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CHAPTER I 

INTRODUCTION 

The Odom Limestones is an oil bearing unit in the 

lower Strawn Series of the Pennsylvanian. Economically 

significant amounts of oil and gas have been produced 

from carbonate buildups along the Odom trend. 

Generalized studies (Walker, 1952; McCollough, 1975) 

appear in the literature but as of this writing no 

detailed petrographic studies have been made that attempt 

to interpret the depositional and diagenetic history of 

the Odom. 

Objectives 

1. To interpret depositional environments, litho-

facies and biofacies 

2. To describe the diagenesis and resulting porosity 

relationships 

3. To determine the sequence of diagenetic events 

(paragenesis) 

4. To outline a model which may be useful in pre

dicting porosity trends 



Location 

The Neill South Field spans the southeastern corner 

of Fisher County and the northeastern corner of Nolan 

County, Texas (Fig. 1). Production of oil and gas is from 

the lower Strawn Odom Limestone. 

The Odom occurs along the outer portion of the 

eastern shelf of the Permian Basin. The area of study was 

extended slightly outside actual field boundaries for 

better control (Fig. 2). 

Cuttings were examined from five wells: (1) Union— 

Cross #1, T & P RR survey block 20 section 14, Fisher 

County; (2) Pan American Williams #1, T & P RR survey 

block 21 section 22, Fisher County; (3) Suburban Propane 

(Amerada) Ada Adrian #1, William Coulson survey 232, 

Fisher County; (4) TPC&O Sears #1A, Presley Gossett survey 

292, Nolan County; (5) TPC&O Herndon #1, James Vaughn 

survey 294, Nolan County (Fig. 2). Cores were available 

from three wells: (1) R. L. Burns Hill #1A, T & P RR 

survey block 20 section 16, Fisher County; (2) R. L. Burns 

Sears Unit #1, T & P RR survey block 20 section 74, Nolan 

County; (3) R. L. Burns Sears Bye #4, William E. Vaughn 

survey 293, Nolan County (Fig. 2). 



Methods of Study 

The available cuttings and cores were examined 

megascopically and under a binocular microscope in order 

to describe the sedimentary structures, fossils and 

porosity. The cores were photographed to document salient 

features. 

Petrographic analysis was made of thin sections 

from carefully selected samples to establish details of 

lithofacies, biofacies, diagenesis and porosity rela

tionships. All thin sections were stained with a combina

tion of Alizarin Red S and potassium ferricyanide, 

according to the method of Lindholm and Finkelman (1972), 

to distinguish calcite from dolomite and ferroan from 

nonferroan carbonates. Photomicrographs were taken to 

illustrate lithofacies, biofacies, diagenesis and porosity 

relationships. 

The subsea elevations for the top and base of the 

Odom Limestone were determined from electric log corre

lations. A structural map of the Odom was constructed 

from analysis of logs (Fig. 2). Cross sections were 

prepared to infer topographic and structural relationships 

(Figs. 3 and 4). The available logs were primarily 

electric or induction electrical with a few acoustic or 

sonic logs. 



Regional History 

Most of the Texas-New Mexico area was covered by 

shallow epicontinental seas, that submerged much of the 

area throughout most of the time interval from late 

Cambrian through Permian time. During the medial 

Ordovician a sag, the Tobosa Basin, developed between the 

Perdenal Massif and Texas Pennisula (Adams, 1965). The 

Texas Pennisula was subject to erosion from the late 

Ordovician through the Devonian; it was submerged beneath 

Mississippian seas (Holmquest, 1955). Late Mississippian 

tectonism raised the Central Basin Platform (Fig. 1), 

forming the initial division of the Tobosa Basin into the 

western Delaware Basin and the eastern Midland Basin 

(Galley, 1958). The Texas Pennisula was also uplifted 

and subsequently most of the Mississippian deposits were 

eroded (Holmquest, 1955). 

The Midland Basin subsided progressively throughout 

the Pennsylvanian. However, due to geographical position 

the basin was cut off from any clastic debris and it was 

too deep for carbonates to form. Only a relatively thin 

layer of dark shale was deposited in the Midland Basin 

during the Pennsylvanian (Rail and Rail, 1958). 

The Concho Arch developed during late Atokan time. 

No geographic separation has ever been established between 

the Concho Arch and the prePennsylvanian Texas Pennisula. 



The Conco Platform (Fig. 1), between the subsiding Midland 

Basin and Fort Worth Basin, provided a base for the shallow 

water deposition of carbonates (Rail and Rail, 1958). 

Strawn time records the greatest extent of Paleozoic 

seas in the Permian Basin. A mid Strawn basinal downwarp 

caused cessation in growth of shelf margin carbonate mound 

complexes. Sea floor irregularities maintained by struc

tural warping and differential depositional rates provided 

higns where carbonate deposition continued. Reef-like 

buildups formed along the slowly sxibsiding shelf margins 

(Adams, 1962). 

The Pennsylvanian closed with tectonism. The Central 

Basin Platform was rejuvenated and the Diablo Platform was 

uplifted; for the first time clearly disintinguishing the 

Delaware and Midland Basins (Galley, 1958). 

The early Permian of the Delaware and Midland Basins 

was characterized by outer shelf deposits consisting 

largely of carbonates, while clastic sedimentation pre

dominated in basinal areas. The seas began to gradually 

withdraw, the last stage of deposition in the Permian being 

represented by evaporite deposits. By the close of 

Permian time the Permian Basin was a low plain of gentle 

slopes (Hills, 1963). 

During the Triassic alluvial sediments were deposited 

over much of the area. The Jurassic was a time of 



sxibaerial exposure and nondeposition or erosion. An early 

Cretaceous sea covered central Texas; but many of these 

deposits were removed by later erosion. Recently, the 

area has been covered by windblown sands, stream and playa 

lake sediments (Holmquest, 1955). 

The southwestern edge of the Permian Basin was dis

turbed by Laramide and Tertiary tectonism. The remainder 

of the Paleozoic strata lie at near the same attitudes 

as at the close of late Permian (Ochoan) time. The 

Eastern Shelf area was very little affected by the Laramide 

and Tertiary tectonism, but was subjected to gentle 

regional tilting and local faulting of small vertical 

displacement (Galley, 1958). 

Local Stratigraphy 

In the area of the Neill South Field one well pene

trates to the Precambrian and reveals the geologic column 

of the area (Fig. 5). The Precambrian is a structurally 

complex granite which was part of the stable Texas craton. 

The granite is overlain by a section of granite wash, 

arkose and arkosic shales. These are overlain by rocks of 

medial to late Cambrian age of the Riley and Wilbems 

formations, which consist of sandstones, dolostones, and 

conglomerates (Rail and Rail, 1958). The sandstones are 

gray to white and contain medium to coarse sand grains 

(Hoffacker, 1954). The dolostones are white to tan, fine 



textured and glauconitic (Neff, 1954). These Cambrian 

rocks xinconformably overlie the arkosic transition zone 

(Hoffacker, 1954). 

The Ordovician conformably overlies the Cambrian 

Riley and Wilbems formations. The Ellenburger consists 

of coarsely crystalline, white to gray dolostone, some

times oolitic, cherty and sandy with shale partings (Rail 

and Rail, 195 8). Fractures and solution enlarging is not 

uncommon (Jones, 1953). The Ellenburger thins to the 

northwest owing to the influence of the Concho Arch. All 

the sediments between the Cambrian and the top of the 

Canyon also exhibit thinning over the Concho Arch. Post 

Permian tilting has accentuated the westward tilt of the 

Paleozoic sediments (Rail and Rail, 1958). 

An unconformity separates the Ellenburger and basal 

Pennsylvanian rocks. In Neill South Field some Mississippian 

Limestones occur above the Ellenburger; most of the 

Mississippian has been eroded away following late 

Mississippian uplift of the Texas Pennisula (Rail and Rail, 

195 8) . The Mississippian rocks that are enco\intered con

sist predominately of light gray limestone with crinoids, 

blue chert and green shale partings (Jones, 1953). 

According to Conselman (1954), considerable variations 

in the lithology and thickness of the earlier Pennsylvanian 

rocks may be related to the Fort Chadborne Fault System 
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(Fig. 1), a high angle normal fault system extending from 

northwest Jones County southward through Nolan, Coke, Tom 

Green Coxinties and beyond. Upthrow was to the west and 

grabens were locally developed to the east. The faults 

cut both the Ellenburger and Cambrian xinits. 

The earliest Pennsylvanian rocks of Bend age are 

often underlain by a "detrital zone" of shales, chert 

pebbles, thin sandstones and limestones. It has been 

inferred that the "detrital zone" represents reworked 

material which was deposited during the initial Pennsyl

vanian transgression (Rail and Rail, 1958). 

The relative age of Bend sediments can be established 

by the occurrence of the Atokan fusilinid Fusulinella. 

Bend sediments appear to have been deposited in topographic 

lows on the eroded and faulted Ellenburger surface. Bend 

sediments consist of a basal dark shale with some shaly 

limestones and sandstones. A middle unit of massive lime

stone is thinly bedded, discontinuous, light colored and 

fine grained. Bend shales are thin, gray, highly radio

active and black (Rail and Rail, 195 8). Cheney and Goss 

(1952) identify the Bend deposits as those typical of a 

foreland or platform facies. The sediments are thickest 

over the low areas and thinnest over highs (Rail and Rail, 

195 8). Bend limestones have been broken by Fort Chadborne 

faulting (Rail and Rail, 1958). 



The contact between the Bend and Strawn is obscure. 

During Strawn time reef-like carbonate mounds began to 

form. This was the time of the mid-basin downwarp. A 

discontinuous trend of reef-like mounds extended north 

through Tom Green, Coke, Nolan, and Fisher Counties. 

Except for the basinal downwarp, other tectonism had 

ceased, only some local faulting occurred along the Fort 

Chadborne System throughout the Strawn (Rail and Rail, 

1958). 

The lowermost Strawn is generally a cherty limestone, 

which is not found over contemporaneous highs. Progressively 

younger layers diminish to the west as the limestone and 

shale interface shifts to the east. The middle Strawn is 

represented by a light colored shaly limestone which 

becomes progressively darker toward the east (Rail and Rail, 

1958) . 

In the upper Strawn carbonates begin to reflect shelf 

margin, reef and back reef facies. The shelf facies is 

terminated westward by faults and steep flexures. The 

upper Strawn limestone is gray to tan with thin shale 

partings and generally thickens to the east. The reef-like 

facies consists of light fossiliferous limestones. The 

centers of growth were partially structurally controlled. 

The back reef deposits tended to be thin glauconitic sandy 

limestones and thin dolostones with dense calcareous black 
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shales. None of these limestone buildups were reefs, by 

the strict definition, as no framework builders have ever 

been found (Rail and Rail, 1958). 

In Neill South the lowermost Strawn is represented 

by the Caddo. The Caddo is a gray to black siliceous 

limestone. The Odom overlies the Caddo, and consists of a 

light gray highly recrystallized limestone with numerous 

bryozoa and phylloid algae. The Capps represents the top 

of the Strawn in this area (Jones, 1953). The fusulinid 

Wedekindellina helps to separate the upper and lower Strawn, 

as it extends only to the base of the Goen Limestone, which 

is higher in the section than the Odom. 

The Canyon series consists predominately of shale 

sections with locally developed limestones and sandstones. 

These Canyon elastics represent the first muds and sands 

which acciomulated on the slowly sinking Concho Platform. 

The clastic section is thickest over the Concho Platform 

and thins abruptly in the Midland Basin (Rail and Rail, 

1958). 

Reef-like carbonate sedimentation continued through 

Cisco and Wolfcamp time. 

During the Permian, seas began to withdraw, some 

Wolfcampian evaporites were deposited on the Eastern Shelf. 

In Leonardian time shelf carbonates became dolomitized, 

while basinal carbonates became converted to limestones. 



11 

By Guadalupian time the Midland Basin had been almost com

pletely filled by clastic sediment and became part of the 

Eastern Shelf (Galley, 1958). 



CHAPTER II 

ENVIRONMENTS OF DEPOSITION AND BIOFACIES 

Crinoidal-Bryozoan Facies 

A crinoidal-bryozoan commvinity capped the Odom 

throughout the study area (Fig. 6). Along the outer shelf 

this facies is represented by a crinoid-bryozoan grainstone 

which grades landward into packstone and wackestone. The 

bryozoans are predominately cryptostomes. Eastward (land

ward) , ostracods, biserial and fusuline foraminifera and 

algal encrusted grains increase. Glauconite occurs 

throughout the facies. 

Oolite Facies 

Oolites occur as grainstones and packstones (Figs. 

7 and 8). Landward from the outer shelf oolitic grain-

stones grade into packstones. The grainstones may repre

sent active tidal channel deposits. Bioclastic debris, 

primarily bryozoan and crinozoan components occur through

out the ooid facies. Isolated phylloid algal bioclasts 

occur in the lowermost portion of the oolitic facies. 

12 
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Phylloid Algal Facies 

The phylloid algal facies occurs beneath the ooid 

facies (Fig. 9), along the outer shelf where both are 

present. Along with the phylloid algae, encrusting 

fenestrate and ramose bryozoa, molluscs, brachiopods, 

ostracods, pelecypods and foraminifera are also repre

sented (Figs. 9, 10, 11 and 12). Encrusting bryozoans 

usually grew on phylloid algae. Eastward the phylloid 

algae are succeeded by encrusting forms of algae. 

Foraminifera, grapestones and algal coats increase eastward 

(Fig. 13). Siliceous sponge spicules are encountered at 

the easternmost extent of the study area (Fig. 14). 

Endolithic algae occurred throughout the entire study area. 

Codiacean phylloid algae are important constituents 

of Pennsylvanian and early Permian carbonate buildups 

(Konishi and Wray, 1961). Phylloid algae were upright 

calcified plants with broad fronds which range up to six 

inches in height. They would not have been able to with

stand a great deal of turbulence (Toomey, Wilson, and Rezak, 

19 77). The plants grew at depths which were probably no 

greater than one hundred feet. Evidence indicates that 

phylloid algae served as baffles (Konishi and Wray, 1961; 

Neumann and Land, 1975; Toomey and others, 1977). 

Ginsberg and Lowenstam (1958) have demonstrated how 

marine baffling organisms can stabilize sand sized sediments 

and reduce the velocity and turbulence over the bottom. 
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This will allow finer sediments to accumulate. Phylloid 

algae also provide habitats for benthonic organisms and the 

erect leaves could support encrusting bryozoa and 

foraminifera. The baffling effect could create a reef

like barrier (Ginsberg and Lowenstam, 1958). 

Heckel and Cocke (1969) foiand echinodermal and 

oolitic facies over phylloid algal mounds in the midcon-

tinent of North America. Most of the invertebrates were 

not as common as they would have been in a more open marine 

facies. 

Along the outer shelf, deposition of the Odom was 

initiated as a phylloid algal mound complex in fairly 

shallow water. Diversity of life forms was decreased as 

the algae colonized the sea floor. Bryozoa and some 

foraminifera encrusted algal blades, while some few 

brachiopods, benthonic foraminifera and ostracods were able 

to find niches. The algae grew vertically until they 

encoxontered excessive levels of turbulence wherein ooids 

could form readily. Svibsequent colonization of the area 

by crinoids and bryozoans may reflect a deepening of water 

following a transgression. 



CHAPTER III 

DIAGENESIS OF THE ODOM LIMESTONE 

Early Marine Diagenesis 

In modem carbonates endolithic algae micritize many 

carbonate grains (Bathurst, 1966). Gatrall and Golibic 

(1970) suggested that fiingi may contribute to the process 

of micritization. The algae or fiongi bore into the 

carbonate grains, the borers die and vacate the tubes, 

which then become infilled with micrite (aragonite or Mg 

calcite). The tubes may coalesce, forming an envelope if 

they do not completely replace the grain. The replacement 

process is centripetal. Extensively bored carbonate grains 

become structurally weakened and easily rounded; many 

peloids are formed in this manner. Micrite envelopes 

formed by endolithic algae or fimgi have an irregular 

contact with carbonate grains, transecting the grains 

(Bathurst, 1966; 1975). 

Kobliak and Risk (1977) have described a variety of 

micrite envelope which forms around unaltered grains. A 

genus of filamentous and endolithic alga, Ostreobium, may 

also have an epilithic or chasmolithic growth habit (fila

ments which grow outside the substrate). Once the algal 

filaments die, crystal growth may begin on the inside of 

15 
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the filaments, it is uncertain whether or not exterior 

crystal growth begins at this time or somewhat later. 

Eventually, the entire filament becomes calcified. This 

submarine cementation occurs only on dead algal filaments. 

The source of the precipitated calcite may be the calcium 

carbonate removed by the boring portions of the algae. 

It should be noted that precipitation may relate to the 

presence of organic material and mucilaginous coatings on 

the algal thalli with associated bacterial activity, 

providing a local microenvironment suitable for concentra

tion of metal ions, and a pH suitable to induce precipita

tion. These exposed filaments may break off and provide 

micrite sized particles to the matrix; the coalescing of 

such filaments could form an envelope without alteration 

of the grains. The formation of such micrite envelopes 

could occur very rapidly, in a geological sense, involving 

only a matter of weeks; this process cannot produce 

micritized shells. 

Carbonate grains in the Odom have in many cases 

developed micrite envelopes. Many of the thicker shelled 

organisms, brachiopods and ostrocods, have relatively 

thin envelopes (Fig. 11). Foraminifera and bryozoa 

commonly have the whole shell wall micritized, leaving the 

interior body cavities open (Fig. 6 and 10). Still others 

are completely micritized and peloids could be derived 
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from them. The degree of micritization may relate to the 

thickness of the shell and ease of boring, either formed 

by endolithic algae or fungi or by the coalescence of 

calcified algal filaments. 

The body cavities of some of the brachiopods and 

ostrocods in the Odom were filled to varying degrees with 

marine internal sediments (Fig. 11). These marine internal 

sediments consisted of lime mud and various bits of 

carbonate debris. 

Mineralogic Stabilization of Modem Carbonates 

Carbonates originally deposited in a marine environ

ment are primarily aragonite and high Mg calcite. Waters 

of slightly acid pH and low salinity, (freshwater) favor 

the formation of low Mg calcite (Friedman, 1964). The 

state of diagenesis encountered in the Odom is best explained 

by subaerial exposure, submitting the carbonate buildup 

to meteoric vadose and phreatic diagenesis. 

High Mg calcite content in lime muds can vary, 

depending on the contributions of organisms containing high 

Mg in their skeletons. Today, such organisms include 

echinoderms, certain foraminifera, red algae, bryozoans, 

arthropods, and alcyonarians (Mathews, 1966). Gavish and 

Friedman (1969) have foxind high Mg calcites are the first 

components of newly deposited carbonates to stabilize in 

freshwater diagenetic environments. 
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Land (1967) inferred two methods by which high Mg 

calcite may be converted to low Mg calcite. Congruent 

dissolution involves dissolution of the high Mg calcites, 

forming a void, which is followed by precipitation of low 

Mg calcite cement. Incongruent dissolution involves 

concurrent solution and precipitation on a microscale; 

2+ 2-
pairs of Mg and CO^ ions leave the crystal lattice 

2+ 2-while associated Ca and CO^ ions remain behind, calcite 

precipitates concurrently with the removal of MgCO^. The 

2+ solution becomes enriched for Mg . Friedman (1964) notes 

this process only takes place in the presence of CO^ demon

strating the importance of HCO^ in carbonate dissolution. 

The incongruent dissolution method seems to be applicable 

in most cases, as no visible textural changes accompany the 

reaction; however, Sandberg (1975) has shown ultrastructural 

changes do take place which are detectable only by the SEM. 

Most carbonate muds contain abundant aragonite from 

the disintegration of calcareous green algae (Neumann and 

Land, 1975) and chemical precipitations caused by agitation, 

salinity changes, heating or biochemical action of bacteria 

(Folk, 1965). 

Aragonite may change to low Mg calcite with or without 

the presence of water. For all practical purposes, conver

sion of aragonite to calcite without the presence of water 

at surface temperatures and pressures may be considered 

nonexistent (Mathews, 1968). 
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Land (196 7) defined two methods by which aragonite 

converts to calcite. The solid state method involves the 

inversion or exsolution of calcite with no void formation. 

The second, more commonly accepted method is the voidless 

dissolution of aragonite and precipitation of calcite 

(Schmidt, 1965). 

The following observations on freshwater diagenesis 

are paraphrased from Mathews (1968) . Conversion of 

aragonite to calcite occurs in the presence of stationary 

or moving waters. If the water is stationary or very 

slowly moving there is no net loss of material on the local 

level and calcite crystal growth is the rate step. If the 

water is moving relatively rapidly there is no time for 

calcite crystal growth at the site; there is a change in 

the fabric of the rock due to subtraction of calcium 

carbonate at one place and precipitation at another. The 

rate steps may differ within a few centimeters of each 

other. Calcitization of lime mud matrix initiates on cal

cite nuclei occurring within the matrix (from disinte

gration of originally calcitic grains) and the rate of 

calcitization is governed by calcite crystal growth. When 

water is saturated for calcium carbonate the calcite 

crystal growth step is much faster than the calcite 

nucleation step. An aragonitic matrix may become calcitized 

before aragonite grains. Early calcitization lithifies 
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the matrix, while allowing continuing solution of aragonite 

grains which forms secondary voids. If the water moves 

through rapidly only solution may occur; if slowly, very 

efficient solution and calcite precipitation may occur on 

a local level. 

Freidman (1964) has demonstrated an increasing order 

of stability of aragonite grains; skeletal grains, ooids, 

peloids and cryptocrystalline grains; the latter two and 

to some extent ooids sometimes resist dissolution. The 

most common method of aragonite stabilization in fresh 

groundwater involves dissolution of aragonite allochems 

forming a mold stage. In some cases aragonite shells or 

ooids become neomorphically replaced by calcite (Bathurst, 

1971; Steinen, 1974). 

Post Depositional Diagenesis of the Odom 

Early Subaerial Exposure and 
Freshwater Diagenesis 

The Odom was initially subjected to freshwater dia

genesis in a predominately vadose environment as is demon

strated by precipitation of aragonitic dripstone cement 

in voids which were formed by the dissolution of aragonite 

grains (Figs. 15 and 16). Neomorphic ferroan dolomite 

partially replaced originally aragonitic dripstone cements 

(Fig. 17), and also was precipitated in larger voids as 
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cement (Figs. 18 and 19). Partial collapse of many of the 

voids (Fig. 18) indicates that the matrix had not com

pletely lithified when the voids were formed, minerlogic 

stabilization was not complete. 

Odom ooids occur in grainstones (Fig. 7) with non

ferroan calcite cement which appears to be locally developed, 

and in packstones (Fig. 8) which have been extensively 

recrystallized. The ooids exhibit several modes of dia

genesis and preservation. In some cases ooids have been 

partially to completely micritized; others have been 

recrystallized to calcite microspar and psuedospar, some 

commonly exhibit ghosts of the original concentric 

lamination; still others have been dissolved leaving 

oomoldic porosity (Fig. 7). 

Phylloid algae, and other aragonitic shelled crea

tures in the phylloid algal facies, have similar states of 

diagenesis as those in the ooids. The large vugs encountered 

in the Odom initially were formed by dissolution of 

phylloid algae (Figs. 19 and 20). 

Some of tne larger voids left by the dissolution of 

aragonite, are filled to varying degrees with originally 

aragonitic (now calcitized or dolomitized) dripstone 

cements (Figs. 15, 16 and 17). At this time some of the 

matrix was partially calcitized, but the stabilization was 

not complete as mineralogic stabilization is relatively 

slow in vadose zones (Jacka and Brand, 19 77). 
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Dolomitization 

Neomorphic dolomitization, a new texture is formed, 

takes place when dolomite replaces aragonite (Jacka, 

19 75) or forms void filling dolomite cements. Neomorphic 

dolomite forms euhedral crystals, and neomorphic dolostones 

commonly have excellent intercrystalline porosity (Jacka, 

1975). 

The process of dolomitization requires a solution 

• , , • 2+ enriched in Mg , either by stabilization of high Mg 

calcite or from the waters themselves (Folk and Land, 

1974). Two methods have been proposed for the dolomiti

zation of subtidally deposited carbonates. One method is 

seepage refluxion of brines which have been enriched in Mg 

by precipitation of gypsiom or anhydrite owing to evaporative 

drawdown (Adams and Rhodes, 1960; Deffeyes, Lucia, and 

Weyl, 1965). The seepage refluxion mechanism does not 

harmonize with the obvious evidence of freshwater dia

genesis and lack of evaporites in the Odom. The second 

mechanism is the freshwater lens hypothesis (Hanshaw, 

Back, and Dieke, 1971; Land, 1973; Badiozamani, 1973). 

This method requires dolomite to form in the zone of 

2+ mixing between freshwater and Mg rich seawaters. Steinen 

(19 74) studied a modern freshwater lens where metastable 

carbonates are being converted to limestone. He found no 

dolomite at the base of the freshwater lens or below. At 
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the present time no truly acceptable model for the dolo

mitization of subtidally deposited carbonates, such as 

those encountered in the Odom, has been proposed. 

Ferroan dolomite cements, ranging in diameter from 

150 to 280 microns, partially to completely occlude the 

voids left by the dissolution of aragonitic shells and 

ooids (Figs. 8, 18, 20 and 21) and in some intrabiotic 

cavities as in the zooecia of bryozoa (Fig. 6). This 

ferroan dolomite could only have formed in a reducing 

phreatic environment. The necessary ferrous iron for 

formation of ferroan cements comes from the groundwater 

(Neal, 1969). Ferroan dolomite also replaces some of the 

originally aragonitic dripstone cements and uncalcitized 

peloids and micritized bioclasts. The possibility that 

dolomitization of the Odom may have been associated with a 

fresh water lens cannot be eliminated. 

Late Freshwater Diagenesis 

Following dolomitization the Odom was subjected to a 

second episode of freshwater diagenesis during which 

recrystallization of the matrix, dedolomitization, calcite 

cementation, and silicification occurred. 

Dedolomitization is the process by which calcite 

replaces dolomite. Experimentation by DeGroot (1967) and 

observation by Evamy (1967) indicates that dedolomitization 

is a near surface process. Evidence for dedolomitization 
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consists of relics of incompletely replaced dolomite 

crystals (Fig. 22); psuedomorphs of calcite after dolo

mite; grain boundaries of dolomite remaining as ghosts 

within the newer calcite generation (Figs. 23 and 2 4) 

(Shearman, Khouri and Taha, 1961) . These various states 

are encoxontered in the Odom. Odom dedolomite is of the 

type described by Shearman and others (1961) wherein the 

calcite crystals are larger than the dolomite crystals 

they replaced (Figs. 22 and 25). 

Some Odom ferroan dolomite was replaced during 

recrystallization of the matrix by coarse psuedospar 

crystals (Figs. 19 and 25); many selectively dolomitized 

portions of the matrix have been dedolomitized (Figs. 

18 and 21) ; some ferroan dolomite has been replaced by a 

second generation of calcite cements growing into unfilled 

voids as epitaxial extensions (overgrowths) of coarsely 

recrystallized calcite crystals of the matrix (Fig. 19). 

It is interesting to observe that the ferroan dolomite 

does not seem to be as stable as nonferroan dolomite; 

where Odom ferroan dolomite is being calcitized it is 

noted to lose much of its ferrous iron (Figs 26 and 27), 

possibly by incongruent dissolution of the iron (Jacka, 

personal communication, 1978). Loss of ferrous iron is 

inferred from the response of dolomite to potassium ferri

cyanide stain. Dolomite crystals which are not being 
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replaced by calcite are stained a deep blue, while those 

that have been replaced appear very light blue (Figs. 21, 

26 and 27). Thus dolomitization was preceeded by and 

followed by episodes of freshwater diagenesis. 

The micrite matrix of the oobiopackstones of the 

Odom phylloid algal mounds has been extensively recry

stallized to microspar and psuedospar with undulose 

extinction, a "petrographic footprint" for a solution-

precipitation reaction (Jacka, 1974). Most of the calcite 

matrix is now in the form of psuedospar. Many of the 

criteria set forth by Folk (1965) are met: the psuedospar 

replaces only the mirite matrix; peloids, calcite shells 

and micritized shells are not affected. The change from 

micrite to spar involves a coarsening of crystal size and 

subsequent decrease in surface area (Folk, 1965). Syn-

taxial rims did not form on crinoid columnals which were 

completely coated by micrite envelopes, as noted by Evamy 

and Shearman (1965). 

Body cavities of originally calcitic invertebrates 

are filled with drusy scalenohedral calcite cements. If 

shells were micritized drusy crusts of scalenohedral 

calcite crystals were formed and cavities later became 

filled by a mosaic of coarse equant calcite crystals 

(Fig. 11). In intrabiotic cavities of unmicritized shells 

epitaxial cements precipitated on the calcitic inner shell 

layers. 
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The final cement precipitated in larger voids was 

ferroan calcite (Figs. 21 and 2 8) which occurs as an outer 

band on nonferroan calcite cement crystals. This clearly 

records precipitation in a reducing phreatic environment 

(Jacka and Brand, 1977). 

Diagenesis of Upper Crinoidal-
Bryozoan Grainstone Facies 

The capping crinoidal-bryozoan grainstone facies is 

cemented primarily by epitaxial cements which were deposited 

as optically continuous overgrowths on monocrystalline 

crinozoan components. Overgrowths expand outward engulfing 

other particles of crinozoan and bryozoan debris. Over

growths also form compromise boundaries with each other; 

the form of the boundaries depends on relative crystallo-

graphic orientations of the original echinodermal nuclei 

and the distance between them. The distance relates to the 

degree of simplification of the interdigitating growth 

front, the shorter the distance the more sutured the 

compromise boundary appears (Evamy and Shearman, 1965). 

All calcite cement, as well as the crinoid debris exhibit 

staining for ferroan calcite in the grainstones. This is 

possibly due to the relatively high percentage of ferrous 

iron encountered in the crinoids themselves (Jacka, personal 

commianication, 1978) . Epitaxial cement rims of crinoids 

often invade zooecia of adjacent bryozoa (also see 

Meyers, 19 74). 
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As the crinoidal-bryozoan grainstone constitutes the 

top of the Odom, one would expect it to possess the least 

well developed phreatic overprint; however, it shows 

evidence of extensive phreatic diagenesis, such as the 

large amount of ferrous iron present in the cement, indi

cative of reducing phreatic diagenesis. 

It is possible that a disconformity separates the 

crinoidal-bryozoan grainstone from the underlying algal 

mound and oolitic facies. Freshwater diagenesis of the 

crinoidal-bryozoan grainstone thus may have occurred later 

and is probably related to a subsequent episode of svb-

aerial exposure. 

Silicification 

Some replacement of carbonate by silica is manifest 

in the Odom. Megaquartz and length slow chalcedony tend 

to replace shells, while microquartz replaces micrite 

matrix (Fig. 29), peloids and micritized grains (also see 

Jacka, 1977). Siliceous sponge spicules, which may be 

indicative of deeper or muddier water, occur at the 

extreme eastern portion of the study area (Fig. 14). The 

sponge spicules consist of length fast chalcedony and form 

a nucleus around which length fast chalcedony precipitates 

to replace some of the matrix. Where silicification of 

carbonate matrix took place (Fig. 14) the chert contains 

porphyroblasts of ferroan dolomite. This would appear to 
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indicate that the silica was not derived from solution of 

sponge spicules but from groundwater. Silica initially 

replaces skeletal components and some ooids, suggesting 

that organic decomposition creates microenvironments 

conducive to silica nucleation (Jacka, 1974). Some 

siliceous sponge spicules were replaced by ferroan calcite. 

Doubly terminated silica porphyroblasts are abundantly 

scattered throughout the matrix. 

Emplacement of silica probably accompanied the second 

episode of freshwater diagenesis because only shells con

sisting originally of calcite or Mg calcite were replaced 

by silica (Figs. 14 and 30). This suggests that silici

fication occurred after dissolution of aragonitic shells, 

which took place during the first episode of freshwater 

diagenesis. 

Stylolites 

Stylolites of the Odom are essentially horizontal. 

Black organic material has been concentrated along stylo-

lite seams (Fig. 31). Stylolites are usually explained 

by pressure solution (Bathurst, 1971). The form reflects 

variations of solubility along the interface between areas 

involved in the differential solution. The more soluble 

portions of the carbonate dissolved more readily than 

others, skeletal particles are not as soluble as the 

micrite matrix. Stylolites are generally assumed to be 
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post cementation as they have been observed to transect 

cements. It is suggested that they begin in partially 

cemented sediments and by releasing CaCO-. drive the recry

stallization to completion. Presiomably growth of stylo

lites stops when permeability is so low from cementation 

that ion transport away from the solution film is 

inhibited (Bathurst, 1971). Odom stylolites are a late 

diagenetic event because ferroan dolorndtes and late 

calcite cements have been transected (Fig. 31). 



CHAPTER IV 

POROSITY 

Primary Porosity 

Original lime muds have porosities of forty to 

seventy percent (Ginsberg, 1964; Bathurst, 1966; Pray and 

Chequette, 196 6) much of which is often lost in the course 

of diagenesis (Bathurst, 1975). The original primary 

porosity develops in sheltered voids, intrabiotic cavities 

and grainstones. Any primary porosity that may have 

existed has been occluded; preserved Odom porosity is of 

a secondary nature. 

Development of Secondary Porosity 

The porosity of the Odom developed from the dissolu

tion of aragonite grains in a freshwater diagenetic 

environment. Ooids, phylloid algae, and some inverte

brates, notably pelecypods, are assumed to have been 

originally aragonitic in composition as are their recent 

counterparts. 

In a meteoric vadose zone or any zone of alternate 

wetting and drying by freshwater, as in a zone of ground

water fluctuation, mineralogic stabilization is slow in 

comparison to phreatic zones; it takes longer for the 
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aragonite to complete the process of stabilization. It 

was in such a zone that aragonite grains of the Odom must 

have dissolved. The matrix was not completely lithified 

when the aragonite grains dissolved as there is evidence 

of partial collapse and resulting fractures, creating 

solution channels. The large vugs encountered in the 

phylloid algal facies developed by the dissolution of 

aragonite grains that could dissolve and form porosity. 

Occlusion of Porosity 

Infiltering marine sediments and calcite cements 

filled the body cavities of brachiopods and ostrocods. 

The calcium carbonate filling the voids likely came from 

the dissolution of the aragonite. There is an excess of 

2+ 2 — 

a little over eight percent of Ca and CO^ ions when

ever aragonite, which is denser than calcite, dissolves 

(Pingatore, 1970). 

Primary interstitial porosity among allochems in 

oolitic and crinoidal-bryozoan grainstones was occluded by 

scalenohedral calcite cements which were precipitated from 

fresh groundwaters. These calcite cements are ferroan 

only in the crinoidal-bryozoan grainstones where the 

ferrous iron may have come from the crinoids. These ferroan 

calcite cements were epitaxially precipitated on mono-

crystalline crinozoan components and commonly invade 

zooecia of adjacent bryozoans. 
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During the initial predominately vadose stage of Odom 

diagenesis, some aragonitic dripstone cements were precipi

tated in some of the larger voids formed by dissolution of 

relatively large aragonitic shells, such as pelecypods 

and pnylloid algae. 

The first stage of phreatic diagenesis is represented 

by ferroan dolomite, which precipitated in many of the 

voids. Voids left by dissolution of aragonite shells, 

ooids and phylloid algae are partially to completely 

occluded by ferroan dolomite. 

The latest stage of meteoric phreatic diagenesis was 

characterized by dedolomitization, extensive recrystalli

zation of micrite matrix of psuedospar, calcitization of 

londolomitized dripstone, and the final stage of calcite 

and ferroan calcite cementation (Fig. 32). 

Retention of Porosity 

All porosity retained in the Odom is secondary; the 

phreatic stage of diagenesis did not complete the process 

of filling voids. 

The largest secondary voids in the Odom were initiated 

from dissolution of aragonitic phylloid algae. These voids 

were partially filled by: (1) meteoric vadose calcite and 

aragonitic dripstone cement; (2) ferroan dolomite; (3) 

blocky equant calcite; (4) thin bands of ferroan calcite 
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which occur as overgrowths on blocky, equant calcite cement 

crystals. 

Much oomoldic porosity has also been preserved in 

oolitic grainstones aiid packstones that overlie the mound 

complex. 



CHAPTER V 

PARAGENESIS 

The Odom was deposited in a marine environment. 

Marine internal sediments partially to completely filled 

body cavities of some invertebrates while micrite 

envelopes, micritized shells and peloids were formed. 

The state of diagenesis encountered in the Odom indi

cates that the carbonate buildups were subaerially exposed, 

subjecting them to a first stage of freshwater diagenesis. 

High Mg calcites were the first components to stabilize; 

most aragonitic shells and ooids were dissolved. While 

the matrix was being calcitized and lithified, aragonite 

dripstone cements were forming in large secondary voids 

formed by dissolution of phylloid algae. 

Subsequently, dolomitizing fluids discharged through 

the Odom and some aragonitic dripstone cements and other 

uncalcitized aragonitic allochems were neomorphically 

replaced by coarsely crystalline ferroan dolomite. Most 

ferroan dolomite was precipitated as cement. Formation 

of ferroan dolomite requires a reducing phreatic environ-

2+ 2+ 
ment and groundwater enriched in both Mg and Fe 

It is possible that formation of ferroan dolomite was 
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associated with the development of a freshwater coastal 

lens. 

Following dolomitization, the Odom was subjected to 

a second episode of freshwater (meteoric) diagenesis with 

a predominant phreatic overprint. Whatever dripstone 

cements remained undolomitized were replaced by radial 

fibrous calcite. Meteoric nonferroan calcite cements 

precipitated in voids and at the same time ferroan dolo

mite was being massively replaced by both calcite cement 

and recrystallizing psuedospar. Those ferroan dolomite 

crystals which were partially dedolom.itized lost much 

ferrous iron. The last episode of cementation is represented 

by ferroan calcite. Except in the crinoidal-bryozoan facies 

where it forms extensive epitaxial cement, the ferroan 

calcite forms only very thin crusts lining the interior 

portions of the largest voids. 

The fact that there is some preserved porosity from 

the dissolution of aragonite allochems is proof that the 

phreatic diagenesis was arrested before all porosity became 

occluded. 

Throughout most of the Odom cements were deposited in 

specific sequence: (1) meteoric vadose aragonite and calcite 

cements, (2) ferroan dolomite cements, (3) nonferroan calcite 

cements, and (4) ferroan calcite cements. 
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Ferroan calcite cements are much more extensively 

developed in the capping crinoidal-bryozoan grainstone than 

in other intervals of the Odom. It has previously been 

suggested that crinoids and bryozoans may have colonized 

the Odom after a rise in sea level and transgression or 

that a disconformity may separate this facies from the 

underlying oolitic facies. These ferroan calcite cements 

were precipitated in a reducing meteoric phreatic diagenetic 

environment. 

Silicification was probably a late diagenetic event, 

as it replaces only calcitic shells; this indicates that 

silicification occurred after aragonitic grains had been 

dissolved. 

Stylolite formation was a late diagenetic event 

because ferroan dolomite and late calcite cements were 

transected. 



CHAPTER VI 

CONCLUSIONS 

1. The Odom was originally deposited as a phylloid 

algal moiind in a marine environment. Ooids developed in 

the upper regions and in channels between mounds. 

2. Micritization took place in the marine environ

ment, forming micrite envelopes, and peloids. A few 

allochems became thickly algal-coated, especially in the 

easternmost portion of the study area. Marine internal 

sediments infiltered body cavities of some invertebrates. 

3. The phylloid algal mounds were subaerially 

exposed and a stage of vadose diagenesis began. Aragonite 

allochems were dissolved. Aragonite dripstone cements 

were precipitated in the largest voids. 

4. A rise in sea level probably occurred wherein 

the mounds were partially submerged, s\ibjecting the Odom 

to meteoric diagenesis in a freshwater lens. The first 

stage of phreatic diagenesis is represented by precipitation 

of neomorphic ferroan dolomites in voids, as well as 

replacing whatever aragonite had not been completely 

stabilized, such as aragonite dripstone cements. 

5. The second stage of phreatic diagenesis is repre

sented by the extensive dedolomitization, recrystallization 
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of the matrix and precipitation of nonferroan and ferroan 

calcite cements. The dedolomite is all of the type 

described by Shearman and others (1961) as that wherein 

the dolomite was replaced by calcite crystals (sparry 

cement and psuedospar) which are much larger than the 

original dolomite crystals. 

6. All preserved porosity in the Odom is secondary 

and records selective dissolution of aragonitic ooids and 

phylloid algae. The largest vugs encountered in the Odom 

were developed by dissolution of phylloid algae. The 

process of phreatic diagenesis did not go to completion, 

or all the secondary porosity would have been occluded. 

7. Secondary porosity was not formed in the eastern 

portion of the Odom because there are no aragonitic allochems 

to dissolve. 

8. Siliceous sponge spicules encountered in the east 

of the study area may be indicative of muddier or deeper 

water. 

9. Because dedolomitization is a near surface 

process, it would seem that the previous development of 

ferroan dolomite was also a near surface process. 

10. The last stage of cementation in the algal mound 

complex is represented by the precipitation of thin crusts 

of ferroan calcite in the innermost edges of some voids. 
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Fig. 6. Photomicrograph. Crinoidal-bryozoan 
grainstone, epitaxially cemented by ferroan calcite. 
Ferroan dolomite (F) cement fills the zooecia of 
some bryzoa. Detrital quartz (Q) is scattered 
throughout the matrix. Plane polarized light. 
(Each small scale division equals 38 microns.) 
Suburban Propane - Ada Adrian #1, 5770-5780. 
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Fig. 7. Photomicrograph. Oograinsotne facies. 
Ooids have formed around quartz grains. Plane polar
ized light. (Each small scale division equals 38 
microns.) Suburban Propane - Ada Adrian #1, 5780-
5790. 
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Fig. 8. Photomicrograph. Ferroan Dolomite 
cement precipitated in oomolds. Some of the ooids 
have collapsed, indicating the matrix was not 
completely lithified when the aragonite dissolved. 
Plane polarized light. (Each small scale 
division equals 38 microns.) Suburban Propane -
Ada Adrian #1, 5780-5790. 
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Fig. 9. Photomicrograph. Phylloid algal molds 
filled with calcite cement. Plane polarized light. 
(Each small scale division equals 93 microns.) R. L. 
Bums - Hill #1A, 5709. 

Fig. 10. Photomicrograph. Micritized shell 
wall of Fustulipora, zooecia filled with calcite spar. 
Plane polarized light. (Each small scale division 
equals 60 microns.) R. L. Bums - Hill #1A, 5697. 
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Fig. 11. Photomicrograph. Brachiopod shell 
filled with marine internal sediment, and drusy 
scalenohedral calcite. Shell is partially silici-
fied (S). Micrite envelope developed on shell. 
Plane polarized light. (Each small scale division 
equals 38 microns.) R. L. Bums - Sears Unit #1, 
5758. 
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Fig. 12. Photomicrograph. Phylloid algal-
bryozoan facies. Phylloid algal molds have been 
filled with calcite cement, bryozoan fragments 
are scattered throughout the micrite. Plane 
polarized light. (Each small scale division 
equals 93 microns.) R. L. Burns - Hill #1A, 5707. 
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Fig. 13. Photomicrograph. Algal coated 
calcitic bioclast; silica is replacing calcite. 
Crossed polarizers. (Each small scale division 
equals 38 microns.) Pan American - Williams #1, 
5430-5440. 
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Fig. 14. Photomicrograph. Originally 
opalline silica sponge spicules provided nuclei 
for precipitation of length fast chalcedony; 
length fast chalcedony sxibsequently replaced 
surrounding matrix. Crossed polarizers. (Each 
small scale division equals 38 microns.) Pan 
American - Williams #1, 5430-5440. 
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Fig. 15. Photomicrograph. Originally 
aragonitic allochem was dissolved and the sub
sequent mold was filled with aragonitic dripstone 
cement (D). The dripstone has been replaced by 
calcite. The final stage of cementation in the 
void was by ferroan calcite. Plane polarized 
light. (Each small scale division equals 38 
microns.) R. L. Bums - Sears Bye #4, 5748. 
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Fig. 16. Photomicrograph. Radial fibrous calcite 
has replaced gravitational aragonitic dripstone cement 
(G). Plane polarized light. (Each small scale division 
equals 93 microns. Up is to the right.) R. L. Burns -
Sears Bye #4, 5749. 



57 

Fig. 17. Photomicrograph. Originally 
aragonitic dripstone cement has been predominately 
replaced by radial fibrous calcite (C) and some 
ferroan dolomite (D). Plane polarized light. 
(Each small scale division equals 60 microns.) 
R. L. Bums - Sears Unit #1, 5769. 
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Fig. 18. Photomicrograph. Ferroan dolomite 
has precipitated in oomolds. Some ferroan dolo
mite is xandergoing dedolomitization (D) and 
losing ferrous iron. Plane polarized light. 
(Each small scale division 38 microns.) R. L. 
Bums - Sears Unit #1, 5763. 
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Fig. 19. Photomicrograph. Example of 
dedolomitization. Ferroan dolomite precipitating 
along the edge of a large void formed by dissolu
tion of aragonitic algae. Micrite matrix was 
recrystallizing and calcite psuedospar crystals 
were replacing ferroan dolomite inward toward 
the original void. Plane polarized light. 
(Each small scale division equals 93 microns.) 
R. L. Bums - Hill #1A, 5707. 
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Fig. 20. Relatively large voids in the Odom 
Limestone core caused by dissolution of aragonitic 
phylloid algae. R. L. Bums - Hill #1A, 5707. 
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Fig. 21. Photomicrograph. Originally aragonitic 
allochem was dissolved and partially filled by 
ferroan dolomite cement. The dolomite is being 
replaced by calcite, with the sxibsequent massive 
loss of ferrous iron. Crximbly fractures trans
ecting the allochem are being filled with ferroan 
dolomite and ferroan and nonferroan calcite cement. 
Plane polarized light. (Each small scale division 
equals 38 microns.) R. L. Burns - Sears Bye #4, 
5763. 
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Fig. 22. Photomicrograph. Calcite (C) 
replacing dolomite rhomb (dedolomitization). Plane 
polarized light. (Each small scale division equals 
10 microns.) R. L. Burns - Sears Unit #1, 5758. 
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Fig. 23. Photomicrograph. Calcite cement 
replacing ferroan dolomite. Faint blue stain indicates 
loss of ferrous iron from ferroan dolomite. Plane 
polarized light. (Each small scale division equals 
38 microns.) R. L. Burns - Sears Unit #1, 5763. 
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'Fig. 24. Photomicrograph. Calcite cement 
replacing ferroan dolomite. Faint blue stain indi
cates loss of ferrous iron from ferroan dolomite. 
Crximbly fracture (F) developed after dissolution 
of aragonite before the matrix lithified. Plane 
polarized light. (Each small scale division equals 
38 microns.) R. L. Burns - Sears Unit #1, 5763. 
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Fig. 25. Photomicrograph, Calcite psuedospar 
(P) replacing ferroan dolomite. The replacing cal
cite crystals are larger than the original dolomite 
crystals. Plane polarized light. (Each small 
scale division equals 10 microns.) R. L. Bums -
Sears Unit #1, 5762. 
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Fig. 26. Photomicrograph. Ferroan dolomite 
cements being precipitated in voids left by dissolu
tion of aragonitic allochems. Dedolomitization was 
accompanied by massive loss of ferrous iron. Plane 
polarized light. (Each small scale division equals 
38 microns.) R. L. Burns - Hill #1A, 5698. 
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Fig. 2 7. Photomicrograph. Ferroan dolomite 
xandergoing dedolomitization, with massive loss of 
ferrous iron as indicated by faint blue stain. Plane 
polarized light. (Each small scale division equals 
9 3 microns.) R. L. Bums - Sears Bye #4, 5 749. 
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Fig. 28. Photomicrograph. Algal coated 
arthropod spine, void space has been filled with 
ferroan calcite. Ferroan dolomite has precipi
tated in fractures along the edges. Plane 
polarized light. (Each small scale division equals 
38 microns.) Sxaburban Propane - Ada Adrian #1, 
5780-5790. 
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Fig. 29. Photomicrograph. Microquartz 
replacing calcite matrix. Micritized bryozoan 
provided organically produced microenvironment 
conducive to silica nucleation. Crossed polarizers, 
(Each small scale division equals 38 microns.) 
R. L. Bums #1A, 5706. 
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Fig. 30. Photomicrograph. Ooids, which have 
been calcitized, of the oograinstone have developed 
aroxind quartz grains. Overgrowths on the quartz grains 
show ghosts of original concentric laminations (C). 
Crossed polarizers. (Each small scale division equals 
38 microns.) Sxiburban Propane - Ada Adrian #1, 
5780-5790. 
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Fig. 31. Photomicrograph. Stylolite (S) tran
secting ferroan dolomite and late calcite cements. 
The ferroan dolomite is xindergoing dedolomitization, 
with accompanying loss of ferrous iron. Plane 
polarized light. (Each small scale division equals 
38 microns.) R. L. Burns - Sears Unit #1, 5763. 
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Fig. 32. Phylloid algal mold filled with 
dolomite and calcite cements in Odom Limestone core, 
R. L. Burns - Sears Bye #4, 5745. 
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