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Abstract 

 

Lithofacies, Depositional Environments, and Sequence Stratigraphy of 

the Pennsylvanian (Morrowan-Atokan) Marble Falls Formation, 

Central Texas 

 

Stephanie Grace Wood, M.S. Geo. Sci. 

The University of Texas at Austin, 2013 

 

Co-Supervisors:  Stephen C. Ruppel and Robert G. Loucks 

 

The Pennsylvanian Marble Falls Formation in the Llano Uplift region of the 

southern Fort Worth Basin (Central Texas) is a Morrowan-Atokan mixed carbonate-

siliciclastic unit whose deposition was influenced by icehouse glacioeustatic sea-level 

fluctuations and foreland basin tectonics. Previous interpretations of the Marble Falls 

Formation focused on outcrop data at the fringes of the Llano Uplift. This study uses a 

series of 21 cores to create a facies architectural model, depositional environmental 

interpretation, and regional sequence stratigraphic framework. On the basis of core data, 

the study area is interpreted to have been deposited in a ramp setting with a shallower 

water upper ramp area to the south and a deeper water basin setting to the north. Analysis 

of cores and thin sections identified 14 inner ramp to basin facies. Dominant facies are: 

(1) burrowed sponge spicule packstone, (2) algal grain-dominated packstone to 

grainstone, (3) skeletal foraminiferal wackestone, and (4) argillaceous mudstone to clay 

shale.  
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Facies stacking patterns were correlated and combined with chemostratigraphic 

data to improve interpretations of the unit’s depositional history and form an integrated 

regional model.  

The Marble Falls section was deposited during Pennsylvanian icehouse times in a 

part of the Fort Worth Basin with active horst and graben structures developing in 

response to the Ouachita Orogeny. The resulting depositional cycles reflect high-

frequency sea-level fluctuations and are divided into 3 sequences.  Sequence 1 represents 

aggradational ramp deposition truncated by a major glacioeustatic sea-level fall near the 

Morrowan-Atokan boundary (SB1). This fall shifted accommodation basinward and 

previously distal areas were sites of carbonate HST in Sequence 2 deposition following a 

short TST phase. Sequence 3 represents the final phase of carbonate accumulation that 

was diachronously drowned by Smithwick siliciclastics enhanced by horst and graben 

faulting. 

These findings contribute to our understanding of the depositional response to 

glacioeustatic sea-level changes during the Pennsylvanian and can also form the basis for 

constructing a sedimentological and facies analog for Morrowan to Atokan shallow- to 

deepwater carbonates in the Permian Basin and the northern Fort Worth Basin. 
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INTRODUCTION 

The Marble Falls Formation is a Pennsylvanian (Morrowan-Atokan) mixed 

carbonate-siliciclastic unit (Figure 1) deposited in the Fort Worth Basin during a time of 

icehouse climatic conditions and foreland basin tectonics created by the Ouachita 

Orogeny.  Although this Formation has been the subject of many outcrop and 

biostratigraphic studies in the middle-to-late 20
th

 century, a regional synthesis of the 

lithofacies, depositional history, and sequence stratigraphy has not been completed. 

While the Marble Falls is not currently a prolific hydrocarbon producer, it is an important 

sedimentological analog for strata with complex stacking patterns and facies relationships 

produced by high-frequency, high-amplitude glacioeustatic fluctuations and foreland 

basin tectonics. 
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Figure 1.  Stratigraphic column for the Fort Worth Basin. Cores and outcrops are 

located in the southern Fort Worth Basin while subsurface interpretations 

are localized in Jack and Wise Counties of the northern Fort Worth Basin.  

Figure based on from data from this study, Crosby and Mapel (1975), Kier 

(1980), Lovick et al. (1982), Namy (1982), Watson (1980), Pollastro (2003), 

Erlich and Coleman (2005), Loucks and Ruppel (2007), and Farrar and 

Breyer (2011). Eustasy curve modified from Ross and Ross (1987) and 

Wright (2011). 
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The purpose of this study is to characterize the Marble Falls succession by: 1) 

defining a comprehensive facies scheme for mudrock and carbonate lithofacies present in 

the core study area, 2) creating a depositional model for the Marble Falls from facies 

stacking patterns, 3) interpreting the depositional history of the Marble Falls succession 

by analyzing stacking patterns across the region, and 4) creating a sequence stratigraphic 

interpretation. These objectives are accomplished by analyzing a set of subsurface cores 

in the southern Fort Worth Basin where Marble Falls’ strata have not been previously 

described. Thin sections, Energy Dispersive X-Ray Fluorescence (ED-XRF), X-Ray 

Diffraction (XRD), Rock Eval/Total Organic Carbon (TOC), and stable carbon (δ
13

C) 

and oxygen (δ
18

O) isotope ratios enhanced the efforts of this investigation. 

By correlating the stratigraphically complex facies in the Marble Falls, a greater 

understanding of the interplay between glacioeustatic sea-level changes and facies 

architecture during the Pennsylvanian has been achieved. Analyses of these results 

improve previous interpretations of the Marble Fall’s depositional history and form an 

integrated regional model.  

 

MARBLE FALLS OIL AND GAS RESOURCES 

The Marble Falls has not been regarded as a prolific hydrocarbon-producing 

interval, but several fields have yielded commercial quantities of oil and gas. In the 

southern Fort Worth Basin, the Pottsville Field of Hamilton County produced 33 billion 

cubic feet (BCF) gas from steep-sided structural traps composed of “algal bank 

complexes” of the upper Marble Falls interval (Namy, 1982). The Santa Anna Field of 

Coleman and Brown Counties produced 1 to 2 BCF gas per well from stratigraphic traps 

(Namy, 1982). The limits for production in these intervals were reported to coincide with 
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the slope break in the upper Marble Falls carbonate “bank” (Namy, 1982). Limits of the 

producing “bank” margin were hypothesized by Namy (1982) to be a record of the 

westward recession of the carbonate shelf responding to an influx of clastics sourced 

from the Ouachita thrust belt in the east. 

More recently, the Halek Energy No. 8 Johnson well of Jack County in the 

northern Fort Worth Basin was reported in June 2012 to have initial production (IP) at 

481 barrels of oil per day (BOPD) with 1,814 million cubic feet of gas per day (MCFD) 

and has produced over 54,500 barrels of oil and 267,000 million cubic feet of gas as of 

November 2012 (Henry, 2012). The advent of horizontal drilling technology combined 

with multistage frac jobs is considered by Henry (2012) to contribute to this increased 

performance from the Marble Falls play. No other information on production from the 

Marble Falls is public at this time. 

Regionally, the Marble Falls Formation exhibits facies (rock units related by 

similar depositional regimes) ranging from fine-grained siliciclastic mudrocks of distal 

(seaward) slope settings to algal-dominated, fossiliferous limestones of more proximal 

(landward) environments (Kier, 1980; Erlich and Coleman, 2005). Describing and 

interpreting the facies architecture of the Marble Falls Formation will contribute a greater 

understanding of strata affected by algal-dominated ecosystems, extreme changes in sea 

level, and increasing subsidence. Thus, the Marble Falls can serve as a potential reservoir 

analog for Pennsylvanian systems deposited under similar settings. 

 

STUDY AREA 

Marble Falls cores used in this investigation extend across Central Texas north of 

the Llano Uplift through McCullough, Brown, Mills, San Saba, Lampasas, and Hamilton 
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Counties (Figure 2 and Figure 3). This dataset is composed of 30 cores recovered during 

mineral exploration efforts by Houston Oil and Minerals Company (HOM) in the 1970’s.  

Outcrop locations for the Marble Falls form an arc extending across the northern 

portion of the Llano Uplift and to the southeast (Figure 2). Erosion since the 

Pennsylvanian has removed all strata deposited since the Ordovician on the Llano Uplift  

and outcrops of Marble Falls occur on the outward fringes of this area (Figure 2) 

(Plummer, 1943). While buildup geometries and stratal geometries can be observed in 

outcrop, studies on the Marble Falls outcrops are at a disadvantage because of a lack of 

regionally continuous sections, covered shale intervals, and rare exposures of top and 

bottom contacts.  

The subsurface Marble Falls succession extends from the west in the southern 

Fort Worth Basin and Concho Arch to the northern Fort Worth Basin past the Mineral 

Wells-Newark East Fault System to the Fort Worth-Dallas Metroplex (Pollastro et al., 

2003) (see Tectonic Elements of the Early Pennsylvanian section, Figure 5). The Marble 

Falls is bounded in North Texas by the Muenster, Red River, and Matador Arches. The 

easternmost limit of the Marble Falls Formation is governed by the westernmost extent of 

the Ouachita Thrust Belt (see Tectonic Elements of the Early Pennsylvanian section, 

Figure 5). 
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Figure 2: Study location map for Marble Falls cores in central Texas.  This map also 

shows the location of cores used in cross sections that are discussed later in 

the text. Locations for cross section lines in other figures are also shown. 

Pre-Ordovician (Ellenburger) locations have no Marble Falls strata. Outcrop 

base map modified from Plummer (1943).  
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Previous Work 

The earliest known research on the Marble Falls Formation began with 

descriptions and fossil collections on the northern edge of the Llano Uplift in the San 

Saba area by Roemer (1848). Later, Shumard (1861) and Walcott (1884) also described 

and collected fossils from the Carboniferous strata along the San Saba River. In 1889, 

Hill established the “encrinoidal limestones” cropping out near Marble Falls, Texas as a 

formation and named them after the town.  Plummer (1945, 1947a, 1947b, and 1950) was 

the first to perform a detailed study of the Carboniferous in Central Texas and proposed 

the earliest nomenclature system for strata within the Marble Falls. Works by Cheney 

(1929, 1936, 1940, 1947, and 1951) were the first to form a regional correlation of 

Pennsylvanian strata in north-central Texas.  

Detailed stratigraphy and lithofacies on outcrops of the Marble Falls Formation 

were first investigated by graduate students at the University of Texas at Austin under the 

supervision of W.C. Bell during the late 1950’s through the early 1970’s. These outcrop 

studies form an arc surrounding the fringes of the Llano Uplift (Figure 3).  

More recently, biostratigraphic work by Manger and Sutherland (1984), Dihrberg 

(1989), and Groves (1991) confirmed a Morrowan to Atokan age for the Marble Falls 

Formation with brachiopod and fusulinid studies (respectively) and noted that the strata 

in the northeast portion of the Llano Uplift are older than the central, southwest, and 

southeast areas (Figure 3). Both authors noted an unconformity between the lower and 

upper Marble Falls strata and found that the contact between the Marble Falls and 

Smithwick Formations was time-transgressive. Following these reports, Erlich and 

Coleman (2005) demonstrated this time-transgressive contact represents a back-stepping 

platform margin formed as the Fort Worth Basin deepened in response to the advancing 
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Ouachita Thrust Front, drowning the Marble Falls carbonates as Smithwick mudrocks 

were synchronously deposited. The first studies on Marble Falls strata in the northern 

Fort Worth Basin were completed by Farrar (2010) and Farrar and Breyer (2011). These 

and other major contributions to Marble Falls depositional history are listed in Table 1. 

 

 

Figure 3. Major previous outcrop research areas and core locations. All terms are 

relative to the Llano Uplift.  “Northeast” refers to the area near Bend and 

Chappel, “northwest” refers to the study area of Freeman (1962), “north” 

refers to the core data of this study,  “southwest” refers to the area studied 

by Winston (1963), “southeast” refers to the area studied by Namy (1969), 

and “central” refers to those areas studied by Turner (1970) and McKinney 

(1963). 
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Table 1. Comprehensive list of works on the Marble Falls ordered according to date 

of publication. 

Worker Contribution Study Area Publication Type 

Roemer 

(1848) 

First study of the Marble 

Falls 

San Saba area, San 

Saba County 

American Journal of 

Science Article 

Hill (1889) 

First introduced the name 

“Marble Falls” at locality 

now inundated by Lake 

Marble Falls 

Marble Falls, Burnet 

County 

American Geologist 

Article 

Moore and 

Plummer 

(1922) 

Pennsylvanian stratigraphy North-Central Texas 
Journal of Geology 

Article 

Cheney 

(1929) 

Pennsylvanian structural 

review 
North-Central Texas 

AAPG Bulletin 

Article 

Cheney 

(1936, 

1940, et al. 

1945, 1947 

1951) 

Classification proposals for 

the Marble Falls and “Big 

Saline” 

Central Texas 
AAPG Bulletin 

Article 

Plummer 

(1943) 

Geologic map of 

Carboniferous formations 
Llano Region 

Bureau of 

Economic Geology 

Publication 

Plummer 

(1945, 

1947a, 

1947b) 

Stratigraphic classifications 

for the Marble Falls and “Big 

Saline” 

Central Texas 
Various 

publications 

Thompson 

(1947) 

Fusulinid and stratigraphy 

study 
Llano Uplift 

Journal of 

Paleontology article 

Plummer 

(1950) 

Carboniferous rocks of the 

Llano region 

Llano Region, 

Central Texas 

University of Texas 

Publication 

Bogardus 

(1957) 

Maps and stratigraphic 

descriptions 

Richland Springs, 

San Saba County 

M.S. Thesis, 

University of Texas 

at Austin 
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Table 1. (Continued) 

Oden 

(1958) 

Carboniferous stratigraphy 

and outcrop study 

Jackson Ranch area, 

Lampasas County 

M.S. Thesis, 

University of Texas 

at Austin 

Pickens 

(1959) 

Carboniferous stratigraphy 

and outcrop study 

Jackson Ranch area, 

Lampasas County 

M.S. Thesis, 

University of Texas 

at Austin 

Rose 

(1959) 

Detailed mapping of 

Carboniferous stratigraphy, 

observed erosion near Hall 

Uplift 

Hall area, San Saba 

County 

M.S. Thesis, 

University of Texas 

at Austin 

Defandorf 

(1960) 

Paleontology study of 

outcrops in Sloan area 

Sloan area, San 

Saba County 

M.S. Thesis, 

University of Texas 

at Austin 

Schake 

(1961) 

Carboniferous stratigraphy, 

outcrop study 

Bend area, San Saba 

County 

M.S. Thesis, 

University of Texas 

at Austin 

Freeman 

(1962) 

Carboniferous stratigraphy, 

outcrop study 

Brady area, San 

Saba County 

PhD Dissertation, 

University of Texas 

at Austin 

McKinney 

(1963) 

Carboniferous stratigraphy, 

outcrop study 

San Saba area, San 

Saba County 

M.S. Thesis, 

University of Texas 

at Austin 

Winston 

(1963) 

Stratigraphy of Marble Falls 

Formation 

Mason and Kimble 

Counties 

PhD Dissertation, 

University of Texas 

at Austin 

Freeman 

(1964) 

Study of “tubular” and 

phylloid algal limestones in 

the Marble Falls 

Central Texas GSA Bulletin article 

Kuich 

(1964) 

Carboniferous stratigraphy, 

outcrop study 

Sloan area, San 

Saba County 

M.S. Thesis, 

University of Texas 

at Austin 

Stitt 

(1964) 

Carboniferous stratigraphy, 

outcrop study 

Bend area, San Saba 

County 

M.S. Thesis, 

University of Texas 

at Austin 

Namy 

(1969) 

Proposed new stratigraphic 

system for Marble Falls, 

studied southwestern outcrops 

Southeast Burnet 

County 

PhD Dissertation, 

University of Texas 

at Austin 
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Table 1. (Continued) 

Zachry 

(1969) 

Key study of proximal 

northeastern Marble Falls 

outcrops 

Chappel area, San 

Saba county 

PhD Dissertation, 

University of Texas 

at Austin 

Gries 

(1970) 

Biostratigraphic study, 

proposed no faunal change 

between Mississippian-

Pennsylvanian and 

Morrowan-Atokan boundaries 

Western San Saba 

County 

M.S. Thesis, 

University of Texas 

at Austin 

Turner 

(1970) 

Carboniferous stratigraphy of 

central to northwest Llano 

Uplift Region 

Western San Saba 

County 

PhD Dissertation, 

University of Texas 

at Austin 

Kier 

(1972) 

Last of Bell’s students, study 

on proximal Marble Falls 

outcrop in northeast 

Eastern San Saba 

and Western 

Lampasas Counties 

PhD Dissertation, 

University of Texas 

at Austin 

Namy 

(1974a) 

Diagenetic study on chert at 

the boundary between the 

upper and lower Marble Falls 

Marble Falls area, 

Burnet County 

Journal of 

Sedimentary 

Petrology article 

Namy 

(1974b) 

First proposed Marble Falls 

units were responding to 

glacioeustatic change 

Marble Falls area, 

Burnet County 

Journal of 

Sedimentary 

Petrology article 

Kier 

(1980) 

Review of knowledge on the 

Marble Falls 
Central Texas 

West Texas 

Geological Society 

field trip guidebook 

Wiggins 

(1982, 

1986) 

Diagenesis study on Marble 

Falls carbonates 
Central Texas 

PhD Dissertation, 

and Journal of 

Sedimentary 

Petrology article 

Johnson 

(1983) 

Petrography, microfacies, and 

depositional history of the 

Marble Falls, logs used by 

other studies (e.g., Groves, 

1991) 

Central Texas 

Master’s Thesis, 

University of 

Oklahoma 

Manger 

and 

Sutherland 

(1984) 

Dated Marble Falls strata to 

be Morrowan and Atokan 

with conodont 

biostratigraphy. Identified an 

unconformity between upper 

and lower Marble Falls to be 

Morrowan-Atokan boundary 

Eastern Llano Uplift 

Oklahoma 

Geological Survey 

Bulletin article 
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Table 1. (Continued) 

Grayson et 

al. (1985) 

Conodonts biostratigraphy 

showing diachroneities in 

Smithwick and Marble Falls 

North-central Texas 
GCAGS 

Transactions article 

Dihrberg 

(1989) 

Brachiopod biostratigraphy of 

the lower Marble Falls 

showed northeast was older 

than the northwest 

Central Texas 
The Shale Shaker 

Digest Article 

Grayson 

and 

Merrill 

(1991) 

Conodont biostratigraphy 

study, penecontemporaneous 

faulting during Marble Falls 

deposition 

Central Texas AAPG Guidebook 

Groves 

(1991) 

Fusulinid biostratigraphy in 

western Marble Falls 

outcrops, dated outcrops as 

early Morrowan to late 

Atokan and supported 

unconformity theory and time 

transgressive migration 

surface of upper Marble Falls 

and Smithwick 

Western Llano area 

(McCulloch, Mason, 

and Kimble 

Counties) 

Journal of 

Foraminiferal 

Research Article 

McCrary 

(2003) 

Sequence stratigraphy of 

Pedernales Falls 

Pedernales Falls 

State Park, Blanco 

County 

M.S. Thesis, 

Stephen F. Austin 

State University 

Choh 

(2004) 

Considered Marble Falls 

Dvinella, Cuniephycus 

buildups and pore networks 

Central Texas 

PhD Dissertation, 

University of Texas 

at Austin 

Erlich and 

Coleman 

(2005) 

Regional study of Marble 

Falls stratigraphy, proposed 

backstepping shelf margin 

Central Texas 
Sedimentary 

Geology Article 

Farrar 

(2010); 

Farrar and 

Breyer, 

(2011) 

Wireline log and facies study 

of northern Fort Worth Basin 

Marble Falls 

Jack and Wise 

County, northern 

Fort Worth Basin 

M.S. Thesis, 

University of Texas 

at Arlington, and 

Gulf Coast 

Association of 

Geological Societies 

Transactions Article 
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Regional Geology 

TECTONIC ELEMENTS OF THE EARLY PENNSYLVANIAN 

Collision of Laurentia and Gondwana in the late Paleozoic initiated development 

of the Ouachita tectonic system, a complex belt of strata that were folded and thrust 

faulted during successive orogenic events that began in the Late Mississippian to Early 

Pennsylvanian (Figure 4) (Flawn, et al., 1961; Grayson et al., 1985; Grayson and Merrill, 

1991). Three major periods of deformation characterize the Ouachita Orogeny: 1) post-

rifting stage during the Cambrian to Early Pennsylvanian, 2) orogenic stage with 

subduction of the continental shelf during the Pennsylvanian, and 3) post-orogenic, 

rifting stage from the Permian onward (Flawn et al., 1961; Flippin, 1982; Walper, 1982). 

The Ouachita thrust belt in most of Texas is now buried beneath subsequent Cretaceous 

deposits. Major structural features of Central Texas during the Pennsylvanian were 

created in response to collisional forces in the orogenic stage (Figure 5). The major 

structural highs, the Muenster, Red River, and Matador Arches, played a significant role 

in determining the thickness and extent of Marble Falls and other Pennsylvanian deposits 

(Crosby and Mapel, 1975; Walper, 1982; Grayson et al., 1985). The Muenster Arch 

became active during the Late Mississippian with major uplift during the Atoka and 

Strawn and began to shed clastics to the northwest and southwest during the Early and 

Middle Pennsylvanian (Flawn et al., 1961, Flippin, 1982). The buried highs of the Red 

River and Muenster Arches form the northern limit of the Fort Worth Basin (Figure 5). 

The Bend Arch formed as a broad curvature that marks the westernmost limits of the 

basin (Walper, 1982).  
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Figure 4.  A) Paleogeography of North America in the Pennsylvanian as the collision 

of Laurentia and Gondwana initiated the Ouachita Orogeny. B) Close up of 

A showing the outline of Texas and study area location. The westernmost 

limits of the Ouachita Thrust Front are in red (images modified from 

Blakey, 2013). 

 

Figure 5.  Sketch map of structural elements of Texas during the Pennsylvanian with  
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core locations. Figure based on figures by Flawn (1961), Crosby and Mapel  

(1975), Flippin (1982), Ewing (1993), Montgomery et al. (2003), and Erlich 

and Coleman (2005). 

 

As the Ouachita Orogeny occurred in the late Paleozoic, the Fort Worth Basin 

synchronously developed as a foreland basin of the Ouachita Thrust Front on a 

continental shelf underlain by earlier Paleozoic carbonates (Figure 5) (Flawn et al., 1961; 

Walper, 1982). The axis of the basin was pushed westward throughout the Pennsylvanian 

as continuing orogenic activity in the Ouachita thrust front migrated west (Grayson and 

Merrill, 1991). Other North American foreland basins associated with the Ouachita 

structural belt include the Black Warrior, Arkoma, Val Verde, and Marfa basins (Walper, 

1982; Flippin 1982). 

The Llano Uplift formed a major structural and paleotopographic high 

intermittently throughout geologic history and has been the site of Cambrian, Ordovician, 

Silurian, Devonian, Carboniferous, and Cretaceous deposition (Figure 1 and Figure 5) 

(Kier, 1980). During the early Pennsylvanian, the Llano Uplift is interpreted to have been 

a paleobathymetric high dipping into the southern Fort Worth Basin and was the 

depositional setting for Marble Falls shallow-water carbonate deposition (Kier, 1980; 

Namy, 1982). As the Ouachita Thrust Front propagated westward, the stable Precambrian 

igneous and metamorphic rocks that form the core of the Llano Uplift formed a buttress, 

which greatly influenced basin subsidence and around which developed a series of 

rotational horst blocks (Grayson et al., 1991; Erlich and Coleman, 2005). Fault activity 

was initiated in response to loading by the advancing thrust complexes near the edge of 

the Ouachita structural belt/craton (Grayson and Merrill, 1991). Flexural models by 

Flemings and Jordan (1990) predict bulging of the lithosphere inboard from subsiding 

basins which results in block-faulting and local falls in relative sea-level (Grayson and 
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Merrill, 1991). This relative fall is evidenced by the upper Marble Falls platform edge 

shifting westward and local horst and graben features (Figure 6) (Kier and others, 1979; 

Walper, 1982). 

These horst and graben blocks were important in controlling deposition of Marble 

Falls strata because they were syndepositional and thus caused local relative falls in sea 

level during times of Marble Falls deposition (Figure 6) (Plummer, 1950; Grayson and 

Trice, 1985). Plummer (1950) dated fault movement to the time of Marble Falls 

deposition and suggested that thicker Smithwick deposits also accumulated in 

downthrown grabens. Conodont biostratigraphy shows that faulting is 

penecontemporaneous during deposition of the Marble Falls and Smithwick Formations 

(Grayson and Trice, 1985). These faults are probably reactivated systems that were 

present during deposition of the Barnett Formation (Mississippian). Horst and graben 

faulting has been documented by to affect Barnett deposits (personal communication with 

Robert Loucks, 2013, University of Texas at Austin).  

Cheney (1940) identified and named the major horsts and grabens of the Llano 

Uplift that are part of the Bend Flexure system on the Bend Arch: Richland Springs, 

Pontotoc, San Saba, and Lampasas Axes (Figure 6). The convergence and subduction of 

the pre-existing Texas shelf and the South American plate caused tensional faulting in the 

upper crust and compressional faulting in the lower crust and this created these anticlinal 

features (Walper, 1982). The resulting pre-middle Pennsylvanian faults were mapped by 

Barnes (1976, 1981). While these have been considered reactive normal faults to the 

Ouachita Thrust Front, Amsbury and Haenggi (1993) suggested that some of these are 

actually strike-slip. Iriarte (1972) marked two separate southwest-northeast trending fault 

lineations in Erath County and extended these faults through the Marble Falls. These 

faults were considered to be from block faulting produced by forces moving the basinal 
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axis west and northwest (Iriarte, 1972). The Hall Uplift, a horst block in the north-west 

portion of the Llano Uplift (Figure 6) was identified by Turner (1970). This feature was a 

topographic high during the time of Barnett deposition and is thought to have contributed 

to intraformational conglomerates at the base of the Marble Falls observed by Winston 

(1963), Rose (1959), and Turner (1970). These Pennsylvanian “Hall” and “Sloan” 

conglomerates were deposited as sediment fans sourced from erosion of the nearby 

uplifted horst block. By early Missourian, this faulting is interpreted to have ended, based 

on the nearly unaffected younger Canyon Group strata (Roepke, 1970).  
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Figure 6. Pre-middle Pennsylvanian fault patterns and major tectonic axes of the 

Llano Uplift region. Fault traces represent strata affected by pre-middle 

Pennsylvanian tectonism and are mostly normal faults. Some faults may be 

strike slip (see Amsbury and Haenggi, 1993). The Hall Uplift was a 

topographic high during time of Barnett deposition (Turner, 1970). Horst 

axes in red are drafted from Cheney (1940). Fault traces in green redrafted 

from Amsbury and Haenggi (1993) which are reprinted from Barnes (1976, 

1981). Carboniferous outcrop base map redrafted from Plummer (1943). 

Hall Uplift horst location from Turner (1970). See Figure 2 for core 

locations and Figure 5 for details on structural elements on Texas location 

reference map. 
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PALEOZOIC STRATIGRAPHY OF CENTRAL TEXAS 

Pre-Carboniferous Strata 

The Paleozoic stratigraphic development of Central Texas has been documented 

by authors such as Turner (1957), Watson (1980), and Flippin (1982). From these works, 

a brief synopsis of pre-Carboniferous is provided here (Figure 7) and the reader is 

referred to these works for more detail as this study focuses on formations in direct 

contact with the Marble Falls. 

The Cambrian system consists of the Moore Hollow Group which is comprised of 

the Riley Formation (whose members consist of the Hickory sandstone, Cap Mountain 

limestone, and Lion Mountain sandstone) and the Wilberns Formation (whose members 

consist of the Welge sandstone, Moran Creek limestone, Point Peak shale, and San Saba 

limestone and dolomite members) (Watson, 1980). The deposition of these units records 

the advancing of a sea from the southeast across eroded Precambrian granites during 

Middle to Late Cambrian times and the subsequent sediment accumulation on the eastern 

flank of the granitic Texas craton (Turner, 1957; Watson, 1980) (Figure 7). Following the 

deposition of San Saba carbonates, shallow-water carbonate platforms deposited the 

Lower Ordovician Ellenburger Group (composed of the Tanyard, Gorman, and Honeycut 

Formations) (Flippin, 1982). At the end of the Ordovician, the Central Texas region was 

tilted eastwards and exposed the Llano Uplift area until the early Mississippian (Figure 1) 

(Turner, 1957; Watson, 1980). During this upwarping event, the Devonian Pillar Bluff 

Limestone, Stribling, and Bear Spring, and Houy (composed of the Ives Breccia and 

Doublehorn Shale) Formations were locally and discontinuously deposited on the 

northwestern portion of the regional high (Figure 1) (Turner, 1957; Watson, 1980). 

During the lower Mississippian, the Chappel Formation limestones were deposited on the 

eroded surface of the Ellenburger Group and Devonian strata by transgression of a 
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Carboniferous sea followed by deposition of the deeper water Barnett Formation 

(Watson, 1980). 

 

 

Figure 7. Stratigraphy of the southern Fort Worth Basin. Cross section modified from 

Turner (1957). “Big Saline” is an old term for the upper Marble Falls. It is  
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uncertain whether the “Comyn” is lower Marble Falls or genetically 

different deposits from the actual Comyn Formation. 

 

Carboniferous Strata 

Barnett Formation 

In the later Mississippian, the previously uplifted Texas Arch was submerged and 

the Ouachita thrust front began to develop in the east (Turner, 1957). The Barnett 

Formation was deposited into the subsiding Fort Worth Basin during this time. The 

Barnett Formation has been described by Loucks and Ruppel (2007) as an interval 

dominated by nonlaminated to laminated siliceous mudstones, laminated argillaceous 

lime mudstones, and skeletal argillaceous lime packstones. These authors suggested 

Barnett strata accumulated during a second-order sea-level highstand in water depths of 

400 to 700 feet (121 to 213 meters). In the northern Fort Worth Basin, the Barnett is 

“interrupted” by the Forestburg limestone (Figure 1). 

Conodont workers date the Barnett Formation to range from Osagean 

(Mississippian) to Morrowan (Pennsylvanian) age and suggest that the Barnett 

accumulated continuously across the Mississippian-Pennsylvanian boundary (Merrill, 

1980; Kier, 1980, Orth et al., 1986). These data are consistent with interpretations by 

outcrop workers (e.g., Zachry, 1969; Turner, 1970; Kier, 1972) that the contact is 

conformable with several workers reporting a gradational or interbedded contact (Oden, 

1958; Rose, 1959; Kuich, 1964; Zachry, 1969; Turner, 1970). However, other conodont 

biostratigraphic studies consider the Barnett-Marble Falls contact to be unconformable 

(Liner et al., 1979; Manger and Sutherland, 1984). This debate is fueled by missing 

conodont zones between the Barnett and Marble Falls and the appearance of lower 

Marble Falls strata on top of Ordovician Ellenburger carbonates in the western Llano 
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Uplift Region (Figure 1). Turner (1957) suggested the area was upwarped near the end of 

the Mississippian, causing partial erosion of the Comyn and Barnett. However, the 

missing Barnett strata may be a result of non-deposition on local topographic highs 

created during block-faulting and local fall in relative sea level, instead of Early 

Pennsylvanian erosion during Marble Falls deposition (Grayson and Merrill, 1991). If the 

Barnett was not deposited on these highs, then the contact in these areas would be 

unconformable. Furthermore, some localities may have experienced partial removal of 

the Barnett during sea-level lowstand during Marble Falls times. The resolution of this 

issue is beyond the scope of this study. 

 

 

Comyn Formation 

The Comyn Formation is a dark limestone whose origins are unknown. Farrar 

(2010) proposed the carbonates were sourced from the Chappel Shelf to the west. While 

the Comyn was not observed in this study area and has been observed to pinch out in 

Mills and San Saba Counties (Turner, 1957), this formation is interbedded with 

mudstones of the Barnett Formation and limestones of the Marble Falls Formation to the 

west (Figure 1 and 7). A “shale break” separates the Comyn from the Marble Falls, but 

where the shale unit is not present, some workers include the Comyn within the Marble 

Falls Formation (i.e., Flippin, 1982). Tuner (1957) suggests the Comyn and Barnett 

formations were affected by pre-Marble Falls erosion, making the inclusion of the 

Comyn within the Marble Falls inappropriate. Thus, the Comyn is considered to be 

genetically different from the Marble Falls and is not included within the Marble Falls in 

this study.  
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Marble Falls Formation 

Following the deposition of deepwater Barnett mudstones, an overall shallowing 

event created accommodation for accumulation of the carbonates and mudrocks of the 

Marble Falls Formation. The history of nomenclature for the Marble Falls Formation 

reflects the complexities incurred by differential progradation, faulting, flooding, and 

drowning of the unit. Cheney (1940) first proposed that the “Marble Falls Group” be 

limited to strata of Morrowan age beneath an unconformity and proposed “Big Saline 

Group” for units between the unconformity and Smithwick strata, forming the Lampasas 

Series. Disagreement arose between Cheney’s subsequent works (1947, 1950, 1951) and 

works by Plummer (1945, 1947, 1950). Other workers considered the Big Saline to be the 

subsurface equivalent of the Marble Falls and separated the two based on being located 

either east or west of Cavern Ridge (see Turner, 1957; Watson, 1980). Bell (1957) did not 

consider this terminology to be useful, and later researchers (e.g., Turner, 1970; Kier, 

1972; and other outcrop workers, see Table 1) have ignored these schemes, simply 

referring to the whole carbonate succession between the Barnett and Smithwick 

Formations as the Marble Falls Formation (Manger and Sutherland, 1984). Some workers 

(e.g., Hughes, 2011) continue to use the term “Big Saline” to denote to the carbonate-rich 

portions of the upper Marble Falls, but this practice is discouraged in this study. Workers 

under the supervision of W.C. Bell (see Table 1) divided the lower, middle, and upper 

Marble Falls sections by lithology (i.e., being shale- or carbonate-rich), and some (e.g., 

Zachry, 1969; Kier, 1972) elevated these to member status. Namy (1969) attempted to 

give the lower unit and middle and upper unit formation status, calling them the 

Varnhagen and Spicewood Formations, but no subsequent works have recognized this 

nomenclature. This nomenclature controversy is only significant in that the boundary 

between the distinctive upper and lower units is usually considered the Morrowan-
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Atokan boundary. Manger and Sutherland (1984) and Groves (1991) demonstrated with 

conodont and fusulinid biostratigraphy that the unconformity surface at the lower-middle 

and upper member contact corresponds to a pre-Atokan unconformity and is the 

stratigraphic representation of the Morrowan-Atokan boundary. This boundary is also 

confined by fusulinids: Eoschubertella marks the base of the Atokan Series (Mamet, 

1975; Manger and Sutherland, 1984), and Profusulinella marks the world-wide definition 

of the base of the Atokan Series (Manger and Sutherland, 1984).  

As a whole, the Marble Falls Formation is Morrowan to latest medial Atokan in 

age as defined by conodont and fusulinid studies of Manger and Sutherland (1984) and 

Groves (1991), respectively (Figure 1). The basal portion has been demonstrated to range 

from early Morrowan to lastest medial Atokan while the upper portion in medial to late 

Atokan (Figure 1) (Groves, 1991). Biostratigraphic data show that the lower Marble Falls 

in the southeastern Llano region and the upper Marble Falls in the northeastern region 

contain upper Morrowan conodont assemblages, indicating that the lower Marble Falls is 

oldest in the northeast (Figure 3) (Manger and Sutherland, 1984). These workers also 

observed that the lower Marble Falls member at the type locality for the Marble Falls in 

the Marble Falls area (Hill, 1889) is younger than its lithostratigraphic equivalent in the 

northeast (Manger and Sutherland, 1984; Dihrberg, 1989). Thus the areas studied by 

Namy (1969) are younger than those studied by Zachry (1969) and Kier (1972).  

Here, this study considers the Marble Falls to refer to the carbonate strata between 

the mudrocks (or “shales”) of the Barnett Formation and the Smithwick Formation 

(Figure 1). This study separates the Marble Falls Formation into informal lower, middle 

and upper units based on lithofacies correlations (Figure 1).   
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Smithwick Formation 

 During the Atokan the Fort Worth Basin began to subside, depositing the 

interbedded dark shales and sandstones on the southwestern margin of the Llano Uplift 

first defined by Paige (1912) as the Smithwick Formation. McBride and Kimberly (1963) 

described the Smithwick as a 400 foot thick claystone that graded upwards to interbedded 

sandstone and claystones deposited as a flysch succession by turbidity currents.  

The lower portion of the Smithwick was dated by Grayson et al. (1985) to be 

Atokan in age. These workers also found Atokan conodonts in the Marble Falls, making 

it contemporaneous to the Smithwick Formation. The exact age boundary between the 

Smithwick and the Marble Falls is diachronous (Figure 1), and work by Grayson et al. 

(1985) shows the lower Smithwick shales in the east near Bend, Texas are older than 

those in the west (Figure 3), implying that the basal Smithwick transgresses time across 

the Llano Uplift from the east to the west. The Smithwick thins to the west of the Llano 

Uplift region 

Recently, interest in the Smithwick Formation has been generated from its 

potential as an unconventional hydrocarbon reservoir which has inspired several studies 

on the Smithwick including its geochemistry and depositional environment (e.g., Hoelke, 

2011; Hughes, 2011; Ovalle-Rauch, 2012). These works demonstrated that the 

Smithwick was deposited during a transgressive period associated with increased basin 

subsidence and tectonic faulting. At the Marble Falls-Smithwick boundary, Hughes 

(2011) discovered oscillations in detrital geochemical proxies (Si/Al, Ti/Al) that she 

proposed resulted from orbital forcing, indicating that the Smithwick was also influenced 

by glacioeustatic change in addition to foreland basin tectonics. 
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Late Carboniferous Strata 

As the Fort Worth Basin continued to deepen from the advancing Ouachita thrust 

front, prodeltaic Smithwick sediments and Marble Falls carbonates were successively 

overlain by the deltaic sandstone beds and shale beds of the Strawn Formation and 

“Atoka Sand” Group (Figure 1Figure 7). The progression of the Ouachita Thurst Front 

halted, and the Fort Worth Basin was filled by a flood of clastics, transforming the area 

into an “epicontinental sediment-hoarding shelf” where mixed shales and carbonates of 

the late Strawn, Canyon, and Cisco Formations were deposited (Figure 7) (Turner, 1957). 

Once the Fort Worth Basin was filled, the entire Texas area was tilted to the southeast. 

The top of the Paleozoic strata formed a broad plain called the Comanche Shelf, which, 

after encroachment of the Cretaceous seas, was the site of Cretaceous sedimentation 

beginning with the siliciclastics of the Trinity Group (Figure 1 and 7) (Brown, 1980).  

 

PENNSYLVANIAN EUSTASY 

Pennsylvanian facies changes in datasets across the globe suggest frequent 

fluctuations in accommodation space and sediment input. Several mechanisms for 

Pennsylvanian cycles and sequences have been proposed: tectonoeustasy (Weller, 1930; 

Tankard, 1986), glacioeustasy (Wanless and Sheppard, 1936; Heckel, 1986), autogenic 

sedimentary processes (e.g., Yang et al., 2012), and delta progradation (though this was 

only for the late Pennsylvanian shelf in the eastern Midland Basin; Galloway and Brown, 

1973). Glacioeustatic sea-level change is considered to be the greatest control on 

Pennsylvanian cycles world-wide (Veevers and Powell, 1987; Crowley and Baum, 1991; 

Heckel, 1994). These are a result of far-field effects of the waxing and waning of ice 

sheets on Gondwana (Heckel, 2008) and are related to Milankovitch orbital variations 

that usually represent 400,000-500,000 year periods (Algeo and Wilkinson, 1988). In the 
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midcontinent, the periodicity for cycles ranges from 235,000-400,000 years for major 

cycles, 120,000-220,000 for intermediate cycles, and 44,000-120,000 years for minor 

cycles (Heckel, 1994; Soreghan and Giles, 1999). Climatic change is also influenced by 

glacioeustatic sea-level fluctuations and has some control on the lithostratigraphy of 

middle Pennsylvanian cycles (Rankey, 1997; Cecil et al., 2003).  

The amplitude of glacioeustatic sea-level change in the Pennsylvanian has been 

hypothesized to be high but estimates vary widely. Sea-level curves by Ross and Ross 

suggest maximum regional oscillations of almost 300 meters (980 feet) (Figure 1) while 

others propose 32 to 260 meters (104 to 853 feet) (Klein, 1993), or lower estimates of 

120 meters (393 feet) (Joachimski et al., 2006), 60 to 170 meters (196 to 557 feet) 

(Crowley and Baum, 1991), and 100 meters (328 feet) (Heckel, 1994). Joachimski et al. 

(2006) argued that these amplitudes were probably greater than those recorded for 

Pleistocene glaciations in the Last Glacial Maximum (120 meters) based on results from 

oxygen isotopes of conodont apatite.  

While tectonic influence was first considered the driver for these cycles (Waller, 

1930), only 5-20% of the total sea-level change in most areas of the North American 

midcontinent was affected by tectonoeustasy (Klein, 1993). The far-field effects of 

regional orogenic movements causes a local relative sea-level change and glacioeustasy 

dominates further away from orogenic belts (Klein, 1993). However, this is not always 

the case and in some areas of the world, (e.g., Illinois Basin, Central Appalachian Basin, 

Asturias Basin of Spain), tectonically-driven sea-level change dominates Pennsylvanian 

sedimentation patterns, possibly attributed to proximity to orogenic belts (Klein, 1993).  

The impact of high-frequency, high-amplitude glacioeustatic sea-level oscillations 

on the sedimentation patterns of Marble Falls strata has been seriously considered in the 

literature. Namy (1974a) noticed that sedimentation patterns in the Marble Falls were 
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similar to Pleistocene climatic cycles and considered Marble Falls cycles were probably 

produced by glacioeustatic change. Strong influence from glacial eustasy is expected 

based on its dominance in the stratigraphic record worldwide (e.g., Heckel, 1994), but the 

influence of tectonoeustasy must also be considered based on the proximity of the Marble 

Falls depocenter to the Ouachita Thrust Front. This study compares the Marble Falls 

succession compared to other successions of Pennsylvanian cycles and their orders of 

magnitude (see “Marble Falls Icehouse Glacioeustasy” in Discussion section). 

 

METHODS 

Core and Wireline-Log Data 

Data for this study were based on a suite of 21 cores in Central Texas that were 

taken during mineral exploration efforts by the Houston Oil and Minerals Company 

(HOM) in the early 1970’s (Hughes 2011) (Figure 2 Figure 3). These cores are listed in 

Table 2 and are stored at the Core Repository Center at the Bureau of Economic Geology 

in Austin, Texas, USA. No wireline-log suites were taken with these cores, and no 

traditional logs suites are available for any of these cores. SGR/CGR logs were created 

using XRF-based chemical data from the cores in this study and were correlated to core 

facies descriptions.  

The Marathon Mesquite #1-1 core (Hamilton County, Figure 2), recently drilled 

by Marathon Oil Corporation, is the only core in this study with conventional wireline 

logs. However, this core does not cover the entire Marble Falls section and could only be 

used for facies correlations in the lower portion of the formation. 
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Table 2. Core dataset for the Central Texas Marble Falls project. Twenty-one cores 

were studied and over 2000 feet (610 meters) of section were logged. 

Houston Oil and Minerals Company is abbreviated as “HOM.” 

 

Well Operator API # County 

Adams, G.P. #C-2-2 HOM 42411301070000 San Saba 

Adams, O.R.  #B-1-1 HOM 42411300990000 San Saba 

Beck, A.J.  #C-4-1 HOM 42333301940000 Mills 

Cope, T.M. #B-6-1 HOM 42049317460000 Brown 

Godfrey, J.D.  #E-8-1 HOM 42049318150000 Brown 

Hardy, I.  #LA-1 HOM 42281301920000 Lampasas 

Harlow, W.L.  #C-3-3 HOM 42411301020000 San Saba 

Johanson, Harold  #MC-1 HOM 42307304870000 McCulloch 

Locker, W.G.  #B-2-1 HOM 42411301010000 San Saba 

Mesquite, #1-1 Marathon Oil Corporation 42193302670000 Hamilton 

Moore, V.C.  #C-1-1 HOM 42411300960000 San Saba 

Mullis, J.D. #A-4-1 HOM 42049318130000 Brown 

Neal, R.V.  #A-1-1 HOM 42307304290000 McCulloch 

Old, L. #C-8-1 HOM 42049317870000 Brown 

Petty, N. #D-6-1 HOM 42049317850000 Brown 

Posey, E.  #B-4-1 HOM 42049317860000 Brown 

Potter, J.A. #C-9-1 HOM 42049317690000 Brown 

Powell, W. #B-3-1 HOM 42411300970000 San Saba 

Scoggins, C.D.  #A-2-1 HOM 42307304470000 McCulloch 

Stevens, M.G.  #B-8-1 HOM 42049316460000 Brown 

Walker, G.B. #D-1-1 HOM 42411301000000 San Saba 

 

Description and Classification of Facies 

APPROACH TO CORE DESCRIPTIONS 

Chosen according to thickness and optimal location for cross sections, over 2,300 

feet (700 meters) of section in 21 cores were logged (Figure 2). These cores are dispersed 

over a distance of about 1,000 square miles (638,000 acres, 2590 km
2
), with average 
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spacing between cores of 6.9 miles (11.1 kilometers). Because wireline logs are not 

available for these mineral exploration cores, XRF and isotope data were collected from 

these cores to create synthetic logs.  

Differentiating rock units by establishing a facies scheme is essential for 

understanding mixed carbonate-mudrock systems. Because the cores in the study area 

come from basin to inner-ramp settings, Marble Falls lithologies range from nearly pure 

limestones to argillaceous clay shales. Although extensive work has been done on the 

proximal carbonate facies in outcrop studies, this more distally-located core dataset 

contains greater thicknesses of mudrock units that were not previously given detailed 

attention. While carbonates facies are most commonly distinguished by texture and 

faunal abundance, the dark, fine-grained character of mudrocks makes changes in 

mineralogy difficult to observe visually and can lead interpreters to mistakenly assign a 

homogeneous character to these rocks. Thus, a bimodal system was developed for 

identifying facies in the Marble Falls Formation. Light-colored, coarse-grained, or 

fossiliferous facies with estimated lithologies exceeding 50% carbonate were named 

following the terminology of Dunham (1962). Dark-colored, fine-grained rocks with less 

than 50% carbonate mineralogy were named according to the scheme devised by Folk 

(1980) for terrigenous mudrocks and refined with thin sections and XRF-data if available.  

It is important to note that both the Dunham (1962) and Folk (1980) classification 

schemes use the term “mudstone” to refer the finest texture and can be confusing when 

trying to interpret mineralogy. Where this term is used, the modifier “lime” denotes a 

mudstone with a dominant carbonate lithology, while other modifiers such as 

“calcareous” or “argillaceous” denote mudrocks with these varying mineralogies that are 

dominated by the mudstone texture. 
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Cores were described to collect information on depths, estimated mineralogy, 

color, textural components, sedimentary structures, facies contacts, and faunal 

abundances. These descriptions were created with the aid of a binocular microscope and 

handlens, as well as thin-section analysis. Light-colored, carbonate-rich portions of the 

cores were etched with weak (10%) hydrochloric acid, while dark mudrock portions were 

not because this etching technique was unhelpful in improving visibility. 

Regardless of lithology, facies names are based on objective and observation-

based criteria and free of any depositional interpretations. Modifiers for both mudrocks 

and carbonates were given to describe dominant features such as fauna, sedimentary 

structures, and/or mineralogy. Modifiers closest to the facies name are the most dominant 

quality, and modifiers progressively further away are less important. Sedimentary 

structures are listed first, and fauna is listed next regardless of abundance. For example, a 

“burrowed, argillaceous, sponge-spicule mud-dominated packstone” is a facies with 

burrowing, greater than 50% carbonate minerals, small but significant argillaceous 

content, and is predominantly composed of sponge spicules. These methods yielded a 

facies scheme of 14 facies for the Marble Falls interval that indicate important changes in 

depositional settings (Table 3, p. 39). 

 

THIN-SECTION PREPARATION AND ANALYSIS 

 Twelve HOM cores were selected to improve facies designations and descriptions 

with thin-section analysis (Figure 3, Table A1). From these cores, 112 thin sections were 

made and are listed in Table A1 in the Appendix. Sample billets were taken from the 

unetched half of the slabbed core and cut with a water saw into an appropriate size for 

mounting to 46 x 27 mm glass. These billets were sent to National Petrographic Services, 
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Inc. in Houston, Texas, impregnated with epoxy, cut to a thickness of approximately 30 

micrometers, and mounted on a glass slide. One group of samples was impregnated with 

regular blue epoxy.  The second and third groups were impregnated with blue fluorescent 

epoxy, which is used to observe microporosity, as fluorescent dye is able to permeate 

micropores. Samples with estimated high clay mineral content were cut with oil to reduce 

the effect of expansion by water-sensitive swelling clays. 

Thin-section analysis was completed at the Bureau of Economic Geology on a 

Nikon Eclipse LV 100POL conventional transmitted polarized light microscope. Digital 

photomicrographs were taken with a Nikon DS-Ril camera. Microporosity was observed 

using a bright-field polarized reflected light and a UV epifluorescence lens. 
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Chemical Analyses 

X-RAY FLUORESCENCE (XRF) DATA COLLECTION 

Hand-Held Energy Dispersive X-Ray Fluorescence is an efficient, nondestructive 

method for acquiring geochemical data on dark, fine-grained mudrocks whose lithologies 

are difficult to estimate from visual examination alone (Rowe (2012). Applications of 

XRF data have wide-reaching uses and are beginning to be employed as data for 

chemostratigraphy and inferring ancient ocean-water conditions. XRF data were collected 

by students at the University of Texas at Arlington under the supervision of Dr. Harold 

Rowe (Appendix, Table A2) using a Brüker Tracer III-V handheld energy-dispersive x-

ray fluorescence instrument (ED-XRF) under the methods detailed in Hughes (2011). 

These workers are Hoelke (2011), Hughes (2011), Ovalle-Rauche (2012), and Kimiagar 

(not published), and details on their contributions are listed in Table in Appendix A. 

XRF data were generated for these cores for major (Mg, Al, Si, P, S, K, Ca, Ti, 

Mn, and Fe) and minor (Ba, V, Cr, Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb, Mo, Th, and U) 

elements heavier than sodium and normalized with a CaCO3 standard appropriate for 

carbonate-rich intervals according to Rowe (2012). Comprehensive descriptions of this 

technique are detailed in Hughes (2011), Rowe (2012), and Ovalle-Rauch (2012). 

Because conventional wireline logs are not available for these cores, Spectral 

Gamma Ray (SGR) logs were generated from the XRF geochemical data through the 

formula, 

(   )  (    )  (    )      

where U is Uranium content in parts per million (ppm), Th, is thorium content (ppm), and 

K is percent content of potassium. Computed Gamma Ray (CGR) curves are calculated 

from adding Th and K content. API is the standard set by the American Petroleum 

Institute for measuring natural gamma radiation. Appreciable amounts of radiation are 
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emitted by clay minerals that have radioactive elements or ions. The standard definition 

of an API unit comes from an artificially radioactive formation simulated at the 

University of Houston by Patnode and Wyllie (1950) to generate a 200 API unit reading, 

approximately twice the radioactivity of a typical shale (Ellis and Singer, 2007).  In the 

absence of conventional wireline logs, using XRF-based logs proved to be advantageous 

for this core dataset. Portions of core with uncertain mineralogy related to their dark, 

fine-grained character could be subdivided into more descriptive, facies based on the 

XRF-data. This method was not generally useful for carbonate-rich portions of the cores, 

but was used to help identify Mg-rich (dolomitic) intervals.  

Once facies were identified, they were calibrated to SGR and CGR curves. These 

curves were compared to the wireline logs available in the Marathon Oil Corporation 

Mesquite #1-1 core and to the XRF-generated SGR, and CGR curves. Once a positive 

correlation between SGR and CGR curves and GR wireline logs was established, this 

relationship was extrapolated regionally to the Northern Fort Worth Basin (discussed 

later in the Regional Correlations section). 

 

X-RAY DIFFRACTION (XRD) DATA COLLECTION 

XRD Analyses were performed on representative mudrock facies samples from 

the Potter core using an X-ray diffraction (XRD) machine at the University of Texas at 

Austin. Samples were drilled from representative mudrock facies with a carpenter’s drill 

(targeting the most homogeneous, fine-grained material) and the resulting fine powder 

was collected on weighing paper. Approximately 200 to 300 µg of this powder was 

loaded into the sampling apparatus in the XRD machine at the Bureau of Economic 

Geology. For approximately 5 to 7 minutes, this sample was bombarded by x-rays and 
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the resulting diffraction patterns were collected by the instrument. After each analysis, 

the sampling apparatus was cleaned with compressed air. The resulting diffraction 

patterns were analyzed using the XPowder software at the Bureau of Economic Geology. 

This program analyzes elemental peaks to estimate mineralogical abundances using a 

library of known elemental patterns calibrated to certain minerals. Matching these 

patterns to elemental peaks in a sample allowed the program to identify and estimate 

mineralogical abundances. These XRD patterns and mineralogical results are given in 

Appendix A (Figure A 1 and Table A3).  

Because of the amorphous crystalline nature of clays, samples with high clay 

mineral content give “noisy” elemental patterns that are sometimes irresolvable with the 

XPowder program. In these cases, these samples were sent to Clay Consultants to be 

analyzed by Dr. Necip Guven (Table A3). The following processes for these XRD 

analyses are summarized from Harbor (2011). Each sample was cleaned with acetone, 

ground to a fine powder and, depending on the presence or absence of swelling clay 

minerals, was then x-rayed in two or three successive modes. In the first mode, the 

sample powder was loaded into a glass holder with a rough surface to minimize the 

preferred orientation in the sample. In the second scanning mode, stable suspensions of 

clay or acid residue of carbonates were prepared on an oriented slide. This suspension 

consisted of approximately 1-1.5 grams of the powder in a 0.01N (normality) sodium 

pyrophosphate solution for about 24 hours. To produce a sufficiently workable solution, 

the liquid was replaced with a fresh solution if this suspension of clay or acid residues 

flocculated. After this, particles coarser than 2-4 µm were allowed to settle out of 

suspension and the suspending liquid was transferred to a glass side and dried by being 

gently heated to about 50-60 °C. This generated a dried, thin clay film on the glass slide 

to be x-rayed. If swelling clays were present, a third scanning mode was performed by 
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spraying this glass slide with ethylene glycol (EG) and dried for another 24 hours in a 

half-filled pot of EG. This EG-saturated clay film was then x-rayed again, yielding 

information on the presence of swelling clays such as smectites and mixed-layer illite-

smectite. Sample mineralogies were differentiated with the intensity of x-rays, where 

non-clay minerals were identified from randomly-packed sample powders, and clay 

minerals were identified from oriented slides created in scanning modes two and three. 

Computer software quantified diffraction patterns resulting from x-ray bombardment to 

aid in mineral identification (from Harbor, 2011). Dr. Guven obtained additional data 

from Henry Francis at the University of Kentucky to constrain these XRD interpretations. 

Results are in the Appendix (Table A3). 

 

ROCK EVAL, PYROLYSIS, AND TOC 

Total organic carbon, or “TOC,” was analyzed by GeoMark Research, Ltd. in 

Houston, Texas on six facies-representative mudrock and claystone samples from the 

Potter C-9-1 core. (see Appendix A, Table A4)  The Rock Eval Pyrolysis® method was 

used to test for TOC, kerogen type, and rock maturity. The following methodology is 

summarized from Hull (2011). Ten grams of sample were crushed and inorganic carbon 

was removed by acidizing the sample. The sample was combusted in a Leco TOC 

apparatus and emitted gases were measured. These gases can be related to temperature of 

combustion to calculate TOC, vitrinite reflectance (Ro), and kerogen type (e.g., Espitale, 

1977, Peters 1986). Accuracy of the results is ensured by continually testing standards 

during analyses (Jarvie and Tobey, 1999).   
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ANALYSIS OF STABLE ISOTOPES: CARBON AND OXYGEN 

Stable carbon and oxygen isotopes were sampled from three cores (the Potter C-9-

1, Stevens B-8-1, and the Johansen MC-1) and analyzed to compare curves for increasing 

correlation confidence between these cores in the lower and upper Marble Falls 

(Appendix A, Table A5). Biostratigraphic data (Groves, 1991) in McCulloch and Mason 

Counties near the MC-1 indicated lower Marble Falls strata are completely missing in 

western locations. Since biostratigraphy is difficult to perform without considerable 

expertise and costly thin-section analysis, δ
13

C curves were used to improve correlations. 

Samples from bulk carbonate mud were targeted and collected using a carpenter’s drill 

and a 2 mm drill bit on a five-foot (1.7 meter) interval. 

Samples were analyzed at the Analytical Laboratory for Paleoclimate Studies 

(ALPS) in the Jackson School of Geosciences, University of Texas at Austin by Dorinda 

Ostermann. Samples were acidified under vacuum at 70ºC with 100% phosphoric acid.  

Distilled CO2 was analyzed on a Thermo MAT253 with Kiel IV Carbonate Preparation 

Device. Replicate analysis of NBS19 is ±0.08 for δ
18

O and ±0.03 for δ
13

C. Carbon 

isotope data were reported against the V-PDB standard (Appendix A, Table A5).  
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FACIES 

Using the methods previously discussed, 14 inner ramp to basin facies were 

identified for the Marble Falls Formation and are summarized in Table 3.  Associated 

facies of the Barnett and Smithwick Formations as well as other significant Marble Falls 

facies are also listed in Table 3. These facies are generally organized from shallowest to 

deepest depositional setting. The depositional model for the Marble Falls facies is 

discussed on page 42  (Figure 8).
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Table 3. Marble Falls facies table. Facies here represent inner ramp to outer ramp deposits; lMF= lower Marble Falls, 

mMF= middle Marble Falls, uMF= upper Marble Falls. Fair-weather-wave base = fwwb, storm-wave base= swb. 

TST= transgressive systems tract. HST= highstand systems tract. 
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Table 3 (continued). Marble Falls facies table. Facies here represent carbonate slope to mudrock basin deposits; lMF= lower 

Marble Falls, mMF= middle Marble Falls, uMF= upper Marble Falls. Fair-weather-wave base = fwwb, 

storm-wave base= swb. TST= transgressive systems tract. HST= highstand systems tract. LST= 

lowstand systems tract.  
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Table 3 (continued). Non-Marble Falls facies including those of the Smithwick and Barnett formations; lMF= lower Marble 

Falls, mMF= middle Marble Falls, uMF= upper Marble Falls. Fair-weather-wave base = fwwb, storm-

wave base= swb. TST= transgressive systems tract. HST= highstand systems tract. 

* = data from Hughes (2011). Clays are mostly illite (4-30%) with some mixed-layer illite-smectite (2-

15%). 

** = average values for the siliceous mudstone facies from Loucks and Ruppel (2007). Also minor 

pyrite, feldspar, dolomite, and phosphate. 
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Figure 8. Idealized depositional model for the Marble Falls succession. Chaetetid reefs are not represented in this core 

study but have been observed by workers such as Sutherland (1984). FWWB is fair-weather-wave base, SWB is 

storm-wave base, SL is sea level. No depths for the base levels or mound heights are implied. Ramp terminology 

after Kerans and Fitchen (1995). 
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Marble Falls Facies 

CARBONATE FACIES OF THE MARBLE FALLS FORMATION 

The following facies are dominated by carbonate minerals and the application of 

XRD- or XRF-based data is not required to identify these facies.  

 

Coated-Grain Grainstone Facies 

Description 

The coated-grain grainstone facies is a light gray to brown cream color and 

consists of well-sorted peloids, intraclasts, coated grains, and superficial ooids (Figure 

9A, Table 3). Coated grains are the most abundant constituent commonly comprising at 

least 50% of the allochems. The grains have thin micritic coatings, are oblong in shape, 

are coarse in size, and have a nucleus of various recrystallized skeletal fragments. These 

and the other nonskeletal allochems comprise at least 80% of the grains in a sample. 

Foraminifers including Climmacamina are commonly present but rare in abundance 

(Figure 9B). In addition to minor amounts of echinoid fragments and brachiopods, 

skeletal material makes up less than 20% of the rock. The original interparticle pore 

space is filled with a coarse crystalline calcite cement (Figure 9C). Recrystallized grains 

that are about the same size and shape as the coated grains are also present (Figure 9C). 

Fully formed ooids and grapestones are rare but present. 

In cores where this facies is present, it is commonly less than 1 (0.3 meters) foot 

thick and with a massively bedded, fining upward base and is laminated at the top. The 

core with the thickest section of this facies (HOM Beck, A.J., #C-4-1) shows a massively 

bedded 15-foot thick (5 meter) deposit above beds of sponge spicule packstone facies and 

Dvinella mud-dominated packstones. However, this core contains the only such deposit 
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of this thickness and does not have a complete Marble Falls succession that would aid in 

interpreting facies stacking patterns. Thus, there is a discontinuous, localized character to 

this facies, and it is most commonly found in the lower Marble Falls succession. The 

coated-grain grainstone facies probably only occurs near the top of the HST of Sequence 

1 in outcrops to the northeast (Figure 3). 

Overall, coated-grain grainstone facies distributions show thicker accumulations 

in the lower Marble Falls in the southeast near the studies by Zachry (1969) and Kier 

(1972) (Figure 3) and rare occurrences elsewhere. Compared to the lower Marble Falls, 

the upper Marble Falls has very rare to no accumulations of coated-grain grainstone 

facies everywhere in Central Texas.  
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Figure 9.  Core slab photograph (A) and photomicrographs (B-C) of the coated-grain 

grainstone facies. A) Coarse-grained appearance of the facies in core. 

Without thin sections, it can be difficult to differentiate between these 

coated grains and micritized Dvinella grains of the Dvinella grainstone 

facies. B) Coated grains [cg] and foraminifera of this facies. Climmacamina 

foraminifera [C]. C) Close-up view from top left corner of B showing 

peloids [p] and coated grains [cg] with red algal fragment [K] for reference. 

The interparticle pore space is filled with calcite cement [cc]. Other grains 

[og] have been obscured by recrystallization. The 0.5 inch scale bar equals 

12.7 millimeters. PL stands for plane light; XPL stands from crossed 

polarized light. 
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Depositional Setting 

On the basis of the presence of coated grains and lack of mud, this facies is 

considered to have formed in a shallow-water, inner-ramp environment with intermittent 

agitation and moderate to high levels of wave energy (Figure 8). Skeletal fragments that 

formed in and transported to this environment were abraded, rounded, and enveloped 

with a micrite coating, possibly by microbial precipitation, to form coated grains. 

However, because this facies is particularly thin and not very widespread in this dataset, 

it is interpreted to be a transported deposit based on sharp-based bedding with the 

underlying, deeper-water, burrowed, sponge spicule packstone and calcareous 

argillaceous clay shale facies below it (e.g., depth 2272’ in the HOM Potter, J.A.  #C-9-1 

core).  Transported ooid deposits in basin settings are common in the geologic record and 

have been observed worldwide (e.g., the Permian Happy/Spraberry Field in West Texas, 

see Clayton, 2011). 

While this facies is interpreted as a transported deposit in the present study area, 

similar facies in outcrop works are described as ooid grainstone, “oolite,” or “oosparite” 

facies (e.g., Winston, 1963; Namy, 1969, Zachry, 1969; Turner, 1970; Kier, 1972) . 

Outcrop workers have observed significant accumulations of ooid grainstone facies in the 

Llano Uplift region that are probably in situ ooid bank complexes forming at the inner 

ramp. Thin-section photomicrographs illustrated by these outcrop workers (e.g., Freeman, 

1962; Namy, 1969; Zachry, 1969) show fully-formed ooids, peloids, and coated grains. 

Zachry (1969) observed burrowed to cross-bedded grainstones in the eastern portion of 

the Llano Uplift. He interpreted these as a calcareous sand lithotope that was associated 

with flanking Dvinella mounds and phylloid algal mounds. In the southwestern part of 

the Llano Uplift (Figure 3) Winston (1963) also observed a well-sorted “superficial 

oosparite (grainstone),” though he noted this as a rarely occurring facies. Similar to his 
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study, these deposits were interpreted as either reworked, coated grains of a “sparry 

subfacies” (likely a foraminiferal skeletal grainstone facies) or as in situ shoal or bar 

deposits (Winston, 1963). These workers (e.g., Winston, 1963; Zachry, 1969; Kier, 1972, 

1980) interpreted these deposits to occur at a shelf margin near the slope break on a 

shallow platform, but the lack of regional extent and consistent presence between these 

“shelf margin” (middle ramp) facies (e.g., between Dvinella mud to grain-dominated 

packstones and burrowed sponge spicule packstones) in this core study does not support 

this interpretation.  

 

Skeletal Foraminiferal Wackestone to Grainstone Facies 

Description 

The skeletal foraminiferal wackestone to grainstone facies is a limestone 

characterized foremost by its faunal diversity (Figure 10, Table 3). The most abundant 

allochems include a variety of foraminifera with Eostaffella, fusulinids, and millerelids 

comprising the most common species (Figure 10C and 10D). Other common allochems 

are crinoids and bivalve fragments. Fragments of bryozoans, phylloid algal plates, and 

Komia (possible red algae) stems are also present but rare. Peloids, coated grains, and 

superficial ooids can also be present and can make up 10-20% of the rock (Figure 10). 

This facies can have greater amounts of clay minerals with minor pyrite rhombs near the 

top of the upper Marble Falls near the Smithwick-Marble Falls boundary (e.g., HOM 

Stevens, M.G. #B-8-1 and HOM Walker, G.B. #D-1-1 cores). This facies is commonly 

massively bedded, but where mud content is high, convoluted beds are present and may 

be burrowed. 
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The skeletal foraminiferal wackestone to grainstone facies is most common in the 

upper Marble Falls above and below phylloid algal wackestones to boundstones and 

burrowed sponge spicule packstones. The skeletal foraminiferal wackestones to 

grainstones also occur between skeletal chaetetid packstones (see p. 65 for discussion on 

chaetetids) in some cores (e.g., HOM Potter, J.A. #C-9-1). These portions are considered 

part of the skeletal chaetetid wackestone to rudstone facies based on interbedded 

relationships. There are also common beds of the skeletal foraminiferal wackestones to 

rudstones in the succession of mudstones and claystones that is considered the middle 

Marble Falls. On a regional scale, this facies is not dominant in any particular sequence 

and is present in both HST and TST settings (Table 3). 

This facies has been reported regionally by other studies across the Llano Uplift 

(Figure 3). Though the names for this facies vary (e.g., Winston, 1963, identified a 

“millerelid,” facies in the southwest, while Zachry (1969) and Kier (1972) called them 

“fragmental calcarenite” or “Staffella” facies in the northeast), these reports all contain 

similar accounts of a shallow-water facies with varying amounts of foraminerifa, 

shallow-water skeletal fragments, and superficial ooids or peloids.  

Paleontologic outcrop studies (e.g., Rose, 1959; Gries, 1970) have revealed an 

abundant array of different foraminifera species from this facies that have been used in 

biostratigraphic work (Groves, 1991). This data has been useful in dating the different 

portions of the Marble Falls succession and is discussed later in the text. 
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Figure 10. Core slab photographs (A-B) and photomicrographs (C-D) of the skeletal 

foraminiferal wackestone to grainstone facies. A) and C) Skeletal 

foraminiferal packstone. Large fusulinid foraminifera (F) in a grainy matrix 

with other skeletal allochems such as bivalves (B) and ostracods (O). B) and 

D) Skeletal foraminiferal grainstone showing the variety of fauna present. 

Tuberitina or Diplosphaerina encrusting foraminiferas (T/D), 

Monotaxinoides [m] foraminifera, Globivalvulina? (G), the two most 

common foraminifera in the Marble Falls are Eostaffella (E) and Millerella 

(m) foraminifera. The 1 inch scale bar equals 25.4 millimeters. PL stands for 

plane light; XPL stands from crossed polarized light. 
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Depositional Setting 

The skeletal foraminiferal wackestone to grainstone facies formed in a normal 

marine, moderate energy environment from the inner to outer ramp (Figure 8). As the 

facies name implies, a wide range of textures, from wackestones to grainstones, are 

present in this facies. Grainstone textures are interpreted to represent high-to-moderate 

energy settings. Carbonate mud in wackestones as compared to grainstones indicates a 

decreased level of winnowing by wave action and lower energy setting. Based on the 

most common appearance of this facies between deposits of the phylloid algae 

wackestone to rudstone facies (shallow water, moderate energy) and the burrowed sponge 

spicule packstone facies (deeper water, much lower energy), this facies is interpreted as 

having formed on a well-circulated, open-marine setting in paleobathymetric lows in the 

areas between mounds of phylloid algae, Dvinella, and Komia, and chaetetid colonies 

(Figure 8). Similar skeletal-rich facies have been described and interpreted worldwide as 

intermound deposits (e.g., Canada- Beauchamp et al., 1989; Carnic Alps- Austria, 

Samankassou, 1998; Spain- Sammankassou, 2001). The presence of coated grains and 

superficial ooids may indicate that this facies was also deposited in high-energy, open-

marine conditions similar to that which formed the coated-grain grainstone facies, likely 

in the shallowest portion of the inner ramp (Figure 8). The increasing clay mineral 

content in this facies near the upper portion of the upper Marble Falls is interpreted to be 

a result of drowning of the carbonate factory in this setting as the Fort Worth Basin 

subsided and Smithwick sediments were deposited in the Central Texas region. 
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Phylloid Algal Wackestone to Bafflestone Facies 

Description 

The phylloid algal wackestone to bafflestone facies is mottled, tan cream to dark 

gray to brown limestone, and is distinguished by an abundance of phylloid algal 

allochems in a fine carbonate mud matrix (Figure 11, Table 3). Phylloid algae are a group 

of calcareous green algae that were common in the late Paleozoic (Toomey, 1991; 

Wahlman, 2002). The term “phylloid” refers to the algae’s leaf-like morphology that can 

look like stacked “potato chips” in the core. Most allochems are fragmented. The Marble 

Falls phylloid algae are possibly of the genera Ivanovia as suggested by others (e.g., 

Freeman, 1962; Winston, 1963), but identification is difficult because the quality of 

preservation for the originally aragonitic allochems is poor. (James and Ginsburg, 1987).  

Bafflestones are composed of parallel-laminated phylloid algae that bound and baffled 

layers of sediment (Figure 11A), whereas wackestones contain algae that are unsorted 

and fragmented (Figure 11E). In bafflestones, phylloid plates are sediment shelters and 

accumulate fine grained mud on top of the plate (Figure 11A). Foraminifera, bivalves, 

Komia and Dvinella fragments, ostracods, and bryozoans also are present. These 

allochems are rarely more than 10% of the fossil constituents in the boundstones but may 

be up to 30% of the grain constituents in a wackestone. Rare solitary corals and 

gastropods can also be present in the wackestone fabrics. The carbonate mud matrix is 

commonly peloidal or intraclastic and can dominate the rock fabric, contributing to the 

facies’ mottled appearance (Figure 11C).  

In the cores, this facies generally appears above Dvinella packstone-grainstones 

and foraminiferal skeletal wackestones to packstones. It is only present in the upper 

Marble Falls portion of the cores and is entirely absent in the lower Marble Falls. Cores 
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may not show this facies if they do not cover the entire Marble Falls interval. This facies 

is most common in the HST of Sequence 1 and 3 (Table 3). 

Outcrop studies have documented an abundance of phylloid algae in both upper 

and lower Marble Falls (e.g., Zachry, 1969; Kier, 1972). In the lower Marble Falls, 

phylloid algal mounds are deposited laterally and vertically in close association with 

ooids and “tubular algal” (Dvinella) mounds (Zachry, 1969, Plate 1). Zachry (1969) 

observed chaetetids colonies attached to the upper surface of the phylloid algae facies in 

the upper Marble Falls successions. This relationship was not observed in the present 

study area: while some phylloid algal wackestone to bafflestone beds appear below 

chaetetid wackestone to rudstone facies, there is a thin intervening skeletal foraminiferal 

wackestone to grainstone bed between them. It is possible that this relationship may be 

difficult to observe in cores because of the high chance the core did not capture this 

feature.  
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Figure 11. Core slab photographs (A-C) and photomicrographs (D-E) of the phylloid 

algal wackestone to bafflestone facies. A) Core representation of the 

phylloid algal [p] facies, see D. B) Core representation of phylloid algal [p] 

facies, see E for thin section. Rare solitary coral [c]. C) Mottled gray, 

brown, and cream appearance common in the phylloid algal [p] facies. [a]. 

D) Phylloid algal wackestone [p] with peloidal mud [pm] . E) Phylloid algal 

plates of the phylloid algal facies. Note these plates [p] appear broken, 

indicating increased depositional energy or transportation. Refer to Table 

A1 for complete well names. The 1 inch scale bar equals 25.4 millimeters. 

PL stands for plane light; XPL stands from crossed polarized light. 
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Depositional Setting 

Phylloid algae are one of the most prolific algal groups of the Late Carboniferous 

and may have been efficient platform colonizers based on accelerated plant growth and 

the ability to reproduce quickly (Toomey, 1991). During high-amplitude, high-frequency 

sea-level oscillations of the Pennsylvanian icehouse climate, this ability to expediently 

reclaim the previously exposed platform may have allowed the organism to outcompete 

other organisms for living space (Wahlman, 2002). Some suggest this advantage 

contributed to the lack of faunal diversity (e.g., Wahlman, 2002). Others such as Toomey 

(1991) propose that phylloid algae were allelopathic and could prevent the recolonization 

of other organisms by producing a toxin that killed any competitors. This allows 

phylloids to dominate an area so completely that only organisms adapted to live within 

the restricted conditions between the algal plates would survive (e.g., plant-encrusting 

foraminifera, algae, or bryozoans; grazing organisms; or burrowing clams) (Toomey, 

1991). Faunal diversity does not indicate this is the case in this dataset. Although the 

plant could not form rigid frameworks, sedimentation appears to form in conditions 

conducive to early marine cementation which may contribute to slightly larger, more 

rigid mounds than expected otherwise (Toomey, 1991). Two types of buildup forms have 

been described for the phylloid algae: mounds are generally 33-65 feet (10 to 20 meters) 

thick, and less than 0.6 miles (1 km) in diameter, and bioherms are larger laterally and 

may be up to 164 feet (50 meters) thick or more (Wahlman, 2002).  Phylloid deposits in 

the Central Texas Marble Falls cores are not internally well-bedded and never attain 

thicknesses of greater than 20 feet (6 meters), so it is inferred that these were mound 

deposits. Biotic content and fabrics are consistent with mounds in the Orogrande Basin 

described by Gournay and Kirkland (1998). Bafflestones are interpreted to be 

representative of the mound core, while wackestones are likely mound-flank deposits that 
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have been slightly reworked based on the fragmented appearance of the algae (e.g., 

Figure 11E) and greater fossil diversity. This interpretation is appropriate for the rest of 

the Marble Falls phylloid algal facies. Zachry (1969) documented small, laterally 

discontinuous mounds that were 10 to 30 feet (3 to 9 meters) in diameter and never more 

than 10 feet in thickness, as well as tabular units that never accumulated in mound form 

(Zachry, 1969, Plate 17 a and b). 

This facies is interpreted to have been deposited in a low-energy, shallow-water 

environment below fair-weather wave base and within the photic zone in the middle ramp 

(Figure 8). These phylloid algae preferred normal marine conditions and clear, well-

oxygenated, seawater where sunlight could penetrate (Toomey, 1991; Wahlman, 2002). 

The algae formed low-relief, laterally discontinuous mounds by trapping and baffling 

sediment on a muddy substrate on the middle ramp (Figure 8). Based on vertical 

relationships in the cores and the previous interpretations of phylloid alga (e.g., Zachry, 

1969; Toomey, 1991; Wahlman, 2002), this facies was deposited on the open shelf 

seaward of the restricted coated-grain grainstone facies and landward of the 

Dvinella/Komia grainstone facies (Figure 8). Foraminiferal skeletal grainstones formed in 

the intervening area between the algal mounds. 

 

Dvinella Mud-Dominated Packstone to Grainstone 

Description 

The most common carbonate facies in the Marble Falls Formation, the Dvinella 

mud-dominated packstones to grainstone facies comprises medium brown to bright cream 
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colored limestone that is dominated by an abundance of Dvinella1 “tubular” algae, which 

can constitute nearly 100% of the skeletal constituents (Figure 12, Table 3). Komia and 

foraminifera can also be present in small amounts (10-20%) There are also common 

small crinoid ossicles. This facies is generally massive, but does contain argillaceous 

lenses in some cores that range from less than 3 to 50 millimeters in thickness in both 

grainstone and mud-dominated packstone deposits (Figure 12A). These lenses commonly 

decrease in abundance upward and contain fine dolomitic, clay-mineral-rich mud (Figure 

12D) and contains stylolites. The locally intergranular and intragranular pore space can 

be filled with coarse-crystalline calcite cement (Figure 12D, 12F).  

In many cases, a highly altered subfacies, the “altered Dvinella mud-dominated 

packstone subfacies,” is present (Figure 12C, 12G). It is usually a dark gray, coarse-

grained limestone composed of crystalline “tubes” with common black mud lenses. 

Fragmented Komia, bivalve shells, and phosphate are very common (20-40% of the grain 

constituents), but the “tubes” dominate the fabric (50% or greater). Dolomite rhombs are 

also present. It is difficult to clearly identify a Dvinella form and it is possible that these 

were once ooids or some other tubular algae. Based on the consistent appearance at the 

base of the cleaner Dvinella grainstone facies above it, this study includes the altered 

Dvinella mud-dominated packstone subfacies within the Dvinella mud-dominated 

packstone to grainstone facies. No previous workers have documented the appearance of 

this “subfacies” with thin-section photomicrographs. 

                                                 
1 Donezella is a similar genus of small tubular algae common in Morrowan-Atokan successions. Because 

these skeletal grains are originally aragonite and only a micritic coating is preserved, the thalli are not 

completely intact, so these forms cannot be fully identified and may possibly be Donezella. Under 

recommendation by Dr. Gregory Wahlman, this study will call the tubular algae present here Dvinella. 
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The altered Dvinella mud-dominated subfacies is most commonly above 

burrowed, sponge spicule packstones (e.g., the HOM Posey, E. #B-4-1 and HOM 

Walker, G.B. #D-1-1 cores). In some cores, the altered Dvinella mud-dominated 

packstone subfacies has a sharp base on top of argillaceous calcareous mudstone facies or 

calcareous argillaceous clay shales. In the upper portions of the upper Marble Falls, the 

Dvinella mud-dominated packstone to grainstone facies is locally capped by a thin Komia 

grainstone interval or by phylloid algal wackestones to packstones. Most lower Marble 

Falls deposits do not contain the Dvinella mud-dominated packstone to grainstone facies 

until the middle Marble Falls. In the easternmost HOM Hardy, I. #LA-1 core (Figure 3), 

the mud-dominated Dvinella mud-dominated packstone to grainstone facies is found 

above the encrusting algal, coated grain wackestone facies. 

While previous studies of the Llano Uplift outcrops have documented the 

Dvinella mud-dominated packstone to grainstone facies, thickness distributions between 

the upper and lower Marble Falls successions vary. As observed in this core study, 

significant accumulations in the middle and upper Marble Falls that are greater than 10 

feet (3 meters) are more concentrated in the central and western regions of the Llano 

Uplift (e.g., McKinney, 1963; Winston, 1963; and Freeman, 1962; Turner, 1970; Figure 

3). In the southeast and northeast (Figure 3), Dvinella mud-dominated packstone to 

grainstone facies are concentrated in the lower Marble Falls (e.g., Zachry, 1969, Namy, 

1969). Zachry (1969) noted an association with his “lower algal” facies (equivalent to the 

phylloid algal wackestone to bafflestone facies) and “oolite” facies (coated-grain 

grainstone facies). Thicker accumulations of Dvinella mud-dominated packstones to 

grainstones are found in predominantly HST settings of Sequences 1, 2 and 3 (Table 3). 
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Figure 12.  Core slab photographs (A-C) and photomicrographs (D-G) of the Dvinella 

mud-dominated packstone to grainstone facies. A) Dvinella grainstone with 

rare argillaceous lenses [a]. B) Altered Dvinella mud-dominated packstone  
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subfacies. C) Altered Dvinella mud-dominated packstone subfacies with 

Komia [K] [see G]. D) Dvinella [D] grainstone with dolomitic mud lenses 

[M]. E) Same photo as D in fluorescent light showing abundant micropores 

in Dvinella skeletons. G) Though not clearly Dvinella forms, these “tubes” 

[t] are considered to be recrystallized Dvinella, especially with proximity to 

Komia [K]. As shown by core depths, this facies appears consistently above 

and below obvious Dvinella beds. It is suggested that intense 

recrystallization altered the appearance of the bases of Dvinella beds. The 1 

inch scale bar inch equals 25.4 millimeters. PL stands for plane light; XPL 

stands from crossed polarized light. 

 

Depositional Setting 

Dvinella/Donezella formed mounds in broad, low-relief banks on the outer middle 

ramp (Figure 8) forming a ramp crest that baffled and stabilized the seafloor sediment. 

These organisms are considered one of the most important “reef-mound” builders in the 

middle Carboniferous and have composed significant buildups in Europe, North Africa, 

Russia, Kazakhstan, and North America (West, 1988; Della Porta et al., 2002; Choh and 

Kirkland, 2006). Originally defined as a red algae (Maslov, 1929; Della Porta et al., 

2002), subsequent workers have recategorized Dvinella and Donezella into a number of 

groups: codiacean green algae, foraminifera, calcareous sponges, green algae 

Paleosiphonocladales, green algae of incertae familiae, dasycladacean green algae, 

pseudo-algae, and microproblematica (see Della Porta, 2002, or Wahlman, 2002, for a 

full list of references). While Della Porta et al. (2002) observed in situ Donezella in water 

depths that discredit classification as a green algae, this study considers them to be green 

algae as is generally considered by other workers (Wahlman, 2002). 

The Dvinella mud-dominated packstone to grainstone facies is interpreted to be 

common in a clear, shallow-water, moderate energy setting at the ramp crest below fair-

weather-wave base. This interpretation is similar to environments for Donezella/Dvinella 

suggested by others (Rich, 1969; Mazzullo, 1981). Observations by Della Porta et al. 
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(2002) in the Cantabrian Mountains of Spain show in situ Donezella mounds ranging 

from the shallow-water settings on a platform to the outer slope at up to 200 meters of 

water depth. These authors demonstrated that Donezella were also able to exist in low-

energy platform interior environments (characterized by Donezella abundance, mud-rich, 

low-relief banks associated with phylloid algae and Cuneiphycus) and in platform break 

to upper slope environments with low to moderate water agitation (occurring with in situ 

peloidal micrite and submarine cement, Komia, Archaeolithophyllum, and siliceous 

sponges). The concurrence of the higher energy Komia organism and lack of mud in 

grainstone deposits indicates the Marble Falls Dvinella/Donezella were likely deposited 

in the ramp crest environment with moderate wave agitation.  

Facies associations in the Marble Falls cores of Central Texas suggest the 

Dvinella mounds formed seaward of phylloid algal mounds and landward of the Komia 

banks on the outer middle ramp, and outer ramp subtidal chaetetid colonies and sponge 

plain (Figure 8). While muddier fabrics have been considered by others to be lower 

energy, platform interior deposits (i.e., Della Porta et al., 2002), the dark, clay-rich lenses 

that appear in some portions of the cores (Figure 12A) are interpreted to be interbedded 

mud deposits, perhaps from storm events. Some authors have proposed that Komia and 

Dvinella/Donezella form a baffling system at the outer shelf (e.g., Wahlman, 2002; Della 

Porta et al., 2002). Based on their observations of facies relationships in Marble Falls 

outcrops, Freeman (1962 and 1964) and Rich (1967) suggested that Donezella grew on 

the landward flank of Komia banks in quiet-water, somewhat restricted conditions. Like 

this study, others considered this association to represent more moderate energy levels 

(Rich, 1969, Mazzullo, 1981). The Dvinella facies is never more than 15 to 20 feet (4.5 to 

6 meters) in thickness and is interpreted as having formed in situ based on the dense 

network of the algae and low diversity. Della Porta et al. (2002) considered Donezella 
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mounds to be in situ when the Donezella networks cavities are filled with cement and the 

branching “tubes” are covered by a micrite coating with a peloidal fabric.  

Low diversity in the mounds was observed in the study cores and by others 

(Figure 12) (e.g., Freeman, 1964). Samankassou (2001) in Spain observed such low 

diversity in Donezella mounds that he suggested the alga acted as an allopathic organisms 

that prevented other organisms from competing by excreting a poison in the water 

column. While significant evidence for this is lacking, there appears to have been 

restricted conditions within the Dvinella mounds that prevents other organisms from 

flourishing (e.g., Freeman, 1964).  

Although Della Porta et al. (2002) have suggested water depths of up to 660 feet 

(200 meters) for in situ Donezella deposits, the appearance of Dvinella above 

argillaceous mudrocks in the Marble Falls cores is likely not representative of a typical 

facies association. This pattern in the cores may be evidence for sea-level or tectonic 

changes that dramatically changed the depositional environment. In most cores, the first 

appearance of the Dvinella facies is above the green illite claystones that are interpreted 

to have formed during a major sea-level fall. Most of the cores in this dataset (Figure 2, 

Figure 3) were located in a slope setting on the lower ramp and only accumulated sponge 

spicule packstones and argillaceous mudrocks and mudstones before this time. After the 

green illite claystone facies, there must have been a significant change in depositional 

conditions to allow for the deposition of shallower water, carbonate rich facies, rather 

than the previous slope-to-basin sponge spicule packstones and various mudrocks. Hence, 

the Dvinella here are considered “shallow-water” organisms. 
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Red Algal Grain-Dominated Packstone to Grainstone 

Description 

The red algal grain-dominated packstone to grainstone facies is characterized by a 

dominance of either Cuneiphycus or Komia (Figure 13, Table 3). Komia has been defined 

as a red alga (i.e., Korde, 1951; Mamet, 1991), but other classifications as a 

stromatoporoid, hydrozoan, or demosponge have also been considered (Wilson et al., 

1963; Wahlman, 2002). Cuneiphycus is considered a type of encrusting red algae in the 

Archaeolithophyllum-Cuneiphycus group (Chuvashov and Riding, 1984; Gregory 

Wahlman, personal communication, 2013) These allochems comprise nearly 90% of the 

grains in most beds. Where Komia dominates, Dvinella grains are commonly also 

present, as well as crinoid fragments and rare foraminifera (Figure 13). Komia grains can 

be fragmental and are usually near the base of the facies bed. Where Cuneiphycus is 

present, other allochems are absent (Figure 13A, 13C) Mud-sized particles are rare in this 

facies, and most of the intergranular pore space has been filled with coarse-crystalline 

calcite cement. Burrows are absent and stylolites may be present.  

This facies is either found in the upper Marble Falls succession to the southwest 

and northwest (Figure 3) or in the lower Marble Falls succession in the northeast and 

southeast (Figure 3). Thickness of this facies ranges from less than 1 foot to 10 feet (0.3 

to 3 meters) (in the HOM Hardy, I. #LA-1 and HOM Potter, J.A. #C-9-1 cores, Figure 3). 

In this core study, Komia-dominated grainstones are found in only the upper Marble Falls 

successions whereas Cuneiphycus is only found to the northeast (Figure 3) in the lower 

Marble Falls of the HOM Hardy, I. #LA-1 core. This facies is present in the HST of 

Sequence 1 and 3 (Table 3). 
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Figure 13.  Core slab photographs (A-B) and photomicrographs (C-D) of the red algal 

grain-dominated packstone to grainstone facies. A) Cuneiphycus-dominated 

red algal grainstone in the HOM Hardy, I. #LA-1 core, lower Marble Falls. 

B) Komia-dominated grainstone in the HOM Potter, J.A.  #C-9-1 core, 

upper Marble Falls. C) Photomicrograph of Cuneiphycus [C] allochem 

fragment in a Cuniephycus grainstone. D) Komia [K] columnar fragment in 

a Komia-dominated red algal grainstone facies. Refer to Table A1 for 

complete well  
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names. The 1 inch scale bar equals 25.4 millimeters and he 0.5 inch scale 

bar equals 12.7 millimeters. PL stands for plane light; XPL stands from 

crossed polarized light. 

Depositional Setting 

Based on its close vertical association with Dvinella mud-dominated packstones 

to grainstone facies, the red algal grain-dominated packstone to grainstone facies is 

interpreted to form at the ramp crest. This facies is landward of the deeper, lower-energy 

sponge spicule and crinoid packstone facies and seaward of the Dvinella mud-dominated 

packstone to grainstone facies (Figure 8).   

Komia are commonly found in the geologic record in mud-rich wackestones and 

packstones that formed baffling biostromes in normal marine, low- to moderate energy 

ramp settings in close association with other algal mounds (Wahlman, 2002). Grainstone 

deposits have been suggested by Wahlman (2002) to represent more shoreward-

transported biodetrital accumulations. However, Marble Falls outcrop workers have 

observed intact, tangled networks of Komia columns forming banks that flank Dvinella 

banks just below wave base (Figure 8) (e.g., Winston, 1963; Freeman, 1964). Although it 

is possible for Komia to represent transported deposits, the mats of the filamentous red 

algae are probably in place (Figure 13B). Other workers have noted associations of 

Komia with phylloid algal mounds in the Eagle Basin of north-central Colorado and in 

the subsurface of West Texas (Tillman 1971; Wilson, 1975; Wray, 1983). In the eastern 

Great Basin of Nevada and Utah, Rich (1969) described Komia occupying the seaward 

portion of a Dvinella-Komia mound complex located behind a chaetetid-encrusted energy 

baffler. Others have noted growth of Komia banks at fault-induced topographic breaks on 

the seafloor (Mack and Miller, 1980; from Wahlman, 2002). This relationship may be 

possible in the syntectonic horst and graben movement during Marble Falls deposition 

and may occur in portions of the area that have been uplifted (Figure 6). 
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Komia have been compared to the branching red alga Goniolithon and Porities  

seaward of the Florida Keys, which form tangled networks blanketing the seafloor on 

windward margins of a mud bank (Baars, 1963). Instead of attaching to the seafloor, 

these organisms stabilize the flanks of the bank with their intergrowth mats. It has been 

suggested that Komia played a similar role associated with phylloid algal mounds in 

quieter deeper local paleobathymetric buildups (Wahlman, 2002). 

Cuneiphycus red algae were interpreted by Zachry (1969) to occur in low-energy 

environments behind a protective barrier at the platform edge. Depositional models by 

Spaw (1977) interpreted Cuneiphycus to occur with unidentified tubular algae (likely 

Dvinella) at the basinward portion of an algal-and-chaetetid dominated shelf. 

Cuneiphycus has been observed by others to occur in low-energy platform interior and 

middle ramps settings with Donezella algal banks in Spain (Della Porta et al., 2002). This 

suggests a wide variety of depositional environments (Figure 8) for the red algal grain-

dominated packstones to grainstones. 

 

Skeletal Chaetetid Wackestone to Rudstone 

Description 

The skeletal chaetetid wackestone to rudstone facies is composed of chaetetid 

heads in a skeletal mud matrix (Figure 14, Table 3). Chaetetids were originally 

considered to be corals and were later suggested to be sclerosponges, stromatoporoids, or 

calcareous sponges (West and Clark, 1984; Wahlman, 2002), but recent work by West 

(2012) suggests this organism is a demosponge. This facies is mostly carbonate, but some 

chaetetids are partially silicified. The chaetetid skeletons can be quite large, ranging from 

0.5 to 1.5 feet (0.15 to 0.46 meters) in the cores (Figure 14A). While fragments of 1 to 3 
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inches (2.5 to 7.6 centimeters) are not uncommon, these heads are usually large and may 

be the “shingle” or “clublike” form as identified by Spaw (1977). Clay mud-rich lenses 

surround some of the chaetetid bodies and peloid mudstone is present on the fringes of 

the chaetetid body, indicating low-energy conditions (Figure 14C). The matrix 

surrounding the chaetetids consists of dark brown skeletal wackestones containing 

abundant crinoid fragments, Komia fragments, foraminifera, solitary corals, and 

unidentified skeletal detritus. Syringoporid corals are present and may be encrusting the 

chaetetids. The width of the cores does not allow for the clear observation of bedding 

relationships, but there seems to be an intervening skeletal, foraminiferal wackestone-

packstone between two chaetetid bodies in the HOM Potter, J.A. #C-9-1 core (Figure 

14A). This may represent an intervening seafloor between chaetetid colonies in the 

depositional environment but is not included within the skeletal chaetetid wackestone 

facies. Burrows are not evident. The skeletal chaetetid wackestone facies is rare in the 

current study having been only observed in the upper Marble Falls portions of the 

northwestern cores (i.e., HOM Potter, J.A. #C-9-1, HOM Stevens, M.G. #B-8-1, and 

HOM Johanson, Harold #MC-1, Figure 3). This facies is therefore most common in the 

HST of Sequence 3 (Table 3). 

Chaetetids have been observed by workers all across the Llano Uplift in both the 

lower and upper portions of the Marble Falls. These workers, such as Winston (1963) and 

Zachry (1969), called these organsims Chaetetes. Based on work by West (2012), the 

genus Chaetetes is no longer valid unless a specimen has been identified to possess 

spicules or spicule pseudomorphs that have been formally documented in the chaetetid 

taxa. Zachry (1969) noted beds of chaetetids associated with phylloid algae and were 

surrounded by “foraminifer biosparite.” These in the cores are likely equivalent to the 

skeletal foraminiferal packstones that usually appear in between two beds of chaetetids, 
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such as in Potter C-9-1 (Figure 14 A). Zachry (1969) noted greater accumulations of 

chaetetids in the upper Marble Falls portions in the northeast part of the Llano Uplift. The 

upper Marble Falls in the southwest contains chaetetids in such great abundances that 

Winston (1963, 1965) was able to follow a continuous bed for approximately ten miles. 

These chaetetids were 10 feet (3 meters) high and columnar in form (Winston, 1963), a 

similar caliber also observed by Sutherland (1984). In upper Marble Falls outcrops at 

Bend, Texas, partially silicified columnar chaetetids are scattered on a Zoophycos-

burrowed skeletal wackestone seafloor (Figure 14 B). These forms appear to be toppled 

over into the mud and may have originally encrusted on the hardened Zoophycos 

substrate. In the Marble Falls of Mason County, Sutherland (1984) described domical and 

columnar chaetetids associated with syringoporid corals and carbonate mud, similar to 

observations in this study of a lower energy environment. 
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Figure 14. Core slab (A) and outcrop (B) photographs and photomicrographs (C) of the 

skeletal chaetetid wackestone to rudstone facies. A) Chaetetid skeletons [C] 

in core. Skeletal mud-dominated packstone [S] with muddy laminae 

commonly surround the chaetetids[SF]. B) Partially silicified chaetetid body 
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in upper MF outcrop near Bend, Texas (Coordinates 31.090188212419175, 

-98.52082014083862). This form is interpreted to represent the lower-

energy, subtidal variety based on its columnar, “club like” form described as 

deeper water varieties by Spaw (1977) and association with Zoophycos 

burrows. White ruler measures 6 inches (15.2 centimeters). C) Chaetetid [C] 

in thin section with skeletal fragment matrix [S]. Dark muddy peloids [p] are 

encrusted on the surface. The 1 inch scale bar equals 25.4 millimeters. PL 

stands for plane light; XPL stands from crossed polarized light. 

 

Depositional Setting 

The placement of Pennsylvanian chaetetids in a depositional setting has been a 

point of argument in the literature. Some authors have observed high-energy, intertidal, 

chaetetid biostromes (e.g. Connolly, et al., 1989) while others interpreted other chaetetid 

forms to have flourished in low-energy, subtidal conditions (e.g., Spaw, 1977). The 

higher energy interpretation has been popular because it was assumed that moderate to 

high-water energy was required to keep sediment from clogging sponge pores (West, 

2012). In a comprehensive review of chaetetids, West (2012) considered both 

interpretations were correct depending on environmental variables and chaetetid 

morphology. Features associated with shallow-water chaetetids as summarized by West 

(2012) include chaetetid breccia, grainstones, intraclasts, oncolites, oolites, phylloid algal 

mounds, and disturbed or toppled chaetetids. “Shingle,” “clublike,” or “high domical and 

columnar” form chaetetids (Figure 14B) are interpreted to colonize in low-energy, 

subtidal settings associated with “tubular algae,” Cuneiphycus, and phylloid algae (e.g., 

Spaw, 1977; West, 2012).   

In upper Marble Falls outcrops on the northeastern side of the Llano Uplift, 

Zachry (1969) observed chaetetids that appeared to have nucleated and grown on 

phylloid algal beds. Similar to Connolly et al. (1989), Zachry also noted chaetetids 

associated with ooid deposits. Both of these observations indicate shallow-water 
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environments. However, reexamination of chaetetids in outcrop at Bend, Texas (Figure 3) 

near the Smithwick-Marble Falls contact showed chaetetids encrusting a silicified surface 

with Zoophycos burrows in a subtidal environment with skeletal wackestone-packstone 

laterally adjacent to the chaetetids (Figure 14B). In contrast, Sutherland (1984) noted 

shallow-water chaetetid reefs surrounded by foraminiferal algal wackestones and 

packstones (that appear very similar to Figure 10C) from outcrops in Mason County on 

the southwestern side of the Llano Uplift (Figure 3). An association with algal mounds 

may imply the chaetetids formed a shallow-water seaward baffler, possibly analogous to 

modern algal ridges that buttress coral reefs (Wahlman, 2002; West, 2012). Based on 

bedding thickness in the JMR section by Zachry (1969), these buttresses did not reach a 

thickness of greater than 5 feet (1.5 meters).  

In the study area cores, it is difficult to observe the entire chaetetid morphology 

because of the 3.2 to 4.4 centimeters diameter core (e.g., Figure 14). Features noted with 

the chaetetids are smaller forms characteristic of subtidal settings, (less than 2 feet in size 

as compared to the 10 foot chaetetids in reefal settings), phylloid algae and Dvinella 

tubular algae units above and below the chaetetid beds and skeletal foraminiferal mud-

dominated packstone between chaetetid bodies. While association with phylloid algae 

suggests a shallow-water setting, the mud content and the small stature of the chaetetids 

are more characteristic of a deeper subtidal setting. The most abundant chaetetids are 

located in the HOM Potter, J.A. #C-9-1 and HOM Stevens, M.G. #B-8-1 cores in the 

northwestern portion of the study area (Figure 3), north of the shallow-water, reefal 

chaetetid outcrops studied by Winston (1963) and Sutherland (1984). Although a 

shallow-water environment is possible for these beds, dark carbonate muds and small size 

(as compared to the large reefal forms) suggests chaetetids in this study area generally 

represent subtidal, deeper water facies similar to those of Spaw (1977) and those 
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observed in Bend, Texas (Figure 8). An exception to this may be in the HOM Johanson, 

Harold #MC-1 core (Figure 3) where fragmental chaetetids are surrounded by less mud, 

foraminiferal grainstones, and are interbedded with phylloid algal wackestone to 

bafflestone facies. 

 

Encrusting Algae, Coated-Grain Wackestone 

Description 

The encrusting algae, coated-grain wackestone facies is characterized by 

encrusting laminar red algae and blue-green algae that form rhodoids, oncolites, or 

irregularly laminated deposits (Figure 15, Table 3). Rhodoids never approach more than 2 

inches (5 centimeters) in size, and fragments range from 0.25 inch to 0.5 inch in size (0.6 

to 1.3 centimeters) (Figure 15A). This facies is medium brown to gray with white 

allochems and/or some red staining (e.g., Figure 15A, 15B). Laminar encrusting red algae 

and unidentified blue green algae commonly appear as coating on the same grain (Figure 

15C, 15D). Preservation of internal structures in the laminar encrusting red algae is poor, 

but these algae may represent a coralline red alga of the taxon Archaeolithophyllum 

lamellosum and was likely originally composed of high-Mg calcite (e.g., Wahlman, 

2002). The algae have nucleated on skeletal fragments: bivalves, bryozoans, or corals 

(e.g., Michelina) (Figure 15C).  The algal laminations are somewhat irregular and do not 

evenly coat each side of the host grain (e.g., Figure 15A). The matrix is carbonate mud 

containing abundant peloids, heavily micritized foraminifera, and unidentified skeletal 

fragments (Figure 15D). Bryozoans and crinoids are common and may each form 10% of 

the grains in a sample. Stylolitized mud layers are present in small amounts. In the HOM 
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Hardy, I. #LA-1 core (Figure 3), the bottom of the beds in this facies has common crinoid 

fragments and the top has abundant Dvinella or peloid grains.  

This facies is rare in the study core dataset. The HOM Johanson, Harold #MC-1 

core (Figure 3) contains thin intervals of this facies interbedded with conglomeratic 

skeletal wackestone to mud-dominated packstone facies. The only significant 

accumulation of this facies (72 feet, 22 meters) is in the HOM Hardy, I. #LA-1 core on 

the northeastern side of the Llano Uplift (Figure 3), all concentrated in the lower Marble 

Falls.  The top contact of this unit is a Cuneiphycus red algal grainstone followed by a 

thin Dvinella grainstone cap. The encrusting algal coated-grain wackestone facies is thus 

most common at the base of the HST in Sequence 1 (Table 3). 

Although rare in this study, this facies has been defined in outcrop studies (e.g., 

Zachry, 1969; Kier, 1972). Zachry (1969) oncolites occurring on top of the Barnett 

Formation (after the probably phosphatic glauconitic lime packstone facies). Freeman 

(1962, 1964) observed partially silicified oncolitic beds in the Brady area of San Saba 

and McCulloch counties (Figure 2, Figure 3) between the shales and spiculites of the 

middle and lower Marble Falls. These oncolites are associated with limestone pebble 

conglomerates indicating a nearby fault (likely the Hall Uplift of Turner (1970)) that 

exposed and removed most of the lower Marble Falls in the area. Freeman (1964) 

interpreted these oncolites as accumulating on the intertidal margin of a transgressing sea. 

In the southwestern exposures of the Marble Falls, Winston (1963) may have observed 

oncolites or rhodoliths (based on acetate peel photographs) near the base of his outcrops 

and, based on his photomicrographs, may have misidentified them as an “open burrow 

facies.” Evidence for this reinterpretation comes from similar facies observed in this 

study in the Johansen HOM Johanson, Harold #MC-1 core located near these outcrops 

(Figure 3).  
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Figure 15. Core slab photographs (A-B) and photomicrographs (C-D) of the encrusting 

algae wackestone facies. A) Rhodoids [R] are formed by laminar encrusting 

red algae that nucleate on skeletal fragments. B) Red and cream laminated 

appearance of the encrusting algae. C) Laminar red algae [A] encrusting a 

skeletal grain [SG], likely a partially dissolved bivalve fragment. An 

unknown encruster [BG] is also common and may be an encrusting blue-

green algae. The matrix has abundant peloids [p] that may be heavily 

micritized Dvinella grains. D) Close up view of the encrusting laminar red 

algae [A] and possible encrusting blue-green algae [BG]. Refer to Table A1 

for complete well names. The 0.5 inch scale bar equals 12.7 millimeters. PL 

stands for plane light; XPL stands from crossed polarized light. 



 74 

Depositional Setting 

The encrusting algae, coated-grain wackestone facies formed in the low-energy, 

subtidal upper outer ramp zone (Figure 8) seaward of red algal grain-dominated 

packstone to grainstone facies and Dvinella mud-dominated packstone to grainstone 

facies and landward of skeletal crinoidal packstone to grainstone facies and burrowed 

sponge spicule packstone facies based on vertical relationships in the cores. Irregular and 

uneven algal laminations present in cores and in outcrops (e.g., Freeman, 1964) indicate 

reworking and intermittent agitation. In the northeastern part of the Llano Uplift (Figure 

3), Zachry (1969) and Kier (1972) also observed accumulations of “oncolites” that 

always occurred at the base of the lower Marble Falls. Based on the appearance of these 

encrusting algal communities in the Marble Falls, this facies appears to be restricted to 

the upper outer ramp seaward of Dvinella and red algal mounds during initial stages of 

ecological development after increases in accommodation (Figure 8).  

Although this facies is relatively rare in the study area cores, it is significant to the 

characterization of middle Carboniferous platform ecosystems. Though phylloid algae, 

Komia-Ungdargella (another “red alga” similar to Komia), and Donezella/Dvinella 

mounds dominated the shelf, encrusting buildup communities were also common during 

the Pennsylvanian (Chuvashov and Riding, 1984; Wahlman, 2002). These communities 

of laminar encrusting red algal mounds were interpreted by Wahlman (2002) to represent 

more turbid or deeper water settings such as those suggested here. 

 

Skeletal Crinoidal Packstone to Grainstone 

Description 

The skeletal crinoid packstone to grainstone facies is characterized by an 

abundance of crinoid skeletal fragments (Figure 16, Table 3). Although crinoid remains 
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dominate the rock fabric (up to 80%), other allochems such as brachiopods, Komia, 

foraminifera, bryozoans, and ostracods are also present. Fragments of laminar encrusting 

red algae are rare. Crinoids are poorly sorted, fragmental, and disorganized. The color of 

this facies is dark gray (mud) with white-cream allochems (crinoids). Glauconite was 

locally observed as peloids in the matrix or within the crinoid stems, and phosphate 

grains can be common. The skeletal crinoid packstone to grainstone facies is 

distinguished from the skeletal, foraminiferal wackestone to packstone facies by the 

abundance of crinoids as compared to forams and other allochems.  

In the study area, the skeletal crinoid packstone to grainstone facies is interbedded 

with burrowed sponge spicule packstone facies or at the base of the encrusting algae, 

coated grain wackestone facies. The skeletal crinoid packstone to grainstone facies is on 

average about 1 foot thick (0.3 meters). This facies is in places interbedded with 

burrowed sponge spicule packstones, laminated argillaceous lime mudstone, and 

argillaceous calcareous mudstone facies as 1 to 3 inch-thick laminations (2.5 to 7.6 

centimeters) and contain increased glauconite. The skeletal crinoidal packstone to 

grainstone facies is present in all portions of the Marble Falls succession. It most 

commonly appears in basinal sections of the Sequence 1 and Sequence 3 HST (Table 3). 
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Figure 16. Core slab photographs (A-B) and photomicrographs (C-D) of the skeletal 

crinoidal packstone to grainstone facies. A) Crinoid grain-dominated 

packstone showing abundant crinoid fragments [C].  B) Crinoid [C] 

grainstone facies. C) Thin-section of crinoid grain-dominated packstone 

facies. Brachiopods [B] and other skeletal grains are common. D) Skeletal 

crinoid grainstone. Crinoid fragments [C] are abundant; other skeletal grains  
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are common, including fusulinid [F] and Komia fragments [K]. The 0.5 inch 

scale bar equals 12.7 millimeters. PL stands for plane light; XPL stands 

from crossed polarized light. 

Depositional Setting 

Because of its variety of deeper water allochems, glauconite, and association with 

lower energy facies (burrowed sponge spicule packstones, encrusting algae, coated-grain 

wackestones and mudrock facies), the crinoid packstone to grainstone facies is 

interpreted to have been deposited in a low-energy subtidal zone on the outer ramp. This 

facies is on the landward fringes of the sponge spicule packstone facies and seaward of 

the red algal grain-dominated packstones to grainstones and encrusting algae, coated-

grain wackestones (Figure 8). The interbedded laminations of the skeletal crinoidal 

packstone to grainstone facies within beds of other facies may have been transported to 

the deeper water lower outer ramp environments. 

Crinoids have been documented to be accessory to mound-building organisms in 

Late Carboniferous buildup communities (e.g., Wahlman, 2002). While other workers 

document reef mounds composed of crinoids, radiaxial cement, fenestrate bryozoans, and 

Tubiphytes, (e.g., Wahlman, 2002), the skeletal crinoid packstone to grainstone facies 

present in the Marble Falls is probably representative of biostromal accumulations from 

small colonies growing on the seafloor, winnowed storm deposits, or slump deposits from 

a nearby mud mound. 

 

Burrowed Sponge Spicule Packstone 

Description 

The most common facies in the entire Marble Falls succession, the sponge spicule 

packstone facies, consists of abundant sponge spicule monaxons and common 
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brachiopods, ostracods, crinoids, rare small solitary corals, rugose corals, tabulate corals 

(e.g., Michelina  and Syringopora) and “lacy” fenestrate bryozoans (Figure 17A-G; Table 

3). These rocks are commonly mottled and range from dark gray to bluish gray to light 

creamy gray (Figure 17A-D). In most cases, the lighter color is associated with more 

abundant sponge spicules and darker colors with more mud-rich rocks. These rocks are 

typically highly burrowed: Chondrites (Figure 17B-E) and Zoophycos burrows are 

common as well as other horizontal burrows. While ichnofacies depth indicators can 

overlap, Zoophycos and Chondrites are trace fossils that typify the bathyal environment 

(200-2000 m water depth) (Scholle et al., 1983).  These burrows may contain clay-rich 

mud as well as post-depositional diagenetic dolomite rhombs. Glauconite is also 

commonly present as peloids or within spicule monaxons. Lighter spiculitic clasts that 

appear to have been partially cemented, deformed (cracked), and filled with finer grained, 

sediment (Figure 17B) is also present. Argillaceous laminae locally surround these 

spiculitic lenses (Figure 17C). Burrows, soft-sediment deformation features, and mottled 

color are helpful for recognizing the sponge spicule facies because identification of the 

clay to silt-sized spicules is difficult with a handlens or binocular microscope.  

Spicules are composed of microcrystalline quartz (chert) or calcite. These spicules 

were originally composed of opal-A (Warnke, 1995) and thus have been altered to calcite 

or quartz (with rare chalcedony) during diagenesis. Calcification of sponge spicules has 

been proposed to occur during decay; the resultant anaerobic conditions promote the 

growth of sulfate-reducing processes that increase carbonate alkalinity that can aid in the 

formation of micrite and rapidly calcify the sponge tissue (Reitner and Schumann-Kindel, 

1997). However, studies of modern siliceous sponges suggests that early calcification 

may be promoted by the presence of organic colloids that are not directly related to tissue 

degradation by microorganisms (Neuweiler et al., 2007). Most studies agree that these 
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processes occur in the living sponges on the seafloor (e.g., Warnke 1995; Neuweiler et 

al., 2007). Siliceous sponge spicules have been cited by many to be the source of 

diagenetic silica (Pittman, 1959; Wilson, 1966) and likely contribute to the silicification 

of other facies (e.g., partially silicified chaetetids or rhodolites). This burrowed sponge 

spicule packstone facies is completely silicified where it is in contact with the green illite 

claystone facies. In these cases, the rocks are bluish gray and cream with intervening 

green illite claystone layers. Pyrite rhombs are common within the spicules and may be 

related to sulfate-reducing symbiotic bacteria within the sponges (Reitner and Schumann-

Kindel, 1997). 

Sponge spicule packstones are found in most cores and form the basal portion of 

the lower Marble Falls succession in almost all cores (the HOM Johanson, Harold #MC-1 

core being the only exception). This facies thickness ranges from less than 1 to 50 feet 

(0.3 to 15 meters). Near the top of the upper Marble Falls, this facies is commonly 

interbedded with massive argillaceous claystone facies of the Smithwick Formation. 

Thus, the burrowed sponge spicule packstone facies occurs in the HST of Sequence 1 in 

basinal sections and in the TST of Sequences 2 and 3 (Table 3). 

Previous outcrop studies in the Llano Uplift area have recognized this facies and 

its local abundance. Winston (1963) observed that most of the Mason area in the 

southwestern region of the Llano Uplift (Figure 3) is composed of spiculitic “dark 

fragmental facies.” Winston (1963) and Turner (1970), also described the interbedding of 

these rocks with massive argillaceous claystones of the Smithwick Formation at the top 

of the Marble Falls. The interbedded nature of this contact is well displayed in the HOM 

Posey, E.  #B-4-1 core (Figure 3). In this study, the Marble Falls-Smithwick boundary is 

defined as the last appearance of significantly thick (1 foot [0.3 meters] or greater) 

sponge spicule packstones. 
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Figure 17. Core slab photographs (A-D) and photomicrographs (E-G) of the burrowed 

sponge spicule packstone facies with flattened Chondrites burrows [c]. A) 

Core photograph of the burrowed sponge spicule packstone facies. B) Soft-

sediment deformation features [ssd]. Chondrites burrows [c] are more 

common in the lighter, sponge-rich rocks. C) Light gray spiculite lens [ssl] 

surrounded by argillaceous laminae [a] in a dark, calcareous mudstone (29%  
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Ca) (m). D) Chert nodules [ct] creating the mottled appearance common in 

the burrowed sponge spicule packstone facies. E) Dark, argillaceous 

Chondrites burrows [c] in a sponge spicule matrix [ss]. F) Silicified spicules 

[sss]. G) Calcitized spicules [css]. The 1 inch scale bar equals 25.4 

millimeters. PL stands for plane light; XPL stands from crossed polarized 

light. 

 

Depositional Setting 

The burrowed sponge spicule packstone is interpreted to have been deposited in a 

lower outer ramp environment slightly landward of the basin in low-energy, deeper water 

conditions (Figure 8). The intensity of burrowing indicates oxygen levels were high, but 

Zoophycos and Chondrites burrows are both probably indicative of a deeper water setting 

(Scholle et al., 1983). Most outcrop studies in the area have generally considered sponge 

spicule facies to have formed in a deeper water, low-energy setting (e.g., Kier, 1972). 

However, some interpreted these rocks to have formed in a shallower water, restricted 

lagoonal setting behind the protection of the outer shelf algal banks on the open shelf 

(e.g., Winston, 1963; Zachry, 1969). In the current study area, the association of these 

rocks with facies that are interpreted to have formed in a relatively deepwater setting (e.g. 

laminated argillaceous lime mudstones, argillaceous calcareous mudstones, and 

calcareous argillaceous clay shales) makes this interpretation unlikely.  

The sponge spicules in these rocks could either be in situ or transported. Partially 

lithified clasts previously mentioned are probably soft sediment deformation features 

(Figure 17) and may be indicative of transportation of the partially lithified clasts. It is 

possible these spicules accumulated in place where the organism died, but lenses of 

sponge spicules in a more mud-rich matrix implies some transportation to a deeper water 

setting (e.g., Figure 17B, 17C). Thus, there is an indistinct boundary between sponge 

spicule packstones that accumulate in place on the outer ramp and those that are 
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transported downslope into the setting of the laminated, argillaceous lime mudstones and 

calcareous argillaceous mudstone facies.  

It is important to note that the burrowed sponge spicule packstone facies and the 

laminated, argillaceous lime mudstone facies are both dark gray, fine-grained limestones 

containing an abundance of sponge spicules. It is important to note the genetic difference 

between the subtidal, low-energy, well-oxygenated upper outer ramp (burrowed sponge 

spicule packstone facies) and the poorly oxygenated lower outer ramp nearer to the basin 

(laminated argillaceous lime mudstone). Burrowed sponge spicule packstones contain 

abundant burrows (e.g., Chondrites and Zoophycos) implying higher oxygen levels than 

conditions that deposited laminated argillaceous lime mudstone facies. The preservation 

of the laminations in the latter facies implies burrowing organisms could not flourish (i.e., 

low oxygen conditions) and/or this facies is below storm-wave base. These two facies 

may be distinguished with XRF data. Burrowed sponge spicule packstones have greater 

dolomite (Mg) concentrations from dolomite present in burrows, as well as greater calcite 

(Ca) content and lesser clay-mineral elements (Al, Ti, K) than the laminated argillaceous 

lime mudstones. 

 

MUDROCK FACIES OF THE MARBLE FALLS FORMATION 

Because of the dark color and fine-grained character of mudrocks, the facies 

described below cannot accurately or adequately be described by conventional methods, 

but are best characterized by XRF techniques along with bedding features that allow 

identification based on their mineralogical and elemental composition.  
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Laminated, Argillaceous Lime Mudstone 

Description 

The laminated, argillaceous lime mudstone facies is characterized by its medium 

gray color and abundant thin light gray spiculitic laminations (Figure 18, Table 3). These 

laminations are interlaminated on the millimeter to centimeter scale and are 1 to 3 mm 

thick. Most commonly they appear as discontinuous laminae but continuous laminae are 

also present (Figure 18). Although spicules are abundant, (composing 50% or greater of 

the rock), the lack of burrows distinguishes this facies from the burrowed sponge spicule 

packstone facies (see discussion on previous page). Thin-walled brachiopods, bryozoan 

fragments, and ostracods are rare to common accessory grains that usually are found in 

carbonate-rich laminae. The laminated, argillaceous lime mudstone facies is composed of 

clay and silt-sized particles that are sorted into laminae. The matrix is an argillaceous 

mudstone that appears as a compacted fabric and spiculitic silt forms intervening 

laminae. 

XRD data show that this facies is composed of 7-11% quartz, 30-34% calcite, 31-

35% clay minerals, and minor amounts of dolomite, gypsum, and ankerite (Table A3).  In 

XRF data, this facies will show signatures of at least 30% Ca with less than 1% Al. 

Carbonate content is likely a function of calcitized sponge spicules and from other 

skeletal material (Figure 18B). Thus, this facies is a borderline mudrock and is named 

according to Folk’s (1980) classification scheme. 

This facies is most common in the lower and middle Marble Falls in the current 

study dataset and appears in 1-5 foot beds (0.3 to 1.5 meters) Northernmost cores that 

have been interpreted to be more distally located (e.g., the HOM Potter, J.A. #C-9-1 and 

HOM Stevens, M.G. #B-8-1 cores, Figure 3) have a greater thicknesses of this facies as 

compared to those further south (e.g., HOM Hardy, I. #LA-1 core, Figure 3). This facies 
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is most commonly associated with burrowed sponge spicule packstones and argillaceous 

calcareous mudstones and appears in the basinal settings of Sequence 1 and the TST of 

Sequences 2 and 3 (Table 3). 

The laminated argillaceous lime mudstone facies and the mudrock facies 

following this description (i.e., the argillaceous calcareous mudstone and calcareous 

argillaceous clay-shale facies) have been generally referred to by previous workers as 

shales (e.g., Winston, 1963; Zachry, 1969; Kier, 1972). This was probably done because 

such rocks are not well-exposed in outcrops for description and because there were no 

suitable techniques available for differentiating types of shales at that time. However, 

Winston (1963, p. vi) did note a “laminated” subfacies that he described as a “fine 

grained, spiculitic, fragmental biomicrite and biosparite” that was interbedded with shale. 

He interpreted this facies to be interbedded with his sponge spicule-rich “churned 

subfacies” and his dark gray to black “shale” facies. Namy (1969) also observed a 

laminated subfacies that he described in similar terms that was interbedded with a “light 

spiculitic” facies and a “shale” facies. These observations suggest this facies occurs in all 

regions of the Llano Uplift and constitutes a considerable portion of the Marble Falls 

succession.  
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Figure 18. Core slab photograph (A) and photomicrograph (B) of the laminated 

argillaceous lime mudstone facies. A) This facies is commonly a light gray 

colored mudstone with thin white laminations composed of sponge spicules. 

Persistent laminae [PL] and impersistent laminae [IL] are present. B) 

Laminations are composed of calcitic sponge spicules [Lss] that account for 

much of the calcareous content. Laminations shown here are impersistent 

(Wignall, 1994). The matrix is argillaceous lime mudstone [AM]. The 0.5 

inch scale bar equals 12.7 millimeters. PL stands for plane light; XPL stands 

from crossed polarized light. 

 

Depositional Setting 

The laminated, argillaceous lime mudstone facies is interpreted to occur in the 

basin below storm wave base (Figure 8). This facies is most commonly vertically 

juxtaposed to the burrowed sponge spicule packstone and argillaceous calcareous 

mudstone facies. The laminated argillaceous lime mudstone facies likely is deposited 

between these two facies. The preservation of laminae indicates burrowing organisms 

could not destroy depositional fabric and suggests deposition in lower oxygen settings. 
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Thin shells of other organisms (e.g. brachiopods, ostracods; Figure 17B) are considered 

to be transported by either sediment slope failure or hemipelagic settling. Thin, persistent 

laminae indicate the sediments were deposited as either as suspension storms or low- 

density turbidity currents (after Wignall, 1994). Intervening layers of compacted 

argillaceous mud (Figure 18 B) are indicative of hemipelagic settling. Turbidity currents 

may best explain the laminations of silt- and mud-sized particles, where silt laminae are 

deposited in multiple winnowing events (Wignall, 1994). The composition of this facies 

is intermediate in composition between the burrowed sponge spicule packstones and 

argillaceous calcareous mudstones. The laminated, argillaceous lime mudstone facies is a 

transitional zone between more proximal burrowed sponge spicule packstones (lower 

outer ramp) and more distal (basinal) calcareous argillaceous clay shales (Figure 8). 

 

Argillaceous Calcareous Mudstone 

Description 

The argillaceous calcareous mudrock facies is a dark gray to nearly black, fine-

grained mudrock (Figure 19, Table 3). While this facies contains enough carbonate 

content to weakly effervesce in hydrochloric acid, etching samples does not reveal 

sedimentary features. This facies is considered to be a mudstone because it contains less 

than 50% carbonate (based on XRF data), is composed mostly of mud-sized grains, and is 

not fissile. This facies is not a mudstone in the sense of Dunham’s (1962) carbonate 

classification scheme. Very thin laminae of spiculitic or detrital carbonate are locally 

present. Spicules are commonly calcitized. Thin laminae containing crinoid fragments, 

thin-walled brachiopods, ostracods, and bryozoan fragments are also rare (Figure 19D). 

The argillaceous calcareous mudstone facies is similar in appearance to the laminated 
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argillaceous mudstone facies but contains significantly fewer laminations, less carbonate, 

and lower spiculitic content.  

XRF analyses greatly aids in differentiation between the argillaceous calcareous 

mudstone and the laminated, argillaceous lime mudstone or the calcareous argillaceous 

clay-shale facies. The argillaceous calcareous mudstone facies will exhibit a lower 

carbonate content (20-30% Ca) and a higher clay mineral content (Al 1-2%) than the 

laminated argillaceous lime mudstone facies. XRD analyses show this facies consists of 8 

to 13% quartz, 12 to 39% calcite, and 27to 48% clay minerals with minor gypsum and 

dolomite (Appendix A, Table A3). 

This facies is most abundant at the base of basinward cores (HOM Potter, J.A. 

#C-9-1 and HOM Stevens, M.G. #B-8-1) in the lower and middle Marble Falls. It is 

closely associated with the laminated argillaceous lime mudstone facies and the 

calcareous argillaceous mudstone facies. This facies occurs in the basinal areas of 

Sequence 1 HST and the TST of Sequence 2 (Table 3). In outcrop studies, where they are 

not well-exposed, all these rocks have been referred to as “shales” (e.g., Winston, 1963; 

Zachry, 1969; Kier, 1972). 
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Figure 19. Core slab photographs (A-B) and photomicrographs (C-D) of the 

argillaceous calcareous mudstone facies. A) Dark gray appearance of this 

facies in core with laminated detrital carbonate grains [dc]. B) Lighter gray 

variation of this facies in cores with carbonate laminae [cL]. C) Thin 

laminations are composed of detrital carbonate [dc]. D) Laminations 

containing larger skeletal grains are locally interlaminated with the 

argillaceous mudstone matrix [am] and are likely turbidity-flow deposits  
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(Wignall, 1994). This lamination contains echinoderm fragments [ef] and 

brachiopods [b]. The thin blue fracture through the middle of the thin-

section is an artifact of the thin-section creation process. The 1 inch scale 

bar equals 25.4 millimeters. PL stands for plane light; XPL stands from 

crossed polarized light. 

 

Depositional Setting 

The high percentage of clay minerals and low percentage of carbonate minerals 

indicates the argillaceous calcareous mudstone facies was deposited in a distal 

environment in the basin (Figure 8). This facies represents more distal (basinward) 

deposits than more carbonate-rich, burrowed sponge spicule packstones and laminated 

argillaceous lime mudstones, but more proximal than calcareous argillaceous clay shales. 

Carbonate minerals are sourced by gravity flows from shallower, more carbonate-rich 

facies or by hemipelagic carbonate plumes (Wignall, 1994). Terrigenous sources 

contributed the clay mineral content of this facies via hemipelagic plumes. Crinoidal 

debris (Figure 19D) was likely transported from the updip skeletal crinoid packstone 

grainstone facies by storm-generated bottom-return currents (Wignall, 1994) (Figure 8). 

 

Calcareous Argillaceous Clay Shale 

Description 

The calcareous argillaceous clay shale facies is dark gray to black in color and 

fissile in cores (Figure 20, Table 3). This facies contains rare lacy bryozoans, ostracods, 

or thin-walled brachiopods that are observed on breakage planes (Figure 20A-C). It is 

composed of detrital calcite grains and argillaceous mud-sized grains (Figure 20D). XRF 

data show that these rocks contain less than 20% Ca, 2-8% Al, and low Si. XRD analyses 

reveal that this facies is composed of 20-30% quartz, 8.3-9.8% calcite, and 34-50.5% clay 
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minerals (Table A3). The carbonate content is sourced from skeletal grains and rare, thin 

laminations composed of calcite grains.  

As previous discussed, outcrop studies have referred to rocks such as these as a 

black “shale” (e.g., Winston, 1963; Zachry, 1969; Kier, 1972). Turner (1970)’s “Upper 

Shale” member was described as  thin-bedded, grayish-black, fissile to nonfissile, 

calcareous clay-shale composed predominantly of illite based on thin-section analysis. 

This facies occurs in most cores in this study and has the greatest thickness at the base of 

the Marble Falls in the northernmost cores study area (Figure 3), and overlying the green 

illite claystone facies and argillaceous calcareous clay shale facies in the middle Marble 

Falls. The calcareous argillaceous clay shale facies commonly occurs in the TST of 

Sequence 2 and also appears locally in basinal sections of the lower HST in Sequence 1, 

and floodbacks in the HST of Sequence 3 (Table 3). 
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Figure 20.  Core slab photographs (A-C) and photomicrograph (D) of the calcareous 

argillaceous clay shale facies. A) Fragmented skeletal grains [s] are not 

uncommon in this facies. B) Fissile appearance of this facies. C) Thin- 
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walled brachiopods [b] are locally present, viewed here in broken-up pieces 

of this core. D) Detrital calcite grains [c] contribute to the calcite content. 

The 1 inch scale bar equals 25.4 millimeters. PL stands for plane light; XPL 

stands from crossed polarized light. 

 

Depositional Setting 

The calcareous argillaceous mudstone facies represents the most distal, basinal 

depositional setting in the Marble Falls succession (Figure 8). The lack of burrows, mud-

sized matrix, and absence of sedimentary structures indicates low-energy, restricted, 

anaerobic conditions.  The massive clay-rich matrix is indicative of deposition as 

hemipelagic plumes from terrigenous sources (Wignall, 1994). This mechanism of 

deposition is characterized by very low sedimentation rates as compared to the more 

carbonate-rich facies in more proximal settings. The rarity of biota and interpreted anoxic 

environment indicates calcareous organisms did not live in this setting, so carbonate 

content and skeletal material are probably transported from more proximal environments. 

This facies is below storm-wave base based on the preservation of the rare fossiliferous 

laminations and fissility. 

 

OTHER MARBLE FALLS FACIES 

Although the following facies are less volumetrically significant compared to 

other facies (described above) or are not laterally extensive (e.g., conglomeratic 

wackestones), their character and distribution suggests they may represent important 

events in the Marble Falls depositional history. Thus, these facies are not considered in 

the depositional model (Figure 8 (sic)), but are characterized here. 
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Green Illite Claystone 

Description 

The green illite claystone facies is commonly pale green but can grade up into 

green to light tan brown color (Figure 21, Table 3). It has a waxy, talc-like feel and a dull 

shine on breakage surfaces. These rocks are fissile and break easily. Usually the 

claystone is preserved as disaggregated chunks (Figure 21A and 21B). These chunks may 

contain glauconite grains, rounded quartz silt grains, and plant fragments are commonly 

present in the dominantly clay-sized matrix (Figure 21). Clay coatings are locally present 

(Figure 21D). Beds of green claystone range in thickness from less than a few inches to 4 

feet (1.2 meters), but the condition of these rocks makes accurate measurement of true 

thicknesses difficult. The green claystone facies is typically interlaminated with a 

silicified burrowed sponge spicule packstone facies (Figure 22A and 22D) and silicified 

grains and spicules are also common in some cores (e.g. HOM Johanson, Harold #MC-

1).  

XRF data indicate the rocks are composed of very small amounts of calcite but 

large amounts of quartz and clay minerals.  XRD analysis shows that this facies is 

composed of 66-70% illite, 10-13% of this being illite/smectite mixed-layer clay 

minerals, 26-30% quartz, and minor amounts of kaolinite and chlorite (1-2%). Trace 

constituents include calcite, siderite, pyrite and rutile (1-2% total trace minerals) (Table 

A3).  

This facies appears in every core of sufficient thickness in this dataset and is used 

to define the contact between the lower Marble Falls and middle Marble Falls. It forms 

the basal contact of the informal middle Marble Falls. The green illite claystone facies 

overlies a wide variety of other facies including argillaceous calcareous mudstones (e.g., 

HOM Potter, J.A. #C-9-1), conglomeratic wackestone to mud-dominated packstones 
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(e.g., HOM Harlow, W.L.  #C-3-3 and HOM Johanson, Harold MC-1, Figure 3), and 

burrowed sponge spicule packstones (e.g., HOM Posey, E. #B-4-1). In the HOM 

Johanson, Harold #MC-1 and HOM Neal, R.V. #A-1-1 cores (Figure 3), this facies 

directly overlies Barnett Formation mudrocks. In the HOM Johanson, Harold #MC-1, 

HOM Walker, G.B. #D-1-1, and HOM Hardy, I. #LA-1 cores (Figure 3), this facies is 

interbedded with the laminated argillaceous lime mudstone, calcareous argillaceous 

mudstone, and calcareous argillaceous clay shale facies. In these cores, the green illite 

claystone is most commonly overlying the burrowed sponge spicule packstone facies and 

is overlain by the argillaceous calcareous clay shale facies. If a deepwater depositional 

setting interpretation is correct for these mudstone and clay shale facies, the green illite 

claystone is located between two successions of deepwater facies in these cores. The 

green illite claystone facies occurs at the top of the HST in Sequence 1 and in the TST 

and lower HST of Sequence 3 (Table 3).  

The poor preservation of this facies, caused by its fine-grained, clay-rich texture 

and limited thickness, may have caused most workers to miss this facies in outcrop 

observations. However, Turner (1970) observed a “pale green shale” at the base of his 

“Upper Shale” facies in the central portion of the Llano Uplift on the San Saba-

McCullough county line (Figure 3). Turner’s (1970) outcrops are near the Hall Uplift 

fault system and Hall conglomerates described by Turner (1970) (Figure 3 and 6). It is 

likely that this facies extends throughout the entire region but is difficult to observe in 

outcrop. 



 95 

 

Figure 21. Core slab (A-C) photographs and photomicrographs (D-F) of the green illite 

claystone facies. A) Pale green appearance of the green claystone facies and 

pieces that are examples of core recovery quality. B) Light greenish brown 

alternative appearance of the green illite claystone facies. C) Remains of a 

fossilized leaf [L] on the breakage plane. D) Clay coat [cc] on a clast of  
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microcrystalline quartz [mq]. E) Quartz silt grains [q] in the illite clay 

matrix [c]. The small dark grains are interpreted to be organic material [om]. 

F) Organic material and glauconite are common. Refer to Table A1 for 

complete well names. The 1 inch scale bar equals 25.4 millimeters and the 

0.5 inch scale bar equals 12.7 millimeters. PL stands for plane light; XPL 

stands from crossed polarized light. 

 

Depositional Setting 

No previous literature on the Marble Falls exists to explain the depositional 

regime creating this deposit and its genesis is enigmatic. Although it is distributed across 

the Llano Uplift region, this facies does not fluoresce in ultraviolet light, and therefore is 

not considered a volcanic ash deposit. Observations of the green illite claystone facies 

suggest two potential interpretations: this facies is either a paleosol formed during a sea-

level lowstand event or a transgressive marine claystone deposited after a period of sea-

level lowstand. 

While there are no fossils (other than spicules and leaves), roots, burrows, or soil 

features, the green illite claystone may be interpreted as is a paleosol deposit based on the 

presence of clay coats (e.g., Pittman et al., 1992) and rounded quartz grains (Figure 21D). 

Zahm (1997) observed a similar “green clay bed” in the Upper Albian-Lower 

Cenomanian carbonate ramp of the Western Comanche Shelf in West Texas. While the 

environment of deposition for this green clay bed was also uncertain, Zahm (1997) 

considered the most likely interpretation to be a paleosol deposit. Similar to the green 

illite claystone facies, this bed was greenish in color, had karsted contacts, regional 

extent, was 6 inches to 1 foot thickness (15 to 30 centimeters), and had very little skeletal 

material. Though there was a greater abundance of calcite, XRD analyses of this green 

clay bed are somewhat similar to those of the green illite claystone facies (e.g., green clay 

bed: 76% clay minerals with 74% of this being mixed layer illite/smectite, 20% calcite, 
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4% quartz; versus green illite claystone: 66-70% clay minerals with 10-13% being mixed 

layer illite smectite, 26-30% quartz, and 1-2% kaolinite and chlorite, with trace calcite). 

Unlike the green illite claystone facies, this bed was observed to have borings on the 

bottom contact and dark red oxidized horizons (Zahm, 1997). The lack of typical paleosol 

features such as rootlets, fossils, soil features, and burrows in the green illite claystone 

facies makes the accuracy of its interpretation of a paleosol uncertain. 

The green illite claystone facies may be a deeper-water marine claystone based on 

its fine-grained character, fissility, and deeper-water accessory grains. The presence of 

sponge spicules and glauconite within the clay matrix is the most obvious indicator of 

marine deposition (Figure 21) as well as common interbedding with burrowed sponge 

spicule packstone and argillaceous calcareous mudstone facies. While the character of 

underlying facies varies, the overlying facies are usually calcareous argillaceous clay 

shales or argillaceous calcareous mudstones. This juxtaposition of the green illite 

claystone between a great range of facies in the study (e.g., all mudrock facies, 

conglomeratic wackestone to mud-dominated packstone, skeletal foraminiferal 

wackestones to grainstones, and most commonly burrowed sponge spicule packstones) 

and its occurrence in all study area cores (Figure 3) suggests this bed is not a typical 

interval in the facies succession of the Marble Falls ramp depositional environment 

(Figure 8).  

There appears to be a significant unconformity between this facies and underlying 

rocks. Contacts are locally karsted (e.g., HOM Harlow, W.L. #C-3-3 at 670 feet), 

completely silicified (Figure 22A and 22D) or are otherwise diagenetically altered 

(Figure 22B, 22C, 22E, and 22F) and are usually sharp. These features may represent a 

period of subaerial exposure before deposition of the green illite claystone. For example, 

completely silicified burrowed sponge spicule packstones are common below the green 



 98 

illite claystone facies (i.e., HOM Potter, J.A. #C-9-1 at 2283 feet, HOM Locker, W.G. 

#B-2-1 at 1006 to 1012 feet). Other workers have identified silicified surfaces in the 

Marble Falls. Namy (1974b) identified a silicified boundary between the upper and lower 

Marble Falls and conducted a diagenesis study on silicified “oolite crusts,” “pisolites,” 

and “oncolites” at what he considered to be an unconformity surface. Based on his 

results, Namy (1974b) suggested this silicification occurred during subaerial exposure 

and proposed that the opal A was dissolved during freshwater diagenesis (i.e., after 

Siever, 1962) and redistributed to the surrounding host rock. To the southwest in Mason 

County, Texas, (Figure 2 and 3), Sutherland (1984) noted shallow-water chaetetids 

truncated by a paleosol or possible erosional feature which may correlate to the same 

event that produced the green illite claystone facies. Freeman (1964) also studied 

partially silicified pisolites at the lower Marble Falls-middle Marble Falls boundary in the 

northwest (Figure 3). He also believed a fault that cut lower Marble Falls deposits and not 

middle Marble Falls deposits was evidence for exposure (Freeman, 1964). In the most 

proximal areas to the northeast (Figure 3), Kier (1980) noted this silicified boundary 

occurs with significant erosional features and even channel-forms. Thus, the base of the 

green illite claystone probably follows a major exposure period that occurred all across 

the Llano Uplift region.  

Recent observations by Baioumy and Boulis (2012) in the Campanian Qusseir 

Formation of Egypt of a non-pelletal glauconite bed that are also similar to the green illite 

claystone facies. Geochemical analyses by these workers have shown the possibility for 

non-pelletal glauconite to form from smectite-rich beds in a marine setting (Baioumy and 

Boulis, 2012). While XRD analyses of the Marble Falls green illite claystone did not 

reveal glauconite as a mineral, the technique may have improperly characterized any 

glauconite present as amorphous matter. Levels of kaolinite, smectite, Fe2O3 and K2O 
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were lower in the green illite claystone as compared to the non-pelletal glauconite bed of 

the Quesseir Formation, but more work is needed to compare the geochemical origins of 

the Marble Falls green illite claystone facies. 

Observations in this dataset leads this study to consider the green illite claystone 

facies as a regional, transgressive marine deposit following a major sea-level lowstand. 

After exposure, the initial marine transgression deposited this marine claystone after 

inundating the ramp. 

 

Diagenesis 

A variety of diagenetic features occur either directly with the green illite claystone 

facies or are present in a similar stratigraphic position. If there was a region-wide 

exposure event preceding or during deposition of the green illite claystone, this may have 

resulted in a variety of other cryptic exposure features so they are included in this facies 

(Figure 22). These features include micritic “clouds” observed in several of the more 

proximal cores (Figure 22B, 22C, 22E, and 22F). These features appear similar to 

fractured exposure features noted in West Texas by Wright (2011) occurring at a 

Virgilian lowstand event. Though these features do not preclude other interpretations 

(i.e., paleosols deposit), the presence of glauconite, silt-sized quartz grains, organics, and 

plant fragments within the green illite claystone facies is potential evidence for this 

deposit representing a transgressive unit following an exposure event. 
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Figure 22. Core slab photographs (A-C) and photomicrographs (D-F) of diagenetically  
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altered facies that may be indicative of subaerial exposure. A) Laminated 

silicified (chalcedony) sponge spicules [ss] interbedded with green clays [c], 

see D). B) Diagenetic “clouds” [D] that may be burrows or calcite 

precipitated in vugs or abandoned rootlets spaces, see E.  C) Diagenetic 

clouds in a phosphatic matrix, see F. D) Excellently preserved silicified 

sponge spicules [ss] interbedded with clays [c]. E) Diagenetic “clouds” [D] 

that have a fine micritic center [m] and coarser crystalline calcite [cc] near 

the margins. One of these has a large fracture [f]. F) Diagenetic “clouds” [D] 

that have fractures [f] that may have formed during subaerial exposure and 

are later filled with calcite. Refer to Table A1 for complete well names. The 

1 inch scale bar equals 25.4 millimeters and the 0.5 inch scale bar equals 

12.7 millimeters. PL stands for plane light; XPL stands from crossed 

polarized light. 

 

Conglomeratic Wackestone to Mud-Dominated Packstone 

Description 

The conglomeratic wackestone to mud-dominated packstone facies is a fine-

grained matrix limestone that is mottled cream to gray color and is comprised of 

carbonate lithoclasts (Figure 23, Table 3). Contacts between clasts are locally stylolitized 

(Figure 23C). Associated fossils commonly include crinoid fragments and foraminifera, 

but Dvinella, brachiopods, ostracods, and Komia fragments also are locally present. 

Clasts range from 1 to 6 centimeters in size and are commonly round to subround in 

shape where the interclast contacts have not been stylolitized. These rocks are found only 

in a few cores at the top of the lower Marble Falls and middle Marble Falls in close 

association with the green illite claystone facies (i.e., HOM Harlow, W.L.  #C-3-3, HOM 

Johanson, Harold #MC-1, and HOM Hardy, I.  #LA-1, Figure 3), but are in some cases in 

successions up to 35 feet (10.7 meters) in thickness. 
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Figure 23. Core slab (A-B) photographs and photomicrographs (C-D) of the 

conglomeratic wackestone to packstone facies. A) Rounded to subround 

conglomeratic limestone lithoclasts[c]. B) Angular lithoclasts with a mottled 

appearance. C) Stylolitized contact [s] between lithoclasts with varied 

skeletal material including ostracods [o] and echinoderm fragments [e]. D) 

This facies displays an abundant array of fauna including Eostaffella [E] and 

Climmacamina [c] foraminifera and brachiopods [b]. Refer to Table A1 for 

complete well names. The 1 inch scale bar equals 25.4 millimeters and the  
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The 0.5 inch scale bar equals 12.7 millimeters. PL stands for plane light; 

XPL stands from crossed polarized light. 

 

Depositional Setting 

Two possible interpretations are possible for this facies. Based on the clast 

composition, this facies may have formed as a debris-flow deposit in which partially 

lithified shallow-water facies were transported downslope. The HOM Harlow, W.L. #C-

3-3 core (Figure 3) contains a thick succession (387 feet or 118 meters) or possibly a 

“block” of the conglomeratic wackestone to mud-dominated packstone facies that 

overlies calcareous argillaceous mudrocks and underlies the green claystone facies. This 

interval may represent two successions of debris flow transportation based on the 

upward-fining nature in this interval (from depths 708 to 694 feet and 694 to 670 feet). 

This facies may represent transported deposits formed during exposure during a 

sea level lowstand. Partially lithified shallow-water deposits may have been ripped up 

and transported downslope by storm events. Other workers have observed subaerially 

exposed “channel facies” at the top of the lower Marble Falls succession. In the 

northeastern part of the Llano Uplift, Zachry (1969) and Kier (1972) observed 

conglomerates composed of several rock types containing intraclasts, oncolites, oolites, 

crinoid fragments, pellets, and aggregates of other facies located in discontinuous channel 

forms at the top of the lower Marble Falls. Zachry (1969) interpreted this feature to form 

during a regression that exposed the upper surface of the lower Marble Falls succession. 

In the southeastern portion of the Llano Uplift, Namy (1969) noted abundant chert, 

limestone pebbles conglomerates, and brecciated limestone at the disconformity surface 

at the top of his “Varnhagen Creek Formation” (lower Marble Falls). Freeman (1962) and 

Kuich (1964) all observed similar “limestone pebble conglomerates” near the central part 

north of the Llano Uplift region. At the San Saba-McCullough County line north of the 
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Llano Uplift, Turner (1970) described “Hall conglomerates” and “Sloan conglomerates” 

below his “Upper Shale” facies that were composed of sandy pebble conglomerates or 

intraclasts-bearing, limestone pebble conglomerates with local concentrations of petrified 

wood and silicified chaetetids. These were interpreted to accumulate in a near-shore, 

shallow-water marine environment after being eroded on the upper surface of the “Lower 

Member” (Turner, 1970). This facies was not observed by Winston (1963) in the western 

portion of the Llano Uplift region, but he does describe a chert pebble bed near the 

“Mason fault” as the base of his Marble Falls succession which may be another 

manifestation of this facies. Manger and Sutherland (1984) considered these limestone 

pebble beds to represent reworked sediments from local occurrences of erosion on the 

unconformity between the lower and upper Marble Falls. Because this facies only occurs 

near the lower Marble Falls-middle Marble Falls boundary, these observations indicate 

the conglomeratic wackestone packstone facies may be debris flows associated with the 

exposure event that formed before deposition of the green claystone facies.  

 

Associated Facies of the Barnett Formation, Phosphatic Glauconitic 

Lime Packstone Facies, and Smithwick Formation 

Massive to Laminated Siliceous Mudstone (Barnett Formation)  

Facies of the Barnett Formation have been described in detail by Loucks and 

Ruppel (2007). These authors identified three general lithofacies in the Barnett in the 

Northern Fort Worth Basin of North Texas 1) nonlaminated to laminated siliceous 

mudstone; 2) laminated argillaceous lime mudstone (marl); and 3) skeletal argillaceous 

lime packstone (Loucks and Ruppel, 2007). These facies all contain an abundance of 

phosphate and pyrite.  
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In the study area, the Barnett is primarily composed of laminated phosphate 

peloidal siliceous mudstone (Figure 24). This facies appears similar to descriptions of the 

laminated argillaceous lime mudstone facies by Loucks and Ruppel (2007). In the study 

area cores, the Barnett Formation is medium to dark brown and contains well-developed 

laminae consisting of coarse to fine rounded cream-colored phosphate grains (Figure 24 

A). In some cores, this facies lacks the laminated phosphate peloids and is massive. Some 

intervals contain light gray skeletal lenses about 2 inches (5 centimeters) in thickness. 

Some calcareous skeletal laminations contain echinoid and brachiopod fragments.  

In Central Texas, the Barnett was deposited below storm-wave base in a 

deepwater, slope-to-basinal setting in dysaerobic to anaerobic conditions that may have 

reached 400 to 700 meters (1,300 to 2,300 feet) of water depth (Loucks and Ruppel, 

2007). Suspension settling and density currents are the most likely processes of 

sedimentation for Barnett facies with occasional local reworking by contour currents and 

debris flows (Loucks and Ruppel, 2007). Upwelling may have resulted in algal and 

radiolarian blooms that contributed to the formation of phosphatic material and peloids 

(Loucks and Ruppel, 2007).  
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Figure 24.  Core slab photographs (A-C) and photomicrographs (D-E) of the Barnett (A 

and D) and Smithwick Formation (B and C) facies in cores. A) Laminated 

phosphate [p] grains in the Barnett laminated argillaceous lime mudstone 

facies. B) Massive argillaceous clay shale facies of the Smithwick 

Formation. C) Intervening Chondrites-burrowed sponge spicule packstones 

that occur in some areas at the base of the Smithwick Formation. D and E) 

Photomicrographs of the Barnett massive siliceous mudstone facies  

containing phosphate-rich matrix [p] with muscovite [m] and quartz grains 

[q]. The 1 inch scale bar equals 25.4 millimeters and the 0.5 inch scale bar 

equals 12.7 millimeters. PL stands for plane light; XPL stands from crossed 

polarized light. 
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Phosphatic Glauconitic Lime Packstone 

Description 

The phosphatic glauconitic lime packstone facies is composed of coarse round 

glauconite pellets, angular phosphate clasts, and sand-sized calcite grains with a fine- to 

clay-sized argillaceous matrix (Figure 25). Large angular intraclasts and rounded chert 

pebbles (0.125 to 1 inch or 0.3 to 2.5 cm) are common near the bottom of the succession 

(Figure 25A and 25B). Ostracods are also present and are locally abundant (up to 15% of 

the grain constituents). Sand-sized glauconite pellets are also abundant. These rocks 

locally contain convoluted bedding and with moderate to poor sorting (Figure 25A and 

25B). Calcite overgrowths on grains are common (Figure 25D). Phosphatic rip-up clasts, 

phosphatic overgrowths, and broken phosphate grains are also present (Figure 25C). 

Between these grains is a dark mud that may be compacted carbonate peloids or organic 

matter. XRF data show that phosphate and calcite are very abundant (30-40% P and 40% 

Ca). Quartz is also abundant (Si/Ti and Si/Al ratios are greater than 300:1). 

This facies is only present at the base of the lower Marble Falls where it is 

typically 1.5 inches to 3 feet thick (4 centimeters to 0.9 meters) although somewhat 

generally thicker in the northern cores area (e.g., 3 feet in the northern HOM Potter, J.A. 

#C-9-1, versus 0.5 feet in the southeastern HOM Hardy, I. #LA-1, Figure 3). These rocks 

typically overlie the Barnett along a sharp basal contact and are overlain gradationally by 

burrowed sponge spicule packstones and mudrocks (e.g., laminated argillaceous lime 

mudstones to calcareous argillaceous clay shales) of the lower Marble Falls. Glauconite 

abundance is highest near the base of the unit and decreases upward. In the HOM Hardy, 

I. #LA-1 core (Figure 3), this facies is sharply overlain by the encrusting algal 

wackestone facies. This facies is present in all studied cores except the HOM Neal, R.V.  

#A-1-1 and HOM Johanson, Harold #MC-1 (Figure 3). In some cores, particularly the 
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HOM Mullis, J.D. #A-4-1 (Figure 3), these rocks are interbedded with massive siliceous 

mudstones of the Barnett and Marble Falls burrowed sponge spicule packstone intervals. 

The phosphatic glauconitic lime packstone facies is observed at the base of the 

Marble Falls Formation all across the Llano Uplift (e.g., Namy, 1969; Zachry 1969; 

Turner 1970; Kier, 1972, Figure 3) and was noted first by Plummer (1950) who described 

it as a “glauconitic sand with phosphatic nodules.” Since then, it has been recognized by 

all workers as the base of the Marble Falls and has served as the Marble Falls-Barnett 

contact. This facies is only missing where it is interpreted to be removed by erosion, 

usually in the north- and southwestern parts of the Llano Uplift (e.g., Winston, 1963; 

Figure 3).  
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Figure 25.  Core slab (A-B) photographs and photomicrographs (C-E) of the phosphatic 

glauconitic detrital lime packstone facies  A) Large glauconite grains [g] and 

phosphate clasts [p]. B) Angular phosphate clasts [p] and convoluted 

bedding. C) Phosphate clast [p] in thin section. D) Calcite overgrowths [c] 

on glauconite [G]. E) Carbonate grains [c], glauconite [g] and ostracod 

shells [o]. The 0.5 inch scale bar equals 12.7 millimeters. PL stands for 

plane light; XPL stands from crossed polarized light. 
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Previous treatment 

The base of the Marble Falls is marked by a phosphatic glauconitic lime 

packstone facies interval. This unit is present in all cores and outcrops except for the 

western portion of the Llano Uplift region (where these strata are considered to have been 

removed) and in the Northern Fort Worth Basin in the study area of Farrar (2010) (Figure 

1 and 2). This unit has also been identified in the subsurface in an ongoing Barnett study 

as the “Pennsylvanian detrital unit” (Robert Loucks, 2013, personal communication). No 

official nomenclature has been given to this distinctive unit, but based on its regional 

extent, and consistent appearance at the base of the Marble Falls with a thickness of less 

than 2-3 feet, this unit may need more stratigraphic attention.  

This facies was noted first by Plummer (1950) who described it as a “glauconitic 

sand with phosphatic nodules” and has been recognized by many subsequent workers as 

the Marble Falls-Barnett contact. Namy (1969), Turner (1970), Kier (1972), and Zachry 

(1969) (Figure 3) have observed this bed in outcrop at the base of the Marble Falls and/or 

the top of the Barnett succession. Zachry (1969) described it as a thin bed of phosphatic 

limestone and shale with important constituents including phosphatic ooliths and 

granules, various skeletal fragments, and glauconite grains. Kier (1972) simply 

mentioned the facies as a concentration of glauconite and phosphate at the Marble Falls-

Barnett boundary. Winston (1963) did not identify this interval because post-lower 

Marble Falls erosion removed this bed in the southwestern side of the Llano Uplift 

(Figure 3). Zachry (1969) and Turner (1970) observed gradational and interbedded 

contacts between the Barnett, the phosphatic glauconitic lime packstone facies and the 

Marble Falls in different areas of the Llano Uplift and considered these contacts to be 

conformable. These observations are consistent with the core data in this study: the 

phosphatic glauconitic lime packstone facies is consistently present at the base of the 
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Marble Falls in most of the area but it is missing in the northwest near outcrops studied 

by Winston (1963) and Groves (1991) (Figure 3). This unit has been defined in the 

subsurface in an ongoing Barnett study as the “Pennsylvanian detrital unit” (Robert 

Loucks, 2013, personal communication). 

While the phosphatic glauconitic lime packstone defines the contact between the 

Marble Falls and the Barnett, workers debate the age of this unit. As previously 

discussed, the Barnett-Marble Falls contact has been considered to be both conformable 

and unconformable, and it is debated whether this contact represents the Mississippian-

Pennsylvanian boundary. Manger and Sutherland (1984) considered this contact to 

represent a major hiatus and did not think the Barnet-Marble Falls succession was 

conformable as interpreted by others (e.g., Kier, 1980). Liner et al. (1979) put the 

Mississippian-Pennsylvanian boundary a few meters below the Marble Falls-Barnett 

contact after interpreting a major hiatus spanning portions of seven conodont zones 

separating uppermost Mississippian strata from basal Pennsylvanian and noted 

phosphatic Barnett strata at the bottom and top of this disconformity. Conodont 

biostratigraphic work by Boardman (2006) has shown that the top of the Barnett shale is 

conformable with the Marble Falls in the San Saba (town) area. In this location, the 

Mississippian-Pennsylvanian contact appeared in the top 2 feet of the Barnett (Boardman, 

2006).  Hoare and Merrill (2004) found an ostracode fauna previously restricted to either 

the Upper Mississippian or Lower Pennsylvanian within this single interval. While this 

could be evidence for conformity, this could also be representative of reworked 

Mississippian sediment incorporated into Pennsylvanian strata. Age-dates of the 

glauconite by Morton and Long (1984) showed younger ages than the inferred age of 

deposition (266-290 million years) than that of the Mississippian-Pennsylvanian 

boundary (315 million years; Cohen et al., 2012; Gradstein et al., 2012). This was 
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interpreted to result from meteoric water influence during a subsequent regional exposure 

(Morton and Long, 1984).  

These various arguments show that there is probably a wide range of 

completeness in the Barnett section and the time relationships at the boundary are 

uncertain. Because such an issue has larger scale implications than this study can resolve, 

this condensed interval is considered here to be the lithologic contact between the 

Mississippian Barnett Formation and the Pennsylvanian Marble Falls Formation that is 

slightly above the Mississippian-Pennsylvanian boundary. 

Regardless of age or depositional interpretations, the top surface of this unit is 

consistently used by Marble Falls workers, both past and present, as the basal contact 

between the Barnett and the Marble Falls Formations (where the lower Marble Falls and 

the basal phosphatic glauconitic lime packstone have not been removed by pre-upper 

Marble Falls erosion). With the exception of the Houston Oil and Minerals (HOM) Neal, 

R.V. #A-1-1 and HOM Johanson, Harold #MC-1 cores (Figure 3) where the lower 

Marble Falls section has been removed, the phosphatic glauconitic lime packstone facies 

interval extends from the westernmost cores in the study area (i.e., the HOM Mullis, J.D. 

#A-4-1 and HOM Scoggins, C.D. #A-2-1, Figure 3) throughout the entire core area. 

These cores contain multiple repeated intervals of the facies and may be the key to 

understanding the relationship between the Marble Falls and the Barnett (Figure 2, Figure 

3). While this unit is widespread, it does not appear in the EOG Resources House #1 core 

studied by Farrar (2010) (Figure 2), so the northernmost extent of this interval is 

uncertain. However, increased thorium, potassium, and uranium in this unit gives the 

phosphatic glauconitic lime packstone facies a unique, high API unit gamma ray 

signature which could be traced across the Fort Worth Basin with the appropriate dataset 

in a future study. 
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Depositional Setting 

The origins of the phosphatic glauconitic lime packstone facies are cryptic and 

poorly understood. While it has been noted by many across the Llano Uplift region, no 

consensus has been reached on the genetic evolution of this facies. 

High iridium concentrations have been observed in this bed (Grayson and Merrill, 

1991). These high iridium anomalies are suggested by Grayson and Merrill (1991) to be 

generated from sedimentation processes in low-temperature geochemical conditions that 

form from nondeposition or sediment bypass and strongly reducing environments. Orth et 

al. (1986) observed enriched iridium and other trace elements (including platinum, 

chromium, and osmium) at the Mississippian-Pennsylvanian boundary in Oklahoma and 

at the Walker Ranch section near Lampasas, Texas. They proposed this interval was 

associated with upwelling of sulfide-rich, anoxic water that accompanied a transgression 

or period of subsidence (Orth et al., 1986). This phenomenon may be similar to that 

observed by Nicoll and Playford (1993) in the Devonian of the Canning Basin in Western 

Australia, where iridium anomalies coincided with increased organic concentrations of 

the cyanobacterium Frutexites. Wallace et al. (1991) similarly observed iridium 

anomalies associated with Frutexites layers in the Early Cambrian of South Australia and 

the Oligocene in Victoria. These authors suggest microbial and inorganic processes 

caused increased iridium levels during the growth of the ferrunginous microstromatolites 

during periods of condensed marine sedimentation produced by rapid drowning following 

a period of subaerial exposure (Wallace et al., 1991). Neither Nicoll and Playford (1993), 

Orth et al. (1986), nor Grayson and Merrill (1991) believed these iridium concentrations 

were associated with impact events, such as the Chixlub impact event at the Cretaceous-

Tertiary boundary (Alvarez et al., 1980). Bedding is usually convoluted and no microbial 

structures are observed in this facies, so this hypothesis is probably not valid.  



 114 

Based on observations in this study, this facies is likely representative of an 

environment with extremely slow rates of deposition and reducing conditions, similar to 

those suggested by Orth et al. (1986). Erosion from an unknown area contributed 

sediments such as ostracods and phosphate rip-up clasts which were deposited in this 

stagnant environment. These low sedimentation rates allowed calcite overgrowths and 

glauconite to accumulate.  

The phosphatic glauconitic lime packstone facies is probably representative of 

condensed zone between the Barnett and Marble Falls Formations. As discussed in the 

Introduction, biostratigraphic studies show this interval contains both Late Mississippian 

and Early Pennsylvanian ostracods (Hoare and Merrill, 2004). Most workers interpret the 

Marble Falls-Barnett boundary to be conformable. Kier (1980) thought this interval 

represented shoaling of the basin from restricted conditions of Barnett deposition to 

normal marine conditions for Marble Falls deposition. Thus, the phosphatic glauconitic 

lime packstone is a condensed zone containing continuous (though slowly accumulated) 

deposits near the Mississippian-Pennsylvanian boundary and marks the transition 

between the deeper water Barnett (Loucks and Ruppel, 2007) and shallower water 

Marble Falls carbonates. 

 

Massive Argillaceous Clay Shale (Smithwick Formation) 

The massive argillaceous clay shale facies of the Smithwick Formation is very 

dark in color and fissile. In the studied cores, this facies generally lacks fossils, although 

sponge spicules and radiolarians are locally common at the base (Figure 24B). 

Chondrites-burrowed, carbonate-rich intervals no more than 1 foot (0.3 meters) in 

thickness are also locally common at the base of the Smithwick (Figure 24C). Smithwick 
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massive argillaceous clay shale facies differs from the calcareous argillaceous clay shale 

facies of the Marble Falls Formation (Figure 20) in the lack of fossiliferous material, very 

low carbonate content, and much higher clay mineral abundances (indicated by greater 

than 8% Al in XRF data). The Smithwick facies is composed mostly of illite (Hughes, 

2011).  

The interbedded burrowed sponge spicule packstone lenses are interpreted here to 

be intervals of deeper water carbonate facies deposited during initial transgression of 

Smithwick sediments. Other workers have noted similar interbedding of Marble Falls 

burrowed sponge spicule packstone facies and argillaceous clay shale Smithwick 

mudrock facies (e.g., Groves, 1991, Erlich and Coleman, 2005). XRF data show that 

variations in abundances of clay minerals (Al, Ti, K) appear at the base of the Smithwick 

and are inversely proportionate to increases in carbonate that are associated with Marble 

Falls spiculites (e.g., HOM Walker, G.B. #D-1-1; Hughes, 2011). 

More detailed descriptions of the Smithwick have been completed by Hughes 

(2011), Ovalle (2010), and Hoelke (2010). Hughes (2011) used XRF and XRD data to 

interpret a deep basin depositional setting that represents a shift in source or sea level just 

after deposition. Invariant mineralogy of the mudrock matrix was interpreted to represent 

a single sediment source, likely shedding of the Ouachita structural belt (Hughes, 2011).  

 

Depositional Model 

Previous workers envisioned the Marble Falls depositional system as a shallow 

marine shelf or carbonate platform comparable to the modern Bahamas or Florida Keys 

(e.g., Namy, 1969; Kier, 1972). Most of these key outcrop works were completed before 

the ramp model was introduced by Wayne Ahr in 1973. Based on observations in this 
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study, a distally-steepened ramp model (Figure 8) is proposed for the Marble Falls. 

Facies associations and interpreted depositional environments of the Marble Falls facies 

were considered with observations of analogous allochems from other Pennsylvanian 

facies to build a generalized regional depositional model (Figure 8).  

This distally steepened ramp model follows the terminology of Kerans and 

Fitchen (1995) and shows general facies trends and their lateral variability. This model 

was chosen based on the concurrence of interpreted wave energy with those of the ramp 

model defined by these workers. The inner ramp represents supratidal zones at or above 

sea level (Figure 8). The shallowest facies in ramp models are dominated by ooid-pellet 

facies and mixed-sands, carbonates and evaporites (Ahr, 1973). No Marble Falls strata 

were observed to contain evaporite deposits, but the lack of tidal flats facies is consistent 

with ramp-style deposition in an icehouse setting (Read, 1998).  The middle ramp 

represents the low-energy setting behind the ramp crest grainstone and is characterized by 

lagoonal or intertidal deposits (Kerans and Fitchen, 1995). At the edge of the middle 

ramp, the ramp crest forms and is the setting between mean sea level and FWWB. These 

higher energy conditions allow shoals (e.g., Dvinella and red algal grainstones, Figure 8) 

to develop. The outer ramp is a low-energy setting between FWWB and storm wave base 

(SWB). The basin is the lowest energy setting and is dominated by facies representative 

of deposition by hemipelagic or pelagic mud plumes. 

Carbonate shelf models (platform transects) are characterized by a near-

continuous reef or shoals at the shelf-margin (Ahr, 1973), but this is not the case in the 

Marble Falls. Dvinella, Komia, phylloid algae, and chaetetids are interpreted to form 

local, discontinuous mounds or patch reefs (Figure 8). Dvinella mud-dominated 

packstones to grainstone facies are never more than 10 to 15 feet (3 to 4.5 meters) in 

thickness. This implies that algal mounds forming at the edge of the middle ramp 
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probably never reached more than 10 to 15 feet in thickness at and below fair-weather-

wave base (Figure 8) and thus could probably not form significant topographic relief. 

However, because the Marble Falls was deposited during the Morrowan and Atokan 

icehouse climatic conditions, it is possible that Dvinella mounds were not able to fill 

accommodation before sea level changed. Thus, the thicknesses here may not represent 

maximum possible mound height. In contrast, outcrop workers have noted thicker 

accumulations of algal deposits in the lower Marble Falls which may represent a more 

well-developed topographic high at the ramp crest (e.g., 50 foot or 15 meter package in 

the JMR section; Zachry, 1969).  An extreme change in relief at the shelf-slope interface 

is unlikely based on the lack of significant turbidites or debris flows in distal cores. Thus, 

a distally-steepened ramp model was chosen for the Marble Falls.  

The general environments recorded by Marble Falls facies can be summarized as 

follows. The proximal, carbonate-rich environments of the inner ramp to middle ramp 

settings are dominated by broad, low-relief algal mounds (usually Dvinella or phylloid 

algae) and low-to moderate energy levels (Figure 8). Ooid sands are only locally 

observed in cores examined for this study but are more abundant in proximal outcrops 

studied by previous workers (e.g., Zachry, 1969; Kier, 1972). These coated-grain deposits 

likely formed bars and represent the shallowest water setting in the restricted inner ramp 

at or above FWWB. The geometries of these bars is unclear as core data from this setting 

is unavailable. Flanking Dvinella and phylloid algal mounds were observed in the 

southeast by Zachry (1969). Seaward of these ooid bars, phylloid algal mounds formed in 

the open-marine, middle ramp above FWWB (Figure 8). Water energy levels may have 

been locally reduced where these phylloid mounds were protected by the Dvinella and 

Komia mounds that formed at FWWB at the outer middle ramp. Foraminifera and other 

skeletal grains accumulated in the intervening areas between the phylloid algal mounds 
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and Dvinella/Komia banks in open-marine water conditions. On the middle ramp, 

chaetetids locally appeared as local bioherms on the phylloid algal mounds (e.g., in 

Zachry’s upper Marble Falls sections) (Figure 8). In the intertidal zone, the chaetetids 

may have also formed larger buildups in the higher energy settings (like those observed 

by Winston, 1965 and Sutherland, 1984).  Seaward of the Dvinella/Komia outer shelf, 

skeletal foraminiferal muds and sands accumulated in a lower energy subtidal setting on 

the upper outer ramp (Figure 8). Club-shaped subtidal chaetetids also accumulated in this 

setting. On the subtidal, low-energy slope adjacent or slightly seaward from the 

Dvinella/Komia middle ramp and skeletal foraminiferal upper outer ramp, algae 

developed encrusting communities that probably allowed Komia and Dvinella mounds to 

initiate growth.  

Basinward of the outer shelf encrusting algal communities, much of the slope on 

the lower outer ramp was dominated by siliceous sponges. The lower energy conditions 

were probably favorable for the sponges to flourish, and the widespread occurrence of 

spicules indicates sponges dominated this portion of the lower outer ramp   Oxygen levels 

were sufficient for burrowing organisms such as Zoophycos and Chondrites to occupy the 

same environment as the sponges. These trace fossils indicate very low-energy, deeper 

water conditions. Crinoid mounds formed discontinuous topographic highs on the 

seafloor of the encrusting algae and sponge-dominated lower outer ramp (Figure 8).  

Fine-grained, carbonate-poor argillaceous lime muds accumulated seaward of the 

sponges in the basin. Basinal sediments near the sponges received transported sponge 

spicule-rich flows and carbonate material from higher on the slope (Figure 8). Conditions 

were probably still somewhat oxygenated as spiculitic debris flows transported oxygen 

down the slope. These flows created temporary environments for burrowing organisms 

that produced Chondrites and Zoophycos to periodically flourish. Further down the slope, 
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preservation of laminations indicates less oxygen was available in this setting because 

burrowing organisms could not completely destroy depositional fabric.  These sediments 

were probably accumulating below SWB. Downdip and nearer to the basin center, deeper 

water argillaceous calcareous muds accumulated with decreasing carbonate sediment and 

increasing clay mineral sediment (Figure 8). These muds accumulated without burrows 

and only accumulated fossiliferous material as gravity flows. These features indicate this 

setting was a restricted, dysaerobic, basinal environment (Figure 8). Finally, the most 

seaward, basinal depositional setting is characterized by calcareous argillaceous muds 

that formed in a restricted, anoxic basin. The lack of fauna and sedimentary structures 

indicates a setting below storm wave base with little input from ocean bottom currents. 

Evidence from the geologic record shows that “black shales” accumulate at a much 

slower rate than other facies (Wignall 1994). These slower sedimentation rates in the 

basin contributed to a distally steepened ramp profile where inner to outer ramp 

sediments were deposited in greater thicknesses than the basinal muds. 
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RESULTS 

Marble Falls Sequence Stratigraphy 

MARBLE FALLS STRATIGRAPHIC NOMENCLATURE 

As previously discussed (page 23), stratigraphic nomenclature for the Marble 

Falls has varied through time. Workers have consistently noted two to three distinct units 

within the Marble Falls Formation and called these the “lower, middle, and upper” 

Marble Falls (e.g., Freeman, 1962; Zachry, 1969) or simply the “lower and upper” 

Marble Falls (e.g., Turner, 1970; Kier, 1972; Erlich and Coleman, 2005). Although these 

workers in some cases gave these units member status, this study does not attempt to 

delve into semantics of formal nomenclature and simply refers to consistently observed 

subformations in the Marble Falls as informal units. Based on similar lithofacies trends 

between units, this study adopts general usage of terms by Zachry (1969) for the Marble 

Falls units.  

The basal portion of the Marble Falls Formation is called the “lower Marble 

Falls” and is defined everywhere at its base by the phosphatic glauconitic lime packstone 

facies (Figure 1). The lower Marble Falls is predominantly spiculitic carbonates (i.e., 

burrowed sponge spicule packstones to laminated argillaceous lime mudstones) to 

siliciclastic mudrocks (i.e., argillaceous calcareous mudstones and calcareous 

argillaceous clay shales) in the distal portions of the region (northwest study area in the 

southern Fort Worth Basin, Figure 3). In the proximal (southeast) areas of the Llano 

Uplift (Figure 3), the lower Marble Falls succession is dominated by algal facies, most 

frequently red algal grain-dominated packstones to grainstones, Dvinella mud-dominated 

packstones to grainstones or phylloid algal wackestones to bafflestones. The top of the 

lower Marble Falls is bounded by the green illite claystone facies (Figure 1) (interpreted 
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as a post-exposure transgressive clay or paleosol, see page 96) in most cores in the study 

area. Some distally-located cores to the northwest (e.g., HOM Stevens, M.G. #B-8-1; 

Figure 3) do not contain appreciable thicknesses of the green illite claystone facies, but 

they do contain diagenetically-altered facies at similar stratigraphic intervals that may be 

evidence of subaerial exposure (e.g., a highly silicified sponge spicule packstone facies 

interbedded with thin green claystone laminations at the top of a carbonate succession, 

Figure 22). In outcrops, the green illite claystone is likely difficult to observe because of 

poor preservation, so other workers typically consider the top of the lower Marble Falls 

to be a distinct silicified surface (e.g., Namy, 1974), channelized surface filled with 

conglomerates (e.g., Turner 1970), or the last carbonate-rich facies interval below the 

first mudrock facies interval (e.g., Zachry 1969; HOM Hardy LA #1 core, this study, 

Figure 3).  

As previously discussed (page 96), other workers consider this contact to be a 

significant unconformable surface.  This contact between the lower and middle Marble 

Falls units has been dated by fusulinid studies to be pre-Atokan (see Fig. 3 in Groves, 

1991) and is considered here to approximate the Morrowan-Atokan boundary at 307 

million years (Figure 1) (Cohen et al., 2012; Gradstein et al., 2012). 

The middle Marble Falls unit is dominated by siliciclastic mudrock facies (e.g., 

calcareous argillaceous clay shales, calcareous argillaceous mudstones) and only contains 

a few thin (less than 20 feet or 6 meters) beds of carbonate facies such as Dvinella mud-

dominated packstones, sponge spicule packstones, or skeletal, foraminiferal wackestones 

(Figure 34). However, this mudrock succession is interrupted throughout the middle 

portion by a 10 to 20 foot (3 to 6 meters) thick unit of carbonate-rich Dvinella mud-

dominated packstone facies, commonly in the most distally located cores to the north 

(e.g., HOM Potter, J.A. #C-9-1, Figure 3). Some cores in the northeastern portion of the 
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study area (i.e., HOM Walker, G.B. #D-1-1 and Hardy, I. #LA-1, Figure 3) contain 

multiple intervals of green illite claystone. The top of the middle Marble Falls is the top 

of the last bed of mudrock facies (e.g., calcareous argillaceous mudstones) or burrowed 

sponge spicule packstone facies before significant thicknesses of carbonate facies (e.g., 

phylloid algal wackestones to bafflestones). As identified here, the mudrock-dominated 

middle Marble Falls interval is the same as the “middle Marble Falls Member” observed 

by Zachry (1969). Workers such as Turner (1970) and Kier (1972) include the middle 

Marble Falls mudrocks within their “upper Marble Falls member.” In these studies, all 

carbonate facies present (usually skeletal foraminiferal wackestones to grainstones to 

burrowed sponge spicule packstones) are only discontinuous, thin, 5-10 foot (1.5 to 3 

meter) beds in the middle of mudrock packages (e.g., Zachry, 1969; Turner, 1970).  

This study and most previous studies (e.g., Erlich and Coleman, 2005) adopt the  

term “upper Marble Falls” to refer to the portion of carbonate-rich intervals overlying the 

mudrock-rich middle Marble Falls near the top of the Marble Falls Formation. The upper 

Marble Falls is dominated by algal or other skeletal grain-rich carbonate facies (e.g., 

skeletal foraminiferal wackestones to grainstones, Dvinella mud-dominated packstones to 

grainstones, phylloid algal wackestones to bafflestones, and skeletal chaetetid 

wackestone to packstones) in the study area. The upper Marble Falls unit is not present 

everywhere in the Llano Uplift: areas in the central part of the study area (Figure 3) 

contain massive argillaceous clay shales of the Smithwick Formation overlying various 

mudrock facies and burrowed sponge spicule packstones of the middle Marble Falls. 

Instead, Smithwick siliciclastic mudrocks were synchronously deposited 

contemporaneously with upper Marble Falls carbonates and are commonly interbedded at 

the top of the upper Marble Falls (e.g., Groves, 1991). As demonstrated by Erlich and 

Coleman (2005), the Marble Falls-Smithwick contact surface is diachronous as 



 123 

Smithwick siliciclastic mudrocks flooded the study area from the north and east (Figure 

1). 

 

SEQUENCE STRATIGRAPHIC PRINCIPLES 

Sequence stratigraphy is the practice of organizing stratal packages into a 

chronological framework to understand the depositional response to changes in 

accommodation (sea level) and sediment supply at a particular point in time. In carbonate 

successions, accommodation is governed by eustatic sea-level changes or tectonic 

subsidence or uplift. In contrast to lithostratigraphy, where units are correlated according 

to lithology, sequence stratigraphy emphasizes relating strata based on time-significant 

surfaces. Sequence stratigraphy has been widely accepted as an important tool for 

understanding reservoir architecture and predicting permeability pathways (Kerans and 

Tinker, 1997). 

Modern sequence stratigraphic analysis employs the use of high-frequency cycles 

(in this study “cycles”) as building blocks to understand depositional sequences. After 

Kerans and Tinker (1997, p. 12),  

 

The term “cycle” refers to the smallest set of genetically related lithofacies 

deposited during a single base-level cycle. 

 

Cycle tops mark the boundary from base-level fall to base-level rise (or 

shallowing to deepening) and are generally identified by facies offset (Kerans, 1995). 

Cycles are interpreted as chronostratigraphic units whose tops can be mapped across 
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successions of varying lithofacies to produce a high-frequency sequence. As first defined 

in clastic sequences by Mitchum et al. (1977, p. 53), depositional sequences are: 

 

A relatively conformable succession of genetically related strata bounded at its 

top and base by unconformities or their correlative conformities.  

 

These “high-frequency sequences” in turn compose “composite sequences,” 

depositional sequences comprised of multiple unconformity-bound sequences (Mitchum 

and Van Wagoner, 1991; Kerans and Tinker, 1997). Each sequence is composed of 

systems tracts, contemporaneous depositional systems correlated by their internal 

stacking patterns and bounding surfaces (Brown and Fisher, 1977) and represent the 

response of contemporaneous regional depositional systems to sea-level change. Where 

local tectonics has not disrupted relative sea-level change and stratal architecture, these 

systems tracts represent a portion of the eustatic curve: eustatic stillstand/ highstand 

systems tract (HST), eustatic drop/ lowstand systems tract (LST), and eustatic rise/ 

transgressive systems tract (TST) (after Posamentier and Vail, 1988).  

Several tools are available to understand the longer-term stratigraphic influences 

on sedimentologic character; these include cycle stacking, facies proportions, facies 

shifts, and cycle symmetry (e.g., Kerans, 1995). The use of 1-D and 2-D cycle analysis to 

establish high-frequency sequences has been well established in the literature (e.g., 

Goldhammer et al., 1990; Kerans, 1995; Ruppel and Ward, 2013). Work by Goldhammer 

et al. (1993) has demonstrated the effectiveness of correlating one dimensional stacking 

patterns using the concepts of hierarchy of stratigraphic cyclicity to understand 

depositional sequences.  
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Sequences can be classified into orders according to the amount of time 

represented in each succession and each sequential order is generated by mechanisms 

with increasing magnitudes of impact on the sedimentary record (Miall, 1997; 

Goldhammer et al., 1990; Goldhammer et al, 1993) (Table 4). First-order sequences are 

the highest order, span the greatest amount of time, and are driven by large-scale tectonic 

processes. Because the Ouachita Orogeny is a component of the collision between 

Laurentia and Gondwana to form Pangaea, the Marble Falls succession represents a small 

portion of this 1
st
 to 2

nd
 order supersequence. Other important drivers affecting early 

Pennsylvanian strata in the Fort Worth Basin are local tectonic subsidence resulting from 

the Ouachita Orogeny and icehouse glacioeustasy. As is commonly seen in the geologic 

record these two drivers are expected to produce 4
th

 and 5
th

 order cycles (e.g. 

Goldhammer, 1991). 

 

 

Table 4. Orders of cyclicity in the Phanerozoic. Figure modified from Goldhammer 

et al. (1991) with terminology and durations from Kerans and Tinker (1997). 

Milankovitch glacioeustasy refers to glacioeustatic cycles within 

Milankovitch time bands. *= Various drivers for 3
rd

 order sequences include 

sea-floor spreading or climatic change (Kerans and Tinker, 1997). 

Understanding depositional morphology is also important to sequence 

stratigraphic interpretations because depositional style affects the geometry of stratal 
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packages. The Marble Falls is interpreted as a ramp system (Figure 8) developing during 

icehouse conditions, so correlations and sequence boundaries are expected to exhibit 

similar features observed in other ramp icehouse formations (e.g. Read, 1998). These 

include distinctive facies offset, exposure features resulting from high eustatic amplitude 

changes, and cycle tops that show meteoric diagenesis and paleosol development (Read, 

1998). Because sea-level changes cause constant fluctuations in accommodation, cycle 

thicknesses are probably not representative of total accommodation space (Read, 1998).  

Tidal flat facies in carbonate ramp systems are also not common during periods of 

continental glaciation and are only located close to paleoshorelines (Read, 1998).  

Cycles identified in the cores were correlated with 2-D cross sections to build a 

sequence framework for the Marble Falls. Cycle stacking patterns define four sequences 

from the lower Marble Falls Formation to the Smithwick Formation and are called 

Sequence 1, Sequence 2, Sequence 3, and Sequence 4. These sequences are chosen based 

on major accommodation changes indicated by shifts in cycle composition. In reference 

to stratigraphic nomenclature, these sequences correspond as follows: Sequence 1 is 

composed of strata from the lower Marble Falls, Sequence 2 is represented by the base 

and middle portions of the middle Marble Falls, Sequence 3 consists of the uppermost 

middle Marble Falls and upper Marble Falls, and Sequence 4 begins with the contact 

between the youngest upper Marble Falls carbonates and the Smithwick Formation.  
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CYCLICITY 

Sequence 1 Cycles (Lower Marble Falls) 

 Sequence 1 is bounded by the sequence boundary 0 (SB0), the formational 

contact between the Barnett and the Marble Falls, at its base and by SB1, defined by the 

green illite claystone facies or a distinct facies shift, at its top. The maximum flooding 

surface MFS 1 is approximated to occur at the top of the phosphatic glauconitic lime 

packstone facies which marks the turnaround from retrogradational deepwater to 

aggradational shallow water accumulation. 

The TST of Sequence 1 is entirely composed of the phosphatic glauconitic lime 

packstone facies (Figure 26). This facies marks the transition from siliceous mudstones of 

the Barnett to shallower carbonate deposits of the Marble Falls and may represent a 

condensed zone or a transgressive lag (see Depositional Setting, page 96).  

Highstand carbonates of the lower Marble Falls were deposited over this thin 

deeper-water, transgressive facies. The cycles comprising the lower Marble Falls portion 

of the highstand systems tract (HST) of Sequence 1 vary by depositional setting and 

range from basin to outer ramp to middle ramp in this dataset (Figure 26). Generally, 

cycles are asymmetrical for most settings, showing short intervals of deeper facies 

overlain by thicker beds of shallower facies (Figure 26). Cycles in basinal locations are 

dominated by argillaceous calcareous clay shales and shallow upward into argillaceous 

calcareous mudstones to laminated argillaceous lime mudstones (Figure 26). Cycle 

thicknesses in basinal settings are usually 10 to 20 feet in thickness (3 to 6 meters) and 

are dominated by mudrock facies. Compared to other basinal cycles of the Marble Falls 

(e.g., Sequence 2), these cycles are thick and may represent multiple cycle set that are not 

resolvable with this data. Locally, these cycles may contain thin caps of crinoidal grain-  
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Figure 26. Cyclicity in Sequence 1: TST and HST (lower Marble Falls). Typical cycles 

shown are from basin to outer ramp to middle ramp sections in the Old, 

Posey, and Hardy cores. Note basinal cycles are not as thick as those from 

the middle and outer ramp.  
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dominated packstones to grainstones. Where these are not regionally correlative, these 

facies are not in situ and are probably localized debris flows. Owing to the fine-grained 

character of the basin facies, cyclicity is poorly defined in some basinal cores and it can 

be difficult to establish cycles in a single vertical succession (e.g., HOM Stevens #B-8-1, 

HOM Potter, J.A. #C-9-1, Figure 3). Because of this, basinal cycles can range from 10 to 

35 feet (3-10 meters). 

Outer ramp cycles are dominated by burrowed sponge spicule packstone facies 

overlying argillaceous calcareous mudstones or argillaceous calcareous clay shales and 

are locally capped by skeletal crinoidal packstones to grainstones (Figure 26). 

Argillaceous calcareous mudstones and argillaceous calcareous clay shales form sharp 

basal contacts with underlying cycles, but contacts between overlying shallower facies 

(e.g., burrowed sponge spicule packstones) are generally gradational. Outer ramp cycles 

can be up to 30 feet thick (9 meters) but are most commonly 10 to 15 feet thick (3 to 4.5 

meters). Basinal and outer ramp cycles can be difficult to define based on the character of 

the mudrock facies and probable lack of sensitivity of the sponge spicule packstone facies 

to slight changes in sea-level. In these settings, slight variations in mineralogy can be 

difficult to observe without the use of XRF data.  This information was used to ensure 

accurate facies designations and establish basinal and outer ramp cyclicity (e.g. HOM 

Potter #C-9-1 and HOM Stevens B-8-1 cores, Figure 3). 

The core dataset in this study was deficient in cores containing inner ramp to 

middle ramp facies in the lower Marble Falls. Examinations of the HOM Hardy LA-1 

core showed that middle ramp cycles are dominated by algal facies and most commonly 

contain bases of encrusting algal coated grain wackestones capped by red algal 

grainstones. Cycles in the middle ramp are relatively thick (up to 40 feet or 12 meters) 

and show little facies offset between cycle bases and cycle tops (Figure 26). 
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While examining outcrops was beyond the scope of this study, descriptions from 

the JMR section by Zachry (1969) were used to examine cyclicity in the inner ramp. 

Cycles in inner ramp settings are dominated by Dvinella mud-dominated packstones to 

grainstones that shallow up into phylloid algal wackestones to bafflestones and coated-

grain grainstones (Figure 26). Encrusting algal wackestones commonly form the base of 

the basal cycles of most outcrops studied by Zachry (1969) and Kier (1972). In the JMR 

section, cycles are not well-defined by facies offset and would require more thorough 

study to be certain of cycle thickness. 

 

Sequence 2 Cycles (Basal Middle Marble Falls) 

Sequence 2 is defined between sequence boundaries 1 and 2 (SB1 and SB2) at the 

facies offset that occurs at top of the green illite claystone (SB1 at the top of Sequence 1) 

and by the facies offset top of the Dvinella mud-dominated packstone to grainstone facies 

forming SB2 at the top of Sequence 2. The maximum flooding surface (MFS2) is 

approximated to occur in the middle of argillaceous clay shales (Figure 27).  

The green illite claystone facies forms the base of the first cycle of Sequence 2 in 

basinal regions (Figure 27) and locally overlies silicified burrowed sponge spicule 

packstones facies (Sequence 1, lower Marble Falls) (Figure 27). The green illite claystone 

facies forms the base of the first cycle (after SB1) because it is interpreted to be the initial 

transgressive feature deposited after a period of exposure and/or hiatus and represents a 

significant deepening event. In some cores, this facies overlies interbedded, silicified 

sponge spicule packstones (Figure 27) which are considered to be diagenetically-altered 

products of subaerial exposure. In proximal ramp crest cycles, the green illite claystone  
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Figure 27. Cyclicity of Sequence 2: TST and HST (basal middle Marble Falls). Basinal 
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cycles are generally dominated by deeper basinal facies (mudrocks) while 

“outer ramp” cycles contain greater concentrations of outer ramp to middle 

ramp facies (burrowed sponge spicule packstones and skeletal foraminiferal 

wackestones to grainstones). Ramp crest cycles are dominated by Dvinella 

mud-dominated packstones to grainstones and calcareous argillaceous clay 

shales. Cycles are defined incorporating the interpretation that the green 

illite claystone is a transgressive, deepwater marine deposit accumulated at 

the base of a transgressive cycle.  

 

facies is locally absent, and SB1 is identified by a distinct facies shift between shallower 

red algal packstone facies and (Figure 27). In these areas, cycles are dominated by a wide 

facies change from burrowed sponge spicule packstones to phylloid algal wackestones to 

bafflestones. 

Cyclicity in Sequence 2 is more difficult to define than the other units in the 

formation because cycles are composed of highly variable facies and are relatively thin 

beds (Figure 27). Argillaceous calcareous clay shales and Dvinella mud-dominated 

packstones to grainstones dominate the cycles of Sequence 2. 

In the TST, basinal cycles are dominated by calcareous argillaceous clay shales 

with thin (1 to 3 foot) caps of peloid ooid grainstones to skeletal crinoidal grainstones. 

These grainstones are not correlative throughout the region and may be debris flows that 

cannot actually be considered as accurate cycle tops. Ramp crest cycles are also 

dominated by calcareous argillaceous mudrocks below MFS2 (Figure 27). 

In the HST of Sequence 2, the middle Marble Falls succession is dominated a 15 

to 20 foot (4.5 to 6 meter) interval of Dvinella mud-dominated packstones directly 

overlying basinal facies (e.g., argillaceous calcareous clay shales and calcareous 

argillaceous mudstones) (Figure 27). This interval is located in the middle portion of the 

middle Marble Falls succession and can be separated into two cycles with thin (several 

inches to one foot) bases of calcareous argillaceous clay shales (Figure 27). These cycles 
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are 5 to 10 feet (1.5 to 3 meters) thick and are capped by thick Dvinella mud-dominated 

packstones to grainstones. Though facies offset between the Dvinella mud-dominated 

packstones to grainstones and calcareous argillaceous clay shales is distinctive, based on 

regional correlatability this interval is considered an in situ deposit and not a debris flow. 

These packages are thus representative of ramp crest cycles (Figure 27).  Updip, these 

cycles may also contain red algal grain-dominated packstones to grainstones (e.g., Hardy 

core, Figure 27).  

The distinct facies offset from cycles dominated by Dvinella mud-dominated 

packstones to grainstones to argillaceous calcareous mudstones marks the top of 

Sequence 2 with SB2 (Figure 27).  

 

Sequence 3 Cycles (Upper Middle Marble Falls and Upper Marble Falls) 

Sequence 3 is bounded by SB2 at the top of the facies offset from Dvinella mud-

dominated packstones to grainstones to mudrock facies and by SB3 at the top of the 

upper Marble Falls carbonates below the Smithwick Formation. The MFS3 is 

approximated to occur within calcareous argillaceous mudstones near the lower portion 

of Sequence 3 (Figure 28). 

In the TST above SB2, all cycles are dominated by basinal to outer ramp facies. 

These cycles are composed of argillaceous calcareous clay shales overlain by thinner 

beds of burrowed sponge spicule packstones (Figure 28). These packages are usually 5 

feet thick or less (1.5 meters) but may reach up to 20 feet (6 meters) in thickness (Figure 

28). Local occurrences of greater sponge spicule facies thickness and encrusting algal 

coated grain wackestones are probably representative of upper outer ramp cycles (e.g., 

Hardy, L.A. 1).  



 134 

 

Figure 28. Cyclicity of Sequence 3: TST and HST (top middle Marble Falls to upper  



 135 

Marble Falls). The HOM Potter, J.A., #C-9-1 core is one of two cores (the 

other being the HOM Stevens #B-8-1) with sufficient upper Marble Falls 

deposits to examine cyclicity in this dataset. As shown, facies within cycles 

vary widely and reflect rapid changes in depositional settings between inner 

to outer ramp cycles and ramp crest to outer ramp cycles. 

 

Above the MFS2 surface defined within the middle Marble Falls succession 

(Figure 37 and Figure 38), the basal highstand deposits are dominated by outer ramp 

cycles composed of burrowed sponge spicule facies and diagenetically altered beds, or by 

basinal argillaceous calcareous mudstones to calcareous argillaceous clay shales (Figure 

28). Upper outer ramp cycles are characterized by bases of green illite claystone (1 foot 

or 0.3 meters thick) overlain by argillaceous lime mudstones to calcareous argillaceous 

mudstones and are capped by skeletal foraminiferal wackestones to mud-dominated 

packstones (e.g., HOM Walker D-1-1, Figure 28). The base of these outer ramp and 

upper outer ramp cycles is commonly composed green illite claystone facies or 

diagenetically altered beds (e.g., HOM Hardy LA-1, Figure 28) overlying thin (up to 1 

foot or 0.3 meters thick) intervals of green illite claystones. These diagenetically altered 

facies are interpreted to be subaerial exposure features (similar Virgilian subaerial 

exposure features observed by Wright, 2011) forming at the top of cycles. Green illite 

claystones always overlie these features (Figure 27) and are interpreted to be the 

subsequent marine deposit accumulating during transgression. Thicknesses of upper outer 

ramp cycles vary from 10 to 15 feet (3 to 4.5 meters). Lower ramp cycles are 

predominantly massively bedded calcareous argillaceous mudstones showing no cyclicity 

(e.g., HOM Potter, J.A., #C-9-1). These cycles do not contain the green illite claystone 

facies or diagenetically altered beds in this stratigraphic interval. 

Only a few cores available in this dataset contain significant accumulations of 

highstand deposits (upper Marble Falls) to define cyclicity in the upper HST (i.e., HOM 
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Potter, J.A. #C-9-1 and HOM Stevens, B-8-1, Figure 3 and 28). Cores that do contain 

shallow-water highstand cycles are dominated by a wide variety of middle ramp to ramp 

crest facies (Figure 28). 

Middle ramp cycles in the HST of Sequence 3 are composed of Dvinella mud-

dominated packstones to grainstones and middle ramp phylloid algal wackestones to 

bafflestone facies (Figure 28). Middle ramp cycles show high facies variability, 

containing bases of crinoidal grainstones that shallow upward into ramp-crest red algal 

grain-dominated packstones to grainstones and foraminiferal wackestones to packstones 

(variable depositional settings, see Figure 8), and are capped by inner ramp phylloid algal 

wackestones to boundstones (Figure 28). Middle ramp cycles are about 35 feet (11 

meters) thick. Ramp crest to outer ramp cycles contain deeper skeletal foraminiferal 

wackestone to skeletal chaetetid packstone bases characteristic of outer ramp settings 

(Figure 8) and are capped by thick beds of Dvinella grain-dominated packstones to 

grainstones that are common in the ramp crest. Locally, beds of skeletal chaetetid 

wackestones may form the bases of these cycles and are overlain by beds of skeletal 

foraminiferal wackestones to grainstones (e.g., Stevens B-8-1 core). This is interpreted to 

reflect the wide variations in depositional environment that can accumulate skeletal 

foraminiferal wackestones to grainstones. Ramp crest to outer ramp cycles are about 30 

feet (9 meters) thick. Such thick successions (15 feet or greater, 4.5 meters) are likely 

bundled cycles or high-frequency sequences whose lithofacies trends do not allow high 

frequency cycles to be broken out. Near the top of the upper Marble Falls succession, 

cycles are dominated by ramp crest facies of fining-upward Dvinella mud-dominated 

packstones to grainstones (Figure 28). These facies are underlain by thin (less than 0.5 

feet or 15 centimeters thick) intervals of argillaceous clay shales that form the cycle 

bases. Ramp crest cycles are thin and are usually less than 10 feet (3 meters) thick. 
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Cores near the Potter and Stevens wells (Figure 3) that lack shallow-water facies 

in similar stratigraphic intervals are dominated by massive argillaceous clay shales 

characteristic of the Smithwick Formation. The top of these cores locally contain 

glauconite-rich contacts at the top of the last carbonate interval which is generally a cycle 

capped by the burrowed sponge spicule packstone facies. The absence of shallow-water 

facies in this dataset indicates these regions of the Llano Uplift (north and central, Figure 

3) experienced flooding of the ramp system before contemporaneous deposits in the west 

and south.  

 

Sequence 4 Cycles (Smithwick) 

The base of Sequence 4 is defined by sequence boundary 3 (SB3) at the top of the 

last Marble Falls carbonates in the west and northwest (Figure 3). Based on stratigraphic 

correlations, this surface crosses formational boundaries and does not always occur at the 

lithostratigraphic contact between the upper Marble Falls and the Smithwick (e.g., Posey 

B-4-1). This relationship implies that the base of the Smithwick at the top of the Marble 

Falls is diachronous, with the base being youngest in “drowned cores” in the central 

region of the Llano Uplift (e.g., Posey and Locker cores) and slightly older in the east and 

central portions of the Llano Uplift in the study areas of Zachry (1969) and Kier (1972) 

than the south and west (Figure 3). This observation is consistent with assertions from 

Groves (1991) that the Smithwick is laterally equivalent to most of the upper Marble 

Falls (medial to late Atokan in age). Causes for this diachroneity include increased 

glacioeustatic fluctuations and local increased subsidence around the Llano Uplift that 

resulted in differential “drowning” of the Marble Falls by Smithwick siliciclastics. 
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Establishing cyclicity for the Smithwick was beyond the scope of this study and is 

discussed for the HOM Walker #D-1-1 core by Hughes (2011). 

 

SEQUENCES AND DEPOSITIONAL HISTORY 

Cross sections were created to determine which cycles are of major importance 

for understanding regional cyclicity. From these correlations, an understanding of the 

Marble Falls depositional history was achieved and is illustrated in Figure 29. 
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Figure 29.  (Continued on next page). Sequence stratigraphic evolution of the Marble 

Falls Formation, from Barnett (Mississippian-Chesterian) to Smithwick 

(medial to late Atokan) deposition. 
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Figure 29. (Continued from previous page.)  



 141 

Sequence 1: Lower Marble Falls Deposition 

Sequence 1 is defined by the increase in relative sea level from the Barnett 

Formation to the lower Marble Falls (TST) and the subsequent accumulation of carbonate 

sediments to sea level (HST) before exposure (SB1) (Figure 29). Stratigraphically, this 

sequence corresponds to the entire lower Marble Falls interval and the basal unit of the 

phosphatic glauconitic lime packstone facies and is 75 to 95 feet (23 meters to 29 meters) 

thick. At the Marble Falls-Barnett contact (SB0), the base of TST in Sequence 1 in this 

study corresponds to the unique phosphatic glauconitic lime packstone facies. The base 

of the phosphatic glauconitic lime packstone unit represents the transgressive lag or 

condensed zone between the Barnett and the Marble Falls and the top represents the 

maximum flooding surface (MFS1) that marks the turnaround to aggradation during 

highstand (Figure 29). The HST is truncated at the by either the green illite claystone 

(e.g., HOM Potter, J.A. #C-9-1) or by a distinct facies change (e.g., shallow-water 

carbonate to deeper mudrock transition, HOM Hardy #LA-1) (Figure 30) that marks the 

sequence boundary (SB1). SB1 coincides with the lithostratigraphic contact between the 

lower and middle Marble Falls. Cycles in the proximal regions in the northeast (Figure 3, 

Figure 30) tend to form the sequence boundary at the first significant facies offset (Figure 

34), while cycles in the northwest mark the sequence boundary below the green illite 

claystone facies, on top of silicified burrowed sponge spicule packstones, or below 

diagenetically altered beds. 

In the HST, three distinct cycles are correlative throughout all of the cores (Figure 

30) and are considered to be high-frequency sequences (HFS) (Figure 30). These HFS’s 

are 15 to 35 feet thick (4.6 to 10.7 meters) and are well-defined by facies offset and 

include high-frequency cycles that do not correlate across the dataset (Figure 30). Ranges 

of cycle thickness in Sequence 1 are consistent with those in the Pennsylvanian  
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Figure 30. Sequence 1: HST (lower Marble Falls) dip cross section from A-A’. SB1, is 

marked by the green illite claystone facies towards the basin and by facies 

offset in the ramp crest to upper outer ramp.  Above SB1, the basal portion 

of the middle Marble Falls is shown but is not correlated. See Figure 2 and 

Figure 3 for location of section and cores.   



 143 

(Virgilian) Madera Limestone in northwest New Mexico (2 to 12 meters or 6.5 to 36 feet, 

versus 2 to 16 meters, or 6.5 to 55 feet) which are considered to be 4
th

-order by Wiberg 

and Smith (1994), implying a lower order scale for the lower Marble Falls cycles of 

Sequence 1. Thus, each “cycle” in Sequence 1 is probably of a lower order (4
th

 instead of 

5
th

) and higher order cycles are not resolvable with this dataset. 

Each HFS is dominated by outer ramp to basinal facies with burrowed sponge 

spicule packstones, argillaceous calcareous mudstones, and intervals of laminated 

argillaceous lime mudstones (Figure 29B and 30). In outer slope to basinal cores, vertical 

facies changes within each sequence are not extreme. This lack of vertical change 

probably represents low sensitivity of outer ramp to basin facies to changes in 

depositional environment. In uppermost outer ramp to ramp crest core (Hardy LA-1), 

vertical offset is not distinct until the uppermost second and third sequences (Figure 29). 

Thus, throughout the lower Marble Falls section, these high-frequency sequences are 

aggradational and do not show strong shallowing upward (progradational) cycles until the 

top of Sequence 1 (Figure 29B and 30). Outcrop workers in the southeastern part of the 

region similarly reported accumulation of carbonates to sea level. (i.e., Zachry, 1969; 

Kier, 1972). Each HFS is laterally continuous and grades into slightly deeper facies from 

the northeast to the northwest (Figure 30) which reflects depositional dip. Within each 

HFS, some irregularities between facies are present and deeper facies appear “updip” of 

shallower facies (Figure 30). These deeper portions of the sequences that are out of 

depositional order probably result from locally increased subsidence (e.g. Locker and 

Posey cores, Figure 30).  

The green illite claystone, silicified burrowed sponge spicule packstones, and 

diagenetically altered facies (Figure 22) mark sequence boundary SB1. The silicified 

sponge spicule packstones and diagenetically altered facies are interpreted to be subaerial 
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exposure features followed by deposition of transgressive marine green illite claystone 

sediments (Figure 29C). This exposure event eroded portions of the upper ramp and 

redeposited sediments into the basin as conglomeratic wackestone packstone facies. As 

previously discussed in the Facies section, these features are observed throughout the 

Marble Falls dataset and are even present in basinal sections (Figure 30). Thus, the 

sequence boundary at the top of the HST in Sequence 1 is thought to correspond to a 

major regional drop in relative sea level rather than aggradation and subaerial exposure 

unconformities that usually define the top of highstand systems tracts (Figure 29C).  

The lower Marble Falls-middle upper Marble Falls contact (at SB1) has been 

well-demonstrated to represent the lithologic boundary between the Morrowan and 

Atokan (Manger and Sutherland, 1984; Dihrberg, 1989). At this contact, workers in the 

northeast (e.g. Zachry, 1969; Namy, 1969; Kier, 1972) noted an irregular upper surface, 

truncated beds, limestone and chert conglomerate channel fills, and channels with 

adjacent conglomerate deposits (Kier, 1980). Erlich and Coleman (2005) estimated that 

10-20 meters of lower Marble Falls strata were removed during exposure before the 

deposition of the middle and upper Marble Falls. Wright (2011) considered this exposure 

event to correspond to the Morrowan-Atokan sea-level fall identified by Ross and Ross 

(1987). Thus, the sudden drop in sea level at SB1 probably resulted from this previously 

identified major second- and third-order glacioeustatic sea-level drop at the Morrowan-

Atokan boundary) (Figure 29 and 30).  

 

Paleogeography  

After the initial transgression that deposited a blanket of phosphate glauconite 

lime packstone facies, shallow-water deposition was initiated by encrusting algal 
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communities (e.g., Zachry, 1969; and Figure 29A and 30). Biostratigraphic data from 

Dihrberg (1989) show the oldest Marble Falls deposits are from the northeast area 

(Figure 3). This indicates environmental conditions were conducive to first develop 

shallow-water Marble Falls carbonates in the northeast and then to the south-southeast 

(Namy’s 1969 study area, Figure 3). This suggests the northeast was a relative high in the 

Morrowan at the start of the lower Marble Falls.  

During Sequence 1 highstand (lower Marble Falls) time, the Llano Uplift region 

was characterized by high-energy ramp crest algal mounds with fringing encrusting algal 

communities to the southeast and a siliceous sponge-dominated outer ramp to the 

northwest (Figure 31). These encrusting communities may have been the incipient mound 

formers that colonized the ramp for other communities to develop. As Dvinella, phylloid 

algae, and other algal communities outcompeted the encrusting algae on the outer ramp, 

the encrusting algae (laminar red algae, encrusting blue green algae) retreated to deeper 

water settings (Figure 29B and 32). On the inner ramp, a complex mosaic of algal 

communities and ooid bars developed and are well-described in outcrop studies (e.g., 

Zachry, 1969; Kier, 1972). Ooid bars formed the core deposits while Dvinella mounds 

flanked the leeward and windward sides and phylloid algae grew in intervening areas. 

Peloidal sediments accumulated landward in a lower energy setting behind these barriers 

(Zachry, 1969; Kier, 1972). These ooid bars and algal mounds became more prominent 

towards the top of the HST in the northeast (Figure 3 and 31) and some workers have 

suggested that this system was similar to ooid bars and algal-complexes in the modern 

Great Bahama Bank (Zachry, 1969; Kier, 1980). The rest of the Llano Uplift region was 
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Figure 31. Paleogeography of Sequence 1: HST (lower Marble Falls) in the study area. 

Inner to middle ramp carbonates accumulated in the north- and southeast, 

while deeper siliceous sponge-dominated outer ramp and basinal mudrocks 

dominated the far northeast and northwest. A-A’ denotes core and outcrop 

locations for Figures Figure 30, Figure 34, and Figure 37 (respectively). 
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Figure 32. Model of Marble Falls paleogeography during Sequence 1 HST. Typical stacking patterns are shown on side of 

figure. Sea-level curves from Ross and Ross (1987).  
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Figure 33. Model of paleogeography during major sea-level fall at the top of Sequence 1 HST. Faulting in the southwest 

uplifted portions of the outer ramp, leading to erosion (Figure 31).  Most of the platform was exposed allowing 

silicification and diagenesis in much of the area. Sea-level curves by Ross and Ross (1987).
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dominated by slope to basin distal carbonates and mudrock facies (Figure 31 and 32). 

The margin between the algal-dominated middle ramp and spiculitic slope facies was 

clearly defined and shallow-water deposition was limited to a small portion of the Llano 

Uplift region in the southeast (Figure 31 and 32). The slope angle at the shelf margin is 

difficult to determine with the cores available. 

At the top of the HST, sea-level dropped and all of the shallow-water, inner to 

middle ramp was exposed (Figure 29 and 33), forming SB1 at the contact between the 

stratigraphic lower Marble Falls and middle/upper Marble Falls. Workers across the 

eastern Llano Uplift noted this silicification occurring in outer ramp facies (e.g., 

encrusting algal coated grain wackestones) on the lower Marble Falls-middle Marble 

Falls contact. Namy (1974) interpreted this silicified lower Marble Falls-middle Marble 

Falls surface to be a diagenetic product of meteoric diagenesis. Future cores may help 

constrain the limits of the lowstand, and for now the limit of sea-level retreat in Figure 33 

is diagrammatic. Following the exposure period in Sequence 1, sea level rose, depositing 

green illite claystones (Figure 29D).  

In the southwest, northwest, and portions of the central Llano Uplift (Figure 3), 

post-Morrowan erosion removed all or most of the lower Marble Falls strata (Figure 31, 

Figure 33). Based on the absence of lower Marble Falls deposits in the southwest and 

northwest (e.g., Figure 3, study area of Winston, 1963; HOM Johansen, Harold #MC-1, 

this study), this exposure period could have removed up to 100 feet (30 meters) of 

section. Removal of the lower Marble Falls in this area was probably enhanced by horst 

activation and uplift (Figure 33). Because lower Marble Falls strata were removed by 

post-Pennsylvanian erosion to the northwest (Figure 31), it is uncertain what 

environments dominated on the Llano Uplift.  
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Sequence 2: Middle Marble Falls Deposition 

Sequence 2 is defined as the transgressive interval following sea-level drop (SB1) 

and the accumulation of highstand deposits before sea-level rise in Sequence 3 (SB2) 

(Figure 29D, 29E, and 34Figure 34). Stratigraphically, this sequence corresponds to the 

basal portion of the middle Marble Falls. The base of this sequence is formed by the 

green illite claystone in distal, northwest areas and a distinct facies change from lower 

Marble Falls carbonate deposits to burrowed sponge spicule packstones and calcareous 

argillaceous clay shales in more proximal areas (Figure 29D). Sequence 2 is topped by 

highstand Dvinella mud-dominated packstones to grainstones (northwest to central) to 

phylloid algal wackestones to bafflestones (northeast) (Figure 3, Figure 29E, Figure 34) 

that form the HST.  

The Sequence 2 TST represents a relative sea-level rise that deposited 

transgressive green illite claystones, argillaceous calcareous clay shales, and calcareous 

argillaceous mudstones over the SB1 exposure surface (Figure 29D). The green illite 

claystones are very thick (less than 5 feet or 1.5 meters), thin out near the proximal areas 

to the northeast, and are replaced by calcareous argillaceous mudstones and burrowed 

sponge spicule packstones (Figure 34). Cycles within the TST are poorly developed 

(Figure 27 and Figure 34) and contain intervals of discontinuous shallower water facies 

in distal sections that are probable debris flows. The TST portion of the Marble Falls 

succession thins from the northeast to the northwest (Figure 34). 

In the HST, eustatic sea level stabilized and carbonate sedimentation (Dvinella 

mud-dominated packstones to grainstones) began filling accommodation (Figure 29E, 

Figure 36). In the previously “distal” settings to the north and northwest (Figure 34, 

Figure 36), Dvinella mud-dominated packstones to grainstones were deposited in  
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Figure 34. Sequence 2 dip cross section. Sequence 2 corresponds to the basal middle 

Marble Falls and is dominated by mudrock facies and Dvinella mud-

dominated packstones to grainstones. Distal sections are probably thicker 

than proximal sections because of erosional thinning updip. 
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shallower water middle ramp settings (Figure 8) whereas phylloid algal and foraminiferal 

skeletal wackestones to grainstones dominated cycles to the northeast (Figure 36). These 

Dvinella mud-dominated packstones to grainstones directly overlie calcareous 

argillaceous clay shales. This distinctive facies offset between the Dvinella mud-

dominated packstone to grainstone ramp crest facies and the basinal calcareous 

argillaceous clay shale facies and is indicative of significant changes in accommodation 

between the Sequence 2 TST and HST. Accumulation of carbonates in previously basinal 

regions indicates that relative sea level was lower in the Sequence 2 HST than in 

Sequence 1 HST (Figure 29B versus 29E). This strong progradation of carbonate facies 

resulted from greater accommodation in basinal regions and more cycles are evident in 

the Dvinella unit that are not regionally correlative (Figure 34). These cycles contain 

bases of calcareous argillaceous clay shales and are probably storm events or products of 

allogenic sedimentation. 

In many areas in the northwest Llano Uplift region (Figure 3), the Sequence 2 

HST was the first occurrence of ramp crest to middle ramp carbonate deposition (Figure 

29E, Figure 35, and Figure 36). Sequence 2 is thicker in the northwest than the northeast 

by 10 to 20 feet (3 to 6 meters). In this region, the 10 to 15 foot (3 to 4.5 meter) bed of 

Dvinella mud-dominated packstone to grainstone facies is overlain by siliciclastic to 

calcareous mudrocks which marks the sequence boundary, SB2, and the start of the 

Sequence 3 TST (Figure 29F and Figure 34). To the northeast, cycles containing thin 

beds of shallow-water skeletal foraminiferal packstones and phylloid algal wackestones 

accumulated above burrowed sponge spicule packstones of the TST (Figure 29E and 

Figure 34). This suggests the ramp aggraded to sea level and was partially exposed and 

eroded at the top of Sequence 2 in the proximal areas. 
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Paleogeography 

During the TST of Sequence 2, nearly the entire Marble Falls platform was 

inundated following the lowstand at SB1 (Figure 29D and Figure 35). This transgression 

deposited green illite claystones in most distal areas with greater thicknesses being most 

prevalent to the northwest. Preceding Sequence 2, horst movement ceased to uplift and 

expose the southwestern region of the Llano Uplift (Figure 31). This allowed 

transgressive marine claystones to be deposited in sufficient thickness for Tuner (1970) to 

observe this unit in outcrop. At this time, accommodation on the shallowly-dipping ramp 

was only great enough to for sponge spicule packstone deposition in the east and 

southwest (Figure 35). 

Following the TST, Dvinella mounds recolonized the study area, prograding 

further north and west than the previous ramp crest of the Sequence 1 HST (Figure 36). A 

broad, shallow, possibly restricted middle ramp formed behind this ramp crest where 

small communities of phylloid algae and intervening foraminifera formed. The thinness 

of the resulting depositional packages suggests accommodation for this area in the north 

and southeast was not conducive for luxuriant growth (Figure 36).  
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Figure 35. Model of Sequence 2 early TST, basal middle Marble Falls. First inundation by rising sea level regionally 

deposited the green illite claystone facies. 
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Figure 36. Model of Sequence 2 HST paleogeography during the early middle Marble Falls time.
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Sequence 3: Upper Marble Falls Deposition 

Sequence 3 represents the final accumulation of the Marble Falls carbonates 

before being diachronously drowned by Smithwick siliciclastics (Figure 29 F and G, 

Figure 37 and Figure 38). Stratigraphically, this sequence corresponds to the upper 

middle Marble Falls and the upper Marble Falls. The base of Sequence 3 is defined at 

SB2 by facies offset at the top of the Dvinella mud-dominated packstones to grainstones 

and the base of the argillaceous calcareous mudstones in the northwest (Figure 37 Figure 

38). In the southeast and northeast (Figure 3), SB2 is identified by the facies transition 

from inner to middle ramp carbonates to deeper outer ramp sponge spicule packstones to 

argillaceous calcareous mudstones (Figure 37). The top of Sequence 3 is defined as the 

contact (sequence boundary 3, or SB3) between middle to outer ramp carbonates of the 

Marble Falls to massive argillaceous clay shales of the Smithwick Formation (Figure 29H 

and Figure 38) that form Sequence 4. This definition is complicated in the northwest 

where certain portions of the Llano Uplift experienced locally increased subsidence 

(Figure 29G, Figure 37, Figure 38). In these areas, the SB3 is not at the Marble Fall-

Smithwick contact but in the contemporaneous lower Smithwick (Figure 37 and Figure 

38). To the southwest, SB3 is located at the equivalent carbonate succession marking the 

turnaround to deeper water facies accumulation (Figure 38).  

Compared to Sequence 1, which is 75 to 95 feet (23 to 29 meters) thick, Sequence 

3 is approximately 160 feet (48.7 meters) thick (Figure 38). This increased thickness 

suggests one or more  missed sequence boundary exists, but the data are not sufficient to 

confidently divide Sequence 3 any further. Two potential sequence boundaries, SB 2.1 

and SB 2.2 are suggested at the two floodback intervals in the Stevens B-8-1 core (Figure 

37, Figure 38), but establishing this boundary requires more upper Marble Falls sections.  
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As this dataset is concentrated to the northwest (Figure 3), the lower Marble Falls 

section is composed mostly of distal facies. Because of this bias in the northwest, 

Sequence 3 may be thicker than Sequence 1 because accumulation rates in the distal 

settings of Sequence 1 were lower than the shallower settings in Sequence 3. Overall 

sedimentation rates may have increased from the lower to the upper Marble Falls: Erlich 

and Coleman (2005) suggested lower Marble Falls sedimentation rates were lower than 

those in the upper Marble Falls (0.1 meters per 1000 years versus 0.1 meters per 1000 

years, respectively). 

The TST of Sequence 3 (upper middle Marble Falls) consists of cycles dominated 

by burrowed sponge spicule packstones overlying bases of argillaceous calcareous 

mudstones to argillaceous calcareous clay shales (Figure 29F). To the northeast, multiple 

cycles contain bases of green illite claystones or diagenetically altered beds (e.g., HOM 

Walker and Hardy cores, Figure 37). The presence of these facies here indicates that the 

northeastern area was subaerially exposed and flooded multiple times which may be 

attributed to inherited positive depositional relief from the lower Marble Falls ramp 

system. Also, this area was located closest to the subsiding Fort Worth Basin and was 

probably subject to a greater number of small-scale transgressive events. In contrast to 

the northeast, cycles in the northwest do not contain green illite claystone intervals in 

Sequence 3. Because they occur in multiple intervals in different sequences, the green 

illite claystone facies cannot be used to represent a single time surface. Cycles in the 

northwest are dominated by similar basinal facies of calcareous argillaceous mudstones 

and clay shales (Figure 37 and Figure 38). The MFS3 surface is picked between the 

mudrocks of the upper middle Marble Falls and the first carbonate-dominated facies of 

the upper Marble Falls where backstepping transitions to aggradation (Figure 29G and 

Figure 37). 
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The HST of Sequence 3 (upper Marble Falls) represents the turnaround and 

aggradation of carbonates until deposition of Smithwick massive argillaceous clay shales 

(Figure 29F, G, and H). In the northeast, the cycles near the base of the HST contain 

intervals of green illite claystones and diagenetically altered facies (Figure 37) below 

burrowed sponge spicule packstones and skeletal foraminiferal wackestones to 

grainstones. These green illite claystones are interpreted to represent localized flooding 

periods as the shelf was inundated. 

In the upper portions of the HST, facies types are on average deeper than those 

observed in the HST of Sequence 1. Coated-grain grainstones are absent and although 

phylloid algal wackestones to bafflestones are common, greater thicknesses of skeletal 

foraminiferal wackestones and Dvinella mud-dominated packstones to grainstones are 

present. While rare to absent in Sequence 1 (lower Marble Falls), Sequence 3 (upper 

Marble Falls) developed more beds of skeletal chaetetid wackestone to rudstone facies.  

Correlations of cycles between the eastern and western sections are difficult and 

not attempted in this study (Figure 38) because facies offsets are not similar and the data 

control in intervening areas over the large study area is poor. Thus, the number of cycles 

in this study may not be an accurate reflection of Sequence 3. Eight cycles are observed 

in the Potter and Stevens cores (Figure 38); however, some of these reach thicknesses of 

30 feet (9 meters) or greater and probably contain multiple cycles that are not resolvable 

with this dataset. These thicker cycles are likely high frequency sequences that may be 

defined by additional sequence boundaries, SB 2.1 and SB 2.2 (Figure 37, Figure 38).  

Thicker Marble Falls successions with greater numbers of cycles within the 

Marble Falls are expected to be located in the western region of the Llano Uplift because 

the Smithwick Formation transgressed and drowned the area in a west-southwest 

direction (Erlich and Coleman, 2005). However, with the SB3 proposed here, some of 
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these upper Marble Falls cycles likely represent the TST of Sequence 4 (e.g., Campbell 

Ranch section, Figure 38). 

 

 



 160 

 

Figure 37. Sequence 3 cross section from C-C’. Basal portion of Sequence 4 and upper 

portion of Sequence 2 also shown. 
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Figure 38. Sequence 3 and 4 cross section from D-D’. Top portion of Sequence 2 
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also shown. Increased subsidence led to early flooding by Smithwick 

massive argillaceous clay shales that are contemporaneous to upper Marble 

Falls Sequence 3 HST deposits. Age dates from Campbell Ranch are from 

foraminiferal biostratigraphy by Groves (1991) but are only presented here 

as suggested correlations. Datum is the top of the first green claystone 

facies. 

 

Paleogeography 

In the TST of Sequence 3, the entire Llano Uplift region was dominated by outer 

ramp to basin environments. The carbonate factory was not affluent and siliceous 

sponges were probably the dominant organisms. During this time, previously basinal 

areas in the Sequence 1 and 2 TST in the northwest shallowed slightly and accumulated 

lower outer ramp sediments (Figure 29F).  

Shallow water strata in the HST of Sequence 3 were dominated by middle ramp to 

ramp margin settings containing abundant Dvinella and phylloid algal mounds with 

scattered chaetetid colonies and intervening skeletal foraminiferal seafloor (Figure 39 and 

40). The ramp crest margin trended from the northeast to the southwest in two belts 

separated by a deepened basin (Figure 40). The lack of significant ooid deposits suggests 

inner ramp settings were not widespread and water depths may not have been as shallow 

as those in the HST of Sequence 1 (lower Marble Falls). In addition, chaetetids were 

more common at this time, particularly in the HOM Potter, J.A. #C-9-1 and HOM 

Stevens, #B-8-1 cores (Figure 39), and outcrops in the southwest and northeast (i.e., 

Winston, 1963, and Zachry, 1969, respectively; Figure 3). Most of these chaetetids were 

the club-form type and this suggests that conditions during the Sequence 3 HST (upper 

Marble Falls) were lower energy than during deposition of the Sequence 1 HST (lower 

Marble Falls).  
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In the HST of Sequence 3, the southeastern shelf margin backstepped to the west 

as compared to the margin in Sequence 1 (Figure 31 and Figure 39). As this shelf 

backstepped, it was inundated and drowned by Smithwick siliciclastics (Figure 39). To 

the northwest, an algal-dominated middle ramp replaced the previously basinal 

environments from Sequence 1 and 2 (Figure 31 and Figure 39). Central portions of the 

Llano Uplift region were dominated by basinal environments and never accumulated 

“upper Marble Falls” carbonate deposits (Figure 39). Here, Smithwick clay shales 

directly overlie carbonates of Sequence 2 or the basal TST of Sequence 3. This area is 

interpreted to have been locally subsiding more rapidly than to the west and east which 

drowned the Marble Falls carbonate factory in this area and resulted in deposition of 

basinal Smithwick siliciclastics. This rapid subsidence may be a result of graben faulting 

during the Ouachita Thrust Front and deepening of the southern Fort Worth Basin (Figure 

40). In the north-northeast, Namy (1982) identified a northeast-southwest trending “algal 

bank” (Figure 39), but core data here are not available. However, most of the shallow-

water environments in the HST of Sequence 3 are dominated by Dvinella algal mounds 

of the middle ramp to ramp crest (Figure 39), so this north-northeast “algal bank” was 

also probably composed of Dvinella.  
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Figure 39. Paleogeography of Sequence 3: HST (upper Marble Falls) in the study area. 

Note that the position of the shelf margin differs significantly from its 

position during Sequence 1 (lower Marble Falls) time. Potter and Stevens 

cores. Areas that were flooded first by Smithwick siliciclastics are in tan.  
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Figure 40. Model of Sequence 3 late HST with advancing Smithwick siliciclastics. Sea-level curves modified from Ross and 

Ross (1987).   
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Regional Marble Falls Correlations 

FACIES LOG RESPONSE 

Although almost all of the Marble Falls cores in this dataset lacked wireline logs 

(except the Marathon Mesquite, #1-1), synthetic spectral gamma ray (SGR) and 

compensated gamma ray (CGR) logs were created with XRF data as a basis for log-based 

correlation (Figure 41). Attempts to correlate logs to facies showed that relationships 

cannot be defined with spectral gamma ray (SGR) or total gamma ray (GR) logs because 

carbonate and mudrock facies showed varying SGR/GR counts (Figure 41). This implies 

that uranium within these data is contributing to a high signal that is not reliable for facies 

correlations. However, by removing this uranium from the contributing signal, CGR logs 

able to distinguish four facies groups.  

The first group with the lowest CGR correlated to middle ramp to ramp crest (or 

“platform”) facies with the highest carbonate percentage (“Group 1,” Figure 41). These 

facies (e.g., Dvinella mud-dominated packstones to grainstones, phylloid algal 

wackestones, skeletal foraminiferal wackestones to grainstones) generally corresponded 

to low CGR readings of 20 API units or less. Facies in the lower outer ramp to more 

carbonate rich portions of the basin (e.g. skeletal crinoidal packstones to grainstones, 

burrowed sponge spicule packstones, laminated argillaceous lime mudstone) comprise 

Group 2 and showed a slightly increased CGR signature of 20 to 40 API units. The clay-

mineral-rich basinal mudrocks showed increased API readings relative to decreasing 

carbonate content. Group 3 (argillaceous calcareous mudstones) showed readings of 40 to 

60 API units while Group 4 (calcareous argillaceous clay shales) showed the highest 

CGR reading of 60 to 120 API units (Figure 41). The relatively “clean” readings between 

Group 1 and Group 2 may confuse the interpreter with depositional setting and lead to a 

false interpretation of a middle ramp facies where an outer ramp facies exists. Thus,  
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Figure 41.  Core facies to synthetic and wireline-log correlations (E-E’). Carbonate-rich 

facies usually correspond to lower CGR, while mudrock facies correspond 

to higher CGR/GR. As shown in the Potter core, SGR is not always a  
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reliable indicator of facies. Facies in the Mesquite core do not correlate well 

to the GR curve. Abbreviations for textural terms are given in Figure 39. 

 

while CGR logs can differentiate between the carbonate facies of Groups 1 and 2 and the 

mudrock facies of Groups 3 and 4, any further division between shallow and deepwater 

facies should not be attempted. 

To determine whether or not GR logs alone could be used to identify facies, the 

Marathon Mesquite #1-1 core was examined for facies-to-log correlations. Based on core 

observations, the base of this well is dominated by outer ramp facies Group 2 (Figure 41). 

When correlated to GR curves, the burrowed sponge spicule packstones corresponded to 

readings of less than 20 to 40 API while the laminated argillaceous lime mudstone facies 

correlated to a signature of 80 API units. If this relationship is applied to the rest of the 

Marble Falls portion of the GR log lacking core facies control, it appears the Mesquite 

#1-1 is dominated by burrowed sponge spicule packstones with thin interbedded intervals 

of laminated argillaceous lime mudstones. Observations from the CGR curves from the 

HOM Potter C-9-1 and HOM Posey B-4-1 cores (Figure 41) also show readings of 20 

API or less corresponding to middle ramp to ramp crest facies (e.g. Dvinella mud-

dominated packstones to grainstones, phylloid algal wackestones, etc., Figure 8). This 

implies that there are multiple facies interpretations for low GR readings. Thus, a GR, 

SGR, or CGR log cannot be used to differentiate higher energy, middle ramp to ramp 

crest carbonate facies from lower energy outer ramp facies. Without facies indicators 

from core logs, it is not possible to perform cyclicity or sequence stratigraphic analyses 

on the Marble Falls Formation with only wireline logs.  

In addition to making generalized facies correlations, CGR logs are also useful in 

improving confidence in formation picks. Clear boundaries for the top and bottom 

contacts between the carbonate-rich Marble Falls and the mudrock-dominated Barnett 
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and Smithwick Formations, respectively, are apparent in these logs (Figure 41). The 

Barnett-Marble Falls contact is defined by a sharp increase in the GR and CGR curves 

(about 100 API units or greater), followed by low CGR readings (20 API units or less). 

This sharp GR spike always corresponds to the transition between the phosphatic 

glauconitic lime packstone facies at the base of the Marble Falls and the carbonate-rich 

lower Marble Falls. It is probable that the abundant phosphate, glauconitic, and other 

minerals contribute to the high reading. The Marble Falls-Smithwick contact shows a 

similar distinct change in the logs from lower readings (around 20 API on CGR) to very 

high ones (100 API or greater). CGR is very useful for picking the massive argillaceous 

clay shale facies of the Smithwick from carbonate-rich Marble Falls facies. Smithwick 

argillaceous clay-shale facies generally have higher CGR readings than those in the 

Marble Falls. However, as seen in the HOM Posey B-4-1 core (Figure 41), there are 

fluctuations in the logs that make it difficult to pick the Marble Falls-Smithwick contact. 

The contact chosen for this core was made on the last appearance of the sponge spicule 

facies.  Because the sponge spicule facies can giver higher or lower than 20 API CGR 

readings, core data most accurately defines the Smithwick-Marble Falls boundary.  

 
 

CENTRAL TEXAS AND NORTHERN FORT WORTH BASIN MARBLE FALLS 

CORRELATIONS 

During this study, regional correlations between central Texas Marble Falls cores 

and outcrops near Llano Uplift region were attempted to understand facies tracts and 

stacking patterns in the southern Fort Worth Basin. Recent work on core and well logs 

from Jack and Wise County in the Northern Fort Worth Basin provides new data to 

attempt correlating the Marble Falls of both areas (Farrar, 2010) (Figure 42). Descriptions 
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of the facies observed by Farrar (2010) were reinterpreted in this study and correlated to 

this study’s dataset (Figure 42). Generally, facies defined by Farrar (2010) were similar 

to those documented in this study; however, XRF and XRD data were not used by Farrar, 

making rigorous comparisons between the two data sets problematic.  

Facies defined in the Farrar (2010) study are based on study of a core from the 

EOG Resources House #1 well in Jack County and show a dominance of burrowed 

sponge spicule argillaceous wackestones to packstones (Farrar’s facies “C and A”) with 

intervening calcareous to noncalcareous mudstones to shales (Farrar’s facies “B, E, and 

F”). These facies are interpreted to represent deeper outer ramp to basin settings (Figure 

8) similar to the more distally-located cores of the central Texas region in this study (e.g., 

HOM Potter, J.A. #C-9-1, HOM Old, L. #C-8-1, Figure 3, 41). Shallower water 

allochems representing the inner to middle ramp environment (e.g., Dvinella, Komia, 

ooids, phylloid algae, Figure 8) are not present in the EOG Resources House #1 core in 

the northern Fort Worth Basin. “Facies D,” a quartz-rich siltstone (Farrar, 2010) is not 

present in the Marble Falls of this study and may represent clastic influx from an 

unknown source away from the southern Fort Worth Basin. 

Photos of the EOG Resources House #1 core (Farrar, 2010) show that important 

facies defining unit boundaries (i.e., the green illite claystone) appear to be missing. The 

basal phosphatic glauconitic lime packstone facies defining the lower Marble Falls-

Barnett contact in this study was not described by Farrar (2010). Upon examination of 

Farrar’s (2010) core photographs, this facies may appear directly above “facies G” 

(Appendix, page 96: red arrow at photo documenting 5305 to 5318 feet). Low photo 

resolution and lack of documentation requires closer examination for certainty but if this 

facies is present here, this implies that the Comyn Formation is older than the entire 

Marble Falls Formation in Central Texas.  



 171 

While most facies of Farrar (2010) appear similar to those of the Marble Falls in 

this study (i.e., lower outer ramp to basin, Figure 8), facies G, a “light gray micritic 

limestone with dolomitic claystone” (Farrar, 2010), was not observed in central Texas 

cores. On the wireline logs, this facies exclusively exists in the “Comyn Limestone,” an 

informal subsurface term the lower Marble Falls that is known to appear in wireline logs 

of the northern Fort Worth Basin (Figure 42). The Comyn Limestone appears in the GR 

log as a distinct package of carbonates exhibiting a “clean,” low GR signature at the base 

of the Marble Falls units in Jack County (Figure 42) (Farrar, 2010). This unit has been 

noted to thin out in Mills and northern San Saba Counties (Turner, 1957). Based on 

bedding relationships with the basal phosphatic glauconitic lime packstone facies and 

based on the observation that these deposits are absent in the stratigraphic section of 

central Texas, it is suggested here that these deposits are genetically different than those 

of the lower Marble Falls but may still be time-equivalent. Farrar (2010) suggested the 

Comyn Limestone was sourced from the Chappel Shelf to the west based on westward-

thickening, eastward-dipping beds. 

As previously discussed, total gamma ray (GR) logs cannot be used for facies 

correlations. Because of this, the facies log response cannot be defined and only separates 

shallow water ramp carbonates from distal mudrocks (see text in “Facies Log 

Correlations”). Thus, GR data cannot be used to imply facies or be used for regional 

correlations between the northern and southern Fort Worth Basin Marble Falls. 
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Figure 42. Regional log correlations of the Marble Falls from the southern Fort Worth  
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Basin (this study) to the EOG Resources House #1 core in the northern Fort 

Worth Basin (Farrar, 2010) (F-F’). Facies log correlations are difficult to 

extrapolate between the southern and northern Fort Worth Basin. See Figure 

2 and 3 for locations of section and wells and Table 2 for complete well 

names. 

 

STABLE ISOTOPE CORRELATIONS 

Stable carbon and oxygen isotope data were collected on several cores to 

determine of that have value in correlating synchronous events during Marble Falls time 

(Appendix A, Table A5). The use of secular δ
13

C trends and excursions in marine 

carbonates for correlations is a common practice in chemostratigraphy.  Ocean levels of 

total dissolved inorganic carbon (DIC) have not been the same over geologic time 

because the global carbon budget has been redistributed among Earth’s reservoirs 

(Saltzman and Thomas, 2012). Marine carbonates deposited during a certain time will 

record the δ
13

C ratios of the DIC of the environment in which they were accumulated. As 

long as diagenesis and organic δ
13

C partitioning do not occur, samples of bulk carbonate 

can be tested to generate a δ
13

C curve and analyzed to determine if this curve records the 

levels of δ
13

C in the ocean water during time of deposition.  An attempt was made to 

correlate the trends of the δ13C curves in this study locally (Figure 43) and globally 

(Figure 44). 

A few caveats must be considered with the Marble Falls carbon isotopes. First, 

δ
13

C can vary in a system even at one particular time and show a range in values instead 

of the mean ocean δ
13

C. Local changes in circulation patterns or biologic pumping have 

been shown to affect the exchange of DIC in local carbon cycling and thus stratigraphic 

carbon isotope excursions (Panchuk et al., 2006). Even in contemporaneous sediments, 

δ
13

C has been demonstrated to co-vary from the interior of the sea to its margin by as 

much as 4.5‰ (Panchuk et al., 2005). In addition, the DIC of surface waters values can  
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Figure 43. Comparison for δ
13

C and facies data for selected Marble Falls cores.  
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Carbon isotope data support sequence stratigraphic correlations in the HOM 

Stevens, M.G. #B-8-1, HOM Potter, J.A. #C-9-1, HOM Johanson, Harold 

#MC-1 cores.  Note similar excursions at SB0 (“A”), SB1 (“B”), MFS2 

(“C”), and just below SB2 (“E”). Isotope based correlations to the HOM 

Johanson, Harold #MC-1 core, which is separated by a greater distance than 

the other cores, are much less confident. Mineralogy is XRF-based except 

where noted.  

 

 

Figure 44. Comparison of carbon isotope data from the Marble Falls in this study  

redrafted with published global Carboniferous data compiled by Saltzman 

and Thomas (2012) (from Saltzman, 2003 and Batt et al., 2007). Arrows 

denote similar excursions at SB0 (“A”), SB1 (“B”), MFS3 (“C” and “X”) 

and SB3 (“E”). The lower Marble Falls interval in these cores is probably a 

more condensed period of time and thus appears to be thinner in this data, 

denoted by a star (*). Overall values in the lower Marble Falls are lower 

than those in Saltzman and Thomas (2012). See text for discussion. lMF= 

lower Marble Falls, mMF= middle Marble Falls, uMF= upper Marble Falls. 
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fluctuations related to biological activity: photosynthesis in the photic zone causes δ
13

C 

values to be higher than those below the photic zone and down to the ocean floor 

(Saltzman and Thomas, 2012), and colder waters are known to contain lighter DIC than 

deep waters (Raven and Falkowski, 1999).  Deep-sea benthic signals have been shown to 

best approximate whole ocean DIC, but preservation of deep-sea sediments is limited to 

those younger than 200 million years (Saltzman and Thomas, 2012; Oehlert et al., 2012). 

In the absence of pelagic, deep-water sediments, chemostratigraphic studies for post-

Jurassic intervals have had to substitute shallow-marine carbonates to infer the global 

carbon curve (Saltzman and Thomas, 2012). Recent work questions the validity of using 

shallow-water carbonates as a proxy for global signatures. Oehlert et al. (2012) in the 

Great Bahama Bank showed that co-occurring organic and inorganic δ
13

C did not covary 

on the platform, where platform-derived carbonate and organic material dominated the 

δ
13

C signal. Covariance was observed in the basinal location, but this is explained by a 

two point mixing model where pelagic and platform carbonates mix and give a signal that 

is unrelated to global carbon cycling (Oehlert et al., 2012). Thus, although global isotope 

curves may show worldwide trends of the marine δ
13

C signal, the influence of local 

effects is nontrivial (Panchuk et al., 2006). Because the Marble Falls stable isotope data 

represents a large range of water depths (from at or above fair-weather wave base above 

the photic zone to deeper basinal settings below storm-wave base), these factors have the 

potential to greatly affect these data. 

With these limitations in mind, Marble Falls isotope data were compared to facies 

documented in cores and considered within the interpreted sequence stratigraphic 

framework (Figure 43). The HOM Stevens, M.G.  #B-8-1 and HOM Potter, J.A. #C-9-1 

(Figure 3) cores were chosen for study based on their comparatively close well spacing, 

similar facies successions, and location along depositional strike. Potentially correlative 
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isotope excursions are present at three positions in these cores: one at the base of the 

Marble Falls, (SB0), one at SB1 (top of the lower Marble Falls) and one near SB2 (Figure 

43).  The lowermost excursion (at the Barnett-Marble Falls contact, “A” in Figure 42), 

exhibits an upward decrease in δ
13

C from light values in the Barnett (-4‰ to -8 ‰) to 

heavier values in the lower Marble Falls (0‰ to 1‰). This excursion suggests the 

formation boundary in these cores is time correlative. Upsection in the Marble Falls, 

carbon isotope values range from 0‰ to 4‰ with a few negative excursions that reach     

-4‰ to -2 ‰. One of these excursions (“B” in Figure 42) coincides with beds of the 

green illite claystone facies and the second (“C” in Figure 42) with the conglomeratic 

wackestone facies as well as silicified burrowed sponge spicule packstones. The 

influence of meteoric waters can lighten carbon values (Saltzman and Thomas, 2012) and 

these “light” carbon values in the isotope data corroborate the interpretation that these 

facies are coincident with a period of exposure. Other minor negative excursions are 

likely a result of local processes. For example, the excursion in the calcareous 

argillaceous clay shales of the upper Marble Falls in the HOM Stevens, M.G. #B-8-1 core 

(“D” in Figure 42) does not appear in the HOM Potter, J.A. #C-9-1 core. This suggests 

inferred contemporaneous shelf deposits can have δ
13

C values that do not covary 

regionally. As previously mentioned, this lack of covariance is a result of differences in 

the contributions of organic and inorganic δ
13

C (Oehlert et al., 2012) or changes in 

carbon circulation patterns on a local scale (Panchuk et al., 2006).  

After comparing the HOM Stevens, M.G. #B-8-1 and HOM Potter, J.A. #C-9-1 

cores, δ
13

C values in the HOM Johanson, Harold #MC-1 core correspond to the “B” and 

“C” excursions (Figure 43). These negative values resulted from exposure on the 

platform that occurred at SB1 and support the interpretation that the basal Marble Falls 

was removed in this core. 
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The agreement of carbon isotope value ranges varies between global data 

(Saltzman, 2003) and the lower Marble Falls and middle to upper Marble Falls (Figure 

44). The major excursion at SB0 (“A” in Figure 44) is consistent with upward shift to 

more positive δ
13

C values at the base of the Morrowan/Bashkirian (Early Pennsylvanian), 

suggesting that the Barnett-Marble Falls boundary may be early Morrowan in age. This 

shift is attributed by Saltzman (2003) to alteration of oceanic 
12

C distributions during the 

formation of Pangaea and the closing of a subequatorial oceanic gateway. However, 

lower Marble Falls δ
13

C values in the HOM Potter, J.A. #C-9-1 and HOM Stevens, M.G. 

#B-8-1 are lower than those recorded globally (-1‰ to 1‰ versus 2‰ to 3‰, 

respectively) and seem condensed in relative time as compared to the upper Marble Falls 

interval (Figure 44). The data from the Morrowan lower Marble Falls were generated 

from carbonate-poor basinal mudrock facies (e.g., argillaceous calcareous mudstones), so 

this interval of lower δ
13

C may be a result of depressed δ
13

C values recorded by basinal 

rocks, similar to vertical DIC gradients observed by Oehlert et al. (2012) and Saltzman 

and Thomas (2012). The mudrock-dominated lower Marble Falls δ
13

C interval may 

appear condensed because these distal sediments likely accumulated more slowly as 

compared to the thick succession of carbonate-rich data from Arrow Canyon, Nevada 

(Saltzman, 2003).   

 Distinct correlative shifts are observed in the upper Marble Falls and the global 

datasets. A negative δ
13

C shift occurs near SB1 and at the Morrowan-Atokan (North 

American equivalent of the Bashkirian-Moscovian) boundary in the global dataset (“B” 

near SB1, Figure 44). Excursions “C” (negative) and “X” (positive) near MFS2 (Figure 

44) correlate to similar excursions in the early Atokan. A negative excursion near SB2 

(“E” in Figure 44) at the Marble Falls-Smithwick boundary corresponds to a similar 

excursion in the global dataset. This suggests that the top of the upper Marble Falls in the 
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northwestern region of the Llano Uplift (i.e., HOM Potter, J.A. #C-9-1 and HOM 

Stevens, M.G. #B-8-1 cores, Figure 3) is latest Atokan in age.  
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DISCUSSION 

Marble Falls Icehouse Glacioeustasy and Tectonic Subsidence 

Pennsylvanian stratal architecture is most commonly interpreted to be dominated 

by high-frequency, high-amplitude glacioeustatic fluctuations resulting from the waning 

and waxing of Gondwanan ice sheets (Veevers and Powell, 1987; Heckel, 1994). 

Analysis of the Marble Falls cyclicity stacking patterns to create a sequence stratigraphic 

framework (Figure 29) suggests that Marble Falls strata define glacially- and 

tectonically-driven sea-level changes. The complex stratal architecture present in the 

Marble Falls is a result of these influences that dominated the creation of accommodation 

at different times. Glacioeustasy is the major control for cycle and sequence 

development, but tectonic movement related to collision and development of the Fort 

Worth Basin foreland basin modified local accommodation.  

Strata in Sequence 1 are dominated by glacioeustasy with minor influence from 

local tectonics. Sequence 1 (lower Marble Falls) consists of three thick, asymmetrical 

high-frequency cycles with gradually upward-shallowing facies (Figure 26 and Figure 

30). These deposits initiated after deposition of the basal TST containing the phosphatic 

glauconitic lime packstones facies, a transitional period from previously deepwater (400-

700 meters) settings in the Barnett. Facies successions within these cycles are composed 

of algal-dominated packstones in the proximal locations and sponge spicule packstones 

and mudrocks in more distal locations (Figure 31). Proximal sediments quickly filled  
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Figure 45. Simplified sequence stratigraphic column for the early Pennsylvanian. (This 

figure is used as a reference point for Figure 32, Figure 33, Figure 35, 

Figure 36, and Figure 40). Sea-level curves from Ross and Ross (1987). 

Sequence 1 strata (lMF) represent the nearly the entire Morrowan (about 8 

million years, see Groves, 1991; Cohen et al., 2012; Gradstein et al., 2012; 

Saltzman and Thomas, 2012).  

 

whatever accommodation space was created by low-amplitude deepening events and 

prograded at the top of the HST during sea-level “stillstand” (Figure 29A and Figure 30).  

In this study, facies changes throughout cycles do not reflect significant changes 

in depositional setting in Sequence 1 and show a gradual change from basinal to outer 

ramp settings. These poorly marked transitions in depositional environment indicate 

either autogenic sedimentation or low-amplitude sea-level changes were drivers for 

accommodation and sedimentation in the Sequence 1 succession. While autogenic 

sedimentation is not excluded from potential drivers, low-amplitude sea-level changes are 

consistent with amplitudes of “3
rd

 order” sea-level oscillations identified by Ross and 

Ross (1987) (Figure 45). The number of cycles present in Sequence 1 (3) also might 

coincide with the same number of “3
rd

 order” sea-level oscillations by Ross and Ross 
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(1987). Based on estimated geologic time (Cohen et al., 2012; Gradstein et al., 2012), 

these oscillations are probably not 3
rd

 order and more closely represent 4
th

 order cycles. 

Classic midcontinent cyclothems interpreted to represent high-amplitude 

glacioeustatic sea-level fluctuations show great lithologic variability in each cycle and are 

capped by subaerial exposure features (Heckel, 1994). Worldwide, other Pennsylvanian 

formations also exhibit distinctive facies changes within each cycle (e.g., Madera 

Limestone of New Mexico, Wiberg and Smith, 1994; Pedregosa and Orogrande Basins of 

New Mexico and Arizona, Soreghan, 1994; Gobbler Formation of southern New Mexico, 

Algeo et al., 1991; Tengiz buildup of Kazakhstan, Kenter et al., 2006). Though a possible 

exposure feature forms the top contact of Sequence 1 (SB1), consistent exposure features 

and marked facies variations are not observed in the cycles of Sequence 1. Strata in 

Sequence 1 (lower Marble Falls) may not exhibit these typical facies changes for several 

reasons. First, basinal and outer ramp facies dominant in this dataset are probably not 

sensitive to changes in sea level and are not as likely to record small fluctuations. Also, 

the distally steepened ramp depositional morphology may not be conducive to respond to 

low amplitude sea-level changes and expose all areas of the depositional succession. 

While sedimentation patterns in Sequence 1 are driven by glacioeustasy and 

autogenic processes, tectonic influences from the Ouachita Thrust Front may have had a 

localized impact on accommodation. Although other Ouachita forefront ramp successions 

are dominated by glacioeustasy and do not show tectonic controls (e.g., Wiberg and 

Smith, 1994; Soreghan, 1994), the close proximity of this major tectonic feature to the 

Marble Falls setting had a greater impact on stratal architecture. Age dating by numerous 

workers (e.g., Manger and Sutherland, 1984; Dihrberg, 1989) shows that the lower 

Marble Falls strata in the northeast (Figure 3) are older than all other areas. These strata 

have basal packages of encrusting algal wackestones (Figure 30; Zachry, 1969; Kier, 



 183 

1972) and are located on a graben between the San Saba and Lampasas Axes (Figure 6). 

It is possible that this graben was the first tectonically active site reacting to the 

advancing Ouachita Thrust Front (Figure 5), and that it had relatively high relief during 

lower Marble Falls time. This tectonic activity may have governed the location for the 

first appropriate accommodation space for the incipient communities of encrusting algae 

to develop. Once these communities were established, shallower-water allochems began 

to dominating the shelf and produced thick carbonate packages. Accumulation sites not 

on horsts (like most of the cores in this dataset) accumulated deeper water burrowed 

sponge spicule packstones and basinal siliciclastic mudrocks. Thus, glacioeustatic 

changes controlled lower Marble Falls cyclicity in Sequence 1, but local tectonics may 

have governed what type of sediments accumulated in certain cycles and where the ramp 

carbonates developed. 

The sequence boundary (SB1) defining the top of Sequence 1 is a clear indicator 

of a major high-order glacioeustatic sea-level lowstand followed by a major 

transgression. The regional extent of the green claystone facies deposited on top of both 

shallow- and deepwater facies, combined with observations of erosion of lower Marble 

Falls strata, is evidence for a significant sea-level rise following a lowstand. While it is 

possible this lowstand resulted from regional uplift, the Llano Uplift region may have 

been exposed during major sea-level fall. While minor sea-level falls will cause shallow 

upper ramp facies to shift basinwards (forced regression), major sea-level falls, like the 

one at SB1, may completely empty a shallow basin encircled by ramps (Burchett and 

Wright, 1992). The lower Marble Falls-middle marble Falls contact which coincides with 

SB1 has been dated to represent the Morrowan-Atokan boundary (e.g., Groves, 1991). 

Using data from Groves (1991), Erlich and Coleman (2005) estimated 2.1 Ma missing 

from Morrowan and 0.5 Ma at the base of the Atokan and calculated sedimentation rates 
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of 0.01 meters per 1000 years in the lower Marble Falls and 0.10 meters per 1000 years 

for the middle and upper Marble Falls succession. According to glacioeustatic sea-level 

curves by Ross and Ross (1987), the timing of SB1 roughly correlates to a 2
nd

 and “3
rd

” 

order sea-level fall corresponding to an approximately 80 meter (260 foot) drop (Figure 1 

and Figure 45).  

During or following the lowstand at SB1, major tectonic flux and reorganization 

of the ramp margin occurred. Distal areas in the southwest and northwest (Figure 3) may 

have been uplifted as horst blocks when the Bend Arch (Figure 5 and Figure 6) was 

activated. Local uplift would increase accommodation in these areas as the environment 

shallowed. Tectonic activity during this time is evidenced by observations from Turner 

(1970) who noted prominent folds within lower Marble Falls strata that did not affect 

upper Marble Falls units. Though no sediments were produced during this hiatus, tectonic 

eustasy became a major factor at the Morrowan-Atokan boundary.  

Because of the effect of glacioeustasy and tectonic subsidence on cyclicity, it 

difficult to correlate most Marble Falls cycles to those seen in other datasets around the 

world. However, some workers have noted major sea-level changes at the Morrowan-

Atokan boundary that correspond to SB1. The top of the Bashkirian (equivalent of the 

Morrowan in North America) in the Tengiz field of western Kazakhstan is defined as a 

supersequence boundary representative of a drowning unconformity (Weber et al., 2003) 

that may correspond to the SB1 and subsequence TST in Sequence 2 in the middle 

Marble Falls.  Similar to the top of the lower Marble Falls, midcontinent Pennsylvanian 

strata in proximal shelf positions show significant fluvial incision and valley formation 

during extended periods of sea-level lowstand, resulting in discontinuous erosional 

remnants followed by localized deposition of terrigenous sediment on irregular, leached 

and eroded surfaces (Figure 33) (Heckel et al., 1998). 
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Following this lowstand, sedimentation patterns in Sequence 2 (lower middle 

Marble Falls) were probably controlled by glacioeustasy but cycles are poorly developed. 

The dominance of glacioeustatic change is evidenced by the juxtaposition of in situ ramp 

crest Dvinella packstone cycles following basinal argillaceous clay shale packages 

(Figure 27 and Figure 34). The rapid progradation of Dvinella mud-dominated packstone 

to grainstone facies following the post-lowstand transgression (Figure 29E) indicates 

these organisms were adapted to the stressful environmental conditions created by high-

amplitude, glacioeustatic sea-level fluctuations. Species tolerant of these extreme changes 

in water depth could exploit a setting with this kind of environmental stress. Spaw (1977) 

suggested that the shorter life cycles of phylloid algae, Cuneiphycus, and tubular algae 

(Dvinella) were ideal for recolonizing inundated proximal settings that were previously 

exposed and explains the dominance of these organisms in the Marble Falls succession. 

Though glacioeustasy also dominated Sequence 3, local subsidence became more 

influential as the approaching Ouachita thrust front deepened the Fort Worth Basin and 

locally overwhelmed shallow-water carbonate environments. The drowning of the central 

region of the Llano Uplift (Figure 3 and Figure 39) is an example of a localized area 

where increased subsidence (tectonics) drove cycle development. These tectonic drivers 

also determined where and what carbonate facies on the ramp developed: the large scale-

westward backstepping of the ramp margin was probably caused by increasing 

subsidence resulting from the successive phases of Ouachita tectonism (Groves, 1991). 

While tectonic eustasy had these local effects, cycles in proximal locations were driven 

by increasing glacioeustatic fluctuations.  

Ultimately at the end of Sequence 3, the platform was drowned in an unusual case 

of drowning before subaerial exposure (Erlich and Coleman, 2005). In the geologic 

record, platform drowning is recognized worldwide and has been attributed to 
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environmental stress,d changes in relative sea-level caused by regional down-faulting, 

glacioeustasy, and desiccation of small ocean basins (Schlager, 1981).  Carbonate 

platforms with subtle relief may have large areas drowned simultaneously on a scale of 

100,000 years to 1 million years (Schlager, 1981). 

Thus, glacioeustasy and tectonics both affected the stratal architecture of the 

Marble Falls. Workers have recognized the dominance of icehouse glacial eustasy on the 

Pennsylvanian rock record (Heckel, 1994) and even suggest that foreland basin cycles 

will still be dominated by this signal (Dickinson et al., 1994). While major cycles in the 

Marble Falls are controlled by glacioeustasy, the role of tectonic influence is shown here 

to be greater than expected from previous works in the literature.  

 

Reservoir Implications 

This study of the Marble Falls Formation may serve as a potential 

sedimentological analog for Pennsylvanian carbonate reservoirs. Using principles 

outlined by Markello et al. (2007), predictive models for reservoir properties of a 

carbonate system may be created using a time-correlative analog if the conditions of 

carbonate deposition and Earth processes affecting both systems are well-understood. 

Choosing an appropriate analog is essential so investments in reservoir exploration and 

development are optimized. Depositional geometry of the system (ramps vs. rimmed 

shelves), sequence stratigraphic criteria, tectonic influence, global climate (e.g., icehouse 

vs. greenhouse), and biological communities in the carbonate system are all factors that 

must be considered for synthesizing an analog model (Markello et al., 2007). 

The Marble Falls is an Early Pennsylvanian (Morrowan-Atokan) carbonate-

siliciclastic system in which carbonate sedimentation patterns were dominated by 
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icehouse glacioeustasy and foreland basin tectonic activity during the Ouachita Orogeny. 

The depositional setting was a distally steepened ramp where carbonate buildups were 

dominated by mound-forming algae including Dvinella/Donezella which are known 

throughout the world to be productive reservoir intervals. The high-amplitude sea-level 

fluctuations driven by glacioeustasy and local subsidence produced complex stacking 

patterns that can be used as a model for the sedimentological response to these drivers.  

Thus, the Marble Falls formation is a suitable analog for other Pennsylvanian formations 

whose stratal architecture is dominated by glacioeustasy, foreland basin tectonics, and 

Dvinella algal buildups.  

Other formations documented to reflect the influence of high-frequency eustasy 

with tectonic influence from the Ouachita Orogeny include the Pedregosa and Orogrande 

Basin of New Mexico and Arizona (Soreghan, 1994) and the Madera Limestone in the 

Sandia Mountains of New Mexico (Wiberg and Smith, 1994). These formations are 

further from the Ouachita thrust front, making the Marble Falls formation a better analog 

for systems near slowly subsiding foreland basins. The effect of locally increased 

subsidence has implications for reservoir continuity and quality; areas experiencing this 

increased subsidence will be less likely to develop reservoir-quality rocks related to 

drowning. 

Carboniferous strata containing Dvinella/Donezella accumulations include the Ely 

Limestone of eastern Nevada and Utah (Rich, 1967), Wanpanucka Formation in 

Oklahoma (Choh and Kirkland, 2006), and Sierra de Cuera Formation in the Cantabrian 

Mountains, Spain (Della Porta et al., 2002). The Magdalena Formation in the Hueco 

Mountains (Lambert, 1986) and Bend of West Texas are also dominated by 

Dvinella/Donezella facies. The Chapman Deep (Atoka) field of the Delaware Basin in 

Texas (Mazzullo, 1981) shows shelf to slope facies similar to those in the Marble Falls.  
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Production from Marble Falls Dvinella grainstone facies has been limited because 

intergranular pore space in the grainstone fabrics have been filled by secondary coarse 

calcite cement, leaving only micropores in Dvinella coatings as potential reservoir pores 

(Figure 12D and 12E). However, an understanding of the Marble Falls stratal architecture 

can be used as a potential analog for other Pennsylvanian producing intervals from 

Dvinella-dominated facies such as in the Bend Formation of the Midland Basin and the 

Chapman Deep Field of the Delaware Basin. In this study, the rapidly prograding 

Dvinella ramp crest in the HST of Sequence 2 into a previously distal, carbonate-poor 

areas following a significant sea-level fall has implications for predictability of reservoir 

successions where diagenesis has not degraded reservoir quality of the post-lowstand 

Dvinella packages. 
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CONCLUSIONS 

The Marble Falls is a Morrowan-Atokan (Pennsylvanian) mixed carbonate-

siliciclastic unit whose sedimentation patterns were directly controlled by glacioeustatic 

sea-level changes and Ouachita foreland basin tectonics. This study analyzed a core 

dataset to understand the role these drivers play on facies architecture and stratigraphic 

development. To do this, an updated facies scheme was created using thin sections, XRD 

analysis, and new XRF-based technology. By incorporating these carbonate and mudrock 

facies identification methods, these analyses yielded 14 Marble Falls facies, 2 other 

unique and significant Marble Falls facies, and 3 facies associated with the Barnett, 

Smithwick, and a basal Marble Falls unit for a total of 19 facies.  

The Marble Falls facies are interpreted to represent an algal-dominated, distally-

steepened ramp depositional environment. Inner ramp carbonates are represented by 

coated-grain grainstones. Middle ramp settings are dominated by skeletal foraminiferal 

wackestones to mud-dominated packstones and phylloid algal wackestones to mud-

dominated packstones. Ramp crest facies are defined by Dvinella mud-dominated 

packstones to grainstones and red algal grain-dominated packstone to grainstones. Outer 

ramp facies slightly down dip from the ramp crest margin are dominated by burrowed 

sponge spicule packstones with lesser occurrences of skeletal foraminiferal wackestones, 

skeletal chaetetid wackestones to rudstones, encrusting algal coated-grain wackestones, 

and skeletal crinoidal packstones to grainstones. Basinal facies are dominated by 

laminated argillaceous lime mudstones, argillaceous calcareous mudstones, and 

calcareous argillaceous clay shales (from relatively shallow to deep) (Figure 8). The two 

“other” Marble Falls facies present are conglomeratic wackestones and green illite 
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claystones both of which signify major accommodation changes in the Marble Falls 

succession.  

Wireline log correlations to these facies showed that GR and SGR logs could not 

be used for facies correlations, but CGR logs have the potential to differentiate between 

inner to outer ramp facies and basinal facies. However, inner and outer ramp settings are 

markedly different depositional environments but do not show distinctive CGR logs 

signatures that allow them to be subdivided. Because these accommodation changes 

cannot be established using CGR, SGR, or GR, cyclicity cannot be defined with the use 

of wireline logs for the Marble Falls Formation. 

Core logs are able to be used for cyclicity and sequence stratigraphic 

interpretations. Based on the cores available, typical cycles were defined from basinal to 

middle ramp settings. Based on cycle stacking patterns correlated across the Central 

Texas region, a sequence stratigraphic model consisting of three sequences was created to 

illustrate the Morrowan to Atokan development of the Marble Falls Formation.  

At the end of the Mississippian (latest Chesterian to possibly early Morrowan), 

the Fort Worth Basin shallowed as eustatic sea level decreased, ending the deposition of 

the Barnett Formation deep-water mudstones. This period of time is characterized by a 

probable condensed interval represented by the phosphatic glauconitic lime packstone 

facies at the top of the Barnett and the base of the Marble Falls. Once sea level stabilized, 

the Marble Falls ramp carbonate factory began to produce the lower Marble Falls 

sediments that form Sequence 1. Based on biostratigraphic studies (e.g., Dihrberg, 1989), 

the lower Marble Falls is the oldest to the northeast portion of the Llano Uplift region 

(Figure 3). This area was probably first colonized by encrusting communities consisting 

of Cuneiphycus, laminar red algae, and blue-green algae that may have formed on the 

horst and graben faults that were previously active during deposition of the Barnett 
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Formation. These outer ramp algal communities likely created conditions favorable for 

shallow water middle to inner ramp organisms (e.g., Dvinella and phylloid algae) to 

develop. Elsewhere in the Llano Uplift region, outer ramp to basin settings dominated 

and where able to accumulate. Cycles during Sequence 1 were probably controlled by 4
th

 

to 5
th

 order glacioeustatic sea-level change, though areas of sedimentation may have 

nucleated on local areas of tectonic uplift to the northeast. Three high frequency 

sequences characterize Sequence 1 and are well-defined in both proximal inner ramp 

settings to the northeast and distal outer ramp to basin settings in the northwest. 

Near the end of Sequence 1, the lower Marble Falls ramp began to prograde to the 

northwest and southeast as accommodation space was filled and ooid bars or shoals of the 

shallowest depositional setting began to develop.  However, this was progradation was 

truncated as major sea-level drop occurred and exposed the entire platform in most of the 

Central Texas region. This event may correspond to a major glacioeustatic sea-level fall 

identified by Ross and Ross (1987) and the lower Marble Falls-middle Marble Falls 

contact is well-demonstrated to represent the Morrowan-Atokan boundary. Portions of 

the platform were eroded and subaerially exposed, resulting in the silicification of outer 

ramp facies that marks the sequence boundary, SB1, to the northwest. In the shallower 

areas to the northeast, this sequence boundary is marked by a distinctive facies offset 

between middle to inner ramp cycles of the lower Marble Falls (Sequence 1) and outer 

ramp to basin cycles of the middle Marble Falls (Sequence 2). This period of time is also 

concurrent to tectonic activity that exposed the western portion of the Llano Uplift region 

and removed all lower Marble Falls strata. 

Following this period of lowstand and hiatus, a subsequent transgression (likely 

produced by glacioeustatic sea-level rise) resulted in deposition of the deepwater green 

illite claystone facies on top of SB1 in most of Central Texas. Where present, this facies 
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marks the beginning of Sequence 2 and middle Marble Falls deposition. After 

transgressive clay shales were deposited, highstand cycles dominated by Dvinella algae 

characteristic of the ramp crest environment are prevalent throughout a majority of the 

Central Texas region, even areas to the northwest that were previously sites of basinal 

accumulation. This change in cycle composition from Sequence 1 to Sequence 2 

indicates rapid progradation of the carbonate ramp to the northwest during Sequence 2. 

Also during this time, previously exposed areas to the southwest and northwest began 

accumulating middle Marble Falls deposits. 

At the end of Sequence 2, a low-order glacioeustatic sea-level rise drowned most 

of the Central Texas region and transgressive basinal mudstones were deposited over the 

Dvinella ramp crest environment. Areas where the carbonate factory recovered produced 

shallow-water middle to outer ramp deposits that form upper Marble Falls strata of 

Sequence 3. Shallow-water facies are most common in the northwest and evidence a 

west-ward shifting ramp margin as compared to the ramp margin position in the lower 

Marble Falls. These facies shifts are possibly produced by horst and graben faulting 

initiated during the Ouachita Orogeny and parallel the advancing Ouachita Thrust Front. 

Shallow-water Sequence 3 cycles are poorly defined and numerous which is indicative of 

high-frequency sea-level oscillations.  

Certain portions of the Llano Uplift region were drowned and synchronously 

accumulated deposits of the Smithwick Formation during deposition of the upper middle 

Marble and upper Marble Falls. Cyclicity in these areas, particularly in the central Llano 

Uplift region, was controlled by locally increased subsidence rather than glacioeustatic 

sea-level changes. Besides these localized areas of increased subsidence, the subsiding 

Fort Worth Basin drowned the Marble Falls carbonates with Smithwick siliciclastics in a 

discontinuous, east-to-west manner. Therefore, the Marble Falls-Smithwick contact in the 
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northeast is younger than the northwest; this diachroneity in the Marble Falls-Smithwick 

boundary has been well established by biostratigraphic studies (e.g., Groves, 1991). 

Based on the dataset available, this study defined the top of the last upper Marble Falls 

carbonates to represent sequence boundary 3 (SB3) which marks the beginning of 

Sequence 3. In areas to the southwest, SB3 is located in the lower portion of the upper 

Marble Falls, while areas in the “drowned” central and northeast Llano Uplift region have 

SB3 located somewhere in the Smithwick Formation. Thus, the effect of the Ouachita 

Orogeny as a tectonic driver upon Marble Falls development increased during Sequence 

3 as glacioeustatic sea-level change increased in frequency, producing a complex 

stratigraphic succession from the upper Marble Falls to the Smithwick. 

This study contributes a shelf-to-basin ramp depositional model that was 

previously unexplored and defines cyclicity within the three major units of the Marble 

Falls Formation. Correlation of these cycles has enabled the development of the first 

sequence stratigraphic model for the Marble Falls. These high-frequency cycles are 

controlled by glacioeustatic and tectonic processes that make them difficult to correlate to 

other datasets. However, higher order sequences and their boundaries are consistent with 

those previously identified in the Pennsylvanian worldwide. Analysis of the Marble Falls 

Formation is useful for characterizing Pennsylvanian systems under glacioeustatic sea-

level fluctuations during icehouse climates. This unit can also serve as a sedimentological 

analog for other formations with ramp environments dominated by phylloid and Dvinella 

algal mound development in the shelf. Foreland basin tectonics driven by the Ouachita 

Thrust Front were also important drivers in Marble Falls stratigraphic development. 

Thus, the Marble Falls Formation and the Smithwick Formation demonstrate the complex 

stratigraphic architecture that forms during Pennsylvanian glacioeustatic change and 

subsiding foreland basins. 
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APPENDIX A: THIN SECTIONS AND GEOCHEMICAL DATA 

Table A1. Thin-section samples for this study. 

Sample # Sample Name Depth (ft) Houston Oil and Minerals (HOM) Core 

1 PS 1056.5 1056.5 Posey, E #B-4-1  

2 PS 1048.5 1048.5 Posey, E #B-4-1  

3 PS 1043.5 1043.5 Posey, E #B-4-1  

4 PS 1036.5 1036.5 Posey, E #B-4-1  

5 PS 1032.5 1032.5 Posey, E #B-4-1  

6 PS 1031.5 1031.5 Posey, E #B-4-1  

7 PS 1030 1030 Posey, E #B-4-1  

8 PS 1025.7 1025.7 Posey, E #B-4-1  

9 PS 1022 1022 Posey, E #B-4-1  

10 PS 1016.5 1016.5 Posey, E #B-4-1  

11 PS 1010.5 1010.5 Posey, E #B-4-1  

12 PS 1009.5 1009.5 Posey, E #B-4-1  

13 PS 1004.5 1004.5 Posey, E #B-4-1  

14 PS 1004 1004 Posey, E #B-4-1  

15 PS 1002.5 1002.5 Posey, E #B-4-1  

16 PS 1000.5 1000.5 Posey, E #B-4-1  

17 PS 990 990 Posey, E #B-4-1  

18 PS 986.5 986.5 Posey, E #B-4-1  

19 PS 981.5 981.5 Posey, E #B-4-1  

20 PS 975.5 975.5 Posey, E #B-4-1  

21 PS 972 972 Posey, E #B-4-1  

22 PS 968 968 Posey, E #B-4-1  

23 LO 542.5 542.5 Locker, W.G. #B-2-1 

24 LO 531.5 531.5 Locker, W.G. #B-2-1 

25 LO 513.5 513.5 Locker, W.G. #B-2-1 

26 LO 494 494 Locker, W.G. #B-2-1 

27 LO 491.5 491.5 Locker, W.G. #B-2-1 

28 LO 488.5 488.5 Locker, W.G. #B-2-1 

29 LO 487.5 487.5 Locker, W.G. #B-2-1 

30 LO 468.5 468.5 Locker, W.G. #B-2-1 

31 LO 457.7 457.7 Locker, W.G. #B-2-1 

32 LO 444.5 444.5 Locker, W.G. #B-2-1 

33 PT 2346.5 2346.5 Potter, J.A. #C-9-1 

34 PT 2337.2 2337.2 Potter, J.A. #C-9-1 
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Sample # Sample Name Depth (ft) Houston Oil and Minerals (HOM) Core 

35 PT 2321.5 2321.5 Potter, J.A. #C-9-1 

36 PT 2310.5 2310.5 Potter, J.A. #C-9-1 

37 PT 2302.5 2302.5 Potter, J.A. #C-9-1 

38 PT 2281 2281 Potter, J.A. #C-9-1 

39 PT 2279 2279 Potter, J.A. #C-9-1 

40 PT 2277.9 2277.9 Potter, J.A. #C-9-1 

41 PT 2265 2265 Potter, J.A. #C-9-1 

42 PT 2259 2259 Potter, J.A. #C-9-1 

43 PT 2251.5 2251.5 Potter, J.A. #C-9-1 

44 PT 2242 2242 Potter, J.A. #C-9-1 

45 PT 2233 2233 Potter, J.A. #C-9-1 

46 PT 2200.5 2200.5 Potter, J.A. #C-9-1 

47 PT 2194.5 2194.5 Potter, J.A. #C-9-1 

48 PT 2193.2 2193.2 Potter, J.A. #C-9-1 

49 PT 2184.9 2184.9 Potter, J.A. #C-9-1 

50 PT 2182.5 2182.5 Potter, J.A. #C-9-1 

51 PT 2177.5 2177.5 Potter, J.A. #C-9-1 

52 PT 2163.5 2163.5 Potter, J.A. #C-9-1 

53 AB 50 50 Adams B-1-1 

54 BE 1070.2 1070.2 Beck, A.J. #C-4-1  

55 BE 1084 1084 Beck, A.J. #C-4-1  

56 BE 1096.3 1096.3 Beck, A.J. #C-4-1  

57 BE 1155 1155 Beck, A.J. #C-4-1  

58 HR 667.5 667.5 Harlow, W.L. #C-3-3 

59 HR 694 694 Harlow, W.L. #C-3-3 

60 HR 694.2 694.2 Harlow, W.L. #C-3-3 

61 HR 697.8 697.8 Harlow, W.L. #C-3-3 

62 HR 713.9 713.9 Harlow, W.L. #C-3-3 

63 HR 718.5 718.5 Harlow, W.L. #C-3-3 

64 MC 1034.5 1034.5 Johanson, Harold #MC-1 

65 MC 1038.5 1038.5 Johanson, Harold #MC-1 

66 MC 1044 1044 Johanson, Harold #MC-1 

67 MC 1046 1046 Johanson, Harold #MC-1 

68 MC 967  967 Johanson, Harold #MC-1 

69 MC 972 972 Johanson, Harold #MC-1 

70 MC 974 974 Johanson, Harold #MC-1 

71 MC 979 979 Johanson, Harold #MC-1 
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Sample # Sample Name Depth (ft) Houston Oil and Minerals (HOM) Core 

72 MC 983 983 Johanson, Harold #MC-1 

73 OL 1770 1770 Old, L #C-8-1 

74 OL 1780 1780 Old, L #C-8-1 

75 OL 1786 1786 Old, L #C-8-1 

76 OL 1792 1792 Old, L #C-8-1 

77 OL 1795.5 1795.5 Old, L #C-8-1 

78 OL 1810 1810 Old, L #C-8-1 

79 OL 1830 1830 Old, L #C-8-1 

80 OL 1908.5 1908.5 Old, L #C-8-1 

81 HD 411.5 411.5 Hardy, I #LA-1 

82 HD 425 425 Hardy, I #LA-1 

83 HD 435 435 Hardy, I #LA-1 

84 HD 448 448 Hardy, I #LA-1 

85 HD 464 464 Hardy, I #LA-1 

86 HD 547 547 Hardy, I #LA-1 

87 HD 582 582 Hardy, I #LA-1 

88 HD 584.5 584.5 Hardy, I #LA-1 

89 HD 588.5 588.5 Hardy, I #LA-1 

90 HD 593 593 Hardy, I #LA-1 

91 HD 605.5 605.5 Hardy, I #LA-1 

92 HD 611.5 611.5 Hardy, I #LA-1 

93 MU 1067 1067 Mullis, J.D. #A-4-1 

94 MU 1068 1068 Mullis, J.D. #A-4-1 

95 NL 314.75 314.75 Neal, R.V. #A-1-1 

96 NL 324.25 324.5 Neal, R.V. #A-1-1 

97 NL 344.75 344.75 Neal, R.V. #A-1-1 

98 PW 710 710 Powell, W. #B-3-1 

99 PW 739.5 739.5 Powell, W. #B-3-1 

100 PW 764 764 Powell, W. #B-3-1 

101 WA 1084.5 1084.5 Walker, G.B. #D-1-1 

102 WA 1095.5 1095.5 Walker, G.B. #D-1-1 

103 WA 1099 1099 Walker, G.B. #D-1-1 

104 WA 1103.5 1103.5 Walker, G.B. #D-1-1 

105 WA 1126.5 1126.5 Walker, G.B. #D-1-1 

106 WA 1131  1131 Walker, G.B. #D-1-1 

107 WA 1139.25 1139.3 Walker, G.B. #D-1-1 

108 WA 1156.75 1156.8 Walker, G.B. #D-1-1 
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Sample # Sample Name Depth (ft) Houston Oil and Minerals (HOM) Core 

109 WA 1169 1169 Walker, G.B. #D-1-1 

110 WA 1245 1245 Walker, G.B. #D-1-1 

111 WA 1169 1169 Walker, G.B. #D-1-1 

112 WA 1245 1245 Walker, G.B. #D-1-1 
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Table A2. XRF sampling intervals on Central Texas cores. All cores are from the 

Houston Oil and Minerals Company. Workers listed were under the 

supervision of Dr. Harold Rowe at the University of Texas at Arlington. 

HOM Core Name 

Depth 

Interval 

(feet)  

Sampling 

Interval 

Formation 

Interval 

Worker 

Locker, W.G.  #B-2-1 145-547 1 foot 
Entire 

Marble Falls 

Hoelke 

(2011) 

Posey, E.  #B-4-1 930-1094 2 foot 
Entire 

Marble Falls 

Kimiagar 

(unpublished) 

Potter, J.A.  #C-9-1 2066-2351 2 foot 
Entire 

Marble Falls 

Kimiagar 

(unpublished) 

Scoggins, C.D.  #A-2-1 100-714 1 foot 

Partial 

Marble Falls 

(no lMF) 

Ovalle-Rauch 

(2012) 

Stevens, M.G.  #B-8-1 1351-2110 2 foot 
Partial 

Marble Falls 

Ovalle-Rauch 

(2012) 

Walker, G.B. #D-1-1 201-1020 1 foot 
Partial 

Marble Falls 

Hughes 

(2011) 
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Figure A 1.  XRD patterns from Marble Falls mudrock facies. 
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Table A3. Results from XRD analyses. A “-“ denotes a mineral that was not tested in the Guven analyses. A “*” indicates 

that amorphous minerals and organic matter are excluded from the Guven analyses. Sample labels: PT=Potter 

core, ST=Stevens core, MU= Mullis core. 

Facies Sample # minerals 
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Argillaceous 

lime mudstone 

PT 2305 11.6 34.3 3.9 17.1 9.6 2.1 9.9 1.5 0.7 9.4 100.1 30.6 

ST 2000 7 30.6 3.4 13.1 22 3 7 2.1 0.9 11 100.1 35.1 

Argillaceous 

calcareous 

mudstone 

PT 2290 8.3 38.6 4.3 14.4 8.4 4.7 7.1 3.4 1 9 99.2 27.1 

ST 2035 12.7 11.9 25.2 4.1 18.6 2.7 9.5 1.9 0.4 13.1 100.1 47.9 

Calcareous 

argillaceous 

clay shale 

PT 2275 19.8 8.3 28.6 3.2 18.7 2.1 9.4 1.5 0.4 8 100 50.5 

ST 1870 29.5 9.8 18.6 3.6 11.8 1.9 16.7 1 0.6 6.5 100 34 
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Brown MU 1075 26 1 2 0 60 10 0 - 1 - 0  *   

Green MU 1081 28 1 0 0 55 11 0 - 0 - 0 2 * 1 1 

Brown PT 2279 30 0 1 1 55 12 0 - 1 - 0 0 *   

Green PT 2281 30 0 0 2 55 13 0 - 0 - 0 0 *   
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Table A4. Rock Eval data for the HOM Potter C-9-1 performed by GeoMark Ltd. 
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S1 S2 S3 

(ft) (wt%) 

(wt% 

HC) 

(mg 

HC/g) 

(mg 

HC/g) 

(mg 

CO2/g) (°C) 

(RE 

TMAX) 

(S2x100/ 

TOC) 

(S3x100/ 

TOC) 

(mg HC/ 

mg CO2) 

 

(S1/(S1

+S2) 

2,233 17.35 1.52 0.27 1.35 0.63 441 0.78 89 41 2 18 0.17 

2,275 26.78 1.75 0.15 0.81 0.51 445 0.85 46 29 2 9 0.16 

2,279 2.81 0.11 0.04 0.05 0.28 0 0.00 45 255 0 36 0.44 

2,281 7.54 0.43 0.06 0.15 0.23 0 0.00 35 53 1 14 0.29 

2,283 28.11 1.81 0.14 0.72 0.50 439 0.74 40 28 1 8 0.16 

2,302.5 35.77 3.06 0.44 3.14 0.67 443 0.81 103 22 5 14 0.12 

2,310.5 33.59 3.59 0.69 5.21 0.73 442 0.80 145 20 7 19 0.12 
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Table A5. Isotope data for the Johansen MC-1, Potter C-9-1, and Stevens B-8-1 cores. See Figure 3 for well locations. Data 

collected at the Analytical Services (Analytical Laboratory for Paleoclimate Studies) at the Department of 

Geological Sciences, University of Texas at Austin. 

Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

JOHANSEN-MC-1  Top Marble Falls: 956.5, Base Marble Falls:1065 

JOHANSEN-MC-1 

Massive argillaceous 

clay shale 

(Smithwick) 

 
955 1.988 0.009 -4.841 0.019 OK 

JOHANSEN-MC-1 

Laminated 

argillaceous lime 

mudstone 960 1.615 0.020 -6.017 0.021 OK 

JOHANSEN-MC-1 

Phylloid algal 

wackestone 

 965 1.930 0.008 -4.712 0.018 OK 

JOHANSEN-MC-1 

Phylloid algal 

wackestone 

 970 2.389 0.022 -2.417 0.020 OK 

JOHANSEN-MC-1 

Dvinella mud-

dominated packstone 975 2.415 0.025 -6.033 0.041 OK 

JOHANSEN-MC-1 

Skeletal 

foraminiferal mud-

dominated packstone 980 2.419 0.010 -4.537 0.022 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

JOHANSEN-MC-1 

Skeletal 

foraminiferal mud-

dominated packstone 985 0.309 0.014 -6.674 0.037 OK 

JOHANSEN-MC-1 

Skeletal 

foraminiferal 

grainstone 990 2.669 0.011 -3.985 0.040 OK 

JOHANSEN-MC-1 

Skeletal 

foraminiferal 

grainstone 995 3.017 0.015 -4.243 0.014 OK 

JOHANSEN-MC-1 

Phylloid algal 

wackestone 1000 3.076 0.017 -3.538 0.019 OK 

JOHANSEN-MC-1 

Skeletal 

foraminiferal 

wackestone 1005 3.230 0.027 -4.871 0.018 OK 

JOHANSEN-MC-1 

Skeletal 

foraminiferal 

wackestone 1010 3.093 0.014 -3.507 0.012 OK 

JOHANSEN-MC-1 

Phylloid algal 

wackestone 1015 1.664 0.021 -7.629 0.038 OK 

JOHANSEN-MC-1 

Phylloid algal 

bafflestone 1020 1.850 0.012 -7.272 0.017 OK 

JOHANSEN-MC-1 

Skeletal 

foraminiferal 

wackestone 1025 2.583 0.010 -3.281 0.013 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

JOHANSEN-MC-1 

Conglomeratic 

skeletal mud-

dominated packstone 1030 -3.309 0.027 -4.854 0.053 OK 

JOHANSEN-MC-1 

Conglomeratic 

skeletal mud-

dominated packstone 1040 0.812 0.017 -6.102 0.016 OK 

JOHANSEN-MC-1 Green illite claystone 1045 -2.341 0.018 -6.200 0.017 OK 

JOHANSEN-MC-1 

Conglomeratic 

skeletal wackestone 1050 -0.188 0.010 -5.815 0.011 OK 

JOHANSEN-MC-1 Green illite claystone 1055 

    

low CO2 -

No Good - 

no 

carbonate 

JOHANSEN-MC-1 Green illite claystone 1060 

    

low CO2 -

No Good - 

no 

carbonate 

JOHANSEN-MC-1 Green illite claystone 1065 

    

low CO2 -

No Good - 

no 

carbonate 

JOHANSEN-MC-1 

Laminated siliceous 

mudstone (Barnett) 1070 -0.915 0.028 -3.054 0.042 OK 

POTTER C-9-1  Top Marble Falls: 2073, Base Marble Falls: 2349 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

POTTER C-9-1 

Massive argillaceous 

clay shale 

(Smithwick) 2070 1.241 0.286 -5.045 0.483 

low CO2 -

No Good - 

no 

carbonate 

POTTER C-9-1 

Dvinella mud-

dominated packstone 2075 1.243 0.019 -6.570 0.018 OK 

POTTER C-9-1 

Dvinella grain-

dominated packstone 2080 0.977 0.010 -5.934 0.021 OK 

POTTER C-9-1 Dvinella grainstone 2085 0.380 0.018 -7.440 0.027 OK 

POTTER C-9-1 Dvinella grainstone 2090 0.883 0.016 -7.590 0.012 OK 

POTTER C-9-1 

Skeletal 

foraminiferal 

wackestone 2095 2.578 0.012 -2.106 0.021 OK 

POTTER C-9-1 

Skeletal 

foraminiferal 

wackestone 2100B 1.475 0.014 -6.659 0.011 OK 

POTTER C-9-1 

Skeletal 

foraminiferal 

wackestone 2105 2.934 0.017 -4.223 0.013 OK 

POTTER C-9-1 

Phylloid algal 

wackestone 2110 3.897 0.017 -3.944 0.018 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

POTTER C-9-1 

Phylloid algal 

wackestone 2115 3.657 0.015 -4.020 0.019 OK 

POTTER C-9-1 

Phylloid algal 

wackestone 2120 3.739 0.010 -3.963 0.043 OK 

POTTER C-9-1 

Phylloid algal 

wackestone 2125 3.391 0.016 -5.615 0.025 OK 

POTTER C-9-1 

Phylloid algal 

wackestone 2130A 3.640 0.017 -3.400 0.018 OK 

POTTER C-9-1 

Phylloid algal 

wackestone 2135A 3.402 0.023 -2.204 0.025 OK 

POTTER C-9-1 

Skeletal 

foraminiferal 

wackestone 2140 4.050 0.010 -2.756 0.024 OK 

POTTER C-9-1 Komia grainstone 2145 4.092 0.013 -3.231 0.029 OK 

POTTER C-9-1 Komia grainstone 2150 4.004 0.008 -6.659 0.019 OK 

POTTER C-9-1 

Skeletal crinoidal 

grain-dominated 

packstone 2155 3.796 0.011 -5.926 0.018 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

POTTER C-9-1 

Skeletal crinoidal 

grain-dominated 

packstone 2160 4.084 0.010 -5.717 0.021 OK 

POTTER C-9-1 Dvinella grainstone 2165 4.281 0.014 -4.575 0.027 OK 

POTTER C-9-1 Dvinella grainstone 2170 4.352 0.007 -4.013 0.014 OK 

POTTER C-9-1 Dvinella grainstone 2175 4.280 0.016 -4.221 0.021 OK 

POTTER C-9-1 

Skeletal chaetetid 

packstone 2180 3.881 0.012 -5.893 0.016 OK 

POTTER C-9-1 

Skeletal chaetetid 

packstone 2185 3.664 0.013 -4.859 0.027 OK 

POTTER C-9-1 

Skeletal 

foraminiferal 

wackestone 2190 3.679 0.012 -5.601 0.024 OK 

POTTER C-9-1 

Phylloid algal 

wackestone 2195 3.761 0.013 -3.383 0.015 OK 

POTTER C-9-1 

Dvinella mud-

dominated packstone 2200 3.910 0.012 -3.719 0.020 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

POTTER C-9-1 

Burrowed sponge 

spicule packstone 2205 2.790 0.015 -4.351 0.018 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2210 2.708 0.016 -7.140 0.030 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2215 2.111 0.011 -7.443 0.042 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2220 2.403 0.010 -7.398 0.015 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2225 2.588 0.020 -7.740 0.020 OK 

POTTER C-9-1 

Burrowed sponge 

spicule packstone 2230 2.977 0.010 -1.497 0.022 

OK - good 

replicates 

POTTER C-9-1 

Laminated 

argillaceous lime 

mudstone 2235 2.529 0.019 -7.665 0.043 

OK - good 

replicates 

POTTER C-9-1 

Burrowed sponge 

spicule packstone 2240 3.532 0.012 -2.348 0.019 OK 

POTTER C-9-1 

Dvinella mud-

dominated packstone 

Dvinell 2245 2.413 0.019 -7.973 0.031 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

POTTER C-9-1 

Dvinella grain-

dominated packstone 

 2250 3.292 0.009 -2.902 0.015 OK 

POTTER C-9-1 

Dvinella grain-

dominated packstone 

 2255 3.578 0.009 -2.251 0.006 OK 

POTTER C-9-1 

Dvinella grain-

dominated packstone 

 2260 3.066 0.013 -4.744 0.040 OK 

POTTER C-9-1 

Skeletal crinoidal 

grain-dominated 

packstone 2265 2.532 0.008 -6.900 0.025 OK 

POTTER C-9-1 

Calcareous 

argillaceous clay 

shale 2270 2.511 0.010 -7.411 0.016 OK 

POTTER C-9-1 

Calcareous 

argillaceous clay 

shale 2275 1.284 0.014 -5.476 0.032 OK 

POTTER C-9-1 Green illite claystone 2280 -9.973 0.258 -8.733 0.488 

low CO2 -

No Good - 

no 

carbonate 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 

 
2285 0.401 0.012 -6.061 0.014 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2290 1.705 0.013 -2.954 0.017 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2295 0.946 0.010 -5.524 0.022 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2300 0.940 0.015 -5.595 0.013 OK 

POTTER C-9-1 

Laminated 

argillaceous lime 

mudstone 2305 1.284 0.016 -4.282 0.011 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2310 1.030 0.012 -6.203 0.026 OK 

POTTER C-9-1 

Laminated 

argillaceous lime 

mudstone 2315 0.631 0.017 -5.424 0.021 OK 

POTTER C-9-1 

Calcareous 

argillaceous 

mudstone 2320 0.745 0.019 -5.961 0.022 OK 

POTTER C-9-1 

Burrowed sponge 

spicule packstone 2325 0.722 0.010 -2.476 0.015 OK 

POTTER C-9-1 

Burrowed sponge 

spicule packstone 2330 0.890 0.008 -4.136 0.032 OK 

POTTER C-9-1 

Burrowed sponge 

spicule packstone 2335 0.896 0.013 -4.356 0.015 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

POTTER C-9-1 

Burrowed sponge 

spicule packstone 2340 -1.538 0.016 -6.876 0.021 OK 

POTTER C-9-1 

Calcareous 

argillaceous clay 

shale 2345 -1.376 0.216 -6.481 0.382 

low CO2 -

No Good - 

no 

carbonate 

POTTER C-9-1 

Phosphatic 

glauconitic lime 

packstone 2346 -1.322 0.007 -4.200 0.034 OK 

POTTER C-9-1 

Laminated siliceous  

mudstone (Barnett) 2350 -4.147 0.020 -4.097 0.027 OK 

STEVENS-B-8-1  Top Marble Falls: 1798.5, Base Marble Falls: 2042.5 

STEVENS-B-8-1 

Massive argillaceous 

clay shale 

(Smithwick) 1795 1.605 0.011 -5.979 0.035 OK 

STEVENS-B-8-1 

Skeletal 

foraminiferal 

wackestone 

 
1800 1.646 0.020 -5.977 0.016 OK 

STEVENS-B-8-1 

Dvinella mud-

dominated packstone 1805 1.855 0.012 -6.519 0.013 OK 

STEVENS-B-8-1 

Dvinella mud-

dominated packstone 1810 1.733 0.010 -3.494 0.028 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

STEVENS-B-8-1 

Dvinella grain-

dominated packstone 1815 2.000 0.014 -3.537 0.023 OK 

STEVENS-B-8-1 

Skeletal 

foraminiferal 

wackestone 1820 3.646 0.015 -5.683 0.023 OK 

STEVENS-B-8-1 

Skeletal 

foraminiferal 

wackestone 

 
1825 3.409 0.017 -1.969 0.013 OK 

STEVENS-B-8-1 

Phylloid algal 

wackestone 1830 2.545 0.016 -2.314 0.012 OK 

STEVENS-B-8-1 

Phylloid algal 

wackestone 1835 2.850 0.022 -5.300 0.030 OK 

STEVENS-B-8-1 

Phylloid algal 

wackestone 1840 3.243 0.008 -4.514 0.016 OK 

STEVENS-B-8-1 

Phylloid algal 

wackestone 1845 3.339 0.036 -4.172 0.029 OK 

STEVENS-B-8-1 

Phylloid algal 

wackestone 1850 2.985 0.015 -4.669 0.033 OK 

STEVENS-B-8-1 

Dvinella mud-

dominated packstone 1855 2.536 0.018 -6.950 0.021 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

STEVENS-B-8-1 

Dvinella mud-

dominated packstone 1860 1.067 0.013 -8.364 0.013 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1865 1.277 0.008 -8.491 0.020 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1875 1.022 0.013 -8.046 0.021 OK 

STEVENS-B-8-1 

Phylloid algal 

wackestone 1880 3.136 0.013 -1.321 0.016 OK 

STEVENS-B-8-1 

Phylloid algal 

wackestone 1885 3.182 0.019 -2.275 0.030 OK 

STEVENS-B-8-1 Dvinella grainstone 1890 3.562 0.016 -2.375 0.034 OK 

STEVENS-B-8-1 Dvinella grainstone 1895 3.581 0.014 -4.313 0.034 OK 

STEVENS-B-8-1 Dvinella grainstone 1900 3.722 0.013 -1.887 0.027 OK 

STEVENS-B-8-1 

Skeletal chaetetid 

mud-dominated 

packstone 1905 3.271 0.005 -4.541 0.023 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

STEVENS-B-8-1 

Skeletal 

foraminiferal mud-

dominated packstone 1910 3.615 0.014 -4.072 0.017 OK 

STEVENS-B-8-1 

Skeletal 

foraminiferal mud-

dominated packstone 1915 2.959 0.012 -3.959 0.017 OK 

STEVENS-B-8-1 

Dvinella mud-

dominated packstone 1920 3.584 0.010 -0.393 0.015 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1925 1.622 0.014 -6.906 0.020 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1930 1.711 0.013 -6.085 0.030 OK 

STEVENS-B-8-1 

Laminated 

argillaceous lime 

mudstone 1935 -2.236 0.042 -5.782 0.056 

low CO2 -

Perhaps OK 

- not much 

carbonate 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1940 -2.960 0.017 -6.824 0.025 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 1945 2.144 0.018 -7.824 0.015 OK 

STEVENS-B-8-1 Dvinella grainstone 1950 2.834 0.011 -5.701 0.014 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

STEVENS-B-8-1 Dvinella grainstone 1955 2.665 0.019 -4.482 0.020 OK 

STEVENS-B-8-1 

Dvinella grain-

dominated packstone 1960 3.191 0.012 -2.407 0.020 OK 

STEVENS-B-8-1 

Dvinella grain-

dominated packstone 1965 3.138 0.030 -2.052 0.029 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1970 1.341 0.016 -4.635 0.016 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1975 0.586 0.012 -5.921 0.014 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1980 -2.337 0.015 -7.184 0.036 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 1985 -1.372 0.011 -5.516 0.020 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous clay 

shale 1990 -0.752 0.011 -2.436 0.028 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 1995 0.616 0.010 -4.038 0.019 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

STEVENS-B-8-1 

Laminated 

argillaceous lime 

mudstone 2000 -0.395 0.009 -4.022 0.022 OK 

STEVENS-B-8-1 

Burrowed sponge 

spicule mudstone 2005 -0.691 0.015 -6.002 0.023 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 2010 0.311 0.015 -3.904 0.022 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 2015 -0.113 0.013 -4.542 0.014 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 2020 0.109 0.010 -3.812 0.031 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 2025 0.647 0.021 -3.372 0.022 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 2030 0.641 0.026 -3.216 0.025 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 2035 0.132 0.013 -3.828 0.027 OK 

STEVENS-B-8-1 

Calcareous 

argillaceous 

mudstone 2040 0.232 0.013 -3.529 0.026 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

STEVENS-B-8-1 

Phosphatic 

glauconitic lime 

packstone 2042 -4.274 0.019 -2.731 0.016 OK 

STEVENS-B-8-1 

Massive siliceous 

mudstone (Barnett) 2045 -8.620 0.010 0.125 0.013 OK 

Unused data: 

PETTY D-4-1  Top Marble Falls: 1595, Base Marble Falls:1673.5 

PETTY D-4-1 

Burrowed sponge 

spicule wackestone 1595 2.23 0.012 -5.48 0.023 OK 

PETTY D-4-1 

Burrowed sponge 

spicule wackestone 1600 2.38 0.016 -5.35 0.021 OK 

PETTY D-4-1 

Burrowed sponge 

spicule wackestone 1605 4.45 0.012 -6.23 0.013 OK 

PETTY D-4-1 

Burrowed sponge 

spicule wackestone 1610 2.98 0.023 -7.47 0.024 OK 

PETTY D-4-1 

Burrowed sponge 

spicule wackestone 1615 3.2 0.01 -5.76 0.023 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

PETTY D-4-1 

Burrowed sponge 

spicule wackestone 1620 3.16 0.016 -7.52 0.019 OK 

PETTY D-4-1 

Burrowed sponge 

spicule packstone 1625 1.25 0.013 -1.98 0.013 OK 

PETTY D-4-1 

Calcareous 

argillaceous clay 

shale 1630 2.81 0.011 -4.1 0.016 OK 

PETTY D-4-1 

Calcareous 

argillaceous clay 

shale 1633 1.87 0.017 -6.54 0.027 OK 

PETTY D-4-1 

Calcareous 

argillaceous clay 

shale 1636 1.8 0.021 -6.4 0.018 OK 

PETTY D-4-1 

Calcareous 

argillaceous clay 

shale 1640 1.39 0.012 -6.16 0.012 OK 

PETTY D-4-1 

Calcareous 

argillaceous clay 

shale 1645 0.59 0.016 -6.46 0.014 OK 

PETTY D-4-1 

Calcareous 

argillaceous 

mudstone 1650 2.01 0.015 -2.96 0.03 OK 

PETTY D-4-1 

Calcareous 

argillaceous 

mudstone 1655 2.38 0.013 -3.47 0.011 OK 
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Well facies depth (feet) 

d13C PDB 

(‰) 

d13C 

stdev 

d18O 

PDB (‰) d18O stdev QC Check 

PETTY D-4-1 

Calcareous 

argillaceous 

mudstone 1660 1.56 0.013 -7.17 0.017 OK 

PETTY D-4-1 

Calcareous 

argillaceous 

mudstone 1665 0.3 0.015 -3.99 0.022 OK 

PETTY D-4-1 

Calcareous 

argillaceous 

mudstone 1670 -0.56 0.008 -4.4 0.024 OK 

PETTY D-4-1 

Phosphatic 

glauconitic lime 

packstone 1673.5 -0.46 0.009 -6.22 0.024 OK 

PETTY D-4-1 

Laminated siliceous 

mudstone (Barnett) 1675 -10.42 0.532 -16.37 0.875 OK 

PETTY D-4-1 

Laminated siliceous 

mudstone (Barnett) 1679 -1.1 0.014 -2.38 0.023 

Low CO2 - 

No Good - 

No 

carbonate 
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APPENDIX B: CORE LOGS 
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