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modified van Krevelen diagram. This diagram is a plot of the
hydrogen index and the oxygen index (OI) (S, and S3
normalized by total organic carbon respectively), and gives
an indication of the type of organic matter (types I, IL, III, and
IV) and the degree of thermal evolution. Type I organic mat-
ter is hydrogen rich (sapropelic or lipid rich), is present pri-
marily in marine and lacustrine rocks, and generates mainly
oil during catagenesis. Type II organic matter is generally
present in marine rocks and generates oil and gas during cat-
agenesis. Type III kerogen is oxygen rich and hydrogen poor
(huminite and vitrinite), is present mainly in terrestrial, mar-
ginal-lacustrine, or marginal-marine rocks, and generates
mostly gas during catagenesis. Type IV organic matter is
inert, contains very little hydrogen, and has no hydrocarbon-
generating capability. Its path is not shown in figure 7 but
would plot below that of type III.

Figure 7 illustrates the types of organic matter in the St.
Louis Limestone samples using a modified van Krevelen
diagram. Only samples that have total organic carbon values
greater than 0.50 weight percent were plotted. Samples from
drill cores SDH-16 and SDH-190 plot in the type II-III area,
indicating that they are potentially source rocks for both oil
and gas. A mixture of type II and III organic matter is
expected for the depositional setting of the lower part of the
St. Louis, in which semirestricted, nearshore environments
acted as a sink for accumulation and preservation of both ter-
restrial and marine organic matter.

There is no apparent correlation between environment
of deposition of St. Louis samples and the type of organic
matter as represented by the position of the samples on the
modified van Krevelen diagram (compare table 2 and figure
7). One might expect that samples from the more restricted
lagoonal facies would contain more terrestrial organic matter
than samples from the maximum normal marine facies; how-
ever, this correlation is probably absent because the lateral
shift in the depositional environments within the inner shelf
in the study area is nominal.

THERMAL MATURITY

The level of thermal maturity of samples of the St.
Louis Limestone that have total organic carbon values
greater than 0.50 weight percent was estimated three ways.
The first method used the relative position of the points plot-
ted on the modified van Krevelen diagram. In general, plot-
ted samples should migrate toward the origin of the diagram
(HI=0, OI=0) with increasing maturity. The fact that the St.
Louis Limestone samples fall well away from the origin sug-
gests that they are relatively immature (fig. 7).

A second thermal maturity indicator used was T,x, the
temperature at which maximum yield of hydrocarbons
occurs during pyrolysis or, in other words, the temperature at
which the S; peak occurs. The onset of oil generation (tran-
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Figure 7. Modified van Krevelen diagram of hydrogen and oxy-
gen indexes determined by pyrolysis for samples in Survey Drill
Hole 16 (solid circles) and Survey Drill Hole 190 (triangles) for
samples containing 0.50 percent or greater total organic carbon.

sition from immature to mature) is considered to occur at a
Tmax of 430°C (Humble Laboratory, 1993, based on written
communication from J. Espitalie, 1982) or 435°C (Tissot and
Welte, 1984), and the upper limit of oil generation occurs at
about 460°C (Tissot and Welte, 1984). Peters (1986) sug-
gested that the analytical error of a measured Ty, is com-
monly from 1° to 3° C. All of the St. Louis Limestone
samples have Tp,x values of less than 435°C, although a few
have values only 1°-2° C lower (table 1). Most samples
from drill core SDH-190 have Ty« values between 430°C
and 435°C, and these samples could be within the oil-gener-
ation window, depending the classification of thermal matu-
rity used and on analytical error. Samples containing less
than 0.50 percent total organic carbon have spurious Ty
values due to low S; and S, values; thus, Ty values for
these samples are not shown in table 1.

Several variables (such as clay content, type of organic
matter, and ratio of organic matter to mineral matrix) affect
the temperature of onset of hydrocarbon generation, and
therefore that temperature should vary from sample to sam-
ple (Peters, 1986). Thus, use of a rigid temperature value of
435°C to depict the onset of hydrocarbon generation may
have less validity than would a range of temperatures.
Regardless of the classification used, Tpax values in the St.
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Table 3. Pyrolysis parameters used to define source rock generative potential.

[Parameters are defined in table 1]

TOC S S Sz Si+S2
Quantity (wt. percent)’ (mg/g)' (mg/g)' (mg/g)® (mg/g)’
Poor 0-0.5 0-0.5 0-2.5 0-2.2 <2
Fair 0.5-1 0.5-1 2.5-5 2.2-5.5 2-6
Good 1-2 1-2 5-10 >5.5 >6
Excellent 2+ 2+ 10+ >5.5 >6
TPeters (1986).

Humble Laboratory (J. Espitalie, written commun., 1982).

*Tissot and Welte (1984).

Louis Limestone suggest that the formation is immature to
marginally mature where sampled.

The third thermal maturity indicator is the production
index (PI) or transformation ratio. Production index is
defined as the ratio of volatile hydrocarbon yield to total
hydrocarbon yield S;/(S; + Sp). The transition from imma-
ture to mature, or beginning of the oil window, is about
PI=0.10, and the end of the oil window is about PI=0.50
(Tissot and Welte, 1984). According to production index
values, most of the samples are immature; however, sam-
ples 5, 11, 12, 15, and 16 have values slightly greater than
0.10, indicating that they are marginally mature (table 1).
Samples 13 and 14 have a PI=0.09, placing them just below
the oil-generation window. Production index values for
samples containing less than 0.50 percent total organic car-
bon and having low S and S, values are not reliable and
thus are not shown in table 1.

The three maturity indicators used are internally consis-
tent and indicate that the St. Louis Limestone samples are
immature to marginally mature. Tp,,x data for the samples
containing greater than 0.50 percent total organic carbon
show a slight regional cooling from SDH-190 (average
value 432°C) to SDH-16 (average value 428°C), consistent
with the overall reduction of the paleothermal history from
south to north in the basin. The production indices show a
slight decrease from SDH-190 to SDH-16, which is also
consistent with the overall reduction of the paleothermal gra-
dient from south to north in the basin.

These trends are within the general pattern of thermal
maturity in the basin determined on the basis of vitrinite
reflectance data for the underlying Upper Devonian and
Lower Mississippian New Albany Shale and coal-rank data
for overlying Pennsylvanian coal measures. In the areas of
the SDH-16 and SDH-190, vitrinite reflectance of the New
Albany Shale is approximately 0.60 percent (Barrows and
others, 1979; Barrows and Cluff, 1984). It should be noted
that vitrinite reflectance values of the New Albany may be
suppressed and that the corrected values could be as high as
0.70-0.80 percent. If we extrapolate coal-rank trends of the

Herrin No. 6 coal bed in Illinois (Damberger, 1971) into
western Indiana, vitrinite reflectance values in the area of the
SDH-16 and SDH-190 would be in the 0.60-0.70 percent
range. Thus, the St. Louis Limestone samples have an equiv-
alent vitrinite reflectance (based on Tp.x and production
index values) of approximately 0.60-0.65 percent, values
consistent with the vertical vitrinite reflectance profile or
gradient in that part of the Illinois Basin.

PETROLEUM POTENTIAL

Several pyrolysis parameters are commonly used to
define source rock favorability. These include S, S,, and
S14S,, which is the genetic potential of Tissot and Welte
(1984). The categories of source rock favorability for these
parameters are shown in table 3. If only the S| peak is con-
sidered, then samples 7, 9, and 11 from drill core SDH-16
and samples 13 and 14 from drill core SDH-190 are fair to
excellent source rocks (tables 1, 3). If only the S, peak is
considered, samples 6, 7, 9, and 11 from drill core SDH-16
and samples 13, 14, and 15 from drill core SDH-190 are fair
to excellent source rocks (tables 1, 3). If only genetic poten-
tial (S{+S,) is considered, samples 6, 7, 9, and 11 from
SDH-16 and samples 13, 14, and 15 from SDH~190 are fair
to excellent source rocks.

To date, no oils have been reported as sourced from
Mississippian rocks in the Illinois Basin. Because biomarker
information on organic matter in the St. Louis Limestone is
not available, it is not known whether oil has actually been
generated from the St. Louis and its signature masked by
commingling with oils generated from the New Albany
Shale. On the basis of the limited Rock-Eval pyrolysis data
presented herein, the St. Louis Limestone could be consid-
ered a fair to excellent potential source rock for both oil and
gas in the Illinois Basin. Our suite of data is fairly limited, so
we cannot say for a certainty that the St. Louis Limestone has
similar source rock potential in other parts of the basin; how-
ever, paleoreconstructions in progress by the senior author
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indicate that favorable facies may be present in the deeper
part of the basin. The distribution of organic-rich beds
should coincide with the occurrence of evaporite beds or
rocks of restricted marine origin because organic matter has
the greatest potential for preservation in these depositional
environments.

The samples analyzed are immature to marginally
mature because the St. Louis on the eastern side of the Illi-
nois Basin was never buried under significantly more over-
burden (303 m [1,000 ft] or less) (Cluff and Bymes, 1990)
than it is today. It is likely that, in the deeper parts of the
basin, with additional depth of burial, or in areas with a
higher paleothermal gradient, the St. Louis Limestone will
be more thermally mature and hence further into the hydro-
carbon-generation window.

Organic-rich strata are present in beds that range in
thickness from a few centimeters to as much as a meter.
These strata are thinner where they coincide with the maxi-
mum flooding surface and thickest in restricted lagoonal
environments. Although individual beds are not unusually
thick, the combined thickness of organic-rich strata in all the
cycles represents a few percent to as much as 15-20 percent
of the lower part of the St. Louis. Thus, the cumulative
thickness of favorable source rock beds suggests that further
study of the source rock potential of the St. Louis is
warranted.

SUMMARY

The data presented herein suggest that the lower part of
the Mississippian St. Louis Limestone could be a source of
hydrocarbons in the Illinois Basin; however, additional stud-
ies of the source rock potential are needed. Such studies
would include characterization of the organic matter in the
St. Louis and the application of sequence stratigraphic con-
cepts to paleoreconstruction of the lower part of the St. Louis
to delineate favorable source rock facies. Source rock facies
containing high amounts of preserved total organic carbon
should have a laminated or compacted rock fabric; they
should coincide either with maximum flooding during peak
transgression or with restricted marine environments that are
associated with evaporites. Potential for actual hydrocarbon
generation from these rocks is greatest in the thermally
mature parts of the Illinois Basin such as the deeper parts of
the structural basin or the area around Hicks dome, which is
an area of probable high heat flow in the southern part of the
basin (fig. 1). Local oil-bearing reservoirs in the St. Louis
and overlying Ste. Genevieve Limestones in proximity to
organic-rich facies in the lower part of the St. Louis should
be evaluated to see if the oils were sourced (at least in part)
from the St. Louis. Evaporites in the St. Louis, although not
very thick, could have served as local seals.
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