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PREFACE

This guidebook was prepared for a
field trip, sponsored by the Coal Division of
the Geological Society of America, held prior
to the 1992 Annual Meeting of the Geological
Society of America in Cincinnati, Ohio. The
purpose of the trip is to examine evidence for
autocyclic and allocyclic process controls
(Beerbower, 1962) on Carboniferous cyclic
stratigraphy and sedimentation in the Appa-
lachian basin. Unlike many approaches to
stratigraphic analysis, this approach incorpo-
rates factors that, not only control accommo-
dation space, but also control fluvial chemical
and siliciclastic sediment flux to depocenters.
The effects of allocyclic processes on stratig-
raphy will be distinguished from those of
autocyclic processes through basin scale anal-
yses of selected stratigraphic horizons. Strati-
graphic horizons that are known to be of
basin scale are interpreted to be the result of
allocyclic processes. Such horizons include
well-developed paleo-Vertisols and Ultisols,
marine transgressive strata, and strata asso-
ciated with the Mississippian-Pennsylvanian
systemic boundary. In contrast, poorly-devel-
oped and laterally discontinuous paleosols,
which appear to be associated with aggrading
fluvial systems, are presented as examples of
formation by autocyclic processes.

In so far as is possible, the strati-
graphic intervals highlighted on the trip will
be put into the context of a continental-scale
framework. Such a framework may ultimate-
ly lead to high-resolution paleotectonic, eus-
tatic, and paleoclimatic reconstructions.

Evidence for the allocyclic effects of
paleoclimate change as a major control on
sediment flux, both chemical and siliciclastic,
will be illustrated by examining both spatial
and temporal distribution of chemical and
siliciclastic strata. Syngenetic or early diage-
netic geochemical signatures, such as a vari-
ety of paleosol types (including coal beds),
sedimentary iron-bearing minerals, and non-
marine calcareous strata, will illustrate strat-
igraphic changes in both physical and chemi-
cal conditions of sedimentation. Discussions

of allocyclic tectonic and eustatic processes
will focus on accommodation space and trans-
gressive-regressive cycles.

The objective of the field trip, there-
fore, is to evaluate climatic, eustatic, and
tectonic controls on sedimentation and stra-
tigraphy with emphasis on paleoclimate. The
objective will be accomplished by examining:

1) specific stratigraphic intervals that
illustrate basin-scale effects of changes in
allocyclic processes as compared to the more
local autocyclic response. These intervals
included the 1) Upper Pennsylvanian Pitts-
burgh coal bed and associated strata 2) the
Upper Pennsylvanian Ames marine shale and
associated strata, 3) the Mississippian-Penn-
sylvanian Systemic boundary and associated
strata, and 4) a paleo-Vertisol and numerous
Inceptisols in the red member of the Upper
Mississippian Bluestone Formation.

2) Late Mississippian through Late
Pennsylvanian geochemical signatures, both
stratigraphic and regional, that indicate
climatic controls on chemical weathering,
sediment flux, and geochemical conditions of
sedimentary systems. Such signatures in-
clude 1) the oxidation state and compounds of
iron, 2) mineralogy and other characteristics
of paleosols and related strata that indicate
the geochemical conditions of weathering and
soil formation, and 3) carbonates of Ca, Mg,
and Fe in both marine and nonmarine depo-
sitional settings.

8) Characteristics of Pennsylvanian
coal beds that indicate conditions of paleo-
peat formation (ombrogenous domed vs topog-
enous planar) as a function of paleoclimate.
Important paleoenvironmental indicators
include the relative abundance and distribu-
tion of vitrinite and inertinite macerals, as
well as ash yield and sulfur content.

~ 4) Late Mississippian through Late
Pennsylvanian sediment flux and lithostra-
tigraphy as a function of paleoclimate.

5) Changes in peat swamp paleo-



floras, inferred primarily from coal bed spore
assemblages.

Although the above characteristics of
Carboniferous strata are presented indepen-
dently, they are interrelated. When integrat-
ed, these characteristics must be consistent
with the stratigraphic record. The stops on
the trip were selected to illustrate such a
consistency.

We wish to thank the numerous insti-
tutions, agencies, and individuals that con-
tributed to this field guide. The geologic map-
ping and stratigraphic analysis by Nick Fed-
orko and Bascombe (Mitch) Blake Jr., West
Virginia Geological Survey, were essential to
temporal and spatial correlations, and ulti-
mately our paleoclimatic interpretations. Coal
petrographic analyses by William Grady,
West Virginia Geological Survey, defined
petrographic criteria by which domed paleo-
peat deposits could be distinguished from
planar paleopeat deposits. Both field descrip

tion and X-ray diffraction studies of probable
paleosols by Frank Dulong, U.S. Geological
Survey, contributed the interpretations of
base level change and pedogenesis. The sed-
imentological, paleoclimatological, and struc-
tural analyses of Ronald Martino, Marshall
University, Donald Chesnut and Steven
Greb, Kentucky Geological Survey, and
Frank Ettensohn, University of Kentucky,
contributed to the interpretations of Carbon-
iferous stratigraphic sequences in southern
West Virginia and eastern Kentucky. The
support of the West Virginia Geological Sur-
vey, Larry D. Woodfork, Director and the
Kentucky Geological Survey, Donald C. Ha-
ney, Director, is also appreciated. We also
wish to thank Gergory J. Retallack for per-
mission to include his summary of character-
istics of soil orders (Retallack, 1990) (Appen-
dix 1).

C. Blaine Cecil
Cortland F. Eble
22 October, 1992
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INTRODUCTION
C. Blaine Cecil

Carboniferous cyclic stratigraphy has
generally been interpreted on the basis of
depositional (e.g., Ferm and Horne, 1979),
transgressive-regressive (e.g., Klein and Wil-
lard, 1989) or tectonic models (e.g., Belt and
Lyons, 1989; Klein, 1992). However, such
models, which are based on physical process-
es, generally do not explain the cyclic strati-
graphic distribution of Carboniferous silici-
clastic and chemical rocks. Carboniferous
strata in the central Appalachian basin ex-
hibit numerous transgressive-regressive cy-
cles, a foreland basin tectonic setting, and
very similar depositional environments (Don-
aldson et al., 1985). The strata of the Missis-
sippian System is, however, markedly differ-
ent from those of the Pennsylvanian. For
example, the Mississippian strata is almost
completely devoid of coal beds, in marked
contrast to the Pennsylvanian. This contrast
has been attributed to climate change (e.g.,
White, 1925; Cecil et al., 1985; Donaldson et
al., 1985). Because climate is'an important
control on sediment flux (both siliciclastic
and chemical) to shelf margin, epicontinental
shelf, and terrestrial sedimentary sequences,
climate change must be considered as a ma-
jor control on the stratigraphy of such se-
quences, as well as tectonics and transgres-
sive-regressive cycles (Cecil, 1990).

Controls on sedimentation and cyclic
stratigraphy are, therefore, perhaps best
explained by models that encompass both
physical and chemical processes. Such a mod-
el was proposed by Beerbower (1962) who
developed the concept of auto- and allocyclic
processes. Beerbower, using a fluvial system
to explain stratigraphic relationships in Low-
er Permian (?) Dunkard Group strata in the
Appalachian basin, defined autocyclic pro-
cesses as changes of energy and materials
within a sedimentary system (e.g., delta swit-
ching, stream meandering, bar migration)
and allocyclic processes as changes in energy
and materials external to the sedimentary
system (e.g., climate, tectonics, and eustasy).

As considered herein, allocyclic processes are
the first order controls on stratigraphy and
sedimentation whereas autocyclic processes
are secondary and mainly control facies rela-
tionships within sequences bounded by allo-
cyclic events. Of the three aforementioned
allocyclic processes, tectonics and eustasy are
the physical based processes commonly ap-
plied to the interpretation of stratigraphic
sequences whereas climate, which is a major
control on sedimentary geochemistry as well
as siliciclastic sediment flux, typically is
either overlooked or assumed to be constant.

Even though climate was recognized
as early as 1875 by Lyell, in his Principles of
Geology, as one of the first order controls on
stratigraphy, interpretation of the relation-
ships between paleoclimate and sedimenta-
tion have generally been limited to sequences
that contain strata such as tillites, evapor-
ites, aeolinites, and coal. Such interpretations
are often used to infer paleolatitudes (e.g.,
Witzke, 1990). With notable exceptions (e.g.,
Huntington, 1907; Wanless and Shepard,
1936; Perlmutter and Matthews, 1989), there
appears to have been a lack of appreciation
and understanding of the frequency and
intensity of climatic change, and the result-
ing impact of such change on stratigraphy
and sedimentation. In the last decade or two
excellent progress has been made on our
understanding of the factors that control
climate change. Interpretation of the effects
of paleoclimates on cyclic stratigraphy and
sedimentation can now be based on lithologic
and paleontologic climatic signatures (e.g.,
Cecil et al., 1985; Perlmutter and Matthews,
1989; Cecil, 1990). This understanding has
given us renewed insight into the first order
effect of climate on stratigraphy and sedi-
mentation as a result of movement of conti-
nents through latitudinal climatic belts with
time (Shutter and Heckel, 1985), and the
modifying effects of other factors such as
orbital forcing cycles, mountain building,
ocean circulation, and variation in atmo-
spheric "greenhouse" gases (Table 1).

The frequency and magnitude of cli-
mate change can now be estimated and inte-
grated into allocyclic models that evaluate



tectonic and eustatic controls on accommoda-
tion space, and siliciclastic and chemical flux
to deposystems. Such models should allow a
transition from descriptive to predictive stra-
tigraphy and resource evaluation. Predictive
stratigraphic modeling appears to be possible
because, to the degree that climate change is
deterministic and therefore predictable,
change in sediment flux to depocenters is
deterministic and also predictable.

Table 1. TROPICAL AND SUBTROPICAL CLIMATE CHANGE CLASSIFICATION

RELATIVE CAUSE TIME
DURATION (years)

Long-term Movement of continents 10%-10°
through latitudes;
Orogenesis, "green house”  10°-10’
gases (?)

Intermediate- 100 and 400 ka cycles of  10°
term of orbital eccentricity
green house gases (?)

Short-term cycles in axial tilt 10*
and precession
Very-short-  solar variation (?) 10°
term
Instantaneous weather systems 10%months, weeks, days, hours)

(modified from Cecil, 1990)




STOP 1 - Mississippian-Penn-
sylvanian unconformity, Exit
15, I-68.

Stop Leaders: Blaine Cecil, Cortland Eble
and Frank Dulong

STOP 1 (figs. 1 and 2) is at the Mis-
sissippian - Pennsylvanian unconformity
(White, 1891), on the axis of Chestnut Ridge
Anticline. The unconformity is exposed along
the east-bound lanes of Interstate 68 (former-
ly U.S. route 48) just east of the exit for Coo-
pers Rock State Forest (mile post 14.7). The
red beds, which crop out at the west end of
the east bound exit, are assigned to the Up-
per Mississippian Mauch Chunk Group (Na-
murian A). Three Pottsville coal beds are
present at, or near STOP 1. All three are
thin (<0.3 m, 1.0 ft), contain low to moderate
ash yields and high sulfur contents (fig. 3).
The stratigraphically lowest coal bed occurs
approximately 4 m (13 ft) above the level of
the interstate highway drainage ditch. This
coal bed, like most coal beds assigned to the
Pottsville Group in the northern West Virgin-
ia area, is laterally discontinuous and irregu-
lar in occurrence (Presley, 1979). This coal
bed was palynologically analyzed and yielded
a miospore assemblage that correlates with
the lower part of the Middle Pennsylvanian
Kanawha Formation (unnamed coal bed be-
low the Matewan coal). This indicates that
the stratigraphically youngest Pennsylvanian
strata at this location are early Middle Penn-
sylvanian (Westphalian B) in age. Lower
Pennsylvanian strata, assignable to the Poca-
hontas and New River Formations, are ab-
sent here. As compared to thicknesses of
equivalent Mississippian and Pennsylvanian
strata in southern West Virginia and south-
western Virginia, over 1500 m (5,000 ft) of
Upper Mississippian, Lower Pennsylvanian,
and lowest Middle Pennsylvanian strata are
missing at STOP 1 (fig. 4). Here, the Missis-
sippian-Pennsylvanian systemic boundary
occurs within the 4 m (13 ft) interval between
the lower Middle Pennsylvanian unnamed.
coal bed and the Mississippian Mauch Chunk
Group red beds. Petrographically, these coal
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Figure 2 - Stratigraphic column for STOP 1
along I-68 at exit 15.

beds contain high percentages of vitrinite and
low to moderate amounts of inertinite. De-
spite their thinness, these coal beds display
petrographic characteristics similar to age-
equivalent Kanawha coals in southern West
Virginia.

The interval exposed at STOP 1
appears to contain at least two siliciclastic
paleosols, and a paleo-Histosol represented
by the coal bed at the top of the paleosol
sequence. The stratigraphy of the siliciclastic
paleosols is quite complex at this locality, but
they appear to represent at least two periods
of deposition followed by subaerial exposure
and weathering. The top of the lowermost
paleosol occurs about 2.1 m (7 ft) below the
base of the overlying coal bed. The lower
paleosol overlies and appears to grade down-
ward into green and red stata of the Upper
Mississippian Mauch Chunk Group; thus,
deposition may have occurred during the
Mississippian whereas subareal exposure and
paleosol development may have been during
the Early Pennsylvanian. The well-developed
lower paleosol may be classified as a paleo-



1 1
FEET FEET

—
s
EET

L
FEET

ot
el
FEET

—t
iy
FEET

COAL PETROGRAPHY* ASH SULFUR

s D B
0

*Legend
\\\\: >50u VITRINITE
<50u VITRINITE

S , || EXINITE
\\\§\ . % INERTINITE
N N\ MINERALS
L] | L] L | ) L 0& r L] T T T l I T T T T T 1
0 50 100 0 50:0. 35 2"% 4 B &
Volume Percent Weight Percent Waelght Percent
LYCOPODS FERNS CAL COR
COAL ARBORIAL HER.BACEOUSI | | I |

El TREES B OTHERS

3
2 .

T T T T | T T T

P

AN

L R e T

0

bl 3\ \\
O™ ESIIINNINNINY

Percent 30

§_
2
g .
2
8_

| |
Percent 100 0 Percent

Figure 3) Distribution of macerals, miospores, ash yield and sulfur content in Pottsville Group coal beds along 1-68.
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Ultisol whereas the more poorly-developed
upper paleosol may be more properly classi-
fied as a paleo-Inceptisol or Entisol using the
U.S. Department of Agriculture classification
system (Soil Survey Staff, 1975) (see Appen-
dix 1 for a summary of soil order characteris-
tics by Retallack, 1990; also summarized in
Buol, et al., 1988).

On the basis of the analysis of the
"mid-Carboniferous eustatic event” of Saun-
ders and Ramsbottom (1986), up to 4.5 Ma
may be represented in the 4 m (13 ft) inter-
val exposed at STOP 1. The complex paleosol
and exposure surface stratigraphy at the
Mississippian-Pennsylvanian systemic bound-
ary appears, therefore, to be the source of a
great deal of confusion as to the "age" of the
unconformity.

On an interbasinal scale, high alumi-
na refractory clay deposits, such as the Mer-
cer clay in Pennsylvania, the Olive Hill clay
in eastern Kentucky (STOPS 16, 17, and 18),
and the Cheltenham clay on the Ozark dome
in Missouri, also occur at the Mississippian-
Pennsylvanian systemic boundary. These
high-alumina deposits are also probable
paleo-Ultisols. The paleogeography of paleo-
Ultisols (?) at the systemic boundary appears
to be the result of intense weathering under
high annual rainfall, which was fairly evenly
distributed throughout the year. Weathering
may have commenced as early as 330 Ma
during the Late Mississippian at the on-set of
a global eustatic event, (Saunders and Rams-
bottom, 1986). Exposure may have persisted
for up to 4.5 Ma in much of the North Ameri-
can continent, including the aforementioned
areas, was moving northward through the
paleo-equatorial zone. Weathering appears to
have been particularly protracted and intense
in those regions that contain diaspore clay
dgposits (Missouri, Kentucky, and Pennsylva-
nia). Compared to the paleosol at STOP 3 &
the diaspore clay regions may have been
somewhat more elevated, which allowed in-
tense weathering on relatively well-drained
soils. Paleosol development may have pro-
gressed during this 4.5 Ma period during
subareal exposure from the latest Mississip-

10

pian into the Middle Pennsylvanian.

Chestnut Ridge "Rolling
Stops"

As we descend Chestnut Ridge, we
will discuss the significance of some of the
outcrops we drive by. The first outcrop has
an unnamed marine zone that occurs 1n a
siderite bed beneath the Lower Connoquenes-
sing Sandstone, which is at the top of .the cut.
This previously unreported unit contains a
marine fauna that compositionally is very
similar to the Dingess marine Shale (middle
Kanawha Formation, mid-Middle Pennsylva-
nian) in southern West Virginia (T.W. Henry,
personal communication). We will see the
Dingess Shale again, albeit better-'developed,
later today at the Birch River section. A
miospore analysis of the thin (0.3 m, 1.0 f?;),
discontinuous coal bed, designated Pottsville
coal 2, that occurs directly beneat):n the LPwer
Connoquenessing Sandstone at this location
has shown the palynoflora to correlate with
the No. 2 Gas - Cedar Grove coal intgrva]
(fig. 2). This biostratigraphic age assignment
is consistent with the invertebrate data.

The next rolling stop shows a lage
exposure of the Upper and Lower Connc{que-
nessing Sandstones. Rocks of the Pot.tsvﬂle
Group in northern West Virginia typically
consist of massive pebbly sandstones and
sandy conglomerates intercalated with shale,
siltstone and thin, discontinuous coal beds. It
has been suggested that this group of ros:ks
were deposited by bed load, braided fluvial
systems onto an alluvial plain (Presley, 19-
79). Pottsville sediments in the Chestnut
Ridge area are thought to have been derived
from orogenic highlands located to the east
and southeast (Meckel, 1967; Donaldson and
Schumaker, 1981). Pottsville Group Sand-
stones, like the ones shown in this outcrop,
generally occur as multi-storied units up to
30 m (100 ft) thick, averaging 9 to 12 m (30
to 40 ft).

A palynological analysis of a thin,
discontinuous coal bed (designated Pottsville
coal 3) in a shale lens in the Upper Conno-



quenessing Sandstone near the top of this cut
indicates that it is age equivalent with the
Fire Clay - Chilton coal interval of the Kana-
wha Formation in southern West Virginia
(fig. 2).

The next rolling stop will show an
exposure of the Homewood (?) Sandstone, the
top of which marks the boundary between the
Pottsville Group and the overlying Allegheny
Formation in the northern Appalachian Ba-
sin. The top of the Pottsville is approximately
time-equivalent with the Kanawha Forma-
tion - Charleston Sandstone (= Allegheny
Formation) contact in southern West Virgin-
ia.

The Lower and Upper Kittanning,
and Lower Freeport coal beds, in ascending
order, can be seen at the last rolling stop
outcrop. The Lower Kittanning coal bed has
been correlated with the No. 6 Block coal bed
in southern West Virginia (Kosanke, 1984),
with the Princess No. 6 coal bed in eastern
Kentucky, the Colchester No. 2 coal beds of
the Eastern Interior Basin, and the Crowe-
burg coal bed of the Western Interior Basin
(Kosanke, 1973; Peppers, 1970, Ravn, 1986).
Although thin in the Chestnut Ridge area,
the Lower and Upper Kittanning coal beds
attain minable thickness, and represent a
significant coal reserve in northern West
Virginia, eastern Ohio, and western Pennsyl-
vania (fig. 5).

STOP 2: Upper Freeport coal
bed and associated strata:
Middle-Upper Pennsylvanian
boundary, 1-68, mile post

11.4.

Stop Leaders: C. Blaine Cecil, Frank T.
Dulong and Cortland Eble

The section at STOP 2 includes the
stratigraphic interval from the Upper Free-
port Limestone Member of the Middle Penn-
sylvanian Allegheny Formation (Wilmarth,
1938) up to the Mahoning coal bed of the
Upper Pennsylvanian Conemaugh Group (fig.
6). The primary emphasis at this stop is the

stratigraphic interval from the base of the
Upper Freeport Limestone to the top of the
Upper Freeport coal bed. The top of the Up-
per Freeport coal bed, which is exposed as
three benches of coal at this locality (Fig. ), is
defined as the top of the Allegheny Forma-
tion and the base of the overlying Cone-
maugh Group (Stevenson, 1873). The Upper
Freeport coal bed horizon occurs throughout
the Appalachian basin in Pennsylvania, Mar-
yland, West Virginia, and Ohio (Fig. ). Where
it is sufficiently thick, this laterally extensive
coal bed has been mined from the eastern
outcrop belt in western Maryland to the west-
ern outcrop belt in east central Ohio, a dis-
tance of over 250 km (150 mi). This coal bed
is underlain by nonmarine strata that in-
clude underclay, siltstone, shale, flint clay,
and the Upper Freeport Limestone. The in-
terval from the base of the limestone to the
top of the coal bed is interpreted to be the
result of complex variations in sediment flux
that occurred in response to a cyclic paleo-
water table and paleoclimate.

The Upper Freeport Limestone hori-
zon is as laterally extensive as the Upper
Freeport Coal bed. The limestone is nonma-
rine and probably was deposited in large,
very shallow, lakes as indicated by multiple
subareal exposure features that include sub-
areal crusts, pedogenic brecciation, and resid-
ual clay. Intermittent deposition and sub-
areal exposure of the limestone is indicative
of a fluctuating lake level and water table.
The frequency of water level fluctuation is
unknown but may have been controlled by
short-term or very short-term variations in
paleoclimate (Table 1). Lake waters must
have been alkaline, Ph 7.8 or greater, (Krum-
bein and Garrels, 1952) during deposition of
the limestone. The alkalinity and probable
high concentrations of dissolved solids in lake
waters during deposition of the limestone
was, in part, the result of a relatively dry
paleoclimate that concentrated dissolved
solids through evaporation (climate model is
from Cecil, 1990).

Subsequent to deposition, the Upper
Freeport limestone appears to have been
subjected to an extended period of subareal
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exposure and weathering. The and resultant
residual clay deposits imply a drop in the
water table during the onset of increasing
pluvial conditions. The increasing rainfall
also contributed to an influx of siliciclastic
sediment, which is shown by the exposed
siliciclastic strata overlying the Upper Free-
port Limestone at this stop (Cecil, 1990).
Further increases in rainfall led to increased
vegetative cover, rainfall dilution of runoff,
and leaching of residual soils, which reduced
the influx of siliciclastic sediment and dis-
solved solids. Extensive leaching of the land-
scape, under the pluvial part of climate cy-
cles, restricted the buffering capacity of sur-
face water systems by reducing the concen-
tration of dissolved solids. A rising water
table with low buffering capacity led to acidic
water (Ph <6) from decaying vegetal matter.

These conditions of a high water table and
low Ph are necessary for peat formation (Cec-
il et al., 1985).

On a regional scale, a complex of
kaolin enriched paleosols occur in a mosaic
within the interval from the base of the Up-
per Freeport Limestone up to, and including,
the Upper Freeport coal bed. These paleosols
appear to be the result of a fluctuating water
table and weathering during pluvial parts of
climatic cycles. The most intensely developed
paleosols probably formed on well-drained
paleotopographic highs. The kaolin enriched
deposits have been locally mined and used in
the manufacture of refractory brick.

Interruption of peat formation, as
illustrated by the three benches of coal and
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Figure 6 - Allegheny - Lower Cenemaugh
strata exposed along I-68 at mile post 11.4

inter-bedded partings at STOP 2, are some-
times interpreted as crevasse splays or other
autocyclic depositional events (e.g., Ferm and
Horne, 1979; Flores, 1986). Alternatively,
these interruptions may be the result of allo-
cyclic controls such as climatic events that
cause an influx of siliciclastic sediment and
(or) change in water table. The latter inter-
pretation is supported by the regional extent
of many partings, which suggests a drowning
of the peat-forming environment by a pro-
longed elevation of the water table, and con-
comitant siliciclastic deposition in a lacus-
trine environment (Cecil et al., 1985).

Peat formation in the Upper Freeport
paleoswamp was terminated by an allocyclic-
ally-controlled rising water table that finally
out-paced peat formation (Cecil et al., 1985).
The lacustrine environment of the drowned
paleoswamp became the site of an autocyclic
facies mosaic of siliciclastic deposition that

includes the Uffington Shale Member of the
Conemaugh Group, whose type section is just
south of Morgantown, WV, and the Mahoning
Sandstone Member, as represented by the
large sandstone paleo-channel fill at STOP 2.
The Uffington Shale may represent deposi-
tion in a lacustrine environment, whereas the
Mahoning Sandstone is the result of a pro-
grading fluvial system (Cecil et al., 1985).
Channel incision may have been by down
cutting in response to a drop in base level
(allocyclic) or progradation of a fluvial system
(autocyclic). In the climate model of cyclic
stratigraphy (Cecil, 1990), the Uffington
Shale and Mahoning Sandstone are also the
result of an increase in siliciclastic influx in
response to a return to somewhat drier and
more seasonal conditions. This increased
siliciclastic influx was coeval with the lacus-
trine system where a rising water table was
controlled by tectonic subsidence and (or)
rising sea level. The Mahoning Coal bed,
which overlies the Mahoning Sandstone at
STOP 2, is the result of a return to a pluvial
period of reduced siliciclastic influx, and the
correct climatic and chemical conditions nec-
essary for peat formation.

The Upper Freeport coal at STOP 2
consists of 4 splits over a 4.3 m (14 ft) inter-
val. The main (lower) split is 0.9 m (3 ft)
thick, is vitrinite-rich, especially the >50
micron vitrinite types, and is low in ash-yield
and sulfur (fig. 7). Palynologic results show a
tree fern spore dominant swamp palynoflora
throughout, but with a moderate arboreal
lycopsid spore contribution. At this location
development of the Upper Freeport swamp
was not at its best (minable) quality, but the
lower and middle benches of this split proba-
bly represent paleoenvironments of the thick-
er coal to the north. Initial peat accumulation
was in a planar swamp with minor emplace-
ment of minerals and sulfur. Tree ferns domi-
nate the flora and the pre-vitrinite plant
debris was moderately preserved with very
little oxidation of the peat. With further peat
accumulation (middle bench) the planar
swamp developed into a soligenous (?) swamp
that may have been slightly elevated above
local stream level. Mineral and sulfur em
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placement was very low. Tree fern spores
dominate the palynoflora, but increased arbo-
real lycopsid spore abundance may indicate a
standing water cover.

Well-preserved pre-vitrinite was an
important part of the peat. With the buildup
of the peat mass oxidation became more fre-
quent in a paleoclimate that delivered insuffi-
cient rainfall to allow for extensive domed
peat formation. Oxidation of the peat surface
and an increase in inertinite abundance pre-
ceded the drowning of this split of the Upper
Freeport coal. The paleoclimate at the time of
Upper Freeport peat accumulation probably
was transitional between the wet Middle and
Lower Pennsylvanian climate and the drier
climate of the Upper Pennsylvanian. The
paleoclimate was obviously wet enough to

allow for the widespread development of the
Upper Freeport coal, and for the accumula-
tion of some very low ash and sulfur, pre-vit-
rinite-rich peat. However, while the annual
rainfall may have been insufficient to allow
for extensive domed peat formation (i.e. to
the extent inferred for many Lower and Mid-
dle Pennsylvanian swamps), it certainly was
adequate to allow for the development of an
extensive that, in some areas, may have
attained some elevation above surface and
groundwater sources.

The top of the Upper Freeport coal
bed represents the Allegheny Formation -
Conemaugh Group boundary in the Dunkard
Basin. Above this contact is the massive
Mahoning sandstone and overlying Mahoning
coal bed. The Mahoning coal bed is of partic-
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ular significance in that it is the stratigraphi-
cally highest coal bed that contains abundant
Lycospora spp., the dispersed spore of some of
the giant lycopsid trees (e.g. Lepidophloios
and Lepidodendron) that dominated many
Lower and Middle Pennsylvanian coal beds
throughout Euramerica. This coal is very
similar to the Upper Freeport in composition
and floral contribution with one bench con-
sisting of very low ash, low sulfur coal (fig.
8).

Above the Mahoning coal bed, at
approximately the level of the Brush Creek
limestone, is the Middle - Late Pennsylvani-
an floral transition, where all but one of the
major arboreous lycopsid genera, several tree
fern and one sphenopsid spore genera become
extinct. This transition is time-equivalent
with the Westphalian - Stephanian boundary
in western Europe, and is believed to repre-
sent the culmination of a major climatic shift
from a basically ever-wet climate in the Early
through mid-Middle Pennsylvanian, to one
that was less-wet, and probably more season-
al in the Late Pennsylvanian (Cecil et al.,
1985).

STOP 3: Upper Conemaugh Group
strata exposed on I-68 at mil-
epost 4.0, just west of Exit 4
(Sabraton exit).

Stop Leaders: Nick Fedorko, Blaine Cecil,
Cortland Eble and Bill Grady

Upper Conemaugh Group (Casselman
and Glenshaw formations) strata from the
Ames Marine Shale and Limestone to about
15 m (50 ft) above the Little Clarksburg coal
bed, aggregating a total of 72 m (237 ft), are
exposed in the cut on the north side of I-68
just west of Exit 4 (fig. 9). The Ames Marine
Shale and Limestone is exposed in the drain-
age ditch and first cut slope at the east end
of the cut. Marine invertebrate fossils occur
throughout the gray-green and gray-red
shales as well as in thin limestone beds and
lenses. The Ames represents the last wide-
spread marine transgression of the Pennsyl-
vanian into north central West Virginia, and
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Figure 9 - Stratigraphic column of Upper
Pennsylvanian Conemaugh Group strata
along I-68 at mile post 4.0
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is a key stratigraphic marker in this part of
the geologic column. These same units will be
seen again at STOPS 15 and 16 in south-
west West Virginia and eastern Kentucky.
The underlying Harlem coal bed and Pitts-
burgh Red Shale (fig. 9) are not exposed at
this location but can be seen along the east
bound entrance ramp of nearby Exit 4. These
units will be emphasized at a rolling stop on
I-79 near the Goshen Road exit after STOP
4. Other key stratigraphic marker beds in
this section include the Elk Lick coal bed,

Clarksburg Limestone, and Little Clarksburg
coal bed.

Unlike the Pottsville Group and Alle-
gheny Formation strata examined at STOPS
1 and 2, the Conemaugh Group contains
mainly red shales and mudstones. These red
sediments regionally first appear in the sec-
tion 30 to 60 m (100 to 200 ft) below the
Ames marine zone and are present to varying
degrees in the upper two thirds of the Cone-
maugh Group throughout its area of occur-
rence. The calcium carbonate content of Con-
emaugh Group rocks is higher compared to
Middle Pennsylvanian sections (Cecil et al.,
1985). Carbonate occurs as beds and admix-
ture in marine intervals, as nonmarine, lacu-
strine beds (e.g. Clarksburg Limestone of 1.C.
White (1891), fig. 9) and as pedogenic nod-
ules, discontinuous lenses, and admixture
within mudstones and shales.

Conemaugh Group coal beds are thin-
ner, and more impure than those in the un-
derlying Allegheny Formation or overlying
Monongahela Group (STOP 4). The Little
Clarksburg coal bed rarely exceeds 0.6 m (2
ft) in thickness in this region. It is thicker
and minable in the Potomac Basin of eastern
West Virginia and western Maryland, but is
of poor quality, locally known there as the
"Dirty Nine-foot". The Elk Lick coal bed,
exposed just above the first bench in this cut,
has also been mined in the Potomac Basin
and also in central West Virginia. The Elk
Lick is 0.9 m (3 ft) thick in this cut, but has
not been commercially exploited locally. As a
group Conemaugh coal beds are higher in ash
yield and sulfur content than the underlying

Allegheny Formation coal beds, and compara-
ble in sulfur content with the overlying Mo-
nongahela Group coal beds but higher in ash
yield (fig. 10; table 1).

The Elk Lick coal exposed in the road
cut is 4 feet thick (fig. 11) and represents
peat that accumulated in a drier interval
than the stratigraphically lower Upper Free-
port or Mahoning coals. This coal was formed
after the demise of the arboreous lycopsids at
the Westphalian-Stephanian boundary. The
Elk Lick coal is high in ash yield and very
high in sulfur and contains significantly
greater inertinite, and less well-preserved
(>50 micron) vitrinite than the Upper Free-
port or coals lower in the Pennsylvanian. At
the top of the section the Little Clarksburg
coal is exposed (fig. 12), the stratigraphically
lower Harlem and West Milford coals are
exposed (figs. 13 and 14).

These coals are all similar in ash
yield, sulfur content, petrographic composi-
tion and floral character to the Elk Lick, and
typify Conemaugh coals that apparently
accumulated in planar swamps with signifi-
cant surface and groundwater influx of min-
erals and dissolved solids in moderate pH
waters. Sulfur emplacement, especially as
pyrite, was extensive and coincided with
severe degradation of the peat and loss of >50
micron vitrinite components, probably by
anaerobic microbes. These attributes suggest
a dry paleoclimate with insufficient annual
rainfall to maintain an acidic ombrogenous
swamp.

The gray, red and green mottled
mudstones seen in this section are interpret-
ed to be paleo-Vertisols. Diagnostic features
include obliteration of primary sedimentary
features, mottling, calcareous pedotubules,
rhizoconcretions, drab halo root traces, accu-
mulations of carbonate glaebules and petro-
calcic horizons. In some cases, nodular zones
may represent pedogenically altered lacus-
trine limestone beds. The Elk Lick Limestone
of Platt and Platt (1877) (fig. 9) at this stop
is possibly an example of this process. In
addition, the paleosols exhibit convex upward
slickensided surfaces, interpreted as vertic
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COAL QUALITY PARAM

LTERS

FORMATION / GROUP

n*

ASH

SULFUR

Dunkard Group

(n=9)

32.4%

3.58%

Monongahela Group

(n=985)

11.9%

3.08%

Conemaugh Group

(n=64)

15.7%

2.92%

Allegheny Formation

(n=250)

14.8%

1.63%

Kanawha Formation

(n=625)

11.9%

1.09%

New River Formation

(n=194)

7.9%

1.04%

Pocahontas Formation

(n=75)

8.8%

0.82%

* n = Number of samples (Full Channel and Bench samples only)

Table 2 - Summary of coal quality parameters

structures, characteristic of vertisol profile
development. Several zones of inter-bedded
shales and paleosols seen in this section are
laterally persistent and they have been recog-
nized throughout the Dunkard Basin and
given stratigraphic names. Examples include
the Pittsburgh Red Shale of White, 1891, the
Birmingham Shale of Stevenson, 1876, and
the Clarksburg Red shale of Hennen, 1912.
Some of the paleosol profiles are incomplete,
horizons having been removed by paleo-ero-
sion. Other paleosols appear to be compound
profiles, representing several periods of soil
development each partially overprinting the
previous one. The thickest and most persis-
tent of these units is the Pittsburgh Red
Shale, possibly representing weathering and
pedogenesis during a regional low stand prior
to transgression of the Ames sea. A total of

15 m (48 ft) of this part of the section below
the Harlem coal bed is exposed along the 1-68
eastbound entrance ramp (fig. 9). Other well-
developed paleosols can be seen at this stop.
One is immediately above the Ames Lime-
stone and Shale and overlying sandstone.
This soil is capped by a very thin carbona-
ceous streak. Another paleosol occurs below
the Elk Lick coal bed. In addition to the nod-
ular carbonate zone, this interval contains a
burrowed and/or rooted gannister sandstone
bed. Still other paleosols can be seen in the
interval between the Elk Lick and Little
Clarksburg coal beds (fig. 9).

The paucity of minable coal deposits
within strata of the Conemaugh Group (fig.
15) has been attributed to a dry paleoclimate
relative to conditions for deposition of under-
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bed along I-68 at mile post 4.0.

and overlying strata (Cecil et al., 1985). This
dry climatic condition during the Late Penn-
sylvanian in the Appalachian basin has also
been inferred for equivalent strata (Missouri-
an) in the western interior basin (Ronald
West, personal communication). If these in-
terpretations are correct, this climatic event
would appear to have been of long-term dura-
tion, and of a continental scale.

STOP 4: Upper Conemaugh Group
and Lower Monongahela Group
strata exposed on the north side
of the Morgantown Mall complex,
near I-79 Exit 152, Morgantown,
WV.

Stop Leaders: Nick Fedorko, Blaine Cecil,
Cortland Eble, and Wiliam Grady

Approximately 18 m (58 ft) of Upper
Conemaugh Group rocks and 32 m (106 ft) of
lower Monongahela Group rocks are exposed
in cuts made for the construction of the Mor-
gantown Mall and upper commercial area
(fig. 16). The section features five coal beds
(some multi-benched) and an abundance of
non-marine, lacustrine limestone beds. Start-
ing at the eastern end of the exposure, sever-
al benches of the Little Pittsburgh coal bed
are seen interbedded with shales, mudstones,
and lacustrine carbonates. The Little Pitts-
burgh coal bed is of minor economic impor-
tance, but is persistent enough to serve as an
important stratigraphic marker. Important to
our discussions of climatic impact on the rock
record is the development of the soil profile
beneath the Pittsburgh coal bed. Here, where
the coal facies is well-developed, the
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Figures 13 and 14 - Distribution of macerals,

miospores, ash yield and sulfur content in the West

Milford (top)and Harlem (bottom) coal beds along I-68 at mile post 4.0.

Sl{hjacent soil profile is very poorly-developed,
thin and contains some carbonate in the form
Of nodules. Subsequent stops featuring the
Pittsburgh coal bed will illustrate the effects
of the "Pittsburgh coal climate" on the sub-
strate where the coal facies is poorly-devel-
oped or absent (fig. 17). A discussion below
Previews the regional changes we will see in
the Pittsburgh coal bed and related strata at
later stops.

The Pittsburgh coal bed is extremely
Ve_lluable to the coal mining industry of West
Virginia, Pennsylvania and Ohio, exhibiting
remarkable lateral persistence of thickness
and'quality (fig. 18). The exposure in this
section is a pillar left from the long-aban-
doned underground mining operations in this
area. The basal bench (referred to as the

main bench) here is 2.6 m (8.5 ft) thick with
thin shale partings. Including roof shales and
rider coal beds the Pittsburgh is 5.2 m (17 ft)
thick.

The Pittsburgh coal bed exposed in
the Mall cut has an 2.6 m (8.6 ft) thick main
coal of generally low ash-yield and moderate
sulfur content (fig. 19). At this location the
coal consists of six benches, two more than
present six miles to the northeast where the
coal was extensively studied in a surface
mine at the Greer estate (figs. 20 and 21).
The basal bench (lower 0.3 m, 1 ft) is present
across most of the areal extent of the Pitts-
burgh coal. It is very high in sulfur and mod-
erate ash-yield, and has a tree fern dominant
palynoflora with distinct calamite and
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cordaite contributions. This lower bench is
Interpreted to represent the pioneering plant
Community of the Pittsburgh swamp. The ash
yield and sulfur contents indicate that these
Plants grew in a planar swamp with a signifi-
cant influx of surface and ground water. Peat
oxidation was minor and the preservation of
plant debris was moderate. Above the basal
bench, up to the parting at the 1.2 to 1.4 m
(4 to 4.5 ft) level, the coal is very low ash and
moderate sulfur content and petrographically
shows two trends in swamp development.
These trends of increased peat preservation,
as shown by increased >50 micron vitrinite
Components, are reflected in the sulfur con-
tent and palynofloral succession, but not in
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ash yield. The first, terminated by a fusain
parting, displays an upward increase in vitri-
nite content, especially >50 micron compo-
nent, an increase in calamite and arboreous
lycopsid spores, and increased sulfur content.
A second similar trend is terminated by the
bone coal parting at four feet. Increased vitri-
nite and >50 micron vitrinite, arboreous
lycopsid and calamite spores suggest a slight
increase in surface water depth as peat accu-
mulation proceeded. The increased sulfur
content probably represents increased intro-
duction of sulfur into the swamp by surface
or groundwater as water depth increased.
The termination of these trends by fire and
sediment deposition demonstrates a rapid
and significant change in the water table.
The fusain parting changes laterally into a
bone coal parting and is present sporadically
throughout the Pittsburgh coal areal extent.
The four foot parting was extremely wide-
spread and occurs throughout the Pittsburgh
coal at approximately the same level in the
bed (Cross, 1952).

Autocyclic factors other than climate
doubtless contributed to the vast areal distri-
bution of the Pittsburgh coal bed. However,
the thickness and quality of the coal appears
to be strongly climate-controlled. During the
initial stages of accumulation of the Pitts-
burgh paleopeat annual rainfall, augmented
with surface water flow, was sufficient to
allow the development of a large planar
swamp. During later stages of peat develop-
ment the influential effects of rainwater vs.
surface/groundwater on peat composition,
which in-turn influenced ash yield, sulfur
content and maceral composition, varied with
location and time. Ash yield and sulfur con-
tent, as well as the degree of degradation of
the peat plant debris, were greater to the
west of the Morgantown area throughout the
paleo-peat thickness probably because of
more frequent and extensive incursions of
fresh surface and ground water into the peat
swamp. In the Morgantown area layers of
peat influenced by higher pH water alternate
with low-ash, low-sulfur peat influenced
during accumulation by ombrogenous water
as in the Greer estate coal column (figs. 20
and 21) and Morgantown Mall (fig. 19). To



HUNTINGTON

7 PITTSBURGH

i ,

’_/\/\
<

WHEELING

—
4 MORGANTOWN N

_ - ,
AT, S
) TIMALL, srop4 \; ﬁﬁ o

o)
<>

e

“&.8-

CLARK SBURG

V\ﬂ

S WESTON, STOP 5 ¥
: ~DUMPLING RUN SECTION /\/
&

BURNS RUN, STOP 6 COAL THICKNESS

\ CONTOUR INTERVAL 4 FEET
i
~.f
i

0O 10 20 30 40
MILES '

\W
e

@
\ CHARLESTON

MILTON, STOP 14

Figure 17) Map showing the areal extent of the Pittsburgh coal bed showing thickness isopach lines and field trip stop locations.
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Figure 19 - Ash yield and sulfur distribution in the Pittsburgh coal bed exposed at the Morgan-

town Mall cut.

_the east the Pittsburgh coal is thicker, lower
in ash-yield and sulfur than in the Morgan-
town area, and appears to have been, except
for the basal high ash and sulfur bench, in-
fluenced entirely by rainfall. The paleoclim-
ate during accumulation of the Pittsburgh
cpal was therefore, wet enough to allow ini-
tial swamp development and to allow parts of
the swamp to be maintained entirely on rain-
fall, but not wet enough to inhibit the regular
influx of surface and groundwater into the
swamp along the western margins. Subse-
quent stops (STOPS 5 and 6) will be in areas
where the Pittsburgh coal bed is thin, or
co‘mpletely absent. Discussions at these stops
will correlate these thin Pittsburgh coal oc-
currences with the coal in the Morgantown
area and evaluate the effect of paleotopogra-

phy on the development of the Pittsburgh
swamp and contemporaneous paleosols.

The Redstone coal exposed at this
stop shows a channel scour cut which eroded
through the sediments deposited over the
Redstone peat and partially into the peat.
The eastern portion of the channel rises in
the cut and the central portion is visible at
road level, while the western side of the cha-
nnel dips below road level. The coal was
incrementally sampled at the center of the
channel where the thickness was 0.6 m (1.95
ft) and as a full channel 21 m (70 ft) to the
east where 0.7 m (2.3 ft) of coal remain (fig.
22). Thickness of the coal away from the
channel in the high wall is approximately 1.2
m (4 ft). The lower 0.5 m (1.6 ft) of the coal
displays typical ash yield and sulfur distribu
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