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ABSTRACT 

Carbon and oxygen isotopes were analyzed to identify the 

process of algal symbiosis in Pennslyvanian rugose corals from the 

Graham Formation of north-central Texas. Because original oxygen 

and carbon isotopic compositions depend on the preservation of 

isotopic content during post-depositional diagenesis, trace element 

and petrographic analyses were used to determine the suitability of 

samples of Caninia, Lophophyllidum and the brachiopod Composita for 

analysis. Petrographic analysis of fossils from the Finis Shale 

indicate that these fossils have been subjected to four episodes of 

diagenetic cementation. Shell microstructures are partially 

preserved in Composita and Caninia. Recrystallization of the shell 

was more extensive in Lophophyllidum from the Finis Shale and 

Caninia from the Gunsight Limestone. Six episodes of cementation 

are recognized in Caninia from the Gunsight Limestone. Trace 

element analysis indicates that sodium and magnesium values are 

depleted and iron and manganese concentrations enriched in Caninia 

from the Finis Shale. Trace element analysis of Composita indicate 

that sodium, iron, manganese and strontium concentrations are 

within the observed range for Paleozoic brachiopods. Isotopic 

analyses of Caninia and Lophophyllidum exhibit 6 ^^C and 6 ^^0 

values depleted compared to Composita and to the postulated range 

for carbonate precipitated in equilibrium with Pennsylvanian 

seawater. These findings suggest that an algal symbiont influenced 

the development of the coral skeleton. 
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CHAPTER I 

INTRODUCTION 

Purpose and Scope of Investigation 

Rugose corals populated shallow, warm, oxygenated seas of the 

'aleozoic from the Middle Cambrian to the Lower Triassic. Although it 

Is suspected that rugose corals had algal symbionts, their presence has 

never been proven. The ecological niche opened by the extinction of the 

rugose corals was filled by the successful scleractinian corals. 

Studies of the hermatypic scleractinian corals have shown that algal 

symbionts (zooxanthallae) inhabit the gastrodermis of the coral. The 

zooxanthallae perform three important processes for the host: 

photosynthate is provided for use in matrix formation, energy is 

provided for the transport of Câ "*" and HC03~ and the algae remove 

phosphate ions which act as crystal poisons by disrupting the lattice 

structure of the calcium carbonate (Krumbein, 1983). 

The purpose of this study was to determine whether carbon and 

oxygen isotopes could be used to identify the existence of algal 

S3mibionts in Pennsylvanian rugose corals from north central Texas. The 

determination of symbiosis for rugose corals will allow a more detailed 

paleoecological interpretation of the environment in which these 

organisms lived. 

Fauna from Pennsylvanian shale beds of north central Texas were 

chosen for study for three reasons. Previous workers (Brand, 1981a; 



O'Brien, 1984) suggested that the fine-grained, impermeable nature of 

Pennslyvanian shales in north central Texas would prevent the migration 

of diagenetic fluids, thereby preserving the original shell mineralogy 

of the fossils. Extensive work on faunas from the Pennslyvanian 

Kendrick Shale of Kentucky indicated that original shell composition has 

been retained (Brand, 1981b). By comparing geochemical data from both 

locations, the degree of diagenesis, if any, for the north central Texas 

fauna can be estimated. Deep water and shallow water facies are present 

in the Finis Shale of north central Texas permitting a comparison of 

deep water (possibly ahermatypic) corals with shallow water (possibly 

hermatypic) corals that have been subjected to the same post-

depositional diagenesis. Lastly, corals collected from the Finis Shale 

and the Gunsight Limestone are abundant, appear to be well preserved, 

and are easily collected from these beds. 

Because determination of the original oxygen and carbon isotopic 

compositions depends on the preservation of isotopic content with post-

depositional diagenesis, it is necessary to determine whether the 

fossils have retained their original shell compositions. Methods 

described by Brand and Veizer (1981) for trace element analysis and by 

Pingitore (1976) for petrographic analysis of corals were used to 

determine the suitability of the fossils for isotopic analysis. 



Regional Geology 

Pennsylvanian strata are exposed in north central Texas in beds 

that can be traced 175 miles from Wise County, southwest, to the Llano 

Uplift region. These beds were deposited on the westwardly dipping 

Eastern Shelf of the Midland Basin. The Ouachita Mountains to the east 

and the Amarillo-Wichita Mountains to the north contributed the majority 

of clastic sediment that formed these strata (Figure 1). The 

Pennsylvanian beds in this region have been divided in ascending order 

into the Strawn, Canyon, and Cisco Groups (Figure 2). This study was 

designed to analyze the biogeochemistry of rugose corals from the Cisco 

Group. 

The Cisco Group consists of interbedded, repetitive sequences of 

limestone, mudstone, sandstone and conglomerate. These units have been 

interpreted to have been deposited in rapidly shifting fluvial and 

deltaic environments alternating with an open marine shelf environment 

under the control of eustatic sea level changes (Boardman and Malinky, 

1985). Approximately 10 to 15 cyclothems have been identified within the 

Cisco Group (Brown, 1973). Two varieties of Upper Pennsylvanian 

cyclothems have been identified by Boardman and Malinky (1985): those 

which possess a dark, organic rich, phosphatic shale (core shale) and 

those that do not contain a core shale. 

The lowermost formation of the Cisco Group, the Graham Formation, 

is representative of a cyclothem that contains a core shale. The 



sequence of lithologies found in this type of cyclothem begins with 

terrestrial strata immediately overlain by a variety of shallow marine 

deposits, usually a grey-green shale. This grey-green shale is commonly 

overlain by either a gray calcareous shale or a thin limestone 

containing an open marine community of articulate brachiopods, 

bryozoans, crinoids, fusilinids and corals. Overlying this lithology is 

a black, fissile, nonbioturbated phosphatic, organic-rich shale. The 

black shale grades upward into a dark grey-black shale characterized by 

the presence of the Sinuitina community as described by Boardman and 

Malinky (1985). This dysaerobic interval is overlain by the Trepospira 

community (Boardman and Malinky, 1985). The lithofacies and associated 

biofacies of the core shales illustrate a well-defined oxygen gradient 

within the water column ranging from anoxic to fully aerobic. The core 

shale is overlain by a variety of lithologies depending upon the amount 

of clastic sediment introduced by prograding deltas. 

Two members of the Graham Formation, the Finis Shale and the 

Gunsight Limestone are the sources for fossils used in this study. 

(Figure 2). 

Locality Information 

Finis Shale. The Finis Shale was defined by Plummer and Moore 

(1921) as the lowest member of the Graham Formation. The type locality 

for the Finis Shale is along the bluffs of Salt Creek, west of the town 



of Finis in Young County (Plummer and Moore, 1921). Sellards et al. 

(1932) transferred both this member and the overlying Jacksboro member 

to the Caddo Creek Formation, which they placed in the upper Canyon 

Group. Recent stratigraphic studies in this region (Brown et al., 1973) 

have restored this part of the Graham Formation to the overlying Cisco 

Group. The Finis Shale is conformably overlain by the Jacksboro 

Limestone, a thin regressive, calcareous sandstone. 

Although the basal Finis has been interpreted as marine shale 

deposited in a dysaerobic environment, the upper Finis consists of 

offshore open marine shale characterized by filter feeding organisms. 

Brachiopods, bryozoans, lophophyllid corals, crinoids, trilobites and 

fusulinids are abundant. Overlying this open marine shale is a thick 

carbonate, usually a fossiliferous wackestone, dominated by Caninia 

corals and fusulinids. The upper portion of the limestone is 

characterized by phylloid algae and bellerophontid gastropods (Boardman 

and Malinky, 1985). 

Fossils utilized in this study were collected from an outcrop of 

the upper and middle Finis Shale near the Lost Creek Cemetery on Highway 

59, 4 miles northeast of the town of Jacksboro, Texas (Figure 3). The 

outcrop can be accessed by entering the Ranger Oil lease and following 

the dirt tracks to the Lost Creek Cemetery. Approximately 5 feet of the 

upper Finis Shale and 4 feet of the overlying Jacksboro Formation are 

exposed to the north of the Lost Creek Cemetery across the fence line. 



Approximately 16 feet of the Finis Shale can be found in outcrop by 

following the bluff to the northeast. Fossils in the Finis Shale weather 

from the soft, friable mudstones during heavy spring and summer storms. 

Caninia samples from the upper Finis and Lophophlyllidum samples from 

the middle Finis were collected from float. 

Gunsight Limestone. The Gunsight Limestone member was defined by 

Plummer and Moore (1921) as a member of the Graham Formation. It is 

overlain by the Wayland Shale and overlies the South Bend Shale (Figure 

2). 

Plummer and Moore (1921) described the Gunsight Limestone member as 

consisting of two limestone units separated by 20 to 25 feet of shale. 

Shale units of the Gunsight member are light grey-green to maroon in 

color. These shales are calcareous and interbedded with numerous fine 

siltstones. A diverse assemblage of corals including Cladochonus, 

Syringopora, Amplexocarina, Lophoamplexus, Caninia, Amandophyllum and 

Orygmophyllum are present in these beds (Cocke et al., in press). 

Other fauna present in the Gunsight Limestone include Glabrocingulum, 

Trepospira, Astartella, crinoids and Wellerella brachiopods (Rowlett, 

1976; Cocke et al., in press). 

Rowlett (1976) suggested that the Gunsight shales were deposited in 

a neritic pro-delta marine environment in which water depth was shallow, 

turbidity was high, and bottom currents were strong. Rowlett based his 

conclusions on the fauna present in the shales. A high energy level for 



this depositional environment is indicated by the general condition of 

fossils which are typically broken, abraded and disarticulated. 

Fossils were collected from the Gunsight Shale from a roadcut on 

Highway 183, 9.5 miles north of Cisco, Texas (Figure 3). On the west 

side of the roadcut, a slope stabilization ledge has been bulldozed near 

the top of the hill. On this ledge, 5 feet of the Gunsight Shale are 

exposed. Fossils collected on this ledge are out of place due to road 

construction, but are attributed to the Gunsight shales. 

Algal Symbionts and Coral Morphology 

Modern corals have been divided into two groups according to 

ecologic environment: hermatypic corals, which have symbiotic algae 

(zooxanthallae) in their gastrodermal tissues, and ahermatypic corals, 

which lack zooxanthallae in their tissues. 

In hermatypic corals, the zooxanthallae have been shown to have a 

positive effect on the ability of the coral to metabolize calcium (Weber 

and Woodhead, 1970). While the precise mechanisms are not clear, the 

zooxanthallae may contribute to the nutrition of the host by excreting 

organic compounds which the coral is able to utilize. In addition, the 

algae may remove carbon dioxide, phosphates, nitrates, sulfate and 

ammonia from the coral during the photosynthetic process. 

The removal of orthophosphates from the site of calcification may 

be an especially important factor in enhancing carbonate deposition as 

phosphate ions act as crystal poisons by disrupting the lattice 



structure of the calcium carbonate (Krumbein, 1983). Inorganic 

orthophosphate, pyprophosphate, glycerophosphate, and adenosine 

triphosphate act to inhibit the deposition of calcium carbonate (Buehrer 

and Reiteraeier, 1950; Simkiss, 1964). Without the assistance of algal 

symbiosis, the elimination of these metabolic waste products could only 

be accomplished by the coral through the slow diffusion process. 

Due to the requirements of the algae, hermatypic corals are 

restricted to warm (16° to 21°C), shallow water (less than 90 meters 

deep). Ahermatypic corals range from shallow warm water, to deep cold 

water. These corals are found to depths of 6000 meters and at 

temperatures as low as 1*-*C. 

To date, no single skeletal feature has been discovered which 

identifies corals as having zooxanthallae. However, measurements of 

Mesozoic and Tertiary reef faunas have indicated morphological patterns 

which separate hermatypic and ahermatypic corals. In general, 

zooxanthallate corals exhibit smaller corallite size and a higher level 

of integration. Dominant growth forms of zooxanthallate corals are 

colonial sheets, mounds and trees with multiple series of corallites. 

Some Cretaceous corals that have all the morphological patterns of 

zooxanthallate corals occur in strata that show no independent evidence 

of reef-building. This suggests the possibility that coral faunas that 

possess zooxanthallae (which today are strongly associated with reef-
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building) may have occurred in the past without the development of 

reefs. 

Unlike the majority of modern corals which secrete skeletons of 

aragonite. Paleozoic rugose corals are thought to have precipitated 

skeletons of magnesium calcite (Brand and Veizer, 1980; Brand and 

Morrison, 1987; Sandberg, 1975; Sorauf, 1977). Brand (1981) utilized 

x-ray diffraction data to conclude that rugose coral skeletons contained 

5-8 mole percent magnesium in skeletal calcite. This magnesium content 

is only slightly higher than that of low magnesium calcite, which ranges 

from 0 to 5 mole percent magnesium (Plummer and MacKenzie, 1974), but is 

lower than high magnesium calcite (8 to 16 mole percent). Thus, Brand 

inferred original mineralogy of rugose corals to be calcite with an 

intermediate magnesium content. 

Isotopic Fractionation in Corals 

To determine whether or not rugose corals possesed zooxanthallae, 

researchers have turned to geochemical methods to identify the isotopic 

signature associated with the photosynthetic process. Epstein and 

Lowenstam (1953) illustrated that modern corals do not precipitate their 

skeletons in isotopic equilibrium with seawater. This disequilibrium 

has been termed the vital effect (Grossman, 1987a) and is thought to be 

caused by incorporation of isotopically light carbon-oxygen compounds 

into the organism. In hermatypic corals, the internal carbon pool is 



fractionated by removal of CO2 by ribulose bis-phosphate carboxylase 

during photosynthesis (Swart, 1982). The increase of isotopically light 

metabolic CO2 component in the organism's internal pool is reflected by 

an increase of the metabolic CO2 component in the skeleton. The result 

is a skeleton that is enriched in isotopically lighter ^^C and ^^0 

(Weber and Woodhead, 1970; Goreau, 1977; Erez, 1978). 

Kinetic fractionation during transport of carbon-oxygen compounds 

may further deplete these carbon-oxygen compounds in heavy isotopes 

(Land et al., 1975; Turner, 1982). Kinetic fractionation occurs 

because, under conditions of constant kinetic energy, compounds bearing 

light isotopes will have greater velocity than the same compounds 

bearing heavy isotopes. Inorganic carbon and oxygen may undergo kinetic 

fractionation during transport to the site of crystallization. Kinetic 

fractionation may also occur when the absorbed carbon or oxygen diffuses 

across the crystal surface to the lattice incorporation site (Turner, 

1982). Fritz and Poplawski (1974) studied the effects of incorporation 

of metabolically derived CO2 in molluscs. Their data indicated that 

kinetic fractionation is less important than the incorporation of 

metabolic carbon compounds in causing a light carbon isotope content of 

the skeletal material. 

At the site of calcification, oxygen in metabolically derived 

inorganic carbon-oxygen compounds may exchange with oxygen in the 

ambient water, thereby bringing the oxygen isotopic composition of the 
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carbonate mineral closer to that of inorganic CO2. The relative 

importance of this process remains uncertain (Grossman, 1987a). 

Modern hermatypic and ahermatypic scleractinians and hermatypic 

hydrozoans fractionate carbon and oxygen in different ways (Weber and 

Woodhead, 1970; 1972). In 1970, Weber and Woodhead conducted a study of 

475 modern corals representing 50 genera. This study indicated a wide 

range of +2.6 to -10.0 °/oo PDB for carbon isotope fractionation among 

Recent corals. Therefore strict comparisons of isotopic data from 

extinct rugose corals and Recent coelenterates are of little value. 

However, it is generally assumed that the isotopic content of rugose 

corals should be similiar to that of modern scleractinians (Brand, 

1981b), which should permit a general comparison of the isotopic content 

of these corals. 
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Figure 1. Carboniferous Tectontic Elements in Texas and Southern 
Oklahoma. (Modified from Baltensperger, 1985) 
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CHAPTER II 

METHODS 

Introduction 

The isotopic composition of carbonate skeletal components depends 

upon the temperature and salinity of the sea water, the presence of 

diagenetic meteoric water, latitude, altitude and seasonal variations in 

oxygen isotope composition of the interstitial diagenetic meteoric 

water, the secular change in sea water isotopic content and the 

biological fractionation of oxygen and carbon isotopes in biogenic 

carbonates (Hudson, 1977; Brand and Veizer, 1981). 

Rugose corals are suspected to have biologically fractionated 

carbon and oxygen isotopes. Therefore, some independent estimate of sea 

water isotopic composition is required. If well preserved, unaltered 

fossil components that are known to not biologically fractionate carbon 

and oxygen coexisted with the corals, then 6 ^°0 and 6 ^^C values in 

these components should reflect the temperature, salinity and isotopic 

composition of the ambient sea water. 

Lowenstam (1961) showed that Recent and fossil articulate 

brachiopods precipitate their shell carbonate in isotopic equilibrium 

with the seawater. He demonstrated that the oxygen isotopic content of 

brachiopods is directly related to temperature and the ^°0 content of 

the surrounding water. Furthermore, brachiopods secrete low-magnesium 
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calcite shells. The relative stability of low magnesium calcite in the 

presence of diagenetic fluids makes brachiopods useful indicators of 

depositional conditions (Brand and Morrison, 1987). The brachiopod 

Composita was analyzed in this study for the purpose of providing 

background information on the composition of seawater. 

A significant deviation in the isotopic composition of the rugose 

corals from the background provided by the non-symbiotic brachiopod 

would suggest a possible symbiotic lifestyle for the corals. The rugose 

corals were sampled at three distinct intervals, at the base, at the rim 

of the calyx and along an inner septa or at the columnella to determine 

what effect, if any, symbiosis produced in the development of the coral 

skeleton. If symbiotic algae were not present in the early development 

of the coral but were acquired at a later stage, a trend from heavier 

carbon and oxygen values at the base of the coral to lighter values at 

the rim should be observed. Because the tissue of the coral covered the 

septa, it is less likely the photosynthetic algae would have inhabited 

this area of the coral. As a result, the interior skeleton of the coral 

should exhibit heavier carbon and oxygen values than the rim of the 

coral. 

Trace element data and petrographic observations were used to 

determine if samples used in this study were diagenetically unaltered 

and thus suitable for isotopic analysis. 

16 



Petrographic Analysis 

Introduction. Corals that have been diagenetically altered in a 

phreatic zone contain statistically more calcite cement and secondary 

porosity than their vadose counterparts (Pingitore, 1976). Phreatic 

calcite cement consists of coarse crystals several millimenters in 

diameter which extend outward from the coral skeleton to form void-

filling cement. This cement fabric has been termed "cross-cutting" for 

the manner in which the original walls of filled primary voids do not 

serve as crystal boundaries (Pingitore, 1976). 

When alteration has occurred in the vadose zone, boundaries of 

primary voids serve as crystal boundaries in the calcite cement. This 

type of cement mosaic was defined by Pingitore (1976) as "fabric 

selective" cement. The formation of cross-cutting or fabric selective 

cement results from the different modes of aragonite to calcite 

transformation in the vadose and phreatic zones (Pingitore, 1976). 

Vadose transformation takes place in static water held immobile in 

thin films with thicknesses of one micron or less. Due to the 

alternating wet and dry conditions in the vadose zone, chemical exchange 

is limited and episodic. In the phreatic zone, dissolution zones 

several millimeters in diameter form between the original carbonate 

material and the calcite cement. Because water is always present in the 

phreatic zone, water in the dissolution zone is constantly in contact 

17 



with a large reservoir of pore water. Thus, the site of transformation 

acts as a relatively open chemical system (Pingitore, 1976). 

Sample preparation. Thin sections were made of corals and 

brachiopods. Each thin section was stained with Alizarin Red-S and 

potassium ferricyanid. This stains calcite red, ferroan calcite purple 

and ferroan dolomite blue. 

A total of 10 samples of the corals Caninia and Lophophyllidum from 

the Finis Shale were examined petrographically to determine whether 

these fossils were subjected to alteration in a vadose or phreatic 

environment. Five brachiopods from the Finis Shale were examined for 

evidence of cementation and recrystallization. Five samples of the 

coral Caninia, from the Gunsight Limestone, were analyzed to determine 

whether these corals were altered in a vadose or phreatic environment. 

No brachiopods from the Gunsight Limestone were analyzed 

petrographically-

Results. Examination of thin sections of Caninia and Lophophyllidum 

from the Finis Shale indicates that the fine structures of these corals 

are well preserved. A detailed petrographic description of each 

specimen is included in the Appendix. 

In Caninia, calcite septa are well defined and display distinct 

boundaries (Figure 4). Septa are composed of fibers oriented 

perpendicular to the growing surface. These fibers of calcite appear to 

be grouped into slender cones with the apex of the cone toward the 

18 



center of the septum. A fine, dark continuous line was noted at the 

center of each septa (Figure 4). Dissepiments are present and well 

defined near the center of the coral. Toward the rim of the calyx, 

dissepiments are progressively broken, jumbled and appeared 

recrystallized to finely crystalline dolomite. Due to "plucking" during 

thin section preparation, only very small portions of the epitheca are 

present. Like the dissepiments, the epitheca appears to have been 

recrystallized. The fibers of calcite found in the septa are not found 

in outer dissepiments or the epitheca. 

All void space between the septa and dissepiments is completely 

filled with diagenetic cement. At the center of the corals, a brown, 

blocky cement, possibly siderite or ankerite, is present. Further 

investigation is needed to determine the exact composition of this 

cement. Toward the rim of the calyxs, the brown cement has altered to 

ferroan calcite which is present as scalenohedral rims on dissepiments 

and as void filling blocky equant spar (Figure 5). The crystal cross-

cutting relationship described by Pingitore (1976) as indicative of 

alteration in the phreatic zone was noted in only one specimen. At the 

rim of the calyxs, ferroan dolomite had replaced ferroan calcite. In a 

few specimens, dark blood-red cubic crystals, possibly oxidixed pyrite, 

appear to have replaced ferroan dolomite. The progression of cements 

from siderite to ferroan calcite to ferroan dolomite to oxidized pyrite 
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IS easily distinguished by concentric banding which can be observed in 

reflected light. 

While fine structures are present in Lophophyllidum. in general, 

these corals do not appear to be as well preserved as Caninia. The 

septa of Lophophyllidum do not exhibit fibrous structures characteristic 

of rugose corals. With the exception of the specimen shown in Figure 6, 

the septa are recrystallized to ferroan dolomite and dolomite. Septal 

boundaries are indistinct. An isopachous, continuous dark band is 

present just inside the septal boundary. The position of this dark band 

may represent layered growth increments in the coral. Columella are 

present in three specimens but do not exhibit the fibrous calcite 

structure typical of well preserved rugose corals. Void spaces within 

the coral skeletons are completely filled with finely crystalline 

dolomite and ferroan dolomite cement (Figure 6). In one specimen, 

scalenohedral calcite spar is present along septa but finely crystalline 

dolomite cement fills the skeleton. As in Caninia, dark red cubic 

crystals have replaced finely crystalline dolomite and ferroan dolomite 

cement. Concentric cementation banding is not present in 

Lophophyllidum. 

Microstructures within brachiopod shells collected from the Finis 

Shale appear to be partially preserved. Laminar fibrous structures are 

present in most shells but an outer prismatic layer was noted in only 

two specimens. Portions of these shells have been partly dissolved. 
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replaced by ferroan dolomite and finely crystalline dolomite cement. 

Bladed dolomite rims are present within the finely crystalline dolomite 

cement (Figure 7). The mineralogy and fabrics of the diagenetic cements 

present in both corals and brachiopods are indicative of cementation in 

the meteoric and marine phreatic environments. 

Corals from the Gunsight Limestone exhibit many of the same 

characteristics as corals from the Finis Shale. Caninia corals from the 

Gunsight Limestone are characterized by well defined septa with distinct 

boundaries. However, the fibrous structures observed in corals from the 

Finis Shale are not observed in these corals. At the center of each 

septum, a fine dark line was noted. In general, the less well preserved 

these coral appeared, the wider the dark line at the center of the 

septum appeared to be. Dissepiments appear to be completely 

recrystallized to rhombic microcrystals and spar, and are almost 

unrecognizable. The cross-cutting crystal growth described by Pingitore 

(1976) as evidence for diagenetic alteration in a phreatic zone was 

noted in all corals from the Gunsight Limestone. Void space in these 

corals has been completely filled with six episodes of cementation. The 

first episode of cementation is represented by thick bladed rims which 

formed geopetally on septa and dissepiments (Figure 8). Based on the 

crystal morphology, these bladed rims were originally composed of 

aragonite. Remaining pore space is filled by blocky, equant calcite 

spar. Ferroan calcite has incompletely replaced the bladed rims of 

21 



calcite and blocky equant spar. Toward the outer rim of the calyx, 

ferroan dolomite spar has replaced ferroan calcite spar (Figure 9). 

Later, ferroan dolomite spar recrystallized to a finely crystalline 

matrix. Lastly, anhydrite replaced finely crystalline ferroan dolomite. 

Like Caninia from the Finis Shale, the diagenetic cements present in the 

Gunsight Limestone corals give each specimen a concentric banded 

appearance in reflected light. The observed cementation fabric of 

fossils from the Gunsight Limestone is consistent with cementation 

events in the meteroric vadose and marine phreatic environments. 

Trace Element Analysis 

Introduction. In 1980, Brand and Veizer proposed a technique which 

utilized trace elements to determine the diagenesis of fossil 

components. Brand and Veizer recognized that marine organisms secrete 

carbonate shells and skeletons in organic and inorganic equilibrium with 

seawater. Various trace elements, such as Sr̂ "*"* Mn*̂"*"* Mĝ "*"* Fê "̂ » and 

Na"*" will substitute for Câ "*" in the CaC03 lattice. These trace elements 

are incorporated into the shell carbonate by direct substitution for 

Câ "*"* by emplacement interstitially between the lattice planes, by 

occupation of vacant lattice positions caused by structural defects, by 

adsorption due to remnant ionic charges, or by their presence in fluid 

inclusions (Brand and Veizer, 1986)- According to Brand and Morrison 

(1986), the uptake of trace elements into the shell carbonate is 
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dependent on the mineralogy of the skeleton, salinity, temperature, 

oxygen level, concentration of trace elements in the seawater, and on 

the metabolic activity of the organism. 

High magnesium calcite and aragonite shells are stable in marine 

environments, but they rapidly undergo diagenetic alteration in meteoric 

environments. When exposed to meteoric water, high magnesitmi calcite 

and aragonite partially or fully dissolve and exchange trace elements 

and stable isotopes with the pore water. The dissolution-

reprecipitation reaction can be described by the equation: 

CaC03 + H2O + CO2 Ca2+ + 2HC03" 

In the phreatic zone, alteration of metastable carbonate may be 

accomplished within 80,000 years (Matthews, 1974). Mineralogical 

stabilization requires more time in the vadose zone due to complex 

chemical reactions that are controlled by alternately wet and dry 

conditions. Brand and Veizer (1980) postulated that dissolution and 

reprecipitation of carbonate in the vadose zone proceeds in discrete 

alteration zones via a thin film of water. The chemistry of the 

alteration product is controlled by the comparative rate of dissolution 
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of the original carbonate phase and the chemistry of the surrounding 

meteoric pore water. 

Because meteoric water contains less Sr̂ "*", Mg2+, Na"*" and more Mn̂ "*", 

Fe and Zn̂ "̂  than seawater, the carbonate dissolution and 

reprecipitation process leads to a decrease in Sr̂ "*" and Na"*" 

concentrations and to an increase in Mn̂ "*" and Fê "*" concentrations in 

carbonate that is reprecipitated as diagenetic low magnesium calcite. 

Diagenetic low magnesium calcite is depleted or enriched in Mĝ "̂  

depending upon whether the original carbonate was high magnesium, low 

magnesium calcite or aragonite. Although strontium content decreases 

during diagenesis, the relative large difference in strontium 

concentrations between primary aragonite and primary high magnesium 

calcite is partially preserved in their respective diagenetic low 

magnesium products. Low magnesium calcite, due to its relative 

stability in meteoric waters, exhibits strontium concentrations which 

are only slightly altered by diagenesis. Thus, all carbonate components 

retain measurable chemical differences which reflect the original 

skeletal mineralogy of the organism. 

Sample preparation for trace element analysis. Fossils were chosen 

for trace element analysis on the basis of appearance. Only specimens 

that appeared to be well preserved (e.g., epitheca intact, complete 

coral) were analyzed. A total of nine samples from the Finis Shale, 

including four Caninia and five Composita specimens were analyzed for 
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were analyzed for trace elements. Caninia rather than Lophophyllidum 

was analyzed because the smaller Lophophyllidum yielded samples too 

small for analysis. 

The method used to prepare these samples was modified from Brand 

and Veizer (1980). Loose dirt was removed from the specimens by 

immersion in an ultrasonic cleaner for 30 minutes. The outermost layer 

of the corals and brachiopods was removed by rinsing in 15 percent 

volume per volume (v/v) hydrochloric acid for 10 to 20 seconds. Removal 

of the outermost layer was done to minimize contamination from the 

enclosing shale matrix. The specimens were rinsed with distilled water 

and dried in an oven at 375°F for 24 hours. 

Powder was obtained by scraping each specimen with a dental pick or 

Dremel variable speed Moto-Flex tool. Care was taken to avoid shell 

areas that appeared encrusted or where the epitheca (in corals) was 

missing. Due to the varying size of the individual specimens, varying 

amounts of powder were collected. Powdered samples were dissolved in 15 

percent (v/v) hydrochloric acid and allowed to react for six hours. The 

resulting solutions were filtered and an orange-brown filtrate was noted 

on samples derived from Caninia from the Finis Shale. This filtrate was 

analyzed by x-ray diffraction to determine the mineral composition. At 

this stage of sample preparation, solutions derived from corals had a 

distinct greenish tinge whereas solutions derived from brachiopods were 

clear to pale flesh colored. Each solution was diluted by factors of 
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10, 100 and 1000 with distilled water. Analysis for Fê "*", Na^^, Mĝ "*", 

Mn , Ca "•", and Sr̂ "*" was conducted on a Perkins Elmer Model 3030 atomic 

absorption spectrophotometer. Single element solutions of strontium, 

manganese, magnesium, sodium, iron and calcium were used as reference 

standards. The chemical data are presented in Table 1. 

Results. Filtrate collected during trace element solution 

preparation was analyzed by X-ray diffractometry in an attempt to 

determine its mineralogy. Due to the small amount of filtrate 

collected, this test was inconclusive. 

Although some fine structures have been preserved in the fossils 

from the Finis Shale and Gunsight Limestone, significant changes in 

shell composition have occurred. Corals from the Finis Shale exhibit 

greatly reduced magnesium concentrations (Table 1) compared to the 

intermediate values (5-8 mole percent) which Brand (1981) postulated to 

be the original shell mineralogy for rugose corals. Compared to well 

preserved corals from the Kendrick Shale of eastern Kentucky, rugose 

corals from the Finis Shale exhibit slightly elevated iron and manganese 

concentrations (Table 1). Due to the presence of ferroan calcite and 

ferroan dolomite and the porous nature of the coral wall, these results 

should be viewed with caution. It is possible that elevated iron and 

manganese levels may be the result of contamination from ferroan 

dolomite cement in the interseptal voids. Strontium and sodium 

concentrations were slightly lower (Table 1) and strontium to calcium 
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ratios were significantly lower than those reported by Brand (1981) for 

rugose corals (Figure 10). 

Strontium concentrations are slightly lower in corals from the 

Gunsight Limestone although strontium to calcium ratios for each 

location were very similiar (Table 1). Corals from the Gunsight 

Limestone exhibit concentrations of manganese twice as high as corals 

from the Finis Shale. Since the likelihood of contamination in sample 

preparation was equal for corals from both locations, the greater 

manganese concentration in corals from the Gunsight Limestone may not be 

completely due to cement contamination. Iron and sodium concentrations 

are similiar to those found in corals from the Finis Shale. 

Brachiopods from the Finis Shale exhibit manganese concentrations 

higher than those considered typical for modern brachiopods (Figure 11) 

but still within the range of manganese values found in Paleozoic 

brachiopods by Veizer et al. (1986). Sodium concentrations for the 

brachiopods are less than sodium concentrations in modern brachiopods 

(Figure 12) but 12 to 14 times greater than sodium concentrations found 

in corals from this formation (Table 1). This occurrence was also noted 

by Brand (1981) in fauna from the Kendrick Shale. Iron concentrations in 

the brachiopods are slightly higher than those considered typical for 

modern brachiopods (Figure 12) but are within the range found for 

Paleozoic brachiopods. As expected, magnesium concentrations of the 

brachiopods falls within the normal (0-5 mole percent) range for low 

27 



magnesium calcite (Figure 13). The data seem to indicate that 

diagenetic alteration proceeds faster for certain elements. For 

example, magnesium concentrations show a relatively large decrease in 

concentration in Caninia versus strontium values which show little 

change relative to concentrations observed by Brand (1981) in well 

preserved fauna from the Kendrick Shale (Table 1). All trace elements 

analyzed in Composita are within the observed ranges in Paleozoic 

brachiopods (Veizer et al., 1986). This may indicate that Composita has 

undergone little or no diagenetic alteration. 

Isotopic Analysis 

Sample preparation for isotopic analysis. Isotopic analysis for 

^̂ CZ-'̂ Ĉ and °̂0/-*̂ °0 was performed on 76 samples of Caninia, 

Lophophyllidum and Composita from the Finis Shale. Only fossils which 

appeared to be well preserved (e.g., epitheca intact, complete coral) 

were chosen for isotopic analysis. Specimens chosen for analysis were 

immersed in a sonic cleaner for 30 minutes, washed with 15 percent (v/v) 

hydrochloric acid, rinsed with distilled water, and dried in an oven at 

375°F for 24 hours. Powder for analysis was collected by scraping three 

locations on each coral shell with a dental pick (Figure 14). 

Sample "A" was located near the base of the coral, sample "B" was 

located at the outer rim of the calyx and sample "C" was taken from 

septa exposed in the calyx of the coral. Using this technique, 30 
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samples were collected from Caninia and 30 samples were collected from 

Lophophy11idum. 

Brachiopods (Composita), were sampled at one location near the beak 

of the shell. Using a dental pick, the shell was scraped to obtain each 

sample. Ten brachiopod samples were prepared for analysis. 

Approximately 0.1 milligram of carbonate sample was reacted with 

100 percent phosphoric acid at 50° C for 30 minutes and analyzed on-line 

using a VG SIRA 12 gas source mass spectrometer. A lab standard of 

marble was analyzed during each sample run. Data are reported in 

standard delta notation as per mil difference from the PDB standard. 

The stable isotope ratio is calculated as follows: 

x= [Rsample -1] * IQr per mil 
[R standard] 

where x = 6 ^^C and R =^-^C/^^C. The standard for carbon is the Peedee 

Belemite (calcite) which has been assigned a 6 ^^C value of 0.00. 

Samples with positive isotope ratios are enriched in the heavy isotope 

whereas those with negative values are depleted with respect to the 

standard. Results of the isotopic analysis are reported in Table 2. 

Results of isotopic analysis. Lowenstam (1961) illustrated that 

modern and fossil articulate brachiopods precipitate shell carbonate in 

isotopic equilibrium with seawater. The apparent range of 6 l̂ c values 

for carbonate precipitated in isotopic equilibrium with Pennslyvanian 

seawater is -0.5 to +3.5 °/oo (PDB) (Milliman, 1974; Veizer and Hoefs, 
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1976; Veizer et al., 1980). Isotopic analyses of the brachiopod 

Composita yielded 6 ^^C values from +4.49 °/oo to +7.35 °/oo PDB (Table 

2). The average <5 ̂ ^^ value for these samples is +6.10 °/oo. These 

enriched d -̂̂ C values (Figure 15) are in contrast to the findings of 

Adlis et al. (1988) who determined that carbon isotopic values for well 

preserved Crurithyris planoconvexa collected from Pennsylvanian shales 

from north central Texas ranged from -1.1 to +4.2 °/oo PDB with an 

average value of +2.5 °/oo. Popp et al. (1986) reported -̂̂ C values of 

5 to 6 °/oo for late Carboniferous brachiopods. These values are very 

similiar to those found in Composita from the Finis Shale. The 2 to 3 

°/oo difference between Adlis's findings and those for Composita could 

arise from a number a factors such as regional, temporal, microhabit 

differences or diagenetic differences. The particular factor reponsible 

cannot be resolved with the limited data available. 

6 ^^0 values of the brachiopod Composita vary from +0.3 °/oo to 

-2.8 '-̂ /oo PDB (Table 2). The average 0 ^°0 composition of the saimples 

is -0.9 °/oo which is only slightly enriched relative to the average 

predicted (^ ^^0 of -1.0 °/oo for carbonate precipitated in isotopic 

equilibrium with Pennsylvanian seawater (Veizer and Hoefs, 1976; Veizer 

et al., 1980; Brand and Veizer, 1981). 

Carbon isotopic analysis of the coral Caninia yielded values of 

-1.06 to +1.35 °/oo for samples collected at the base of the coral and 

-2.03 to +2.16 °/oo for samples collected at the rim of the calyx (Table 
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2). Samples collected from the septa of Caninia ranged from -2.88 to 

+1.41 /oo PDB. Using average carbon values for each sample location, 

samples collected at the base of the coral (Figure 16) tend to be 

slightly more enriched in ^^C than samples collected at the rim of the 

coral (Figure 17). Samples from the coral septa (Figure 18) also tend 

to be enriched in -̂̂ C compared to rim samples but slightly depleted in 

1 3 

C when compared to basal samples. However, more data are needed from 

septal samples to fully justify this conclusion. 

The carbon isotopic values fall within the range of +2.6 to -10.00 

°/oo for Recent corals (Weber and Woodhead, 1970). In addition, the 

carbon values for Caninia are depleted compared to carbonate 

precipitated in equilibrium with Pennslyvanian seawater (Figures 16, 17 

and 18). 

6 0 values for Caninia are listed in Table 2. No significant 

variations are noted among the average <J ̂ °0 values for each sample 

location. The average 6 ^ 0 value for all Caninia samples is -5.33 °/oo 

PDB. The observed range of ^®0 for Recent corals is -1.2 to -5.4 °/oo. 

Carbon isotopic analysis of the coral Lophophyllidum yielded O •'•-̂C 

values of -1.12 °/oo to 3.32 °/oo for samples collected at the base of 

the coral (Figure 19) and -0.74 to +3.37 °/oo for samples collected at 

the rim of the calyx (Figure 20). Only four samples from the septa of 

these corals were analyzed due to the poor preservation of the fossils. 

However, analyses of the septal samples indicate carbon isotopic values 
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of +.37 to +1.33 °/oo PDB (Figure 21). Using the average carbon isotope 

value for each sample location, samples collected at the rim of the 

calyx tend to be heavier than basal or septal samples. Septal samples 

are depleted in -̂̂ C when compared to the other sample locations. The 

carbon isotopic values are 1 to 2 °/oo enriched compared to carbon 

values observed in well preserved Lophophyllidum in the Kendrick Shale 

of Kentucky. 

0 •'̂°0 values for Lophophyllidum range from -7.03 to -1.72 °/oo 

PDB. Samples collected at the rim of the coral calyx are depleted by 

2.7 °/oo when compared to basal samples, d 0 values for septal 

samples are depleted when compared to basal samples. Like the carbon 

isotopic results for Lophophyllidum, these oxygen isotopic values do 

not agree well with the results of Brand (1981) who found oxygen 

isotopic values from -9.0 to -9.8 °/oo PDB. Because petrographic 

observations of Caninia from the Gunsight Limestone indicated 

significant recrystallization, these corals were not analyzed 

isotopically-

Both Lophophyllidum and Caninia exhibit depleted carbon isotopic 

values compared to Composita and calcite deposited in equilibrium with 

seawater (Figures 22, 23, 24 and 25). 
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Table 1 

Results Trace Element Analysis (ppm) 

Mn Fe Sr Ca Na Mg 

Caninia 

RLC2+3 
RLCl+4 
RLC5 
RLC8 

Composita 

RLCP2 
RLCP3 
RLCP7 
RLCP8 
RLCP9 

Caninia 

GSC2+3 
GSC5+10 
GSC4 
GSC7 
GSC8 
GSC9 
GSCll 
GSC12 

1315 
1324 
1452 
1246 

430 
366 
482 
298 
393 

2137 
2094 
2513 
2328 
2701 
2314 
2577 
1468 

5880 
12280 
9390 
5460 

766 
460 
616 
233 
528 

Finis 

1188 
1422 
1380 
900 

1123 
982 
1215 
1220 
961 

Shale 

396100 
382100 
390400 
376200 

432666 
381600 
418000 
420166 
373571 

Gunsight Limestone 

4004 
3022 
3354 
4688 
5555 
4989 
4518 
4075 

956 
959 
879 
1119 
850 
689 
835 
942 

400535 
339244 
372207 
341025 
370389 
350768 
369606 
350643 

133 
131 
111 
112 

1400 
1200 
1400 
1600 
1200 

308 
229 
199 
92 
94 
103 
118 
153 

4940 
6500 
4900 
3740 

1850 
1520 
2750 
2066 
2085 

6330 
7034 
6893 
5622 
5524 
4409 
5193 
4782 

Kendrick Shale Fauna 
(Brand 1981) 

Lophophvllidium 

8 
9 
10 

1330 
1020 
800 

6320 
8090 
4440 

1920 
1710 
1690 

330 14590 
240 20000 
370 17860 
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Table 2 

Carbon (PDB) 

Results of Isotopic Analysis 

Oxygen (PBD) 

Sample B B 

Caninia 

RLC 1 
RLC 2 
RLC 3 
RLC 4 
RLC 5 
RLC 6 
RLC 7 
RLC 8 
RLC 9 
RLC 10 

0.13 
0.96 
1.35 
0.70 
0.97 
0.01 
1.07 
-0.37 
-1.06 
0.31 

Lophophyllidum 

RLL 1 
RLL 2 
RLL 3 
RLL 4 
RLL 5 
RLL 6 
RLL 7 
RLL 8 
RLL 9 
RLL 10 

Composita 

0.43 
2.29 
2.95 
-1.21 
1.97 
2.24 

-0.39 
1.61 
1.97 

-2.03 
-0.07 
-0.42 
0.20 
0.15 
2.16 

-1.19 
-1.32 

3.31 
2.12 
3.26 
2.01 
1.09 
3.37 
-0.74 

0.33 
2.73 

0.21 
0.55 
0.96 
0.59 
-5.37 
1.20 
1.33 
-0.75 
-2.88 
1.41 

0.37 

0.96 

1.19 
1.33 

Brach 1 
Brach 2 
Brach 3 
Brach 4 
Brach 5 
Brach 6 
Brach 7 
Brach 8 
Brach 9 
Brach 10 

5.55 
6.21 
5.44 
6.63 
6.52 
6.91 
4.49 
6.33 
7.35 
5.63 

3.78 
2.10 
3.69 
6.19 
5.58 
7.50 
5.55 
4.61 
7.92 
7.53 

1.73 
4.21 
5.10 
4.39 
3.39 
5.03 
5.92 
3.05 
4.31 
4.51 

-6.10 
-3.03 
-4.19 
-7.71 
-5.63 
-2.45 

-6.41 
-6.06 

-5.11 
-4.94 
-4.30 
-4.95 
-6.13 
-5.89 
-5.60 

-7.03 
-5.40 

-3.99 
-2.64 
-3.32 
-6.99 

-5.86 
-7.81 
-6.10 
-5.82 
-5.74 

-3.89 

-3.32 

-7.08 
-6.01 

•0.65 
2.19 
0.25 
0.31 

•0.88 
•0.34 
•0.74 
•0.69 
•1.08 
•2.83 
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Figure 4. Well Preserved Septa Present in Caninia from the 
Finis Shale. Mineralogy of pore filling cement 
is unknown but may be siderite or ankerite. 
Magnification lOx. 
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Figure 5. Series of Diagenetic Cements Present in Caninia 
from the Finis Shale. Blue staining indicates 
ferroan dolomite. Pink staining indicates calcite, 
Dark area is ferroan dolomite which is altering to 
oxydized pyrite. Magnification Ix. 
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Figure 6. Lophophyllidum from Finis Shale. Coral is filled 
with finely crystalline dolomite. Calcite septa 
and columella are stained pink. Areas that appear 
dark are ferroan dolomite that is altering to 
oxydized pyrite. Magnification Ix. 
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Figure 7. Bladed Rims Found in Cavity Filling Material 
from Composita from the Finis Shale. Blue staining 
indicates ferroan dolomite. Magnification lOx. 

38 



Figure 8. Isopachous Bladed Rims in Caninia from the 
Gunsight Limestone Indicate Cementation in the 
Marine Phreatic Environment. Note poor 
preservation of septa. Magnification Ix. 
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Figure 9. Poor Preservation of Septa in Caninia from 
Gunsight Limestone. Ferroan dolomite is indicated 
by blue staining, calcite spar is stained pink. 
Magnification Ix. 
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Figure 11. Histogram of Manganese Content of Paleozoic 
Brachiopods. Heavily stippled area represents 
typical observations in Recent brachiopods 
(Lowenstam, 1961, Popp et al., 1986, Morrison 
and Brand, 1984). Theoretically expected 
concentrations for inorganic calcite in 
equilibrium with present seawater fall within 
the stippled range. Measured values for 
brachiopods from the Finis Shale are indicated 
by hachured areas. (After Veizer et al., 1986) 
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are indicated by hachured area. (After 
Veizer et al., 1986) 
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Figure 13. Histograms of Magnesium (top) and Strontium 
(bottom) Content in Paleozoic Brachiopods. 
Heavily stippled area represents typical 
observations in Recent brachiopods (Lowenstam, 
1961; Popp et al., 1986, Morrison and Brand, 
1984). Theoretically expected concentrations 
for Inorganic calcite in equilibrium with 
present seawater fall within the stippled 
range. Measured values for brachiopods from 
the Finis Shale are indicated by hachured 
area. (After Veizer et al., 1986) 
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Figure 14. Location of Isotopic samples from rugose 
corals. Sample C was taken from either 
exposed columnella or septa. Sample B was 
taken from epitheca near rim of calyx. 
Sample A was taken from epitheca near base 
of coral. 
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Figure 15 Plot of Carbon versus Oxygen Isotopic Values 
for the Brachiopod Composita from the Finis 
Shale. The P field is the postulated range for 
carbonate in equilibrium with Pennsylvanian 
seawater. (Veizer and Hoefs, 1976; Veizer et 
al., 1980) 
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Figure 16 Plot of Carbon versus Oxygen Isotopic Values 
for Base of Caninia (A) Samples. The P field 
is the postulated range for carbonate in 
equilibrium with Pennsylvanian seawater. 
(Veizer and Hoefs, 1976; Veizer et al., 1980) 
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Figure 17 Plot of Carbon versus Oxygen Isotopic Values for 
Caninia Rim (B) Samples. The P field is the 

postulated range for carbonate in isotopic 

equilibrium with Pennsylvanian seawater. 
(Veizer and Hoefs, 1976; Veizer et al., 1980) 
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Figure 18. Plot of Carbon versus Oxygen Isotopic Values for 
Caninia Septal (C) Samples. The P field is the 
postulated range for carbonate in isotopic 
equilibrium with Pennsylvanian seawater. 
(Veizer and Hoefs, 1976; Veizer et al., 1980) 
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Figure 19. Plot of Carbon versus Oxygen Values for 
Lophophyllidum Basal (A) Samples. The P 
field is the postulated range for carbonate in 
isotopic equilibrium with Pennsylvanian seawater. 
(Veizer and Hoefs, 1976; Veizer et al., 1980) 
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Figure 20 Plot of Carbon versus Oxygen Isotopic Values 
for Lophophyllidum Rim (B) Samples. The P 
field is the postulated range for carbonate 
in isotopic equilibrium with Pennsylvanian 
seawater. (Veizer and Hoefs, 1976; Veizer 
et al., 1980) 

51 



13. 

8 

6-

4-

2 

0 

-2 

-4 

-6 

-8 
-8 -6 -4 -2 

18 

0 

0 

T" 
2 

T 
6 8 

Figure 21 Plot of Carbon versus Oxygen Isotopic Values 
for Lophophyllidum Septal (C) Samples. The P 
field is the postulated tange for carbonate 
precipitated in equilibrium with Pennsylvanian 
seawater. (Veizer and Hoefs, 1976; Veizer et al., 
1980) 
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Figure 24. Plot of Carbon versus Oxygen Isotopic Values 
for Caninia. Values for basal (A) samples are 
indicated in black. Values for rim (B) and 
septal (C) samples are indicated by green and 
red respectively. The P field is the postulated 
range for carbonate in isotopic equilibrium with 
Pennslyvanian seawater. (Veizer and Hoefs, 1976; 
Veizer et al., 1980) 
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CHAPTER III 

CONCLUSIONS 

Diagenetic processes have affected fossil components of the Finis 

Shale to varying degrees. In Caninia, septa appear to be well preserved 

at the center of the coral but progressive recrystallization of the 

shell has occurred toward the outer wall of the coral. The interiors of 

Lophophyllidum corals appear to have completely recrystallized to 

dolomite and ferroan dolomite. Original laminar fibrous calcite was 

noted in some brachiopods. These fossils have been subjected to four 

episodes of cementation. 

Caninia corals collected from the Gunsight Limestone were 

subjected to six episodes of cementation. Petrographic analysis 

reveals cementation fabrics and mineralogies consistent with these 

corals undergoing diagenetic alteration in the meteoric vadose, 

meteroric phreatic and marine phreatic environments. The concentric 

banding of cements found in Caninia suggests that the epitheca may be 

very porous and is a significant factor contributing to post 

depositional alteration. Conversely, the low shell wall porosity of 

brachiopods preserved fibrous laminar calcite microstructures in 

Composita. 

Trace element analysis of these corals also indicates that 

diagenetic alteration has occurred. Caninia shows greatly reduced 

magnesium concentrations of 3 to 7 mole percent relative to the 
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intermediate (5 to 8 mole percent) magnesium content which is advocated 

by Brand (1981) for rugose corals. These corals also exhibit lowered 

strontium content, strontium to calcium ratios, and sodium content. 

Elevated concentrations of iron and manganese were observed in Caninia 

corals relative to Composita. These elevated levels may be the result 

of diagenetic alteration or contamination by void filling cement which 

is iron and manganese rich. Brachiopods contain lower manganese and iron 

concentrations than Caninia. However, these values are slightly higher 

than iron concentrations found in modern brachiopods but are still 

within the range of iron concentrations found in Paleozoic brachiopods. 

Contamination of samples from ferroan calcite cement is less likely for 

brachiopods due to the thicker shell. Caninia corals contain much lower 

concentrations of sodium compared to brachiopods. This occurrence has 

been noted by other researchers (Brand and Veizer, 1980) and may be due 

to a biological fractionation process in corals. Although diagenetic 

processes have altered trace element concentrations in these corals, 

some original trace element characteristics may be preserved. 

Isotopic analysis of Composita indicates an enrichment of ̂ -̂ C 

compared to the expected ^^C values of calcite precipitated in 

equilibrium with Pennsylvanian seawater. This may be the result of 

temperature effects or the rate at which Composita precipitated its 

shell. Turner (1982) found that inorganic calcite precipitated at low 

rates can be as much as 1.7 °/oo enriched in -̂̂ C relative to that 
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precipitated at high rates. 6 ^^0 values of Composita are within 

+ 1 °/oo of calcite deposited in equilibrium with Pennsylvanian 

seawater. Both Caninia and Lophophyllidum exhibit depleted carbon and 

oxygen values compared to Composita. These isotopic values fall within 

the range of carbon isotope values for modern corals. The tendency for 

heavier isotopic compositions at the base of the coral relative to the 

coral septa may be significant. These heavier values would seem to 

indicate that the early shell formations proceeded without the benefit 

of an algal symbiont. The coral probably acquired the algae at a later 

stage of development by ingestion. Samples from the rim of the coral 

calyx must be cautiously interpreted due to the possibility of 

contamination from shell filling cements. Some diagenetic alteration 

of these corals has occurred, however, there is clear evidence that some 

orginal geochemical trends have been preserved. The significant 

difference in isotopic composition between the isotopic composition of 

the rugose corals and calcite precipitated in equilibrium with 

Pennsylvanian seawater seems to suggest that an algal symbiont 

influenced the isotopic composition of the rugose coral skeleton. 
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DETAILED PETROGRAPHIC ANALYSIS 

Finis Shale Caninia 1- Septa are calcite with well defined 

boundaries, fibrous appearance and dark continous line at center of 

septa. Unidentified cement is present in interseptal voids which 

appears to be altering to ferroan calcite. Ferroan calcite blocky 

equant spar is altering to ferroan dolomite. Dark red 

brown cement may be replacing ferroan dolomite. Dissepiments are 

jumbled and recrystallized. Only small portion of well preserved 

epitheca present. Cross cutting crystals not identified. 

Finis Shale Caninia 4- Large specimen. Microstructures are 

well preserved. Septa are calcite with distinct boundaries, and 

dark continous line at center of each septa. Dissepiments are 

present but are recrystallized. Interseptal voids are filled with 

three episodes of cementation: geopetally oriented scalenohedral 

calcite crystals on disspemients, blocky equant calcite which is 

altering to ferroan dolomite, dark, red brown unidentified cement at 

extreme edge of coral (possibly oxidized pyrite). Crystal 

crosscutting observed under plane light. 

Finis Shale Caninia 7- Coral is badly crushed. Septa are 

partially replaced with ferroan calcite. Ferroan dolomite is 

present at rim of coral. Septa have retained fibrous appearance with 

distinct septal boundaries. Dark lines present at center of septa. 

No cross cutting crystals identified. 
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Finis Shale Caninia 9- Large specimen appears well preserved. 

Septa are calcite with well defined boundaries, fibrous appearance 

and dark continous line at center of septa. Unidentified cement is 

present in interseptal voids which appears to be altering to ferroan 

calcite. Ferroan calcite is altering to ferroan dolomite. 

Dissepiments are jumbled and recrystallized. Only small portion of 

well preserved epitheca present. Cross cutting crystals not 

identified. 

Finis Shale Caninia 10- Well preserved large specimen. Septa 

are calcite with well defined boundaries, fibrous appearance and 

dark continous line at center of septa. Unidentified cement is 

present in interseptal voids which appears to be altering to ferroan 

calcite. Ferroan calcite is altering to ferroan dolomite. Dark red 

brown crystals, very small, are replacing ferroan dolomite. 

Dissepiments are jumbled and recrystallized. Only small portion of 

well preserved epitheca present. Cross cutting crystals not 

identified. This specimen seems to contain less ferroan dolomite 

than other specimens. 

Finis Shale Lophophyllidum 10- Septa recrystallized to ferroan 

dolomite. Septa exhibit isopachous dark lines parallel with septal 

boundary. Interseptal voids are filled with ferroan calcite and 

ferroan dolomite. Epitheca is not present. 
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Finis Shale Lophophyllidum 11- Septa and columnella have 

recrystallized to ferroan dolomite. Septal boundaries are 

indistinct. Scalenohedral calcite crystals present along septa. 

Void filling cement is ferroan dolomite. Dark red brown cubic 

crystals are replacing ferroan dolomite. 

Finis Shale Lophophyllidum 12- Septa and columnella exhibit 

sparry, unfibrous structures. Void filling cement is finely 

crystalline dolomite and ferroan dolomite. Dark red brown cubic 

crystals are replacing ferroan dolomite. 

Finis Shale Lophophyllidum 13- Septa have unusual crystal 

structure not noted in other thin section. Calcite crystals are 

arranged in an overlapping radial structure with the edges of the 

septa indistinct. 

Void filling cement is finely crystalline dolomite. Columnella has 

recrystallized to ferroan dolomite. Fractures which cut across 

septa are filled with calcite spar and finely crystalline dolomite. 

Dark red brown cubic crystals have replaced dolomite and ferroan 

dolomite cements. 

Finis shale Lophophy H i dum 14- Interior of coral is completely 

recrystallized to finely crystalline dolomite with bioclasts that 

are barely discernible. Dark red cubic crystals appear to be 

replacing dolomite. 
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Finis Shale Composita 1- Shell was not preserved in thin 

sectioning process. Interior of cement is ferroan calcite which has 

been replaced by finely crystalline ferroan dolomite. Bladed 

calcite rims are present on peloidal structures. Dark r6d brown 

crystals are replacing ferroan dolomite. 

Finis Shale Composita 7- Shell exhibits both laminar fibrous 

and prismatic structures. Interior of brachiopod is filled with 

ferroan calcite which has been replaced by finely crystalline 

ferroan dolomite. Bladed calcite rims are present on peloidal 

structures. Dark red brown crystals are replacing ferroan dolomite. 

Finis Shale Composita 8- Shell has laminar fibrous appearance. 

Interior of brachiopod is filled with ferroan calcite which has 

been replaced by finely crystalline ferroan dolomite. Bladed calcite 

rims are present on peloidal structures. Dark red brown crystals 

are replacing ferroan dolomite. 

Finis Shale Composita 9- Shell has laminar fibrous structures 

but portions appear to have recrystallized. Interior of brachiopod 

is filled with ferroan calcite which has been replaced by finely 

crystalline ferroan dolomite. Bladed calcite rims are present on 

peloidal structures. Dark red brown crystals are replacing ferroan 

dolomite. 

Finis Shale Composita 10- Fibrous laminar shell structure is 

partially preserved. Interior of brachiopod is filled with ferroan 
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calcite which has been replaced by finely crystalline ferroan 

dolomite. Bladed calcite rims are present on peloidal structures. 

Dark red brown crystals are replacing ferroan dolomite. 

Gunsight Limestone Caninia 1- Some septa exhibit fibrous 

structures. Isopachous bladed calcite rims are present along septa 

and dissepiments. Void filling cement is blocky equant calcite spar 

which is replaced by ferroan calcite. At the rim of the coral, 

ferroan dolomite is replacing ferroan calcite spar. Dolomite is 

replacing ferroan dolomite. Crystal cross-cutting is apparent under 

plane light. 

Gunsight Limestone Caninia 2- Major septa have retained fairly 

well-preserved fibrous structures and distinct boundaries. 

Dissepiments have completely recrystallized. Isopachous bladed rims 

are present along septa. Voids are filled with blocky equant 

calcite spar which has altered to ferroan calcite. Ferroan dolomite 

has replaced ferroan calcite spar and has recrystallized to finely 

crystalline dolomite. At the rim of the coral, anhydrite has 

replaced ferroan dolomite. The sequence of cements in this coral 

gives the specimen a banded appearance in plane light. 

Gunsight Limestone Caninia 3- Large specimen. Some fibrous 

structures have been preserved in the septa. Dissepiments have 

completely recrystallized to calcite spar. Bladed calcite rims are 

present along septa and dissepiments. Void filling cement is blocky 
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equant calcite spar which is replaced by ferroan calcite. At the 

rim of the coral, ferroan dolomite is replacing ferroan calcite 

spar. Crystal cross-cutting is apparent under plane light. 

Gunsight Limestone Caninia 4- Very large specimen. Some 

fibrous structures have been preserved in the septa. Very dark lines 

at center of septa are wider and less discrete in areas of the septa 

which may be undergoing recrystallization. Dissepiments exhibit 

geopetal structures and have largely recrystallized to spar. Bladed 

calcite rims are present along septa and dissepiments. Void filling 

cement is blocky equant calcite spar which is replaced by ferroan 

calcite. At the rim of the coral, ferroan dolomite is replacing 

ferroan calcite spar. Crystal cross-cutting is apparent under plane 

light. 

Gunsight Limestone Caninia 5- Major septa have retained fairly 

well-preserved fibrous structures and distinct boundaries but are 

broken and jumbled. Dissepiments have completely recrystallized. 

Isopachous bladed rims are present along septa. Voids are filled 

with blocky equant calcite spar which has altered to ferroan 

calcite. Ferroan dolomite has replaced ferroan calcite spar and has 

recrystallized to finely crystalline dolomite. At the rim of the 

coral, anhydrite has replaced ferroan dolomite. The sequence of 

cements in this coral gives the specimen a banded appearance in 

plane light. 
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APPENDIX B 

PHOTOGRAPHS 
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Figure 26. Finis Shale 

Figure 27. Jacksboro Limestone. 

75 



Figure 28. Fossils Weathering from Finis Shale 

Figure 29. Weathered Finis Shale. 
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Figure 30. Gunsight Limestone 
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Figure 31. Outcrop of Gunsight Limestone 
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