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Statement of Benefit
This cross section shows the continuity
of rock layers and correlations between
the Appalachian and lllinois Basins.
These relationships could be useful in
developing unconventional oil and gas
resources in both basins.
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Correlating Devonian-Mississippian Black Shales Across the

Cincinnati Arch in Kentucky

Devonian-Mississippian black shales are widespread across North America and underlie nearly 70 percent of Kentucky (Kepferle and
Roen, 1987; Ettensohn and others, 1988). These black-shale units are among the most thoroughly investigated formations in the com-
monwealth, because they have sourced most of the conventional hydrocarbons (Gooding and Ettensohn, 2008; Gooding, 2013), have
been major producers of gas in both the lllinois and Appalachian Basins, and have major potential as unconventional producers in both
basins. In fact, maturation indicators such as vitrinite reflectance and total organic carbon, from both basins, show that the shales are
mostly mature and had a high potential to generate hydrocarbons (East and others, 2012; Gooding, 2013; Ryder and others, 2013). In
Kentucky, however, temporal and stratigraphic relationships between basins differ, and the units in each basin are known by different
names, making cross-basin correlations difficult (Ettensohn and others, 1988). Thus, the purpose of this chart is to provide preliminary
interbasinal correlations based on five cores (A-E) available at the Kentucky Geological Survey Earth Analysis Research Library. This
chart correlates organic-rich shales across the Cincinnati Arch via radioactive stratigraphy and supplemental biostratigraphic control.
Where available, commercial gamma-ray logs were used for correlation, but where unavailable, artificial gamma-ray logs, or radioactivi-
ty profiles, were produced using a handheld scintillometer (Ettensohn and others, 1979).

Gamma-ray logs are the principal means of correlation in black shales, since most black shales look alike. Abundant organic matter
gives these shales their dark color, but the organic matter is not uniformly distributed and occurs in distinct stratigraphic intervals of
“hot” radioactive shales interbedded with gray shales or black shales that are not as radioactive—hence, “cold.” Informal radioactive
units (colored intervals on chart) have been designated and related to the formal stratigraphic units used on the chart (Provo and
others, 1978);, many of these hot and cold units can be correlated for more than 1,000 km using gamma-ray logs (Kepferle and others,
1978). Thus, this chart effectively correlates widespread, radioactive units, because radioactivity is an indicator of organic-rich shales
capable of producing hydrocarbons. In earlier work, the U.S. Department of Energy established a +20 API unit gamma-ray shift (ap-
proximately 5 counts per second or 120 ohms) or higher above the Three Lick Bed line as an indicator of hot, radioactive shales (Dill-
man and Ettensohn, 1981). Based on this guideline, in the Appalachian Basin, the Sunbury and Upper and Lower Huron Members of
the Ohio Shale are suitable targets, whereas in the lllinois Basin, nearly the entire Grassy Creek and Morgan Trail Members of the New
Albany Shale/Group are possible targets. Hence, this nearly east-west, 480-mi-long section can be used to discern critical units, under-
stand them, and correlate them via gamma-ray logs.

Chronostratigraphic stages and their approximate absolute ages (Ogg and others, 2016) are provided to help explain temporal relation-
ships between the basins, but the association of these stages with definite lithostratigraphic units, especially in the lllinois Basin, is
problematic. In Kentucky parts of the Illinois Basin, both lllinois and Indiana unit names are used, and unit names are largely based on
shale color: either gray, black, or some combination. We also know, however, that shale color in any one unit can change relative to dep-
ositional environment (Ettensohn and Elam, 1985), meaning that as units thicken or thin during color changes, any associated chrono-
stratigraphy may also change. Other data on shale correlations can be found in Ettensohn and others (1988, 1989), Sandberg and others
(1994), Over (2002, 2007), and Over and others (2009).

Not only do the names and relative ages of the shales change across the Cincinnati Arch, but the thicknesses of the shales and their
subunits also change. In western Kentucky parts of the Illinois Basin, the shales attain a maximum thickness of 472 ft (Shaver, 1985),
although the thickness of shales in core E is about 390 ft. In contrast, in eastern Kentucky parts of the Appalachian Basin, the entire
black-shale sequence is approximately 1,800 ft thick (Dillman and Ettensohn, 1980), but in core A, which is cut off at the bottom by a
thrust fault, the entire sequence has a thickness of 545 ft. Between the basins in the Cincinnati Arch region of central Kentucky, the
shale thins to around 60 ft in core C and to less than 45 ft in core D. Farther south on the arch in Kentucky, the shale thins to 4 ft (Catter-
mole, 1963).

In the area of thinning across the Cincinnati Arch, the unique Portwood Member of the Borden Formation (core C), which is partially
equivalent to the Blocher Member of the New Albany Shale/Group in the lllinois Basin (cores D and E), occurs at the base of the New
Albany Shale/Group. The Portwood is unusual in that it is Middle Devonian (Givetian) in age, and not only contains organic-rich black
shale, but also organic-rich, fossiliferous dolostones, sandstones, and breccias that occur in small, fault-bound basins (Ettensohn and
others, 1991). In the lllinois Basin, the Blocher is much more widespread and also contains younger Late Devonian (Frasnian) strata.

Although erosion has destroyed evidence of shales across northern parts of the Cincinnati Arch, Devonian-Mississippian black shales
are preserved near the present-day axis of the arch in Garrard County, Ky. (core C), so thinned shales may have been deposited every-
where across the arch. Based on total section thickness, the Devonian axis of the arch apparently passed near Marion County, Ky. (core
D), and was apparently not the same as the present-day or late Paleozoic axis. Thus, the axes of the arch changed through time, and
during Devonian-Early Mississippian time, much of the arch area appears to have been an uplifted platform across which the thinned
black-shale units were deposited (cores C and D). By late Frasnian time, Acadian orogenic loading from the east depressed the arch
area so much that the Appalachian Basin yoked with the lllinois Basin, permitting Appalachian Basin lithologies to cross the arch into
the lllinois Basin (Ettensohn, 1998). The first units to join across the arch were gray shales of the Upper Olentangy and Selmier Mem-
bers of the New Albany, but as subsidence continued, organic-rich dark shales (Morgan Trail Member of the New Albany) similar to
those in the Appalachian Basin crossed the arch into the lllinois Basin. This cross section also shows that prior to basin yoking, the Cin-
cinnati Arch isolated the two basins so that the history of shale deposition in them was partly different.

Black shales in both basins have traditionally been inferred to represent slow deposition in deep anoxic waters distal to Catskill clastics
on the eastern margin of the continent (Ettensohn and Barron, 1981, Ettensohn and others, 1988; de Witt and others, 1993; Kepferle,
1993). Studies of trace elements, as well as of carbon, oxygen, and sulfur isotopes, have suggested variable oxygen conditions during
deposition, however, from anoxic to dysaerobic to oxic (Sageman and others, 2003; Rimmer, 2004; Perkins and others, 2008). The infer-
ence of regional deep-water environments because of anoxia has been challenged in recent years. In at least some areas, shallower
water depths have also been interpreted (Schieber, 1994, 1998; Schieber and Riciputi, 2004; Alsharani and Evans, 2014). In addition, as
Ettensohn and others (1988) have demonstrated, the mineralogical composition of gray and black shales in these sequences is essen-
tially the same, except for the presence of abundant organic matter in the black shales. The presence or absence of organic matter,
moreover, has been interpreted as representing the position of the paleo-pycnocline (level at which O, declines rapidly) between rela-
tively deeper, downdip, anoxic water, in which organic matter is largely preserved, and shallower, updip, dysaerobic to oxic waters, in
which most organic matter is destroyed (Cluff, 1980; Ettensohn and Elam, 1985). Such changes relative to changing water depth sug-
gest that the alternation of hot, organic-rich black shales with the cold, organic-poor gray shales observed in these sequences may
merely reflect changing sea level or circulation patterns.
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