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INTRODUCTION {

The field work on which this paper and the. accompany-
ing geologic map of Highland County are based was carried on
for the Geological Survey of Ohio in the summers of I929 and
1930; in I929 the writer spent a month and a half in'the
field, and in I930 two months. Previously to this, parts of
the geologic mapping of Bainbridge quadrangle had been done
by Profesxor W. H. Bucher and by Mr. I. M. Streeter and Miss
Irene Chrisman under his difection.

The writer is indebted to Mr. Wilber Stout, State
Geologist, for making posaible‘this work, and for his active
interest during its progress; to Professor Walter H. Bucher
for directing the investigation, for visiting the field on
numerous occasions, fer,aid in the interpretation of all the
important problems, for valuable suggesiions comcerning the
preparation of the manuscript, and for other assistance with-
out which the conduct of the work would have been impossible;
to Professor Nevin M. Fenneman for time spent in the field

\and,aid in coping with the glacial problems, and for critiecism .
éof the manuscript; to Professor W. H. Shideler for establish-

ing certain of the Ordoviecian formation limits; and to many
others who have given material assistance in the field

studies and the preparation of this report.
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LOCATION AND AREA

Highland County is located in southwestern Ohio,
between north 1atitude3~59° 1+ and 39° 25', and between west
longitudes 83° 20' and 83° 53" , It is bounded on the north
by Clinton and Fayeffe Counties, on the east by Ross and
Piké, on the south by Adams and Brown, and on the west by

Brown County. Its area is 549 square miles,

POPULATION AND INDUSTRY
The population of the county was 27,610 according to
the 1920 Fedefal Census. Hillsboro, the county seat has a
population of 4040; Greenfield has 3871 inhabitants. The north-
ern part of the county is crossed by the Baltimore and Ohio
Railroad, with a'branch line extending from Blanchester to
Hillsboro. A branch of the Norfolk and Western Railroad .
extends from Sardinia to Hillsboro. Thefpredominant industry
is agriculture, for which the nerthefn and western. parts of -
the éounty are, on the whole , best fitted,
RELIEF
The highest elevation within the county is Washburng
Hill, east of Marshall, 1334 feet above sea lefel, while the
lowest point is along Baker Fork at the county line south of
| Sinking Springs, slightly under 700 feet. The tops of high
hills in the eastern part.of the county are in the neighbor-
hood of I300 feet. The upland elevations in a north-south

belt west of these hills vary from 950 to I050 , Tising some-
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what to the westward with the dip of the rock formations.

Southwest of Hillsboro the summits reach I200 feet and more;
and in the northwest part of the county the upland levels are
around 1150, with low relief. West of the meridian of Fair-
view the elevations areéin the neighborhood of I000 feét,

and there are very extensive flat areas.

DRAINAGE

. Highland County is drained through Paint Creek, a
tributary of Secioto River, and through Ohio Brush Creek,
Whiteoak Creek, and East Fork of Little Miami River, all
parts of the Ohio drainage system; Rattlesnake Creek flows
southeastward across the northeastern part of the county to
join Paint Creek, while Rocky Fork has its headwaters a little
west of the center of the county and flows eaatwa;d,-then,
northeastward to its junction with Paint Creek. Approximately
one-half the area of the county is drained by Paint Creek and
its tributaries. The southward-flowing headwaters of Ohio
Brush Ureek drain the southeastern part of the county, and
about anez-fifth of its area; those of Whiteoak Creek drain
a similar area in the southwest part of the county. The drain-
age area of Little Miami River includes about one-tenth the
area of the county, in its n@rthwest¢rn vart. There is thus
a drainage pattern roughly radial from a small area five'
miles southwest of Hillsboro, fhich is the highest part of

~ the cuesta made by the Bisher and Lilley formatiohs.
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'RELATION TO PHYSIOGRAPHIC DIVISIONS
Most of Highland County is included in the Till

Plains section of the Central Lowland physiographic'province;!

“Fenneman, N. M., Map, Physical divisions of the United
States, U, S. Geological Survey, I928.

'A narrow strip at the east border of the county is in the edge
of the Kanawha section of the Appalachian Piateaus province,

of which the western boundary is along the dissected escarp-
ment formed here by the Mississippian rocks. IronﬁMountain,
Fort Hill and other high hills are remnants of this eecarp-
ment. The small unglaqiated area at the southeast corner of-
the county mostly belongs with the Lexington Plain section

of the Interior Low Plateaus provinée. but includes an area

of only a few square miles.

PHYSIOGRAPHIC DESCRIPTION .. .-

Oh the basis of topography and physiography, the sur-
face of the county was divided by Orton into five parts,
which agree in part with the distribution of the wvarious

rock series,

Orton, Edward, The Geology of Highland County: Geol. Surv,
of Ohio, Rept. for I870, p. 260, I87I.

In the present report, five physiographic areas will
be recognized within the county, but with somewhat diffeeent

grouping from that of Orton. These inelude two cuestas with a

lowland strip between; the area of flat till plains in the.
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Towland strip between; the area of flat till plains in the
western part of the county , and a small area of extremely
complex structuré southwest of Sinking Springs, a part of

the Serpent Mound cryptovoleanic structure.” (For the strati-

graphic column in Highland County, see p. )

L4

Bucher, W. H., Cryptovolcanic structure in Ohio of the type
of the Steinheim basin (abst.): Geol. Soc. Am., Bull.,
Vol. XXXII, pp. 74-75, I92I.

West-facing cuestas

The gentle eastward_aip of the rock forma#&ons in
‘this region, which lies on the east flank of the Cincinnati
geanticline, gives the belts of outerop of the various strat-
igraphic units a general,north-south trend. The more resis-
tant formations produce dissected cuestas or hilly areas above
an extensive peneplain, now represented by accerdant summi tg
ievels t§ the eastward and somewhat masked by thick drift
deposits in‘thé Till Plains to the north and west. Of these
irregular, dissected cuestas, the more important ones in this
region include one formed by the Bisher and Lilley dolomites
and another by the Waverly sandstones; the former extends
north and south across the central part'qf the county, and
is most prominent west of Hillsboro, where hi1ls of the
Bishér'and Lilley formations rise about a hundred feet above
‘the nearly flat areas of the Brassfield and upper Ordovician

rocks. Caleb's Hill, east of Danville, and the low hill north-
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ieast of Russell are outlying remnants of this cuesta. While

the remnants of its scarp slope are fairly well defined, if

irregular, there is not such a definite dip slope, due partly

to the fact that the overlying Peebles dolomite is of about

the same degree of resistance to weathering as the Lilley,

and partly to the deeper and more complete dissection of the

cuesta itself than of the areas immediately east and west

of it. There is , however, a distinet decline of summit

levels to the eastward, as for instance from the vicinipy of

Hillsboro or New Market touthat of New Petersburg or Harriett.
A study by means of a series of projected profiles

shows the Waverly cuesta, or Appalachian plateau margin, to

be of a character similar to that of the Bisher-Lillej cuesta,

but much more prominent. Thus it seems probable that the same

peneplain is represented by the bedrock surface beneath the

Till Plains in southwestern Ohio, by at least a part of the

accordant lefeis between the Bisher-Lilley and Waverly cuestas

and by the accordant summits a few miles east of the latter,

within the Appalachian plateau.This corresponds to the

Worthington peneplain described by Ver Steeg‘f while thé accord-

dant levels at the top of the Waverly cuesta or escarpment

= :
Ver Steeg, Karl, Erosion-surfaces of eastern Ohio: Am. Geol,
Vol, 55, p.I86, I93I,

appear to represent the Harrisburg peneplain. The Waverly

cuesta is represented in Highland County only by such out-
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liers as Irons Mountain, Washburn Hill and Fort Hill. In Ross
xand Pike counties, its width varies from ﬁrto 8 miles, and’é
it rises from 300 to 400 feet above th beneplain surface
east and west of it.vIts irfegular scarp slope is always

ifs Samoiyts '

~abrupt; hﬁ#;has@typieélly an inclination of forty feet per

mile, as measured by the accordant/summits of the dip slope.

Regionbbetween the cuéstas

This is a roughly triangular areca between the two
cuestas,.which diverge to the northward within Highland
County. Its western boundary is not well-defined, but may
be takeh arbitrarily as a line from New Vienna through Bos-
ton to Sinking Springs. The eastern boundary is more definite,
following along the western base of Fort Hill, Washburn Hill,
and other outliers of the Waverly cuesta. The topography -
within this area is of low relief except»ﬁhere it is trenched
by Rocky Fork and Rattlesnake Breek,-which have cut from a
hundred to a hundred and fifty feet below the uplands. The
bedrock topography of the nofthern portion is partly obséured
by a thick mantle of glacial drift, but the valleys of the
major streams are cut in bedrock, and numerous low bedrock
hills which rise above the general level have only a thin
veneer of glaci#l drift. Such bow monadnock hill®f are found
south and southlestbof Leesburg, and at Elliott Schooi,
south of Greenfield; but there are numerous other examples.

- To the southward, the drift becomes thinner and disappears
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dltogether northwest of Sinking Springs. There is neither a
 sharp topographic contrast nor a cleafly defined boundary

between the glaciated and unglaciated portions} the area

covered by Wieconsin drift, however, is somewhat more‘poorly

drained than the rest, and contains more extensive flats.

Flat TillTPlains

West of thé Bisher-Lilley cuesta and including nearly

> a third of the county is an area of moderately thieck

Illinoian drift, for the most part flat and poorly drained. -
It is only slightly trenched by the tributaries of Whiteoak
Creek and the East Fork of Little Miami River, and has no
conspicuous elevations above the general level except at its
eastern margin, where there are a few outliers of the Bisher-
Lilley cuesta and & very low, scarcely noticable hills or
benéhes capped by the Brassfield formation. Bedrock outcrops
are scarce, and the topography is almost entirely drift-
controlled,.yet from the few rock exposuresvand from the weii "
records, it‘is probable that the rock surface is nearly or
quite as flat as that of the glacial drift-over considerable
aréas, representing a nearly perfect peneplain on the weak

Ordovician shales and limestones.

Surface expression of the various-formations
Within the hilly , deeply—dissected belt of the Bisher-

Lilley cuesta, the configuration of the slopes is largelj' '
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"aetermined by the behavior of the several rock formations in
erosion, except locally where the glacial deposits are so
thieck as to control the topography. The tributaries of Ohio.
Brush Creek, withbrelatively steep gradients, have cut most
deeply ‘below the original upland level, and are presumably
eroding most rapidly at the present time° along them, the
topographic expression of alternately weak and resistant

rock units #s particularly pronounced. Where the streams flow
east or sputheést (down the dip or obliquely to it), the rock
bencheséhave about the same relations to the stream for con-
sideréble distances, as for instance along West Fork of Ohio
Brush Creék from neaf its headwaters most of the way to the
Adams County line, The stream flows on weak shale of the Elk-
horn and Whitewater formations, with the Brassfield é;;;E;;;e
forming a wide, prominent bench from a few feet to fifty feet
above it. This wide bench, below which the stream has cut its
comparatively narrow valley bottom, gives an impression of

| rejuvenation, but is apparently only the normal expression
of the resistant Bramsfield formation between the weak shales.
Limestone sinks are fairly common in the wider parts of the
Brassfield terrace. _

Above the Brassfield bench or terrace, the Crab

Orchard shale has tg; characteristically concave slope. Its

base usually extends well out on the Brassfield terrace; the

gradient gradually increases in steepness up to the base of the
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wﬁisher formation, the profile of the slope resembling part of
a parabola. This profile ié remarkably constant wherever the
Brassfield, Crab Orchard and Bisher formations outerop on the
same hillside, suggesting an equilibrium between gradient and
soil creep as the factor determining the configuration of the
slope.

The typiecal shale of the Crab Orchard formation weathers
rapidly to give a soft, "sticky" clay regolith, nearly white
atf:;rface and green underneath. It absorbs water readily,
forming a greasy or soapy mass, which often gives rise to
landslides when slopes are artifically distuibedL or even in
the normal processes of erosion. In eastern Kentucky, the belt
of outcrop forms an area of unstaﬁle slopes,'tending to pro-
duce low~angle slides. On drying out, the weathered clay forms
a hard crust several inches thick over the moist, plastic
clay at depth; cracks from one to three inches in width and
extending to depths of a foot or two are fairly common. The
relatively great volume changes in alternate absorption of
moisture and drying, together with the plasticit¥ of the clay,
favor extensive s0il creep on slopes as low as I on 30, thus
explaining the uniformity of slopes over the lower part of
the formation and, in part at least, the great width of the
Brassfield terrace along Ohio Brush Creek and its tributaries.
The steeper slopes over the upper Crab Orchard shale are pre-
sumably due to the stronger characéer of the overlying Bisher

formation.,
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The contact between the Crab Orchard and Bisher form-
atlons is nearly always marked by a cobspicuous t0pographlc
break@ This change of slope, together with the frequent occur-
rence of small springs at the top of the Crab Orchard, makes
this contact the most easily recognized horizon within the
Silurian series in Highland County, and the most reliable for
geologic mapping. At a feﬁ localities, however, the lower
five to ten feet of the Bisher are so shaly and non-resistant
as tovresemble the Crab Orchgrd in topographic expression.

The ridges in the central diésected belt of the county.
are mostly capped by the Bidher or Lilley formations, except
at the eastern margin, where the:Peébles is usually present,
Whilé somewhat different in lithology, the Bisher-and Liliey
dolomites are similar in topographic expression, both tend-
ing to form flat-topped»riﬁges‘with moderatély steeﬁ sides
under such conditions as prevail in the maturely eroded r-
region south of Hillsbofo. Limestone sinks are of frequent
occurrence on some of fhese ridges, as for instance near the
county line southeast of Fairfax. While numerous foreign
pebbles and boulders occur on the flat ridge tops, indicating
that all but the southeastern corner of the county was cever-
ed by glacial ice, the soil is probably in part, at least,
residual or only slightly affected by glaciation in the south-

- ern part of this hilly belt. In physical characterietics, it

differs from that of the areas covered by thicker énd mére
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typical Illinoian drift, being redded in color, somewhat less
foamy in texture, and more readily subject to erosion on
slopes.

The upper part of the Lilley‘formation resembles the
Peebles in its massive character and its physiographic .
expfesxion; hills and ridges capped by these units are more
apt to be rounded than flat-topped, and are generally covered
by only a thin mantle of glacial drift. The Lilley outcrops
more frequently than any of the other units ﬁapped, partic-
ularly in the viecinity of Hillsboro. Where the ubper Lilley
and Peebles dolomites have been cut through by streamé, their
massive character and the almost complete absence of bedding
in the Peebles have resulted in a tendency to form vertical
or even overhanging cliffs; because of this tendency, the two
formations were formerly called the "Blue Cliff" and "White
Cliff" dolomites, respectively.

In the hilly belt of outliers of the Waverly cuesta,
the topographic expression of the rock formations is again
pronounced. Notth of Stultz Hill, the valleys have a consider-
able amount of filling of morainic and glacio-fluvial mater-
ial; above this rise the steep slopes of Olentangy and Ohio
shale to their capping of lower Mississippian sandstones.The
longer ridges such as Irons Mountain and Long Lick Hill,
have have nearly flat tops, with abrupt shoulders and steep

sides. The top of the Ohio shale is usually marked by a slight
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shouldser and a change in vegetation, the ﬁigher slopes on the Waverly
being mere thickly covered with underbrush in many cases, Vegetation
along this shoulder appears to be particularly affected by a scvoré
drought, such as that of the summer of 1930, when ths hills were

encircled at thie level by narrow girdles of trees with brown, withered

foliage.
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CHAPTER II

GLACIAL GEOLOGY
Pre-_Illinoian Physiographic History
~ The Summit‘;egeplain
As has alreadj been pointed out, the summit levels
of the greater part of the hills in Highland County show
accordance over small areas, but it is only by considering
regions larger than a single county that the presence of a
peneplain may be established. A study by means of projected
profiles suggests that there is only a single erosion sur-
face of low relief in this region, represented by the ac-
cordant levels of summits within this part of the Appalache
ian Plateaus and by the rock surface ofllow relief under-
neath the adjacent Till Plains, the so-called "Plateau
Front" and ather deeply dissected cuestas representing
areas of more resistant rock never reduced to the peneplain
level.
o The age of this Summit peneplain may be a matter of
gsome doubt. In Vinton County, about 60 miles east of the
area in question, the summit peneplain has been designated

by Stout* as the Harrisburg peneplain, from correlation

@ ' : :
Stout, Wilber, Geology of Vinton County: Geol. Surv. of
Ohio, 4th Series, Bull, 3I, pp. 34-37, 1927.

with the peneplain in western Pennsylvania considered to be
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the Harrisburg. According to Stout, ®,.....this peneplain
épparently correlates with the Harrisburg of Pennsylvania,

and rises gradually in that direction from an elevation of
1060 feet in Vintbn County to I270 feet in Columbiana County,
Ohio, to 1400 feet in Armstrong County, Pennsylvania, to 2200
feet in Potter County, Pennsylvania, which is the dome- of
greatest upiift." After extensive studies bj means 6f project-

ed profilés, Ver‘steegnconsidess the accordant summits on the

¥#*

Ver Steeg, Karl, Erosion-surfaces of eastern Ohio: Am. Geol.
Vol. 55, p. 186, I93I. ‘

Bainbridge quadrangle at elevations of 900-1000 feet (corres-
ponding to the peneplain mentioned above) tb represent. the |
Wotthington, and those at 1200-1300 feet (corresponding to

the top of the Waverly cuesta) the Harrisburg peneplain, res-

pectively.

Major Valleys and Drainage«Changes : : -

' The major ¥alleys of Highland County indlude those
of Paint Creek"and,its tributaries; East Fork of Little
Miami River; Whitewak Creek, and Ohio Brﬁsh Creek. All of
these have been altered in course to a greater or less ex-
tent by glaciation; in the majority of cases, however, the
evidence as to the precise location of the old drainage
lines is scant, or has not yet been found. Among the writers

who have contributed to the knowledge of pre-glacial drain-
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age in southern Ohio are James', Wright,® Tight®, Fowke4,

Leveratt5, Fenneman ? Stout7, and others. The most compre-:

1~ T _ ‘
James, J. F., A brief history of the Ohio River: Pop. Sci.
Monthly, Vol. 38, pp. 730-748, 1891,

2 |
Wright, G. F.,

Tight we. G., Drainage modifications in southeastern Ohio:
U. S.,Geo0l. Surv,.,, Prof. P. Ia,fIII 1903,

A pre-Glacial tributary to Pa1nt Creek and its
Relation to the. Beech Flats of Pike County, Ohio: Den-
ison Univ., Sci. Lab, Bull.,Vol 9, pp. 25-34, I pl., 1895

&Fowke, Gerard, Pre-Glacial and recent drainage channels in
Ross County. Denison Umiv., Bei. Lab, Bull., Vol.9,
pp. I5-24, 1895,

5Leverett, Frank, Glaciallformations and drainage features
of the Erie and Ohio basins: U, S. Geol. Burv., Mon,.
41, 1902, , .

cﬁanges'in drainage in soﬁthern Ohio: Den-
ison Univ., Sci. Lab. Bull.9, pp. 18-2I, 1I897.

6Fenneman, Nevin, M., Geology of Cincinnéti'énd'vicinity:
Geol. Surv. of Ohio, Bull. I9, 207 pp. I916. ,

vstout, Wilber, Geology‘of Vinton-County: Geol.lsﬁrv. of
Ohio, Bull, I9, 207 pp,I6-42, 1927.

hensive works dealing with this particular region are those
of Tight and Leverett.

Ofthe various drainage systems within the county,
Paint Creek and its tributaries offer the most satisfac-
tory evidence of pre-glacial conditions. According to
Fowkea, the valley of the present Rattlesnake Creek was fol-
lowed by a preglacial stream to a point aboutva mile below

the present Junction with Paint Creek; from this point it
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tontinued almost in a straight line southeast to approx-

imately a mile east of the Ross County line, where it again y

——

8 ,
Fowke, Gerard, op. cit., p. I7.

joined the present Paint Creek. Thus the old channel cuf a0
across two loobs of the present coé&e of the stream; in the
upper one‘of these, it is doubtful whether the former stream
course differed as much from the recent one as the author

has shown, but in the lower one, where the sjream turns abrupt-
1y northeastward in a rock gorge, a mile and a half north of
The Point, the old channel is ummistakable.

Quoting from Fowke:

» . ...Rattlesnake (Creeck) is flowing in a pre-glacial
valley which was filled with drift from the junction of Paint
Creek to this deep pool three-quarters of a mile ¢ast of:the
Ross'County line ...and... often seeking outlets in various
directions as shown by abandoned channels and minor terraces,
it finally escaped along its present crooked way, regaining
its former bed by cuttigg out the limestone which had made
its southern boﬁndary, waéhing downstream the gravel that
it found filling the present pool and mafing with it a dam
which retains the water...."

In the prominent loop of Paint Creek north of The
Point, the top of the rock gorge is at a higher level than

the flooe of the channel cutting across the loop; this and
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:the clear-cut form of the channel, as if it had been eroded |
1‘raav.t.her than filled, suggest that the original blocking of
| morainiccmaterial which caused the diversion érounﬂ the loop
may have been of Illinoian agg and that the channel itself
was occupied for a time by Wisconsin marginal drainage.

Lee's Creek, a tributary oerattlesnake Creek, appears
to have been diverted from its old course east.of-Leesbﬁrg,‘
and is now flowing in a rock gorge for about a mile and é
half. The former course of the stream appears from ﬁhe topog-
raphy to have been only a quarter to half a mile north of the

- gorge. The age of this drainage change is not definitely es=-
tablished; it may have been produced b& Barly. or Hiddle Vis-
consin ice, or possibly by the Illinoian. Small channels in
the gravelly Middle Wisconsin drift south of Lee's Creek
may represent marginal drainage at the time when the stream
wasg originally diverted, or at a later time when the ice mar-
gin had advanced across this creek.

The valley of Paint Creek at Greenfield is much to;
wfde to have been eroded in postglacial or even pést-Illinoi-
an time. It is carved in bedrock, but the valley sides, which
have a gradual slope, are covered with moderately thick
glacial drift. The fact that the valley widens to the narth
suggests that the preglacial drainage was in that direction,

— although it should be noted that the gorge north of the junc-

tion with Rattlesnake Creek is cut in the Bisher, Lilley, and

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



/1?

Peebles dolomites, which have a strong cliff-forming tenden-
cy, while at Greenfield the rock above stream level is mosts
ly the Greenfield dolomite, with less of a tendency to form
cliffs. The widening of the valley to the north is even more
pronounced, however, from Greenfield northward, and its head-
waters converge, in going upstream, with those of North Fibrk
of Painﬁ Creek and other southeastward-flowing streams. The

upper part of North Fork was demonstrated by Fowke"formérly

”»
Fowke, Gerard, op. cite., p.22.

to have drained toward the northwest from a col near Franke
fort.

Most of the valley of Rocky Fork is preglacial; the
stream from McCoppin Mill to the junction with Paint Creek,
howeﬁer. has been crowded to the southward by glaciation,
presumably by the Illinoian glacier, and now flows in a
rock gorge with steep, almost vertical walls. Its former
course is problematical, but may have extended'from the
sharpibend a mibe northwest of McCoppin Mibl_a little south
of Rainsboro to the vicinity of its present junction with
Paint Creek, or to the lower end of the valley of Plum Run.

The largest tributary of the preglacial Paint Creeck
appears to have been a stream entering it from the Beech

- Flats, an extensive nearly flat area in Pike, Ross, and

Highland counties, which now drains to the southwestward to
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Baker Fork through a narrow gorge west of Fort Hill. This
Prainage change was mentioned by Fowke *and best described

by TightI. The following is quoted from Tight's conclusions

—

L]
Fowke, Gerard, loc. cit.

Iright, W. G., A preglacial tributary to Paint Creek and its
relation to the Beech Flats of Pike County, Ohio:
Denison Univ. Sci.Lab. Bull.,Vol. 9, pp. 25-34, 1895,

regarding the history of Beech Flats:

", ...prior to the advance of the ice, the present
location of Beech Flats was repreéented by a valley with
numerous small tributary valleys, all tributary to the
valley of Paint Creek. The heads of these valleys were D, E,
N etc.. At all of these points were cols connecting with ad-
jacent drainage basins. As the ice advanced southward, plan-
ing and filling, it made the great drift plain of northern
Ross and Highland 6Gounties and of Pickaway, Fayette,’Franklin
and Madison and other counties to the northward as its com-
paratively level ground moraine, It reached across the pre=-
glacial valley of Paint Creek west of Bainbridge and pushed
a great tongue of ice into Beech Flats valley. As this
tongue advanced into this valley it divéded again sending
fingers along the tributary valleys clear to their head-
waters. Under these fingers was the drift of the Beech
Flats as a ground moraine. The spur which first separated

from the main stream of ice crossed the col at B and prob-
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ably Jjoined the main mass of the ice sheet beyohd Barrett's
Mills. The next spur passes up the valley west of Cynthiana )
.....The waters formed in the Beech Flats valley found two
outlets. One taking the water from the ice mass in the valley
west of Cynthiana developed the gorge by cutting down the
col (east of Spargur Hill). The main volume of the water
flowed over the col (west of Fort Hili) and developed the |
Brush Creek gorge...."

From the narrowness and apparent recency of the
gorge of Baker Fork above Sinking Spring, and from the lack
of evidence of its production by an earlier ice-sheet, it
seems probable that the Beech Flats drainage change was
produced by the Illinoian glacier,

The preglacial course of the upper part of EBast Fork

of Little Miami River is shown by Tight™ as not greatly dif-

#
Tight, W. G., loc. cit.

ferent from the present, although the lower part of this
stream has been completely changed. Whiteoak Creek also ap-
pears to have the same general course within Highland County
~as befor e glaciation; its valley, like that»of Little Miami
River and Whiteoak Creek in this county between the head of
permanent stream and county line, are about 8 feet per mile
compared to I7 feet per mile for Ohio Brush Creek. While all

three streamdpave been rejuvenated by drainage ghanges, the
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rejuvenation of Little Miami River and Whiteoak Creek has
not yet extended headward far enough to affect the portions
of these streams ih Highland County; Ohio Brush Creek and
its tributaries, on the other hand, have not only been re-
juvenated clear to their headwaters, but have eroded much of
their drainage basin within this county toban early mature
stage.

The former course of Ohio Brush Creek is not cleariy
indicated by the present topographic evidence, According to

Tight's diagram,” the preglacial Brush Creek flowed north-

@
Tight, W. G., op. cit.

westwardfrom a point near West Union, probably joining Cin-
cinnati River somewhere north of Dayton. According to this
interpretation, its long, narrow drainage’basin was crowded
between those of Cincinnati and Teay's rivers, and the stream
itself must have followed approximately along the Bisher-
Lilley cuesta, the hibghest land for some distance in either
direction. A glance ét the topographic sheets of Highland
Countylshows that such a course would have been impossible.

1

In his more delailed map™, Tight shows only the headwaters

of the old Ohio Brush Creek, with a col southeast of West

—g—

Iright, W. G., op. eit., P1. XVII

Union indicating that it must have been reversed north of

this point. This col is not readily noticable on the topo-
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‘graphic map (Peebles quadrangle), and its locality was not
visited by the present writer; from the topographic evidence
of the region, however, and the altitudes of the floors oféwhe
the larger valleys, it seems more probable that the former
drainage of Ohio Brush Creek was toward the east or south.

According to Fowkef’ ®,....the [preglacial] headwaters of

#*
Fowke, gerard, op. cit., p. I8.

Cgp———

Paint [Creek] must be sought totthe southwest, ppssibly as
far away as even Brown or Clermont County, for all the streams
rising in the area which may. formerly have been drained by
this lost part ofPPaint Creek flow southward or westward
through gorges or narrow throughs-in their whole course,
none having the broad valley so characteristic of this. Mr.

| H. W. Overman, of Waverly, pointed out years ago that khe

- drainage of Ohio Brush Creek was.reversed, its natural
course being to the north instead of south. The same will
probébly be found true of other streams still more to the
west." The former drainage of any large area northeastward
to Paint Creek through Beech Flats is apparentdy precluded
by the elevation of ﬁhe rock surface irlthe channel north of
Fort Hill, which.is higher than some of the uplands to the
southwest, and by the nariowness of the head of Beech Flats
valley. It is doubtful whether any large part of the former

drainage from the headwater region of Ohio Brush Creek was
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eastward through Sunfish Creek or Scioto Brush Creek, because
of the narrowness of the valleys of these streams.

The presence of Illinoian drift in the valleys of
Ohio Brush Creek and its‘tributaries in the southern part of
Highland County indicates that these valleys were eroded to
about their present form before the'Illinoian glaciation.
Futhermore, the failure of these stréams to remove thick
drift deposits from their valleys (as along Elm Run) shows
that the amount of bedrock erosion in poet-Illinoiah time
must have been very slight. Considering these various fac-
tors, there is ground for believing that Ohio Brush Creek
may have had approximately its present course in preglacial
time, with the upper part of its valley eroded to early mat-
urity in southern Highland County; in this case, the rejuve-
nation which produced the narrow gorge in Adams County would
probably date back to the evolution of the present Ohio

River gorge.

Unglaciated Area
A small area of perhaps a dozen square miles, in the
southeast corner of the county, was not covered by the ice,

and received no fluvioglacial deposits; dn addition, the

tops of such hills as Jones Hill, Irons Mountain and others
farther south do notmappear to have been glaciated, though

the glacial deposits extend well up on the sides of some of
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—‘thhem, particularly on Jones Hill, Long Lick Hill, and Head's
‘Hill. }

In this unglaciated area, the chief topographic
features include the hills which are (dissesbed) remnants
of the dissected Vaverly escarpment, typified by those men-
tioned above, the hills of the Serpent Mound cryptovolcanié
structure, and the narrow gorge of Baker Fork. The outliers
of the Waverly Bscarpment are made up of Ohio Shale, with a
capping of Waverly shale and sandatone.

The characteristics of the residual soil over the
soft Crab Orchard shale have already been mentioned;lthis
formation outcropszalong the bed of Baker Fork and within
the area of the Serpent Mound structure. The Bisher form-
ation often hase.a reddish soil, with chert ffagments and
silicified fossils scattered over the surface at many locali-
ties; some parts of the Lilley weather similarly to a red,
"gticky" soil. One or several zones in the Peehles formation
wifhin the uhglaéiated area are iess solid than the rest and
readily crumble toba soft regolith which is essentially un-
weathered, being mainly of caleium and megnesium carbonates.
This dolomite is locally called a marl, and is used to some
extent as a land plaster, for itsiiime content, also as a
substitute for gravel in roadbuilding . The base of the

- Ohio shale, which usually directly overlies the Peebles in

this part of the county, has typically brownish ferruginous
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ij6i'usts, often with considerable quantities of white halloys-.
ite; on the tops of the low hills northweSt of the Sinking |
Springs, these and scattered blocks of the Hillsboro sand-
gstone mark the upper limit of‘thelréeb}es, even where the

black shale is not present.
ILLINOIAN DRIFT

Extent and General:Characterisiics

Nearly 200 square miles, or more than half the area
of Highland County, are covered by drift of undoubted Illinoi-
an age; in addition to this, a considerable area of the re-
mainder is doubtfully assigned to the Illinoian.Within much
of the area of its extent, the Illinoian drift is represented
on the map only in isolated patches, the intervening areas
being mapped as bedrock. Thus‘in the hilly region scuth and
southeast of Hillsboro, the drift is shown only where its
thickness is relatively great, or where it obscures the under-
lying rock 'to such an extent as to make mapping of the latter
impossible. In the southeastern part of the county, near the |
drift margin, the bedrock is so near the surface that no bi-
drift is mapped, although its presence may be easily recog-
nized in the field. The Illinoian till plains at the west
margin of the county have in general a gteater thickﬁess of
drift, which almost completely conceals the non-resistant

Ordovician formations; it is probable, however, that the bed-

rock topography has no great amount of relief, and that the
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Plate I. Relation of boundaries of the drift sheets

to relief features in Highland County
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r thickness of the drift is fairly uniform.
#
According to Leverett , "The Illinoian drift sheet

presents a remarkably flat surface. There are few prominent

*
Leverett, Frank, Glacial formations and drainage features
of the Erie and Ohio basins: U, S. Geol. Surv,, Mon.
41, p 271, I902.

knolls and no definite morainic ridges except those on the
border above described. Much of the surface is so level as
to be imperfectly drained. This is especiaily true in north-
ern Clermont and Brown and édjacent parts of Warrng, Clinton
and Highland counties, Ohio....

"The very flat surface is foundnin the part of this
region which is undrelain by limestone.....In the limestone
region there appears to have been a gently @ndulating up-
land surface similar to that of the “blue grass" region of
Kentucky, where only the valleys of the main streams and
the lower courses of the tributaries are deeply trenched
below the uplands. The drift is sufficient usually to fill
the shallow valleys, and in some cases it has so completely
filled deep preglacial valleys that their courses are traced
with difficulty. Among the sandstonﬁhills it has only part-
ly filled the valleys, though its thickness is nearly as
gfeat as in the region underlain by limestone."

In its typical developement, the Illinoian drift has

definite characteristics which readily distinguish it from
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+the Wisconsin., Leverett# describes it as consisting "“very

largely of a compact till, Sand or gravel beds have some

\ L
Leverett, Frank, op.cit., p. 272

development where valleys have been filled, but are very rare
on the uplands. Where the till is less than 20 feet in depth
its color is a yellow or brown, but if #f greater thickness

e blue-gray till is usually found beneath the yellow. The
yellow till .appears to be simply an oxidized part of a sheet
which was at first blue. Its texture and the number and kind
of rock constituents are so similar to those of the blue till
that a separation from thatﬁtill‘seems called for only on the
ground of difference in color.....

"Both the yellow and the blue portions of the till
sheet are harder than the till of Wisconsin age. This is very
apparent to persons who have sunk wells in the region of
overlap and tb:anyone passing south from the Wasconson to
the Illinoian area. The indurated character of the Illinoian
drift is apparently due to the partial cementation with lime,
for the till contains a large amount of fine calcareous mater-
ial ground from the limestone. The Illinoian till is also
characterized by fissures to a much greater extent than the
Wisconsin. The fissures extend down from the yellow into the
blue portion and are filled with yellow or oxidized clay.

"The Illinoian drift appears to have been deposited
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in this border tract with_very littlg abrasion of the rock
surface. There are occasional exposures of residuary clay
between the blue clay and the rock, and at many places a .
very rotten rock surface at the base of the drift. Occasion-
al wellseections pass through a black mucky clay, probably

a preglacial soil, immediately below the blue till and a few
feet above the rock"?

While the bluish gray color and noticable hardness

of the Illinoian till, compared to the slate gray or brownish
gray color and lesser hardness of the Wisconsin, arevfrequent-
ly of aid in differentiating the drift sheéts, their use as
criteria for identification of the Illinoian is limited by
the scarcity of exposures deep enough to show the unweather-
ed till and by the variations of color and hardness with
changes in moisture content. In most cases, the Illinoian
must be recognized by the character of its weathéring prod-
ucts and by the depth of leaching,‘as shown in natural or

artificial sections. Several sections areegiven by Leverett #

In ,
Leverett, Frank, op. e¢it., pp. 273-275,

of which the most typieal is the folléwing, generalized
from exposures near Sardinia: |
Feet
I. Clay or silt, nearlt free from pebbles 2-4
2. Brown till, deeply oxidized and
streaked in places with brownish-
black seams S=-4

3. Yellow till, usually very stony and
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slightly cemented; striated
limestone pebbles numerous; not
sovhighly oxidized as No. 2 6-8

4, Blue till, very stiny and partially
cemented; striated limestone
pebbles numerous; color very
deep blue, almost black in places 10-1I5

In numerous sections within the poorly-draihed areas
of Illinoian drift within Highland County, the following
generalized section is typical:

I. Surface soil; yellowish gray to light
gray "mealy" clay, some chert pebbles
near base, some black organic matter;
grades downward into (2) | 1-3

2. Gray and brown variegated clay, or
gray clay streaked with brown,;
highly plastic; some chert pebbles,
-some blacks of manganese and iron
oxides near base 3=7

3. Dark red, highly oxidized plastic
clay, often sandy, with chert and
igneous pebbles; manganese stireaks I-3

4 .ARed, sandy clay as above, with chalky
dolomite pebbles - 3-I

&#.8, Hard brownish to reddish clay with
' limestone pebbles; effervesces
readily with dilute acid 2«5
5. Hard, bluish gray unoxidized till, e
effervesces strongly with dilute
acid. -
This corresponds approximately to the gumbotil profile of
Kay#*. In the hilly or well-drained areas of the gounty, the

8ill1till and mesotil profiles of Leighton and McClintock?

5 .

Kay, G. F., Some features of the Kansan drift of southern
Iowa, abst: Bull. Geol.Soc. of America, Vol 27, pp. 115-
T1i7, I91ls.

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



g/

| \
,The relative ages of the Iowan and Wisconsin

drift sheets: A¥. Jour. Sci., Vol. 2I, pp. I58-1I72,
I93I, - ‘ o

,ald Apfel, E. T., YThe pre-Illinoian Pleisto-
cene geology of Iowa: Iowa Geol. Surv. Vol, 34, I929.

I

Leighton, M. M., and McClintidck, Paul, Weathered zones of
the drift sheets of Illinois: Jour. Geol., Vol 38, pp.
28-53, 1930

are developed. Zone I was found in Highlaﬁd County only in
poorly drained areas of the Illinoian drift. It constitutes
the so-called "white clays™ found on upland flats of south-
ern Ohio. The origin of these white clays has long been. a

*
subjectof contrebversy. They were first described by Orton ,

2
Orton, Edward, Geology of Clermont County: Geol. Surv. of
Ohio, Rept. Vol. I, Pt. I pp. 440-445, I873.

who assigned their origin in large part to the action of
plants and animals in bringing up fine mineral matter and
leaving it on the surface; according to this view, the
surface clays are residual products of the weathering of
the drift sheet itself. Some of the fine white clays, however,
were deemed by Orton to have been deposited in water ,
because of ﬁhe fineness of grain and homogeneity.

The most extensive study of these clays and of the
Illinoian galcial deposits with which they are associated

have been made by Leverett , whose interpretation of their

origin has been widedy accepted. The following is quoted
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from Leverett's desc;iption:

"The compacg:g;tends eastward in a pPactically-con-
tinunous sheet from Illinois over southern Indiana, southern
Ohio, and the neighboring portions of Kentﬁcky and West
Virginia, and is the surface deposit as far north as far
north as the as the border of the Wisconsin drift sheet. It
is known o underlie the Wisconsin drift, numerous exposures
having been found beneath the drift.

"This silt has long been recognized in the glaciated
districts of southwestern Ohio and southeastern Indiana. In
the Ohio reports it is referred to as the 'white clay', and
in the Indiana reports as 'slash band"......In the writer!'s
examinations in southeastern Chio and neighbbring parts of
West Virginia ahd Kentucky, in I896, it was found that the
s8ilt occurs as far east as Parkersburg, W. Va,....

*The extenf of this silt northward beneath the Wis-
consin drift is undetermined. It has been found at some.
distance back from the border, both in southeastern Indiana
and southwestern Ohio."

Concerning the characteristics of the white clay,
Leverett'says:

"The color of the silt is a distinguishing charac-
teristic, for it is in striking contrast with both the under-
lying till and the residuary clay, and is remarkably uniform

throughout its entire extent in this region. It is generally

of a pale yellow or ashy color from top to bottom, the soil
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as well as the subsoil being pale and light colored....

¥The name silt indicates that this deposit is of
fine texture. Ordinaril)(y it contains no grains or rock
fragments sufficiéntly coarse to be detected by the naked
eye, but im a few places occasional small pebbles have been
noted in it, usually near the bottom of the deppsit. The
rarity of these pebbles raises the suspicion that they may
not be normal to the deposit. In some cases they may have
been brought up from the underlying till by burrowing
animals long after the silt was laid down; but in other
cases they seem to have been brought in during the process
of deposition. A few weres found in the ﬁnglaciated parts of
southeastern Ohio, where their presence seems difficult to
explain unless they were laid down with the silt. The pebbles
are generally of quartz, though a few other very resistant
rocks were represented; this is trme of pebbles in both the
glaciated and unglaciated tracts."

The origin is considered by Leverett to be through
a cembination of wind and water deposition, more or less

e similar to the loess of the Mississippi valley, and Orton's

theory of its origin is rejected partly because of its
inadequacy to account for the thick loess deposits farther
wést.

The white clays are linked at least in part with the

loess in ordgin also by FennemanI, who points out the relation
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*Leverett, Frank, op. cit., pp. 299-30I.

IFenneman, N. M., Geology of Cincinnati and vicinity: Geol.

Surv. of Ohio, Bull, I9, pp I40-I45, I9I6.

which would obtain between fineness and thinness of the
deposit and distance from the source of suppdy in the case
of wind deposition, Instead of their derivation from a
distant source, however, he shows that ",...it is possible
to conceive of the greater part of an eolian deposit as
being laid down not far from the place where the material was
picked up." In.a footnote he adds: "Since this was written,
a study of similar deposits in Towa has caused certain care-
ful observers to entertain the hypothesis that they are
residual soil derived from the decay of the drift beneath.
This hypothesis and the suggestion here made of local to
and fro shifting do not exclude each other, Even if all the
factors mentioned should be involved, further investigation
is necessary to determine their relative importance."

ﬁore recently, the origin of white calys has been

reviewed by Westgatez, who concludes that they "....are due

2

Westgate, L. G., White clays or upland-flat soils of
southern Ohio: Bull. Geol, Soc. of America, Vol. 4I,
pp 329-340, 1930,

to the weathering ofl upland flats of the upper two feet or

so of the mantle rock, whether that mantle rock is till or
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fésidual s80il derived from either limestone or sandstone."
'éhis contention is based on several lines of evidence. The
first of these comes from the findings of soil students‘that
in mature soile, such as those of the poorly-drained uplands
where the whikX#® clays occur, climatic and other conditions‘
are the determining factors in producing a soil type, while
original mineralogical composition is a minor and negligible
factor. The second is the reported finding of similar white
clays within the area of the Wiscomsin drift in two local-
ities. (One of these localities, near BRainsboro, is re-
ferred with some doubt to the ILlinoian in the present work).
The third is the oc¢currence of'the white clays on the un-
unglaciated uplands in Adams cCounty, whichaare underlain by
several different rock formations. The fourth line of
evidence, based on mineralogical examination of samples of
the white clays from over Illincian drift and various rock
formations, lies in the finding of only such minerals as
might have been derived from the underlying material by
weathering in g;ﬁg, together with recognizable differences
in mineral composition over different materials. The ap-
parently comblete gradation of the white clay downward into
the underlying material, particularly in the case of the
Illinoian drift, is also noted.

While the evidence cited seems best to support the

origin of the white clays from the weathering in situ, to-

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



37

of the underlying rock or drift, there is nothing which
necessarily precludes the possibility of a part of these
clays being eolig& in origin. Further light may very likely
be shed on the problem when the loess deposits of the Miss-
issippi:Valley have been studied in greater delail.

Below the white clay is a grayvsand brown mottled or
streaked plastic clay (Zone 2 of the section), which is par=
ticularly characteristic of the Illinoiar drift within this
area. It grades upward into Zonel and downward into the red
clay of Zone 3 without any sharp contact, and is obviously
the product of long weathering of the original material of
the drift. It appears to be a constant unit of ghe less
gravelly phases of the Illinoian, and is frequently present
in the gravelly drifgt as well., The fact that it often
reaches & thickness of many feet and is largely devoid of
igneous pebbles emphasizes the great age of the Illinoian
drift, as compared to the Wisconsin, in which it is not
recognized as a characterisiic unit. Where it is mainly
gray in color, this zone occasionally resembles the un-
weather drift in appearance, but is of lighter color, and
never effervesces with acid., It corresponds to the gumbotil

of Ka.y*.

L
Kay, Ge. F., loc. cit.,

Unlike Zone 2, the red clay of Zoned may be dupli-

- cated in the oxidized portions of the Wisconsin drift; in
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‘the latter, however, it is found at a much shallower depth.
Its color varies from brown to dark red; it often has a
coarsely sandy appearance, and is hard when dry, but moder-
ately plastic when wet. Pebbles of chert and igneous rock
are common, the latter usually somewhat decomposed, but
limestone pebbles are absent. Black streaks, seams of small
pockets of ménganese oxide are fairly common, but not limited
tobthis zone.

in Zone 4, chalky dolomite pebbles appear; the more
thoroughly decomposed of these usually do not effervesce
with acid, but this ¥one grades downward into material which
effervesces strongly. Compared to the other zones, this is
of slight thickness, but it is important in mabking the depth
of leaching.

Below Zone 4, oxidation usually extends for a number
of feet; the reddish color frequently disappears very gradu-
ally, so that the depth of oxidation is indefinite, particu-
larly in porous sandy or gravelly material, where it some-
times reaches IS5 to 20 feet or more,

Where slopes are being rapidly eroded, the upper
zones are generally absent, and the unweathered till may be
exposed. Ordinary gullying on slopes, which is particularly
common in the hilly area south of Hillsboro, is mainly con-
fined to Zone 2, the gray and brown mottled'élay. In gravel-

ly material, small gullies show reddish or brownish stained
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“““ “gravel, usually without limeatone pebbles.

The depth of leaching offi the Illinoian drift is
generally not. readily determined in the flat till pkains,
because of the scarcity of exposures to a sufficienf depth
to show unleached material. In the hilly region, it is highly
variable, but with a few exceptions to be considered-later,

it is usually between 6 and I5 feet.,

Marginal and Intra-marginal Features

The margin of the Illinoian drift within Highland
County is not marked by a distinct terminal moraine, but .
rather by a thinning out and final disappearance of the
drift, without topographic break between the glaciated and
unglaciated areas, Within the Beech Flats area, however,
morainic accumulations are found only a short distance from
the outer margin of glaclatlon. The Beech Flats drainage
change has already been mentioned. (See p. & 9)

The glacial filling of the Beech Flats basin con-
sists in part of stratified gravel and clay, both of which
are deeply weathered., Some of the clays are perhaps of
lacustrine deposition, as for instance, those exposed along
the highway between Sinking Springs and Cynthiana, just west
0f the county line. The gravel deposits which represent the
Illinoian outwash form an extensive terrace in thg valleys
north of Washburne Hill, Long Lick Hill, Irons Mountain and

McRary Hill, The terrace tops slope gradually toward the
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~ /southeast. The depth of leaching in these terrace materials
varies from 8 to I2 feet, with oxidation extending several {
feet farther. Small knolls riaégabove the general outwash
level, are fairly common, particularly toward the northwest,
and appear to be morainic or kame-morainic in orogin. In the
present dhrk they are all referred to the Illinoian, aithough

Leveratt® describes the hills "on the north side of Beech

* .
Leverett, Frank, Glacial formagions and drainage features
of the Erie and Ohio basins: U.S. Geol. Surv., Mon.,
4I, p. 34I, 1902,

Flats, in Pike County, and near the eastern line of Highland
County" as a part of the Cuba (Early Wisconsin) moraine. They
will be considered in more detail unfler the heading "Doubt-
ful Illinocian Drift".

Aside from the stratified gravel deposita,:there are
numerous exposures of till in the Beech Flats area; typical
of these are the recent cuts along the highway between
Cynthiana and Bainbridge, and the exposures north of Fort

Hill, described by LeverettI 48 follows:

I
Leverett, Frank, op. cit., pp 273-274.

"Near the bend of Brush Creek, a short distance north
of Fort Hill, in Highland County ,there are deposits of till
rising to a height of about 75 feet above the creek and ex-

tending to an undetermined distance beneath the creek bed,
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‘The till contains not only pebbles, but also bowlders of g
Canadian derivation, some of which are 2 feet or more in |
diameter. The great thickness .of till at this point may seem
remarkable, since th@?e is scabcely any drift south and east
of this creek, It is peobable, however, that it is in the
liné of a preglacial valley. |

"At Mr. Spargur's, about 2 miles northeast of,Fort
Hill, a well 35 feet deep strikes no rock. On the adjoining
form, at\Mr. Bubank's, is a well 22 feet deep which penetrates

the following strata: *
Feet

I. Sandy clay I0-12
2. Blue clay . ' 6-8
3. Sand : 2

"At Mr, Cameron's, I mile soﬁth of Cynthiana, a well
strikes shale at 20 feet. The drift comnsists of clay, yellow
~at the top and blue near the bottom. The well is near the
north border of Brush Creek valley. Not moee than I00 yards
south of this well, on the bank of Brush Creek, is a gravel
bank.....At Cynthiana, just south of the outer Wisconsin
moraine, a well on Joseph Wilson's property was bored to a
depth of fully 60 feet without encounteringvrock. It is
described to be mainly in a blue clay, free from grit.,"

Other well records mentioned by Leverett ® in the

: .
- Leverett, Frank, op. cit., p 268,
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-Beech Flats show a heavy deposit of till.

k In the district between Fort Hill and the south boupd-
ary of the county, the margin of the drift is particularly
inconspicuous. Scattered foreign boulders occur south and we
west west of 8late Hill, and decomposed drift may be found

in the interstream areas north and west of the headwaters of
the MiddlelFork of Ohio Brush Creek. East of this stream,

the soil appears to be entirely residual, mainly from the de-
composition of the West Union and Peebles dolomites. To an.
observer standing on the top of 8late Hill at a time of. year
when many of the fields have been recently tilled, the white
clays of the typical Illinoian drift are plainly visible to

the southwest and west, but are not noticed in looking south-

ward. According to Leverett's%map of the Scioto glacial lobe,

¥
Leverett, Frank, op. cit., P1. XIII

the boundary of the glaciated area extends from the point
where Baker Fork enters Highland County westward around the
north side of Fort Hill and then southward to the Adams
County line just west of High Knob; this bouhdary cannot be
changed materially by more detailed field work.

| Upon going a few miles back from the margin of the
glaciated area, a thicker and more characteristic drift is
found, both on the flat-topped ridges and in the valleys,
On the ridge south of North Uniontown, foreign bowlders are

scarce and the veneer of drift is only a few feet in thick-
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]
‘ness. The surface is strewn withovsilicified stromatoporoidé
and geodes weathered from the Lilley and Peebles dolomites.
The next ridge farther west, bétween Elk Run and Elm Run,
has drift to a depthbof I2 to I5 feet, all apparentby leached

and extensively oxidized. This drift containsg'numerous

foreign pebbleé and boulders, as wellnras large numbers of
chert fragments from the local fofﬁations. Foreign pebbles
and boulders, chiefly ofi crystalline rock, occur on the
ridge two miles south of Belfast, and on the flat-topped
ridges in the vicinity of Fairfax. In general, the drift on
these ridge-tops at the soﬁthern margin of the county is
thin and thoroughly weathered, and has an appearance of
greater age than hhe thick deposits in the valleys, sug-}
gesting the possibility of the drift on the ridges repre-
sériting a period older than the Illinoian. There is no
definite evidence to support this, however, and the faﬁt
that the drift on %he;ridge east of Elm Run is continuous
with that of the Elm Run valley seems to preclude the pos-
gibility of the drift on the ridge being older.

In going westward and northward from the vicinity
of Fairfax, the drift on the ridges becomes thicker and
assumes more of the character of the typical Illinoian of
the flat till plains, East of New Market, the white clays
are present on the poorly-drained upland flats, and the vari-

egated gray and brown zone is typically developed.
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T In'ghéwtalleys of Brush Creek and its tributaries in;
;he vicinity of Belfast, the Illinoian drift forms extensive
deposits, some of which have a terracteike form, partly due
to their occurrence on the wide Brassfield terrace. Along the
west side of Elm Run, a mile and a halfrnortheasf of Belfast,
the terrace form is particularly pronouhced, and its top is
60 feet above the top of the Brassfield, which marks the ap-
proximate level of the valley floor. Dissected remmnants of
this terrace appear on the west side of the valley for three
miles upstream from this point, The top of the terrace de-
clines downstream and toward the center of the vallgy. In
form and in its gravelly character, this terrace has the
appearance of outwash. It is deeply weathered, showing
variegated gray and brown clay in some cuts to depths. of
6 feet or more. Small irregular elevations above its gener-
~al level at the outer edge may represent kame deposits.

Along Ohio Brush Creek northwest of Belfast, the
drift veneer on the Brassfield terrace is much thinner. It
declines toward the southeast with the dip of the rock, main-
taining about the same elevation above the siream for con-
siderable distances, and also decreaseé in thickness down-
stream.

Three miles northwest of Belfast there is an interest-
ing group of hills, apparently kames, in a small valley tribu-

tary to Ohio Brush Creek. These do not reach to the level of

the flat-topped ridge followed by the Hillsboro and Belfast
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'pike, but stand ét the head of the terrace gravel deposit in
the valley. Their presence at this point, together with the
morainic appearance of the gravelly drift on the ridge-top
east of them‘and the probable ouwwashncharacter.of the .
terracé in Elm Run valley, suggests a atand of the ice
margin at a position near Berrysville for a cdnsideréble
period of time, during which the major part of the terracé
deposits in Elm Run and Ohio Brush Creek valleys were fofmed.
On the south slope of the flat-topped ridge betﬁeen‘
Sugartree ridge and F&iffax, the drift is abnormally thick,
consisting of a large proportion of pebbles in a clay matrix.
In many of the ravines southwest of Beechwood School, the
thickness of I5 to 20 feet of drift has been cut through,
exposing the Cbab Orchard clay. The unweathered drift is
bluish in color and hard in consistency. The depths of
leaching and of oxidationvare slight, in some cases aé
little as 2 or.3;feet, probably because some of the surface
material has been removed by erosion, Similar conditions
are found on the slope south of the road, two miles east of
Sugartree Ridge, where the drift attains a thickness of
more than 20 feet. As near as can be made out from the small
gullies on the slope, the depth of leaching is as little as
4 .Teet; again, the upper zones of the normal Illinoian L
profi;e have been partly removed by erosion. The unweathered

drift includes numerous pébbles from the local dolomite and
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]
- 4
limestone formations, as well as basalt, gneiss; gsreensand

»
sandstone, chert etc.

In the western part of the valley 6f Buck Run, the
wide floor of Brassfield limestone is covered Sy drift which
inereases in thickness toward the northwest. The character of
the drift is similar to‘that to the northward, except that it
is more deeplﬂweathered. Similar drift, but thinner, also
occurs on the Brassfield terrace south andxsoutheast of
Belfast.,

The rock topbgraphy of the southeastern part of the
Hillsboeo quadrangle is controlled to a large extent by_thg
differential resistance to erosion of the various formations.
The Bisher and Lilley cap the flat-topped ridges, while
steeper é%eeper slopes are found just above the contact with
the weaker Crab Orchard shale; the very resistant Brassfield
forms wide benches where it outecrops above stream level, In
most cases, the thicker drift is found on the tops of the
ridges or eise on the Brassfield terrace, and,§pe steep
slopes over the lower Bisher and upper Crab Orchard have
little or no drift. The scarcity of drift on this part of the
slope is explained partly by the fact that if would original-
ly tendl to be deposited in greater thickness on the flatter
areas and partly by the fact that erosion is most active at

the point where the resistant Bisher dolomite is sapped by

the weak Alger clay. There are, however, several localities
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. mhere the contact'of the Alger and Bisher formations is
Eovered by thick-drift, which forms a continuous sheet
from the ridge-tops to the valley bottoms. A few of these are
southeaat of Miller's Chapel School, north of Fairfax, south-
east of Sugartree Ridge (already mentioned) and southeast

of Berrysville,

Gravel Hills

Within the area of the Illinoian drift in the hilly
southern and eastern portion of the countj, there are several
gravel hills, or groups of knolls, apparently kame-moraines
formes during the retreatal stages of theﬁIllinoian glaci-
ation. The ones‘three miles northwest of Belfast have already
been mentioned. They occur near the head of a small valley
tributary to Ohio Brush Creek, and consist of small conical
hills rising about 80 feet above the floor of this little
valley; tpeir $ops are about 30 feet below the level of the
top of the ridge followed by the road. The thick, gravelly
drift of the ridge-top itselfl oppésite these hills is deeply
leached and oxidized, as shown in gullies west of the road.
On the other hand, the material of the gravel hills is un-
weathered to within 3 6r 4 feet of the surface, where exposed
in a small gravel pit in one of them. This slight amount of
weathering, as contrasted with other Illinoian sections,

—-appears to be due to removal of sdme of the surface material

by erosion; in fact, it is quite possible that these hills
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@We their prgsent form largely or even wholly to erosion,
and that thé& represent remmants of a thick gravel deposit,
dumped in this small valley at a stage of the retreat of the
ice front., I pite of the apparent freshness of the gravel
at this locality, there can be no question of its Iliinpian
age.

Somewhat similar gravel hills rise above the thick
valley filling eas£ of Head's Hill and north of Irons Moun-
tain. The most typical of these is a small knoll half a
mile southeast of Head's Hill,., Tarnished reddish brown
gravel shows at the surface on the steep sides of the knoll,
but there are no cuts to reveal the depth of weathering.
Other small hills in this vicinity appear to have about the
same composition, but do not show such a noticably conical
form. Unlike the hills northwest of Belfast, these are very
nep® the margin of glaciation.

On the north side of the old Cincinnati and Chillie
cothe road, two miles east of New Market, there is an ex-
posure of gravel, 30 feet thick, whiech is leached to a depth
of 9 to I2Z feet. Similar thick gravel may be traced north-
eastward from here a mile and a half, to a point half a mile
west of Hillsboro and Fairfax pike, south of the South Fork
of Rocky Fork. At the latter locality, the gravel forms a

_ number of low, irregular knolls, rising to the westward to

the upland level, which is about 1080 feet. The undulating
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jcharacter of the topogréﬁhy at first suggests a morainic
group, but closer study indicates that these knobs have /
been formed in large part by the erosion of a thick gravel
deposit. The higher ones, farther west, have been leached
to a depth of at least 6 feet, as indicated by gullies cut
into the slopes, and probably to a considerably greater
depth than this; the lower ones, however, have fresh lime~
stone pebbles at the surface. Erosion is now going on

very {gpidlj at this locality, as indicated by the numerous
deep gullies and the absence of a sod cover. There can be
little doubt that the weathered material of the gravel de-
posit hes been in large part stripped away, thus accounting
for the deceptive freshness of some of the gravel knolls,
Indirect evidence in support of this conclusion is found in
the large amounts of gravel carried by South Fork of Rocky
Fork and left as bars along its lower course.

‘Another irregmlar group of gravel hills, now deeply
dissected, is found south of the highway, Ohio Route 38,
four miles southwest of Hillsboro. This group of hills was
originally morainie in éharacter, but has heen deeply disseecs-
ted by erosion, so that it now has long radiating ridges
with deep gullies or ravines between. The unweathered materi-
al exposed in these gullies consists of a hard bluish clay
matrix, with a large proportion of pebbles and boulders,
while the weathered portion is largely reddish-brown clay

with chert and other resistant pebbles}
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Flat Till Plains | : {

In the region of flat-surfaced Illinoian drift in thé
western half of the county, exposures extending down to the
unweathered drift are rare, and the true depth of leaching
can be determined in only a few places; it is usually more
than 6 feet, however, and is frequently shown to be as much
as 8 or 9 feet. Since this region is poorly drained, the
characteristic profile developed is the gumbotil profile, It
is in this poorly-drained western Bhird of the county that
the white clays are most extensively developed. In the strip
of low hills at the western margin of the Bisher'cuesta,
drainage is more complete, yet there ate consideiable areas
of the white clays, particularly in the lowlands. Several
fairly typical sections of the drift may be found in this
region. An exposure along the road south of the Norfolk and
Western railroad, four miles southwest of Hillsboro, gives
the following section: |

Feet Inches
I. Surface soil I

2. Gray and yellow mottled gumbotil,
brown near base 2 6

3. Brown till, oxidized and
leached, with black stains ] 6

4, A. Red oxidized till with
chalky dolomite pebbles I

B, Light brown oxidized till,
calcareous 2

This is a typical gumbotil profile, although occuring on a
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(fairly well-drained slope. Other exposures in the same v
'vicinity show only horizons I,2 and sometimesz3.

At an exposure along the road two miles north of
Hoagland, in such a pogition as to be moderately well drained,
no unleached material is found at a depth of 6 feet below
the surface. Here the gumbetil profile is not characteristic-
2lly developed, the weathered material of Zone 2 more nearly
resembling the silttil type.

Along the highway two and a half miles north of
Sugartree ridge, a cut shows the déﬁth of leaching to be
about 6 feet; other cuts in this vicinity exhibit even smaller
depths of leaching. The profiles here appear to cérrespond

tohthe mesotil type of Leighton and McClintock’i The unweather-

o ‘ o ‘
Leighton, M, M. and McClintock, Paul, op.cit., pp 42-45

¢d drift is hard and of medium bluish-gray color, with
numerous pebbles, chiefly from the logal dolomite and lime-
stone formagions,

Near the bridge, three-quarters of a mile southeast
of Bast Danville, therehis an exposure of 2I feet, in which
the depth of leaching is apparently only 2 feet, some of the
surface material having been removed by erosion. Below the
leached zone is brown oxidizéd drift for two feet, over-
lying an irregular sandy layer of about the same thickness.

Iqthis sandy material, which is brown in color, the moisture
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- comes to the surfade, making it appear as a prominent dark ;
band across the exposure. Below the sand is hard bluish-

gray clay, unstratified, with numerous pebbles, for Ié feet
down to the level of the creek.

At a gravel pit ene mile soufh of Danville, the gravel,
of which the flat plain at this point appears to be made up,
has a thickness of at least 20 feet.

Thicknesses of till up to 20 feet are exposed along
the headwaters of Little Weat Fork of Ohio Brush Creek, two
to three miles south of Sugartree Ridge, and hbhar the county
line southeast of Bethel School., Mr. Thomas K., Berry, of
Hillsboro, reports the finding of tree trunks at depths of as -
much as 40 feet in the region west of Danville.

Farther west, a thickening of the Illinoian drift

near its margin is described by Leverett ® as follows:

r :
- Leverett, Frank, op. cit., p.276

*The general thickness of the drift along the
Baltimore and Ohio Railroad in Brown and Clermont counties
and between that railroad and the outer Wisconsin moraine
is 20 feet or less, or an amount,scarcely half that found in
a trip through a tract I2 to 20 miles to the south. This
thickening does not, however, assume the form of a ridge,
~but as previously noted, simply serbes to fill up the pre-

glacidl inequalities of surface to a somewhat uniform level.

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



53

‘ "From the Little Miami Valley westward across Ham-
‘ilton County, Ohio, there is a nearly continuous sheet of ti
+till, the thickneés of which onlthe uplands seldom exceeds
20 feet, but in lowlands and valleys sometimes reaches I00

feet or more".

Doubtful Illinoian Brift
General Characteristics

A belt of drift of which the age is in doubt extends
from the east end of the distinect Cuba moraine south of New
Vienna to the gravel hills south of Hillsboro and eastward
to the north margin of the Beech Flats area in Pike and Rass
counties, It has a width of about'seven miles in the
vicinity of Hillsboro., In part, this is described by Leverett
as of-doubtful age, and in part referred definitely tb the |
Barly Wisconsin .

In describing the outer or Cuba moraine of the Early

Wisconsin, Leverett® says:

%
Leverett, Frank, op. cit., pp. 34I-342

"On the north side of 'Beech Flats', in Pike County,
and near the eastern line qf Highland County, Ohio, this
moraine becomes clearly sepérated from, and disginctly de-

veloped outside of, the later ones. It is readily traced
westward along the south side oﬁRocky Fork, from the mouth

to the source of that stream, the villages of Cynthiana,
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Carmel, and Marshall being situated near its southern margin,
and Hillsboro just north of it. Its breadth is I to 2 miles,
In the viecinity of Hillsboro, the creek winds among sharp
gravelly knolls, which have a contour strikingly different
from the remainder of the belt, and may prove to belong to
the earlier drift sheet. Northwest of Hillsboro the moraine
for several miles is not well developed, but a mile or two
southeast of New Vienna it reappears in considerable strength.
“From that pointvit takes a westward course.....Continuing
westward into Clinton County its margin at the East Fork of
Little Miami River is at the crossing of the Martinsville
and Hillsboro Pike.....

"North of Beech Flats, in Pike County, and in south-
eastern Highland County,‘the moraine is of subdued type, and
stands only IO to 25 feet higher than the north border of
these flats, Toward the west, sharp gravel hills, 80 to IO0O
feet high,set in, among which are low tracts no higher than
the tracts outside (south) of the moraine, and but little
higher than the valley of Rocky Fork, ﬁhich lies to the north.
As already stated, these gravel hhlls may belong to the o
earlier drift sheet instead of this moraine. Both north and
south of this portion of the moraine there are rocky hills
bearing scarcely any drift, which stand much higher than the

moraine., The moraine is, therefore, not so conspicuous a I

feature as it would.be on plane tractss such as are found in
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‘horthwestern Ohio, or éﬁen on those in the adjoining countie@,
Clinton and Fayette, where there are few rocky hills. In the
northwestern part of Highland and in eastern Clinton counties
it rises quite abruptly above the flats that border it on the
south, in many places a rise 07&0 feet being made in as many
rods, while the crest of the moraine is 30 to 60 feet above
the outer plain border....."

The material of this belt comsists mainly of till,
but there are numerous gravel hills rising above it; these
have, in the main, a crescentic arrangement, forming one loop
which extends from west of Hillsboro to Beaver Mill, and
another less distinét one reaching from this point to the
northern margin of the Beech Flats. Along Clear Creek and

- Rocky Fork there are extensive terraces which aré»partiy of
till and partly of stratified gravel. At some localities
'the terrace deposits are thick and have a well developed
topographic form, while at others there are only thoroughly
dissected remnants, without definite terrace outlines. In
some places they appear as a thick veneer over rock benches
at about the same altitude. They slope to the eastward at
aboﬁt the samé~raté as the grade of the present streams, or
a little less than T0 feet per mile. Their presence has not
been noticed east of the head of the gorge of Rocky Fork.
With few exceptions, the drift on the bedrock hills in the

vicinity of Hillsboro is relatively thin, thicknesses of
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Jover I0 feet being uncommin. In the lowlands, the drift is
much thicker, and criteria for its age determination'areﬂt
therefore more reliable.

As would be expected,'the profiles developéd.in both
till and gravel phases of the drift in this belt more nearly
approximate the silttil tyﬁe of profile of Leighton and Mc-
Clintock # than the gumbotil type, since.the region is fairly
well-drained. Depths of leaching vary from 4 feet to more
than I2 feet, and sections show typically a brownish to
reddish color domn to depths of I5 feet or more, in the few

places where such depths are exposed.

r : :
Leighton, M. M., and McClintoek, Paul, loc. cit.

The gravel hills constitute an iﬁportant eception
to this statement, however, in that many of them present a
remarkably feesh appearance. Limestone pebbles appear
commonly on the sbopes 6f some of them, and depths of leach-
ing are sometimes as little as two feet, even at the summits,
though usually much greater than this. This freshness of
appearanéa, together with the crescentic arrangement of the
hills suggests them at once as the logicalvouter moraine of
the Early Wisconsin drift, but other factors make the correct-

ness of such an interpretation very doubtful.

outer Gravel Hills

In Ross County, two miles southwest of Bainbridge,
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‘there is a group of irregular morainic hills, some of Whichw
rise to andaltitude of a thousand feet or more, or nearly
three hundredfeet above Paint Creck. While not examined in
detail,‘these appear to be made up at least largely of very
gravelly till, which is leached to depths of as much as 7

to I0 feet. The extensive dissection of these hills and the
weathered appearance of the material seem to indicate its
Illinoian age, rather than/Early Wisconsin,

At the notth margin of the Beech Flats area, just
west of the Highland Couﬁty line, there are three conical
gravel knolls, the largest of which rises about 70 feet
above the surrounding plain. The slopes of these are steep.
Gravel appears at the surface, consisting chiefly of stained
chert and igneous pebbles; only a few limestone pebbles were .
found. The depths of oxidation and leaching could only be in-
ferred, but must amount to several feet at the tops of the
knolls, These knolls are apparentiy similar in character to
those east of Head's Hill, aleeady mentioned, —

In the vicinity of Beaver Mill, south of Rainsboro,
there are several low gravel hills which line up to form a
ridge with a northwest-southeast trend. The top of this v
ridge, which rises 70 feet above the surrounding upland, is
followed by the road for a considerable distance, and has a
gravel pit which has been operated for road material. The

depth of leaching here is from 5 to 7 feet, with oxidation
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extending considerably lower. The unweathered material has
the appearance of kame gravel, stratified at various angles.
It is locally cemented to a hard conglomerate, both here and
at an old gravel pit a quarter of a mile farther south, The
topography of the ridge is undulating, without any undrained
depressions, It continues northward nearly to the highﬁay (U,
S. Route 50) west)of Rainsboro, but there are no exposures'
af the north end to indicate whether the material is strati-
fied gravel or till. On the south side of Rocky Fork, near
Beaver Mill, thereﬁ?ess conspicuous gravel knolls which show
a somewhat greater depth of weathering, and have all the
appearance of the older drift sheet. The northwest-southeast
trend of this group of gravel hills as a whole, together with
the character of the material exposed, indicates deposition
probably as a kame group or kame-moraine in a reentrant of
the ice margin, presumably with minor lobations west and east
of here, |

Half a mile northeast of Marshall, a roadside exposure
shows reddish-brown weathered till to a depth of 4 feet,There
is no cut sufficient to indicate whether thissknoll is made
up of drift or is of bedrock with a veneer of drift,

The greatest number of gravel hil;s appears south of
Rocky Fork on the Hillsboro quadrangle; Several of these are

ﬂV"found in a region of generally thick, deeply-dissected drift

southwest of the Hillsboro and Marshail road. They are irregu-
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larmin shape afdd rise to élyitudes in the neighborhood of

'a thousand feet., There are not suffiéient sections exposed

to indicate whether they are of till or of stratified gravel.
The hill a mile southwest of Highland County Unfirmary, how-
ever, appears from the sliéht exposures afforded to be entire-
1y made up of gravel, none of which has a fresh appearance.

West of the Belfast road two miles southeast of
Hillsboro there is a ridge of stratified gravel about a mile
long, extending nearly north and south. The topographic form,
material and stratification indicate that this is a‘group of
kames. The appearance of the materials is very fresh, lime-
stone pebbles being present at a depth of 2 feeﬁ in a gravel
cut near the middle of the ridge, Oxidation extendls to a
depth of somewhat over 3 feet. In a few places, the gravel
is cemented together into a conglomerate, which comes out in
lumps severalvfeet in diameter. Rocky Fork, which is flowing
on bedrock opposite th{s point, makes a bend around the north
end of this ridge. No apprecdable amount of gravel is found
although the drift is relatively thick on the slopes north
and west of here,

A large gravel hill appears just:west ofbthe road
from Hilleboro to Fairfax, two and a half miles south of
Hillsboro; This hill is much higher than the ones farther
east, rising to over II00 feet. At its top, where a side

road crosses it, it has reddish-brown till in which all but
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lthe most resistant pebbles are decomposed down to a depth of:
over 5 feet; it is leached bvelow the bottom of the cut,
which is about 8 feet deep. A small opening for gravel on the
east side of the hill about a hundred feet south of the road
shows jeaching to a depth of only 2 to 3 féet, with clead,
unoxidized gravel at a depth not much greater than this,
while still farther south limestone pebbles occur at the sur-
face. This illustrates the unreliability of leaching and oxid-
ation as criteria of age in such gravel hills, where the
weathered material may have been entirely removed from the
surface by erosion. Other much lower gravel hills south of
Rocky Fork, a mile northwest of the last, indicate about the
same relatidns, although they do not anywhere give a depth
of lesaching as great as the maximum at the place last mention-
ed. The grawel in these lower hills shows some stratification,
although one or two exposures appear to be in gravelly till.

The most interesting group of kame-moraingc hills of
~ this belt is one north of Ohio Route 38, three miles south-
west of Hillsboro. It consists of several more or less conw-
nected hills, the highest of which reaches an altitude of |
I200 feet, or fully as high as the surrounding bedrock hills
of the Bisher-Lilley cuesta. The northeastern front is steep,
and has a crescentic pattern ihcharmony with the general ar-
rangement of the gravel hills which -extend in a loop from

west of Hillsbororbo the vicinity of Beaver Mill, on Rocky
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Fork. This crescentic margin is particularly prominent whenk
seen from a summit a quarter of a mile northeast of the high-
est one, and is suggested by the topographic map. From it and
from the modified morainic topography of these and other
gravel hills of the same vicinity, it is apparent that a
minor glacéal lobe must have remained with its margin a few
miles south of Hillsboro for a considerable period of time..
The original topography of this kame-morainic group has been
altered to a large extent by subsequent erosion. There are
no undrained depressions or swamps>1eft, and compiete radial
drainage has been established, with long, prominent radiate-
ing spurs,between which are cut ravines a quarter of a mile
or more in length. The completeness of the drainage pattern
must certainly indicate a long period of erosion, yet the
material where exposed is remarkably fresh in character,
Limestone pébbles appear at the surface on the slopes of
most of the spurs, and the depth of leaching shown at the top
ofi:the highest hill is not over 2 or 3 feet. None of the
gravel is thorogzhly decomposed as in zones I and 2 of the
gumbotil or siltttill profiles, and oxidation was not found
to a depth of much over 5 feet. At one point, about two-
lilede thirds of the way up the slope on the southwest side of
the northernmost hill of this group, there is a ledge of
partly decomposed pebbles cemented into a hard conglomerate

by bluish-black hydrous iron oxides, possibly with some
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- manganese. Many of the pebbles are brown all the way throug@,
and of powdery éonaistency.This conglomerate layer seems to\
follow a definite horizon in the gravel, exposed by'the eros
erosion of many feet of overlying material, There are no exs
posures in this group of hills sufficient to indicate the
degree and attitude of stratification. A small cut at the
north end shows that the material is mostly fine, pebbles
over three inches in diameter being uncommon, and coarse
sand making up a considerable preportion of the deposit.

From the thorough dissection of the hills and other
evidences of extensive erosion, it is probable that the
absence of the higher completely weathered zones of the
normal profile in Illinoian drift is due to their removal
by erosion; so that the almost unweathered appearance of the
graveyhas little or no value as a criteriamof age.

‘ Worth of this is a low hill composed of gravel or
very gravelly drift, with undulating topography. This shows
much less erosion than the hills last mentioned, and the
material is much more deeply weathered. West of it, low
broad swells of gravelly drift extend for a mile or two.
While the depth of weathering varies, the appearance is of

. greater age than in the high kame-morainic hills to the
southwast. Drainage is complete, with no swamps.

bTwo miles southwest of Hillsboro, on the Danville
road, there is another group of small hiils, apparently

kames, about three-quarters of a mile in length and having a
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/general northwest-southeast trenfl. In contrast to the high j
gravelly hills farther south, these rise to an altitude of
only 1060 to 1080 feet, or about 50 feet above the surrounding
drift level. In several gravel cuts, the depth of leaching

is shown to be from I tqs feet,oxidation extending only a
slight distance below this. Limestone pebbles occur at the
surface at many points on the siopes. Even where leaching and
oxidation have extended deepest, only zones 3 and 4 of the
typical silttill pfofile cah be discerned, and the general
appearance of the gravel is fresh, rather than deeply weather-
ed. This is in contrast to the drift of the surrounding

plain or terrace, which in its poorly-drained portions shows
the typical gumbotil profile of the Illinoian. The attitude

of stratification in one of the kames south of the road is
nearly horizontal, with a slight dip to the southweat; north
of the road, the dips are steeper. The material ranges in

size from coarse sand to gravel and occasional small boulders.

Gravel hills of apparently similar type occur im-
mediately south of Rocky Fork for much of the way from this
point downstream for a distance of four miles; several of th
these have been mentioneé above,

On top of a hill a mile and a half northwest of
Hillsboro, there is a small deposit of gravel and sand in
which a gravel pit has been opened. The depth of leaching is
2 to 5 feet or less, and .oxidation to a depth of only 4 or

5 feet, although irregular, with funnel-shaped pipes extend-
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(ing several feet down into the unoxidized material, Lime-
stone pebbles occur at the surface in the field below, and
the general aspect of the deposit is one of freshness. The
thickness of the gravel may be in the neighborhood of 30
"feet, and in extent it covers only a few acres. A somewhat
similar gravel hill is found just north of the raiquad at

the northwest edge of Hillsboro.

Drift Sheet

On the bedrock hills in the Hillsboro region, the
drift is usually thin, and exposures showing unleached material
are rare, In most of the cuts,the drift has a deeply weather-
ed appearance, and is reddish or brownish in color and
thoroughly decomposed down to depths of 4 to 6 feet or more,
with only the most resistant pebbles left, including chert,
quartzite and so forth. At lower depths, red or brownish $ill
comes in , which is leached and oxidized, but otherwise only
slightly decomposed. Fragments ogfggh geodes from the local
dolomites are common in the drift, and over the Bisher the
lower part of the drift is often dark reddish in color,
with silicified fossils.

In the northedst part of Hillsboro, 300 yards south
of the cemetary, there is an exposure of till, overlaih by
nearly horizontal stratified sand, completely leached and

‘oxidized to a depth of I0 feet. An orange color prevails.

Along the Greenfield road, a mile and a Quarter
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‘northeast of the last, a 5-foot cut shows no unleached drift,
and most of that exposed has undergone thorough décomposition.
North of a crossroad a mile and a quarter morthwest
of the former site of Plainview School, and four and a half
miles horthwest of Hillsboré, exposures to a depth of 3 to 33

feet show only thoroughly decomposed tills of the mesotil® ¢ype of

o
Leighton, M, M,, and M8Clintock, Paul, op. cit., pp. 42-45,

profile, Farther south in the ¥icinigy of the headwaters of
Clear Creek, the gravelly till is much less decomposed, and
depths of leaching vary from 2 to 4 feet.

An exposure just west of the point where U. S, Route
50 crosses Punch#on Run, west of Rainsboro, has a depth of
leaching of nearly 8 feet. The upper 4 or 5 feet of till are
completely decomposed, corresponding to zones I and 2 of the
mesotil or gumbopil profiles The surface soil consists of
mealy loam, creamy to grayish-white in color. This-exposure
is referred to the Barly Wisconsin by WéstgateI, Following

T

Westgate, L. G., White Clays or upland-flat soils of
southern Ohio: Bull. Geol. Soc. of America, Vol, 4I,
PP 329-340, 1930,

2

Leverett, Frank, Glacial formations and drainage features
of the Erie and Ohio basins: U. S. Geol. Surv. Mon,
41, P1 XIII, 1902,

Leverettz. To the present writer, the profile developed here

seems to resemble more nearly that of the typical Illinoian.
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A quarter of a mile west of the last, a cut of 5-foot
depth}along the road is completely weathered till., The sur- |
face soil is a creamy-gray loam similar to the white clays of
the flat till plains, with a thickness of nearly a foot.
Below this &s a gray plastic gumbo¥il streaked with brown,
extending to the bottom of the section. This is approximately
the locality from which one of Westgate's samples was col-
lected..

A road cut a mile and three-quarters east of Rainsboro
shows a depth of leaching of somewhat over 6 feet, the upper
3 or 4 feet being brownish in color and thoroughly decomposed,

In a cut along the road to Marshall, a mile west of
Carmel, the depth of leaching is over 7 feet. The material is
gravelly, with some sand, and is completely decomposed in the

upper part of the exposure,

Valley terraces

The upper parts of the valleys of Rocky Fork and bts
chiet tributary, Clear Creek, hagpcextensively, though some-
what irregularly developed terraces, which slope downstream
with gradients approximately the same as those ®f the streams,
The terraces are generally from 30 to 50 feet above stream
level, but in some casés are considerably higher than this,
an& frequently have an irregular topography, with small hills
rising above the general level; the terrace top usually

- rises toward the $bddes of the valley and declines toward the
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stream. The topographic érregularity is further increased
by the advanced degree of dissection, There is usally mo
sharp line of division between the terrace yops and the
slopes above, the bedrock sdope merging into the inner

edge of the terrace, The material of the terrace varies, as
does the degree ofkweatherimg. In the main, theyvappear to
be made up of pebbly or gravelly till, but cuts at some
points show stratified gravel. The fact that rock benches,
apparently representing an old strath-terrace level, approx:
imate the level of the terrace for considerable distances
along Rocky Fork still further complicates its interpre-
tation. On the whole, %he‘terraces appear to represent
remnants of a valley filling of drift, with more or less
water-laid gravel deposits of about the aame age.

Exposures along Ohio Route 73, a mile and a half
north of Hillsborm, are in poorly stratified}gravél,
thoroughly decomposed to a depth of 6 feet o more, The
depth of leaching is not shown. Cuts of from 4 to 5 feet
along Route 38, a mile and a half north of Hillsboro, are
entirely in reddish brown, thoroughly weathered drift, withe

out any evidence of stratification. A quarter of a mile east

of Route 38 at this point , gullies cut in the terrace show
grayish surface soil a few inches thick, gumbotil down to

4 or 5 feet, and unleached till at 6 feet. None of these cuts
go down to the unweathered till, but a section along the

T———

North Fork of Clear Creck, near where it is crossed by the
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road from Hillsboro to Carytown, shows unweathered hard,
e
bluish gray till at a depth of about 6 fg&. The appearanee
of this £i11 is distinetly that of the Illinoian.
A small gravel cut a mile south of Hillsboro, just
west of Ohio Route 38, shows the following section: ‘
Feet Inches
I. Light yellowish clay loam .8
2. Gray plastic clay (gumbotil) with
some chert pebbles, particularly
in a single pebble pavement at the
base 2 6
3. Deep reddish-brown clay matrix,
igneous pebbles and others
numerous 2
4. Reddish-brown, oxidized but with
dolomite pebbles of chalky
consistency , R 6
5. Unweathered coarse sand and gravel
An old gravel pit a guarter of a mile south of Rocky
Fork and a little over a mile east of its junction with Clear
Creek shows 20 feet of poorly stratified gravel., The section
is in such a position on the side of a spur as to give no

reliable indication of the depth of the leaching.

Evidence as to probable age
The drift within this belt extendlng nearly across
the county appears to condtitute a unit concerning the age
of which the evidences are confliction, Certain indications
point toward an Early Wisconsin age, as put forth by
S Leverettl, while others suggest even more strongly that itd

age is Illind an., While a possibility exists of its being
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I

Leverett, Frank, op. cit., P1 XIII

- referable to the Iowan; this will‘not be further considered,
because of the long distande from any other drift which has
been identified as Iowan and because of the present lack of
agreement‘among Pleistocene géologists econcerning the ad-

- visability of retaining the term"Iowan" as thé name of a

separate glacial periodz.

2

Leighton, M, M,, New light od the so-called Peorian inter-
glaclal epoch and the Iowan-Wisconsin glacial suc-
cession (abst) : Bull, Geol. Soc. of America, Vol. 42,
pp I182-183, I93I. :

Elimination of the Peorien interglacial
Bpoch from the North American classification abst) :
Geol. Soc. Am,, Bull., Vol. 43, p. I76, 1932,

The Peorian loess and the- classiflcatlon
of the glacial drift sheets of the Mississippi Valley:
Jour. of Geol., Vol. 39, pp. 45& 53, 1951

2

”Kay, G F., Classification and duration of the Pleistocene
Period : Bull. Geo. Soc. Am., Vol. 42, pp 425-466,I931.

- The relatlve ages of the Iowan and Wisconsin '
drift sheets: AM. Jour. Sci., Vol. 2I, pp. 158 I72, 1931

The‘following,considerations faver the ihterp:etation
of the doubtful drift as aniy Wisconsin'in. age: '
I. The morainic or K&ma-ﬁorainicichéfacter“dnd arrange~
ment of the hills from a poiht west of Hiilsboro
to the north margin of the Beech Flats, indicatlng
that an ice front stood at hhls position for a

¥

_considerable length of time. B -
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2, The remarkably fresh appearance of the gravel in
- some of these hills , and &hsence, in many places,

of the typical Illinoian profiles of weathering.

w»
-

Absence of prominent morainic features at the
north edge of fhis belt between the region soﬁth
of New Vienna and the valley of Paint Creek.

4. A buried soil layer and.drift below it in wells
at ﬁarshall, as reported by orton! and quoted'by

Leverett®. These may, however indicate the

I ,

Orton, Edward, Geology of Highland County, Ohio: Geol. Surv,
of Ohio, Rept. for I870, p. 266, I8TI.

2 S

Leverett, Frank, fp. cit., p. 345.

spresence of an oldfler drift underneath, and in any
event cannot be taken as a definite indication
that the drift at the surface is Wisconsin in
age.

Factors pointing toward an Illinoian age for this

belt are: | |

I. Deep-weéthering on some of the gravel hills south
of Rocky Fork. While thefe may be differentiated
two 5elts of gravel hills, the lower one im-
mediately southnof Rocky Fork béing inside a .
highei one to the south of it, there is apparent-
ly no godd basis fof separating them and calling

one Wisconsin irn age and the other Illinoian.
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They show about the same amount of weathering
. .and degree of dissection,

2. Strong probability that the lack of completely
weathered zones is at least partly due to the
removal of material from the gravel hills by
erosion,

3. Presence of fresh-appearing gravel knolls in the

" Illinoian drift at localities northwest of Belfast

and 4 miles south of ?Hillsbofo.

4., Occurrence of similar»drift in the Illinoian of
other fegiéns . Similar shallowlyfieached.hills
are found in the Illinoian of northwesterp |

vIllinois, where they are largely made up of

dolomite pebbles from the Galena dolomite.l In-

T
Leighton, M. M., Personal commucation, I930,

south central Illincis, particularly in Thristian
County, gravel hills within the Illinoian drift
sheet, but some miles back frém,its margin, have
only a slight amountvof leaching. In many of these,

limestone pebbles occur at or near the surface.?

2 ‘
Apfel, BE. T., and Holmes, C. D., Pebsonal com-
‘ munication, I93I.

5. Complete dissection and drainage in the gravel

hills, the drift sheet and the terrace deposits
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within .this belt; absehce of undrained swamps or fresh
L— > morainic topography.

6. Deep oxidation and leaghing and presehcu of

typical Illinoian profiles of weathering in the dr
drift and terrace deposits throughout this belt.

An additiéna vindication of the more probable Illin-
oian age is the relation ofﬁihis belt of drift to the Bisher-
Lilley and Waverly cuestas (éee P1.I); if its age were Wiscon-
gsin, two minor but distinct lobations would be required at the
souti: end of the Scioto Lobe, and each of these would have
its farthest advance in the hilly belt of a dissected cuesta,
1nstead 'of following the adjacent lowlands, This would be out
of harmony with the general behavior of the 801oto lobe,
which in the main is controlled by the wide, moderately shallow

depression of the Scioto Valley.

Early Wisconsin Drift

General Characéeristics

The Early Wisconsin drift as here mapped constitutes
‘a belt from one to six miles wide extending across the county
from the region of New Vienna to the west side of Paint Creek
valley near the mouth of Rattlesnake Creek. It is widest at
the west, narrowing gradually to the eastward. This belt
exhibits marked differences in topography and material from
the region to the south of it, and includes some of the most
valuable agricultural land of thé county. The thickness of

the drift varies greatly, from a foot or two on a few of the
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rock hills to 50 feet or more in some of the filled valleys.

The till of the Barly Wisconsin is skate-gray to
brownish»éréy in color where unweathered, and usually some-
what softer than the bluish-gray unweathered till of the
Illinoian, Except in the moraines and kames, it appears tb
be more nearly free from gravel and boulders than the Illin-‘
oian of the southeastern and central parts of the county.
This doem not necessarily hold for comparison with the

Illinoian“of the flat till plains, which is stated by LeverettI

I v
Leverett, Frank, op. cit., p. 272.

to be comparitively free from gravel. In the Cuba moraine,
the Barly Wisconsin is somewhat more gfavelly in character, a
large proportion of thg pebbles ranging from an eighth of an
_inch to an inch in diameter. Depths of leaching vary from
less than a foot to four feet, and average somewhat greater
intthe gravelly drift near the margin than a mile or two

back fro m the margin. The surface soil is light to dark
gray-brown in color or nearly black under conditions of poor
drainage; tjis is in striking contrast to the white e¢lays of
the undrained areas of Illinoian drift. On the gravelly mor-
ainic ridges, the surface soil may be reddish brown in colgr,
and is underlain by 2 to 3 feet of reddish brown oxidized
and peached gravelly drift, at the base of which chalky lime-

stone and dolomite pebbles occur. Oxidation exténds irregular-
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1y for several feet farther down. The most distinguishing
characteristic.of the Wisconsin drift ,:z as compaied with
the Illinoian, is the complete or nearly complete absence
of zones 1 and 2 of the typical gumbotil profile. While the

Wesfgatel mentions the white clays as appearing also on

1 _

Westgate, L. G., White clays or upland-flat soils of
Southern Ohio: Bull. Geol. Soc. Am., Vol. 41, pp.
335, 337, 1930. \

areas of Wisconsin drift, they were not fdund.typically
developed on the Wisconsin bj the present writer. The gumbo-
til which appears as a zone several feet in thicknesscof
plastic gray clay streaked with brown in the poorly-drained
areas‘of Illinoian driff, is appareﬁtly entirely lacking.
The topography on the Herly Wisconéin-drift is for
the most part gently undulating. A few bedroék hills rise
above the general level of the drift, which is somewhat over
1160 feet at New Vienna and declines gradually to the éast-
ward to less than 1000 feet in the vicinity of New Peters-
burg. Drainage is much more complete than on the flat
Illinoian till plains; There are ,however, no steep slopes

except where the upland is trenched by Hardin Creek, Big

Branch and Fall Creek.

Outer Border
The description of the outer or Cubas moraine of the

Barly Wisconsin stage, as given by Leverettl, h:as alteady
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Leverett, Frank, op. cit., pp. 341-342

been quoted (see p.53). In its extent from a point two and
‘a half miles south of New Vienna westward into Clinton Cbunty,
it is easily recognized, both by its topography and its
material. Its course as far as Cuba is particularly prominent -
on the topographic map; the altitude of its summit declines
from 1130 feet south of New Vienna to about 1650 at Cuba.
At the boundary between Clinton and Highland counties, it
rises 60 feet above the plain to the southward in a distance
of shout thres-quarters of a mile. This rise does not, however,
indicate the thickness of the drift, for bedrcckboutcrops a
compardtively short distance east oliere and at New Vienna
show that thelow BiSherALiLley cuesta occupies approximately
the samelposition as the moraine, and hence presumably under-
lies it. The best exposure in the Cuba moraine is where the
headwaters of Turtle Creck are crossed by the road, a mile
and three-quarters southwest of New Vieana ; a fifteen foot
section at this point shows oxidation and leaching to a
depth of somewhat o&er 4 feet. An exposure along the road
to New Vienna, three-quarters of a mile east of the last, h
shows the gravelly nature of the material, with a depth of
leaching of a little less than three feet,

At other points along the margin of the Early Wis-

cousin drift sheet, as it is here interpreted, morainic
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features arecrare, In only a few places can the bounjafy
between Wisconsin and doubtful Illinoian be established
within a hundred yards, yet the contrast in topography and
material is generally hoticable in the course of a mile
wherever this boundary is crossed. (See Pl.l)

Thus, exposures along the highway between Hillsboro
and Samantha have the general'appearance and soil profiles
(where the latter can be observed) of Illinoian drift,
while small cuts along the road northeast of Samantha show
typical gravelly Early Wiscomsin drift. Similarly, the drift
observed along the Greenfield road between the city of Hills-
boro and the north margin of the Hillsboro quastrangle has
profiles characteristic of moderately well-drained Illinoian,
but that exposed just south of where this road crosses Fall
Creek is apparently Wisconsin, and has limestone pebbles up
to within a few inches of the surface, Otheqéxposures along
Fall Creek indicate that the boundary lies a short distance
south of it between Samantha and the east edge of the Green-
field quadrangle, the edge of the Wisconsin drift appears to
be just north of Fall Creek; the low hills south of the creek
are of bedrock, with only a very thin veneer of drift. )

A mile west of Wew Pepersburg a kame,‘composed largely
of coarse gravel and boulders, rises nearly a hundeed feet
above the surrounding area. This till is just within the Early
Wisconsin boundary, which here jakes a sharp jog of about

two miles to the south; it appears to have beeh,deposited
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in the reentrant between two minor lobations of the ice,

one of which advanced just beyond the headwaters of Fall
Creek, determining the present course of the upper part of
the stream. The other lobe advanced southward to about a
quatter of a mile horth of Rainsboro; it was probably split
into two parts by a bedrock hill two miles northwest of
Rainsboro; one part extending southwest into the falley of
Blinco Branch, and perhaps for some distance down that
-valley. In the immediate vicinity of Rainsboro, the drift
where exposed shows the general characteristics of the Ill-
inoian, but exposures a third of a mile to the north have
unleached drift at depths of two to three feet or less, with
completqébsence of zones 1 and 2 of the typical Illinoian
profile, A low ridge crosses the road at this point, trending
eastward, then swinging around to northeastward a short

? distance east of here; this inconspicuous ridge is interpreted
‘as the eastward continuation of the Cuba moraine, which,

however, is described by Leverettl as being several miles

1 .

Leverett, Frank, Glagial formations and drainage features
of the Brie and Ohio basins: U. S. Geol, Surv., Mon.
XLI, p. 341, 1902,

farther south, on the north side of Beech Flats,
From this point the Early Wisconsin boundary ap-
parently continues northeastward to the margin of the

Middle Wisconsin drift, which overlaps bt north of Plum Run
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The Drift Sheet

Within this area, the relief was diminished by the
deposits of the Barly Wisconsin glacier; preglacial valleys
were filled or partly filled, while deposits on the higher
hills were comparatively thin. Areas of characteristically
low felief occur south of New Vienna, around Cayytown and ¢
east of Samantha. There are, however, no closed depressions,
lakes or extensive swampy areas. With the exception of the
Cuba moraine southwest of New Vienna and the kame west of
New Petersburg, none of the glacial deposits form conspic-
uous prominences above the genéral level, A low broad
morainic ridge, here about parallel to the Cuba moraine,
enters the northwestern part of the county just east of New
Vienna, and is traceable for about two miles southeastward.
Along Hardin Creek, Bridgewater Creek and Bull Creck in the
vieinity of Bridges are the thickest exposures of drift
within the county, so far as now known; some of these show
gsections of 50 feet or more of drift. They are, however, in
the natufe of local valley fillings, and do not form notice-
able elevations above the general drift level. Inthese sec-
tions, the depth of 1eaching is generally less than three feet,
and the drift contains only & moderate amount of gravel, with
few large boulders. In color, it is more inclined toward the
brownish gray of the Middle Wisconsin drift in other exposures.

Just north of the location df Rosebush School, east

—— of Samantha, there is a small gravelly knoll which is apparent-
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1y morainic or kame-moeainic in character, although well
within the margin of the Early Wisconsin drift. 0ld gravel
pits in this knoll show limestone pebbles at a depth of less
than two feet. The kame west of New Petersburg, much more
striking in character, has already been mentioned.

"A low morainic ridge extending a mile or more into
the county from the northwest west of Highland vi;lage
appears to represent a retreatal stage of the Early Wisconsin
glaciation’a little later than that which produced the ridge
east of New Vienna. Both of these ure traceable for some
distance northwestward into Clinton County, although they are
very low and broad, with slopes on the sides so gentle as to

be hardly noticable to a casual observer,

Middle Wisconsin Drift
General characteristics
The Middle Wisconsin drift, which covers the north-
eastern part of the county and roughly one-tenth of its area,
differs both in topography'and material from hhe Early Wis-
consin. While some of the valley fillings are more than 50

feet thick, according to Leverettl, the topography appears

T
Leverett, Frank, Glacial formations and drainage features
of the Erie and Ohio basins: U. S. Geol. Surv., Mon.
41, p. 415, 1902,
"At Greenfield drift exposures in the west bluff of
Paint Creek show 50 feet of till......

"In the several members of the morainic system, f: -
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from Ross and Highland counties north to the combined
moraine in Clark County, the general thickness of the drift
falls between 50 and 100 feet, there being, as a rule, 20 to
30 feet more of drift in the morainic tracts than on the

bordering plains....."

to be more largely bedrock-controlled then in the area Af
Barly Wiécoﬁsin drift. Bedrock outcrops on the higher ridges
are somewhat less numerous in the Middle Wisconsin than in the
Barly Wisconsin area, except just north of Rattlesnake Creek,
néar its junction with Paint Creek. In the uplands west of
Greeﬁfield, the drift is more gravelly than the Early
Wisconsin drift outside its morainic phases,

In-color, the unweathered Middle Wisconsin drift is
medium to dark brownish gray, compared to the slate gray of
the Early Wisconéin; this characteristic alone, however,
éeldom serves to distihguish them, beécause of the scarcity
of exposures of éntirelj unweathered material, and because
of the influence of variations in.moﬁsture content on the
color. The depth of leaching of the Middle Wisdonsin is
generally from a foot to eighteen inches, but sometimes so
slight that limestone pebbles appear in abundance at the
surface, There ié usually only the beginning of a soil

" profile, though the more gravelly materials may show
6xidatidn to a depth of three feet or more. Toward the east
border of the county, the drift appears to be more gravelly

than the Early Wisconsin, but at Leesburg it is not conspic-
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uously‘pebbly. The differences between the Barly amd Middle
Wisconsin drifts in this area are apparently much less
pronounced than those between the Barly Wisconsin and the
"Doubtful Illinoian®; in fact, no evidence was fpund within
" the county which would necessarily require an interval of
degalciation between the periods of deposition of the two

Wisconsin drifts here represented.

Morainic 8ystems

Several morainic systems of the Middle Wisconsin are
welyheveloped in this region; two of these cross Highland
County, ana another stage in the retreat of the ice is
represented by terraces of outwash gravel along Paint Creek
south of Greenfield. The course of these is described by
Leverettl as follows: _
i !
Leverett, Frank, op. cit., » 384.

"West of Scioto River for 15 miles or more the
morainic system leads over a hilly district and morainic
features have an interrupted development, the inner member,
which east of thé Scioto is everywhere strong, becoming.
here vaguely defined; but in western Ross County the yapginie
system again shows distinct members, four of them being
readily’traced northwestward from this county.

"The outer one follows the southwest side of Rattle-

snake Creek across northeastern Highland County. Leaving this
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county, it continues northwestward through Clinton and north-
ward through easfern Greene.County, constituting the divide
between tributaries of the Scioto and Little Miami Rivers....

"The second member of the system follows the north-
east side of Rattlesnake Creck from its mouth to its source
and determines the course of that stream. It becomes merged
with later belts in southeastern Clark County. Its width 1is
scarcely a miie , but throughout its length it presents
sharp knolls and ridges that produce a strong contrast with
bordering plane tracts."

While Lee's Creek and Rattlesnake Creek flow in rock
valleys and have rocky bluffs on both sides throughout the
greater part of their exrent, the morainic features on the
southwest side of their valleys and of Paint Creek valley
for three miles below its junction with Rattlesnake Creek,
are pronounced and unmistakable. Between Leesburg and High-
land, thick drift deposits are shown in cuts along the
highway; half a mibe eastl of Highland, a minimum thickness
of 25 feet is indicated. Road cuts at Leesburg also show
thick drift; the depth of leaching is here less than a foot;

The gorge of Lee's Creek east of Leesburg is in bed-
rock, but gravel knolls along the railroad south of the gorge
indicate a deposit of 30 feet or more of more or less water-
borne material. Clear-cut channels between these gravel knolls
must have been made by displacement of the stream from its

channel for a short time, at the period of farthest advance
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of the Middle Wisconsin ice sheet. Presumably, Lee's Creek -
found its present course, marked by the narrow gorge east of
Leesburg,a“ < 5//3‘4f/y later 5éag'e.

Between this point énd Cénterfield there are knolls
of morainic of kame gravel ob the bedrock sbope of the south
side of the valley. A mile and a quarter northwest of Center-
field the gravel depbsit hes the appearance of a terrace,
with its top at about 950 feet; farther down the slope are
rock outcrops. The gravel is only skightly leached, from a
few inched to a foot or more, and has a very fresh appearance
where small pits have been opened in it,

South of Centerfield the ice of the Middle Wiscousin
stage appears to hawe advanced farther across Rattlesnake
valley thén at other points. The hills & mile to & mile and
a half south of Centerfield appear to be morainic in cherae-
ter. One of them rises to an altitude of over 980 feet, or
about 60 feet above the probable elevation of the rock surface
of this part of the upland between Hardin Creek and Rattle-
snake Creek. On the upland between Hardin Ceeek and Big Branch,
three-quarters of a mile south of Ash Grove School, a gravel
knoll rises about 50 feet above the surroundings. It is of
unstratified gravelly drift, leached to depth of from a foot
to eighteen inches. This hill is ppobably similar in charac-
ter to the gravel knoll north of Rosebush School, already
mentioned (p.78) in connection with the Barly Wiscomsin

drift; it may, however, represent an advance of the Middle
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Wisconsin ice into the uplands. The topography in the lower
part of’Big Branch valley, as well as that along Hardin Creek,
is suggestive of morainic material. There is a well developed
cross chanmel between the valleys of Big Branch and Fall Creek,
somewhat over a mile southwest of Rattlesneke Creek., The hill
southeast of the mouth of Fall Creek is undoubtedly pértly |
mbrainic in character, although the gravelly meterial is
deposited on a bedrock core.

West of Paint Creek, south:of the mouth of Rattle-
snake Creek, there is a thick veneering of gravelly morainic
material over the bedrock slppes as far southeast as the north
side of the valley of Plum Run. On the upland between FPlum
Run and Paint. Creek, small gravel knolls.along the road east
of Snake Corners School are parts of this morainic system.
They are leached to a depth of a few inches to a foot or more.
A gravel pit, south of the road three-quarters of a mile west
of the mouth of Plum Run, shows leaohiﬁg to a depth of from
two to three and one-half feet, with noticeable discoloration
éOHSiderably below this depth.

Small gravel knolls west of Paint Creek above its
junction with Rocky Fork may also be of Middle Wisconsin age,
and are so mapped, although the drift on the upland to the
Westward is here considered as Illinoian.

The Becond Morainic System described by Leverett is
not nearly so well developed within Highland County; it is

not marked by conspicuous gravel knolls such as those of the
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outer moraine, nor by particularly great thicknesses of

drif't accumulation.‘Noriheast of Leesburg, however, cuts

aling the highways, together with the absence of rock out-
crops in the ravines, indieate a probablé~thickness of 30

feet or more of drift. On the upland SOutheaét of East lMonroe,
the drift is over‘25 feet thick and of gravelly nature, as |
shown in a cut albng the Baltimore and Chio Railroad. The
topography at this éoint, however, does not have any marked

morainic appearance.

Terrace depogits

Along Rattlesnake Creek at Centerfield and near the
mouth of Fall Creek, there is a distinct terrace from 15 to
20 feet above the valley bottoms. It is slightly higher in
the lower part of Hardin Creek valley. Along Paint Creck
below the mouth :of Rajﬁlesnake Creek, terraces occur at from
20 to 40 feet above the valley bottom; these are about 20
feet below the floor of the channel which represents the
former course of Paint Creek at the eastern border of High-
land County.

South of Greehfield, an extensive gravel terrace
occurs at about 840 feet, or 50 feet above the level of
Paint Creek; it extends up the valley of Sugar Run, rising
with the gradient of that stream. Its material is coarse
sand and gravel where it is ex?osed in gravel pits;'it is Ea.

leached from a few inches to a foot or more, and oxidized
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to a depth of one'or two feet.

The terraces along Rattlesnake Creek and the lower
part of Paint Creek within Highland County appear to
correlate with the Second Morainic System, while those
south of Greenfield were formed at a later stage of the ice
retreat, probably in connection with the Third Morainic

1
System of Leverett ,

1
Leverett, Frank, op.cit., p. 384.
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CHAPTER III
STRATIGRAPHIC GEOLOGY
Introduc£ion'

The rock series of Highland County is more extensive than
that of,any other county in the state, with the exception of ‘
Adams. The oldest rocks exposed belong to the Arnheim formation,
of Upper Ordovician age, and the youngest to the Waverly group,
of Mississippian age. The larger units listed by Orton*, with

*Orton, Edward, Geology of Highland County: Ohio Geol, 8urv,,
Rept. for 1870, pp 255-256, 1871,

maximum thicknesses, are as follows:

Waverly 100 feet
Huron - 30 "
Helderberg | 00 *
Niagara Series 275 M
Clinton 50 *
Cincinnatian 00 *

These maxime are not all reached at any one point; thus the
greatest thickness of the "Helderberg" is attained north of
Samantha and at Greenfield, of the "Niagara" at and north of
Hillsboro and along Rocky Fork, and of the "Clinton" in the

southeastern part of the county. Orton* states that the best

"™
Orton, Edward, op. cit., p. 357

development of the Niagars series in Ohio is in the region
between Ohio Brueh Creek and Samenthe, while the "Helderberg" is

well shown between Samantha and Lexington (now Highland),
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In his Revised Nomenclature of the Ohio Geological Form-

ations, Prosser* lists Orton's classification of 1895 as well

*Prosser, C. 8., Revised nomenclature of the Ohio Geological
formations: Geol. Surv. of Ohio, 4th Ser., Bull, 7, p. 4, 19085.

&8 his own. Only a part of the scale is reproduced here:

Orton, 1895

Berea shale
Berea grit
Bedford shale
Cleveland shale
Ohio shale Erie shale
Huron shale
Olentangy shale

Uppexr Helderberg or
Corniferous limestone

Lower Helderberg limestone, or
Waterl ime

Hillsboro sand-
stone
Niagara Group Guelph or Cedar-
ville limestone
Niagara limestone
Niagara shale

Clinton
limestone

Medina shale

Hudson River Group

Prosser, 1905
Sunbury shale
Berea grit
Bedford shale
Cleveland shale

Ohio shale Chagrin formation

Huron shale
Clentangy shale

Delaware limestone
Columbus limestone

Lucas lime-
Monroe formation stone
Sylvania
sandstone
Tymochtee
member (7)

Hillsboro sand-
stone
YNiagara Cedarville lime-
group" stone
8pringfield lime-
stone
West Union lime-
stone
Osgood beds

Clinton limestone
Belfast bed

Saluda bed

Richmond formation
Lorraine formation

Eden shale
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Seveial different classifications of the Silurian rocks

have appeared in the writings of Dr. August F. Foerste, changes

being made according to advances in the knowledge of this part

of the series. The latest of these appeared in 1931, and is as

follows:*

*Foerste, A. F., 8ilurian fauna of Kentucky:
Ser. VI, Vol. 36, p. 173, 1931.

Ky. Geol. Surv.,

Table of Silurian Strata of Kentucky, Indiana and Ohio

Geologic Series

SOUTHERN INDIANA:
WESTERN KeNTUCKY,

WESTERN OHIO

SOUTHERN OHIO
EASTERN KENTUCKY

.
[
.
.
.
b
.
.
.
.
.
L3
L]
-
.

a0 G000 2o 00 %9 0 jee 20 00 o0 o

CAYUGAN x : ——m--—m-=—= : Greenfield
- —— $ e : Peebles
: ¢ Springfield P e ——
LOCKPORT : ¢ Euphemia I
¢ Louisville ! w~em—mem——e—a ¢ Lilley
s+ Waldron : Waldron } mm——————
¢ Laurel ¢ Laurel 7 ! m——————
; Osgood ; Osgood ? ;
: : + Bisher
! m——— s — ¢ Ribolt
CLINTON § - ! mmmmme————— s+ Egtill
: —— : : Waco
: Basal Osgood :+ Dayton : Lulbegrud
: : ¢+ Oldhanm
i ! - : : (Plum Creek)
MEDINAN ¢ Brassfield :+ Brassfield : Brassfield
: - : Centerville ¢ ——eeeemeee
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Basis . of Mapping
The stratigraphic column for Highland County, with thick-

nesses, is as follows:

Stratigraphic Column for Highland County

. Thickness
Mississippian Waverly sandstones and shales 00
Devonian- Ohio shale 250-300
Mississippian
Devonian Olentangy shale 0-60 (7)
Silurian-Devonian Hillsboro sandstone 0-30 (?)'.
Greenflield dolomite 0-100
Peebles dolomite 20-90
Lilley dolomite 40-55
8ilurian Bisher dolomite 30~85
Crab Orchard shale 35-95
Dayton limestone 0-4
Brassfield limestone 27-80
Elkhorn shale 13
Whitewater shale and
limestone 80
Ordovician Liberty limestone 30
Waynesville shale and .
limestone 50

Arnheim formation

In mapping, only three separate units of the Richmond group
are depicted: the Arnheim (%), being represented by only one
outcrop, is grouped with the Waynesville; the Liberty is mapped
separately, and the Whitewater andbslkhorn are. grouped together
because of the limited thickness of the latter formation. The
Ordovician formations below the Whitewater are represented by
only & limited number of exposures within the county; the writer
is indebted to Professor W. H. 8hideler for aid in the differ-

entiation of the Waynesville and Liberty.
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The Daytonllimestone, becuase of its slight thickness, is
grouped with the Brassfield in mapping, although it is more
closely related to the overlying Crab Orchard shale., The base
of the Brassfield is tsken as the beginning of the bluish,
crystalline limestone typical of the lower part of the form-
ation, and the top of the Dayton as the top of the light green-
ish~-gray, massive, crystalline limestone immediately below the
Crab Orchard shale. The Crab Orchard is easily recognized by
i1ts color and lithologic contrast with the resistant formations

~above and below; its contact with the Bisher dolomite is par-

ticularly well-defined, and is usually marked topographically

- by a distinct change in slope, and often by springs or swampy
ground. |

The Bisher and Lilley dolomite formations, formerly termed

the "West Union" by Foerste*, are mapped as a single unit, al-

*Foerste, A. F., Notee on Silurian foesils from Ohio and other
central states: Ohio Jour. Sei., Vol. XVII, p 180, 1917,

though &t most points where they occur within the county they
may be readily distinguished by their lithology and fossils,

or by the presence of the Cladopora bed (or coral bed) at the
base of the Lilley. The Lilley formation varies considerably
in lithologic character and fossil content between different

parts of the county, and the Cladopora bed is not always pre-
sent as a recognizable horizon. The two formations together

constitute a convenient unit for mapping, with an average

thickness of somewhat less than & hundred feet.
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The boundary between the Lilley and Peebles formations is
usually marked by a transition zone of from 5 to 10 feet, rather
than & sharp contact. At most localities fossils are not read-
ily found within this transition zone. The presence of Pentamerus
oblongus was at first taken as diagnostic for the Peebles, but
this fossil was later found to range down nearly to the top of
the Bisher, and in the region north and northeast of Hilleboro
is abundant in the ﬁilley as that formation is here described,
The Lilley is typically blue in color on fresh exposures and
weathers to yellow, while the Peebles is light gray and does
not change color greatly on weathering; the colors, however,
are not & reliasble characteristic, particularly in the trans-
ition zone between the two formations. The most satisfactory
criteria for mapping were found to be ﬁhe texture, that of the
Lilley being usually moderately to coarsely crystalline while
the Peebles is finely and uniformly crystelline, and the pre-
sence of crinoid fragments in the upper Lilley, contrasted to
their almost complete absence from the Peebles. The coral

Pycnostylus guelphensis is of falirly common occurrence in the

Peebles, and was not found in any other formation.

The unconformable contact between the Peebles and the
Greenfield dolomite is usually definite and easily recognized,
although very irregular. While it is accompanied by a dis-
tinet change in type of sediment, certain beds well up in the
Greenfield bear such a close resemblance in lithology to the

Peebles that the identification in isolated outcrops must be

checked by fossils,
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The contacts between the Greenfield formation and the Ohio
black shale series and between the Ohio and Waverly shales are
marked by such pronounced lithologic changes as to afford fairly

obvious bases for mapping.

DESCRIPTIONS OF FORMATIONAL UNITS

The following general descriptions of the various units of
the section in Highland County consist first of brief historical
reviews based on the literature to which references are given,
and then of genergl descriptions of the formations based on
observations made during the present investigation. Further
details, such as measured sections, important localities,
fossgil horizons, etc. are given in a separate chapter on the
"Detailed Descriptions of Localities." Because of their
limited exposure here in comparison with other areas, the
Ordovician and Mississippian formations were not studied in
detail; their descriptions are taken less from field obser-

vation than in the case of the remainder of the series.

Richmond Group
General statement for Richmond in Highland County
The name Cincinnatian, now in general d%%:jpr the upper
division of the Ordoviciean, was approved in this sense by

Clarke and Schuchert* in 1899. Before this time, the term

*Olarke J. M.,:and Schuchert, Charles, The nomenclature of

the New York series af geological formations: Science
N.8., Vnih 10, pp. 874-878, 1899,
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#Cincinnati group" had been used for the upper Ordovician

of the Ohio Valley*. The subdivisions of the Cincinnatian

*Cumings, E R., Nomenclature and descriptions of the geo-
logical formations of Indians: Handbook of Indiana
Geology, State Depariment of Conservation, Pt. IV,
p 416, 19233,

are, according to Cumings; Utica, Eden, Maysville and Rich-

mond. The name Richmond was prosposed by Winchell and Ulrich.*

*Winchell, N H., and Ulrich, E. 0., The Lower Silurian
deposits of the Upper Mississippi: Minn. Geol.
and Nat. Hist. Burv., Paleontology, Vol. 3, Pt.
2, pp. 83-139, 1897.

At the type locality in southern Indiana, and in southwest-
ern Ohio, the formation is stated to be 350 feet thick. Ac-

cording to McFarlan,* "The Richmond has customarily been re-

*McFarlan, A. C., The Ordovician fauna of Kentucky: Ky.
Geol. Surv., Ser VI, Vol. 36, pp. 47-165, 1931.

cognized as beginning with the Arnheim though the latter
had originally been classified with the Maysville and was
again referred to it in 1913 by Cumings and Galloway"”.
Above the Arnheim are the Waynesville, Liberty, Whitewater
end Elkhorn formations. The Saluda facies of the upper
formations found in Indiana and Kentucky is not present

within this area. According to Nickles'* description of

*Nickles, J. M., The geology of Cincinnati: Jour. Cin,
Soc. Nat. Hist., Vol. 30, p. 88, 1903,
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the Richmond, "The rocks are even-bedded limestones, usual-
ly dove-colored or grayish rather than bluish, from two to
ten or more inches in thickness, with regular shale alter-
nations, the limestones forming from one-fourth to one-half

the whole mass.” Nevertheless, Orton's* name, "the Cincinnati

*Orton, Edward, Geology of Highland County: Geol. Surv, of
Onhio, Rept. for 1870, p. 867, 1871. .

or Blue Limestone group," is more expressive of its true
character.
ARNHEIM

The name Arnheim was proposed by Foerste* for the

*Foerste, A. F., The classification of the Ordovician rocks
of Ohio and Indiana: Science, N.8., Vol. 223, p.
150, 19085.

"Warren beds" of Nickles.* The type locality is in Brown

*Nickles, J. M., op. cit., pp. 48-100.

County, sbout six miles from the southwest corner of High-
land County. The top of the Mount #uburn bed, upon which
the Arnheim rests, is described as containing an abundance

of "Platystrophia lynx" (=§l: pondeross auburnensis Fberste)l

1Foerete, A. F., loo. cit.

The top of the Arnheim is a nodular clay layer. The thick-

ness given is 63 feet. Foerste* has subdivided the form-
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*Foerste, A. F., Preliminary notes on Cincinnatian and
Lexington fossils of Ohio, Indiana, Kentucky and
Tennessee: Denison Univ, Sei. Lab. Bull., Vol.
Xvi, p. 18, 1910,

ation into the Sunset, or lower, division and the Oregonia,
or upper division; the base of the Oregonia is described
as characterized by the appearance of the Richmond fossils:

Leptaeng richmondensig-precursor Foerste, Rhynchotremsa

dentata-grnheimensis Foerste, and Dinorthis carleyi (Hall).

The Sunset consists of limestones, which may be cross-

bedded and wave-marked; valves of Rafinesquina alternats

(Conrad) are very common. In the main, however, it is com-
paratively unfossgiliferous and is marked by an abrupt trans-

ition to the Oregonia,* which Cumings* describes as "usually

*Foerste, A.F., loc. cit.

-—~=—~—w—w=———, The Arnheim formation within the areas
traversed by the Cincinnati geanticline: Ohio Nat.,
Vol. XII, pp. 439-456, 1912, See also Cumings, E.
R., Nomenclature and description of the geological
formations of Indiana: Handbook of Indiana Geology,
State Department of Conservation, p. 428, 1933,

*Cumings, E. R., loc. cit.

2 limestone rubble with much shale and quite different in

appearance from the Sunset beds, ®

WAYNESVILLE

The name Waynesville was proposed by Nickles* in 1903
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*Nickles, J. M., The Richmond group in Ohio and Indiana
and its subdivisions: Am. Geol., Vol. XXXII,
Pp. 205-307, 1903.

for the division of the Richmond called the Dalmenella
meeki zone by Cumings. It is described as conformably
overlying the Arnheim, and consisting of a large amount
of clay and clay shale, with some limestone layers up to
five inches in thickness. At the type locality in northern
Warren County, twenty-five miles northwest of Highland
County, the thickness is about 50 feet,

The three divisions of the Waynesville listed by Foerste*

*Foerste, A. F., Preliminary notes on Cincinnatian and
Lexington fossils: Denison Univ. Seci. Lab. Bull.,
Vol. 14, pp. 391-293, 1909.

are Fort Ancient (lowest), Clarksville and Blanchester., The
Fort Ancient has none of the Brachiopods characteristic of

the Richmond formations above the Arnheim except Dglmanellas
jugosa (=D, meeki (Miller)). The faunal assemblage, including
Anomalodonta gigentea Miller, Modiolopsis concentrica Hall

and Whitfield, M. pholadiformis Hall (=Whiteaysi pholadi-
formig (Hall)), Opisthoptera fissicosta (Meek), Pterinea

demissa (Conrad), and abundent Rafinesquina alternata
loxorhytis (Meek), suggests a closer relation to the Arnheim

than to the other divisions of the Waynesville.l

A large
number of Richmond Bryozoa are introduced in the Fort Ancient,

according to Guminga,a including: Bythopora meeki (James)
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1 Foerste,‘A. F., loc. cit.
2 Cumings, E. R., op. cit., p. 435

Hallopora subnodosa (Ulrich), Homotrypella hospitalis

(Nicholson), H. rustica Ulrich, Helpopra harrisi James,
Stigmatella crenulgta Ulrich and Bassler, 8. interporosa

Ulrich and Bassler, S. spinosa Ulrich and Bassler, Heter-

otrypa prolificg Ulrich, etc. The Fort Ancient 1s more
shaly than the Clarksville and Blanchester, The Clarks-

ville division extends from the Orthoceras fosteri horizon

to the lower Hebertella insculpta layer.* A part of the

*Foerste, A. F., loc. cit.

fauna characteristic of the Richmond comes in a few feet

above the Orthoceras fositeri zone, including Streptelasme

rusticum (Billings), Plectambonites sericeus (Sowerby),

Strophomena planumbona Hall, 8. Sulcata (verneuil), a

variety of Rhynchotrema resembling R. perlamellosa (Whit-

field), and Leptaena richmondensis Foerste, The Blanchester

division, of which the type locality is a mile west of

Blanchester, "includes all between the upper and lower

Hebertella insculpta horizons."* In variety of fauna, it is

*Foerste, A. F., loc. cit.

described as the richest part of the Waynesville; the

following species are mentioned by Foerste: (Catazyge headi
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(Billings), Dinorthis carleyi-insolens Foerste, Strophomena

nutans Meek, 8. neglecta (James), a precursor of 8. vetusta

(James), Rhynchotrema dentata (Hall), abundant Rafinesquina
and Plectarthis (Austinella) scovillei (Miller).

LIBERTY

The nesme Liberty was proposed by Hickles* for the Stro-

*Nickles, J. M., op. cit., pp. 307-308.

phomeng - Rhynchotreme bed of Cumingsl or 8. plgnumbong

bed of Nickles,z the type locality being in eouthern Indiana.

lCumings, E. R., Notes on the Ordovician rocks of southern
Indiana: Ind. Acad. Sci., Proe. for 1900, pp. 200-
215, 1901.

2Nickles, J. M., loc. cit.

An exposure is mentioned along Cowan's Creek, in Clinton

County, Ohio,

According to Cumings,* the Liberty formetion *consists

*Cumings, E. R., Nomenclature and description of the geo-
logical formations of Indiana: Handbook of Indiana
Geology, State Dept. of Conservation, Pt. IV, P,
436, 1923,

more largely of limestone than any other member of the

Richmond in Indiana. The layers are often several inches
or even a foot thick, and shale is much less in evidence
than in the other formations. It is from 35 to possibly

50 feet thick, usually from 35 to 40 feet, and very constant
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in its thickness, as well as in its lithologic characters,
It is extraordinarily fossiliferous throughout, especially
abounding in Brachiopods and small branching Bryozoa. No
other Cincinnatian formation rivals it in the beéuty and
abundance of the specimens. The most characteristic fossils
are Strophomeha élanumbona Hall, S; vetusta (James), Plec-
tambonites sericeus (Sowerby)(in the lower part), Rhyncho-

tremg capax Conrad, Dinorthis subguadrate Hall, Platystrophis

cumingsi, Amplexopora pumila Cumings and Galloway, A.

granulosa Cumings and Galloway, Constellaria polystomella

Nicholson, Homotrype sustini Bassler; H. cylindrica Bassler,

and Rhombotryps guadrata (Rominger)."
In Kentucky, the fossils included by McFarlan* as the

*McFarlan, A, C., The Ordovician fauna of Kentucky: Ky.
Geol. Surv., Ser. VI, Vol. 36, p. 59, 193l.

more characteristic species are Dinorthis subquadrata Hall,

Plectambonites rugosus (Meek), Rhynchotrema capax (Conrad),

Strophomena planumbona (Hall), Streptelasma rusticum (Billings),

Rhombotrypa guadrata (Rominger), R. subquadrata (Ulrich),

Protaris richmondensis Foerste, and Homotryps austini

Bassler.,

In 1913, Foerstel proposed the name Laughery formation

1Foerste, A. F., Strophomena and other fossils from Cin-
cinnatian and Mohawkian horizons, chiefly in Ohio,
Indiana and Kentucky: Denison Univ. Seci. Lab.,
Bull., Vol. 17, p. 22, 1912,

10 include the Waynesville and Liberty divisions of the
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Richmond, beceuse of the relationship between their faunas;
they type locality is Laughery Creek in Indiana. This name

has not come into general use,

WHITEWATER
The Whitewater formation, or Homotrypa wortheni bed, was
described by Nickles* in 1903, thef type locality being near

*Nickles, J. M., The Richmond group in Ohio and Indiana and
its subdivisions; Am. Geol., Vol, XXXII, pp. 208-
209, 1903.

Richmond, Indisna; other exposures are mentioned along Cowan's
Creek and Dutch Creek, in Glinﬁon County, Ohio. Quoting from
Nickles! description, "In this division the strata usually
present a roughish, concretionary, nodular gppearance, both
the limestone and the shale.....The limestone layers, often
more or less impure, are seldom over two inches thick and
generglly less. The thickness of this division is forty-five
to fifty feet."

Cumings* ascribes a thickness of 80 feet to the formation

*Cumings, E. R., op. cit., p. 438,

at Richmond. He states that "Comparatively few species of
fossils are restricted to the Whitewater, most of the fauna
being the same as that of the Liberty." The characteristic

fossils mentioned by him include: brachiopods, Strophomena

sulcata (Verneuil), Rhynchotremg dentatum Hall, Platystrophia

acutilirata (Conrad), P. acutilirata prolongata Foerste,
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P. acutilirats senex Cumings, Hebertella occidentalis Hall,

Rhynchotrema capax (Conrad); pelecypods, Byssonychia obese

Ulrich, Ischyrodonta decipiens Ulrich, I. truncata Ulrich,

Ortonells hainesi (Miller); gastropods, Bucania crassa
Ulrich, B. simulatrix Ulrich, Lophospira tropidophora (Meek),
L. bammelli (Miller), Salpingostoms richmondense Ulrich;

bryozoans, Batostoma variagbile Ulrich, Ebmdtrypg constellari-

formis Cumings, H. nitide Bassler, H. nicklesi Bassler, and

& new species of Amplexopora, all limited to the Whitewater;
other common bryozoans are Bythopora delicstulg (Nicholson),
Homotrypa cylindrica Bassler, H. ramulosa Bassler, H. wortheni
(James), Homotrypella rustica Ulrich, and Monticulivora

epidermats Ulrich and Bassler; coral, Streptelasma divar-

icans (Nicholson).

KLKHORN

The name Elkhorn was proposed by Cumings* in 1908 for

*Cumings, E. R., Stratigraphy and paleontology of the Cin-
cinnati series of Indiana: Ind., Dept. of Geology
and Nat. Res., Annual Rep. 32, p. 678, 1908.

the highest beds of Richmond age. The type locality is
Elkhorn Creek, near Richmond, Indiana; there the formation

is about 50 feet thick. 1In 1923, G‘umings2 states: "The

2Gumings, E. R., Nomenchature and description of the geo-
logical formations of Indiana: Handbook of Indiana:
Handbook of Indiana Geology, State Dept. of Con-
servation, pp. 438-439, 19233.
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faung of this formation has been little studied, and may

be expected to furnish some very interesting species espe-
cially of Bryozoa most of which will be new. Homotrype
wortheni prominens Bassler seems to be a common form, It
has been intimated by Foerste, Bassler and others that the
Elkhorn, or some part of it, may be the quivalent of the
Belfast bed of the eastern side of the Cincinnati arch. }
Until further faunal and stratigraphic evidence is forth-
coming, the relationships of these two interesting formations

must remain in doubt." Other fossils mentioned from the

Klkhorn are Platystrophis moritura Cumings, Hebertells
sinuata Hall and Rhynchotrema dentate (Hall).

c“*‘(
| H“" (SILURIE}— -

S8ince the greater part of Highland County is underlain

by rocks of Silurian age, the general characteristics of
this group, both here and in other regions, are of greatest
importance in any treatment of the stratigraphy of the
county. While there have been numerous contributors in this
field, the greatest share of our knowledge comes from the
works of Dr. August Foerste, whose studies of Silurian
fossils have been world-wide.

The classification* of the Siluriasn strata of Kentucky,

*Foerste, A. F., The 8ilurian fauna of Kentucky: Ky. Geol,
Surv., Ser. VI, Vol. 36, p. 173, 1931.
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Indiana and Ohio, reproduced on p. , was given in 1931,
and will be used with slight modification for the Highland
County area, which may be considered aS'intermediate between
the Western Ohio and Southern Ohio districts. Under the
Clinton series for southern Ohio, the name Crab Orchard will
be used to include the Clinton units below the Bisher.
Quoting from tne»accompanying explanation of the distri-‘

"~ bution of ithe S8ilurian fauna*, "Some of the Silurian geologic

*Foerste, A. F., op. cit., p. 171.

formations can be traced only for relatively short distances.
Even in those which can be traced by lithologicsl character-
istics for much longer distances, their included faunas often
are very local in distribution, except in the case of a few
species which have a very wide geographic range, but which
occur at so many horizons that in the present state of our
knowledge they have but little value in discriminating
faunas." Many examples of this are cited, particularly in
Kentucky and Indiana.

As has been mentioned, Highland County is located on the
east flank of the Cincinnati geanticline, a broad arch ex-
tending both northward and southward from the southwestern
part of Ohio. This feature was apparently "already well

developed in Silurisn times,"* as shown by the thinning of

*Foerste, A. F., op. cit., p. 173.
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some of the Silurian formations in Indiana toward the axis
of the anticline under the unconformity at thé base of the
Devonian, and by differences between the faunas east and

west of the anticline, at least as early as Clinton time, 1

1Idem, p. 174,

This conclusion is affirmed by the westward thinning of
several lower Silurian units in Highland Céunty.

Within the S8ilurian of Highland County, in contrast to
the Ordovician, the lithologic character of the formations
becomes an important factor in mapping; it is the dominant
factor at those horizons where diagnostic fossils are lacking
or are very rare. While mapping on & lithologic basis has
well-recognized limitations and is subject to many errors,
these errors are minimized by checking identifications

wherever posgible by means of fossils.

BRASSFIELD
Genergl Description
This lowest part of the 8ilurian in Kentucky was

doubtfully referred to the Clinton by Owenl in 1857; in

lowen, D. D., Report of a geological reconnaissance of
the state of Indiana, 34 pp., Indianapolis, 1838.

Ohio it was considered to be of Clinton age by Orton, and

wag 80 designated in the earlier works of Foerste., In

1908, Foerste® proposed the name Brassfield, from a
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ZFoerste, A. F., The Silurian, Devonian eand Irvine form-
ations of east-central Kentucky: Ky. Geol. Surv.,
Bull. 7, pp. 18 and 37-35, 1908.

locality in east-central Kentucky. He describes the lower
portion as consisting of massive layere, with thinner beds
in the middle and uppér parts, and interbedded thin clay
layers near the top. The lower massive beds are stated to
be unfossiliferous, are more bluish in color, and 4o not
weather to as deep & brown, but they are not considered
to form a unit distinct from the rest of the formation.
They vary in thickness from sixteen inches to more than
eight feet.

The overlying parts of the formation are thinly and
irregularly bedded, with thin layers of clay which increase

in thickness toward the top. Quoting from his description,*

*Foerste, A. F., op. cit., p. 29,

"Farther northward, from Montgomery County, in Kentucky,

to Highland County, In Ohio, the relative guantity of clay
in the upper part of the Brassfield increases. Northwest

of Highland County, however, clay occurs only at the very
top of the Brassfield section, and at many localities is
absent. It is the upper, thinner-~bedded part of the Brass-
field limestone which is fossiliferoﬁs. Most of the fossils

occur near the top of the section." The thickness of the

formation as a whole varies from about 19 feet at the type
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locality down to nine feet at other localities in east-
central Kentucky. The possibility is suggested that there
ma&,be g2 thinning of the Brassfield toward the axis of the
Cincinnati geanticline, and thicknesses &t & number of
localities are cited, but the variations are not considered
uniform enough in any one direction to be conclusive,

In this description,* the identification with the Clinton

*Foerste, A. F., op. cit., p. 35.

of New York is questioned, and it is stated that "the fauna
of the Brassfield limestone of Ohio, Indisna and Kentucky
appears to differ sufficiently from the fauna of the Clinton
limestone of New York to warrent the assumption of the pre-
sence of some sort of barrier between the two areas." No
attempt is made, however, to correlate the Brassfield with
any other horizon than the Clinton in the New York section.
In 1914, Schuchert* correlated the Medina, Cataract and

*Schuchert, Charles, Medina and Cataract formations of the
Siluriec of New York and Ontario: Geol. Soc. Am.,
Bull., Vol. XXV, p. 294, 1914,

Brassfield with each other, According to his statement,

" the normal marine junction of the Cataract and Brassfield

seas is prevented by the Medina delta. For these reasone;

Medina, Cataract and Brassfield are to be retained as names

for independent marine faunas and formations."

The term Belfast bed was proposed by Foerste* in 1896,
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*Foerste, A. F., An account of the Middle Silurian rocks of
Ohio and Indiana: Cin. Soc. Nat. Hist., Proc., Vol.
18, pp. 183-184, 1896.

for a unit described as follows: "Between the Clinton of
Ohio and the upper fossiliferous beds of the Cincinnatian
formation occur in many parts of the state a series of un-
fogsiliferous beds which it is diffieult to assign definite-
1y either to the Upper or the Lower 8ilurian. Quite fre-
quently the upper part of these unfossiliferous beds consist
of a firm rock bregking up and becoming shaly parted after
being exposed for a time to the influences of weathering.
Where fresh it has & bluish color, but where long exposed

it is yellowish or brownish., It has a massive structure in
places, being made up of layers 4 to 12 inches thick, with
thin partings. Containing in addition to lime a considerable
amount of argillaceous material, it is in strong contrast
with the very pure Clinton limestones, which overlie it...."
In the vicinity of Belfast it is 4 feet thick.l The Bel-

fast sections were previously described by Foerste® in

1Fberete, A. F,, op. cit., p. 168,
2

- - , On Clinton conglomerates and wave marks
in Ohio and Kentucky: Jour. Geol., Vol. III, pp.
179-185, 18985. '

another paper.
More recently, Foerste has given up the name Belfast.

In 1931 he states:* "The term Belfast, proposed for an
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*Foerste, A. F., The Silurian fauna of Kentucky: Ky. Geol.
Surv., Ser. VI, Vol. 36, pp. 170-179, 1931,

arenaceous limestone in Highland and Adams counties in Ohio,
wasg dropped when it was learned that it could be traced
laterally into limestone strata containing a typica1 Brass-—
field fauna. The Belfast is merely a local phase of the base
of the Brassfield."

In the same publication he says:* "The Brassfield fauna

*Foerste, A, F., op, cit., p. 170,

belongs to the upper part of the Medinan, and its areal
distribution extends from Alebama, Georgiaf{ and western
Tennessee northward to southefh Ontario and western New York.
The Centerville fauna belongs to a distinctly older part of
the Medinan, and is correlated provisionally with the Edge-
wood faune of southwestern Illinois and Missouri. Both the
Brassfield and Edgewood faunas are of southern origin...."

On page 175 he continues: "The Brassfield limestone is

the most widely distributed of those Silurian formations
whose faunas invade from the South. It occurs in Oklehoma,
Arkansas, Alabama, Tennessee, Illinois, Indiana, Ohio, south-
ern Ontario, and western New York. The Brassfield is the
only Siluriag}fauna of southern invasion which in Ohio crosses
from the western to the eastern side of the Cincinnati anti-

cline, and which therefore is known in east-central Kentucky
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as well as in the west-central part of that state." Farther
on he states, "The Brassfield fauna is a relatively large
one, It consists of 34 species of brachiopods, 37 bryozoans,
23 cephaldpods, 17 gasteropods, 14 trilobites, 13 corals,

9 pelecypods, 6 echinoderms (3 crinoids, 2 starfish and 1

cystid), 2 hydrozoans, 2 graptolites, and 1 ostracod."
Insert \ﬂ; )

1,_ woe

Thickness and charscter in Highland County

The Brassfield limestone renges in thickness from 37
feet northeast of Lynchburg to 40 feet near the county line
southeast of Belfast and 50 feet in the vicinity of the Ser-
pent Mound structure. It consists in the main of bluish-
gray to pinkish or nearly white crystalline limestone, with
some brown layers in the upper part of the formation._ The
individual beds vary from an inch to eight inches in thick-
ness, two to four inches being most common; the bedding |
planes are distinct and for the most part evenly spaced and
continuous for cdnsiderable distances, but with minor irre-
gularities which give uneven surfaces to some of the slabs.
Shely partings are more abundant in the upper part of the
formation, and the percentage of shale increases in going
from east to west across the county. In the lower part,
many of the more finely crystalline layers show indistinct
lamination, with narrow dark gray bands from a sixteenth %o
a quarter of an inch apart, the wider bands between being
bluish gray in color. Numerous recrystallized fossil frag-

ments, particularly of brachiopods and bryozoans, are found
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Foerste® huas recently separated layers at the hase of the Brass-

*Foerste, A. F., op. cit., p. 184.

field in southwestern Ohio which bear a Silurian fauna with some
Ordovician aspects, designaﬁing this unit &s the Centerville formation

and cerrelating it with the Edgewooed farther west. ‘
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throughout the Brassfield; these are only occasionally well
enough preserved to be readily identified, although collec-
tion of identifisble specimens is not difficult when plenty
of time is available. Chert is generally present in the
lower part of the formation as distinct layers, concretions
or irregular masses, usually following definite horizons,
Glauconite grains are not abundant enough in any single bed
in High land County to be readily noticeable to the unaided
eye, tut are found in the lower part of the Brassiield by
the use of the miéroscope or by dissolving away the carbon-
ates in dilute hydrochloric acid. In Adams County, there
is a conspicuous and fairly constant glauconite layer in fhe
lower part of this unit.

Hematite occurs throughout the upper 6 to 8 feet in the
southeast and central parts of the county, but is not present
farther west. While a part of the oclitic hematite is pro-
bebly primary, its occasional occurrence in thin shells
around oolitic carbonate grains, and its greater abundance

- at the weathered outcrop than a few feet back from it, suggest
some secondary enrichment at the surface. The apparent con-
centration at the outcrop 1s particularly evident at the
exposure along Rocky Fork southeast of Hillsboro.

The presence of conglomerate in the Brassfield within

Highland County has been noted by Ortonl, Foerste® and Prosserd,

1Orton, Edward, The geology of Highland County: Ohio Geol.
Surv., Rept. for 1870, p. 270, 1871.

SFoerste, A. F., On Clinton conglomerates and wave marks in
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Ohio and Kentucky: Jour. Geol., Vol. 3, pp. 50-
60, 169-197, 1895.

Sprosser, C. S., Ripple marks in Ohio limestones: Jour.
Geol., Vol, XXIV, pp. 456-475, 1916.

According to Orton, the conglomerate occurs near the base

of the Clinton (Brassfield), and the pebbles "appear to have
been derived from the Blue limestone or Cincinnatian rocks."

Foerste, whose more extensive study is based on observations
of & large number of localities, demonstrates that the con-

glomerate occurs near the top of the formation and that the

pebbles are derived from the Clinton itself. He concludes*

*Foerste, A. F., op. cit., p. 185.

from the presence of the large pebbles and ripple marks ‘
that they indicate waters shallow enough to permit erosion,
in fact, probablyfa slight elevation above sea level. He
considers it probable that shallow waters extended at var-
ious times over the Blue Grass.region in Kentucky and Ohio,
but not that the land was of any great elevation. It is
doubtful, however, whether this intraformational conglo-
merate has as much significance as it was originally thought
to have.

In size, the individual pebbles range up to a foot or
more in longest dimension, sizes of four to eight inches
being much more common. They are flattened in shape, with

rounded edges, and generally occur in the rock with their

long axes nearly horizontal. Cross-bedded layers are fre-
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quently associated with the pebble layers in the upper part
of the Brassfield.

Large ripples, termed “para—ripples“ by Bucher*, are

*Bucher, W. H., Large current-ripples as indicators of paleo-
geography: Nat. Acad. Sci., Proc., Vol. III, pp.
885-391, 1917.

- —— , On ripples and related sedimentary forms
and their paleogeographic interpretation: Am. Jour,
Seci., Vol. 47, pp. 149-310, 241-369, 1919.

common in the Brassfield formation. Although of somewhat
more frequent occurrence in the upper hematitic layers,
they occur also in the lower part, which is generally more
thinly and evenly bedded. In wave length, they range from
one to two feet, and in amplitude up to six inches.

The Brassfield outcrops in three general areas within
Highland County. The first of these is an irregular belt,
from three to five miles wide, extending across the county
from three miles north of Lynchburg to four miles southeast
of Mowrystown; this belt represents the almost complete
beveling of the formation by peneplanation, and in it the
rock is obscured at most points by a coating of glacial
drift. The second general region of outcrops is in the wide
and prominent rock terraces along Ohio Brush Creek and its
tributaries in the eastern part of Concord township, Jack-
son township and the southern part of Washington. Here the
thickness of the formation is greater and the overburden

usually less. The third area is along Rocky Fork south of
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Hillsboro, extending from near the mouth of South Fork for
about four miles upstream. Only the upper hematitic part of
the formation appeare above the stream level at this locality.
Egst of these three areas, the eastward regional dip carries
the Brassfield beneath younger formations.

Faum

The following is quoted from Cumings:*

*Cumings, E. R., Nomenclature and descriptions of the geo-
logical formations of Indiana: Handbook of Indiana
Gggéogy, State Dept of Conservation, Ft. IV, p. 447,
1 N

”Fauna.--The more common and characteristic species as de-
termined by Foerste, are as follows: Illsenus daytonensis
H. & W., I. embigous Foerste, 1. madisonignus-elongatus Foerste,

1. madisonianus depressus Foerste, Proetus determinatus Foerste,

Cyphaspis clintoni Foerste, QOdontopleura ortonl Foerste,

Enorinurus thresheri Foerste, Calymene niagarensis (Whitfield),
C. vogdesi Fbérste, Deiphon foerstei (Barrande), Phacops

pulchellus Foerste, Dalmanites wortheni Foerste, FPlectam-

bonites prolongatus (Foerste), P. transversalis (Wahlenberg),
Leptaena rhomboidalis (Wilckens), Strophomena daytonensis
Foerste, 8. striata Hall,S. hanoverensis Foerste, Orthis

flabellites Foerste (and varieties), Hebertells fausta (Foerste),

H. daytonensis Foerste, Platystrophia reversata (Foerste),
P, daytonensis Foerste, P. brachynota (Hall), Dalmanella

elegentule (Dalmen), D. elegantula parva (Foerste), Rhipi-
domella hybrida (Sowerby), Triplecia ortoni (Meek), Atrypa
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marginalis (Dalman), Camarotoechis convexs (Foerste), Strick-

landinia triplesiang Foerste, Homotrypa confluens (Foerste),

Aspidopore pervulas (Foerste), Lioclemella ohioensis (Foerste),

Hallopora magnopora (Foerste), Chasmatopors sngulats (Hall),
Hemitrypa ulrichi (Foerste), Ptilodictya @hitfieldi (Foerste),

Ptilodictys expansa Hall, Clathropora frondosa ¢lintonensis

(H. & W.), Phaenopors expansa H. & W., P. fimbriats (James),

P. ma (E. & W.), P. multifida Hall, Pachydictya bifurcata
£. magng L. mulcliiaa &

(Hall), P. bifurcata instabilis (Foerste), P. crassa (Hall),
P. emaciata (Foerste), Trigonodictya eatonensis Ulrich,
Rhinopora verrucose Hall, Dictyonema pertenue Foerste, D.
scalariforme Foerste, Corynotrypa elongats (Vine).

The species marked with an asteriSk occur either in
east-central Kentucky or the "northern .extension of the
Brassfield into Ohio and Indiana®, as well as being mentvion-
ed by Cumings. '

The following addit_iona,l specles are mentioned by Foerste*

for eastern Kentucky, together with others not listed:

*Foerste, A. F., The Silurian, Devonian and Irvine formations
of east-centrgl Kentucky: Ky. Geol, Surv. Bull. 7,
pp. 27-35, 1906. ‘

QA
Cythophyllum calyculum Foerste (=Enterolasme caliculum Hall),

Rhynchotrema scobina (=Camarotoechis neglecta Hall),

Heliolites subtubulata (McCoy), Clathropora frondosa Hall,

Whitfieldella sp.
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DAYTON
General Description
The term "Dayton stone” was used in the early Ohio re-

ports by Ortonl and others. Thicknesses of 5 to 10 feet and

IOrton, Edward, The gedogy of Montgomery County: Geol. Surv.
of Ohio, Rept. for 1869, p. 149, 1871. Also mentioned
by J. S. Newberry in Part I of the same volume, p. 15.

----------- Geology of Highland County: Geol. Surv. of Ohio,
Rept. for 1870, pp. 371-872, 1871.

more are mentioned in the Montgomery County report (p. 149),
but these undoubtedly include more than the present limits

of the formation. Foerste* states: "In Ohio, there evident-

*Foerste, A, F., Bilurian, Devonian and Irvine formations of
east-central Kentucky: Xy. Geol. Burv., Bull. 7, p.
43, 1908.

ly is an unconformity between the top of the Brassfield lime-~
stone section and the base of the Dayton limestone. This is
indicated by the large pebbles found in the ferruginous and

) wave-marked rock immediately overlying the Brassfield section
south of the Elk Run bridge, two miles east of Belfast.....
Here meny of the pebbles are four to eight inches long, and
some are even twelve inches in length."

A stratigraphic unit was named the Beavertown marl and

described as follows by Foerste* in 1885: "Between it (the

*Foerste, A. F., The Clinton group of Ohio: Denison Univ.
SCi. L&b., Bull., VOl. I’ pp. 65"66’ 1885.
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"Clinton" Group) and the Niagara group is a fine clayey or
marly bed, about nine inches‘th;ck, which in some places be-
comes quite hard, and in others:is replaced by a soft blue
clay. In connection with the Dayton limestone it usually
attainse the hardness of stone and is characterized by a num-
ber of minute species, which, considering the small attention
hitherto paid to this course of stone, is unusually great.
For the present it will be called the Beavertown marl, on
account of its prominent development nesr that village, and
will be considered as & part of the Clinton group." The

Begvertown marl faune is mentioned by Foerste* at Sharpes-—

*Foerste, A. F., On Clinton conglomerates and wave marks in
Ohio and Kentucky: Jour. Geol., Vol. III, p. 178,
1895.

vilie, in Highland County. Quoting from his description,
"....the top of the ferruginous Clinton presents a litho-
logical characteristic difficult to deccribe, except that it
is a sort of comnsolidated marl of peculiar color. This marl
surface containe a number of fossils characteristic of the
so-called Beavertown marl, overlying the Clinton south of
Dayton and also south of the Soldier's Home. These are
Raphistoma affine Foerste, Cyclora alte Foerste, Loxonema

subulatum(?), one of the emall Tellinomyass, Orthis biforats

(=Platystrophia lynx Eichwald), Orthig elegantula Dalman

(SDalmanella elegantula Dalman), Orthoceras inceptum Foerste,

and Calymene vogdesi Foerste.....The present locality is the

most southeastern exposure, containing the Beavertown marl
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fauna, so far as known."

This horizon has since been included by Foerste* in the

*Foerste, A. F., Silurian fossils from the Kokomo, West Union,
and Alger horizons of Indiana, Ohio and Kentucky:
Cincinnati Soc. Nat. Hist., Jour., Vol. 31, p. 2,
1909.

Dayton limestone.
Thickness and character gﬂgzio Highland County.

The Deyton limestone is typicelly from three to four
feet thick in Highland County, and generally consists of one
thick, maessive bed and two or three thinner ones. Its upper
part is somewhat shely in the exposures farthest northwest.
In texture it is mostly dense, often with scattered.crystals
of calcite plainly visible in a fine groundmass. The color
is light greenish gray in the fresh rock, in some cases
weathering to drab or brown. No fossils were found in this
unit. The residues from solution of the basal layer in dilute
hydrochloric acid contained abundant glauconite grains, but
practically none were found higher up. The Dayton sppears
to be absent in some localities, having presumably been
eroded away before the deposition of the Crab Orchard form-
ation.

They type locality is at Dayton, Ohio, but this unit 1is

sald by Foerste* to range southward to Lewis County, Kentucky,

*Foerste, A. F., The 8ilurian fauna of Kentucky: Ky. Geol.
Surv., Ser. VI, Bull. 36, p. 185, 1931.
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and westward almost to Bicﬁmond, Indiana. He correlates 1t
provisionally with the thin limestone at the base of the Os-
good in Indiana, which, however, is practicelly unfossili-
ferous. In the same description he states, "The Dayton lime-
stone evidently is of Lower Clinton age, and provisionally
is correlated with the Walcott (Wolcott?) limestone, at the
top of the Lower Clinton."
Fauna |

In southern Ohio, the following species are listed by

Foerste*:

*TFoerste, A. F., loc. cit.

Calostylls cf. spongiosa Foerste, Clethrodictyon vesiculosum
Nicholson and Murie, Ptychophyllum riboltense Foerste, and

Zaphrentis cf. intertexta Foerste, (which forms also occur
at Ribolt, Kentucky); Alveolites sp., Camarotoechis neglecta
Hell, Coenites sp., Cyathophyllum sp., Discosorus cf, conoid-

eus Hall, Drymopors sp., Euomphplopterus sp., Favosites cf.
niagarensis Hall, Gypiduls sp., Halysites catenularia Lin-

naeus, Heliollites sp., Homoeospira sp., Illaecnus cf. day-

tonensis Hall and Whitfield, Lyellia sp., Orthis flabellites

Foerste, Pentemerus cf. oblongus, Platystrophia reversata
(Foerste), Rhinopora verrucosa Hall, Roipidomella hybrids

(Sowerby), Spirifer niagarensis (Conrad), Strombodes mammi-

laris wilmingtonensis (Foerste), Syringolites &p., and Whit-

fieldells cf. nitida (Hall).
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CRAB ORCHARD
General Description
In his reports on the geology of Lincoln and Garrard

counties, in Kentucky, in 1883, Linney! used the name Crab

1Linney, W. M., Rerort on the geology of Lincoln County:

Ky. Geol. Surv., 36 pp., 1883.

- Report on the geology of Garrard County: Ky.
Geol., Surv., 30 pp., 1883.

Orchard shale for a group of clay shales overlying the
Medina. The thickness he gives is from a mere trace to forty

feet, though Foerste* shows that Linney's estimates are

*Foerste, A. F., 8ilurian, Devonian and Irvine formations
of east—central Kentucky: Ky. Geol. Surv., Bull,
7, p. 68, 1906.

erroneous, and that therg is @ minimum thickness of seventy-
five feet in the Creb Oréhard region. When fresh, these shales
are described by Linney as black, green, olive, blue and red;
the color of the weathered shale is gray, white or green.

In the shale are hard, thin dolomite layers, with curved
(cross-bedded) laminae. Selenite and pyrite are slso mention-

ed.
In eastern Kentucky, Yoerste divided the Crsb Orchard

into the following units:

i © Estill clay
Alger formation Waco limestone

Lulbegrud clay
Crab Orchard division .

of Silurian
Oldham limestone
Indian Fields Plum Creek
formation clay
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He mentions a possibility that the Estill clay 1s represented
in Adams égd Highland counties by the unfossiliferous clays
between the Dayton and the fossiliferous Ribolt clays.

In Highland County, the Crab Orchard is usually a soft,
light green clay shale with occasional thin beds of impure
orange-drab dolomite. Fossils are not common, and where found
are poorly preserved, The dolomite layers usually contain

~abundant fucoid markings. These thin layers show a tendency
toward lenticular or even concretionary character, and are
finely laminated, $he lammnae frequently indicating cross—
bedding. They are very finely crystalline and tough. They
occur at intervals ranging from two or three feet to twenty
feet or more, and vary in thickness from half an inch to six
inches. On weathering, the soft shale of the Alger becomes
e sticky, highly plastic clay, much lighter in coloxr than
the unweathered rock. This soft clay hardens and cracks at
the surface in dry weather. Its effect on soil creep and
sliding, as well as the topographic expression of the formation,
is discussed under the heading of "Minor Physiographic Fea-
tures,” on page . |

The upper pert of the greenish clay shale series is

fossiliferous, and has been given the name Ribolt by Foerste*.

*Foerste, A. F., The Silurian fauna of Kentucky: Ky. Geol.
Surv., Ser. VI, Vol. 36, p. 188, 1931l.

The fossils within this upper part of the formation occur in

the thin, hard layers. No attempt was made in the mapping
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of Highland County to separate this from the remainder of the
shale series,
Thickness and character in Highland County.

In thickness, the Crab Orchard formetion shows a consider-
able variation within the county; at the southern county line,
southeast of Belfast, it is 95 feet thick, while its thickness
northeast of Sharpesville is only a 1ittle over 30 feet, but
its base is not exposed. The difficulty of establishing the

»base of the formation with exactness may render the thickness~

es as mapped at some points slightly inaccurate, but from s
number of measured sections it is clear that the thinning
takes place somewhat irregularly toward the north and west,
and that the rate of westward thinning is more rapid in the
western half of the Hillsboro quadrangle than in the eastern
half. | |
‘Faune of Ribolt Clay

The following species are listed from the Ribolt by

Foerste*:

*Foerste, A. F., loc. cit.

Anoplotheca cf. obsoleta Foerste, Brachyprion (Stropheodontg)

munduls Foerste, Bucaniella cf. @rilobita (Conred), Cama-

rotoechia congruens Foerste, C. neglecta (Hall), Chonetes

vetustus Foerste, Dplmanites clintonenéis, Liocalymene clin-

toni Foerste, several species of ostracods, particularly of

the genus Mastigobolbina; Pterinea emacerata (Conrad), Schu-

chertells cf. éubplana (Conrad), Atrypa reticularis (Lin-
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naeus), Brachyprion cf. planus Foerste, Calvmene niagarensis
Hall, Gyronema sp., Leptaena rhomboidalis (wilckens), Pholi-

dops sqguamiformis (Hall), Schuchertella cf. Prosseri Foerste,

end Spirifer rediatus Sowerby.

BISHER
General Description

The Lower or West Union Cliff of Ortonl is not described

lorton, Edward, The Cliff Limestone of Highland and Adams
counties: Geol. Surv. of Ohio, Rept. for 1870, pp.
295-309, 1871,

from the locality of West Union, but from the hillside north-
east of the former site of Bisher's Dam, southeast of Hills-

boro, where its thickness is given as 45 feet, LockeS had

BLocke, John, Geological Report, in Geological Survey of

Ohio, Becond Annual Report, p. 343, Columbus, 1838.

described the "C1iff limestone" at West Union ss 86 feet
thick, and divided it into three parts, the upper a "rough,
porous, soft limestone, filled with cavities which have
been occupied by fossil animals, and which have decayed
out;" the middle, "aluminous, and somewhat arenaceous, of _
a slaty structure, dark gray color, and comparatively hard;"
the lower, more sandy than the others.

Orton* gives the following snalysis from a sample at

*Qrton, Hdward, op. cit., p. 303.

West Union: Carbonate of lime, 43.8%; Carbonate of magne-
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sia, 34.79%; Silica and sand, 18.8%; Alumina and iron, 2.3%.
An analysis of a typical specimen of the "yellowish, impure,
magnesian limestone™ from the v.cinity of Hillsboro is list-

ed in the same reportl: Siliceous matter, 8.60%; Alumina

1Orton, Edward, op. cit., p. 374,

and iron, 3.30%; Lime -- carbonate, 63.60%; Magnesia --

- carbonate, 31.33%. On the same page he states that the
West Union C1liff limestone forms the first line of cliffs
in ascending the hill east of Bisher's Dam, and that "The
stone is rather massive than even-bedded in its appearance,
though in quarrying it can generally be raised in rough
courses of 6, 8 or 10 inches......It weathers easily.....
It abounds in fossils, but generally they are poorly pre-
served, as internal casta...." The thickness is stated to
incr:ase toward the south.

The name Bisher, from the typical exposure at Bisgher's
Dam, was used by Foerstel in 1917,end 1919, corresponding

to the Lower or West Union Cliff of Orton. Later, Foerste

Foerste, A. F., Notes on Silurian fossils from Ohio and
other central states: Ohio Jour. Sci., Vol. XVII,

p. 190, 1917,
e ——————-- Silurian fossils from Ohio, with notes on

related species from other horizons: Ohio Jour.
Sei., Vol. XIX, pp. 387-373, 1918, '

gave a somewhat different definition to the West Union

formation (see p. ). Exposures with the Bisher fauna are
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described from Port William, in Clinton County, as far south
as Lewis County, Kéntucky. Correlation with the Osgood of

southern Indiana is suggested; later, however, Foerste* has

*Foerste, A. F., S8ilurian fauna of Kentucky: Ky Geol. Surv.,
Ser., VI, Vol. 36, p. 173, 1931, '

considered the Bisher as representing a slightly lower horizon
than the Osgood. In this later classification he places the
Bisher in the Clinton series, and the overlying Lilley in the

Lockport series. In 1905, Prosser placed the West Union a-

bove the Osgood in his Revised Nomenclature of the Geological

Formations of Ohio.
Thickness and characier in Highland County

The thickness of the Bisher formation ranges from less
than 30 feet at the west margin of ite outcrop to over &0
feet in the hills east of Elm Run, 50 feet being the normal
thickness at the localities where it is best exposed.

There is considergble variation in lithologic character,
often within short distances. The gray, massive, crystaelline
dolomite is usually impure, and weathers quickly to a yellow
or brown color which is characteristic of most of its outcrops.
The Whitfieldells bed presents this type of lithology, as well
much of the upper part 0f the formation at some localities.
The more silty massive beds split up into thin plates upon
weathering, although apparently solid in the unweathéred rock.
8ilty to sandy shale and shaly dolomite.horizons may be pre-

sent in any part of the formation, and make up the bulk of
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the lower part of it in the south-central part of the Hille-
boro quadrangle. Thin fossiliferous chert layers are present
in the upper Bisher, particularly in the Hillsboro region and
in the vicinity of the Serpent Mound structure. Quartz-lined
g%gdes are common at many localities, In the northseastern
part of the area of outcrop of this unit, there are occasion-
al local small reef-like irregularities in the bedding, up
to several yards in diameter. Other local varistions in the
character cfvthe Bisher are described more fully in the next
chapter.
Fauna

The fauna of the Bisher, as here listed, was described by

. Foerstel in 1919. Most of these species come from a richly

1Foerste, A. F., 8ilurian fossils from Ohio, with notes on
related species from other horizons: Ohio Jour. Sci.,
Vol., XIX, pp. 369-370, 1919,

fossiliferous horizon 8 to lq/feet above the base of the form-

ation, generally known as the'"WhitfieldeL;g cylindrica zone

. or bed," which Foerste® describes as continuous throughout

8Foerste, A. F., op. cit., p. 368.

Highland and Adams counties and occuring as far south as
Martine, Lewis County, Kentucky. |
FAUNA OF BISHER MEMBER OF WEST UNION FORMATION

Cornulites clintoni Hall Atrypa rugosa Hall
Chasmatopora angulata (Hall) Trematospira camura

pauciplicata Foerste

Clathropora frondosa Hall - Spirifer eudora (Hall)
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FAUNA OF BISHER MiMBER OF wiST UNION FORMATION CON'T

Pholidops subelliptics Savage

Orthis flabe;lites Foerste
Dalmanella elegentuls (Dalman)’

Rhipjdomella hybride (Sowerby)

Rhipidomella magnicardinalis
Foerste

Platystrophis daytonensis
(Foerste)

Platystrophia pauciplicatg
Foerste .

Leptaena rhomboidalis (Wilckens)

Plectambonites transversalis
(Wahlenberg)

Schuchertellsa conferta Foerste

Schuchertella prosseri Foerste

Strophecdonta plsna Foerste

Camarotoechia acinus subrhom-
boidea Foerste

Camarotoechia neglecta Hall

Camarotoechia pisa (Hall and
Whitfiel&}

Camarotoechia roadsi Foerste

Camarotoechia cf. stricklandi

Rhynchotrets cuheatﬁ_americana
(Hall)

Atrypa reticularie elongata
Foerste

8 irifer'haz;nensis
(Foerste)
Spirifer nanus (Foerste)

Spirifer nisgarensis
Conrad) :

Spirifer radiatus
(SoweTby)

Spirifer radiastus obso-
letus Foerste

Cyrtia myrtie Billings

Whitfieldella cylindrica
Hall

Whitfieldella, form from
which cylindrica is @&
derivative

Digphorostoma cliftonense
Foerste

Diaphorostomg nisgarense
iHallj :

Platyceras angulatum (Hall)

Illaenus depressug Foerste

Bumagtus ioxus (Hall)

Cyphaspis sp.

Enerinurus sp.

Calymene niggarensis Hall

Trimerus delphinocephalus
reen

Cheirurus niagarensis (Hall)

Dalmanites limulurus brevi-
caudatus Foerste
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LILLEY
General Description
Although the term "West Union Cliff", as used by Orton®*

*Orton, Edward, The geology of Highland County: Geol. Surv.
of Ohio, Rept. for 1870, p. 374, 1871,

in 1871, included approximately the same as the present Bisher

formation, he incorrectlyl identified the overlying "Blue Cliff

1see Foerste, A. F., 8ilurian fossils from Ohio, with notes
on related species from other horizon3° Ohio Jour.
Sci., Vol. XIX, p. 367, 1919,

with the Springfield farther north. Foerste® later used the

2Foerste, A. F., Notes on Silurisn fossils from Ohio and other
central states: Ohio Jour. 8ci., Vol. XVII, pp. 190~
194, 1917.

term West Union for the series of dolomites and shales be-

tween the top of the Crab Orchard formation and the base of
the Peebles (then called Cedarville). Quoting from this de-
scription3, "At Hillsboro, Ohio, the West Union formation is

3Foerste, A. F., loc. cit.

separable into two members containing very different faunas.
The upper, or Lilley member, exposed at various localities

on Lilley Hill, consists ofqbout.twenty feet of massive lime-
stone usually overlaid by two or three feet of clay. It has

been identified with certainty so far only in the vicinity of

Hillsboro.....It is sufficiently distinct to merit a separate

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



/29

designation locally, and hence the name Lilley bed or member
is here proposed to include both the clay shsle and the under-
lying limestone, since they contain the same fauna. Both the

zink4 and the Trimble quarries are located on the west side of

421g, according to Dr. Shideler who visited this quarry with
the author.

Lilley hill, slong the eastern edge of Hillsboro. For the
underlying part of the West Union formation the term Bishex
member is proposed, the‘typical fauna occurring northeast
along the hillside northward as far aé the lower part of the
valley immediately southeest of the town....¥

Writing in 1919, Foerstel extended his description of the

Foerste, A, F., 8ilurien foseils from Ohio, with notes on
related species from other horizons: Ohio Jour. Seci.,
Vol. XIX, pp. 367-368, 1919,

Lilley member as followa:

. "The overlying rock, or Upper Cliff, was called by Orton

| the Blue Cliff. The best exposures of the Blue Cliff are

stated to be at Hillsboro, along the abandoned line of the
Cincinnati and Hillsboro railroad, at Academy Hill and at the
Trimble quarry at the eastern end of the railroad cut at the
eastern margin of the city of Hillsboro. The prevailing
color is blue, weathering into various shades of drab and -
buff. The thickness of the Blue Cliff proper is from 20 to
30 feet; it is underlaid by 5 to 15 feet of blue shale or

soapstone, ‘producing & maximum thickness of 30 plus 15, or
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45 feet. The basal part of the Blue Cliff proper general-
ly consists of quite massive limestone courses, often more
or less crinoidal. The Blue Cliff was incorrectly identified
by Professor Orton with the Springfield dolomite of the more
northern counties of Ohio.....

" Among the fossils cited by Professor Orton from the
Upper or Blue Cliff are Halysites, Favosites and Zaphrentid
corals identified by him as Streptelasma. The spherical
concretions stated to be common in Marshall township, in
Highland County, unquestionably are a form of Stromatoporoid....

B e the Lilley member corresponds to the Upper or
Blue Cliff."

Thickness and Character in Highland County

The lithology of the Lilley formation, as it is here
considered, remains recognizable, though not constant, through-
out the parts of the county where it is present. The faunsa,
however, varies to a considergble extent within a few miles
of the type locality. Since the Bisher and Peebles form-

| ations are generally unmistakfable in reasonably good out-
crops, and the physical character of the Lilley itself is
fairly distinctive, this formation could usually be identi-
fied as a definite unit in the seriees within Highland County,
even without much dependence upon its fossils., 1Its base is
usually marked by one or two massive beds, sometimes irre-
gular in bedding and fracture, which contain numerous corsals

and crinoid fragments. Below this is the Bisher, generally
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a yellowish brown dolomite with shaly leyers near the top.
At the top of the Lilley, or near it, in the quarry sections
at the east margin of Hillsboro is the Holophragms 2zone,
containing Holophragme cglceoloides in abundance. At'the

quarry on the Beecher estate (Trimble quarry of early'repqrts)
there are two shale layers in the upper Lilley; in the fypi-
cal exposure at the old Corporetion quarry, there is one shale
layer, about three feet thick, containing the Holophragma
zone. In other sections, the clay shale layer is genemlily

absent,

While the large brachiopod form Pentamerus oblongus

is not present in the Lilley at Hillsboro and has been gen-
erally considered as characteristic of the Peebles, in the
region four to six miles north and east of Hillsboro it oc-
curs down to within two or three feet of the cherty layers
in the upper Bisher. This cannot be due to absence of the
Lilley as a stratigraphic unit, for it retains its charac-
teristic lithology and thickness, with the usual zone of
transition into the Peebles,

In fresh exposures below the weathered surface rock,
the Lilley is light blue in color, and frequently occurs in
moderately even beds two to four inches or more in thick-
ness. It is often crinoidal, and ranges from coarsely to
finely crystalline in texture. In weathered exposures the
color of the rock is yellowish or brownish to a depth of

four or five feet; it is occasionally porous in texture
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and in some cases is stained nearly black with an asphaltic
impregnation. Where packed with Cladopora or c¢rinoid frag-
ments, it generally shows rounded forms in weathered expos—
ures, with little evidence of bedding or joints, or with very
irregular bédding. This is particularly true in the southem
part of the county. The upper part of the formation in many
localities grades through a transition zone of 3 or 4 feet
into the uniform light gray, finely crystalline dolomite
typical of the Peebles. This upper part of the Lilley has
few bedding planes .and is a light yellowish gray in color;

it often has crinoid fragments, while the Peebles generally
does not.

The Lilley is correlated by Foerste* with the Louisville

*Foerste, A. F., op, cit., p. 374.

————————- Silurisn faung of Kentucky: Ky. Geol. Surv.,
Ser. VI, Vol. 36, pp. 190-191, 1931.

limestone west of the Cincinnati anticline, and with the
Lockport of the New York section. Cyathophyllum radicula

Rominger, Omphymg verrucosa Rafinesque and Clifford, and

Strombodes striatus are considered characteristic of the
Lockport in its westward extension.

Faunsa

Foerste's* list of fossils from the Lilley at Hills~-

*Foerste, A. F., op. cit., p. 190

boro is as follows:
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Acervularig parveyi Foerste
Anagstrophia internascens Hall

Brachyprion newsomensis Foerste

Atrypa reticularis hillsboroensis Foerste

Calymene cf. vogdesi Foerste

Camarotoechis indianensis (Hall)

C. neglecta (Hall)

Coenites verticillatus (Winchell and Marcy)

Cvathophyllum roadsi Foerste

Dalmanites brevigladiolus Foerste

Diaphorostoma hillsboroensis Ioerste

Encrinurus cf. ornatus Hall and Whitfield

Halysites labyrinthicus (Goldfuss)

Holophragma calceoloides Lindstrom

Lepteana rhomboidalis (Wilckens)

Plasmoporg follis Edwards and Haime

Poleumita parveyl Foerste

Poleumita prosseri Foerste

Proetus collinodosus Foerste

Rhipidomells hybrids (Swerby)

Rhynchotretsa cuneats americana (Hall)

Strombodes striatus (D'Orbigny)

Irochonema fatuum Hall

Zaphrentis digoniata Foerste

Also a stromatoporoid.

The following species are listed from Crooked Creek, in

northern Adams County:
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Cyathophyllum radicula Rominger

Cystiphyllum niagarense (Hall)

Favosites spinigerus Hall
Heliolites subtubulatus (McCoy)

Omphyma c¢f. verrucosa Refinesque and Clifford

Striatopora cf. flexuoss Hall

PEEBLES
General Description
For the dolomite next above the "Blue Cliff" in the

Niagaren series, Orton* used the terms Guelph or Cedarville,

*Orton, Edward, The geology of Highland County: Geol. Surv.
of Ohio, Rept. for 1870, pp.’77-2378, 1871.

or, as a local designation, Pentamerus limestone. Its
dolomitic character and lack of distinct bédding, and the
occasional presence of black bituminousAmatter in it, were
mentioned in Orton's description, as were also the three

common fossil genera, Pentamerus, Trimerella and Megalomus.,

The upper part of the "Pentamerus limestone" or the Megalo-
mue beds he considered to be the equivalent of the Cedar-
ville limestone of Ohio and the Guelph of Ontario,

Foerstel used the term Cedarville for this divison of

the Highland County section as late as 1919; in 1933, hed

1Foerste, A. F., Bilurian fossils from Ohio, with notes on
related species from other horizons: Ohio Jour.
Sci., Vol. XIX, p. 368, 1919,
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8 m—me— Notes on Medinan, Niagaran and Chester fossils:
Denison Univ. Sci. Lab., Bull., Vol. XX, p. 41, 1923.

preferred the name Guelph, stating: "The term Guelph is used
here merely to avoid using the term Cedarville dolomite for
strata not contéining a fauna similar to that of the Cedar-
ville area. if does, however, contain Megglomus Canadensis,
species of Trimerells, and other fossiles known in the Guelph
of Ontario. Liospira perlata and tell species of Coelocaulus
occur. '

"The base of this so~called Guelph in the quarries in
the eastern part of the town of Hillsboro is formed by a

Pentamerus horizon which corresponds approximately to the

Springfield dolomite of Greene, Clarke, Miami, Montgomery,
and Preble counties; ferther north in Ohio. The overlying
part of this so-called Guelph should correspond in age to the
Cedarville dolomite of the counties just mentioned, but it
does not contain the same fauna."

In 1939, Foerste* proposed the name Peebles for this

*Foerste, A. F., The correlation of the Silurian section of
Adams and Highland counties with that of the Spring-
field area (abst.): Ohio Jour., 8ci., Vol. XXIX,
pp. 168-169, 1929,

unit, correlated with the Guelph of Canada but considered to
override the Cedarville to the northward. Southward it may

be traced as far as the Ohio Riverl.

1 Foerste I} F,

]

—oeoid-~" Silurian fauna of Kentucky: Ky. Geol. Surv., Ser.
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Vi, Vol. 36, p. 191, 1931,

Foerste writes:

"The Peebles formation is exposed typically at Peebles,
Ohio. It includes st this locality that part of the
Nisgaran which intervenes between the top of the Bisher
west of town and the base of the Greenfield 2 or 3 miles
eastward. At Hillsboro, the Lilley formation intervenes

between the Bisher and the Peebles.®

Thickness and character in Highland County. ‘
Lithologically, the Peebles has a finelyacrystalline
texture and light gray color, both of which are remarkably
uniform where the rock is unweathered, In its typical de-
velopment it has no conspicuous bedding and jointing is gen-
erglly not pronounced. It is & very pure dolomite, as shown

by the following analysis, quoted by Orton*, from the gquarry

*Orton, Edward, The geology of Highland County: Geol, Surv.
of Ohio, Rept. for 1870, p. 278, 1871.

of Col. Trimble, near Hillsboro:

Carbonate of lime 54.35
Carbonate of magnesisa 43.235
Silica 0.40

Alumina and iron (trace of iron) 1.80
09.68

The thickness given by Orton is from 20 to 90 feet,

the latter thickness being reached only at the eastern mar-
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gin of the county, near Rocky Fork. The minimum thickness
given, for Lilley Hill, is much too small for that locality.
The greatest thickness of this‘unit appears to be present
along a belt extending from west of Samantha to near the
mouth of Roecky Fork; in this belt its thickness is 90 feet
or over; northeastward from this, and particularly north of
Rattlesnake Creek, it thins rapidly and irregularly.

In the small unglaciated area at the southeast corner
of the county, the Peebles is frequehtly dg$§£§Z;§é§£3:§§£
and the product appears as a soft, crumbly material, local-
‘1y called "marl®., It has been used to some extént as agri-

cultural lime and for road building.

"At Hillsbdro, Pentamerus oblongus is abundant at the
base of the Pcebles formation. The general character of the
fauna of this formation, as exhibited in Highland and Adams

counties is shown by the following list: Amphicyrtoceras

cf. pettiti, Amphicyrtoceras tantalum, Coelocaulus

macrospira (Hall), Dinobolus conradi (Hall), Eccyliomphalus

circinatus (Whiteaves), Eotomaria areyi, Eotomaris halei
Clarke and Ruedemann, Goniophors crgssa Whiteaves, Hormg-

toma whiteavesi Clarke and Ruedemann, Megalomus Canadensis

Hall, Monomorella sp., Pentamerus oblongus Sowerby, Peleu-
mita crenulata Whiteaves, Poleumita scamnats Clarke and

Ruedemann, Pycnostylus guelphensis Wwhiteaves, Straporollus

parveyl Cleland, a gleioae stromatoporoid, Trimerellg -

acuminatg Billings and Trimerells grandis Billings. This
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is a Guelph fauna, comparable to that exposed in the
southern part of Ontario and western New York. It differs
distinctly from the Cedarville as exposed in Clinton, Greene,
Clarke, Montgomery, Miami, Preble and Dark counties, in

western Ohio....."

GREENFIELD
General Description

The Niagaran series is followed by the Greenfield dolo-
mite member of the Bass Island formation, of lower Monroe

agel. The following summary is taken from Carmen's* ex-

1Lane, Prosser, Sherzer and Graham, nomenclature and sub-
division of the upper Siluric sirata of Michigan,
Ohio, and western New York (abst): Bull. Geol. Soc.
of America, Vol. 19, pp. 553-556, 1908.

*Carman; J. E., The Monroe division of rocks in Ohio: Jour.
of Geol., Vol. XXXV, pp. 486-488, 1937.

cellent account of the Monroe division,

The type locality is in the vicinity of Greenfield,
in Highland County; its occurrence farther south along the
eastern margin of the county and in Adams County becomes
irregular, as it is cut out by the unconformities at the
base of the Hillsboro sandstone and the black shale series.
While its outcrop forms a belt to the northwestward across
the state, it is generally thickly drift-covered.

Quoting from Carman's descriptiong, "The Greenfield is

8Carman, J. E., op. cit., p. 486.

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



(39

& dreb, fine-grained dolomite with carbonaceous partings and
commonly in beds of 2 - 6 inches, although at places with
fhicker beds or massive ledges. This massive phase is rough
textured and vesicular, with corgls and ssromatoporoids, and
is 2 kind of reef rock which at places can be secen to pass
laterally into the even-grained, bedded type. The thickness
of the Greenfield is apparently between 75 and 100 feet, but
a complete section is not known at any place.....

"The Greenfield, as in fact most of the Monroe, is
characterized by undulating bedding with local dips of 1 - 3©
in vearious directions, forming low domes and shallow basins
40 - 100 feet across, which are apparently original struc—
~tures. There may be also small folds of secondary origin,.
The undulations are so irregular in arrangement, and the
direction and amount of dip changes at such short intervals,
that no dependence can be placed upon elevations of contacts
or rock layers in correlating strate from exposure to expos-
ure. "

While some localities are mentioned in northern Ohio at
which there is a slight unconformity undernegth the Green-
field, most of the exposures in that part of the state "shbw
apparent conformity with very characteristic transition
changes and with very widespread uniformity of the beds just

below and just a vove the contact."*

*Carman, J. E., loc. cit.
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No specific mention is made of unconformity at the base
of the Greenfield in southern Ohio, yet the character of the
contact between it and the underlying Peebles has all the
appearance of an unconformable one. Not only the local irre-—
gularities of the contact and the pronounced variations in

dip within the lower Greenfield® suggest this, but also the

OFor a description of local irregularities in the bedding of
' the Greenfield dolomite and of peculiar concretions found
in the Greenfield quarries see C. W. Napper, "Concre-
tiongry forms in the Greenfield Limestone' Ohio Jour,
Sei., Vol. 18, pp. 7-13, 1918.

variations in thickness of the Peebles (since the lower con-
tact of the latter is a fairly regular one). For instance,
the thickness of the Peebles at the Seven Caves, along Rocky
Fork, is over 90 feet; five miles northwest of this point,
north of Rattlesnake Creek, its thickness is from less than
forty to sixty feet. At this latter locality, the base of the
Greenfield varies as much as 15 feet in elevation between out-
crops two or three hundred feet apart. The Greenfield itself
varies in thickness from 0 to about 100 feet within the
county; since there is no single complete section, and since
both upper and lower contacts are irregular, the maximum thick-~
ness cannot be established with exactness. The Peebles, as
has been stated, has its greatest thickness within the county
in genersl along a line from the Caves, near the mouth of
Rocky Fork to the hill west of Samantha. North of this the

Greenfield comes in, thickening rapidly for a few miles to
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the northward, the Peebles becoming thinner in this direction.
Thickness and character in Highland County

Of the lithological characteristics, the most striking is
the presence of carbonsceous partings, as mentioned by Carman,
together with gray-and-drab lamination in places somewhat simi-
lar in appearance to that of the Manlius limestone in central
New York. These, with the abundance of the ostracod Leperditia,
geherally serve to identify the Greenfield at once, where it
is well exposed. The carbonaceous material has been described

in a paper by Napper,* who divides the Greenfield member in

*Napper, C. W:; Occurrence of carbonaceous material in the
Greenfield member of the Monroe formation: Chio
Jour. Sci., Vol, XVI, pp. 155-158, 1916.

the quarry at Greenfield into two parts, the lower one gray,
the upper buff. The upper or buff part is generally more
open-textured and vesicular than the lower portion, and

occurs in heavier beds; there is, however, complete gradation
between the—two. In the lower or gray strata, the carbon-
aceous material is said to occur as voiatile matter near the
base, as "carbon 1ines“’dr bands, sometimes twenty-five to

the inch, and as thin sheets, which "burn with an oily, sooty
flame, leaving a thin rock stratum.h Napper considers the ori-
gin of thig material to have been from the deééy of a plant,

Sphaerococcites(?) glomeratus Grabau, which fossil occurs in

some of the carbonaceous partings. The "carbon sheets" are

described as most numerous in the lower part of the buff
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strata. Solidified "rock tar" is also mentionedfrom cavities
in the buff division. It should Be-noted, however, that
asphaltic impregnétions are common in the underlying Niagaran
series in different parts of the county, and do not necessar-
ily have any connection with the.carﬁbnaceous laminae which
are found only in the Greenfield,

While no detailed microscopic study was made of the
carbonaceious laminae of the Greenfield in connection with the
present investigatfcn, it is suggested that their nature may
be somewhat comparable to that of the varves in the Green River

series described by Bradley.* It is not meant to imply, however,

*Bradley, W. H., The varves and climate of the Green River
Epoch: U. S. Geol. Surv., Prof. Paper 158, 87-110,

that the carbonaceous laminae of the Greenfield actuglly
are varves,
Feung
The following species are listed from the Greenfield by
Foerste;* those marked with an asterisk are also mentioned’by

Carmanl.

*Foerste, A. F., Paleontology of Kentucky: Ky. Geol. Surv.,
Ser. VI, Vol. 36, pp. 193-193, 1931. :

icarmen, J. E., op. cit., p. 488.

*Camarotoechia hydraulica

*Hindella (?) (Greenfieldia) rostralis
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Hindella (?) (Greenfieldia) whitfieldi
*Leperditia angulifers
*Leperditia ohioensis

*Rhynchospira preaformosa
*Schuchertella hydraulica

Whitfieldella rotundatg
Whitfleldella subsulcata

Pentamerus pesovis (unknown locality in Adams County)

SILURIAN—DEVONIAN‘
HILLSBORO
General Description
Named by Ortbnl in 1871 from the locality of Hills-

boro, the Hillsboro sandstone was orginally referred to the

1Orton, Edward, The geology of Highland County: Geol. Surv.
of Onlo. Rept. for 1870, pp. 283-285, 306-309, 1871.

Niagaran series because of its apparent close association
with the rocks of that group in the imperfect sections at

Lilley Hill and elsewhere within the county. Prosserg, in

2Prosser, C. 8., The stratigraphic position of the Hills-
boro sandstone: Amer., Jour. Sci., Vol, XLI, pp.
435-448, 19186. .

1916, published & more extensive account of the formation,
with sections which would seem to indicate a position below
the Monroe (Greenfield) dolomite, or interstratified with

the upper Cedarvilie (Peebles) and basal Greenfield,
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The ambiguity concerning the position of the Hillsboro
in the stratigraphic column wgs cleared up by Carmen and

Bchillhghn* in 1930. From a study of a large number of sec-

*Carman, J. E., and Schillhabn, E 0., The Hillsboro sand-
stone of Ohio: Jour. of Geology, Vol. 38, pp. 246~
361, 1930.

tions, some of which were better exposed than any seen by
Orton or Prosser, they demonsirated that the Hillsboro occurs
in two types of deposits: " (a) bedded sandstone resting on
either the Niagaran or the Greenfield dolomites: (b) masses
of sandstone which are cavity fillings enclosed in either

the Niagaran or the Greenfield dolomites." Other conglu-
gions set forth in this naper are »aérfollowsi

"The Hillsboro sandstone exists in a hiatus which ex-
tends from the Greenfield dolomite of upper Silurian to the
Ohio shale of upper Devonian. The presence of black shale,
almost identical with the Ohio shale, around the margins of
some of the sand masses indicates that the deposition of the
sand took place just before the deposition of the Ohio
shale in Upper Devonian time.

"In both physical and microscopic characteristics the
Hillsboro sandstone ié almost identical with the Sylvania
sandstone of basal Devonian age in northwestern Ohio. It
probably represente some 0f the finer sand of the Sylvanis
shifted southward during the Silurian-Devonian erosion in-

~d

\
terval which, in Hng;Couty, lasted until Upper Devonian time."
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Thickness and character in Highland County

Lithologically, the Hillsboro is a white or yellowish
sandstone, frequently stained to a reddish-~-brown color by iron
oxides, and shaowing little or no stratification. It is
unfossiliferous; certain small cavities, elongated and
generally 1ess‘than an inch in length, suggest at first
examingtion the possibility of moulds of small fossils, but
never show any definite evidence of organic origin. Mény
of the sand grains are well-rounded, and some are frosted,
suggesting wind action; others have hexagonal pyramid and
prism faces, from secondary growth. The grains are fine;

according to Carman and Schillhahnl, the greater proportion

lcarman, J. E., and S&uillhabn, E. O., op. cit., p. 357.

of them are under g quarter of a millimeter, and from

40 to 80 per cent are between a sixteenth and an eighth of a
millimeter in size.. It is very friable, and never closely
cemented.

While the Hillsboro outcrops on many hills within High-
land County, it is never present in great volume. Its pre-
sence in pockets within the dolomite, as well as in sheets,
formerly led to over-estimation of its thickness, particu-

larly where sections were poorly exposed,
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DEVONIAN
OLENTANGY
Gieneral Dsscrintion

The Olentangy shale, named by Winchell®* in 1874, has long been

*Winchell, N, H., On the Hamilton in Ohio: Am. Jour. Sci., (3),
Vol. 7, yp. 395-398, 1874.

known as a atandard unit of +the geologic section in northern and
central Ohles I%s occurrence in the southern counties of the state

was described by Lazhornl in 1927. Quoting from this description,

lLamborn, R. E., The Olentangy shale in southern Ohio: Jour. of
Geol., Vol. XXXV, pp. 712-722, 1927,

Mesessd number of exposures showing the conmtact of the Olentangy
shale with the older formetions have been observed along the line
from Gresnfield scuth tc the Ohie River, Although the overlapping
relations of the shale indicate & disconformity st the base of the
formation, these relatiens are not always evident rrom‘expoauras of
the contactesss.™ Several localities st which the Olentangv is pre-

sent in Highland County are shown on the accompanying map*, and sec~-

*Lamhern, R. E., op. cit., r. 7132,

tions are given from localities in Adams County. A section described
from the Plack Hollew School, nertheast of Peebles, Adams County, in-
cludss AC feet of shale within this formatioen, the upper 10 feet con-
sisting of blus and black shele alternatinge

Concerning the distribution and character of the fermation, Larhorat

]fLamePn, Re Ec' 0P eit. TP 616‘6171

S A S

s
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states: "Aleng the Olentangy River from Columbus northward threugh

Franklin and Delaware counties, and even across the divide as far as
Sandusky, Frie County, expesures at this herizon shew that the Olen-
ﬁangy ghale is normally present in thicknessss ranging frem 23 to 40
feot., In contrast te this regularity, the Olentangy formation frem

Bear Creek, Pickaway County, scuth ¢ the Ohic River is local in its
development, being comrletsly absent at many lecalities.

"On lithelegical grounds, the rlane of separation between the
Qlentangy\shale and the overlying fermatien is not distinct in southern
Ohic. The layere of black shale which eccur interstratified with the
blue shale and which characterize the Olentangy shale in central Ohie,
increase in number toward the souths 1In some localities the Qlentangy
shale passes by decresse in the amount ¢f blue shzle and increase in
black shale inte the everlying fermation in such a manner that it is
quite arbitrary where the eontact is drawn."

Thickness and character in Highland County

Lamborn gives thicknesses from O=57 feet fer Adams snd Highland
counties, Since no fosesils wore found and similar barren green shales
occur higher up in the Ohic shale, ne certain statement seems possible
concerning the actual presence of the shale., The writer has included

possible equivalents with the Ohio shale in mappinge
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DEVONIAN-MISSISSIPPIAN
OHIO
General description

The name Ohio black slate was first used by Andrews® in 1871. In

*Andrews, E. B., Repert of progress in the gsecond geological district:
Geol, Surv. of Ohio (Report of Progress in 1869), Pt. II, ps
62, 1871.

northern Ohio, this division is repreasented by the Huron, Chagrin, and
Cleveland formations.

Fvidence as to the age of the Ohic shale based on a study of
conoq;ﬂts is eited by Ulrich and Basslag; the follewing is quoted from
their papers

/' Msev.eIn ether werds, none of the Genessee and Pertage conedants
from New York lecalities could bs accurately identified in the equally
largep conodant faunas from the Ohio black shale in Ohie, the majoer

! upcer part of the New Albany black shale in Xentucky, er in the Chat-

| tancoga shales in Fast and Central Tennessee and Alatama, On the other

hand many of the New York Davonian species of cened:hts ware satis-
factorily recognized in unquestioned Devonian black shaleg that under—
lie 400 to 500 feet of Chattanocoga shales in seuthwestern Virginia.
Seme of the same and cther New York speciss are repregented alse in
the locally develerad basal parts ef the New Alhany shsale of Kentucky

in which they are associated with such other typical Devonian fossils

as Schizobolus truncata (Hall)se In se far then as the evidence of the

° ‘
conodgnts is cencerned, the past-Devonian age of the Chattancega and
Ohio shales, as long advocated by the senior author, seems conclusive-

ly astahlished.”
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lulrich, F. 0., and Bassler, R. S., A classification of the toothlike

| fessils, conedants, with descriptions of American Devonianend
Mississip:ian species: 1, 8. Nat. Mus., Proc., Vol.f8 Art.
12, p. 3, 1926.

O e i e

This conclusion is not gensrally sccepted as yete The possibility
sti1l exiats that the lewer concreticn=bsaring part of the Ohio shale
is of Upper Devonian age. Only detailed stratigraphic and paleontelegic
studies (based largely on conodonts) can definitely solve this strati-
graphic preblems.
Thickne=s and character in Highland County

The Ohio shale makes up the sreater part of the high hills at the
sastern merzin of the county between Sinking Springs and Rocky Fork, and
is present at the tops of some other hills, such as Quaker Hill, west
of Samanths, and a few of the hicher hills just west of Paint Creek,
both nerth and south of Rattlesnake Creek. Its thickneas variss with
the {irrsgularity of the lowsr contact, but lsnever far from 300 feet
within Highland Countv. It restls with a prenounced eresional uncon=

formity® on eitherthe Peebles or the Creenfield dolomite, except where

des-: rf‘@d
ONe exposures wers seen as good as those ineerded bv F. M, Kindle,
"Unconformity at the base of the Chattanooma shale in Kentucky,"
Am, Jour, Sci., 4th Series, Vol. 23, pp. 120-136, 1912.

the Hillshoro sandstone is present as & sheet derosit above the latter,
In lithologic character, the Ohio is a moderately seft, fissile

dark brown or grav shale with darker, more bituminous layers. It wes~

thers to a lighter brown or gray celor. Whefa frashly exposed, it

generally exhibits prominent jointing.

Large cdleaBecus concretions are generally present in the loewer
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40 to 50 feet of the formation. They represent twe types, one not
far from spherical, the other of a flat ellipsoidal shape. The former
generally show a cors of more or less cearsely recrvstallized calcite.

The latter have been found by Dr. J. H. Hoskinsl, of the Dspartment of

-

1psrsonal communication, through Dr. W. H. Bucher

Betany, University of Cincinnati, te ceontain petrifisd driftwoed
(Callixxlen sp.) in every case investigated by him. In Adams County,

just south of the Highland Countv beundary, geood specimens of Callileonz

ggg}lixylan is common in the lower half of the upper Devonian form=—
ations of central and western New York = Arnold, C. A., Petrified
wood in the New Alhiny shale: Science, nes., Vel. 70, pp. 581~
582, 1929,

have been found in the lewer part of the Ohio shales Thig is inter-

esting in view of the fact that large trunks of these tress occur in

rather large numbers in the New Albany shale in southsrn Indiana3,

3Arnold, Ce Ae, loc. cit.

The presence of these large concretions in the lower part of the
Ohio shale might be interpreted as indicoting age relationships with
similar black shales elsevhere, as for instance the Huron shale of

the Great Lakes regionl, or the Genessee shale of western New York<.

1Daly, Reginald, The calcareous cencretions of Kettle Point, Lambton
County, Ontario: Jour. of Ceol., Vol. 8, ppe. 135-136; 1900s

2Hall, James, Natural History of New York, Pt. IV, Geology, pPe 220
and 230, 1843.

Such & conclusion would seem hazardous, however, since similar large
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concretions characterize also the lower portions of the Marcellus and
Skaneateles shales in New York, suggesting that concretions tend to
form in the basal parts of black ghales in general,

Pyrite is present in sufficient quantity to give neticeable amounts
of copperas, er iron sulvhate, upon weathering; sulphur springs are
also common in the black shale areas.

The weathering of this shale preduces s clay seil of poor qualitv.
Many of the areas of ocutcrop are on stsep slopes, where the regolith
consists mainly of small plates and flakes of weathered shale, and
creeps rapidly downhill, allowing verv little true s30il te form and
remain in places Near the tep of the formation, the steeper slopes
frequently have only occasional oaks, without a complete sod covering
between them, and with little or ne other vegetable growthe This is
the conditien near the top of Slate Hill,.

On the flatter areas, particularly the umglaciated regien north=-
west of Sinking Springs, the base of the black shale has considerable
quantities of halloysite developed as a weathering products This
mineral is frequently present in thicknesses varying up to nearly a
foot, even where the shale has been entirely removed by erosion; to-
gether with the brown ferruginous crusts which often mark the base of
the formation, it indicates the former presence of the black shale on
many of the lew hills noerth and west of Sinking Springse.

Because of its small area of outcrop and number of good exposures
in Highland County, no abttempt was made to subdivide the formatien or

to undertake a detailed stratigraphic study.
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Fauna a»ng flora

As in the case of the other formations, the limited amount of time
available for mapping the county made detailed, systematic feossil cole
lecting impossible, Lingula, conodents and fish remains, as well as
other fossils, are not rare within this formation, hewaver, The rela-
tively large, amber-colored spore cases of SppGengites are present in

enormous numbers in manv 1ayerslﬁ No medern gtudies on the fossil

IWhita, Devid, end Stadnichenko, T., Some mother plants of petroleum
in the Devonian black shaxles: Ky, fecl., Surv., Ser., VI, Vol.
21, ppr. 99-117, 1925.

content of the Ohio shzle in Ohie have hesn publishedl.

1For a rthaer large, typically Upper Devenian fauna in the hasal beds
of the New Albhany sklele on the west side of the Cincinnati
Arch, see Savage, T.E., The Devenian fauna of Kentucky: Ky.
Geol. Surv., Ser, VI, Vel. 36, p. 235, 193l.

Reference to the various fossile then known from the Ohio shale was

made by Prosser®* in 1912. The fellowing is quoted from p. 523 of

*Prosser, C. S., Devonian and Mississippian formations of northeast=-
ern Ohio: Ceol. Surv. of Ohie, 4th Ser. Bull., 15, pp. 519~
529, 191z,

this report: “Certaln layers in the lower part of the Ohio shale in
central Ohio, but in that portion of the shale in which the concre=-
tions containing Dinichthys and Dadoxylon eccur, contain immense num-

bers of the sporss named Protesalvinia huronensis by Dawson. -Ac~-

cording te Dr. Dawson, Professor Orton sent specimens of these srores

to him from the Erian shales of that State (Chio), which en compari=
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son seemed undistinguishavbie trom Sporangites (Protasaivinia) Huronengisi,

iTne Georogical History of Plants, 1888, p. 51, quoted in Prosser, C. S.,
op. cit:, p. 523,

These spores have been reported snd described by Dr. John M. Clsrke frem

the Marcelius and Genmssee shalas of Ontario County, New York?, and Prof.

%Am. Jour. Sci., 2d ser. Vol. XXIX, 1885, py. 465, 286, referred to by
Prosser, C. 8., loc. cit.

Henry 8., Willizme reported 139orangites (Protosalvinia), the same forms

as those of the Ohio black shales¥ from the Genessee shale near Attica,

Wyoming County, New York3, Other specimens of Sporangites wers record-

3Bull. U. S. Ceols Survey, No, 41, 1887, p. 32, quoted in Prosser, Ce.
8., loc. cit.

ed by Professor Williams in this Bulletin from the recurrent black shiles
in the Portage formation of the Genessee section. Large numbers of
spores, zpparently ef Protosalvinia, eccur in certain layers of the black
shale of the Huron in northern Ohio.®
MISSISSIPFIAN
WAVERLY
The follewing gensral stat-ment concerning the RBedford and Rerea

formatione of the Vaverly group is quoted from Hydelz #In southern Ohio

lHyde, J. E., The ripples of the Redford and Berea formations of central
and southern Ohio with netes or. the valecgeography of that epoch:
Jour. of Ceecl., Vol.19, pp. 257-:358, 1911l.

the Bedford consists of interbedded sandstenes and shalqé, the former

sometimes greatly in excess, the Reres egéimilar sendstones with limited

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



/69

quantities of shale. The sandstenes in both are fine grained and of
exactly the same type while botween the two there is a transition zone..e.
"In the area under immediate consideration, cent~al and southern
Ohie, the Bedford is from 90 te 100 feet thick, ths nmerea frem 5 te
40 teet thicke Iﬁ Sciete County on the Ohie large amounts of sandstone
are found in the Bedrord, but this diminishes to the neorthward s¢ that
there is much mere shaie in Pike ana Ross countiesS.....in Fixe auc Ross
counties The sauustones are [requently ;iuw. When present, the sand-
gtones =zre in beds from a few inches to two or three feet thick, but the
"shale" beds interveninge....are largely made up of very thin, hard,
platy sandstones of which there may be 12 or 18 in a foot."
The occurrence of thege units in Highland County is limited 10 the
tops of a few hills, such as Irons Mountain,~Wﬁshburn Hill and Long
Lick Hill., There are onlv u few good exposures; hence detailed de-
scriptions of the Yaverly formations and generalizations with regard te

them cannot be made from Highland County alone.
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CHAPTER IV

INTRODUCTION |

The descriptions of the individual localities within
this chapter are intended to illustrate the general charac-
teristics of the units deseribed in Chapter III, and to pre-
sent the more important information concerning the local
development of these units., Obviously, only the more im-
portant outcrops can be mentioned for each formation. Since
the Ordovician and Mississippian are not so wellvdg¢gpliayed
as the 1rest of the series, and wince their impdrténce here
is not proportionately so great-as in other areas, they are

only briefly treated.

ARNHEIM

Only one outcrop was found within Highland County
which belongs to a formation below the Waynesville; this
occurs half a mile east of Sicily, ig the southwest corner

of the county. A I5-foot section is exposed, which is re-

ferred to as the Arnheim(?).

WAYNE SVII;LE

Negr the cemetery one-half ﬁile east of Mowrystown
there is an exposure of between ten and fifteen feet of the
upper (Blanchester) division ofmthe Waynesville formation.
The rpck consists of alternéting shale and limestone layers,

rich in gpssila, particularly brachiopods. According to Pro-
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‘fessor W. H. Shideler, who visited this locality with the
writer, the upper layers of the Waynesville are éhown,ﬂbut
the contact with the overlying Liberty\dées not appear.
Bluish limestone with some shale is also exposed at a
slightly lower level in the bed of Plum Run at the bridge
nearby.

Along Flat Run just northtof Strausburg, 4 or 5
feet of the Waynesville are exposed. Limestone layers pre-
dominate here, and average perhaps one inch in thickness.,
The fossils are mostly weathered ouf, and are readily col-
lected; in fact, this is one of the most prolific localities
for collecting in Highland County, both as to number of in-
dividuals and of species.

A similar exposure at sbout the same horizon occurs
along Lick Run, two and a quarter miles northeast of Buford..
Liberty (cep)

A section along Whiteoak Creek north of Pricetown
includes the upper I0 feet of the Liberty formation and-
the lower Whitewater; the contact between the two is ex-
posed in several small gullies at I003 feet A.T..

An outerop along little North Fork of Whiteoak
Creek, one and one-half miles north of,Pulse represents the
1ower>part of the Liberty. Several feet of thin shale and

limestone beds are exposed,

occuy
Exposures of the Liberty, in ravines on both sides of

Little Miami River from two to four miles southwest of:

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



/57

Lynchburg. The best section is along a ravine west of a
cemetary, two and one half miles southwest from Lynchburg,
and includes 30 feet of richly fossiliferous limestone and
shale, the limestone predominating throughout most of the

section. Neither the upper or the lower contact is shown.

WHITEWATER

The Whitewater formation is exposed in a number of
stream sections within the county, particularly in the south-
ern part of the Hillsboro quadrangle.

Ohio Brush Creek flows on the Whitewater or Elkhorn
from a mile west of Folsom to about a mile east of Belfast,
~and reappears in the stream bed half a mile north of‘the
county line, three miles southeast of Belfast. Only'the top
of the Whitewater is shown, however, since the gradient of
the stream is about the same as the dip component of the .
rocks in the direction of the flow.

Along Little West Fork of Ohio Brush Creek there are
numerous exposures of the upper part of the Whitewater, none
of them affording a good continuous section. Near the county
line four miles south of Sugartree Ridge, the upper part of
the formation is fairly well represented. Numerous slabs of
the thin-hedded , fossiliferous limestone which alternates
with soft gray shale are to be found in the stream bed.

Along the road two ﬁiles due east of.Mowrystown,

there is an outcrop of the upper beds of the Whitewater,
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bthers occuring in ravines father south,

| A twenty-foot section of the upper Whitewater oceurs
along a tributary of RBast Fork, Whiteoak Creek,one mile south-
east of Danville. This is one of the best localities in the .o
county for collecting from the Whitewater, the rock being ar-
gillaceous and the fossils well weathered out. Bryozoans are
particularly abundant, and may be literally scooped up by the
handfuls.

The lower part of the Whitewater outcrops on the slopeé
along Whiteoak Creek north of Pricetown. Other outcbops occur
just south of Dodsonville. |

A section of the Whitewater occurs alonngurtle Creek
between Lynchburg and Sharpesville, the larger part of the for-

mation being exposed,

ELKHORN | |
The Elkhorn formation is present in numerous outcrops

along Ohio Brush Creek and its tributaries northwest of Belfast;
the best exposures are along the south branch of Lost Fork,

ene and one-half miles northwest of Fairfax: Therqgre nine

feet of purplish, even-bedded shale and thin limestone layers
~in the bank of the stream, the shale predomingting. The purple
color is more pronounced in certain beds oflthe shale, while
other beds have a slightly greenish tint, There is a marked
lqcal dip to the south; the Brassfield appears in the stream

bed a quarter of a mile té‘ﬁhe southeast.
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A number of exposures of the Elkhorn occur on the
slopes along Little West Fork of Ohio Brush Creek three miles
southeast of Sugartree Ridge. In séveral of these the fossils
are fairly numerous and are well weathered out. A nine-foot
section below the Belfast bed tﬁo miles southeast of Sugar-
tree Ridge consists of alternating purple and greenish to
gray shale, with a few impure limestone layers.

Other outcrops of the Elkhotrn, with less pronounced
purple color and shaly character, are those along Whiteoak
Creek one‘and/three-quarters milés east of Hast Danviile and

along Turtle Creek two miles norfheast of Lynchburg.

BRASSFIZLD

The Brassfield formation is well exposed in all the
larger valleys south of Hillsboro, and occasional outcrops
are found in a belt extending from two miles:southeast of
Mowrystown to Sharpesville; The exposures in the hdlly
region south of Hillsboro are due tovthe much deeper dissec-
tion by streams'here than to the westward; many of these
streams flow down the dip or obliquely to it, so that the
formation appears either in the beds of the streams or as
a wide terrace above stream level for considerable distances.
On the other hand, the belt of outcrops aceross thevcountry
farther west is the result of beveling of the eastward dip=

ping formations by a: surface of low relief. Good section of

the Brassfield are fairly abundant along Ohio Brush Creek and

+ S0 - P Y TR T O vt T B
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ﬁts tributaries, while'in the. region of low relief west of
the Bisher escarpment they are rare, partly because the for;
 mation>thins and beéomes more shai&(and thereforé lesslresis-
tant to efosibn).to the Weét,.and partly becéuse the pregla-
" ¢ial surface ﬁas one of low relief and was covered ihroughout
most of the area by a thick blanket of drift. .
Probébly the best—known Brassfield/outcr0p~in Highlana,

County,is along Rbcky’Fork, fwo miles southeast of Hillsboro,

on the Belfast road; this is the Bisher Dam locality~described.

by Foerstel It was earlier mentioned by,Orton.'Therqﬁs néw no

Foerste, A, F., Silurian fossils from\Ohio, with hotes on
related species from other horizons: Ohio Jour. Sci.,
Vol. XIX,p. 367, I9IQ.

remaining evidence of the dam or mill, although their former
site is pointed out by residents of the vicinity. Only the
upper part (less than 8.feet) of the formation isvéxPosed;to-‘
gether with ihe Dayton limestone. The Crab brchard‘and Bis¢her
outerop on the hillside above. At the creek:level and for two
or three feeé¢ above are beds of reddish, hematitic, crystalline
limesténe, vatying from,three to eight inchesbin thickness,
These have We}i develoned fgiant‘ripples" . Abqvé are thinner
5édsi With bﬁi& a #ef& émgii proportion of shale, up o the
base ofithe Dayton. Certain layers appear at the outecrop to

be composed almost wholly of oolitic hematite, yielding haﬁd

specimens of promising appearancé, but actually of low iron
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content. The same layers, traced back into the less weather-
ed rock, are bluish, crystalline limestones, with:relatively
few and scattered grains of hematite. Thus the hematite which
appears to be quantitatively important at the outcrop, is
only a surface enrichment, apparently largely due to the res
moval of the calcium carbonate.

A Brassfield outcrop along Illm Run, two and a Quarter

niles northeast of Belfast, is described by Prossergl.'Here bhe

———

1
Prosser, C. S., Ripple marks in the OChio limestone: Jour. of
Geology, Vol.XXIV, p. 468, 1918,

——

beds are one-half to three inches thick, and the crystalline
limestone contains fossils and some limestone pebbles. The
large ripples trend north 80O east; the wave lenéﬁh varies
from 26 to 36 inches and the maximum'amplitude is two and a
half inches. The ripple marked layer is underlain by a bed

a foot thick, which contains'"numeroﬁs pebbles of Brassfield
limestone. The majority of the pebbles are rather flst and &
fairly well rounded on the margins. The sizes are up to eight'
or nine inches. The pehbles as a rule lie flat (horizontal)
or at least nearly so in the rock}. but there are some inter-

2
bedded at more ar less of an angle." The same exposure was

2
Prosser ,C. S., loc. cit.

The same esposure was earlier described , together with

' 3
numerous others , in a paper by Foerste , in which he shows
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Foerste, A, F,, On Clinton conglomerates and wave marks in
Ohio and Kentucky: Jour. of Geol., Vol, III, pp. 50~
60, I67-197, I895. , ‘

{

that the pebbles themselves were of Clintoneage’ A mile farther
south aldng the same stream, cross-bedded layers and some
pebbles occur in the’upper Brassfield.

Other localities at which pebbles within the Brass-
field were found by Foerste include outcrops along a small
tributarymof Brush Creek just northwest of Belfast, as well as
several about threemguarters of a mile southwest of Belfast.
Typical of these is one along a small brook, north of a sharp
bend in the dirt road, three-quarters of a mile southwest of

Belfast., Quoting from Foerste'sidescription, "thereﬁs evident~

o
e

‘Foerste, A. F., op. cit., p. I82.

ly an upper horizon of the Clinton, scarcely more‘than I5
inches thick, which is full of pebbles. Many of these are 8-
I0 inches in diameter. The pebbles are &lways very flat ,and
rarely contain.fossils...}“ Those found by the writer were
small, and resembled rolled mud pellets. No sand was found in
this part of the formation, and the pebbles ame not consider-
ed to be of great importance.-

Along Ohio Brush Creek three miles southeast of Bel-
fast, practically the whole of the Brassfield formation ix ex-

posed, with a thicknéss of 38 feet, The rock is typicafly
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Aight blue crystalline limestone in even beds verying from
three inches to a foot or more in thickness. There are thin
shaly partings and small amounts of chert present., About five
feet above the base of the formation appears a ripple-marked
su?face, exposed in the stream béd for an area of several
huhqgfg;;;;;. The ripbles are symmetrical, with an average

- distance between crests of IS5 inches, and depgp of troughsl
of four and one- half inches; their trend is approximately
north £5° west. Similar large ripples occur at a sbmewhat
higher horizon in the Brassfield a quarter of a mile west of
this, with a trend approximately east-west. Here éppear in the
stream bed two puxzling sets of raised ridges approximately
parallel and perpendicular, respectively, to the trend of
the ripples, and rising from four to gix inches above the
crests. The material of these ridges is dark blue, compact,
crinoidal limestone, and shows no‘evidence of shattering or
brétviation. Since the bedding planes are not disturbed or
the the beds fractured, these ridges canno¥ be due to super-
ficial buckling in the stream bed, although such buckling is
not uncommon in beds ofkstreams fldwing over the Brassfield.
Thus it would appear that they must be eithes & primary sed-
iment¥Xary featurd or else the result of consolidation or ce-
mentation along joints.

Numerous Brassfield outcréps occur south and west of

Belfast, where this unit. forms a distifnt terrace. South of

B Bee Run, three-quarters of a mile west of Mount Zion school,

whe%e“a—hemati%e~i&yﬁyweﬁ~%hewuppexmBza&sﬁiadea§§eansminw$he
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recent deepening of a road gutter has exposed the upper
Brassfield and basal Crab Orchard. The elevation of the a
pase of the Crab Orchard is here 848 feet. Other exposures
are along Rock Lick and its tributaries; two of these may be
noted, one at a bridge a quarter of a mile north of Wildwood

School,
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where a hematite layer of the upper Brassfield appears in the

creek bank, with several inches of red shale, the other élodg

‘the road between Belfast and Fairfax, where a prominent ledge
is formed on the notth side of Rock Lick,

One mile northwest of Belfast arpartial section of the
Brassfield is exposéd along the road cut east of the bridge,
while the Elkhorn and Belfast show in the banks of the ereek.
From 5 to 7 feet above the base of the Brassfield occur cherty
layers with some glauconite, Crystals of calcite and sphaler-
ite were found a few inches above this horizon. The rock varies
from finely crystalline, laminated limesfone with glauconite
grains tocoarsely crystalline blue limestone, more or less
laminated. The upper part of the formation here has several
intercalated greenish shale layers,

A mile and a fuarter east of Folsom along a tributary
of Ohio Brush Creek, the following section occurs:

Feet Inches
Brassfield

Coarse, pink, hematitic limestone IO

Coarse gray crystalline, crinoidal
limestone I

Bluish gray, medium crystalline

limestone _ 9
Greenish clay shale I 4
Covered 2
Fine bluish gray limestone 2
Covered | I
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| Feet Inches
= Light blue, finely crystalline

limestone » I0 '

Light blue limestone, coarsely
crystalline, very fossiliferous I 6

Covered | 6

Bluish gray, finely crystalline
limestone 7

Covered -2
Yellowish gray crinoidal limestone : IT

nght gray, finely crystalline
limestdne 4

Bluish gray, more or less laminated

limestone 5 6
Bluish gray limestone, occasional
chert lenses 3 6
Gray, coarsely crystalline limestone
with corals, irregular bedding, much
jointing 2 6
Gray, laminated crystalline limestone 6
Bluish gray crystalline, crinoidal
limestone I I
Blue, heavy-bedded, crystalline
1Lmestone I I
Rlue limestone, thin-bedded 7 6
1" o
Belfast
Soft, bluish gray, calcareous shale
with some harder beds up to I inch
in thickness 3
36 I0

Slabs of hematdte, doubtfully in place, occur at the

highest exposure. Therkh are large ripples at the highest ex-
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‘posure, at a horizon about 3 feet below the top of the : X

section. Although almost the entire Brassfield formation is
shown here, Together with théﬂBelfast“bed, the Dayton lime-
stone is not exposed and may be absent, |

Three-quarters of a mile northwest of the last, the
upper paft of the outcrop appears in the stream bed and along
the road; the highest outerop is an I8-inch ledge of hematitic
limestome, underlain by a green clay'layer. These are probably
very near the top of the Brassfield,

| Numerous exposures along both branches of Lost Fork
show the Blkhorn, Belfast, anf Brassfield, the latfer forming
a wide and distinct terrace, ?artial sections of the Brassfield
occur in several of the ravines.three-quarters of a mile south
of Folsomfandqalang4a§brébkﬁbideﬁoﬁgkheﬁroad@two miles south
of Foleom. The exposure in this brook extends from gthe.base
to within about ten feet of the top of the exposﬁre, show-
in%nearly thirty feet of bluish-gray cryétalline.limestone
in even beds éveraging about three inches in thickhess.

Near the Adams County line along Buck Run there are
several exposures of the Brassfield, the best of which is in
the stream bed at the couﬁty linei Here the basal layers,
underlain by the softer %elfast bedjform a ledge across the
stream,

Two exposures along the south branch of Lost Fork

a little over a mile southeast of Millers Chapel School are

worthy of note:in that the limestone layers in the bed of
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mhe stream are buckled up into arches, from a few inches to
nearly a foot in height. These arches are similar to those L
sometimes found in quarry floors; they are préaumably caused
by expansion of the exposed layers by increase in temperature.

Along Little West Fork of Ohio Brush Creek, with its
tributaries, the whole of the Brassfield and the Dayton‘out-
crop; a typical sectionnis the one at the road imﬁersection,
two and a quarter miles southeast of Sugartree Ridge. Here
the top of the Elkhorn, Belfast, Brassfield, and Dayton are
well shown, Local variations in dip make the th2ckness vari-
ations subject to slight inaccuracies; the thickness of the
Brassfield is about 28 feet. The section follows:

Dayton | Feet - Inches

Light greenish gray limestone,
massive beds 3

Brassfield
Coarsely crystalline, crinoidal

‘limestone layers, separated by
greenish shale

4V

Bluish crystalline limestone,
distinctly laminated, in beds
3 to 6 inches thick 2 6

Covered 2

Blue crystalline limestone of

varying texture, large ripples
near top : ' _ % 6

Soft greenish dlay:

(9]

B}ue crystalline, crinoidal likestone,
with more=:shaly partings than below

4 6
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Blue limestone, beds even, 4 to 8
inches thick A 3 4

s

Blue crystalline limestone, beds even
2 to 4 inches thick, with shaly partings,
some chert 9 8

"Belfast“

Greenish layers of gray shale with
layers up to 3 inmhes thick

[N

Impure limestone,light greenish color

crystalline texture, with glauconite

grains; pebbles of Uurple Elkhorn
shale at base I 2

[N
(o]
Las

Along the south edge of the oounty from- the western-
most tributaries of Ohio Brush Creek to two miles southeast
of Mowrystown, the Brassfield is present at no great depth
helow the surface, but due to the slight relief there are few
outerops. A quarry two and one-half miles southeast of MNowtys-
vtown shows only five feet of rock above the water level. As
no Cincinnatian rock is present on the quarry dump, it is
probably entirely in the lower and middle Brassfield, The
part exposed is all\light blue limestone, except a few shaly
partings; it is mostly crystalline and fossiliferous. The beds
range from 2 to 8 inches in thibknesé, and are somewhat less
regular than in exposures farther east, Quarrying has been
abandoned largely becanse of difficulties encountered in drain-
ing a quarry on a surface so nearly flat, and because of the
overburden, which is 8 feet thick on the west side of the

quarry.
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Another exposure occurs half & mile north of the
ooﬁnty line, three and one-half miles east of Mowrystown,., At
this locality, the Xlkhorn and so-called "Belfast bed" appear
to be thinner than farther east, and are not so readily dis-
cernible, because of poor exposure. At the base of the sec-
tion are several feet of 8hale and limestone, apvarently the
Whitewater, with characteristic fossils, follOwed by a cover-
ed ingerval of a foot or two, above which are blue, thin-
bedded limestone layers of the basal Brassfield,‘inciuding
the.so-called "Belfast bed", totalling about four feet and
followed by_a covered interval of four or five feet, Still
-higher are I2 feet of blue, finely crystalline, partly crin-
oidal layers from 4 to I0 inches thick and very fossiliferous
in the lower part. A total of about 20 feet of the Brassfield
is shown, in which there are no hematitic or shale layers ap-
parent. )

Two small quafries have been opened in the Brassfield
along Ohio Route 38, three or four miles, respectively;north—
east of Mowrystown. These afford only limi&ed gxposures, sim-
ilar in character to that in the qguarry southeast of Mowrys-
town, but containing a slightly larger proportion of shale,
Both have a considerable overburden of glacial drift, altho
the Brawsfield is somewhat nearer the surface in this vicin-
ity then immediately north or south of‘it.

Along Sugar Run two miles east of Danville, the

lower I2 feet of the Brassfield are wells exposed. The "Bel-

. . . LV R
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fast bed" is only about two feet thick, and is followed by
blue crystalline beds of the Brassfield, which average 3 or
4 inches in thickness. The upper part of the formation does
not outcrop in this region. |

The Brassfield forms a slight bench fifteen feet or
MOfe above the flat plain two miles south of Fairview, Three
‘quarries have been opened in the formation at this point,

“but are ndw.abandoned and filled with water. The character
of the rock in the limited exposures afforded is similar to
that in the'quarries east of Mowrystown except that it is
here somewhat more shaly.

Along Dodson Creek there are several outecrops of
the Brassfield , particularly at and north of Russell.

In the quarry oWned by Mr. Frank Sharp, at Sharpes-
ville, is expdsed one of . the best sections within Highland
County for studying the character of the Brassfield formation.
The local dip is here at the rate of about fifty feet per
mile toward the north, but does not femain constant for eny
considerable diétance in any direction. Detailé of the Shafpes-
ville seqtibn follow;'

Dayton

Feet Inches

Weathéred,, reddish brown limestone,
finely crystalline

Shaly parting i

aV]

Light gray, compact, crystalline
_ limestone, with glauconite
T grains : ' . I
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‘Purplish red, fossiliferous shale 3,
Brassfield
Bluish gray shale, with limestone
layers up to I I/2 inches in
thickness 2 6
Bluish crystalline limestone | 41

Limestone beds 2 to 3 inches, with
about equal proportion of

shale 2
Bluish crystalline limestone 8

Shaly parting 3

Gray, crystalline limestone,beds
2 to B inches,with greenish
shaly partings ‘4 I0

Gray, crystalline limestone, beds
2 to 3 inches, finely laminated,
with thin shaly partings 2

[Av]

, Dark gray limestone, finely lamin-
ated, with shaly partings I iI0

.Gray, crystalline limestone,irreg-
ular bedding planes, shaly
partings :

Gray crystaliine limestone, beds

2 to 5 inches, with shaly

partings; occasional thin -

chert layers I 8
Gray, granular, coarsely crys-

talline limestome bed I

Fine crystalline gray limestone 4
Irregular light gray chert bed ° | I-3
Medium gray crystalline limestone,

’ fine laminated, beds ¥ to8
- inches 4 6
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Quarry floor | A &

' - 28 0
(Mr. Sharpe states that drillings indicate & thickness of 2

feet of limestone below the quarry floor, making a total of“

about 27 feet fot the Brassfield.)

7

Dayton
The important outdrops of the Dayton are mostly as-
éociated'with'the brassfield exposures, though-it is not
found in all of the localities where the Bréssfield occurs.,
An. exposure along the brook é short distance south

. A . .
of Elmville is mentioned by Foerste. Here it occurs in beds

1 ‘ ' ) . - ¥

Foerste, A.F., On Clinton conglomerates and wave marks in
Ohio and Kentucky: Jour. of Geology, Vol. III, p. I8&5,
I895

abonf o Foo¥ ERick wWiTh ¥ Rewcl l\"f"\‘.los—ce ChavackFar
The Dayton is well exposed along Rocky Fork, two =

miles southeast of Hillsboro. It is forty-three inches in
'thicknesss and occurs in massi¥%e beds; in character it is
crystalline and compact,., It is sharply set off in appear-
ance from the thin-bedded upper Brassfield and the‘soft
Crab Orohard Shale, | |

At the Bharpesville quarry, the typical light gray, massive,-

compact, crystalline limestone of the Dayton is 20 inches
thick. Above it there is over two feet of weathered, reddish
brown, crystalline limestone, separated from the 1lower maos-

sive bed by a shaly parting. Glauconite grains are present in
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tthe 1o§ver ﬁart of the formation at this locality. Although

Torrstet mehtioné-a Reavertown marl fauna at the base of the-
Déyton in this'locality,‘no fossils were found by the nresent
writer within the typical part of the formation, either here

or elsevhere within Highland County.

1 o sirtsnars Sk e oo e LS . A TR RS P O TS O

1 S
Foerste, A.¥., op. cit., »n. I76.

CRAB ORCHARD

The Crab Orchard shale outcrops over large areas in
Highland County, modtly‘on the slones in the dissected region
south df Hillsboro. Scatteréd outerops occur west of the
Bisher cuesta on the sides of hills capped by Bisher dolo-
mite, as wellcas along Clear Creek and its tributaries. Of
the very numerous 6utcrops, bnly a few will be mentioned
spedifically. |

On the hillsdde east of Ohio Brush Creek, three-

¢4 i

guarters of a mile north of the county line south of Belfast,
both top and bottom of the Crab Orchard are shown. The thick-
ness is here 95 feet. Yot much of the character of the for-
mation as & whole is indicated.

Mumerous outCTOps,parﬁicularly of the lower part of
this unit, are found along the vatious roads south and south-
west of Belfast, but generally only weathered clay is shown.

A number of small ravines, two miles southeast of

Sugartree Ridge, are cut through glacial drift and into Crab
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v

Grehard shale. The shale is light to medium green in color,
with £ few dolomite layers. The gullies and ravines are aps=.
parently of comparatively recent development , and are deeply
cut, so that drainage is very complete; for this reason, ap-
parently, the soft shale supports an overburden 6f drift on
steep slppes without any conspicuous amount of slumping |
when mapped , in I920), in contrast to the frequent small
glides on many less steep slopes made up of clay from this
Tormation, (Ses #p./so ) The lowrr contact of the Crab Orchard
is seldom exposed, but from the interval between the Dayton
limestone and the base of the Bisher in the section aiready
described under the Brassfield, two miles southeast of Bugar-
treé Ridge, the thickness of the Crab Orchard at this Xocal-
ity is seventy-one feet. About the sane thiékness is fbund in
the hill a mile southeast of Sugartree Ridge.

Along South Fork and its tributariecs, three to four
miles south of Hillsboro, there aré several outcfops of the
upper part of the formation. At one of these, just east of the
road bhetween Pleasént Hill School and Harrisburg School, old
landslides produce an irregular topography south of the
stream. In some of them there are as many as four separate
downslipped blaocks, one above the other, with small closed

depressions and trees tilted 30° from the vertical. The

slides took place on a slope which aversged I0° ; blocks of

the basal Bisher were carried down several feet, and at the
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\‘Iﬁwer end the slide in at least one case filled the strean,
causing it to cu§ a new channel,

At the former site of Bisher's Mill, two miles south;
east of Hillsboro along the Belfast Road; the lower and uppef
parts of the Crab Orchard are exrosed in small gullies on the
hillside east of Rocky Fork. The thickness is about 50 feet,
The lower part of the formation haé a number of conspicuous
thin dolémitic layers, averaging aomewhat over an inch'in
thickness; they are orange-brown in color, irregular in thick-
ness, compact and finely laminated.

On the weat and south slopes of Caleb's Hill and the
west slope of the hill north ofeast Danville, smell gullies
are cut into the upper part of Crab Crchard, showing soft,
light greenish clay. The lower contact is not exposed, and no
outcrops of the Dayton were found, but the approximate base of
the Crab Orchard is indi;ated by .the change in slope to the
almost flat surface over the Brassfield; the thickness of the
shale at these localities is probably between thirty-five and
forty feet.

Along Clear Creek at an abandoned road, half a mile
north of U, S. Route 50, a small outcrop of the Crab Orchard
has & few poorly preserved fossils. This is at an elevation
of about 900 feet, while outcrops along the headwaters of
Clear Creek, aboutthreé miles northwest of Hillsboro, are as
high as T040 feet.

At Bridges, the lower contact of the Bisher and a few feet of
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the greenish shale below are shown along Hardin Creek. This
is the iiortheasternmost outcrop of the Crab Orchard form-
ation foundAWithin the county.

The upper part of the Crab Orchard is Well exposed
along the headwaters of Clear Creek, between the Wilmington
road and the New Vienna road, three miles and a half north-
west of Hillsboro. Neér the upper contact is greenish gray
shale for two feet, below which the shale is of lighp green
color typical ofithe formation. At six and nine feet, res-
pectively, below the top of the Crab Orchard, there are
layers of very hard, laminated yellowish brown dolomite;’
these layers are not regular in thickness, but range from
an inch to three inches or more. In them fucoid markings are
abundant. Other similar layers occur at intervals lower down
in the section.

A low hill a mile and a quarter northwest of Willett-

fille is capped by Bisher dolomite, but has exposures of the
Crab Orchard formation in gulliesson its sides, aéf well as
the typical greenish gray to nearly white clay soil. While
the base of the shale is not exposed, its thickness cannot

be much over thirty feet at this point.

BISHER
- The type locality is on the hillside northeast of the
location formerly occupied by Bisher's Dam, two miles south-

east of the courthouse, Hillsboro, along the Belfast road.

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



/77

\ .
{ . !
Prton's and Foerste's description of this locality have already

been mentioned under the general description of the Bisher
formation. The rock is deeply weathered, so that its litho-
logic character cannot be as well judged at this point as in
other sections, but its appearance at the surface is entire-

1y typical. The Whitfieldella bed, while readily found a

short distance above the change of slope which marks the con-
tact of the Crab Orchard and the Bisher formations, is not as
as conspicuous as at some other localities.

0f the other outcrops of the Bisher, which are sbun-
dant throughout the dissected Bisher-Lilley cuesta in the
central part of the county, only a few will be mentioned spe-
cifically.

On thé slopes surrounding the headwaters of Elm Run,
there are numerous good exposures, with‘fairly complete sec-
tions in some of the ravines and along the road east of
Berrysville. Aiong a brook thfee-quarters of a mile northeast
of Berrysville, a forty foot section, beginning perhaps ten
or fifteen feét above the base of the Bisher,shows the
gray, shaly character of the lower part of it; the upper
twenty-five feet of the exposure is thioker-bedded.yellow
dolomite. The base of the Lilley does not appear in this
Section, but is shown in another small révine about 200
vards farther eaxmt. In exposures along the valley side half -
a mile south of these, the lower fifteen feet of the Bisher

is largely . shaly dolomite and soft gray, gritty shale, with
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some harder dolomite layers; this shale weathers to give a
- light gray regolith, which shows in some of the gullies and
resembles the whitish claj from the underlying Crab Orchard
'shale. The characteristic change of dlope which usually in-
‘dicates the Crab Orchard-Bischer contact is here some -ten o
fifteen feet above the actual contaqt, due to the ﬁon-resis—
tence to weathering of thix basal portion of the Bisher;

The Tollowing incomplete section aleng the road, a
mile and three-quariers east of Berrysvills, is unusual in
that it shows a thickneés of" over 60 feet for the Bisher,
which is generally about 50 feet thick in this area.,

| Feet Inches
‘Base of Lilley - Heavy, irregular dolomite bed,

with crinoids; thickness varies, averaging
about I8 inches

Top of Bisher - Brownish dolomite a few inches
Mostly covered ‘ 22
Gray clay in road gutter 6
Cévered | 4 6
Brownish dolomite, beds up.to .four
inches T
Covered 9
Brownish dolomite . I 4
Cover ed ' 2
Brownish dolomite, heavy-bedded I 8
. Brownish dolomite, thin-bedded | I0
Covered 8
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[ Soft gray shsale 2
Yellowish gray shaly dolomite I 4 |
Soft gray shale : I
Covered 2

Yellowish brown dolomite,
obliquely fractured S

Soft gray shale 4
Yellowish brown shaly dolomite 6
Covered ‘ 3

Approximate top of Crab Orchard
shale

Approximate total thickness of
Bisher 6o Io"

This measurement ig probably two or threc feet too
great for the total thickness of the Bisher. The large pro-
portion of shale in the lower part of the formation in this

section is notable.

At the head of Setty Branch, a mile south offi Horth
Uniontown, the Crab Orchard-Bisher contact is exposed, as
well as the lower part of the Bisher formation, which is

gray, crinoidal, and more coarsely crystalline than usual

in the lower 5 feét, resembling somewhat the lithology of

the Lilley. Above this is a compact brownish gray dolcmite

witha considerable amount of chert, Higher on the slove the
s & H

on the surface have
1y unlike that of the ususl Bisher;

weathered fragments an appear
an o, rance entire.

they are compact ang
crystalline in texture and bluish gray in color, and have

_smoothly rounded edges in contrast to the usual angular
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float of the Bishef. These fraéments_appear on the siope
more or less of the way for 40 feet above the: base of the
Bisher; none were found above-that level. This unusual phase
of the lower Bisher resembles the Brassfieldisomewhat_in lith-
ology; its Tauna was noﬁ'workéd out, due to the limited time
available for the field work, but it may, unon further étudy,
prove to constitute a distinct and recognizable unit in the
series.

Small geodes are very numerousvon all the slopes
over the Bisher in thés section of the country and in the
valleys below, patticularly the upper part of the valley of
Setty Branch; some of.them have beautifully developed guartsz
crystals, in some cases amethysﬁine in color.

A section of the upper Crab Orchard and basal Bisher
is found along one of ﬁhe smalléf headwateré of South Fork
near the highway, four miles south éhd a.little west of
Millsboro. The elevation of the éontact between the two form-

_ations at this point is IO@Slfaet, by barometer. The section
follows:

Risher - Feet Inches

Yellowish brown dolomite, beds
I/2 to 2 feet thick, with

minor partings at from I to

6 inches 6 6
Laminated yellowish brown dolo-

mite I 3
Yellowish brown shaly dolomite I I

.

o Crab Orchard
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Soft grecnish gray shale 6

Yellowish brown dolomite, o 1~
laminated

[y

Soft graish green shale 5
Where the same road crosses one of the headwaters of
Ohio Brush Creek half a mile south of Harrisburg School, a
nearly complete section‘og the Bisher is exposed. The section
follows:

Approximate base of the Lilley =~
heavy bed of crinoidal dolomite

Yellowish brown crystalline dolomite,
some crinoids, beds 6-8 inches
thick _ 5

Yellowish brown laminated dolomite,
beds 1 to & inches thick 7

Yellowish brown laminated dolomite;
some crinoids; appears thin-
bedded where exposed in stream

ved 8
Gray shaly dolomite with shaly

partings 2 6
Obliquely fractured gray dolomite 2
Gray siljyy shale 2 6
Covered 5
Yellowish brown dolomite, appears

thin-bedded along stream bed;

some heavier layers, up to 18" 9

Top of Crab Orchard - soft
grayish green shale

Total thickness of Bisher, 41 feet,‘2 inches;

neasurement of individusl beds checked by
hand leveling.
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An exposure three- quarters of & mile east of Swine,
Valley School, north of Sugartree Ridge, gives an interval
of only a little over 30 feet between the base of the Bisher
( elevation I053) and the base of the Lilley (I085; elevations,

by barometer, are probably sccurate to within a few feet.)

At this point,the Whitfieldella bed is well exposed, IO féet

above the base of the Bisher. In gullies on the slope, the
shaly layers of the lower part of the Bisher weéther to a
light colored clay, similar in general appearance to that
from ¥he Crab Orchard shale. (Seewfipw——)

On fhe south side of Caleb's Hill, seven miles south-

west of Hillsboro, the Whit fieldella bed outcrops near the

base of the slope. Above it, the upper part of the Bisher is
exposed, with the basal bayers of the Lilley near the top of

the hill. The interval from the Whitfieldella bed to the bhsse

of the Lilley is about 25 feet. Scattered blocks of the Bisher
at the west end of the hill show abundant fucoids, but none
of the‘fuooid layers were found in place, The Crab Orchard-
Bisher contact appears south of the road at the west end of
the hill.

The next hill north of Celeb's Hill also has outg@rops

of the Whitfieldella bed on its north slone. South of a side

road a mile and a half northeast of Danville, the hillside
affords good collecting, with numerous fossils weathered out
from the Bisher and particularly from a coral bed at the base

of the Lilley. The base of the Lilley is about 25 feet above,i
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the Whitfieldella bed.

The Whitfieldella bed is well exposed along the roaa

on the north side of the isolated hill east of Russell.

In the Beecher quarry, in the northeast part of Hills-
boro, a few feet of the‘upper Bisher are exposed above the
quarry floor, The dolomite is brownish in color and finely
laminated; there are occasional thin chert lenses which are
richly fossiliferous.

In a cut, originally made for a railroad which never
was built, about a gquarter of a mile east of the Beecher
quarry, the Bisher is exposed with abundant chert layers.

The dolomite is moderately thin-bedded, but contains no
noticable amount of shale. It will be noted that few, if any,
of ,these thin, fossiliferous w%?g chert layers were found in
the Bisher exposures southwest of Hillsboro, many of which
showéd consider able amounts of "gritty" gray shale. North-
east =nd east of Hillsboro and in the southeastern part of
the county, the thin chert bands afford exc lleﬁt collecting
Souffi and easl of- Bes Belyast and other Jocalifies,
at numerous 1ocalities,hsuch chert fragments are nresent in
considerable cuantities in the glacisl drift, but not =11 of
them come from the Bisher [formation.

As has already been mentioned, the terrace- like form
8f the low bluffs of Rocky TFork and Clear Creek on the Mills-
boro quadrangle is due im part to the résistence of the

Bisher formation, but the rock bench is generally covered by
}

a thick mantle of drift, so that exposures are few. Outcrons
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jpccur along the bluff:north of Rocky Fork just south of High-
lend County Infirmary and in several places between the mouth
of Clear Creek and McCoppin Mill.

A fgrly complete section is found alang a small Brook
east of Bates School, three miles and a quarter northeast of
Tillsboro. Here, as south of North Uniontown, the lower part
of the formation exposed has &« lithologic character:distinct
from the remeinder; it is bluish in color and crvstalline in-:
texture, resembling the Brassfield in general sppesrence. The
section is as follows? .

Base of Lilley Feet “Inches

Covered. 2

Brown dolomite; weathers to give

apperance of concretionary "nodules",

which are simibar to the rest of

the rock in color znd texture I
Covered 2
Yellowish brown dolomite; beds. up:to

a foot in thickness with minor

nattings 4

Yellowish brown dolomite; numerous
chert layvers I 6

Hard dolomite, some chert , quartz

geodes 2
Shaly dol mite x
Covered , 6
‘ Dolomite, with large proportion of ohar
i chert layers I 6
Covered 2 . )

Dolomite, beds 2 ~ 4 inches, with.
some chert 2

13
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Covered ' I : !
Oblicquely fractured layer I0
Jovered 4

Dolomite, beds 2 ~ 4 inches, numerous
chert layers I 6

Jovered; large amounts of fossiliferous
chert in floatl or =lss washed down

from above IT
"Thin-bedded bhrown dolomite 3
Shaly brown and gray dolomite I 5

e

C
{ Bluish, crystalline; resembles Brass- /ﬁ
3 field in lithology

\
Covered E{4 | 6/

Total thickness exposed below Lilley 501 an

The proportion of chert in the Bisher is larger here

than at any other locality visited,

A section of the upper Crab Orchard and lower Bisher
is found along the upper course of a small brook, half a mile

east of the Wilmington road and four miles northwest of Mills-

boro. The thickness of the Bisher cannot be accurately deter-
mined here, since there are only occasionsl ouvterops of the
upper Bisher and Lilley; it is appavently over 30 feet., Follow-
ing is the section:

Bisher Feet Inches

Brovn thin-bedded dolomite I

Reddish brown crystelline dolomite
(weathered); Whitfieldella bed I 8

Gray shaly dolomite | I
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yetalline dolomite

r
) 3
/

'r Reddish brown ¢
( weathered

Gray shale with yellowish bwown

v

\
dolomite layers 5
Crab Orchard

Soft grayish grddn shale 4

Tard, fine-textured, laminated
Orange-browvn dolomite, with

fucoids 2
Soft grayish green shale 2 I0

Hard, fine, laminated orange-
brown dolomite, irregulae in
thickness I- 3

Soft light shale

. ;30! an
The Bisher is well ®Bxposed in the gorge of Rattle-

ke Creek and in small tributary gorges, papticularly

)

0
Yt

1
below the mouth of Hardin Creek, Along Fall Creek, fhe upper
20 feet of the formation consists of heavy-bedded to very |
thin-bedded or shaly dolomite; some of the heavy beds are

’ bluish in color when unweathered, are crystalline «nd crin-
oidal. As 1y common in the Bisher, the apparently thick beds
of unweathered exposures often break up into thin Weds or
plates when long exposed to weathering. A poorly-exnosed sec-
tion along & brook a mile northesst of New Petersbueg consists
largely of thin bedded dolomite masses and amall pyrite grains

in the shale near the contact with the basal coral-bearing

bed of the Lilleg, and a spring horizon a few feet below the
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contact.
Beneath the bridge over Rattlesnake Creek at Tast

Monroe, the Whitfieldekla bed is exposed a few feet above

kow water level; it is underlain by &5 feet of shaly dolomite,
and overlain by about 8 feet of harder dolomite, which forms

a ledge along the bank of the stream.

. LILLREY
Outcrons of the Lilley are numerous throughout a
lagge atea in Highland County, extending from the Fayette and
Clinton boundaries on the north to the Adams county line on
the south, and(for varying distances into these counties. It
éaps low hills in the vicinity ol Willettsville and Danville,
and finally disappears below the level of Rocky Fork near
Barrettﬁs Mills. The most numerous and satisfactory exposures
for itsustudy are within a five- or six-mile radius:of Hills-
béro, where many small quarries have been opened in it. Other
good sections occur in the valleys:farther east. The local-
~itles described are only those where it is particulzrly well
exposed or where there are features of unusual interest.
In-the eastern margin ol Hillsboro there are two
quarries mentioned frequently in the descriptions of the

Niagaran formations of this vicinity. One of these, located

on the Beecher estate on 7. S Route 50, is the"Col. Trimble
quarry" of early reports; the other, about half a mile south

81 this at the west margin of Lilley Hill, is mentioned by
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Foerstel as the"Zink or Corporation guarry". Quoting from the

< :
descriptiouéof the latter, “At this qusrry, the Pentamerus-

I L 4

Foerste, A. F., Silurian fossils from Chio and other central
states: Ohio Jour. Sci. , Vol. XVII, pp. 192-103, 1919,

________ leoc. cit,

bearing dolomite, correlated with the Cedarville dolomite of
the more northern seeti§$ in southwestern Chio, is underlaid
by two feet of clay shale, and next 5y fourteen feet of a
blﬁish, apparently argillacecus limestone, rather massively -
bedded. Fossils are abundant in the clay shale, much less
avundant in the upper part of the masSive limeétone, and
comparatively scarce in the middle and lower parts of this

limestone. Holophragma calceolides also is common in the

two-fool e¢lay shale, and occurs in moderate numbers in the

upper half of the underlying limestone..... Zaphrentis

digoniata is not rare in the two-foot clay shale and in the

— e ot

uprer part of the madsive blue l.nestone......"

It is to be regretted that this quarry, long ago aban=-
doned, is now being used as a dumping groﬁnd for rubbish, so
that the putcrop is in danger of being obscured; The upper
part of the Lilley is here more easily accessible than at the
Beecher quarry, and it is the best locality for the collection

of Holophragma calceoloides.

The old quarry on the Reecher estate is also described

in the same paper 3, as follows: "At the Trimble, Beech or
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3 .
Foerste, A. F., loc. cit.

Railroéd quarry,. a third of a mile north oﬁ.the Zink quarry,
the Pentamerus bearing dolomite correlated with the Cedar~
ville dolomits, is underlaid by clay shale, three feet three
inches thick. Below this occurs the full section cf the blue,
massive-bedded limestone éeen in the lower part of the Zink
quarry. Here its tolal thickness is 21 feet, and it is under-

laid by‘well~bedded, laminated cherty limestone in which

fossils are few, Holophragms calceoloides occurs here both in
the clay shale and in the upper part of the underlying massive
limesténe,'but in much smaller numbers then at the Zink quarry.
"The two foot ciay shale layer, and the twenty-one
foot massive blﬁe limestone section at the Trimble .....quarry,
“we..ocontain a fauna quite distinet from that found in the
lower third of the West Union formation, northeast of the
Bisher Dam....." |
The clay shale layer is not present in two quarry

sections in the Lilley mentiorned by Foerste lalong the Danville

l N
Foerste, A. F., op. cit., p. 193,

pike, west of Hillsboro, although Holophragma calaecoloides

occurs at both of these outcrops. It was not found by this
~writer anywhere in the area south or southwest of Hillsboro:

’

outcrops of the top of the Lilley are rare, however, within
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this area.

—_—

Of the numerous outcrops and sections in other nerts

I
of the county, a few of the more typical ones will be de-
scribed.

West of the bhridee aoros#Baker Fork, & mile and a
half northwest of Sinking Syrings, & cuarry and a road cut

exhibit the following section:

Peebles Feet Inches

Light gray, Tinely crystalline
dolomite, bedding indistinct,
with Pyenostylus, Favorsites,
Talysites and other corals I2

Light brownish grax dolomite,
granular crystalline texture,
with pockets of asphalt, par-
ticularly in silicified stromatop-

oroids 3
Light gray dolomite, bedding planes
few and indistinct 4
Lilley
Light gray to gray-drab granular
crystalline dolomite, with
stromatoporoids 4
Heavy=-bedded blue dolomite, with
Cladopora in abundance 12
Shell concentrate I
Hard bluish gray dolomite, with
Cladopota I
Gray dolomite, weathers to shaly
appearance I0
Gray dolomite with Cladonora:
weathers drab I

1
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= A Gray to drab dolomite, with
€ladopora, Favolsites and o, )
other corals 2

S

Total thickness of Lilley exposed 20" IIV
The great sbundance of éladopora through a range of I5 feet
or more is the mosflnoticaable characteristic of the-Lilley
at this exposure. Nore of the layers exposed are notiéeably
shaly when fresh, but several beds in the lower psrt oftthe
section weather to a shaly appearance.

Along the Highway from Marshall to Sinking Springs,
half a mile northeast of Harriett, a part of the Lilley form-
ation is exposed. The coral bed at the base of the Lilley
forms the bed of & small brook just south ofnthe roéd;
numerous silicified stromatoporéids are weathréeed out along
the road gutter, some of them in an excellent state of pre-
servation. Similer beautiful spécimens are common on the hill-
tops of eastern Jackson and western Brush Creek townships.

In a small qguarry Jjust south of Fairfex, there is a
20-foo£ exposure of the Lilley. It is herd dark.colored from
bituminous matter,and and somewhat more sxtensively weathered
than in other quarries. Fossils are conspicuous, particularly

‘Halysites, Cladopora, a small-celled FavoXsites, and abundent

crinoid sepments. IIolophrapma wes found in some loose blocks.
Irregular bedding and bluish argillaceous lenses or patches
‘show along the road guytter near the quarry. In the dirt road

leading southeasy from Fairfax, irregular heavy beds form
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yédges across the road. In this part of the county, the
Lilley in many outcrops appears to lack regularly developed 1
bedding planed; its mzs:sive, almost structureless character,
together with a moderate abundance of corals, occasionally
gives it an appearance similar to thet of coral-reef lime-
stones, This is an illustrated by a Ib-foot exposure along a
road turning off to the east, a mile north of Fairfax. The
large silicified étrdmatoporoids are mot as common in the soil
here as a few miles fartier east.

The large hill a mile north of Berrysville is capped
by the Lilley, which apparently has & thickness much greater
than in other localities. At a nuarry & short distance west
ofrithe road, the base of the Lilley is , by barometer measure-
ment, a little below 1055 feet, yet it outcrops as high as
II25 east of the road, a short distance farther north. This
would seem to indicate a thickness of 70 feet, gnless there
is faulting or a pronounced dip between the two outcrops,
less than a quarter of a mile apart. No appreciable dip was
noticed, and while a single small displacementeappears along
the'side of the road, its relstions to the outcrops in cues-
tion aresuch that it can account at most for only a few feet
of the unusual thickness of the Lilley. No abyupt abwgpt de-
partures from the slight eastward regional diﬁ were noticed
along the Crab Orchard-Bisher contact near this locality. The
section of the lower part of the Lilley, shown in the quarry

west of the road, a little over & mile northwest of Berrys-
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fville, is as follows: b
Feet Inches
Gray, moderately crystalline dolo-
mite, in even beds, 2-6 inches
thick I8
Gray RWolomite, heavy-bedded,
coarsely crystalline, crim-
oidal, Porous texture at the
surface 3 6
Gray dolomite, even beds, 2-4
"~ inches thick, texture finer
than above and below. Abundant
Cladopora from here to top of
section 6 6

Gray dolomite, finely crystalline,
laminated 2

Gray doflomite, crystalline, with
Cladopora (Base of Lidbley) 3

Gray, impure dolomite, finely
crystalline, slightly lamin-
ated; geodes 6 N
Gray, impure, shaly dolomite S 4
The upper part of the formation, as exposed on the hilltdp
a quarter of a mile to the nufthwestward, shows much less
perfect stratification and hasbabundant Cladopora, as well
as FavoXsites and other corals. The massive, almost struc-
tureless character of the rock and the abundance of these
fossils suggests that the unusual thickness of the Lilley
at this locality may result from the presence of a somewhat
reef-like area on the seé-bottom durihg its deposition.
While in the Hillsboro region and to the horth and

west of there the Lilley is generally evenly bedded, as shown

g in many quarries, at other points it is not uncommonly irreg-
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ular or indistinct in bedding, with abundant corals and

crinoids. Both the lithologic character and the dominant

fossils change within relatively short distances., In the

vicinity of Beaver Mill, on Rocky Fork,
sites‘and‘halysites,types are abundant.
where the road crosses Franklin Branch,

of Rocky Fork, there are good exposures

corals of the Favo-
Near the point
half a mile south

of the upper Lilley

and the base of the Peebles. As at other localities, it is

difficult to establish within several feet the exact contact

between the two formations. The lowest specimen of Pentamerus

oblbngus and the highest Cladopora were

found at:an elevation

of 872 feet, by barometer; stromatoporoids and Favosites are

abundant at 880, and Halysites at about

Peebles is at about 895,

890. The base of the

Along Factory Branch south of the site of the old

woolen #ill, the upper Lilley and lower Peebles are exposed.

The lithologic transition between the two is well shown in t

the section, which is as follows:

PeeQ}es.

Feet Inches

Massive light gray finely crys-

taline dolomite

Light gray dolomite, weathers
slightly buff, with Pentamerus(?)
Favosites, and stromatoporoids . 2

Massive light gray crystalline
dolomite, with strong cliff-
forming tendencys ' 16
Lilley

Massive crystalline dolomite
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with crinoid fragments and

small cup corals; lower part

buff in color , 10 6

Thén bedded gray to brownish .

crystalline dolomite, some beds

distinctly laminated, with small

concretions and crystals of

calcite and pyrite; crinoidal,

with small cup corals 7
Along Fall Creek, a mile north of New Petersburg, the upper
part of the Bisher and the Lilley are well exposed. Thﬁﬁ
irregularity of bedding within the Lilley in this secfion
is in contrast to the distinct, even beds in the qﬁarry
sections near Hillsboro. At several points along this sec-
tion, the beds are arched over structureless crinoidal
masses from one to three yards in diameter and a foot or
more in height; aside from the crinoids, Cladopora, and

other fossils are frequently present in these small structures.

Details of the section are as follows:
' Feet Inches

Brownish crinoidal dolomite, distinct

beds, 2-6 inches thick 4
Massive crinoidal dolomite, not much

bedding or joints 3
Covered 4

Crystalline, crinoidal dolomite,
fairly well stratified 8

Coarsely crystalline crinoidal dolomite,
irregular beds arched over
structureless central mass, with
c¢Pinoids and Cladopora 1 )

Crystalline, crinoidal dolomite 7
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Irreguldr beds arched over qtructureleqs
central mass with crinoids and ,
Cladopora 1 6

1

Covered:

o

Soft silty gray dolomite
Covered - 2

Massive, almost structureless ,
crinoidal dolomite , 3 2

Lens of soft, sandy gray shale 0-2
Massive crystalline, dolomite;
with crinoids and corals;
bedding indistinct. Base of ~
Lilley _ S 6
Brownish crystalline, crinoidal
some beds quite shaly or :
splitting into thin plates 19
The total thickness of the part of the Lilley exposed here
is 41 feet.

A‘ravine north of the Greenfield road, a mile north-
east'of New Petersburg yields a fairly complete section of
the Lilley. Here the beds appear to be somewhat thinner,
partly hecause of more extensive weathefing. The exposure is
along the hed of a smell stream, and does not show the char-
acter of the formation as well as the one just given; in the
upper part, however, it has the same irregular and indistinct
stratification as along Fall Creek. Small crystals of pyrite
were noted at several points in this section.

On the south side of the road , half a mile east of

‘ the last, the basal layers of the Lilley form a ledge which
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is traceable for a quarter of a mile or more. On the west
side of Paint Creek north of Rattlesnake Creek, this unit
exhibits a cliff-forming tendency comparable to that 6f thev
Peebles & few miles farther south. |

A quarry on the side road slightly over a mile due
south of Samantha gives a section in the upper Lilley which
‘differs markedly in_lithology and fossil content from those
S0 fér described. It consists of light blue, crystalline,
crinoidal dolomite in very even beds from 2 to 4 inches thick.

Pentamerus oblongus is very common throughout the

exposure. In addition, Holophragma, Cladopora, Falysites,
and a small-celled Favosites were found. | |
Yot quite a mile east of this, a ravine section
shows the cliff-forming tendency of the upper part of the
Lilley, together with the transition of four or five feet.
between it and the typical Peebles.
Numerous other quarries have been opened in the
Lilley within a radius of seven or eight miles of Hillsboro.
Two gf these, one a third of a mile south of Fallsville,
and the other along the New Vienna road three miles and a
half southeast of New Vienna, are at the very top of the
formation. The latter shows abundant Cladopora and Favoéites.

Another quarry at about the same horizon is an old one south
of the Wilmington road, two and a half miles northwest of

Hillsbhoro; in it are crumbled lime kilns, testifying to
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. The Cashman, quarry, near Brick Sﬁhool, f;xa,ﬁiles
horthﬁest ofAHillsboro, is also in the upper pari of the
Lilley. The dolomite here is in moderételywthick,.even
beds, and is unusual ip being impregnated with'aéphault
to a depth of 15 feet or more from the surface. The asphalt
is present in the porous rock within four or five feet of
the surface in sufficient épantity to eolor it biack, and -
makes it "sticky" on fresh surfaces. While somewhat similar
impregnations of asphalt afe,not“uncqmmon in the;porous v
dolomites within Highland and Adams counties, no other local-
ity was found where the rock is as highly asphaltic as at this
point. Apparently the asphalt is present only within an

area of a few acres near the quarry. The only. fossil found

in abundance at the outerop is Pentamerus 8blongus.

PEEBLES o
| While the area of outcrop of the Peebles formation
in Highland County is relatively lérge, partly because it
caps many rounded hills, good exposures and typical sections
are far less numerous than those of the Lilley. Relatively

few quarries have been opened in the Peebles, and most of
the good sections along streams are at the eastern edge of
the county. Considerable areas are concealed under the Wis-

'Hconsin,glacial drift in the northern part of the area.

Although the type locality is at Peebles,in Adams
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County, the exposures near Hillsbdro, and particularly in

. the old quarry on the Beecher estate, have been well knownl
since the time of Orton's work. In the Beecher Quarry only

- approximately ten,fggt of the lower part of the formation
‘are exposed, its base being about 8 (?) feet above the high-
est shale horizon of the Lilley. The ﬁfachiopod,?entamerusr
6blongus is present in abundance, and may readily be found
in the weathered rock at the top of the north quarry wall.

Megalomuswcaﬁadénsisnis present, but not in great abundance.

According to Orton'ai description, "In Cgp. Trimble's quarry

1

Orton, Edward, Geeibgy/éf Highiand Coﬁnty:.Geol. Surv. of
Ohio, Rept. for 1870, p. 28I, I87I.

5 or 6 feet of rock heavily chargéd with Megalomus, occur,
in which there is also a sparing distribution of Pentamerﬁs..
These beds are overlain by as many feet of which the last -
named fqgail,ia the principal constituent and the first but
rarely mat_with," The finely crystalline, very light gray .
dolomite of this exposure is typical of the Peebles. It shows
little evidence of stratification. |

At the old "Corporation " quarry, on the west side
of Lilley Hill, only a few feet of the basal Peebles are
present. Pentamerus oblongus is fairly common. The thickness
given by Orton! to this unit at Lilley Hill is only 20 feet
I

Orton, Edward, op. cit., p.278.
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this measurement was based on the erronious assumption theé
{the Hillsboro sandstone as a stratigraphic anitvwae 30 feet
thick. Measured by barometer from its lewer’contact in the
"Corporation" quarry, the thickness of the Peebles is found
to be at 1east'60 feet. On some of the hills in the vicinity
of Hillsboro it may be greater than this.

The Peebles ibs present in the hills near Boston and
northwestward from there to Samantha and beyond. Several small
quarries have been opened near Boston, though all of them
appear to have ﬁeen abahdoned,for many years, One. of these,
$wo miles southeast of Boston and three-quarters of a mile
south of U, S, 50, has Pycnostylus guelphensis as well as

brachropeds
numerous small gseirepeds and gastropods, which are mostly

poorly preserved. Anothél outcrop half a mile farther east
yielded a number of good specimens (@asts) of Megalomus
canadengis,xTheubase,of the formation showsvin the road
Just west of Bostom.

. Material encountered in the excavation of a shallow

well fust south of the road, a mile and a half due north of
Boston, consisted of massive dolomite, somewhat weathered

near the surface, but compact and dense at a depth of three

feet. Several specimens of Pycnostylus guelphensis, one of
the most characteristie of the Peebles fossils, were found

in this exposure.
In the region half a mile to the north of Elton

S
////// N °h°°1 northeest of Boston, several Peebles outerops were f
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found in which Pentamerus oblongus was very common. Pentamer-
"us was also found in the Lilley in this vicinity; in fact, at
one point, (a mile and a quarter north and a quarter of am é
mile west from Elton School) silicified specimens of this
fossil were found less than three above the highest chert-
layers of the Bisher., qhuarry near this:point appears to be

in the Lilley, yet has abundant Pentamerus. As mapped, the

hill north of Elt®n School would appear to have a thickness
of 100 feet or more of the Peebles; no higher.fbrmation was
found in a hasty examination of this hill, but it is quite
'possible that the base of the formation is mapped too low on
the hillside. |

In the region west of Samantha, the Pebbles apparent-
ly still has a thickness of 80 feet or mere, but its lower |
contact caﬁnot be established with certainty within less than
I0 feet. The boundary between Peebles and Greenfield is also
difficult to map, since manyaweatgared outerops show neither
fossils nor the true lithologic character of the reck, out-
crops are not abundant, and the contact.is a very uﬁeven one.
On Quaker Hiil, west of Samantha, the Greenfield dolomite
is present underneath the black shale and may reach a thick-
ness of 20 feet or more at some points. Near a turn in the
road, about a third of a mile northwest of Quaker Hill, a
small quarry in the upper Peebles hés a pocket deposit of
plack shale in the weathered and fragmental dolomite. Some of

the beds of the dolomite are tilted at an angle of I5°
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locally; their relagion to the blackvshale is such'that the&
jappear to represent weathering and perhaps slumping either
before the deposition. of the Greenfield or after itsserosion
and before the deposition of the black shale.

Two miles notth of this, on the farm of Mr. Charles
Smith, a quarry section shows about 60 feet of the Greenfield
dolomite without its lower contact appearing. A mile to the
eastward, where a secondary road crosses the headwaters of
Bridgewater'Creek, the approximate base of the Greenfield is
éhown, wifh intraformational conglomeraté and with a few fossils
including small brachiopods, a small cup-coral, and ostracods.
North of the road, the lamination is contorted, and dips as
high as 40°, and the rock has the completely fractured appear-
ance of the Peebles-Greenfield contact. The elevation at this
point is I050 feet (by barometer(, or less than 60 feet above .
the base of the Peebles. Thus the Peebles, which has about
the same,thicknésaﬁaxﬁpoinxs-along,a line from the mouth of
Rocky Forg to Samantha and northward from there, decreases
dhout '20 ‘'feét in going two miles northeast from Samantha.
From theljeven €aves, near the mouth of Rocky Fork, to the

| hills north of thé méuth of Rattlesnake Creek,there is

also a considerable decrease in thickness; at the former
locality, the thickneés is over 90 feet, while at the latter
it varies from 40 to 60 feet, the upper contact beinguvery

irregular.
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= The irregularity of the contact between the Peebles
and the Greenfield is well illustrated in a number of ex-
posures along ravines south of the road which turns east
from Houte 70 just north of Rattlesnake Creek. On the south
side of the hill about a mide east of Route 70, weathered
dolomite referred to the upper Peebles occurs in contorted,
brecciated beds, tilted in various directions. Above it are
the lower laminated beds of the Greefield, arched over the
low undulations in the surface of the brecciated dolomite.
Dips in this lower Greenfield range up to I0° or more. Five\
feet higher on the slope occurs the 1owest'black shale found
at this point; a short distance farther south, however,
black shale wa#found in‘place'zo feet below the top of the
Greenfield. Other outerops in the same vieinity show a con-
siderable range in elevation of the Peebles-Greenfield con-
tact, whick in general declines to the northward, so that
the Peebles has disappeared below the level of Paint Creek
at the mouth of Opossum Run. V

The most complete and conspicuous section of ﬁhe
Peebles within the county is along the gorge of Rocky Fowk,
near its junction with Paint Creek. Here a thieknesé.of at
least 90 feet is indicated, of which over 70 feet appears in
some of the sheer cliffs along the southvside of the gorge,

The thickness is not uniform for any cohsiderable distance,

because of the irregularity of the upper contact. The c¢cliff-
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"forming tendency is illustrated particularly near "“The

Seven Caves"? owned by Mr. C. G. Chaney. The lower IO feet

of the section is somewhat transitional in character between
that of the Lilley andl the Peebles fermations.‘At ten feet
above the creek level there is a stromatoporoid horizon; and
above it the lithology is unquestionably that of the Peebles,
although the nature of the exposure does not allow any very
good opportunity for fossil collecting. Higher up on the
cliffs the characteristic large pelecypod, Megalomus cana-
densis , was found at several points; at 54 feét above the
creek, in hhe roof of one of the caves, a number of specimens
appear in a single horizon. In the large. cave south of the
road, called the Dancing Cave, thi;iﬁycurs over 80 feet above
the stream level.,

The rock is almost without bedding planes at this
locality, and is not{ sonspicuously jointed. It weathers to
form somewhat rounded and pitted nearly vertical claffs, of
uniform gray color. Aside from a number of caves at levels
from 50 to nearly I00 feet above the creek, there is one
large limestone sink, with one or more smaller ones, on the
same rock platform fromed by the superior resistance of the
Peebles formaﬁion.

Another interesting exposure of this formation is

found in an old quarry three-quarters of a mile west of the

site of Slate Hill School and a mile and three-quarters south-

” For anw @xcellent qlosc'yipl'ion, sea Wé/fe) G.h’./ Z, M Cartg. a
ot canero 7&&; da%fw, 53«'11 1/4/_26//71/0‘7~//’6, /1926,
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east of Marshall. Specimens of Megalomus, Pycnotylus, Favo-
sites, and varbous gastropods are'&airlyvnumerous in tﬁis !

locality, but Pentamerus oblongus was not found either here

or at the Beven Baves.

A quarry and a road cut west of the bridge across
Baker Fork, a mile and a half northwest of Sinking»Springs,
afford a section of the upper Lilley and lower'Peebles,l(For
details of this section, see p. /%2 ) The upper part of the
section prements-the typical lithology of the Peebles, but
with numerous asphalt impregnations and cavity fillings.
Corals and stromatoporoids are the principal fossils; aside
from Pycnostylus guelphensis, these include corals of the
Favosites and Halysites types. The contact between Lilley
and Peebles is more readily establishable than at most other

points, except for the Hillsboro vicinity.

GRETNFIELD

The typical exposure of the Greenfield is in the
large quarry in Ross County, just east of Greenfield. Within
this quarry the top of the Peebles occurs south of thg crusher
at an elevation of 850 feet, the contact deelining rapidly
and irregularly to the northeast, so that operations in the
main part of the quarry , which extend well beloﬁ the level
of Paing Creek, are entirely in the Greenfield. The weathered
Peebles,‘ﬁound in the olderpart of the quarry, contaihs

Pycnostylus guelphensis(?) as well as other corals of the
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_xavosites and Halysites types, and one or two brachiopod
éenera, all very poorly preserved; The contact between the
two formations is very irregular, the surface of the Peebles
presenting mounds over which the basal beds of the Green-
field are arched, with a relief of IS5 feet or more along tﬁe
contact. Theégfmounds are of soft, crumbling, weathered dolo-
mite, withoui bedding or lamination, emtirely different in
1ithologic character and fossil content from the well-
defined beds overlying them. The dip of the Greenfield beds
on the flanks of these arches may be as much as IOo or more
locally, though in most of the undulations within the quarry
dips are less than 5°, Thdbeds within the Greenfield member
are from 2 to & inches in thickneés. Its laminated character
becomes pronounced three or four feet above the base.‘The .
ostracod Leperditia is common throughout most of the extent
of this unit within the quarry. The carbonaceous partings

and laminae have already been mentioned (p.FVY);

Within Highland County, the best'exposu£e for the
examinatidn of the Greenfield is in the quarries behind the
residence of Mr, Charles Smith, on a hill two miles north of
Samantha. The'section-expoaed above water level (measured in
the dry summer of I930) is as follows:

Top of section, elevation 1165, by barometer

Weathered dolomite, heavy beds,
inaccessible I5

Buff, massive beds, not much
Jointing, no lamination I3
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L Fossiliferous horizon - ostracods
and poorly preserved brachiopods -
and corals 6

Ripples, 5-inch length, I-I4 inch
amplibtude

Massive layer, lighter gray when
fresh than below, and thicker lam-

inatioms; weathers drab 4 3
Laminated gray-drab dolomife, beds 3-8 |

inches ‘ , 2
Massive layer - I 6
Laminated gray-dfab dolomite, with ‘ :

ostracods; little or no chert 7 6
As above, with chert : 4 9
Strongly laminated, with chert 2 6
Conspicuous black laminae I
Lenticular fossiliferous chert band I
Darker gray-drab dolomite, with black

laminae and stylolites; ostracods,

poorly preserved brachiopods 4
Water level
Total exposed . : 55! 2%

According to Mr., Smith, the owner of the quarry, the wéter
is between I2 and 20 feet deep in the quarry. It is possible
that the rock quarried out was mostlylor entirely within the
Greenfield, so that its thickness would be 70 feet or over
at this locality,with neither to§ nor bottom of this member
exposed. A mile and a quarter farthey@ast, where the road
~erosses a headwater of Bridgewater Creek, the approximate

"bgsg of the Greaafield is exposed at an elevation of I050
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&éet; thusra thickness of I00 feet or more is suggested, bug
- 8ince the contacts of this unit are very ittegular in elevaj
tion, such an estimate:is not reliable. RPI
Sphalerite in crystalline aggregates weighing up %6
10 pounds or more is reported to been found in the working of
both this quarry and the one at Greenfield. None of those seen
by the writer were more than two or three pounds in weight,
and none wdre seen in place which were over an inch in diam-
eter . While these specimens of Sphalerite Have occésioned a
considerable amonnt of interest locally, it should be remem-
bered that they form an almost negligible proportion of the
rock, and show no indication that the zine will ever be worked
commercially. Shpalerite crystals are occasionally found in the
Brassfield and in the,Fiagaranwdolgmite series, '
The undulations in the .beds within the lower part of
the Greenfield and its uneven lower contact are well shown
in an abandoned quarry a mile east of Mr. Smith's farm.
Sphalerite and chert nodules aee present here, some of them
near the Peebles-Greenfield contact. |
Negatives of large skeleton:crystals of an undeter-
mined mineral were found in the quarry near Mr. Smith's
residence by Professor W. H, Bucher in the summer of I1930.
| The hill a mile and a half southuaat.ef Highland
has an old qﬁarry at its north end which is in somewhat

weathered dolomite. No fossils were'found, and the black
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earbonaceoﬁs laminations typical of the Greenfield were not
present, théugh an indistinct banding was noted in some fresh-
ly broken fragments. This rock is here referred to the Green-
é;égé; a thickness of ovef 30 feet 1is present between the
lowest and highest outcrops of it, with no indication that

this is 'anywhere near the total thickness. There is a patkh

of black shale on the west side of the hill, ranging in ele-
vation from II33 tolIl38 feet, while the Greenfield near by
occurs at from a little under II20 to nearly II50 feet; this
illustrates the very irregular character of the contact between
the Greenfield and the black shale. No Hillsboro sandstone |
was found at this locality. _

The hill just south of Leesburg appears to be made up
almost entirely of the Peeblea,“with small patches of Greenfield
on the south side near the top, the Greeﬁfield overlying the
Peebles with a very uneven contact. It will be noted from the

topographic map that, if this idemtification ofnithe Peebles
dolomite in outcrops near the top of the hbll is correct, the
the thickness of this unit must be nearly I00 feet, or much
greater than along the headwaters of Bridgewater Creek. While
‘the very thick drift at most points in this region conceals
the relation between the Peebles and the Gre.afiéid, there
is evidence at many localities that thebr contact is extreme-~
ly uneven.

As@de from those already mentioned, the Gpeenfield

~member is present in several other hills rising above the
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general level of the northeastern part of the county. Among
these are hills located as follows: two miles and a half eaat
of Samantha;“three miles and a half south of Greenfield, |
along Route 70; fbur miles due south of.Greenfield; two miles
east of New Petersburg; one mile southeast of New Petersburg,
and a mile and three-quarters southwest of New Petersburg.
At the last two localities it is overlaid by or associated
wifh small deposits of the Hillsboro sandstone. The Green-
field is also present at many points in the reglen northwest
- of Sinking Springe.

The thickness is extremely variable, even within dis-
tances of on1y a mile or two; for instance, in the hills
north of the mouth of Rattlesnake Creek, it is from 5 tod0
feet thick, while four miles north of there_it is at least
75 feet thick, and five miles south it is absent altogether,

HILLSBORO :
The most important localities at which the Hillsboro
sandstone outcrops in Highland County are described in some

o
detail by Carman and Sehillhahn. These include Lilley Hill,

® carman, J. E., and Schillhahn, E. 0., The Hillsboro sand-
stone of Ohio: Jour. Geol., Vol. XXXVIII, pp. 246-26I,
1930.

, . , =
southeast of Hillsboro; the Samantha region, and(Rthps
Corner, three miles northwest of Sinking Springs.

At Lilley Hill, the sandstone is described as con-
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“isisting of " a remnant of the sheet depoeit put down on the
post-Greenfield erosion surface, which here was on the Niag-
aran dolomite,® and pocket deposits in the Niagaran (Peeblés)
dolomite. In the north road gutter, the sandstone mass is

separated from the enclosing dolomite walls by a layer of

Carman, J. E., and Sshillhahn, E. 0., op. c¢it., pp. 250~
251.

greenish clay from I to 4 inches thick. No sand was found
in the dolomite.

On Quaker Hill, west of Samantha, a‘private road
just south of the top of the hill gives a poorly exposed sec~
tionm, with undoubted Niagaran (Peebles) at the base and black
shale at the top. Beiween there is mostly Greenfield dolomite,
with masses of Hillsboro sandstone interpreted as cavity fil-
lings. The Hillsboro is not found at all in some old quarries
a shott distance west of the road.

Just east of the highway, two miles northeast of
Samantha, an old quarry in thefGreenfield dolomitershows a
mass of sandstone enclosed in dolomite, with some black shale
included., While the sandstone mass is not large, it is ob-
vhously a pocket deposit within the dolomite.

The largest deposit of the sheet type is in the vicin-
ity of Rhoads Corner, northwest of Sinking Springs, where
Carman and Schillhahn give a thickness df I0 to 20 feet. A
geologic map of this section of the county, prepared by Miss
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Irene Chrisman in the summer of I923, gives an area of over

. square mile of this deposit, at this locality. Other smaller
areas occur to the northward and westward, particularly west
and south of Slate Hill and at North Uniontown.

A hill a mile southéast of New Petersburg has Peebles
dolomite outeroé}ng over a considerable area around its base,
overlain by the Greenfield, here less than 20 feet thick, with
small amount of Hillsboro sandstone at the top. The sandstone
occurs as a thin sheet, at places only a few inches thieck,
over the irregular surgace of the Greenfield, with a few ir-
regular masses lower down which may be cavity fillings. The
sheet deposit of sandstone is overlain by a few inches of
black shale. A quarter of a mile north of this, along an old
dirt road, an irregq}ar mass of sandstone occurs associated
with the Peebles. ’

| At the south side of a hill made up of Greenfield
dolomite, a mile and &hree quatters southwest of New Peters-
burg, an irregular mass of sandstone occurs associated with
weatheréd‘Greenfieid délomite in a gmall quarry. Other masses
~of the cavity filling type occur on many of the hills which
rise toithe approximate level of the top of the dolomite
series, but in many cases only a few small fragments are found,
so that theyycanhot confidently be referred to either the

sheet type of deposit or the pocket type.
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OLEANTANGY and OHIO |

The high hills between Sinking Springs and Rocky Fofk
are made up largely of these two shale formations, generally
with a capping of the overlying Waverly. Sinee the Olentangy
grades lithologically into the:.Ohio, no attempt was made to
separate them; in most of the outecrops found, the shale is
referable to the Ohio, anfldno outcrop waz noted where a sec-
tion which could be referred to as the Olentangy could be
studied with confidence. |

Outcrops of weathered Ohio shale are common on the
sides of thege-hills; in fact, at some points there is little
or no soil covering. While the weathered shale ismfrequently
visible on the surface and aids in mapping, exposures show-
ing the character of the unweathered shale in place is limited
to ravine sections , a8 between Iron Mountain and McCoppin
Hill, and to artificial cuts. The upper contagt is usually
well defined in this reBion, but the lower contact of the
shale series is often masked by thick deposiis of gaacial
drift, except in the southern part of this hilly ares.

An exposure along the road between Sinking Springs
and Cynthiana, a little moremthan two mibes north of Sinking
Springs, shows the character of the typical unweathered Ohio

shale, which is fissile, nearlﬁ'blaék in color, and moderate{y

soft. Large concretions are present, with the bedding of the

shale arched over them.

The unevenness of the lower contact of the shale
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§eries is well illustrated at many points. In the hills a
mile north of the junction of Rattlesnake Creek with Paint
Creck, the Greenfield dolomite is thin -- at some places

as little as five feet in thickness, at others apparently
absent altogether -- and the relief along the lower sontact
of..the shale is often 20 feet between outcfops scarcely a
hundeed feeqkpart. Probably the upper surface of the dolo-
mile series is less irregular than this, since some of the
lowest occurrences of the shale seemvto be as deposits in
small cavities within the dolomite. In these pockets the
-shale retains its usual character except that@iﬁ is softer
than within the main body of the shale formation, and its
lamination is apt to be irregular, following the floor of &
the cavity in which it was laid down., It will be noted that
this pocket or cavity-filling tyﬁe of deposit is similar to
the cavity fillings of the Hillsboro sandstone near the top
of the dolomite series, and that in one occureence of the
Hillsboro(two miles northeast of Samantha) , some black
shale is included in the dolomitei:along with the sdndstone.
An example of the irregularity of the lower shale contact
is shown in the head f a ravine a third of a mile south of
the road and a mile and a quarter east of Route 70, north
of RattlesnakeVCreek; the Peebles-Greenfield is also well
shown at this point, as mentioned under the loéality descrip-
tions of the Peebles. A small pocket of shale within the -

Greenfield occurs about 75 feet east of an abandoned road
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east of this exposurey a third of a mile north of the point
where this old road crosses Paint Creek. No shale which
could be refjeﬁéd to the Olentagny was found at any of these
localities north of Rattlesnake Creek.

‘At the east end of a hill, half a‘mile southwest of
the mouth of Rattlesnake Creek, the base of the black shale
is shown, resting on the Greenfield dolomite with blocks of
Hillsbore sandstone & few feet lower on the slope. About 40
feet of shale is exposed; the contact between the Peebles and
Greenfield was not found, but outcrops of the Lilley 70 feet
below the top of the Greenfield indicate that the combined
thickness of this and the Peebles is less than 70 feet,

A hidll along the county line north of Greenfield is
made up of Ohio sh:le, but neithervthe top nor the base of
the formation is exposed. |

Quaker Hill, west of Samantha, has been mentioned in
connection with the Greenfield and Hillsboro formations. It is
capped by Ohio shale, which has a somewhat irregular lower:
contact and a maximum thickness of about 30 feet. An old
quarry near a tufn in the road, half .2 mile northwest of the
cemetary, shows a few feet of weathered Peebles, and has a
small pocket of hiack shale at its west end. The Peebles
appears to have been weathered, with the developement of
cavities and perhaps a certain amount of slumping of the
beds before the shale was deposited in this pocket, and more

slumpigg since the deposition of the shale( shown by the con-
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tortion of the shale and the relation of some of the dolomite.
blocks to it). The weathered and slumped Peebles has much the
appearance of that just beneath the base of the Greenfield
north of the mouth of Rattlesnake Creek and in the Quarry at
Greenfield. Fragmental material which obscures the north end
of the shale pocket consists of weathered Peebles dolomite,
black shale and halloysite. A half-inch layer of halioysite

is present at the base of the conto rted shale in this pocket,

WAVERLY

The Bedford and,in some cases,the Berea are present.
on the higher hills at the eastern margin of the county south
of Rocky Fork. Since no attempt was made to separate the units
of the Waverly group in mapping, and since adequate exposures
for their study are not numerous in Highland County, the con-
siderable areas of outcrop of these units on Irons Mountain,
Long Lick Hill and Washburn Hill were not examined in detail.
Generally loose fragments'of buff£ shaly sandstone on the tops
of these hills indicates the approximate nature of the rock.
In many cases a noticeable change bf,slope occurs at the lower
contact of the Waverly, and sometimes springs also are préxent
at this horizon.

At the east end of MeNary Hill, near its summit, and
0ld quarry in the Bedford férmation consists of light gray-
buff laminated sandstone, with a handed effect produced by

weathering and approximately parallel to the weathered surfaoce.
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Large blocks of the rock are slumped from in place, giving
the appearance of dips up to 10° or more.

On Fort Fill, the thin-bedded sandstone and what soil
there was over it were used byvthe aborigines inrthe construc-
tion>of a large embankment extending completely around the
summit of the hill. While the removal of so large an amount
of material from the ditch within this embankment by heans
of primitive implements is a feat at which one marvels, it
would have‘been impossible were it not fof the thin-bedded
nature of the rock itself, |

Other hills on which the Waverly is present in vary-
ing thicknesses include Butier Hill, Stultz Hill, Reads Hill,
Slate Hill, Brown Hill, McCoppin Hill, Spargur Hill, Heads

Hill, Barrett Hill, Rouddtop and Joues Iill.
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- - CHAPTER .V
| ECONOMIC GEOLOGY

SEARCH FOR OIL AND GAS
After the development of the various oil énd gas

fields in the east-central part of the state from Jackson
and Vinton counties north to Cleveland, interest was aroused
in other localities and wells were drilled at many points.
Often these were located almost at random, and drilling was
continued until the'oﬁner's or driller's enthusiasm was ex-
hausted. Gas production from the so-called "Clinton" sand

| was on a commercial basis in Vinton County before I900, and
oil was produced from this and the Berea (Mississibpian) sand

soon afterwards. The total number of wells drilled in Vinton

Stout, Wilber, Geology of Vinton County: Geol. Surv. of Ohio,
4th Ser.,, Bull. 3I, p. 367, I927.

I .

~ 1dem.

/
H

County up to I927 was 700, of whiech "70 percent have produced
| I
n

0oil or gas in paying quantities,

—

At Waverly, in Pike County, a well was drilled in IS08-
09 to a depth of 3220 feet. According to Bownocker's? inter-

5 ,
Bownocker, J. A.,, The Bremen 0il Field: Geol. Surv. of Ohio,
4th Ser., Bull. I2, pp. 46-49, I9TO.

pretation of the log of this well, it penetrated from the Ohio

shale through the "Big Lime", Silurian and Ordovician shales,
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Trenton Iimastone. St. Peter sandstone and various shales to
the eastern extention of the Lower Magnesian limestone of
Illinois., No appreciable quantity of oil or gas was encoun-
tered.

A well was drilled a few years ago on the farm of Mr.
Frank Stahler, just south of Waverly; it has produced~an; is
still producing enough gas for household use. The depth of
this well was approximately 735 feet, of which'the lower 300 :
feet was in the Big Lime. According to Mr. Stéhler, water
and gas were struck at the Hillsboro sandstone horizon, at
I3 feet below the top of‘the Big Lime, at the base of the
Monroe and in the top of the‘N1agaran. It is to be noted,
however, that these horizons are to be fecognized—only with
great difficulty in a single well section‘a considerable dis-
tance from the outcrop. A sample of the drills cuttings from
a depth of about I2 feet below the top of the limestone seriés,
when examined with a microscope, could not be matched with the
lithology of any of the formations which appaer at the outerop,
but appeared to consist in part of light gray limestone with
a finely oolitic texture showing in certain of the fragments.
Very small quartz crystals, perhaps geode or cavigy fillings,
were also present, as wellaas rounded sand,graius.

In Highland County, several unsuccessful attempts
have been made to locate 0il or gas in commercial quantities.

- One of these was a well drilleddon hhe Cope farm, along Big

- Branch about a quarter of a mile from its junction with
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Rattlesnake Creek. This well extended several hundred feet
into the Cincinnatian rocks, and produced a small amount of
gas, which, however, has never been used.‘

Enough gas for household use iz reported to have been
obtained from & well on the McMullen farm, three or four miles
southwest of Dodsonville. This well is said to have been dril-
ldd to a depth of 2000 feel seven or eight years ago. Because
of the limited amount of time available for field work in
Highland County, it was not visited by the present writer.

A shallow well (60 feet deep) on the Mebk farm just
west of Fayetteville yielded a show of gas three or four years
ago.

Some years ago & wildcat well was drilled for oil and
gas within the Serpent Mound cryptovolcanic structure, but
without success.

The so-called "Clinton® sand of the drillers is not
present as a recognizable horizon at the outcrop within the
Silurian series in Highland County. In an attempt to find a
horizon which would skow traces of sand referablé to this
unit, specimens were collected at intervals of a few inches
to two or three feet throughout the limestone and dolomite
series; from these specimens, IO-gram 'samplee were dissolved

in hydrochloric acid and the insoluble residues washed and

examined under the microscope. While small amounts of very
fine quartz sand are present in many parts of the section,

nothing was found which e¢ould be interpreted as a possibke
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correlative of the "Clinton® sand. Further work on the cor-
relation of the drillers sections with the section at the
outerop must await the availability of accutately collected

drill cuttings.

LIMESTONES - |

The chief uses of the limestones and dolomites with-
in Highland County are for road building and, to a certain
extent, as agriéuttural lime. Formerly limestone was burned
extensively, as well as being used for building stone. Many
quarries are operated at present, particularly in the central
part of the county.

The rocks of the Richménd group consist of soft gray
shales with interbedded limestone layers usually less than
six inches thick. The shale predominates over the limestone
threnghouf much of the section here exposed. The total thick-
ness of Ordovician rocks exposed within the county is in the
neighborhoﬁd efFOO feet. This rock has not been quarried in
this area except on a very small scale, and, because of the
large proportion of shale, there is no indication that it will
be.

The Brassfield is less dolomitie than the higher mem-

bers of the series, but according to Orton contains up to

I2 per cent of the magnesium carbonate. Thus it approaches

Orton, Edward, The geélogy of Highland County: Geol. Surv.
of Ohio, Rept. for I870, p.268, I87I.
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in composition that of a true dolomite. It ranges in thick-
ness from 27 feet at Sharpesville to about 50 feet in the s

" southeastern part of the county. It consists in the main of
blue to gray erystalline dolomitic limestone in distinet
beds ranging from two incheé toha foot ih thickness. Shaly
partings and shale layers are more abundant in the upper
partobf‘the formation. Hematite occurs throughout the upper
6 to 8 feet in the south and east, where it is often very
conspicuous at the outerop, but not economically important.
The Brassfield has been quarried at Sharpesville, south of
Fairview, east of Mowrystown, and at a few other lccalities.'
Many favorable locations for quarrying are to ﬁe found along
the rock benches in the valley of Ohio Brush Creek and south
of Belfast, as well as along Rocky Fork south of Hillsboro
and at various points west of the Bisher-Lilley cuesta.

The Dayton limestone, overlying the Brassfield, is
from 3 to 4 feet thick. It is usually heavy-bedded, but its
upper part is soft and shaly in the northwest part of the
county. In color it is light Greenish gray; in texture,
uniform ahd compact.

The Bisher dolomite ranges from 30 to 60 feet in thick-
ness. It varies greatly in lithology, from impure gray crys-
talline dolomite tobsilty shale. Since it weathers readily,
it generally appears at theloutcrop as yellowish or reddish
brown in color. Thin chert 1ayers»are common in the upper
part of the formation, particularly near‘Hillsboro and in the

eastern part of the county. It is generally so impure as to
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have little commercial value, but has been quarried to a :
1imited extent for road material, for which use it is poor- ;
ly adapted.

The Lilley includes typically 45 feet of dolomite -
with local shale horizons. It is characteristically light A%+
blue in color, weatheringﬁto yellow, and crystalline in tex-
ture. The lower part of the formation is often in heavy, ir-
regular beds, but as a whole the bedding iauremarkably even,
except for certain massive phases. This formation appears at
the surface in large areas within the coﬁnty, and is exten-
sively quarried, both for road material and for ground lime-
stone to be used as agricultural lime. At the Cashman quarry,
northwest of Hillsbpro, the upper part of the exposure is sat-
urated with asphalt. | , )

The Peebles is a very light gray, finely crystalline
massive dolomite of uniform lithologic character. In thickness
it varies from less than 40 to over 90 fuet. Its massive char-
acter renderd quarring very difficult, and alihough it appears
at the surface in large areas east and north of Hillsboro,
it has nowhere within the county been extensively quarried,

The Greenfield is a gray-drab dolomite of moderate
to fine granular texture, with thin laminations of black car-

bonaceous material which range throughout much of the for-

mation. The formation appears only in the nottheastern part of

the county; its thickness varies from 6 to about I00 feet in

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



228

this area. The Greenfield dolomite is quarried on a larle
scale at Greenfield by the Cincinnati Quarries Company, and \
other quarries are opermated to some extent in this unit. Num-
erous quarries in the notthern part of the county were workéd
many years ago, when there was a demand for a building stone
of this type and when the rock was also burned for lime. An

account of the value of the Greenfield for these usés was

given by Edward Orton in I870.

Orton, Edward, The Geology of Highland County: Geol. Surv.
of Ohio, Rept. for I870, pp. 287-294, I87I.

v Analyses of samples from this member are given by
Orton as follows; Numbers I and 2 are from near Greenfield,

‘Mumber 3 from Highland, and Number 4 from Leesburg:

: : 2 3 4
Carbonate of lime : 53.67 49,70 54.10 49.76
Carbonate of magnesia : 42.42 44,87 41.77 45.77
Alumina and iron : I.30 I.00 2.20 | 0.90
Silicates of lime and '
magnesia ' I.44 I.45 - 2.88
Silica ‘ I.00 I.45 I1.60 0.69
P
Total 99.83 100400 09.67  I00.00

Sae </s6 Orten, Cdyvard, 4«4?-",;e4 SV, Limestone
avd [ive ,-udusfr’ in Ohrie:. Geol . Sure, o f 0his
' '4

SAND AND GRAVEL

resosuvces

¥
7 4 Sv-r,IBA.II,y) 150¢

Hillsboro sandstone
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) The Hillsboro formation is & fine white, friable
sandstone which maj at some future date have an economic
value. Its occurence is irregular and in limited quantity,
and while its color is white when fresh, its tendency tobac-
quire a reddish brown stain upon weathering presumably indi-
cates a considerable percentage of iron and perhaps other im-

purities.,

Glacial deposits

| The more important sand and gravel deposits 6f the
county are bargely glacial in origin; for the most part,

they were laid down in water at or near the margin of the ice-
sheet, or as outwash carried away from it. Sand does not
usually occur in these deposits without a certain amount of
gravel intermixed or interstratified with it; in some cases
coarse gravel is found with relatively little fine material.
Sereening or washing is generally necessary where uniformity
of size is desired, but much of the gravel used for road mat-
erial i§>applied without any sorting whatsoever; in fact,
some of the roads dressed with loose gravel have such large
pebbles as to make rapid driving both difficult and unsafe.
The clean unweathered sand and gravel generally has an over-
burden of red,"sticky" oxidized gravel in which limestone
pebbles, if present at all, are apt to be of chalky consis-
tency. In the case of those deposits of the Illinoian age

whose drainage is poor, there may also be a zone of gumbo in
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which only the most resistant pebbles, such as cherts and \
quartzites, are present.

The majority of deposits of gravel are here cons-
sidered to be of Illinoian age, although those indicated on
the map (Pr=3%—) as of doubtful age may later be found to
belong to the early Wisconsin stage. The Illinoian of the
flat Till Plains was not examined as élosély as that of the
hilly region, but at several points it has gravelly phases
in which pits have beem opened. One of these, from which a
considerable amount of gravel has been removed by meams of
a dragline, is located just west of the highway, a mile and
a half southeast of Danville.

The kame-morainic hills, particularly those of the
central part of the Hillsboro quadrangle and near Beaver Mill
on the Bainbridge quadrangle, furnish an inexhaustible supply‘
of gravel, ranging in coarseness from sand to small boulders,
but frequently of fairly even size in certain parts of a &in
single deposit. Of these, one of the westernmost is the group
of small hills cut through by the highway and the réilroad
about a mile and a half southwest of‘Hillsboro; from these a
considerable amount of gravel,h&s been removed. A little over
a mile southﬁf this a larger group of hills aﬁﬁbrds an enor=-
mous supply of gravel which appears to be of excellent qual-

ity, although locally cemented into ferruginous and possibly

manganiferous conglomerate. In both of these occurrences, the
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clean gravel has only a slight'overburden,--from 0 to 3
"feetv-- of weathered material. To the west and south of these,
other lower hills appear to considerable thicknesses of |
gravelly drift, but no large deposits of gravel of as good
quality as those mentioned. Numerous small gravel pits have

opened in this viecinity.

South of Hillsboro, bétween Rocky Fork and the old
Cincinnati and Chillicothe road, there are'many small hills
of gravel as wellfas some thick valley fillings. Some of these
deposits have the limestone pebbles leached out to a depth of
8 or I0 feet and are oxidized to a greater depth, while others,
where erosion has been active, show fresh gravel at the sur-
face. An example of the latter is found in certain of the
knolls west of Bouth Fork, about a mile northwest of the for-

~mer site of Mt. Washihgton school. A group of kames , west
of the Belfast road just south of Rocky Fork, has furnished
a considerable amount of ‘gravel, some of whick, however, is
cemented into conglomerate masses,

Similar gravel knolls of unquestioned Illinoian age
occur on the west side of the ridge followed by the road,
approximately three miles northwest of Belfast. A small pit
opened in one of these affords a good grade of gravel, althoug#

there is usually an overburden of weathered gravel to a depth
of several feet. East of this, ingthe valley of Eim Run,

there are extensive terrace-like deposits of gravel, which
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"is generally not of as good quality as the last. -

[ Various gravel hills and terrace-like deposits occur
west add north of Marshall, Some of the smaller hills appear
to be made up entirely of gravel, as for instance the one

a mile andAa half east of Carlyle School; others have a
veneer of gravel over bedrock.

Along the highway for two miles and & half northwest
of Carmel there are gravel hills, the northern ones of which
line up to form a ridge parallel to the rpad. At one point
along this ridge, a pit has been opened and a considerable
amount of gfavel removed for road material. There are many
large lumps of cemented gravel, or conglomerate, which
are worthless and a hindrance to the removal of the uncon-
solidated material. ‘

At the west margin of the Beech Flats there is a
thick filling of more or less gravelly diift, with some
small gravel hills rising above its general level; examples

of thesé.are the ones east of Roundtop and southeast of
Heads Hill,

Considerable deposits of gravel .also occur west and
northwest of the junction of Rocky Fork and Paint Creek;

several small gravel pits have been opened at this local-

ity.
A _relatively small deposit of gravel onvthe hilltop, a mile
northwest of Hillsboro, is referred with considerable doubt

to the Illinoian; in freshness of appearance and comparativee-
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1y shallow zone of weathering, it resembles the Wisconsin, \
but this is also true of other gravel hills farther south, f
as pointed out in the description of the Illinoian drift.

| Within the.drift of unquestionablé Barly Wisconsin
age there are oilly a few gravel deposits of any importance.
The Cuba moraine, whereiit enters the county southwest of
New Vienna, is somewhatvgravelly in nature, but has‘not been
worked for gravel. At Samantha the Barly Wisconsin drift also
contains a considerable percentage of fine gravel. Four miles
and a half east of Samantha, north of Rosebush School, there
there is a small deposit of gravel, which contains but little
coarse material and which has in the past been worked to a
small extent. A prominent kame about a mile west of New
Petersburg has been opened.at several places gor gravel; the
material here is heterogenoeous in character, some of the
boulders contained being over a foot in diameter.

The Middle Wisconsin deposits of the northeastern
part of the county include numerous occurrences of gravel,
particularly along the south side4of the valley of Rattle-
snake Creek. The morainic system, which extends with inters
ruptions from the viecinity of Leesburg to the mouth of Plum
Run, consists mainly of gravel hil;s and somewhat irregular
gravel deposits on the bedrock slopeé of the valley. A few

pits have been opened at various points; most of the material

removed has been used on mearby roads, Aside from the moraine
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ic gravel, terrace deposits occur at many points along the
valleys of Rattlesnake Creek and Paint Creek, particularly
southeast of Centerfield and south of Greenfield. In addition,
there are various localities where the Middle Wiscdnsin,drift
itself is gravelly, as along the railroad two miles west of

Greenfield.

Stream deposits

Many streams have gravel in their beds to a:consider-«
able amount; such, for instance,is the case with the South
Fork of Rocky Fork. Here the chief Source of supply appears
tp ‘have been from the wasting away of the surrounding hills.
Stream gravels in many parts of the county have been used

locally on the secondary roads.
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