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Suidebook is presented in conjunction with the
84th Annual Meeting of The Ohio Academy of Sciences at Denison
University, Granville, Ohio, April 24-26, 1975.

BEDROCK AND PLEISTOCERE GEOLOGY
OF EASTERN LICKING COUNTY, OHIO

Trip Leaders
Robert J. Malcuit
Charles E. Graham
Richard H. Mahard

This trip will leave from the parking lot of the Physical
Education Center at 9:00 a.m.

Follow standard field trip pro

cedures; i.e., keep a reasonable interval between vehicles, try
to keep the car behind and the one ahead in sight.

If you turn

a corner, make sure the following vehicle has seen you; if not,
stop and wait. Park well off the highway and do not walk out
on the road.

COVER:
A composite sketch drawn by Sallie
Beeghly (D.U. '76) from two old
photographs from the Archives of
the Wm. H. Doane Library, Denison
University.

(i)

A BRIEF HISTORY OF THE
DEPARTMENT OF GEOLOGY AND GEOGRAPHY
DENISON UNIVERSITY
In the Denison Catalog of 1854 (23 years after the founding of the
college in 1331) appears the following statement:
SCIENTIFIC COURSE
This course of studies is designed to furnish a suitable educa
tion to those who are fitting themselves for business men, for
engineers, or to engage in mercantile or mechanical pursuits.
Those sciences which are adapted to fit them for their chosen
pursuits, will, iu their case, take the place of the ancient
classics. It may be expected, therefore, that upon such as com
plete this course of studies, the honors of the College will be
bestowed, and the degree of Bachelor of Sciences conferred.
Considering the fact that the college, like so many others in Ohio, had
been founded as a school of theology and was staffed almost entirely by
clergymen, it is astonishing to discover this substantial emphasis on
instruction in science. We are of the opinion that Denison must have been
one of the first institutions of higher education in the Ohio Country to
offer the Bachelor of Science degree. Geology and mineralogy were listed in
that 1854 curriculum and the textbook was listed simply as "Dana".
The Civil War greatly affected the college enrollment, but the end of
the war saw the science program intact (note the 1865 diary excerpt reprinted
on the cover of this Guidebook.) In 1868, L. E. Hicks completed the Denison
science curriculum and attended graduate school the next year at Harvard
where Louis Agassiz would have been one of his professors. In 1869, Hicks
returned to Denison as Professor of Geology and Natural History. This is
the first record of the word "geology" appearing in a professorial title.
Hicks expanded the geology offerings, organized the first Denison geology
department and continued to expand the "cabinet" (collections). In 1884,
Hicks resigned to go to the University of Nebraska. The stage was set for
the arrival of Clarence Luther Herrick fresh from a year of study at the
University of Leipzig and with a M.S. degree from the University of Minnesota.
The impact of Herrick on Denison science cannot be detailed here, but
suffice it to say the influence was enormous, Herrick was a brilliant natural
historian — as much a biologist as a geologist and also a pioneer psychol
ogist. He established the Bulletin of the Scientific Laboratories of Denison
University in 1885 and the Denison Scientific Association in 1887. But most
of all Herrick was an inspiring teacher and his impact was totally dispropor
tionate to his short tenure of only six years, brought to a close by illness.
Undoubtedly the most brilliant Denison student of Herrick's years was August
Foerste, the world-famous paleontologist.
Herrick was succeeded at Denison by one of his own students, William
George Tight who had studied with William Morris Davis at Harvard. Tight's
years were the 90's, and he left Denison to become President of the University
of New Mexico succeeding Herrick in that post as well.
(ii)

Thomas L. Watson taught geology at Denison, 1901-04 and left to be
come professor of geology at Virginia Polytechnic where he had a distin
guished career. Watson was succeeded at Denison by Frank Carney.
Carney was another particularly inspiring teacher and some of
Denison's most illustrious graduates were his students, among them,
Kirtley F. Mather, '09 and Raymond C. Moore, '13. Dale Condit, Howard
Clar, J. D. Thompson, Edgar Owen, H. L. Griley all achieved notable
careers in oil geology.
Kirtley Mather took over the D.U. Geology Department in 1918. Many
of his students had distinguished careers — among them were Carey Croneis,
L. Don Leet, George Cressey, Nelson Sayre, Alonzo Quinn, and Langdon White.
Mather left Denison in 1924 to become professor of geology at Harvard
and was succeeded by Frank J. Wright. Frank Wright had earned his PhD at
Columbia under the tutelage of Douglas Johnson. Johnson himself attended
Denison, 1896-98. He became ill, was advised by his physician to go to the
southwest. Herrick'8 reputation was still fresh at Denison those years so
Johnson decided to join him at the University of New Mexico where the two
men developed a close relationship. In 1939, in a long letter to C. Judson
Herrick, C. L.'s younger brother, Johnson wrote, "I attribute to your brother
some of the finest inspiration I received in my youth. It was an impression
able period of my life and I would find it difficult to calculate the influ
ence which Clarence Luther Herrick exerted upon me in the years when I was
preparing for my professional career." Therefore, with Frank Wright at
Denison, Herrick in a sense had returned via the link of Douglas Johnson.
Frank Wright served Denison for 25 years, 1924-49. His majors, in
their turn, in impressive numbers have had distinguished careers. Three
have been honored by Alma Mater with Honorary Doctor of Science degrees
(Thomas Bates, Reid Bryson, Philip LaMoreaux) and five have received alumni
citations.
Denison geology continues to flourish in the first decades of the de
partment's second century. Currently approximately 300 students take some
course in geology in a year's time (1/10 are majors). Students and in
structors alike are inspired by the impressive history of the department
and the achievements of our predecessors.
***********
We at Denison have welcomed the opportunity to work up today's CENTENNIAL
FIELD TRIP (An understatement, as you see.) We hope you will "geologize" to
your heart'8 content. Perhaps in your mind's eye at Flint Ridge, you will
catch a glimpse of Fannie Parker Currier climbing out of President Talbot's
buggy, being careful not to display too much ankle and divert the attention
of the "gentlemen" from the "great piles of rocks, f l i n t s , quartz, jasper,
etc.!"
Cordially,

April, 26, 1975

Richard H. Mahard,
Charles E. Graham,
Kennard B. Bork,
Robert J. Malcuit,

(iii)

at Denison
at Denison
at Denison
at Denison

since 1941
since 1953
since 1966
since 1972
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GEOLOGIC SETTING
Granville, located in the south-central portion of Ohio, is situated
approximately ten miles east of the western border of the Appalachian
Plateau. The Appalachian Plateau boundary is a locally conspicuous escarp
ment which can be seen, for example, as one heads east from Columbus on
U.S. Rte. 16 or 1-70. The till plain topography of the Central Lowlands
to the west and the hilly terrain of the dissected plateau to the east are
easily recognizable.
The attitude of the rock of the area is the result of slight (30 feet
per mile) eastward dip of the Cincinnati Arch system. The gentle uparching
of Paleozoic sedimentary rocks along the structure runs from Ontario south
ward to Cincinnati and continues southward into Kentucky and Tennessee.
The net effect in central Ohio is that (1) the Mississippian and Pennsylvanian
rocks display a general north-south strike and (2) the age of rock decreases
as one travels from west to east.
The Granville-Newark area is underlain by Mississippian elastics and
just to the east of Newark the Pennsylvanian sequence of elastics, coal,
and some limestones begins. Range of constituent grain size of the Miss
issippian elastics is quite striking; the Cuyahoga Formation, most commonly
clays and silts in the western portion of the field trip area, coarsens to
the east where, in Black Hand Narrows (or Licking Gorge) pebble conglomer
ates are significant lithologic elements of the Black Hand Member of the
Cuyahoga Formation. Maximum "grain" size recorded in local rock is 50 mm,
length of a pebble in the Berne Member of the Logan Formation. Formations
that will be observed on field trip stops include: the Mississippian
Cuyahoga and Logan Formations and the Pennsylvanian limestone and flint of
the Allegheny Group (see generalized section, Fig. 1 ) .
In the vicinity of Granville, the upper part of the Cuyahoga Formation
consists primarily of sandstones, whereas the lower portion is composed
dominantly of siltstones and shales. One objective of the field trip will
be to recognize the facies change of the Black Hand Member of the Cuyahoga
Formation. West of Granville the Black Hand equivalent is chiefly shale
but contains thin siltstone layers. At the Dugway (near Stop 2) siltstones
predominate with some sandstones in evidence, and at Black Hand Narrows
the rocks are chiefly sandstone and conglomerate. This succession of
deposits of the Black Hand Member indicates that the source of sediments
was probably to the southeast, a hypothesis supported by geometry of clastic
tongues (narrowing to the northwest in this area) and by limited analysis
of sedimentary structures.
The Logan Formation is above the Cuyahoga and is divided into four
members. The lowermost Berne Member is a marine conglomerate, and is
typically distinguished from the underlying Black Hand Member of the
Cuyahoga by a greater relative abundance of pebbles and by increased
coarseness, darker color, and poorer cementation. Above the Berne lies
the Byer Member, which in the immediate Granville area consists of finegrained sandstone which is massive in many places and has been quarried
as a building stone. Elsewhere in its outcrop area, the Byer contains
considerable amounts of siltstone. The Allensville Member lies above the
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Byer and is composed dominantly of coarse-grained yellow and reddishyellow sandstones, along with some siltstones and shales. The uppermost
member of the Logan Formation is the Vinton Member, which is composed
primarily of siltstone and shale with some fine-grained sandstone. A
channeled erosion surface marks the contact of the Vinton and the Potts
ville Group of the Pennsylvanian System.
To the east and south of Licking County, a carbonate unit, the Max
ville Limestone, occurs locally between the Vinton Member and the Potts
ville Group. According to Franklin (1961), both the lower and upper
contacts of the Maxville Limestone are disconformable with adjacent units
in neighboring counties.
Comprehension of Pennsylvanian stratigraphy in the field trip area
requires detailed Investigation of the limited exposures and we will not
be in a position to treat the topic in any depth. Figure 1 shows the
typical lithologic variation of these units. Stop 3 is concerned with a
somewhat unusual deposit of flint within the Vanport unit of the Allegheny
Group. This deposit is unusual mainly because of its quality, relative
to other flints and cherts in the area, and its extensive use by the
Paleoindians of Ohio and adjacent areas.
Present topography in central Ohio is a function of glacial deposition
in the lowlands west of the Appalachian Plateau, of dissection of that
plateau east of the glacial boundary, and of the complex interaction of
processes as the glaciers met and overrode the westernmost sandstone hills
of Mississippian and Pennsylvanian age. Since the Granville area lies
within the glaciated area, the stream systems follow patterns which were
greatly affected by the deposits of the successive ice sheets; as a result,
many streams follow extremely winding courses through valleys. Maturely
dissected plateau areas and also flat-lying valleys underlain by glacial
deposits are present in the Granville-Newark area. During the first part
of the trip we will be travelling over areas that were covered by two
Pleistocene ice sheets, the Illinoian and the Wisconsin. A number of
prominent features will be pointed out in the road log. Stops 3-5 will be
concerned with features resulting from multiple glaciation of an area
located north and east of Buckeye Lake.
The 7lj-minute quadrangles that cover the trip, in sequence, are Gran
ville, Newark, Millersport, Thornville, Glenford, Hanover, Toboso.
ACKNOWLEDGMENTS:
This field trip guidebook incorporates portions of the 19th Annual Ohio
Intercollegiate Field Trip that was held in October 1968 and conducted by
students of the C. L. Herrick Geological Society of Denison University. Also
included are portions of a GSA-NAGT field trip conducted by Drs. Kennard B.
Bork and Charles E. Graham of Denison University in May 1969.
We are especially grateful to Dr. Jane L. Forsyth from Bowling Green State
University for her assistance in planning the glacial geology portion of the trip.
We greatly appreciate the assistance of members of the C. L. Herrick Geo
logical Society who helped in the preparation of the field guide and field trip.
We are especially thankful to Sallie Beeghly and Sue Specht for help with the
drafting and to Mrs. Marion Poules, Secretary, Department of Geology-Geography,
for her patience and diligence in typing the manuscript.
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Figure 1.
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Generalized section of Mississippian and Pennsylvanian
strata of central Ohio. (Modified from Bork and
Graham, 1969).
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Vinton
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Sandstone and shale
Conglomerate, sandstone, and shale
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ROAD LOG
Denison University to Black Hand Narrows
Mileage
Increments

Cumulative
0.0

Start in parking lot, heading for State Route
661 entrance to campus.

0.1

Entrance to Denison.
Street.

0.7

At second stop light turn left onto Broadway.

0.1

Turn right, this is Pearl

0.6
Broadway (once Broad Way) is Granville's principle street.
At each end of the village the street skirts close to large
bedrock hills: Mt, Parnassus directly in front of you, and
Sugarloaf at the other end of Broadway. One might almost
envision these remnant hills "protecting" the early village.
Once past the golf course on the left (north) side of the
road, the flat valley of the Raccoon Creek appears on the
right. This is a filled valley, containing glacial till and
glacial-fluvial deposits. Some of the spurs coming out from
the hills to the left (north) are kames, others are composed
of bedrock. The relatively flat valley floor was, and still
is, in some places, excellent farmland.
1.9
2.6

Side road on right.

Continue straight ahead.

3.6

Turn left just before the underpass into
residential district.

3.7

Bear right on Howe11 Drive down through hollow
where Byer Sandstone and rubble are being dumped
on the right.

3.9

Turn right on Bryn Mawr Drive.

4.05

Bear right onto one-way street — Bryn Mawr
Circle. Count houses.

4.1

Stop at third house at crest of circle. Please
follow directions of traffic controllers.

1.0
0.1

0.2
0.15
0.05

STOP 1; Overview of geomorphic and cultural
features of Newark area. Approximate time
for discussion: 20 minutes (see p. 13 for
discussion).
0.05
Continue around circle.
4.15

Tirn right.
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0.05
4.2

Bear right.

4.3

Turn right into cul-de-sac.
park tightly for:

u»x
Turn around and

STOP 2: Mississippian Stratigraphy of Newark
Area. Approximate time for discussion and
and collecting: 20 minutes (see p.14 for
discussion).
Please remain behind guard rail at this stop.
(Note: Nearly the same view of Stop 1 can
be obtained by climbing the hill along the
fence at this outcrop.)
0.1
4.4

Turn right and prepare to go West onto Route 16.

4.7

Keep left to take Route 16 towards Columbus.

5.1

Roadcut. On the right (north) side, the Berne
outcrop can be located by the line of saplings.
These saplings are not seen on the left (south)
side. Is this because the southeast regional
dip brings moisture to the north side, or is it
because the north side faces the sun, or both?

5.9

Traffic light. Note edge of terrace in field
to northwest.

6.4

More terrace edge on the right behind the
former
dumping ground of the Granville Inn.

0.3
0.4

0.8
0.5

To the right can be seen a series of gravel terrace levels
cut into the gravel fill of Raccoon Creek. Wells drilled
in the flat valley floor have penetrated more than 200
feet of valley train deposits of silt, sand, and gravel
with isolated lenses of till before bedrock is reached.
Ground water occurs in relatively abundant amounts in the
gravels filling the deep buried valleys. The level of
the water table is reflected by the level of Lake Hudson
(an abandoned gravel pit) which can be seen on the right
from the Granville exit ramp.
1.5
7.9

Turn off by-pass to take Route 37 south.

8.0

Turn south (left) onto Route 37.

9.8

Bryn Mawr.

0.1
1.8
Granville's latest beanery.

0.5
10.3

Former Licking County Home.

10.9

Typical hummocky terrain of glaciated landscape.
Wisconsin ground morlne.

0.6
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3.7
14.6

Roadcut in Cuyahoga Formation (Black Hand
equivalent). Marine fossils are present here.

15.1

Luray. Traffic light at U. S. Route 40.
Continue south on Route 37 towards 1-70.

16.4

Turn left at ENTRANCE to Union 76 Truck Stop
and Restaurant for a quick rest stop. Follow
lead car around to back. There will be no
other convenient facilities until our lunch
stop. Please hurry.

16.8

Truck stop exit. Turn right.

16.9

Turn right (East) onto ramp of 1-70.

17.9

Fish hatchery on right below overpass.

0.5
1.3

0.4
0.1
1.0
Note the very black soil from Wisconsin
lacustrine deposits. These deposits also
account for the broad expanse of flat land
ahead.

1.7
19.6

Route 79 exit.
exit.

Continue east on 1-70 to next

21.3

Entrance to Rest Area.

1.7

2.1

Climbing out of lake plain onto morainal
material.
23.4

Take Route 13 Exit off 1-70.

23.7

Turn right (south) on Rt. 13 and immediately
pull off highway onto shoulder for:

0.3

STOP 3: Wisconsin Terminal Glacial Features.
Approximate time for discussion: 15 min.
(See p. 17 (Fig. 3) for map showing some
details of glacial features of Jacksontown area.)
The hills to the south of 1-70 are composed of sandstone,
with Illinoian till spread thinly on top, and Wisconsin
terminal deposits on the lower slopes. The Union 76 sign
(in the field to the right) is situated near the boundary
of the two tills where there is a fairly obvious break in
slope. The Wisconsin surface appears to be somewhat more
hummocky than the thin Illinoian till; however, the casual
observer would probably not notice the difference.
A topographic low east of the Shell Station permitted some
Wisconsin ice to flow as a narrow tongue to the southeast
(see Figure 2 ) . We will cross the deposits of the distal
end of this tongue later on in this trip.
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0.1
23.8

Outcrop of Mississippian Logan Formation.
Follow route map (Figure 3) carefully to
locate the Wisconsin terminal features as
they abut against Illinoian ground moraine
which drapes the bedrock hills of the area.

1.3
0.45

25.1

Perry-Licking County Line.

25.55

Perry County Rd. 73. Turn left.

25.7

The south-trending ridge ahead is the Wisconsin
terminal moraine complex upon which we shall
8top in a few minutes.

26.05

T-intersection. Turn left onto Thornville
Twp. Rd. 28. Prepare to stop.

26.1

Proceed to top of ridge for:
STOP 4: Eastward Diversion of Jonathan Creek
Drainage by Wisconsin Terminal Moraine.
Approximate time for discussion: 15 minutes.

0.15

0.35
0.05

To the west is the western end of Buckeye Lake. This lake
is man-made and was constructed to help maintain the water
level in the Ohio and Erie Canal system. The natural
drainage as well as the current drainage of the lake is to
the west. To the east, the drainage is to the east via
Jonathan Creek. According to Forsyth (personal communi
cation) , a pre-Wisconsin drainage divide was located to the
east, and the valley to the north of us drained towards
the west. Deposition of the Wisconsin terminal moraine,
upon which we are standing, blocked the west-flowing stream,
caused ponding, and ultimately, the pond spilled over the
divide to the east. This rapidly breached the former
divide, and today the head of Jonathan Creek is at this
moraine.
The most relevant geomorphic feature supporting this
interpretation is the presence of a broad hourglass-shaped
valley to the east of us. The before and after views for
this hypothesis are shown on the following sketches.

"West"
Creek

Jonathan
Creek

"West"
Creek

BEFORE
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Terminal
Moraine

Jonathan
Creek

Continue to follow attached map for Wisconsin
glacial boundary information.
0.3
26.4

Looking down to right (East) into the hour-glass
shaped valley walls of Jonathan Creek which now
flows on Wisconsin glacial-fluvial material.

26.5

Turn l e f t (west) onto Perry County Rd. 9.

26.65

Turn sharp right onto unmarked paved road
(Licking Co. Rd. 328).

26.9

Approximate Wisconsin-Illinoian boundary, bedrock
close by on l e f t .

27.0

Crossing bedrock ridga which i s draped
Illinoian t i l l .

27.25

Turn half-left onto unmarked gravel road (licking
Twp. Rd. 324). Check map for tongue of Wisconsin
t i l l coming in from l e f t .

27.6

Till from Wisconsin i c e .

27.75

T-road coming in from l e f t .
ahead.

28.2

Pass under 1-70.

28.8

Road bends to right.

29.1

T-intersectlon with stop sign. Turn l e f t onto
Licking Twp. Rd. 323. From here to crossroad
ahead we are on Wisconsin terminal moraine. Hill
beyond lake on right i s Illinoian.

29.55

Cross U.S. Route 40. Be careful.

29.8

Fairmount Church and mound.
STOP 5: Glacial Geology of Area Around Fairmount
Church. Park in church drive as directed by
traffic controllers. Approx. time for di«e. 15 min.

0.1
0.15
0.25
0.1
with

0,25

0.35
0.15
Continue straight

0.45
All Illinoian t i l l here.

0.6
We are now on Wisconsin t i l l .

0.3

0.45

0.25

The major features to observe at this stop are also related
to the Wisconsin terminus. The Wisconsin terminus is now
located to the west of us (see Figure 3 ) . A short distance
farther to the west is a Wisconsin recessional. During the
stillstand, water was ponded between this hill, and the
recessional moraine and ice. Eventually the lake was drained
by a stream (proto-Quarry Run) cutting down through a bed
rock gorge.
Another feature of some interest at this stop is the mound
behind the church. It was probably built by the Hopewell
Moundbuilders (ca 600 AD). One feature that gives us a hint
of its antiquity is the presence of large tree stumps im
bedded in its top and flank.
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0.4
0.1
1.3
0.1

30.2

Turn l e f t onto Licking Twp. Rd. 323.

30.3

Turn right onto U.S. Route 40.

31.6

Enter Jacksontown.

31.7

Turn l e f t (South) on State Rt. 13 at traffic
light.

32.9

Turn right (west to go east) to enter 1-70
for trip to eastern end of Licking County.

33.6

Pennsylvanian strata in road cut. Channel
f i l l visible on north side of cut. When 1-70
was f i r s t opened, a Pennsylvanian-aged slump
structure was well exposed in this cut. Because
of weathering, this feature i s not so obvious
now.

34.6

Another channel f i l l .

1.2
0.7

1.0

There are several Mississippian-age rock out
crops before we come to the next Pennsylvania*!
rocks.
3.4
38.0

More Pennsylvania^

40.8

Brownsville Exit.

41.2

Turn l e f t on State Route 668.

42.0

U.S. Route 40. Turn l e f t .
immediate right turn.

42.05

Continue on Route 668 toward Flint Ridge. A
number of o i l and gas wells dot the countryside.
These are producing from the Clinton (Silurian)
horizon.

42 .8

Abandoned cable-tool rig ahead.

44 .8

Approximate Illinoian terminus. The top of
Flint Ridge was not glaciated during the
Pleistocene.

45 .1

Turn right on Flint Ridge Road (County Road 312).

1.8
0.4
0.8
Prepare for

0.05

0.75
2.0

0.3
0.05

45 .15

Turn right into Flint Ridge State Memorial.
Proceed slowly and find parking place.
STOP 6; (LUNCH STOP): Geology and Archeology
of Flint Ridge. Approximate time for
discussion and lunch and other activities:
75 minutes, (see p. 18 for discussion).
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There are a number of things one can do during this stop
after lunch.
Option 1. Museum Tour. Various expertly-done archaeo
logical displays are in the museum. Admission fee i s 50
cents.
Option 2. Half-mile surface tour of the Flint mining
pits. Entrance to trail is just south of rest rooms.
The trail ends in front of the Museum.
Option 3. Inspection of fresh exposures of Flint
Ridge flint in road cut at north edge of park. No flint
should be taken from the park itself, but there is an
outcrop of flint located along State Rd. 668 approximately
0.2 miles north of the Rt. 668 - 312 intersection. Here
flint can be collected with difficulty.
Option 4. Rest and enjoy the scenery.
0.2
45.35

Leave Flint Ridge Park drive.

45.5

Turn right onto Ohio Route 668 (north).

45.7

Outcrops of flint in roadcut along Route 668.

45.9

Back in glaciated terrain.

46.4

Mississippian (Logan Fm.) outcrops.

47.7

More Logan Fm.

49.8

More Logan Fm.

51.0

Exposed in this area are the Byer and Berne
Members of the Logan Fm. and the Black Hand
Sandstone of the Cuyahoga Fm. The Black Hand
is well exposed in the creek bed here.

51.3

Clay Lick. The brick building was built by E.
H. Hickey in the 1880's, and served as a general
store, a post office, and a station on the B. &
0. Railroad. The Army Corps of Engineers
terminated those activities during preliminary
work for the Dillon Reservoir project about 1940.

51.4

Bridge over Licking River. Note Black Hand
crops out about one-half mile to right.

51.8

Approximate location of Ohio & Erie Canal
channel for Newark-Coshoeton link.

51.9

B and 0 Railroad crossing.

52.15

Intersection of Rt. 668 and Rt. 16.

52.2

Cross Rt. 16. Then turn right onto unmarked
access road on north side of Rt. 16.

0.15
0.2
0.2
0.5
1.3
2.1
1.2

0.3

0.1

0.4
0.1
0.25
0.05
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0.6
52.8

Black Hand Sandstone. Note westward
dipping beds at this outcrop.

53.3

Here we can eee the contact between the
Black Hand, Berne, and Byer Members. We
will inspect an outcrop similar to this one
a few miles up the road.

53.8

From this high-level road one can see to the
B and 0 Railroad built over a portion of the
former electric railroad (Interurban) grade
which connected Granville, Newark, and Zanesville.
To the left of the present B and 0 Railroad is
a well-preserved portion of the channel and
tow path of the Ohio & Erie Canal. It is now
merely a ditch lined with trees. Near the east
end one can see an aqueduct which carried the
canal over Rocky Fork Creek.

54.4

Bridge over Rocky Fork Creek.

54.5

Turn right onto unmarked road.

54.8

Hanover Brick and Tile Co. The original source
of clay (shale) can be seen from Stop 7.

55.05

Turn and pass over Rt. 16. Straight ahead is
shale pit used by Hanover Brick & Tile Co. The
main clay source was the Vinton Member of the
Logan Formation. Some local Pleistocene
(Illinoian) till was blended in with the Vinton
shale.

55.2

STOP 7. We have a slight parking problem here.
Access road has occasional traffic. Please
follow directions of traffic controllers. Approx
imate time of discussion: 20 minutes (Roadcut in
Black Hand Sandstone, p. 22)

0.5

0.6
0.1
0.3
0.25

0.15

Turn left and follow access road to east.
1.15
56.35

Turn right on Co. Rd. 273 (no road marker)
which goes to Toboso.

57.75

Bridge over Licking River.
Bridge take lane to right.

1.4

At south end of

0.25
58.0

STOP 8. Black Hand Narrows. Park near inter
section with main road. We suggest that
you lock your cars. The geologic and historic
tour through Black Hand Narrows is about 2
miles long and will take about 75 to 90 minutes.
See p. 24 for discussion of the origin of th«
Narrows.

To get to Rt. 16, turn left and recross bridge.
Then follow Licking Co. Rd. 273.
1.8
59.8

Stop sign at intersection of State Rd. 146.
Turn left and then take Rt. 16 east or west.
THANKS FOR COMING ON THE TRIP AND HAVE A
PLEASANT TRIP HOME.
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STOP 1

— Overview of Cultural and Geomorphic Features of
Newark Area.

Because one must trespass on lawns and around prize rose bushes to get
to this particular view, we are especially indebted to Mr. F. H. Guthrie for
permission to use his yard. The following description is made for a person
standing just across the fence below you. Access to that spot can be accom
plished by climbing the hill from Stop 2 directly below us. The view is almost
as good.
For descriptive purposes, let us consider the Wolf Den house (the house
to the south of us with the swimming pool) to be at 12 o'clock.
The most obvious feature of this valley in which Newark is located is
its apparent flatness. Most of the deposits in the valley are glacial-fluvial
outwash (valley train deposits) of both Illinoian and Wisconsin ages. However,
there are some till deposits locally within the outwash. In one case a log
from one of these till deposits which was found during excavation for the Air
Force Station Building (12:30 o'clock in distance) was dated at 21,400 ± 600
years (radiocarbon date, 1952, Univ. of Chicago).
The huge expanse of valley train deposits is a result of the confluence
of three streams — Raccoon Creek and the North and South Forks of the Licking
— which were carrying great amounts of outwash when the glaciers were melting.
The three streams join in Newark to form the Licking River which flows east
ward towards the horizon at about 9 o'clock. Eventually the Licking River
flows through Black Hand Narrows where this field trip will end this afternoon.
Numerous terraces have been developed on these outwash deposits as a result
of downcuttlng by these streams since glacial times.
Several scars of former gravel and barrow pits can be seen in the fore
ground. The latest ones on the right were used for construction material for
the Rt. 16 bypass.
The rocks on which we are standing are Mississlppian but the hills in
the distance at about 10 o'clock are capped with basal Pennsylvanian rocks.
In the foreground is the floodplain of Raccoon Creek near its confluence
with the South Fork of the Licking. A particularly interesting geomorphic
feature is the presence of bedrock in the creek bottom directly below us.
This is an example of a stream that has meandered over to the valley wall and
has been hooked onto a buried spur of valley wall bedrock and is unable to
meander back. The concrete bank may be an additional inhabiting factor!
In early times, a traveller from Newark to Granville had to skirt around
this spur or prominence. The first improvements were to cut away some of the
hill, and hence this became known as the dugway. Now we have a 4-laner
through here.
At 9 o'clock can be seen the licking County Courthouse (constructed in
1876) which was at one time located near the center of Newark. Newark has
grown asymetrically to the west mainly because of the great expanse of flat
glacial terraces which are several feet above the flood plain level here.
The Licking County Memorial Hospital (11 o'clock) was constructed about 1965.
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On the high level terrace at about 9:30 o'clock is the famous Octagon
Mound which was constructed by the PaleoIndians in ancient times. This
carefully preserved mound complex (one of the two major mound complexes in
the Newark area) is now occupied by a golf course. The other complex (on
Union and 21st Streets) has a state museum on its grounds.

STOP 2 - Mississippian Stratigraphy of Newark Area
This is all that is left of a classic geological location called, "Dugway
Hill", referred to by Herrick, Hyde and others. Figure 2 is a generalized
diagram of the exposure. The deep roadcut to the west is an equally good,
but less safe, exposure. Most of what one can see here is Cuyahoga. The
blue-gray siltstone and shale exposed at eye level and in the creek bottom to
the south have been referred to by Hyde (1915, p. 23) as the Granville Shale
Facies of the Black Hand Member and by Holden (1942, p. 46) as the Raccoon
Shale Member of Cuyahoga Formation. Higher up the beds become coarser and
somewhat more massive and light-tan in color, and are considered to be Black
Hand equivalents. Higher still, one can see an easily weathered zone where
many saplings have taken root. This is the location of the Berne Conglomerate,
the lowest member of the Logan Formation. The upper and lower boundaries of
the Berne are frequently indistinct, but its friability, coarser grain, and
abundant fossils make the Berne aiairly obvious marker bed in Licking County.
Above that, and not readily accessible at this stop is the Byer Sandstone
Member of the Logan. It is massive, yellowish tan, very fossiliferous along
certain horizons, and forms a resistant ledge over the more friable Berne.
As implied above, the differing lithologies beneath the rather consistent
and persistent Berne in Licking County has led to some diversity in termino
logy as well as diversity in opinions as to the depositional environment
during Cuyahoga time. Additional aspects of this problem will be discussed
later in the trip after we visit the type area of the Black Hand Member.
Fossils are confined almost entirely to the Berne and Byer Members and
good specimens are readily available in the talus debris. The community can
generally be characterized by an abundance of brachiopods (especially rhipido
mellids and productids), crinoids, and pelecypods. Cephalopods, fenestrate
ectoprocts (bryozoans), gastropods, and trilobites also occur, although in
rather reduced numbers. The disaggregated nature of the fossil assemblage,
more commonly classified as a "fossil hash", possibly is the result of a high
energy environment acting upon a thanatocoenosic community (i.e. a fossil
assemblage brought together after death). In addition, the rare occurrence
of fossil plants lends support to the idea of a near shore environment of
deposition.
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Newark Road Cut

Covered interval
15'

Byer Member
- 20'
Logan Formation

Berne Member
5' - 10'

Black Hand Member
20' - 251
Cuyahoga Formation

t.CS.

((.6.6.

0.0/.
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Figure 2. Mlssissippian rock
units exposed in Newark area.

The following list of species may be of assistance to those
interested in more detailed information.
Brachiopods:
Rhynchopora persinuata
Avonia concentrica
Sj>irifera striatiformis
Syringothyris carter!
Syringothyris bedfordensis
Schellweinella sp
Buxtonia scabricula
Schuchertella sciotoensis
A thyris sp.
Terebratula sp.
Lingula meek!
Khynchonellids
Camaroteochids
Productids
Rhipidomellids

Pelecypods:
Aviculopecten winchelli
Avictilopectin sp.
Allorisma subcylinricum
Alloriama winchelli
Grammysia sp.
Palaeoneilo sp.
Prothyris tenuiradiata
Prothyris sp.
Gastropods:
Hormotoma sp.
Cephalopoda:
Michelinoceras sp.
Prolecanites sp.
fenestrate ectoprocfcs
crinoids
trilobites
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STOP 6 - Geology and Archeology of Flint Ridge
Stratigraphy
Vanport limestone is an important member of the Allegheny Group, cropping
out in numerous southeastern Ohio counties. The Vanport consists of two units:
a lower unit of marine limestones and shales, ranging from 5 to 20 feet in
thickness, and an upper unit consisting primarily of marine limestone and flint
and ranging from 1 to 10 feet in thickness (Stout, 1918, p. 154). DeLong
(oral communication, 1969) has found that the lower unit may be as much as 30
feet thick and may be replaced locally by a sandstone fades.
In many places only one unit is present. However, both units may be seen
in the Flint Ridge area and the flint facies of the upper unit reaches its
greatest thickness and areal extent here. The flint crops out along the top
of Flint Ridge and along numberous outlying spurs and ridges in Fairfield and
Hopewell Townships, Licking County, and Hopewell Township, Muskingum County.
The average thickness of the flint in this area is about 6 feet.

Archeology of Flint Ridge
(as reviewed by Carskadden, 1968)
As early as 9,000 or 10,000 B.C., Indians of the Ohio Valley were utiliz
ing the flint from the Flint Ridge area for their projectile points. However,
the use of Vanport flint at this time was minor compared with use of the gray
and black Upper Mercer flint of Coshocton County, Ohio. From the Paleo
period through the Archaic (see Fig, 4) the use of Vanport flint increased.
However, it was probably not until the beginning of the moundbuilding era
(1,000 B.C.) that fairly extensive quarrying operations were begun on the
ridge. Exotic raw materials played an extremely significant role in the relig
ious aspects of the Moundbullders' cultures, especially late Adena and Hope
well, and the Indians were greatly attracted to the colorful flint from Flint
Ridge. The vast majority of flint artifacts, not only religious items but
also many tools, from Adena and Hopewell burial mounds and village sites are
made from Flint Ridge flint. Most of the pits on the Ridge, including those
in the park area, probably date from late Early and Middle Woodland times
(500 B.C. - A.D. 500).
FIGURE 4. - Archeological periods for the Ohio Valley
Periods

Cultures

Archeological date

Late Prehistoric
-A.D. 1,100
Late Woodland
A.D.
Middle Woodland

Hopewell

Early Woodland

Adena

600
-300 B.C.
1,000 B.C.

Archaic
5,000 B.C.
Paleo
-10,000 B.C.
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A
beginning of the Late Woodland period the Hopewell culture had
declined, and the use of exotic raw materials with it. During the Late
Woodland and subsequent periods the vast majority of flint tools in Ohio
were made from flint gathered from local outwash deposits or local outcrops.
Though some use of flint from Flint Ridge continued, the material was never
again exploited by the aborigines to the extent that it had been during the
Early and Middle Woodland periods.
Economic Resources of Flint Ridge
(Carskadden, 1968)
To early settlers in the Ridge area the porous flint on the eastern
and western ends of Flint Ridge provided excellent material for burrstones
used in flour mills. In the early part of the nineteenth century these
stones were used in mills in many parts of the Ohio Valley (Mills, 1921,
p. 176). Early residents of the Ridge area also made gunflints from Vanport
flint. However, the flint was evidently of poor quality for this purpose,
since the gunflints were used only locally (Europe was the main supplier
of gunflints for the North American settlers). The flint as well as the
limestone from the lower phase of the Vanport unit in the Ridge area was
used in the past for local road construction and in cement (Stout, 1918,
p. 160).

Origin of_ Flint Ridge Flint
Most investigators agree that the Flint Ridge bedded flint-chert
deposit is of the type which is commonly found associated with coalbearing strata. The stratigraphic succession at Flint Ridge is Vanport
limestone (bottom), Flint Ridge flint (which locally replaces Vanport
limestone), shale, siltstone, clay, coal, etc. as shown in Figure 1. Thus,
any suitable explanation of the origin of Flint Ridge flint must be con
sisent with this sedimentary sequence.
Another major factor may be the solubility of silica. Figure 5 shows
the solubility relationships of opaline silica and quartz under various pH
conditions. It can be seen that the solubility in acidic water is low for
either quartz or opaline silica but that it increases greatly as pH rises
above about 9.5. It can also be inferred that a significantly thick layer
of opaline silica could accumulate by inorganic precipitation in a marine
environment if the pH was initially high (~11) and then dropped to a lower
value. Such a process does occur in some special saline lakes in South
Australia (Berner, 1971). However, there is no evidence of such great pH
fluctuations occurring in either recent marine environments and sediments
(pH of sea water - 8) or marine Allegheny deposits of Flint Ridge. Further
more, marine waters are seldom saturated with respect to either opaline
silica or quartz. Average silica concentration in sea water is about 1-2
ppm (Kruskopf, 1968). Thus, an inorganic precipitation hypothesis is con
sidered highly unlikely for the Flint Ridge flint.
Another place where there is a high natural silica concentration is
in areas of submarine volcanism. Surely, this setting is not appropriate
for the Pennsylvanian of Ohio.
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Lastly, let us consider a biochemical precipitation model. Such a
model incorporates the silica solubility data, Ferm's (1970) model of
Allegheny deltaic sedimentation, and the common preservation of spongespicules in the flints of the chalk beds of England (Shepherd, 1972).
A biochemical precipitation hypothesis would be the following.
During Middle Allegheny time, the Flint Ridge area was slowly accumulating
marine limy muds (the Vanport) at a considerable distance from a detrital
source (Figure 6a). Eventually sponges (and/or some other silica-fixing
organisms) found a suitable region in the limy mud and established a colony.
Many sponges lived and died on the limy muds. However, as the individual
sponges died and the organic sheath surrounding the spicules disappeared,
the siliceous spicules would slowly begin to dissolve in the surrounding
marine water which was undersaturated with respect to silica. In time, the
mass of partially dissolved spicules would be converted to a silica ooze
or gel similar in nature to the siliceous oozes in recent oceanic sediments.
In order to preserve a mass of silica gel which is slowly dissolving
away, the mass must be sealed off fairly rapidly from the ocean-water solvent.
This can be done by rapid migration of a deltaic complex over the area. First,
the offshore clay muds would arrive causing the sponges to leave the area. In
addition, the clay muds would effectively isolate the silica gel from the
ocean-water solvent (Figure 6b). The prodelta clays would be followed by
coarser-grained deltaic sediments (prodelta silts and eventually bar finger
sands) and finally by the delta platform and associated peat (later destined
to become coal) (Figure 6c).
During the accumulation and compaction of the deltaic mass, the under
lying silica gel and associated limestone and other sediments vould undergo
dewatering, compaction, and eventual solidification. During lithification,
some silica could replace limestone if the pH of the pore water was favorable.
Such replacement is very slow but is theoretically possible under weakly basic
conditions (pH about 7.5) (Berner, 1971).
Using this simple deltaic model, then, we can develop the stratigraphic
sequence at flint ridge under somewhat normal tropical shallow marine conditions.
However, as a test of this organic precipitation model, one may ask whether any
direct evidence of sponge spicules exists within the deposit. Up to the present
time no silica-fixing organisms have been found. There seem to be three
possible solutions to this dilemma: (1) They are here but we have not found
them, (2) they were dissolved to the gel state during sedimentation and
diagenesis, or_ (3) they were never present. The discovery of a few sponge
spicules in the Flint Ridge flint would certainly strengthen the above bio
chemical precipatation model for the origin of this deposit.
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STOP 7.

Roadcut in Black Hand Sandstone

This is one of the latest cuts that shows the Byer, Berne and Black Hand
relationships. We drove through good Black Hand a few moments ago, but the
upper surface was not readily accessable. The lowermost unit (approximately
15 exposed) is typical Black Hand - a conglomeratic sandstone. The Berne
above (1-2 thick) is typical: coarse grained, weakly cemented, and con
taining a few fossils, chiefly brachiopods. Above the Berne is the finer
sandstone, which is probably Byer, but is much less massive than typical
Byer in Licking County.
The beds of the Black Hand Member can be traced westward intermittently
along the Licking River to Newark. Between Black Hand Narrows and Granville
the distinctive Berne Member of the Logan Formation serves as a key bed, and
the Black Hand beneath the Berne can be observed to become finer to the
westward in the intervening distance.
At the Dugway (Stop 2 ) , and at the bypass roadcut south of Granville,
the beds are composed of interbedded shale, siltstone, and fine-grained
sandstone. Some beds are still coarse enough to be classed as part of the
Black Hand Member, but some are so fine that they can no longer be classed
as Black Hand. The general term, Cuyohoga, is then convenient.
Physical Characteristics of_ the Black Hand Member
(Adapted from Franklin, 1961, pp. 104-117)
Composition
At the type locality the predominant constituent of the Black Hand
is clear white quartz grains, one-half to one millimeter in diameter.
These are rounded to angular and some of them show prismatic faces indi
cating secondary crystallization. An occasional flake of white mica may
be observed. Within the sand matrix quartz pebbles, usually one-half inch
in longest dimension, are grouped in layers often one pebble thick. Crombie
(1952, p. 21) reports pebbles up to one and one-half inches in diameter and
adds rose and gray quartzite and minor amounts of small gray and black chert
pebbles to the pebble lithology.
The Black Hand is so nearly pure quartz in places that it was formerly
quarried, for glass-making, south of the Licking River about three-quarters
of a mile southwest of Toboso.
The washed sand showed the following minerals in the order of their
abundance: quartz, orthoclse, plagioclase, microcline, tourmaline,
limonite, sericite, kaolinite, magnetite, chlorite, rutile, zircon,
monazite.
Color
Generally the color of the Black Hand at the surface is yellow, tan,
or buff which is probably produced by weathering. Limonite gives the rock
its characteristic color. In places exposed surfaces become dirty gray or
black. Locally the color varies from almost pure white to brilliant reds
and purples with marked changes of color occurring within distances of a
few feet. The color changes have no regular pattern, bear no relationship
to bedding, and cut across bedding surfaces and disconformities indiscrim
inately. Gray is probably the unweathered color. This color is commonly
-22

indicated in well logs but some logs record yellow, white, and brown colors
suggesting that weathering may have occurred to depths of a few hundred
feet.
Bedding
Bedding appears to be of three types: true or original bedding which
is taken as a reflection of the attitude of the beds with respect to a
horizontal plane at the time of their deposition, surfaces expressing dis
conformities, and cross beds. Beds vary from thin to thick. In some parts
of the member the sandstone Is quite massive with beds from one to several
feet thick.
Original
surface or by
of the member
this they dip

or true bedding planes are shown by occasional ripples on the
thin partings of clay shale. Within the top six to IS feet
these planes are horizontal or nearly horizontal but below
at angles generally varying from ten to 15 degrees.

Within the mass are irregular surfaces which appear to have resulted
from subaqueous erosion by currents which removed some of the sand before
depositing other sand. Some of these surfaces may be traced for several
tens of yards. On a particular surface cross beds appear to dip in all
directions, an opinion concurred in by Hyde (1915, p. 19) but dissented
from by Crombie (1952, p. 19) who states that cross beds generally strike
northeast and dip from almost horizontal to 30 degrees to the northwest.
Some surfaces whow well-developed honeycomb pitting and fluting
which appear to be related to bedding.
Fossils
No evidence of marine fossils has been found in the coarser-grained
Black Hand of the Narrows, but marine fossils have been reported in finergrained fades elsewhere.
Environment of Deposition
Most of the conclusions by Ver Steeg (1947, pp. 726-727) on the origin
of the Black Hand still appear to be valid, and are described below. Re
finements are taking place, and the work of Bork (1970) and Bork and Graham
(1970) on the Berne have some relevance.
The Black Hand Member varies so much in composition within short dis
tances that it is difficult to trace. When traced horizontally from the
conglomerate masses, the beds thin abruptly, contain more shale, and the
sandstones are finer-grained and do not exhibit strong cross-bedding and
evidence of scouring action. The conditions under which the Black Hand
Member accumulated were variable; such as those that prevail along a shore
line where finer muds and sands are deposited in lagoons or quiet deeper
waters offshore, or in beaches, bars, or deltas where stronger currents
prevail.
The facies are so distributed as to indicate that thick eleongate
masses of sandstone and conglomerate extend in a slightly west of north
direction. They are marine, and the dip of the true bedding planes (3-15°)
suggests deposition in shallow water by rather strong currents with scouring
action. All the evidence indicates that the currents come from the south.
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It is probable that the Black Hand Member was laid down in a
shallow interior sea, in which beaches, bars, and deltas were developed.
Bork s work (1970) involved a large number of Berne and a limited number
of Black Hand samples. The conclusions he reached by grain-size analysis
of the Berne (i.e., a fluvial delta complex) appear to apply to the
samples of Black Hand as well. Trend surface analysis of grain size in
particular (Bork and Graham, 1970) reenforces the southeastern source
area for the sediments as well as an eastward transgression of an epiric
sea.
The variable thickness and irregular contour of the top of the Black
Hand Member suggest an unconformity with the Berne Conglomerate Member
at the base of the Logan Formation.
The Black Hand Member originally covered a larger area; a great part
of the Waverly Series was removed by erosion at the close of the Mississip
pian period.

STOP 8. Black Hand Narrows
The Licking River has cut a narrow east-west gorge, Black Hand
Narrows, about three miles long across Hanover Township between Hanover
and Toboso. The Black Hand is exposed in this gorge better than anywhere
else in the county. Excavations for the old Everett glass-sand quarry
at the east end, an abandoned canal, the abandoned Ohio Electric Railroad,
and cuts for the Baltimore and Ohio Railroad have improved the exposures
in the Narrows area. The black hand, from which the Narrows takes its
name, was a pictograph once observed at the east end of the gorge, but
long since has been destroyed.
The Black Hand in the Narrows is the characteristically tan and
yellow, medium- to coarse-grained, cross-bedded, pebbly sandstone. In
some places beds of conglomerate and lenses of clay and shale occur. Con
glomerate beds and shale lenses are particularly well exposed in the new
railroad cuts near the west end of the Narrows.
The Origin of Black Hand Narrows
(Adapted from Carskadden, 1968)
An early hypothesis concerning the origin of the Narrows was proposed
by Leverett (Mather, 1908, pp. 175-176). His hypothesis stated that as
the ice retreated westward from the Hanover area a lake was formed between
the ice front and the Hanover dam. The rising waters of this lake breached
a low divide in the hills south of the dam and carved Black Hand Gorge.
In a later work, however, Mather has shown that a lobe of ice was
located in the valley east of Claylick, just west of the present Narrows,
and that ice front channels, having elevations of as low as 775 feet, were
-24

draining through the Narrows to the east (Mather, 1908, p. 177). At the
present time the Licking River is flowing on bedrock at an altitude of
about 760 feet through the Narrows. The Narrows obviously represent a
divide that has been cut down, but Mather argues that much of this cut
ting was prior to the arrival of the ice sheet in the area. His evidence
is the valley of a small tributary stream entering the Licking from the
south, between the ice front and the Narrows, which shows no accumulation
of outwash or lacustrine deposits, which would have existed had the Licking,
and hence the tributary, been ponded between the ice front and a divide at
Black Hand. Other tributary streams, entering Licking valley from the
south, but west of the maximum extent of the ice, show evidence of ponding
(Mather, 1909, pp. 175-187). At least a partial deepening of the Narrows
by the overflow of the ponded waters would seem logical, though preIllinoian stream capture may have been responsible for much of the downcutting in the area of the gorge.
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