1964; Willman, Gless, and Frye, 1963)'
and in northeestern Ohioc end Pennsylvenia (White, 1969; White, Totten,
and Gross, 1969). In general, however, light mineral studies have shown
the relative sbundances of these minerals to be very uniform; only in
northeastern Ohic and Pennsylvanie is the light mineralogy known to be
significantly different between till sheets.

Detailed line counts of the light minerals were made on only ten
samples which were considered representative of each age group and
geogrephic area. In all cases, the quartz-plagioclase-potassium feldspar
abundaences were neerly the seme. The quartz content ranges between T8

end 90 percent, the plagioclase between 0 and 3 percent, and the potgs-
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sium feldspar between T and 20 percent. Therefore, the light mineral
content of the tills in this area wes of no help in distinguishing the

tills.

Miscellanecus Mineralcgical Prcperties

Two additionel properties of the tills were meesured, (1) weight
percent of heevy minerals in the fine and very fine sand fraction, and
(2) weight percent of the fine and very fine sand fraction soluble in
hydrochloric acid (Teble ¢ in Appendix). The arithmetic means in the
Illinoian (Clermont Lobe) and pre-Illinoian semples were the same for
the tctal heavy minerel content (2.6% standerd devistion 0.4%) and for
the soluble content (32%; standerd deviation 3.1% for Illinoiasn and 9.2%
for pre-Illinoien). The only significant difference from these means
is a 5 to 15 percent decresse in the carbonate (scluble) content of the
"uncertein” samples in southeastern Indisna. This decrease is greatest
along the western edge of the study eres and probably reflects the

inereasing influence of less calcareous bedrock in that area.

Pebble Litholcgy

The relative percentages of pebble-sized material in till has been
used to distinguish till sheets that were deposited by ice that
traversed areas of different bedrcck types. The advantage of pebble

counts over microscopic or other leboratory tests is that it is simple
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end repid. These studies have been profitably used in the centrel U. S.
from Iowa to Ohio (Anderson, 1957; Nerris, Gross, end Goldthwait, 1950).
In Ohio, the standard procedure has been to ccllect at least 100
pebbles, one to three inches in maxirmumr length, fron a specific portion
of the outecrop that has been marked off in advance (Goldthwait, oral
comrmunication, 1963). These pebbles are identified either in the field
cr later in the lebocratory. Althcugh the rock categcries used in &
pebble count depend upcen the particuler nature of the suite of rocks,
most workers have relied on the basic sedimentary, igneous, and meta-
morphic groups.

The results of the 22 pebble counts made for this study are shown
in Teble 10 in the Appendix. In all but one sample (R-l), limestone
was the major rock constituent, ranging from 46 to 100 percent of the
total. Dolonite was, in most cases, the second most abundant lithology,
varying from O tc 45 percent. The percent cf chert pebbles varies
between O and 5 in ell semples except twe (R-4 end R-5) where the per-
cent rises to 84 and 29, respectively. All other rock components -
sendstone-siltstone, shale (grey and black), acid igneous and metamorphic,
basic igneous end metemorphic, and quartzite - are found in quantities
of T percent of less and in only & few sarples does the percent exceed
2 for any of these rock types.

In this study, as in most others, the limestone/dolcmite ratio
appears to be of greestest velue in subdividing the semples on &

stratigrephic or geographic basis. With only one exception (K-3), all
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samples which were collected within the area wherc leaching depths
exceed 12 feet (pre-Illinoian) have limestone/dolomite ratios greater
than 15/1. The ratios of all samples collected within the area where

leeching depths are between 6 and 8 feet (Illinoian) are less than 6/1

encé greater than 1/1. Samples which were collected cutside of these
arees, the "uncertain" samples, can be placed into two categories on the
basis of their limestcne/dolomite ratios. The uncertain semples whose
ratio exceeds 15/1 are considered pre-Illinoisn in age and are located
adjacent to the other pre-Illinoian samples on the uplands of Boone and
Gallatin County, Kenﬁucky. The uncertain samples whose ratio is less
then 15/1 are located in southeastern Indiane, extreme western and
northerc Hamilton County, and the low elevation sites along the Ohio
River in Kentucky. These samples are interpreted as being Illinoian in
ege. Figure 15 presents a summary of these interpretations.

The anomalously high percentage of chert frcem two samples along
the western edge of the study arees (location R-4 and R-5, Fig. 1) is
thought to be the result of ice erosion of e locel concentration of
residual chert which had been weathered out of the Silurian limestcnes
of that area, probebly fram the Laurel Limestone. Although pebble
counts were not made at other locations near the edge of the Silurian
outcrops in the western study area, nearly all exposures of till from
north-central Trimble County, Kentucky, to central Ripley County,
Indiana, contain urusuelly high percentages of chert pebbles. North
of central Ripley County, the chert compcnents are not noticeably high

except in the basal, Nebraskan, till et location DK-1 in southeastern
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Decatur County, Indiana. Similar chert concentrations have been
reported by Gooding (1966) from buried "Kansan" tills in this ares and
to the north. Because large quantities of chert would probably be
produced only ;F‘:.r long period of weathering of the bedrock surfece,
Gocding feels that those tills which contain high percentages of chert
represent deposits of the first ice sheet to invade that area. This
does nct necessarily mean, as Gooding suggests, that all tills with

& high chert ccntent were deposited by the same Kansan or pre-Illinoien
ice sheet. It simply means that wherever the chert-rich tills are

found, no earlier ice advance is likely to have invaded that particular

aresa.
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INTERPRETATION OF EARLY DRAINAGE IN THE REGION

Introduction

A study of the early glacizl and pre-glacial drainage in the area
was necessary in order to more clearly understend the glacial
relaetionships. Primarily the study was topogrephic but, in several
places, the stretigraphy wes studied in detzil. The following section
reviews the most widely accepted ideas on the early drezinage of the

region and proposes several major chenges in the interpretation.

Tesys Drainege

The major pre-gleciel river in the region was the Teays, studied
in deteil first by Tight (1903) and named for ncw-abendoned valleys in
West Virginia. This ancient dreinage system heeded in the Appalachians
and the trunk stream floweld westwerd across central Chio, Indianc, and
I1linois tc the Mississippi Embeyment (Fig. 11). The name Teays is used
in this report, as Veyne (1956, p. 36) suggested, tc refer only to the
pre-glacial streems of the Teays River drainsge basin.

Much of the old Teays drainsgc system has been buried beneath
gleciel drift. Ccmmonly the ancient velley bottoms are about 200
feet above the present mejor drainesgeways and 100-200 feet below the
uplands. In scuthwestern Ohio, scutheastern Indiana, and northern
Kentucky, the Teays-age streams heve cn intrenched meandering pattern

(Plate 1).
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Several writers (Coffey, 1958, 1961; Durrell, 1961, p. 51) have
suggested that the pre-glaciel drainege wes across northern Ohio end
Indi=sna into the Grect Lekes' basins rather than westwerd across the
central parts of these states. According to Coffey and Durrell, the
west-flowing Teays system wes not develcped until sfter the invasion
of Nebrasken ice. No evidence is aveileble to ccnfirm this hypothesis
and the buried bedrock surfece meps of Ohic (Cunmins, 1959, Pl. 2)
and Indiens (Weyme, 1956, Fig. 5, Pl. 1) do noct show any valleys
connecting the centrel parts of these states with the Great Lekes'
basins.

In southwestern Ohio, scuthesstern Indians, and northern Kentucky,
much of the intrenced and meandering Teays-age velley system - which
lies sbout 100-200 fecet below the upland level at 650-T00 feet in
elevation - is now sbandoned. The present drainage pattern fcllows
these ebandoned routes clcsely (Plate 1). Although there hes dbeen
considerable debate about the direction of the Teays-age streams south
and west of Hamilton, Ohic, most recent authors have concluded that
they flowed northward through the Cincinnati aerea to Hamilton and
eventually joined the main westward-flowing Teeys River in central Ohio
(Fig. 11).

Several euthors have proposed nemes for the mein pre-glacieal
streams in this area and, in some cases, more then one name was applied
tc the sane river. Fowke (1898) was the first tc recognize that the
pre-glaciel dreinage in the area was ncorthward through Hamilton and

imto the main Tegys velley. He also named most of these pre-glacial
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Table 5 - Sumuary of nemes used for pre-glacisl (Teays-sge) rivers in southwestern Ohio, southeastern Indiana,
and northern Kentucky. The names that should be retoined are underlined and shown in Plate 1.

INITIAL REFERENCE

NAMES OF FRE- DIRECTION
GLACIAL RIVER GEOGRAPHIC EXTENT OF NAME OF FLOW
014 Limestone In and adjacent to present Ohio River valley from northvwest

Maysville to eastern Cincinnati, then north and west
through Norwcod Trough to present Mill Creek valley;
original reference did not extend river north of

Cincinnati.

Manchester Same as 0ld Limestone except headwsters extended to northwest
Manchester.

01d Licking South from junction with Manchester River near New north

Richnond to present Licking River valley at Butler and
then up present Licking; original reference extended
river entire length of Licking River and north

through Mill Creek vealley to Hamiltoun.

0l1ld Laughery In and adj)acent to Great Miami River valley from northeast
Hamilton to mouth of Laughery Cre:k and then up
Laughery Creck valley.

014 Kentucky Same as 01d Laughery from Hemiltoa to Leughery Creek northeast
but from there it continues south and west along
pregsent Ohio River valley to Carrsllton end then up
Kentucky River valley.

Cinecinnati Roughly same as 01d Kentucky. northeast

Hamilton Southwestward from Hamilton but then, before reaching southwest
the Ohio River valley, westward into Indiana.

Eagle# Same as 01d Kentucky from Hemilton to near Patrict where north

it then leaves present Ohio River valley through now-
abandoned chennels into the headwaters of the present
Eagle Creek.

Fowke (1898)

Fowke (1924, p. 86)

Fowke (1898)

Fowke (1898)

Fowke (1900)

Tight (1903, Pl. 1)

Stout, Ver Steeg,
and Lasb (1943)

Durrell (1961)

* The name Eagle River should only be retained for thet portioa south of the jJunction with the 014

Kentveky River near Patriot.

6
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rivers for the first time. Table 5 surmarizes the various names used;
those retained by the author are underlined and also shown on Plate 1.
Evidence to support the interpretation that the ebandoned Tesys-age
valleys in this region were north-flowing is:

(1) Reconstruction of the ancient meandering valley pattern
(Plate 1) shows that the entrance angle of many of the tributaries to
the 014 Kentuecky River would have been barbed if the river had flowed
south instead of north.

(2) Bedlozd depcsits in these channels are composed primerily of
pebbles of "Pottsville-like" quertz and Mississippian chert that were
probaebly derived from the southeast and southwest. In addition, the
ancient streams flowing from the southwest toward Hamilton (Plete 1)
contein Mississippian gecdes (but no coal pebbles) while those flowing
from the scutheast contain coel pebbles but no Mississippian geodes
(Miller, 1895; Cressmen, 1968; Jillson, 1946, p. 20-30; Swadley, 1969z, b;
Durrell, 1961; Hester, 1965). It seems, therefore, that these two
ancient valleys did not contain the seme river - since their loads
were different - but were separete north-flcwing tributeries in the

same systen that dreined the ares south of Hemilton (Plate 1).

Barly Post-Tesys Drainage

Mzjor chenges in the Teasys river system probably occurred when the
first (pre-Illinoisn) ice sheet pushed south ascrcss the main Teays

iver valley in centrel Indiena and/or Ohio and dermed its westwerd out-
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let (Fowke, 1898; Ver Steeg, 1936, p. 927, 936; Wayne 1956, p. 35;
Durrell, 1961, p. 52). The mein changes brought about by this glacia-
tion were: (1) to sever the southwestern Ohio, southeastern Indiana,
northern Kentucky drainage basin from that of the main Teays system;

(2) to cause the ebandonment of many of the meandering Teeys-age velleys
for neerby but more direct routes; (3) to integrate the old Tesys water-
weys of the eree into a southwest-flowing Ohio River system; end (k) to
intrench the new dreinege routes 200 cr nore feet below the old Teays
valley floors, often to a cdepth below that of todey's valley bottoms,
this deep-velley stage is referred tc as Deep Stage drainage (Ver Steeg,
1936).

The integration of the cld Teays waterways into the Ohio River
system necessitaeted that several major Teays-ege divides across the
present OChio River valley be breached. Within the area of this study
wes the divide at Medison, Indiana, which separated the north-fiowing
01d Kentucky River from that of the southwest=flowing 0ld Ohio River
(Fig. 11). Deamming of thc downstream (nocrthern) portions of the Tesys
system north or west of Hamilton, Ohio, prcduced ponding in the Old |
Kentucky, Manchester, and 01d Licking River valleys. Eventuolly as these
waters spilled westward acrcss the divide at Madison intc the 01d Ohio
River basin, a new outlet wes established and the direction of water
flow from Hemilton tc Medison was reversed. Probsbly at ebout the same
time, the waters of the 01d Licking and Manchester Rivers were added

to the headwaters of the new southwestward-flcwing Ohio River.
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Time of Teays Abandonnment

The events leading to the ebandonment cf the meandering Teays
valleys and the establishment of the present Ohic River drainage in
this area have never been well-documented by field evidence., It is
possible that the change ceme sbout in a more complex way than hes been
previously postulated and mey involve nultiple early glaciations.

It is suggested here that part of the 0ld Kenmtucky River, that part
south of Cerrollton, Kentucky, mey have been ceptured by the westward-
flowing 01d Ohio River system prior to glaciaticn as it cut headward
through the col at Madison, Indiana. Leverett (1929, p. 8) has repcrted
enother such capiure of the 0ld Ohio River drainage basin on a2 portion
of the 01d Kentucky  River sbcut 50 miles upstresm from Carrollton near
Lewrenceburg, Kentucky. The fact thet the meandering 0ld Kentucky,
Manchester, and 01& Licking Rivers were intrenced suggests that uplift
was going on during Teays time.

Since the shorter route tc the Mississippl Embayment was westwerd
through the 0ld Ohio River, intrenchment and headward growth probably
were more repid in the 0ld Ohioc River system than in the Tezys system.
If such & piracy did take place, it would certainly be less difficult
to reverse the flow of the remaining north-flcwing porticn of the 0Old
Kentucky River when ice first invaded the drainage tasin of that river.

Mos%t have suggested that it was not until Kansan time that the
Teays dreinage in this area wes severed from the main Teays system and

the north~-flowing 014 Kentucky River was reversed and integrated with
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the Manchester-01d Licking Rivers. There are, however, several strong
lines cf evidence to challenge these conclusicns and postulate that the
Teays waterways of this area were not only incorporated into a west-

flowing Ohio River system befcre Kensan glaciation but were alsc cut

well below the old Teays valley bottoms by that time. The evidence for
this is presented below.

(1) Near Batavia, in Clermont County, Ohio, beneath more then 30
feet of czlearecus Illincian till and ovtwash is & 10- to 13-foot unit
of weathered clayey silt and sand - believed to be 2lluvium - which
overlies a partially leached coarse gravel (Fig. 12). The gravel,
which may be pre-Illinoian cutwash, is at an elevation of 580 feet,
agbout T0 feet below the valley bottoms of the mein Teagys valleys in this
area. Holoweychuck and Wilding of The Ohio State University (written
and oral ccmmunication, 1970) interpret the weathering in the alluvium
as "a well-developed paleosol, compersble in development to soils that
have been forming since 'late' cr possibly 'early' Wisccnsinan deposi-
tion". This paleosol is interpreted to be Yarmcuthian in age.
Preliminary pollen studies in the alluviun (Werren, University of
Cincinneti, 1970) show an upward decreese in gymmosperm (primarily pine
and spruce) pollen and an increase in angiosperm (primerily hardwood)
pollen. The upper two feet of the alluvial unit is barren of gymnosperm
pollen. The author interprets this change as an indication of & warming
climate, probably following Kensen glaciation. Therefore, if deposition

of the alluvium was initiated at the end of the Kansan, the cutting of
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9 f+. till, calcareous

~—

1 ft. silty clay, calcareous, laminated

_TEI) 9 ft. sand, calcareous, bedded, silty & v. fine
s grained at top, coarse grained at base

2 ft. clayey silt, upper portion laminated,
non-calcareous

8-11 ft. silty clay, increasingly sandy & pebbly
toward base (=alluvium), non-calecareous,
. - .poorly bedded, fine to coarse angular
~ --- blocky soil structure with clay coatings
on ped surfaces

1-3 ft. coarse gravel, 1lgly 1ls cobbles, finer and
non=-calcareous in upper 1 ft.

0-2 ft. silty clay, pebbles & ls slabs incr., toward
base, lower half weakly calcareous with
mollusks & wood (=landslide debris?)

Creex level

. Figure 12 - Stratigraphic sectlion exposing Yarmouthian paleosol in
Aftonian Deep Stage valley; 0.6 miles north of Batavia in Clermont
County, Ohio where SR 222 crosses Backbone Creek, More detailed
description in Appendix.
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this Teeys tiibutary valley -~ tc & depth well below the main Teays

valleys of the ares - must have been initiated even before Kensan
glaciation.

(2) In western Boone County, till is found 150 feet below the Teays
valley bottoms in an area where it is difficult to extend & tongue of
Illinoien ice to deposit it (locations B-8 end B-11, Fig. 1). Although the
laboratory data on the till is inconclusive, the presence cf pre-Illinoian
til1l (leached 16 feet) on the uplends & short distence to the north suggests
that the till mey also be pre-Illinoien in age. The deep valley in which
the till is founé would, therefore, have to have been cut by Kansan time.

(3) Within the Mill Creek velley in Hamilton County (locetion H-17,
Fig. 1), well below the level of the Teays-age valley bottoms at an eleva-
ticn of 520 feet, Durrell (1961, p. S57; Durrell in Durrell, Forsyth, and
Goldthwait, 1961, p. 80) has described a 13-foot leached send unit between
two calcareous tills. He interprets this leached sand zone as being
either a decapitated Yarmouthian scil profile or the results of a long
pericd of interstadial weathering. If the soil is Yarmouthian, then the
deep valley cutting would have to be pre-Kansan in age.

(4) The first strong evidence for Nebraskan glacistion eest of
I1linois is now known in Decatur County in southeastern Indiena (Fig. 3).
With Nebraskan ice advancing this far south in Indiana, the north flowing
Tegys sytem would have been ponded. This ponding would have caused the |
waters in the 014 Kentucky River to spill westward across the divide
which separated it from the 0ld Ohio River drainage basin. The new

west-~flowing Ohio River would thus heve been established and pre-Kansan
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intrenchment could eesily have tsken plece.

In summary, the authcr feels that the north-flowing pre-glacial
Teays system was gbandoned and a nev Chic River established end cut well
below the Teays valley bottoms (to the sc-celled Deep Stege level)
pricr to Kansan glaciation. The course of the new, Aftonien, Ohio
River was zbout the same as that of the present Ohio River except from
the eastern edge of Cincinneti to Lawrenceburg where it had s more
northerly route via Hamilton (Fig. 13). Since Hebraskan ice came =t
least as close as Decatur County in southeastern Indiane, it probably
was largely responsible for producing these changes. It is possible,
however, thet part cof the Tegys sytcem, the headwaters of the 0ld
Kentucky River south of Carrollton, was ceptured by the westward-flowing

014 Chic River even before the first ice entered the aresa.

Drainage Chenges Resulting from Kanssn Glaciation.

The drainege changes resulting from Kensen gleciation are presented
with the assumpticn that the new Ohio River system had alrealy been
established and cut several hundred feet below the 0ld Teasys valley
bottoms. These valleys are referred to as Aftonian Deep Stage valleys
(Fig. 13).

With the invesion cf Kansan ice, the route of the Ohio River from
Cincinnati to Hamilton tc Lawrenceburg was blocked and the water had
to seek a new route around the ice. It is suggested here that the
Cincinneti-Hemilton-Lawrenceburg segment of the Ohio River (Fig. 13) mmy

have been gbandoned at this time and a shorter more southerly route
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Figure 14 - Yarmouthian Deep Stage drzinage in the Cincinnati area.
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esteblished. The prcposed new river course is shown in Figure 14.
Deepening of these valleys would egain produce a Deep Stage period -
Yarmouthian Deep Stage.

The positicn of the Kansan ice front along the western edge of the
Mill Creeck velley in Cincinneti (Fig. 14) would seem to support the
above interpretation. ZElsewhere in this eres, there probebly wes little
change in the mein drainage patterns which were established prior to
Kensenr glaciaticn.

Previous interpretations have shown thet the Cineinneti-Hemilton-
Lawrenceburg route of the Ohio River was not abandoned until Illinoien
time (Leverett, 1902, p. 116-117; Fenneman, 1916; Durrell, 1961).
Because there is no more evidence for this interpretation than for the

present one, both should be considered as possibilities.

Drainage Changes Resulting from Illinoian Glaciation

The present majcr drainage lines in southwestern Ohio, southeastern
Indisna, and northern Kentucky were definitely established by the end of
Illinoien time. The remaining portion cf the Ohio River that had flowed
north around Cincinnati in the Little Miami River valley, Norwood Trough,
end Mill Creek valley (Fig. 14) - or, the Cincinnati-Hamiltcon-Lawrence-
burg route (Fig. 13) -~ was diverted southward into its present valley
by Illimoian ice.

The Yermouthian ccurse of the Great Mieni River from south of Hamiltcn

to pnear Lawrenceburg {Fig. 1}) was elsc pushed southeastward out of its velle;
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by advancing Illinoian ice (Durrell, 1961, p. 57). Its present course
was established as an ice marginal channel in & reletively narrow valley,
one to three miles southeast of the old valley, a2long & 10-mile distance
between the northcin clzc ¢f Hamilton County and Cleves, Ohio.

Just south of this earez a temporary river change took place near
Lawrenceburg when Illincian ice crossed the Ohioc River valley and
forced the river to cut e new chennel perallel to the old cne. The
ice barely invaded Kentucky and the now-gbandoned, three-mile-long
I1linoian valley was cut less than a mile eest of the present valley.
The well-known Split Rcck conglomerate is found at the downstream end
of this valley and probsbly was deposited in slluviel fan fashion as
this valley wes cut (Fowke, 1898, p. 8-9; Durrell, 1961, p. 56-57).

Ancther dreinage change toock place near Carrollton, Kentucky.

Here, either Illinoian or Kansan ice pushed south into the mouth of the
Kentucky River valley end, slong & short distance, forced the river to
cut & new valley sbout twc miles to the west.

Numerous other temporary dreainage chanmels were cut as the
Illinoian ice invaded the valleys of the area. Since these are of
little significance in interpreting the glaciel history of the area,

they will not be discussed.
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INTERPRETATION OF GLACIAL DEPOSITS

Pre-Kangsan Glaciation

The first glacial event recorded in southwestern Ohio, scutheastern
Indizne, and northern Kentucky is the invesion cf Webrasken ice. Evidence
et & single cut in Decatur County, Indiena (Fig. 3), z2ppears to be
substantial enough to mezke this conclusicn. In this cut the basal or
Nebraskan till is overlzin by three Kansan tills, the upper one with
a Yarmouthian svil Geveloped in it, and this is cverlsin by en Illinoian
till. Oxidation in the basal till is thcught to represent the vestiges
of an Aftonian weathering zone and the till is, therefore, Nebraskan in
age. The Nebraskan till is nemed, in this peper, the St. Masurice till.

Schaber (1962) has interpreted two mineralcgically distinct glacio-
fluvial depesits in northern Kenton County, Kentucky, as resulting from
two separate (major) Kansen ice advances. Because cf the substantial
difference in depth of lesching betwecen these two deposits - hh feet
and 34 feet - the present writer is inclined to consider one Hebrasken
2nd the other Kansan - = possibility ncted by Schaber (1962).

Till of Nebrasken age has been identified by Leighton and Ray (1965)
in a cut 10 miles southwest of Cincinneti (locetion B-10, Fig. 1). Here,
they have interpreted a leached, manganese-rich, clayey grevel unit
("gumbotil®™, "bleck scil remnants', end "leached till") between twc
tills as & truncated soil profile in the lower till. Since the surface

(upper) till in the area is thcught to be Kensan in age (Durrell, 1961),
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the lower till is comsidered Nebraskan by Leighton and Ray. Re-investi-
gation of the cut by the author produced a completely different
interpretation - thet is, the leached and porous clayey gravel is a
gravelly zcne within the Kansan till which is an extension of the surfezce
soil (stratigraphic section B~10 in Appendix). This is a concept recog-
nized by Gooding, Thorp, and Gamble (1959). Others who have studied
the cut (R. P. Golcthwait, A. M. Gooding, and R. H. Durrell, oral
cormunication, 1969) have also expressed serious doubt as to the
Nebreskan-age interpretstion put forth by Leighton znd Ray (1965).
Nebraskan ice depcsits, then, are clearly reccrded cnly as far
south ané east as Decatur County, Indizna. Since it was apparently this
ice advance thet was responsible for the abandonment of the ncrth-
flowing pre-glecial (Teays) drainegeways end the establishment of a
westward-flowing Ohic River, the positiocn of the new Chio River west of
Cincinnati may reflect the approximate line to vhich this ice advenced.
With this interpretaticn the Aftonien course of the Ohio River fron
Madison to, perhaps, Hamilton was esteblished es en ice-marginel channel
and was soon cut below the old Teeys valleys so that when the icc melted
the pre-glaciel channel was not reoccupied. The dceply leached (UL
feet) glacio-fluviel deposits in Xentcn County mey be the result of over-
flow fron the Nebrasken-ponded Teeys stresms or possibly from deposition

by Nebraskan meltwater.
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Kansen and Illincian Glaciszticn

Kansan tiil was first recognized as the surface deposit in south-
western Ohi¢ and ncrthern Kentucky by Durrell (1956). Rich (1956)
proposed that much of the surface till in southeastern Indiana is alse
Kansan in sge. Basad cn depth of leaching, which is genersally grester
than 12 feet, the author concludes that all uplanc till in Kentcn and
Boone Counties (Kentucky) and ir much of southwestern Hemilton Ccounty
(Ohic) is pre-Illinoian, prcbably Kensan, in asge (Fig. 15). This till

is herein informelly named the Cincinneti till for its common occurrence

in the western suburbs of Cincinnpati. Depth tc carbonates in eastern
Hamiltcn County anéd Clermont County (Ohio) are consistently in the 6~
tc¢ 8-foot renge ané are, therefore, ccnsidered Illincien. The till in
southeastern Indiana, westernmcst Hemilton County, Ohio, and Gallatin
and Carrcll Counties, Kentucky, (the "uncertain-age till of the study)
is leached from 6 to 12 feet and nc aoge assignment wes initielly mede
on the basis of the depth of leaching.

Figure 15 is a summary of all ege interpretaticns made in the study.
The Illincian till of Clermont and eastern Hamilton Counties and the
pre-Illinoian till of Boone, Kenton, scuthwestern Hamilton Counties are
clearly distinguishable in this figure. Except for the three samples on
the uplands of Gallatin County, which are distinetly pre~Illinoien-like,
few of the uncertain samples are clearly pre-Illinoizn or clearly
Illinoian. Even when considered as a group, the uncertain samples do not

give any cleor indication as to their ege. To further complicate the
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natter, the properties of the Kansan and Nebraskan tills of Decatur
County, Indiana (location DK-1), are more like those of the Illinocien
tills of the Clermont Lobe then they are like the Kensan tills of
northern Kentucky and southwestern Ohio.

Several possible explanations exist for the inconclusive age
relations between the uncertain tills and the Illinoian end pre-Illi-
noian tills. These are, (1) the uncertain samples mey actually be both
Kansan and Illinoian in age, (2) the uncertain tills may not have been
deposited contemporaneously with either of the till sheets with which
they have been compared, and (3) the apparent "aversges" of the till
properties mey not, because of the small number used, be truly
representetive of the widely varying properties of the till sheet. 1In
the latter case, some of the uncertain semples would be expected to fall
into cre "average" while others would nct.

On the basis of the laboratory data, the euthor dces feel that the
following conclusion is valid: since till febric studies (Fig. 4) indicate
that both the pre-Illincian end the uncertein-sge samples were depcsited
by ice flowing frcm the northwest, the numercus empirical differences
between the two groups could be interpreted es the result of depositicn
by two different ice sheets. Combined with the comsistently shallow
(less than 12 feet) depth to carbonates within the aree of uncertain-
age samples, it is concluded that the surface till throughout mest of
southeastern Indiana and in a few adjecent perts of Kentucky and Ohio,
post-dates the surficial till of northern Kentucky and southwestern

Hemilton County, Ohio (Fig. 15). Although this post-Kansan till is
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probaebly equivalent to the Illincien till of the Clermont Lobe, evidence

to establish this is lacking.

The boundary between the Illincian till in southeastern Indiena and
the older drift on the uplends of Kentucky to the east lies near the
Ohio River valley but is difficult to precisely delineate. Because of
the repeeted meltwater flcods in the Ohio River valley, zll till exposed
within the valley has a shallow depth to carbonates; for this reason,
leaching depths are of no value in defining the glacial boundary in this
eres, By combining the meager topographic, stratigrephic, and empirical
evidence, the suthor has drawn the terminal boundery of the Illinoian
(Harrison Lobe) ice along the western and northern edge of the Ohio River
velley throughout most of the eree (Fig. 15). Although future investi-
getion nmay refine this boundary, the author feels that it is inaccurate
by no more than a few miles. Teble 6 presents a summery of averages of
the "diagnostic" empirical data after the uncertain samples were divided

into two groups ~ Illinoian and pre-Illinoian.

PN

Teble 6 - Averages of the four major "diagnostic"” properties in the tills.

clay
grain minerals heavy pebble
size (% kaol. niperals counts

Age of till (no. of samples) (% clay) & chlor.) (hyp./ep.) 1s/dol

Illinoien (13) 30 24 z.3/1 2.8/1
=~
g Illinoien (23) 33 1 /2.5 1.31
g pre-Illinoian (14) 34 8 1/2.k 16/1
pre-Illinoian (16) 39 6 1/3.2 53/1
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In summery it does not seem thet laboratory enalyses offer a nethod
of consistently differentiating the till sheets in this area. Enpirical
differences do exist but are only consistent between the northeastern-~
derived Illinoian till of the Clermont Lobe and the ncrthwestern-derived
pre-Iillincian till of northern Kentucky and southwestern Ohio.

The ice which invaded scutheastern Indiana during the Illinoian
(Harrison Lobe) was probably = very feeble advance, stagnating shortly
after it reached its maxioum southwarcd extent. The bases for this
conclusion are: (1) the thickness of till throughout most of this area
is less than ten feet, (2) the upper few feet cf the till is very silty
and grades intc the overlying silt (lcess) cap which suggests that the
ice stegnated, was covered by lcess, and then melted producing a mixing
of the wind-blown material end ice-carried debris, and (3) the absence
of any constructionzl surface features which would have been produced if
the ice had stood in equilibrium for even a short period of time.

At least twc stadial advances of Kansan ice ~ the Alpine and the
Coluribia Stades - inveded southeastern Indiane es far south as Decatur
County. This is indiceted by Gooding's (1966) work and the cut in south-
eestern Decatur County (Fig. 3). A third fluctustion in the Kansan ice
sheet is also indicated at the Deeatur County cut, but this mey only
have been a minor fluctustion rather then a retreat of stadial magnitude.
There is no indication that more than cne Kensan ice advance ever reached
into Kentucky or Ohic.

West of Cincinnati, es far south as central Ripley County, Indians,

LY
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there is evidence for two Illincien stades -~ the Centerville and the
Richnond Stades (Gooding, 1966). East of Cincinnati, two pulses of
Illinoian ice - probably of stedial rank as suggested by the thin non-
calcareous zone between the tills et H-13 (Fig. 1) - are indicated to
hgve pushed as far south as ztout the Ohio River valley. These tills
are correlated with the Centerville and Richmond Stades of southeastern
Indiana and nay be equivalent to the two Illinoian tills northeast of
the study area in Highland County, Ohio, described by Goldtkwait (1969,

p. 11).
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SUMMARY OF CONCLUSIONS

The first ice sheet tc invede the aree was the Nebraskan. The
St. Maurice till clearly records its advance as far scuth as Decatur
County, Indiana. Abandonment cf the north-flowing pre-glacisl (Teays)
rivers in the area (Plate 1) and the estasblishment of a new southwest
flowing Ohic River (Fig. 13) probebly ceme gbcut largely a2s 2 result
of the Nebrasken invasion of ice. The locaticn of the new Ohio River
west of Cincinnati with which the present Ohio River coincides between
the towns of Lawrenceburg and Medison (Indisna) may have been largely
determined by the position of the edge of the ice sheet.

During the Aftonien Interglacial, the valleys of the new drainage
routes were ercded several hundéred feet below the ebandoned Teays valley
level to a depth et least as grest es that of the present Ohic River
valley bottem (450 feet in elevation). This stage of valley developrent
is referred to as Aftonian Deep Stege dreinage.

Pre-Illinoian, probably Kansan, ice pushed across Indiana from the
northwest adwvancing into Kentucky as far scuth and east as northern
Kenton, Boone, Gallatin and Cerroll Countieé. In Ohio, this ice reached
into western Hamilton County as far east as the present Mill Creek valley
(Fig. 15). No pre-Illinoian ice deposits ere known east of the Mill
Creek velley. Till of Kansan age, the Cincimneti till, is found on the
surface in ncrthern Kentucky and extreme southwestern Ohio dbut in south-
eastern Indiane is buriecd nearly everywhere by ycunger drift. There

were at least two, and pcssibly three, pulses (stades) of Kansan ice
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as far socuth as Decatur and Ripley Counties, Indiana. Two of these ice
advences are correlated with Gooding's (1966) Alpine Stade (oldest) and
Columbia Stade (youngest); the third msy only represent a minor
fluctuation within the Columbia Stade.

It is proposed that the course of the Aftonian Deep Stege Ohio
River - around Cincinnsti via Hamilton to Lawrenceburg (Fig. 13) - was
permanently abandoned during Kansan glaciation. A new route was
established which coincided almost exactly with the present course cf
the Ohio River except from the Little Miami River to the Mill Creek
velley where it still flowed north through the Norwocd Trough (Fig. 1h).
Nc other major érainage disruptions are kncwn to have taken place at
this time. Yarmcuthian rivers flowed in wvalleys that weré cut at least
a3 deep as the Aftonian cnes. This pericd of drainege is referred to
as the Yarmouthian Deep Stage.

Illinocian jice invaded the ares both from the northwest and the north-~
east. The northwestern ice, the Harrison Lobe, pushed south across
Indiana to zhout the Ohic River, invading the Ohic River velley only
near Carrollton (Kentucky) and just south of Lawrenceburg (Indiana),
(Fig. 15). In westernmost Hemilton County the Harrison Lcbe invaded
the Yarmcuthien velley of the Greet Mieami River and forced it tc abandon
its course for the one in which it now flows several miles to the south-
east. Two stadial advances cf Illincian ice are known in the Harrison
Lobe as far south as Ripley County, Indiana. Gecoding (1963) has named
these the Centerville Stade (oldest) and the Richmond Stade (youngest).

Soon after the Harrison Lcobe reached its maximum the ice stagnated.
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The invasion of Illinoien ice from the northeast, the Clermont Lobe,
ecrossed the Chic River for a short distance into eastern Campbell County,
Kentucky, end pushed into the eestern emd northern portions of Hamilton
County , Ohio (Fig. 15). Twc Illinoian ice advences (stades) are
recognized throughcut nost of the Clermont Lobe. These are correlated
with the Centerville and Richmond Stades in scutheastern Indiana.

The final changes in the course of the Ohio River in this area
took place during Illincian glaciation. The Yarmouthian route of the
river around the northern edge of Cincinnati - in the Little Miami River
velley, Norwood Trough, end Mill Creek valley (Fig. 1) - was ebandoned
es ice of the Clermont Lobe advanced south to zbout the present course
of the river between Cincinnati and Covington (Kentucky).

Wisconsinan ice inveded only the ncrthern edge of the stuly area.
Outwash, probably from both Altonian and Woodfordian glaciers, was
deposited in the mejor valleys south of the ice. Altonian and Woodfordian

lcess was deposited on the clder 2rift surface throughout the area.
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5-3 0.80 0.70 0.80 1.58 k4.66 5.k2 3.61 16.8 6.31 9.69 9.91 T7.20 33.6 49.6
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number S £ 8 8 &
Illinoien till (Clermcnt Lobe)

C-3 4o 12z 47 c +

CL-1 32 i5 53 ¢ +

Cl~22 Lk 19 3T + ++

CI~2b 38 12 50 + ++

CL-3 27 24 L9+ ++

H-13a 32 27 M1 o+ ++

H-13b 39 23 38 + o+

H-1b 27 27T 4 +

H-15a 23 28 kg + ++

H-15b 26 29 L5 + ++

E-16 22 33 43 + ++

H-1Ta 17 30 52 + ++

H-1Tb 28 27 46 +

¥ Tncludes non-expandeble vermiculite
4+ Present in smell to large quentities
++ Present in snzll tc large quantities but more sbundent than +

o Absent c¢r present in very snall quentities
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K-4 51 6 43 o +
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Semple 5 §£‘§ A é §
nurber [} A
E-18 48 9 k2 o +
J-1 31 13 56 ¢ +
0-la Lo 23 38 + ++
O-1lc 33 27 w0 + 2
0-1d 42 8 50 o +
O-le L5 9 4 o +
0-2 32 9 58 o +
R-1 55 9 36 ?
R-3 58 10 32 7 ?
R-k 22 ik 65 o +
R-5 L8 8 W ¢ +
S-1 67 7T 26 ¢ +
S-2 37 9 Sk ¢ +
S-3 64 8 28 o +
S-U Ly 11 b o+ 2
s-6 53 6 41 o +
Dk-la 32 35 32 o ¢+
DK-1b ] 21 38 o +
DK-1c 1 27T 43 +  ++
DK-1a 28 28 Ly + ++
DK-le 59 7 35 o +
DK-1f 43 21 36 ¢ +
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Keol. &
Chlor.
Illite
Chlor. pr.
Keol. pr.

Sample 5_
number

W
)
w
+
1

PQM-1a** 30 3

W
[e)

PCM-1b** 35 29  + ++

®® Sampl.Les from Cagles Mill cut in western Indiena
(12 is Kansen, 1b is Illinoian - Wayne, 1958, p. 10).
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Teble 9 - Heavy mineral and carbonate analyses (in percent) of .062-.250 mm fraction

. g
m g S w Z
5 0 58 8 g -
¥ a -8 (o] o ] 'E
g d4 % < 3 8 o % .
8 R B ¢4 4% 28 s E 3 G
wn 0
R - g8 X f? Q@ 8 X g i B 9 W. %
s o ° 5 A 6 h B 2 8" g o 0 H
Weight o o = S 9 o 2 H 8 4 8 5 9 E g g 9 ‘H sol.
Semple 7 ~f 5 g L g § £ g E a £ 4 £ K 8 & & p in
nunber heavies © S P e P& d 3 & H 3 8 B ¥ & o4 _HCl
Illinoian till (Clermont Lobe)
c-3 2.1 8 11 19 37 6 43 4 S5 tr 9 1 0 2 0 1 2 12 12 35.5
CL-1 2.3 8 Y, 12 b2 % 3 0 2 5 2 1 2 2 1 1 16 13 29.5
CL-2s, 2.8 6 8 14 3% 2 37 4 3 3 10 2 1 1 tr tr tr 23 11 28.2
CL-2b 2.1 8 11 19 32 1 33 3 1 3 7T 3 1 2 2 tr 2 24 8 27.6
CL-3 3.1 8 10 18 39 tr 39 6 6 L4 16 1 1 tr 0 3 2 13 T 36.1
H-13a 3.1 6 9 15 36 3 39 4 Lk 1 9 tr tr tr 0 1 6 16 13 35.0
H-13b 2.4 6 8 14 30 6 36 5 2 12 3 0 0 0 1 20 11 28.7
H-1k 2.6 5 5 10 30 4 3% 4 3 2 9 tr 5 0 0 0O 5 24 12 31.2
H-15a 2,5 6 6 12 36 tr 36 4 tr 2 6 1 0 1 0 tr 2 28 13 32.6
H-15b 3.0 9 9 18 33 2 3% 5 1 L4 10 0 2 tr 0 O 2 20 13 28.3
H-16 2.1 8 8 16 W 2 43 6 L 4 1h 1 0 tr tr 1 2 16 6 30.0
H-1Ta 2.5 7 6 13 3% S5 4 4 s 4 13 1 1 1 1 0 3 17T 10 31.h
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. . &

n 3 - . iy

RS NS IS I B S

A EENEEE R I N R R &

rslglli-: heavies & & 8 g &4 8 i _E_@ S & = g g & % & 9
H-1Tb 2.8 10 7 1T 39 3 Lk 6 4 2 12 2 1 tr 0 1 1 15 8 34.8
pre~-Illinoian till
B-1 25 10 5 15 3% 4 38 5 1 2 8 4 tr 1 tr tr 2 20 12 34k
B-6 3.0 7 13 20 3 5 W 4 tr 1 5 3 tr 2 1 2 tr 14 13 13.0
B-T 2.3 Y 10 1+ 36 5 4 4 o 4 8 5 tr 3 tr 1 tr 1T 10 20.3
B-10 1.9 9 9 18 3% 3 38 1 o0 2 3 4 tr tr 0 2 0 21 14 34,2
H-1 21 13 8 21 33 3 3 5 1 4 10 1 1 1 tr 0 2 21 & L9.3
H-3 3.4 10 6 16 W tr ¥ 6 2 3 11 1 0 1 0 0 Lk 171 T 25.6
H-l 27 13 10 23 30 1 31 1 1 3 5 2 tr 1 0 1 6 16 13 32.7
H-5 2,2 11 9 20 37 3 4 3 tr 3 6 5 1 tr 0 tr 3 14 10 k0.9
H-Ta 27 13 11 2b 35 1 36 3 2 2 7T 0 2 tr 0 tr 5 16 11 28.6
H-Tb 2.8 9 13 22 38 2 ¥ 1 1 3 51 1 1 0 1 4 16 9 248
H-8 2.2 9 11 20 4 4 44y 2 0 +tr 2 2 0 0 0 tr 2 1T 12 43.8
H-10a 2.4 7 11 18 38 4 4 3 o0 2 5 4 0 tr tr 2 2 18 9 38.0

H-10b 3.1 10 11 21 35 2 371 4 1 1 6 2 tr tr 0 2 k4 13 12 32.1
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2 o4 g Do : g

'g'o) B 5 Y E 4) Ex 9 1 0

. 2 O T % & 2 % g . d g B

Welgnt = 4 4 . & 9 » . ¢ 48 § 8 F & ¢ g o W

Sample % of g E & 4 8 £ 9 S 2 £ 4 5 & 3 T4 & 5 solin
number heavies ¢, b S E% E+ P :5 P rx%' g 9 = F s o HC1
uncertain-age till (con.t)
S-2 3.3 6 13 19 41 3 Lk 3 1 3 T 2 2 0 0 0 1 17 9 20.3
8-3 1.2 0 10 20 24 3 27 1 0O 4 5 4 ¢tr 3 1 1 2 24 12 5.3
S-h 2.8 9 3 12 W 3 4 6 3 3 12 1 3 0 0 2 13 T 32.2
S-6 3.0 100 9 19 38 L4 k2 L4 tr 1 5 3 0 2 0 tr 1 20 7 18.1
PCM-1a* 2.6 6 8 1k 32 4 36 6 6 2 14 3 0 2 0 1 2 17 10 23.6
PCM-1p¥* 2,2 5 10 15 33 3 3% 6 3 3 12 1 tr 3 0 0 tr 22 11 21.T

¥Samples from Cegles Mill cut in western Indiena (la is Kansan, 1b is Illinoian-Wayne, 1958, p. 10).
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9L
Teble 10 - Percent of individual rcck types in pebble fraction

s B
-3 [+)] o~ 4;) g
~ 3 % =] =

= [} ] C

~ Sy P A N 3 )

+ o) n QO = Q ~

] ~i /7] V] + LID =] &0 -+ 0n

o — + ~ Q =] o o —

()] m o m o o N

£ & 9 5§ £ s 8 = I3 B 9
Semple H s 3 B s 9 B § 2
number 8 qh-? .8 -8 '8 3 'g 8 ey = )
I1linocian till (Clermont Lobe)
CL-1 35 11 W ¥ Lk 1 I ©0 3 0 1.0
Cl-3 6t 15 79 1= 2 0 1 1 2 0 5.2
H-1k4 5 14 69 31 0 O 1lg O O O 2.2
pre-Illinoian till
B-10 80 12 92 6 0 1 o© 0O 1 1 35.h
H-1 96 L 100 0 0 0 O O 0 O o
H-8 90 8 o8 O 1 0 O 1 1 O o
H-10 % 19 95 2 1 0 © 2 0 1 L7.5
K-3 61 8 69 22 1 1 I®» 2 K 2 3.1
uncertain-age till
B-8 70 15 8 1 0 O 2 0 0 2 1.8
B-g¥ 70 T 77 ¥ 4y L Ww T 0 0 19.2
B-11 58 23 81 11 2 2 ;% 1 0 2 7.4
CR-2 82 7 89 6 3 0 1g 1 0 O 15.0
D-1 51 20 71 23 1 0 O 2 2 1 3.1
G-2 83 7 90 b 0 3 28 0 0 2 22.5
G-L 81 12 93 3 1 0 © 1 0 2 31.0

* Based on only 27T pebbles
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2w G
A S
3 3 ¢ 2§
g~ 5 o) Q £ nn
i P P ~ o W
Q w0 o w ..
£ &« % B8 1 e 3
Sample o ) ¥ ~ 3] o
number S & 3 S € G
uncertain-sge till (cont.)
H-9 69 12 81 12 1 0 1g
H-12 67 7 T4+ 20 1 1 0
0-1 (top) 69 9 178 10 2 0 2
0-1 65 12 77 9 5 0 1
(bottom)
R-k 4 L 8 3 8 o0 0
R-5 18 39 57 5 29 1 2b
S-4 71 12 83 10 1 0 1g

Iacid ig & m2ta

rasic ign & meta

N

N

~

[¢]

L]
4] ~
et 0
r ~
N
5 g
& 3
136.8
0 3.8
1 7.8
3 8.5
1 2.7
1 1.1
1 8.3
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Locations of Samples end Stratigraphic Sections

The locations for all samples and stratigrephic sections discussed
in the text and described in the Appendix are presented below. They
are arranged alphabeticelly by state and then by county. They are located
in reference tc points shown on the most recent 7 1/2-minute topographic
quadrangle msps (ebbreviated Q). Distances are measured in straight
lines from the city halls or main road crossings of towns. Elevations
are given for the base of the glacial section and were determined from

the T 1/2-minute topographic maps.

. INDIANA

Dearborn Co.

D-1 1.3 nmi. SE of Saint lecn, in rcad cut along I-Th, 0.7 mi. ESE of

SR 1 interchange (NE i/4 NE 1/k sec. 1%, T. T N., R. 2 W.)

(Cedar Grove @); elev. 970 ft.
D-2 1.G ni. N of Dillsboro, in roadcut along road between Dillsbecro

end Cold Springs, 0.1l mi. S cf its Junction with Love Hollow

(NE 1/4 NE 1/k sec. 11, T. 7 K., R. 3 W) (Dillsboro G); elev. 860 ft.
D-3 2.6 mi. WNW of Wilmington, in road cut elong SR 350 (NW 1/4 NE 1/b

sec. 28, T. 5 N., R. 2 W) (Aurora ¢); elev. 830 ft.; secticn.

Decatur Co.
DK-1 0.7 mi. W of St. Maurice, in stream cut 0.05 mi. N of where 200
North Road crosses creek (SW 1/hk SW 1/4 see. 30, T. 1iN., R. 11

E.) (NWew Point §); elev. 990 ft.; section.
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Ohio Co.

0-1 0.5 mi. N of Bear Brench, in roadcut along rosd between Bear Branch
end Milton (SE 1/4 SW 1/4 sec. 14, T. 4 N., R. 3 W.) (Bear Branch
Q); elev. 820 ft.; section.

0-2 1.4 mi. NE of Bear Branch, in pipeline ditch, 0.1 SW of road
between St. Peters Church and Downey Corner (WW 1/4 NW 1/ sec.

13, T 4 N., R. 3 W.) (Bear Branch G); elev. 840 ft.

Jefferson Co.

J-1 3.0 mi. BW of Medison, in creek bank 0.2 mi. E of junction of
SR 107 end SR 7 (W 1/4 SE 1/4 sec. 21, T. b N., R. 10 E.)

{Ciifty Fells G); clev. 830 ft.

Putnex Co. (western Indiana; Cagles Mill cut, Wayne, 1963, p. T1)
PCM-1 3.2 mi NE of Polané, in spillway from Czgles Mill Reservoir,
0.8 mi. SE of town of Cegles Mill (SE 1/k MW 1/k sec. 13, T. 12

N., R. 5 W.); (Poland §); elev. 750 ft.

Ripley Co.
R-1 3.4 mi. NE of Spades, in borrcw pit 0.1 mi. N of I-T4 along new

rocad, 0.3 mi. W of Ripley Co. line (SW 1/4 sec. 27, T. 10 N.,
R. 3 W.) (Spades G); elev. 980 ft.

R-3 L.2 mi. W. of Milen, in roedcut along 300 Nerth R2., 0.3 mi. E of
Delaware Rd. (SE 1/4 SE 1/4 sec. 20, T. § N., R. 12 E.) (Milen G);

elev. 970 ft.
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3.2 mi. E. of Rexville, in roadcut 0.3 mi. W. of Kentuck Creek
alcng east-west road through Rexville (SW 1/k SW 1/ sec. 1k, T. 6
N., R. 11 E.) (Rexville ); elev. 940 ft.

0.9 mi. S of B & O Railroad crossing at U. S. 421 in Osgood, along
northern edge cof new querry 0.2 mi. E of 200 West Road end 0.C5
mi. S of 300 North Rd. (NW 1/4 ¥W 1/4 see. 27, T. 8 N., R. 11 E.)

(Versailles §); elev. 980 ft.

Switzerlend Co.

S-1

S-2

S-3

S-h

S-6

0.9 mi. S. of Braytown, in roadcut along north-scuth road between
Braytown end SR 56, 0.1 N of McKay Cemetery (SE 1/b4 SE 1/4 sec.
25, T. 2 N., R. & W.) (Carrollton §); elev. 870 ft.

2.7 ni. WNW of Mt. Sterling, in roadcut slong road on Smith Ridge,
0.2 mi. N of Tumblebug Creek (NE 1/4 SW 1/l sec. 29, T. 3 N.,

R. 3 W.) (Vevey Nerth &); elev. T60 ft.

1.8 mi. S. of Fairview, in roadcut along road between Feirview and
Mt. Sterling (NW 1/4 SW 1/4 see. 11, T. 3 F., R. 3 W.) (Vevay
North §); elev. 850 ft.

0.6 mi. NE of Flcrence, in rcadcut along Little Hominy Ridge Rd.,
0.1 mi. ¥ of Turtle Creek (NW 1/4 SW 1/ sec. 31, T. 2 N., R. 1 W.)
(Florence ¢); elev. 520 ft.

1.8 mi. NNE of Patrict, in roadcut along eest-west road across
Mexico Bottom, 1.3 mi. ¥ of SR 156 (WW 1/4 SW 1/4 sec. 6, T. 1 WN.,

R. 1 E.) (Patriot §); elev. Sh0 ft.
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KEHTUCKY
Boone Co.
B-1 1.6 mi. ESE cf Hebron, in roedcut along new SR 1334, 0.5 mi. W

B-2

B-3

B-6

B-T

B-8

B-9

B-10

B-11

B-12

of SR 1334 and SR 236 junction (Burlington G); elev. 850 ft.

0.7 mi. WNW of Big Bone in roadcut elong SR 338, 0.8 mi. WNW of
SR 338 and Big Bone-Union Rd. (Rising Sun §); elev. 580 ft.

2.4 mi. SE of Rabbit Hash, in roedcut 1.6 ni. W of SR 338 and
Gunpcowder Creek junction (Rising Sun GQ); elev. 500 ft.

2.8 ni. BW of Hebren at Francisville, in rcadeut along small road
0.05 mi. NE of SR 237 (Burlington ¢); elev. T9C ft.

at Waterlco, in house foundation 0.1 mi. NE of Juncticn of East
Bend Rd. and road between McVille and Waterloc (Rising Sum );
elev. 830 ft.

2.7 ni. SE of Waterloo, in roadcut along SR 536, 0.8 mi. E of

SR 536 end Gunpowder Creek Junction (Rising Sun Q); elev. 520 ft.
2.4 ni SE of Petersburg, in roadcut 0.1 mi. SW on small road off
Commissary Rd. (Lewrenceburg &); elev. 670 ft.

2.T mi. § of Union, in rcadeut along Plessent Valley Ré., 1.7 mi.
N4 of U. S. 42 (Union &); elev. 810 ft.; section.

2.7 mi. SE cf Waterloo, in rcedcut 0.15 mi. N elong smell roed
off SR 536 (Rising Sun )3 elev. 640 ft.; section.

3.2 ri. S of Petersburg, along Ohio River at Junction with Woclper

Crezk (below "Light”) (Lawrenceburg ¢); elev. 460 ft.; sectiocn.
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Camnpbell Co.

C-1 1.k mi. ESE of Camp Springs in roadcut 0.1 mi. W of where rcad
crosses Tenmile Creek (New Richmeond ); elev. 620 ft.

C-3 in Mentor =long SR 8 in roasdeut (Laurel G); elev. 530 ft.

Carrcll Co.

CR-1 1.1 mi. MW of Easterday on bullcdozed hillslcpe along NE side of
Fourmile Creek valley, 1.9 ri. SE of its junction with U. S. 42
(Vevey Scuth §); elev. €L0 ft.

CR-2 3.6 mi. WNW of Easterday in borrow pit alcng new roald between
U. S. %2 and SR 36, 0.4 mi. SE of U. S. k2 (Carrollton §);

elev. 520 ft.

Gellatin Cc.

G-1 2.3 mi. SW of Warsaw, in gully in velley side, 0.2 mi. WNW cf
bridge acrcss Craigs Creek (Flcrence §); elev. 480 ft.

G-2 2.8 mi. WNW of Glencoe, in roadcut, 0.15 mi. ¥ on new road off
SR 465 2t Indian Camp Creek (Glencoe ¢); elev. T50 ft.

G-3 2.4 mi. ¥ of Sparta, in rcadeut along SR 35, 0.6 mi. N of I-T1
interchange (Senders @); elev. T30 ft.

G-% 1.9 mi. NV cf Sparta, in rcadcut slong N side of I-T1l, 1.0 mi.

WSW of SR 35 interchange (Senders ); elev. 700 ft.

Kenton Co.
K-1 1.1 mi. NE of Deven, in rcedcut for new rcac between SR 1303 and
end of “propcsed” road at Kenton Cc.-Boone Co. line, 0.3 mi. W

of SR 1303 (Indepencence &); elev. 860 ft.
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K-3 1.7 mi. NW of Erlanger, cut fcr new rcad 0.1 mi. W of Erlanger
Rd., 0.8 mi. N of I-75 interchange for Erlanger (Covington G);
elev. 830 ft.; section.
K-t 3.4 mi. NE of Erlenger, rocadcut cn S sicde of I-75, 0.2 nmi. W of

U. S. 25 interchange (Covingtcn §); elev. 810 ft.
OHIO

Clermont Co.

CL-1 2.5 mi. WNW of Batavie, in rcedcut along SR 32, 0.1 mi. W of
Shayler Run (Batavia §); elev. 820 ft.

CI~2 0.4 mi. NW of Bentam, in rcadcut along SR 125, et junction with
new SR 222 (Batavia G); elev. 820 ft.

CI~-3 2.5 mi. E of New Palestine, in stream cut along Pond Run Rd., 0.1
ri. frcm SR T49 (Withemsville ¢); elev. 570 ft.

Cl-4 0.6 mi. ¥ of Batavia, in strean cut abcut where Backbone Creek

crosses SR 222 (Batavia ¢); elev. 580 ft.; section.

Hamilton Co.

H-1 2.5 mi. NW of Cheviot, in house fcundetion cut on west side cf
Race Ra. between I-TL snd West Fork Ré. (Addyston §); elev. 810 ft.

H-8 0.5 mi. N of Anderson Ferry dcck znd 0.3 ri. W of Ancerson Ferry
Rd. in new road cut (Covington §); elev. 870 ft.

H-4 3.2 mi. NW of Anderson Ferry dock, in pipeline &itch, 0.1 mi. S
of Repid Run RA. on west side of Pontius Ra., (Burlingten G);

elev. 815 ft.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



B-5

B-7

H-9

H-10

H-11

H-12

H-13

H-1h

H-15
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3mi. S of Miamitown, 0.6 mi. W of juncticn of SR 264 and Zion
Rd. along pipeline (Addyston G); elev. 785 ft.

2.5 mi. SE of Miemitcwn on S side of Rybclt Rd. exit ramp of
I-74 (Addyston §) elev. 650 ft.; section.

1.2 mi. SW of Chevioct, 0.2 mi. SSW cf Junction of SR 264 and

C & O RR on east side of new road (Addyston §); elev. 820 ft.;

secticn.

1.2 ni. W of Miemitown in roed cut on S side of I-Th (Addyston G);
elev. 730 ft.

2.3 mi. SW cf Cheviot, in house foundaticn cut, 0.2 mi. E of
Ebenezer Rd. and 0.3 mi. S of Werk Ra. (Addyston §); elev. 850
ft.; section.

on south edge of Cleves in deep cut for U. S. 50 on E edge of
Herrison State Park (Hooven §); elev. 530 ft.

1.1 mi. NE of Groesbeck, in house foundation cut along Pipin R4.,
0.4 mi. SE of junction of Compton end Pipin Rds. (Cincinnati West
&); elev. 810 ft.

1.8 mi. S of Newtown in rosdcut et corner of Hunley and Copperglow

Rés., 0.% mi. E of Clough Pike (Withamsville §); elev. 650 ft.;

section.

across from River Dcwns racetrack in gravel pit elong U. S. 52
{Newport §); elev. 500 £t.; secticnm.

2.6 mi. NW of Redbank, 0.1 mi. N of proposed I-T1l route in access
rced cut between Ridge and Kennedy Avenues (Cincinnati East €);

elev. 560 ft.; section.
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H-16 in Cincinnati 2.2 mi. S of St. Bernard, in pipeline trench along
I-71 near where Melish Ave. crosses Pennsylvanie RR (Cincinnati
Eest ); elev. ThO f£t.; section.

H-17 in Cincinnati 1.4 mi. NNW of St. Bernard, in Rack Sand and Gravel
Co. "sandpit" on Este Ave. (Cincinnati West ); elev. 500 ft.:
stratigraphy described by Durrell (1961, p. 78-80).

H-18 3.5 mi. N of Hooven, in cut alcng I-Th at Morgan Rd. cverpess
(Hooven §); elev. 660 ft.; stratigraphy described by Durrell

(1961, p. 129-130).
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DESCRIPTION OF STRATIGRAPHIC SECTIONS

B-10: Bocne Co., Kentucky, 2.7 mi. N of Unicn

3* silt, leached, dark yellowish brown (10 YR L4/L), lower boundary
indistinct.

R till, leached, upper 2-5' silty grading downward into & menganese-
rich, cleyey, fine gravel zone (these upper zones are comparable
to Leighton and Rey's (1965) units L4, 5, and 6 cf Section 2},
the gravel zone grades downwerd into strongly oxidized (strong
brown, 7.5 YR 5/6) silty and sandy till that is mottled with
black (7.5 YR 2/0) and pele brown (10 YR 6/3); the gravel zone
is interpreted as a water-worked portion of the till (possibly
beneath or within the ice sheet) end the mangenese accumulation
as the result of ground water moving through the more permeable
zone; lower boundary indistinct.

4t  +ill (claey loem till), upper 2' leached, CaCO
Just below leached zome, brown (10 YR 4/3).

3 nodules in places

Base of cut 810 feet

Several shallow cuts to the eest expose 2 1- to 4-foot leached till
below a 1- to 3-foct calcarecus till which contains CaCO, noduies Just
ebove the leached zone. Because of these nodules and beéause there is
no visible break within the till (both the leached end calcereous
portions are texturally similer except for the absence of limestone
pebbles in the leached portion), the leaching is interpreted es having
resulted from an upward movement of (vadose?) groundwater from a deeper
permeable zone {such as the gravel zone described in the above section).
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Bocne Cc., Kentucky, 2.7 mi. S of Waterloc

1h4-17"

6-8'

3-6+'

2+

send, fine grained, increasing clay content towerd top, leached
15', no bedding visible, lergze CaCOs cemented slsbs cf sand at
base of zcne of leaching, some convolutions of till up into the
basal part of the sand (1-6 inches), lower boundery distinct
but irregular.

till, leached 0-2', large well-cemented CaCO, ncdules at bese
of leaching zone in till, yellowish brown (10 YR S5/4), lower
boundery distinct; sample B-11b 6' from top of umit.

send, fine grained, no bedding visible, calcareous, large -
CaC0.,, cemented slebs of send at tcop of unit, lower boundary
distgnct but irregular.

ti11, silty and sandy, calcareocus, light yellowish brown (10
YR 6/4) with thin horizontel bands of iron staining; sample B-lla.

Base of cut 640 feet

B=12:

Bcone Co., Kentucky, 3.2 mi. S of Petersburg ("Sght Reek

30!

60*

10!

12!

Conglamerete" area)

covered

gravel end sand, particle size ranges from boulders to coarse
greined sand, poorly sorted, pocrly bedded, calcereous and
tightly cemented by CaCO, in meny places (forms vertical cliff),
lower bounlary distinet But with up tc 20' of relief.

+i11, calcerecus, grayish brewn (2.5 Y 5/2) with yellowish brown
(10 YR 5/4) elong joints; semple 8' from top.

covered

Base of secticn at U460 feet
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Cl-k: Clermont Co., Ohio, 0.6 mi. N. of Batavia (overall description)

25! till, lower portion calcareous and unoxidized, upper part
inaccessible, dark grayish browm (2.5 Y 4/2), lower boundary
indistinct.

1! silty clay, laminated, calcareous, dark grayish brown

(2.5 Y 4/2), grades into underlying unit.

9! sand, bedded, calcareous, grades from silty v. fine grained sand
at top to coarse grained sand at base, a few pebbles scattered
throughout, brown (10 YR 5/3) to yellowish brown (10 YR 5/6),
lower 0.5 dark brown (7.5 YR 4/L), lower boundary distinct.

0.5' clayey silt, laminsted, non-calcareous, dark yellowish brown
(10 YR 4/}4) grading downward into dark reddish brown (5 YR 3/3),
lower boundary indistinct.

1.5' clayey silt, no bedding visible, non-calcareous, poorly developed
coarse angular blocky structure with no coatings on ped surfaces,
v. dark grasy (10 YR 3/1), lower boundery indistinct.*

8-11' silty clay, increasingly sandy and pebbly toward base (includes
igneous types), non~-calcareous, no bedding visible in upper half,
poor bedding and one cut and fill structure observed in lower
half (=alluvium), olive gray (5 Y 4/2); distinguished from over-
lying unit primarily by dark reddish brown (5 YR 3/3) mottling
and clay coatings on poor fine to coarse angular blocky ped
surfaces; lower helf contains irregular shaped masses of sandy
clay up to 2' in length and 0.5' wide that are surrounded by a
thin cley skin, these masses cross bedding planes and are
interpreted as filled animal burrows, lower boundary gradational.¥*

1-3+' coarse gravel, composed primarily of cobbles but with boulders up
to 2.5' in length, finest gravel near top, calcareous except in
finer upper foot, most rocks are angular to subrounded limestones
and have weathering rinds, 94% limestone, 3% shale, 2% siltstone,
1% chert, several quartzites and xtlns observed.*

0-2+' silty clay, increasing sand and pebble content toward base,
weakly calcareous in lower 1', scattered limestone slabs up to
1.5' in length, derk gray (5 Y L/1), large pelecypod and small
gastropod shells common in lower half, wood and bone fragments
and part of a turtle shell incorporation (=landsiids debris?);
not observed below thickest part of gravel uvnit.

Creek level 580 feet; bedrock at this elevation 12ar -7=st end of cut.

* Detailed description of paleosol morphology in these :mits follows on
next-page.
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Cl-4: Clermont Co., Ohic, 0.6 mi. ¥ of Betavia (detailed soils deseription
of non-calcareous alluvial end gravel units cf preceeding Cl~k
section by L. Wilding and N. Holowsychuck of The Ohio State
University Agronomy Department, April 1970)

Ab 0-24" Yellowish brown (10 YR 5/4) silty cley loem with meny
(40%) feint yellowish brown (10 YR 5/6) mottles; weask medium end
coarse prismetic parting to weesk fine, medium, end ccarse anguler
blocky; light brovnish gray (10 YR 6/2) calcarecus coatings on
prism feces up to 2 mm thick, scme cemented; gradual boundary.

Micromorphclogy: A few very thin (<.05 mm), very patchy
yellowish brown (10 YR 5/4) ferri-argillans on ped surfaces.
Most surfaces, however, are bleached and show evidence of
degradation end skeletens. Send grains are mostly uncertain. No
evidence of c¢lay films in the unocxidized portion of the matrix.

Bltb 24-42" Grayish drown (10 YR 5/2) fine silty clsy losm with
common yellowish brown (10 YR 5/4) mottles and scme (3%) strong
browva (7.5 YR 5/8) streaks and fibers wr o * mn thick; dark
reddish brown {5 YR 3/3) coatings up to 2 mm thick on prism
surfaces; week very ccarsge prismatic with massive interiors;
very firm; few (2%) fine (<7 mm) rounded gquartz pebbles; few
black Fe-Mn bodies up to 5 rmm across-resemble charccal; pH 7.6;
clear boundsry.

Micromcrpholegy: Kearly continuous, thin (.05-.1 mm) very
dark brnwn (10 YR 3/2) ergillens eround relic ped surfaces.
Peds in place ere weskly expressed, medium sized, and angular
and subengular blecky. The structure appears weak because
appaerently this 2one has been ccompressed sufficiently that the
relic structure is not apparent until the soil is dried. A
number of medium to thick (.1-.5 mm) dark clay films lining
channel walls. Some bleached areas present slong some structural
surfaces. A crystalline lithic was noted.

B21irt 42-45" Very dark brown and black (10 YR 2/2 and 2/1) Fe-Mn
material, part in weekly nodular ccneretionery form with common
yellowish brown (10 YR 5/6) mcttling in intericrs; some
concretions ur to 2 em ascross and cannct be cut with a knife;
massive; thickness range 2 to b inches; pH T.T; clear boundary.

Micronorphclogy: A few thin (0.1 mm) ferri-argilisns
along major structurasl surfaces. Manilliated infillings of
Fe-Mn compounds in matrix are sesquans or mengans. This zone
has the appearance of strong accumulzticn of Fe-Mn concretionms,
steins and infillings.

B22tb 45-68" Gray to dark gray (5Y 5/1~4/1) silty cley with common

(5%) olive gray (5Y 4/2) mottles or fine bodies and common
(5-10%) strong brown (7.5 YR 5/6 and 5/8) streeks and very
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coarse mottles up to 5 mm thick; few (about 2%) black
and very dark brown (10 YR 2/1 and 2/2) fine Fe-Mn bodies;
common dark reddish brown (5 YR 3/3) coatings on verticel and
oblique surfaces; very weak very coarse prismatic with massive
interiors, lower part crushes to week very fine angular blocLy;
few fine (<! mm) quartz pebbles; pH 6.7; diffuse boundary.
Micromorphology: A few patchy, thin (.05-.1 mm very dark
brown (10 YR 2/2) argillans around ped surfaces. Relic peds
are weekly expressed, large in size and angular blocky. Most
pores are either clay~filled or have thick (1-2 mm) linings
along channel walls. A few thin strong brown (7.5 YR 5/6)
ferri~ergillens along some roct channels end ped surfeces.

B23tb 68-91" Light olive brown (2.5 Y 5/6) fine silty clay loam
with common (20%) fine greenish grey (5 GY 3/3) thin (<1 mm)
coatings on some of the mocre distinct verticel and obligue
surfaces; very weak very coarse prismatic parting to weak fine
angular blocky structure; mcderately firm; pH 5.4; cleer or
sbrupt wavy and irreguler boundary.

Micromorphology: Nearly continuous, Medium to thick,
(0.25~0.5 mm) reddish brown (5 YR 4/3, 4/4) ferri-argillans
along ©1d root channels and structural surfaces. Also patchy,
thin to thick (0.1-.5 mm) gray (5Y 6/1) clay films in the gray
matrix. This horizon exhibits significant impregnation with
translccated clay. A number of the pores are filled with clay.

IIB24tb 91-109" Derk grayish browm (10 YR 4/2) sandy locam or sandy clay
loem with appreciable medium sand; massive; sticky; pH T.9.
Micromorphology: Patchy, thin to medium (0.1-0.2 mm)
ferri-argillens along mejor structural surfaces. Also a number
of sand greins are bridged and coated with thin clay films.

IITB25tt 109-121" Dark brown (10 YR 3/L4) loemy coarse sané or sendy
Joam with (ebout 30%) coarse faint very derk grayish brown
(10 YR 3/2) mottles; massive; cemented - need spede or pick for
separestion; about 10% rounded and subrcunded pebbles up to
1 1/2 cm across, quartz and some chert:; few extensive oblique
surfaces, some with grayish brown calcans; pE 8.0.

Micromcrphology: Nearly all of the same grains ere bridged

and coeted with thick ferri-argillans and ferri-mangans. This
has resulted in semi-induration of this horizon such that it
can barely be broken with the hend when air dry.

ITIB3tb 121~152" Yellowish red (5 YR 5/6-4/6) sand with many large
(up to 25 cm long) oblengate distinet bodies of yellowish brown
(10 YR 5/6) sand and common (5%) thin bands, streeks and cocatings
of derk reddish brewn (5 YR 3/3-4/3); messive; very firm in
place, pertially cemented but can be crumbled by hand. Inter-
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mingled with the sandy meteriel are common irregular massive
bedies up to 30 cm across, some with distinct houndaries, of
olive gray (5 Y 5/2) cley loam with common (5-10%) coarse
prominent bluish gray (5 B 5/1) mottles that change to greenish
grey (5 GY 5/1) on exposure, and reddish yellow (5 YR 5/6)
periphery. Few (2%) rounded and subrounded pebbles up tec 2 1/2
cn across, crystallines common; pE 7.8; ebrupt boundary.

Micromorphology: sand portion- Similar to horizon above
in that most of the sand grains are bridged and coated with
ferri-argillans. However the ferri-argillans are much thinner
for this 2zone.

152-164" Olive gray (5 Y 4/2) sandy loem or sendy cley loem
with common (5%) biuish gray (5 B 5/1) mottles; calcareous.

164" to flood water level in stream. Very stony layer with
calcarecus gray and yellowish brcwn calcareous cley loam
metrix with scme bluish gray and greenish gray mottling.
Stones are angular, subanguler and subrounded calcareous rock
fragments up to 30 cm across, weathering rinds up to 1 1/2 em
thick; stones gppear to be horizontelly oriented.

Dearborn Cc., Indiena, 4.9 mi. W of Aurors

3'

8?

2.5

5'

silt, leached, yellowish brown (10 YR 5/4) mottled with greyish
brown (10 YR §/2) and brown (7.5 YR 4/4).

till, leached 6', calcareous portion high in limestone (cobble
sizes), yellowish brown (10 YR 5/b4) mottled with light gray
(10 YR 7/1), lower bounlery not &istinect.

till, celcereous (less so than overlying unit), 3-inch wide
leeched (strong dbrown, 7.5 YR 5/6) band b inches belcw top
of unit, pale brown (10 YR 6/3) mottled with strong brown
(7.5 IR 5/6), lower boundary is = distinct color boundary.

till, leached L4', strong brown (7.5 YR 5/6) grading downward
into yellowish brown (10 YR 5/4) with pale brown (10 YR 6/3)
end very dark gray (1C YR 3/1) mcttling and staining on ped
surfaces.

Base of cut 830 feet.
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DK-1: Decatur Co., Indiana, 0.7 mi. W of St. Maurice

I1lincian drift
9'  till, leached 7', brown (10 YR 4/3) with yellowish brown (10 YR
5/6) staining elong joints; semple DK~1f, lower boundary distinct.

Kensan drift
1 clayey sand and gravel, lesched.

0.5-1' silt, leached, light brownish grey (10 YR 6/2) mottled with strong
browvn (7.5 YR 5/8), lower boundery distinct and sli. undulating.

7! humic gley scil in till, grain size grad. increases from silty end
sli. sandy cley at top to clay loam till irn lower portiom, very
small engular block structure at top greding downwerd into small
angular blocky structure, upper portion mottled dark gray (10 YR
4/1) tc reddish brown (5 YR 4/3), iron-cemented till nodules (up teo
1' in length) =nd linonite concentraticn in basal 1' of unit, lower
boundary is leached/calcareous line.

9'  till, calcareous, upper 4' oxidized (yellowish brown, 10 YR 5/4)
with dusky red (2.5 YR 3/2 iron coatings slong jeints, CaCO, crusts
in upper 2 inches, lower portion is dark gray (10 YR L4/1), Dasel
0.5' very silty; samples DK-le (upper half) and DK-1@ (lower helf),
lower boundaxy distinct. ’

1’ sand and gravel, bedded, calcarecus, lower bouncary distinct.
1.5' till, celcareous, cxidized brown (7.5 YR L4/3) tc reddish brown
(5 YR 4/k) in upper and lower 0.5'; sample DK-lc, lower boundary
distinct.
0-0.1' pebbly silt, pcorly bedded, calcareous, grey, lower boundery indistinct
0-0.1' silt, calcareous, light grey, lower bouncdary indistinct.
0-0.3' clayey and silty sand, non-calczreous, buff, lower boundary distinct.
1.5' til1l, calcereous, few pebbles except in upper 4" where concentration
is high (mey be weshed zone), upper 1' unoxidized (greyish brown,
2.5 Y 5/2), lower 0.5' oxidized (reddish dbrown, 5 YR L/L); sample
DK-1b, lower boundary distinct.
lebraskan érift
T till, calcereous, very high content of chert pebbles with largest

sizes and greatest amount in upper 3', upper 5' oxidized brown
(10 ¥R L4/3) with dark reddish brown (2.5 YR 3/4) costings on fine
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network of joint surfaces, lower 2' dark grayish brown (10 YR L/2),
contains wood frags.; sample DK-le, lower boundary distinct.

2' chert gravel, pebble end cobble sizes with smaller sizes and
calcareous cleyey metrix neer top, all frags. are anguler chert.

Creek level 990 feet.

H-T7: Hamilton Co., Ohio, 2.5 mi. SE of Miamitown

34 till, cleyey, leached 8', fills bedrock channel and till thins
rapidly to west, mottled yellowish brown (10 YR 5/€) and grayish
brown (2.5 Y 5/2) with strong brown (7.5 YR 5/6) along joints
in upper half; sample H-Ta (3' from base) and H~Tb (15' from base),
lower boundary not distinct.

3' clay and silty clay, bedded, calcareous, overlies bedrock along
west edge of channel and gravelly clay east of this sloping edge,
lower boundary distinct.

0-3! silty and gravelly clay, no bedding visible, wegkly calcareous,
iron stained, & local aguifer.

Base of cut 650 feet

H-8: Hamilton Co., Ohio, 1.2 mi. SW of Cheviot

3' clayey silt, leached, lower boundary indistinct.

12-16' +ill, leached 6-16', leached portion very clayey except in upper 2'
which is silty, leached zone yellowish brown (10 YR S/L) motiled
with black and yellowish brown (10 YR 5/6); celcareocus porticn
light yellowish brown (2.5 Y 6/4) with yellowish brown (10 YR 5/k)
staining 1/2 inch to either side of Joints, large limestone slebs
(up to 2' in length) at base of unit; sample 3' from bese, lower
boundary distinct.

12-16' silt, cley, and fine grained sand, bedded, calcareous, some
contcrted bedding, light yellowish brown (2.5 Y 6/4) to derk gray
(10 YR &/1); limestone crops out at this elevation a few hundred
feet tc the north.

Base of cut 620 feet
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H-10: Hamilton Co., Ohio, 2.3 mi. SW of Cheviot

Composite seetion from several cuts

9' till, clayey, leached 0-U4' (surface bulldozed), yellowish brown
(10 YR 5/4) to black (5 Y 2/2); sample H-10a (from lower third)
and H-10b (from upper third), lower boundary distinet.

16' clay, bedded with thin silt beds, non-calcareous except for CaCo
concretions which occur along bedding plenes, jcints, and -
possible root penetration tubes, color bands of brown (7.5 YR 5/h4)
and light gray (5 Y 7/2).

2' silty cley (probebly alluvium), non-calcareous; overlies bedrock.

Base of cut 820 feet

H-13: Hamilton Co., Ohio, 1.8 mi. S of Newtown

15' +ill, leeched 4', yellowish brown (10 YR 5/4) in upper helf,
dark grey (10 YR 4/1), strong brown (7.5 YR 5/6) on joint surfaces
and as nottling, abundant wood fragments near base; lower boundary
distinct; sample H~13b 6' from base.

0.1' silt, calcarecus, grayish brown (2.5 Y 5/2), lower boundary distinct.
0.2' silt, non-calcasreous, very dark gray (10 YR 3/1) at top to dark
grayish brown (2.5 Y 4/2) at base, ccnteins woody fragments,
lower boundery indistinct.

0.2' pebbly silt, upper 1 inch non-calcareous, lower portion weakly
calcareous, & few ghost pebbles, lower boundary indistinct.

6' silt, sand, end gravel, calcareous, bedded, {iargely covered).
16* till, calcereous, two separate 2-3' silt, sand, and gravel beds
or lenses (lateral extent uncertain) in lower half (lergely
covered), dark gray (5 Y 4/1) to grayish brewn (2.5 Y 5/2);
sample H-13a 8' from top of unit.

Base of cut 650 feet
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Hamilton Co., Ohio, across from River Downs racetrack

12

21

15!

35!

Base

H-15:

silt, leached, unbedded except in lower portion which is poorly
bedded with v. fine grained sand and a few pebbles, yellowish
brown (10 YR 5/6) mottled with strong brown (7.5 YR 5/8) and
olive yellow (2.5 Y 6/6) in upper half.

covered

till, calcareous, dark grey (5 Y 4/1) with brownish yellow

(10 YR 6/6) staining out from joints in upper 3', wood fragments
ebundant (2 pieces Pinus spp. identified by G. Burns, Ohic Wesleyan
Univ.); sample 7' from top.

sand and gravel, cobble sizes common, poorly bedded, poorly
sorted, calcareous.

of cut 500 feet

Hamilton Co., OChic in northeastern Cincinnati in the Norwood Trough

5-T'
61

5-T"

st

2-6'

2=5"

silt, clayey near base, leached, lower boundary indistinct.

sandy cley with smsll pebbles (till?), leached, olive gray (5 Y 5/2),
strong brown (7.5 YR 5/6), and black (5 Y 2/2) mottled, lower
boundary indistinct.

clayey silt grading downward into sand and silty gravel, leached
4~5', poorly bedded, color variable and mottled yellowish brown

(10 YR 5/8) to light yellowish gray (10 YR 6/2), lower boundary

not distinet and uneven.

+i11, silty, celcareous, compact, gray (5 Y 5/1) with yellowish
brown (10 YR 5/4) oxidation in upper half and basal 6 inches,
lower boundary distinet; semple H-15b from lower half.

sand, gravel, silt, and clay, bedded, celcareous, lower boundary
distinct with up to 5' of relief.

till, silty, celcereous, compact, dark gray (5 Y 4/1) with brown
(10 YR 4/3) oxidation in upper 6 inches; sample H-15a.

Bagse of cut et 560 feet

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11k

H-16: Hamilton Co., Ohic, in eestern Cincinnati

20' till, calcarecus (surface bulldozed), lower portion clayey, upper
third brown (10 YR 5/3), lower portion grey (2.5 Y 5/0) to dark
greenish gray (5 GY 4/1), many pieces of wood (2 pieces Picea sp.
identified by G. Burns, Ohio Wesleyan Univ.); two large inclusions
found - one of non-calcarecus clayey bedrock residuum and the
other of peaty, gastropod-rich silt much like the underlying silt
unit (land gastropods Discus cronkhitei, Succinee averas, Retinella
Sp.s Pupille muscorum, Hawaiie minuscula, Euconulus fulvus, and
Columella alticola identified by A. La Roeque, Ohio State Univ.:
C. alticola is suggestive of a cooler climete but all others are
found in humid climates much like the present ome in Cincinnati);
sample 10' frcm bese, lower boundary somewhet gradaticrel.

0.5' clay, no visible bedding, caleareous, gray (2.5 Y 5/0), lower
boundary distinct.

0.5-1' silt, bedded, upper 1l-k inches is silty peat, weakly calcareous in
lower half, contains a few large pieces cof wood and a clump of moss
(Thuidium abietinum B.S.G., identified by H. Crum, Univ. Michigsan;
cammon today on well-drained sandy locetions in the Great Lekes
area), land gastropods Gastrocopta sp., cf. G. contracta (from
peaty upper portion), Gastrocopta sp., Succinea avara, and Discus
cronkhitei (from silty lcwer portion) (idemtified by A. La Roegue,
Ohic Stete Univ.; 211 gastrcpeds indicate climatic conlditions like
those in Cincinnati todey); very dark grayish brown (10 YR 3/2) to
brown (10 YR 4/3), lower boundary indistinct.

3' silty cley, grades downward into clay, non-calcareous, a few small
ghcst pebbles elong upper boundary end several small pieces of
siltstone scattered throughout, woody fragments found, dark
greenish gray (5 BG 3/1), overlies and is scmevhat gradational
into limestone and shale bedrock.

Base of cut TLO feet
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Kenton Co., Kentucky, 1.7 mi. BW of Erlanger

silt, leached, brownish yellow (10 YR 6/6, dry), lower boundary
is defined only by color.

silt, leached, very pale brown (10 YR 7/4, dry), lower boundary
distinct.

t31l, leached 7', strong brown (7.5 YR 5/6) greding dcwnward into
brown (10 YR 5/3); sample 2' from base, lower boundary distinct.

cley, calcareous.
silty clay, non-calcareous, light yellowish brown (10 YR 6/k).

cley. non-calcareous, olive to bluish green; overlies weathered
bedrock.

Base of cut 830 feet

Q=-1:

Ohio Co., Indiana, 0.5 mi. § of Besr Branch

20

2'

0.5

2'

22'

1!
0-1'

0-1'

till, silty leached S-10', basal 1' is very silty, brown (10 YR 5/3),
semples 3' (0-1d) and 10' (0-13) from base.

silt, bedded, calcareous, lower boundary distinct.

sand end gravel, limestone slebs up to 1 foot long, tightly

cemented with CaCO3 and limonite, lower boundery gradationeal.

sand, bedded, calcareous, lower boundary distinct.

till, silty, calcareous, dark grayish brown (2.5 Y 4/2) with thin
dark grey (5 Y 4/1) cley coatings on some ped surfaces, contains
weod (1 piece Tsuga sp. identified by G. Burms, Ohio Wesleyan Univ.)
and several masses of non-celcareous dark olive gray (5 Y 3/2)

clay; semples 3' (0O-1la) and 17' (0-1lc) from base.

s8ilt, bedded, calecareous.
send ard fine grevel, bedded, limonite cemented in places.
silty clay, non-calcareous, dark olive gray (5 Y 3/2) with black

(5 Y 2/1) staining on medium angular blocky ped surfaces; overlies
limestone bedreck with bluish green color.

Bagse of cut 820 feet
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Plate 1
* PRE-GLACIAL(TEAYS-AGE)DRAINAGE IN SOUTH-

WESTERN OHIO, SOUTHEASTERN INDIANA,
N| AND NORTHERN KENTUCKY.

Remaining segments of valley floor at
650—- 700 feet.

Q S 10 15 20

Scale of miles
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