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ABSTRACT 

THESIS: Microfacies Analysis and Hydrocarbon Potential of The Rockford/Chouteau Limestone 

in The Illinois Basin 

STUDENT: Jacob Wojcik 

DEGREE: Master of Science  

COLLEGE: Sciences and Humanities  

DATE: July, 2017  

PAGES: 104 

 The Rockford Limestone in Indiana and its Illinois equivalent Chouteau Formation, is a 

thin limestone formation that overlays the New Albany Shale and is early Mississippian in age, 

specifically the Kinderhookian and Valmeyeran Series.  This project is a part of the Frontier Basin 

Initiative which attempts to identify future oil and gas exploration targets in regions which 

currently do not have hydrocarbon production.  By applying fundamental geoscience research to 

the Rockford, microfacies analysis will be able to explain why the Rockford Limestone does not 

host significant oil and gas accumulations and what exploration pathway may provide future 

success.  Being able to recognize both the depositional facies and the diagenetic history is 

important in understanding the formation and preservation of carbonate reservoirs. 

 There are three sets of samples used in this thesis.  The first is a core loaned from the 

Indiana Geological Survey (IGS) in Clark County, Indiana.  Second, samples were taken from a 

local outcrop in Jerseyville Hollow, Jersey County, cutting through Illinois State Road 3 near 

Grafton, Illinois.  Lastly, samples were collected as drill cuttings obtained from the Indiana 

Geological Survey (IGS) and the Illinois State Geological Survey (ISGS).  A total of 26 wells were 

chosen covering the boundaries of the Illinois basin.  Available well log data was compiled using 
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Petra Software.  Examination and interpretation of the available wireline logs (gamma-ray) were 

used; to construct structural cross sections, to observe changes in identification and correlation of 

formation boundaries, as well as, create contour maps to observe depths of samples collected 

across the basin. 

Two methods were used to prepare thin sections.  Samples collected from the outcrop and 

core were prepared using standard methods at Ball State University.  Thin sections for standard 

petrography were polished to a standard thickness of 30μm.  The thin sections were then stained 

in order to differentiate common rock forming carbonate minerals in thin section.  Drill cuttings 

samples were sent to Wagner Petrographic in Lindon, Utah to be made in 24 thin sections.  Thin 

sections were vacuum impregnated with blue epoxy in order to see porosity in thin section.  Thin 

sections were photographed and subsequently loaded into a digital image analysis software called 

Rock.AR. 

Microfacies associations are defined based on the microscopic features of the sedimentary 

rocks.  There was a total of thirteen microfacies identified. Primary intergranular and secondary 

intragranular porosity dominates the formation but fracture porosity is also present.  Overall, 

porosity in the Rockford is very low with an average for all samples at 2.07%.   A porosity % vs. 

depth graph was produced.  The overall trend shows that porosity decreases with depth of burial.   

The overall depositional environment varies from Illinois Chouteau deposition to Indiana 

Rockford deposition. The Chouteau was deposited on a prograding carbonate platform, whereas 

the Rockford in east-central Indiana was deposited on a vast, deep shelf.   The Rockford is likely 

part of a condensed section.  The Rockford is characterized by a very slow sedimentation rate over 

a long period of time. In the Rockford, bioclasts and glauconitic material tend to be concentrated 

compared with rapidly deposited sections that contain few fossils. The Rockford/Chouteau was 
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deposited around 358 Mya, correlating with the beginning of a subsidence event in the Illinois 

Basin.  The subsidence of the basin caused more accommodation space, which in turn, caused 

greater water depths and increased circulation in the deep basin.  Porosity in the deepest parts of 

the basin where oil is most common in overlying reservoirs, is <2% in the Rockford/Chouteau.  

Lack of porosity can largely be explained by mechanical and chemical compaction due to deep 

burial.  Lack of hydrocarbon potential can be explained by very poor porosity and is supported by 

the absence of residues or traces of hydrocarbons in the Rockford/Chouteau Formation. 
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INTRODUCTION 

 The Rockford Limestone in Indiana and its Illinois equivalent Chouteau Formation, is a 

thin limestone formation that overlays the New Albany Shale and is early Mississippian in age, 

specifically the Kinderhookian and Valmeyeran Series.  The Rockford/Chouteau was deposited in 

the Illinois Basin, an intracratonic basin that covers areas of Illinois, Indiana, Missouri, Kentucky, 

and Tennessee. This project is a part of the Frontier Basin Initiative which attempts to identify 

future oil and gas exploration targets in regions which currently do not have hydrocarbon 

production. These frontier basins and horizons seem to have the geological characteristics 

necessary for hydrocarbon accumulations but have no or only limited production. The Rockford 

Limestone in the Illinois Basin is one such horizon. By applying fundamental geoscience research 

to the Rockford, microfacies analysis will be able to explain why the Rockford Limestone does 

not host significant oil and gas accumulations and what exploration pathway may provide future 

success. 

Microfacies analysis allows for the study of the microscopic characteristics of a rock. Many 

of the controlling factors and limits on oil and gas accumulations occur at micron (μm) scale. By 

examining the detailed microscopic scale features of the Rockford Limestone coupled with well 

log data, some insight into the reservoir potential of this horizon in the Illinois Basin will be 

obtained.  Microfacies analysis also yields insight into the ancient depositional environment and 

global climatic conditions at the time.  Being able to recognize both the depositional facies and the 

diagenetic history is important in understanding the formation and preservation of carbonate 

reservoirs (Flügel, 2004). Facies analysis helps in identifying environments and establishing 

depositional models including prediction of reservoir quality.   
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GEOLOGIC BACKGROUND 

 Location  

 The Illinois Basin, located in the U.S. Midcontinent (Figure 1), is approximately 284,900 

km2 (110,000 mi2) in size and covers much of the state of Illinois as well as portions of the 

neighboring states of Missouri, Kentucky, Indiana, and Tennessee (Kolata & Nimz, 2010; 

Buschbach and Kolata, 1990). This oval-shaped intracratonic depression has been filled with more 

Figure 1: Geologic Map of the Illinois Basin.  Boundary and Extent of the Illinois Basin is highlighted in red. 
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than 2 km (6562 ft.) of Paleozoic marine sandstones, shales and limestone carbonates. A complex 

history of tectonic deformation has affected the Illinois Basin since its initial formation in the 

Precambrian (Kolata & Nimz, 2010).   

 Tectonics of the Illinois Basin 

 The Illinois basin began as a failed rift arm or aulacogen that developed during breakup of 

the supercontinent Rodinia roughly 550 Million years ago during the Cambrian (Piper, 1983).  

During the breakup of Rodinia, extensional forces began gradually forming the Reelfoot Rift near 

the present-day Missouri/Tennessee border (Figure 2).  The Reelfoot Rift in the southernmost part 

of the present Illinois basin subsided quickly and filled with approximately 3,000 meters (9842 ft.) 

of Early and Middle Cambrian sediments (Kolata and Nelson, 1990). During the Late Cambrian 

lithospheric extension continued within the rift system which resulted in tensional block faulting 

and rapid subsidence.  The Basin began to subside and fill up with its first sediments overlying the 

granitic basement (Kolata and Nimz, 2010).   

  The Taconic and Acadian Orogenies resulted in the collision of several terranes that would 

form the southern and central Appalachian Mountains.  During the Lower to Middle Ordovician, 

the Ganderia Terrane collided with the Laurentian margin. This was followed by the collision of 

the Avalon Terrane during the Late Silurian or Early Devonian. The collision of Avalon was 

followed by the collision of the Meguma Terrane during the Early Devonian (Van Staal et al., 

1996).  In the North, Laurentia collided with northern Europe causing what is now the northern 

Appalachian Mountains around present day New York.  The Alleghenian orogeny during the 

Pennsylvanian/Permian caused uplift of basement fault blocks resulting in the formation of fault 

systems and arches including: The Mississippi River Arch, the Wabash Valley Fault System, the 

Cottage Grove Fault System, and the Wisconsin Arch (Figure 2) (Nelson and Lumm, 1985).  
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Widespread deformation due to the Acadian and Alleghenian orogenies continued through the 

proto-Illinois basin to the end of the Paleozoic Era forming the Du Quoin monocline and La Salle 

Anticlinal belt that would become important structural traps for hydrocarbons later (Figure 2).  

Fault systems formed at this time would also become oil migration pathways.   

 The timing of deformation and location of these structures in the forelands of the 

Alleghenian orogenic belts indicate that much of the deformation resulted from continental 

collision between North America and Gondwana during the Early Permian (McBride, 2016).  This 

collision would eventually form the supercontinent Pangea.  Compressional stress associated with 

Figure 2: Major structural features of the Illinois Basin and bounding areas. Shown are major fault systems, 

anticlines, synclines, and monoclines caused by Acadian & Alleghenian Orogenies (Mcbride et al., 2016). 
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the formation of Pangea reactivated the ancient rift-bounding faults, up thrusting the northern edge 

of a crustal block approximately 1,000 meters (3280 ft.)  within the rift (Kolata and Nelson, 1990).  

Extensional stresses during the Early Jurassic caused by the breakup of Pangea reactivated 

faults within the Reelfoot rift and Rough Creek graben. Uplift in the area of the Reelfoot rift 

structurally closed the southern end of the Illinois basin, creating the present basin geometry 

(Kolata and Nelson, 1990).  One of the most important post-Jurassic tectonic events in the Illinois 

Basin is the change from extensional stress to an east-west compressional stress due to the 

westward drift of the North American plate from the Mid-Atlantic ridge (Irving, 1977).  This 

compressional stress is causing seismic activity in weakened areas of crust (mainly the aulacogen 

that formed during the Cambrian) that have been exposed to recurrent faulting and igneous activity 

(Gori and Hays, 1984).  Figure 3 summarizes the tectonic history of the Illinois Basin by showing 

tectonic events and their associated time period.   
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Figure 3: Chart showing times of structural activity and major tectonic events in the Illinois Basin area 

(Higley et al., 2013).  
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Stratigraphy and Depositional Sequences  

 Figure 4 shows the major lithology in the Illinois basin, the oldest of these being 1.5-1.42-

billion-year old granite and rhyolite basement rock (Kolata and Nelson, 1990).  The Precambrian 

granite and rhyolite are capped by an unconformity, which is overlain by Cambrian siliciclastics.  

This unconformity is the beginning of the Sauk Sequence in the Illinois basin.  Most of the 

lithology in the Illinois basin are associated with tectonic events.  Kolata and Nelson (1990) 

interpret; during the rifting in the Cambrian the Illinois basin went through an extensional phase 

that caused subsidence; this subsidence formed a rift basin that filled up with over 10,000 (3048 

m) feet of Cambrian siliciclastic sediment.  This sediment is mostly arkosic sandstone of the Mount 

Simon through Eminence Formations thought to be formed by the erosion and deposition of the 

Precambrian granite/rhyolite terrane.  The end of the Sauk sequence was marked by a withdrawal 

of shallow epeiric seas from the midcontinent and a long period of erosion of the Canadian rocks 

(Norby et al., 1986; Kolata and Nelson, 1990). 

 The Tippecanoe sequence is bounded at the base of the St. Peter sandstone and at the base 

of the Grand Tower Formation (Figure 4).  The Tippecanoe strata in the Illinois basin is marked 

by long periods of deposition and erosion apparent by the thickening of the Platville group and the 

uniform thickness of the Galena and Maquoketa groups across the basin (Schwalb, 1969; Kolata 

and Nelson, 1990).   The Tippecanoe sequence ended as a worldwide drop in eustatic sea level 

occurred at the end of the early Devonian (Sloss, 1963).  



16 
 

  

Figure 4: Generalized stratigraphic column of 

the Illinois Basin showing formation names and 

associated lithology relative to age. Black dots 

next to formation names represent formations 

that have produced hydrocarbons.  The 

Rockford is outlined in red.  Sequence 

Boundaries are shown to the right of the column 

(Higley et al., 2013) 
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The Kaskaskia sequence is bounded at the base of the Grand Tower Formation and at the base of 

the Caseyville Formation (Figure 4).  Kaskaskia deposition began in the Middle Devonian 

coinciding with a major transgression of sea level forming carbonate rocks such as the Grand 

Tower and Lingle Formations (Atherton, 1971; Kolata and Nelson, 1990).  During the Late 

Devonian through the Early Mississippian, the Acadian Orogeny produced mud and silt from the 

east in a deep anoxic basin, depositing the New Albany Group (Craig & Varnes, 1979).  The New 

Albany shale is a basinal facies of the Catskill Delta complex that resulted from uplift caused by 

the Acadian orogeny (Ettensohn, 1985).  The lithofacies attributed to the New Albany shale 

indicates a shelf-slope-basin model of deposition (Cluff et al., 1981).  During the Kinderhookian, 

subsidence in the Appalachian basin may have trapped siliciclastic sediments, allowing carbonate 

production in the Illinois basin (Devera & Hasenmueller, 1991).  Eventually, siliciclastic sediments 

found their way to the Illinois basin in the Early Valmeyeran shutting down carbonate production 

and depositing the Borden siltstone (Swezey, 2009).  During the Middle Valmeyeran, the rate of 

subsidence was greater than the rate of sedimentation causing a sediment starved basin confined 

by a carbonate shelf (Ullin to St. Genevieve Figure 4).  Subsidence continued during the Chesterian 

depositing siliciclastics, sourcing from the Acadian Orogeny, and shelf carbonates (Swann, 1963; 

Kolata and Nelson, 1990).  The end of the Chesterian was marked by a major regression causing 

the seas to withdraw from the Illinois basin (Sloss, 1963).  This time of non-deposition and erosion 

is what separates the Kaskaskia and Absaroka sequences.   

 The Absaroka Sequence is bounded by the base of the Caseyville Formation and the sub-

Zuni unconformity in the Jurassic (Figure 4).  Following the major regression, a gradual 

transgressive phase ensued, causing the sea to return to the Illinois basin (Kolata and Nimz, 2010).  

During the Morrowan and Atokan the basin was filled with fluvial, deltaic, and shallow-marine 
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sediments (Caseyville-Abbott Figure 4).  By the early Desmoinesian the Illinois basin was a broad 

plain near sea level; creating a perfect environment for coal to form in swampy delta plains (Kolata 

and Nelson, 1990).  The Zuni Sequence is bounded by the sub-Zuni Unconformity in the Jurassic 

and the top of the sub-Tejas unconformity in the Paleocene.  Most of the Zuni sequence strata isn’t 

preserved in the Illinois basin due to erosion. 

 Subsidence History 

 Backstripping and tectonic subsidence curve calculations performed by Treworgy and 

Sarge (1989) and Heidlauf et al. (1986) modeled tectonic subsidence of the Illinois basin during 

the Paleozoic.  Results of their studies conclude that tectonic subsidence was controlled by three 

mechanisms: (1) rifting, (2) thermal subsidence, and (3) an isostatically uncompensated mass in 

the lower crust. 

The most rapid subsidence occurred during the Late Precambrian to the Late Cambrian 

during the Reelfoot rift and Rough Creek graben formation.  This period of rifting was followed 

by thermal subsidence beginning in the Late Cambrian and continuing to the end of the Middle 

Ordovician.  Heidlauf et al. (1986) proposed that this thermal subsidence was in response to mantle 

intrusion forming a three-arm rift system (aulacogen).  For the remainder of the Paleozoic, tectonic 

subsidence was slower and was controlled primarily by an isostatically uncompensated mass in 

the lower crust beneath the Reelfoot rift (Treworgy and Sarge, 1989).  During the Middle 

Ordovician to mid-Mississippian, the mass was supported by the strength of the lithosphere and 

subsidence was relatively slow.  A second subsidence event occurred from Middle Mississippian 

through Early Permian time.  Heidlauf et al. (1986) attributed this second subsidence episode to 

an unknown origin, whereas, Treworgy and Sarge 1989 attributed it to compressional stresses 

caused by the Ouachita and Alleghenian orogenies.  Treworgy and Sarge (1989) states that 
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compressional stress related to the Ouachita and Alleghenian orogenies may have led to a decrease 

in viscosity of the lithosphere, allowing the uncompensated load to subside more rapidly during 

the Late Mississippian through Permian.  These subsidence mechanisms associated with tectonic 

events ultimately controlled sedimentation rates and patterns for each of the four distinct tectonic 

subsidence phases (Figure 5).  

Figure 5: Diagram showing the effect of tectonic events on subsidence, sedimentation rate, and sea level. 

(Heidlauf et al., 1986).   
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Previous Work 

The Rockford Limestone was first described by Owen and Norwood (1847) as the 

"Goniatite limestone of Rockford.”  It was described as a commonly gray, fine grained, 

argillaceous, ferruginous, and fossiliferous limestone. It has a distinguisfhing green mottling and 

weathers to a rusty brown.  The Rockford is exposed in a belt extending northward from the 

southernmost exposure in New Albany, Floyd County (Figure 1) (Lineback, 1969).  It is present 

in the subsurface for most of the state west and south of the outcrop and is typically 2 (0.61 m) or 

3 (0.91 m) feet thick along the southern part of the outcrop belt, but it is thicker in the subsurface 

and to the north with a maximum thickness of 22 feet (6.7 m) (Melhorn, 1958).  Much work has 

been done on various fossil assemblages in the Rockford by Gutschick (1957, 1958, 1959).  

Gutschick found 14 genera and 33 species of foraminifera, 22 of which were new discoveries at 

the time, representing the families Astrorhizidae, Saccamminidae, Hyperamminidae, 

Reophacidae, Tolypamminidae and Lituolidae (Gutschick, 1958).  Further studies in Cephalopod 

fauna represented by sixteen specimens (five goniatites and eleven nautiloids) from the Rockford 

limestone led to the correlation of the beds from northern Indiana to southern Indiana by the 

presence of goniatites Gattendorfia alteri, n. sp., and Prodromites gorbyi in both beds (Gutschick, 

1957).  Lastly, a study of more than five hundred holothurian sclerites from the Rockford 

Limestone Formation of Jasper County, Indiana, revealed four genera and ten species of which the 

following four species were new at the time: Thuroholia spicatus, Achistrum brevis, Microantyx 

botoni, and Rotac ampbelli. The fauna assemblage was correlated to holothurian remains from the 

Lower Mississippian Escabrosa limestone of southern Arizona and the Lower Carboniferous of 

Scotland (Gutschick, 1959).   
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The Chouteau Formation of Illinois underlies most of the southern half of the state 

generally 10 to 30 feet (3-9m) thick.  The formation crops out at the western end of Illinois in 

Jersey and Calhoun counties (Figure 1) (Buschbach, 1953).  Fossil assemblages indicate 

correlation of the Chouteau, with the Rockford Limestone, along with cross sectional maps that 

show a continuous bed from the Chouteau to Rockford Formation (Buschbach, 1953).  The 

Chouteau is a light brownish or greenish gray limestone that consists of irregular beds of very fine-

grained limestone with rare silt and dolomite beds.   

Exploration History 

The Illinois Basin has produced since the early 1900's, about 4-1/2 billion barrels of oil, to 

date.  Three major fields, explored between 1900 and 1907, have produced roughly 16% of the 

basin's total oil production, making Illinois the third leading oil state in 1907 (PI/Dwights, 1996). 

This early production, which peaked at 33 million barrels during 1910, came from the structural 

trap of the LaSalle Anticline (Smith, 1998). The deeper part of the basin was ignored by oil 

companies until the late 1930's when companies began using seismic techniques (Smith, 1998).  

Due to technological advances, new oil fields were discovered resulting in a drilling boom in the 

1940s and 1950s when the state was one of the nation's leading producers. In 1996, 500 new wells 

were drilled in known oil fields producing over 15 million barrels of oil (Smith, 1998).  

  The Illinois Basin contains around 60 petroleum pay zones in age from Ordovician to 

Pennsylvanian. Production of oil is largely from structural traps, like the LaSalle Anticline, at 

depths of less than 5,500 feet (1676 m) (Howard and Whitaker, 1990).  Production in these 

structural traps is primarily focused around three carbonate intervals: The Upper Ordovician 

Ottowa Supergroup, the Silurian and Devonian Hunton Supergroup, and the Mississippian 

Valmeyeran Series (Howard, 1991).  Although these carbonate intervals are productive, most 
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hydrocarbon production in the basin has been from siliciclastic intervals in Chesterian and 

Pennsylvanian age rocks (Howard, 1991).  The Illinois Basin has around 1,700 fields that produce 

oil from about 7,000 distinct sandstone and carbonate reservoirs.  Ninety-six percent of this 

production is less than 10 BO/day per well (Oltz et al., 1991). Organic geochemical correlations 

of oil found in the basin show 99% of discovered petroleum was derived from the New Albany 

Shale (Hatch et al., 1991).  Resources from the New Albany Shale are estimated at a mean 3.79 

trillion cubic feet (tcf) of gas for undiscovered, technically recoverable natural gas, oil resources 

have not yet been calculated (Swezey et al., 2007).  Roughly 90,000 wells have been drilled in the 

Illinois Basin; 42% of which are currently listed as oil and (or) gas productive, with 47,800 dry 

holes across the basin (Higley et al., 2013).  Figure 6 shows distribution of oil and gas wells across 

the basin. Production is from Silurian-through Pennsylvanian-age reservoirs.  

Figure 6: Distribution of oil and gas wells from Silurian- through Pennsylvanian-age reservoirs in the 

Illinois Basin. Basin outline is highlighted in orange. The red line shows region of thermally mature 

source rocks. The blue line outlines maximum subsurface and surface extent of Chesterian-age 

formations (Higley et al., 2013). 
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Several wells produce from numerous age and formation intervals.  Roughly 13% of basin 

production is from Pennsylvanian-age reservoirs which accounts for more than 4,700 oil wells 

(Howard, 1991).  Seventy-five percent of Pennsylvanian production is concentrated along the 

north-south trending La Salle anticlinal belt (Higley et al., 2013).  Approximately 13,800 wells are 

productive from Chesterian reservoirs, accounting for 37% of all producing oil and (or) gas wells 

in the basin.  Compare that with 33% of oil and gas wells in the basin that produce from 

Valmeyeran age reservoirs (Higley et al., 2013).  Chesterian reservoirs account for about 60% of 

the oil produced from the basin while 18% of basin oil production is from Valmeyeran reservoirs 

(Howard, 1991).  Silurian and Devonian-age formations across the basin account for 7% of oil 

reserves (Howard, 1991). There are about 3,000 oil and gas wells that produce from Silurian and 

Devonian reservoirs; which is about 12% of the total (Higley et al., 2013).  The Silurian production 

is mainly in western Illinois whereas Devonian production is broadly scattered across the basin.  
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METHODS 

  Sample Collection   

 There are three sets of samples used in this thesis.  The first is a core loaned from the 

Indiana Geological Survey (IGS) in Clark County, Indiana.  The core had a total of 3 feet (0.91 m) 

of Rockford Formation.  Thin sections were made every 15 cm (6 inches) of vertical change for a 

total of six thin sections.  The core was described in hand sample, as well as, thin section.    

Second, samples were taken from a local outcrop described by (Buschback, 1952) in 

Jerseyville Hollow, Jersey County, cutting through Illinois State Road 3 near Grafton, Illinois.  

Samples were collected based on major lithology changes in the outcrop totaling six samples.  

These samples were then cut into thin sections and described both in hand sample and thin section.  

Lastly, samples were collected as drill cuttings obtained from the Indiana Geological 

Survey (IGS) and the Illinois State Geological Survey (ISGS).  Samples were taken at strategic 

locations around the Illinois basin and depended on the availability of samples stored at Indiana 

Geological Survey & Illinois State Geological Survey, as well as, availability of well logs.  Wells 

were found using Illinois Oil and Gas (ILOIL) interactive map on their website and Indiana’s 

Petroleum Database Management (PDMS) also on their website.  Queries were made to find wells 

with both drill cuttings and gamma-ray logs available.  Once wells with these specifications were 

found, wells were recorded with their associated sample number and found at IGS and ISGS 

samples library located in Bloomington, Indiana and Champaign, Illinois respectively.  Table 1 

shows the wells used in this study based on their API/IGS number and their associated formation 

depths.  A total of 24 wells were chosen covering the boundaries of the Illinois basin.  Available 

well log data was compiled using Petra Software.  Examination and interpretation of the available 
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wireline logs (gamma-ray) were used; to construct structural cross sections, to observe changes in 

identification and correlation of formations boundaries, as well as, create a depth map to observe 

depths of samples collected across the basin.    

 

 

 

Table 1:  The wells used within the study are listed based on API/IGS number, current hydrocarbon production 

status, elevation from the Kelly bushing (KB), and the top/base of the Rockford/Chouteau Formations.  Sample 

numbers are associated with Figure 24. Note: Hydrocarbon production is not from the Rockford/Chouteau 

Formations.   

  API/IGS Sample #   Status   Elevation (ft) Top Depth (ft) Base Depth(ft)

121930705801 1c OIL 351 4376 4386

121913198700 2c OIL 470 4715 4725

121913200300 3c OIL 477 4670 4679

121932555100 4c DAP 475 5055 5064

121652398101 5c DAP 600 3877 3887

120272643701 6c DAOP 412 2156 2167

121892431700 7c OIL 523 2908 2911

121630314100 8c DA 470 298 314

121632503701 9c OIL 532 1972 1976

121190285000 10c GAS 566 1757 1770

120492431900 11c DAP 616 3695 3711

121212652600 12c DA 582 3622 3634

120510463500 13c DAGP 608 2598 2612

120252618500 14c OIL 531 4207 4223

124358 15c DRY 622 125 129

126939 16c DRY 591 159 164

158033 17c GAS 527 2502 2506

107277 18c DRY 727 776 780

124451 19c DRY 560 1350 1358

156204 20c DRY 525 2312 2319

111301 21c OIL 507 4270 4278

 118557 22c DRY 518 1594 1599

150166 23c DRY 513 1684 1694

133718 24c DRY 709 194 208
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Thin Section Preparation  

 Two methods were used to prepare thin sections.  Samples collected from the outcrop and 

core were prepared using standard methods at Ball State University.  Individual billets were made 

using a rock saw.  The side which was to be glued was polished on glass using figure 8 motions 

first with 600 followed by 1000 grit alumina for 4-5 minutes.  The polished side 

was then glued to the slide and allowed to dry for several days.  Once dried, the billets were cut 

with the saw arm of a Hillquist 1010 thin section machine and ground on its diamond cup wheel 

until the desired thickness was reached.  Thin sections for standard petrography were polished with 

3.0 μm alumina on glass until the standard thickness of 30μm was reached.  The thin sections were 

then stained in order to differentiate common rock forming carbonate minerals in thin section 

according to Dickson’s (1966) instructions.  The Solution is prepared as follows:  

a) Alizarin red solution:  This solution is obtained by dissolving 0.2g alizarin red in 100 ml 

of 1.5% hydrochloric acid (98.5 ml distilled water + 1.5 ml concentrated HC1). 

b)  Potassium ferricyanide solution: 2 g of potassium ferricyanide is dissolved in 100 ml 1.5 

% HC1. 

These two solutions are mixed in equal parts for obtaining the mixed solution to be used in the 

test.  Specimen is soaked in cold solution for 1 minute.  After the test, specimen is carefully washed 

and dried.  The results of the thin section staining are shown in Table 2.  Vacuum impregnation of 

blue epoxy was not possible for core and outcrop thin sections due to timing and financial 

obstacles.  In order to count porosity, the distinctive dark pink/maroon color of the glass was used 

in order to distinguish void space in thin section.  Although this method isn’t ideal due to the 

inevitably of grain plucking during thin section preparation, it’s still possible to get a decent 
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representation of porosity in each sample.  It should be noted that porosity values in core and 

outcrop samples are likely higher due to grain plucking.     

Drill cuttings samples were sent to Wagner Petrographic in Lindon, Utah to be made in 24 

thin sections.  Thin sections were vacuum impregnated with blue epoxy in order to see porosity in 

thin section.  Thin sections were also stained according to Dickson (1966).    

Thin Section Analysis 

Each sample’s petrography was determined with the thin sections using plane polarized 

and crossed polarized transmitted light and reflected light on an Olympus BX60 microscope.  

Microfacies were defined based on the major petrographic characteristics, such as relative 

abundance of major components, ratio of matrix versus cement, and rock texture.  Identification 

of minerals, grains, fossils, porosity type, and diagenesis was aided by two books: A Color Guide 

to the Petrography of Carbonate Rocks: grains, textures, porosity, diagenesis (Scholle and Ulmer-

Scholle, 2003) and A Colour Atlas of Carbonate Sediments and Rocks Under the Microscope 

(Adams and MacKenzie, 1998).  The microfacies of the formations were identified based Dunham 

(1962), Folk (1959) and Flügel (2004).  Facies zones were assigned using the Wilson (1975) 

carbonate ramp model.  In the Wilson Model, Standard Facies Zones are idealized facies belts 

Table 2: Response of common rock forming carbonate minerals to staining with alizarin red and 

potassium ferricyanide stain (Dickson, 1966). 
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along a transect from open-marine deep basins across a slope, a platform, and an inner platform to 

the shore.  Carbonates formed within these Facies Zones exhibit specific Standard Microfacies 

Types allowing for easy identification of microfacies and their associated facies zone.  

the major facies belts (see Sect. 14.3).  Porosity types were identified based on Choquette & Pray 

1970.    

Thin sections were photographed using Canon EOS 500D camera attached to the 

microscope and subsequently loaded into a digital image analysis software called Rock.AR, 

developed by Universidad Nacional del Sur (The National University of the South) in Argentina 

(Larrea et al., 2013).  Rock.AR creates a point counting grid over the image simplifying the point 

counting process.  Each point is identified as a type of grain, fossil, porosity, etc., and put into a 

percentage of the total image area allowing a quantitative analysis of each thin sections 

composition.   
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RESULTS  

 Location of Wells & Structure 

 The map displays the geographical locations of all the samples used in this 

thesis.  Sample locations were plotted using a standard basemap for Indiana and Illinois with the 

Petra computer program (Figure 7). The points are plotted using the North American Datum of 

1983 coordinate system.  Samples with GPS data in other coordinate systems were converted using 

an online application.   

 The Rockford reaches its shallowest depths at the eastern (650 ft. (198 m) above sea level) 

and western boundaries (250 ft. (76 m) above sea level) of the study area with the deepest section 

located in the middle of southern Illinois (4,200 ft. (1280 m) below sea level).  The Rockford is 

absent along the central portion of the Indiana/Illinois border due to non-deposition (Figure 7).  

The overall shape of the basin is an elongate east-west trending bowl that gradually deepens 

towards the middle (Figure 8).  The northern and Southern margins gradually shallow as well from 

the middle of the basin (Figure 9).  The study area runs over 250 miles (403 km) from east to west 

and 215 (346 km) miles from north to south encompassing an area over 27,000 square miles 

(69,929 km2).  The Rockford is continuously near 10 feet (3 m) in thickness throughout the study 

area until it reaches a maximum thickness of 25 feet (7 m) at the outcrop in western Illinois.  The 

underlying New Albany shale is thickest at the eastern edge of the basin and eventually pinches 

out near the western boundary (Figure 8).  The overlying Borden/New Providence Shale is 

relatively uniform throughout where it reaches its maximum thickness near the eastern margin of 

the basin. 
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Figure 7: Location and depth map of the study area showing well locations and their associated depths of the Rockford top.  Wells are labeled 

based on their hydrocarbon productivity: Green are wells currently producing oil, red are wells currently producing gas, and black wells are 

dry holes.  Well log records along with drill cutting samples showed no evidence of Rockford deposition in the absent area.  Note* wells are 

not producing from the Rockford Formation.     

Outcrop 

Absent 
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Figure 8: West to east cross section of the study area showing the locations of wells used to construct the cross section.  The cross section 

transects through the entire study area west to east covering 240 miles (386 km).  The Borden/New Providence shale is represented by 

the orange, dotted bed and the New Albany shale is represented by the gray bed.  The Rockford is a thin bed in between the two.  Since 

the cross section thickness is to scale, the Rockford is barely visible due to the much greater thickness of the overlying and underlying 

formations.       
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Figure 9: North to south cross section of the study area showing the locations of wells used to construct the cross section.  The cross 

section transects through the middle of the basin running 137 miles (220 km) north to south.  The Borden/New Providence shale is 

represented by the orange, dotted bed and the New Albany shale is represented by the gray bed.  The Rockford is a thin bed in between 

the two.  Since the cross section thickness is to scale, the Rockford is barely visible due to the much greater thickness of the overlying 

and underlying formations.       
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Well log Correlation 

 Well log analysis resulted in the identification of rock formations such as the Borden 

Group, New Albany Shale, and Rockford Limestone.  These formations were identified on the 

basis of gamma ray values alone.  The Rockford Limestone displays a very distinctive gamma ray 

signature that typically ‘kicks’ to the left followed by a very high gamma ray signature signifying 

the top of the New Albany Shale (Figure 10).  The high organic content of the New Albany Shale 

gives it its distinctive high gamma ray signature making it easy to correlate from well to well.  The 

Borden group is less obvious but the gamma ray signature typically gradually increases as it moves 

from a limestone to silty shale.  Since the Rockford is between two high gamma ray, shaly units 

the low gamma ray signature of the Rockford is almost impossible to miss.  The Rockford was 

correlated across the most western well to the most eastern (Figure 10).  Typically, gamma ray 

values of the Rockford range from 20 to 80 gAPI units, whereas, New Albany values range from 

100 to 600 gAPI units.  Low gamma ray values after the initial ‘kick’ to the right in the New 

Albany can be explained by less organic content or interbedded limestone layers.       
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Figure 10: Well log correlation panel based on the gamma-ray signal of eight boreholes used to construct west to east cross section 

(Figure 6).  Well numbers are displayed at the top of each panel.  Red dotted lines correlate the top of the Rockford Limestone from well 

to well. The log unit boundaries are drawn with respect to distinct breaks in the log pattern. 
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Microfacies Analysis  

Microfacies Associations  

Microfacies associations are defined based on the microscopic features of the sedimentary 

rocks. In order to clarify the microfacies, a spread sheet was prepared for description of 

microfacies. There are three main microfacies associations; core, outcrop, and drill cuttings 

microfacies associations (MFA).  Samples denoted with an “a” after the sample number are core 

samples, samples denoted with a “b” are from the outcrop, and samples denoted with a “c” are 

drill cuttings. Microfacies were separated by core, outcrop, and drill cuttings due because drill 

cuttings represent a 10 foot (3 m) interval of section, whereas core and outcrop samples are 

collected at specific intervals.   They are comprised of thirteen microfacies (Table 3) and described 

below as follows: 
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Table 3: Microfacies types of the Rockford Limestone across the Illinois Basin. 
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Core Microfacies 

The core contains three microfacies in the study area. They are (1) Glauconitic Bio-

Wackestone, (2) Pyritic Glauconitic Sparry Calcite, and (3) Pyritic Mudstone.  Overall the core is 

gray, fine grained, argillaceous, ferruginous, and rarely fossiliferous. It has a distinctive green 

mottling and weathers to a rusty brown.  The samples grade vertically from the top of the formation 

to the base (Figure 11).  

 

 

 

 

 

 

 

 

Figure 11: Photograph showing the condition and location of thin sections taken from the core.   

5 Inches 
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 Glauconitic Bio-Wackestone (Mf1) 

 Description: This microfacies is present at the top of the Rockford, as well as, the base of 

the formation.  This microfacies is mud-supported with various skeletal fragments including 

ostracodes, bivalves, echinoderms, brachiopods, and foraminifera.  The micrite matrix is medium 

grained (10-20 μm).  Shell fragments are poorly sorted displaying a wide range of sizes from 20-

500 μm.  Fossil fragments are recrystallized into a sparry calcite.  Bivalves are easily 

distinguishable by their lack of internal microstructure due to burial diagenesis which is typical in 

bivlaves (Figure 12).  Ostracodes are distinguishable by their thin, curved, calcified outer wall.  

Ostracodes in this microfacies are filled with a micrite matrix (Figure 12).  Echinoderm fragments 

are composed of sparry calcite crystals and recognized by their unique lacy or flower-like pattern 

produced by the radial arrangement of large pores within the spine (Figure 13).  Brachiopod shells 

are filled with calcite and have characteristic laminae within the shell with a slight curvature 

(Figure 13).  The calcite in echinoderm consists of plates secreted in the same crystallographic 

orientation so that it appears as one crystal.  This property distinguishes echinoderms from other 

bioclasts.  Foraminifers are typically small (50-200 μm) displaying hyaline trochoid morphologies 

(Figure 14).  Glauconite typically precipitates in the pore space of small fossil fragments 

surrounded by micrite matrix in the microfacies.  The combination of Alizarin red and potassium 

ferricyanide stain reveals that ferroan calcite dominates the microfacies with its dark blue stain 

(Table 2).   

 On average, this microfacies is composed of 0.35% ostracodes, 0.98% Pelecypoda 

bivalvia, 6.12% echinoderm fragments, 0.88% brachiopod, 0.35% foraminifera, and 2.70% fossil 

fragments.  The major constituent of the microfacies is micrite matrix composing 84.69% of the 
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sample.  Glauconite constitutes 3.73% of the matrix and microspar 0.20%.  Samples that compose 

this microfacies include; 1a, 2a, and 5a.       

       

      

Figure 12: Photomicrograph (PPL) of Glauconitic Bio-Wackestone with several fossil fragments.  The matrix is 

dominated by fine-grained micrite.  (A) Ostracodes fragment with a calcified wall perforated by numerous small, 

tabular canals.  (B) Pelecypoda bivalvia with an originally aragonite wall filled with calcite destroying any primary 

structures. Sample 1a.  
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Figure 14: Photomicrograph (PPL) of Glauconitic Bio-Wackestone.  The matrix is dominated by fine-

grained micrite and glauconite.  (A) Foraminifera displaying hyaline trochoid morphology.  (B) 

Recrystallized sparry calcite echinoderm spine.  Sample 2a.   

Figure 13: Photomicrograph (PPL) of Glauconitic Bio-Wackestone.  The matrix is dominated by fine-

grained micrite and glauconite. Sample contains a large amount of ferroan calcite recognizable by dark 

blue stain.  (A) Echinoderm fragment.  (B) Brachiopod fragment.  Sample 5a.   

A 

B 

A 
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Pyritic Glauconitic Sparry Calcite (Mf2) 

 Description: This microfacies underlies Mf1 and overlies Mf2.  The microfacies consists 

of mainly interlocked microspar crystals with rare glauconite and pyrite grains present.  Microspar 

crystals are fine grained (80-160 μm) showing relics of micrite in some places.  Pyrite is an 

isometric mineral that is easily recognizable in thin section due to its opaque appearance.  Pyrite 

occurs in framboids or spheres composed of aggregates of tiny crystals ranging in size from 30 to 

80 μm.  Glauconite occurs mainly in the pore space of a small fracture (Figure 15).  Glauconite is 

clay sized typically less than 10 μm easily recognizable by its distinct green color.  Relics of micrite 

are easily recognizable by their blue stain implying a ferroan calcite composition (Figure 15).  

 The microfacies is composed of 97.58% microspar, 0.93% pyrite, 2.51% ferroan micrite, 

and 1.49% glauconite.  There are no skeletal grains present in the microfacies.  This microfacies 

is composed of one sample; 3a.     
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Figure 15: Photomicrograph (PPL) of Pyritic Glauconitic Sparry Calcite.  The section is dominated by a 

fine-grained microspar.  (A) Isometric pyrite framboid.  (B) Glauconite filling fracture.  (C) Ferroan 

micrite. Sample 3a.   
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Pyritic Mudstone (Mf3) 

 Description: This microfacies is overlies Mf1 and is overlain by Mf2.  The microfacies is 

dominated by micrite with rare amounts of microspar, pyrite, and foraminifera.  The micrite matrix 

consists of clay size crystals (< 10 μm) which have partially experienced aggrading neomorphism 

into microspar (Figure 16).  Microspar crystals display an elongate, bladed shape and range in size 

from 50 to 100 μm.  Pyrite occurs in dark, isometric framboids ranging in size from 20 to 50 μm.  

It contains multi-chambered benthic foraminifera with a uniserial morphology with a size of 

around 80 μm (Figure 16).  The chambers are easily seen because they have been filled with 

micrite.  Ferroan calcite composes a large amount of the whole micrite matrix distinguishable by 

its blue stain.   

 The major component of this microfacies is micrite (95.26%), whereas microspar (2.89%), 

pyrite (1.65%), and foraminifera (0.20%) are less abundant.  Only one skeletal grain is identified 

(foraminifera).  This microfacies is composed of one sample; 4a. 
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Figure 16: Photomicrograph (PPL) of Pyritic Mudstone with ferroan micrite matrix.  (A) Benthic uniserial 

foraminifera.  (B) Neomorphosed microspar.  (C) Isometric pyrite framboid.  Sample 4a.   
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Outcrop Microfacies 

The outcrop contains two microfacies in the study area. They are (1) Bioclastic Mudstone 

to Wackestone and (2) Dolomitic Packestone.  Overall the outcrop is made up of massive bedded 

fossiliferous limestone that is dark to light grey, fine-grained, weathers a rusty brown and is 

partially dolomitic.  The samples grade vertically from the bottom of the outcrop exposure to the 

top (Figure 17).  

 

 

  

 

Figure 17: Photograph showing the condition and location of thin sections taken from the outcrop.  
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Bioclastic Mudstone to Wackestone (Mf4) 

 Description:  This microfacies begins at the bottom of the outcrop at sample 1b and 2b 

and appears again at sample 5b.  The microfacies is dominated by a very fine, clay sized (< 10 

μm), micritic matrix and various skeletal fragments including; alcyonarian coral, echinoderm, 

ostracodes, and foraminifera.  Small amounts of neomorphosed microspar ranging in size from 50 

to 100 μm are also present. Microspar crystals display an elongate, bladed shape (Figure 18).  

Skeletal fragments are recrystallized into a sparry calcite evident by the bright red to pink stain.  

The vast majority of skeletal fragments are poorly preserved and structureless, deeming difficult 

to identify specific species.  The micrite matrix is poorly preserved and heavily weathered resulting 

in a brownish-black color.  Alcyonarian coral is recognizable with their high Mg calcite sclerites 

and characteristic reddish-Purple color.  The sclerites are massive and lenticular with small 

spicules (Figure 18).  Alcyonarian coral is around 400 μm in thin section.  There are several 

echinoid spine fragments that act as a single calcite crystal; a defining characteristic of echinoids 

in thin section (Figures 18 & 19).  Echinoid spines range in size from 100 to 600 μm.  Whole 

ostracodes, as well as, ostracodes fragments are prevalent in the microfacies.  Ostracodes are 

distinguishable by their large thin-walled shells with micrite filling the center (Figures 19 & 20).  

Ostracodes range in size from 200 to 400 μm.  Foraminifera are very poorly preserved but are still 

distinguishable by their skeletal structure (Figure 19).  An outline of a fusulinid foraminifera with 

its characteristic elongate structure can be seen in figure 20.  The fusulinid is around 350 μm.  This 

microfacies is composed entirely of non-ferroan calcite evident by the pink to orange staining.   

 This microfacies is composed mainly of micrite (86.40%) and various unidentified fossil 

fragments (8.33%).  Identified allochems include; alcyonarian coral (0.55%), echinoderm (1.17%), 
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ostracodes (2.30%), and foraminifera (0.94%).  A small amount of microspar is also present 

(0.31%).  Samples that compose this microfacies include; 1b, 2b, and 5b. 

     

  

     

 

 

Figure 18: Photomicrograph (PPL) of Bioclastic Wackestone in a micrite matrix.  (A) Alcyonarian 

coral.  (B) Echinoid spines.  (C) Microspar.  Sample 1b.   
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Figure 20: Photomicrograph (PPL) of Bioclastic Wackestone in a micrite matrix.  (A) Ostracodes fragment.  (B) 

outline of a fusulinid foraminifera with its characteristic elongate structure.  (C)  Foraminifera with uniserial 

morphology.  Sample 5b.   
 

Figure 19: Photomicrograph (PPL) of Bioclastic Wackestone in a micrite matrix.  (A) Ostracod.  (B) 

Echinoid spines.  (C) Foraminifera.  Sample 2b.   
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Dolomitic Packestone (Mf5) 

 Description: This microfacies begins at sample 3b to 4b and ends at 6b on the outcrop 

(Figure 17).  The microfacies is dominated by coarse grained (500-1000 μm) intraclasts in a 

medium grained dolomitic matrix (50-100 μm).  Intraclasts are weakly consolidated, well rounded, 

and poorly sorted (Figure 23).  Dolomite rhombs consists of subhedral to euhedral crystals that 

form dense, dark mosaics of interlocking sub to planar-s crystals (Figures 21, 22, & 23).  

Allochems in this microfacies include coral and echinoderms.  Tabulate corals, although poorly 

preserved, are distinguishable by their thick, oval shaped walls and lack of septae (Figure 23).  

Coral in the microfacies are around 700 μm.  Echinoderms are poorly preserved and circular 

shaped ranging in size from 500 to 800 μm.  Echinoderms show traces of pore structure that have 

been heavily altered by cementation within the pores (Figures 21 & 22).  Calcite in the microfacies 

is non-ferroan evident by the pink staining.   

   This microfacies is composed mainly of intraclasts (51.32%) and dolomite rhombs 

(36.62%).  Identified allochems include; tabulate coral (5.63%) and echinoderm (6.43%).    

Samples that compose this microfacies include; 3b, 4b, and 6b. 
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Figure 21: Photomicrograph (PPL) of Dolomitic Packestone.  (A) Echinoderm.  (B) Euhedral dolomite rhombs.  

Sample 3b.   
 

Figure 22: Photomicrograph (PPL) of Dolomitic Packestone.  (A) Echinoderm.  (B) Euhedral dolomite rhombs.  

Sample 4b.   
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Figure 23: Photomicrograph (PPL) of Dolomitic Packestone.  (A) Tabulate coral (B) Intraclasts.  (C) Euhedral 

dolomite rhombs.  Sample 6b.   
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Drill Cuttings Microfacies 

Drill cuttings contain eight microfacies in the study area. They are (1) Bioclastic Mudstone 

to Wackestone, (2) Pyritic Mudstone, (3) Dolomitic Grainstone, (4) Dolomitic Sparite, (5) Pyritic 

Clastic Carbonate, (6) Pyritic Bioclastic Dolomite, (7) Dolomitic Mudstone to Wackestone and (8) 

Pyritic Dolomite.  Drill cuttings exhibit a wide range of rock types ranging from clastic carbonates 

to fossiliferous limestones and dolomites.  Drill cuttings represent a wide range of section because 

of the collection methods during drilling.  Drill cuttings are collected every 10 feet (3 m).  Drill 

cutting thin sections represent a 10 foot vertical interval of the formation instead of a specific 

depth.    The samples are spread out across the basin (Figure 24).  

Figure 24: Map showing the locations of drill cuttings samples.  Brown points are wells used for log correlation 

but not sample collection.    
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Bioclastic Mudstone to Wackestone (Mf6) 

Description: This microfacies is the most prevalent in the study area and is spread-out 

across the basin (Figure 24).  The microfacies is dominated by a fine grained (< 10 μm), micritic 

matrix and various skeletal fragments including; brachiopoda, echinodermata, ostracoda, and 

trilobita.  Rare amounts of neomorphosed microspar/pseudospar ranging in size from 20 to 100 

μm are also present.  Microspar crystals display a translucent, elongate, bladed shape (Figure 25).  

Dolomite rhombs consists of euhedral, planar-e crystals ranging in size from 50 to 100 μm, that 

are spread-out in between a micrite matrix (Figure 26).  Many of the fossil fragments are poorly 

preserved deeming it difficult to identify.  One brachiopoda shell is poorly preserved, displays an 

impunctate shell lacking perforations and taleolae at a size of around 700 μm (Figure 27).  Poorly 

preserved echinoderm spines are composed of sparry calcite crystals and distinguishable by their 

lacy or flower-like pattern, internal structures have been destroyed by weathering (Figure 27).  

Echinoderm spines range in size from 50 to 100 μm.  Ostracodes and fragments are abundant in 

this microfacies.  Ostracodes are distinguishable by their thin, curved, calcified outer wall, some 

are filled with micrite matrix, while others have a calcified internal body cavity (Figure 25 and 

26).  Ostracodes range in size from 50 μm to 500 μm.  Trilobita displays a complex curvature of 

the shell and no internal structure, which is characteristic (Figure 28).  Trilobita is around 1mm in 

size.  This microfacies is composed of mostly non-ferroan calcite evident by the pink to orange 

staining and very rare amounts of ferroan calcite (Figure 29).  

 This microfacies is composed mainly of micrite (91.88%) and various unidentified fossil 

fragments (3.12%).  Identified allochems include; ostracoda (2.54%), brachiopoda (0.56%), 

trilobita (0.44%), and echinodermata (0.10%).  Rare amounts of microspar (0.85%) and dolomite 
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(0.51%) are also present.  Samples that compose this microfacies include; 1c, 2c, 4c, 8c, 11c, 14c, 

21c, and 22c. 

 

   

          

 

 

 

 

 

Figure 25: Photomicrograph (PPL) of Bioclastic Mudstone to Wackestone with a micrite matrix.  (A) Microspar 

(B) Ostracoda. Sample 21c.   
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Figure 26: Photomicrograph (PPL) of Bioclastic Mudstone to Wackestone with a micrite matrix.  (A) Dolomite 

rhombs (B) Ostracoda. Sample 11c.   

 

Figure 27: Photomicrograph (PPL) of Bioclastic Mudstone to Wackestone with a micrite matrix.  (A) 

Brachiopoda (B)Echinoderm. Sample 8c.   
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Figure 28: Photomicrograph (PPL) of Bioclastic Mudstone to Wackestone with a micirite matrix.  (A) 

Trilobite.  Sample 14c.   
 

Figure 29: Photomicrograph (PPL) of Bioclastic Mudstone to Wackestone with a micrite matrix.  (A) 

Ferroan calcite.  Sample 2c.   
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Pyritic Mudstone (Mf7) 

Description: This microfacies is located in the middle to the western margin of the basin 

(Figure 24).  The microfacies is dominated by micrite or mud with rare amounts of pyrite.  The 

micrite/mud matrix consists of clay size crystals (< 10 μm).  Pyrite occurs in dark, isometric 

framboids ranging in size from 20 to 200 μm (Figure 30 and 31).  This microfacies is composed 

of non-ferroan calcite evident by the pink to orange staining and siliceous mud obvious from no 

staining (Figure 31).   

 The major component of this microfacies is micrite/mud (98.46%), whereas, pyrite 

(1.54%), are less abundant.  No allochems were identified.  This microfacies is composed of two 

samples; 3c and 10c. 

  

Figure 30: Photomicrograph (PPL) of Pyritic Mudstone with a siliceous mud matrix.  (A) Pyrite Framboid.  

Sample 3c.   
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Figure 31: Photomicrograph (PPL) of Pyritic Mudstone with a micrite matrix.  (A) Pyrite Framboid.  Sample 

10c.   
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Dolomitic Grainstone (Mf8) 

Description: This microfacies is found at the very western margin of the basin at sample 

8c (Figure 24).  The microfacies consists of a colony of rounded trepostome bryozoans with 

dolomite rhombs filling the inter-particle pore spaces.  Figure 32 shows a tangential section 

through a trepostome bryozoan.  This sample is poorly preserved but zooecia (a circular sac or 

chamber) are visible as black to brown circular spots (1-5 μm) housed inside the outer walls.  

Individual allochems range in size from .5 to 1.5 mm.  Dolomite rhombs are found in the inter-

particle pore spaces and consists of subhedral to euhedral crystals that form condensed 

arrangements of interlocking sub to planar-s crystals averaging 50 μm.  This microfacies is 

composed of entirely non-ferroan calcite evident by the pink to orange staining. 

The major component of this microfacies is a trepostome bryozoan colony (94.65%).  

Dolomite rhombs account for 5.35% of the microfacies.  This microfacies is composed of one 

sample; 6c. 
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Figure 32: Photomicrograph (PPL) of a dolomitic grainstone with a trepostome bryozoan colony and 

dolomite rhombs filling the pore space.  Sample 6c.   
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Dolomitic Sparite (Mf9) 

Description: This microfacies is located at the western edge of the basin (Figure 24).  The 

microfacies consists of interlocked subhedral to euhedral medium-coarse grained microspar 

crystals ranging in size from 10 to 100 μm.  Dolomite rhombs consists of subhedral to euhedral 

crystals that form dense, mosaics of interlocking planar-s crystals ranging from 10-100 μm (Figure 

33).  Skeletal fragments are poorly preserved and structureless, deeming it difficult to identify 

specific species.  Skeletal fragments are recrystallized into sparry calcite crystals.  A large ostracod 

displays a curved, calcified outer wall, as well as, a calcified internal body cavity (Figure 34).  The 

wholly preserved ostracod is 500 μm, whereas other ostracod fragments are around 100 μm.  This 

microfacies is composed of entirely non-ferroan calcite evident by the pink to orange staining. 

The major components of this microfacies is microspar (90.25%) and dolomite rhombs 

(6.52%).  Allochems represent 3.23%; fossil fragments (0.92%) and ostracodes (2.31%).  This 

microfacies is composed of two samples; 7c and 9c. 
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Figure 33: Photomicrograph (PPL) of a dolomitic sparite.  (A) subhedral dolomite rhomb.  Sample 9c.  

 

Figure 34: Photomicrograph (PPL) of a dolomitic sparite with subhedral to euhedral dolomite rhombs.  

(A) Recrystallized ostracod.  Sample 7c. 
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Pyritic Clastic Carbonate (Mf10) 

Description: This microfacies is focused at the center of the basin (Figure 24).  It’s 

dominated by silt to very fine-grained sand sized (5-100 μm) detrital quartz grains.  Quartz grains 

are subangular to subrounded and moderately sorted.  Calcite cement binds framework grains 

together.  Calcite cement is either ferroan or non-ferroan (Figure 35) consisting of smaller 

assortments of calcite crystals typically 20 μm.  Framboids of isometric pyrite appear as black 

spots in thin section ranging in size from 30 to 200 μm (Figures 35 & 36).  

This microfacies primarily consists of detrital silt/sand grains (82.36%) and calcite cement 

(13.86%).  Pyrite represents a small percentage (3.78%).  Allochems are absent in this microfacies.  

This microfacies is composed of two samples; 12c and 20c. 

 

Figure 35: Photomicrograph (PPL) of a Pyritic Clastic Carbonate with a calcite cement.  (A) Ferroan 

calcite cement. (B) Quartz grains. Sample 12c 
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Figure 36: Photomicrograph (PPL) of a Pyritic Clastic Carbonate with a calcite cement.  (A) Pyrite 

framboid.  Sample 20c. 
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Pyritic Bioclastic Dolomite (Mf11) 

Description: This microfacies is spread out across the basin in the east, north and southern 

margins (Figure 24).  Dolomite rhombs consists of subhedral to euhedral crystals that form dense, 

mosaics of interlocking planar-s crystals ranging from 10 to100 μm.  Allochems preserved are 

recrystallized into microspar evident by the orange staining of calcite.  Subhedral to euhedral 

microspar occurs intermittingly between dolomite rhombs ranging in size from 10 to 50 μm.  Rare 

amounts of clay sized (< 10 μm) micrite appear between dolomite rhombs as a matrix (Figure 37).  

Framboids of isometric pyrite appear as black spots in thin section ranging in size from 30 to 80 

μm (Figures 37).  Ostracod fragments are distinguishable by their thin, curved, calcified outer wall 

ranging in size from 30 to 60 μm (Figure 38).  Echinodermata internal structures have been 

replaced by sparry calcite crystals and recognized by their unique lacy or flower-like pattern 

(Figure 39).  Echinodermata range in size from 100 to 500 μm.  A siliceous sponge spicule that 

has been replaced by calcite is distinguishable by its long curved wall with a characteristic central 

canal (Figure 38).  The sponge spicule is around 700 μm.  This microfacies is composed of entirely 

non-ferroan calcite evident by the pink to orange staining. 

The major components of this microfacies is dolomite (88.04%) and microspar (6.48%).  

Allochems represent 9.62%; fossil fragments (1.23%), Echinodermata (2.29%), sponge spicule 

(0.42%), and ostracodes (0.28%).  Small amounts of micrite (0.67%) and pyrite (0.59%) are also 

present.  This microfacies is composed of four samples; 5c, 13c, 15c and 16c. 
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Figure 37: Photomicrograph (PPL) of a Pyritic Bioclastic Dolomite.  (A) Pyrite framboid.  (B) Micrite 

matrix. Sample 5c 
 

Figure 38: Photomicrograph (PPL) of a Pyritic Bioclastic Dolomite.  (A) Longitudinal view of sponge 

spicule.  (B) Ostracod. Sample 15c.  
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Figure 39: Photomicrograph (PPL) of a Pyritic Bioclastic Dolomite.  (A) Echinoderm. Sample 16c.  
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Dolomitic Mudstone to Wackestone (Mf12) 

Description: This microfacies is concentrated at the eastern portion of the basin (Figure 

24).  A very fine grained, clay sized micritic matrix (<10 μm) dominates this microfacies.  

Dolomite rhombs consists of euhedral, planar-e crystals ranging in size from 30 to 80 μm, that are 

spread-out in between a micrite matrix.  The micrite matrix has partially experienced aggrading 

neomorphism into microspar (Figure 40).  Microspar crystals display a blocky, bladed shape and 

range in size from 50 to 100 μm.   Framboids of isometric pyrite appear as black spots in thin 

section ranging in size from 10 to 80 μm.  Ostracoda fossils are recrystallized into sparry calcite.  

Fragments, as well as, whole ostracodes are present ranging in size from 200 to 700 μm (Figure 

41).  Some ostracoda are partially filled with a micritic matrix.  This microfacies is composed of 

entirely non-ferroan calcite evident by the pink to orange staining. 

The major components of this microfacies is micrite (83.42%) and dolomite (10.05%).  

Ostracodes represent 5.28% of the microfacies.  Small amounts of pyrite (0.41%) and microspar 

(0.84%) are also present.  This microfacies is composed of three samples; 17c, 18c, and 19c.  

 

 

 

    



68 
 

  

Figure 40: Photomicrograph (PPL) of a Dolomitic Mudstone to Wackestone.  (A) Micrite matrix has 

partially experienced aggrading neomorphism into microspar. Sample 18c.  
 

Figure 41: Photomicrograph (PPL) of a Dolomitic Mudstone to Wackestone with a micrite matrix and 

pyrite framboids.  (A) Micrite matrix has partially experienced aggrading neomorphism into microspar. 

Sample 17c.  
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Pyritic Dolomite (Mf13) 

Description: This microfacies is concentrated at the very northeast boundary of the basin 

(Figure 24).  The facies consist of euhedral to subhedral interlocked planar-s dolomite rhombs and 

pyrite framboids.  Dolomite rhombs are typically 100 μm in size.  Isometric pyrite framboids are 

around 70 μm.  Allochems and calcite crystals are absent.  Dolomite rhombs are entirely non-

ferroan evident by no staining. 

The microfacies components are dolomite (96.26%) and pyrite (3.74%).  The microfacies 

is composed of one sample; 24c.   

    

 

 

Figure 42: Photomicrograph (PPL) of a Pyritic Dolomite with interlocked dolomite rhombs and pyrite 

framboids.  Sample 24c.  
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Porosity Results 

Porosity in the Rockford limestone is controlled by the original depositional environment, 

the diagenetic history of the formation, and compaction due to burial.  Primary intergranular and 

secondary intragranular porosity dominates the formation but fracture porosity is also present.  

Overall, porosity in the Rockford is very low with an average for all samples at 2.07% (Table 4).  

Generally, porosity at outcrop and core samples show a higher percent of porosity.  Average core 

sample porosity is 3.25%, average outcrop porosity is 3.86%, and average drill cuttings porosity 

is 1.42%.  This discrepancy is likely due to depth of burial.  The overall trend shows that porosity 

decreases with depth of burial (Figure 43).   

 

 

 

Figure 43: Porosity percent of all samples as a function of depth.  Sample numbers are displayed below each point.  

The high values are seen in outcrop and core samples are most likely due to grain plucking during thin section 

preparation.    
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Table 4: Table of samples and their associated 

porosity percent.  Core and outcrop show 

higher average porosity than drill cuttings 

probably due to grain plucking during thin 

section preparation.  

 

Sample # Porosity %

1a 3.97

2a 4.02

3a 4.66

4a 1.22

5a 2.38

Core Average 3.25

1b 4.18

2b 1.85

3b 5.45

4b 6.30

5b 0.85

6b 4.55

Outcrop Average 3.86

 1c 0.11

2c 1.06

 3c 0

 4c 1.66

 5c 2.12

6c 1.59

7c 2.12

8c 0.05

9c 2.06

10c 0

11c 1.41

12c 0.53

13c 0.53

14c 2.96

15c 1.89

16c 2.22

17c 0.74

18c 0.79

19c 2.22

20c 1.96

21c 0.63

22c 0.63

23c 2.59

24c 5.29

Drill Cuttings Average 1.47

Total Average 2.07
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 Porosity of Microfacies 

 Microfacies 1 (Mf1) through 5 (Mf5) are dominated by secondary intraparticle porosity 

due to diagenesis and intercrystal porosity between microspar crystals.  Intraparticle porosity is 

present in many fossil fragments including ostracada and bivalvia ranging in size from <1 to 500 

um (Figure 44).  Pore spaces larger than 60 μm are classified as mesopores according to 

Chouquette & Pray, 1970.   Intercrystal porosity is significantly smaller averaging a size of <5 μm.  

These pores are classified as micropores (<60 μm).  Intercrystal porosity is well connected creating 

good permeability, whereas, intraparticle porosity is poorly connected.  Intraparticle porosity in 

these microfacies represents a high percent of porosity compared to others.  Porosity averages of 

each microfacies are as follows: Mf1 (3.46%), Mf2 (4.66%), Mf3 (1.22), Mf4 (2.29%), Mf5 

(5.43%).   

Figure 44: Photomicrographs (XPL) of dominate porosity 

types in Mf1-Mf5.  Porosity is shown in pink. (A) 

Intragranular porosity in bivalve spine. Sample 1a (Mf1).  

(B) Intercrystal porosity between microspar. Sample 3a 

(Mf2).  (C) Intragranular porosity. Sample 5b (Mf4).  
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Microfacies 6, 9, 10, and 12 all exhibit a non-fabric selective fracture porosity formed after 

deposition.  Fractures cross-cut primary grains and depositional fabrics.  A particularly good 

example is shown in figure 45A where a large allochem has been cut off by a large fracture.  Sand 

grains, as well as, dolomite rhombs are also cross-cut by fractures in figures 45B and 45C.  

Fractures are long, thin, and zig zag shaped typically over 1mm in length and ranging from <5 to 

50 μm in width.  Fractures are very poorly connected creating poor permeability.  Natural fractures 

can be differentiated from fractures caused by drilling with the presence of minerals filling the 

fractures (Figure 45D).  These microfacies are limited to fracture porosity, constituting a variable 

amount of porosity depending on the size and scale of fractures.  Porosity averages of each 

microfacies are as follows: Mf6 (0.81%), Mf9 (2.09%), Mf10 (1.25), Mf12 (1.25%).   

 

Figure 45: Photomicrographs (PPL) of dominate porosity types in Mf6, Mf9, Mf10 andMf12.  Porosity is shown 

in blue. (A) Fracture porosity. Sample 4c (Mf6).  (B) Fracture porosity. Sample 9c (Mf9).  (C) Fracture porosity. 

Sample 20c. (Mf10).  (D) Fracture porosity/Possible styolite.  Sample 19c (Mf12)  
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Microfacies 11 and 12 display a fabric selective intercrystal porosity between medium 

crystalline dolomite rhombs.  Pore spaces display an irregular shape and in some cases are larger 

than the dolomite rhombs (Figure 46b).  Pore spaces range in size from 10 to 100 μm classifying 

them into micropores to mesopores.  Only intercrystal porosity is seen in these microfacies due to 

the high content of dolomite rhombs.  No permeability data was obtained making it impossible to 

determine the quality of permeability. Overall, intercrystal porosity in dolomite shows a high 

amount of porosity compared to other microfacies.  Mf13 has a particularly high amount of 

porosity compared to other microfacies with 5.29%, while Mf11 has 1.69% porosity. 

 

  

 

 

 

Figure 46: Photomicrographs (PPL) of dominate porosity types in Mf11 and Mf13.  Porosity is shown in blue. (A) Intercrystal porosity 

between dolomite rhombs. Sample 5c (Mf11).  (B) Intercrystal porosity. Sample 24c (Mf13).   
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Microfacies 8 (Mf8) shows a fabric selective interparticle porosity between medium to 

coarse grained bryozoan colonies.  Pore spaces are long and irregular shaped forming at the borders 

of framework grains in absence of the dolomitic matrix (Figure 47a).  Pore spaces are around 90 

μm in length and <5 μm in width.  Pore spaces are poorly connected largely due to dolomitic matrix 

blocking pathways.  This microfacies is limited to interparticle porosity constituting an overall 

poor amount of porosity.  Mf8 has an average porosity of 1.59%.   

 

 

 

 

 

  

 Microfacies 7 shows no visible porosity in thin section.  Very fine grained, clay size grains 

are closely packed together allowing for very little void space.  Pure mudstones typically have 

very little porosity as proven here in these samples (Figure 48).  Porosity in mudstones is typically 

less than 1 μm deeming it impossible to see using a petrographic microscope.         

 

 

 

 

 

 

Figure 47: Photomicrograph (PPL) of dominate porosity types in Mf8.  Porosity is shown in blue. (A) Interparticle 

porosity between allochem grains. Sample 6c (Mf8).  
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Microfacies 7 (Mf7) shows no visible porosity (Figure 48).  The presence of micropores 

could be determined at a higher magnification using a Scanning Electron Microscope (SEM).      

 

 

 

 

 

 

 

 

 

 

 

 

Figure 48: Photomicrograph (PPL) of Mf7. (A) No porosity. Sample 3c (Mf7). (B) No Porosity. Sample 10c (Mf7) 
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DISCUSSION 

 Depositional Environments 

 Based on the microfacies analysis, a depositional model is proposed for the 

Rockford/Chouteau Limestone.  The overall depositional environment varies from Illinois 

Chouteau deposition to Indiana Rockford deposition. The Chouteau was deposited on a prograding 

carbonate platform, whereas the Rockford in east-central Indiana was deposited on a vast, deep 

shelf.  The characteristics of Mf4, Mf5, and Mf8 suggest deposition in a shallow shelf to lagoonal 

environment. 

 Lagoonal Setting   

The lagoonal conditions were restricted to the very western end of the basin near the 

outcrop area whereas the shallow shelf conditions were much more widespread occurring in an 

epeiric shallow shelf setting (Figure 49).  It’s been proposed by Harries and Kauffman, (1990) that 

shallow marine sedimentation occurs in non-oceanic epeiric seas where great width of shelves and 

shallowness of the waters lead to a restricted environment with limited circulation.  Lagoonal 

deposition included shallow water depths in the photic zone, warm temperatures, normal salinities 

and low to moderate water energy as demonstrated by the presence of euphotic organisms such as 

ostracodes and echinoderms; a faunal assemblage indicative of a shallow marine environment 

(Burchette and Wright, 1992).  The prevalence of fossil fragments and intraclasts in Mf4 and Mf5 

implies a shallow subtidal, limited circulation, environment with a water depth range of 25 to 100 

feet (7-30 m) (Figure 50).  Characteristics of this environment can be assigned to the Facies Zone 

(FZ) 8 or 7 on the standard Wilson facies belts (Appendix C). 

Shallow Shelf  

Trepostome bryozoan in Mf8 are typically found in shallow shelf environments where 
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waters are agitated enough to obtain suspended food (Boardman and Cheetham, 1987; Adams and 

MacKenzie, 1998).  Other bioclasts found in Mf6 such as brachiopods, echinoderms, and 

ostradcodes fragments are indicative of a shallow shelf environment as well, with a water depth 

range of 100 to 300 feet (30-91 m) (Figure 50).  The occurrence of sparry calcite in Mf9, indicate 

that the microfacies was deposited in a moderate to high energy environment influenced by tidal 

currents.  Lime mudstones are also present, which is typical in shallow shelf environments 

Figure 49: Depositional setting of the Chouteau/Rockford Limestone based on microfacies analysis across the 

Illinois Basin.  Microfacies are displayed at the location in which they were found. 
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occurring as mud flats in less agitated areas.  Overall, this assemblage of microfacies corresponds 

to FZ4 in the Wilson Model, or a shallow shelf environment.    

Shelf Margin 

The characteristics of Mf9, Mf10, and Mf6 indicate a shallow shelf margin consistent with 

FZ3 in Wilson’s facies model (Appendix C).  The shelf margin comprises a large portion of the 

western basin due to the gradual decline of the epieric ramp (Figure 49).  Trilobites present in this 

zone were common in shelf limestones of the Paleozoic, typically found in fairly shallow water 

and were commonly benthic (Kaesler, 1987).  The abundance of broken fossil fragments is due to 

reworked platform material that has been moved from the shallow shelf.  This implies a fairly high 

energy environment in which detritus material continually mixed with lime muds, forming 

bioclastic wackestones with a micritic matrix.   

Silt sized clastics with calcite cement are also present in this facies zone.  Interbedded 

siltstones most likely came from eolian deposits where terrigenous detritus was deposited and 

subsequently cemented by calcite.  Microspar present in this zone can be explained by an 

Figure 50: Depositional model for the formation of the Chouteau/Rockford Limestone in the Illinois Basin.  
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experiment performed by et et al. (1982) where they proved microspar can form essentially 

isochemically, the cement being derived from within the formation. This shelf margin depositional 

environment likely experienced water depths ranging from 200 to 350 feet (60-106 m) (Figure 50). 

Basin Slope 

The basin slope on the western margin of the basin represents a gradual transition to a deep 

basin in which the environments were very similar (Figure 49).  Mf6 and Mf7 have the 

characteristics of a typical basin slope environment detailed in FZ2 in Wilson’s Facies Belt 

(Appendix C).  Fine-grained mudstone is present, which is indicative of a low energy environment 

in which allochthonous and autochthonous carbonates, as well as, hemipelagic sediments are 

deposited (Flügel, 2004).  Reworking of broken shell fragments are also common at the basin slope 

due to storm events which is evident in Mf6; bioclastic mudstones to wackestones.  Specifically, 

in sample 2c (Figure 29) broken fossil fragments are sparse in a micrite mud matrix implying 

reworking.  The basin slope at the time of Chouteau deposition was at the boundary of the photic 

zone, ranging from 350 to 500 feet (106-152 m) water depth (Figure 50). 

Deep Basin  

The deep basin at the time of the Chouteau deposition was unlike an open marine bathyal 

basin in that the Illinois basin was much more oxygenated and had shallower waters.  The basin 

depositional environment is comparable to FZ1 in Wilson’s Facies Belt (Appendix C).  In a deep 

basin setting, one would expect to find very fine grained mudstones and limited bioclasts indicative 

of a dysoxic, low energy environment.  Instead, the Chouteau at the deep basin setting displays 

large amounts of bioclasts indicative of oxic, higher energy environment.  The abundance of 

bioclastic wackestones found in the basin can be explained by well oxygenated waters in which 

benthic organisms such as, ostracodes and brachiopods, could thrive on the basin floor.  
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Oxygenated bottom waters due to circulation was caused by inflow from the open ocean to the 

Eastern Interior Seaway that comprised the Illinois and Michigan basins at the time (Figure 51).  

Witzke (1987) proposed a “Quasiestuarine” circulation model which is driven by a water surplus 

generated by excessive water runoff.  The model is based on the idea that sea level in epeiric seas 

is maintained by inflow from open ocean sources that balance evaporation and outflow of surface 

water from the seaway.  Thus, if the seaway is relatively shallow and vertical mixing is sustained, 

bottom waters will be well oxygenated.  This “Quasiestuarine” model is the process proposed for 

the deep basin setting at the time of Chouteau/Rockford deposition.  Inflow from the open ocean 

was also enhanced by the subsidence of the Illinois Basin at this time.  The Rockford/Chouteau 

was deposited around 358 Mya, correlating with the beginning of a subsidence event in the Illinois 

Basin (Figure 52).  The subsidence of the basin caused more accommodation space, which in turn, 

caused greater water depths and increased connection to the open ocean.  Well-oxygenated upper 

layers in modern seas and oceans reaches depths up to 200 m (~650 ft) (Witzke, 1987; Pickard and 

Emery, 1982).  Based on modern seas, the bottom water depth of the basin was likely around 650 

feet (200 m) (Figure 50). 
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Figure 51: Paleogeography during Kinderhookian time (Early Mississippian) showing the inflow of oxygenated waters to the Eastern 

Interior Seaway.    
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Deep Shelf 

Deposition of the Rockford in east-central Indiana was characterized by a low relief shelf 

with a homogeneous environment across a broad area (Figure 49).  Most of the study area is 

focused in this deep shelf region where the primary microfacies is Mf12; dolomitic mudstone to 

wackestone.  Mf10, Mf11, Mf13, Mf1, Mf2, and Mf3 are also present.  The characteristics of the 

microfacies in this environment indicate a deep shelf margin consistent with FZ2 in Wilson’s 

Facies Belt (Appendix C).   

 Significant amounts of glauconite present in Mf1, Mf2, and Mf3 indicate a relatively 

shallow deposition and slow sedimentation marine environment.  In modern oceans glauconite 

forms at water depths of 50 to 300 m (~150-800 ft.), typically in shelf environments (Flügel, 2004).  

In addition, Triplehorn (1965) stated that glauconite is most abundant at unconformities or at the 

base of marine transgressive sequences, indicating a transgressive sequence after the deposition of 

the New Albany Shale.  The abundance of pyrite in the deep shelf suggests a reducing environment 

in which pyrite replaced organic material (Wilkin et al., 1996).  Framboidal pyrite is known to 

Figure 52: Subsidence curves for various intracontinental basin including the Illinois Basin represented by curve (1) 

circled in red. The timing of the beginning of the second subsidence event correlates with the timing of the 

Rockford/Chouteau deposition.  The beginning of the second subsidence event is circled in red. Xie & Heller (2009)   
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occur in shelf carbonates and deep-marine, fine-grained micritic limestones (Flügel, 2004; Honjo 

et al., 1965).  Ferroan calcite is abundant in the core (Mf1, Mf2, and Mf3) which often indicates 

deep burial reducing conditions (Flügel 2004). The presence of benthic organisms such as 

ostracodes and echinoderms in Mf12 and Mf11 is further evidence for a deep shelf setting. 

 The Rockford Limestone was deposited in a moderately deep, oxygenated epicontinental 

sea, whereas the New Albany Shale was deposited in a shallow silled basin.  Throughout most of 

the Late Devonian this sea, which covered much of the eastern and central United States, was the 

site of black shale deposition.  A lack of circulation, the consequence of the landlocked nature of 

the basin, and the shallowness of the water were suggested by Lineback (1970) as the cause of the 

reducing conditions that were responsible for the deposition of black shales.  A water depth of less 

than 200 feet (~60 m) was proposed by Lineback (1970) for the New Albany in central Indiana.  

 Regional stratigraphic evidence suggests a transgressive sequence occurred during the late 

Devonian and Early Mississippian.  The Rockford is likely part of a condensed section.  In 

sequence stratigraphy, condensed sections are characterized by a very slow sedimentation rate over 

a long period of time, usually represented by a thin layer.  In condensed sections, bioclasts, and 

glauconitic material tend to be concentrated compared with rapidly deposited sections that contain 

few fossils.  This is exactly what is seen in the Rockford; a thin unit deposited over a long period 

with concentrated amounts of bioclasts and glauconite.  Condensed sections are most commonly 

deposited during marine transgressions.  The condensed nature of the Rockford Limestone is 

evidence of a transgression.  For example, during transgressive phases terrigenous sediment may 

be trapped on the shelves, resulting in sediment starvation in the basins.  Terrigenous sediments 

coming from the Acadian orogeny to the east were trapped by the Kankakee and Cincinnati Arches 

during Rockford deposition (Figure 51).  In contrast, during the New Albany deposition 
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terrigenous sediments freely moved past the arches into the Illinois basin.  This difference was due 

to the uplift of the Kankakee and Cincinnati Arches during the deposition of the Rockford on the 

deep shelf, trapping sediments coming from the east.  Again, this uplift caused subsidence in the 

basin increasing water depth and circulation.  The arches surrounding the basin silled off the basin 

causing anoxic conditions resulting in the deposition of the black shales of the New Albany (Figure 

53B).  As relative sea level and accommodation space during the Rockford deposition, connection 

to the open ocean resumed causing aerobic conditions.  A sediment starved basin combined with 

a transgression increasing ocean circulation in the epeiric sea, would allow for deposition of the 

Rockford/Chouteau Formations (Figure 53A). 

 It’s clear there was a major regional transgression at the beginning of the Rockford 

deposition.  The water depth during the Rockford Deposition then, must have been greater than 

the water depth during the New Albany Shale deposition (200 feet or 60 m).  The Rockford 

Limestone in east-central Indiana at the deep shelf setting most likely had a water depth ranging 

from 350 to 500 feet (106-152 m).  This interpretation is supported by the characteristics of 

microfacies found in this setting including; fossil fragments, which were abraded to produce the 

fine grained micritic matrix, the broken benthic fossils, and the presence of glauconite and pyrite.     
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Figure 53: Schematic representation of the Illinois basin during A) deposition of the Rockford Limestone and B) deposition of New 

Albany Shale. 
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Hydrocarbon Potential 

 Hydrocarbon potential of the Rockford/Chouteau formation is primarily controlled by its 

lithologic characteristics related to its depositional environment.  To an equal degree, hydrocarbon 

potential is controlled by its relation to the source bed and oil migration of the basin.  These two 

factors explain why the Rockford/Chouteau have never produced hydrocarbons and likely never 

will.   

It’s clear that the source rock, New Albany Shale, was deposited in a shallow water, anoxic 

basin that was conducive to the preservation of significant amounts of high-quality organic matter 

in the sediments.  This high quality organic matter would eventually become the source for all the 

oil reservoirs in the Illinois Basin.  It’s important to understand the petroleum system of the Illinois 

Basin in order to explain the lack of hydrocarbons present in the Rockford/Chouteau.  The duration 

of New Albany Shale deposition to the end of hydrocarbon migration ranges from the Late 

Devonian to Late Jurassic.  Hydrocarbon expulsion in the basin started during the Middle 

Pennsylvanian and reached its peak in Late Pennsylvanian to the Early Permian (Cluff and Byrnes, 

1990).  Bethke et al. (1991) states that migration of hydrocarbons into traps began during the Early 

Cretaceous and emplacement of hydrocarbons into reservoirs was controlled by vertical migration 

along fault systems, combined with sealing effects of faults and related structures.  This migration 

resulted in vertical expansion of the petroleum system into overlying younger carbonates and 

siliciclastics, while limiting the lateral migration and extent of oil and gas by sealing faults and 

low-permeability formations (Bethke et al., 1991).  Oil generation is concentrated in the central, 

deepest part of the basin where organic matter has been exposed to heat and pressure.  Thermal 

maturity in the New Albany Shale is in the oil window toward the area of its greatest paleoburial 

depths in southern-central Illinois and Kentucky (Barrows, 1984) (Figure 54).  
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The Rockford/Chouteau’s position directly above the source bed implies the possibility of 

a potential oil reservoir, especially the formation being a carbonate, but that is not the case.  First, 

the fine grained micritic matrix present in most samples coupled with the very poor porosity found 

in all samples makes the Rockford/Chouteau a poor reservoir.  The average porosity of all samples 

is 2.21% (Table 4).  According to Shell Standard Legend, porosity <5% is considered low.  

Porosity is highest in Mf5, Mf13, and Mf2 which are all located at the margins of the basin where 

oil maturity is not in the oil or gas window.  Where oil maturity and production are at its greatest 

in the basin, porosity is at its lowest in the Rockford/Chouteau.  In addition, deposition of the 

Rockford/Chouteau is absent in a large productive portion of basin near the Illinois/Indiana border 

(Figure 2).  Typical porosity in the deepest parts of the basin where oil is most common in 

overlying reservoirs, is <2% in the Rockford/Chouteau (Figure 55).  

Figure 54: Map showing oil maturity according to Hydrogen Index (HI).  Areas thermally 

mature for oil generation are outlined in red. (Higley et al., 2013). 
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 This lack of porosity can largely be explained by mechanical and chemical compaction 

due to deep burial.  Mechanical compaction can be responsible for one third to one half the loss of 

porosity in carbonates depending on the depth of burial (Scholle and Halley, 1985; Flügel, 2004).  

In addition, chemical compaction due to pressure solution in carbonates buried at depths greater 

than 1000 m typically lose 10 to 20 percent porosity no matter the original porosity (Scholle and 

Halley, 1985).  Evidence for styolites is rare with one possible styloite coming from sample 19c 

(Figure 45D).  In fact, the St. Genevieve Limestone in Indiana, which experienced burial depths 

of only a few hundred meters lost more than 10% of original porosity due to mechanical 

compaction alone (Coogan, 1970).  The thinness of the Rockford/Chouteau might also play a major 

role in the loss of porosity.  Scholle and Halley (1985) proposed thin carbonate units can show 

Figure 55: Porosity map of the study area with labeled sample points in blue. Low amounts of porosity are concentrated in 

the deepest parts of the basin whereas the northern, eastern, and western boundaries display higher amounts.  
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near elimination of all pore space in sediments that were cemented in marine settings due to the 

addition of CaCO3 from seawater.  The presence of microspar and pseudospar in the majority of 

samples is evidence of cementation in the microfacies, causing a loss of porosity in parts of the 

Rockford/Chouteau.   

The primary porosity type in the central basin near hydrocarbon production is fracture 

porosity (Figure 45).  These fractures likely acted as pathways for vertical migration of 

hydrocarbons, unable to leach into the Rockford/Chouteau due to its very low porosity and 

permeability.  At the western margin of the basin near the lagoonal facies (Mf4 and Mf5) 

interparticle and intraparticle porosity are more common.  These microfacies have a relatively high 

amount of porosity (3.86%).  Although these microfacies might be able to hold hydrocarbons, they 

are far from the oil window and are at the surface.   

Intercrystal porosity due to dolomitization is the final major porosity type seen in the 

microfacies (Figure 46).  Sample 24c has a relatively high porosity (5.29%) but it’s at the very 

northern margin of the basin where hydrocarbons are absent.  Dolomitization is largely absent at 

the central, deeper parts of the basin, adding more evidence for the very poor porosity in the most 

productive part of the basin.  Dolomitization of the Rockford/Chouteau Formation is poorly 

understood.  A greater resolution of samples across the basin is needed to fully understand 

dolomitization of the Rockford/Chouteau.  That being said, a deep burial dolomitization model is 

a possible process responsible for dolomitization of the Rockford/Chouteau Limestone.  The major 

process in this model is the compaction and subsequent dewatering of basinal mudrocks, which 

remove Mg2+ rich fluids from pore water during the alteration of clay minerals with increasing 

depth and rising temperature (Flügel, 2004).  In this case, dewatering of the New Albany Shale 

due to compaction caused Mg2+ rich fluids to escape pore spaces and ultimately dolomitize parts 
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of the Rockford/Chouteau.  Due to the absence of dolomitized samples near the deepest parts of 

the basin, this model cannot be definitely accepted.  Again, more data is needed to reach a 

conclusion on dolomitization in the Rockford/Chouteau.     

What hasn’t been stated and perhaps is most important, is the lack of any hydrocarbons or 

traces of past hydrocarbons present in any thin section.  Hypothetically, even if there were 

hydrocarbons present, permeability or connected pore spaces weren’t found in any thin section 

either, further supporting the lack of hydrocarbon potential.   

 

 

 

 

 

 

 

 

 

 

 

 



92 
 

CONCLUSIONS 

 The overall depositional environment varies from Illinois Chouteau deposition to 

Indiana Rockford deposition. The Chouteau was deposited on a prograding 

carbonate platform, whereas the Rockford in east-central Indiana was deposited on 

a vast, deep shelf. 

 The Rockford/Chouteau was deposited around 358 Mya, correlating with the 

beginning of a subsidence event in the Illinois Basin.  The subsidence of the basin 

caused more accommodation space, which in turn, caused greater water depths and 

increased circulation in the deep basin.  

 The Rockford is likely part of a condensed section.  The Rockford is characterized 

by a very slow sedimentation rate over a long period of time.  In condensed sections, 

bioclasts, and glauconitic material tend to be concentrated compared with rapidly 

deposited sections that contain few fossils.  This is exactly what is seen in the 

Rockford; a thin unit deposited over a long period with concentrated amounts of 

bioclasts and glauconite.   

 Water depth at the time of the Rockford deposition in the deep shelf setting must 

have been more than 200 feet (60 m) due to the transgression at the start of Rockford 

Deposition.  The Rockford Limestone in east-central Indiana at the deep shelf 

setting most likely had a water depth ranging from 350 to 500 feet (106-152 m).   

 Hydrocarbon potential of the Rockford/Chouteau Formation is primarily controlled 

by its lithologic characteristics related to its depositional environment, as well as, 

its relation to the source bed and oil migration of the basin. 
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 Where oil maturity and production are at its greatest in the basin, porosity is at its 

lowest in the Rockford/Chouteau.  Porosity in the deepest parts of the basin where 

oil is most common in overlying reservoirs, is <2% in the Rockford/Chouteau. 

Lack of porosity can largely be explained by mechanical and chemical compaction 

due to deep burial.   

 Fractures in the New Albany Shale and Rockford/Chouteau Formations likely acted 

as pathways for vertical migration of hydrocarbons in the central basin, unable to 

accumulate into the Rockford/Chouteau due to its very low porosity and 

permeability. 

 A greater resolution of samples across the basin is needed to fully understand 

dolomitization of the Rockford/Chouteau.  Deep burial dolomitization is one 

possible process responsible for dolomitization of the Rockford/Chouteau 

Limestone.   

 Lack of hydrocarbon potential can be explained by very poor porosity and is 

supported by the absence of residues or traces of hydrocarbons in the 

Rockford/Chouteau Formation. 
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Appendix A: Composition Point Count Tables 

 

 

 

 

 

Sample 1a

Composition Counted Points Relative Area %

Micrite 1733 86.65

Glauconite 56 2.50

Fossil Fragment 131 6.74

Ostracod Fragment 21 1.08

Pelecypoda bivalvia 59 3.03

Total 2000 100.00

Sample 2a

Composition Counted Points Relative Area %

Micrite 1644 85.00

Glauconite 45 2.03

Fossil Fragment 31 1.64

Microspar 12 0.64

Echinoderm Spine 181 9.58

Foraminifera 21 1.11

Total 1934 100.00

Sample 3a

Composition Counted Points Relative Area %

Microspar 1897 95.14%

Pyrite 18 0.90%

Glauconite 29 1.45%

Ferroan Micrite 50 2.51%

Total 1994 100.00%

Sample 4a

Composition Counted Points Relative Area %

Micrite 1849 95.26%

Foraminifera 4 0.20%

Microspar 56 2.89%

Pyrite 32 1.65%

Total 1941 100.00%

Sample 5a

Composition Counted Points Relative Area %

Micrite 1705 82.48%

Glauconite 123 5.22%

Crinoid 186 9.57%

Brachipod 53 2.73%

Total 2067 100.00%

Sample 1b

Composition Counted Points Relative Area %

Micrite 1498 77.06%

Fossil Fragment 360 18.52%

Microspar 18 0.93%

Alcyonarian Coral 32 1.65%

Echinoderm 36 1.85%

Total 1944 100.00%

Sample 2b

Composition Counted Points Relative Area %

Micrite 1749 89.97%

Fossil Fragment 126 6.48%

Foraminifera 3 0.15%

Ostracod 34 1.75%

Echinoderm Spine 32 1.65%

Total 1944 100.00%

Sample 3b

Composition Counted Points Relative Area %

Intraclasts 921 17.40%

Dolomite 742 12.46%

Echinoderm 279 14.37%

Total 1942 100.00%



100 
 

 

 

 

 

 

 

 

 

 

Sample 5b

Composition Counted Points Relative Area %

Micrite 1792 92.18%

Foraminifera 52 2.67%

Osracod 100 5.14%

Total 1944 100.00%

Sample 4b

Composition Counted Points Relative Area %

Intraclasts 1031 53.03%

Dolomite 817 42.03%

Echinoderm 96 4.94%

Total 1944 100.00%

Sample 6b

Composition Counted Points Relative Area %

Intraclast 1040 53.50%

Coral 328 16.87%

Dolomite 576 29.63%

Total 1944 100.00%

Sample 1c

Composition Counted Points Relative Area %

Micrite 1635 84.10%

Fossil Fragment 62 3.19%

Microspar 14 0.72%

Ostracod 162 8.33%

Brachipod 71 3.65%

Total 1944 100.00%

Sample 2c

Composition Counted Points Relative Area %

Micrite 1857 95.52%

Fossil Fragment 75 3.86%

Microspar 12 0.62%

Total 1944 100.00%

Sample 3c

Composition Counted Points Relative Area %

Micrite 1914 98.46%

Pyrite 30 1.54%

Total 1944 100.00%

Sample 4c

Composition Counted Points Relative Area %

Micrite 1693 93.33%

Fossil Fragment 74 4.08%

Ostracodes 47 2.59%

Total 1814 100%

Sample 5c

Composition Counted Points Relative Area %

Micrite 51 2.62%

Dolomite 1850 95.16%

Pyrite 43 2.21%

Total 1944 100%

Sample 6c

Composition Counted Points Relative Area %

Dolomite 104 5.35%

Trepostome bryozoan 1839 94.65%

Total 1943 100.00%

Sample 7c

Composition Counted Points Relative Area %

Fossil Fragment 33 1.70%

Microspar 1530 78.70%

Dolomite 298 15.33%

Ostracod 83 4.27%

Total 1944 100%
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Sample 8c

Composition Counted Points Relative Area %

Micrite 1854 95.37%

Fossil Fragment 43 2.21%

Brachipod 15 0.77%

Echinoderm 15 0.77%

Ostracod 17 0.87%

Total 1944 100%

Sample 9c

Composition Counted Points Relative Area %

Dolomite 234 12.04%

Microspar 1710 87.96%

Total 1944 100.00%

Sample 10c

Composition Counted Points Relative Area %

Micrite 1931 99.33%

Pyrite 13 0.67%

Total 1944 100%

Sample 11c

Composition Counted Points Relative Area %

Micrite 1760 93.32%

Fossil Fragment 25 1.33%

Dolomite 79 4.19%

Ostracod 22 1.17%

Total 1886 100%

Sample 12c

Composition Counted Points Relative Area %

Clastic/Silt 1661 85.44%

Calcite Cement 251 12.91%

Pyrite 32 1.65%

Total 1944 100.00%

Sample 13c

Composition Counted Points Relative Area %

Dolomite 1840 94.65%

Echinoderm Fragments 104 5.35%

Total 1944 100.00%

Sample 14c

Composition Counted Points Relative Area %

Micrite 1703 87.60%

Fossil Fragment 103 5.30%

Microspar 49 2.52%

Trilobite 67 3.45%

Ostracod 22 1.13%

Total 1944 100.00%

Sample 15c

Composition Counted Points Relative Area %

Micrite 373 21.21%

Fossil Fragment 93 5.29%

Dolomite 1240 70.49%

Ostracod 21 1.19%

Sponge 32 1.82%

Total 1759 100.00%

Sample 16c

Composition Counted Points Relative Area %

Dolomite 1753 90.17%

Echinoderm 70 3.60%

Microspar 119 6.12%

pyrite 2 0.10%

Total 1944 100.00%

Sample 17c

Composition Counted Points Relative Area %

Micrite 1416 72.84%

Dolomite 208 10.70%

Ostracod 308 15.84%

Pyrite 12 0.62%

Total 1944 100.00%
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Sample 18c

Composition Counted Points Relative Area %

Micrite 1617 83.18%

Dolomite 278 14.30%

Microspar 49 2.52%

Total 1944 100.00%

Sample 19c

Composition Counted Points Relative Area %

Micrite 1832 94.24%

Dolomite 100 5.14%

Pyrite 12 0.62%

Total 1944 100.00%

Sample 20c

Composition Counted Points Relative Area %

Pyrite 115 5.92%

Clastics 1541 79.27%

Microspar 288 14.81%

Total 1944 100%

Sample 21c

Composition Counted Points Relative Area %

Micrite 1783 91.72%

Ostracod 75 3.86%

Microspar 30 1.54%

Fossil Fragment 56 2.88%

Total 1944 100%

Sample 22c

Composition Counted Points Relative Area %

Micrite 1832 94.24%

Fossil Fragment 41 2.11%

Microspar 25 1.29%

Ostracod 46 2.37%

Total 1944 100%

Sample 23c

Composition Counted Points Relative Area %

Micrite 1509 77.62%

Fossil Fragment 53 2.73%

Microspar 86 4.42%

Trilobite 92 4.73%

Ostracod 52 2.67%

Dolomite 152 7.82%

Total 1944 100%

Sample 24c

Composition Counted Points Relative Area %

Dolomite 1801 96.26%

Pyrite 70 3.74%

Total 1871 100.00%
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Appendix B: Porosity Point Count Table 

 

 

 

Sample # Non-Porosity Points Counted   Porosity Points Counted Relative Porosity Area %

1a 1815 75 3.97

2a 1812 78 4.02

3a 1802 88 4.66

4a 1867 23 1.22

5a 1845 45 2.38

1b 1810 79 4.18

2b 1855 35 1.85

3b 1786 103 5.45

4b 1771 119 6.30

5b 1874 16 0.85

6b 1804 86 4.55

1c 1888 2 0.11

2c 1870 20 1.06

3c 1890 0 0.00

4c 1776 30 1.66

5c 1850 40 2.12

6c 1860 30 1.59

7c 1850 40 2.12

8c 1889 1 0.05

9c 1851 39 2.06

10c 1890 0 0.00

11c 1814 26 1.41

12c 1880 10 0.53

13c 1880 10 0.53

14c 1834 56 2.96

15c 1710 33 1.89

16c 1848 42 2.22

17c 1876 14 0.74

18c 1875 15 0.79

19c 1848 42 2.22

20c 1853 37 1.96

21c 1878 12 0.63

22c 1878 12 0.63

23c 1841 49 2.59

24c 1789 100 5.29
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Appendix C: Wilson Facies Model 

 

Idealized Sequence of standard facies in a Carbonate ramp after Wilson (1975). Redrawn by Nassir Alnaji (2002). 

 


