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ABSTRACT 

Syndepositional tectonic movements and geometry of the Illinois 

Basin had a profound influence on thickness, lithofacies 

distribution and dolomitization in the Silurian rocks in western 

Kentucky. The northern portion of the Illinois Basin {in Indiana and 

Illinois) was the site of extensive development of reef trends and 

numerous isolated reefs with associated petroleum entrapment. 

However, no reefal trends have been reported from the southern 

portion of the Illinois Basin in western Kentucky. 

The Kentucky portion of the Illinois Basin consists 

predominantly of the Moorman Syncline and its shelves, which are 

separated from the northern part of the m i n o i s Basin by the Rough 

Creek Fault Zone. Syndepositional Tectonic movements not only 

controlled the basinal geometry, but also influenced the 

depositional environments in the Moorman Syncline. The basinal 

geometry of the Moorman Syncline accounted for a unique geologic 

setting and a possible reefal trend, altogether different from that 

of the northern portion of the Illinois Basin. 

Silurian rocks in the study area consist of more than 600 feet 

of predominantly clastic-free carbonates with a few thin shaly 

intervals. Percentages of grainstone/packstone facies and dolomite 

generally increase toward margins of the basin, whereas percentages 

of wackestone/packstone facies and calcite increase toward the 

center of the basin. 



Syndepositional subsidence of the basinal block, along a 

segment of the Rough Creek Fault Zone in Grayson County, created a 

local steep shelf-margin within an otherwise gently sloping 

carbonate platform. This, in turn, influenced the thickness of the 

sedimentary-fill, facies distribution and dolomitization pattern. 

Thickness of the reef-bearing interval (the St. Clair and Moccasin 

Springs formations) increases locally on the basinal side of the 

syndepositional fault in Grayson County. Percentages of 

grainstone/packstone facies and dolomite also increase anomalously 

in this area. 

Four different but interdependent criteria: basinal geometry, 

geometry of sedimentary-fill, lithology and distribution of dolomite 

support the existence of a probable reef trend in Grayson County. 

This inferred reef trend in Grayson County is the most promising 

site for exploration of hydrocarbons entraped within the Silurian 

reefs or in draped structures in the overlying rocks. 
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CHAPTER I 

INTRODUCTION 

During most of the Silurian Period the Great Lakes area of 

northeastern North America was characterized by the occurrence of 

widespread shallow epeiric seas in which carbonate sedimentation 

predominated. Numerous pinnacle reefs and reef trends have been 

reported from the northern portion of the Illinois Basin in Illinois 

and Indiana. No reef trend has been reported from the southern 

portion of the Illinois Basin in Kentucky. The major objective of 

this investigation is to evaluate the Silurian rocks in western 

Kentucky to and assess the potential of this area for possible reef 

development. However, the large areal extent of the study area, the 

nature, and the relative sparsity of subsurface data, limit the 

objectives of this investigation to more general rather than to 

specific aspects. In order to delineate the areas that appear more 

favorable for development of reefs and carbonate banks, a broad 

depositional model is developed on the basis of subsurface 

correlation of lithofacies, basin geometry, geometry of sedimentary 

facies, and diagenetic history of the Silurian rocks. Porosity 

development and occlusion is also examined. 

Cumulative petroleum production from the Paleozoic rocks in the 

Illinois Basin is more than 4.3 billion bbls (McCaslin, 1983). About 

four percent of the basin's oil is associated with Silurian 

(Niagaran) reefs. Only a small fraction of this oil comes from the 
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reefs themselves. Reefs in the Illinois portion of the basin form 

prolific hydrocarbon reservoirs, but a major portion of the 

petroleum occurs in small anticlinal traps in the overlying 

Devonian, Mississipian, and Pennsylvanian strata. These anticlinal 

traps have formed above the Silurian reefs due to draping.over of 

the younger stratigraphic units over the reefs. 

Methods of Study 

The area covered by this report encompasses 25 counties in 

western Kentucky, an an area of approximately 10,000 square miles 

(Fig. 1.1). Data available for this investigation are limited both 

in quantity and quality. All information was derived from wells 

drilled through the Silurian section. Except for the cores from two 

wells in the northeastern margin of the area (Meade County), all 

the subsurface samples were in the form of well cuttings. Subsurface 

samples from 50 wells were used and 800 thin sections were prepared 

for petrographic examination. The wells are relatively closely 

spaced near the eastern and southern margins of the area but are 

sparsely distributed in the central and western part of the study 

area. Geophysical well logs were available from 94 wells. Gamma ray, 

neutron, and resistivity/induction logs were the most commonly 

available geophysical logs. However, a few sonic and density logs 

were also available. Almost all subsurface correlations in this 

study were based on the gamma ray log response. Unfortunately, the 

logs were not available for all the wells from which subsurface 

sr-

a-

1 



samples were collected. Figure 1.2 illustrates the location and 

nature of data available in the study area (also see appendices A 

and B). Geophysical logs for this study were obtained from the log 

libraries of the Kentucky, Indiana, and Illinois geological surveys. 

Most subsurface rock samples were obtained from the Kentucky 

Geological Survey. 

Due to facies change and pervasive masking of th^ original 

depositional fabric by multiple diagenetic episodes in the outcrops 

of the Silurian rocks, study of the outrops does not facilitate the 

understanding of the subsurface lithologic intervals. Therefore, 

most lithologic interpretations were based on examination of well 

cuttings under binocular and petrographic microscopes. The most 

common sampling intervals of the well cuttings varied ^rom 5 to 10 

feet. An attempt was made to collect samples randomly from each 

stratigraphic unit. Large sampling intervals and random selection of 

samples limited the resolution of the interpreted sedimentary facies 

present in the study area. 

Formational contacts were determined and correlated on the 

basis of geophysical logs, well completion reports and subsurface 

samples. Gamma ray logs provided the basic resolution, although 

neutron, density, sonic, and electric logs also facilitated the 

recognition of formational boundaries. In the event of discrepancy 

greater reliance was given to geophysical logs. Figure 1.3 presents 

characteristic log response of the Silurian rocks in various parts 

of the study area. Twelve cross sections were constructed to show 



the position and attitude of various stratigraphic units. Structural 

maps and isopachous maps were prepared to decipher the structural 

history of the basin and interpret the geometry of the sedimentary 

facies. Facies evaluation was based on basin geometry, geometry of 

sedimentary facies, lithology, and fauna. Petrographic examination 

of thin sections was the prime tool for evaluation of lithology, 

porosity, biofacies, and diagenetic history. However, where 

possible, geophysical logs also were used for lithology evaluation. 

Calculations for percentages of lithofacies and minerals were based 

on visual estimation of particle frequencies under the petrographic 

microscope. Thin sections for microscopic examination were stained 

with a combination of Alizarin Red S and potassium ferricyanide 

(Dickson, 1966). Alizarin Red S differntiates normal.calcite from 

dolomite by staining it pink/red. Potassium ferricyanide 

distinguishes between ferroan and nonferroan carbonates (ferroan 

calcite appears purple/mauve and ferroan dolomite appears blue). 

Previous Work 

The earliest studies of the Silurian rocks in the Illinois 

Basin were restricted to surface outcrops. Silurian rocks exposed in 

Illinois were described and correlated by Worthen (1866), Savage 

(1910, 1926, 1942). Weller (1940), Willman (1943, 1962, 1973), 

Lowenstam (1949, 1950), Rubey (1952), Collinson, Swann, and Willman 

(1954). Silurian rocks of Tennessee were described and correlated by 

Safford (1851), Staford and Killebrew (1900), Foerste (1901 and 
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1903), Pate and Bassler (1908), Miser (1914), Dunbar (1919), and 

Wilson (1949). Silurian outcrops in Indiana were described by 

Cummings and Shrock (1927, 1928), Foerste (1895, 1897), Pinsak and 

Shaver (1964), Shaver and others (1961), and Becker (1974). 

Description of Silurian strata in Kentucky was given oy Butts 

(1915), McFarlane (1943), Browne and others (1958), Nosow (1959), 

O'Donnell (1967), Nicoll and Rexroad (1968), Gauri and others 

(1969). Most of the earlier work on Silurian strata in Kentucky and 

adjacent areas has concentrated on the distribution and description 

of outcrops. A few studies attempted to venture into detailed 

petrography of these rocks. Silurian outrops are so pervasively 

altered that any attempt to interpret environments of deposition has 

succeeded only marginally. Peterson (1981) provided a good account 

of the petrology of Silurian outcrops in Kentucky, conceding that 

interpretation of depositional environments was only speculative. 

Jillson (1930) was one of the first workers to publish 

subsurface data from wells. Among other early subsurface studies of 

Siluro-Devonian correlations in southern Illinois was the discussion 

by Weller (1940). Workman (1944) described these strata in greater 

detail and defined the systemic boundary on the basis of color and 

chert content. Freeman (1944) correlated and discussed the Silurian-

Devonian subsurface strata in western Kentucky. (1954), Smoot 

(1958), Collinson and Schwalb (1955), and Collinson and others 

(1967) illustrated electrical characteristics and/or lithologic 

columns of selected Silurian-Devonian sections in wells in Illinois 



and Indiana. Freeman (1951) described cuttings from numerous wells 

in Kentucky and Milhous (1959) compiled Tennessee bore hole 

descriptions. 

Whiting and Stevenson (1965) and Howard (1964) prepared 

Silurian cross-sections through parts of central Illinois. Pinsak 

and Shaver (1964) utilized subsurface data in their study of 

Silurian formations of northern Indiana. Schwalb (1969) published 

sample studies and geophysical log correlations of Paleozoic strata 

in the Jackson Purchase Region. Becker (1974) recognized and 

correlated the Illinois stratigraphic units in southwestern Indiana 

and described Silurian-Devonian formations in the Indiana 

subsurface. Collinson and others (1967) published a map showing the 

basin-wide distribution and thickness of Lower Devonian strata. 

North (1965) described electrical log characteristics and 

established long-range, subsurface correlations of lower Devonian 

units, including isopachous maps of selected units for the Illinois 

portion of the basin. Bond (1971) briefly described the Silurian 

rocks in the Illinois Basin. Rodgers (1970, 1972) described in 

detail the Silurian and Lower Devonian stratigraphy of the Illinois 

Basin. Bristol (1974) presented a detailed study of the Silurian 

pinnacle reefs in southwestern Illinois. Becker and Droste (1978), 

Droste and Shaver (1980) discussed in detail the stratigraphy and 

structure of Silurian rocks with special emphasis on Niagaran reefs. 

Shaver and others (1978) presented a detailed stratigraphic analyses 



of the Silurian reefs in the Great Lake Area. Seale (1985) described 

the Silurian rocks in western Kentucky and adjacent areas. 
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FIGURE 1.3. Characteristic log response of Silurian rocks in the 
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CHAPTER II 

GEOLOGIC FRAMEWORK 

Regional Tectonic Setting 

During Silurian period the Illinois Basin was a relatively 

shallow intracratonic basin that underlies western Kentucky, central 

and southwestern Illinois, and southwestern Indiana. It was 

surrounded by broad regional domes and arches which were only weakly 

positive (Fig. 2.1). The basin was bounded on the east and southeast 

by the Cincinnati Arch, on the south and southwest by the Pascola 

Arch, on the southwest by the Ozark Dome, on the northwest by the 

Mississippi River Arch, on the north by the Wisconsin Arch, and on 

the northeast by the Kankakee Arch (Swann and Bell, 1958). 

The Cincinnati Arch (inclusive of the Jessamine and Nashville 

domes) separates the Illinois Basin from the Appalachian Basin. This 

arch has existed since the Cambrian as a regional upwarp; however, 

it began to form an effective barrier to sedimentation for the first 

time after the deposition of the Lower Silurian Brassfield Formation 

(Freeman, 1951). 

The Pascola Arch on the south and southwest became effective 

only at the close of Paleozoic time. This interpretation is based on 

the sedimentational history of the basin. Paleozoic sedimentary 

rocks do not thin over the arch, and facies do not change 

significantly from one side of the arch to the other (Swann and 

Bell. 1958). 

11 
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The Ozark Dome became a barrier to sedimentation after the 

Early Ordovician. This interpretation is based on the nature of the 

Cambrian and lower Ordovician strata that thin westward from the 

center of the basin without a regional break across the Ozark Dome 

(Swann and Bell. 1958). 

The Wisconsin Arch (north of the Illinois border, not shown in 

figure 2.1), a projection of the Canadian Shield, emerged as early 

as Late Cambrian time in the north, at the time the Illinois Basin 

subsided. The Kankakee Arch separated the Illinois Basin from the 

Michigan Basin to the northeast beginning in early Ordovician time 

(Swann and Bell, 1958). 

The Mississippi Embayment, another important tectonic element 

in this region (Fig. 1.1). is a reentrant from the south into the 

North American craton, delimited geographically by the maximum updip 

extent of post Paleozoic sedimentary rocks (Ervin and McGinnis, 

1975). The Mississippi Embayment is a broad, spoon-shaped trough 

situated between the Ozark Uplift to the west and the Nashville Dome 

to the east, and opens southward into the southerly-dipping beds of 

the Gulf Coastal Plain. Paleozoic strata are unconformably overlain 

by unconsolidated to poorly consolidated Cretaceous and Tertiary 

sedimentary rocks which thicken southward from a negligible 

thickness in southern Illinois to about one kilometer near Memphis, 

Tennessee (Stearn and Wilson, 1972). 

The Rough Creek Fault Zone, the Moorman Syncline (Rough Creek 

Graben of Soderberg and Keller, 1981) and the Pennyrile Fault Zone 
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constitute three major structural elements in the study area. The 

tectonic evolution of western Kentucky has been linked to a rift 

complex associated with the Reelfoot Rift of the Mississippi 

Embayment area. Burke and Dewey (1973) suggested that the 

Mississippi Embayment was a failed rift arm (the Reelfoot Rift) of a 

triple junction. The Reelfoot Rift formed in the late Precambrian— 

early Paleozoic during major continental break-up and was 

reactivated in the Mesozoic time (Ervin and McGinnis, 1975). It 

trends northeastward from its intersection with the former 

continental margin at the buried Ouachita Front. Near the southern 

tip of Illinois the rift splits into three distinct arms; (1) the 

St. Louis arm to the northwest, (2) the southern Indiana arm to the 

northeast, and (3) the Moorman syncline to the east - southeast 

(Fig. 2.2). 

The Moorman Syncline is bounded on the north by the Rough Creek 

Fault Zone and on the south by the Pennyrile Fault Zone. The Rough 

Creek Fault Zone is a zone of complex faulting and is about 180 

kilometers long. This zone, together with the Cottage Grove Fault of 

southern Illinois, divides the Illinois Basin into two lobes; a 

northern basinal area, the deepest part of which is called the 

Fairfield Basin and a southern basinal area, the Moorman Syncline. 

In western Kentucky most hydrocarbon production is concentrated 

around the Rough Creek Fault Zone. By the mid 1970s more than 50 

million bbls. of oil were produced from this zone. Existing 
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production is almost entirely from the upper 1,000 feet of the 

Mississippian Chester and Ste. Genevieve formations, but some is 

from the overlying Pennsylvanian rocks, and from lower and middle 

Mississippian carbonates (McCaslin, 1983). 

Stratigraphic data indicate that initial movements along the 

individual faults within the Rough Creek Fault Zone probably began 

in earliest Cambrian or possibly latest Precambrian time. These 

movements probably were predominatly associated with normal faults, 

along which displacements continued as the graben (the Moorman 

Syncline) filled with thick Cambrian and Ordovician sediments. The 

syncline is about 5.5 kilometer deep and thus is the site of a 

relatively large volume of sedimentary rocks. Smaller movements 

along the Rough Creek Fault Zone continued until the end of the 

Paleozoic; the fault zone was reactivated again during Mesozoic time 

(Clark and Royds, 1948, Sutton, 1953, Heyl and Brock, 1961, and 

Soderberg and Keller, 1981). Subsurface mapping by Harris (1975) 

indicates that vertical movements along the Rough Creek Fault Zone 

began in the late Cambrian as normal faulting in the basement with 

the down thrown side on the south. This sense of displcement 

continued until late Paleozoic time when the direction of movement 

reversed. 

The Rough Creek Fault Zone is in continuity with the Irvine -

Paint Creek Fault Zone on the east and with the Cottage Grove Fault 

Zone on the west (Heyle, 1972). Individual faults within the fault 

zone are high angle and show displacements of over 600 meters (Clark 

M 
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and Royds, 1948; King, 1951). The northern border of the Rough Creek 

Fault Zone is a series of high angle reverse and normal faults (down 

to the north) but, within the zone, faults show no systematic 

direction of throw (Soderberg and Keller, 1981). Lateral shearing is 

thought to be the cause of many narrow fault blocks and the en 

'echelon pattern of branching subsidiary faults and folds (Moody and 

Hill, 1956). 

The Pennyrile Fault Zone marks the approximate southern 

boundary of the Moorman Syncline. Faulting is high angle, throws 

average approximately 150 meters (Schwalb, 1975). 

The complexity of the Rough Creek Fault Zone is apparent from 

the numerous conflicting interpretations that have been proposed by 

many workers to explain its origin. On the basis of structural data 

collected from individual faults, Clark and Royds (1948) supported a 

lateral shearing origin for the Rough Creek Fault Zone, proposing a 

major zone of weakness with left-lateral movement along the fault 

zone. This zone of weakness is up to 50 miles wide and at least 175 

miles long and may approach 400 miles in length if the Kentucky 

River Fault /Irvine Paint Creek Fault is considered as its 

continuation (Clark and Royds, 1948). The lateral shear hypothesis 

was based on the presence of (1) vertical or near vertical fault 

planes, (2) horizontal slickensides, (3) orientation of open 

fissures associated with the faults, (4) scissors faults (rotational 

displacements), and (5) the absence of any major uplift or 

depression associated with the fault zone. Clark and Royds (1948) 
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emphasized that the vertical displacements of up to 2,000 feet have 

no systematic upthrown or downthrown direction. The high vertical 

displacements were attributed to random crowding up or dropping down 

of the sliver-like slices created by the lateral shearing. Because 

the faulting was pre-Tertiary, obvious geomorphic evidences of 

lateral displacement are not evident. However, the shape of the 

Illinois Basin suggests that its southern portion is displaced 

eastward relative to the northern portion. 

Rudman, Summerson and Hinze (1965) considered the Rough Creek 

Fault to be part of a semi-continuous, southward facing, east-west 

basement that extended from western Illinois into West Virginia with 

apparent vertical displacements in some places as great as 5,000 

feet. This scarp bisects the Illinois Basin, transects the 

Cincinnati Arch and extends at least part way into the Appalachian 

Basin. On the basis of basement contours in the Illinois Basin, 

Summerson (1962) proposed a right-lateral movement along the Rough 

Creek Fault Zone, and Heyl (1972) later concurred. 

Regional gravity and magnetic maps covering western Kentucky 

display trends that are oriented predominantly west-northwest, 

roughly parallel to the Rough Creek Fault Zone. The fault zone forms 

the boundary between gravity and magnetic highs'on the north and 

broad gravity and magnetic lows on the south. However, the Pennyrile 

Fault System does not. in general, correlate with geophysical 

anomalies (Ziets, 1976; Johnson and others, 1978). The broad gravity 

and magnetic lows south of the Rough Creek Fault Zone indicate that 
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a deep-seated basin is present, although the southern boundary of 

this basin is not defined as well as the northern boundary 

(Soderberg and Keller, 1981). Analysis of geologic and geophysical 

data by Soderberg and Keller (1981) suggests that this feature is 

associated with a deep-seated graben. On the basis of geophysical 

(gravity and aeromagnetic) data, they speculate that the graben is 

approximately 45 kilometers wide on the east as compared to only 20 

kilometers wide on the west. 

Regional Stratigraphy 

A general description of the distribution and correlation of 

Silurian rocks in North America is provided by Berry and Boucot 

(1970), and a detailed account of stratigraphic and geographic 

distribution, nomenclature, and lithologic description of the 

Silurian rocks of Indiana is given by Becker (1974); that of 

Illinois is presented by Willman and others (1975). The stratigraphy 

and descriptions of Silurian rocks in Kentucky is recorded by 

Peterson (1981), Rogers (1970, 1972), and Seale (1985). The 

Correlation of Stratigaphic Units of North America (COSUNA) Project 

for the Midwestern Basin and Arches Region presents the most recent 

stratigraphic correlations for the Illinois Basin (Shaver, 1985). 

Figure 2.3 presents the correlation of Silurian stratigraphic units 

in the Illinois Basin. 

In the Illinois Basin the Cambrian System is characterized 

mostly by thick sandstone facies; Ordovician to middle Devonian is 

9»mm 
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dominated by carbonate facies; upper Devonian to lower Mississippian 

rocks are generally fine elastics (shale, mudstone, and siltstone); 

and the middle Mississippian to upper Pennsylvanian interval 

consists of an admixture of carbonate, sandstone, and shale (Willman 

and others, 1975). 

Limits of the Silurian System 

Ordovician--Silurian Boundary 

The Brassfield Dolomite or cherty Sexton Creek Limestone 

(basinal facies) of Early Silurian age unconformably overlies the 

Maqouketa Shale of the Late Ordovician. In ascending order Silurian 

formations in the Kentucky portion of the Illinois Basin are the 

Brassfield Dolomite (Sexton Creek Limestone), Osgood Formation, 

Laurel Limestone, Waldron Shale, Louisville (Lego) Limestone, Dixon 

Limestone, Brownsport Formation, and Bailey Limestone. Figure 2.3 

shows the correlation of Kentucky stratigraphic units with those of 

southwestern Indiana and southeastern Illinois. 

The Maqouketa is a dark, fine-grained silty argillaceous 

carbonate in central Indiana, shales and limestone in Illinois and 

thin-bedded fossiliferous, gray limestone and dolomite with 

interbedded gray shale in Kentucky and Tennessee (Rogers, 1972). 

After deposition of the Maqouketa Shale, the sea apparently withdrew 

from the mid-continent area by the close of Ordovician time. 

In the western Kentucky basinal area, the contact between the 

Ordovician and Silurian systems is well defined. The lighter colored 
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cherty carbonates of the Sexton Creek Limestone (Early Silurian) 

contrast sharply with the underlying dark gray shale and limestone 

that comprise the Upper Ordovician Maquoketa Shale (Seale, 1981). On 

a gamma ray log, the Maquoketa Shale is readily recognised by 

significantly higher counts (Fig. 1.3). In the Inner Facies Zone, 

the contact between the two systems is not obvious, because the 

increased calcareous content of the Maquoketa Formation make the 

contact with the overlying Brassfield Formation imperceptible. 

However, gamma ray logs remain helpful in delineating the contact. 

Silurian--Devonian Boundary 

The upper boundary of the Silurian System is at the base of the 

zone of Monograptus uniformis in graptolite-bearing strata (Berry 

and Boucot, 1970). Although the Bailey Limestone previously has been 

placed in the Devonian System, the systemic boundary occurs within 

the Bailey Limestone. Collinson and others (1967) recorded the 

occurrence of the conodont Icriodus woschmidti, an index fossil for 

the lower Devonian, in the uppermost part of the Bailey Limestone. 

Schwalb (1975) reported the ostrocode Dizyopleura swartzi, 

considered Ludlovian (Late Silurian) in age, in the lowermost part 

of the Bailey Limestone. Thus, it appears that the uppermost part of 

the Bailey is Early Devonian and lower part of the Bailey is Late 

Silurian in age. Despite the fact that the Bailey is partly Silurian 

and partly Devonian in age, it is placed in the Silurian System by 

Shaver (1985) to avoid dividing the Bailey in two systems. 
i: 

M 
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Paleogeography 

The Paleozoic rocks of the Illinois Basin are dominantly marine 

sediments, representing repeated invasions of the sea into the 

interior of the continent. The seas generally advanced from the 

south, and land-derived sediments deposited in them came.mainly from 

the north, northeast, and east, with smaller amounts from sources in 

the southeast and northwest. A very small contribution is attributed 

to the Ozark Dome on the west. The Silurian was a time of widespread 

epeiric seas; carbonates, reefs, evaporites and authigenie minerals 

were abundant and reflect climatic conditions at the depositional 

sites (Zeigler and others, 1977). The Silurian global scenario has 

been reconstructed on the basis of paleomagnetic, lithologic, 

biogeographic, geometric, and plate tectonic considerations by 

Zeigler and others (1977). Within this paleogeographic 

reconstruction, the study area was located between 20 - 25 degrees 

south of the equator and thus was situated within the Silurian 

subtropical belt (10 - 30 degrees) characterized by warm and dry 

climate (Fig. 2.4). 

The collision of Laurentia and Baltica resulted in an extensive 

north - south oriented mountain range along the eastern coast of the 

United States (Scotese and others, 1979). There is general consensus 

among geologists that nearly all the North American continent, with 

the exception of the linear source area (Appalachia) and related 

islands to the east, was undergoing sedimentation during or at least 

the greater part of the Silurian period (Berry and Boucot, 1970). 
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According to Johnson (1986), early Silurian platform seas were among 

the most extensive of the Paleozoic, inundating as much as 75 

percent of the North American craton. 

The Silurian was marked by two significant climatic changes: 

(1) In contrast to the high climatic gradient of the latest 

Ordovician, only a moderate climatic gradient characterized the late 

Silurian (2) There are no important lower Silurian marine 

evaporites, although during the Late Ordovician a low- -latitude, 

potentially arid belt is indicated. The major Silurian evaporites 

(mostly Late Silurian) can all be placed in a southern hemisphere 

dry belt distinctly south of the equatorial region (Boucot and Gray, 

1980). 

Figure 2.4 depicts the basin-platform configuration along with 

paleolatitudes and paleowind direction for the Great Lakes area of 

North America. Hundreds of carbonate buildups and reef related 

structures have been discovered in the Silurian archipelago. These 

include discrete pinnacle reefs, some attaining dimensions of a few 

miles and thicknesses of several hundred feet, and coalescent 

features (carbonate banks) extending barrier-like for hundreds of 

miles. The host strata are mostly Wenlockian to Pridolian in age. 

However, numerous algal-dominated small reefs reported from Iowa and 

Wisconsin are Llandoverian in age (Soderman and Carozzi, 1963, basis 

of prolific development of reefs in this region Shaver and others 

(1978) have interpreted the Silurian sea was warm, clear, and 

shallow. 
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Silurian Eustacy 

The most sensitive indicators of sea level changes are the 

rocks formed on stable cratons, beyond the influence of orogenic 

activity and free of the effects of major detrital influxes. Such 

sea level changes in shallow epeiric seas may result in the shifting 

of lithofacies belts and ecologic zones (biofacies) over large 

distances. On the Silurian marine shelf, the fauna consisted mainly 

of brachiopods, crinoids, trilobites, corals, stromatoporoids and 

bryozoans. Deeper water regions, such as continental slope and 

abyssal oceanic environments are characterized by a graptolitic 

fauna (Miall, 1984). 

On the basis of five brachiopod-dominated assemblages (Lingula, 

Eocoelia, Pentamerus, Stricklandia and Clorinda, in order of 

increasing depth) and supplementary facies data, eustatic sea level 

changes have been proposed by Ziegler (1965); Ziegler and others 

(1977); Mckerrow (1979); and Johnson and Campbell (1980). Generally, 

four transgressive cycles are recognised regionally; three are 

inter-regionally correlative. Transgressive peaks occurred 

simultaneously in Iowa, Michigan and New York during Late 

Llandoverian intervals Cl - C2, C4 - C5, and C6 or early Wenlock 

times (Johnson and Campbell, 1980). These eustatic sea level changes 

may be related to the size of the ice cap in Gondwanaland (McKerrow, 

1979). However, the sea-level curves are contradictory in the Lower 

Llandoverian. At the boundary of Lower and Middle Llandoverian (A4-

Bl) strata a transgressive peak occurred in the Michigan Basin, a 
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drop in sea level is recorded in New York, but no change is reported 

in the Iowa Region (Johnson and Campbell, 1980). A general r i se in 

sea level during the Wenlockian and a high sea level stand during 

the Middle Ludlovian were reported by Droste and Shaver (1986) fo r 

the Midwestern Basins and Arches Region. Droste and Shaver (1986) 

have also proposed the fo l lowing water depths for the I l l i n o i s 

basin: Latest Wenlockian--about 100 meters in the I l l i n o i s basin, 

about 20 meters to possibly even supratidal on the carbonate shelf 

from south to nor th , and 10 meters in the evapor i t ic basins (the 

Michigan and Appalachian basins); Middle Ludlovian--a modest 

increase of 10 to 15 meters on the northern shel f . This increased 

depth was, however, su f f i c i en t to restore c i r cu la t ion and s a l i n i t y 

to normal on the northern shelf and to near normal in the evapor i t ic 

basins (Droste and Shaver, 1986). 

According to Droste and Shaver (1986) Sa l in i t y during low and 

high sea levels varied from 35 %<, to more than 350 %o; currents were 

directed mostly northward; and biota ranged from normal marine 

southward during both times to variably res t r i c t ed , algal-dominated, 

and even absent toward the nor th. Generally, shallow depths may have 

been more important in e f fec t ing these sa l i n i t y gradients than were 

l a t i t u d i n a l l y re lated c l imat ic di f ferences. 

Morphology and Habitat of S i lur ian Reefs 

S i lu r ian reefs have been mentioned in the l i t e r a t u r e at least 

since 1847 when Murchison described the reefs of Gotland. Af ter Hall 
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(1862) interpreted the fossil-rich structures of Wisconsin as reefs, 

many workers have studied the Niagaran reefs of the Great Lake area. 

One of the earliest comprehensive studies of Silurian reefs of the 

Michigan Basin in Indiana and adjacent areas, was presented by 

Cummings and Shrock (1927, 1928). Lowenstam (1949, 1950) described 

in detail the fauna, morphology and distribution of Silurian reefs 

in the Illinois Basin. Lowenstam's studies emphasized two basic 

characteristics: 1. stratigraphically, reefs are restricted to the 

Niagaran (middle Silurian) interval and 2. geographically, the 

Illinois Basin can be divided from north to south into three zones 

on the basis of terrigenous clastic contents. The three zones are 

(1) a northern reef bearing, clastic-free belt, (2) a central reef-

bearing, low clastic belt, (3) and a southern reef-free, high-

clastic belt. In this zonation scheme Lowenstam (1949) contended 

that reef growth was controlled by clastic sedimentation, thus he 

precluded southernmost portions of Indiana and Illinois and the 

whole of Kentucky and Tennessee from having reef potential. However, 

detailed studies of the exposed reefs by Shaver (1977); Shaver and 

others (1978) and Droste and Shaver (1980) indicate that clastic 

sedimentation did not have an adverse effect on reef growth in the 

Silurian of the Illinois Basin. These studies show that some of the 

reefs that grew on coarse clean carbonate sediments stoped growing, 

while the upper Wabash Valley reefs grew and flourished during 

clastic influx. These studies indicate additionally that the habitat 

m 
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of reefs was not controlled by the influx of clastic sediments but 

by restrictive environments (eustatic sea level changes). 

Shaver and others (1978) reported the existence of barrier reef 

complexes, discrete pinnacle reefs and patch reefs in the Great 

Lakes area. On the basis of reef distribution, morphology and 

lithofacies it was proposed that the proto-Illinois Basin might have 

been starved but never became an evaporitic basin as did the proto-

Michigan Basin and part of the proto-Appalachian Basin during the 

later part of the Silurian (Shaver and others, 1978). The Wabash 

Platform, a broad area between the Silurian basins,' extended from 

Iowa into the Ohio Valley. The Wabash platform was larger than 

either the proto-Illinois Basin or the proto-Michigan Basin. It 

hosted many reefs, many of which were small and short-lived. Many 

others were situated so as to persist for most of Silurian time and, 

even though growing slowly, were able to attain volumes greater than 

many of the now deeply buried pinnacle reefs that fringe parts of 

the inner basins. 

Reef Generations 

For the purpose of correlation. Shaver and others (1978) 

classified reefs of the Great Lakes Area into six levels on the 

basis of position in the stratigraphic column. This reef generation 

scheme is based on the assumption that during much of Silurian time 

the Great Lakes area was characterized by environments in which 

reefs alternately flourished and died. A number of small reefs and 
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nearly all modest to large reefs in the Great Lake area are found 

within the Middle (Niagaran) and Upper (Cayugan) Silurian 

(Wenlockian to Pridolian) strata. Shaver and others (1978) proposed 

that in the subsurface Illinois Basin numerous reefs grew into late 

Silurian time or even into the early Devonian time. 

Faunal Associations 

Silurian coral, stromatoporoid, micritic mounds and ecologic 

reefs are among the best known in the world in: 1. Gotland Island 

exposures in the Baltic sea and 2. outcrops in northern United 

States in Illinois and Indiana (Wilson, 1975). 

Because the original morphology and fauna in the outcrops of 

the Silurian rocks in western Kentucky are thoroughly obscured by 

intensive diagenesis, most descriptive studies of reef and interreef 

faunas are based on outcrops in Indiana and Illinois. The 

stromatoporoid - tabulate coral assemblage of the Late Ordovician 

became well established in Silurian time (Heckel, 1974). Some reefs 

attain over 100 feet in thickness and more than one mile in 

diameter. The cores of these reefs consist largely of carbonate mud 

containing distinctive spar features termed stromatactis. These spar 

features were considered to be the principal frame builder by 

Lowenstam (1950). Some of these features display relict fistuliporid 

bryozoan remains (Textoris and Carozzi, 1964). Stromatoporoids, 

tabulate corals and colonial tetracorals are abundant around the 

core. Pelmatazoans are major contributors of material toward the top 

of the. reefs, where certain camarate crinoids were adapted to life 
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in turbulent water (Lowenstam, 1957). Flank beds are composed 

largely of skeletal debris, from fine material to coarse 

stromatoporoids and coral rubble (Lowenstam, 1950). Crusts of 

stromatolitic algae have also been reported to be associated with 

these buildups (Textoris, 1966). 

Figure 2.5 shows the idealized relations among organic 

contributions, reef structure, and physical stages of reef growth 

and stratigraphic level for exposed Silurian reefs in northern 

Indiana and northern Illinois (Shaver, 1974). Figure 2.6 displays 

facies distribution within an idealized fully developed Middle 

Silurian ecologic reef in the Illinois Basin (Wilson, 1975). 

Carbonate Ramp Vs. Shelf-Basin Model 

Droste and Shaver (1975) visualized the Illinois Basin during 

Silurian time in terms of a shelf-basin model. In the shelf-basin 

model the Illinois Basin is depicted as a basin of moderate to great 

water depth with a definite shelf-siope break. The Terre Haute 

Carbonate Bank defines the shelf margin that delineates the proto-

Illinois Basin edge (Fig. 2.4). The Terre Haute Bank was fairly 

stable and well marked in southwestern Indiana by several feet of 

steep-fronted buildup that accreted from at least the early Middle 

Silurian (Wenlockian) through the latest Silurian (Pridolian). Late 

Silurian termination of the carbonate buildups was caused by 

lowering of sea level and the reefs that began on the slope became 

pinnacle reefs. The reefs on the platform were subaerially exposed 
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and preserved as patch reefs. This model precludes the possibility 

of reef growth in the deeper portion of the basin. Basinward, the 

equivalent rocks vary from the St. Clair Limestone upward through 

the shaly carbonates of the Mocassin Springs Formation and into the 

dense cherty Bailey Limestone. Platformward, equivalent rocks are 

the Salamonie Dolomite through the Wabash Formation (Fig. 2.3). 

Thus, the Terre Haute Bank represents the middle of the three 

lithofacies. In southwestern Indiana the bank is represented by 

coarse bioclastic carbonate sediments and large pinnacle reefs. In 

contrast, flanking facies are dominated by fine carbonate and 

clastic sediments, except for randomly scattered reefs on the margin 

of the basinal facies and small erosion reduced reefs on the 

platform. The bank is interrupted along its length by random 

channels. Its southerly extent into Kentucky is uncertain either due 

to lack of data or absence of a stable, well defined shelf-basin 

margin (Shaver and others, 1978). The shelf-basin model is 

characterized by a nearly flat platform and a clearly defined shelf-

slope break. In this framework grainstone and boundstone occur on 

shoals, wackestones in swales, generally, wackestones updip pass 

downdip into grainstone and boundstone (reefs) on the shelf margin. 

The shelf-basin margin is also characterized by a well defined reef 

trend (Ahr, 1973). 

As an alternative to the shelf-basin model, Cobern (1986) 

proposed that during Silurian time the Illinois Basin had the 

configuration of a carbonate ramp. The ramp model assumes a shallow. 
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gently sloping platform that lacks a marked break in slope. In this 

model continuous reef trends are absent and the buildups are 

discrete and random (Read, 1982). The carbonate ramp model is 

characterized by an inclined platform that extends basinward without 

a pronounced break in slope. In this model, concentric facies belts 

follow bathymetric contours wherein grainstone updip grades into 

pelagic mudstone downdip. Continuous reef trends are absent, 

although random reefs may be present locally (Ahr, 1973). 

Cobern (1986) based his intepretation of the carbonate ramp 

model mostly on the facies sequence described by Lowenstam (1949) 

and assumed absence of a continuous reef trend. Cobern's model 

assumes a gently sloping carbonate ramp with the up-ramp position 

being in southwestern Indiana and southern Illinois and the down-

ramp position located in southernmost Illinois and western Kentucky. 

This configuration would have allowed reef buildups to have begun in 

St. Clair time. These buildups would have begun in the down-ramp 

position in southernmost Illinois and western Kentucky. Depending 

upon eustatic sea-level changes, the reef buildups would be present 

throughout the basin rather than restricted to a definite trend. 

During times of maximum water depth (St. Clair and Mocassin Springs 

time) reef growth became prolific in the up-ramp position, whereas 

reef growth in the down ramp position ceased. The latter were 

rejuvenated during a late Niagaran drops in sea level that 

subaerially exposed the up-ramp reefs (Cobern, 1986). 
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The facies distribution presented by Lowenstam (1949), which 

forms the basis of Cobern's carbonate ramp model, is in 

contradiction with the later studies pioneered by Shaver. Silurian 

rocks of the study area (western Kentucky), which lie within the 

"southern clastic belt" of Lowenstam (1949), have only minor 

quantities of siliciclastic meterial. Petrographic examination of 

these rocks reveals that most of the silica is autochthonous. A 

well-defined carbonate bank in southwestern Indiana and a partial 

trace of this bank in southern Illinois (Shaver and others, 1978) 

also contradict the ramp model. 

It is simplistic to classify the whole of the Illinois Basin 

under one model. Presence of both intrabasinal and regional uplifts 

and faults that have remained active through most of the basin's 

Paleozoic history discount any possibility of uniform basin geometry 

throughout the Illinois Basin. Therefore, it is highly unlikely that 

the Illinois Basin either has the configuration of a gently sloping 

carbonate ramp or is completely surrounded by a uniform shelf edge. 

Despite the presence of a well-defined carbonate bank in 

southwestern Indiana and a partially developed bank in southern 

Illinois, the absence of a well defined shelf edge and the 

associated carbonate bank in western Kentucky can be attributed to 

(1) insufficient data to locate the extension of the Terre Haute 

Carbonate Bank into Kentucky, (2) an entirely independent basin 

evolution of the Moorman syncline due mainly to recurrent movements 

along the Rough Creek Fault Zone, or (3) lack of a shelf 

edge/carbonate bank in southern part of the Illinois Basin. 
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This study does not support an extensive continuation of the 

Terre Haute Carbonate Bank into Kentucky. Any continuation of the 

carbonate bank from Indiana into Kentucky appears to be limited to 

the north of the Rough Creek Fault Zone. Even in this location the 

bank loses its identity due to decrease in relief and increase in 

its areal extent. Thus, it appears to merge with the general slope 

of the basin. To the south of the Rough Creek Fault Zone the basin 

configuration is different. The Moorman Syncline has a general east-

west orientation with two shelves located roughly to the north of 

the Rough Creek Fault Zone and south of the Pennyrile Fault Zone, 

respectively. These two shelves merge with each other toward the 

eastern margin of the basin. The deepest part of the basin was 

located around Union County. On the basis of evidence provided by 

basin geometry, isopachous maps, facies distribution and 

dolomitization patterns the shelf-basin margin and associated 

carbonate buildups in the Moorman syncline are not apparent. 

However, there is clear indication of a local steep shelf margin 

south of the Rough Creek Fault Zone, in Grayson County. This shelf 

margin is accentuated by significant carbonate buildups and facies 

distributional patterns. This is the only area in western Kentucky, 

based on currently available data, that appears to have any promise 

of a well-developed reef trend. 
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FIGURE 2.1. Major tectonic elements of the niinofs Basin and 
adjacent areas (after Wilkerson, 1982). 
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^^C^ Continental Margins 

^ ^ Keweenawan (l.O-l.I Billion Years) 

Lace Precambrian-Catnbrian (0.5-0.7 B.Y.) 

Precambrian and early Paleozoic rift zones. 

FIGURE 2.2. Precamorian and early Paleozoic rift zones in eastern 
United States (after Eidel and others, 1986). 



34 

I I 

FIGURE 2.3. Stratigraphic correlation chart of Silurian rocks in 
western Kentucky and adjacent areas (modified from Shaver, 1985). 
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FIGURE 2.4. Map depict ing paleogeography of the Great Lake area for 
composited S i lur ian time; (dots): characterist ic d is t r ibut ion of 
discrete reefs, (s t ipp les) : carbonate banks or barr ier reefs, 
(arrows): forereef-to-backreef direct ion (after Shaver and others, 
1978). 
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FIGURE 2.5. Schematic diagram showing d is t r ibut ion of reef forming 
fauna accordino to strat igraphic interval and developmental stages 
of Si lur ian reefs (af ter Shaver and others, 1978). 
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Height of buildup abovt tva ftoo/ 

vari«s from 3m in fow«r U v t l 

to 40-70m in highvr I«v«| | 

wind 

Crinoid d«br i i 

Crinoid dabrit in lima 

mud with Syringoporo 

Stromotactoids formed by 

bryozoan induced cavities by 

slump Of solution 

FIGURE 2.6. Idealized fully developed Middle Silurian reef common in 
the low elastics belt of Lowenstam (1950). (1) Basal bioclastic pile 
of initial accumulation; (2) Micrite bafflestone core mud-mound 
buildup below wave base; (3) Crestal boundstone, framebuildup 
organic reef; (4) Flank beds of crinoids derived from reef top 
dwellers, not framebuilders; (5) and (6) Talus and organic veneer 
not recoonised; (7) Cappino orainstone of crinoidal sand (after 
Wilson, 1975). 



CHAPTER III 

LOCAL STRATIGRAPHY AND SUBSURFACE 

CORRELATIONS 

Local Stratigraphy 

Silurian rocks of the Illinois Basin are predominantly 

carbonates with minor shaly intervals. Figure 2.3 presents a 

general correlation of Silurian chronostratigraphic units in the 

Illinois Basin. The nomenclature used in this study for subsurface 

strata in western Kentucky is shown in figure 3.1. All the units 

shown in figure 3.1 are not present everywhere in western Kentucky. 

Erosion has removed the stratigraphic section higher than the 

Louisville Limestone from the outcrops on the western side of the 

Cincinnati Arch. The stratigraphic section is complete in the 

subsurface. However, facies variations from the "Inner Facies Zone" 

(shallow water facies) to the "Outer Facies Zone" (deep water 

facies) controls the distribution of many units from the Inner 

Facies Zone to the deeper part of the basin (Fig. 1.3). The boundary 

between the Inner and Outer facies zones is gradational and figure 

1.3 only shows the approximate location of the boundary between the 

two zones. The Brassfield Formation of the Inner Facies merges with 

its Outer Facies equivalent, the Sexton Creek Limestone. The Osgood 

Formation. Laurel Limestone, Waldron Shale, and Louisville 

Limestone, of the Inner Facies. lose their identity in the Outer 

Facies and are grouped into the St. Clair Formation. Similarly, the 
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Dixon Limestone and Brownsport Formation of the Inner Facies merge 

into the Moccasin Springs Formation of the Outer Facies. The 

Brownsport Formation is composed of the Beech River, Bob and 

Lobelville members, from bottom to top. In this study no attempt is 

made to distinguish these members for correlation or descriptive 

purposes. In the Outer Facies, the Randol Shale is recognized at the 

top of the Moccasin Springs Formation but for the purpose of this 

study it is treated with the Moccasin Springs Formation. The Decatur 

Limestone is reported to be present at the base of the Bailey 

Limestone in the southern part of the Outer Facies (Seale, 1981). 

Because the boundary between the Decatur and Bailey limestones is 

uncertain, the Decatur is grouped with the Bailey Limestone for 

correlation purposes. 

Average thickness of the total Silurian section in the 

subsurface is about 600 feet. Thickness of the Bailey Limestone 

varies from 450 feet in the Outer Facies Zone to 250 feet in the 

Inner Facies Zone. On the contrary, thickness of rest of the 

Silurian sequence is about 150 feet in the Outer Facies Zone and 

upto 350 feet in the Inner Facies Zone. 

Outcrop Stratigraphy 

West of the Cincinnati Arch Silurian rocks are exposed in two 

locations. A small outcrop to the south in Allen County, Kentucky 

and a larger outcrop to the north, spanning several counties (Fig. 

1.1). The main outcrop is about 85 miles long and has a maximum 
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width of about 20 miles. The maximum thickness of Silurian rocks in 

the main outcrop belt is about 190 feet. The formations dip to the 

west at an average of about 30 feet per mile (1:176; see Peterson, 

1981). In this outcrop belt the contact of Silurian rocks with Upper 

Ordovician rocks is marked by a minor erosional unconformity. The 

abrupt and nearly planar contact is indicative of minor erosion, 

but represents a hiatus of considerable magnitude (Rexroad, 1967). 

The contact of the Silurian rocks with the overlying Devonian rocks 

is marked by a major erosional unconformity, which has almost no 

local relief. The magnitude of this unconformity can be judged from 

the fact that in the southern end of the main outcrop belt the 

entire Silurian sequence is eroded. Devonian rocks immediately above 

the unconformity are Middle Devonian in age in the southern part and 

Early Devonian in age in the northern part of the main outcrop belt. 

Silurian strata in the outcrop belt, in ascending order, are divided 

into five formations: 1) the Brassfield Dolomite, 2) the Osgood 

Formation, 3) the Laurel Dolomite, 4) the Waldron Shale, and 5) the 

Louisville (Lego) Limestone (Fig. 3.1). All five formations are 

present in the northern part of the outcrop belt. The younger 

formations have been progressively eliminated toward the south by 

erosion (Peterson, 1981). 

Subsurface Stratigraphy 

In the subsurface three Upper Silurian formations can be 

distinguished in addition to the five Lower and Middle Silurian 
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formations exposed in the outcrops. In ascending order these units 

are: 6) the Dixon Limestone, 7) the Brownsport Formation, and 8) the 

Bailey Limestone (Fig. 3.1). These three formations probably were 

removed from the basin margin during post-Silurian erosion. The 

Randol Shale is restricted to the Inner Facies and the Decatur 

Limestone is present in the southern part of the Outer Facies. In 

this study the former is included with the Brownsport Formation and 

the latter is treated with the Bailey Limestone. 

The Bailey Limestone has classically been included in the 

Devonian System (Willman and others, 1975; Becker, 1974). However, 

the Correlation of Stratigraphic Units of North America (COSUNA) 

Project classifies the Bailey Limestone as the uppermost Silurian 

unit (Shaver, 1985). Collinson and others (1967) have stated that 

the uppermost Bailey is Early Devonian and the lower Bailey is Late 

Silurian in age with no unconformity separating the two systems in 

the deeper part of the Illinois Basin. 

Subsurface Correlations 

Subsurface correlations of the stratigraphic units were carried 

out using geophysical logs, well cuttings and well completion 

reports. In instances where more than one source of information 

provided contradictory formational boundaries, a decision was made 

on the basis of geophysical logs (Appendix C). Although all the 

available geophysical logs were used to determine the formational 

boundaries, only gamma ray logs were used for presentation In the 

L 
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cross sections. In the absence of gamma ray logs, self potential 

(SP) and neutron logs were also used In the preparation of the cross 

sections. Characteristic log response of various formations In the 

Inner and Outer facies zones Is given In figure 1.3. 

Stratigraphic correlations In western Kentucky were not simple 

and straightforward. In the absence of well cores, well cuttings 

were the only physical evidence from the Silurian rocks. The 

resolution provided by the well cuttings Is not only coarse but It 

Is also difficult to correlate a log response with the rock samples 

due to the uncertain amount of down-hole mixing. A monotonous 

carbonate sequence and absence of prominent regional marker horizons 

added to the ambiguity and contradictions found in previous 

Interpretations. Structural complexity due to extensive faulting and 

insufficient well control compounded the problem of stratigraphic 

correlations. 

In order to correlate the subsurface Silurian strata, twelve 

cross sections were prepared; six with east-west and six with north-

south orientations. Figure 3.2 shows the locations of the section 

lines. Numerous Individual faults, associated with the Rough Creek 

and Pennyrile fault zones, cut across almost all the section lines. 

Because Information about the number of subsurface faults and their 

tectonic history Is far from complete, the cross section Index map 

(Fig. 3.2) displays only the broad zones of faulting. No attempt Is 

made to map all the Individual faults. Any such attempt would not 

only be far from complete and thus misleading, but also would 
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clutter- the map with-minute.detailsof_questionable: accii-r.acy.- The 

section 11aes.are=selected so.as.to,optimize ene cov^age of^he 

aceaiand ftrrnfshzmaximum 1 nformation.about the substirface strata. 

"The-toprofztlie:Silurian-.wasrcbosenias-the. datum fon alt=the--cross 

sectfons. In-most-of-theihas1n,—ihe:J;oprofcthe Bailey Limestone 

:corncided with-theidatum,:bowei^er,-.toward-, the. margin of the basin 

•wMre younger fotmations-weret eroded, the:da.tum is within, the 

BaUey, Brownsport, Dfxonror^Louisvllle-formations. In -cross 

sectfons .Wl-El andtW2rE2 (Figs.. 3.4 and 3.5,-1n. jiocket)-,. the. outcfop 

information was derived from sections 9; and 6--respectively-of J:he 

U.SvG.S. i^rofessional Paper.llSlC -(ffrterson,.-lS81; H^te. 2). 

"T^ie.eross section W55E6 (Fig.. 3.3,-Irtpocket) presents J;he 

correl-ations-of'SUurlanrStrdid across the^jTerre JNaute.-C-arbonte-Bank 

(shelf edge) in Indfana.^ This: section incorporates: the southernmost 

-rellableidata available in Indiana. I t clearly: djsplays sfgnlfvcant 

-:thicken1ng-of-the-eeef»feearvng St. Clair and Moccasin Springs 

Ivnuitions (Niagaran Interval).across: the- Terre Haute Carbonate 

Bank. This-ffliepval; attains a^thjckness of-:î 50; feet in well, number 

.103 dnd-_426 teet-in-well .tiuiitu- 104.'Thei-cuoimulative thickness of 

the two formations decreases;t0ian.average of,^Odt.feet in the basin 

;dnd„aboutjr75-4eet-on-the.back-reef shelf.-However,- in well number 

61, in Kentucky, :the-thickness of .-this iitfeeryal exceeds ..40Q. feet. 

This is: the location-of a-welbdeveloped isolated reefr on^he. shelf , 

-Rear tn-r iiidrgin.-of-the basjn. At. this location all-ofe^the Bailey-and 

part:of: the.: Br owiibpor ^ ^er - removed. by;p9St-Si.:l-urjan--er.o,s.ion. 
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An attempt was made to tie the cross sections through Indiana 

with the sections In Kentucky to trace any possible continuation of 

the Terre Haute Bank to the south. Cross section Wl-El (Fig. 3.4, in 

pocket) is the northernmost section through Kentucky. It is about 48 

kilometers south of section W6-E6 and is roughly parallel to it. 

Section Wl-El does not show any sign of continuation of the Terre 

Haute Bank. The average thickness of the Niagaran Interval in this 

section Is approximately 225 feet. In well number 17, which is 

slightly offset to the west with respect to the extrapolated Terre 

Haute Carbonate Bank, thickness of this interval is 259 feet. The 

thickness of the Niagaran Interval decreases to an average of 140 

feet in the deeper part of the basin in Webster and Union counties. 

Cross section W2-E2 (Fig. 3.5, in pocket), south of section Wl-

El, is mostly drawn through an area north of the Rough Creek Fault 

Zone. It does not show any significant thickening of the Niagaran 

Interval. The thickness of uneroded Niagaran Interval varies between 

220 and 240 feet. 

Cross section W3-E3 (Fig. 3.6, in pocket) displays correlations 

across the Rough Creek Fault. The Bailey Formation is completely 

removed by erosion northeast of the fault, but attains a thickness 

of 262 feet in well number 5. The Niagaran Interval is 241 feet in 

well number 30, near the fault, but thickens to about 300 feet south 

of the fault. 

Cross sections W4-E4 and W5-E5 (Figs. 3.7 and 3.8, in pocket) 

are drawn mostly near the southern margin and parallel to the 
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southern shelf of the basin. The Niagaran interval does not show any 

significant thickening in these sections. Most of the Bailey 

Formation and part of the Niagaran Interval are eroded in the wells 

closer to the margin of the basin. 

Cross section Nl-Sl (Fig. 3.9, in pocket) is drawn across the 

eastern margin of the basin. The Bailey is absent In the northern 

part and only partially present in the southern part of the section. 

The upper part of the Niagaran Interval is eroded in the northern 

part of the section. It attains a maximum thickness of 257 feet in 

well number 18 in the south but exceeds 400 feet in well number 61, 

in the north, at the location of an isolated reef. 

Cross section N2-S2 (Fig. 3.10, in pocket) is drawn across the 

eastern part of the Moorman Syncline. Within the syncline, the 

average thickness of the Niagaran Interval is 290 feet. The average 

thickness of this Interval is about 200 feet to north of the Rough 

Creek Fault Zone (northern shelf) and on the southern shelf. Well 

numbers 23 and 28 located In the vicinity of the fault, encountered 

reefal llthologles. 

Cross Section N3-S3 (Fig. 3.11, in pocket) is drawn across the 

Moorman syncline, within the Outer Facies Zone. On the southern and 

northern shelves, the average thickness of the Niagaran Interval is 

200 feet, but it Increases to 300 feet in the syncline. To the north 

in Indiana, the thickness of the Niagaran Interval remains 200 feet 

on the western side of the Terre Haute Bank but exceeds 400 feet in 

the bank. 
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Cross section N4-S4 (Fig. 3.12, in pocket), drawn mostly 

through the Outer Facies Zone, displays a consistently thin Niagaran 

Interval. This Interval Increases In thickness toward the south in 

well number 81, which is located in the Outer Facies Zone. The 

Bailey Is 396 feet thick in well number 83, located In the center of 

the basin, but thins both toward north and south. 

Cross sections N5-S5 and N6-S6 (Figs. 3.13 and 3.14, in pocket) 

correlate the stratigraphic interval in Indiana with that of 

Kentucky. Section N5-S5, which correlates the backreef shelf strata 

with its counterpart in Kentucky, does not show any significant 

change except for a slight Increase in the thickness in the Moorman 

Syncline. Section N6-S6, which compares the Terre Haute Bank 

interval with the Interval in Kentucky, indicates that the Niagaran 

units thin significantly to the south but show a slight Increase in 

thickness south of the Rough Creek Fault. 
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western Kentucky (modified from Shaver, 1985). 
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CHAPTER IV 

LITHOFACIES DISTRIBUTION AND 

DEPOSITIONAL ENVIRONMENTS 

Silurian rocks in western Kentucky are mostly carbonates, with 

average composition ranging from dominantly cherty limestone and 

cherty dolomitic limestone in the deeper part of the basin (the 

Outer Facies Zone) to calcitic dolostone and dolostone toward the 

northern, eastern and southern margins of the area (the Inner Facies 

Zone; Fig. 1.3). In the outcrop to the east of the study area the 

Silurian rocks are mostly dolostones. Predominant wackestone and 

wackestone/packstone facies in the Outer Facies Zone grades into 

predominantly packstone/grainstone and grainstone facies in the 

Inner Fades Zone. The continuity of the carbonate sequence is 

Interrupted by a few thin shaly and argil 1 adous units of 

considerable lateral extent. These units are mostly restricted to 

the Inner Facies Zone. 

Generally, grainstone facies connote intertidal to shallow 

subtidal, packstone facies represent shallow subtidal, wackestone 

facies suggest intermediate to deeper subtidal and mudstone facies 

indicate deep water depositional environments. But there are 

exceptions to these generalizations. Grainstone may be found in 

deeper subtidal channels whereas wackestone or even mudstone may 

accumulate in protected shallow subtidal settings. Additional 

uncertainities are Incorporated in the interpretation of 
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depositional environments when rock samples are in the form of well 

cuttings. Well cuttings from bafflestone may appear to be wackestone 

or mudstone, those from boundstone may look like packstone and those 

from framestone may be confused with either grainstone or packstone. 

In the absence of other supporting criteria. Interpretations of 

depositional environments in this study are based on general rules 

rather than exceptions. 

Fauna 

Numerous fossils were found thoughout the Silurian carbonates 

in the study area. Almost all the fauna recognized in this study 

were based on microscopic examination of well cuttings. The criteria 

employed for recognition were based on shape, size and wall 

morphology of fossil fragments. Small and fragmented samples in 

addition to unoriented sections restricted the recognition of fauna 

to class or phylum level. 

Fauna found in Silurian rocks of the study area are relatively 

homogeneous and did not help in subdividing the sequence spatially 

or stratigraphically in depth related zones. The fauna encountered 

In most of the Silurian section Included bryozoans, corals, 

brachiopods, gastropods, crinozoans, echinoderms, algae, trilobites 

and ostracodes (Figs. 4.1, 4.2, 4.3, 4.4 and 4.5). However, 

siliceous sponge spicules are the predominent fossil in the Outer 

Facies Zone which is characterized by deeper water lithofacies. 

Remarkable homogeneity and widespread distribution of shallow water 
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fauna in the Inner Facies Zone suggests that the Illinois Basin was 

generally shallow and had a wery low gradient in this zone. These 

conditions remained practically unchanged throughout Silurian time. 

This chapter provides a summary of the distribution, 

description and depositional environments of each of the eight 

Silurian formations (Fig. 3.1). 

Brassfield Formation/Sexton Creek Limestone 

Distribution and Thickness 

The Brassfield Formation of the Inner Facies Zone grades into 

the Sexton Creek Limestone of the Outer Facies Zone (Fig. 1.3). The 

thickness of the Brassfield Formation is more variable than the 

Sexton Creek. The former ranges in thickness from 8 feet to 65 feet 

whereas the latter is between 40 to 65 feet thick. At a few 

locations the Brassfield Formation displays anomalous Increases in 

thickness (96 feet in well number 56 in Mclean County). This 

anomalous thickness may be due either to the original thickness 

influenced by syndepositional movements along a fault or due to 

later structural deformations. In the type section in Madison 

County, Kentucky the Brassfield Formation consists of 19 feet of 

dolostone and shale (Peterson, 1981). 



52 

Lithofacies and Depositional Environments 

Seale (1985) described the subsurface Brassfield Formation as 

fine- to medium-grained limestone and saccharoidal dolostone with 

chert; and the Sexton Creek as fine grained cherty limestone. 

The cherty calcitic dolostone of the Brassfield Formation 

grades into cherty dolomitic limestone of the Sexton Creek Limestone 

(Fig. 4.6). The Brassfield Formation, however, is anomalously rich 

in dolomite in a narrow belt along the Rough Creek Fault in Grayson 

County (Fig. 4.7). The Brassfield is predominantly a 

grainstone/packstone facies (Fig. 4.8), whereas the Sexton Creek Is 

mostly a wackestone facies. 

Because of broad sampling Interval, thin sections prepared from 

the Brassfield and Sexton Creek formations are Insufficient to 

resolve detailed vertical variations in lithology. The Sexton Creek 

Limestone is uniformly composed of wackestone and minor packstone 

fades, thus, representing comparatively deeper subtidal 

depositional environments. On the other hand, the Brassfield 

Formation displays a subtle change from grainstone/packstone facies 

near the base to packstone/wackestone facies near the top. This 

indicates that the earlier intertidal and shallow subtidal 

depositional environments progressively were succeeded by 

intermediate and deeper subtidal regimes. 
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St. Clair Formation 

The St. Clair Formation 1s present throughout the study area. 

It Is undifferentiated in the Outer Facies Zone, but in the Inner 

Facies Zone is equivalent to the Osgood Formation, Laurel Limestone, 

Waldron Shale and Louisville Limestone. In the type area at St. 

Clair Spring, Arkansas, the St. Clair Formation is composed of gray 

and pink granular limestone (Penrose, 1891). The undifferentiated 

St. Clair Formation in the Outer Facies Zone is composed mostly of 

cherty limestone and cherty dolomitic limestone. It is predominantly 

a wackestone/packstone fades which commonly is rich in siliceous 

sponge spicules. The St. Clair Formation probably was deposited in 

deeper subtidal environments, within the Outer Facies Zone. 

Osgood Formation 

Distribution and Thickness 

The Osgood Formation is present only in the Inner Facies Zone 

and merges into the St. Clair Formation of the Outer Facies Zone. 

The Osgood Formation ranges in thickness from 7 to 30 feet. The 

thickness generally decreases toward the west, closer to the outer 

margin of the Inner Facies Zone. In the outcrop in western Kentucky 

the Osgood is 30 to 35 feet thick and is composed of dolomitic shale 

and dolostone (Peterson, 1981). 
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Lithofacies and Depositional Environments 

Seale (1985) described the subsurface Osgood shale as 

alternating green and red calcareous shale. Petrographic study 

reveals that the Osgood Formation is composed predominantly of 

dolostone and shaly dolostone (Fig. 4.9). As a result of pervasive 

dolomitization it is difficult to Interpret the original 

depositional fabric of the Osgood Formation in the inner part of the 

Inner Facies Zone. However, in a few instances where dolomitization 

is incomplete, samples display a packstone/wackestone facies. Toward 

the outer part of the Inner Facies Zone, the Osgood is a calcitic 

wackestone dolostone facies. Indicating deeper, less turbulent 

depositional environments. The lithofacies pattern suggest that the 

depositional environments for the Osgood Formation changed 

progressively from intermediate subtidal to deeper subtidal from 

inner to outer parts of the Inner Facies Zone. 

Laurel Limestone 

Distribution and Thickness 

The Laurel Limestone is recognized only in the Inner Facies 

Zone, having a maximum thickness of 80 feet and a minimum one of 15 

feet. Generally, the Laurel Limestone ranges in thickness between 30 

and 50 feet, decreasesing generally in thickness toward the outer 

margin of the Inner Facies Zone. In the outcrop the Laurel Limestone 

has a maximum thickness of 65 feet but most commonly is 40 to 55 
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feet thick, and is composed mostly of dolostone and minor amounts of 

shale and limestone (Peterson, 1981). 

Lithofacies and Depositional Environments 

Seale (1985) has described the Subsurface Laurel Limestone as 

fine-grained limestone with one oolitic Interval. On the inner 

margin of the Inner Facies Zone the Laurel Limestone is composed 

mostly of dolostone (Fig. 4.10). It Is almost impossible to 

recognize the original depositional facies. Some of the samples that 

are not completely dolomitized, reveal packstone/grainstone facies. 

In the outer part of the Inner Facies Zone the Laurel is less 

Intensely dolomitized and consists of wackestone and 

wackestone/packstone facies. Depositional environments were shallow 

subtidal to intertidal in the inner part and median subtidal in the 

outer part of the Inner Facies Zone. 

Waldron Shale 

Distribution and Thickness 

The Waldron Shale is present only in the Inner Facies Zone, and 

ranges in thickness between 4 and 20 feet. In the outcrop in western 

Kentucky the shale is greenish gray to gray, dolomitic shale and 

ranges in thickness from 6 to 15 feet (Peterson, 1981). 
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Lithofacies 

The thinness of the Waldron Shale, along with down-hole mixing 

or unavailability of well cuttings, makes it difficult to record its 

subsurface lithology. However, on the gamma ray log it can be 

clearly recognized by high gamma ray count. 

Louisville (Lego) Limestone 

Distribution and Thickness 

The Louisville Limestone is present only in the Inner Facies 

Zone. In the subsurface the Louisville Limestone ranges in thickness 

between 60 and 30 feet. In a few wells, south of the Rough Creek 

Fault, it is as much as 76 feet thick. No significant trend in 

thickness variation was observed throughout the Inner Facies Zone. 

Peterson (1981) reported the Louisville Limestone to be 95 feet 

thick in the outcrop in western Kentucky. At some locations in the 

outcrop it is completely eroded by pre-middle Devonian erosion 

(Peterson, 1981). 

Lithofacies and depositional Environments 

Seale (1985) reported the Louisville Limestone in the 

subsurface predominantly consists of light-gray, fine-grained 

limestone which contains intervals with pink or red, medium- to 

coarse- skeletal grains or white vuggy dolostone. In the study area 

the Louisville Limestone is dolomitic limestone and the dolomite 

content ranges from less than 10 to 90 percent (Figs. 4.11 and 
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4.12). The Louisville Limestone is composed predominantly of 

grainstone, grainstone/packstone facies near the Inner margin—and 

of mostly wackestone, wackestone/packstone facies—toward the outer 

margin of the Inner Facies Zone. The lithofacies distribution 

suggests intertidal to shallow subtidal depositional environments in 

the inner part and deeper subtidal environments in the outer part of 

the Inner Facies Zone. 

Moccasin Springs Formation 

The Moccasin Spings Formation is present throughout the study 

area. In the Outer Facies Zone it has relatively uniform lithology. 

But in the Inner Facies Zone the Moccasin Springs Formation Is 

equivalent to the Dixon and Brownsport Formations (Fig. 3.1). In the 

Inner Facies Zone, in areas of carbonate buildups or reefal 

developments, the Moccasin Springs is usually intensely dolomitized 

and sometimes also contains sulfates (Fig. 4.13). In the areas of 

carbonate buildups It cannot be differentiated into the Dixon and 

Brownsport formations (Figs. 4.14 and 4.15). The undifferentiated 

Moccasin Springs Formation in the Outer Fades Zone is 70 to 120 

feet thick. In the deeper part of the Outer Facies Zone the Moccasin 

Springs Formation is composed mostly of cherty dolomitic limestone 

and wackestone facies and is rich in siliceous sponge spicules (Fig. 

4.16). Near the inner margin of the Inner Facies Zone, it consists 

of oobiograinstone facies. Except for the central part of the Outer 



58 

Facies Zone, the Moccasin Springs was deposited in shallow subtidal 

to intertidal environments on an extensive carbonate platform. 

Dixon Limestone 

Distribution and Thickness 

The Dixon Limestone Is restricted to the Inner Fades Zone, 

ranging in thickness from 15 to 77 feet, but most commonly its 

thickness ranges between 30 to 50 feet. It is absent in the outcrops 

due to pre-Medial Devonian erosion. 

Lithofacies and Depositional Environments 

The composition of the Dixon Limestone ranges from cherty 

dolomitic limestone to cherty calcitic dolostone. Silica contents 

range between negligible and 30 percent. Almost all the silica was 

emplaced during post-depositional diagenetic episodes. 

Packstone/wackestone are the predominant lithofacies (Fig. 4.17). 

Although, wackestone facies are more prevalent to the west, 

packstone/grainstone facies are present In the eastern part of the 

area. The Dixon Limestone was deposited mostly In shallow subtidal 

environments; however, in the inner portion of the Inner Facies 

Zone, it may have been deposited partially in intertidal to 

supratidal environments. 
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Brownsport Formation 

Distribution and thickness 

The Brownsport Formation is present only In the Inner Facies 

Zone. In the Outer Facies Zone, both the Brownsport and underlying 

Dixon merge into the Moccasin Springs Formation. The Brownsport 

Formation is divided additionally into the Beech River, Bob and 

Lobelville members. These members are not discussed separately in 

this study. The thickness of the Brownsport Formation ranges from 50 

to 140 feet. Pre-middle Devonian erosion largely removed this 

formation from present outcrop areas. 

Lithofacies and Depositional Environments 

The Brownsport Formation is composed of cherty dolomitic 

limestone to cherty calcitic dolostone, consisting mostly of 

wackestone facies (Fig. 4.18) in the outer part and of grainstone, 

grainstone/packstone facies (Figs. 4.19 and 4.20) in most of the 

Inner Facies Zone. The lithofacies suggests Intertidal to shallow 

subtidal conditions in the inner part and deeper subtidal regimes in 

the outer part of the Inner Facies Zone. 

Bailey Limestone 

Distribution and Thickness 

The Bailey Limestone is present throughout the study area. It 

is thin the toward east and southeast near the margin of the basin, 

but Increases in thickness significantly to the west toward the 
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center of the basin. The upper boundary is controversial In the 

deeper part of the basin. However, on the basis of the criteria set 

forth in this study the Bailey Limestone attains a maximum thickness 

of about 450 feet to the west and is absent in the outcrops to the 

east. The decrease in thickness toward the east is both depositional 

and erosional in nature. 

Lithofacies and Depositional Environments 

Lithologic variations in the Bailey Limestone are similar to 

those of the underlying formations. Near the Inner margin of the 

basin the Bailey consists of dolostone, calcitic dolostone and 

oobiopel grainstone/packstone facies (Figs. 4.21 and 4.22). In the 

deeper part of the basin the Bailey Limestone consists of cherty 

limestone, cherty dolomitic limestone and bio-wackestone/packstone 

and wackestone facies. The Bailey Limestone was deposited in shallow 

subtidal to intertidal environments in the Inner Facies Zone and 

deeper subtidal environments in the Outer Facies Zone. 

Discussion 

Limited numbers of samples from each formation makes It 

statistically Imprudent to map the facies distribution of individual 

formations. Instead, a generalized facies distribution map of the 

total Silurian Interval was prepared (Fig. 4.23). The map displays 

grainstone/packstone percentage of the total Silurian Interval. 

Percentages of grainstone/packstone fades were calculated for each 
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well on the basis of following formula: 

Grainstone + Grainstone/ 
Packstone + Packstone 

Grainstone/Packstone % = x 100 

Total Number of Samples 

The grainstone/packstone map displays a significant facies 

distribution pattern. It shows predominance of grainstone/packstone 

facies near the northern, eastern and southeastern margins of the 

study area. The maxima of this distribution is represented by the 80 

percent contour along the outer periphery of the study area. With a 

few exceptions the percentage decreases toward the deeper part of 

the basin. 

North of the Rough Creek Fault, the percentage of grainstone/ 

packstone facies Increases in Hancock County and adjacent areas. 

This increase is in alignment with the Terre Haute carbonate bank of 

Indiana. Because-the bank cannot be extended on the basis of known 

data south into Kentucky (also discussed in chapter V), it is 

proposed that the excessive grainstone/packstone fades at this 

location indicate shallow subtidal enviroments over the thinner 

bank. A decrease in the grainstone/packstone facies to the south 

also suggests that the Terre Haute carbonate bank completely 

disappears and merges with the northern shelf. 

Another anomalous increase in the grainstone/packstone facies 

is present in Grayson County and adjacent areas. At this location 

the anomaly has an approximate east-west alignment along an eastern 

segment of the Rough Creek Fault Zone. The ellipsoidal area enclosed 
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by the 80% contour 1s so Intensely dolomitized that the original 

depositional fabric is completely obliterated. The well cuttings and 

log characters from at least two wells drilled in this area display 

characteristics that are similar to those observed in wells with 

known reefs. This ellipsoidal area thus may represent predomlnently 

bafflestone, framestone or boundstone facies. High grainstone/ 

packstone percentages around bafflestone/framestone/boundstone 

facies in this area is characteristic of carbonate buildups. I 

suggest that subsidence of the southern block of the Rough Creek 

Fault Zone localized the reefal buildups in an area south of the 

fault. The reefal and carbonate buildups probably consisted of 

intensely dolomitized bafflestone/framestone/boundstone facies. 

Carbonate bank development in this area in turn created favorable 

conditions for predominantly grainstone/packstone facies around the 

carbonate bank and reef buildups. These fault Induced carbonate 

buildups are very similar to a smaller scale, linear cluster of 

reefs along the downthrown flank of the Mt. Carmel Fault in 

southwestern Indiana (also see chapter V, fig. 5.1). 
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FIGURE 4.1. 
Plane light 
feet). 

A fragment of pseudopunctate brachiopod in grainstone. 
. (Bailey Limestone, Todd County, well No. 79, 900-905 

FIGURE 4.2. Closely packed bryozoan and crinozoan components(c) in 
packstone. Dolomite preferentially replaced intergranular lime mud. 
Calcite cement filled intrabiotic cavities in bryozoans. Pyrite is 
present in replacement and cement modes. Plane light. (Bailey 
Limestone, Logan County, well No. 50, 2040-47 feet). 
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FIGURE 4.3. Compound tabulate coral fragment. Chambers were filled 
partially by earlier calcite cement followed by dolomite cement, 
which also replaced calcite partially. Plane light. (Bailey 
Limestone, Breckinridge County, well No. 3, 1451-57 feet) 

FIGURE 4.4. Blue-green algae (Spaerocodium ?) in wackestone. Lime 
mud was recrystallized to pseudospar. Plane light. (Brownsport 
Formation, Ohio County, well No. 67, 2900-05 feet). 
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FIGURE 4.5. Fenestrate bryozoan fragment and lime mud (filling 
zooecia) being replaced by dolomite neomorphically. Plane light. 
(Louisville Limestone, Breckinridge County, well No. 1, 2130-35) 

FIGURE 4.6. Fracture in chert filled by dolomite, which later was 
dedolomitized. See chapter VI for paragenetic sequence. Cross polar. 
(Sexton Creek Limestone, Webster County, well No. 87, 6360-70 feet). 
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FIGURE 4.7. Subhedral to euhedral dolomite with in te rc rys ta l l i ne 
porosity and moldic voids (could be due to dissolut ion of anhydrite 
or aragonit ic f o s s i l s ) . Cross polar. (Brassf ield Formation, Grayson 
County, well No. 23, 2710-20 fee t ) . 

FIGURE 4.8. Crinozoan grainstone. Epitexial ca lc i te cement occludes 
most of the intergranular porosity. Plane l i g h t . (Brassfield 
formation, Butler County, well No. 6, 2066-70 fee t ) . 
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FIGURE 4.9. Organic-rich clay f i l l e d in te rc rys ta l l i ne porosity 
between euhedral dolomite rhombohedra. Plane l i g h t . (Osgood Shale, 
Butler County, well No. 6, 2050-60 fee t ) . 

FIGURE 4.10. In te rc rys ta l l ine porosity in dolostone. Some of the 
i n te rc rys ta l l i ne pores were enlarged by la ter so lut ion. Trizonal 
rhombohedra display cloudy center, middle ferroan zone and outer 
non-ferroan clear zone. Plane l i g h t . (Laurel Limestone, Hardin 
County, well No. 36, 1177-86 fee t ) . 
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FIGURE 4.11. Compacted bio-packstone with dolomite replacing 
intergranular lime mud and some ca l c i t i c shel ls . Plane l i g h t . 
(Lou isv i l le Limestone, Breckinridge County, well No. 2, 1/01-10 
f e e t ) . 

FIGURE 4.12. Crinoidal packstone. Dolomite f i r s t replaced lime mud 
and then cr inoidal components. Plane l i g h t . (Louisv i l le Limestone, 
Breckinridge County, well No. 1, 2150-55 fee t ) . 
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FIGURE 4.13. Anhydrite, emplaced as cement and replacement of 
dolostone, subsequently was replaced by hemihydrate (gray). Cross 
polar. (Moccasin Springs Formation, Grayson County, well No. 23, 
2660-80 feet). 

S 

FIGURE 4.14. Framestone with moldic porosity(m) and internal 
sediments(is). Cross polar. (Moccasin Springs Formation, Meade 
County, well No. 61, 580 fee t ) . 
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FIGURE 4.15. Packstone with biomoldic porosity and fractures that 
la te r were f i l l e d by ca lc i te cement. Plane l i g h t . (Moccasin Springs 
Formation, Meade County, well No. 61, 592 fee t ) . 

FIGURE 4.16. Packstone consist ing of si l iceous sponge spicules. 
Dolomite p a r t i a l l y replaced lime mud. Plane l i g h t . (Moccasin Springs 
Formation, Webster County, well No. 87, 6220-30 fee t ) . 
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FIGURE 4.17. Packstone with crinozoan components. Anastamosing 
s t y l o l i t e s are l ined with organic r ich residue. Plane l i g h t . (Dixon 
Limestone, Trigg County, well No. 81, 1840-50 fee t ) . 

FIGURE 4.18. Wackestone with moldic void (white) and ostracode 
valve. Plane l i g h t . (Brownsport Formation, Logan County, well No. 
50, 2164-70 f ee t ) . 
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FIGURE 4.19. Biograinstone with bryozoan, echinoderm and brachiopod 
grains. Inergranular voids were filled by piokilotopic calcite 
cement. Inrabiotic cavities were filled by calcite and ferroan 
-dolomite cement (blue). Non-ferroan dolomite partially replaced 
internal sediments that consisted of original lime mud. Plane light. 
(Brownsport Formation, Edmonson County, well No. 20, 968-75 feet). 

FIGURE 4.20. Micritized oobiograinstone. Intergranular voids were 
filled with scalenohedral and blocky equant calcite cement. Plane 
light. (Brownsport Formation, Butler County, well No. 5, 3680-90 
feet). 
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FIGURE 4.21. Oobiograinstone. Intergranular voids were l ined with 
isopachous f i lms of scalenohedral ca lc i te and f i l l e d by blocky 
equant ca lc i te cement. Note internal sediments(Is) with d i f fe rent 
or ienta t ions. Fracture at l e f t was completely f i l l e d by ca lc i te 
cement. Fracture at r igh t was f i l l e d only pa r t i a l l y by ca lc i te 
cement. Plane l i g h t . (Bailey Limestone, Grayson County, well No. 26, 
2130-35 f ee t ) . 

FIGURE 4.22. Biopackstone with echinoderm and coral fragments. 
Length-slow chalcedony(ls) p re ferent ia l l y replaced part of the coral 
fragment. Plane l i g h t . (Bailey Limestone, Breckinridge County, well 
No. 2, 1518-30 fee t ) . 
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CHAPTER V 

BASIN GEOMETRY AND GEOMETRY OF SEDIMENTARY FILL 

Structural contour and Isopachous maps are essential for 

interpreting basinal history (Miall, 1984). These maps may or may not 

reveal the precise paleogeographic history of the basin but are some 

of the most useful means of illustrating basinal shape, orientation 

and intrabasinal structural variations and basin fill geometry. 

Basin Geometry 

Tectonic history and intrabasinal structure of the Illinois Basin 

are much more complex in western Kentucky than in Indiana and 

Illinois. Subsurface correlations of stratigraphic units in western 

Kentucky are complicated by the presence of complex faulting 

associated with the Rough Creek and Pennyrile fault systems. All 

structural contour maps used in this study were prepared relative to 

sea level. On a broad scale, structural contours within a basin reveal 

location of sub-basins, depocenters and axes of uplifts. Structural 

maps also may outline subtle syndepositional topography that had 

Important effects on local paleogeography and facies patterns. 

Detailed local maps may reveal drape structures over channel fills or 

reefs (Miall, 1984). 

Structural contour maps (Figs. 2.1 and 5.1, in pocket) drawn at 

the top of the Trenton limestone (Upper Ordovician) and the base of 
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the New Albany Shale (Upper Devonian) illustrate the geometry of the 

Illinois basin. The comparison of the two maps also reveals that the 

basinal geometry has not changed significantly during the 

intervening period. Structural contours drawn at the base of the 

Upper Devonian New Albany Shale reveal the structural complexity in 

western Kentucky as compared to Indiana and Illinois (Fig. 5.1, in 

pocket). The base of the New Albany Shale was chosen as a structural 

datum for two principal reasons: 

1. The number of wells drilled through the New Albany Shale is 

much greater than the number of wells that penetrate the Silurian 

rocks; thus, the structural map at the base of the New Albany Shale 

records the structure and geometry of the basin with a greater 

degree of accuracy. 

2. This map presents an independent interpretation of the 

geologists working In Indiana, Illinois and Kentucky. 

Reefs reported from the Silurian System are Incorporated in the 

structural map of the New Albany Shale. In Illinois, reef locations 

are taken from Bristol (1974). In Indiana, the location of the Terre 

Haute carbonate bank and Individual reefs are derived from Ault and 

others (1976). A few scattered occurrences of reefs or reef-like 

llthologles in Kentucky, compiled from various sources, also are 

plotted in the map. 

The configuration of the structural contours at the base of the 

New Albany clearly illustrate an entirely different basin geometry 

south of the Rough Creek Fault in the Moorman Syncline (Fig. 5.1, in 



77 

pocket). Due to limitations of scale only major faults are plotted 

on the New Albany map. Nevertheless, three main fault zones can be 

differentiated: (1) a northeast-southwest oriented zone in the 

proximity of southeastern border of Illinois, (2) the Rough Creek 

Fault Zone, and (3) the Pennyrile Fault Zone. The northeast-

southwest oriented faults in southern Illinois and Indiana are 

restricted only to the deeper part of the Illinois Basin. Therefore, 

the fault-influenced basin geometry has no effect on the reef 

distribution or the trend of the Terre Haute carbonate bank. On the 

contrary, the Rough Creek and Pennyrile fault zones in Kentucky, 

although more complex In the deeper part of the basin, profoundly 

affect the geometry of deeper as well as shallower parts of the 

basin. 

Syndepositional faults can exert significant influence on the 

depositional environments and in turn may also control the nature of 

sediments. One.example is the linear concentration of the Silurian 

reefs in Indiana to the east of the Terre Haute Carbonate Bank (Fig. 

5.1, in pocket). This linear trend of reefs is restricted to the 

downthrown side of the NNW-SSE trending Mt. Carmel Fault which is 

clearly controlling the reef locations. The Mt. Carmel Fault also is 

present on the map showing the structure at the top of the Trenton 

Limestone (Fig. 2.1), indicating that the fault has a long history 

of movement. The presence of a reef trend on the downthrown side of 

the Mt. Carmel Fault suggests that the western (basinal) block was 

subsiding during deposition of the Silurian carbonates. The 
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syndepositional subsidence furnished a favorable niche for reef 

building fauna by providing space for upward growth of reefs. 

Vertical reef growth probably kept pace with the downward movement 

along the fault. 

There is no record of the chronology of movements along the 

Individual faults shown In the structural map of the New Albany 

Shale (Fig. 5.1, in pocket). However, as discussed in chapter II, 

most of the faults associated with the Rough Creek and Pennyrile 

fault zones were active throughout most of Paleozoic time. In 

general, only those faults that were active during Silurian time had 

the potential to influence the depositional fabric of the Silurian 

rocks. Syndepositional faults in the shallower part of the basin 

with downthrown blocks in the basinal direction are of particular 

Interest with respect to localization of the Silurian reefs. 

Structural contours drawn at the bases of the St. Clair 

Formation and the Bailey Limestone clearly display a significant 

change in basin geometry south of the Rough Creek Fault Zone (Figs. 

5.2 and 5.3). These maps also suggest that during the Silurian 

Period the southern block of the Rough Creek Fault had subsided with 

respect to the northern block, at least in the vicinity of Grayson 

County. If this assumption is correct then one can expect the 

presence of a shelf edge along the northern margin of the subsiding 

block. This configuration, in turn, might have provided a preferred 

location for reef development. In the presence of the marked 

difference in the basin geometry, displayed by the various 
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structural maps, it is unrealistic to assume that the depositional 

environments and sedimentary facies recorded in Indiana can be 

extrapolated to the south in Kentucky. For the same reason, it is 

highly unlikely that the Terre Haute Bank mapped in southwestern 

Indiana continues to the south beyond the Rough Creek Fault. Even if 

it does, an Interruption or a change in attitude and magnitude is 

likely. 

Geometry of Sedimentary Fill 

Basin-fill geometry is illustrated by isopachous maps of 

selected stratigraphic Intervals. The isopachous maps reveal the 

basin fill in its original undeformed form and reveal something 

about contemporaneous structure. Isopachs are particularly important 

in locating depocenters and syndepositional upwarps and downwarps. 

In the Illinois Basin the geometry of the sedimentary fill during 

Silurian time provides important information about the basin center, 

syndepositional tectonics, and depositional environments. 

The reef-bearing Niagaran units (the St. Clair and Moccasin 

Springs formations) generally thicken in association with the shelf 

margins, whereas the Bailey Limestone increases in thickness 

significantly toward the center of the basin. The Increase in 

thickness at the shelf margin is attributed to carbonate buildups in 

Indiana and Illinois. The thickness of the Sexton Creek 

Limestone/Brassfield Formation does not display any significant 

correlation with its spatial distribution within the basin, probably 
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because its upper and lower boundaries are marked by erosional 

unconformities. Therefore, its present thickness has no bearing to 

its initial depositional thickness. 

Most of the literature available for Indiana and Illinois 

classified the Bailey Limestone with the Devonian System. Therefore, 

the published Isopachous maps that represented the Silurian rocks, 

did not Include the thickness of the Bailey Limestone. Although this 

study classified the Bailey Limestone in the Silurian System, the 

Bailey Limestone was treated separately from the rest of the 

Silurian Interval. This scheme was adopted for two reasons: (1) it 

allowed an objective comparison of the thickness of the Silurian 

stratgraphic interval in Kentucky with that of Indiana and Illinois, 

(2) it facilitated the recognition of carbonate buildups in the St. 

Clair and Moccasin Springs formations, which otherwise would have 

been masked by the thickness of the Bailey Limestone. 

The Silurian System (excluding the Bailey Limestone) in 

Illinois attains a maximal thickness of nearly 1,000 feet in and 

below some of the pinnacle reefs. However, the system Is more 

commonly 400 - 600 feet thick in the area of reef buildups and 

backreef shelf area toward the north (Fig. 5.4). South of the 

pinnacle reefs, toward the basinal center, Silurian rocks are 

generally only 300 - 400 feet thick (Willman and others, 1975). 

In southwestern Indiana the Silurian System (excluding the 

Bailey Limestone) Is generally 500 - 600 feet thick along the Terre 

Haute carbonate bank (Fig. 5.5). However, the thickness may exceed 
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700 feet in and around the pinnacle reefs. From the shelf margin, 

thickness of the system decreases noticeably both toward the center 

of the basin and toward the back reef shelf (Fig. 5.5). Toward the 

basin center, the decrease in thickness is much more pronounced near 

the shelf margin than the deeper part of the basin. Toward the 

backreef shelf the decrease in thickness is gradual, and sometimes 

random due to the presence of patch reefs. In the center of the 

basin the thickness of the stratigraphic Interval Is less than 300 

feet (Becker, 1974). 

On the contrary, the Bailey Limestone thickens toward the 

center of the basin. In Illinois It is 200 - 300 feet thick in the 

outcrop and up to 500 feet in the center of the basin (Willman and 

others, 1975). In southwestern Indiana the Bailey Limestone it is 30 

- 40 feet in the outcrops and attains a thickness of about 340 feet 

in the center of the basin (Becker, 1974). 

The thickness of the Silurian stratigraphic Interval (excluding 

the Bailey Limestone) in Kentucky is controversial and is a subject 

of conflicting interpretations. Rogers (1972) recorded a maximum 

thickness of about 270 feet along a north-south oriented narrow 

zone, shown as an extension of the Terre Haute bank of Indiana (Fig. 

5.6). From this thick accumulation, Rogers (1972) showed a gradual 

decrease in thickness both toward west (the basinal direction) and 

toward east (the landward direction). Seale (1985) presented a 

significantly different Isopachous distribution of the equivalent 

stratigraphic Interval. He apparently did not recognize the 
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continuation of the Terre Haute Bank in Kentucky. Seale's 

projections indicate a maximal thickness of about 450 feet in 

Muhlenberg County, and thus predicted a general decrease in 

thickness In this interval, toward the southern and eastern shelves. 

The location of maximal thickness postulated by Seale (1981) 

coincides with the location of minimal thickness (approximately 200 

feet) projected by Rogers (1972). The gross discrepancy in these two 

Interpretations is indicative of an absence of consensus among the 

geologists not only about the subsurface correlations but also about 

the formational boundaries in the Silurian rocks of western 

Kentucky. 

Few studies took into account the possible Impact of the Rough 

Creek Fault Zone on the depositional environments and in turn on the 

geometry of sedimentary fill. In this study the comparable Silurian 

stratigraphic Interval (excluding Bailey Limestone) attains a 

thickness of 300-350 feet in a linear area south of the eastern part 

of the Rough Creek Fault Zone (Fig. 5.7). The thickness of this 

Interval decreases both north and south of this east-west oriented 

Interval of carbonate buildups. The Silurian interval reaches a 

minimum of 150 feet around the center of the basin, in the western 

part of the study area. This Interval also has an anomalous 

thickness of more than 400 feet in an Isolated area on the eastern 

shelf (Meade County) which is the location of an Individual reef 

development on the shelf, similar to the numerous shelf patch reefs 

found in Indiana. 
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The presence of the east-west oriented, relatively thickened 

carbonate Interval, just south of the Rough Creek Fault Zone, is 

significant because it brings out the possible Influence of the 

fault zone on Silurian sedimentation, at least along Its eastern 

extremity. The detailed Isopachous maps for the combined thickness 

of the St. Clair and Moccasin Springs formations, the host rocks of 

the Silurian reefs in Indiana and Illinois, delineate this trend in 

greater detail (Fig. 5.8). It may indicate that the southern flank 

of the Rough Creek Fault was subsiding, at least along Its eastern 

end, during all or part of the Silurian. This not only created a 

local steep shelf edge but also provided an opportunity for vertical 

buildup of carbonates in this area. 

The Bailey Limestone is absent in the outcrop in western 

Kentucky. It is thin on the margins of the Illinois Basin and 

attains a maximum thickness of about 450 feet in the deepest part of 

the Moorman Syncline (Fig. 5.9). The Isopachous map of the Bailey 

Limestone also displays an anomalously high gradient to the south of 

the Rough Creek Fault, along its eastern extension in Grayson 

County. This may indicate that the southern flank of the fault zone 

also was subsiding during deposition of the Bailey Limestone. The 

Increased thickness gradient at this location, however, may partly 

be due to subaerlal erosion of the Bailey Limestone on the eastern 

margin of the basin. 
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FIGURE 5.4. Map showing thickness of Silurian rocks (excluding 
Bailey Limestone), outcrop areas and location of Silurian reefs in 
Illinois (after Willman and others, 1975). 
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FIGURE 5 5 Map showing thickness of Silurian rocks (excluding 
Ba?ley Lim;stoSe) outc'rop areas and location of Silurian reefs in 
Indiana (after Becker, 1974). 
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FIGURE 5.6. Map showing thickness of Silurian rocks (excluding 
Bailey Limestone), outcrop areas and location of Silurian reefs in 
the Illinois Basin (after Rogers, 1972). 
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FIGURE 5.7. Map showing thickness of Silurian rocks (excluding 
Bailey Limestone), outcrop areas and location of Silurian reefs in 
the Illinois Basin. Information for Indiana and Illinois was 
modified from Becker, 1974; Willman and others, 1975). 
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CHAPTER VI 

DIAGENESIS 

Diagenetic processes and paragenesis are directly or Indirectly 

controlled directly or indirectly by the nature of original mineral 

and faunal assemblages, lithology, depositional environments, 

paleoclimate, paleogeography, hydrologic regime, porosity and 

permeability patterns as well as eustatic sea level changes. 

Subsurface Silurian rocks in western Kentucky consist mostly of 

carbonates with a few shaly interbeds. Faunal assemblages recognized 

in the study area include bryozoans, corals, crinozoans, algae, 

brachiopods, pelecypods, ostrocods, trilobites, gastropods and 

siliceous sponges. Appendix D provides the skeletal chemical 

composition of these fossils. 

Most of the Silurian formations in the study area were 

subjected to multiple diagenetic episodes. Although there are slight 

variations in the diagenetic patterns in different Silurian 

formations, most of the sequence displays overprints of early marine 

diagenesis followed by dolomitization and fresh water diagenesis 

which converted unstable carbonates into limestone. Sulfate 

emplacement contributes very little to the overall diagenetic 

scheme. 

Due to the regional nature of this study, broad sampling 

intervals and the absence of significant variations in the 

diagenetic history of the Silurian rocks, diagenetic patterns of 
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each formation are not described individually. Instead an overview 

of diagenetic history of the total Silurian interval is presented. 

Early Marine Diagenesis 

Micritization of crystalline shells and ooids, geopetal 

sediments and formation of aragonite and magnesian calcite cements 

characterize the initial stages of diagenesis under marine 

environments. 

Micritization 

Micritization is the process by which carbonate material Is 

converted to mlcrocrystalline aragonite or high Mg-calcite. In 

Recent carbonate sediments micritzation is recognized to be brought 

about by numerous processes (Flugel, 1982). In the Silurian 

carbonates of the study area, three processes of micritization were 

recognized: 1) centripetal replacement of allochems by micrite, 2) 

intraparticle micritization and 3) micritization of accretionary 

ooid laminae. 

Micritization of shells and ooids was observed throughout the 

Silurian rocks In the study area (Figs. 6.1, 6.2, 6.3 and 6.4). 

Micritization is reported to be brought about by bioerosion induced 

by endolithic algae, fungi and invertebrates. In the study area most 

micritization was most probably Induced by algal borings. Numerous 

borings were observed to be responsible for the initiation of the 

micritization process. The transverse diameter of these borings was 
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generally less than 2 micrometers (Fig. 6.3) and, thus, eliminated 

the possibility of borings cause by invertebrates i.e. arthropods, 

gastropods and sponges (Bathurst, 1975). The criteria of variable 

width and variable angles of branching of bored tubes set forth by 

Bathurst (1975) support an algal rather than a fungal origin. 

Mororphology of the micrite rims clearly demonstrates that they were 

produced by centripetal replacement and not by centrifugal 

accretion. Micritization in this case was accomplished in three 

stages, identical to those described by Bathurst (1975): 1) 

colonization by algae and subsequent borings 2) death of algae and 

vacation of bored tubes 3) emplacement of micritic aragonite or 

high-magnesian calcite in the vacated tubes. Most of the peripheral 

tubes were completely filled by micrite that ultimately evolved into 

micritic rims, whereas, most of the tubes deep inside the shell 

remained empty. The quantity of borings and, thus, the degree of 

micritization in these examples appears to be independent of size or 

shape of the shells. 

Many crinozoan components were generally micritized intensively 

(Figs. 6.1 and 6.2). Crinozoans consist of closely fitted plates of 

magnesian calcite and each plate is permeated by a regular meshwork 

of organic fibers (Majewske, 1974). In the study area some crinozoan 

components also were observed to display opaque reticulated patterns 

(Figs. 6.1 and 6.2). These patterns probably were caused by decay of 

organic fibers, leaving a meshwork of voids. Some of these voids 

later were filled by micrite and some were invaded by boring algae, 

resulting in complex micritization of crinozoan components. Margins 
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of the echinodermal fragments also displayed excessive micritization 

due to algal borings. Some of the crinozoan components were 

completely micritized by the combination of algal borings and the 

decay of original organic fibers (Fig. 6.1). Micritization also 

obliterated the internal structure of many ooids and converted them 

into peloids (Figs. 4.20 and 4.21). 

Internal Sediments 

In the carbonate rocks of the study area some of the primary 

intrabiotic and intergranular cavities were partially to completely 

filled with internal sediments of marine origin. These sediments 

consisted of fine micrite, peloids and/or bioclasts. At least some 

of the internal sediments were emplaced later in the diagenetic 

history, during vadose diagenesis. Orientations of geopetal fillings 

of marine origin are usually considered as good indicators for 

determining upright position of the host rock (Fig. 6.5). However, 

different orientations of geopetal fabric observed in the same 

sample may be due either to movement of shells or bioclasts, after 

lithification of geopetal sediments or due to grain rotation during 

compaction, late in the diagenetic history (Fig. 4.21). In any case, 

these structures should not be considered as primary criteria for 

determining the top and bottom of the host rock. 

Some of the empty voids above the geopetal sediments later were 

filled by carbonate cements in a single or in multiple phases (Fig. 

6.5). 
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Submarine Cements 

Precipitation of submarine cements was observed on the margins 

of intrabiotic and intergranular cavities throughout the Silurian 

sequence (Figs. 6.6 and 6.7). Bladed or fibrous films probably 

represent original aragonite or magnesian calcite cements. Thin 

isopachous bladed or fibrous films lined most of the primary voids 

but were best illustrated when they formed on micritized grains or 

micrite envelops (Figs. 6.7 and 6.8). These cements also lined 

internal sediments and ooids (Figs. 6.5 and 6.7). The distribution 

and mineralogy of modern submarine cements are apparently largely 

controlled by the interstitial water chemistry, which may differ 

between cavities (Ginsburg and others, 1971). Schroeder (1972) 

suggested that the introduction of algal filaments into cavities may 

be a mechanism that effects changes in the interstitial chemistry. 

Decaying organic tissues and bacteria also may promote the 

precipitation of calcium carbonate (Berner, 1968). 

Early Mineralogic Stabilization 

Early diagenesis in the Silurian carbonates took place under 

marine phreatic conditions. Later diagenetic events converted 

metastable carbonate sediments into stable limestones and/or 

dolostones. These processes (inversion, dissolution, dolomitization, 

calcitization and silicification) occurred in the presence of 

interstial waters with chemical composition markedly different from 

the original marine water. Because shallow marine carbonates usually 
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are subjected to several episodes of brackish and/or fresh-water 

conditions before burial, it is not uncommon to observe multiple 

cementation and replacement phases in these rocks (Petta, 1977). 

Parameters of the new conditions affecting the sediments 

determine the direction of later diagenesis. Aragonite and magnesian 

calcite, although metastable, are the most common minerals in the 

Holocene shallow-marine carbonate sediments, whereas, calcite is the 

most stable calcium carbonate phase in fresh water (Stehli and 

Hower, 1961). Under subaerlal conditions, magnesian calcite is less 

stable than aragonite. In Late Tertiary carbonate sediments, under 

subaerlal conditions magnesian calcite changed to calcite in less 

than 10,000 years and aragonite in less than 100,000 years (Gavish 

and Friedman, 1969). 

When metastable carbonates are exposed subaerially and 

subjected to.freshwater diagenesis they become lithified and 

converted to limestone, and the following three processes operate 

concurrently: 1) conversion of aragonitic lime mud to calcite 

(calcitization), 2) dissulution of aragonitic shells creates 

biomolds and hollow micrite envelopes and 3) precipitation of 

calcite cements, according to the diagenetic foremats of Matthews 

(1968), and Jacka and Brand (1977). 

If a metastable carbonate is subjected to the influence of a 

magnesium-rich fluid for a sufficient time it becomes transformed 

into a dolostone. During dolomitization, shells consisting of 

calcite, high magnesian calcite or aragonite may become dissolved. 
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forming biomolds. Examples of biomolds and hollow micrite envelopes 

formed during dolomitization or freshwater diagenesis are shown in 

figures 4.7, 4.14, 4.15, and 6.9. Most biomolds and hollow micrite 

envelopes become filled subsequently with calcite and dolomite 

cements. 

Dolomitization 

The following order of susceptibility of carbonate materials to 

dolomitization has been observed: 1) aragonitic lime mud, 2) 

crystalline aragonitic shells, 3) aragonitic peloids and micritized 

shells, and 4) calcite shells or cements (Schmidt, 1965). 

Most of the Silurian sequence was subjected to two episodes of 

dolomitization. The first dolomitization occurred at shallow depths 

early in the diagenetic history, soon after or contemporaneous with 

progradation and marine diagenesis. The second dolomitization 

followed an episode of fresh water diagenesis. 

Early dolomitization initially consisted of selective 

replacement of lime mud with fine idiotopic dolomite. In most cases, 

continuation of dolomitization resulted in formation of clear rims 

around earlier cloudy dolomite crystals and porous idiotopic fabrics 

were converted to dense hypidiotopic and xenotopic fabrics, as 

compromise boundaries formed and progressively reduced porosity 

(Figs. 4.5, 4.10, 6.10, and 6.11). During the early phase, dolomite 

cement also filled some of the intrabiotic cavities (Figs. 4.3, 

4.19, 6.5, and 6.12). Depending on the intensity of dolomitization 
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some aragonitic shells and ooids were dissolved (Figs. 4.14 and 

4.15), as noted by Jacka (1977). Dissolution of shells and ooids 

created molds, most of which were filled by later cements. Some of 

these molds might represent instances wherein allochems were 

selectively replaced by anhydrite, and later dissolved (Jacka, 

personal communications, 1987). In some instances calcitic and 

aragonitic shells also were replaced partially to completely by 

dolomite (Figs. 4.5 and 4.12). 

Late dolomitization generally occurred as relatively coarse, 

clear, rhombic cement crystals in large molds, fractures and 

Intrabiotic voids (Figs. 4.10, 6.10, 6.13, 6.14, and 6.15). Second 

generation dolomite, that postdated fresh water diagenetic episodes, 

also replaced calcitic shells, calcite cement and silica, in some 

instances. 

Calcitization 

The Silurian sequence displays abundant evidence of 

stabilization in fresh-water phreatic and vadose diagenetic 

environments. Aragonitic lime mud became converted rapidly to 

calcite (Matthews, 1968). Most of the aragonitic shells were 

dissolved and magnesian calcitic shells were converted to calcite by 

incongruent dissolution (Land, 1967). The ooids and shells, which 

became micritized soon after deposition in the marine environments, 

resisted calcification. Jacka and Brand (1977) suggested that 

recrystallization of lime mud to calcitic microspar or pseudospar 

(Fig. 6.16) reflected a meteoric phreatic overprint. 



S^^^r'r''**'°'''°'^''^BTVf™"'"* '''^'"Wi'imrMMiama^scs^^aa^^ 

100 

Calcite cementation took place in several episodes. Various 

morphologies of ca lc i t ic cements occluded most of the primary and 

secondary voids. Scalenohedral calcite cement lined most of the 

in t rab iot ic , moldic and intergranular voids (Figs. 6.5 and 6.8). In 

large voids precipitation of scalenohedral calcite was followed by 

precipitation of blocky equant crystals, which completely f i l l e d 

most of voids (Figs. 6.5, 6.6, 6.7, 6.8, and 6.10). Calcite 

cementation in vadose environments was Indicated by gravitational 

cements (Fig. 6.8). In the grainstones containing abundant crinozoan 

components, Intergranular voids were f i l l e d with piokilotopic 

ca lc i t i c cement (Figs. 4.8 and 6.17), which was precipitated as 

epitaxial overgrowths on the monocystalline grains. Some of the 

pos t - l i th i f i ca t ion fractures that had developed in limestones and 

dolostones also were f i l l e d by calcite cement (Figs. 6.10, 6.18 and 

6.19). In some instances intercrystal l ine porosity in dolostone also 

was occluded par t ia l ly by calcite cement (Figs. 6.13, 6.20 and 

6.21). Ferroan ca lc i t i c cement also f i l l e d Intrabiotic cavit ies, 

fractures, Intercrystal l ine and intergranular voids (Figs. 6.14 and 

6.22). Ferroan calci te cement indicates a separate phase of calc i te 

cementation within reducing environments with a relat ively high 

content of ferrous i ron. 

Dedolomitization 

Many examples of dedolomitization (replacement of dolomite by 

calci te) were observed throughout the Silurian sequence. In some 

cases sparry calci te cement engulfed small dolomite crystals and 

"-'s:>ilS5S?'V^-'' '•'^' • 
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replaced them paramorphically (Figs. 6.20, 6.21, and 6.23). In other 

cases calcite preferentially replaced the organic rich centers of 

the dolomite rhombohedra (Fig. 6.23). Some dolomite crystals were 

replaced by ferroan calcite (Fig. 4.6). It may be noted that only 

those examples of dedolomitization were recognized in which dolomite 

was paramorphically replaced by calcite. The instances in which 

dolomite was dissolved and voids were later filled by calcite cement 

or where calcite replaced dolomite neomorphically were difficult to 

recognize. Figure 6.24 shows one such example of neomorphic 

replacement of dolomite by calcite. 

Silicification 

Both partial and locally intensive silicification of carbonates 

was observed throughout the Silurian sequence. Most of the sequence 

displayed silica in cement as well as in replacement modes. Silica 

was found to be emplaced in wackestones, packstones and grainstones. 

Silica occurs both as massive replacement and as selective 

replacements of organic-rich allochems. Three main polymorphs of 

silica were observed in the study area. 

Megaquartz (Mosaic or Drusy Quartz). Megaquartz generally 

occurs as cement in intergranular, intrabiotic and moldic voids, but 

some examples of a replacement mode also were observed (Figs. 6.9, 

6.25, and 6.26). In some cases, large megaquartz cement crystals 

engulfed small crystals of calcite or dolomite; some of these 

engulfed crystals later were replaced partially to completely by 

megaqurtz (Fig. 6.25). 

" ' - • ' i ' ^ 
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Chalcedony. Length-slow chalcedony selectively replaced shells 

and ooids in the carbonate sequence of the study area (Figs. 4.22 

and 6.26). Chalcedony also occurs as cement and occluded Intrabiotic 

voids. Wilson (1966) observed that many varieties of opaline sponge 

spicules were inverted to chalcedony during subsequent diagenetic 

episodes. In the study area a great concentration of siliceous 

sponge spicules, consisting of chalcedony, was found in the Outer 

Facies Zone (Fig. 4.16). 

Microquartz (Mlcrocrystalline Quartz). Microquartz is the most 

common form of silica present in the rocks of study area. 

Microouartz extensively replaced cement crystals of calcite and 

dolomite, micrite matrix, peloids and shells (Figs. 6.14, 6.22, and 

6.27). 

Distribution and Origin of Silica 

The limited number of data points and relatively low percentage 

of silica in the Silurian sequence did not allow mapping of the 

vertical distribution of silica in individual formations. However, 

figure 6.28 presents the general distribution of silica for the 

total Silurian sequence. The relatively greater percentage of silica 

in the Outer Facies Zone is due primarily to the presence of 

siliceous sponge spicules. Therefore, the majority of silica in the 

Outer Facies Zone Is autochthonous and only a small amount is the 

result of later diagenesis. Conversely most of the silica in the 



103 

Inner Facies Zone was of diagenetic origin. It is inferred that 

diagenetic silica was derived from meteoric ground waters. In some 

instances more than one episode of silicification was deduced from 

the petrographic relationships of silica, calcite and dolomite. 

Pyrite Emplacement 

Small amounts of pyrite were emplaced within reducing 

environments. Pyrite occurs both in cement and in replacement mode 

(Figs. 4.2 and 6.20). Most pyrite seems to have been emplaced 

relatively early during burial diagenesis. 

Sulfate Emplacement 

Sulfates (gypsum, hemihydrate, anhydrite, barite and celestite) 

are rare in the rocks of the study area. Almost all sulfate 

occurrences were observed within dolostones. Sulfates were emplaced 

both as cement and replacement. Most examples of sulfate occurrence 

were restricted to margins of the Illinois Basin and areas of reefal 

development. 

Lath and sparry crystals of celestite or barite and anhydrite 

replaced dolomite and calcite cements (Figs. 4.13, 6.11, 6.29, and 

6.30). These minerals also precipitated in intrabiotic, 

intercrystalline and moldic voids (Figs. 4.13, 6.29, 6.30 and 6.31). 

Some anhydrite later was dissolved during fresh water episodes and 

some was replaced by hemihydrate (Figs. 4.13 and 6.30). 
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Compaction 

Compaction refers to any process that decreases the bulk volume 

of rocks. This includes mechanical processes that deform grains, 

decrease the bulk volume of grains or that cause closer packing of 

grains (re-orientation) and pressure solution which decreases the 

volumes of grains and of cement minerals (Flugel, 1981). 

In the study area, compaction structures frequently were 

observed in packstones and grainstones. The most common compaction 

fabrics present were interpenetration (presolution) of grains, and 

densely packed grains (overpacking) with sutured micro stylolitic 

contacts and almost no intergranular space (Figs. 6.32 and 6.33). 

Compaction by pressure solution is indicated by stylolites (Flugel, 

1981). Many occurrences of stylolites were noted in the carbonate 

rocks of study area, even though most of the samples were in the 

form of well cuttings. Figure 4.17 shows anastomosing stylolite 

sets. 

Fractures 

Fractures are quite common in the rocks of the study area. The 

configuration of fractures and nature of cements filling the 

fractures suggest that most of the fracturing took place rather late 

in the diagenetic history. The earliest fracturing took place after 

early submarine cementation. In these examples fractures cut across 

ooids, shells and films of isopchous submarine cement (Figs. 4.15, 

4.21, 6.7, 6.8, 6.10, 6.14, 6.18, 6.19, 6.22). Fracturing also took 

••,irtsm!y::-,i-^ 
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place after the first dolomitization phase. In this case the 

fractures as well as moldic and intercrystalline voids were filled 

by calcite cement (Fig. 6.10). Figure 6.18 shows a fracture that 

cuts across a silica replacement front. The fracture is narrow in 

the calcitic zone and wider in the siliceous zone, indicating post-

silicification origin. Ferroan dolomite cement, which filled the 

fracture in both zones, later was replaced by ferroan calcite. 

Fractures also were noted in silicified zones which later were 

filled by ferroan calcite and dolomite cements (Figs. 6.14 and 

6.22). 

Dolomitization Patterns in 

the Study Area 

Distribution of Dolomite 

In order to map the lateral and vertical distribution of 

dolomite in the study area, concentrations of dolostone were plotted 

in seven cross sections (Figs. 6.34, 6.35, 6.36, 6.37, 6.38, 6.39 

and 6.40, in pocket) and on a dolomite percentage map (Fig. 6.41). 

Calculation of dolomite percentage was semiquantitative and was 

based on petrographic examination of stained thin sections. Due to 

the wide sampling interval and visual estimates, the illustrations 

represent only a rough approximation of the distibution of dolomite. 

For the purposes of this study carbonates were classified on the 

basis of the following parameters: 
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Dolostone: >70% Dolomite 

Limestone: >70% Calcite 

Calcitic Dolostone:>50% <70% Dolomite 

Dolomitic Limestone:>50% <70% Calcite 

Four north-south and three west-east oriented cross sections 

delineate the general distribution of dolostone, dolomitic 

limestone/calcitic dolostone and limestone (Figs. 6.34, 6.35, 6.36, 

6.37, 6.38, 6.39 and 6.40, in pocket). Cross Index Map (Fig. 3.2) 

shows the location of the section lines. These cross sections 

indicate that the percentages of dolomite increase toward the 

margins of the basin. A few anomalous increases in dolomite content 

generally are associated with reefal lithologies (Well Nos. 23, 28 

and 61) or with the Rough Creek Fault Zone (Well Nos. 55 and 64). 

Although Silurian carbonates are pervasively dolomitized near the 

margins of the basin, three broad zones of high concentrations of 

dolomite are apparent in the stratigraphic column. The lowest zone 

is most prominent and ranges from the Brassfield to Waldron 

formations, the middle zone generally effects the Dixon and 

Brownsport formations and the uppermost zone Is restricted to the 

Bailey Limestone. These dolomite rich intervals probably were 

associated with eustatic sea level changes during the Silurian 

Period. 

The dolomite percentage map for the total Silurian sequence 

displays dolostone distribution in the study area (Fig. 6-41). 
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Because this distribution is based on subsurface samples, it is 

generalized and interpretive. Nevertheless, the dolomite 

distribution reveals an interesting distributional trend. 

Concentrations of dolomite exceed 60 percent near the margins of the 

basin and are lower than 20 percent in the Outer Facies Zone. 

However, concentrations of dolomite increase anomalously along the 

Rough Creek Fault Zone in Grayson County. It may be noted that these 

anomalously high concentrations coincide with the 

grainstone/packstone anomaly (Fig. 4.23). 

Origin of Dolomite 

It is not the purpose of this study to propose a dolomitization 

model to explain the presence of dolomite in Silurian carbonates of 

the study area. Although the mechanisms and physiochemical 

conditions conducive to dolomtization are still not fully 

understood, many dolomtization models have been proposed to explain 

the presence of dolostones under markedly different geological 

conditions. 

Primary precipitation of dolomites in hypersaline lakes was 

proposed by Alderman and Skinner (1957), and Behrens and Land 

(1972). Several dolomitization models were proposed to explain close 

association of dolomite and evaporite minerals. The sabkha model was 

supported by Friedman (1964), Illing and others (1965), Shinn and 

others (1965), Butler (1969) and Kendall and Skipwith (1969). The 

sabkha model was based on the interaction of magnesian rich brines 
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that originated in association with evaporite minerals in supratidal 

environments. The evaporative pumping model was proposed by Hsu and 

Siegenthaler (1969). The seepage-refluxion model, which was based on 

magnesium-rich brines in retricted lagoons and their movement 

through underlying sediments was proposed by Newell and others 

(1953), Adams and Rhodes (1960), Defeyes and others (1965) and Lucia 

(1968). 

The mixing zone model has been proposed to explain 

dolomitization in non-sabkha environments in the absence of 

hypersaline brines and evaporitic minerals (Hanshaw and others, 

1971; Badiozamani, 1973; Land, 1973a and b; Folk and Land, 1975; 

Dunham and Olson, 1980; Choquette and Steinen, 1980; and Sears and 

Lucia, 1980). This model is based on the theory that fresh phreatic 

water with only a minor amount of magnesium, when combined with 

marine water, forms a fluid which may be undersaturated with respect 

to calcite. Saturation with respect to dolomite increases 

continuously with increase of the sea-water fraction in phreatic 

water. Badiozamani (1973) Inferred that the brackish water (with 5-

30% sea water), was undersaturated with respect to calcite and 

supersaturated with respect to dolomite. The mixing zone model is 

based on the assumption that the replacement of calcite by dolomite 

will proceed preferentially in waters supersaturated with respect to 

dolomite. Mixing of sea water and meteoric water is facilitated by 

constant fluctuations of sea level. During emergence, the interface, 

where the fresh water lens impinges on underlying marine or saline 
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connate water, would be a dolomitizing zone. This front could pass 

through a considerable thickness of sediments as sea level drops. 

Similar conditions would occur during marine transgression (Wilson, 

1975). Hardie (1987) raised many objections against the mixing zone 

model and also expressed reservations against the universality of 

the sabkha model. 

Sears and Lucia (1980) invoked both brine refluxion and fresh

water/sea-water mixing to explain dolomitization of northern 

Michigan Niagaran reefs. Choquette and Steinen (1980) also proposed 

a mixing zone model to explain dolomitization in Mississippian 

carbonates in the Illinois Basin. 

Discussion 

Minimal presence of evaporitic minerals, widespread 

dolomitization in intertidal as well as in subtidal carbonates, and 

distributional patterns of dolomite, do not lend unequivocal support 

to either a sabkha model or to some kind of a mixing zone model to 

explain the presence of dolomite in the study area. 

No evaporite minerals have been reported in the Silurian rocks 

of the Illinois Basin in the numerous and excellent studies made by 

many workers. However, petrographic examination revealed a few 

examples of disseminated sulfate minerals in the study area. Also, 

geophysical logs do not show any evidence of extensive/massive 

evaporite minerals. It is, therefore, suggested that the presence of 

sulfate minerals in the stucly area Is too limited in quantity or 

••jjas^g^gjf^^-



iissaivuMBSsmasmt iiassBBrnm ^sma 

110 

extent to be a factor for the origin of dolomite. Jacka (personal 

communications, 1987) suggested that the sulfates in the study area 

probably were derived from "brines that discharged from beneath 

evaporite bearing coastal plains. 

Even minor sea-level fluctuations can extensively influence the 

chemistry of interstitial water in the sediments deposited on a 

gentle shelf under shallow-water conditions. The fact that the 

Illinois Basin was not very deep during the Silurian Period is 

evident from the presence of extensive carbonate sediments and 

shallow water faunas throughout the study area, especially in the 

Inner Facies Zone. Therefore, the sediments in the study area could 

have been subjected to multiple exposures of mixing zone brackish 

water to achieve the final concentration of dolomite. 

Topographically high areas, i.e., basin margins and carbonate banks, 

were exposed to more cycles of mixing-zone conditions than low lying 

areas, i.e., back reef lagoons and basinal areas. Topographic highs 

are therefore expected to be more intensively dolomitized than low 

lying areas. Hardie (1987) proposed that normal sea water was 

capable of dolomitizing sufficient thickness of carbonates, if given 

enough time, temperature and a suitable hydrologic regime, wherein 

Mg ions were replenished by continuous supply of sea water. Hardie's 

hypothesis also favors preferential dolomitization of 

topographically higher subtidal and intertidal areas with sufficient 

permeabilities. Jacka (personal communications, 1987) suggested that 

exactly similar dolomitization pattern would be expected if sulfate 
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enriched brines, which originated under coastal sabkhas, dolomitized 

the intertidal and subtidal carbonates in the shallow subsurface. A 

cursory examination of the cross sections showing distribution of 

dolostone and dolomite-percentage map of the Silurian carbonates 

shows that the concentration of dolostone is higher along the 

basinal margins and decreases progressively toward the center of the 

basin. The linear area of anomalously high percentage of dolomite, 

along the Rough Creek fault, most probably represents higher 

elevation due to carbonate buildups (Fig. 6.41). Apparently the 

distribution of dolomite in the study area was profoundly influenced 

by the presence of carbonate buildups along a local shelf margin 

(analagous to shelf-basin model), created by syndepositional 

faulting along the Rough Creek Fault Zone. The portions of the 

Illinois Basin where the substrate was not interrupted by a trend of 

carbonate buildups (analagous to carbonate ramp model) do not appear 

to possess high concentrations of dolostone. These two different 

basinal settings (shelf-basin and carbonate ramp configurations) and 

associated dolomitization patterns are schematically presented in 

figures 6.42A and 6.42B. 

Paragenetic Sequence 

Ideally, paragensis of each formation is unique in any one 

locality and therefore should be described separately. Such detailed 

description is beyond the scope of this study because the sampling 
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interval was insufficient to describe individually the paragenesis 

of eight formations over more than 10,000 square miles of area. 

Figure 6.43 presents a generalized paragenetic sequence for the 

subsurface Silurian rocks in the area. Fortunately, the climatic 

conditions and depositional environments did not vary significantly 

throughout the Silurian. Therefore, the generalized paragenetic 

sequence encompasses paragenesis in most of the formations, 

although, a few might differ In minor details. Most of the Silurian 

carbonates were subjected to atleast one complete diagenetic 

sequence consisting of marine diagenesis, dolomitization and fresh 

water diagenesis. However, examples were noted wherein certain 

intervals were subjected to either an incomplete diagenetic sequence 

or more then one sequences. Figure 4.6 shows a complicated 

paragenetic sequence: 1) partial dolomitization of original lime 

mud, 2) chalcedony and microquartz pervasively replaced calcite and 

non-ferroan dolomite and ferroan dolomite was exsolved, 3) formation 

of fractures, 4) ferroan dolomite filled the fracture and replaced 

some of the preceeding non-ferroan dolomite, 5) ferroan calcite 

paramorphically replaced ferroan dolomite. 
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FIGURE 6 . 1 . Crinozoan grainstone displays intensely micr i t ized 
she l l s , with intergranular voids f i l l e d with epi taxial p iok i lo topic 
ca l c i t e cement. Plane l i g h t . (Bailey Limestone, Breckinridge County, 
well No. 1, 1845-50 feet . 

FIGURE 6.2. M ic r i t i za t ion is displayed by m ic r i t i c margins of shel ls 
and opaque re t i cu la te pattern in echinoderm fragments. Some of the 
deeper algal borings are s t i l l empty. Intergranular voids were 
f i l l e d by ca lc i te cement. Plane l i g h t . (Bailey Limestone, 
Breckinridge County, well No. 1, 1795-1800 fee t ) . 
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FIGURE 6.3. Close-up view of micr i t ized margins of a shell and 
algal borings deeper inside the she l l . Plane l i g h t . (Bailey 
Limestone, Breckinridge County, well No. 1, 1775-80 fee t ) . 

empty 

FIGURE 6.4. Oobiograinstone with scalenohedral and blocky equant 
calcite cement filling the intergranular porosity. Intense 
micritization converted some small ooids into peloids. Plane light. 
(Brownsport Formation, Edmonson County, well No. 18, 1385-94 feet). 
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FIGURE 6.5. Coral fragment with internal sediments, early marine 
cement, dolomitized lime mud, and la ter ferroan ca lc i te and dolomite 
cements. Plane l i g h t . (Bailey Formation, Butler County, well No. 6, 
1770-1780 fee t ) . 

i 

t 

FIGURE 6.6. Oobiograinstone displaying micritized ooids and shells 
with early fibrous aragonite cement and later scalenohedral and 
blocky equant calcite cement. Plane light. (Brownsport Formation, 
Logan County, well No. 54, 1430-35 feet). 
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FIGURE 6.7. Oograinstone displaying early isopachous scalenohedral 
calcite cement, followed by fracturing and blocky equant calcite 
cement. Outer shell of an ooid was broken and spalled off. Plane 
light. (Bailey Limestone, Grayson County, well No. 26, 2130-35 
feet). 

FIGURE 6.8. Scalenohedral calcite crust on a completely micritized 
shell, note gravitational cement on underside of grain. Later 
fracturing was followed by second generation calcite cement that 
completely occluded the porosity. Plane light. (Bailey Limestone, 
Butler County, well No. 6, 1740-50 feet). 

r-
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FIGURE 6.9. Biograinstone displays occlusion of primary 
intergranular porosity by megaquartz and part ia l replacement of 
shel ls by microquartz. Later dissolut ion resulted in the formation 
of t e r t i a r y porosi ty. Cross polar. (Brownsport Formation, 
Breckinridge County, well No. 1, 1985-90 fee t ) . 

FIGURE 6.10. Microfractures and moldic voids in dolostone la ter were 
f i l l e d with ca lc i te and ferroan dolomite cement. Plane l i g h t . 
(Osgood Formation, Breckinridge County, well No. 3, 1727-35 f ee t ) . 
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FIGURE 6.11. 
Cross polar, 
feet). 

Felted la th anhydrite replacing ca lc i te and dolomite. 
(Dixon Limestone, Todd County, well No. 80, 2030-35 

FIGURE 6.12. In t rab io t i c porosity in a bryozoan is occluded by _ 
ca lc i te and ferroan dolomite cement. Plane l i g h t . (Osgood Formation, 
Edmonson County, well No. 18, 1620-30 fee t ) . 
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FIGURE 6.13. Calcite occluded in te rc rys ta l l i ne porosity in dolostone 
and also replaced dolomite paramorphically. Second generation 
ferroan dolomite replaced ca lc i te and non-ferroan dolomite. Plane 
L ight . (Osgood Formation, Hardin County, well No. 38, 1215-20 f e e t ) . 

^Xi 

FIGURE 6.14. Chert (mostly microquartz) pervasively replaced pre
existing carbonates. Later fractures were filled by ferroan dolomite 
and ferroan calcite cements. Plane light. (Louisville Limestone, 
Breckinridge County, well No. 1, 2130-35 feet). 
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FIGURE 6.15. Biograinstone displaying minor micritization and 
internal sediments. Scalenohedral calcite, followed by blocky equant 
calcite and dolomite cement, occluded most of the intergranular 
porosity. Plane light. (Brownsport Formation, Edmonson County, well 
No. 20, 901-07 feet). 

FIGURE 6.16. Micritic matrix around the fossil fragment was 
recrystallized to pseudospar calcite. Plane light. (Brownsport 
Formation, Breckinridge County, well No. 2, 560-71 feet). 
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FIGURE 6.17. Intergranular porosity in crinozoan grainstone was 
occluded by epitexial calcite cement. Plane light. (Bailey 
Limestone, Breckinridge County, well No. 1, 1775-80 feet). 

FIGURE 6.18. Silica replacement front (left side) replaced calcite 
and dolomite, some dolomite was exsolved. Subsequent frature was 
filled by ferroan calcite cement. Cross polar. (Brownsport 
Formation, Crittenden County, well No. 15, 3190-3200 feet). 
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FIGURE 6.19. Oograinstone, wherein, micritization transformed ooids 
Into peloids. Early isopachous scalenohedral calcite cement was 
followed by fracturing and cementation by blocky equant calcite that 
occluded most of the porosity. Plane light. (Brownsport Formation, 
Logan County, well No. 54, 1430-35 feet). 

FIGURE 6.20. Calcite occluding intercrystalline porosity in 
dolostone and also paramorphically replacing some dolomite 
rhombohedra. Plane light. (Louisville Limestone, Hardin County, well 
No. 41, 835-41). 
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FIGURE 6.21. Zonal dolomite rhombohedra with cloudy centers and 
clear rims. Calcite occluded intercrystalline porosity and also 
partially replaced some dolomite crystals paramorphically. Plane 
light. (Brownsport Formation, Grayson County, well No. 23, 2545-55 
feet). 

FIGURE 6.22. Chert (microquartz) replacing calcite. Subsequent 
fracture was filled by ferroan calcite cement. Plane light. (Bailey 
Limestone, McLean County, well No. 55, 3885-90 feet). 

.i«»-
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FIGURE 6.23. Dedolomitization i n i t i a t ed in the organic-r ich cloudy 
centers of dolomite rhombohedra and proceeded to replace them 
p a r t i a l l y . Plane l i g h t . (Bailey Limestone, Meade County, well No. 
58, 1355-65 f ee t ) . 

FIGURE 6.24. Neomorphic replacement of dolomite by ca l c i t e . Plane 
l i g h t . (Lou isv i l le Limestone, Breckinridge County, well No. l , 2150-
55 f e e t ) . 
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FIGURE 6.25. Intrabiotic porosity in a coral was successively 
occluded by dolomite, calcite and megaquartz cements. Megaquartz 
also partially replaced the previous carbonate cements. Cross polar 
with gypsum plate. (Bailey Limestone, Breckinridge County, well 
No.l, 1900-05 feet). 

FIGURE 6.26. Microquartz and chalcedony pervasively replaced pre
existing carbonates. Cross polar. (Laurel Limestone, Daviess County, 
well No. 17, 4075-80 feet). 
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FIGURE 6.27. Silicification of grainstone. Megaquartz filled 
Intergranular voids, whereas most of the shells were replaced by 
microquartz. Calcite cement also filled some of the intergranular 
voids. Cross polar. (Osgood formation, Edmonson County, well No. 18, 
1620-30 feet). 
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FIGURE 6.28. Map showing percentage of silica in Silurian rocks of the study area. 
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FIGURE 6.29. Ce les t i te /bar i te (gray) f i l l i n g in te rc rys ta l l i ne 
porosity in dolostone and also replacing dolomite. Cross polar. 
(Moccasin Springs Formation, Grayson County, well No. 23, 2640-60 
f e e t ) . 

FIGURE 6.30. Sparry anhydrite emplaced as cement in in te rc rys ta l l i ne 
porosity and as replacement of dolostone ( r igh t margin). Cross 
polar. (Laurel Limestone, Edmonson County, well No. 18, 1587-95 
fee t ) . 
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FIGURE 6.31. Intrabiotic porosity in a bryozoan fragment was 
completely occluded by calcite(c), dolomite(d), celestite/bar1te(st) 
and anhydrite (later converted to hemihidrate(h), in a complex 
paragenetic sequence. Cross polar. (Dixon Limestone, Simpson County, 
well No. 75, 960-65 feet). ^* 

FIGURE 6.32. Highly compacted biograinstone/packstone, consisting of 
crinozoan, brachiopod and ostracode fragments, exhibits sutured 
contacts which represent small scale stylolites. Plane light. 
(Bailey Limestone, Edmonson County, well No. 18, 1342-49 feet). 
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FIGURE 6.33. Compacted biopackstone with Interpenetrating and broken 
skeletal fragments of crinozoans and brachiopods. Silica is 
replacing skeletal fragment in the lower right corner (white). Plane 
light. (Bailey Limestone, Butler County, well No. 6, 1830-40 feet). 
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FIGURE 8 ,1 . Map showing b a s i n - f i l l , l i thofacies and dolomite anomalies associated with the syndepositional faul t in Grayson County. 



mmmifsss^ 

132 

Carbonate Bank 

H D O L O M I T E 

FIGURE 6.42. Schematic diagram showing likely dolmite distribution 
in (A) carbonate ramp regime and (B) shelf edge geologic setting. 
FIGURE 6.43. Generalized paragenetic sequence observed in the 
subsurface Silurian rocks of the study area. 
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Paragenetic sequence 

1.Marine Diagenesis 
7 Micritization 
I Internal sediments 

Marine isopachous aragonite/Mg calcite cements 

Conqjaction 

t 

2.Early Diagenesis 
Uolomitization: ( ferroan, non-ferroan) 
Cementdntrabiot ic & intergranular) 
Replacement(Lime mud, shel ls & marine cement) 
Dissolution of shel ls and ooids 

3.Sulfate Emplacement 

4.Fresh Water Diagenesis 

j 

t 

ractures 

Stylol i tes 

t 

TIME 

V 

Lalci t izat ion: 
Cementdntrabiot ic, moldic, in tergranular , 

i n t e r c r ys ta l l i ne & f ractures) 
Replacementdlme mud, she l ls , 

marine cement & dolomite) 
Recrysta l l izat ion 

Internal Sediments 
Dissolution of shel ls , ooids and sulfates 

Si l ic i f ica t ion: 
Cementdntrabiot ic & intergranular) 
Replacement(shells, ca lc i te S dolomite) 

t 

SECOND SEQUENCE 

1.Do!omitization(ferroan, non-ferroan) 
Cementdntrabiotic & overgrowths) 
Replacement(calcite and s i l i c a ) 

2.Sulfate Emplacement 

3.Fresh Water Diagenesis 
ua I C l t i za t i on{ferroan, 

non-ferroan) 
S i l i c i f i c a t i o n 
Dissolution of sulfates 

FIGURE 6.43. Generalized paragenetic sequence observed in the 
subsurface S i lu r ian rocks of the study area. 
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CHAPTER VII 

POROSITY DEVELOPMENT 

Porosity development and relationships described in this 

chapter are based on petrographic evaluation of subsurface samples. 

As these samples consisted entirely of well cuttings, determined 

porosities are necessarily minimal and biased against large vugs and 

pores. Large voids (>1 mm) cannot possibly be found in cuttings 

measuring only a few millimeters in dimension. Highly porous zones 

with delicate porous meshwork also are preferentially pulvurlzed 

during drilling and, therefore, cannot usually be seen in well 

cuttings. 

Observed porosities in the carbonate rocks of the study area 

are generally low. Most of the porous zones are usually associated 

with dolostones, whereas limestones are mostly dense. Three major 

types of porosity were observed: primary, secondary and tertiary. 

Primary Porosity 

Almost all of the primary intergranular porosity in grainstones 

was occluded by later cements. Most of the intrabiotic and 

intraparticle porosity also was filled completely to partially by 

later cements. Calcitic cement was the major porosity occluder in 

limestones; however, megaquartz and dolomite cements also filled 

some of the primary pores (Figs. 4.2, 4.3, 4.8, 4.19, 4.20, 4.21, 

•6.1, 6.5, 6.6, 6.7, 6.15, 6.17, 6.25, 6.31 and 7.1). A majority of 
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the primary pores in grainstones first were lined with isopachous 

maf-ine cements and later were partially to completely filled by 

calcite, dolomite and/or siliceous cements. 

Secondary Porosity 

This is the most common type of porosity encountered in the 

rocks of the study area. Three types of secondary porosities were 

observed: intercrystalline porosity in dolostones, moldic porosity 

and fracture porosity In dolostones and limestones. 

Intercrystalline Porosity 

Most of the euhedral to subhedral dolostones display some 

intercrystalline porosity (Figs. 4.7 and 4.10). Very little 

intercrystalline porosity, however, is preserved in dense anhedral 

dolostones (Figs. 6.10 and 6.11). Most of the dense dolostones 

initially were composed of fine euhedral dolomite crystals, that had 

formed earlier in the diagenetic history. 

Most of the intercrystalline porosity subsequently was occluded 

by the following cements: dolomite, calcite, celestite/barite, 

anhydrite and silica. Both ferroan and non-ferroan varieties of 

calcite and dolomite cements were observed to occlude secondary 

porosity (Figs. 4.10, 4.13, 6.13, 6.21, 6.29 and 6.30). 
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Moldic Porosity 

Moldic porosi ty was encountered both in dolostones and 

limestones. Most of the moldic porosi ty , observed in the S i lu r ian 

carbonates, was created by d issolut ion of aragonit ic shells in 

limestones and shel ls of c a l c i t e , magnesian ca lc i te and aragonite i n 

dolostones (Figs. 4 .7 , 4.14, 4.15 and 6.10). 

Large vugs produced by solut ion could not be observed in well 

cu t t ings . Most of the moldic voids la te r were f i l l e d by dolomite, 

c a l c i t e , anhydrite and ba r i t e / ce les t i t e (Figs. 6.10, and 6.29). 

Fracture Porosity 

Fractures developed throughout the S i lur ian sequence during 

various stages of the diagenetic history to produce secondary 

poros i ty . But most of the fractures la ter were f i l l e d by ca lc i te and 

dolomite cements (Figs. 4.15, 6.10, 6.14, 6.18, 6.19 and 6.22). I t 

i s again emphasised that most fractures are re la t i ve l y large scale 

features and as rocks tend to break along fractures during d r i l l i n g , 

only a f rac t i on of those microfractures are l i k e l y to be observed in 

the well cut t inos that were healed by la te r cements. 

Ter t iary Porosity 

Third generation voids were formed in both limestones and 

dolostones of the S i l u r i an sequence. Dissolution of f i r s t generation 

anhydrite formed the t e r t i a r y porosity in the rocks of the study 

area (Figs. 4.10, 6.30, and 7.2). Other than i n te rc rys ta l l i ne 
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porosity in dolostones, third generation voids were the most common 

type of porosity observed in the Silurian carbonates. Figure 7.3 

displays tertiary porosity created by preferential dissolution of 

ferroan dolomite. 

Discussion 

The above discussion of porosity development and occlusion 1s 

cursory. Not only does it underestimate the total porosity but it 

also is biased against large pores and vugs due to the size 

limitations of well cuttings. Most of the primary porosity is 

occluded by later cements. Calcitized grainstones are usually dense 

and display little porosity. Intercrystalline porosity in dolostones 

is the most common type of porosity in the study area. Biomoldic 

voids also contribute a little to the existing porosity. Tertiary 

solution vugs are quite common and are the second most important 

source of porosity, after intercrystalline porosity in dolostones. 

Most of the tertiary solution vugs were probably created by 

dissolution of anhydrite (Jacka, personal communications, 1987). 
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FIGURE 7.1. Primary Intrabiotic porosity in a dolomitized coral. 
Plane light. (Moccasin Springs Formation, Meade County, Well No. 
732 feet). 

61, 

FIGURE 7.2. Tertiary moldic porosity in biopackstone. Plane light. 
(Bailey Limestone, Edmonson County, well No. 18, 1300-08 feet). 

M 
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FIGURE 7.3. Hemihydrate f i l l ed the intercrystalline porosity and 
part ia l ly replaced ferroan and non-ferroan dolomite. Ferroan 
dolomite later was part ial ly dissolved to produce tert iary porosity, 
Plane l igh t . (Laurel Limestone, Butler County, well No. 6, 2030-40 
feet) . 



CHAPTER VIII 

REEF POTENTIAL 

Occurrences of reefs are directly controlled by contemporary 

depositional environments. Interpretation of depositional 

environments Itself is usually based on multiple criteria. Precision 

of interpretation is directly proportional to the number of mutually 

supporting criteria Involved in the interpretation process. Some of 

the important criteria for Interpretation of depositional 

environments enumerated by Selley (1982) are basin geometry, 

geometry of the depositional facies, lithology, sedimentary 

structures, fossils and paleocurrents. Distribution and thickness of 

carbonate sediments In general and shape of carbonate banks or reefs 

and their location in particular also are controlled by the 

interplay of physical geography, tectonic setting and oceanography 

(Selley, 1982). Some of the reefal facies and indicators, i.e., 

bafflestone, framestone, boundstone, macrosedimentary structures and 

other large scale relationships that can be observed only in 

outcrops and to some extent in cores, could not be used in this 

study because well cuttings constituted most of the data base. 

Criteria used in this study to evaluate the reef potential Include 

basin geometry, geometry of sedimentary fill, fossils, lithology, 

dolomite distribution and to some extent geophysical log response. 

140 
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Paleogeography and Paleo-oceanography 

The majority of reefs growing at the present time occur in 

shallow tropical to subtropical seas. In general reefs flourish best 

in less than 40 meters of water, where the salinity is between 27 -

40 parts per thousand, the temperature seldom drops below 20 degrees 

centigrade and clastic influx is minimal (Shepard, 1963; Flugel, 

1982). 

According to studies by Zeigler and others (1977), Shaver and 

others (1978) and Droste and Shaver (1986), the study area was 

located in the southern subtropical belt and was characterized by 

warm and dry climates during the Silurian Period (also discussed in 

chapter II). Water depths were generally less than 40 meters over a 

large portion of a gently sloping shelf and possible shelf edge. 

Petrographic examination of the well cuttings in the study area 

reveal negligible clastic content. 

Extensive development of reefal and carbonate buildups 

immediately to the north in southwestern Indiana (Shaver and others, 

1978), along with a few reefs reported from western Kentucky (Meade, 

Hancock and Grayson counties; see Seale, 1985), suggest that the 

Silurian paleogeographic and paleo-oceanographic conditions were not 

hostile to reef development in the study area (Fig. 2.4). 

Basinal Geometry 

Basinal geometry and tectonic setting are instrumental In 

determining the locations and shapes of reefal developments (Selley, 
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1982). Basinal geometry (orientation, shape, depth and structural 

compexity) of the Moorman Syncline was entirely different from the 

portion of the Illinois Basin north of the Rough Creek Fault Zone 

(Fig. 5.1). Therefore, it is unlikely that the reef trend of Indiana 

continued southward into western Kenteucky without interruption or 

change in its configuration. It is logical to assume that the 

presence of reefs or a reefal trend in the study area, therefore, 

would be solely controlled by the geometry of the Moorman Syncline 

and not by the reef trend in Indiana. 

A positive correlation was found between the location of 

certain reefs and the down thrown-block of the Mt. Carmel Fault in 

Indiana (Fig. 5.1). The anomalous concentration of reefs along the 

Mt. Carmel Fault probably was prompted by syndepositional subsidence 

of the fault block in the basinal direction, thus providing 

additional vertical space for upward growth of reefs on an otherwise 

shallow shelf or platform, which was the site of scattered patch 

reefs. This relationship supports the concept of tectonic control on 

the habitat of at least some of the reefs in the Illinois Basin. 

The study area is Intersected by numerous faults associated 

with the Rough Creek and Pennyrile fault zones (Fig. 5.1). However, 

only those faults which subsided on the basinal side and also were 

contemporaneous with Silurian sedimentation, had the potential to 

influence the location of reefs or carbonate banks. Structural 

contours drawn at the base of the St. Clair and Bailey formations 

(Figs. 5.2 and 5.3) show that the southern block (basinal direction) 
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of the Rough Creek Fault had subsided in Grayson County. If the 

movement along this segment of fault zone was syndepositional with 

Silurian sedimentation, then this location could have provided a 

preferential site for reef buildups. 

Geometry of Sedimentary Fill 

Isopachous maps can provide important clues about 

syndepositional tectonic movements. Thickness of the Silurian 

stratigraphic interval (excluding the Bailey Limestone) and the 

combined St. Clair and Moccasin Springs formations (Figs. 5.7 and 

5.8) display definite thickening of the sequence, south of the 

eastern segment of the Rough Creek Fault Zone in Grayson County. 

This suggests that the movement along this segment of the fault 

probably was contemporaneous with Silurian sedimentation. The 

syndepositional subsidence probably created a local steep shelf edge 

and also provided a potential site for carbonate buildups by 

creating additional vertical space for upward growth of reefs. 

Concentration of reefs and carbonate buildups on the subsiding block 

caused localized thickening of sediments in a linear area south of 

the fault zone (Figs. 5.7 and 5.8). 

Fauna 

Silurian reef-forming fauna have been documented by various 

workers. Distribution of the most common Silurian fossils in the 
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Great Lakes area and their spatial arrangement within a reef are 

illustrated in figures 2.5 and 2.6. 

Petrographic examination of well cuttings from the study area 

revealed abundant fragments of bryozoans, corals, brachiopods, 

gastropods, crinozoans, trilobites, ostracods and sponge spicules. 

Widespread presence of these fossils throughout the study area In 

general and in the Inner Facies Zone in particular, indicate 

favorable conditions for biologic activity and perhaps reef 

development. However, it may be noted that in most cases, only the 

large scale features and spatial arrangement of the fossils are 

intrumental in differentiating reefal and non-reefal carbonates. 

Therefore, on the basis of faunal recognition in the well cuttings 

alone, it is not possible to pinpoint areas of reefal development. 

Depositional Facies and Dolomite Distribution 

The facies distribution for the Silurian interval indicate 

predominance of grainstone/packstone facies near the margins of the 

Illinois Basin in western Kentucky (Fig. 4.23). The percentage of 

grainstone/packstone facies progressively decreases toward center of 

the basin, which is characterized by predominantly wackestone 

facies. However, the percentage of grainstone/packstone anomalously 

increases around an Intensely dolomitized linear area in the 

vicinity of the eastern segment of the Rough Creek Fault Zone in 

Grayson County (Fig. 6.41). The dolomite distributional patterns in 

the study area also display greater concentrations near the margins 
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of the basin—the areas of higher elevations. Any anomalous Increase 

in concentration of dolomite between the margin and center of the 

basin, therefore, may suggest a higher elevation--an area of 

possible reefal buildups. This interpretation is supported 

additionally by the presence of dominantly grainstone/packstone 

facies around the zone of intensive dolomitization. An intensely 

dolomitized anomalous area cored in Meade County displayed 

framestone/boundstone facies and "flat" gamma ray log response. It 

is not possible to recognize framestone/boundstone facies with 

certainity in the well cuttings from the anomalous dolomitic zone in 

Grayson County. However, gamma ray log response from the wells 

drilled in this area appeared similar to those from areas of known 

reefs. 

Discussion 

Figure 8.1 synthesizes the anomalous concentrations of 

grainstone/packstone facies and dolomite with basinal geometry and 

geometry of sedimentary fill. It is very significant that four 

different but interdependent criteria indicate the same general area 

favorable for reefal development. Correlations between the anomalies 

created by syndepositional faulting, dolomite and 

grainstone/packstone distribution is very good. The isopachous 

anomaly, although generally coincident with the other three 

anomalies, also extends southward toward the deeper part of the 

basin. This excess thickness could have been caused by debris flows 

from the carbonate bank that formed along the fault zone. 
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The Illinois Basin in the study area consists of the Moorman 

Syncline and Its shelves. Unlike the northern part in Indiana, this 

part was extensively faulted. However, on the basis of available 

data, only the Grayson County segment of the Rough Creek Fault Zone 

displays evidence of syndepositional tectonic movement during 

Silurian sedimentation. 

The basin in the study area was mostly shallow and experienced 

variable water depths due to eustatic sea level fluctuations. The 

Outer Facies Zone was, however, a little too deep even during low 

stands of sea levels, to constitute a suitable site for continued 

reef growth. Most of the Inner Facies Zone, on the other hand, was 

similar to the carbonate ramp defined by Ahr (1973). In this 

geologic setting, although continuous reef trends are absent, small 

reefs may have occurred randomly throughout the area of the 

carbonate ramp. The location of patch reefs is dictated mostly by 

sea-level changes. Reefs on the shallower part of the ramp could not 

survive continuously because water depth became too shallow at 

times, and those on the deeper part ceased to grow because water 

became too deep during high stands of sea level. 

Syndepositional movement along the Grayson County fault created 

a local shelf-edge on an otherwise gently sloping platform. This 

steep shelf-edge provided a preferred niche for continuous reef 

growth. In the final analysis, then, the Grayson County anomaly 

appears to be the only potential site for continuous growth of a 

trend of large reefs and/or carbonate banks, and thus the only area 
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in western Kentucky, suitable for further exploration for petroleum 

reservoirs in Silurian reefs and draped over structures in overlying 

rocks. This area of possible reef growth could be surrounded by 

random patch reefs, similar to those on the eastern shelf of the 

Illinois Basin in Indiana or those on the carbonate ramp model of 

Cobern (1986). Delineation of the anomalous areas in figure 8.1 are 

only a general approximation due to insufficient well control. Only 

a well planned seismic survey can pinpoint the area of possible reef 

development. 
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CHAPTER IX 

CONCLUSIONS 

1. The Illinois Basin was divivded into two portions by the Rough 

Creek Fault Zone. The smaller, southern portion—the Moorman 

Syncline existed as a separate entity since early Paleozoic time. 

Evolution of the Moorman Syncline was profoundly influenced by 

tectonic movements along the Rough Creek Fault Zone from early 

Paleozoic to post-Pennsylvanian time. Influence of tectonic 

movements along the Pennyrile Fault Zone did not significantly 

effect the Moorman Syncline. 

2. Silurian rocks in western Kentucky were deposited within the 

Moorman Syncline, which was a relatively shallow intracratonic basin 

throughout Silurian time. 

3. Shallow warm waters, low clastic supply, favorable salinity 

{27%e to 40%o) and a subtropical climate resulted in prolific 

development of reefs in the Illinois Basin. 

4. Subsurface Silurian rocks in western Kentucky are predominantly 

clastic-free carbonates with minor shaly intervals. Total average 

thickness of the subsurface Silurian sequence is about 600 feet. The 

Bailey Limestone thickens toward the center of the basin, whereas 

the rest of the Silurian sequence thickens toward the inner part of 

the Inner Facies Zone. 

5. The eastern segment of the Rough Creek Fault Zone was active 

during the Silurian. Syndepositional subsidence of the southern 
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block of this fault resulted in formation of a west-east oriented 

local shelf-edge in Grayson County. The shelf edge locally provided 

favorable conditions for reef formation and resulted in accumulation 

of relatively thick carbonate sediments during the Llandoverian and 

Wenlockian epochs. 

6. In the study area, grainstone/packstone facies is dominant 

toward margins of the basin, whereas wackestone/packstone facies 

predominate toward the center of the basin. A linear area of 

anomalously high grainstone/packstone facies is closely associated 

with carbonate buildups in the vicinity of the local shelf margin in 

Grayson County. 

7. Silurian rocks in the Inner Facies Zone generally were 

deposited under shallow subtidal to intertidal conditions and those 

in the Outer Facies Zone were deposited predominantly in 

intermediate to deeper subtidal environments. 

8. The dolomite distributional pattern is almost identical to the 

pattern of the depositional facies. Dolomite percentage Increases 

toward the margins and decreases toward the center of the basin. The 

anomalously high dolomite content in Grayson County also coincides 

with a grainstone/packstone anomaly. 

9. Subsurface Silurian carbonates experienced a complex diagenetic 

history. The the initial marine diagenesis (micritization and Mg 

calcite/aragonite cementation) was followed by a complete diagenetic 

sequence consisting of of dolomitization, anhydritization? and fresh 

water diagenesis (calcitization and silicification). Some of the 
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Silurian intervals were subjected to either incomplete or more than 

one diagenetic sequences. 

10. Porosity estimates on the basis of well cuttings were 

necessarily lower than actual porosity. Porosity evaluations on the 

basis of well cuttings did not take into account large vugs, 

fractures and highly porous zones because these were either too 

large to be seen in small cuttings or were preferentially pulverized 

during drilling. Most of the primary porosity was occluded by later 

cements. Intercrystalline porosity in dolostones, followed by 

tertiary solution vugs were the most common type of preserved 

porosity in rocks of the study area. 

11. Most of the Silurian sedimentation took place in a carbonate 

ramp setting with randomly scattered patch reefs. However, 

syndepositional subsidence In Grayson County created a local 

relatively steep shelf margin, which resulted in an west-east 

oriented trend of relatively large reefs and carbonate banks. 

12. The area underlain by an inferred carbonate bank in Grayson 

County probably offers the only potential site in western Kentucky, 

suitable for further petroleum exploration in Silurian carbonates 

and possibly In draped over structures in the younger rocks. 
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APPENDIX A: WELL LOCATIONS 

Abbreviations 

Section: SEC, Township: TWP, Range: RGE. 

KENTUCKY 

Lounty 

Breckinridge 

Butler 

Caldwell 

Christian 

Crittenden 

Daviess 

Edmonson 

Grayson 

Well 
Ref. 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 

15 
16 

17 

18 
19 
20 

21 
22 
23 
24 
25 
26 
27 

Operator 

Langford 0 S G 
Sakalaris, G.C. 
New Hope Oil Co. 
Lucas, U.O. 

Humphrey, C. 
Beaver Dam Coal Co. 
Shenandoah Oil 
Cappetro, Inc. 

Sun Oil Co. 
Jarvis, S.D. 
Rowe, F.W. 
Ryan Oil Co. 

Ames 0 S G 
Shelton, H.B. 

Ecus Corp. 
Shell Oil Co. 

Mid-South Expl. 

Pelican Prod. Co. 
Logsdon, G.S. 
Smith, J.A. 

Reynolds 4 Vincent 
Herald 0 & G 
Texas Gas Trans. 
Reynolds 4 Vincent 
Her-Ken Oil 
L«M 0 « G Co. 
Breuer 4 Curran 

Farm Well Carter 
No 

Knight Bros. 
Storm, F. 
Bruce, J. 
Howard 

Deweese, G. 
Washer, A 4 T 
Hatcher, K. 
Bryant, J. 

Stephens, W.W. 
Brown, C. 
Pettit, G. 
Ryan Oil Co. 

Croft, E. 
Shelton. H.B. 

Shaffer, H.A. 
Davis, M. 

Fields, S.F. 

Campbell. W.H. 1 
Saltzman, L. 
Marco Dev. Corp. 1 

Pogue, R. 
Quiggins, R. 
Shain, H. 
Wilson, H. ] 
Decker, G. 
Claggett, H. 1 
Harrell, W. 1 

Coordinates 

1 6-P-35 
1 12-N-37 
1 21-R-37 
1 lO-N-39 

1 3-J-33 
I 14-G-34 
I 22-H-34 
I 17-K-36 

L 9-1-19 
L 11-1-19 
L 5-G-2G 
3 19-H-22 

I 7-G-25 
L 23-0-26 

L lO-K-15 
I 17-L-16 

I 15-0-30 

L 9-H-39 
L 21-H-40 
[ ll-H-41 

L 6-M-35 
22-M-35 
lO-L-36 
24-M-36 
lO-L-37 
3-K-38 
4-L-38 
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county 

Grayson 

Hancock 

Hardin 

Hart 

Logan 

McLean 

Meade 

Ohio 

Well 
Ref. 

28 
29 
30 
31 

32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 

45 
46 
47 

48 
49 
50 
51 
52 
53 
54 

55 
56 
57 

58 
59 
60 
61 

62 

Operator 

Sun Oil Co. 
Reynolds, W.G. 
Huff Drilling 
Reynolds, W.G. 

Reynolds 4 Vincent 
H.M.B. Oil 
Ecus Corp. 
Ecus Corp. 
Miller, J.C. 
L4H Drilling 

Lucas, W.G. 
Bland, C L . 
Hargan, R. 
Straney, L. 
Babiak, F. 
Beaver 0am Coal Co. 
Texas Gas Trans. 

Smith, O.B. 
Ford, F.M. 
Vanguard Petroleum 

Carter 
Wiser Oil Co. 
Morgan Petroleum 
Wiser Oil Co. 
Smith Drilling 
Rickard, W. 
Carter Oil Co. 

Texas Gas Trans. 
Tamarack Petroleum 
Century Oil Co. 

Dove Oil Co. 
U.S.G.S. 
Rainbow Energy 
Louisville G. 4 E. 

Fillingame, B.L. 

Farm Well Carter 
No 

Woods, G. 
Davis, H. 
Gearing, M 
Miller, R.O. 

Marxson, G. 
Baptist Camp 
Jackson 4 Estes 
Dejarnett, B. 
Mason, M.M. 
Chapman, L.R. 

Coffman, L. 
Bland, C L . 
Hargan, R. 
Straney, L. ^ 
Knight. J.C. 1 
Hoover, W.P. 
Douglass, J. 1 

Smith, O.B. 
Day. R. 1 
Stasel. R. 1 

William, J.R. 1 
Markham, W.O. 
Shenweli, D. 
Yost, et al 1 
Gates, J.G. 
Huffines. B. 
White, S. ] 

Kerrick, J.F, 1; 
Conrad, G. C 
Howard, E. ] 

Crowford, R. J 
Belle, S. Quarry 1 
Brown, A. 1 
U.S. Govt. 3 

Sandefur, R.O. 1 

Coordinates 

2 25-M-38 
1 15-K-39 
I 18-L-40 
I 25-N-40 

I 8-Q-32 
I 14-P-33 
L 22-P-33 
I 19-Q-33 
I 5-Q-33 
I 23-R-33 

I 13-P-41 
L 2-L-42 
L 5-N-43 
5 6-P-43 
L 4-L-44 
L 20-P-44 

5-0-45 

20-1-42 
3-J-42 
20-J-42 

18-E-30 
3-0-31 
3-F-31 
16-C-32 
14-E-32 
16-0-33 
22-F-34 

A 4-M-28 
24-M-28 
17-M-29 

18-T-38 
9-Q-40 

20-R-41 
22-R-42 

3-L-31 
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Lounty 

Ohio 

Simpson 

Todd 

Trigg 

Union 

Warren 

Webster 

Well 
Ref. 

63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

74 
75 
76 

77 
78 
79 
80 

81 
82 

83 

84 
85 
86 

87 
88 

Operator 

Synder, B.L. 
Reynolds 4 Vincent 
Ecus Corp. 
Reynolds 4 Vincent 
L4H Drilling Co. 
Reynolds 4 Vincent 
Turner, W. 
Green, J.L. Drill. 
Oiho Oil Co. 
Beeson, R. 
Hard Rock Drilling 

O'Dell 
Fortner, R.E. 
Roen, G. 

Rehn, E.E. 
Jarvis, S.D. 
U.S. Oil Co. 
M4N Drilling 

Western KY Gas Co. 
Reynolds 4 Vincent 

Ashland Oil 

Mud Branch 0 4 G 
Bowman Oil Co. 
Jarvis Drilling 

Exxon Corp. 
Exxon Corp. 

Farm Well Carter 
No 

Bell Brothers 
Bartlett, C 
Slack, M.E. 
Haynes, H.C. 
Marks. R.A. 
Phelps, J.C 
Rice. V.F. 
Askin. E. 
Oiler, A. 
Johnston, K.R. 
Gilliam, E. 

Owen 
Lanier. N. 
Hunt. J.A. 1 

Hall, J.O. ] 
Chestain. J.M. 
Harrison, C ] 
Wiles, G. ] 

Tramel, H.S. 
Humphries, I. i 

Camp Breckinridge FI 

Herbin, H. 1 
Davenport, J.B. 1 
Wilson, C B . 1 

Duncan, C 1 
Bell. Jitrany 1 

Coordinates 

1 15-M-31 
1 18-M-31 
1 13-M-33 
1 20-M-33 
1 18-N-33 
1 5-L-34 
1 13-L-34 
1 4-M-34 
1 13-M-34 
1 16-M-34 
I 17-N-35 

L 12-0-34 
L 3-D-36 
I 5-B-36 

L 3-0-27 
ll-C-28 
l-E-28 
9-E-29 

25-E-20 
19-E-21 

F 15-N-21 

3-H-37 
8-F-38 
15-H-38 

5-M-22 
23-N-24 

^ E g M ^ ^ ^ 
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County WeiT 
Ref. 

Operator Farm "TfeTT 
No. 

StC-IWP-KGL 

Harrison 

Perry 

Dubois 

Warrick 

Posey 

101 

102 

103 
104 

105 

106 

Ohio Valley Trans. 

Citizens Res. Corp. 

Texas Co. 
Anschutz Corp. 

Shenandoah Oil 

General Electric Co. 

Hoi 1i day 

Galley, E. 

Luebbeheusen 
Voelkel 

Zirkelbach. J.H. 

GE Co. 

1 

1 

1 
16-19 

1 

W02 

4-6S-4E 

5-4S-1W 

35-3S-5W 
19-2S-5W 

19-4S-6W 

19-7S-13W 

itBi{igiP^i>enti;;>tsa-S>a-j:M.v:-i-.;^.^- i i U i ^ i ± i £ ^ ^ ^ ^^^hj^^ggjgiSiaSja 



APPENDIX B: DATA BASE 

Abbreviations 

G.L.: Ground Level 
K.B.: Kelly Bushing 
L: Geophysical Logs 
C: Well Cuttings 
Co: Core 

Well 
Ref. No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

£levation(Ft.) 
G.L 

4U^ 
605 
703 
775 
408 
705 
491 
682 
564 
435 
450 
692 
573 
609 
482 

388 
578 
665 
642 
532 
586 
693 
601 
585 
667 
655 
722 
730 
654 

K.B. 

40/ 

415 

501 

601 

579 

495 
373 
400 
579 

537 

711 
609 
590 
671 
656 

Total Oepth(l-t.) 

6040 
1863 
2910 
1417 
5711 
2302 
3735 
4460 
12965 
2628 
3520 
367.5 
3147 
3116 
5657 
8821 

3131 
2424 
1747 
2460 
2647 
13551 
3210 
2500 
2330 
1807 
1592 
3910 
2482 

L 

* 

* 
* 

* 
• 

* 

* 
• 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 

* 
* 

Uata base 
C 

* 
* 
* 
* 
* 
* 

* 

* 
• 

* 

* 

* 
• 

* 

* 

* 

* 

* 

Co 
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Well 
Ref. No. 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

Elevati 
G.L 

519 
530 
458 
436 
544 
381 
770 
615 
715 
712 
747 
630 
808 
616 
745 
850 

625 

529 
688 
688 
616 
440 
388 
403 
447 
796 
677 
617 
500 
455 
538 
410 
506 
605 
583 
600 
655 
655 
575 
679 

on(Ft.) 
K.B. 

b/0 
524 
533 
462 
440 

385 

810 

730 
633 
492 

450 
399 
412 

546 
413 
511 

591 
607 

580 

Total Depth(Ft.) 

ibJb 
3281 
2997 
2852 
2757 
3121 
3002 
1232 
2173 
1124 
1540 
2809 
2012 

1955 
1666 
1424 
2045 
3613 
2400 
1300 
2410 
1627 
1629 
6830 
5626 
4410 
1402 
1340 
1500 
1260 
3411 
3506 
3700 
2706 
3630 
3785 
3163 
3390 
3970 
2503 
2977 
3994 

L 

* 
* 
* 
* 
* 

* 
* 
* 
* 

* 

* 
* 

* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

• 

* 

Data Base 
C Co 

* 

* 

* 
* 
* 
* 

* 

* 
* 
* 

* 
* 

* 
* 

* 

• 

* 

* 

•^•m 
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WeTT 
Ref. No. 

7 5 — 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
101 
102 
103 
104 
105 
106 

tlevation(Ft.) 
G.L K.B. 

Total Depth{Ft.) Data Base 
C Co 

669 
596 
521 
607 
625 
396 
475 

610 
495 
582 
524 
395 
676 
755 

442 
490 
395 

400 
481 
496 

500 

555 
430 
678 
767 
568 
450 
498 
409 

765 
2000 
2241 
2272 
2170 
2099 
3998 
8625 
2010 
2657 
1753 
15200 
14363 
1910 
3101 
3801 
3699 
3997 
7977 

* 
* 
* 
* 
* 
* 
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APPENDIX C: FORMATIOM TOPS 

Abbreviations 

BLY Bailey Limestone 
MSG Moccasin Springs Formation 
BPT Brownsport Formation 
OXN Dixon Limestone 
STC St. Clair Limestone 
LVL Louisville Limestone 
WLD Waldron Shale 
LRL Laurel Limestone 
OGO Osgood Formation 
BFD Brassfield Formation 
SXC Sexton Creek Limestone 
MAQ Maqouketa Shale 

Well 

Ref. No 

1 
2 
3 
4 
5 
6 
7 
8 
9. 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

BLY 

1770 
1507 
1448 
-

3376 
1730 
1746 
2438 
3895 
3743 
2754 
4290 
2823? 
1464 
2720 
2530 
3585 
1255 
774 
895 
1982 
2184 
2250 

MSG 

1980 
1548 
1507 
1206 
3638 
1855 
1928 
2638 
4136 
3964 
2974 
4430 
2894? 
1642 
3188 
2998 
3846 
1363 
888 
950 

2138 
2341 
-

BPT 

i9ao 
1548 
1507 
1206 
3638 
1855 
1928 
2638 
-
-
-
-
-

1642 
3188 
2998 
3846 
1363 
888 
950 

2138 
2341 
-

b'KH 

2096 
1665 
1610 
1272 
3782 
1960 
2023 
2793 
-
-
-
-
-
1700 
3267 
3058 
3967 
1452 
965 
1006 
2263 
2488 
-

SIC 

2124 
1701 
1660 
1322 
3798 
1980 
2046 
2812 
4233 
4077 
3052 
4555 
-
1720 
3296 
3118 
3994 
1507 
986 
1083 
2294 
2512 
-

LVL 

Z124 
1701 
1660 
1322 
3798 
1980 
2046 
2812 
-
-
-
-
-
1720 
3296 
3118 
3994 
1507 
986 
1083 
2294 
2512 

• 

wm 
215/ 
1734 
1696 
1358 
3832 
2010 
2078 
2850 
-
-
-
-
-

1746 
3314 
3142 
4035 
1538 
1016 
1109 
2332 
2560 
~ 

LKL 

2i6J 
1740 
1700 
1362 
3841 
2015 
2082 
2858 
-
-
-
-
-

1750 
3316 
. 

4040 
1543 
1036 
1117 
2337 
2568 

• 

UGU 

-
-
1727 
1405 
3901 
2050 
2114 
2912 
-
-
-
-
-
1778 
-
-

4085 
1600 
1096 
1184 
-
-
-

bhU/ 

SXC 

• 220J 
1775 
1735 
1414 
3922 
2060 
2125 
2928 
4286 
4114 
3110 
4615 
-
1798 
3386 
3202 
4105 
1620 
1120 
1204 
2367 
2594 
2700 

MAg 

22JU 
1786 
1770 
1424 
3962 
2070 
2138 
2946 
4324 
4151 
3141 
4635 
-
1857 
3434 
3260 
4170 
1635 
1142 
1215 
2384 
2614 
2730 

178 
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Weil 

Ref. No 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

BLV 

1/yu 
1977 
1985 
-
554 
1953 
-
1360 
2874 
2468 
2304 
2278 
2747 
2430 
-
-
-
-
-
-
-
-
-
-
1679 
1326 
2003 
846 
1292 
1147 
1281 
3843 
4528 
3844 
1288 
-
-
-
2976 
3076 
2206 
2320 
1950 

MSG 

1928 
2125 
2140 
1480 
600 
2099 
1330 
1386 
3140 
2706 
2530 
2517 
2990 
2718 
1028 
-
946 
760 
975 
444 
594 
920 
1318 
1232 
-
1460 
2158 
930 
1416 
1236 
1405 
4139 
4848 
4218 
-
1135 
954 
571 
3180 
3300 
2418 
2456 
2164 

"BPT 

1928 
2125 
2140 
1480 
600 
2099 
1330 
1386 
3140 
2706 
2530 
2517 
2990 
2718 
1028 
-
946 
760 
975 
-
594 
920 
1318 
1232 
-
1460 
2158 
930 
1416 
1236 
1405 
4139 
4848 
4218 
-
1135 
954 
571 
3180 
-
2418 
2456 
2164 

OXN 

2061 
2224 
2280 
1622 
-
2234 
1430 
-

3257 
2824 
2642 
2633 
3100 
2842 
1082 
-
970 
765 
982 
444 
660 
977 
1438 
1304 
-
1534 
2253 
998 
1490 
1312 
1475 
4226 
4928 
4280 
-
1181 
1022 
-
3306 
-
2546 
-
2294 

src 

2069 
2256 
2300 
1670 
771 

2266 
1475 
1473 
-
2849 
2672 
2668 
-
2874 
1122 
1120 
1010 
787 
1022 
475 
676 
1030 
1482 
1344 
-
1568 
2280 
1032 
1515 
1340 
1510 
4241 
4942 
4308 
-
1223 
1034 
858 
3320 
-
2561 
2534 
2320 

LVL 

2069 
2256 
2300 
1670 
771 
2266 
1475 
1473 
-

2849 
2672 
2668 
-
2874 
1122 
1120 
1010 
787 
1022 
475 
676 
1030 
1482 
1344 
. 
1568 
2280 
1032 
1515 
1340 
1510 
4241 
4942 
4308 
-
1223 
1034 
858 
3320 
-
2561 
2534 
2320 

WLD 

2126 
2332 
-
-
813 
2301 
1502 
1508 
-
2886 
2706 
2700 
-
2890 
1166 
1145 
1042 
846 
1039 
500 
686 
1062 
1517 
1379 
-
1606 
2312 
1062 
1546 
1368 
1545 
4280 
4982 
4352 
-
1260 
1061 
-
3358 
-
2594 
-

2357 

LRL 

2134 
2341 
-
1764 
820 
2306 
1514 
1513 
. 
2892 
2714 
2707 
. 
2892 
1174 
1156 
1050 
856 
1048 
510 
696 
1071 
1530 
1388 
. 
1612 
2316 
1068 
1552 
1372 
1550 
4289 
4989 
4357 
. 
1269 
1072 
-
3370 
-
2602 
-
2364 

OGO 

-
2410 
. 
-
. 
2350 
1556 
1554 
_ 
2920 
2744 
2740 
_ 
2908 
1208 
1198 
1096 
898 
1098 
560 
760 
1128 
1580 
-
-
1644 
2350 
1104 
1580 
1406 
1586 
4324 
-

4388 
-
1306 
1109 
-
-
-
2640 
-
2418 

BFD/ 

SXC 

2170 
2436 
_ 
. 
885 
2366 
1571 
1573 
_ 
2928 
2752 
2748 
_ 
2912 
1222 
1215 
1110 
912 
1117 
570 
790 
1148 
1591 
-
. 
1654 
2362 
1116 
1592 
1418 
1600 
4346 
5020 
-
. 
1316 
1117 
976 
. 
-
2647 
-
2428 

MAQ 

2190 
2475 
. 
-
893 
2376 
1577 
1590 
. 
2962 
2786 
2757 
« 
2942 
1232 
1230 
1116 
925 
1146 
590 
822 
1162 
1602 
-
2010 
1672 
2387 
1130 
1612 
1424 
1612 
4411 
5116 
-
. 
1330 
1133 
1000 
-
-
2700 
-
2445 
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Well 

Ref. No 

b/ 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
101 
102 
103 
104 
105 
105 

BLY 

2bau 
2614 
2834 
2184 
2182 
2410 
2174 
995 
755 
368 
1580 
1269 
1880 
1760 
1687 
1758 
5658 
1486 
626 
1380 
5844 
4096 
720 

1824 
2536 
2410 
3235 
6000 

MSG 

2/96 
2860 
3070 
2374 
2351 
2590 
2348 
1105 
855 
405 
1735 
1407 
2040 
1955 
1760 
1814 
6054 
1622 
730 

1496 
6204 
4434 
762 

2052 
-
-

3547 
6196 

BPT 

2/9b 
2860 
3070 
2374 
2351 
2590 
2348 
1105 
855 
405 
1735 
1407 
2040 
1955 
1760 
-
-

1622 
730 

1496 
-
. 
-
-
-
. 
-
-

OXN 

-
2968 
3204 
2500 
2458 
2718 
2470 
1185 
935 
471 
1795 
1452 
2110 
2025 
1843 
-
-

1731 
794 
1582 
-
-
-
-
-
-
-
-

STC 

2945 
2988 
3222 
2524 
2495 
2732 
2503 
1215 
970 
500 
1825 
1475 
2133 
2055 
1869 
1930 
6167 
1768 
860 
1638 
6274 
4502 
836 
2136 
-
. 

3656 
6298 

LVL 

2945 
2988 
-

2524 
-

2732 
2503 
1215 
970 
500 
1825 
1475 
2133 
2055 
1869 
1930 
-

1768 
860 
1638 
-
-
836 

2136 
-
-
-
-

WLD 

29S8 
3062 
. 

2560 
-

2774 
2537 
1238 
1010 
535 
18^ 
-

2170 
-

1890 
1980 
-

1806 
892 
1664 
-
. 
877 
2176 

. 
-
-
-

LRL 

-
3070 
-

2567 
-

2779 
2542 
1245 
1020 
540 
1875 
1524 
2175 
-

1896 
1986 
-

1815 
898 
1670 
-
-
880 

2180 
-
-
-
-

OGD 

-
-
-
-
. 
-
-
1275 
1100 
577 
1905 
1543 
2190 
-
1998 
2036 
-

1852 
942 
1712 
. 
-
920 
-
. 
-
-
-

BFD/ 

SXC 

3037 
3109 
-

2606 
-

2828 
2572 
1290 
1130 
590 
1912 
1551 • 
2210 
-

2020 
2050 
6254 
1864 
962 
-

6330 
4564 
934 
2216 
3138 
3111 
3758 
6380 

MAQ 

3060 
3140 
-

2626 
-

2854 
2594 
1300 
1142 
598 
1955 
1573 
2230 
2160 
2036 
2100 
6298 
1873 
986 
-

6370 
4600 
950 

2252 
3185 
3158 
3804 
6434 



Skeleton 

APPENDIX D: COMPOSITION CF SOME RECENT 

AND FOSSIL SKELETONS 

Abbreviations 

Aragonite: Arg, Calcite: Cal, Mg Calcite: CMg, Silica: Sil 
Chitin: Cht, Phosphate: Phs. 

Arg Cal "HgT Arg+CMg Arg+Cal Sil Others 

Algae 
Sponges 
Corals 
Bryozoa 
Brachfopoda 
Gastropoda 
Pelecypoda 
Cephelopoda 
Trilobita 
Echfnodermata 
Ostracoda 

Cht 4 Phs 

After Flugel. 1982 and Majewske, iy/4. 

I) 

181 

flJKfflSKjgK] g!£gffl)i#S^i^?R?':-:'::: '̂i?:dh'i:rrv!'il̂ «-̂ 'rv 
••" •*" r ^ V ' ^ . * ^ -^S i 




