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ABSTRACT 

The Pennsylvanian Caddo Limestone (Desmoinesian) of Stephens 

County, Texas, is a thick-hydrocarbon bearing carbonate unit. The uppermost 

Caddo is an algal-mound structure formed by the sediment-baffling effect of 

phylloid algae. Two cores south and southeast of Breckenridge, Texas were 

investigated petrographically and using geophysical logs. Within the cored 

intervals, multiple shallowing-upward mounding cycles can be recognized. Six 

depositional lithofacies were recognized and were associated with six 

depositional environments. These associations are: (1) Sponge Spiculite -

Deep Water, (2) Fusulinid - Crinoid - Komia Packstone/Grainstone - Debris Bed 

or Capping Unit, (3) Phylloid Algal Wackestone - Mound Core, (4) Skeletal 

Wackestone - Near Flank Beds, (5) Carbonate Clast - Wackestone -

Intermound, and (6) Skeletal Ooid Grainstone and Fusulinid - Crinoid - Komia 

Packstone/Grainstone - Capping Unit. The Caddo algal mounds follow a typical 

mounding pattern: (1) Deep Water, (2) Debris (stabilization of the deep water 

substrate), (3) Mound Core - Near Flank- Intermound (upward mound growth 

and lateral mound migration, and (4) a Capping Environments (tennination of 

mound growth). The algal mounds original depositional fabric is heavily modified 

by four stages of diagenesis: (1) syndiagensis, (2) marine, (3) multiple phases of 

meteoric, and (4) deep (burial). Meteoric diagenesis had the largest modifying 

effect in the original depositional fabric. 
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Three major relative sea level fluctuations occurred within the Caddo algal 

mounds, producing three mounding cycles. Correlation of cored wells and 

geophysical logs in the studied area lead to the determination of a progressive 

step wise westward termination of the Caddo algal mounds were a result the 

migration of the fore bulge (Bend Arch) associated with tectonic loading of the 

Ouachita Thrust Belt. Progradation of prodeltaic and basinal terrigenous 

sediments derived from the Ouachita thrust belt across the Caddo algal mounds 

in one event. The termination of the Caddo algal mounds, by drowning is time 

transgressive getting progressively younger in the westward direction. 
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CHAPTER I 

INTRODUCTION 

The Pennsylvanian Caddo Limestone of north-central Texas is a 

productive hydrocarbon-bearing formation within the Regular Field of Stephens 

County. In uppermost intervals of the Caddo limestone are phylloid algal 

mounds, which contain the majority of the high quality reservoirs in this field. 

This study provides a better understanding of the depositional history of 

individual mounds, mound diagenesis, a more accurate age and a model of the 

regional evolution of the Caddo algal mounds. This new understanding of the 

depositional and, diagenetic history and regional evolution of the Caddo algal 

mounds will enhance the opportunities for additional production out of the Caddo 

Limestone. 

1.1 Obiectives 

The investigation of the Caddo algal mounds was undertaken to 

accomplish the following objectives: 

1. Determine and describe the depositional lithofacies and the distribution of 

these lithofacies in cored wells. 

2. Interpret the depositional environments for the depositional lithofacies and 

reconstruct recurrent patterns of mound growth, migration and mound 

succession. 

3. Develop a paragenetic sequence for the Caddo algal mounds. 
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4. Use geophysical logs to correlate cored wells with other wells within the 

area to determine a regional depositional history. 

5. Determine an accurate age for the Caddo algal mound interval. 

1.2 Location of Study 

Cores from two wells that are located in central Stephens County, Texas 

(Figure 1.1) were obtained from the fonner Sun Exploration and Production 

Company. One core is from the Sun Veale Parks Caddo Unit 30 (VPCU 30). 

which is located 6 miles west of Caddo. The cored interval available for study is 

from 3250' to 3375'. The second core is from Sun Black-Stoker Caddo Unit 27 

(BS 27), which is located Vz mile southeast of the town of Breckenridge. This 

well had two cored intervals available for study: 3105' to 3165' and 3185' to 

3270'. Well information and exact locations of the two cored wells are given in 

Appendix 1. Geophysical logs were obtained from more than 170 wells in central 

Stephens County and were used to determine the geometry of the Caddo algal 

mound interval. The distribution of wells with geophysical logs is shown in Figure 

1.2. 

1.3 Regional Geology 

The Caddo algal mounds formed in response to the regional tectonic 

setting. Four major tectonic features controlled the regional pattern of 

sedimentation in north-central Texas, especially in Stephens County: (1) the 

Ouachita Thrust Belt, (2) the Fort Worth Basin, (3) the Bend Flexural Arch, and 
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(4) the Concho Platform (Figure 1.3). The evolving Ouachita thrust belt 

controlled the tectonic setting of north-centra! Texas during the Pennsylvanian 

(Figure 1.3). The Ouachita thrust belt marks the southern margin of the North 

American craton and is a 2,000 km long band of deformed Paleozoic rocks 

(Johnson, 1988). The continental collision of Gondwana and Laurasia produced 

a thrust belt that induced tectonic loading west of the thrust belt, forming a large 

triangular-shaped foreland basin, the Fort Worth Basin. Initial down warping 

between the stable Concho Platform and the Ouachita thrust belt created this 

foreland basin, which originated in the late Mississippian or eariy Pennsylvanian 

(Grayson, 1987). This basin trends north-south for 200 miles and is 100 miles 

wide at the northern margin at the Red River and Muenster Arches (Walper, 

1982). It is only a few miles wide at the southern end where it terminates at the 

Llano uplift. The late Paleozoic Fort Worth Basin is approximately 20,000 square 

miles in area (Collins, 1992) (Figure 1.3). 

The Bend Arch, which underiies Stephens County, is a large north-south 

trending positive relief structure that defines the western flank of the Fort Worth 

Basin and the eastern margin of the Concho Platform. This arch formed during 

Pennsylvanian time as a flexural hinge of the Fort Worth Basin. As sediments 

shed off the Ouachita thrust belt filled the basin, they caused down warping and 

westward migration of the flexural hinge (Walper, 1982). The migration of the 

flexural hinge caused the formation and stabilization of the Bend "Flexural" Arch. 

To the west of the Bend Arch was a stable shallow carbonate platform area, the 

Concho Platform (Kier, 1980). 



Two clastic depositional systems dominated the filling of the Fort Worth 

Basin and affected carbonate production on the Concho platform, the Atoka delta 

and the Strawn fluvial system (Figure 1.4). During Atokan time, the Atokan delta 

complex filled the Fort Worth Basin with sediments derived from the Ouachita 

thrust belt. Active subsidence during this time isolated the western half of the 

basin by deepening within the eastern basinal depocenter, which trapped all the 

clastic sediments (Kier, 1980). Deposition of platform carbonates occurred 

across the entire Concho platform and large carbonate algal banks formed on the 

easternmost margin of the platform (Cleaves, 2000). 

During the Desmoinesian, subsidence of the Fort Worth Basin slowed, 

which permitted progradation of the delta complexes westward across the basin. 

The migration of the prograding delta complexes forced carbonate deposition on 

the Concho platform to migrate westward. By the end of the Desmoinesian, 

carbonate deposition ceased over the Stephens County area and Strawn deltaic 

and fluvial sediments were deposited (Cleaves, 2000). 

1.4 Local Stratigraphy 

The generalized Pennsylvanian stratigraphy for the Stephens County 

region displays a shift from carbonate deposition in the Early Pennsylvanian to 

clastic basin fill in the Middle Pennsylvanian (Figure 1.5). The base of the 

Pennsylvanian in Stephens County is the MariDle Falls Limestone, which is 

overiaid by the Smithwick Shale. Above the Smithwick Shale rests the Caddo 

Limestone, overiain by the Strawn prodeltaic and basinal deposits, and finally the 



strawn fluvial system. The appearance of the Strawn elastics mari<s the end of 

deposition of Lower and Middle Pennsylvanian carbonates in Stephens County, 

as well as on the Concho Platfonm. 

The MariDle Falls Limestone, locally known as the Comyn Limestone or 

the Big Saline, is the lowest formation of the Pennsylvanian. The deposition of 

the Marble Falls Limestone mart<s the return to normal marine conditions in this 

area above the late Mississippian unconformity. Widespread carbonate 

production over the Concho Platform occurred in open-shelf and shelf-edge 

environments. The Marble Falls Limestone is divided into two units, a lower and 

an upper zone that are separated by an eroslonal unconformity (Figure 1.5). The 

lower unit of the Marble Falls is Morrowan in age, whereas the upper unit is time 

transgressive, becoming younger (Atokan) westward. The lower Marble Falls 

Limestone is a light to dark cherty limestone with thin shale beds interspersed 

within it (Kier, 1980). Many different lithotypes occur within the lower Marble 

Falls including algal-rich, oolitic, splcule-rich and peloidal limestones. The lower 

Marble Falls averages 30 meters in thickness (Kier, 1980). 

The upper Marble Falls rests uncomformably above the lower Marble Falls 

(Figure 1.5). The upper Marble Falls is a light to dark limestone with varying 

lithotypes consisting mainly of algal buildups, calcarenite shoals, shale and 

spiculitic biomlcrites, with individual facies being thin, but widespread (Kier, 

1980). Phylloid algae (fvanonia) bioherms occur within the Marble Falls (West, 

1988). Alternation of spiculitic biomlcrites, shales and platfonn carbonates in the 

Marble Falls were caused by fluctuations in sea level and the influence of the 



eastern delta systems. As the Fort Worth Basin filled, fine-grained clastic 

sediments, the Smithwick Shale, replaced the Marble Falls cariDonates. The 

transition between the Marble Falls and the Smithwick is progressively younger 

westward (Kier, 1980). 

The Smithwick Shale rests conformably on top of the Marble Falls 

Limestone. The Smithwick Shale represents prodeltaic and basinal deposifion 

from the Atokan delta system. It is a black calcareous, fissile clay-rich shale 

containing small amounts of siltstone, sandstone, chert and limestone. Ripple 

marks, flute cast, groove casts and slumps, along with elements of partial Bouma 

sequences, are features that demonstrate the prodeltaic nature of the Smithwick 

(Grayson, 1987). As the Smithwick onlaps the lower platform carbonates 

westward It becomes progressively younger and thinner (Grayson, 1987). A 

retreat in the Atokan deltaic system occurs near the base of the Desmoinesian 

and clastic sedimentation shifted eastward (Kier, 1980). The eastward shift 

allowed carbonate deposition to resume in the Stephens County area (Figure 

1.5). 

In Stephens County, carbonate deposition resumed with the deposition of 

the Caddo Limestone. The Caddo limestone is a thick, neariy continuous 

succession (Turner, 1957) of a dense megacrystaline black to brown limestone 

with some sandy units (Browing, 1982). It is approximately 800 feet thick in this 

area (Forehand, 1991). The uppermost units of the Caddo Limestone contain 

the phylloid algal mounds, the Caddo algal mounds (Figure 1.5). The lower 

intervals of the Caddo are reported to be Atokan in age, based on the 



appearance of Atokan fusulinids, whereas the upper intervals (including the 

Caddo algal mounds) are reported to be Desmoinesian in age (Turner, 1957). 

The Caddo algal mounds were deposited along the eastern edge of the Concho 

Platform, directly facing the Fort Worth Basin (Cleaves, 2000). The Caddo is the 

last eariy to middle Pennsylvanian shelf edge carbonate deposited in the 

Stephens County area (Heckel, 2000). 

With the lessening of basin subsidence, terrigenous elastics transgressed 

over the Caddo Limestone, shutting off carbonate production (Cleaves, 2000). 

The first elastics deposited after the Caddo Limestone were prodeltaic and 

basinal shales of the Strawn Group (Grayson, 1987). The Strawn prodeltaic and 

basinal facies are also reported as a second inten/al of the Smithwick Shale. 

This is due to the lithologic similarity of the Desmoinesian Strawn prodeltaic and 

basinal facies and the Atokan Smithwick Shale. The migration of clastic 

sediment westward resulted in this second interval of prodeltaic and basinal 

facies on top of the Caddo (Figure 1.5). Continued progradation of deltaic 

system, now the Strawn delta, deposited a thick deltaic and fluvial sequence on 

top of the Caddo and over the entire carbonate shelf. 

The local stratigraphy in Stephens County represents the interaction of 

sediments shed off the Ouachita Thrust Belt, filling of the Fort Worth Basin, 

migration of the Bend Flexural Arch and the stable Concho Platform. The MariDle 

Falls Limestone marks normal marine platform carbonate deposition that was 

terminated by the migration of clastic basinal and deltaic sediments westward 

across the Fort Worth Basin in the form of the Smithwick Shale. A short retreat 
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of clastic sedimentation permitted the deposition of the Caddo Limestone. 

Carbonate production ceased in the region as prodeltaic and basinal facies 

prograded over the Caddo. The Strawn deltaic and fluvial system dominated 

deposition as progradation of the delta system continued westward across the 

Concho Platform (Grayson, 1987). 

1.5 Age of the Caddo algal mounds 

Several layers from both the Caddo cores were sampled to obtain 

conodonts. Conodont elements were recovered from the majority of samples, 

but only a few contained age-diagnostic faunas. The most abundant and diverse 

fauna was obtained from 3324' - 3322.5' in the VPCU 30 core, a fusulinid -

crinoid grainstone (Barrick, 2001, personal communication). The fauna is 

dominated by Pa elements of Idiognathodus and contains specimens of 

Neognathodus, Hindeodus, Diplognathodus, Adetognathus, and possibly 

Idioprioniodus. The Pa elements of Idiognathodus closely resemble forms that 

Lambert (1992) assigned to /. amplificus Lambert, 1992 and /. obliquus Kossenko 

and Kozitskaya, 1978. Both of these species appear just above the base of the 

Desmoinesian Stage in the type area in central Iowa (Lambert, 1992). From one 

sample of the Black Stoker core (3210'; phylloid algal wackestone), a small fauna 

includes Pa elements of Neognathodus caudatus Lambert, 1992, which also 

appears just above the base of the Desmoinesian Stage in Iowa (Lambert, 1992). 

Based on these preliminary findings, Barrick (personal communication) interprets 
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the Caddo algal mounds sampled in these cores to be eariy Desmoinesian in 

age. 

1.6 Previous Wori< on Algal Mounds 

1.6.1 Algal mounds 

West (1988) described faunal changes in reef communities during the 

Pennsylvanian. Atokan cariDonate biostromes and bioherms occun-ed throughout 

warm-water, shelf settings. A diverse assemblage of organisms were 

responsible for building of Atoka buildups: Chaetetes (stromatoporoid), Komia 

(red algae), Ivanovia (phylloid algae), Donezella (algae), Dvinelia (algae), 

bryozoans and both rugose and tabulate corals (West, 1988). The most common 

buildups are composed of Chaetetes and Komia boundstones, but phylloid algae 

contributed to many buildups during this time. The Marble Falls Limestone in 

central Texas contains some of the best examples of Atokan phylloid algae 

(Ivanovia) bioherms. These mounds are roughly 15 feet high and over a mile 

wide, and contain roughly 30 percent recrystallized algal blades. Skeletal 

packstones and grainstones, along with mud-supported fusulinid packstones 

formed caps over these mounds. The best examples of Atokan algal mounds 

occur in the Marble Falls Formation in Texas, the Ely Formation in Utah and the 

Bird Spring Formation in Nevada (West, 1988). 

During the Desmoinesian, algal mounds were better developed and more 

widespread than during the Atokan. Mounds, in particular in the Paradox Basin, 

were up to 14 miles in diameter and up to100 feet thick, forming topographic 



highs on the sea floor (Heckel, 1974). Phylloid algae (Eugonophyllum) became 

the most prominent mound-building organism. A typical Desmoinesian mound 

contains three units: a basal fusulinid wackestone, a middle unit of 

Eugonophyllum vyackestone and a capping unit that is often a chaetetid 

boundstone. Large "meadows" of Eugonophyllum trapped large quantities of 

mud and contributed to upward mound groyvth. Associated with the 

Eugonophyllum mounds were brachiopods, encrusting foraminifers, echinoids, 

trilobites and ostracods (West, 1988). Desmoinesian mounds also contained 

encrusting Tubphyites as well as Komia (Heckel, 1974). Desmoinesian algal 

mounds occur in the Honaker Trial Formation in the Paradox Basin of Colorado 

and Utah, the Nena Formation in the Lucia Field of Texas and New Mexico and 

in the Caddo Limestone of Texas. Mound buildups show a general increase In 

abundance in algal composition and diversification of the phylloid algal 

components from the Atokan to Desmoinesian. 

1.6.2 Paradox Basin 

The best studied Middle Pennsylvanian algal mound complexes in the 

United States occur in the Paradox Basin of southeastern Utah. Effects of sea 

level fluctuations on mounding, facies development, and models for mound 

geometry have been well documented and serve as a model for the Caddo algal 

mounds (Weber, 1995; Chidsey, 1996; Montgomery, 1999). 

Fluctuations in sea level were a major control on the formation and 

development of Pennsylvanian mounds. More than 60 third-order (0.5-5 mya) 
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eustatic sea level cycles, clustered in larger second-order highstand systems 

tracks, have been documented in the Pennsylvanian (Ross, 1987). The 

mechanism for these cyclic changes in sea level has been reported as the 

waxing and waning of Gondwana glaciations forced by Milankovitch eccentricity 

cycles (Ross, 1987). Due to the organic nature of the Pennsylvanian algal 

mounds, they were greatly affected and controlled by these changes in sea level 

(Grammer, 2000). 

Weber (1995) described the interactions between sea level fluctuafions 

and carbonate deposition in the Paradox Basin. The third-order cycles described 

by Ross (1987) are composites made up of multiple smaller fourth (0.1-0.5 mya) 

and fifth (0.01-0.1 mya) order cycles. Deposition and development of the phylloid 

algal mounds in the Desert Creek Zone were controlled by these smaller 

fluctuations in sea level within an overall larger highstand systems tract of a third 

order cycle. Evidence for the shallowing upwards sequence in the 

parasequences include: (1) increase in grain size and grain-supported texture, 

(2) subaerial exposure features near the top of the cycles, (3) upward increase in 

diversity and abundance of faunal components, (4) upward increase in higher 

energy non-skeletal components (ooids), and (5) upward increase in meteoric 

diagenesis and dissolution. 

During sea-level highstand, upward phylloid algal mound growth filled 

previously created accommodation space. As fluctuations of sea level formed 

the smaller parasequences, individual algal mounds coalesced into extensive 

phylloid algal banks. Grammer (2000) reported that the coalescing of the 
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phylloid algal mounds occurs on the kilometer scale. Skeletal ooltic wackestones 

to grainstones, which show limited amounts of subaerial exposure and meteoric 

pore space modification, often cap highstand systems tracts. The uppermost 

tops of both larger third order cycles and smaller parasequences developed 

porous and permeable zones as a result of subaerial exposure and influence of 

meteoric waters. Within the larger highstand systems tracts, phylloid algal 

mound groyvth occurred, but individual mound groyvth was affected by the smaller 

fluctuations in sea level controlling parasequence formation. 

The Paradox Basin mounds, especially those of the Desmoinesian Desert 

Creek Zone of the Paradox Formation, display a four-fold facies division: (1) a 

lower substrate carbonate facies, (2) a phylloid algal facies, (3) an Intermound 

facies and (4) a skeletal capping facies (Chidsey, 1996). The phylloid algal 

facies is the main reservoir unit, ranging from 18 to 100 feet In thickness. 

Through outcrop descriptions and subsurface correlation, the shapes of the 

Desert Creek Zone algal mounds have been determined. These positive relief 

structures are typically 40 to 50 feet in height and average 40 to 400 acres In 

area. During times of highstand sea level, the mounds exhibited upward groyvth 

with debris aprons along the margins of these complexes. These aprons 

resulted from the transport of debris off the active mound groyyth areas onto the 

surrounding sea floor. Pore space modification occurred during periods of low 

sea level when the uppermost mound sections experienced subaerial exposure 

and interaction with meteoric waters (Montgomery, 1999). These interactions 

resulted in significant pore space modification through diagenetic processes. 
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Chidsey (1996) presented a model for Desert Creek Zone algal mound 

geometry. In this model, the phylloid algal mound buildups grow upwards from a 

substrate facies. The lower substrate facies consists of carbonate muds and 

sands that formed in low to moderate energy environments across the local shelf 

area. Above the lower substrate facies, active mounding occurred within the 

phylloid-algal (buildup) facies. The baffling effect of the phylloid algal blades 

occurred in low to moderate energy environments. In Chidsey's model, the 

phylloid-algal (buildup) facies contains three subdivisions: mud-poor, mud-rich 

and solution-collapsed breccia. Mud-poor phylloid algal buildups occurred in 

well-circulated, moderate energy waters in water depths from 1 to 40 feet. 

Sheltered porosity often exists underneath deposited phylloid algal blades and 

evidence of sediments deposited by suspended load is present. Mud-rich 

phylloid algal buildups occurred in protected waters with poor circulation where 

water depths were between 3 to 40 feet. Phylloid algal blades deposited in-situ 

were surrounded by carbonate mud and fine fossil debris. Solution-collapse 

breccias formed in low to moderate energy environments that experienced later 

exposure to meteoric dissolution, karsting and microkarsting. Higher-energy 

calcarenites, low-energy stromatolites, evaporates and dolomite occurred above 

the phylloid -algal facies during periods of lower sea level (Chidsey, 1996). 

Capping grainstones can also occur over the mound complex (Chaquette, 1983). 

The mound complex geometry is horseshoe to circular In map view and 

can encompass 30 acres to 200 acres in area (Montgomery, 1999). Actively 

growing algal mounds formed a horseshoe or circular pattern with a large 
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lagoonal area between the active groyyth areas. In cross section (Figure 1.6), the 

mound complexes slope upwards (25° to 30°) fi-om the platform to adjacent active 

algal mounds that are up to 40 feet thick. Flanking detrital beds formed by the 

transport of debris descending along mound slopes and deposition of the debris 

on the substrate facies, forming small detrital fans. An interior lagoon formed 

between opposing actively growing mound highs. Muddy marine limestones 

dominated the interior lagoon floor with skeletal debris being actively transported 

in from adjacent algal mound highs. Anhydrltic dolomites can also occur in the 

interior lagoon due to slight restriction of marine environments (Chidsey, 1996). 

Between mound complexes mudstones and wackestones containing sponge 

spicules are usually present (Choquette, 1983). 

1.6.3 Caddo Mounds 

Few studies have been published on the Caddo algal mounds. Carbtree 

(1987) conducted an extensive analysis on reservoir characteristics for the 

Caddo Limestone north of Stephens County. Lewis (1987) offered a detailed 

model for the Caddo west of the Stephens County on the Concho Platform. 

Forehand (1991) and Weber (1995) conducted two of the most recent 

studies within Stephens County. Forehand characterized the Caddo algal 

mounds as having a three-fold facies division: a substrate facies, a lower mound 

facies and an upper mound facies (Figure 1.7). The substrate facies consists of 

a basal unit containing a basal mudstone and crinoldal wackestones. The 

substrate facies overiies a basal mudstone unit. The skeletal grains yylthin this 
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substrate facies include Komia, foraminifers, crinoids, bryozoans, brachiopods 

and corals. 

Forehand (1991) reported Komia as an important skeletal grain within the 

mounds. Komia is described as red algae of Middle Pennsylvanian age, usually 

appearing as broken twigs of a larger branched plant (Wilson, 1975), producing 

subrounded grains in thin section (Figure 1.8). The grains are robust and 

cylindrical with individual cells that are heavily calcified (Groves, 1986). This 

algae with a "basket weave pattern" has cells that are aligned in rows that have a 

pattern that moves up and out from the center in an arch-like motion (Wilson, 

1969). 

The lower mound facies rests directly on the substrate facies and often 

has a stylolltic contact. The lower mound facies is reported to have only one 

main lithotype, an Intradastic wackestone. The skeletal grains within this 

wackestone are similar to those of substrate facies. A gradational contact occurs 

between the upper mound and lower mound facies. The upper mound facies 

contains three distinct lithotypes: (1) Komia packstone-wackestone, (2) phylloidal 

algae packstone-wackestone, and (3) algal-/<o/77/a packstone (Forehand, 1991). 

Forehand (1991) described the Caddo algal mound buildups as a 

shallowing upward succession. Deposition of the substrate facies occurred in 

normal marine waters that were calm and warm. Carbonate mudstones and 

Komia wackestones represent pre-mounding conditions. The lower mound 

facies (intradastic wackestones) were deposited on the substrate facies in the 

first stage of mounding. Accumulation of fine- and coarse-grained material 
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formed by the erosive up of partially lithtified sea floor by currents and wave 

action. This ripping action formed the intradastic wackestones seen in the lower 

mound facies. Mounding occurred on the lower mound facies by an increase in 

local sediment production through the decay of phylloid algae and the baffling 

effect of phylloid algae. The upper mound facies is composed of Komia 

wackestones and packstones deposited in near-wave-base environment which 

formed extensive detrital flanking beds. 

Weber (1995), who examined Caddo algal mounds in Stephens County 

farther west of this study, described a three-fold division: (1) biogenic bank, (2) 

grainstone/packstone shoal and (3) an algal-mound complex, based on 

stratigraphic position within the Caddo. The biogenic bank is the lowermost unit 

described in the Caddo and consisted of migrating phylloid algal mounds that 

developed on the eariler Caddo carbonate ramp. Mulitiple lithofacies developed 

within the biogenic banks, including phylloid algal wackestone/bafflestone, 

skeletal packstone, cyanobacterial bindstone, skeletal wackestone, nodular-

bedded spiculitic wackestone and intradastic packstone. Between the biogenic 

bank and algal mound complex is a grainstone/packstone shoal, a sequence of 

ooids, peloids and biodastic debris up to 40 feet thick. The uppennost unit of the 

Caddo, the algal-mound complex as described by Weber (1995), was deposited 

in peritidal conditions with primarily phylloid algal remains, Komia and carbonate 

mud as its dominant sediment type. The algal-mound complex was greatly 

modified by meteoric waters, resulting in creating of large amounts of secondary 

porosity. 
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Figure 1 4 Model of Fort Worth Basin fill during the Pennsylvanian 
displaying the prograding Atokan and Strawn deltas from Grayson, 1987. 
Cross section is south of Stephens County, Texas. 
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10 mm 

Figure 1.7 A large branch of Komia displaying the distinctive basket weave 
structure. (Plain light, BS 27 3105) 
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CHAPTER II 

DEPOSITIONAL LITHOFACIES 

Six distinct depositional lithofacies were recognized in the two cored wells: 

(1) Sponge Spiculite, (2) Fusulinid - Komia - Crinoid Packstone/Grainstone (3) 

Phylloid Algal Wackestone, (4) Carbonate Clast Wackestone, (5) Skeletal 

Wackestone, and (6) Skeletal Ooid Grainstone. The lithofacies were detennined 

by the ratios and condition of the most abundant allochems and matrix 

components. Descriptions of each lithotype are given, including major and minor 

allochem components and depositional features. Diagenesis of the Caddo algal 

mounds will be discussed In Chapter (VI). 

2.1 Sponge Spiculite 

In slabbed cores, the sponge spiculite is medium gray in color. Planer 

laminae to small ripple laminations that represent alternations between organic-

rich and organic-poor layers are present (Figure 2.1). Both vertical and 

horizontal burrowing are seen throughout the sponge spiculltes. Few skeletal 

grains can be seen in core slabs. In thin section, the predominant skeletal grains 

are sponge spicules (Figure 2.2). The majority of spicules are monaxons and 

triaxons with few branching rays are uncommon. The spicules are well 

preserved as both calcite and siliceous rays are easily distinguished. The 

sponge spicules are often concentrated in grain-supported packstone layers. In 
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these packstones, spicules are oriented horizontally and parallel to each other 

(Figure 2.3). The matrix between the spicules is either fine carbonate mud or 

fine-grained organic material. The sponge spicules occur in dense, partially 

silicified layers with siliceous cement that are located between darker organic-

rich layers of varying thickness. Minor constituent skeletal grains include crinoid, 

bryozoan, and trilobite fragments and foraminifers. These minor grains occur as 

isolated allochems among the spicules. The coarser skeletal grains, especially 

the crinoid, bryozoan and trilobite grains, show some degree of abrasion and 

fragmentation, suggesting that they had been transported into the sponge 

spiculite facies. 

2.2 Fusulinid - Crinoid - Komia - Packstone/Grainstone 

The fusulinid - crinoid - Komia packstone/grainstone is light to medium 

gray limestone with abundant skeletal grains visible in the slabbed core (Figure 

2.4). The larger grains show some evidence of abrasion and fragmentation and 

alternating layers of coarser and finer skeletal grains are present. In thin section, 

the fusulinid - crinoid - Komia pack/grainstone reveals an extremely diverse 

faunal assemblage with three dominant allochems: fusulinids, crinoids and 

Komia. Minor allochems include gastropods, bryozoans, echinoid spines and 

plates, brachiopods, ostracods, phylloid algal chips and small foraminifers. 

Skeletal grains are pooriy sorted and show a bimodal distribution between 

coarse-grained and fine-grained material. This bimodal distribution is expressed 

as alternating layers of coarse, predominantly intact skeletal grains and finer 
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fragments of similar grains. Fusulinids, Komia and Crinoid grains comprise the 

coarse component of these layers and exhibit abrasion (Figure 2.5). 

Fragmentation of grains is seen as broken sides of grains, corners knocked off or 

neariy complete destruction of grains in the fine-grained layers. Minor skeletal 

components, such as ostracods, bryozoans, brachiopods and trilobite pieces, are 

often abraded and in some instances rendered almost unidentifiable. The grains 

within this lithotype are closely packed and compaction and crushing of some 

grains is apparent, especially in the grainstone Intervals (Figure 2.6). 

Grainstones of this lithotype contain skeletal grains that sustained more 

abrasion, whereas grains in packstone beds are better preserved and less 

compacted. Within packstone beds, the quantity of carbonate mud between the 

grains varies from a pooriy washed packstone to true packstone and may 

approach a grainstone (Figure 2.7). Grainstone beds have a greater degree of 

bimodal layering of coarse and fine-grained allochems. 

2.3 Phylloid Algal Wackestone 

Phylloid algal wackestone varies in color from light to medium gray to a 

yellow gray In slabbed core. Phylloid algae blades are the most obvious 

allochems. (Figure 2.8) These rocks contain large and small algal blades with 

large quantities of trapped carbonate mud. In thin section, there is wide variation 

in the mud to phylloid algae relationship, which ranges from beds with numerous 

smaller chipped algal blades with lesser amounts of mud to beds composed 

mostly of mud with few large algal blades. 
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In thin section, dominant allochems are interpreted to be phylloid algal 

blades with lesser amounts of Komia, crinoid and echinoid fragments, 

brachiopods, encrusting and tubular foraminifers, bryozoans, ostracods and other 

algal fragments. The phylloid algal blades appear in two distinct states, large 

intact blades or smaller chips. The large blades are long and thin and show a 

sinuous form (Figure 2.9). The smaller "chips" are segmented pieces of the 

larger blades and can be equant to rectangular in shape, but are rarely more 

than a third of the length of the larger blades (8mm) (Figure 2.10). 

The original composition of the phylloid algae blades was aragonlte and 

pervasive recrystallization of the blades has occun-ed. Identification of the type of 

phylloid algae is impossible because of the extensive recrystallization and 

dissolution of structures. Large phylloid blades appear as either large sinuous 

fossil moldic porosity or large thin patches of mosaic calcite. A thin micritic layer 

with drusy calcite cement radiating off in opposite directions may be the only 

evidence of chipped phylloid algal blades. 

In the large-bladed phylloid algal subfacles, the sinuous algal blades are 

embedded in carbonate mud, forming wackestones. The large blades appear to 

have broken off adjacent plants and gently settled into the nearby carbonate 

mud. The large phylloid algal blades possessed some rigidity after being 

deposited. The blades often have encrusting foraminifers on them and the large 

sinuous blades have created sheltered porosity underneath them (Figure 2.11). 

The large-bladed phylloid algal subfacles contains small amounts of other 

skeletal grains, including crinoids, echinoids, gastropods, bryozoans, ostracods, 
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green and red algae [Komia], trilobites and foraminifers. There are no definitive 

signs of reworking or effects of cun^ents on the large bladed phylloid subfacles. 

The smaller "chipped" phylloid algal subfacles contains smaller broken 

pieces of algal blades. The chips appear as small rectangular fragments with 

sharp edges and can form distinct layers. Packstone layers of chipped blades 

occur, dozens of small chips in contact each other. These accumulated chip 

layers occur between wackestone layers. Minor skeletal grains occur within 

these more densely packed layers, but neither the chipped phylloid blades or 

other skeletal components are restricted only to these packstone layers. The 

smaller chipped phylloid blade layers show evidence of transport and associated 

skeletal grains show abrasion. 

2.4 Carbonate Clast Wackestone 

The carbonate clast wackestones are light gray to a yellowish gray in color 

with two distinct types of fine-grained carbonate apparent In slabbed core. There 

are few identifiable skeletal grains in these slabbed cores, those being mainly 

crinoid fragments. Two distinct carbonate muds can be recognized in thin 

section, where they consist of a lighter and darker mud, the darker mud being 

unique to this lithofacies. The darker carbonate mud is extremely fine-grained, 

leading to Its dark appearance in thin section (Figure 2.12). This darker 

carbonate mud appears as clasts with a sharp contact with the adjoining lighter 

mud. The cartDonate clasts vary in size from 0.25 mm to 13 mm. These clasts 
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often have an angular to subangular shape. The lighter cartxDnate mud is 

coarser grained and similar to carbonate mud obsen/ed in other lithofacies. 

The finer grained, darker carbonate mud is intermpted to be "hardened 

clasts" of carbonate material. These "hardened clasts" probably originated during 

a hiatus in carbonate deposition when partial lithification occurred at the 

sediment-water interface. Shortly after lithification, the "hardened" surface 

brecclated into angular to subangular pieces, which were then mixed with the 

less hardened cariDonate mud. The distinct texture of the dari< carbonate clasts 

and Intermixed light gray carbonate mud Is the dominant feature of this lithotype. 

The majority of the thin sections examined showed few skeletal grains 

relative to the volume of hardened carbonate clasts. The skeletal grains 

identified include encrusting (tubular) and small foraminifers, crinoids, fi'agments 

of fenestrate bryozoans, phylloid algae chips, Komia fragments and ostracods. 

The lighter carbonate mud has a significantly larger quantity of skeletal grains 

suspended within the mud, whereas the "hardened" clasts have limited skeletal 

components, mostly foraminifers. 

2.5 Skeletal Wackestones 

The skeletal wackestone lithofacies is highly variable In both slabbed 

intervals and in thin sections. Slabbed inten/als appear generally muddy with few 

visible grains, usually crinoid grains, brachlopod grains and phylloid algae 

fragments. In thin section, the lithofacies contains roughly 20 to 40% skeletal 

grains in carbonate mud (Figure 2.13). The composition of skeletal grains varies 
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from sample to sample and includes grains of Komia, phylloid chips, cnnoids, 

foraminifers, brachiopods, and bryozoans. The dominant skeletal grains vary 

fi-om sample to sample and core to core. Skeletal wackestones contain paired 

groups of dominant allochems. Bryozoans and brachlopod fragments, crinoids 

and Komia, and ostracods and foraminifers are the most common of these paired 

groups. The main difference between the skeletal wackestone and the 

carbonate clast lithofacies is that the skeletal wackestone lacks the dark 

carbonate clasts. 

Skeletal grains within this lithofacies are whole grains lacking any signs of 

abrasion. Delicate skeletal materials like fenestrate bryozoans are large and 

show no signs of breakage. Foraminifers within this lithofacies are often 

encrusting on other skeletal grains. There is little apparent layering or alignment 

of the skeletal grains, suggesting minimal transportation. 

2.6 Skeletal Ooid Grainstone 

The skeletal ooid grainstone lithofacies is yellowish gray in slabbed cores 

and exhibits extensive porosity in slabs (Figure 2.14). Ooids are the predominate 

grains observable within this lithofacies and are associated with small quantities 

of crinoid grains. Some cross bedding is present on the slabbed core. 

In thin section, the ratio of ooids to other skeletal components varies within 

the lithofacies. Some sections are composed entirely of ooids, whereas other 

sections are predominantly skeletal grains with lesser amounts of ooids. The 

allochems form closely packed grainstones. Ooids are rounded to subrounded in 
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shape and are well sorted. Individual ooids show signs of compaction and are 

often flattened and elongated (Figure 2.15). They are heavily altered and 

recrystallized to mosaic calcite. When the nucleating grains of the ooids can be 

seen, they are crinoid/echlnold fragments, but the nuclei are often dissolved out. 

Crinoids, Komia, bryozoans, foraminifers, ostracods, phylloid chips and 

brachlopod fragments are the common skeletal grains in this lithofacies. Crinoid 

and Komia grains are larger than the ooids, and are the most abundant 

allochems after ooids. Both crinoid and Komia grains are battered, chipped and 

fragmented. These skeletal grains are concentrated within the lowermost 

intervals of the skeletal ooid grainstones. 
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76 mm 

Figure 2.1 Slabbed core of the sponge spiculite depositional lithofacies. 
(VPCU 3339) 
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19 mm 

Figure 2.2 Thin section VPCU 3339, of the sponge spiculite depositional 
lithofacies. Alternation of spiculite-rich (S) and organic-rich (OR) layers are 
cleariy visible. (Plain light) 
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.3 mm 

Figure 2.3 Calcareous and siliceous sponge spicules (S) displaying horizontal 
alignment in thin section VPCU 3339. (Plain light) 
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76 mm 

Figure 2.4 Slabbed core, VPCU 3224, representing the coarse-grained 
fusulinid - crinoid - Komia grainstone. 
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1.6 mm 

Figure 2.5 Broken and fragmented fusulinid grain in fusulinid (F) - crinoid (C) 
- Komia grainstone displaying effects from down slope transport and abrasion. 
(Plain light, VPCU 3324) 



1.5 mm 

Figure 2.6 Densely packed skeletal grains associated with the fusulinid -
crinoid - Komia packstone/grainstone. (Plain light, VPCU 3324) 
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19 mm 

Figure 2.7 Komia grain (K) within a packstone interval (BS 27 3105) of the 
fusulinid - crinoid - Komia packstone/grainstone depositional lithofacies. Note the 
large and intact Komia grain. 
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Figure 2.8 Slabbed core of a phylloid algal wackestone depositional lithofacies 
containing large phylloid blades (PB) and trapped carbonate mud (CM). Phylloid 
blades are partially dissolved out. (VPCU 3298) 
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15 mm 

Figure 2.9 Large sinuous phylloid blade (PB) surrounded by carbonate mud 
that is representative of the large bladed phylloid wackestone sublithofacies. (BS 
27 3205) 
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0.25 mm 

Figure 2.10 Small recrystallized phylloid algal blade (PB). (Plain light, VPCU 
3300) 
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J .2 mm 

Figure 2.11 Large sinuous phylloid algae blade (PB) displaying original rigidity 
creating eariy primary sheltered porosity (SP). (Polarized light, VPCU 3300) 
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13 mm 

Figure 2.12 Large carbonate clast (CC) indicative of the carbonate clast 
wackestone depositional lithofacies. (Plain light, BS 27 3132) 
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1.5 mm 

Figure 2.13 Thin section representative of the skeletal wackestone depositional 
lithofacies. This thin section contains fusulinids (F) and brachiopods (B) as the 
dominant allochems. (BS 27 3230) 
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76 mm 

Figure 2.14 Slabbed core representative of the skeletal ooid grainstone 
depositional lithofacies, ooids (O) and crinoid (C) grains are visible. (BS 27 
3146) 
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15 mm 

Figure 2.15 Thin section representative of the skeletal ooid grainstone 
depositional lithofacies. (Plain light, BS 3141) 
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CHAPTER 111 

LITHOFACIES DISTRIBUTION 

The distribution of lithofacies within the two cored wells is important in 

determining the depositional history of the Caddo algal mounds. Both the VPCU 

30 and BS 27 cores show multiple repetitive lithofacies sequences. A lithofacies 

sequence consists of: (1) sponge spiculite, (2) fusulinid - crinoid - Komia 

packstone/grainstone, (3) a combination of phylloid algal wackestones, skeletal 

wackestones, carbonate clast wackestones, and (4) a capping skeletal ooid 

grainstone or fusulinid - crinoid - Komia packstone/grainstone. The VPCU 30 

core displays this sequence three times, with one large sequence from 3324' to 

3250' and two smaller sequences. The BS 27 core displays this sequence four 

times, three large sequences and one small sequence. Not all units of the ideal 

sequence are present in each sequence. 

3.1 Veale Parks Caddo Unit 30 

The VPCU 30 core is 125 feet long and extends from 3375' to 3250' 

subsurface depth. Figure 3.1 shows the distribution of the depositional 

lithofacies through the core. The sponge spiculite lithofacies is the lowermost 

lithofacies present, starting at 3375' (bottom of core) and extending to 3365'. At 

3365', there is a sharp contact within the first sequence as represented by a 

phylloid algal wackestone (3365' to 3360'). Above this first unit, another sponge 
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spiculite occurs from 3360' to 3350', having a sharp basal contact. At 3350' a 

two-foot thick fusulinid - crinoid grainstone rests on the spiculite with a sharp 

contact. This lithofacies grades up into a phylloid algal wackestone (--3348' to 

3345'), which sharply tennlnates at 3345'. The sponge spiculite lithofacies 

occurs again for the third and last fime In this core from 3345' to 3324'. The third 

sponge spiculite occurrence has an extremely sharp upper contact at 3324' that 

marks the start of the third lithofacies sequence (Figure 3.2). 

The base of the third sequence is a 4-foot unit of a fusulinid - crinoid 

grainstone (3324' to 3320') that grades into a 34-foot section of phylloid algal 

wackestone (-3320' to -3294'). The phylloid algal wackestone grades into a 

carbonate-dast wackestone (-3294') that, in turn, grades into a skeletal 

wackestone (-3288'). This skeletal wackestone Is 8 feet thick (-3288' to -3280') 

with a gradational contact with an overiying carbonate clast wackestone. The 

uppermost lithofacies in the VPCU 30 core is a fusulinid - crinoid packstone that 

has a gradational contact with the underiying carbonate clast wackestones 

(-3260'). A shale or sponge spiculite may overiie the fusulinid - crinoid 

packstone, as interpreted from geophysical logs. 

3.2 Black Stoker 27 

The BS 27 core is 160-feet long, extending from 3265' to 3105'. Figure 

3.3 shows the distribution of the depositional lithofacies in the BS 27 core. This 

core has three large lithofacies sequences and one small sequence. The 

lowermost interval at the bottom of the core (-3263' to 3265') is a sponge 
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spiculite and it is inferred that this facies extends lower because of the positive 

SP signature on geophysical logs at lower depths. A phylloid algal wackestone 

(3260' to -3235') rests on the sponge spiculite. The lowermost part of the 

phylloid algal wackestone is a chipped phylloid algal interval. The phylloid algal 

wackestone grades up into a five-foot interval of the skeletal wackestone (-3250' 

to -3245') then back into a phylloid algal wackestone. At 3235', the phylloid 

wackestone grades back into a skeletal wackestone terminating abruptly at a 

sponge spiculite at 3229'. This sponge spiculite interval Is extremely small, only 

5 feet thick, and another small section of a phylloid algal wackestone occurs from 

-3220' to -3215', which Is the smallest mounding sequence. It is followed by a 

sponge spiculite from 3215' to 3210". 

The second large lithofacies sequence in BS 27 starts at 3210' with a 

basal phylloid algal wackestone (3210' to -3204') that grades into a skeletal 

wackestone (-3204' to -3190') and up into a fusulinid - crinoid - Komia 

packstone. This upper unit of the second lithofacies sequence consists 

predominantly of crinoids and Komia grains and ends at 3185'. Core is missing 

fi'om 3185' to 3165', but is inferred to be a sponge spiculite lithofacies because of 

the positive SP deflection and the two feet of sponge spiculite cored from 3165' 

to 3163'. 

At 3163', the third and final large lithofacies sequence begins with a 

phylloid algal wackestone that grades into a fusulinid - crinoid - Komia 

packstone/grainstone (-3158). This lithofacies makes a gradational transition 

into a skeletal oolite grainstone at roughly 3150'. The skeletal ooid grainstone 
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terminates at 3139' with a relatively sharp contact with the overiying lithofacies, a 

carbonate clast wackestone. The carbonate clast wackestone gradually changes 

into a phylloid wackestone at approximately 3127'. This is the highest phylloid 

algal wackestone In the BS 27 core. It grades into a fusulinid - crinoid - Komia 

packstone (-3112) dominated by Komia skeletal grains at the top of the BS 27 

core. 
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Figure 3.2 Sharp depositional contact of the debris environment and the deep 
water depositional environment. (VPCU 3324) 
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CHAPTER IV 

DEPOSITIONAL ENVIRONMENTS 

The basic facies and geometry described by Chidsey (1996) and 

supplemented with information from Choquette (1983) and Montgomery (1999) 

(Figure 1.6) were used as a model for the Caddo algal mound depositional 

environments. Six depositional environments were determined for the Caddo 

cores: (1) Deep Water, (2) Debris, (3) Mound Core, (4) Intermound, (5) Near 

Flank, and a (6) Capping Environment. Figure 4.1 displays the relationships of 

the depositional environments. Each depositional environment is represented by 

one or more lithofacies. The deep-water is represented by the sponge spiculite 

lithofacies. Fusulinid - crinoid - Komia packstone/grainstones are associated with 

debris environment, whereas the phylloid algal wackestones represent the 

mound core depositional environments. Skeletal wackestones and carbonate 

clast wackestones represent near flank and intennound environments, 

respectively. Both fusulinid - crinoid - Komia packstone/grainstones and skeletal 

ooid grainstones may represent the capping environment. 

4.1 Deep Water Depositional Environment 

The deep-water environment developed in more than 30 meters of water 

and away from developing mound complexes (Wilson, 1975). Conditions for 

mounding did not occur in is this environment. The main lithofacies associated 
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with the deep-water facies is the sponge spiculite. Layers of cariDonate mud, 

organic material, and alignment of sponge spicules shows the affects of currents. 

Sponge spicules show some alignment, but the currents were not strong enough 

to winnow out carbonate mud. 

The skeletal remains of filter feeders, such as sponges, would contribute 

greatly to the sediments accumulating in this area as well as rare grains 

transported into this environment off the structurally higher algal mounds. These 

transported grains could have been carried by nonnal marine currents 

(transporting smaller grains) and by storm currents (carrying larger grains) off the 

mounds and into a deeper water setting away from the area of active mound 

growth. 

The deep-water depositional environment corresponds to two settings 

within the Paradox Basin model for algal mounds. The deeper water 

environment could either represent the platform facies where initial mound 

growth occurs in the Paradox Basin algal mounds or inten/als between larger 

algal mound complexes. Platform facies and between-mound mudstones with 

spicules of Paradox Basin model are described as having a higher component of 

carbonate mud and sand than observed in the Caddo cores. 

4.2 Debris Depositional Environment 

The debris depositional environment is the basal unit on which the 

mounding occurs. Coarse debris material erodes and is transported off the 
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higher portions of the algal mound. It then descends along the outer flanks of the 

active mound cores and spills out into the adjacent deeper water setting. 

The lithofacies interpreted to represent the debris depositional 

environment is the fusulinid - crinoid - Komia packstone/grainstone. This 

lithofacies exemplifies the diverse large skeletal grains shed off the mound core. 

Varying amounts of carbonate mud, producing a range of textures from 

packstone to grainstone, may be related to the distance of transport away from 

the mound complex. Grains can include phylloid algal chips, crinoids, Komia, 

fusulinids, ostracods, foraminifers, brachiopods, bryozoans and trilobite 

fragments or anything that lived higher on the mound. The contact between the 

debris facies and the deep-water environment in the VPCU 30 core is sharp 

(Figure 3.2) because of the sudden transport of material off the higher mound 

regions. 

This environment is identical to the detrital fan coming off the higher 

portions of adjacent algal mounds in Paradox Basin (Chidsey, 1996). This 

detrital debris consists of large, mostly intact skeletal grains as well as 

fragmented grains from organisms living on the higher, more actively growing 

mound core. The transportation of skeletal grains produces extremely battered 

grains that show signs of fragmentation, abrasion and brecciation. Small scale 

cross bedding is apparent as transported grains spill out onto the sea floor. A 

wide range of grain sizes can be seen within this depositional setting due the 

rapid transport of the grains off the tops or sides of the mound which limits the 

amount of sorting that can occur. 
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The downward transport of material off the mound tops could have been 

induced by normal wave action, stonn wave action or weaknesses in the mound 

itself (mound talus slope) (Toomey, 1977). The debris depositional environment 

Is important to the growth of algal mound. It functions as the stabilization 

process for the mound complex and facilitates a "hard ground" for the 

subsequent upward growth of the mounds (James, 1983). 

4.3 Mound Core 

After the stabilization of a hard substrate surface (debris depositional 

environment), the mound core had the opportunity to grow and accumulate large 

quantities of sediment. The initial growth of baffling organisms, phylloid algae, 

was slow on the hard substrate, but once settled and established, they rapidly 

produced a "meadow" of algae owing to their high reproduction rates (Toomey. 

1980). Phylloid algae grew up to an estimated 6 inches in height in clear shallow 

waters from 25 meters depth up to near wave base (Wilson, 1975). This 

"meadow" of phylloid along with other baffling organisms like bryozoans 

efficiently baffled large quantities of locally produced carbonate mud. Phylloid 

algae were dominant flora of the mound core and their rapid growth and baffling 

effects kept the mound core within the photic zone (Wilson, 1975). 

The lithotypes associated with the mound core in the Caddo cores are the 

phylloid algal wackestones, both large bladed and chipped. The large bladed 

phylloid rocks represent a quieter water setting where large blades of algae 

broke of the plant and settled to the mound floor with little or no agitation. These 
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whole blades had some rigidity as they settled because original sheltered 

porosity (now filled with mosaic calcite) can be seen (Wilson, 1975). These 

blades eventually were covered by more baffled carbonate mud. 

The algal blades were weakly calcified and fragile and could have been 

adversely affected by wave action (Toomey, 1980). The chipped phylloid algal 

blade wackestones represent some destruction of the phylloid algae by higher 

energy storm events. The phylloid algae blades were broken and chipped by 

wave action and deposited as layers of chipped blades. Either wackestone or 

packstone layers were produced, depending on how densely the chips are 

layered. 

The algal blades trapped carbonate mud and deposited it near the base of 

the plant. The mound core kept pace and grew upwards mostly below normal 

wave base with addition of accommodafion space. Storm waves would have 

broken the phylloid algal blades and scattered complete phylloid algal blades as 

well as chipped pieces throughout the mound top. This dense algal thicket 

restricted many other types of organisms, such as filter feeders, because of the 

baffling effect of the phylloid algae, but small grazing foraminifers and gastropods 

were at home between the algal plants (Heckel, 1969) 

The Caddo mound core corresponds with the actively growing algal 

mound setting of the Paradox Basin model. Both mud-rich and mud-poor 

subdivisions are represented by large bladed and chipped bladed sublithofacies 

in the mound core depositional environment (Chidsey, 1996). 
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4.4 Intermound Depositional Environment 

The intermound depositional environment forms in the central portion of 

the algal mound complex between mound core highs, where the water is deeper 

than the active mound core (Chidsey, 1996). The lithofacies associated with the 

Intermound depositional environment is the carbonate clast wackestone. The 

carbonate clast wackestone contains the brecclated carbonate crust and skeletal 

grains, such as bryozoans, Komia and phylloid grains, that were either washed in 

from the mound core depositional environment or lived in the intermound area. 

Many skeletal grains are small and show some signs of transport, but some 

grains were produced locally by living organisms. The carbonate mud is partly 

llthified and the "hardening of clasts" formed an upper layer during deposition. 

Skeletal grains associated with this depositional environment are often trapped 

within the carbonate clasts. These partially llthified carbonate clasts were 

brecclated by wave action (Wilson, 1975). 

The intermound depositional environment has similarities and differences 

with Chidsey's (1996) lagoonal area between Paradox Basin mound highs. Both 

are similar with large amounts of carbonate mud and some fossil material. 

Chidsey (1996) does not describe carbonate clasts in the intermound area. No 

depositional dolomite or anhydrite can be seen within the Caddo cores. 

4.5 Near-Flank Environment 

The near-flank environment is similar to the debris depositional 

environment, which also fornied by the shedding of skeletal grains and carbonate 
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mud off the top of the mound core (Toomey, 1977). Skeletal wackestone is the 

lithotype associated with the near flank environment. Phylloid algal chips, other 

mound core skeletal grains, and large amounts of carbonate mud are found in 

this lithotype. Skeletal grains are intact, because no abrasion occurred during 

their short transport. 

The near-flank environment was directly adjacent to the actively forming 

mound core and skeletal grains were transported a relatively short distance. 

Storm waves would have disrupted the phylloid algae and other mound core 

organisms, removing them from their original environment and depositing them 

slightly off the mound core. The skeletal grains present in this depositional 

environment were not transported a long distance, so a significant amount of 

carbonate mud is still present. Due to the short distance of transport, skeletal 

grains show only slight abrasion and fragmentation. The near-flank environment 

can be located on either the intermound or deeper water side of the mound core 

depending on the direction of dominant transporting currents. Chidsey (1996) 

does not discuss environments equivalent to the near-flank environment in the 

Paradox Basin. 

4.6 Capping Environment 

The capping environment is typically the uppermost environment in an 

ideal mounding sequence and is represented by either the fusulinid - crinoid -

Komia packstone/grainstones or the skeletal ooid grainstone in the Caddo. The 

capping unit is produced by either the upward growth of the mound reaching a 
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water depth that is too highly agitated for phylloid algae to flourish or a lowering 

of relative sea level that produces a shoaling environment. This higher energy-

shoaling environment winnows out a large portion of the carbonate mud 

(Toomey, 1977) and concentrates the larger skeletal grains from the underiying 

mound. Concentration of skeletal grains forms a coarse-grained packstone or 

grainstone with some cross-bedding in the shoaling sequence. Ooid-rich 

grainstone shoals also can form if shoaling persists for an extended time. 

Chidsey (1996) reported a capping environment with grainstones composed of 

pellets, foraminifers, brachiopods, bryozoans, Chaetetes, coral and fragmented 

algal grains. The skeletal components differ from the Caddo, but the origin of the 

capping environment is the same. 

4.7 Mound Summary 

An Idealized mounding cycle for Caddo algal mounds contains four parts: 

(1) deep water environment, (2) debris environment, (3) mound core - near flank 

- intermound environments, and (4) a capping environment (Figure 4.2). The 

mounding cycle develops from deeper water to shallower water in a shallowing-

upward sequence. The deeper water environment represents periods of non-

mounding. The formation of a mound complex begins with a stabilization of the 

deeper water environment. This stabilization occurs by the deposition of the 

debris bed, and once stabilization occurs upward growth of the mound is 

possible. The mound core environment consists of large amounts of sediment 

accumulation, due to the baffling effect of phylloid algae, which promotes this 
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upward mound development. Transitions between mound core, adjacent near 

flank and intermound environments rise from the lateral migration of the algal 

mound complexes. The last stage in the mounding cycle occurs when conditions 

for mound formation are not met either by lowering of sea level or mound 

complex growth rises into the normal wave base. These two events terminate 

active mounding and a capping environment occurs. The repetition of this cycle 

appears, either complete or Incomplete, multiple times within the two cored wells. 

Relative sea level fluctuation was one of the possible controlling factors on 

the mounding events and transitions from one depositional environment to 

another. Upward mound growth and lateral migration of the mounds occurred 

during gradual increase in relative sea level. This gradual rise in relative sea 

level leads to available accommodation space above the mound for the phylloid 

algal-dominated mound core to flourish, grow upwards and migrate. Capping 

environment developed when available accommodation space for the mound did 

not exist, most likely by a drop of relative sea level. Rapid rise in sea level after 

the capping environment were formed caused the transition from capping unit 

(shallow water) to a deeper water environment. After the rapid rise in sea level 

that produced the deeper water environment, a shallowing upwards sequence 

can occur again producing another mounding cycle 

In the VPCU 30 three mound cycles occur; one large fully developed and 

two smaller incomplete cycles. The large fully developed mounding cycle 

develops from 3345' to 3252'. All components of the mounding cycle are 

present. The two smaller mounding cycles occur fi"om 3375' to 3360' and 3360' 
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to 3345' in the VPCU 30 core. These smaller mounding cycles are incomplete; 

the lowermost mounding cycle lacks both the debris beds and a capping unit. 

The incomplete mounding cycle from 3360' to 3345' has all the components with 

the exception of the capping unit 

BS 27 has more significant mounding cycles than VPCU 30. Three large 

mounding cycles occur within BS 27 with one small cycle. The lowest mounding 

cycle is incomplete (3263' to 3228), and lacks both a debris bed and capping 

unit. The small mounding cycle occurs above the lowest mounding cycle from 

3228' to 3215'. This cycle is only represent by a 10-foot deep water interval with 

a 5 foot mound core. No debris bed or capping unit was observed in this smaller 

incomplete mounding cycle. 

Above this small mounding cycle, the second large neariy complete 

mounding cycle is present in the BS 27 core. The second mounding cycle is 26 

foot thick (3210' to 3186'). The first appearance of the skeletal grain Komia grain 

occurs with in this second mounding cycle. No noticeable debris bed 

environment is evident at the base of the second large mounding cycle, but all 

other components of the mounding cycle are present. 

The third and final mounding event in BS 27 is the largest, 80 feet from the 

beginning of mounding to the top of the capping unit. Twenty feet of deep water 

environment is present. The third large mounding cycle that begins at 3185' 

contains all components of the mounding cycle. This mounding sequence 

contains a chipped phylloid algal wackestone functioning as a debris bed at 

3165'. 
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Figure 4.1 Sketch of the relationships of depositional environments described 
in the text. 

64 

file:///Afeter


Q 0** tS o o 

o O 

y . ' ' \ - • . -• 

^ ; ^ ' :̂ j B • .^-; 
Mqurtd^oreTNfei: FtenkS 

4 ^ 3 ^ ^ 

. DeepW^^ 
Debpsi, 

Figure 4.2 Idealized mounding cycle for the Caddo algal mounds. 

65 



CHAPTER V 

DIAGENESIS 

Carbonates in the two Caddo cores were modified substantially by 

diagenesis. Multiple stages of diagenesis occurred: (1) syndepositional, (2) 

marine diagenesis, (3) meteoric diagenesis, and (4) late stage burial diagenesis. 

These stages combined to create complex rock fabrics within the Caddo algal 

mounds. Figure 5.1 is an idealized diagenetic sequence for the Caddo limestone 

taking into account and ordering all diagenetic features observed. Not all 

diagenetic steps are apparent in all lithofacies throughout the two cores. Marine 

cements are seen in only a few sections; neomorphism and dissolution often 

overprint them. In many cases mosaic calcite cements filled all available pore 

space making late dolomitization impossible 

5.1 Syndepositional Features 

The earilest diagenetic features preserved in the Caddo are 

syndepositional features. Hardening of upper carbonate sediments occurred at 

the sediment water interface (Figure 5.2). Reworking or brecciation of these 

clasts occurred frequently, causing the clasts to be locally reworked and 

redistributed into the underiying sediments (Adams, 1998). The hardening of the 

carbonate mud and then redeposltlon or reworking of those clasts was observed 

in the carbonate clast wackestone lithofacies, which occurs mainly in the 
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intermound depositional facies. The intermound area water was slightly deeper 

than the mound core and was less agitated by wave base. 

Micritization of skeletal grains is common throughout both Caddo cores. 

MIcritization occurs when the outer margins of carbonate skeletal grains are 

replaced by micrite through the process of boring endolithic algae (Tucker, 1990). 

The attacking algae bore microscopic holes that are subsequently filled with 

carbonate mud at or just below the sediment water interface (Adams, 1998). 

This process preserves the shape and structure of some of the aragonitic 

skeletal grains. Meteoric waters may later dissolve the inner aragonitic portion of 

skeletal grains leaving behind a micritic envelope. MIcritization can be best seen 

in the phylloid algae blades (Figure 5.3). These originally aragonitic phylloid 

algae blades are preserved as porosity (fossil moldic) or were filled with mosaic 

calcite. 

An eariy stage of compaction of coarser grained material also occurs 

shortly during deposition or after deposition. Compaction occurred 

predominately in grainstone intervals. The ooids are often deformed and 

compressed. The compaction in BS 27 core is evident in the skeletal ooid 

grainstone interval (Figure 5.4). Compaction can also be observed in the VPCU 

core (3224') in the fusulinid - crinoid - Komia grainstone intervals. Smaller 

fragments of fossil material are wedged in between larger skeletal grains. 
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5.2 Eariy Marine Diagenesis 

The effects of eariy marine diagenesis can be seen as marine 

cementation of primary porosity in a few thin sections. Marine cements are 

pooriy preserved due to their eariy formation and instability of their aragonitic 

mineralogy (Tucker, 1990). Later diagenesis often overprints this first stage of 

cementation. Two types of marine cementation are present, isopachous fibrous 

cement and botryoidal cement. The isopachous fibrous cement occurs as a thin 

uniform veneer of tiny aragonitic (later recrystallized to calcite) needles that 

formed perpendlculariy to the skeletal grain (Figure 5.5). Botryoidal cement 

occurs as up to 1 cm long densely packed small needles oriented as fan-like 

structures forming either individual fans or as tiny clusters (Figure 5.6) (Tucker, 

1990, 1991). Each of these two cements encroaches on and partly destroys the 

original intergranular pore space. These eariy marine cements are not restricted 

to any particular lithofacies. 

5.3 Meteoric Diagenesis 

Meteoric diagenesis had the greatest effect on the carbonates in the 

Caddo cores, resulting in the significant creation as well as destruction of pore 

space. Five significant freshwater diagenetic features can be seen in thin 

sections of the Caddo core: syntaxial overgrowths on echinoid and crinoid grains, 

aragonlte dissolution, precipitafion of calcite in created pore spaces, 

neomorphism of carbonate mud and formation of vugs. 
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Syntaxial overgrowth is the cement that forms around a carbonate grain 

where the cement is in optical continuity with the skeletal grain (Allaby, 1990). 

These overgrowths typically form around echinoid and crinoid fragments in the 

meteoric phreatic zone, where pore spaces were filled with fluid (Schroeder, 

1986). In the Caddo cores, this cement is extremely destructive to original 

intergranular and sheltered porosity. The fusulinid - crinoid grainstone in VPCU 

3224 shows a significant amount of porosity that was filled by syntaxial 

overgrowths around crinoid grains. (Figure 5.7) 

Dissolution is the destabllization and removal of unstable minerals such as 

aragonlte or high-Mg calcite from the original rock (Reljiers, 1986). Meteoric 

waters are undersaturated with respect to calcium carbonate as well as slightly 

acidic. Less stable carbonate minerals, such as aragonlte, dissolve quickly 

(Flugel, 1982). Phylloid algae blades and chips were the grains most susceptible 

to this phase of diagenesis (Figure 5.8). The original structures of these blades 

are not preserved in any of thin sections. Ostracods, foraminifers, gastropods 

and some edges of crinoldal grains may all show evidence of dissolution. This 

process of dissolution creates large quantities of fossil moldic porosity. 

Dissolution affected all lithofacies except the sponge spiculltes, with the greatest 

dissolution occuning in the phylloid algal wackestones. 

During meteoric diagenesis, precipitation of equant drusy and mosaic 

calcite cement destroys significant amounts of original and newly created 

porosity. Equant drusy cement precipitates as a roughly equldlmensional thin 

rind of cement around skeletal grains. Mosarc calcite spar cement is a pore-
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destroying cement of larger calcite crystals of approximately equiangular crystals 

intersecting with usually straight crystal boundaries (Reijers, 1986). Nucleation 

occurs on the surfaces of skeletal grains and calcite crystals continue to grow 

inward (Flugel, 1982). As the mosaic calcite grows into the pore space, crystal 

size increases as the pore space fills (Figure 5.9). This twofold process of 

cementation occurs in the fresh water phreatic zone. The drusy and mosaic 

calcite precipitates when the pores are completely filled with waters saturated 

with respect to calcium carbonate to form the calcite cement. 

All lithofacies except the sponge spiculite were affected by this phase of 

diagenesis. The phylloid algal wackestone is the lithofacies that was most 

affected by precipitation of drusy and mosaic calcite because of the large amount 

of eariy dissolution. Multiple events of drusy and mosaic calcite precipitation are 

present. 

Neomorphism of the carbonate mud also occurs in the freshwater phreatic 

zone. This coarsening of carbonate mud transforms micrite to microspar (calcite 

crystals (0.0005mm to 0.02 mm) and to pseudospar (50 ^m) (Tucker, 1991). 

This process is recognized in all lithofacies that contain a significant amount of 

carbonate mud. 

Freshwater diagenesis also creates vugs when undersaturated fresh 

water dissolves out large quantities of carbonate material. The formation of 

vuggy porosity can occur in either the vadose or phreatic zone or by subaerial 

exposure (Flugel, 1982). The formation of vugs is not lithofacies specific. The 

vuggy intervals occur in the VPCU 30 from 3320' to 3286' and in BS 27 from 
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3165' to 3140' and 3205' to 3200'. These large vugs can be seen in the cores as 

large cavities (Figure 5.10). In thin section, small vugs appear as large dissolved 

areas either transcending grain boundaries or destroying large quantities of 

carbonate mud (Figure 5.11). Distinct vuggy intervals form in skeletal ooid 

grainstones and phylloid algal wackestones. 

The vugs in the BS 27 core are much smaller and less common than in 

the VPCU core. The vug formation resulted fi-om interaction with undersaturated 

waters in either the vadose or the phreatic zones. Subaerial exposure is evident 

in slabbed core VPCU 3311.5 (Figure 5.12) where collapsed karsted clasts are 

present. The vuggy interval from 3150' to 3140' in BS 27 core corresponds to 

the skeletal ooid grainstone and provides evidence for subaerial exposure or 

near-subaerial exposure. A late stage of mosaic calcite precipitation can be seen 

In some of these large vugs. Sparry calcite crystals are evident protruding into 

newly formed vugs. 

Two phases of meteoric diagenesis were observed in the Caddo cores. 

The first phase of meteoric waters influenced all lithofacies and throughout the 

entire Caddo cores. Dissolution of aragonlte and high Mg Calcite and 

precipitation of equant and mosaic calcite occun-ed in the first phase of meteoric 

diagenesis. The second phase of meteoric diagenesis created vugs and 

precipitated sparry calcite within three vuggy intervals within the Caddo cores. 
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5.4 Deep (Burial) Diagenesis 

Two processes occur in the realm of burial diagenesis; formation of pore-

filling baroque dolomite and development of stylolites. These two diagenetic 

processes occur late in the diagenetic sequence. Baroque dolomite formed in 

pore spaces that were not completely filled by mosaic calcite and destroyed 

much of the remaining pore space (Figure 5.13). The idiotopic dolomite rhombs 

nucleated on the mosaic calcite cement and extended into the remaining pore 

space. Dolomite occurs throughout the two cores and occupies up to 10 % of the 

rock in some samples. Styolites are also common throughout the two Caddo 

cores. These form late, as seen by their cross-cutting relationships with skeletal 

grains and eariler cements (Figure 5.14). 

Silicification of grains is common within the sponge spiculite lithofacies 

and lithofacies directly adjacent to the sponge spiculite lithofacies. Within the 

spiculite, silicification occurs throughout the spicule packstone layers (Figure 

5.15). In adjacent rocks, a few skeletal grains, such as fusulinids are also 

silicified (Figure 5.16). This silicification process is a result of the mobilization of 

silica from siliceous sponge spicules. Sponge spicules are the main source of 

the silica to selectively sillclfy layers in the sponge spiculite depositional 

lithofacies or selected skeletal grains (Tucker, 1991). The timing of the 

slUcificatlon is difficult to determine relative other diagenetic events. 
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5.5 Diagenetic Summary 

In the Caddo algal mounds (Figure 5.1) eariy formation of "hardened lithic 

clasts", brecciation, compaction and micritization of skeletal grains occun-ed 

immediately after deposition. Eariy marine cementation by both botryoidal and 

isopachous fibrous cement appeared following the syndiagenetic stage. Eariy 

marine cements destroyed primary porosity eariy in the diagenetic history. 

Multiple episodes of meteoric diagenesis occurred as syntaxial overgrowths, 

dissolution of aragonite and high-Mg calcite, multiple episodes of precipitation of 

equant and mosaic calcite, neomorphism of mictric mud and formafion of vugs. 

The majority of pore space modification occurred in the meteoric environment. 

Dissolution of aragonitic material by meteoric waters created large amounts of 

secondary porosity. Filling of the newly created porosity by equant and mosaic 

calcite destroyed porosity. The last episode of diagenesis in the Caddo cores is 

deep burial diagenesis that resulted in the formation of pore-filling baroque 

dolomite and of stylolites. Late dolomitization is the last diagenetic event to 

destroy porosity. Silicification, also occurred, but its timing is hard to determine 

relative to the other diagenetic events. 

Brinton (1986) and White (1996) both give paragenetic sequences for the 

Desert Creek Zone, Paradox Basin algal mounds that are similar to the ones 

described in this thesis. In Brinton's model (Figure 5.17), there is an eariy phase 

of precipitation of fibrous cements on the sea floor. Dissolution, brecciation 

precipitation of calcite and neomorphism of depositional components occurred in 

the near surface diagenetic environment. In the deep subsurface environment 
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fracturing, minor dissolution, precipitation of ferroan calcite cement, baroque 

dolomite fonnation and hydrocartDon emplacement occurred. Only minor 

differences exist between the paragenetic sequence for the Caddo cores and 

Brinton's sequence. The formation and brecciation of carbonate clasts and 

formation of vugs through subaerial exposure seen in the Caddo cores, were not 

included in Brinton's description. Major meteoric dissolution was observed in the 

Caddo cores, but not emphasized in Brinton's diagenetic sequence. The timing 

of the emplacement of hydrocarbons in the Caddo core could not be determined. 

White's (1996) paragenetic sequence (Figure 5.18) includes diagenesis in 

marine, meteoric and burial environments. White reported marine cementation 

(bladed isopachous cement) and micritization of skeletal grains in the marine 

environment. In the meteoric diagenetic environment, syntaxial overgrowths, 

aragonite and calcite dissolution, compaction, calcite precipitation, neomorphism 

of calcite, feldspar dissolution, silica mobilization and formation of pyrite 

occurred. Burial diagenesis resulted in pressure solution (styolites) and 

carbonate dissolution. In the Caddo cores, no feldspar dissolution occurred 

because of the lack of clastic sediments and pyrite formation is not seen. White 

did not report vug formation and late dolomitization. Brinton's and White's 

paragenetic sequences for Paradox Basin phylloid algal mounds are similar to 

the paragenetic sequences determined fiDr the Caddo algal mounds. However, 

the late formation meteoric formation of vugs and karsting is unique to the 

observed Caddo cores. 

74 



Paragenetic Sequence 

Time 

Syndcposttionai Early Marine Meteoric 1 

1 kii'dcning of 
rnrbnnale ('lasts 

Brecciation of 
Carbonate Casts ' 

Micnli/ation 

I Mnnnc 
CL-menui ition 

i 

Dissoii!tu>n 

I Neomorphism 

Precipitation 
Mosaic Calciie 

Syntaxial 
Overgrowths 

Meteoric 2 

V Liu rormation 

Precipiiation 
Mosaic Calcite 

Burial 

Knoi!!n\/ai!ot 

j r , 'k^l i t i /yt i<Mi 

Figure 5.1 Paragenetic sequence determined for the two cored Caddo algal 
mounds. 
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6 mm 

Figure 5.2 Carbonate clasts (CC) formed by partial lithification of carbonate 
mud at the sediment-water interface in the intermound depositional environment. 
(Plain light, BS 27 3158) 
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.25 mm 

Figure 5.3 Micritic envelop (ME) on a large phylloid algal blade formed by 
boring endolithic algae during the syndepositional phase of diagenesis. (Plain 
light, V3300) 
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0.6 mm 

Figure 5.4 Eariy compaction of ooids producing elongated (EC) and thinned 
grains. (Plain light, BS 27 3141) 
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3.15 mm 

Figure 5.5 Early marine isopachous fibrous cement (IC) filling original 
sheltered porosity. (BS 3318, Polarized light) 
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3.25 mm 

Figure 5.6 Eariy marine botryoidal cement filling original intergranular porosity. 
(VPCU 3319, Plain light) 
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1.25 mm 

Figure 5.7 Syntaxial overgrowths (SO) on crinoids and crinoid fragments 
formed during meteoric diagenesis. (VPCU 3324, Plain light) 
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4 mm 

Figure 5 8 Fossil moldic porosity (FM) created by the meteoric dissolution of a 
large phylloid al^ae blade. (VPCU 3298, Plain light) 
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4 mm 

Figure 5.9 VPCU 3319 displays multiple layers of mosaic calcite (MC) cement 
filling newly created diagenetic porosity. (Polarized light) 
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76 mm 

Figure 5.10 Large vug in slabbed core created by dissolution by meteoric 
waters and possible subaerial exposure. (VPCU 30 3140) 

84 



7 mm 

Figure 5.11 Vugs (V) in thin section created by dissolution by meteoric waters 
and possible subaerial exposure. (BS 27 3303, Plain light) 
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r^'-rr-z. 

KB 

i 

76 mm 

Figure 5.12 Karsted blocks (KB) and a large vug (V) are present due to 
subaerial exposure in slabbed core VPCU 3311.5. 
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5.5 mm 

Figure 5.13 Late pore filling burial dolomite (D). (VPCU 3319, Plain light) 
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76 mm 

Figure 5.14 Late forming stylolite (S) in slabbed core BS 27 3155. 
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.3 mm 

Figure 5.15 Silicification and precipitation of siliceous cement in sponge 
spiculite. Timing of this diagenetic event was not possible. (VPCU 3329, 
Polarized light) 
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2.75 mm 

Figure 5.16 Silicified fusulinid located adjacent to the sponge spiculite 
depositional lithofacies. (VPCU 3324, Plain light) 
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Figure 5.17 Brinton's (1986) paragenetic sequence for the Paradox Basin algal 
mounds. 
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320 Ma 
I .^ 

Time 

Micritization ! 
Bladed Isopachous cement 

" Syntaxial calcite overgrowths 
-—*• - Aragonite and calcite dissolution 

Geopetal fill ck molds 
• " ^ Early compactlon/fracturing 

« - « . . ^ ^ Calcite spar precipitation 
* - Frambotdal pyrite 

- '-^•"'•• '̂ -•"Ntomorphism of carbonate mud 
«. mm^ Feldspar dissolution 

- — Caleifc cements clastic units 
Silica mobilization 
— Fractunng/sflica fill 

Pressure solutio n 

dissokilioni 

Meteoric Burial 

Diagenetic Environment 
< « & • ' 

Figure 5.18 White's (1996) paragenetic sequence for Paradox Basin algal 
mounds. 
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CHAPTER VI 

LARGE - SCALE MOUNDING FEATURES 

6. 1 Core to Log 

The cores from Caddo wells were correlated to geophysical logs to 

determine whether individual depositional lithologies could be recognized. 

Through investigation of logs and basic log calculations (neutron density porosity, 

Rxo porosity, etc.) individual depositional lithologies could not be identified. 

Recognizing depositional lithofacies was extremely difficult owing to the 

diagenetic fabric that meteoric water imprinted on the depositional lithofacies. 

Dissolution and later cementation reduced original depositional porosity and 

depositional features. Only the vuggy intervals can be recognized on 

geophysical logs by the increased neutron and density porosity. Figure 6.1 

shows the vuggy intervals and their log signatures. Not all highly porous zones 

seen in geophysical logs correspond to vuggy intervals as determined from 

slabbed core. Some highly porous zones observed on geophysical logs 

correspond to zones of high dissolution of original calcite and aragonite, which 

result in high neutron and density porosity. 

Mounding cycles, unlike individual depositional lithofacies, could be 

resolved using their distinctive SP signature. Mounding intervals, debris beds, 

mound cores, intermound, near flank beds, and capping units collectively appear 

as a large negative SP deflection (Figure 6.2, VPCU 30 and 6.3, BS 27). A lack 

of positive SP deflection and a high resistivity with little to no invasion profile 
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(ILD=ILM=SFL) is displayed by the sponge spiculites of the deep-water 

depositional environment and are easily distinguished from the mounding cycles. 

The termination of the Caddo algal mounds by the progradation of the 

prodeltaic and basinal facies of the Strawn over the region is also easily 

determined on logs. This contact can be identified in both the SP log and 

gamma ray logs. On the SP log, the Caddo - Strawn contact appears as a 

strong (100 plus) negative deflection. This contact can also be recognized by a 

sharp decrease in the gamma ray (+100 API units) signature (Figure 6.4, VPCU 

30). Directly above the Caddo is an extremely hot streak in the gamma ray, 

which may be a condensed interval in the lowermost units of the Strawn 

prodeltaic and basinal facies. Distinguishing individual mounds using the gamma 

ray log is extremely difficult. Tops and bottoms of mounds are barely 

distinguishable using the gamma ray, because there is only a slight gamma ray 

increase in the sponge spiculite intervals compared to adjacent depositional 

lithofacies. This slight deflection is primarily due to only a difference between the 

mineralogy of the sponge spiculite (carbonate and siliceous spicules) and the 

carbonate-rich depositional lithofacies. No changes in active radioactive 

materials occur In the sponge spiculites compared to the other depositional 

lithofacies. 

Through log analysis of the two cored wells, using CBA (Carbonate 

advisor, logic group) and hand log calculation, a different resistivity for formation 

water than previously published was calculated. Published data in Browing 

(1982) gave an Rw value of 0.04 for formation water resistivity. An Rw value of 
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0.03 was determined by using Asquith's (1981) formulas for computing Rw value 

from the SP in both wells. This difference in Rw value may affect reservoir 

calculations in future development of the Caddo. The lower Rw value lowers 

Archie water saturation (Swa), moveable hydrocartDon index (Sw/Sxo) and ratio 

water saturation (Swr) (Figure 6.5). 

6.2 Individual Core Correlation 

Geophysical log correlations of the two wells were facilitated by hanging 

the wells on a sand stringer in the terrigenous Strawn sediments above the 

Caddo and basal log signatures (Figure 6.6). The two Caddo cores correlate as 

seen in Figure 6.6. The large mounding cycle in VPCU 30 (3324' to 3250') 

correlates with the lowest mounding cycle of BS 27 (3275' to 3230'). A sand 

stnnger in the Strawn prodeltaic and basinal deposits above the Caddo is used to 

make this correlation. The interval between the top of the Caddo and the sand 

stringer is much thicker in the eastern VPCU 30 core than in the western BS 27 

core because of the more basinward position of VPCU 30. The difference in 

thickness of the prodeltaic and basinal deposits in the two cores is attributed to 

the eariier progradation of terrigenous sediments in the eastern half of the field. 

The progradation in the east allowed a thicker section of the terrigenous 

sediments to accumulate in VPCU 30 than in BS 27. The two con-elated 

mounding cycles also display similar log signatures at their base. The base of 

both cycles have a two step-like notched negative deflection to the SP signature. 
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The two correlated mound cycles of the two cores show a similar lack of 

faunal components within them. All mounding cycles within VPCU 30 and the 

lowest mounding cycle of BS 27 lack the faunal component Komia. Komia 

appears abruptly during the second mounding cycle in BS 27 (3210'). Komia 

may have appeared In the Caddo algal mounds after the last mounding cycle in 

VPCU 30 was completed. 

Forehand (1991) reported Komia as an extensive and dominant skeletal 

component of the Caddo algal mounds, but Komia is a minor skeletal component 

within the Caddo cores observed in this study. The large intervals of Komia 

wackestones reported by Forehand are not seen in the VPCU 30 and BS 27 

cores. Forehand used five cored wells for his study, only one of his cores fall 

within the present region of investigation, all others are to the west of this study. 

The one core, Wicker 1, is located less than a mile from VPCU 30 core and is 

reported to lack Komia skeletal grains. Forehand's other four cores are west of 

BS 27 and contain significant intervals where Komia is an important and often 

dominant skeletal grain. In VPCU 30 and BS 27, the appearance of Komia in the 

base of the second mounding interval in BS 27 may mark the beginning of Komia 

as a significant mounding component. In these cores, the appearance of Komia 

occurs after the first mounding episode, the large cycle of VPCU 30 and lowest 

(1̂ *) cycle of BS 27, which may mark the local appearance of Komia for the 

region. Carbonate production ceased in VPCU 30 and Wicker 1 before the 

appearance of Komia. An increase in abundance of Komia may have occurred in 

younger mounding events, in more western algal mounds in Stephens County. 
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6.3 Field Evolution 

The evolution of the Stephens County Regular field is a complex history of 

relative sea level fluctuation and influence of terrigenous sediments filling the 

Fort Worth Basin. Carbonate production and mounding episodes of the Caddo 

algal mounds were greatly affected by the fluctuations in relative sea level and 

terrigenous sediments shed off the Ouachita Thrust Belt which prograded across 

the Fort Worth Basin. Two models, one based on eustatic sea level fluctuations 

and a second model based on tectonic control, are compared to explain the 

evolution of the Caddo algal mounds in Stephens County, Texas. 

The Caddo mounds responded to the rise and fall of relative sea level by 

upward mound growth, lateral mound migration, transition to a shoaling 

environment, and cessation of growth due to subaerial exposure. The start of 

active mounding was a transition from a deep water to a stabilization event 

where shallowing created suitable water depth for phylloid algal growth and 

mounding to occur. Once mounding was established, upward mound growth 

was rapid and the algal mounds coalesced to form large algal banks in the 

available accommodation space. Termination of active upward mound growth 

took place when the mound grew into normal wave base or a drop in relative sea 

level occurred. A capping environment was established, which was often 

followed by subaerial exposure. Formation of skeletal grainstones and ooids 

were the result of the transition to a capping environment as described by Weber 

(1995). A period of subaerial exposure subjected the mounds to meteoric waters 
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and significantly modified pore space. The final event in the cycle was a return to 

deeper water when a significant rise in relative sea level created water depths 

where normal mounding cannot take place. 

Major cyclic rise and fall of relative sea level occurs three times within the 

studied area. The initial mounding cycle affected the whole field and is seen in 

both the Caddo cores. The first mounding cycle is thicker in the eastern half and 

thinner to the west. During the initial mound cycle thickening occurred in the 

eastern half due to its more basinward position. The fact that the more 

basinward mounds had significantly more accommodation space for upward 

mound growth during this first cycle of mounding is evident in the two cores. The 

first cycle of mounding in eastern VPCU 30 has a thickness of 70 feet of algal 

mounding compared to 40 feet in BS 27. The isopach map (Figure 6.7) of the 

first mounding sequences display this thickening in the eastern side. 

The second cycle of mounding produces the smallest signature of 

mounding in the Caddo algal mounds, only 25 feet in BS 27 core. The second 

cycle of mounding is only seen in the middle and western half of the studied field. 

The third and upper most cycle, which is the largest in BS 27 (70 feet), is only 

represented in only the westernmost wells of the studied field. Three cycles of 

sea level rise and fall are present in the BS 27 core and only one in VPCU 30. In 

wells in the central area of the field, two cycles of rise and fall of sea level are 

observable. 

The first model for the three repetitive mounding cycles observed in the 

Caddo algal mounds is based on fluctuations in eustatic seal level. Third and 
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fourth order sea level fluctuations could have greatly affected carbonate 

deposition over the Bend Arch region producing the three observed mounding 

sequences. Transition through the cyclic rise and fall of sea level produced the 

three observed shallowing upwards sequences in the Caddo algal mounds. 

The largest reported volumes of carbonate production occur during the 

highstand systems tract (Sarg, 1995), during the latest parts of eustatic rise, 

standstill and then eariy fall (Hanford, 1993). Sedimentation rates often outpace 

regional subsidence rates, causing progradation of platform carbonates onto the 

platform margins (Hanford, 1993). Overall shallowing sequences occur within 

highstand times as algal mounds grow upwards to fill the available 

accommodation space. During periods of regression, shoaling environments are 

formed and production of skeletal or ooid grainstone shoals occur (Hanford, 

1993). Significant lowering of sea level during lowstand may result in meteoric 

diagenesis, subaerial exposure, karsting and erosion. A rapid rise in eustatic sea 

level will flood the eariier carbonate banks and produce of deeper water 

depositional conditions. 

Relative sea level fluctuation in the observed in the Caddo cores, 

producing the three observed mounding cycles, could have also been derived by 

tectonic effects. Tectonic loading in the Ouachita thrust belt caused the 

formation of the Fort Worth Basin, in the late Mississippian or eariy 

Pennsylvanian, and controlled the westward migration of the fore bulge (Bend 

Arch). Isostatic compensafion of the vertical tectonic loading of thrust sheets in 

the Ouachitas was the main cause for the evolution of the fore bulge (Bend Arch) 
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(Dorobeck, 1995). Subsequent loading of multiple thrust sheets is a mechanism 

for change in relative sea level at the Bend Arch in the Stephens County area. 

Loading of thrust sheets on the eastern margin of the Fort Worth Basin 

caused subsidence throughout the entire basin as well as in the fore bulge 

region. Subsidence in the fore bulge region occurred during periods of 

compensation for recently loaded thrust sheets. During periods of non-loading 

"relaxation" of the basin and gentle isostatic rebound occurred. This gentle 

rebound resulted in shallowing upward events over the basin, especially over the 

fore bulge region (Maill, 1995). Multiple loading episodes occurred as Ouachita 

thrust sheets progressively moved westward into the Fort Worth Basin, which 

forced the migration of the fore bulge (Bend Arch) westward throughout the 

Pennsylvanian. The successive loading of these thrust sheets causing 

deepening, along with associated periods of basin "relaxation" could have 

resulted in significant changes of relative sea level over the Bend Arch. 

Carbonate sedimentation patterns over the forebulge would have been 

greatly affected by the successively deepening (tectonic loading) and shallowing 

(relaxation) events within the area. During periods of loading, relative sea level 

would have been greater over the fore bulge. Sediment starvation can occur on 

the carbonate platform forming more condensed intervals (Maill, 1995). As 

"relaxation" of the basin and fore bulge occun-ed shallowing of the region and 

carbonate production ensued. Shoaling environments, as well subaerial 

exposure is possible when "relaxation" of the fore bulge continues and brings the 

fore bulge region near or above sea level (Maill, 1995). Sediment shed off the 
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multiple thrust sheets in the Ouachita Thrust Belt resulted in infilling of the basin 

and eventually prograded over the fore bulge and terminated carbonate 

production. 

Termination of mounding occurs in a three-step east-west pattern, ending 

mounding on the eastern margins of the studied field first. The distribution of the 

three mounding cycles is displayed in Figure 6.7. Termination of mounding was 

most likely controlled by the successive migration of the fore bulge (Bend Arch) 

as thrust sheets were loaded on the eastern side of the Fort Worth Basin. The 

eastern flank (basin side) of the fore bulge would be considerably deeper than 

western side because of the fore bulge geometry. As the migration of the fore 

bulge continued westward the area in deepened in an east to west pattern. The 

east to west deepening successively drowned the algal mounds, terminating 

mounding on the eastern half of the field first. The hot gamma ray interval 

directly above the Caddo algal mounds may be a condensed section resulting 

fi-om the period of deepening and slow deposition after the migration of the fore 

bulge over the region. The Strawn prodeltaic and basinal facies prograded 

across the field after mound termination had already occurred (Figure 6.8). 

Determining whether eustatic or tectonic controls were responsible for the 

repetitive sea level fluctuation producing the three successive mounding cycles 

within the examined Caddo cores was impossible. A combination of both 

eustatic and tectonic controls of sea level is the most likely method of creating 

the repetitive sea level fluctuations. Eustatic sea level fluctuation as well as the 

repetitive up and down movement of the fore bulge contributed to the local 
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changes in relative sea level. Termination of mounding in the three-step pattern 

occurred by the migration of the fore bulge (Bend Arch) westward, successively 

drowning the algal mounds in an east to west direction. 

102 



VPCU 30 BS27 

/ 

i 

30 

SP 

3300 

) 

r 3400 

/ 

•10 

.J 

N 

c 
' -'icT"" 

5-'' 
" — — • v . . 

Vuas 
«̂  

?> 

_ 
J-

" > • • 

'^y 

? 1 
0 

30 -10 

SP 

• v 
3000 

.•i*' ' • ' 

i 
:l 
I 

I 
B 

N : / 

^̂ «̂ -

I Vugs 

32ao I Vuqs^ 
wi' 

-J-'- 4-- • 

1 ^ ' 

^"IV), ^ 
> 

!«•«??» .*»*' • . ^ 

j-.; 

> 

Figure 6.1 Vuggy intervals of VPCU 30 and BS 27 are clearly visible on the 
neutron - density porosity logs. 
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Figure 6.2 One large mounding sequence visible in VPCU 30. 
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Figure 6.3 Three large mounding sequences visible in BS 27. 
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Figure 6.4 Contact between the Caddo Limestone and 
Strawn prodeltaic and basinal facies. Note the negative 
gamma ray and SP deflection. 
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Swa (Archie Water Saturation) 
Swa = [(1/0)2 *(Rw/Rt)f^ 

Published Rw = .04 New Rw = .03 

Swa = [(17.17^) * (.04/18)f' = 0.28 Swa = [(1/.172) * (.03/18)]°' = 0.24 

Moveable Hydrocarbon Index 
Sw/Sxo = [(Rxo/Rt) / (Rmf/Rw)]°' 

Published Rw = .04 New Rw = .03 

Sw/Sxo = [(60/18) / (1.56/.04)f' = 0.29 Sw/Sxo = [(60/18) / (1.56/.03)]°' = 0.25 

Ratio Water Saturation 
Swr = [(Rxo/Rt) / (Rmf/Rw)]°-^2' 

Published Rw = .04 New Rw = .03 

Swr = [(60/18) / (1.56/.04)f^2' = 0.21 Swr = [(60/18) / (1.56/.03)f' = 0.18 

<D = 0.17 Rmf=1.56@TF Rxo = 60 Rt=18 

Figure 6.5 Example of the effects of lowered water resistivity on log 
calculations. Formulas are from Asquith (1982). 
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Figure 6.6 Conrelation of the two cored wells BS 27 and VPCU 30.. Correlation is 
based on the Strawn sand stringers, appearance of Komia and the notch like basal 
SP signature (SP). 
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Figure 6.7 Isopach map of the 1 st mounding cycle, distribution and extent of the three mounding cycles 
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Figure 6.8 Diagrammatic illustration of the timing and distribution of the three 
mounding sequences, formation of the condensed interval and progradation of 
the Strawn prodeltaic and basinal facies. The bold line represents the 
condensed interval. 
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CHAPTER Vll 

CONCLUSIONS 

The six principle conclusions arrived at in this study concerning the Caddo 

Limestone are: 

1. Six depositional lithofacies for the eariy Desmoinesian Caddo algal 

mounds were defined by petrographic analysis of the Caddo cores: (1) 

Sponge Spiculite, (2) Fusulinid - Crinoid - Komia Packstone/Grainstone (3) 

Carbonate Clast Wackestone, (4) Skeletal Wackestone, (5) Phylloid Algal 

Wackestone and (6) Skeletal Ooid Grainstone. 

2. Depositional lithofacies correspond to the following depositional 

environments: (1) Sponge Spiculite - Deep Water, (2) Fusulinid - Crinoid 

- Komia Packstone/Grainstone - Debris Bed or Capping Unit, (3) Phylloid 

Algal Wackestone - Mound Core, (4) Skeletal Wackestone - Near Flank 

Beds, (5) Carbonate Clast - Wackestone - Intermound and (6) Skeletal 

Ooid Grainstone and Fusulinid - Crinoid - Komia Packstone/Grainstone -

Capping Unit. 

3. A mounding cycle is developed for the Caddo algal mounds: (1) Deep 

Water, (2) Debris Bed (stabilization of the deep water substrate), (3) 

Mound Core - Near Flank Beds - Intermound (upward mound growth and 

lateral mound migration and (4) a Capping Unit (termination of mound 

growth), following the models constructed for the Paradox Basin algal 

mounds. Mounding cycles observed formed in response to relative sea 
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level fluctuation. Both eustatic and tectonic controls induced the 

fluctuations in relative sea level 

4. Four diagenetic environments affected the Caddo algal mounds: (1) 

Syndepositional, (2) Eariy Marine, (3) Meteoric, and (4) Burial. 

a. Syndepositional - Formation and brecciation of carbonate clasts 

and micritization of skeletal grains 

b. Eariy Marine - Isopachous and botryoidal cementation in original 

intergranular and sheltered porosity 

c. Meteoric - Syntaxial overgrowths on crinoid grains, dissolution of 

aragonite and high Mg calcite, neomorphism of carbonate mud, 

precipitation of equant and mosaic calcite and formation of vugs. 

Meteoric diagenesis is the largest modifier of porosity in the Caddo 

algal mounds. 

d. Burial - Formation of burial dolomite and stylolites. 

5. Depositional lithofacies, except sponge spiculites, are indistinguishable on 

geophysical logs. Meteoric diagenesis overprints the original depositional 

lithofacies; only vuggy intervals can be seen in geophysical logs. An Rw 

value of 0.03 was determined for the Caddo algal mounds. 

6. Three major relative sea level fluctuations occurred within the Caddo algal 

mounds, producing three mounding cycles. The progressive step wise 

westward termination of the Caddo algal mounds were a result the 

migration of the fore bulge (Bend Arch) associated with tectonic loading of 

the Ouachita Thnjst Belt. Progradation of prodeltaic and basinal 
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terrigenous sediments derived from the Ouachita thrust belt across the 

Caddo algal mounds in one event. The termination of the Caddo algal 

mounds, by drowning is time transgressive getting progressively younger 

in the westward direction. 

11 ' i 



WORKS CITED 

Adams, A. E., and MacKensizie, W. S., 1998, A Colour Atlas of Carbonate 
Sediments and Rocks Under the Microscope: London, Manson Publishing, 
180 p. 

Allaby, A., and Allaby. M., 1990, The Concise Oxford Dictionary of Earth 
Sciences: Oxford, Oxford University Press, 410 p. 

Asquith, G., 1982, Basic Well Log Analysis for Geologists: Tulsa, AAPG, 216 p. 

Barrick, J. E., 2001, Personal Communication, in Department of Geosciences, 
TTU, ed.: Lubbock, TX. 

Brinton, L., and Wray, J. L., 1986, Pennsylvanian (Minturn Formation) Algal-
Mound Facies, Rio Blanco, Colorado, in Stone, D. S., ed., New 
Interpretations of Northwest Colorado Geology: Denver, Rocky Mountain 
Association of Geologists, p. 103-111. 

Browning, D. W., 1982, Geology of North Caddo Area Stephens County, Texas, 
in Martin, C. A., ed.. Petroleum Geology of the Fort Worth Basin: Dallas, 
Dallas Geological Society, p. 315-329. 

Chidsey, T. C. J., Eby, D. E., and Lorenz, D. M., 1996, Geological and Resen/oir 
Characterization of Small Shallow Carbonate Fields, Southern Paradox 
Basin, Utah, in A. Curtis Huffman, J., ed.. Geology and Resources of the 
Paradox Basin: Salt Lake City, Utah Geological Association. 

Choquette, P. W., 1983, Platy Algal Reef Mounds, Paradox Basin, in Scholle, P. 
A., Bebout, D. G., and Moore, C. H., eds.. Carbonate Depositional 
Environments: Tulsa, AAPG, p. 454-462. 

Cleaves, A. W., 2000, Sequence Stratigraphy and Reciprocal Sedimentation in 
the Middle and Late Pennsylvanian Carbonate-Bank Systems, Eastern 
Shelf of the Midland Basin, North-Central Texas, in Johnson, K. S., ed., 
Platform Carbonates in the Southern Midcontinent, 1996 Symposium: 
Norman, Oklahoma Geological Survey, p. 227-257. 

114 



Collins, E. W., Laubach, S. E., Dutton, S. P., and Hill, R. E., 1992, Depositional 
Environments, Petrology and Fractures of the Atoka Davis Sandstone: A 
Low-Permeability Gas-Bearing Sandstone of the Forth Worth Basin, North 
Central Texas, in Cromwell, D. W., Moussa, M. t., and Mazzullo, L. J., 
eds.. Transactions: Southwest Section AAPG 1992 Convention: Midland, 
West Texas Geological Society, p. 221-230. 

Crabtree, J. L., 1987, Caddo Lime Reservoirs in the Bend Arch Area, North 
Central Texas, in Kamin, T. C, Ahr, W. M., and Roberts, D., eds.. 
Southwest Section of AAPG: Convention Transaction with Abstracts 1987: 
Dallas, Dallas Geological Society, p. 106-120. 

Dorobek, S. L., 1995, Synorogenic Carbonate Platforms and Reefs in Foreland 
Basin: Controls on Stratigraphic Evolution and Platform/Reef Morphology, 
in Dorobek, S. L., and Ross, G. M., eds., Stratigraphic Evolution of 
Foreland Basins: Tulsa, SEPM, p. 127-147 

Flippin, J. W., 1982, The Stratigraphy, Structure and Economic Aspects of the 
Paleozoic Strata in Earth County, North-Central Texas, in Martin, C. A., 
ed., Petroleum Geology of the Fort Worth Basin and Bend Arch Area: 
Dallas, Dallas Geological Society. 

Flugel, E., 1982, Microfacies Analysis of Limestone: Beriin, Spinger-Verlag, 633 
P-

Forehand, M. T., 1991, Deposition and Diagenesis of Caddo Mud Mounds, in the 
Breckenridge Field, Stephens County, Texas: The University of Texas at 
Ariington, 87 p. 

Golonka, J., Ross, M L , and Scotese, C. R., 1994, Phanerozoic 
Paleogeographic and Paleodimatic Modeling Maps, in Embry, A. F., 
Beauchamp, B., and Glass, D. J., eds., Pangea: Global Environments and 
Resources: Cakgary. AAPG. 

Grammer, G. M., and Eberii, G. P., 2000, Exploration- and Production-Scale 
Lateral Variability in Phylloid-Algal-Mound and Associated Reservoir 
Facies, Paradox Basin, Southeastem Utah, in Johnson, K. S., ed.. 
Platform Carbonates in the Southern Midcontinent, 1996 Symposium: 
Norman, Oklahoma Geological Survey, p. 259-266. 

115 



Grayson. R. C. J., Memll, G. K.. Lambert, L L., Trice, E. L. I., Vitani, N. M., and 
Westgaard, E. H., 1987, Middle Pennsylvanian Strata of Central Texas: 
Stratigraphic and Conodont Biostratigraphic Relationships, in Grayson, R. 
C. J., Men-ill, G. K., Lambert, L. L., Trice, E. L. I., Vitani, N. M., and 
Westgaard, E. H., eds., Early and Late Paleozoic Conodont Faunas of the 
Llano Uplift Region, Central Texas - Biostratigraphy, Systematic Boundary 
Relationships, and Stratigraphic Importance.: Waco, South-Central 
Section GSA. 

Groves, J. R., 1986. Calcareous Algae and Associated Microfossils from Mid-
Carboniferous Rocks in East-Central Idaho: Journal of Paleontology, v. 
60, no. 2, p. 476-496. 

Hanford, C. R., and Loucks, R. G., 1993, Carbonate Depositional Sequences and 
Systems Tracts-Responses of Carbonate Platforms to Relative Sea-Level 
Changes, in Loucks, R. G., and Sarg, J. F., eds., Carbonate Sequence 
Stratigraphy: Recent Developments and Applications: Tulsa, AAPG, p. 3-
41. 

Heckel, P. H., 1974, Carbonate Buildups in the Geologic Record: A Review, in 
Laporte, L. F., ed., Reefs in Time and Space: Selected Examples from the 
Recent and Ancient: Tulsa, SEPM. 

Heckel, P. H., and Cocke, J. M., 1969, Phylloid Algal-Mound Complexes in 
Outcropping Upper Pennsylvanian Rocks of Mid-Continent: AAPG 
Bulletin, v. 53, no. 5, p. 1058-1074. 

James, N. P., 1983, Reef Environment, in Scholle, P. A.. Bebout, D. G., and 
Moore, C. H., eds., Cartx)nate Depositional Environments: Tulsa, AAPG, 
p. 708. 

Johnson, K. S., 1988, Southern Midcontinent region, in Sloss, L. L, ed., 
Sedimentary Cover- North American Craton: US: Boulder. Geological 
Society of America, p. 307-359. 

Kier, R. S., LF. Brown, J., and McBride, E. F., 1980, The Mississippian and 
Pennsylvanian (CariDoniferous) Systems in the United States-Texas: U.S. 
Geological Survey. 

Lahti, V. R. a. H.. W. F., 1982, The Atoka Group (Pennsylvanian) of the 
Boonesville Field Area, North-Central Texas, in Martin, C, ed., Petroleum 
Geology of the Fort Worth Basin and Bend Arch: Dallas, Dallas Geological 
Society. 

116 



Lambert, L. L., 1992, Atokan and basal Desmoinesian conodonts from central 
Iowa, reference area for the Desmoinesian Stage: Oklahoma Geological 
Survey Circular 94, p. 111-123. 

Lewis, E. G., 1987, A Microfacies/Seismic Interpretation of the Caddo Lime in the 
Chalky Mountain Field of Northwest Taylor County, Texas, in Kamin, T. 
C, Ahr, W. M., and Roberts, D., eds.. Southwest Section of AAPG: 
Convention Transactions with Programs: Dallas, Dallas Geological 
Society. 

Maill, A. D., 1995. Collision-Related Foreland Basins, in Busby, C. J., and 
Ingersoll, R. V., eds., Tectonics of Sedimentary Basins: Cambridge, 
Blackwell Science, p. 393-424. 

Montgomery, S. L., Thomas C. Chidsey, J., Eby, D. E., Lorenz, D. M., and 
Culham, W. E.. 1999, Pennsylvanian Carbonate Buildups, Paradox 
Boson: Increasing Reserves in Heterogeneous Shallow-Shelf Reservoirs: 
AAPG Bulletin, v. 83, no. 3, p. 193-210. 

Reijers, T. J. A., and Hsu, K. J., 1986, Manual of CartDonate Sedimentology: A 
Lexicographical Approach: New York, Academic Press, 302 p. 

Ross, C. A., and Ross, J. R. P., 1987, Late Paleozoic Sea Levels and 
Depositional Sequences, in Ross, C. A., and Haman, D., eds.. Timing and 
Depositional History of Eustatic Sequences: Constraints on Seismic 
Stratigraphy: Houston, Cushman Foundation for Foraminiferal Research, 
p. 137-149. 

Sarg, J. F., Weber, L. J., and Markello, J. R., 1995. CariDonate Sequence 
Stratigraphy-a Summary and Perspective, in Pause, P. H., and 
Candelaria, M. P., eds.. Carbonate Facies and Sequence Stratigraphy: 
Practical Applications of Carbonate Models, SEPM, p. 181-200. 

Toomey, D. F., 1980, History of a Late Carboniferous phylloid algal bank 
complex in northeastern New Mexico: Lethaia, v. 13, p. 249-267. 

Toomey, D. F., Wilson, J. L., and Rezak, R., 1977, Evolution of Yucca Mound 
Complex, Late Pennsylvanian Phylloid-Algal Buildup, Sacramento 
Mountains, Mew Mexico: AAPG Bulletin, v. 61, no. 12, p. 2115-2133. 

Tucker, M. E., 1991, Sedimentary Petrology: Cambridge, Blackwell Science, 260 
P-

117 



Tucker, M. E., and Wright, V. P., 1990, CariDonate Sedimentology: London, 
Blackwell Scientific Publications, 482 p. 

Turner, G. L., 1957, Paleozoic Stratigraphy of the Fort Worth Basin, in Bell, W. 
C, ed., Abilene and Fort Worth Geological Societies: 1957 Joint Field Trip 
Guidebook: Fort Worth, Forth Worth Geological Society. 

Walper, J. L., 1982, Plate Tectonic Evolution of the Fort Worth Basin, in Martin, 
C. A., ed.. Petroleum Geology of the Fort Worth Basin: Dallas, Dallas 
Geological Society, p. 237-251. 

Weber, L. J., 1995, Depositional and Diagenetic Control of Reservoir Quality and 
Continuity of the Pennsylvanian Caddo Limestone, in Pause, P H . , and 
Candelaria, M. P., eds.. Carbonate Facies and Sequence Stratigraphy: 
Practical Applications of Carbonate Models, SEPM, p. 257-286. 

Weber, L. J., Sarg, J. F., and Wright, F. M., 1995, Sequence Stratigraphy and 
Reservoir Delineation of the Middle Pennsylvanian (Desmoinesian), 
Paradox Basin and Aneth Field, Southwestern USA, in Read, J. F., and 
Kearns, C, eds., Milankovitch Sea-Level Changes, Cycles, and 
Reservoirs on Carbonate Platforms in Greenhouse and Ice-House Worids: 
Tulsa, SEPM, p. 1-81. 

West, R. R., 1988, Temporal Changes in Carboniferous Reef Mound 
Communities: Palaios, v. 3, no. Reefs Issue, p. 152-169. 

White, J. v., and Kirland, B. L., 1996, Diagenesis and Porosity Distribution of 
Pennsylvanian Paradox Formation Carbonates (Upper Ismay), Southeast 
Utah, in Huffman, A. C. J., Lund, W. R., and Godwin, L. H., eds.. Geology 
and Resources of the Paradox Basin: Utah Geological Association 
Guidebook 25: Salt Lake City, Utah Geological Association, p. 151-160. 

Wilson, E. C, 1969. No New Ungdarella (Rhodophycophyta) in New Mexico: 
Journal of Paleontology, v. 43, no. 5, p. 1245-1247. 

Wilson, J. L., 1975, Carbonate Facies in Geologic History: New York, Springer-
Veriag, 471 p. 

118 



APPENDIX A 

CORED WELL DATA 
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VPCU 30 

Well name: 
Operator: 
API number: 

Veale-Pari<s (Caddo) Unit 30 
Sun Exploration and Production Company 
42-429-33309 

Location: Sec 36, Blk 5, T&P Survey, A-2729 
2331' FNL, 1448' FWL of Sec 
6 miles west of Caddo 

Spud Date: 
Completion Date: 

Elevation: 

5-19-82 
7-16-82 

GR 1340 
KB 1348 

Perforation: 3252-3316 IP: 1 BO 114BWin24hrs 

Cored: 

Logs: 

3250-3375 

SP, Gamma Ray, Rsfl, Rim, Rid, Neutron, Density 
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Well name: 
Operator: 
API number: 

BS27 

Black-Stoker (Caddo) Unit 27 
Sun Exploration and Production Company 
42-429-33810 

Location: Sec 11, Lunatic Asylum Land Survey, A-1028 
1818'FSL, 825FELofSec 
72 mile SE Breckenridge 
Stephens County, Texas 

Spud Date: 
Completion Date: 

Elevation: 

Perforation: 

Cored: 

9-27-83 
12-5-86 

GR 1278 
KB 1287 

3230-3246 
3184-3212 
3104-3154 

3105-3165 
3185-3265 

IP: 
IP: 
IP: 

14 BO 
48 BO 
24 BO 

215BWin24hrs 
520 BW in 24hrs 
659 BW in 24 hrs 

Logs: SP, Gamma Ray, Rsfl, Rim, Rid, Neutron, Density 
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GEOPHYSICAL LOGS USED 
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