Stratigraphy and depositional setting of the lower Missourian
(Pennsylvanian) Bethany Falls and Mound Valley limestones,
analogues for age-equivalent ooid-grainstone reservoirs, Kansas

John A. Frenchand W. Lynn Watnéy

Abstract Significant quantities of mobile oil remain in Pennsylvanian reservoirs

in the midcontinent region of the United States. To recover this oil efficiently, we must
understand the factors that control heterogeneity in these complex reservoirs. One way
to accomplish this is to evaluate reservoir-quality carbonate units that occur in both the
outcrop and the shallow subsurface as analogues to equivalent producing zones. In
southeastern Kansas the lower Missourian Bethany Falls and Mound Valley limestones
contain oolitic grainstones similar to coeval productive lithofacies that occur in the
deeper subsurface to the west. Depositional sequence analysis of these grainstone-
bearing units suggests that (1) at least two cycles of relative sea-level change led to the
deposition of discrete oolitic grainstones that are separated by subaerial exposure
surfaces, with these surfaces strongly influencing the vertical distribution of porosity,
and (2) the character and distribution of reservoir-scale grainstone buildups were
strongly controlled by preexisting depositional topography.

Pennsylvanian rocks of the midcontinent region of the Unitpérmeabilities. In another case the K zone in the Victory field
States ultimately may produce 9 billion barrels of oil (Rascbas high porosity but limited areas of high permeability
and Adler, 1983). In Kansas 500 million barrels of unswe@Watney and French, 1988). The Victory field example
mobile oil remain in existing Pennsylvanian reservoirs (BP@arallels the situation observed in the rocks that are the focus
Toris database). Most of these reservoirs occur in relativelfithis article. Such reservoir heterogeneities must be under-
thin and discontinuous oolitic and bioclastic grainstonestpod by development geologists to maximize recovery from
phylloid-algal, chaetetid, and crinoid-bryozoan-dominatatiese fields through application of secondary and tertiary
carbonate buildups, and quartz-rich sandstones (Watneyeebvery methods.
al., 1989). The occurrence of individual carbonate reservoirsTo better understand the vagaries of porosity and perme-
is related to both favorable depositional settings, such aslity trends in carbonate reservoirs in the lower Missourian
high-energy shoals, and pervasive early diagenesis assbansing and Kansas City Groups in Kansas, analogues of
ated with subaerial exposure, where porosity commorgyoducing zones are being developed through studies of age-
developed through dissolution of carbonate grains by megewivalent rocks in outcrops and shallow cores and by using
oric waters. an extensive wire-line log database. The reservoirs generally
Porosity and permeability development in these Pennsgtcur at depths of several thousands of feet in central and
vanian carbonate reservoirs is commonly heterogeneeuestern Kansas, and lithologic information of the quality
because of the complex interplay among depositional, dpevided by outcrops and closely spaced cores is typically
genetic, and tectonic processes that influenced resentaaking. Thus analogue studies will provide a detailed under-
evolution, and both vertical and lateral heterogeneity canstanding of the controls on reservoir geometry and quality in
significant. For example, the 80-well Cahoj field in Rawlinstrata equivalent to producing zones.
County, Kansas, is compartmentalized into producing zonesOur purposes here are to describe and interpret the occur-
that vary from 1 to 10 wells (Watney et al., 1992). Thesence of porous carbonate lithofacies in the Bethany Falls and
compartments are apparently discontinuous pods of skel&talund Valley limestones that crop out or are near the surface
grainstone that were variably affected by carbonate cementeBourbon and Allen counties, southeastern Kansas. These
tion or dissolution (Watney, 1980). Porosity is only auonits are lithologically similar and genetically equivalent to
indirect indication of potential producibility in this reservoirthe oil- and gas-producing K zone that occurs in the subsur-
high porosities are not necessarily associated with hifglte in central and western Kansas (Watney, 1984; Watney
and French, 1988). Information about processes such as
1. Kansas Geological Survey and Department of Geology, Univeelative sea-level change and diagenesis, which profoundly
sity of Kansas, Lawrence, KS 66047. affect the distribution of porous and permeable lithofacies in
this unit, is potentially transferable to the equivalent produc-

Current Research on Kansas Geology, Summer, Bd®tin 235,
Kansas Geological Survey, Lawrence, pp. 27-39. Ing zones.
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Figure 1. Schematic section of a portion of the Pennsylvanian A Area shown in fig. 7 ( )

System in Kansas showing the interval discussed in this article.

Figure 2. Partial map of Kansas showing locations of detailed
maps of study area.

Stratigraphic interval and area of study siliciclastic unit. The upper portions of many regressive

. o . limestones also show evidence of subaerial exposure in
The stratigraphic interval under study includes the lowg{e form of penetrative laminated crusts or microkarstic

Missourian Swope and Mound Valley limestones (fig. 1jeatures. Individual lower Missourian cyclothems typi-
The total area considered here is an approxmatgly 2,4%)0—ey||y range from less than 20 ft (about 6 m) thick to over
(6,200-kn?) area of southeastern Kansas that includes % # (about 25 m) thick, with some variation within

lower Missourian outcrop belt and adjacent areas to the wgsfividual cyclothems related to factors such as shelf
where the units occur in the shallow subsurface at depthg,gition, siliciclastic content, and the presence of local
less than 300 ft (91 m) (fig. 2). A smaller 200%1%20-kn?)  carbonate buildups.
area (fig. 2) is discussed in detail. Mechanisms of cyclothem deposition have been vigor-
ously debated since cyclicity in Pennsylvanian strata was
Stratigraphic cyclicity in the lower Missourian first described by Udden (1912). Key features of
cyclothems that bear on their origin include (1) the great
Laterally continuous cyclic strata typify the Pennsylvdateral persistence of individual cyclothems and some of
nian System in many areas of the world and are especialgir component members, such as the black shales; some
well developed in the midcontinent of North Americainits can be correlated from westernmost Missouri to
[e.g., Weller (1930), Moore (1931), and Heckel (197 &putheastern Colorado, a distance of more than 400 mi
1984)]. Missourian cyclothems of Kansas typically conalmost 650 km); (2) the presence of lithofacies, such as
sist of (in ascending order) a thin transgressive limestotie phosphatic black shales, that may represent water
or siliciclastic-limestone couplet, a nonsandy phosphatiepths of the order of 650 ft (200 m) (Heckel, 1977), and
black shale, a relatively thick regressive limestone, anédfpaleosols, which formed during subaerial exposure;
generally mud-dominated siliciclastic unit of variablend (3) estimates of cycle periods that are of the order of
thickness that may contain coals, sandstones, or red b&2i8—400 k.y. for major cycles [see Heckel (1990, p. 44)].
(Heckel, 1984) (fig. 3). Blocky mudstones and seat earttthese factors, coupled with evidence that major conti-
interpreted as paleosols that formed during periods médntal glaciations occurred during the Upper Pennsylva-
prolonged subaerial exposure, commonly occur just abavian (Crowell, 1978; Veevers and Powell, 1987), strongly
the regressive limestone or within the overlyinguggest that Missourian cyclothems investigated in this
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Figure 4. Depositional sequence showing parasequences and systemsRedative
position of facies belts within sets of parasequences (e.g., shoreline facies stepping
landward or basinward) and the vertical position of units within a sequence are key criteria
used to define systems tracts (Mitchum and Van Wagoner, 1990).

study are the product of glacial-eustatic sea-level fluctusitional sequences are defined and analyzed in terms of a
tions with amplitudes possibly in the range of 200—6501ftajor cycle of rise and fall of relative sea level. However,
(60—200 m). the character of a depositional sequence in the Pennsylva-
The climate changes associated with these episodesiai strata is significantly different from rocks of other
glaciation likely affected the nature of individuahges.
cyclothems also. Rates of tectonic movement were almostThe major cycles of rise and fall of relative sea level that
certainly too low to have caused high-frequency cycllargely controlled the deposition of the Pennsylvanian strata
sedimentation during the Pennsylvanian [see Heclagpear to have consisted of rapid, relatively simple rises and
(1990)] but may have been important controls on longestower, staggered falls. Components of the cycles can be
term thickness trends and facies patterns. More localizeakily related to those of the cyclic depositional sequences. A
processes, such as stream avulsion and the developntigintflooding unit (the transgressive limestone) is overlain by
of carbonate buildups, affected individual cycles as waellthin [<5 ft (<2 m)] condensed section, which is generally a
but did not control the overall nature of cyclic sedimerblack, radioactive, organic-rich, and metal-rich marine shale

tation (Heckel, 1990). that includes the maximum flooding surface. The shale is
overlain on the carbonate-dominated shelf by a regressive
Cyclothems as depositional sequences limestone. The succession is capped on the shelf by a surface

indicative of prolonged subaerial exposure, commonly ex-
The concept of the depositional sequence, used in this stymhgssed in lower Missourian strata by a thin paleosol.
has become important in stratigraphic analysis in the lasiThe marine shale represents rapid deepening into marine
15 years. A depositional sequence is defined as a relatiiighstand conditions. This shale is widespread, with indi-
ly conformable succession of genetically related strataual units being correlatable by means of both biostrati-
bounded by unconformities or their correlative conformgraphic methods (Boardman and Heckel, 1989) and wire-line
ties (Mitchum et al., 1977) (fig. 4). Many midcontinentogs. The lack of benthic fauna and the organic-rich nature of
cyclothems were delineated on the basis of disconforrtiis facies suggest long-term stability of anoxic settings
ties, including subaerial exposure surfaces, making thenited to the preservation of organic matter; one example
among the first defined genetic-stratigraphic sequencesuld be the base of a deep, restricted water mass. Accord-
Therefore these cyclothems are excellent candidates ifigly, water depths during black shale deposition were prob-
sequence-stratigraphic analysis, in which individual depably considerably greater than the overall thickness of the



Bethany Falls and Mound Valley Limestone&l

individual cycle, such that the potential accommodatidhat is interpreted to be largely a paleosol. Overlying the
space was in excess of the thickness of the sediment columierred paleosol is a gray to dark-gray shale that contains
Direct evidence in this area from an underlying cycle sugeattered marine fossils, such as brachiopods. This portion of
gests that the relative sea-level change was at least 150 fttl#aunit is interpreted to represent the initial marine flooding
m) (Watney et al., 1989). of a subaerial exposure surface that developed on the under-
The upper (regressive) limestone exhibits an overaling Hertha sequence.
shallowing-upward trend; in some locations there is evidenceThe Middle Creek limestone member consists mainly of
of minor relative sea-level rises and falls (including episodasiark gray-brown lime wackestone that contains abundant
of subaerial exposure) during the course of shallowing riwarine fossils, such as brachiopods, bryozoans, foraminifers,
final long-term subaerial exposure. The subaerially exposmud phylloid algae. There is little evidence of either early
surface and associated diagenetic overprinting generatigrine or freshwater cementation in this unit, probably
occur on subtidal strata, suggesting that subaerial expodueeause of abrupt deepening and little opportunity for infil-
resulted from sea-level fall rather than from sediment aggteation of meteoric waters after deposition (Heckel, 1983).
dation [see Goldhammer et al. (1991)]. Furthermore, tie Middle Creek limestone member is interpreted to repre-
relatively small-scale stratal units that occur in the uppsent open-marine conditions, reflecting post—-EIm Branch
limestones are not parasequences reflecting episodes of coatinuation of the Swope transgression. Together the ma-
rine flooding and subsequent progradation [see Van Waipe portion of the EIm Branch shale and the Middle Creek
oner et al. (1990)] but basinward-stepping units boundedlbyestone compose the transgressive portion of the Swope
surfaces indicative of abrupt shallowing. Therefore the limdepositional sequence.
stone does not represent a highstand systems-tract deposit ithe Hushpuckney Shale Member consists of a core of
the sense of Van Wagoner et al. (1990) but primarily reflegsosphatic, organic-rich, radioactive black shale that largely
falling stages of sea level and should be considered a fallitaggks benthic fossils or evidence of infaunal activity. This
sea-level orforced-regressive (Posamentier etal., 1990; Homte shale is sandwiched between gray burrowed marine
and Tucker, 1992) systems-tract deposit. Finally, the paleosolsdstones and shales. The black shale facies represents
that cap the limestone are widespread on the shelf and areb@stiensed sedimentation and is interpreted to be the maxi-
developed landward (presumably representing more tinmym flooding of the midcontinent shelf during “Swope
(Watney, 1980). Locally, the overprinting associated witime.”
early meteoric diagenesis during subaerial exposure is subThe Bethany Falls Limestone Member consists of two
stantial (Goldstein et al., 1991; Watney, 1980). basic lithofacies. The lower part of the unit consists
Fourth-order-scale cycles (0.1-1 m.y.) such as these Misainly of a honporous bioclast wackestone with echino-
sourian depositional sequences are in some cases definatbasis, brachiopods, bryozoans, and phylloid algae con-
parasequences in other stratal successions. The widespsgiagting the bulk of the biota (fig. 6a). The upper portion
subaerial exposure surfaces that bound these cyclothésngariably developed and consists of a generally porous,
define these units as depositional sequences [see Mitchueressbedded ooid-bioclast grainstone and well-washed
al. (1977)]. Depositional sequences are scale independemtkstone (figs. 6b and 6c). The upper surface of the unit
(Mitchum et al., 1977, p. 56). in southeastern Kansas commonly shows evidence of
subaerial exposure, such as rhizoliths, dissolution fea-
Description and depositional sequence analysis 0f_tures, an_d I_aminated crusts. In the study areathis_ surfa_ce
the study interval is overlain in at least two cores by a mudstone unit that is
interpreted to be a paleosol, at least in its lower part.
The Bethany Falls and Mound Valley limestones, which are The Bethany Falls Member is interpreted to be a regres-
analogous to the age-equivalent K-zone reservoirs in censigke deposit that represents shallowing of marine conditions
and western Kansas, are interpreted to be regressive deptsitsibaerial exposure. This interpretation is based on the
within two separate depositional sequences, herein terngesheral upward transition from diversely fossiliferous
the Swope and Mound Valley sequences (fig. 5). In the studgickestones to oolitic grainstones and packstones. This unit
area the Swope sequence ranges in thickness from 31 ft tgs&bnsidered a deposit of the forced-regressive systems tract
ft (9.5-13.4 m) and in ascending order consists of the Elmithin the Swope sequence, reflecting progressive shallowing
Branch shale and Middle Creek limestone member, thed ultimately subaerial exposure as sediments accumulated
Hushpuckney Shale Member, the Bethany Falls Limestotiaring relative sea-level fall.
Member, and the Ladore Shale. The Ladore Shale in the study area is a greenish
The marine portion of the ElIm Branch shale overliesumfossiliferous, blocky mudstone that exhibits such features
subaerial exposure surface that occurs at the top of the Heathalickensides and root tubules. Such attributes suggest that
Limestone. In places the basal part of the EIm Branch isthe Ladore is a paleosol that marks the top of the Swope
unfossiliferous, blocky mudstone with some coaly interbedequence.
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The Mound Valley sequence is considerably thinnamany of the hydrocarbon reservoirs that occur in the equiva-
and less well developed than the Swope sequenceleitt K zone in central and western Kansas (Watney, 1984).
ranges up to 10 ft (3 m) in thickness in the study area Hiite distribution and possible origin of these reservoirlike
is absent in many places. Regionally, the Mound Valldighofacies in the study area can be illustrated by a set of maps
limestone thickens southward from the study area andaizd cross sections (figs. 7-12).
largely absent to the north. Therefore the sampling loca-The lowermost carbonate-dominated Missourian units
tion is near the northward (i.e., updip) pinchout of th@ghe Hertha Limestone, the Swope Limestone, including the
Mound Valley limestone, making its occurrence sporadBethany Falls and Mound Valley limestones, and the Dennis
as a result of variations in local accommodation spadémnestone) overlie the Pleasanton Formation (fig. 1), which
autogenic processes such as grainstone bar developmearisists mostly of homogeneous gray-green shale. The
and probably erosion. The Mound Valley limestone dRleasanton attains a thickness of over 180 ft (55 m) about 15—
rectly overlies either the Ladore paleosol or the uppes mi (24—40 km) west of the outcrop belt and thins to less
most Swope carbonate unit. Where most completely dban 90 ft (27 m) along the outcrop of the Swope and Mound
veloped, the Mound Valley sequence consists of thr¥alley sequences (figs. 7-9). This thinning is inferred to have
basic lithofacies types (in ascending order): resulted in aprominent depositional slope. Oolitic grainstones
in the Swope and Mound Valley sequences tend to be

L. A basal relatlvely. fine-grained, low-porosity peIOIOI:[hickest and best developed along this Pleasanton slope,
bioclast packstone;

2. An upper variably porous, bioclast-ooid grainstone al%esumably in response to higher energy conditions that
' well-washed packstone (ﬁ’ 6d): prevailedthere. The Pleasanton slope is interpreted as a major

3 A gray-greenpunfossnifero%s bl(;cky mudstone that dib_reak in paleodepositional topography, which would have

plays slickensides and root traces and in places contalrewlsen conducive to the development of high-energy facies

calcareous lumps that resemble caliche nodules. T PsCh as ooid shoals. In fact, detailed mapping has revealed

upper muddy unit is interpreted to be a paleosol. LithiVe elongated west-northwest- to east-southeast-trending
P y P P | acts of thick Bethany Falls limestone that correspond to

g[;?iﬁgrzpl:]rlﬁtatlmnI;tl)sovpeag]e()f ;Teeoggf Irslytlrr]lg tzﬂssfeusrg%umulations of oolitic grainstones and packstones in the
' P 9 er part of the unit. These areas of thick Bethany Falls

systems tract of_the overly_mg Dennis sequence. Where imestone range from 1 to 3 mi (1.6—4.8 km) in width, and
Mound Valley limestone is absent, the lower Galesbur . : o
: : some are atleast 10 mi (16 km) long (fig. 7). The oolitic lenses
paleosol lies on the upper Bethany Falls Limestone Mem- : .
. L at trend normal to an underlying depositional slope re-
ber; in such cases it is unclear whether or not the Ladore ) : -
semble the tidally influenced oolitic sand bars that occur on
and Galesburg paleosols are amalgamated, because hel- L
S . F1e modern Great Bahama Bank (Ball, 1967). The individual
ther paleosol has distinctive attributes that are curren{tﬁ/
. odern sand belts are narrower, perhaps because of a coales-
recognized. . L .
cence of the ancient bars through time; alternatively, these
Most of the Mound Valley is interpreted as a regressi@@parently wide grainstone belts may reflect the lack of
unit and is either a late highstand or a forced-regressalesely spaced control needed to resolve any smaller scale
systems-tract deposit. The lower peloidal portion may repslitic buildups that may be present.
sent the transgressive deposits of the encroaching Moundome of the best developed oolitic bars occur in associa-
Valley sea, because the relatively fine grain size and intensigby with a slight embayment in the Pleasanton slope (figs. 7
micritized nature of the grains (suggesting slower accumuémd 8). Such an embayment could have focused tidal cur-
tion) may reflect slightly greater water depths during deposents, resulting in the observed grainstone bars. This
tion of that part of the sequence. embayment is also evident on isopach maps of the Nuyaka
In a hierarchic sense the Mound Valley sequence rep@reek to Hushpuckney interval and would be even more
sents a much smaller scale relative sea-level event than gwesiinent on maps of the decompacted interval.
the Swope sequence. Whereas the Mound Valley sequence iEhe best development of porous oolitic carbonate in the
restricted to more basinal portions of the midcontinent basB8wope sequence occurs in the central portion of individual
the Swope sequence can be traced onto and across the Cdyatra) where these lithofacies are up to 14 ft (4.3 m) thick, and
Kansas uplift and to the limit of the Missourian outcrop bethe total thickness of grainstone reaches almost 20 ft (6 m)
in lowa (Heckel, 1986). (figs. 10-12). The porosity resulted from the early dissolu-
tion of ooids after an initial stage of cementation. The
Controls on the distribution of reservoir-type remaining interparticle space was generally filled later, with
lithofacies some porosity occluded with saddle dolomite that represents
late-stage deeper burial conditions (Watney et al., 1993).
In the study area both the Swope and the Mound Vall&pod high-permeability reservoir rocks are associated with
sequences contain porous oolitic zones in their upper pansids that have become connected by crushing, fracturing,

(figs. 5 and 6b—d) that are similar to lithofacies that composedissolution of intervening cements. Porous oolite in the
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Figure 6. (A) Argillaceous brachiopod-bryozoan-echinoderm [Frankiin 3 ,/ / n
whole-fossil wackestone typical of the lower Bethany Falls -} /«—/\// ——————————— A
Limestone MembeiThe abundance of lime mud and a diverse |

and abundant biota suggest deposition in relatively deep normal / LCW 150
marine waterKGS Woodward no. 3, 99 ft, 10 in., to 100 ft, 4 in.
(B) Crossbedded ooid-bioclast grainstone representative of the
upper Bethany Falls Limestone Member in the study Gress-
sets over 3 ft (1 m) thick are common and contain beds and
laminae of variable grain size and composition, sorting, anj/

- 2
porosity developmenKGS Woodward no. 3, 79 ft, 6 in., to 80 / ~ / S

ft, 1 in. (C) Oomoldic porosity (dark areas) within the upper| axoerson - @ //( 77777777777 LN | o
Bethany Falls Limestone Membdndividual pores average |aien | XN/ BOURBON | S
0.5-1 mm in diameter and are commonly partially to totally| : 7z Z

occluded by saddle dolomite (arrowk}sS Woodward no. 3,
73.4 ft.(D) Oomoldic and fossil moldic porosity in the Mound

Valley limestonePores in this unit average 0.25-0.5 mm in \K \ij U\ Edge of oolitic buildup shown |25
A » in detail in Figure 12 S
1Y N IR
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BER

diameter and have not been observed to have been affected

saddle dolomite precipitatioBar = 1 mmKGS Woodward no. Area shown in
3, 64.5 ft. Fioure 8 ®
27
77777777777777777777777777777777777 S
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S
Mound Valley sequence is up to 6 ft (1.8 m) thick and Contour interval 10 ft (3 m) 10 mi N
thickest where it overlies one of the best developed barsin S Ovlitic grainstones in Bethany Falls Lst EETrT
Swope sequence (figs. 10-12). Interbar areas are essent 1 = Outcrops

devoid of porous lithologies (figs. 10 and 11).

Figure 7. Isopach map of interval from base of Nuyaka Creek

Conclusions shale to top of Pleasanton Formation(two cycles below Bethany
. L . Falls Limestone Membergtippled pattern shows areas of >25

Carbonate grainstones similar to those that form importants (7.6 m) Bethany Falls unit, which corresponds to oolitic-
Missourian oil and gas reservoir facies are present in equivagrainstone accumulationslso shown is approximate location
lent units at and near the outcrop belt in southeastern Kansasf detailed core transect at edge of one of the buildups (see fig.
Reservoir-type lithofacies are present in the highstand sys-12).
tems tracts of two distinct carbonate-dominated depositional
sequences. At least two porous, oolitic zones, separated
vertically and laterally by nonporous rocks, are present. Tr?gﬁferences
deposition was controlled by fluctuations of relative sea level

. all, M. M., 1967, Carbonate sand bodies of Florida and the
that were probably caused by glacial eustasy and there orey . :
. - . ahamas: Journal of Sedimentary Petrology, v. 37, p. 556-591
were worldwide in extent. In addition, the geometries

o - oardman, D. R., Il, and Heckel, P. H., 1989, Glacial-eustatic sea-
porous zones within each depositional sequence appear tRye| curve for early Late Pennsylvanian sequence in north-
have been influenced by preexisting topography. These relacentral Texas and biostratigraphic correlation with curve for

tionships may provide clues for both exploration and produc- midcontinent North America: Geology, v. 17, p. 802-805

tion in the equivalent depositional sequences in the dee@ewell, J. C., 1978, Gondwanan glaciation, cyclothems, continen-
subsurface. tal positioning, and climate change: American Journal of Sci-
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Figure 8. Detailed map of east-central Allen County and west-central Bourbon County,
Kansas, showing thickness of interval from base of Nuyaka Creek shale to top of
Pleasanton Formatio@ross-section locations are shown.
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Figure 9. Northwest-southeast cross section showing thinning of Pleasanton Formation
and occurrence of multiple Swope and Mound Valley oolitic lithofaBlesompaction
of the Pleasanton interval would accentuate vertical separation of oolites at west end of
section (marked by “?”), making it more apparent that they are separate, perhaps being
basinward-stepping parasequences. See fig. 8 for location of cross section.
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Figure 10. Southwest-northeast cross section roughly along strike of the Pleasanton
siliciclastic wedgeThis section shows two distinct oolitic buildups in the Bethany Falls
and Mound Valley limestoneSee fig. 8 for location of cross section.
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Figure 11. Detailed southwest-northeast-trending cross section (using the same wells as in
fig. 10) showing the development of separate porosity zones both laterally and vertically
in the Swope and Mound Valley limestondste the relatively abrupt lateral pinchouts
of these oolitic lithofacies in both zones.
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Figure 12. Detailed core transect from near the center toward the pinchout of an oolitic
buildup in the Swope and Mound Valley depositional sequeRoessity in these oolites
varies both laterally and vertically, being controlled in part by the distribution of paleosols
and relatively fine-grained transgressive lithofacies.
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