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Figure 17. Overturned cosets overlain by the Sm unit. Cosets are overturned in a downcurrent direction and grade to the right into a

massive sandstone (Sm) unit.

Facies 1, 2, and 3 identified at Turkey Run State Park can be
correlated to deposition within the bar top, bar head, and
bar tail or platform of a macroform (fig. 18). Macroforms for
both high- and low-sinuosity channel systems can be subdi-
vided into two parts: the bar head and bar tail (Bluck, 1981).
The bar head is the upstream coarse-grained end, and the bar
tail is the downstream fine-grained end. In braided-

channel systems the bar head is the part of the bar form most
affected by flow-discharge fluctuations (Bluck, 1980, 1986).

The facies 1 bar-top deposits of ripples and megaripples
are in the highest position on the Turkey Run macroform
and may be part of the bar-head sequence. Exposures are

such that it is not apparent whether this facies represents a
reworking or deposition of sand during waning flood condi-
tions or, conversely, is part of a channel-abandonment facies.
We hope that future drill holes through this interval will help
clarify the nature of this facies.

Facies 2 is interpreted as having been deposited in a bar-head
setting characterized by fluctuating flow. This is consis-

tent with the dominance of ripple-modified second-order
bounding surfaces along with the occurrence of large-scale
sediment gravity flows. The bar head in the study area was
dominated by extensive sand sheets and large lingoid to lu-
nate dunes that were active only during flood events. Waning
flow caused destabilization of the bar flanks and subsequent
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Figure 18. Schematic diagram of a reconstructed Turkey Run macroform. The vertical scale is indicated. Horizontal dimensions and set

and coset thicknesses are drawn to a relative scale.

sediment gravity flows that disrupted or destroyed original
bedding. Waning flow and low flow also resulted in surface
modification of the large dune forms.

Facies 3 is believed to represent the bar-tail deposit. This
interpretation is consistent with the lack of evidence of
flow-magnitude variability within the facies (especially the
absence of second-order surfaces). In addition, the oblique
fill patterns within facies 3 may indicate separation around
an exposed bar head.

It is possible that the lower part of facies 3 may have been
deposited on a bar platform. Platform deposits form within
active channels and can be characterized by bed forms of
similar magnitude to bar-tail deposits showing only less
directional variability of paleoflow (Haszeldine, 1983b).
Platform deposits occur under bar-tail deposits (Bluck, 1979,
1980, 1986). Nowhere along Turkey Run Creek was the
basal contact of the sandstone exposed. In addition, primary
sedimentary structure data are difficult to obtain in the lower
3 to 6 feet, because the sandstone tends to wick up water
from the creek and spall off.

The magnitude of the macroform indicates that water during
flood stage must have been at least as deep as the cliff face is
high (70 feet). Bar forms of such magnitude strongly suggest
that the sandstone belt, which is a half-mile wide (fig. 3),

defines the limits of a single channel.
STOP 2

Stop 2 (figs. 3 and 19) consists of three outcrop exposures
of the interbedded sandstone and mudstone facies along
Turkey Run Creek. These exposures are southeast of stop

1, on strike, and stratigraphically equivalent to the upper
20 to 30 feet of sandstone at stop 1 (fig. 19). This facies is
mudstone-dominated near stop 1 and becomes progres-
sively more flaser-bedded toward stop 3. The mudstones are
gray, have very fine horizontal laminations, and are highly
variable in fissility. Small siderite nodules containing small,
poorly preserved plant fragments as a nucleus are common.
Finely disseminated plant material on bedding surfaces also
increases toward stop 3.

The flaser-bedded sandstones are composed of fine-grained
sandstone. The ripple forms are both symmetrical and asym-
metric. Asymmetric ripples with rounded crests are the more

dominant type. In places, the ripple forms appear to climb.
Each individual ripple is draped by a thin layer of mudstone
less than 1 mm thick.

Interbedded with the flaser-bedded sandstones near stop 3
are fine- to medium-grained trough cross-stratified sand-
stones. These sandstone bodies are generally less than 8
inches thicker, are coarser-grained, and consist of stacked sets
of small-scale trough cross-stratification. These sandstone
bodies can be traced laterally to a sandstone channel deposit
that is 6 to 10 feet thicker.

STOP 3

Stop 3 is on strike with stops 1 and 2 and is along an
east-west tributary of Turkey Run Creek about 1,000 feet
southeast of stop 2 (fig. 3). The rocks exposed at stop 3 (fig.
19) are laterally equivalent to the upper 10 feet of sandstone
at stop 1. The cross-stratified sandstone facies, the coal and
paleosol facies, and the interbedded sandstone and mudstone
facies are present. Facies changes occur rapidly, both verti-
cally and laterally.

Two sandstone bodies (A and B) represent the cross-
stratified sandstone facies (fig. 19). Both sandstones are
well-sorted medium-grained quartz arenites ranging from 6
to 12 feet in thickness. Intraformational clasts of ironstone,
geothite-cemented siltstone, and peat rip-ups are common
near the base of the sandstones.

Sandstone unit A (fig. 19) is a channel deposit about 65 feet
wide and 6 to 9 feet thick. Unit A has an erosive base that is
marked by a lag deposit of intraformationally derived sider-
itic clasts. This unit is predominantly structureless; however,
trough-shaped scours are present along the base. The trend of
this sandstone body and the orientation of the scours at the
base suggest a northwest-southeast orientation.

Sandstone unit B (fig. 19) downcuts and overlies sandstone
unit A and is also a narrow channel deposit. This sandstone
body is about 50 to 65 feet wide and 9 to 13 feet thick. Unit
B has an erosive base and contains numerous peat rip-up
clasts. The dominant primary sedimentary structures are
stacked sets of wedge-shaped trough cross-stratification. Sets
range from 2 to 30 inches in thickness. Foresets commonly
display an alternation between finely disseminated plant frag-
ments and sand.
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Figure 20. Schematic cross section showing stratigraphic relationships of sections at stops 1, 4, and 5. Facies and mean paleocurrent

directions are shown.

The paleocurrent direction of flow for this channel body
was to the east-northeast. This contrasts sharply with the
southwesterly paleoflow direction of stop 1. The paleocur-
rent measurements taken from trough crossbeds and trough
axis are unimodal, range from N 50 E to S 70 E, and have a
dominant direction of N 80 E. Two other sandstone channel
bodies are to the northeast and north of stop 3. These chan-
nelized bodies are at about the same stratigraphic horizon
and have a similar paleocurrent flow direction. It is uncer-
tain if this represents a regional trend at this stratigraphic
horizon.

Interbedded with and underlying sandstone A are sediments
assigned to the coal and paleosol facies. This facies is poorly
exposed but is represented by thin fissile low-grade coals and
paleosols containing abundant plant fragments. Interfinger-
ing with sandstone B are the interbedded sandstone and
mudstone facies of stop 2. At stop 3 this facies is more sand-
stone-dominated than at stop 2. The sandstones are ripple-

laminated and contain abundant plant fragments.

STOP 4

Stop 4 is at the east end of an east-west ridge on Sugar Mill
Creek, 1 mile north and 2,100 feet updip of stop 1 (figs.

3 and 20). This stop exhibits a variety of weathered and
nonweathered exposures of the interbedded sandstone and
mudstone facies. Weathered exposures along the north side
of the ridge are similar in character to those examined in the
shaly cutbanks seen at and between stops 2 and 3. An ex-
amination of the chip-covered slopes indicates the common
presence of isolated sandstone ripples within the shales. The
bases of many of the ripples exhibit the relatively common
occurrence of bioturbation suggestive of marine influence.

Along the eastern termination of the ridge, a slight overhang
of sandstone has protected the underlying sandstone and
mudstone facies from becoming deeply weathered. This
exposure affords recognition of sedimentological detail that,
although available in core analyses, is rarely available in field-
based studies. In this exposure, flaser- to wavy-bedded sand-
stones are manifested as climbing ripple laminations. Each
ripple is draped by a thin mudstone layer that is less than
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Figure 21. Closeup of rhythmically interbedded sandstone and mudstone. Arrows denote neap-tide deposits. Note continuity of mud
drapes over the sandstone streaks and ripple forms. Scale bar is approximately four inches long.

1/16-inch thick, and laterally persistent. In a vertical sense
the height of the ripples rhythmically decreases and increases
(fig. 21). Small-scale cycles 0.8 to 2.7 inches thick are evident
within this rhythmic bedding. Such cycles are delineated by
a mud-rich zone that becomes dominated by thin sandstone
laminae and (or) ripples as sand increases. The sand content
diminishes upward, and the cycle is capped by another mud-
rich zone. These symmetrical coarsening and fining cycles
(fig. 22) are very similar to neap-spring tidal cycles described
for the Mansfield and Brazil Formations elsewhere in Indiana
(e.g., Kvale and Archer, 1991; Kvale and Mastalerz, 1998).
Such cycles are related to the systematic variation in tidal
height that occurs during the Moon’s orbit around the Earth.
The most familiar of these cycles to geologists is the synodic
cycle. During the 29-day synodic month, the Earth, the
Moon, and the Sun are aligned at full or new Moon. At this
time, the highest tides—spring tides—occur because of the
relatively strong gravitational attraction on the Earth’s oceans
by the combined effects of the Moon and the Sun. Con-
versely, lower tides—neap tides—occur when the Moon is at
Ist or 3rd quarter and at right angles to a line between the
Earth and the Sun (see Kvale et al., 1999, for a more detailed
discussion).

Detailed measurements of these 1/,-inch-thick cycles indi-
cate a relatively systematic thickening and thinning (fig. 23)
that serve to define larger-order cycles consisting of about 16
to 18 smaller-scale (neap-spring) cycles. Harmonic analyses

of thicknesses of the smaller-scale cycles indicate that the
larger-scale cycles are statistically significant and consist on
the average of about 17 smaller-scale cycles (fig. 24). These
larger-term cycles are very similar in periodicity and thick-
ness to cycles interpreted as yearly in other parts of the
Mansfield Formation (Kvale et al., 1999).

Very high rates of vertical accretion are indicated by such
neap-spring cycles. The sandstone and mudstone facies is ex-
posed along a long, low cutbank about 500 feet downstream
and on the opposite side of Sugar Mill Creek (southern side).
These exposures reveal broad (tens of feet), low (3 feet thick)
channel forms that have been filled with thinly interbedded
sandstones and shales. These broad scours, which formed
perhaps by storm tidal-current channeling, apparently filled
rapidly with sand and mud laminae produced by daily tidal
cycles on being abandoned. Thus the vertical accumulation
rates inferred from stop 4 were probably operational only on
a very localized and limited lateral and vertical scale.

Between stops 4 and 5, several relatively thick coals can be
observed along the opposite (north) side of the creek. On the
basis of our current understanding of the tidally related dep-
ositional environments of the mudstone and sandstone fa-
cies, it becomes apparent that these coal-forming peats were
deposited in marginal marine, although subaerial, settings.
Many of the entrenched paradigms regarding upper delta
plain and completely freshwater environmental settings for



Figure 22. Interbedded sandstone and mudstone facies
exhibiting rhythmic bedding. Arrows denote positions of neap tide
deposits. Note climbing ripples above ruler. Ruler is six inches
long.

the mudstone and sandstone lithofacies and associated coals
need to be reexamined in light of the pervasive tidal compo-
nent expressed within the sedimentology of these units. The
volumetric importance of the interbedded sandstone and
mudstone facies, which comprises probably 65 to 75 percent
of the Lower Pennsylvanian within the study area, has been
overlooked in previous studies. The concentration on major
sandstone geometries and coal occurrences has tended to
ignore the dominant lithofacies. Therefore, previous deposi-
tional models for the Pennsylvanian that relied on volumetri-
cally minor coals and sandstones need to be revised.

STOP 5

Stop 5 is 2,000 feet southwest of stop 4 along Sugar Mill
Crecek (figs. 3 and 20). The cross-stratified sandstone facies
is represented at stop 5 by 25 feet of medium-grained planar
and trough cross-stratified sandstone similar to that exposed
at stop 1. This sandstone has an erosional and an interbed-
ded relationship with the underlying interbedded sandstone
and mudstone facies. Trough cross-stratification is the domi-
nant primary sedimentary structure preserved. Sets range
from 4 inches to 4.3 feet in thickness, and the toesets and
foresets are commonly preserved. Reactivation surfaces are

also common. Paleocurrent measurements taken from trough
cross-stratification indicate a dominant flow direction of S
75 W. This paleocurrent direction is similar to paleocurrent
measurements taken at other exposures of the crossbedded
sandstone facies in the Turkey Run State Park area and to the
fluvial sandstone deposits seen at stop 1.

Stacked sets of what appear to be herringbone cross-
stratification are also present in this outcrop. The dominant
paleoflow directions are about N 52 E and S 65 W. Although
Alam (1985) has shown that herringbone cross-stratification
can form in fluvial environments, the close stratigraphic prox-
imity of the tidal deposits of stop 4 indicates that this sand-
stone channel system may have been fluvially dominated, yet
tidally influenced. The identification of primary sedimentary
structure becomes a most important component of geologic
observation and helps to avoid the pitfalls of preconceived as-
sumptions in interpretating depositional environments.

DISCUSSION OF THE GEOLOGY OF THE
TURKEY RUN STATE PARK AREA

Surface and subsurface studies within the Wallace Quad-
rangle area have revealed a complex interfingering of
nonmarine and marine or marine-influenced deposits. A
marine influence within the sediments can be demonstrated
by linguloid brachiopods, specific trace fossils, conodonts,
and tidal rhythmites. A terrestrial influence is most apparent
within rocks containing rooted horizons (paleosols), coals,
palynomorphs, and plant fossils. Primary sedimentary struc-
tures described from the surface outcrops and subsurface
core also indicate a mixture of marine and terrestrial influ-
ences. A strong argument can be made that the crossbedded
sandstone facies, such as is represented by the sandstone
body that crops out in Turkey Run State Park (stop 1), was
deposited within a braided channel system that was fluvially
dominated. This system could develop within an upper or a
lower delta plain or inland from an estuarine environment,
and so, by itself, is not generally useful in interpreting a
regional paleoenvironmental setting.

Perhaps the most useful of all the lithofacies described, in
terms of interpreting the regional depositional setting, is the
interbedded sandstone and mudstone facies. Most of the
Pennsylvanian rocks within the study area are composed of
this facies. In addition, it is this facies that contains con-
odonts, the most abundant and varied trace fossils, and the
preserved tidal rhythmites as seen at stop 4 (figs. 20 and 21).
By volume alone, this facies seems to have been the prod-
uct of the dominant depositional environment within the
study area. The mixture of terrestrial and marine fossils, the
dominance of the traces Planolites and Chondrites and the
presence of linguloid brachiopods indicate a somewhat re-
stricted (brackish) coastal environment for most of the facies.
The environment of deposition was less restricted and more
marine according to conodonts at one locality (Carl Rexroad,
oral communication, 1988). This interpretation is further
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supported by the periodic occurrence of the traces Zoophycos
and Conostichus burrows within the facies.

The pervasive dominance of flaser, wavy, and lenticular bed-
ding within the interbedded sandstone and mudstone facies
clearly shows a mixed sand and mud system. Within a coastal
environment such systems are common indicators of tidal
influence (Reineck and Singh, 1980; Clifton, 1982). Tidal
influences for this facies is supported by the neap-spring tidal
cycles evident at stop 4 and the frequent fluctuations in cur-
rent strength as indicated by the abundant clay-draped ripple
forms.

Cycle thickness (cm)

I

10 15 20 25 30 35 40 45
Neap-spring cycle number

Figure 23. Histogram of neap-spring—cycle thicknesses
measured within lower part of stop 4. Larger-scale cycles, which
consist of about 16 to 18 neap-spring cycles, may reflect yearly
cyclicity.

Power spectral density

0 ' 02 ' 04
Frequency (1/cycles)

Figure 24. Maximum-entropy-method spectrum of neap-spring—
cycle thickness depicted in Figure 23. Numbers above peaks refer
to number of neap-spring cycles. Strongest peak, which consists
of 16.7 neap-spring cycles, may reflect the periodicity of a yearly
cycle.
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