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ABSTRACT

This paper presents the results of a study of a local
sandsione of the Dunkard series herein termed the Hockingport
sandstone. This sandstone is located in Waéhinston, Athens
and Melgs Counties of southeastern Ohio and adjJacent parts
of West Virglnisa.

The Hockingport sandstone has in the past been corre-
lated with the Waynesburg sandstone of southwestern Pennsyle
vanlea and northern West Virginia. In the opinion of the
writer, these widely~separated sandstones are not correlates.

The Hocklngport sandstone is a fluvlial deposit, whereas
it 1s‘believed that the true Waynesburg sandstone 1s a near-
shore accumulation of sand, formed as the result partly of
current but predominantly of wave deposition in a shallow
body of water,

Since the structure, lithology and fossll fauna of the
rocks of the Upper Monongehela or Lower Dunkard series do
not indicate the exlistence of a resional'unconformity, the
inferred Permlian age of the Dunkard strata still rests on
fossil flora assoclated with the coals of the Dunkard series.
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INTRODUCTION

The object of this study is threefold: (1) to deter-
mine the environment of deposlition of a sandstone body here
named the Hockingport; (2) to determine whether or not this
sandstone should be correlated with the Waynesburg sandstone
of southwestern Pemnsylvanla and the adjacent area in north-~
ern West Virginia; and (3) to search for evidence indicating
whether or not this and the Waynesburg sandstone are corre-
lative basal sands above an unconformity separating the
Pennsylvanian and Permlan perlods.

For more than 60 years the Waynesburg sandstone has been
considered to be a more or less continuous deposit extending
entirely across the Dunkard Basin. The wrlter belleves that
the true Waynesburg sandstone 1s restrlicted iln areal extent
to southwestern Pennsylvanla and northern West Virginia. A
relatively local sandstone occurring in parts of Washington,
Athens and Melgs Countlies, Ohlo, and the adjacent part of
West Virginia has previously been considered as a part of
the Waynesburg sandstone, but in the opinion of the writer
these sandstones are not correlates. The sandstone of south-
eastern Ohlo 18 hereln termed the Hockingport sandstone for
the village of that name near where 1t is well developed.

The true Waynesburg sandstone was deposited in the near-

shore area of a shallow body of water. The Hockingport sand-
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stone is the result. of fluvlal depositlion on a relatively

broad plain.

The Dunkard gseries has been considsred to be Permian 1n
age 6n the basis of the fossil flora. The Permian age of
the flora has been questioned (Cross, 1954a, 1954b). The
exlstence of a reglonal unconformity is not indlcated by
sither the structure, lithology, or fossil fauna of the rocks
of the Dunkard series nor by the strata of the underlying
Monongahela series, therefore these sandstones are not
necessarily basal sandstones separating Permlan from

Pennsylivanian.

To the writer's knowledge, no previous detailed investi-~
gation of the Hockingport sandstone of southeastern Ohio has

been made.
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REGIONAL SETTING OF THE DUNKARD SERIES
Location, Topography and Structure

The strata of the Dunkard series occupy an area approx-
1mately elliptical in plan, (Fig. 1), located in Pennsylvania,
West Virglnia and Chlo. quever, scattered outliers of the
series ococur as far east as Allegany County in Maryland.

The outcrop area is. about 8,000 square miles, In Pennsyl-
vania, strata of the Dunkard series exlst only in the
southwestern part of‘the.state, principally 1n Washington
and Jefferson Countles. In West Virginla, Dunkard strata
exist in a belt varying from 40 to 60 miles in width and
occurring in the western part of the state. The Ohlo portion
1s limited to a 1200~-8quare-mlle strip In the southeasterm
part of the state.

The region of Dunkard outcrop is a dlssected plateaun,
most of which i1s in late youth or early maturlty. The
maximum relief is approximately 700 feet. The highest rem-
nants rise to elevations of 1400 feet.

Over most of the region in which the Hockihsport sand-
stone occurs, the rellef ranges from 200 to 400 feet. Eleva-
tions in the reglion range from slightly less than 600 feet

in valleys occuplied by major streams to over 950 feet on

6
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many of the hills and ridges. The northern half of the reglon
from Hockingport to Bartlett is less rugged than the southern
half,

The gentler slopes are generally covered by a thick
residual soll, but where thick sandstones crop out, steep
cliffs of 100 feet or more are formed. For example, the
Hocklngport sandstone forms preclpitous cliffs and slopes
in the area along the Chlo River. From the top of the
massive sandstone to the hllltops, however, the slopes are
commonly gentle., A few mlles dlstant from the Ohlio River
in the northern and western parts of the region, where the
Hockingport sandstone has thinned and has been extenslively
weathered at the surfacq, the topography 1s less rugged than
near the larger rivers.

At most of the valley heads, where the streams cross
the sandstone, steep ¢liffs are formed with cresent-shaped
reentrants that extend back under the sandstone for 20 feet
or more. Along the sides of the valleys the less resistant
shales below the sandstone have'commonly been removed allow-
ing huge blocks of the sandstone to tumble to the valley
bottoms.

The reglon 13 dralned by the Ohlo Rlver and lts tribu-
taries. The smaller streams have comparatively narrow flood
plains with occasional terraces,

The rocks of the Dunkard series occur ln what ls essen-
tially & structural basin whose longer axlis trends roughly
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N. 45° E, The regional dlp of the rocks is in many places
reversed by local sags, the trend of which is rudely parallel
to the longer axls of the Dunkard Basin.

The Hocklngport sandstone occurs in the southwestern
part of the Dunkard Basin west of the axls, and the Vaynes-
burg sandstone 1les located just east of thls axls in the

northern part of the basin,
Stratigraphy

The Dunkard serles 1s a varlable sequence of rocks,
consisting of sandstones, siltstones, shales, limestones and
coals, of which shale is the most abundant.

The limestones, coals and bluish-gray or dark-colored
shales are generally restricted to the northern portion of
the Dunkard Basin, belng best developed in southwestern
Pennsylvania and adjacent parts of Ohlo.and West Virginla.
Southward from Pennsylvanla, coarse clastics become increas-
ingly abundent, and the shales attain greater thlckness and
are mostly red or buff in color. Coal and limestone are
there practically non-existent.

The units of the Dunkard series are more lenticular in
the southern part of the Basin than in the northern part.
The sandstone units in partlicular are local and, when traced
laterally, change abruptly to rocks of contrasting lithology.
The shales seldom show distinct bedding or fissllity and in
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general are quite silty. Not uncommonly, poorly~bedded fine
sandstone and siltstone units are surrounded by non-bedded,
silty shales., The coals are.thin, of very poor quality and
quite local. Limestone beds probably of fresh-water origiln,
which seldom attain a thickness of one foot, are similarly
limited.
In the geologlcal llterature of Pennsylvanla, Maryland
' and Ohio, the Dunkard series is divided into two formations,
the Washington, below, and the .Greene, above. The formatlons
have been subdivided into smaller units which have been termed
members or horizons. Some of the more persistent of these
have been given names by H.D. Rogers, J.J. Stevenson, I.C. Whlte,
and geologlists of the Ohlo and West Virglnia Geologlecal Surveys.
The following list 1s simplified from the Ohlo Geologlcal
Survey's "Generalized Sectlon of Ohlo" (1951?) and shows the
prlncipal.members or horizons of the Mcnongahéla and Dunkard
series which exiet in Ohio:
Dunkard series (White, I.C, 1891)
Greene formatlion (Stevenson, J.J., 1876)
Gilmore sandstone {Stevenson, J.J., 1876)
Gilmore limestone (White, I.C., 1891
Nineveh sandstone (White, I.C., 1891
Nineveh coal (White, I.C., 1891)
Nineveh limestone (White, I.C., 1891)
Fish Creek coal (Stevenson, J.J., 1876)
Fish Creek sandstone (Stevenson, J.J.,.1876)
Dunkard coal (Stevenson, J.J., 1876)

Jollytown sandstone (d'Invilliers, E.V., 1895)
Jollytown "A" coal (Stauffer, C.R. & Schroyer, C.1920)
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Washington formation (Stevenson, J.J., 1876)

Upper Washington limestone (Stevenson, J.J., 1876)
Hundred sandstone (Hennen, R.V., 1909

 Upper Marietta sandstone (White, I.C., 1891)
Washington "A" coal (White, I.C.,.1891) :
Middle Washington limestone (Stevenson, J.J., 1876)
Lovwer Washington limestone (Stevenson, J.J. 1876)
Lower Marletta sandstone (White, I.C., 19035 i
Washington coal (Stevenson, J.J., 1876) ‘
Mannington sandstone (Hennen, R.V., 1909)
Yaynesburg "A" coal (Stevenson, J.J., 1876)
Waynesburg sandstone (Stevenson, J.J., 1873)
Elm Grove limestone (Grimsley, Ge.P., 1906)
Cassville shale (White, I.C., 1891)

Monongahela serles (Rogers, H.D., 1840)

Waynesburg coal (Stevenson, J.J., 1876)

Gilboy shale (White, I.C., 1891)

Little Waynesburg coal (Stevenson, J.J., 1876)
Waynesburg limestone (Stevenson, J.J., 1877) .
Uniontown sandstone.(White, I.C., 1891) .
Uniontown No. 10 coal (White, I.C., 1891)
Unlontown. shale (White, I.C., 1891)
Arnoldsburg sandstone (Hennen, R.V., 1911) -
Arnoldsburg coal (Hemnen, R.V., 1911)
Arnoldsburg limestone (Stout, W., 1929)

Fulton shale (Grimsley, GeP., 1906) _

Benwood limestone (Campbell, M.R., 1903)

Upper Sewlckley sandstone (¥White, I.C., 1891)
Melgs Creek No. 9 coal (?)

Lower Sewlckley sandstone (White, I.C., 1891)
Fishpot coal (Stevenson, J.J., 1876)

Fishpot limestone (Stevenson, J.J., 1876)
Pomeroy sandstone (Lovejoy, E., 1888)

Pomeroy coal (Lovejoy, E., 1888)

Redstone limestone (Platt, F. & W.G., 1877)
Upper Pittsburgh sandstone (Rogers, H.D., 1858)
Pittesburgh coal (Rogers, H.D. (?), 1858)
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Previous Work in the Area

The name Dunkard was introduced into the seolosiéal
1literature of Chio by I.C. White in 1891 (pp. 100-123) in
his report entitled "Stratigraphy of the Bituminous Coal
Field of Pennsylvania, West Virginia and Ohlo" for the
United States Geological Survey. \

' The rocks included in the Dunkard serieslhave been des-
eribed under various names. H.D. Rogers (1858, p. 20) uses

the name Newer Coal Shales, or Upper Barren Group, and points
out that the group is distinctly recognized only in the south-
western cornmer of the state of Pennsylvania. in Ohio, Newberry
(1874, p. 158) termed these strata the Barren Measures and in-
cluded them in the Upper Coal Measures. Stevenson (1875, p.345)
regarded these beds as the Upper Barren Measures, but considered
the thilckness so great, that for convenlence he thought it well
to divide the measures into two groups. The lower portion was
designated the Washington County Group and included the strata
from the top of the Waynesburg sandstone to the top of the Upper
Washington limestone. The upper portlon was named the Greene
County Group and 1lncluded the bedg above the Upper Washington
limestone.

E.B. Andrewe (1873, pp. 247-313; 1874, pp. 441-587) did
not separate the Upﬁer Barren Measures from the coal-bearing
strata of the Pennsylvanlan in his dlscussion of the geology
of southeastern Ohio. Orton (1884, p. 1) accepted the original
classification of Rogers, but in 1888 (p. 3) referred
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to the Dunkard series as the Upper Barren Coal Measures.
A few yéars later Orton, (1893, ppe. 37, 55, 63) mentions
that these rockse might posslibly be Permian in age.

I. C. White (1891, p. 20) describes the Upper Barren
Measures as the Permo~Carboniferous or Dunkard Creek serles,
In this. report White named the strata the Dunkard Creek
serles, and extended the serlies down to 1né1ude the Waynes=-
burg sandstone and the roof shales of the Waynesburg coal.

A few years later (O'Harra, 1900, pp. 128=-130) the name
was shortened to‘Dunkard.seriea.

Stevenson (1907, pp. 96-97) later considered the
Dunkard column divislible into two formatlions, the Washington
and the Greene, thus replacing hlis original classificatlon,
the Washington and Greene County Groups. Stevenson also
included the Waynesburg sandstone and the shales above the
Waynesburg coal in the Washington formation, following the
suggestion of I. C. White (1891, p. 20) that these strata
should be 1included in the Dunkard.

Several follios of the United States Geological Survey
(Stone, 1905, No. 121; Clapp, 1907, No. l44; Clapp, 1907,
No. 146) covering portions of southwestern Pennsylvania use
the term Dunkard group, recognlze lts Permian age and divide
1t into the Washington and Greene formatlons.

The Dunkard region of West Virginla has been studled
by thé Geblosical Survey of that state. and the data have been
published in the various "County Reports". The West Virginia
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Geologlcal Survey does not recognlize the division of the
Dunkard serles 1n£o the Washington and Greene formatlons,
but only the subdiviesion of these formatiohs or members and
horizons.

Prosser (1905, pp. 2, 5, 6, 7) in his "Revised Nomen-
clature of the Chio Geological Formations" considered the
Dunkard as a fqrmation as had been the cuétom in the Maryland
Geologlcal Survey reports.

Stauffer and Schroyer (1920, p. 11) in their report on
the Dunkard series for the Ohlo Geological Survey, use the
mosturecent classification of Stevenson (1907, pPp. 96=7)
and consider the rocks as a Permlan serles divisible into
the Washington and Greene. formations.

George W. White (1945) studied the rock sequence at
Blaine Hill, Belmont County, Ohio. He also. (1947) mapﬁed
the Waynesburg coal and revised the Dunkard boundary in
Harrison and northern Belmont Counties, Ohlo.

William H, Smith (1948) studled the geology of Newport
Township, Washington County, Ohlo.

Cross (1950, 1954a) has recently studied the strati-
graphy and foesll flora of the northern part of the Dunkard
Basin. Cross (1954a, 1954b) questions the Permian age of
the Dunkard serles.
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THE HOCKINGPORT SANDSTONE DEFINED
Distribution, Attitude and Thickness

The Hockingport sandstone occurs over an area of approx-
imately 225 square miles in southeastern Ohlo and‘the adja~
cent part of western West Virginia (Fig. 1, Pl. 1). The
sandstone forms a blanket deposit over the reglon delineated,
except where it has been eroded from the stream valleys.

The present boundaries of outerop, as shown on the map,
do not truly report the orliglnal extent of the sandstone
body because in the west and most of the north, the boundary
is erosional. Along the northern half of the westernm boundary
the sandstone is marked by considerable thinning before its
horizon extends out over the hilltops. The slight thickness
of the sandetone here suggests that thls part of the boundary
18 near that of the original limlt of the deposit. There are
four areas along the westerm and northern borders where the
sandstone oxlsts at the hllltops and the thickness has been
reduced by eroslion., They are as follcws: in sections 13 and
19 of Sutton Township, Melgs County, in the southwestern part
.of the region; in sectlons 16 and 17, Rome Township, Melgs
County along the western border; between Broadwell and
Sharpsburg in Athens County in the northwesterm part of the
reglon; and between Sharpsburg and Bartlett along the northemm
boundary.

15
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Along the northeastern and eastern boundaries the sand-
stone 1s relatlively thin, generally ranging from 10 to 30 feet
in thickness before it disappears below dralnage level. In
the southeastern portion of the reglon the limits of the sand
can be observed. Along the southern boundary of the sandstone
the thickness 1s 20 feet or less where the deposit disappears
under cover. The reduced thlckness prior to disappearance
of the sandstone along the northeastern, eastern and southern
boundaries suggests that the observed boundary 1s near the
orlginal boundary of the deposit. The western and northern
boundaries of the sandstone are the most lrregular because
here the northwestward rise of the strata brings the sand-
stone to the hilltops. The existence here of the outcrop
is dependent upon elevation and the irregularities of the
topography. .

The area in which the. sandstone outcrops 1s located on
the west flank of the Parkersburg syncllne. This structural
feature is a local, shallow trough, the axls of which trends
N. 20° E. extending from Jackson County, West Virginia, pass=-
ing east of the city of Parkersburg, West Virginia, through
the eastern edge of Marietta, Ohlo, and dlsappearing a few
miles to the north.

As indicated by the structure-contour map (Pl. 1) of
the base of the sandstone, the strike of the deposit is
approximately N, 20° E, The southeastward regional dip is
varlable from about 15 feet per mile in the southern,
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southeastern, and eastern part of the area, ilncreasing to
nearly 30 feet per mlle in the northwestern part.

Cross sections of the Hocklingport sandstone clearly
indicate 1ts lenticular nature (Fig. 2, Plates 2 and 3).
Locally, however, there is conslderable variatlion in 1ts
thickness (P1. 2). In the southern part of the region, over
most of eaétem Chester, northern Lebanon, and southern
Olive Townshlps, Meigs County, the thickness i1s from 40 to
60 feet. Adj)acent to the Ohio River, from 2 miles south of
Hockingport to 3 miles north of this village, the thlckness
ranges from 75 to 90 feet. Along a line through the central
part of the outcrop area from Hockingport to Sharpsburg at
the northwest, the deposit 1s from 40 to 60 feet thick with
the thlckness decreasing to the southwest and the northeast.

Weathering Characteristics

As a result of oxldation, the Hockingport sandstone has
a buff color on all weathered outcrops. The fresh rock ls
a blue-sray color which can occaslonally be noted in recent
roadcuts where a large volume of rock has been removed and
at the base of the deposit in the reentrants of the sand-
stone near the valley heads.

Cagse-~hardening of the Hockingport sandstone 1s apparent
on many outcrops. The'natural moisture of the rock is

drawn to the surface and evaporated, leaving behind in the
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Fig.2 Cross sections of the Hockingport sandstone.
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near-surface interstices, a concentration of iron (Kiersch,
1950, pe. 936). This is often concentrated along lamination
nlanes which weather out as small ridges or in small circu~
lar areas that remailn as knobby protuberances on the face
of the outcrop.

This commonly results in a honey-combed or pitted surface
(Fig. 3). Pitting of the surface of the rock occurs on both
a>large and & small scale. Some indentations éxtend as much
as 6 feet into the sandstone from the face of the outcrop and
may be 10 feet high and 12 feet wide (Flig. 20). In most cases,
however, the pits are only 2 to 6 inches in all dimensions.

It is believed that the irregular distribution of iron oxlde
at the surface of the sandstone and weathering are responsible

for the honey~combed nature of the sandstone outcrop.

: . Rl gah T ik ey
Fig, 3 == Pitted surface of outcrop of Hocking-

port sandstone, .7 ml. northeast of Hocklngporti,
Athene County, Ohlo
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Primary Structures and General Texture

Bedding

The Hocklingport sandstone 1s characterized by great
irregularity of bedding. Large parts of 1t are massive
but other parts are intricatsly coross-bedded and the cross-
beds vary from large size to very small. The lower half
of the sandstone body tends to be cross-bedded to a greater
extent than the upper part. The cross-bedding is of two
distinct types, the foreset typé and the cut and fill,
resulting apparently from channeling and later filling
(Figs. 4, 5, and 6)., Sharp truncation of sets of crosa-
laminse caused by eroding currents and subsequent aggrada-
tion by ourrents flowlng in other directlons commonly pro-
duced a patchwork of sets of cross-lamlinae dipping in
diverse directions and at differsent angles (Fig. 5).
Regular, horizontal bedding ls rare.

In general, the Hockingport sandstone is composed of a
network of buried stream channel structures. Sandstone and
conglomerate lenses rather than sandstone strata prevaill.
Cross-laminated channel structures occur in greatest abun-
dance in the lower half of the sandstone wlth the upper

portion belng nearly structureless in some areas, In some
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cases, these channel fillings were almost completely removed
byhewift currents before subsequent aggradation occurred.
Occasionally, complete examples of fllled stream channels
are preserved. The channel cross-sections are convex down-
ward and are asymmetrical, but tend to be flat across the
top (Fig. 7). The size of such lenticular units ranges

from a2 width of 15 to 100 feet and a height of 3 to 35 feet.

Fig. 4 «- Cut-and-fill structure and foreset
cross-bedding in Hockingport sandstone, .7 ml.
northeast of Hocklingport, Athens County, Ohlo.
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Fig. 5 ~- Cut-and-fi1ll structures and foreset
cross-bedding in Hockingport sandstone, .7 ml.
northeast of Hocklngport, Ohlo.

Fig. 6 -- Cut-and-fill structure in the
Hockingport sandstone, 4 mi. south of
Long Bottom, Melgs County, Ohlo.
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Elongated lenses of sandstone and conglomerate can
commonly be observed in the outecrop. These unlts are only
a Tew feet thick but may be up to 165 feet in length. The
units are flat on the top and bottom, and at the ends.the
top slopes down to intersect the base, or both top and
bottom approach each other. Such structures are belleved to
be longitudinal sectione of bars or of filled channels.

The grain slize of these deposits may be nearly the same
throughout the width and length of the units, and the cross-
laminae dip consistently in essentlally the same direction
and at approximately the same angle.

Cross-sections of structures bellseved to be buried bars
have also been discovered. These structures vary from 4 to
6 feet in height and from 8 to 15 feet in width, the tops
are convex upward and the bottoms are almost flat. In all
cases noted, the grain slze of the sand Jjust above the bar
is finer than the grain size within the bar structure. Cross-
laminee in the sand above the structure dip in opposite
diréctions from the crest, and at an average angle of about

15 degrees.
Grain Size Variation
The grain size of the Hocklngport sandstone varies from.

pebblés.an inch or more in dliameter to flne sand or even .silt

and clay-slze material, but the major portion is that of
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very coarse sand. Coarse conglomerate occurs in greatest
abundance near the base of the member (Fig. 8). Some of the
conglomeratic lenses are well-sorted into pebbles of nearly
the same size, but lenses containing a mixture of arglllaceous
material, sand, granules and abundant scattered pebbles are
more common. Very coarse sand is for the most part limitéd

to the lower half of the sandstone deposit. Most of the '
remainder of the sandstone is composed of coarse sand but
generally grading into medium and fine sand at the top.

There 1ls then, a gradation in grain size from the coarser
material at or near the base of the sandstone to finer material
at the top. However, many irregularities occur to thls grada-
tlonal sequence in the grain slize of the deposit. Lenses of
conglomerate occur 20 to 30 feet above the base, and thin
lenses of fine sand, very fine sand, or siltstone occur at
random within‘the deposit. It is not unusual to find a thin
zone, Or even &a single row of pebbles occurring along a
lamination plane, or scattered pebbles occurring in a matrix
of granule conglomerate or very coarse sandstone.

The grain size of the deposit changes abruptly both
laterally and vertlically where the channel structures are best
developed. Within any one channel the slze gradation is
generally from the coarser material at the bottom into pro-
grosslively finer materlal toward the top. Commonly a lens
of pebble conglomerate exists at or near the base of a channel

structure.
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Fig. 8 == Part of a lens of conglomerate
near base of Hockingport sandstone, .7 ml.
northeast of Hockingport, Ohic.

General Composition

The Hockingport sandstone is a "muddy" sandstone, a
subgraywacke. The deposit 1ls made uﬁ of aﬁproximately
65 percent quartz, the remainder consisting mostly of rock
fragments and arglllaceous material. Argillaceous material
seems to occur in greatest abundance in the more conglomeratlc

portions of the deposlt, where with lesser amounts of silt
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and sand-slze clastics, it composes the matrix of ﬁhese
lenses. Occasionally, lenses of shale are found within the
Hocklingport sandstone.

Along Burnett Run, about 1 1/2 miles southeast of Cutler
in westerm Washington County, Ohlo, the lower 12 feet of the
sandstone contains numerous carbonaceous streaks 3/8 to 1 inch
thick contalning macerated woody material. Above and below
these coaly layers several lmpressions of sticks can be
observed in very coarse sandstone. At about 15 feet above
the base of the sandstone is a 6-foot zone containing
several molds of logs with a maximum diameter of 6 inches
and stick impressions of Calamites and other fossll plants
not readily determinable (Figs. 9 and 10).

Flge @ == Inner mold of a hollow log in
Hockingport sandstone, 1.5 mi. southeast
of Cutler, Washington County, Ohio.
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Fige 10 ~~ Impression of Calamites in
Hockingport sandstone, 1.5 mlles south-
east of Cutler, Ohlo.

Near the base of the Hockingport sandstone in east-
central section 20, Decatur Townshlp, Washington County,
impressions of fossil wood are also abundant. At thils
locality, in the lower part of the sandstone, a l-foot
zone occurs where l-inch layers of very coarse sandstone
alternate with layers of equal thickness contalning alter-
nating sand and carbonaceous laminae approximately 1/16 inch

in thickness,
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General Shape of Sand Body and Relation to Adjacent Sediments

The Hockingport sandstone 1s a lenticular deposit generally
wedging-out laterally in all directions (Fig. 2). Along parts
of the western and northern borders the thinning of the sand=-
stone 1s due, at least in part, to erosion. Along other parts
of the border of the sandatone, and especlally in the east,
southeast, and south, the termination of the deposlt can be
observed or predlcted. The length.of preserved outcrop of
the sandstone in a north-south direction is about 28 miles,
and in an east-west direction the width varies between
5 and 11 miles.

Along the southeast margin of the sandstone lnstances
can be observed where, due to channeling into underlylng
deposits and later‘fillins, the base of the deposit rises
rapldly, and the thickness decreases untll the sandstone
lenses out. In some instances the contact of the sand with
other rocks 1s very distinct. Below the contact, sllty
shales, slltstones and fine~textured sandstones occur
exhiblting a falr degree of bedding. However, above the con=
tact, the massive, coarse-textured sandstone may be practlcally
structureless. The best example of the above condition has
besn noted about 4 miles south of Long Bottom, Ohlo, near the
point where Wells Run enters the Ohio Rlver. Here the sand-.
stone contact descends to the northwest at approximately

20 degrees (Fig. 1l). In other instances, along the marglins
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Fig. 11 -- Base of Hockingport sandstone
cutting down across bedded strata, 4 ml,
south of Long Bottom, Meigs County, Ohlo.
"Length of hoe, 30 inches.

of the deposit, the sandstone becomes interlaminated with,
and finally grades into, red or buff argillaceous deposits.

The sediments immediately below the Hockingport sand-~
stone are varlable in lithology and structure, and in general,
no single type occurs over a very large area. The sediment
types most often found, in order of decreasing frequency, are
red, buff, or gray sllty shale; buff or gray siltstone; very
fine sandstone, gray claystone; and coal. Most of the fine-
grained, arglllaceous deposits could aptly be termed mudstones
since fissility 1s more often absent than present.

Several of the above types of sedimentary rocks, except

coal, usually occur in successive horizons downward from the
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base of the Hockingport sandstone. Coal ﬁas been discovered
immedlately under the Hocklngport sandstone in four local-
ities. The coal 1s very thin, ranging from one to three
inches in thickness; the other sedlmentary unlts range from
1 to 10 feet thick with gray shale belng the thinnest.

Specific occurrences of sedimentary rock types follow.
Gray mudstone with abundant fossll plant fragments occurs
locally under the Hockingport at the Washington-Athens
County line along the Ohio Rlver. Fossil plant fragments
occur also in a 3-foot, red mudstone horizon beneath the
sandstone about 1 mile west-northwest of the forks of the
Little Hocking River and West Branch in southwestern
Washington County, Ohio. Along McGill Run, .8 mile north
of Hocklngport, Troy Township, Athens County, a lens of
conglomerate about l-foot thick occurs at the base of the
Hockingport sandstone. Below the conglomerate 1s about an
inch of low-grade coal. The Hockingport sandstone rests on
a 3=inch seam of coal in the bed of a small stream 3/4 mile
northeast of Coolville in eastern Athens County.

Along Burnett Run, about 1 1/2 miles southeast of Cutler
in western Washington County, Ohio, a l~-foot coal seam is
exposed. This coal occurs 25 feet below the sandstone.
Above the coal, and up to the base of the sandstone 1s a
successlon of gray claystone, buff and gray siltstone and
red claystone.

In much of the northwestern part of the Hocklngport
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outerop, from southerm Athens County northward to Sharps-
burg, limestone occurs in the section at a level ranging
from 75 to 100 feet below the base of the sandatone. The
limestone may be in a single bed, oxr two or three beds may
be separated by 2 to 3 feet of calcareous, gray shale or
marl containing nodules of limestone. The limestone beds
seldom exceed 1 foot in thickness, but locally they may
attain a thickness of 2 feet. In the northern part of
Decatur Township, Washington County, thin limestone beds
éommonly occur approximately 60 feet below the Hockingport
sandstone.

The llimestones are blue-gray, very hard and many appear
to be somewhat brecclated or conglomeratic. Such textures
are characteristic of many of the Monongahela and Dunkard
series limestones in southeastern Ohlio. Under the‘petro-
graphic microscope, angular to rounded, nodule-llke hasses
or dense, flne-grained, cloudy calcium carbonate appear to
be held together by cloudy to clear carbonate and crossed
by calcite-filled cracks. In the outecrop the angular to
rounded masses are etched out by weathering giving the
limestone the appearance of a breccla or a conglomerate
{Fig. 12). Weller (1930, p. 129) in discussing this texture
in the Pennsylvanian limestones says that it "is probably
the result of wave action on the partially consolidated lime

muds of the sea floor."
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L

Fig. 12 ~-- Block of weathered Upper Penn-
sylvanlan limestone, showing brecciation.
From Carthage Township, Athens County, Ohlo.

The structureless, massive, coarse-gralned upper part
of the Hockingport sandstone is generally overlaln by a buff,
silty shale, or fissile, or thin-bedded, buff slltstone.
Occasionally, the massive upper portlon of the Hocklngport
grades upward from coarse to medium sandstone with well-
defined bedding. These sediments may there be succeeded by
buff shale or buff siltstone. In a few localltlies the
coarse sandstone glves way abruptly at the top to red, silty
shale, and within a few feet upward this is succeeded by
fine sandstone, slltstone or sllty shales of a buff color.

In any case, whether the sediments directly over the Hocking-

port sandstone are sllty, red shale or buff sandstone,
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slltstone or shale, they are succeeded within a few feet by
sediments of contrasting color, texture or both. There 1is
then; in general, a succession of buff sediments followed
by red beds or vice versa from the top of the Hockingport
sandstone to the hilltops in all of the area studled. The
red beds are not commonly well-bedded or fisslle.

Sediments of the types referred to above seldom. occur
in unlits more than 10 feet thick. They are lenticular and
limited in areal extent, one particular type occurring only
locally at any one hcrizon. Lenticularity 1s more obvious
'Ain the sandstones than 1n the other sediment types. The
sandstones are also more limited in extent. Many of the
sandstones occurring well above the Hocklingport appear to
be sand~filled stream courses. They are generally linear
in pattern and rarely are more than one or two hundred yards
wlde though they can be traced for several thousand yards
in the direction in which the stream flowed. The sandstones
are mediumn-grained and the bedding is not as distinct as
that of the sandstones that occasionally occur directly over
the Hockingport sandstone. These upper, channel sandstones
have many characteristics similar to those of the Hockingport
sandstone appearing, therefore, as small-scale counterparts
of this larger sandstone deposit. Coal or limestone have
not been observed in the strata preserved above the Hockingport

sandstone.
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Interpretation of Evidence

The characteristics of the Hockingport sandstone and
adjacent deposits indicate a fluvial environment of deposi-
tion for these sedlments. Other possible environments are
those of the delta, littoral zone or beach, and the near-
shore area of a shallow lake or sea.

A delta environment does not seem probable since there
are no alternations nor dovetalling of relatively coarse
channel sand with silt and clay deposlts of quiet~water
deposition. Such relationships would be expected as the
main stream and its distributaries shift over the delta,

Thé Hockingport sandstone 5enérally varies from 40 to 80 feet
in thickness, and contalns only a relatively small proportlion
of bedded material finer than coarse sand. Gravel may be
present in delta deposits, but 1t 1s not common unless the
source 1s near. The Hocklingport sandstone contains abundant
conglomeratic zones, as well as scattered pebbles.

The consplcuous expression of the littoral environment
18 that of the beach. The nature of sorting, thickness and
areal extent of the Hockingport sandsﬁane tend to rule out
the posslibllity of it belng a beach deposlt. Beach deposits
commonly consist of well-sorted sand or gravel, free of
much interstial materisl. Subgraywackes do form along
beaches, however, where there 1ls a large supply of clastics

and subsidence of the coast. But commbnly, fine detrital
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material is "winnowed-out" by the waves and currents and
removed to offshore areas; In fluvial sandstones, sorting
i1s generally poor. The Hockingport sandstone 1s in some
places a heterogeneous accumulation of clastics which range
in size from clay to large pebbles. Barrell (1906, p. 317),
Twenhofel (1939, p. 95) and Kuenen (1950, p. 334) have
pointed out that as a part of the geologic column, littoral
deposits are relatively rare, and quantitatively unimportent.
'It 1s only under exceptional conditions that they can have a
significant thickmess. Presumably, thls would be under
conditions of a transgressing sea with continued subsldence.
The chance for preservation of littoral sediments 1s slight
and with regression of the sea, especilally, deposits of the
littoral zone tend to be destroyed. Barrell (1906, p. 438)
states that:

"taking the world as a whole the littoral zone

.does8 not average a mile in wldth and therefore

comprises but a small fraction of the earth's

surface compared with the great extent of mar-

ginal marine and even of continental deposits.”

The Hocklingport sandstone ls a blanket deposlt with a
preserved outcrop area of approximetely 225 square miles.
It does not seem possible that a sandstone of thls thlickness
and areal extent could represent deposition at the strand line.

Thers are many characteristics of the Hockingport sand-
stone and assoclated sediments which tend to rule out the

possibllity of thelr deposition in the near-shore area of a
lake or inland sea. The most important of these characteristics
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‘are the nature of the bedding and cross-lamination, sorting
and size of clastlic materlal, shape and marginal relation-
ships of the deposits, and lack of a marine, brackish or
fresh water lacustrine fauna.

Bedding developed in clastics which are deposited in the
zone of wave actlon in standing bodles of water tends to be
more regular than that wﬁich is produced in coarse fluvial
sediments. Barrell (1912) has compared the nature of bedding
of the sediments of the marine and lake environment with
that of fluvial deposits.

The transporting agents of marine sands, according to
Barrell, are primarily waves and secondarily currents. He
says: (1912, p. 430) "The waves and currents which they»tend
to generate are, hoﬁefer, in continual opposition, the one
tending to fill up, the other to scour out." The result is
a leveling effect, where, on flat shallow béttoms the sedil-
ments are spread in falrly regular sheets which produce
flaggy bedding. Locally, where the waves drag on the bottom,
coarse material may be pilled up in the form of bars. Rich
(1951, p. 10) has shown that sediments deposited in the zone
of wave action should be expected to have moderately-thin,
"wavy'" bedding. In deeper water, below the zone of wave
action of the heaviest storms, the finer sediments are char-
acterized by very regular, even paper-thin, bedding. In
streams, currents are the primary transporting agents and the

effect of waves is slisht, River currents tend to scour down
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into underlylng deposiis and concentrate sand and gravel

into elongated discontinuous lenses. Barrell (1912, p. 433)
states that although evenly-bedded, nearly structureless sands
may be produced in both the sea and in rivers, the lenses of
fluvial sands are convex down as well as up and show steep
cross-bedding, whereas lenses of marine deposits tend to be
convex up only and show flat‘cross-bedding.

Regular bedding is rare in the Hockingport sandstone
since 1t is composed mostly of lenses of sandstone and con-
glomerate. Cross-bedding in the deposit is commonly steep,
ranging from 15 to 30 degrees, the limits prescribed by
Barrell (1912, p. 432) for fluvial sands. .Good bedding or
laminatlion does not characterize the sediments assoclated
with the Hockingport sandstone, and they are thought to have
been laid down principsally in the flood-plain environment.

Although detrital material of all size grades can be
found in the near-shore area of a sea, the assoclation of
much silt and clay with very coarse sand is not to be
expécted. With repéated agitation in the zone of wave actlion
much of this finer material is thrown into suspenslion and
removed by currents to deeper water where 1t may then be
deposited. The conglomeratic lenses of the Hocklngport
sandstone, contaln large amounts of arglllaceous material.
Therefore, it is not likely that they were lald down in a
wave-vworked shore environment.

The over-all shape of the Hockingport sgndstone as well
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as lts relations to adjacent sediments is most significant
as to environment of deposition. Cross-sections of this sand-
stone body clearly show its lenticular nature. The cross-
sections of the sandstone shown in Fig. 2 are remarkably
similar to those drawn by Charles (1941, p. 47) for the

sand body of the Bush Clty oll field of Anderson County,
Kansas. Charles (p. 43) believes that this sandstone, which
is 13 miles long and 1/4 mile wide, is a channel filling.
The bottom of the Hocklngport sandstone 1s much more
irregular than the top. The undulatory nature of the lower
contact of the sandstone, which is due to channelling into
underlying deposits, is especlally apparent in a detalled
study of well-exposed outcrops.

It has been pointed out that along some margins of the
outcrop the contact of the massive sandstone with the
underlying bedded deposits, rises abruptly as the sand body
lenses out, (Fig. 1l). In other instances the sandstone
becomes interlaminated with red or buff argillaceous deposlits
and finally grades into them. Barrell (1912, p. 431) has
stated that this 1s to be expected on the concave sides of
stream meanders, whereas, on the convex sides the sands of
the abandoned channels cut across the bedding of the floode
plailn deposits.

No 1n#ertebrate fossils of a marine, brackish or fresh
water environment have been discovered in the Hockingport

sandstone or assoclated sediments. Presumably, had these
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sediments been formed in a lake or shallow sea some evidence
of existing invertebrate life would be in existence. Al-
though, fresh water mollusks and other fauna may have lived
in the stream channel, thelr structures may have been des-
troyed in the lithificatlion of the sediments. Evidence of
reptiles and amphiblans has been found in the southern part
of the Dunkard Basin. These fosslils are discussed in more
detall below.

Muderacks, current ripple marks, and other sedimentary
structures have been found in the Hocklingport sandstone and
assoclated deposits. Since these structures can be formed
in other environﬁents of deposition, they are not of signl-
ficance in a determination of the nature of formation of
these sediments.

In summation, it may be stated that the over~all nature

- of the Hockingport sandstone indicates deposition in a
stream which meandered over a relatively flat plain. The
environment and paleogeography of the sandstone are dlscussed

further in other parts of thls paper.
Petrography of the Hockingport Sandstone
The pebbles occurring in the Hocklngport sandstone range
up to 3/4 inch in intermediate dlameter and up to 1 3/4 inch

in maxlmum diameter. Most of the pebbles are rcd-shaped or

prolate, in that one dlameter greatly exceeds the other two
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in length.

Most of the pebbles are composed of milky quartz. Tan or
buff-colored chert is next in abundance. Dark-gray to nearly-
black chert pebbles can be found., Most of the light-colored
chert pebbles contain an abundance of sponge splcules. A
few contaln fragments of chertified brachlopods, and some
of them contain dolomite. In one instance glauconite was
discovered in a chert pebble. In addition to quartz and
chert, well-rounded pebbles composed of fine sandstone or
slltstone are common and dark-colored quartzite pebbles are
not rare,

The major mineral constituents of the sand fractlons
of the Hockingport éandstone are quartz, feldspar, calclte,
argillaceous material and chert. According to Pettljohn's
eriteria, (1949, p. 256) the sandstone would be classed as
a subgraywacke. It contains approximately 65 percent quartz,
5 percent feldspar, 5 ﬁercent rock fragments, 10 percent
arglllaceous material, 5 percent chert, and 10 percent calclte.

The quartz gralns range in roundness from subangular
to rounded. Most of them are subangular,

The guartz has been grouped into six varlieties on the
basis of: thelr properties of extinction whlch are due to
straining; the nature of their borders, whether sutured or
not; granulation; elongation, caused by metamorphism of the
source rocks;. or iﬁ’éome cases, a combination of these proper-

ties. These varieties of quartz (Table 1) are zimilar to
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those which Krynine (1940) described in his analysis of the
Third Bradford sand.

Authigenlioc quartz occurs as secondary overgrowths on
some of the original detrital quartz grains, where "dust"
rings separate the rounded. quartz grains from the euhedral
secondary outgrowths. Secondary sillica exlists to the
greatest extent on unstralned and slightly-stralned varletles
of quartz.

The Hockingport sandstone contalns varying amounts of
calcite, which forms a orystalline mosalc between the grains.
The manner in which the calcite is molded around the other
grains suggests that it was deposited as a late, authigenic
mineral cement.

Minor constlituents of the Hocklngport sandstone are the
micas and the heavy mineral assemblage. The micas occur as
aggregates of tiny flakes and as partlally shredded larger
grains., Muscovite predominates over blotlte.

The heavy mineral sulte of the sandatone 1s relatively
simple, made up principally of the more persistent heavy
mineral specles. An exception, however, is barite, which
probably occurs as an authigenlc constltuent of the cement
of the sandstone.

The major and minor constituents of the sand fractlons
are listed in Tables 1 and 2, and are discussed further ln

other parts of this paper.
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) TABLE 1. Comparison'of Ma jor Constituents of the Sandstones

Hockingport Waynesburg
Constlituents . Sandstone Sandstone
’ Percentages |Percentages
Quartz
..Unstrained, with microllites,
. .cavities and bubbleg----cnccwce-a 10 4
Slightly-strained, same as un-
. strained but with slight undu-
lose extinctlon-=----ccmcamcacaaa 26 23
Highly-strained, well-developed
- undulatory extinctlones-=ccecce-- - 9 15
Strained with sutured borders,
high degree of undulose extinc-
tlon--c-ccccmccc e c e 5 11
Granulated, flne-grained aggregates,
sutured borders, highly-strained- 9 12
Schistoze, simllar to granulated
but with elongated grains~-—---«- 6 _8
: Total=== . 65 T3
Feldspar
. .Orthoclagee=cwcccrnnanccacrccacane - 3 4
Microcllne-——-ccccmcccrccncnccncax - 1 3
Plagloclagg-—~-ccccrcrccnccrncaccna- 1 1
Total=-- 5 8
MicaSewccmmmcr e cccnncnncn e ce= 1
Total==- 1
Rock Fragments
Cherte=eccer—ae- e ——— 3 1
shele-—-—eeemncmccacanax e —c—e———- 1 2
Quartzlite~=--ecereccecncn-—-. ———me——— - 1 _4
Total-=- 5 T
Matrix
Argillaceous material ------------- - 10 5
Cherteweccceccaccnccrn e n e caccnee 5 6
Caleltermmmmmerccm e c e 10 -
' Totale==- _25 11
TOTAL ==~ 100 100
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TABLE 2, Comparison of Heavy Mineral Assemblages

Hockingport | Waynesburg

Constituents Sandstone Sandstone

Percentages Percentages
Ilmenite and Leucoxene 49 38
Tourmaline 7 10
Zircon 11 16
Garnet 9 2
Muscovite 5 1l
Magnetite 3 o
Anatese 1 o
Rutile o] 1
Barite 15 19
Pyrite _0 ]
TOTAL 100 100
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Environment of Deposition and Paleogeography of the
ﬁockingport Sandstone

Environment

The lithology, texture, and primary structures of the
Hockingport sandstone and related sedlments are indicative
of a fluvial environment of deposition; wlith the source
areas of the stream probably to the south or the southeast
of the region studled in this investigation. It is thought
that the streanm entered southern Ohlo from Mason County,

West Virglnia, and flowed génerally northeast for a distance
of 10 to 12 miles to Hockingport and thence generally north=
northweat. Thie is indicated by the fact that the thickness
as well as the graln slze of the sandstone decreases to the
north and northwest from the Hocklingport area, and such
evidence as could be found of directional trend of cross-
lamination suggests that the source area of the sandstone
was to the south or southeast of Ohlo.

The degree and the direction of dip of sloping lamination
surfaces were measured 1ln cases noted where the true dip could
be determined or computed from measurements of apparent dip.
By use of a polar sheet, the individual readings of dlp direc-
tions and the dip angles were plotted as dots. The degree of
dip is represented by distance from the center, and the direction

of dip, by orientation with respect to true north (Fig. 13).
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The average dip angle was found to be 15.5°., There 1s a
slight concentration of dip direction readings in the
northwest quadrant and 58 percent o: the readings occur
within a 1400 arc extending from T0C west of north to
T70° east of north.

The sandstone 1s thickest along a line trending approx-
1mateiy north from Reedsville to.Hockingpoft, Ohio, then
N. 45° W., along the Hocking River to Frost, and finally
N. 109 W. to Sharpsburg. The record of deposition beyond
this latter point has been removed by erosion.

The stream became essentlally an aggrading one during
i1ts course through western West Virginia and southeastern
Ohlo. This region was probably a relatively flat plain
with numerous scattered swamps. The low gradlent of the
river resulted in the deposltion of sand and gravel 1ln the
stream channel. A meander pattern, although probably not
well-pronounced, may have been in existence. At timeé of
increased velocity the currents cut laterally into the banks
and scoured down into older flood-plaln deposits. Deposition
of material occurred on the concave sides of the meanders
and in the shoal areas. As the river migrated across the
floodplain, these deposlts were in part carried downstream
and the remainder buried under later fluvlial sediments.

During times of flood, fine material was carried out
onto ﬁhe floodplaln and deposited as a result of the decrease

in the competency of the currents. Some of the deposits
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thus formed and not exposed at the surface were laminated.
Other deposits were irregularly bedded. But it 1s likely
that in the exposed floodplain deposits much of the lamina-
tion was destroyed By organlsms, mudcracks and other sur-
face agencles, or prevented by vegetation. Alternate
wetting and drying and varying conditlons for oxldation,
coupled with irregularities in sedimentation, would produce
the highly-variegated clays, slltstones and sllty clays
which prevall below, lateral to and above the coarse channel
deposits.

Swamp deposits are represented in part by thin but well-
developed local coals, a few of which underlie the channel
sands, and by carbonaceous sitreaks wlth assoclated fine clay.

At some places, silicified logs, lignitized wood, and
stick impressions are found in the Hocklngport sandstone.
The apparent locallzation of these occurrences would in-
dicate a log jam or local collection of debris burled in
the stream channel.

Marine, bracklish water, or lacustrine invertebrate
faunas have not been reported in the Dunkard strata of this
area. Fossll evidence of reptiles has been discovered in a
few locallities in the southern part of the Dunkard Basin.
These fossils are dlscussed in more detall in another part
of this paper. .

The climate of southeastern Ohlo in Dunkard time was
probably warm but drier dnd less humid thén in earlier parts
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of the late Carboniferous. Red-bed deposition became more
prominent and coal deposlition was restricted to local, swampy,
lowland areas. Possibly the fernlike plants wers not as
abundant as in early Monongahela time. Calamites and related
flora probably flourished in the molst areas aléng the stream

courses and near shallow pondse.
Source Areas

Probably the headwaters of the stream that transported
the Hockingport sandstone lay in a highland area not very
distant from southeastern Ohlo, possibly only several hun-
dreds of mliles. The congiomeratic nature of the deposit,
with pebbles nearly an inch in intermediate diameter, in-
dlicates that relatively strong currents were necessary to
bring the material from the source area of the stream.

The relief of the source area may have been gradually
decreased during the life history of the stream. Thls 1s
indicated by decrease in the graln size of the sand from
the bottom to the top which obtalns throughout most of the
sandstone. It is possible that the headwaters of the stream
had4reached.1gte maturity or early oid age before deposition
of the Hqckinsport.sandstone was completed. The coarseness
of the channel sands observed above the Hockingport sand-
stone seldom exceeds that of medlum sand.

The detalled llithology of the source area cannot be
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determined. It 1ls probable that the clastic material was
derived not only from sedimentary source areas but from
igneous and metamorphic terranes as well.

Constituents from sedimentary rocks include the rock
fragments and pebbles of chert, the rock fragments of shale,
and the pebbles of filne sandstone and siltstone. However,
some of this material could have been derived from the flood-
plain deposits in which the channel was cut, and may have
been moved only a short distance. It 1s possible that some
of the more highly rounded grains of quartz are also second
cycle sediments.

Krynine (1940) has pointed out that the unstrained
quartz of the Third Bradford sand has been derived from
igneous rocks. -Although much of the unstrained quartz prob-
ably was derived from lgneous rocks, 1t appears to the writer
that some of the quartz could have been derived from quartz
veins of thermally metamorphosed rocks which had not under-
gone appreclable deformation. 'Also, in many middle to high
grade schists, quartz has recrystallized after the perlod of
deformation and is essentlally free from strain.

Although the granulated and schistoze quartz, and pebbles
of mllky quartz were probably ultimately derived from meta-
morphic rocks, it is impossible to determine whether these
grains came directly from a metamorphlc source area or are

second cycle sediments.
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The detrital grains of feldspar, although originally
they may have been formed in igneous rocks, could have had

their immedlate source in gnelssic metamorphic.rocks.
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THE TRUE WAYNESBURG SANDSTONE
Nature and Distribution

The northeastern portion of the area of Dunkard outcrop
is located on the easterm 1limb and toward the northern ex-
tremity of a broad, flat, canoe-shaped trough -— the Dunkard
Basin. The.gentie regional southwest dip of the strata 1is
broken by numerous low parallel wrinkles or folds. The axes
of these anticlines and synclines, and the axls of the
Dunkard Basin, are-in general alignment with the axes of
the major Appalachlan folds.

The type Waynesburg sandstone 1s named from the town
of Waynesburg, Greene County, Pennsylvanla, where the sand-
stone 1s well-developed and has consplcuous outcrops. The
general area covered by the sandstone is as follows (Fig. 1):
the irregular eastern boundary extends from north-central
Washington .County, Pennsylvenia, to the southeast across
eastern Washington, southwestern Westmoreland, western Fayette
and eastern Greene Counties, and then south into Monongalia
County of West Virginla to the west of Morgantown. Outcrops
of the sandstone extend to the southwest of Morgantown
possibly as far as Monongeh, Marion County. From this locale
i1ty the western boundary trends northwestward across Marlon

County, then north along the West Virginla-Pennsylvanla line
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to north-central Washlngton County, Pennsylvanla., It is not
apparent that this sandstone forms a blanket deposit over the
reglon outlined above. There are many locallitles wlthin
this reglon where 1t is poorly-developed or is non-exlstent.
Stauffer and Schroyer (1920, p.5) polnt out that along
Dunkard Creek in Monongalia County, West Virginia, the
Waynesburg sandstone is approximateiy 50 feet thick, 1s
cross-bedded, and is mostly coarse iln texture and contains
quartz pebbles up to the slze of a pea. In the Burgetts-
town and Carmegle quadrangles of north-central Washington
~ County, the Waynesburg sandstone i1s reported to be thiﬁly-
.1am1natéd and in some places resembles shale (Shaw and Munn,
1911, p. 4). Just to the south, in the Claysville quad-~
fansle, southwestern Washington County, the sandstone 1s
‘locally massive but is generally very thin-bedded (Munn,
1912, p. 5). In many places the sandstone is absent and
oceurring in its place is a reddish, sandy shale. Over the
western and northern parts of the Amity quadrangle, to the
east, the Waynesburg interval 1ls usually represented as
shaly sandstone or i1s replaced by shale. The sandstone is
prominent along several streams 1oca£ed in the southern part
of the quadrangle.
The Waynesburg sandstone 1z well-developed along the
west bank of the Monongahela River between Callfornia and
West Brownsville, but 1s poorly-developed in most of the

area to the north and east, in southwestern Westmoreland
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and western Fayette Counties. According to Campbell (1503,
p. 10), the éandstone is exposed at a few points in the
Latrobe syncline and i1n the Port Royal syncline, but 1s poor-
ly developed in the Unlontown syncline, the Pigeon Creek
aréa, and In the Masontown-Unlontown gquadrangles of southern
Fayette County.

In the Rodgersville quadrangle, western Greene County,
Pennsylvania (Clapp, 1907, p. 3), the Waynesburg sandstone
occure along Dunkard Fork and Crabapple Creek, tributaries
of Wheeling Cfeek, but 1t 1s absent and 1ls represented by
shale on Enslow Fork. In the Waynesburg quadrangie of
eastern Greene County (Stone, 1905, p. 6) the sandstone is
exposed at many places along South Fork of Tenmlle Creek
between Waynesburg and Jefferson.

It 1s apparent, therefore, that the Waynesburg sandstone
is best developed within a relatively narrow, north-south
belt extending from north~central Greene County. Pennsylvanla, -
into northern Marion County, West Virginla, a distance of
approximately 30 miles (Fig. 1). Around the margins of this
belt, especially on the west, the sandstone becomes very
shaly and thinly-laminated, and is only locally a true sand-
stone. The author believes that here, east-west trending
tongues of sandstone are intercalated into shaly, offshore
facies, wilith narrow sandstone bodies wedging-out to the west.

In central Greene County, Pennsylvania, the Waynesburg

sandstone is a coarse, flaggy to massive, gray to buff rock
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ranging from 30 to 40 feet in thickness. It occasionally
exhlbits irregular massive bedding, but in general the deposit
1s characterized by & flaggy type of bedding with units 2 to
12 inches thick.

Iwo mliles east of Waynesburg, Greene County, Pennsylvanisza,
representatlive, flaggy, Waynesburg sandstone can be observed
overlylng the Waynesburg coal and the roof shales of this
deposit (Fig. 14). But within 50 yards along the outcrop
the flaggy type of bedding changes to. more massive units,
the sandstone thickens considerably, and the base of the
deposlt cuﬁs down into the underlying beds to below the
horizon of the Waynesburg coal (Fig. 15). Within an interval
of 10 yards from the above point, the base of the sandstone
rises and the Waynesburg coal exlsts directly under the sand-
stbne, the roof shales of the coal having been removed by
eroding currents prior to the deposition of the sandstone.

At this point the sandstone 1s somewhat massive but the thick-
ness is very much reduced (Fig. 16). This rapid chenge from
flaggy to a more massive type of bedding, local thickening

of the sandstone, and a return to flaggy bedding and a thinner
deposit'can also be observed at other localities. A fine
example of the above condition occurs along U.S. Route 19,

«5 mile south of Mount Morris, Pemnsylvania. Figure 17 shows
the flaggy nature of the sandstone at this localiiy. This
exposure of the sandstone occurs approximately 15 miles to the

south of the outcrops shown in Figures 14 through 16.
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Fig. 14 -- Flaggy Waynesburg sands
burg coal (2 feet thick) occurs about 3 feet below
hammer; the handle of which is at the sandstone-shale
contact. Two mlles east of Waynesburg, Pennsylvanla,

tes

: e s TR N ‘
Fig. 15 -- Massive Waynesburg sandstone, 50 yards along
outcrop from Fig. 14. The Waynesburg coal has been cut
out.
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Fig. 16 -~ Waynesburg sandstone occurring directly
above the Waynesburg coal, the roof shales of the
coal have been removed. Ten yards along outcrop

from Fig. 15. Figures 14, 15, and 16 taken from
about the same level, a rallroad track.

1

Y N G, »

Fig. 17 -- Flaggy Waynesburg sandstone, .5 mi. south
of Mt. Morris, Pennsylvanla.. Twenty yards to the
south the sandstone ls massive as in Fig. 15.
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The grain size varies from coarse sandstone near the base to
mediun or filne-gralned sandstone near the top. Cross-bedding
is discernable in some units but, in general, nearly hori-
zontal lamination prevails.

To the south in Monongalia County, West Virginia, the
sandstone thins considerably. In southern Greene County,
Pennsylvania, and Monongalia County, West Virginia, 1t 1is
generally coarse in grailn slze and almost universally

exhibits a flaggy type of undulatory bedding (Fig. 18).

Fig. 18 =~ Typical Waynesburg sandstone,
U. 8. Rt. 19, north of Arnettsville,

Monongalia County, West Virglnia. Striped
hammer to right of center,
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In many places in central Greene County, Pennsylvanla,
the Wéynesburg sandstone rests directly on the rather
extensive Waynesburg coal (Figs. 14 and 16). But generally,
in the area to the south, in northern West Virginia, a bluish
shale, the Cassvlille, occurs between the Waynesburg coal
and the Waynesburg sandstone. Thlis 5 to 15-~foot shale
(white, 1891, p. 41) is best developed in its type area
near Cassville, Monongalla County, West Virglnla; but 1t 1is
reported to occur occaslonally in Belmont and Monroe
Counties of Ohlio (Stauffer and Schroyer, 1920, pp. 37-112) .
In western Washington County, Pennsylvania (Munn, 1912, p. 5),
the Cassville shale 18 described as a thin, dark or reddish
shale with 8 inches to 1 foot of limestone in it. ©Shaw and
Munn point out (1911, p. 4) that in some parts of Washing-
ton County this limestone occurs between the shale and the
Waynesburg sandstone.

The Waynesburg sandstone ls generally overlain by
shales, termed arglllaceous shales in some reports. The
strata between lts top and the top of the Dunkard series
consisté of aiternating shales, sandstones, coals and

" limestones wlth shales and sandstones making up the greater

part of the sequence.
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Petrography of the Waynesburg Sandstone

The major constituents of the Waynesburg sandstone ar
quartz, feldspar,'rock fragmentes and the matrix material.
It would be classed as a subgraywacke since 1t contalns
approximately 73 percent quartz, 8 percent feldspar,

T percent rock fragments, 5 percent arglllaceous material
and 6 percent chert which occurs in the matrix.

The varieties of quartz as well as most of the other
constituents, which occur in the Waynesburg sandstone, are
simllar to those types making up the Hockingport sandstone,
There 1s, however, a notable difference in the relative
abundance of the various varieties of quartz in the two
sandstone devosits.

A comparison of the constituents of the Hockingport
and the Waynesburg sandstone is shown 1n Tables 1 and 2.

The most notable difference in the varietles of quartz
in the two sandstones 1s to be found in the types which
have possibly been derived from metamorphic rocks. The
Weynesburg sandstone contains about 17 percent more highly-
strained quartz than the Hockingport sandstone. Of the rock
fragments of the Waynesburg sandstone, quartzite and shale
fragments are abundant, but chert i1s practically non-existent.

The bonding materlial of the Waynesﬁurg sandstone 1s
mainly argillaceous matter and chert. Calcite has not been

observed. The heavy mineral assemblage is slmllar to that
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of the Hockingport sandstone. A notable difference ls in the
abundance of pyrite of the Waynesburg sandstone. Since this
mineral is authigenlc in origin and occurs sporadically in
the deposit,.its pregence may not be significant. Barite,

an authligenic mineral cement, is not uniform in occurrence

in either sandstone. Some samples do not contaln this
mineral, whereas in others, 1t may make up as much as

40 percent of the heavy mineral fraction.
Environment of Depositlion of the Waynesburg Sandstone

The flaggy bedding which characterizes the Waynesburg
sandstone 1s.indicat1ve of a shallow sea environment of deposi-
tion. The individual beds, which generally range from 2 to 6
inches in thlckness are not persistent, but lens out within
short distances, The graln size in most instances is almost

'uniform, being in general coarse-grained'and contalning but
little arglllaceous materlal., Bedding of this type, as well
as texture, composition, and other features of the Waynesburg
sandstone are the same as those characterlstics which Rich
(1951, p. 10) prescribes for sedimentary rocks of "unda"
origin. According to Rich, the "unda" environment is
"that part of the floor /of any body of stending water/
which 1lies in the zone of wave action and in which, there-
fore, the bottom 1s repeatedly stirred and reworked by

storm waves.,"
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The constant reworking of the sediments in this environ-
ment by waves would tend to remove the fine material and
spread the coarser clastlics irregularly over the bottom.

The main characteristics listed by Rich (1951, p. 10)
that occur here are relatlvely coarse texture, ranging from
gravel to silt; composition, ranging from conglomerate
through coarse silt and including fragmental limestone,
oolite or coquenite; and moderately-thin, “"wavy" bedding.
Cross~-bedding, flow-and-plunge structure, ienticularity of
beds and ripple marks are also common.in these strata.

Thereforse, the Waynesburg sandstone ls consldered to
be a near-shore accumulation of sand, the result of current,
but predominantly wave deposition. These agencles spread
the sand over the sea bottom and perhaps locally piled 1t up
in the form of linear bars.

The instances referred to (page 55) where the sandstone
fﬁickens locally and the bedding changes from a flaggy to a
more massive type and the bottom of the sand body'cuts down
below its general level (Figs. 14, 15 and 16), are thought
to be deposits produced by scouring, and later filling, at
tidsl inlets. If they are such deposlts, a detalled study
of the sandstone, and adjacent strata, might lndicate that
they are aligned approximately at right angles to the strand
of the Dunkard sea, or they might be parallel to it, dependling
on the amount of migration of the inlet.

The writer bellieves that the Waynesburg sandstone is not
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a. blanket deposit but is represented by a séries of relatively
local accumulations of sand within the reglon previously

delineated.
Source Areas of the Waynesburg Sandstone

The Waynesburg sandstone contains a greater percentage
of highly-strained and granulated quartz, feldspar, and rock
fragments of quartzite than does the Hockingport sandstone.
Rock fragments of chert, ﬁowever, are more abundant in the
Hockingport sandstone.

These. relations suggest that the source area of the
Waynesburg sandstone contained a greater percentage of
crystalline rocks as compared to sedimentary types than that
of the Hockingport sandstone.

The results of a. comparison of constituents of the two
sandstone deposits would be of greater value if the environ-
ments of depositlion had been the same.

Much of the evidence that sedimentary rocks existed in
the source area of the Hocklngport sandstone is the occur-
rence of chert pebbles and sand-size rock fragments of chert.
Al though these constituents may also have been present in
the source area of the Waynesburg sandstone, they may have
been separated from the sand fractions before the stream
transporting the material reached the‘environment of deposi-

tlon of this deposit.
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It 1s thought on the basis of general geologlc relations,
but without any definite proof, that the clastic material
which makes up both of the sandstone deposits was derived
from different parts of the same linear orogenic belt. Thils
belt probably existed as a northeast-southwest-trending
highland to the east of the Dunkard Basin. The streams
which transported the detrital material of the Waynesburg
sandstone to the inland sea posslbly headed farther to the
north in this highland area than the stream which deposited
the Hockingport sandstone.
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EVIDENCE THAT THE HOCKINGPORT SANDSTONE
IS NOT THE TRUE WAYNESBURG SANDSTONE

The coarse, massive sandstone deposit occurring mainly
in eastern Athens, éastern Melgs and western Washlington
Countles of Ohlo, and referred to in thls paper as the
Hockingport sandstone, should not be correlated with the
true Waynesburg sandstone because of the following evidence:

1. The Hockingport sandstone of southeasterm Ohio 1s
limited in areal extent to the region outlined above. The
Weynesburg sandstone of southwestern Pennsylvanla cannot be
traced from the type area to southeastern Ohlo.

2. It 1s apparent that the environments of deposition
of the Hockingport sandstone and true Waynesburg sandstone
were substantially different. This 1s shown by (a) the com=
parison of the nature of the strata in the northern and
southern parts of the Dunkard Basin; (b) by the comparison.
of fosslil fauna in the.northern_and southern parts of the
Duhkard Basin; and (c¢) the comparison of the primary struc-

ture and texture of the two sandstone deposits.
Areal Extent of the Sandstones

I. C. White (1903, p. 118) is quoted as follows:

"The Waynesburg sandstone has a very wide distribu-
tion, extending as a great, coarse deposit entlrely

65

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



66

across the state /West Virginis/. Being seldom
less than 50 feet and often 75 feet in thickness

it makes a line of rugged cliffs . along its eastern
outerop from where 1t enters the state in Monongalia
County, across Marion, Harrison, Lewlis, Gilmer,
Calhoun, Roane, Kanawha, Putnam, and Cabell to where
it leaves the Appalachian trough in Wayne County
near the Big Sandy. It is especially massive and
pebbly where it rises from the bed of Poca River
Just below Walton /Roane County/ and for many miles
down that stream, as well as in all the country to
the southward where the southwestward rise of the
strata carries it up into the hill tops before it
digappears from the same a few miles west from

Elk River. This same stratum comes out of the

Ohio River along the Ohlio shore in the vicinity

of Blennerhassett Island, and its massive top is
frequently visible at low water in the bed of the
Ohio at“many localitles between Parkersburg and
Letart.

The author is doubtful if the true Waynesburg sandstone
can be traced farther south than Marion County along the
eastern border of the Dunkard-covered area in West Virginia.
Numerous sectlions south of Marion County in the eastern
part of the area have been described in the West Virglnia
Geologlcal Survey County Reports. The Waynesburg sandstone .
reportedly occurs in this area., A fleld study of these |
sections reveals that the sandstone described does not
resemble the true Waynesburg sandstone of southwestern
Pennsylvania or the Hockingport sandstone of .southeastern
Ohio. The sandstone to which White refers, near the southern
end of Blennerhassett Island, is a local deposlt extending
for approximately 800 yards along the Baltimore and Ohlo
Railroad tracks where it then lenses cut and where lts
horizon is occupled by red shales (Fig. 19). This highly
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Fig. 19 -- Edge of a channel sandstone,
red shale to left. Near southern end
of Blennerhassett Island, Washington
County, Ohlo. Scale indicated by rail-
road tracke.

cross-bedded, local channel sandstone 1s much finer ln graln
size and is less massive than the Hocklingport sandstone which
crops out two miles’to the southwest. The Hockingport sand-
stone extends along the Ohlo River from Sec. 29 Belpre Township,
Washington County, Ohio, to the northern part of Sec. 20,
Lebanon Townshlip, Meigs County, Ohlo, but not as far south as
Letart, as White has indlcated.

The Hockingport sandstone lenses out to the south in
Meigs County. To the west and north the deposit exists
near, at, or above the hilltops due to the northwestward

rise of the strata. In these areas the thickness has been,
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in some areas, reduced by erosion. To the northeast the
sandstone thins rapidly and finally becomes non-existent,

and to the east the thickmess is reduced to about 15 feet
where the deposlt disappears below drainage. If the regional
dip of the strata 1s projected to the southeast across the
Ohic River into West Virginia, the sandstone is non-existent
at the proper elevations, except in the area adjacent to

the river between Newberry Island and Harris Ferry, opposlte
Hocklngport, and to the southeast between Pond Creek and
Muses Bottom in Jackson County.

Another massive sandstone having much the same primary
structure as the Hockingport sandstone, but which is finer
in graln size and averages approximetely 30 feet in thlck-
ness, crops out in several locallities in southern Sutton
and Lebanon Townshlips of Melgs County, Ohlo. Thls sandstone
outerops as far north as the central part of Sec. 12,.Sutton
Townshlp and extends; not as a blanket deposit, but in
scattered exposures, southward in Ohio to the Ohlo River,
and possibly extends under the river into West Virginia in
the vicinity of Letart Falls, Ohlo, and the village of Letart,
West Virginia. This sandstone 1s a fluvial deposit. Cross-
sections of the channel deposit measure approximately 1/2 mile
in width. These cross-~sections, as well as longitudinal
sections of the sandstone are best exposed ln the present
stream valleys, especlally those of Groundhog Creek, Oldtown
Creek, Tenner Run and Johns Run. Although thls sandstone
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resembles the Hockingport in types of primary structures, it
differs considerably from the latter in texture, thickness,
and areal extent. The sandstone is finer in grain size than
the Hockingport. It is, in general, less than one-half as
thick, and 1is so limited in areal extent that the general
course of the stream can frequently be traced. Additional:
evidence that this sandstone is not the Hockingport is the
fact that extending east-west across northern Sutton and
central Lebanon Townships there 1s a two and one-half mile-
wlde strip in which no coarse, massive sandstone occurs,
The stream responsible for this deposit meandered widely in
Sutton and Lebanon Townships and may have been tributary to
the larger stream which deposited the Hockingport sandstone.

According to White, the Hockingport sandstone, as well
as the more local, siream-deposlited sandstones to the north
and- to the south of the Hockingport, would be consldered as
one large blanket deposlt sxtending along the Chlio River
from southern Washington County to southernm Melgs County.
He would also extend this deposit into the area of the true
Waynesburg sandstone in northern West Virglinia and southwestern
Pennsylvania, making i1t a great blanket deposit extending for
& linear distance of about 100 miles. ’

A sandstone horizon, which Grimsley (1906, p. 68) refers
to as belng the Waynesburg sandstone occurs occasionally in
the northern panhandle countlies of West Virginla. This éandp

stone, or sandy horlzon seems to exist from 18 to 45 feet above
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the Waynesburg coal. In one section, coarse, sandy shales
and sandstones reach 100 feet in thickness. In most sectlons
between Wheeling and Elm Grove thlis sandstone is replaced
by sandy shales. This condition also occurs in Ohio Gounty
to the north of Wheellng. In the few instances where the
sandstone 1s well developed, it is reported to be only 18
to 20 feet In thickness.

I.C. White (1891, p. 40) states:

"Along the western border of the outcrop of this
rock /Waynesburg sandstone/ it dwindles down and
changes its character entirely, being frequently
represented in Washington County, Pennsylvanla;
Marshall and Ohio Counties, West Virginla; Belmont
and Monroe Countles, of Ohlo, by sandy shales and
fleggy sandstones, and occasionally even a stratum
of limestone may be found at this horizon."

Stevenson (1907, pp. 97-8) in his more recent discussion
of the Waynesburg sandstone, may be quoted as follows:

"In Maryland, Westmoreland, Fayette, eastern Wash-
ington and Greene /counties/ of Pennsylvania, as
well as southward to Harrison County of West
Virginia, it is a sandstone, usually masslive and
often to some extent conglomerate._ In the lnterior
of Washington County Pennsylvanig7, as well as in
Allegheny County, it 1s apt to be shaly, but in the
western part of the former county it 1s usually
massive...... Along the western outcrop it 1s
insignificant in Muskingum, but farther north,

in western Belmont, in Harrlson, and southern
Jefferson /counties in Ohio/, it 1s a well marked
sandstone. The sandstone of thls interval 1s
"insignificant and at times replaced by sand or

aven clayey shale within a large interlior area
embracing Ohlo, western Marshall and Wetzel, Tyler,
Pleasants, and Wood County of West Virginla as well
as eastern Belmont, Monroe and most of Washington
County of Ohio."

Therefors, these authors admit that within a large area

which includes part of southwestern Pennsylvanlia, the
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northwestern counties of West Virginia, and the adjacent
counties of Ohio, the Waynesburg sandstone 38 not well
represented, and it 18 not a persistent sand. However, the
authors still choose to correlate these limited, wldely-
separated sandstone deposits, because a sandstone regardless
of its nature and lithology occasionally occurs at approxi-
mately the same horizon.

Stauffer and Schroyer (1920) point out that the Waynes-
burg sandstone appears about the margin of the Dunkard-
covered region in Ohlo to the southern limit of'the region.
They say (p. 18): |

"As & continuous sandstone, however, it seems to make

its first appearance in Washington County /Ohig/ in

the Muskingum Valley, and from there 1t is more or

less continuous into Athens and Melgs Countles, in

the latter of which 1t rises to cap the hills north

of Pomeroy and then disappears."
”Méhé author was unable to find a sandstone even remotely
resembling the Hockingport around the western mergin of the
Dunkard-covered region in Ohio. The "continuous sandstone'
to which Stauffer and'Schroyer refer,'is in part the deposit
which is termed Hockingport sandstone in this paper. This
sandstone does not, however, make its first appearance in
the Muskingum Valley, Washington County, Ohlo, but about 15 mlles
to the southwest in Sec. 27, Belpre Townshilp.

Stauffer and Schroyer (1920) report the occurrence of the
Waynesburg sandstone in only 10 widely separated sections out

of 76 printed sections measured in Jefferson, Belmont, Monroe,

Noble and eastern Washington Counties, Ohio. If the Waynesburg
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sandstone 1s a blanket deposit, it would presumably be
recognized in nearly all of the sections. The VWaynesburg
sandstone 1s llsted as oécurring'in two sections in Belmont
County, six in Monroe, one in Noble and one in Washinston
County.

William H. Smith (1948) shows approximately 20 feet of
the Waynesburg sandstone in six measured sections in
Newport Township, northeastern Washington County, Ohio.

A field study of the above deposlts reveal that they occur
in general as beds of fine to very-fine, micaceous, gray
sandstone, in units from 1 tq 5 feet thick and alternate
with beds of fisslle, greenish-gray slltstone.

~ COross (1950, pp. 49, 51, 68, 71) occasionally réports
a sandstone; vhich he terms Waynesburg, in sections measured
in Belmont and Monroe Counties of Ohio and Marshall County,
West Virginia. In the sections by Cross, these deposits
are described as shaly, lrregularly-bedded sandstone, as
massive sandstone, or as a shaly phase of the Waynesburg
sandstone ﬁade up of 3 3/4 feet of siltstone., The thickness
of these deposits ranges from 2 1/2 to 10 2/3 feet. These
local occurrences of sandy material are certalnly not
indicative of e widespread blanket deposit such as the

Waynesburg sandstone has been reported to be.
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Diverse Environments of Deposition

Comparison of Strata in the Northern and Southern Parts
of the Dunkard Basin '

Stevenson (1907, p. 98) reports that limestone is per-
sistent in the Cassville shale in western Washington County,
Pennsylvania, but that the limestone does not occur in the
Cassville shale in eastern Washington and Greene, nor in
Westmoreland and Fayette Counties. It is thought that this
is the limestone which 1s well-developed above the Waynesburg
coal in the panhandle countles of West Virginla and the
adjacent area of southeastern Ohlo. The limestone of this
region was named the Elm Grove by G.P. Grimsley (1906, p. 68),
and he reports that it ranges from 2 1/2 to 10 feet in thick-
ness. Grimsley (1906, p. 69) points out that the Elm Grove
limestone is found with the Waynesburg coal in the north-
western part of Marshall County, and through most of Ohlo
and Brooke Counties in West Virginia., In some places it
rests directly upon the Waynesburg coal, but more frequently
it l1ls separated from this coal by several feet of shales.,
Grimsley states that the shales are 5 to 8 feet thick,

According to Stauffer and Schroyer (1920, p. 17) the
Elm Grove llimestone occurs in the Ohlo area, bordering the
panhandle counties of West Virginla especlally in Belmont
County. Here it ranges from 1 1/2 to 5 feet in thickness
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and contains fish scales, coprolites, and teeth as well as
worm tubes, pelecypods and ostracods. The Cassvlille shale

is reported by Stauffer and Schroyer (1920) as occurring fre-
quently in the Ohlo reglion, and here, as well as in the type
area, 1t contalns an abundance of fossll plant remains.

In eastern Ohlo, and adj)acent areas of West Virginisa,
the sequence of the horlizons ln the lower Washington forma-
tion ls reported to be Cassville shale, Elm Grove limestons,
and Waynesburg sandstone. It has been pointed out that the
Waynesburg sandstone is listed in only 10 of the 76 sections
measured by Stauffer and Schroyer in this area of Ohio. The
sandstone deposlts reported do not resemble the Waynesburg
sandstone or the Hockingport sandstone.

The author believes that the environment of deposition
of the strata of the lower part of the Washington formation
of the northeastern part of the outcrop of the Dunkard
series diffeps conslderably from the environmental conditions
that exlsted in the southwestern part of the region 1ln early
Dunkard time. This is made apparent by'the nature of the
strata occurring at the Waynesburg sandstone horizon in
Belmont and Monroe Countlies of Ohlo and adjacent areas of
Pennsylvenia and West Virginia. In this region the Elm
Grove limestone frequently occurs at the horizon which 1s
occupied by the Waynesburg sandstone ln the type area of this
stratum. This results in eievating the Waynesburg sand-

stone, strétigraphically, in a comparatively large area.
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The depositlion of a limestone as thick and as exten-
sive as the Elm Grove 1s reported to be, would require a
body of standing water., The strata occurring at the horizon
of the Elm Grove where 1t 1s non-exlistent, are frequently
gray, limy shales, or marls whlich could also be deposited
under similar conditions. Likewlse, the strata occupying
the position of the Waynesburg sandstone where it does
not occur above the Elm Grove limestone, are of such a
nature that they also could have been formed in a shallow
body of water. These strata, as reported by Stauffer and
Schroyer (1920, pp. 37-113), aré most frequently arena-
ceous, gray shales or alternatlons of arenaceous, gray
shale with laminated fine-gralned, gray, micaceous sand-
stones.

Therefore, the nature of the rocks deposited in the
northeastern part of the Dunkard Basin during late Carboni-
ferous time is substantially different than that of the
massive conglomeratic Hocklngport sandstone and the assocl-
ated flood-plain deposits of the southwestern part of the
region. But according to the literature they are not

only contemporaneous, but, at least in part, correlative,
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Comparison of Fossll Fauna

The fossil fauna provides additional evidence of differ-
ent environmental conditions existing in the northern part
of the Dunkard Basln as compared to the southern part in
Dunkard time. Relatively few fossils have been dlscovered
in the rocks of the Dunkard series. In the northern portion
of the reglon, invertebrate fossils and remains of aquatic
types of vertebrate animels have been found; whereas in the
southem portion, the fosslil evidence 1ls mostly confined to
amphiblous reptiles and agquatic amphiblans,

Many of the lnvertebrate fosslls discovered in the Ohlo
portion of the area were new sgpecles and are briefly des-
cribed and figured by Stauffer and Schroyer (1920):

Lingule permiana Stauffer and Schroyer has been found
in the biaék shaleé assoclated wlith the Washington coal near
Crabapple, Belmont County, Ohlio (Fige. 1, Locality I). Two
pelecypods, Plenrophorus (?) ohioensis Stauffer and Schroyer
and Glossites (?) belmontensis Stauffer and Schroyer were
collected in the Elm Grove limestone west of Martins Ferry,
Belmont County (Locality II). Numerous small ostracods prob=-
ably belonging to the genus Cythere (?) sp. &lso occur in: the
Elm Grove and other limestones along with slightly larger
forms which no doubt represent several dlfferent genera.

Other pelecypods, Edmonia (?) washingtonensis Stauffer
and Schroyer and Edmonia (?) minuta Stauffer and Schroyer
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were found respectlvely in the Cassville shale and the Lower
Washington limestone at Shadyside, Ohlo (Locality III). The
following 5astfopods, Anthracopupa (?) dunkardana Stauffer

and Schroyer, Loxonema (?) parva Stauffer and Schroyer, and
Naticopsis (?) diminuta Stauffer and Schroyer occur in the
shéles at thé base of the Lower Washington limestone, one-half
mile south of Pleasant Grove, Belmont County, Ohio (Locality IV).
Stauffer and Schroyer (1920, p. 145) point out that the
pelecypods and gastropods are "probably all brackish or even
fresh water forms". '

A new genus, Whipplella, and several specles of ostracods
are described and figured by Holland (1934, pp. 343-50) from
the Nineveh limestone of the Greene formation (Localities V
and VI). According to Holland the fauna of the Nineveh lime-
stone is composed entlrely of fresh water forms.

Cross (1550, pp. 55, 59, 61, 82) reports ostracods at
a number of the Dunkard horizons (in one instance an ostracod
coquina, Locality VII), in Belmont County, Ohio, and in
Washington County, Pennsylvania (Locality VIII). Pelecypods
have also been found at Locallity VIII.

Vertebrate fosslls of the Dunkard reglon have been des-
cribed and figured by Stauffer and Schroyer (1920), Tilton
(1926, 1930, 1931), Whipple and Case (1930), Balrd (1952),
Moran and Romer (1952) and many others. The most complete
listing and discussion of vertebrate fossils and collecting
localities is to be found in Moran and Romer's (1952),

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



78

mongraph entitled "Fosslil Vertebrates of the Tri-State Area",
These authors 1n¢1ﬁde in their publication a discussion of -
the significant vertebrate fossil discoveries up to 1937.
Baird (1954) has reviéwed the significance of the vertebrate
fosasil footprints of the rocks of the Monongahela and Dunkard
series. These fosslls are considered in more detall 1ﬁ
another part of thls paper.

Romer (1952, p. 102) in his discussion of the vertebrates
of the Dunkard reglon concludes that they were predominantly
aquatic or amphibious in nature, In discussing the faunal
1list, he says (p. 103):

" eee.an abundance of fishes, reasonably considered as

inhabitants of the streams and lagoons of such an area,

including predaceous pleuracanth sharks, lungfilshes,
palaeoniscolds and - rarer in numbers - crossopteryglans
and acanthodians; purely aquatic pool-dwelling amphibians
such as the 'hormed' Diplocerapis and the lysorophids;

a more limited number of rhachitomes of amphlibious

hablts, lncluding Eryops and ome Or more obscure smaller

types; of reptlles, an abundance of edaphosaurs which
presumably fed on lush swamp vegetatlon, but few remalns
of other sorts."

Romer (p. 102) ﬁoints out that reptiles are extremely
rare in the Dunkard with only one type being well represented.
This reptlle is Edaphosaurus, a terrestrlal type which fed
on swamp plants,

Of the amphibians that have been discovered Romer ( p. 102 )
indicates that 60 percent are of purely aquatic types such
as Diploceraspls and the lysorophid group.. Eryops, however,

accbrding to Romer, was a partially terreatrialkémphibian

type.
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On the map accompanylng thelr report, Moran and Romer
(1952) 1ist a total of 38 locallties within the region of the
Dunkard oﬁtcrOp and in rocks of the Monongahela and Dunkard
series at which vertebrate remains have been found. Vertebrate
fossils have been found in the Monongahela series at only one
locglity. The fossil locallties are shown by X's on Figure 1.
With regard to distribution of these localities; 29 of then

" are north of an east-west line which extends along the northern
boundary of Washington County, Ohlo, and which divides the
Dunkard area in two nearly equal parts. Of the 9 fossil
discoveries in the southern part of the reglon, reptiles
and pond-dwelling amphiblians predominate practlically to the
exclusion of other animal 1life with the swamp-dweliing reptile
Edaphosaurus occurring at 4 localities. It 1s interesting |
to note that most vertebrate fossil localities of the northern
part of the Basin are concentrated in southern Marshall and
northern Wetzel Counties of West Virginia with the boundary
liné.of these countles passing near the center of the area of
concentration. This line, extended eastward forms the southern
boundary of Pennsylvania,

It 18 noted that nearly all of the vertebrate fossils
collected in the northern part of the reglon were found in
limestones or in shales assoclated with limestone deposits.
While in the southern part, vertebrate fossils have been
found in limestones in only 3 of the 9 localitlies clted.

There may be several explanations to this geographic
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localization of fossll discoveries and abundant occurrence
of fossils iIn limestones and associated shales. It may be
that the vertebrate fauna was not abundant in the southern
part of the reglon because of environmental condlitions
unsulted tc the mode of life of most inhabltants. Possibly
the search for fossils has not been carried out to the same
extent in the southern part of the Basin as compared. to the
northern part. The most logical explanation seems to be
that environmental conditlions were distinctly different in
the two parts of the regilon. In the north, during much of
Dunkard time, aquatic vertebrates and invertebrates lived
for the most part in shallow, fresh water lakes and in
streams.

Calcareous sediments were formed in these lakes and
animal remelns were entombed in the deposits., In the
southern part of the reglon there are few limestones, and
fosslls of any kind are rare. Invertebrate fosslls, other
than ostracods have not been reported from the southern part
of the Basin. Vertebrate fossils found here are either
amphiblious reptiles or amphibians which lived in shallow
ponds or in swampy tracts along the streams. Vertebrate
fossils are much rarer in the southern part of the Dunkard
terrain than in the northermn part. Thls may reflecﬁ a
smaller proportion of terrestrial creatures and a less
satisfactory environment for fossllization.

It seems, therefore, from the reported fossil evlidence,
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that practically all of the marine, brackish or fresh water
invertebrate forms of life of this time existed only in that
part of the Dunkard Basin which lies to the north and north-
east of Washington County, Ohlo. The reptiles end amphiblans
which existed in the southerm part of the Basln were adapted

to a floodplain, swamp, and pond environment; whereas the

- invertebrates, and predominantly aquatic vertebrates of the

northern portion, lived in environments which varied from
& shallow inland sea to fresh water lakes, streams, swamps
and ponds. Romer (1952) says:
"The géneral impression of the Dunkard area gained
from nonvertebrate evidence is thus that of a flat,
well-watered coastal reglon with abundant swamps and
lagoons; a reglon ecologlcally lideal for an abundant
fauna of freshwater fishes and aquatic or swamp-
dwelling tetrapods, but with relatively few dry land
areas in which the more purely terrestrial types of
amphibians and reptiles could flourish in any numbers."
The writer belleves that on the basis of both the '
lithologic and faunal evidence, thls description seems much
more applicable to the northern part of the Dunkard Basln
than to the southern part. The southern part of the reglion
probably contalned more dry land throughout Monongahela and

Dunkard time than the northern part.
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Comparison of Texture and Structure of the
Waynesburg Sandstone and the Hocklingport Sandstone

The Waynesburg sandstone and the Hockingport sandstone
are strikingly disslmlilar deposltsc

The Waynesburg sandstone is fairly uniform in texture,
generally made up of coarse sand, but contains 5ranu1es
and pebbles up to the size of a pea. The Hocklingport
sandstone, although composed for the most part of very
coarse sand4 contains a large 1ntefm1xtufe of granules,
and pebbles up to an inch or more in dlameter., Some parts
of this clastic deposit are true conglomerate, and thls
condition is not local. Detrital materlal, larger than
very coarse sand, can be found in all of the region in
which the depqsit oceurs. Therefore, sorting is quite
different in the two sandstone deposits, a characterlistic
which reflects the environmental condlitions under which
the respective deposlits were formed.

The Waynesburg sandstone although occaslonally some-
what massive, 1s characterized by flaggy bedding. The
distance between the bedding planes is generally from 2 to
6 .inches. The Hockingport sandstone on the contrary, is
almost universally masslive, and is characterized by sand-
stone and conglomerate courses rather than sandstone strata

(Fig. 20).
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Fig. 20 =-- Hocklngport sandstone, .7 mi.
northeast of Hockingport, Athens County,
' Ohio. Compare with Figs. 14 through 18,

A flaggy, regular type of bedding 1s indicative of the
action of waves with clastic material having been spread
more or less unlformly over the shallow sea bottom. River
currents, on the contrary tend to prevent regularity of beddlng,
and by scour-and-flll action give rise to a meshwork of dls~
continuous, highly-cross-bedded, sandstone lenses wlth gravel
concentrated at the bottom. These are the channel structures
that typilcally occur in the Hockingport sandstone. It has
been pointed out that lenticular thickenings of marine sands
normally should be convex upward and show flat cross~bedding,
whereas channel sands, although convex on the upper surface,
are more commonly convex at the bottom and show steep cross-
bedding. The cross-bedding found in the Hocklingport sandstone
is commonly steep, whereas cross-bedding in the Waynesburg

sandstone 1s normally flat within the more massive unlts of
the deposit,
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GEOLOGIC HISTORY

In early Paleozolc time sediments were belng rapildly
removed from "Appalachia' and deposited in the geosyncline
which existed to the west of this highland area. Caster
(1952, p. 504) has shown that as successive uplifts occurred
in "Appalachia" during the Paleozoic, the axls of the sub-
éidins depositional trough was shifted after each orogeny
progressively westward. Orogeny along this highland area
at the end of the Ordovician period folded, faulted and
metamorphosed the sediments in the eastern part of the
trough. These sediments had accumulated during the Cambrian
and much of the Ordovician. During the Silurian, Devonlan
and the Mississipplan periods, parts of the uplifted early
Paleozolc strata were subjectéd to erosion. These sediments
and meta-sedlments, along with material derived from crystal-
line rocks, were distributed farther to the west 1n the
shallow epeiric seas. At times, deltas were bullt in the
eastward portions of these seas, and still farther to the
east, nearer the source land, floodplain and alluvial fan
condltions pre;éiled. Numerous unconformities were formed
when through uplift or changes in sea level the shallow

~ seas were dralned from the land, erosion ensued, then, through
subsidence or sea level changes, the seas agaln covered the

lands.,.

84
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At the beginning of the Pennsylvanian perliod, the central
interior of the United States was a wast lowland, slightly
above sea level, and hemmed in on the east and south by
highland areas. Early in the period a seaway extended |
along the north side of Llanoria and into the Appalachian
geosyncline as far north as New York. Deposition began on
the westward slopes of "Appalachia" and in the geosynclinal
areas, but later, deposition became more widespread over the
eastern and central parts of the country. Upllift apparently
in "Appalachia" occurred intermittently throughout the period
while the interior of the continent was being subjected to
slow reglonal subsidence at a variable rate. Large areas of
.land were repeatedly inundated by the shallow epelrlc sea.

The influx of sediments from the highland areas at other
times resulted in the filling of the seas, forcing the strand
to the south and west, and a return to swamp and alluvial
plain conditions of deposition. The Lee ("Pottsville") series
or oldest Pennsylvanian, although for the most part made up
of continental deposits, contains numerous fossiliferous
marine horizons, espécially to the west in eastern Ohlo. As
shown by David White (1904, pp. 267-82) the "Pottsville"
attains the greatest thlckness in Alabama, thins graduaily
and becomes finer in texture to the north and west. The
_southern "Pottsville" is characterized by vast thicknesses
of sandsténe and conélomerate wlth extensive coal deposits

extending from Alabama to southern West Virginia. The over=
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lying Allegheny beds are llkewlse partly marine and partly
of continentaliorlgin. Sandstone and shale are predominant
in the sequence; however, a few widely-dilstributed mineable
coal beds, and a few thin but persistent marine limestones
also occur., The Conemaugh seguence, in the lower portion,
1s characterized by several thin but very wide-spread
marine limestones and some calcareous marine shales that
alternate wlth continental deposits. The Ames llmestone

of the middle Conemaugh seems to be the youngest, truly
marine horizon of the series. Depositlon followlng the Ames
and through the remainder of the series and in overlying
Monongahela is almost entirely continental with shale in
greatest abundance. This sequence also contains much fresh
water limestone, a few local, and one extensive coal, the
Pittsburgh, and local, lenticular sandy deposits.

According to Stevenson (1907, p. 157) Monongahela time
begin with a long period of slow subsidence, and the greatest
subslidence occurred in north-central West Virginla as shown
by the thickness of the Mbnongaheia and Dunkard series. The
thickness of the sedimentary rocks decreases in all direc-
tions away from this area. In this basin the Benwood,
Arnoldsburg and Unlontown limestones and the associated cal-
careous shales and thin coals were deposited., It 1s apparent
that a shallow, fresh water lake environment alternated with
swamp and posesibly alluvlial plain conditionas with the lake

environment being the most persistent. By late Monongahela
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time the basin was.practidally filled, and was converted
shortly thereafter to an extensive swamp in which the peat
was formed that later was changed to the Wayhesburg coal.
During most of Monongahela time in the southwestern
three-fourths of the Dunkard region, a broad, relatively
flat plain must have existed. This plain probably contained
numerous shallow lakes and swamps, and was crossed by a few
meandering streams. In the scattered swamps relatively thin
coals were formed, and in the shallow lakes calcareous
deposits accumulated. The stream channel deposits are
probably represented by the Pomeroy sandstone and numerous
other lenticular, and more local, sandstones. The red,
gray and buff, silty, poorly-bedded shales are the flood-
rlain deposlts of these streams. These types of strata make
up the major part of the sedimentary sequence of the Mononga-
hela serlies in this region. Near the end of Monongahela time
thls placid scene may have been briefly changed, when, through
subsidence or a rise in sea level, a relatively narrow and
shallow sea extended into the reglon, reaching well into

southwestern Pennsylvanla,

There 1s, however, no posltive evidence that truly
marine conditions ever exlsted in the Dunkard Basin. If a
sea extended into this reglon, the evidence of marine de-
posits may have been removed during the regresslon of the

sea, It 1s also possible that extreme shallowness, stagna-
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tion of the water, turbldliiy, or the influx of fresh water
into the sea prevented the establishment of a truly marine
fauna.

If a sea existed in the region, it must have receded
within a relatively short perliod of time converting most of
this area again into a broad, swampy plain, but leaving in
the northern part of the Dunkard reglon, a shallow, lsolated,
body of water that was gradually changed into a brackilsh-
water marsh,

Whether a cut-off-arm of the sea, or a fresh water lake,
a shallow body of water was more or less persistently in
exlistence in the northern part of the Dunkerd Basin from
middle Monongahela +ime through the time of deposition of
the Washington formation and most of the Greene forﬁation;
This 18 evidenced by the numerous limestone and calcareous
shale deposits which contain elther a marine, bracklish or
fresh water fauna. '

Around the northeastern border of the basin the plant- -
bearing Cassville shale was deposited. Over the Cassville,
but covering a smaller area, the relatively coarse clastlcs
of the Waynesburg sandstone were distributed. Ih the off-
shore areas of the basin, the Elm Grove limestone, marls
and calcareous, silty shales were deposited. Over the
Elm Grove and associated deposits, sllty and fine sandy
material was distributed in the shallowlng waters.

It is apparent that influx of sediments lncreased
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relative to subsidence of the basin, so that the depth of
water was gradually decreased as the basin shrank ln slize.
The Lingulold brachiopods, found in the shales assoclated
wlth the Washington coel, were probably the last of the
marine or bracklsh water invertebrate fauna to exlst in the
basin. From this time on the environment of deposlition was
likely tﬁat of local fresh-water lakes, swamps, and generally
westward-flowing streams with broad flood plains.

In the area to the southwest an alluvial plain environ-
ment probably existed throughout most of Dunkard time. The
Hockingport sandstone and the assoclated floodplain'deposits
represent the early sediments of thls area. The sequence
extending‘from the Hockingport sandstone to the hilltops 1s
principélly made up of simlilar materials suggesting flood-
plain environment. These are red or buff, silty shales with
red beds more predominant, thin, lenticular siltstones and
very fine to medium sandstones. Coal and llmestone are
practically non-existent. To the northeast, at least as far
as Monroe County, Ohlo, the strata similarly bear evidence
of the alluvial plaln ehvironment._

Sometime during the Late Permian or Early Triasslc periods,
the sediments of the Dunkerd Basin were gently folded. This
deformation occurred during the Appalachian Revolution,

It is impossible to determine when deposlitlon ceased
in the region or to determine the thickness of Permlian rocks

that have been removed by erosion.
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THE AGE OF THE DUNKARD SERIES

In many parts of the world, there seems to be no signi-
ficant stratigraphlc break between the Pennsylvanlan and the
Permian systems. The Pennsylvanian-Permlian boundary has been,
and 1s currently, a subject of much controversy. Most of the
controversial issues involve a placement of the boundary on
the basis elther of fossil plants such as Callipteris and
Gilgantopteris, or of invertebrate fossils, pfincipéiiy the
fusulinids, and the boundary chosen, ln many cases, depends
on which are used.

The Permo-Carbonlferous controversy in America dates
back to 1857-58 (Grimsley, 1906) when Hawn made a collection
of fosells in Kansas which was ldentified by Meek as Permian
in age."In 1889-91 the strata near Nebraska City, Nebraska,
were assigned to the Permo-Carboniferous by Tschernyschew
and Waagen. In 1890 the Permian of Texas was divided into
the Wichita, Clear Fork and Double Mountain beds by Cummins.,
At about the same time, I.C. White identlifled the fossil
flora of the Wichita as similar to the flora above the
Waynesburg coal in Pennsylvanlia and West Virginia, and Waagen
correlated the Wichita with the Zechstein (Upper Permian) in
western Europe.

The existence of Permian rocks in the mid-continent and
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western parts of the United States has been well established,
yet there has been much debate and shifting of the Pennsyl-
vanian-Permian boundary (Moore, 1940).

The evidence that the Dunkard series 1s Permlan in age
is noi convincing. I.C. White, Fontaine, and David White
have been largely responslble for asslgning the Dunkard
series to the Permian. Thelr evidence is meinly in fossil
plants, collected principally from therroof shales of the
Waynesburg, Washington and Dunkard coals. Fontaine and
I.C. White (1880, p. 111) point out that 28 out of 107
fossll plants found in the Dunkard occur also in the Permlan
of Europe. Of the 28 specles, 12 have not been found in the
Carboniferous of the Unlted States. David White (1903) after
studying the Pennsylvanian and Dunkard flora, considered
that the Dunkard strata above the Lower Washington limestone
could be assigned to the Permian. White's concluslons were
based on the presence of typlcal Rothlieéende plants such as
Callipteris conferta, Callipteridium, and Equlsetites rugosus.
The Dunkard strata below the Lower Washington limestone,
according to White, contalned a transitional flora.

For more than twenty years David White (1926, p. 1053)
held the opinion that the lower part of the Dunkard serles
was not definitely Permian in age. In 1936, however, he
believed that the Permian boundary could safely be drawn at
the top of the Waynesburg coal. He (1936, p. 68l) points out
that the flora of the.Dunkard series 1s specifically distinct
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from that of the Allegheny serles and to a marked degree from
that of the Conemaugh series. He states (1936, p. 681):

"The contrast with the Monongahela, which im-
mediately preceded the Dunkard (basal Permian) is
less evident, though besides representatives of the
genere Callipteris, Taeniopteris, Saportea, and
Balera, the Dunkard carries a number of distinctive
species, hardly separable from forms characteristic
of the Permian of Europe. A striking i1llustration
18 seen in a glant-toothed Equisetites."

Darrsh (1934, p. 451; 1937, p. 128) on the baslis of the
fossil flora of the Dunkard serles places the base of the
Permian of the Appalachlian region at the top of the
Washington formation.

Cross (1954a) has questioned the value of certain plants,
namely gg;;;ptengg, Walchia, and Taenlopteris, as used by

Darrah and bj I.C. White as beinsheonclusiﬁe in ldentifying
éhe Dunkard strata as Permlan in age. Cross also bellieves
that-many of the new plant specles which are given by
Fontaine and I.C. White (1880) are merely forms of some of
the better known specles.

Cross (1954a) has compared his collections of Dunkard
flora with those made by Bell (1938, 1940, 1943), Miklausen
(1950), Arnold (1949) and Read (1947), which are from Pennsyl-
vanlan strata with an overall range in age from upper Allegheny
through Monongehela., The collections were made in Nova Scotla,
Pennsylvanla, Michigan and Kansas respectlively. Cross has
found that most of the fossll plants llsted by these authors

from Pennsylvanien strata also occur ln the Dunkard rocks.
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Cross (1954b, personal communication, September 15) says:
"At the moment I do not see how, on the basis of
the flora, the Dunkard can be considered Permlian in
age. The flora i1s distinetly a dying remnant of the
upper Pennsylvanian and may in fact be Permian in age
but not in composition, i.e., it may be a relict flora
which exlsted on into Permian times in a steadily
dwindling area where conditions remalned virtually
constant from mid-Conemaugh to the end of the deposi-
tion which remains for us to study. There was a steady
decline in the number of genera and specles represented
and extremely few new ones introduced.”
Cross (1954b) also points out that the plant microfossils
show the same general trends as the macrofossils. '"There is
- & steady decline in abundance of genera and species. NO new
forms appear which are interpreted as being of significance."
Romer (1935, p. 1632) in considering the vertebrate .
fossil evidence says: "The Dunkard seems to be nearly
equivalent to the Wichiﬁa and Wolfcamp [Seds of Texag7,
the Lower Dunkard to the Council Grove, the Upper to the
Chase and possibly the Sumner /groups of Kansasg/." Romer
(1952, pp. 99-100) accepts the Permian age of the Dunkard
and states: "We may reasonably conclude that the Dunkard
as a whole, is essentlally comparable to the Wichlta group
of Texas and compare the faunas on that bas.s."
Vertebrate footprints known from the Dunkard are not
diagnostic as to late Pennsylvanian versus early Permian
age. The evidence has been analyzed for this report by
Donald Balrd (ﬁersonal communication, November 9, 1954)

as follows:
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"Three genera of reptile and amphibian footprints
are known from the Dunkard series of West Virginia.
The largest of these, found near the base of the
Waynesburg sandstone near Berea, Ritchie County, was
described as Dimetrodon berea by Tilton (1931) and is
now the type specles of Dimetropus Romer and Price
(1940). Other footprints of this type occur in the
upper Pennsylvanian of Center Townshlp, Morgan County,
Ohlo, in a flaggy calcareous sandstone underlying the
Benwood limestone of the Monongahela series. The foot
structure of this undescribed Dimetropus appears more
primitive than that of D. berea. In morphology and in
distribution these tracks correlate with the fin-backed
reptile Edaphosaurus, an herblvorous pelycosaur which
is common in the Dunkard and the Clear Fork of Texas and
has been found as low as the Conemaugh in the Pittsburgh
area. In Europe, baslically similar footprints known as
Herpetichnium occur in lower Permlan exposures near
Birmingham, England, and in central Germany (particu-
larly the upper Rotlliegende of Tambach, Thilringia);
these tracks probably represent another genus of
pelycosaur, -

"Blunt-toed footprints redescribed by Baird (1952)
as Limnopus waynesburgensis (Tilton, 1931) have been
found 19 1/2 feet below the top of the Waynesburg sand-
stone near West Union, Doddridge County, Another specl=-
men was found by Happ and Alexander (1934) in a sand-
stone tentatlvely correlated with the Lower Marietta
sandstone at Sherman, Jackson County. Thls speclies
is similar to but distinct from L. littoralis (Marsh)
from the upper Pennsylvanian (Howard limestone, Virgil
series) of eastern Kansas, and L. (Thenaropus)
heterodactylus (King, 1845) from the upper Conemaugh
series of Westmoreland County, Pennsylvenia. These
footprints are loglcally correlated with large rhachi-
tomous amphiblans of the Eryops type, remains of which
occur from the Conemaugh through the Dunkard and in the
upper Pennsylvanian and lower and mliddle Permian of Texas.

"Happ and Alexander's specimen of the third Dunkard
genus has been lost, and I could find no further specl-
mens in the millstone quarries at Sherman. Unfortunately
the exact nature and affinities of this form cannot be
determined from the published description and figure.

"In sum, the fossil footprints of the Dunkard are
permo-carbonliferous in the original sense of Meek and
Hayden (1859), i.e., transitional in nature, showing
affinities with both Pennsylvanian and Permian forms."
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The fossil evidence of vertebrate footprints found in
Dunkard rocks is not of value in placing the Permian boundary
since footprints of the three genera occur also in rocks of
Pennsylvanlian age. The Dunkard flora, seemlngly, 1is largely
a Pennsylvanlan flora but with a few Permlan types.

The physlcal evidence will now be consldered. The
following is quoted from I.C. White (1903, p. 100):

"Under the name, Dunkard series, the writer has in-
cluded all of the . beds above the Waynesburg coal of
the Monongahela seriles. The dividing line 1s drawn
where Permlan plants have first been observed in the
fossil flora. Hence, although there ls no observable
unconformlty between the top of the Monongahela serles
and the base of the Dunkard as now defined, yet the
existence of a thick, coarse, conglomeratlc sandstone
of wide distribution, Just above the Waynesburg coal
horizon, denotes a very great change in physical condi-
tions. It 1s also quite probable that conslderable
erosion took place in some portions of the Appalachian
field during the deposition of thls basal conglomerate
of the Dunkard serles, and hence, although there is no
eppreciable unconformity in the dip of the beds, there
can be no doubt that the currents which brought in the
great deposit of coarse sand and gravel just after the
epoch of the Waynesburg coal, also transported the
elements of a new flora, several specles of whlch are
found only in the Permian beds of Europe, whlle others
are even near relatives of Triassic types."

The thick sandstone to whlich White refers includes the
Waynesburg sandstone, the Hockingport sandstone and numerous
other local sandstones scattefed abqut the Dunkard Basin, all
of which appear to occur at approximately the same strati-
graphic level. He believed that these local sandstones were
part of an almost continuous deposit extendlng over nearly
all of the Dunkard Basin. White also thought that this

sandstone was a basal "conglomerate" thus indicating a major
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change in physical condltions. With thls evidence, plus the
evidence of fossll flora, White termed the Dunkard a Permlan
series.

It has here been shown that the Waynesburg sandstone, the
Hockingport sandstone, and the other local sandstones, occurring
Juat to the north and south of the Hockingport sandstone, are
not parts of & continuous deposit. Although these deposits
may be nearly contemporaneous, 1t is evident that environ-
mental conditions of deposition differed over the region of
accumulation.

During Monongahele and Lower Dunkard time, fluvial
deposition prevalled in the southern portion of the region
and a lake environment altermating with swamps and fluvial .
conditlons prevailed in the northern portion. The lake
environment was predominant. White reasoned that the upper
member of the Monongahela series, the Waynesburg coal, was
also a continuous deposit over the Dunkard region. After
deposition of the coal, according to White, a major physical
change occurred, and the Waynesburg sandstone was deposited.

The Waynesburg coal cannot be traced into the southern
half of the Dunkard Basin. The wrlter belleves that this coal
was never deposited there, I.C. White (1903, p. 117) was of
the opinion that 1t was deposited and later removed by erosion.

It is not apparent that a major physical change took
place over the entlre Dunkard Basin at the end of Monongahela

time. There may be mahy minor unconformities developed in the
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rock sequence, but they are quite local and not of the magnle

tude to divide periods of geologlc time and systems of rocks.
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SUMMARY AND CONCLUSIONS

It is believed that the Hocklingport sandstone should
‘not be correlated with the Waynesburg sandstone because
of several llines of evidence.

The respective depésits are relatively local and
cannot be traced beyond thelr type areas which are more
than 100 miles apart.

The primary structures and texture of the two sandstone
deposlts, and the lithology and the fossll fauna of strata
ad jacent to each of the deposits are lndicative of different
environments of deposition for the two sandstones,

The Hockingport sandstone and the assoclated deposits
are the results of fluvial deposition on a relatively broad
plaln. The stream which transported the clastlic materilal
originated in source areas of predominately sedimentary
and metamorphic rocks probably located to the soutkh or
southeast., |

The Waynesburg sandstone was deposited in the near-
shore area of a shallow body of water. The clastic material
of this deposlt was possibly derived from a differenﬁ part
of the same highland area which furnished the sediments of
the Hockingport sandstone.

" No evidence was dlscovered lndlcating that a major

unconformity exlsts at the base of the Dunkard serles.
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The baslis for assigning these strata to the Permlan period
st11l rests on the fossil flora of the shales éssociated
with the coals of the series. '

The Dunkard sediments of the northern portion of the
Dunkard Basin represent lateral and vertical facies changes
from the borders of the basin into the deeper water of the
central part. Particular deposits are thus considered to
be local and representetive only in the type area.

With the concept of "layer-ceke" stratigraphy in mind,
the early students of the strata of the Monongehela serles
and the Dunkard serles correlated deposits from place to
piace on the basis of somewhet similar lithology, position
in sequence and elevatlion above sea level. The apparent
similarity of certaln deposits which are locally developed
at nearly the same position in the sequence in several parts
of the reglon probably led to meny long range correlatlions
which in many instances were erroneous.

A complete, detalled restudy of the rocks of the

Monongahela and Dunkard series is sorely needed.
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