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CHAPTER I 

INTRODUCTION 

The Mississippian Chappel Limestone is a major 

hydrocarbon-bearing unit throughout an arcuate band 

along the western shelf-basin margin of the Fort Worth 

Basin (Fig. 1). Its importance as an exploration target 

reflects both the productiveness of the Chappel itself 

and the existence of as many as ten or more pay zones in 

overlying beds which are draped over Mississippian reefs. 

Geophysical data is an important tool used in 

locating Chappel reefs. Young, Throckmorton, Stephens, 

and Shackelford Counties have been the areas of the most 

intensive seismic work within the trend. 

In the center of the trend, in Shackelford County, 

lies an area known as the Northeast Shackelford (Missis

sippian) Field. Though the Chappel has been productive 

in this area for many years, very little information has 

been published about its environments of deposition, 

diagenesis, and porosity relationships, either regionally 

or locally. Therefore, the existence of subsurface data 

in the form of cores and cuttings from this field and 

adjacent areas provides an excellent opportunity to study 

the Chappel Limestone. 



Obj ectives 

1. Determine the lithofacies, biofacies, and 

depositional environments in which these Mississippian 

carbonates were formed. 

2. Interpret the diagenetic events which were 

recorded in the rocks and delineate the sequence in uhich 

these events occurred (Paragenesis). 

3. Determine the factors which have resulted in 

formation, occlusion and preservation of porosity. 

4. Formulate a model based on this information 

which may be of use in the interpretation of similar 

carbonate buildups. 

Location 

Northeast Shackelford (Mississippian) Field is 

located northeast of the town of Albany in the northeast

ern quarter of Shackelford County, Texas. This area is 

roughly 7.2 miles long by 2.3 miles wide and follows a 

northeast-southwest trend. 

A list of wells with their locations, used in this 

study, appears in Appendix A. Cores and cuttings from 

these wells were utilized in determination of local and 

regional environmental, diagenetic, and porosity rela

tionships . 



Methods of Study 

Correlations of subsurface units were based upon 

density and induction log characteristics. This data 

served as a basis for the following subsurface maps: 

structure contour maps on the top of the Ellenburger 

Group and the top of the Chappel (Fig, 2), isopachpous 

map of the Chappel (Fig. 3). The above maps provided 

courtesy of the Jones Company, Limited, were studied 

prior to selection of the wells to be used in this study. 

Wells sampled in this study were selected on the 

basis of availability and relationship to Chappel build

ups in the area. These include both wells with good 

Chappel production and wells with poor Chappel produc

tion. 

Slabbed cores were described in detail and photo

graphed. Sample cuttings, collected at five foot 

intervals, were described under a stereomicroscope. 

Approximately 150 thin sections were prepared from 

selected intervals in the cores and cuttings to determine 

the distribution of biofacies, lithofacies, and diagen

etic relationships. 

All thin sections were stained with a mixture of 

Alizarin Red S and potassium ferricyanide (according to 

the method of Lindholm and Finkelman, 1972) to distin

guish between ferroan and nonferroan calcite and dolomite, 
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Permanent coverslips were mounted on all thin sections 

and the slides were then studied under a binocular 

petrographic microscope. In each well the vertical 

sequence of biofacies, lithofacies, and diagenetic 

relationships was determined. In order to illustrate 

facies and diagenetic relationships photomicrographs 

were taken. 

Regional Geologic History 

The area which was later to become the Fort Worth 

Basin was located on the eastern flank of the Texas 

Craton at the beginning of Paleozoic time (Flawn, 1956). 

Shallow seas advanced from the southeast onto this 

area during the Cambrian and early Ordovician depositing 

sandstones and gravels of the lower Riley, interbedded 

shales and limestones of the upper Riley and lower 

Wilberns, and limestones and dolomites of the upper 

Wilberns and Ellenburger (Turner, 1957). 

A broad upwarp known as the Texas Arch developed 

across central Texas in the middle Ordovician and 

continued as a positive element throughout the early 

Mississippian. The area known as the Fort Worth Basin, 

situated on the northeast flank of the Texas Arch, was 

assumed to be emergent from the medial Ordovician 

through the Devonian, because rocks of this age are not 

found in the area (Cloud and Barnes, 1948). In 



Mississippian time the Chappel Limestone was deposited 

as a broad tract of fringing reefs around the western 

rim of the Fort Worth Basin followed by deposition 

of the Barnett Shale. 

The Texas Arch was largely submerged and downwarp 

of the Ouachita geosyncline began to develop to the east 

during late Mississippian through early Pennsylvanian 

time. The Barnett and Comyn (Duffer) formations were 

deposited at this time throughout the Fort Worth Basin, 

exhibiting a limestone facies to the west which grades 

eastward into shales and sandstones in the direction of 

the geosyncline (Turner, 1957). Upwarping along the old 

axis of the Texas Arch and the beginning of tectonic 

activity to the north, in the vicinity of the Red River 

Arch, near the end of Mississippian time, caused partial 

erosion of the Barnett and Comyn (Duffer). 

Local Stratigraphy 

A typical stratigraphic correlation chart for West 

Central Texas is shown in Figure 4. Most wells drilled 

in northeastern Shackelford County in search of 

Mississippian production are terminated somewhere in the 

lower part of the Chappel owing to production problems 

caused by penetration of the Ellenburger. The following 

descriptions are based on analysis of available well 

samples and published descriptions of the Ellenburger 

Group and Chappel and Barnett formations. 



The Mississippian lies unconformably upon the 

Ellenburger Group in the study area. The Ellenburger 

ranges in thickness from approximately 1400 feet in 

outcrop in the Llano region to several thousand feet in 

thickness in the northern part of the Fort Worth Basin. 

The Ellenburger in outcrop and subsurface is described 

as a clean, light colored, fine- to coarse-grained, 

dolomite with patches of sublithographic limestone 

(Fillman, 1958). 

The Ellenburger is overlain by the Chappel Lime

stone, of Osagian age, which ranges in thickness from a 

feather edge in outcrop near Llano (Plummer, 1950), to 

a thickness in excess of 360 feet in the study area, to 

a maximum -thickness of approximately 500 feet in other 

parts of the Fort Worth Basin (Turner, 1957). In outcrop 

it has been described as a hard, gray to olive gray, 

rose to dull pink crinoidal limestone (Cloud and Barnes, 

1948). 

In the subsurface the Chappel consists of two 

distinct electric log types (Chappel A and Chappel B) 

(Fig. 5) and four distinct biofacies. Chappel carbonates 

consist of skeletal and mud supported rocks containing 

sparry calcite and dolomite cements filling primary and 

secondary voids, and skeletal grainstones cemented by 

calcitized radial fibrous, cloudy, submarine cements. L. 



Nodular silica and neomorphic dolomite are found in 

some intervals. Accessory minerals are pyrite and 

glauconite. The invertebrate fauna includes bryozoans, 

crinozoans, undifferentiated echinoderm fragments, 

siliceous sponge spicules, ostracods, brachiopods, 

trilobites, mollusks, and rugose corals. 

The Barnett Shale, upper Osagian to lower Chesterian 

in age (Haas, 1955), overlies the Chappel Limestone 

unconformably (Cloud and Barnes, 1948). It ranges in 

thickness from fifty feet in the Llano area to more than 

450 feet in the northeastern part of the Fort IVorth 

Basin (Turner, 1957). In outcrop it has been described 

as a black, weathering to brown, dense, petroliferous, 

bituminous shale with flattened, ellipsoidal, calcareous 

concretions, eight to thirty-six inches in diameter 

(Plummer, 1950). In the subsurface the Barnett is 

commonly described as a black, petroliferous, slightly 

calcareous shale. 



CHAPTER II 

ENVIRONMENTS OF DEPOSITION AND BIOFACIES 

The Chappel Limestone of northeastern Shackelford 

County was deposited in shallow marine subtidal environ

ments as a broad tract of fringing reefs along the 

western perimeter of the Fort Worth Basin (Fig. 1). 

Usage of the term reef to describe carbonate mounds 

of the Chappel Limestone is opposed to most concepts of 

reefs which have been expressed in the literature. 

Therefore, a brief review of reef concepts must preface 

a description of carbonate buildups in the Chappel. 

The most widely accepted definition of the term 

reef for almost thirty years has incorporated rigid, 

wave resistant structures which were actively built by 

frame-building and sediment-binding organisms (Lowenstam, 

1950). Unfortunately, a reef as defined by Lowenstam 

is merely one extreme in an array of subtly differing 

associations and morphologies. 

Wave resistance is a relative concept, and the 

degrees of rigidity required by organisms to build their 

substrates into turbulent zones depend upon relative 

strength of waves in each environment. The power of 

breaking waves depends on depth and extent of a body of 

water, and wind speed, duration, and fetch (Gross, 1972). 

8 
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Therefore, waves in lagoons or shallow epicontinental 

seas would be much less powerful than those of the open 

ocean. Thus, organisms which built structures into zones 

of wave turbulence in epicontinental seas could be much 

smaller and weaker than the hexacoral-red algal 

assemblage building into surf zones of modern oceanic 

regimes. Both Pray (1958) and Elias and Condra (1957) 

suggested that fenestellid bryozoa had some capability 

for producing wave resistant structures in shallow 

epicontinental, Paleozoic seas. 

Recognition of extensive submarine, inorganic 

cementation in carbonate rocks, since the publication of 

Lowenstam's definition of a reef in 1950, presents 

another problem. Submarine cementation has the potential 

to form rigid structures at least as wave resistant as 

organic frameworks that have previously been considered 

as the main producers of wave resistance in reefs. 

Submarine cementation operates on organisms in much the 

same way as sediment-binders, like encrusting coralline 

red algae, do in modern coral-algal reefs. Both act 

only on skeletons of dead organisms to produce rigid 

frameworks. Coralline red algae encrust dead organisms 

on the Alacran reef (Kornicker and Boyd, 1962). In the 

Chappel Limestone submarine cements encrust micritized 

bryozoans. Micritization occurred after the organism 

died; therefore, submarine cementation occurred on dead 
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bryozoans. Marine internal sediment rests on submarine 

cements showing that lithification of buildups was 

sufficiently early for them to have been wave resistant. 

Perhaps a more practical definition of the term 

reef, and the one to be used in this paper, was proposed 

by Heckel in 1974. Reefs, by his definition, are 

carbonate buildups which display evidence of potential 

wave resistance, or of having formed in turbulent waters, 

and show some degree of control over surrounding 

environments. Development of flank beds and distinct 

facies within the reef complex show influence of reefs 

on surrounding environments (Heckel, 1974). Wave 

resistance may be a result of organic forces (encrusta

tion, sediment-binding, or wave-baffling by organisms), 

inorganic forces (submarine or subaerial cementation), 

or both. 

Bryozoans and crinozoans formed carbonate buildups 

with flank beds and differentiated facies in shallow 

Mississippian epicontinental deposits of the Chappel; 

these mounds were wave resistant due to early lithi-

fication by submarine cementation. Therefore, such 

buildups may correctly be termed reefs. 

Biofacies 

Based upon available core and cuttings data, reef-

associated limestones in northeastern Shackelford 
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County can be divided into two major facies: (1) reef 

core and (2) reef flank. Distinct biofacies can be 

delineated within these two facies, some representing 

life assemblages and others, especially on reef flanks, 

representing an aggregation of skeletal material derived 

from several environments. 

Three vertical biofacies and three lateral biofacies 

occur in the Chappel Limestone of this area (Fig. 6). 

The vertical distribution of biofacies in ascending order 

consists of: (1) echinodermal, (2) bryozoan-echinodermal, 

and (3) bryozoan. The lateral distribution of biofacies, 

from the center of Chappel buildups outward, consists of: 

(1) bryozoan, reef core facies, (2) echinodermal, reef 

flank facies, and (3) sponge spicule, reef flank facies. 

Bryozoan Biofacies 

Skeletal boundstones, packstones and grainstones, 

dominated by cryptostomous and cyclostomous bryozoans, 

constitute the bryozoan biofacies (Fig. 7). Less 

abundant constituents are echinodermal components, 

ostracods, brachiopods, fragments of rugose corals, and 

molds of aragonitic mollusk shells (Figs. 12, 14, 26). 

Trilobite fragments occur in minor amounts. Many 

bryozoans occur in growth position. 
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Bryozoan-Echinodermal Biofacies 

Packstones and grainstones of this biofacies are 

transitional between bryozoan biofacies above and 

echinodermal biofacies below (Fig. 8). Skeletal 

components include: cryptostomous bryozoans, echino

dermal components, ostracods, brachiopods, trilobite 

fragments, and molds of aragonitic mollusk shells. 

This biofacies contains more echinoderm fragments than 

in the bryozoan biofacies and more bryozoans than in 

the echinodermal biofacies. Most bryozoans are repres

ented by broken bioclasts rather than being in growth 

position. 

Echinodermal Biofacies 

Packstones and grainstones dominated by disarti

culated components of blastoids, crinoids, and echinoids 

form this biofacies (Figs. 9, 19, 20, 21). Other 

skeletal components include: cryptostomous and cyclo

stomous bryozoan fragments, ostracods, brachiopods, 

molds of aragonitic mollusk shells, and trilobite 

fragments (Figs. 31, 32, 33). Shale residue stringers 

and stylolites occur throughout this biofacies. 

Sponge Spicule Biofacies 

On reef flanks, beyond the packstones and grain

stones of the echinodermal biofacies, wackestones and 

packstones containing abundant siliceous sponge spicules 
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occur (Fig. 10). The spicules are preserved as either 

nonferroan calcite, ferroan calcite or dolomite, or the 

silica polymorphs, opal, microquartz, or chalcedonite. 

These spicules are large monaxons with well developed 

central cavities. According to Majewski (19^4), modern 

calcisponges produce spicules of solid, monocrystalline 

calcite with a network of small canals, whereas, a 

single large central cavity is diagnostic of glass 

sponges. If the same morphologic characteristic can 

be applied to Mississippian forms, then the sponges 

which produced spicules with large central cavities in 

the Chappel Limestone were originally opaline in 

composition. Glauconite occurs throughout this bio

facies . 

Biofacies Synopsis 

Mississippian reefs in northeastern Shackelford 

County were created through the actions of submarine 

cementation and sediment-baffling and trapping by 

bryozoans and crinozoans. Organisms colonized different 

habitats within the reef complex according to their 

environmental requirements. 

Crinozoan meadows served as a pioneer community for 

Chappel mounds. Bryozoans, ostracods, brachiopods, 

mollusks, and trilobites occupied niches in this commun

ity. The crinozoans had some ability to stabilize 
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soft sediment (Harbaugh, 1957), and allowed the complex 

to assume lateral biostromal growth with some incipient 

vertical biohermal growth. However, these mounds were 

not reefs. 

At some point conditions became more favorable for 

bryozoan growth and they thrived on an equal basis with 

crinozoans. The transitional bryozoan-echinodermal 

biofacies was deposited at this time. Submarine 

cementation was initiated at this time. Eventually, 

bryozoans became the dominant organisms on the mound 

crests, forming reef core facies, and beginning a stage 

of mostly vertical biohermal reef growth. Echinoderms 

adapted to growth on the sloping sides of the reef and 

formed reef flank facies along with some talus from the 

reef core. Siliceous sponges colonized lower parts of 

the reef flanks. Paucity of other skeletal material 

in this biofacies suggests deeper, perhaps muddier water 

in this environment. Samples and electric log data 

show that this was indeed a muddier environment. 

The presence of scattered oolites in both the reef 

core and reef flank suggests that an oolite facies, 

perhaps representing tidal channel or oolite bar 

deposits, must exist somewhere in the reef complex, 

probably in inter-reef areas. Because only reefs are 

primary exploration targets, no examples of inter-reef 

areas were available for this study and the actual oolite 

facies was not located. 
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Regional Observations 

Examination of eleven feet of core from Throck

morton County that became available after thesis work 

was essentially completed revealed interfingering of 

bryozoan reef core facies and echinodermal reef flank 

facies similar to that observed in the study area. 

In addition, examination of cuttings from wells in 

other parts of the trend (Appendix A) also revealed 

these same basic biofacies. 



CHAPTER III 

MORPHOLOGY AND GEOLOGIC HISTORY OF THE REEF COMPLEX 

Individual Chappel reefs in northeastern Shackelford 

County have a maximum areal extent of 221 acres. Some 

northeast-southwest elongation of reefs is indicated by 

Chappel isopachous maps. Maximum relief is at least 337 

feet and perhaps more. Paucity of well data in inter-

reef areas makes a true calculation of maximum relief 

difficult. Flank beds exhibit dips ranging from twelve 

to thirty-three degrees (Fig. 11). Some values probably 

reflect slumping on reef flanks; therefore, it is 

difficult to derive a correct figure for true depositional 

dip. 

Two possible explanations for growth of these reefs 

exist. Either they formed in deep water in one 

continuous growth stage without interruption, or they 

formed in several growth stages. Evidence shown in 

core and cuttings data does not favor the deep water, 

uninterrupted growth hypothesis. Diagenetic evidence, 

to be discussed in detail in Chapter IV, suggests that 

growth of reefs was interrupted, exposure to fresh water 

occurred, reefs were submerged, and then recolonized 

at least four times. 

Chappel deposition was initiated on an unconformable 

surface of the Ordovician Ellenburger Group. Crinozoan 

16 
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meadows formed on paleo-highs or on residual highs 

possibly formed adjacent to current scoured areas. 

Niche dwellers within this community were: cryptostomous 

and cyclostomous bryozoans, ostracods, brachiopods, 

mollusks, and trilobites. Although buildups formed at 

this time were not reefs, crinozoans had some ability 

to stabilize soft sediments (Harbaugh, 1957), and 

allowed lateral biostromal growth with some incipient 

vertical biohermal growth to occur. 

At some point conditions became more favorable for 

bryozoan growth and they thrived on an equal basis with 

crinozoans, forming the transitional bryozoan-echino

dermal biofacies. Submarine cementation was initiated, 

vertical biohermal growth occurred, and true reef 

formation began. 

As bryozoans became the dominant organisms, lateral 

facies differentiation occurred. The bryozoan biofacies 

formed the reef cores, the echinodermal biofacies 

formed the upper reef flanks, and the sponge biofacies 

formed the lower reef flanks (Fig. 6). 

At least four times reef growth was interrupted, 

emergence occurred, fresh water diagenesis took place, 

and fractures and some sheltered void porosity in upper 

portions of the reef were filled with black shale and 

debris washed up from flank areas. Reefs were then 

submerged and recolonized by bryozoans. 
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In late Mississippian time a final massive influx of 

fine clastic sediments of the Barnett Shale blanketed 

the reefs and terminated reef growth. 

Stratigraphic Controversy - "Chester" versus Chappel 

Lack of understanding of the geologic history of 

the reef complex has given rise to some misconceptions 

about the Mississippian limestones of this area. On 

the basis of sample descriptions and electric log 

characteristics, Mississippian limestones in the study 

area have been called "Chester" and Chappel by many 

people in the petroleum industry. The "Chester" has 

been described as a brown, cherty, shaley limestone that 

shows shale breaks on gamma ray logs. The Chappel has 

been described as a white, crinoidal, bryozoan, fractured, 

crystalline limestone, appearing as a very clean lime

stone on gamma ray logs. 

Detailed petrographic work in the study area has 

shown that the "Chester", Chappel log type A in the 

study area (Fig. 5), is actually formed by the two reef 

flank biofacies, the echinodermal biofacies and the 

sponge spicule biofacies, and could more properly be 

called Chappel. The limestones that have previously 

been the only recognized Chappel in the area, Chappel 

log type B (Fig. 5), are really the bryozoan reef core 

facies and very clean parts of the echinodermal reef 

flank biofacies. 
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The recognition of only the bryozoan reef core 

facies as Chappel limestones in this area has created 

another problem in terminology. By mapping limestones, 

which are in reality only one biofacies in the reef 

complex, these reefs appear to be pinnacles, and have 

long been referred to as Mississippian Chappel pinnacle 

reefs, both in the literature (Evanoff, 1977) and 

colloquially. If all the Chappel biofacies are mapped, 

these reefs no longer appear to be pinnacles.) 
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CHAPTER IV 

DIAGENESIS OF THE CHAPPEL LIMESTONE 

Early Diagenesis in the Marine Environment 

Micritization 

Micritization of skeletal components occurred 

early in the diagenetic history of the Chappel Limestone 

Recent micritized carbonate grains have been reported 

from various localities (Bathurst, 1966; Kendall and 

Skipwith, 1969). 

Endolithic algae micritize many modern carbonate 

grains (Bathurst, 1966). It has been suggested that 

fungi may also contribute to the process of micri 

tization (Gatrall and Golubic, 1970). Algae or fungi 

bore into carbonate grains, the borers die, vacate 

tubular borings, and then tubes become infilled with 

micrite (aragonite or Mg calcite). Thin walled shells 

may become completely micritized, while thick shells 

may become centripetally bored (and filled) to form 

micrite envelopes. Endolithic algae and fungi form 

micrite envelopes which have irregular contacts with 

carbonate grains (Bathurst, 1966). 

Extensive boring causes carboante grains to become 

structurally weakened and easily rounded. In fact, 

many peloids are formed in this manner. 

20 
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A type of micrite envelope which forms around 

unaltered grains has been described by Kobluk and Risk 

(1977). The genus Ostreobium, a filamentous and 

endolithic alga, may also have an epilithic or chasmo-

lithic (filaments grow outside the substrate) growth 

habit. Upon death of algal filaments, crystal growth may 

begin on insides of filaments. However, it is uncertain 

whether or not exterior crystal growth begins at this 

time or somewhat later. Calcification of the entire 

filament eventually occurs. Micrite envelopes produced 

by this process could be formed very rapidly, in the 

geologic sense, involving only a matter of weeks. 

The source of precipitated calcite may be the calcium 

carbonate removed by algae during boring. Precipitation 

may also be a result of organic material and mucilaginous 

coatings on algal thalli with associated bacterial 

activity, providing a local microenvironment suitable 

for concentration of metal ions and a pH suitable for 

inducement of precipitation (Kendall and Skipwith, 

1969). 

Many skeletal grains in the Chappel have micrite 

envelopes. Relatively thin envelopes occur on thicker 

shelled organisms, brachiopods and crinozoans (Fig. 12). 

Thin shelled cryptostomous bryozoans commonly have the 

entire shell wall micritized (Fig. 7). Degree of 
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micritization, either resulting from endolithic algae 

or fungi, is related to shell thickness and ease of 

boring. 

Submarine Cementation 

Modern reefs and other subtidal carbonates are 

cemented in the marine environment by aragonite or high-

Mg calcite cements. Cementation may begin less than 

one centimeter below the living surface of a reef 

(Ginsburg and Schroeder, 1973), and reef rock may 

become a well lithified limestone less than one half 

meter below the reef surface (Ginsburg and Schroeder, 

1973). High-Mg calcite subtidal cements have been 

described as microcrystalline (Shinn, 1969), anhedral 

mosaics (Ginsburg and others, 1971), and acicular to 

equant micritic (Bathurst, 1975). In contrast, aragonite 

subtidal cements have been described as loosely packed 

acicular needles and fibrous fan druses (Shinn, 1969), 

mammilons of botryoidal aragonite (Ginsburg and James, 

1973), and radial fibrous acicular aragonite (Bathurst, 

1975). Needles and fibers are precipitated perpendicular 

to grain margins in an isopachous fringe (Shinn, 1969). 

Some of these cement morphologies also occur in inter-

tidal environments. However, intertidal submarine 

cements exhibit gravitational thickening and pore-

rounding, features of vadose environments (Dunham, 1971), 



which are not present in subtidal cements. 

In the bryozoan and bryozoan-echinodermal biofacies 

of the Chappel Limestone, radial fibrous isopachous 

calcite cements coat micritized and unmicritized bioclasts 

(Fig. 13). These cements are believed to be calcitized 

subtidal aragonitic cements because relict structures 

indicate some original fan druze (Fig. 14) and botryoidal 

(Fig, 7) morphologies. It should be noted that cloudy 

cement coating crinozoans often has multiple or wavy 

extinction, indicating that this was not simple, single 

crystal, epitaxial overgrowth cement (Fig. 14). 

Modern subtidal submarine cementation appears to 

be mostly restricted to windward edges of reefs, offshore 

shoals, and platforms (Shinn, 1969; Ginsburg and others, 

1971; Ginsburg and James, 1973). Lack of sample data 

from other wells surrounding the reef, examined in 

detail for this study, precludes any assumptions about 

the paleo-windward direction. 

In many cases lime sand and mud-sized marine 

internal sediments rest on submarine cements. In 

addition, intrabiotic cavities of some brachiopods, 

ostracods, and corals are partially filled with the 

same types of marine internal sediments (Figs. 12, 25, 

26) . 
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Mineralogic Stabilization of Modern Carbonates 

The dominant minerals in marine carbonates are 

aragonite and high-Mg calcite. Fresh water, usually 

having a slightly acidic pH and low salinity, favors 

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

Evidence will be presented indicating that the Chappel 

Limestone was stabilized during subaerial exposure in 

meteoric vadose and phreatic environments. Therefore, 

a brief prview of the principles and relationships that 

characterize stabilization in fresh water follows. 

High-Mg calcite content in lime muds is variable, 

depending on contributions of organisms whose skeletons 

are composed of high-Mg calcite. These organisms include 

echinoderms, certain foraminifera, red algae, bryozoans, 

arthropods, and alcyonarians today (Matthews, 1966). 

The first components of modern carbonates to stabilize 

in fresh water are composed of high-Mg calcite (Gavish 

and Friedman, 1969). 

Two processes by which high-Mg calcite may be 

converted to low-Mg calcite have been proposed by Land 

(1967): (1) congruent dissolution, involving dissolution 

of high-Mg calcite, creating a void which may be filled 

with low-Mg calcite cement later, and (2) incongruent 

dissolution, involving concurrent solution and precipi

tation on a microscale. During incongruent dissolution 
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2+ 2-
pairs of Mg and CO.̂  ions leave the crystal lattice, 

2+ "' -
while associated Ca and CO.," remain behind; thus, 

calcite precipitates concurrently with removal of MgCO, 

and the solution becomes enriched for Mg ^. This process 

only occurs in the presence of CO^, demonstrating the 

importance of HCO^ in carbonate dissolution (Friedman, 

1964). Of the two methods, incongruent dissolution 

seems to be more prevalent, because no visible textural 

changes accompany the reaction. However, some ultra-

structure changes that can only be observed with the SEM 

have been noted (Sandberg, 1975). 

Most modern carbonate muds contain abundant aragonite 

produced by the disintegration of calcareous green 

algae (Neumann and Land, 1975) , and by chemical precipi

tation resulting from agitation, salinity changes, 

heating, or biochemical action of bacteria (Folk, 1965). 

Aragonite may alter to low-Mg calcite with or without 

the presence of water; however, conversion of aragonite 

to calcite without the presence of water at surface 

temperatures and pressures may be considered nonexistent 

(Matthews, 1968). 

Aragonite may be converted to calcite through 

two methods: (1) the solid state method, involving the 

inversion or exsolution of calcite with no void formation, 

and (2) the calcitization method, involving the voidless 
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dissolution of aragonite and precipitation of calcite 

(Schmidt, 1965). Of the two, calcitization is the more 

commonly accepted method. 

Aragonite grains exhibit differing rates of 

mineralogic stabilization in subaerial environments. 

The following aragonitic grains are arranged in order 

of increasing stability in freshwater: skeletal grains, 

ooids, peloids, and other cryptocrystalline grains 

(Friedman, 1964). Commonly, aragonite stabilization in 

fresh water involves dissolution of aragonitic shells 

and ooids, forming a mold stage. However, aragonitic 

shells and ooids may be neomorphically replaced by 

calcite (Bathurst, 1975; Steinen, 1974). 

Matthews (1968) made several observations of the 

response of aragonite to fresh water diagenesis; a 

review of his observations follows. Aragonite converts 

to calcite in the presence of either stationary or 

moving waters. There is no net loss of material on the 

local level and calcite crystal growth is the rate step 

if the water is stationary or moving slowly. There is 

not time for calcite crystal growth at the site if 

water is moving relatively rapidly, and a change in the 

rock fabric due to subtraction of calcium carbonate at 

one point and its precipitation at another occurs. In 

calcium carbonate saturated waters, the calcite crystal 
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growth step is much faster than the calcite nucleation 

step. In aragonite lime muds calcitization initiates 

on calcite nuclei, occurring within the matrix and the 

rate of calcitization is controlled by calcite crystal 

growth. Therefore, an aragonitic matrix may become 

calcitized before individual aragonitic grains, creating 

a lithified matrix relatively early while allowing 

continued solution of aragonite grains to form secondary 

voids. In rapidly moving waters only solution may 

occur; in slowly moving waters efficient solution and 

calcite precipitation may occur on a local level. 

Fresh Water Diagenesis of the Chappel Limestone 

Like its modern counterparts, the Chappel Limestone 

originally consisted of the following minerals: (1) 

aragonite (lime mud, gastropods, and pelecypods), (2) 

high-Mg calcite (lime mud, bryozoans, ostracods, and 

echinoderms), and (3) low-Mg calcite (brachiopods and 

corals). 

The Chappel Limestone contains abundant petrographic 

evidence of early meteoric diagenesis during at least six 

stages of subaerial exposure. The following criteria 

for subaerial exposure and meteoric diagenesis were 

observed in the Chappel Limestone of the study area: 

vadose internal sediment (Dunham, 1969a, 1969b), gravi

tational cement (Taylor and Illing, 19"1; Jacka, 1974a), 
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coarse blocky ferroan calcite or dolomite cement 

(Bathurst, 1971; Jacka and Brand, 1977), and crumbly 

fractures (Jacka and Brand, 1977). 

Examination of vadose internal sediments proved to 

be a valuable tool in deciphering the complex, multi-

cyclic diagenesis of these reefs. In the Chappel reef, 

examined in detail for this study, four distinct intervals 

of a vadose internal sediment (consisting of flank facies 

debris, including glauconite, in a black shale matrix) 

fill large fractures in the reef (Figs. 15, 16, 1"). 

In addition, layered, micritic carbonate occurs as 

another variety of vadose internal sediment, filling 

sheltered void porosity and fractures (Fig. 18). Both 

of these were deposited while the reefs were subaerially 

exposed as islands and the inter-reef areas remained 

submerged. Both were probably deposited near the end 

of a subaerial exposure cycle as sea level began to 

rise and the islands became submerged. The fact that 

some of these layered, micritic, carbonate, vadose 

internal sediments have been both dolomitized and then 

dedolomitized (Fig. 18), requires at least two more 

episodes of subaerial exposure in addition to the one 

which deposited them. 

Dissolution 

Prior to complete lithification of micrite matrix of 
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wackestones and packstones of the reef flanks, and 

aragonitic lime mud vadose internal sediments of the 

reef core, undersaturated waters passed through Chappel 

carbonates dissolving unstable aragonite shells. 

Aragonite bioclasts, which had been coated by micritic 

envelopes, were selectively leached, leaving hollow 

micrite envelopes. Dissolution of aragonitic mollusks 

produced some secondary moldic pososity. 

In mud supported sediments, progressive dissolution 

of aragonite shells initiated collapse of the matrix to 

form nontectonic crumbly fractures, a characteristic of 

a paleophreatic environment (Jack and Brand, 19"^"). 

Dissolution formed solution channels by enlarging 

fractures. Some solution channels cut through calcitic 

shells indicating that matrix lithification was 

incomplete at the time of fracture (Fig. 19). 

Silicification 

Some silica replacement of carbonate occurs in the 

Chappel Limestone. The tendency is for microquartz to 

replace micrite matrix (Fig. 10), peloids, and micritized 

grains (Jacka, 1977), while megaquartz (Fig. 20) and 

length-slow chalcedony replace shells. Siliceous 

sponge spicules occur on lower reef flanks. They now 

consist of opal, megaquartz, length-fast chalcedony, 

ferroan calcite, and ferroan dolomite (Fig. 10). Some 
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of the silica used in replacement of calcite could 

have come from spicule dissolution. However, in some 

cases spicules served as nuclei around which length fast 

chalcedony and microquartz precipitated in replacement 

of carbonate matrix (Fig. 10); this suggests that silica 

was derived from meteoric groundwaters. Initiation of 

silica replacement in skeletal components indicates 

that organic decomposition creates microenvironments 

conductive to silica nucleation (Jacka, 19"4b) . Doubly 

terminated quartz porphyroblasts are abundantly scattered 

throughout the matrix in upper intervals of reef flanks. 

In the Chappel, where silica replaces echinodermal 

bioclasts, ferroan dolomite rhombs form within silicified 

fields. This is an exsolution phenomenon caused by 

mobilization of the primary skeletal magnesium along 

expanding silica replacement fronts and its later 

precipitation as dolomite (Jacka, 1974b). Therefore, 

the echinodermal bioclasts were still high-Mg calcite at 

the time of silicification. Because echinodermal 

components are monocrystalline, exolved dolomite rhombs 

have the same optical orientation as the unreplaced 

echinodermal components. In some instances wherein 

monocrystalline crinozoan components have been partially 

replaced by silica, silicified areas are surrounded 

by bands of iron-enriched (ferroan) calcite which grade 

outward into normal (nonferroan) calcite. 
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Only calcite and high-Mg calcite shells were 

replaced by silica, suggesting that silicification 

occurred after dissolution of aragonitic shells. These 

observations contradict the findings of Gavish and 

Friedman (1969) and Land (1967) who concluded that 

high-Mg calcite stabilizes much more rapidly than 

aragonite in meteoric environments. Their conclusions 

were based upon the presence of much preserved aragonite 

in Recent sediments wherein high-Mg calcite had been 

completely stabilized to low-Mg calcite. However, the 

Strawn Limestone of New Mexico (Maley, 1977) also shows 

aragonite dissolution to predate complete stabilization 

of high-Mg calcite. 

Stabilization of High-Mg Calcite 

Stabilization of high-Mg calcite to low-Mg calcite 

during early subaerial exposure of the Chappel Limestone 

occurred through paramorphic stabilization to low-Mg 

calcite. This process created Mg" -enriched groundwater 

solutions. 

Dolomitization 

The pattern of dolomitization in the Chappel 

Limestone reflects the complex, multi-cyclic nature of 

its diagenesis. Some minor porphyroblastic dolomitization 

of aragonitic fan druze submarine cements occurred; 
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however, only layered, micritic, vadose internal 

sediments were dolomitized by slightly ferroan dolomite. 

Therefore, it may be inferred that these internal 

sediments were deposited during times of rising sea 

level near the ends of subaerial exposure cycles, after 

reef flank facies and reef core facies had stabilized 

in meteoric environments, and were later dolomitized 

during succeeding episodes of subaerial exposure, in 

reducing phreatic environments. 

Percolating groundwater was locally saturated with 

2 + Mg from high Mg calcite stabilization, while submarine 

cements and layered, micritic, vadose internal sediments 

were still aragonitic. Aragonitic fan druses of 

submarine cement were porphyroblastically dolomitized 

by nonferroan dolomite because radial fibrous calcite 

which replaced the aragonitic fan druses contains 

minute nonferroan dolomite rhombs (Fig. 13). Most 

lenses of layered, micritic vadose internal sediment 

were completely replaced by rhombic, neomorphic, ferroan 

dolomite (Fig. 7, 12, 18, 34). Paramorphic, texture-

preserving, dolomitization indicates replacement of 

calcite; while most neomorphic dolomitization indicates 

predominately aragonite precursors (Jacka, 19'75). 

Therefore, neomorphic dolomitization in the Chappel 

Limestone predates complete calcitization of aragonitic 

submarine cements and vadose internal sediments. 
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An early stage of dolomite exhibiting compromise 

boundaries (hypidiotopic fabric) was followed by dolomite 

having good rhombic crystal morphology (idiotopic fabric) 

in some voids (Fig. 7). Good intercrystalline porosity 

was retained in idiotopic dolomites, which exhibit heavy 

staining by black organic matter in thin section. In 

fact, so much organic matter is contained in dolomitized 

internal sediments that they often appear black in hand 

specimen (Fig. 22). The following evidence suggests that 

the black organic matter was emplaced in the dolomitized 

vadose internal sediment immediately after dolomitization. 

It occurs only in the dolomitized sediment and not in 

neighboring areas that still contain some porosity. 

The organic matter accumulated incrementally and not 

as one wave of migration. These relationships suggest 

that the organic matter was locally derived from the 

internal sediment. 

Peloids and calcite skeletal grains were unaffected 

by dolomitization, and aragonite bioclasts had probably 

been dissolved. This pattern is in accordance with 

Schmidt's (1965) susceptibility sequence to dolomitization, 

which in order of decreasing susceptibility is: lime mud 

matrix, aragonite skeletal grains, Mg calcite skeletal 

grains, and calcite skeletal grains. 
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Land and Epstein (1970) have suggested that Mg from 

the incongruent dissolution of red algae could become 

concentrated to a point at which dolomite could form in 

the Falmouth Formation of Jamaica. It is inferred that 

most of the Mg utilized in neomorphic dolomitization of 

marine internal sediments was derived locally from 

stabilization of high-Mg calcite skeletal grains (bryo

zoans and crinozoans). 

Calcitization and Aggrading Recrystallization 

Within wackestones and packstones of reef flanks, 

originally aragonitic lime muds stabilized to low-Mg 

calcite, and some were subjected to intense textural 

change. Aggrading recrystallization of micrite to 

microspar and pseudospar with undulose extinction 

occurred, a "petrographic footprint" for a solution-

precipitation reaction (Jacka, 1974b). Jacka and Brand 

(1977) have shown that aggrading recrystallization is 

a characteristic of paleo-phreatic zones. Thus, these 

intervals were exposed to continuously flowing water in 

the phreatic zone, where aragonite dissolution and 

calcite growth were most efficient. 

Micrite envelopes, in all biofacies, were calcitized; 

but only slight, if any, enlargement of crystals occurred. 

When aragonite needle fan druze crystals of reef core 



facies were calcitized considerable enlargement of 

crystals occurred (Fig. 13, 14, 18). 

Cementation 

Initial submarine cementation of Chappel reef 

core biofacies was followed by cementation in fresh water 

environments. Initial cementation of most Chappel reef 

flank biofacies occurred in meteoric environments. 

Cements precipitated in meteoric environments were: 

nonferroan and ferroan calcite, ferroan and nonferroan 

dolomite, and silica. 

The first generation cements precipitated in some 

voids were opal, length fast chalcedony, and megaquartz. 

These cements were followed by nonferroan and ferroan 

calcite cements which partially replaced first generation 

silica cements in some cases (Fig. 23). 

Inferrence of a vadose environment of formation for 

nonferroan calcite cements is based on: occurrence of 

gravitational cements (Fig. 24, 25), and the absence 

of ferrous iron in the cements, suggesting precipitation 

in an oxidizing environment (Bathurst, 1975). Mono-

crystalline grains are coated with thick optically 

continuous overgrowth crystals (Figs. 9, 20, 53), body 

cavities of micritized shells are coated with drusy 

crusts of scalenohedral calcite crystals, and intrabiotic 
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cavities of unmicritized shells are coated with epitaxial 

cements precipitated on calcitic inner shell layers 

(Fig. 26). 

Ferroan calcite cements are indicative of reducing 

environments in paleo-phreatic zones (Bathurst, 1975). 

They occur as blocky, equant cements, and where present 

in the same void as nonferroan calcite, postdate the 

nonferroan calcite. Banding or zonation of ferroan 

and nonferroan calcite in some cement crystals in the 

Chappel, reflects alteration of oxidizing and reducing 

environments, which possibly reflects zones of water 

table fluctuation (Fig. 25). Ferroan dolomite cements 

are also indicative of reducing environments in paleo-

phreatic zones. Ferroan dolomite cements postdate ferroan 

calcite cements in some Chappel intervals; in others, 

ferroan calcite postdates ferroan dolomite (Fig. 12], 

reflecting the complex multi-cyclic nature of Chappel 

diagenesis. 

A second episode of silica cementation occurred 

in which megaquartz replaced nonferroan and ferroan 

calcite cements (Fig. 27). This was the final void 

filling cement. Assumption of the late nature of this 

second episode of silica cementation is based on the 

following observations. Where silica replaces ferroan 

calcite, the ferroan calcite itself has replaced ferroan 
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dolomite. No other cement is observed to replace these 

silica cements. Therefore, silica may be inferred to 

be the final void filling cement. 

Dedolomitization 

Experimentation by DeGroot (1967) and observations 

by Evamy (1967) suggests that dedolomitization, the 

process by which calcite replaces dolomite, is a near 

surface process. Evidence utilized in the determination 

of dedolomitization consists of: relicts of incompletely 

replaced dolomite crystals, pseudomorphs of calcite 

after rhombic dolomite, and grain boundaries of dolomite 

remaining as ghosts within the newer calcite generation 

(Shearman, Khouri, and Taha, 1961). All of these 

features of dedolomitization are found in the Chappel 

Limestone. In addition, most Chappel dedolomite occurs 

within calcite crystals larger than the replaced dolomite 

crystals, a type described by Shearman and others (1961). 

Both dolomitized vadose internal sediments (Fig. 28) 

and dolomite void filling cements have been dedolomitized 

in the Chappel Limestone. 

Some ferroan dolomite has been replaced by second 

generation calcite cements growing into voids as epitaxial 

overgrowths on radial fibrous calcitized submarine cement 

crystals. The original submarine cement is cloudy, and 

the epitaxial overgrowths are clear and contain 
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inclusions of ferroan dolomite which exhibit varying 

degrees of dedolomitization (Fig. 18). Partially 

calcitized ferroan dolomite appears to have lost much 

of its ferrous iron during dedolomitization. Loss of 

ferrous iron may be inferred from the response of 

dolomite to potassium ferricyanide stain. Ferroan 

dolomite crystals are stained a medium to dark blue, 

while those that have been partially replaced are 

usually stained pale blue or the red denoting nonferroan 

calcite. 

The presence of dedolomitized vadose internal 

sediment constitutes evidence for at least three episodes 

of subaerial exposure in the Chappel Limestone, assuming 

that magnesium for dolomitization was derived from 

stabilization of high-Mg calcite shells. One episode 

of subaerial exposure was required to emplace it, a 

second to dolomitize it, and a third to dedolomitize it. 

Styolites 

Chappel stylolites are basically horizontal. 

Insoluable residues composed of pyrite and dead hydro

carbon have been concentrated along stylolite seams. 

In addition, dolomitization by ferroan dolomite is often 

associated with them; indicating that Chappel stylolites 

formed in reducing phreatic environments, probably very 

early in the diagenetic history of the Chappel Limestone. 
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The most commonly accepted explanation for stylolite 

formation invokes pressure solution (Bathurst, 1975). 

Stylolite form reflects variation in solubility along 

the interface between areas involved in differential 

solution. Stylolites are generally assumed to be post 

cementation features. They probably begin in partially 

cemented sediments and by releasing calcium carbonate, 

drive the recrystallization to completion. It is 

presumed that growth of stylolites stops when permeability 

is so low from cementation that ion transport away from 

solution films is inhibited (Bathurst, 1975). Chappel 

stylolites appear to postdate nonferroan calcite cements 

and to predate ferroan cements, becuase they transect 

only nonferroan calcite cements (Fig. 30). 

Shale residue stringers often occur in the same 

intervals where stylolites appear. Bioclasts near shale 

residue stringers often contain ferroan calcite and 

ferroan dolomite cements (Fig. 32). 

Diagenetic Synopsis 

Reef flank facies carbonates were subjected to 

diagenetic processes similar to those occurring in reef 

core facies sediments. However, difference in present 

diagenetic fabric between the two reflects original 

sediment composition. Reef flank sediments exhibit the 

following differences from those of the reef core: 
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(1) contain abundant originally opaline silica sponge 

spicules, (2) contain much greater abundance of echino

dermal components, (3) display high degrees of sorting 

and abrasion, (4) contain much original lime mud matrix, 

and (5) lack submarine cements. 

During subaerial exposure, some opaline spicules 

stabilized to other silica polymorphs and some silica 

was removed when opaline spicules were replaced by 

calcite or dolomite. Groundwater containing silica 

passed through the system and locally replaced carbonates 

and was precipitated as void-filling cement where 

conditions were favorable. 

Epitaxial nonferroan and ferroan calcite cements were 

precipitated as optically continuous overgrowths on 

monocrystalline echinodermal components in grainstones. 

A final stage of cementation by ferroan dolomite was 

not epitaxial on crinozoans (Fig. 9). These overgrowths 

expanded outward engulfing other particles of echino

dermal and bryozoan debris. Epitaxial cement rims on 

echinodermal components often invade zooecia of surround

ing bryozoans (Fig. 33). Very little micritization of 

skeletal material was present to inhibit precipitation 

of epitaxial overgrowths (Jacka, 1974a). 

During recrystallization of the lime mud matrix of 

wackestones and packstones of reef flanks, syntaxial rims 
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were formed on unmicritized crinozoans (Figs. 8, 21). 

Echinodermal components which were coated by micrite 

envelopes did not have syntaxial rims, an occurrence 

noted by Evamy and Shearman (1965). 

Chappel reef core facies lack the intense silici-

fication of reef flank facies, probably reflecting the 

absence of siliceous sponge spicules in reef core 

facies limestones. Chappel core facies limestones are 

predominately bryozoan, and therefore lack the intense 

development of epitaxial overgrowth cements and 

recrystallized syntaxial rims present in reef flank 

facies limestones. Instead, reef core facies limestones 

are characterized by calcitized and dolomitized sub

marine cements, and dolomitized and dedolomitized vadose 

internal sediments. 

Diagenetic Relationships Observed Outside the Study Area 

Examination of eleven feet of core from Throck

morton County, obtained after thesis work was essentially 

completed, helped to reinforce conclusions made concern

ing the study area. If flank facies material in a black 

shale matrix, filling fractures in bryozoan reef core 

facies of the study area, was indeed deposited during 

subaerial exposure of reefs, then thin beds of this 

shale should be found on reef flanks. Thin beds of this 

shale are found on flanks of the reef examined in detail 
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for this study; they are also found parallel to inclined 

bedding of the reef flank Throckmorton County core. 

Grainstones of the echinoderm biofacies in the 

Throckmorton core exhibit epitaxial overgrowths on 
r 

monocrystalline echinoderm fragments. Bryozoan biofacies 

in the Throckmorton core do not exhibit development of 

submarine cementation such as was noted in the reef core 

of the study area. This occurrence probably reflects an 

upper reef flank location for this core. Dipmeter data 

indicate that this well is on the flank of a Chappel 

reef. The presence of at least eight cross laminations 

of echinodermal reef flank material and bryozoan reef 

core material in an eleven foot interval, suggests that 

this core comes from an area near the reef flank-reef 

core boundary where bryozoan intervals would be rapidly 

buried by echinodermal flank facies material. Shinn 

(1969) observed that stable substrates and slow rates 

of sedimentation are required for the development of 

submarine cements. An environment, such as the one 

described above, would not be expected to show as much 

submarine cementation as that which formed in the core 

of a reef from the study area. 

Examination of cuttings from other parts of the 

trend showed some of the same diagenetic features 

described in the study area. Other reefs exhibited 
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submarine cementation, vadose nonferroan calcite 

cementation, phreatic ferroan calcite and ferroan 

dolomite cementation, silification, stylolites, and 

dolomitized vadose internal sediments. The presence of 

large fractures filled with black shale in bryozoan 

reef core facies could not be determined from cuttings. 

However, each interval of black shale, in the reef 

examined in detail for this study, corresponded to an 

indentation on the gamma ray log. Approximately 75 

percent of the reefs in Shackelford County show similar 

indentations on gamma ray logs. 



CHAPTER V 

POROSITY 

Development of Primary Porosity 

Primary porosity in Chappel carbonates consisted 

of the following: (1) original intergranular porosity 

of lime sands, (2) original intergranular porosity of 

lime muds, (3) intrabiotic cavities of organisms, and 

(4) sheltered voids between bryozoan fronds. 

Occlusion of Primary Porosity 

Original intergranular porosity of the bryozoan 

reef core biofacies was partially to totally occluded 

by early subtidal submarine cementation and infiltered 

marine internal sediment. Grainstones of the echino

dermal biofacies, formed by the winnowing of sediments 

in a relatively high energy environment, contained much 

original intergranular porosity. Rapid epitaxial 

cementation by low-Mg calcite on monocrystalline echino

dermal components led to almost total occlusion of 

primary intergranular porosity. 

Recent lime muds have porosities of 40 to 70 

percent (Ginsburg, 1964; Bathurst, 1966). Diagenesis 

usually reduces matrix porosities to less than 5 percent 

in ancient limestones (Bathurst, 19^5). In the Chappel 

Limestone aggrading recrystallization of m.icrite to 
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microspar and pseudospar has eliminated matrix porosities 

in wackestones and packstones. 

Primary porosity in intrabiotic cavities of Chappel 

carbonates has been partially to totally occluded by: 

(1) marine and vadose internal sediments, (2) vadose, 

scalenohedral, nonferroan calcite cements, and (3) 

phreatic, blocky, equant ferroan calcite and ferroan 

dolomite cements. Extent of cementation reflects 

relative length of exposure to vadose and phreatic 

environments. Where present, vadose cements usually 

only partially occlude primary intrabiotic cavity 

porosity. However, due to complex multicyclic diagenesis 

of the Chappel, vadose cements were usually followed by 

phreatic cements. These phreatic cements partially 

to totally occluded remaining intrabiotic cavity porosity. 

Where present as a first generation void fill, phreatic 

cements usually totally occlude primary intrabiotic 

cavity porosity. 

Sheltered void porosity between bryozoan fronds 

was partially to totally occluded by early submarine 

cementation and marine internal sediments. Remaining 

sheltered void porosity was partially to totally occluded 

by infiltered, layered, micritic, vadose internal 

sediments during subaerial exposure. 
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Preservation of Primary Porosity 

Primary porosity in the Chappel Limestone has been 

retained in the form of intrabiotic cavities of bryozoans 

and brachiopods and sheltered voids. Preservation of 

porosity in intrabiotic cavities reflects inefficiency 

of vadose cementation and limited exposure to phreatic 

cementation. Preservation of sheltered void porosity 

is due to incomplete submarine cementation and incomplete 

filling of sheltered voids by vadose internal sediment. 

Subsequent dolomitization of vadose internal sediment 

created a substrate hostile to later calcite cementation, 

thus preserving primary sheltered void porosity (Fig. 

34) . 

Development of Secondary Porosity 

Secondary porosity in the Chappel Limestone formed 

as a result of (1) dissolution of aragonitic bioclasts, 

(2) collapse of unlithified matrix to form crumbly 

fractures and enlargement of fractures to create 

solution channels, and (3) neomorphic dolomitization of 

lime mud vadose internal sediment. 

Occlusion of Secondary Porosity 

Secondary porosity in vugs and solution channels 

was partially to totally occluded through cementation 

by silica, nonferroan calcite, ferroan calcite, and 
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ferroan dolomite. Extent of cementation generally 

reflects the same control by duration of exposure to 

vadose and phreatic environments as that noted previously 

for primary intrabiotic cavity porosity. In most inter

vals of dolomitized vadose internal sediment secondary 

intercrystalline porosity in neomorphic dolomites was 

occluded by black organic matter derived from the inter

nal sediment itself. 

Preservation of Secondary Porosity 

Preserved secondary vugular and fracture porosity 

in the Chappel reflects inefficient vadose cementation 

and limited exposure to phreatic cementation. Secondary 

porosity in neomorphically dolomitized vadose internal 

sediments was retained due to the fact that calcite 

nucleation is extremely slow on dolomite substrates. 

Porosity Relationships in a Throckmorton County Core 

After thesis work was essentially completed, eleven 

feet of reef flank core was obtained from Throckmorton 

County. This core exhibits better porosity than either 

the reef flank core or the reef core facies core of the 

study area. Examination of this core showed that the 

porous intervals corresponded to broken bryozoan reef 

core facies material that was cross laminated with 

echinodermal reef flank facies material. Most porosity 
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in these intervals consists of original intrabiotic 

cavity porosity in bryozoan zooecia and original sheltered 

void porosity between bryozoans. This porosity was 

retained because of rapid burial of these intervals 

by echinodermal material precluding any development of 

submarine cements. In addition, secondary vugular and 

fracture porosity occurs throughout the eleven feet of 

core. Preservation of secondary porosity and primary 

porosity reflects lack of prolonged phreatic diagenesis. 

Data from this core suggests that optimum Chappel 

porosity may be developed on upper reef flanks, where 

rapid intercalation of bryozoan reef core facies and 

echinodermal reef flank facies, precludes development 

of submarine cementation. Extensive develooment of 

submarine cements requires slow rates of sedimentation 

and relatively stable surfaces (Schinn, 1969). Much 

original sheltered void porosity between bryozoans and 

intrabiotic cavity porosity in bryozoan zooecia might 

be preserved in this manner. 

Examination of cuttings from other parts of the 

trend show porosity relationships similar to those 

observed in the study area. 



CHAPTER VI 

PARAGENESIS 

The Chappel Limestone was deposited in subtidal 

marine environments. In this environment micrite 

envelopes, mciritized shells, and peloids were formed, 

marine internal sediments partially to completely filled 

intrabiotic cavities and intergranular porosity, and 

submarine cementation by botryoidal and fan druze 

aragonite occurred. 

The Chappel Limestone underwent extremely complex 

multi-cyclic diagenesis in freshwater environments. 

Aragonitic bioclasts were dissolved, silica was precipi

tated as void filling cement and as replacement of 

calcitic bioclasts, and high-Mg calcite bioclasts were 

stabilized to low-Mg calcite creating Mg -enriched 

groundwater solutions. Magnesium enriched groundwater 

caused porphyroblastic dolomitization of aragonitic 

fan druze submarine cements. Marine internal sediments 

were calcitized and porphyroblastically dolomitized, 

and aragonitic submarine cements were replaced by radial 

fibrous caJ^J^te. Vadose nonferroan calcite and phreatic 

ferroan calcite and ferroan dolomite cementation then 

occurred. As sea level began to rise, layered, micritic 

vadose internal sediments were deposited in both reef 
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flank and reef core biofacies. Vadose internal sediments 

consisting of flank facies clasts in a black shale 

matrix were deposited in large fractures of the reef 

core. 

Eventually the reef was totally submerged and then 

recolonized. During a subsequent second cycle of sub

aerial exposure, the entire sequence of events listed 

above was repeated with one additional step. After 

stabilization of high-Mg calcite created Mg ^-enriched 

groundwater solutions, vadose internal sediments from 

the preceeding cycle of subaerial exposure were dolo

mitized neomorphically by ferroan dolomite while 

porphyroblastic dolomitization of submarine cements 

was occurring. 

The reef was submerged and recolonized again. 

During a third cycle of subaerial exposure, the processes 

occurring during the first and second cycles were 

repeated with one additional step. Partial to total 

dedolomitization of vadose internal sediments dolomitized 

in the previous cycle occurred. During dedolomitization 

much ferrous iron in dolomitized vadose internal sediments 

was lost. 

The presence of four distinct intervals of black 

shale vadose internal sediment suggests that the 

Chappel Limestone,in the study area, was subjected to 
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at least six times. 

5. Porosity preservation and degree of diagenetic 

alteration reflect original sediment characteristics and 

length of exposure to vadose and phreatic meteoric 

environments. 

6. Primary porosity consisted of original matrix 

porosity in lime muds and lime sands, intrabiotic 

cavities of bryozoans and brachiopods, and sheltered 

voids between bryozoans. Secondary porosity consisted 

of crumbly fractures, solution channels, vugs, and 

intergranular porosity in neomorphically dolomitized 

vadose internal sediment. 

7. Primary porosity in grainstones of reef flanks 

was occluded very early by rapid epitaxial cementation 

on monocrystalline echinoderm fragments. 

8. Primary intrabiotic cavity porosity in bryozoans 

and brachiopods was preserved in those intervals which 

were subjected to initial vadose diagenesis, and which 

were later subjected to limited phreatic diagenesis. 

9. Primary sheltered void porosity between bryo

zoan fronds was preserved in those intervals where 

submarine cementation and vadose internal sedimentation 

incompletely filled sheltered voids. Later dolomitiza

tion of vadose internal sediments by slightly ferroan 

dolomite in reducing phreatic environmenst, created 

substrates hostile to later calcite cementation. 
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10. Secondary fracture and vugular porosity was 

retained in those intervals which were subjected to 

limited phreatic diagenesis. 

11. Some minor retention of secondary intergranular 

porosity in neomorphically dolomitized vadose internal 

sediments was observed in some intervals. However, in 

most intervals this porosity was occluded by black 

organic matter derived from the internal sediment 

itself. 

12. Reef core biofacies show better porosity than 

reef flank biofacies because they contain less echino- • 

dermal debris and were therefore not rapidly cemented 

by vadose and phreatic cements which were epitaxially 

precipitated on monocrystalline echinoderm fragments. 

13. Examination of core and cuttings from other 

parts of the trend showed that some of the same features, 

observed in the study area, persisted in other Chappel 

reefs. 
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Well Name Location 

Archer County, Texas 

Burns Trust #2-#lY McKinney Jeff. County Sen. Sur 

Callahan County, Texas 

Jones-#l Dyer "133" Sec. 133, BBB^C Sur. 

Burns Trust #2-#lE Williams 
Jacobs-#lA Matthews "78" 

Throckmorton County, Texas 

Sur. 675, A-276, TE^L Sur 
Sec. 4, Blk.X, AB^M Sur. 

Shackelford County, Texas 

Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Jones 
Musse 

-#1 Doss 
-#1C "King 
§Victory-# 
-#1B Pitze 
-#1C Pitze 
-#1 Pitzer 
#4 Sedwic 

^Westland-
^Westland-
^Westland-
^Westland-
^Victory-^ 
^Westland-
^Westland-
5Victory-# 
§Victory-# 
-#3 Walker 
-#2 Walker 
-#2 Walker 
1man -# 3 N a 

1 Musselman 
r 
r 
"508" 

"3^" • J 

"374" 
"374" 

Tt y t f 

s. 
s. 
s. 
s. 

k 
n 
#1 
#1 
#2 
1 s. 
#2 S 
#1 S 
1 s. 
1 s. 

Green 
Green 
Green 
Green 

Green " 
Green 
Green 

Green " 
Green " 

Buckler "36 
Buckler "37 
Buckler "38 
il "65" 

"49' 
"50' 
"55' 
"55' 
59" 
"59' 
"61' 
65" 
70" 
8" 
1" 
0" 

Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec . 
Sec. 
Sec, 
Sec. 
Sec. 
Sec, 
Sec. 
Sec. 
Sec. 
Sec . 
Sec. 

1533, TE^L Sur 
17, BAL Sur. 
33, BAL Sur. 
374 , TE^L Sur. 
374, TE^L Sur. 
508, TE^L Sur. 
7, 
49 
50 
55 
55 
59 
59 
61 
65 
70 
568 
3:'l 
380 
65, 

T^P Sur 
Blk.ll 
Blk.ll 
Blk.ll 
Blk.ll 
Blk.ll 
Blk.ll 
Blk.l2 
Blk.l2 
Blk.l2 
TE^L Sur. 
TE^L Sur. 
TE^L Sur. 

Blk.lO, ET Sur. 

T^P 
T^P 
T^P 
T^P 
T^P 
T^P 
T^P 
T^P 
T^P 

Sur . 
Sur , 
Sur 
Sur 
Sur 
Sur 
Sur 
Sur 
Sur 

Stephens County, Texas 

Jones-#2 Ackers 
Jones^Westland-#2 E. Green 
Wright, et.al.-#4 Powers 

"J t! 
A-99, James Lee Sur. 
Sec. 1508, TE^L Sur. 
A-52, J.W. DeGraffenreid 

Sur. 
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Fig. 1. Map of West Central Texas showing general (outlined 
area) occurrence of Mississippian Chappel reef fields along 
the western perimeter of the Fort Worth Basin. Shaded square 
indicates study area. 
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Fig. 2. Structure contour map of the Chappel 
B zone in Northeast Shackelford (Nliss issippian) 
Field. (modified from a Jones Co., Ltd. map) 
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Fig. 4. Stratigraphic correlation chart. (Adapted from 
Geological Contributions of the Abilene Geological Societv, 
1976)! 



69 

Fig. 5. Cross section through a Chappel reef in , 
Northeast Shackelford (Mississippian) Field. 
Vertical scale: 1 inch = 80 feet; horizontal not I 
to scale. All logs are compensated formation 
density. Line of cross section shown on Figure 
3. 
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Fig. 7. Bryozoan boundstone of the bryozoan biofacies 
shows micritized bryozoans in growth position with cloudy 
botryoidal submarine cement (B). Original sheltered void 
porosity between incompletely cemented bryozoans has been 
filled with dolomitized vadose internal sediment (D). Each 
small division equals 9.3 microns. Plane light. 

Fig. 8- Packstone of the bryozoan-echinodermal biofacies. 
Echinoderm fragments show encrustation by bryozoa (B) and 
development of syntaxial rims (S). Each small division 
equals 9.3 microns. Crossed polarizers. 
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Fig. 9. Crinozoan grainstone of the echinodermal biofacies. 
Nonferroan and ferroan calcite cements are epitaxial on 
crinozoans. Ferroan dolomite cements (D) are not epitaxial 
Each small division equals 38 micrometers. Plane light. 

Fig. 10. Monaxon spicules (S) of the sponge spicule bio
facies. Some spicules are still siHceous and served as 
nuclei for replacement of calcitic matrix by l.f. chalce
dony and microquartz. Some spicules have been replaced 
by ferroan dolomite (F). Each small division equals 38u. 
Crossed polarizers. 
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Fig. 11. Inclined beds within the echinodermal reef flank 
biofacies. 
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Fig. 12. Brachiopod with thin micrite envelope has cal
citized submarine cement on exterior of shell and layer 
of marine internal sediment, layer of calcitized submarine 
cement, layer of dolomitized vadose internal sediment, non 
ferroan and ferroan dolomite cement? nucleating on dolo
mitized internal sediment, and finally ferroan calcite 
tipped spar rests on dolom.ite cements in interior of shell 
Each small division equals 9.3 microns. Plane light. 
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Fig. 13. Radial fibrous calcitized (formerly aragonitic) 
submarine cement on micritized bryozoans of the br>'ozoan 
biofacies contains dolomite porphyroblasts (D). Each 
small division equals 38 microns. Crossed polarizers. 

Fig. 14. Calcitized submarine cement on echinoderm frag
ment (E) shows wavy extinction. Calcitized submarine cement 
on micritized bryozoans shows fan druze morphology (F). 
Each small division equals 58 microns. Crossed polarizers. 
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Fig 15. Large fracture in bryozoan reef core facies 
tilled with black shale and clasts broken from wall of 
fracture. 

Fig. 16. Fracture in bryozoan reef core biofacies is 
filled by flank facies debris in a black shale matrix 
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Fig. 17. Photomicrograph of interval shown in Fig. 16. 
Fracture within bryozoan reef core facies is filled by 
black shale and reef flank material including glauconite 
(G), in a black shale matrix. Each small division equals 
9.3 microns. Plane light. 

.Fig. 18. Dolomitized vadose internal sediment (D) is being 
dedolomitized by clear calcite cements (C) epitaxial on 
earlier cloudy calcitized submarine cement. Each small 
division equals 38 microns. Plane light. 
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Fig. 19. Echinoderm packstone shows crumbly fractures 
transecting echinoderm fragment. Cement which fills frac 
ture is epitaxial with monocrystalline crinoid column. 
Each small division equals 38 microns. Plane light 

Fig. 20. Megaquartz partially replaces micritized bryozoan 
in grainstone of the echinodermal biofacies. Each small 
division equals 38 microns. Crossed polarizers. 
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Fig. 21. Echinoderm fragment with syntaxial rim shows re 
placement by silica containing exolved ferroan dolomite 
rhombs. Each small division equals 9.5 microns. Plane 
light. 
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Fig. 22. Dolomitized vadose internal sediment fills pri 
mary sheltered void (S) and intrabiotic cavity (I) poro 
sity in bryozoan reef core biofacies. 
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Fig. 23. Ferroan calcite replacing length slow chalcedonv 
Botryoidal morphology of chalcedony has been pseudomorphe 
(B). Each small division equals 10 microns. Crossed 
polarizers. 
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Fig. 24. Brachiopod (B) in bryozoan reef core biofacies 
shows pillar of vadose gravitational cement with dolo
mitized vadose internal sediment resting on the cement. 
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Fig. 26. Unmicritized ostracod (0) has epitaxial cement 
(E) and marine internal sediment on base of shell. Each 
small division equals 38 microns. Crossed polarizers. 

Fig. 2 7. Megaquartz (light gray) replaces ferroan :i::d non
ferroan calcite in a fracture. Eazh small division equals 
9.3 microns. Crossed polarizers. 
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Fig. 28. Dedolomitization of dolomitized vadose internal 
sediment by calcite crystals larger than the original 
dolomite crystals. Some remnants of dolomite (D) remain 
Each small division equals 10 microns. Plane light. 

Fig. 29. Cryptostomous bryozoan of echinoderm biofacies 
Each small division equals 30.6 microns. Plane light. 
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Fig. 32. Packstone of echinoderm biofacies shows shale 
residue stringer (S). Cryptostomous bryozoan zooecia 
near shale residue stringer have ferroan dolomite and^ 
ferroan calcite cements. Each small division equals / 
microns. Plane light. 
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br\'ozoan 
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^r-itaxial cement on echino'ierm f^^aement iru'.>!es 
zooecia (Z < . Each small division equals 9.5 
Crossed polarizers. 


