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Figure 2. Graphic core description of the Simpson Group interval from the‘ Carter No. 2-A Davis well in sec. 33, T. 13
S., R. 10 E. (see Fig. 1). Arrowheads indicate boundaries of three recognized depositional sequences correlated in the
study. See Figure 3 for symbols.
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LITHOLOGY STRUCTURES FOSSILS Particle size/type
sandstone v burrows —+  skeletal fragments Carbonates
B boundstone
siltstone shell fragments A/# brachiopods GN  grainstone
PK packstone
WK  wackestone
shale I% wispy clay seams o~  ostracodes M mudstone
EVAP evaporite
E limestone clasts 8  crinoid
Clastics
. Pz~ small-scale trough
% dolomite % cross-stratification  DJAGENETIC FEATURES C  coarse
low-angle planar M medium
- rite i
chert cross-stratification ™ pyri F_ fine
VF  very fine
_ s it
oolitic phosphorite &7 dolomite SH shale

Figure 3. Key to lithology, sedimentary structures, fossils, and particle size/type for core description shown in Figure 2.

shales are potential source rocks in the Forest City basin.

Sequence Characterization from the
Natural-Gamma-Ray Spectral Log

Depositional sequences are correlated from the
Davis Ranch core, described above, to the Petro-Lewis

Gamma Ray

Viola

Decorah-
Platteville

St. Peter

Arbuckle
Structures
lamination o sandstone
planar bedding [—] siltstone
cross bedding 7] shale
burrows  [%7,] E=] limestone
E=S dolomite
i

Figure 4. Composite diagram showing geophysical logs of the Exxon No.
19 G. H. Davis well and lithologic description of the Carter No. 2-A Davis
well core: both wells are in sec. 33, T. 13 S., R. 10 E. Log is annotated with
formations (on left) and shows the location of depositional sequences 1,

2, and 3 in the St. Peter Sandstone, as identified in the core.

oolitic-phosphorite/chert

No. 7-1 Richards Fund well in sec. 7, T. 4 S.,,R. 14 E,,
McClain field, Nemaha County, Kansas, a distance of 65
mi. The depositional sequences were further examined
in the No. 7-1 Richards Fund well by using a natural-
gamma-ray spectral log (Figs. 8,9). Thorium (Th), ura-
nium (U), and potassium (K) logs, components of the
natural-gamma-ray log, are shown in Fig-
ure 8, accompanied by curves of the Th/U
and Th/K ratios (Fig. 9).

A lower Th/U ratio represents more
reducing conditions (e.g., uranium uptake
in organic carbon), whereas a higher Th/U
ratio suggests more oxidized and leached
conditions in which U concentration is
decreased and Th possibly is enriched. Val-
ues are neither highly oxidizing nor strong-
ly reducirg. Sequence boundaries are
denoted by slight increases in the Th/U
ratio, indicating greater oxidation. Urani-
um concentrations are relatively low,
whereas Th concentrations undergo wider
variation.

The depositional sequences are charac-
terized by upward increases in the Th/K
ratio, suggesting increased oxidation and
leaching, with slightly higher ratios closing
each sequence. A crossplot of Th and K for
the overall interval reveals two contrasting
trends of increasing K over Th. Some sam-
ples with high Th have especially low con-
centrations of K. These samples with
depleted K come from shales in sequence 1.
Berendsen and others (1992) suggested that
the depleted K and moderate Th concentra-
tions may reflect derivation of detritus from
an intensely weathered land area under
tropical conditions. Sequence 1 also con-
tains iron oolites. The concentration of iron
is thought to have been derived from relat-
ed weathering processes (Berendsen and
others, 1992). Perhaps the increases in the
Th/K ratio at or near the close of each
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Figure 5. West—east stratigraphic cross section, illustrating the thickening and more massive character of the St. Peter Sandstone in the Simpson Group toward the basin mar-

gin and the ancestral Ozark uplift. Datum is the base of the Viola Limestone. Section crosses the central Forest City basin. Index map of the section is shown in Figure 1.
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sequence are related to the introduction of more weath-
ered detritus during reemergence of the shelf.

ORGANIC-RICH SHALES IN THE SIMPSON
GROUP— PROSPECTIVE SOURCE ROCKS

Shales in the Simpson Group are believed to be the
source beds for most of the oil found to date in the For-
est City basin, on the basis of geochemical analyses and
correlations (Newell and others, 1987). This oil type is
also found in Pennsylvanian reservoirs such as at Easton
field in Leavenworth County, Kansas, along the eastern
and shallower margin of the Forest City basin (Fig. 1).

Oils from the Simpson, Viola, “Hunton,” and shal-
low Cherokee Group in the northern Forest City basin
have nearly identical chemical signatures, as revealed
by gas chromatography. Oils are similar to the bitumen
extracted from shales of the Simpson Group. Analyses
of 60 samples of shale from the Simpson and Platteville
along the axial regions of the Salina and Forest City
basins yielded oil-prone (Type 1) organic matter that
varies between nearly zero to more than 15 wt% total
organic carbon (Hatch and others, 1987).

The shales in the Simpson Group are typically organ-
ic rich and phosphatic. Although they are thin, they are
widespread. Geochemical indications, such as heavy car-
bon isotopes in marine organic matter and anomalous car-
bon isotopic shifts between organic matter and carbonate,
suggest that this was a time of high organic-matter pro-
ductivity and/or preservation (Hatch and others, 1987).

Rock-Eval pyrolysis indicates that Ordovician shales
are in initial stages of oil generation along the axis of the
Forest City basin and the axis of the adjacent Salina
basin. The modeling of thermal maturation of organic
matter indicates that maturation levels that are adequate
for petroleum generation were reached well past Late
Mississippian—Early Pennsylvanian deformation. This
late deformation was responsible for most of the struc-
tural trapping within the basin (Newell and others,
1987). Late petroleum generation suggests that favor-
able stratigraphic traps will be closely linked to the cur-
rent structural configuration.

SUMMARY AND CONCLUSIONS
Depositional Sequences in the Simpson Group

Depositional sequences in the Simpson Group are
recognized and appear to be widely correlatable. Suc-
cessive sequences undergo marked lithofacies shifts that
appear to be regional in extent. Basinal sections are
thicker and contain additional minor cycles.

Petroleum Exploration

Simpson Group oil production has been mainly from
structural traps. However, opportunities are favorable in the
Forest City basin and the southwestern Salina basin to
prospect for structural-stratigraphic traps where porous
and permeable clean sandstones pinch out updip as deposi-
tional sequences onlap the topographic highs and undergo
lateral lithofacies change. Thermal maturation may be suf-
ficient for oil generation in the relatively unexplored axis of
the Salina basin, which was part of the North Kansas basin
before it was bisected by the Nemaha uplift.
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Figure 6. South—north lithofacies cross section, based on neutron-density log tied back to core adjacent to southernmost
well, the Exxon No. 19 Davis. Datum is the base of the Viola Limestone. Index map of section is shown in Figure 1.
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Figure 7. Conceptual depositional profile and lithofacies within a single depositional sequence. This shows lithofacies
progradation and obeys Walther’s law of facies succession, in which sedimentation is more continuous in time through
a depositional environment nearshore to offshore of a sand shelf.

Reservoir Development

Producing zones in the St. Peter Sandstone reveal
vertical compartments related to sequence development
and facies successions. Local topography can present
considerable variations in thickness and lateral extent of
favorable reservoir rock. Changes in stratal succession
create opportunities for off-structure drilling where early
structural movement is indicated. Lateral and vertical
changes in stratigraphy and lithofacies must be consid-
ered when designing improved oil-recovery activities,
particularly involving any displacement process in which
reservoir conformance needs to be assured. Also, care
must be taken in perforating for production and injection
to assure that perforations are in the correct zone.
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