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ABSTRACT

Petrographic and petrophysical studies indicate that the oil- and gas-producing
microfacies of the bioclastic and oolitic offshore bars of the Salem Limestone of south-
eastern Illinois owe their economic properties (porosity reaching 13%} to a complex
depositional-diagenetic evolution. The result of this evolution is an association of
residual primary submarine porosity and of secondary undersaturated treshwater
phreatic porosity which escaped various subsequent cementation processes in the satu-
rated freshwater phreatic and deep burial environments.

No effects of secondary burial dissolution were ohserved except for very minor
fracture and stylolitic porosities.

INTRODUCTION

The Salem Limestone is part of the Middle Mississippian Valmeyeran Series of
the Hlinois Basin. Its typical bioclastic and colitic calcarenites in southeastern Hlinois
belong to shallowing-upward sequences which represent hydrodynamic bars prograd-
ing across a gently sloping carbonate ramp. These bars are casily recognizable on
geophysical logs, and their origin is attributed to interferences between changes of
sea level and regional subsidence (Cluff and Lineback. 1981; Cluft, 1984}, Shullowing-
upward sequences consist of porous calcarenites underlain and overlain by imperme-
able calcarenites and caleisiltites which act as rescrvoir scals. The types of porosily
range from primary and primary reduced by pressure solution and cementation to
biomoldic and vuggy.
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‘This study attempts to outline how diagenesis generated such a variety of porosity
types within typical prograding bioclastic und oolitic bars.

MATERIALS AND METHODS
Sequences representing oil- and gas-produecing oolitic and bioclastic bars were
investigated in five cores from southeastern Tllinois. The cores are listed below by
well, location and cored inter al.

Core Well County Location  Cored Interval
- - Feot

1 Farrar 5, Rov Reed Wayne 27-18-31 3600-3624

2 Farrar 5, Roy Reed Wavne 27-18-51 3625-3656

3 Farrar 4, Roy Reed Wayne 27-158-3E 3593-3643

4 Texueo B-1, Francis Wente  Cumberland  21-9N-TE 2K39-2569

5 MEDPCO 8. Gray Tt While 30-38-8E 3805.38928

350 sarples were taken at an average vertical interval of 4.5 inches. heated inloluene
to eliminate residual hydrocarbons, and impregnated with blue low viscosity epoxy
to reveal porosity. Thin sections made from cach sample were investigated petrographi-
cally and classified into microfficies on the basis of {requencies and types of biogenic
and lithic components, proportions and tvpes of matrix and cemient, sorling and grain
size. Percentages of components, matrix, cement, and porosity were eslimated visually
using standard charts. Porosity and permeability were measured with Ruska equip-
ment on plugs drilled as close as possible to each thin section location. Porosity ter-
minology is after Choqguette and Prav (19703,

Detailed descriptions of the investigated cores and all porosity and permeability
measurements are lound in Reichelderfer (1985).

RESULTS

The petrographic and petrophvsical investigation revealed the exislence of nine
distinet 1icrofacies which are deseribed in a general and composite shallowing-upward
order, However, in reality. two sequences exist with common end-members: an oolitic
reservoir bar, und a bioclastic rescrvoir bar which are lateral hydrodynamic equiva-
lents {See Fig. 3). Possibly these bwo tvpes of reservoirs inayv grade laterally into cach
other within large complex bars, but available control points do not allow demon-
stration of such a situation,

Graphice representation of the petrographic data {Sce Fig. 4) corresponds to per-
centage visual estimation of components {biogenic and lithic), matrix and porosity
to which are juxtaposed measured values of porosity in percent using mercury injec-
tion method, of permeability in md using nitrogen gas, and an expression of the vari-
ations of the relative energy of the environment of deposition.



73

Microfacies A (slope)

Dolomitized, [ine-grained erinoid-Endothyre bioculearenite with bioclastic matrix
(Fig. 1A). Large solitary corals and svringoporid corals also occur,

Measured porosity averages 8%, and ranges {rom 4 to 12% ., Primary porosity
predominates as unlilled chambers in foraminiferal tests, interseplal spaces in corals,
and zooecia of bryozouns. Secondary porosity combines biomolds of unstable consti-
tuents {pelecyvpods and gastropods) held by micrite envelopes, and fractures with inter-
crystalline porosity in dolomitized matrix. Because of the small size and poorly
connected nature of pore spaces, permeability of this microlacies is 0 md, For all
practical purposcs this microlucies acts as a seal.

Microfacies B (foraminiferal fore bar)

Pressure-welded, Endothyra-crinoid biocalearenite with commen syntaxial over-
growths and interparticle sparitc cement (Fig. 1B).

Measured porosity averages 9% , and ranges [rom 2 to 18% . Permeability aver-
ages 31 md, und ranges from 0 to 142 md. Primary porosity consists of intraparticle
unfilled Endothyra chambers, and interparticle reduced by sparite cement and syn-
taxial overgrowths on crinoid fragments, Abundant overgrowths creale a framework
that enables pore spaces left by incomplete cementation to remain open, Secondary
porosity consists of biomolds of unstable constituents {mollusks) held by micrite enve-
lopes. and fractures. Advanced stages of pressure solution tend to destroy both types
of porosity in association with saddle dolomite and anhydrite cements.

Microfacies C (volitic bar)

Well-sorted compacted oolitic-crinoidal biocalcarenite with isopachous rim cement
and interparticle sparite (Fig. 1C3). This microfacies is frequently eross-bedded, and
locally bioturbated.

Measured porosity averages 13% , and ranges from 3 to 23% . Primary porosity
is important ay interparticle reduced by isopachous rim and sparite cements, and
unfilled chambers of foraminifers. However, in numerous samples porosity is enhanced
by sccondary tvpes such as biomolds of mollusks, and eecasional dissolved ooid con-
centric laminae (Fig. 2B.C). In samples with maximum porosity of 23%, open vugs
of an unusual type due to the dissolution of pelletoidal burrow fillings with
microsparite cement (Fig, 2D.E F} are responsible for maost of the porosity because
interparticle spaces are highly reduced by caleite cementation. Permeability is oflen
minor {average 22 md, range 0 to 80 md) even when porosity is high because vugs
are poorly interconnected. Occlusion of the secondary vug porosity is by sparite, anhy-
drite, and saddle dolomile (Fig 2G).

Microfacies D (bioclastic bar)

Pressure-welded, crincidal-algal clast-Endothyra biocalcarenite with syntaxial
overgrowth cement (Fig. 1D).

Measured porosity averages 10% , and ranges from 1 to 15% . Permeabilily aver-
ages 29 md, and ranges from 0 to 142 md. Primary porosily is important as interpar-
ticle reduced either by cementation or pressure solution, and as intraparticle in tests
of various organisms. Samples with maximum porosily display a combination of large
interparticle unfilled pore spaces. and secondary porosily represented by abundant
biomolds of mollusks and oversized pores where several fragments of unstable consti-
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dissolved normal ooids, and large vags due to the dissolntion of pelletoidal matrix
[illing of burrows. Samples with lesser porosity result from & combination of abun-
dant pelletoidal matrix, thick isopachous rim cement. and well-developed sparite
cement, The latter together with saddle dolomite fill interparticle voids and dissolu-
tiom vugs,

Microfacies I {lagoon)

Biolurbated., fine-grained, mud-supported crinoid-ostracod-caleisphere-small ben-
thie foraminifer biocalearenile with argillaceous calcisiltite and bioclastie matrix (Fig.
2A). Bioturbation and pyrite streaks are common.

Measured porosity is 1% . but no porosity is visible in thin scetion. Permeability
is 0 md, and [or all practical purpases this microfacies ucts as a seal, Primary porosity
represented by minute interparticle pore spaces, and intraparticle spaces in tests as
well as secondary porosily corresponding o biomolds have been occluded by
microsparite cemernt.

fdeal Depositional Models

In hoth bioclastic and oolitic bars. microfacies A repeesenting the slope is dolomi-
tized. This dolomitization took place probably soon afier deposition by a dorag proc-
ess resulting from [reshwater and marine water mixing, However, no evidence ol
the exposure necessary to provide freshwater for dolomilization has been enconnlered
in the investigated sections. It is known that minor subacrial exposure of carbonate
bodies could provide temporary and localized conditions of mixing (Kaldi and Gid-
man, 1982). Therefore, the assumplion is made that some of the bars could have
been cxposed occasionally,

In the ideal bioclastic bar model (Fig. 3A3, the amount of matrix varies in clear
opposition to porasity and permeability. Both well-sorted calcarenite microfacies B
and D with peaks of porosity and permeability display predominantly interparticle
reduced primary porosity. Where matrix is present, as in the slope (A), bioclastic back
bar (F), and lagoon (I} microfacies, porosity and permeabilily are reduced.

The relationship between porosity, permeabilitv. and microfacies is more com-
plex in the ideal oolitic bar model {Fig. 3B). The oolitic bar (microfacies ). which
shows the greatest porosity. contains numerous oolitically coaled crinoids. This tex-
ture makes syntaxial overgrowths on erinoids rare. Although they reduce primary
porosity when present, these overgrowths formed a stable framework that kept residual
pore space open during pressure solution, Vugs also add to the porosity in this microfa-
eics. The peuk in permeability, however, is in the {oraminiferal fore bar {microfacies
B} because the chambers in the Endothyra provide numerous interconnected pore
spAaces.

Although matrix certainly inflnences the reduction of porosity und permeability
in the slope (A} and lagoonal (I) microfacics, other matrix-rich microfacies. such as
the oolitic back bar (E), still display high porosity. This porosity is related to the for-
mation of vugs by burrow dissolution. Although algal flat microfacies (H) displays
malrix, it also contains interstitial calcarenile where most of the porosity is located.
Unfilled vuys add to the porosity in this microfacics, but because they are poorly inter-
connccted, they often do not affect permeahility,

In summary, both types of bars contain good reservoir microlacies represented
by the uncompacted, well-sorted, coarse-grained oolitic calcarenites {porosily 1349,
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bioclastic calearenites (porosity 10% }, and foraminileral calcarenites (porosity 9% ).
Lower encrgy microfacies which underlie and overlie the reservoirs represent environ-
ments in front and in the back of the hydrodynamic bars which are matrix-rich, finer
grained, and act as seals.

A typical example of shallowing-upward bioclastic bar sequence is the core from
the well Texaco B-1, Francis Wente (Fig, 4) in which porosity is confined to the coarse-
grained foraminiferal and bioclastic bars (microfacies B,D). In the coarse-grained
samples from 2836 to 2848 feet, porosity can be related to moderate pressure solu-
tion, especially where overgrowths on erinoid fragments show partially infilted pore
space and created a stable framework that did not allow primary pore space to col-
lapse during pressure solution.

The largest values of porosity and permeability occur when unfilled foraminiferal
tests are abundant and provide additional pore space. In samples with abundant over-
arowths, components are more often sutured and no pore space is left, In the finer
grained samples, overgrowths tend to occlude all primary porosity.

DISCUSSION AND CONCLUSION

A generalized diagenetic sequence can be prepared encompassing all the inves-
tiguted cores (Fig. 5), and explaining the origin of the porosity of the oil- und gas-
producing microfacies of the bioclastic and oolitic bars,

The petrographic description of microfacies shows that the main type of porosity
is primary interparticle and intraparticle in part immediately reduced by isopachous
rim cementation which takes place in the active marine phreatie environment. Fur-
ther porosity of secondary type is generated by total or partial dissolution of unstuble
aragonitic or high-magnesium constituents such as tests of pelecypods and gastropods
surrounded by micrite envelopes, pelletoidal filling of burrows with submarine
microsparite coment, and concentric rings of ooids. This process occurred in the under-
saturated freshwaler phreatic environment. A small amount of intererystalline secon-
dary porosity developed through a dorag process of dolomitization in the slope
microfacics, and was accompanied by secondary quartz generation.

Early compaction caused minor fracturing, and these early fractures are diffi-
cult to distinguish from these of late burial origin, Petrographically, the cements fill-
ing the fractures do not appear different, nor could cathode luminescence distinguish
between them. The fracture morphology {an even, straight fracture formed during
carly compaction and a fibrous, branching fracture formed during the more ductile
burial stage) usually allows them to be differentiated. The relationship of stylolites
1o fractures also contribules to the distinetion: early compaction fractures are some-
times cut by stylolites, whereas late fracturcs scem to be associated with the process
of stylolitization.

Further subsidence of the microfacies into the saturated freshwater phreatic
environmenl led to widespread comentation of all previous types of porosity by inter-
particle sparite mosaic and svntaxial overgrowths (sparite cementation I).

In the burial environment cementation continued through the action of forma-
tion brines as silicification, anhydritization, and precipitation of suddle dolomite as
well as some late sparite in fractures {sparite cementation 1I). The timing of these
processes of cementation varies, but silicification seems to precede anhydritization
as shown by silicified crinoid fragments replaced by anbydrite. At least two phases
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of anhvdritization are evident: pore {illing and replacive, The sccond phase replaces
saddle dolomite, but in another sample, a rhomb of saddle dolomile replaces mas-
sive anhydrite. Both saddle dolomite and anhvdrite can replace components, matrix,
and cement pervasively or act as u pore-filling cement. The reducing conditions in
the burial environment probably also account for the reduction of the residual organic
matter in Endothyra and other bioclasts to [orm pyrite. During burial which reached
6000 feet or more during Late Pennsylvanian or Permian (Damberger, 1971), and
is now approximately 2000 to 4000 feet, no imnportant dissolution processes took place
with the exception of very minor generation of fracture and stvlolitic secondary porosi-
ties. Present-day porosity of economic interest in the Salem Limestone consists of pores
which have survived the complex diagenetic evelution described above.
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