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Abstract 

 

Analysis of the Depositional Systems, Lithofacies, Diagenesis, and 

Reservoir Quality of the Lower Cretaceous Pettet Limestone Reservoir 

Section in the Wright Mountain Field in the East Texas Basin 

 

Colton S Spears, M.S. Geo. Sci. 

The University of Texas at Austin, 2020 

 

Supervisors:  Robert G. Loucks, Xavier Janson 

 

The Pettet Limestone of the Wright Mountain field on the northeastern flank of the 

East Texas Basin in Smith County, Texas has been a carbonate hydrocarbon reservoir for 

nearly 70 years. The Upper Sligo interval (Pettet Limestone) was deposited during the 

lower most part of the Aptian composite section (124 to ~123 Ma) putting the Pettet 

carbonate strata in a transgressive setting that onlapped continental to shallow marine 

siliciclastics. The goals of this investigation include: (1) defining the regional and local 

depositional setting, (2) characterizing the carbonate and siliciclastic lithofacies that 

compose the section, (3) creating a depositional model that explains the lithofacies in the 

cored Pettet B and C units, (4) characterizing the type and abundance of organic matter 

within the lithofacies, (5) describing the paragenesis of the lithofacies, and (6) evaluating 

the pore types and reservoir quality of the different lithofacies. The depositional model is 

developed to help understand comparable skeletal oolitic lime packstone and grainstone 

deposits occurring in other oil and gas fields. After investigation, the Pettet Limestone of 
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the Wright Mountain field was deemed an off-shoal complex (lateral to shoal body). The 

Pettet B and C units show evidence of a shoaling upward sequence but not necessarily into 

complete shoal-water complexes (higher energy carbonate shallow-water complexes). The 

model proposed suggests the Pettet B and C were deposited laterally adjacent to the shoal, 

in a slightly deeper, lower-energy setting towards the bottom of fair-weather wave base. 

Products of resedimentation are present in the Pettet Limestone and are likely results of 

storm remobilization, transport, and subsequent deposition. 
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INTRODUCTION 

 
 

The Barremian to lowermost Aptian Pettet Limestone (Phelps et al., 2013) (Fig. 1) has been 

a hydrocarbon-productive carbonate reservoir in the East Texas Basin for almost 70 years 

(Nichols, 1958; Fig. 2), but little has been published that characterizes this stratigraphic section. 

Because of its long history of production, it is important to know its geologic characteristics with 

respect to depositional setting, lithofacies and associate processes, source-rock richness, and 

reservoir quality.  

Therefore, the major goal in this investigation is the geologic characterization of the Pettet 

Limestone section of the Wright Mountain field in northeast Smith County, Texas (Figs. 1, 2). Six 

cores from the Pettet Limestone are available for characterization within the producing Wright 

Mountain field (Fig. 2). In this area, Pettet Limestone production is from porous skeletal oolitic 

lime packstones and grainstones that were deposited in a series of carbonate-dominated grain 

bodies. Only one investigation has been published in this area of the East Texas Basin. Wiggins 

and Harris (1984) addressed the lithofacies and reservoir quality of the Pettet Limestone in 

adjacent western Rusk County. The Pettet section in the East Texas Basin needs more detailed 

characterization to understand its depositional history and reservoir characteristics. 

Specific objectives for the present investigation of the Pettet Limestone are to: (1) define 

the regional to local depositional settings; (2) characterize the carbonate and siliciclastic lithofacies 

that compose the section; (3) develop a depositional model that explains the lithofacies in the two 

cored Pettet units (B and C); (4) characterize the type and abundance of organic matter within the 
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lithofacies; (5) describe the paragenesis of the lithofacies; and (6) evaluate the pore types and 

reservoir quality of the different lithofacies. 

Characterization of the Pettet Limestone in the Wright Mountain field will provide a 

working analog for similar fields in Texas and Louisiana. The depositional model developed can 

help to understand the stratal architecture in other fields composed of comparably deposited 

packstones and grainstones. The analysis of paragenesis will benefit understanding reservoir pore-

network development and subsequent modification with burial.  

 

Figure 1: Stratigraphic context for the Pettet Limestone. Modified after Phelps et al. (2013). 
The Pettet Limestone is considered equivalent to the Upper Sligo section of Phelps 
et al. (2013). 
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Figure 2: General regional paleographic map of the Texas–Louisiana area showing the 
Wright Mountain field on the northeast flank of the East Texas Basin. The 
expanded map shows the location of the wells with core in the Wright Mountain 
field. Structural features are from Phelps et al. (2013). 
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DATA AND METHODS 

 

Six cores and approximately 160 wells with wireline logs in Smith County are the basic 

data used in this investigation (Table 1; Fig. 2). A series of stratigraphic tops from the Pearsall 

Formation above through the Travis Peak Formation below were correlated. The type wireline log 

is shown in Figure 3. A north to south wireline cross section (Fig. 4) and a west to east cross section 

(Fig. 5) were constructed. A structure map on top of the Pettet Limestone (Fig. 6) and isopach 

maps of Pearsall Formation, Pettet-A unit, Pettet-B unit, Pettet-C unit, and Travis Peak Formation 

were produced for the area (Figs. 7–11).  

 The six cores were etched with dilute HCl to help show rock texture by causing insoluble 

minerals to stand in slight relief. The cores were described using Dunham’s carbonate texture 

classification (Dunham, 1962). A binocular microscope was used to describe the rock texture and 

fabric, mineralogy, biotas, sedimentary features, and mega-scale diagenetic features. Individual 

core slabs were photographed to document the different lithologies discussed in the Lithofacies 

section. 

 Approximately 150 thin sections were used in this investigation. Blue epoxy was 

impregnated into the thin sections in order to emphasize macropores. Blue-fluorescent dye was 

inserted into the thin sections to highlight nanopores and micropores (using mercury-vapor light 

under a petrographic microscope). The thin section observations were used to supplement core 

descriptions. Features observed include small scale texture and fabric, mineralogy, biotas, 

diagenetic features, and pore types. Photomicrographs of the thin sections are displayed in the 

section on Lithofacies.  



 5 

  Total organic carbon (TOC) in select samples were measured via a HAWK Pyrolysis 

instrument in the Petroleum & Geosystems Engineering Department at The University of Texas at 

Austin by Dr. Lucy Ko of the Bureau of Economic Geology to quantify the organic content of the 

different lithofacies. HAWK pyrolysis is a method to measure organic matter content and thermal 

maturity of samples. A crushed sample is placed in an enclosed capsule which is then progressively 

heated under inert gas flow. The organic matter is pyrolyzed in the absence of oxygen, then 

combusted. The amount of hydrocarbons are monitored by a Flame Ionization detector (FID). Data 

obtained by HAWK pyrolysis include S1 (the amount of free hydrocarbons in the sample), S2 (the 

amount of hydrocarbons that the rock has potential of producing should thermal maturation 

continue), Tmax (the temperature at which the maximum release of hydrocarbons occur during 

pyrolysis, S3 (the amount of CO2 produced during pyrolysis of kerogen), HI (hydrogen index), 

and OI (oxygen index) (Dembicki, 2009). 

Conventional porosity and permeability analyses were run on 105 1-in horizontal core 

plugs from the 6 cores by Weatherford Laboratories in Houston, Texas. The plugs were 

convection-dried before analysis. A net confining stress of 800 psi was used for the analysis and 

the permeability was Klinkenberg corrected (Klinkenberg, 1941). Under high pressure in low-

permeable rocks gas is more permeable than fluid. The gas slippage through pores occurs at a 

higher rate than liquid and is called the “Klinkenberg effect”. Adjustments in a constant must be 

done in order to achieve a true in-situ rate of permeability. 
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Figure 3: Type wireline log for the Wright Mountain field showing Travis Peak Formation, 
Pettet Limestone, and Pearsall Formation tops. The Pettet Limestone is divided into 
three units: A, B, and C. These three units are defined as cycles by Wiggins and 
Harris (1984). This section of wireline log is from the Sun Oil Co. #3 Edna B. 
Smith well. Depth in feet. 
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Figure 6: Structure on top of the Pettet Limestone. The Wright Mountain field (dashed red 
box) is in a structurally low area. Contours in feet. 
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Figure 7: Isopach map of the Pearsall Formation. The Wright Mountain field is shown by the 
dashed red box. Contours in feet. 
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Figure 8: Isopach map of the Pettet A carbonate-rich upper section, not the full Pettet A unit. 
The Wright Mountain field (dashed red box) is in an isopach-thin area suggesting 
the area is off the main carbonate buildup. Contours in feet. 
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Figure 9: Isopach map of the Pettet B carbonate-rich upper section, not the full Pettet B unit. 
The Wright Mountain field (dashed red box) is in an isopach-thin area suggesting 
the area is off the main carbonate buildup to the northeast. Contours in feet. 
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Figure 10: Isopach map of the Pettet C carbonate-rich upper section, not the full Pettet C unit. 
The Wright Mountain field (dashed red box) is in an isopach-thin area suggesting 
the area is off the main carbonate buildup to the northeast. Contours in feet. 
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Figure 11:  Isopach map of the Travis Peak Sandstone. The red star shows location of the 
Wright Mountain field. The Wright Mountain field is located north of a Travis Peak 
isopach thick. Contours in feet. Modified from Dutton et al. (1990). 
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REGIONAL STRATIGRAPHY AND PALEOGEOGRAPHY 

REGIONAL STRATIGRAPHY 
 The Pettet Limestone is the uppermost part of the Valanginian to lowermost Aptian Sligo–

Hosston (Travis Peak) section (Bebout et. al., 1981; Phelps et al., 2013) (Fig. 1). Being at the top 

of the Sligo–Hosston section, the Pettet Limestone is probably lowermost Aptian in age according 

to the Phelps et al., (2013) stratigraphic column. The Pettet Limestone would be equivalent to the 

Upper Sligo Limestone in south and southwest Texas. According to Bushaw (1968) and Phelps et 

al. (2013), the Pettet strata is an overall succession of carbonates transgressing across continental 

to shallow-marine siliciclastics. However, within the Pettet Limestone transgressive system there 

appears to be several higher order frequency cycles (probable fourth-order cycles) based on core 

lithofacies analysis (Fig. 3).  

The Pettet Limestone overlies the Travis Peak sandstone (Fig. 3) and as seen in the Wright 

Mountain field, the cores indicate the contact is transitional. On wireline logs the base of the Pettet 

Limestone is just above a prominent high-resistively peak (Fig. 3). The upper contact with the Pine 

Island Shale of the Pearsall Formation appears to be relatively conformable with the Pettet 

Limestone below. The top of the Pettet-A unit is the top of a higher order sequence and the Pine 

Island Shale transgressed this higher order sequence. The Pine Island Shale is a continuation of 

the worldwide transgressive event that flooded the shallower water Sligo-Pettet platform and 

terminated the growth of the Sligo reef trend (Phelps et al., 2013). The Pine Island Shale contains 

part of the OAE-1A event (Phelps et al., 2013). On the wireline log in Figure 3, there is a sharp 

excursion from a negative SP curve and positive resistivity excursion in the Pettet Limestone to a 

more positive SP excursion and a very low resistivity excursion in the Pine Island Shale. Internally, 

the Pettet Limestone in the Wright Mountain field can be divided into three general packages (Figs. 
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3–5) that represent higher order cycles going from argillaceous wackestones and calcareous 

siliciclastic mudstones up into burrowed skeletal-ooid packstones and grainstones (based on core 

description that is addressed later in this investigation). Wiggins and Harris (1984) recognized 

these three Pettet Limestone units in their Pettet Limestone core they studied in western Rusk 

County (see their Figure 2). 

REGIONAL PALEOGEOGRAPHY 

 
The area of investigation of the Lower Cretaceous Pettet Limestone is in northeast Texas 

on the north eastern margin of the East Texas Basin (ETB) (Figs. 2, 6). The ETB is an intrashelf 

salt-withdrawal basin (Bushaw, 1968). Areas within the ETB, as well as surrounding areas, have  

been affected by late salt movement creating highs (Seni and Jackson, 1983; Hattori et al., 2019). 

According to maps by Seni and Jackson (1983) no salt diapirs are in the immediate area of the 

Wright Mountain field.  

Several older regional studies in the area of investigation, that include the Pettet Limestone 

section, map out the distribution of the general known depositional system at that time (Bushaw, 

1968; Nichols, 1964). Bushaw (1968) locates the Wright Mountain field area on the shallow-water, 

open-marine shelf ~60 to 80 mi south of continental and nearshore siliciclastic environments (see 

Bushaw, 1968; his Figure 9). Nichols (1964) presents a similar depositional systems map (his  

Figure 9) showing restricted shallow-water in the area of the Wright Mountain field. He noted that 

the setting transitions into siliciclastic sedimentation updip, similar to what Bushaw (1968) 

defined. Therefore, the literature suggests that the carbonate Pettet Limestone section in the Wright 
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Mountain field was deposited on a shallow-water shelf favorable to carbonate production. This is 

also the conclusion of Wiggins and Harris (1984). 

Several published isopach maps of the Travis Peak sandstone (Fig. 11) and Pearsall 

intervals (Fig. 7), suggest that the area of the Wright Mountain field may have been deposited in a 

topographic low on a broad shelf that had topography of tens of feet (several meters). An isopach 

(Fig. 11) of the Travis Peak sandstone by Dutton et al. (1990) shows a thickening of the sandstone 

to the south and east of the field possibly situating Pettet Limestone deposition on a transition from 

shallow platform to deeper water platform. This is postulated on the concept that sediment thicks 

in the unit below the Pettet Limestone may indicate a topographic low area during Travis Peak 

time and a possible corresponding topographic low area in Pettet time. Also, the local Pearsall 

isopach (Fig. 7) created by this investigation locates the Wright Mountain field being in a local 

thick with a thinner area updip to the northeast. Again, this thicker isopach area could be the result 

of a topographic low during Pettet time.  

The concept that the Wright Mountain field Pettet Limestone sediments were deposited in 

a topographically low area may be evidence of slightly deeper water deposition than other shoaling 

areas of the Pettet Limestone (discussed later in the investigation). This depositional concept will 

be integrated with evidence from the lithofacies analyses to construct a depositional model for the 

Wright Mountain field area. Figure 12 is a map taken from Cicero et al. (2010) displaying the 

regional paleophysiography based on isochrons of the Pettet Limestone to Gilmer Limestone from 

seismic time-structure maps in southeast Texas and southwest Louisiana. The map shows 

paleogeographic thicks and thins. The position of the ETB is well-defined and the location of the 

Wright Mountain field is positioned on a shelf northeast of the ETB trough.  
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Figure 12: Proxy of paleophysiography derived from a regional isochron of Pettet Limestone 
to Gilmer Limestone from seismic time structure maps. Cool colors interpreted as 
isochron thicks or paleobasins, Warm colors are interpreted as isochron thins or 
paleohighs. Smith County, Tx is outlined in black. Red star indicates the Wright 
Mountain field. Modified from Cicero et al., 2010 (Figure 4).    
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LITHOFACIES 

 
The core-based lithofacies described in this study are from the Pettet B and C intervals and 

the transitional upper part of the Travis Peak Sandstone into the Pettet Limestone (Fig. 3) in the  

Wright Mountain field. The A section of the Pettet Limestone was not cored. Seven lithofacies 

were defined for the Pettet Limestone and three lithofacies for the Travis Peak Sandstone. Folk 

(1962) carbonate textural classification was used to define the rock lithofacies. Out of the six wells 

with cores in this investigation (see Table 1), the wireline log from the Sun Oil Co. #3 Edna B. 

Smith is used as the type log for the Wright Mountain field (Fig. 3). The cores from the Sun Oil 

Co. #1 Edna B. Smith and Sun Oil Co. #3 Edna B. Smith (Fig. 13) are presented as examples of 

the cored wells. Other cores are very similar. Note that mineralogy percentages are visual 

estimations using a petrographic microscope. 

PETTET LIMESTONE 

Calcareous Siliciclastic Mudstone Lithofacies (Fig. 14) 

 
This lithofacies is the richest in siliciclastic material (Fig. 14). It is composed 

predominantly of clay minerals. Some quartz silt is present (Fig. 14C, D). Pyrite is common (Fig. 

14C). It is estimated to have up to 30% carbonate mud or allochems. It is generally structureless 

to poorly laminated. Some samples display burrows. Biotas include fragments of bivalves, oysters, 

and echinoids. Rare ooids are noted. Thickness of this lithofacies ranges from approximately 1 to 

5 ft (0.3 to 1.5 m) and commonly includes thin (<1 ft [<0.3 m]) beds of very argillaceous skeletal 

wackestone (discussed below). 
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Siliciclastic-rich Skeletal Wackestone (Fig. 15) 

 
 Siliciclastic material is abundant (up to 50%) in this lithofacies with clay minerals being 

dominant. Quartz-silt grains are generally less than 10%. Skeletal grains (Fig. 15A) range from 

10% to 30%. Most common biota are bivalves and oyster fragments (Fig. 15A–C). Fragments of  

echinoids, green algae, gastropods, and worm tubes are present as well as some miliolids, ooids, 

and peloids. Burrowing has disrupted any primary sedimentary features. Pressure solution seams 

are common. The lithofacies ranges from approximately 1 to 5 ft (0.3 to 1.5 m) thick.  

Green Algal-Bivalve Packstone Lithofacies (Fig. 16) 

 
The texture of this lithofacies is predominantly packstone (Fig. 15A, B) but some samples 

are mud-free and are grainstones (Fig. 16C, D). It has a highly bioturbated fabric (Fig. 16A, B). 

The grainstones show fair sorting, but the packstones are poorly sorted with grain size ranging 

from mud to gravel-sized skeletal fragments (e.g., Fig. 16A). Biotas include abundant green algae 

(codiaceian) (Fig. 16C, D) and bivalves. Other biota are miliolids, agglutinated foraminifera, and 

fragments of bivalves, oysters, dasyclades, and echinoids. Nonbiota allochems include intraclasts 

and some ooids. The green algae and bivalves were originally aragonite and are now preserved as 

moldic grains with micrite rims (Fig. 16C, D). The molds are either preserved as intraparticle pores  

or occluded with equant calcite. Stylolites and pressure solution seams are common. Some quartz 

silt and sand are present. This lithofacies ranges from approximately 2 to 7 ft (0.6 to 2.1 m) thick. 
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Burrowed Algal-Bivalve-Intraclast Packstone Lithofacies (Fig. 17) 

 
This is a distinct lithofacies as the intraclasts are prominent and many of the skeletal grains 

are large (Fig. 17A, B). The fabric is chaotic. The biota includes fragments of codiaceian green 

algae, dasyclade green algae, bivalves, gastropods, echinoid fragments, and agglutinated 

foraminifera and miliolids (Fig. 17C). This lithofacies ranges from approximately 2 to 15 ft (0.6 

to 4.6 m) thick. 

Peloidal Miliolid Packstone to Grainstone Lithofacies (Fig. 18) 

  
The texture of this lithofacies is variable ranging from mud-dominated packstones (up to 

50% carbonate mud) to fairly well sorted grainstones (Fig. 18C, D). Burrows are common (Fig. 

18A). Miliolid foraminifera are dominant (Fig. 18C, D) Other biotas present are fragments of green 

algae, bivalves, and echinoids (Fig. 18C, D). Peloids are abundant and some ooids are present. As 

shown in Figure 18C, D, the skeletal grains are highly micritized. This lithofacies ranges from 

approximately 2 to 5 ft (0.6 to 1.5 m) thick. 

Burrowed Oolitic Packstone to Grainstone Lithofacies (Fig. 19) 

  
This is one of the thicker lithofacies and it can be up to 26 ft (7.9 m) thick. It is generally 

a grainstone (Fig. 19C), but some sections contain up to 40% carbonate mud. This lithofacies is  

 commonly bioturbated (Fig. 19B); however, some relic cross-stratification and ripples are still 

recognizable (Fig. 19A). Both vertical and horizontal burrows are noted. Ooids are the dominant 

component (Fig. 19C, D). Their structure ranges from a few ooid coatings around various skeletal 
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nuclei to well-developed ooids with very small nuclei. Biotas include miliolids and fragments of 

bivalves and echinoids. Composite grains are also present. Stylolites and pressure solution seams 

are common. Also, microstylolites occur at ooid grain contacts. This lithofacies ranges from 

approximately 2 to 15 ft (0.6 to 4.6 m) thick. 

Lithoclast Floatstone to Rudstone Lithofacies (Fig. 20) 
 

Scattered throughout the other lithofacies are minor occurrences of lithoclast floatstone to 

rudstone (according to Embry and Klovan (1971) carbonate texture classification). This lithofacies 

contains lithoclasts (i.e., cemented clasts) ranging in size from less than an inch to 4 in (<2.5 to 10 

cm) (Fig. 20). The large lithoclast identified in Figure 20A shows the bedding as vertical.  

TRAVIS PEAK SANDSTONE 

Skeletal Oolitic Grainstone Lithofacies (Fig. 21) 
 

The skeletal oolitic grainstone lithofacies is best developed in the Smith #3 core from 8349 

to 8354 ft (2544.8 to 2546.3 m) (5 ft [1.5 m] thick) (Fig. 13). Similar thin beds occur in the other 

wells (Fig. 3). It is a grainstone composed of well-developed ooids (many are radial ooids 

[Fig.21B]) and other skeletal grains (Fig. 21). Radial ooids show a well-preserved texture of 

crystals radiating out from the center. Biotas include fragments of bivalves, oysters, and echinoids 

and some agglutinated foraminifera are present. Composite grains are noted. Some of the grains 

are yellow-stained, Fe-rich coarse-crystalline calcite. This lithofacies contains both interparticle 

and intraparticle pores. 
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Burrowed Quartz-Rich Packstone Lithofacies (Fig. 22) 

 
The quartz-rich packstone lithofacies is a mixture of siliciclastic and carbonate components 

(Fig. 22C). The texture is generally a packstone, but some samples contain up to ~65% quartz-

dominated silt and sand, which I classify as a calcareous sandstone. Carbonate allochems include 

peloids, ooids and fragments of bivalves and echinoids. The quartz grains are very poorly sorted 

and angular. Burrowing (Fig. 22A, B) has destroyed any primary sedimentary features. Pressure 

solution seams are common (Fig, 22A). This lithofacies is generally interbedded with units of 

cross-bedded quartzarenite and thin (<1 to 5 ft [<0.3 to 1.5 m]) intervals of burrowed oolitic 

grainstones.  

Burrowed Skeletal Quartzarenite Lithofacies (Fig. 23) 
 

The grains are predominately quartz with rare plagioclase and some skeletal components 

(Fig. 23C, D). The quartz grains have poor to fair sorting and are angular in shape. Calcite 

cementation is abundant (Fig. 23C, D). Skeletal grains include fragments of oysters and abraded 

ooid grains. The carbonate allochems make up less than 5% of this lithofacies. Bioturbation is 

common. Burrows include Thalassinoides, Teichichnus, and Arenicolites or Diplocraterion. Also, 

some scour features are noted (Figure 23A). 

Cross-bedded Quartzarenite Lithofacies (Fig. 24) 
 

This lithofacies is minor and is interbedded with burrowed quartz-rich packstone and 

burrowed oolitic grainstone. The intervals of cleaner, cross-bedded to rippled quartzarenite (Fig. 
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24A, B) are generally less than 1 ft (0.3 m) thick. A few burrows disturb the ripple laminae (Fig. 

24A, B). One identified burrow type is Arenicolites or Diplocraterion. The predominant grain type 

is quartz, which appears well sorted but angular (Fig. 24C). Rare to minor amounts of plagioclase 

and muscovite grains are present. Skeletal fragments make up less than 5% of the lithofacies. The 

quartzarenite is well cemented with quartz overgrowths (Fig. 24C).  
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Figure 13: Descriptions of the Sun Oil Co. #1 Edna B. Smith core and Sun Oil Co. #3 Edna B. 
Smith core. See Figure 2 for location in the Wright Mountain field. SP wireline log 
corresponds to Sun Oil Co. #3 Edna B. Smith well. 
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Figure 14: Examples of calcareous siliciclastic mudstone lithofacies. (A) Light colored 
siliciclastic mudstone with bivalve fragments. Core slab. Sun Oil Co. #4 Edna B. 
Smith, 8251.9 ft (2515.0 m). (B) Dark colored (organic-rich?) calcareous 
siliciclastic mudstone with soft-sediment skeletal-fragment-rich intraclasts. Core 
slab. Sun Oil Co. #1 Edna B. Smith, 8238 ft (2510.9 m). (C) Weakly laminated, 
very clay-mineral-rich siliciclastic mudstone with layer of pyrite. Thin section. Sun 
Oil Co. #1 Edna B. Smith, 8245 ft (2513.0 m). (D) Same as C but rotated 45 
degrees and under cross-polarized light to show alignment of clay-minerals 
(majority of clay-minerals show maximum birefringence at same time). 
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Figure 15: Examples of siliciclastic-rich skeletal wackestone lithofacies. (A) Abundant large 
bivalves in a siliciclastic-rich skeletal wackestone. Core slab. Sun Oil Co. #7 Edna 
B. Smith, 8287 ft (2525.9 m). (B) Bivalve and oyster fragments in a siliciclastic-
rich skeletal wackestone. Contains silty pressure solution seams and scattered 
quartz grains. Thin section. Sun Oil Co. #7 Edna B. Smith, 8251.9 ft (2515.2 m). 
(C) Bivalve and oyster fragments in a siliciclastic-rich skeletal wackestone. 
Contains scattered quartz grains. Thin section. Sun Oil Co. #3 Edna B. Smith, 
8245.8 ft (2513.3 m). 
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Figure 16: Examples of green algal-bivalve packstone lithofacies. (A) Burrowed green algal-
bivalve packstone. Contains scattered large bivalves and oysters. Core slab. Sun 
Oil Co. #3 Edna B. Smith, 8302.4 ft (2530.5 m). (B) Burrowed green algal-
bivalve packstone. Contains a geopetal structure. Core slab. Sun Oil Co. #3 Edna 
B. Smith, 8292 ft (2527.4 m). Grainstone with abundant green algae cemented by 
fine-crystalline calcite. Common interparticle pores (blue). Thin section. Sun Oil 
Co. #3 Edna B. Smith, 8302.4 ft (2530.5 m). (D) Same as C but under cross-
polarized light. 
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Figure 17: Examples of burrowed algal-bivalve-intraclast packstone lithofacies. (A) Abundant 
intraclasts and bivalves in a chaotic-appearing packstone. Core slab. Sun Oil Co. #3 
Edna B. Smith, 8322 ft (2523.6 m). (B) Burrowed algal-bivalve-intraclast packstone 
with dark intraclasts. Some argillaceous pressure solution seams. Core slab. Sun Oil 
Co. #3 Edna B. Smith, 8288 ft (2526.2 m). (C) Burrowed algal-bivalve-intraclast 
packstone containing green algae, agglutinated foraminifera, dasyclades, and a 
gastropod. Thin section. Sun Oil Co. #3 Edna B. Smith, 8322.3 ft (2536.6 m). 
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Figure 18: Examples of peloidal-miliolid packstone to grainstone lithofacies. (A) Peloidal-
miliolid packstone lithofacies with Thalassinoides burrows. Core slab. Sun Oil Co. 
#4 Edna B. Smith, 8276.5 ft (2522.7 m). (B) Burrowed peloidal-miliolid packstone. 
Core slab. Sun Oil Co. #3 Edna B. Smith, 8313ft (2533.8 m). (C) Grainstone with 
highly-micritized miliolids and green algae. Cemented by fine-crystalline calcite. 
Thin section. Sun Oil Co. #4 Edna B. Smith, 8276.5 ft (2536.6 m). (D) Grainstone 
composed of miliolids, biserial foraminifera, and peloids. Thin section. Sun Oil Co. 
#4 Edna B. Smith, 8276.5 ft (2536.6 m). 
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Figure 19: Examples of burrowed oolitic packstone to grainstone lithofacies. (A) Burrowed 
oolitic grainstone with cross bedding and some burrows. Core slab. Sun Oil Co. #7 
Edna B. Smith, 8261 ft (2518.0 m). (B) Burrowed oolitic grainstone. Core slab. Sun 
Oil Co. #1 Edna B. Smith, 8249 ft (2514.2 m). (C) Oolitic grainstone. Thin section.  
Ooids are highly micritized. Cemented by fine-crystalline calcite around ooids with 
medium-crystalline calcite filling the center of interparticle pores. Sun Oil Co. #7 
Edna B. Smith, 8261.2 ft (2518.0 m). (D) Same as C but under cross-polarized light.  
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Figure 20: Examples of lithoclast-rich rudstones and floatstones. (A) Large intraclast in 
rudstone with vertical bedding structure. Scour surface and pressure solution seams 
also shown. Core Slab. Sun Oil Co. #1 Edna B. Smith, 8262 ft (2518.3 m). (B) 
Large intraclast in debris flow. Core slab. Sun Oil Co. #1 Edna B. Smith, 8321.5 ft 
(2536.4 m). (C) Rudstone with numerous intraclasts. Core slab. Sun Oil Co. #7 
8250 ft (2514.6 m) These flows are additional evidence of transport down a slope 
into deeper water.  

 

 

 

 

 



 33 

 

 

Figure 21: Examples of skeletal oolitic grainstone lithofacies. (A) Crudely bedded skeletal 
oolitic grainstone containing abundant skeletal grains including gastropods. The 
coarse-crystalline calcite in pore of fossils is colored yellow. This may be iron 
staining. Core slab. Sun Oil Co. #3 Edna B. Smith, 8351 ft (2545.4 m). (B) 
Grainstone showing radial ooids, intraclast, and moldic bivalve. Cemented by 
bladed calcite rim cement. The bladed cement may have originally been marine 
bladed Mg-calcite cement. Thin section. Sun Oil Co. #3 Edna B. Smith, 8350.5 ft 
(2518.0 m). (C) Grainstone with ooids, moldic bivalves, and oyster fragments. 
Cemented by bladed calcite cement. Thin section. Sun Oil Co. #3 Edna B. Smith, 
8350.5 ft (2518.0 m). Photo micrograph taken under cross-polarized light. 
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Figure 22: Examples of burrowed quartz-rich packstone lithofacies. (A) Burrowed quartz-rich 
packstone with dark bivalve fragments. Core slab. Sun Oil Co. #3 Edna B. Smith, 
8336.7 ft (2541.0 m). (B) Dark bivalve fragments and skeletal lag deposit in 
burrowed quartz-rich packstone. Core slab. Sun Oil Co. #3 Edna B. Smith, 8347 ft 
(2544.2 m). (C) Packstone with abundant quartz sand with few ooids and skeletal 
grains. Photomicrograph taken under cross-polarized light. Thin section. Sun Oil 
Co. #8 Edna B. Smith, 8391 ft (2557.5 m). 
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Figure 23: Examples of burrowed skeletal quartzarenite lithofacies. (A) Highly bioturbated 
quartzarenite with skeletal fragments. Displays a prominent scour surface. Core 
slab. Sun Oil Co. #8 Edna B. Smith, 8391 ft (2557.6 m). (B) Well-preserved 
vertical burrows in a quartzarenite. Core slab. Sun Oil Co. #3 Edna B. Smith, 8362 
ft (2548.7 m). (C) Oyster-bearing quartzarenite with several ooids. Cemented by 
calcite. Thin section. Sun Oil Co. #3 Edna B. Smith, 8336.7 ft (2541.0 m). (D) 
Burrowed quartzarenite cemented by calcite. Photomicrograph taken under cross-
polarized light. Thin section. Sun Oil Co. #3 Edna B. Smith, 8336.7 ft (2541.0 m). 
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Figure 24: Examples of cross-bedded quartzarenite lithofacies. (A) Rippled quartz arenite with 
several burrows. Core slab. Sun Oil Co. #3 Edna B. Smith, 8343.3 ft (2543.0 m). 
(B) Interlayered rippled quartz arenite and silty mudstone. Compaction between the 
layers distorted the lower layers. Core slab. Sun Oil Co. #3 Edna B. Smith, 8345 ft 
(2543.5 m). (C) Clean, well-sorted, angular, fine-grained quartzarenite 
photographed under cross-polarized light. Thin section. Sun Oil Co. #3 Edna B. 
Smith, 8343.3 ft (2543.0 m). 
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WIRELINE-LOG CORRELATIONS AND LOCAL STRATIGRAPHY 

 
As mentioned earlier, the Pettet Limestone stratigraphic section on wireline logs in the area 

of the Wright Mountain field displays three prominent cycles (Figs. 2–5). Each cycle, as shown by 

the wireline logs, has a lower section characterized by a positive SP curve and a low-resistivity 

curve. The upper section is defined by a negative SP curve and a high-resistivity curve. The cycles 

are easily correlated in the area of investigation as shown by the cross sections (Figs. 4, 5). Note 

in Figure 4 that the Pettet Limestone units are transitional in thickness from thick in the north to 

thin in the south. In Figure 5, the Pettet Limestone units are also transitional from thicker in the 

east to thinner in the west. Isopach figures 9 and 10 show how the thickness varies over a local 

distance from the study area. 

Figure 13 shows the integration of the description of two of the cores (Smith #1 and Smith 

#3) from the Wright Mountain field with the associated Smith #3 wireline SP curve. This 

integration of core descriptions with wireline-log curve allows viewing the stacking pattern of the 

lithofacies over a 0.5-mile (0.8 km) interval within the lowermost A cycle, the complete B and C 

cycles, and the uppermost Travis Peak section.  

TRAVIS PEAK FORMATION 

 
The Travis Peak Formation (Figs. 21-24) is a mixed carbonate/sandstone system and is 

composed of skeletal-oolitic grainstone, burrowed quartz-rich packstone, burrowed skeletal 

bearing quartzarenite, and cross-bedded quartzarenite. Beds of skeletal-oolitic grainstone and 

burrowed quartz-rich packstone occur in the top half of the cored Travis Peak section where it 
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transitions into the basal Pettet Limestone section. The majority of the Travis Peak section has a 

strong siliciclastic component. The skeletal oolitic grainstones in both the Smith # 3 and Smith #1 

(Fig. 21) are unique in this section and show well-developed former Mg-calcite ooids mixed with 

skeletal grains. This lithofacies was not encountered in the Pettet Limestone above. The mixed 

assemblage of ooids and delicate mollusk shells suggests that this is a transported unit produced 

by mixing possibility during storms. 

PETTET C UNIT 

 
The upward transition into the Pettet-C unit from the Travis Peak appears relatively abrupt 

where the siliciclastic component diminishes or disappears (Fig. 13). The lower portion of this 

section is composed of peloidal-miliolid packstone and burrowed algal-bivalve-intraclast 

packstone. The relatively positive spontaneous potential curve suggests that the section contains 

argillaceous minerals. No strong well-developed short-term cycles are noted. 

The upper half of the Pettet-C unit is associated with a very negative spontaneous potential 

curve indicating relative argillaceous-free carbonates. In the Smith #3 core, the upper section is 

dominated by the green algal bivalve packstone with a few beds of the peloidal-miliolid packstone 

and burrowed oolitic grainstone. In the Smith #1 and #7 (#7 core description not shown) cores 

there are similar lithofacies as in the Smith #3 well, but at the top of the Pettet-C unit are several 

beds of burrowed ooid grainstone present that display cross bedding (Fig. 19A, B). Ooids and 

coated grains are common in the overall Pettet-C section. No strong well-developed short-term 

cycles are noted. 
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PETTET B UNIT 

 
The Pettet-B unit is very similar in both the Smith #1 and Smith #3 cores (Fig. 13). The 

lower section is dominated by burrowed algal-bivalve-intraclast packstone grading up into 

burrowed oolitic grainstone. The packstone contains a few percent ooids. Again, the lower section 

of the Pettet-B unit probably contains some clay minerals as indicated by the relatively high 

positive spontaneous potential curve. Also, the lower Pettet-B unit decreases in carbonate mud up-

section.  

The upper section of the Pettet-B unit is dominated by burrowed oolitic grainstones with a 

few interbeds of burrowed algal-bivalve-intraclast packstone. The oolitic grainstone displays little 

to no sedimentary structures, which are generally common in ooid-rich rocks. The bioturbation 

may have destroyed the sedimentary structures; however, it is surprising that more evidence of 

them are not preserved. Alternatively, the ooid-rich sediments were transported periodically from 

a higher energy area to a quiet-water area where bioturbation could effectively homogenize the 

sediment. Figure 20A is an example of a debris flow found between the burrowed oolitic grainstone 

lithofacies in the Smith #1 core.  

PETTET A UNIT 
 

Only the very lowermost of the Pettet-A unit was cored. The section is dominated by very 

low-energy deposits of calcareous siliciclastic mudstone with a few deposits of siliciclastic-rich 

skeletal wackestones, some containing a few percent of ooids. 
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ISOPACH ANALYSIS OF THE PETTET LIMESTONE 

 
The three carbonate-dominated (i.e., argillaceous-free) units of the Pettet section were 

isopached using Petra (Figs. 8–10). The isopachs are centered on the Wright Mountain field and 

extends 9 mi north to south and 6 mi west to east. The Pettet-C unit isopach shows several isopach 

thicks (hot colors in Fig. 10), which are interpreted as shoal buildups possibility dominated by 

ooid-rich sediments at time of deposition (Wiggins and Harris, 1984). There are no cores from the 

Pettet-C isopach thicks. The northern isopach thick trends northwest-southeast and just the north 

end of the southern isopach thick was captured. The Wright Mountain field is approximately 3 mi 

(4.8 km) southwest of the thickest part of the northern thick. 

The Pettet-B unit isopach only displays an isopach thick trend (hot colors in Fig. 9) that is 

just north of the northern isopach thick in the Pettet-C unit. The Wright Mountain field is located 

in an isopach thin 6 mi (9.7 km) southwest of the thickest part of the Pettet-B isopach thick.         

The Pettet-A unit isopach shows a discontinuous isopach thick trending northwest-

southeast though the center of the map (Fig 8). The Wright Mountain field is situated in a low 

along this isopach thick trend. 

It is important to note and will be discussed in the next section on Depositional 

Environments and Associated Processes, that the Wright Mountain field is not located on any of 

the isopach thicks but are more generally in the isopach thin areas. If it is assumed that the isopach  

thicks may represent thicker shoal-water accumulations as suggested by Wiggins and Harris 

(1984) and the isopach thins represent off-shoal areas, this will aid in understanding the local 

depositions setting and associated lithofacies.  
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DEPOSITIONAL ENVIRONMENTS AND ASSOCIATE PROCESSES 

INTERPRETED DEPOSITIONAL ENVIRONMENTS 

In this section a brief interpretation of the depositional environment for each lithofacies is 

provided. The interpretations are based on biotas, sedimentary and biological structures, and 

mineralogy. Later, a simple depositional facies model is presented (Fig. 25). 

PETTET LITHOFACIES 

Calcareous Siliciclastic Mudstone Lithofacies (Fig. 14) 

The high percentage of siliciclastic material, composed predominantly of clay minerals, 

minimal amounts of biotas, and lack of ooids suggests this lithofacies was deposited in deeper 

water when the ooid factory was not present or was further updip. Bottom waters were somewhat 

stressed and inhibited biotas. Minor occurrences of laminae are present, but the general lack of 

laminae indicates burrowing in an oxygenated setting that was possibility dysaerobic. As seen in 

Figure 13, this lithofacies was deposited at the base of the Pettet A cycle and is probably the 

beginning of the deeper water part of the higher-order Pettet A frequency cycle.  

 

Siliciclastic-Rich Skeletal Wackestone (Fig. 15) 

Similar to the calcareous siliciclastic mudstone lithofacies, the siliciclastic-rich skeletal 

wackestone is interpreted to have been deposited away from the influence of any shoaling areas 

that were producing abundant biota or ooid allochems. The abundance of transported oyster shells 

and bioturbation indicates an oxygenated setting. As seen in Figure 13, the stratigraphic location 

of this lithofacies is in the lower part of the Pettet B and C higher-order frequency cycles and this 

lithofacies interfingers with the calcareous siliciclastic mudstone lithofacies, again suggesting  a 

deeper and quieter-water setting where some of the biota was transported in.  
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Green Algal-Bivalve Packstone Lithofacies (Fig. 16) 

This lithofacies is interpreted to have been deposited in a shallower water setting than the 

previous two lithofacies. The amount of biota grains preserved as packstone to some grainstone 

indicates a healthy carbonate factory present in the area. The few ooids identified suggests that a 

higher energy shoaling system was active, but had little effect on the immediate area. The amount 

of miliolids, agglutinated foraminifera, and fragments of bivalves, oysters, dasyclades, and 

echinoids indicate a normal marine environment well within the photic zone. The setting may have 

been a green algal meadow with moderate wave and current energy. 

 

Burrowed Algal-Bivalve-Intraclast Packstone Lithofacies (Fig. 17) 

The burrowed algal-bivalve-intraclast packstone lithofacies is interpreted to have been 

deposited in an area where some of the sediment was transported as indicated by the presence of 

intraclasts. The intraclasts are composed of skeletal packstone to lime mudstone and show some 

rounding indicating they must have been firm sediment at the time of erosion and redeposition 

(Fig 17A, B). Very few ooids are present indicating that the depositional environment was some 

distance from the active ooid shoal. The general setting was probably similar to the green algal-

bivalve packstone lithofacies as the biotas are similar and bioturbation was common. 

 

Peloidal Miliolid Packstone to Grainstone Lithofacies (Fig. 18) 

The peloidal miliolid packstone to grainstone lithofacies is interpreted to have been 

deposited in an area that was subject to a wide range of current intensities. With the varying 

textures from mud-dominated packstones to fairly well-sorted grainstones, it suggests deposition 

in a setting that was periodically reworked by wave and currents for a length of time and at other 
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times the current may have been baffled. The lack of cross bedding indicates only moderate 

currents and the miliolid to green algae, also suggests a moderate energy setting in fair-weather 

wave base that was occasionally effected by stronger storm-induced currents. 

 

Burrowed Oolitic Packstone to Grainstone Lithofacies (Fig. 19) 

The dominance of ooid coated grains and cross bedding indicates a higher energy 

depositional setting than seen in the other lithofacies. However, the bioturbation indicates a stable 

enough setting where burrows could live, and their traces preserved. This setting is interpreted as 

being from some distance from the flank of active ooid shoaling sands. Shell-lag deposits and thin 

(<1mm) mud layers are common and are interpreted as storm-induced sediment flows off of a 

shoal flank rather than deposition within an active ooid shoal.  

 

Lithoclast Floatstone to Rudstone Lithofacies (Fig. 20) 

 
Minor occurrences of lithoclast floatstone to rudstone are dispersed throughout the other 

lithofacies and are interpreted to have been deposited as gravity flows initiated by storm processes 

and transported down an incline (Mohseni and Al-Aasm, 2006). The lithoclasts indicate that some 

strata were lithified, eroded, and transported. The lithification must have been relatively early as 

there were no local outcrops to erode.   
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TRAVIS PEAK LITHOFACIES 

Skeletal Oolitic Grainstone Lithofacies (Fig. 21) 

Some carbonates were deposited within the Travis Peak Sandstone indicating a mixed 

carbonate-siliciclastic setting such as seen in Baffin Bay area in Texas where siliciclastic sand and 

lenses of ooid occurs in nearshore settings (e.g., Land, et al., 1979). The ooids are radial and are 

commonly thought to have formed in less energetic waters (Simone, 1980). The texture of this 

lithofacies is interesting as the grouping of radial ooid, suggesting a high-energy environment, and 

elongated bivalves without ooid coatings, suggests a low-energy environment may indicate mixing 

by storms or other processes. 

 

Burrowed Quartz-rich Packstone Lithofacies (Fig. 22) 
 

This lithofacies is a mixture of carbonates and siliciclastics. The carbonates include normal 

marine biotas such as echinoids and bivalves as wells as some ooids. The siliciclastics include clay 

minerals and quartz sand. As stated earlier, the quartz grains in the burrowed quartz-rich packstone 

lithofacies are poorly sorted and angular. The angularity and lack of sorting suggests very little 

reworking. The combining of these different lithofacies suggests storm-transport processes mixing 

sediment from different areas. This mixing is probably along a siliciclastic shoreline. 

Burrowed Skeletal Quartzarenite Lithofacies (Fig. 23) 

The grains of the burrowed skeletal quartzarenite lithofacies are predominantly quartz and 

minor feldspar with less than 5% carbonate allochems. A healthy, well-oxygenated environment 

produced extensive Thalassinoides, Teichichnus, and Arenicolites or Diplocraterion burrows (Fig. 

23A, B). This lithofacies is slightly more sorted than the burrowed quartz-rich packstone 
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lithofacies, indicating a higher degree of sediment reworking. The marine trace fossils and ooids 

indicate this is a marine deposited sand interpreted to be deposited in the inner shoreface. 

 

Cross-bedded Quartzarenite Lithofacies (Fig. 24) 

 
The cross-bedded quartzarenite lithofacies was deposited in a variable energy environment. 

The moderate to well-sorted angular quartz grains indicates a higher degree of sediment reworking 

than the burrowed skeletal quartzarenite lithofacies. A nearshore shallow-water environment 

interpretation, possibility intertidal, is based on abundant ripples (Fig. 24A, B), clay layers (Fig. 

24B), and marine trace fossils (Fig. 24A). Reworking was not continuous or the burrows would 

have been destroyed and the clay laminae would have been reworked. The mud laminae may be 

fallout deposits of finer material by storms or related to tidal current variability. 
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DEPOSITIONAL MODEL 

 
This section integrates the depositional environments and associated processes in the 

Pettet-B and Pettet-C units. The Travis Peak and Pettet-A units do not have enough cored section 

to adequately address their depositional setting. The Pettet-B and Pettet-C unit were completely or 

nearly completely cored in most of the investigated wells in the Wright Mountain field. 

As mentioned above , the isopachs of the Pettet-B and Pettet-C units aid in understanding 

the probable locations of the main higher energy shoal deposits, which are considered to have been 

dominated by ooid and other shallow-marine fauna (Wiggins and Harris, 1984). Wiggins and 

Harris (1984) postulated that Pettet A–C units are shoaling upward cycles, with the top of each 

cycle being an ooid shoal complex. However, in the Pettet-B and Pettet-C units in the Wright 

Mountain field area this does not appear to be this simple. The units in this area do appear to shoal 

up, but not necessary into shoal-water complexes.   

To develop a depositional model for the Pettet-B and Pettet-C units two major observations 

must be addressed. First is the general shoaling stacking pattern (i.e., upward decrease in carbonate 

mud and upward increase in higher energy lithofacies within the cycle) and second, an explanation 

of the observed combination of allochems and texture within the lithofacies. 

The model for the lower section of the Pettet-B and Pettet-C units (expressed by the 

positive SP curves and low-resistivity curves) must explain the lower energy lithofacies and the 

higher content of argillaceous material. This could be explained by short-term eustatic sea-level  

cycles (e.g., forth-order magnitude?). The cycle generally begins with a sea-level rise and the 

transgression over the previous cycle. During an initial rapid sea-level rise, the carbonate factory 

may not be very efficient and water depths may not be optimal for large volumes of carbonates to 



 47 

be generated. Also, the initial transgression may rework previous updip siliciclastic sediments 

deposited during the last low sea-level stand. This argillaceous sediment might create turbidity in 

the water column to which may partly inhibit efficient carbonate production. 

The model suggested for the upper sections of the Pettet-B and Pettet-C units (expressed 

as negative SP curves and high-resistivity curves) in the Wright Mountain field area is such that 

the depositional setting was not in the main body of the shoal-water complex, but lateral of the 

shoal in deeper water where sediments were not as affected as strongly by current and wave 

processes as occurred in the shoal proper. The setting was probably still in the lower part of fair-

weather wave base as the bottom waters and sediments were well oxygenated (i.e., aerobic). The 

biota, including echinoids, green algae, dasyclades, miliolids, oysters, bivalves, and gastropods are  

common shallow-water biological allochems. The ooids and intraclasts indicate continuous to 

intermittent agitated conditions by currents and/or waves (Simone, 1980; Trower, 2018; 

Whisonant, 1987). Also, the coated grains are evidence for intermittent agitation (Freeman, 1962). 

Therefore, the biological and non-biological grain types were most likely to have formed in a 

shallower water setting where moderate to strong waves and current processes were present. 

However, even though the sediments formed in a shallower water setting they could have been 

latter transported from the main shoal complex into deeper water in a similar manner suggested by 

Soto-Kerans et al. (in press) for the Alabama Ferry field area in the southern East Texas Basin. In 

the Alabama Ferry field area, the ooid-bivalve sediments formed on the shallower platform and 

were later transported into a deeper water intrashelf basin. The Wright Mountain Pettet carbonate 

setting may have been similar, but the sediments were not transported into a deeper intrashelf basin 

and instead were transported into deeper water, lower energy, intershoal areas. 



 48 

Evidence for this lower energy intershoal area is the allochem mixtures and fabric of the 

lithofacies. The mixtures of ooid and more fragile grain types such as thin mollusk shells and green 

algal plates suggest that they did not form in the same environment but were mixed together by 

transport. Also, the grains associated with the ooids show no superficial ooid coatings, which 

would be expected on the majority of grains. The intraclasts suggest sedimentation and later 

erosion and transport. Storm transport off the shoal complex is the most likely process for this 

resedimentation. Also, the strong mixture of ooids and microbial coated grains may suggest several 

sources of allochems intermixing during transport. Figure 20 shows several examples of lithoclast-

rich rudstones and floatstones deposited by debris flows. These flows are additional evidence of 

transport down a slope into deeper water.  

The major process that produced the fabric of the Pettet Limestone lithofacies was 

bioturbation. Any sedimentary features such as cross bedding that would be expected in ooid 

shoals is nonexistent. The oxygenated bottom waters allowed abundant bioturbation to develop. 

Therefore, the lack of sedimentary features is consistent with a final depositional setting not 

strongly affected by waves and currents except probably during major storms. 

A simple schematic depositional model of the upper part of the Pettet Limestone cycles is 

shown in Figure 25. This investigation assumes the isopach thicks seen in the Pettet Limestone 

isopach maps (Figs. 8–10) are carbonate shoaling complexes similar to those suggested by 

Wiggins and Harris (1984). Much of the carbonate allochems (biological and chemical) formed 

within this shoaling complex. It is interpreted that during high-energy storm events, carbonate 

material was transported from the shoal complex into deeper water areas surrounding the shoal. 

The transport mechanisms are interpreted to be gravity flows initiated by storm waves and currents 
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and possible associated mud plume that settled out into the deeper water areas following the storms 

(Fig. 25). The resulting deposits show a mixture of grain types from different sub environments 

such as ooids mixed with fragile thin-shelled mollusk fragments. The gravity flows may have also 

incorporated muddier sediments from the slopes of the shoals. The lithoclasts suggest submarine 

erosion of previously lithified sediment from a previous cycle.  

 

 
Figure 25: Schematic depositional model for the Pettet section emphasizing relative 

depositional topography and depositional processes. 
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ORGANIC MATTER CHARACTERIZATION 

 
HAWK (see section on Data and Methods) analyses of the organic matter were conducted 

on 40 samples to characterize the abundance and source-rock richness of the Pettet Limestone and 

Travis Peak units in the Wright Mountain field. Figure 26C summarizes the abundance of total 

organic carbon (TOC). Overall, the abundance of TOC is low ranging from 0.30 to 0.47 wt % 

TOC. According to AAPG WIKI (https://wiki.aapg.org/Total_organic_carbon_(TOC)), a 

carbonate rock with TOC between 0.2 and 0.5 wt % is a fair potential source rock. The mean TOC 

in each lithofacies falls within this limit. This low amount of TOC fits with the Pettet Limestone 

and Travis Peak units being highly bioturbated, which reflects an oxygenated environment.  

Figure 26A is a plot of TOC versus S1 + S2. S1 is the amount of hydrocarbons already 

expelled from a rock and S2 is the potential of non-expelled hydrocarbons from the rock. 

According Dembicki (2009), a rock needs to have a TOC value above 0.5wt % and a S1 + S2 

values above 2.2 mg HC/g to be at least a fair source rock. The plot (Fig. 26A) shows that a few 

samples plot as fair source rock relative to TOC, but all the samples have poor source-rock 

potential (i.e., ability to generate hydrocarbon) relative to S1 + S2. The pseudo van Krevelen 

diagram (Fig. 26B) plotted using these samples show that the samples plot in the ranges of Type 

III and Type IV kerogen. Seeing that the mean Tmax of the samples is only 415°C (calculated Ro = 

0.45 wt %), these sample are very immature relative to thermal maturation. At this low of a Tmax, 

the pseudo van Krevelen diagram is probably recording the actual kerogen types as they have not 

been altered by higher temperatures. Therefore, the kerogen in the Pettet and Travis Peak units is 

probably woody material. 

https://wiki.aapg.org/Total_organic_carbon_(TOC)
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The Pettet Limestone in the Wright Mountain Field is an oil producing reservoir with light 

oil (API = 41 gravity). It’s likely source of oil is the Pine Island Shale above. The Pine Island Shale 

is a known source rock (Hackley, 2012). However, it must have migrated from downdip where the 

Pine Island Shale had entered the oil window. 
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Figure 26: Source-rock quality plots. (A) TOC versus S1 + S2. (B) Pseudo van Krevelen 
diagram. (C) Table of TOC statistics by lithofacies. 

 

 



 53 

PARAGENESIS 

 
The grainstones in the Pettet Limestone are the major hydrocarbon reservoirs that are 

dominated by interparticle and moldic pores. Therefore, it is important to understand the porosity 

history of the grainstones in order to understand the observed reservoir quality in the present-day 

reservoirs. Thin section analysis of the grainstones supports the interpretation that the marine 

sediments consisting of ooids, intraclasts, and biological grains were affected by several stages of 

diagenesis as displayed in Figure 27. Figure 27 is a schematic diagram of the diagenetic  

environments and shows the probable diagenetic pathways that the original marine sediments 

experienced in their evolution into the deeper subsurface. The sediments originated in the marine  

environment and were subjected to contemporaneous marine diagenesis. With a probable drop in 

relative sea-level, the marine sediments were exposed to meteoric water (Wiggins and Harris, 

1984) where the aragonite and Mg-calcite allochems were chemically unstable. Much cementation 

and dissolution occurred in the meteoric diagenetic environment. Through time, the rock partly 

lithified in the meteoric diagenetic environment and then became buried through the shallower to 

deeper subsurface diagenetic environment where temperature and pressure increased. Each step of 

this evolution through the diagenetic pathway is discussed below. Figure 28 presents the diagenetic 

features noted in the grainstones and plots the features against their interpreted diagenetic 

environment. 
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MARINE DIAGENETIC ENVIRONMENT 

 
All the allochems in the Pettet Limestone grainstones originated and were deposited in the 

subtidal marine environment. A major diagenetic process that affected many of the allochems in 

this diagenetic environment was grain breakage (e.g., Figs. 28, 29C, 30). Grain breakage fragments 

many of the grains that had original intraparticle (i.e., body cavity) pores into fragments with no  

intraparticle pores such and bivalves, gastropods, and ostracods. Fragmented grains can also pack 

closer together and decreased the size of larger interparticle pores.  

A very common features are micrite envelopes (e.g., Figs. 28, 29C, 30A–C, 31C) that are 

produced by borings of algae and fungi into grains and this process leads to the precipitation of 

microcrystalline Mg-calcite (Winland, 1968). Many of the aragonite shells would not exist  

following dissolution in the meteoric zone if it was not for the micrite envelopes as the micrite 

envelope is all that remains of the shell (e.g., 29C, 30A, B). 

Many of the grainstone samples show former Mg-calcite bladed isopachous rim cement 

(e.g., Fig. 29A, B, D). This is a common marine cement (Land, 1967). Mg-calcite bladed 

isopachous rim cement is the first stage of cementation that begins to lithify these carbonate 

grainstones. Because it is a very early cement, it inhibits mechanical compaction and possibly aids 

in preserving pores during later burial. 

METEORIC DIAGENETIC ENVIRONMENT 
 

During probable short-term sea-level falls, as the cycles within the Pettet Limestone 

suggest, the marine sediments are exposed to meteoric waters (Wiggins and Harris, 1984). The 

marine sediments in the Pettet sea were composed of a mixture of calcite (e.g., oysters), aragonite 
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(e.g., bivalves, green algae, gastropods), and Mg-calcite (e.g., foraminifera, micrite envelopes, and 

possibly ooids). Calcite is stable in meteoric fluids, but aragonite and Mg-calcite are very unstable 

(Land, 1967). The Mg-calcite stabilized to calcite and retained its original overall structure and 

appearance, whereas aragonite dissolved to form moldic pores (e.g., Figs. 30A–D, 31A, C, 32A). 

As mentioned earlier, the aragonite shells were only preserved because of the presence of the 

micrite envelopes.  

Several stages of cementation occurred in the meteoric diagenetic environment. The most 

common cement is fine-crystalline equant calcite (e.g., Figs. 30A, 33C). The cement formed from 

the dissolved aragonite grains (Land, 1967) and is precipitated in primary interparticle and 

secondary moldic pores. This cementation stage is important in that it inhibits mechanical 

compaction allowing interparticle pores to survive burial to some degree. 

Another stage of calcite cementation is medium-crystalline equant calcite (e.g., Figs. 29A, 

C, 30A, D). It is not as common as the fine-crystalline equant calcite, but it also adds stability to 

the grainstone-supporting framework. 

Where echinoid fragments are present, poikilotopic syntaxial calcite cement (e.g., Fig. 30E, 

F) commonly formed. This syntaxial cement generally forms large crystals and are in optical 

continuity with the crinoidal seed grain. 

SHALLOWER BURIAL SUBSURFACE DIAGENETIC ENVIRONMENT 
 

As the Pettet Limestone strata subsided into the subsurface and away from the effects of 

the meteoric diagenetic environment, it probably passed through a mixed fluid environment 

composed of various fluids such as modified meteoric fluids, buried marine waters, and subsurface 
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brines (Fig. 27). It is not possible to speculate on these fluids without advance chemical analysis, 

but the obvious environmental conditions would include increased temperature and pressure. It is 

speculated that the medium-crystalline equant calcite and syntaxial calcite cements continued to 

precipitate. Also, coarse-crystalline equant calcite also started to precipitate.  

Both mechanical and chemical compaction would increase in this zone of higher 

temperatures and pressures. Mechanical compaction is noted by broken and crushed grains (e.g.,  

Fig. 31A, C, 32A). Microstylolites are seen between oolitic grains (e.g., Fig. 31B). Larger stylolites 

and pressure solution seams were noted in core slabs (e.g. Fig. 17B). The dissolution associated 

with these processes must have been a source of calcium carbonate for subsurface burial 

cementation. 

DEEPER BURIAL SUBSURFACE DIAGENETIC ENVIRONMENT 
 

In this deeper and hotter (bottom hole temperatures are presently ~218°F) diagenetic 

environment the coarse-crystalline equant calcite continued to precipitate plugging many of the 

pores (e.g., Figs. 29D, 30D, 32A). Also, pressure solution continued and generated more calcium 

carbonate cementation. 

Two other much rarer cements are noted: coarse-crystalline saddle dolomite and coarse-

crystalline anhydrite (Fig. 32C, D). Saddle dolomite is a well-documented higher temperature 

dolomite (Radke and Mathis, 1980). These two cements were also noted by Loucks (1977) in the 

deeper Pearsall Formation in South Texas where he also documented that both the saddle dolomite 

and anhydrite are higher temperature burial cements. The saddle dolomite is common enough to 

occlude some pores (e.g., Fig. 32C, D). 
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Relatively minor quartz overgrowth cementation has developed around detrital quartz silt 

and very fine sand that was deposited along with the carbonate mud (e.g., 31B). Quartz 

cementation is generally a higher temperature cement as noted by Loucks et al. (2015) in the East 

Texas field. 

It is interesting to note that this diagenetic sequence is very similar to what Loucks (1977) 

documented in the South Texas Pearsall carbonate grainstones. Wiggins and Harris (1984) 

described the paragenesis of a similar Pettet section in the W. G. Sexton 34 core in western Rusk 

County, but not in the same detail as this investigation. 

 

 

Figure 27: General model of diagenetic environments experienced by the Pettet grainstone 
reservoirs. The interpreted diagenetic pathway of the sediments into the subsurface 
was from the marine diagenetic environment, through the meteoric diagenetic 
environment, and into the shallower to deeper subsurface burial environments. 
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Figure 28: Plot of diagenetic features noted in the grainstone reservoir versus diagenetic 
environments. Note that the width of the bar reflects the magnitude of the 
diagenetic feature. 
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Figure 29: Marine diagenesis. (A) Grainstone with former bladed Mg-calcite isopachous 
cement. Cement is now calcite. Abundant interparticle pores are preserved. (B) 
Close up of former bladed Mg-calcite isopachous cement. Interparticle pore 
present. (C) Grainstone with abundant pores. The majority of the grains have 
micrite envelopes that are now calcite. The envelopes were formally Mg-calcite. 
Photomicrograph taken in cross-polarized light. (D) Former Mg-calcite 
isopachous cement followed by coarse-crystalline calcite cement. 
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Figure 30. 
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Figure 30: (Previous page) Meteoric diagenesis. (A) Grainstone showing extensive meteoric 
diagenesis following marine diagenesis of micrite envelopes and former bladed 
Mg-calcite isopachous cement. Aragonite grains were dissolved and formed 
moldic pores. Interparticle pores are partly occluded by fine- to medium- 
crystalline equant calcite. (B) Grainstone with well-developed micrite envelopes. 
Aragonite grains dissolve to form moldic mores. Some fine- to medium-
crystalline equant calcite. (C) Same photomicrograph as in Figure 29C but under 
cross-polarized light. This thin section example shows abundant early equant 
calcite cementation. (D) Thin section shows meteoric fine-crystalline equant 
calcite precipitated in the primary interparticle pore and also in the secondary 
moldic pore. Both medium- and coarse-crystalline equant calcite fills much of the 
large primary interparticle pore. (E) Poikilotopic syntaxial calcite precipitated 
nucleated on an echinoid plate. The cement incorporated other grains. (F) Same as 
E but under cross-polarized light. 
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Figure 31: Shallower subsurface diagenesis. (A) Grainstone with abundant interparticle pores 
and some moldic pores. Sample shows evidence of mechanical compaction (i.e., 
grain breakage). Both fine- and medium-crystalline equant calcite cement present. 
(B) Chemical compaction in an oolitic grainstone as evidenced by microstylolites. 
(C) Some evidence of mechanical compaction is present as seen by deformed 
grain. Abundant coarse-crystalline calcite is present. Some coarse-crystalline 
calcite can also form during deeper diagenesis. Moldic pore is partly occluded by 
coarse-crystalline equant calcite. (D) Moldic pore nearly completely cemented by 
coarse-crystalline equant calcite. 
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Figure 32: Deeper subsurface diagenesis. (A) Grainstone with coarse-crystalline equant 
calcite filling original interparticle pores. Some primary interparticle and moldic 
pores preserved. Fractured micrite envelope is evidence of minor mechanical 
compaction. (B) Micrite-filled gastropod displays quartz overgrowths on detrital 
quartz grains. (C) Saddle dolomite and anhydrite filled large interparticle pore. 
(D) Same as C but under cross-polarized light. 
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Figure 33: Pore types in the grainstone reservoir. (A) Grainstone with abundant primary 
interparticle pores and a few moldic pores. (B) Abundant secondary moldic and 
primary interparticle pores. (C) Moldic pore after mollusk fragments. Fine- to 
medium-crystalline equant calcite occludes some of the pore space. (D) All pore 
space is occluded by calcite cement. Photomicrograph taken in cross-polarized 
light. 
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PORE TYPES AND RESERVOIR QUALITY 

 

Porosity and permeability values were analyzed using 1-in core plugs. After eliminating 

plugs with fractures and the non-reservoir Travis Peak section plugs, 80 samples were plotted to 

show variability between porosity and permeability (Fig. 34). There is a good correlation between 

porosity and permeability. Overall, the Pettet Limestone section has poor reservoir quality with a 

mean porosity of 3.3% and a geometric permeability of 0.002 md (Fig. 34B). It is best to use 

geometric permeability as it lessens the effect of a few high permeability values. The IHS Market 

Energy database lists the Wright Mountain field as a conventional tight oil play. The oil has a high 

API gravity of 41 making it a light crude. This light API gravity aided production from a tight 

reservoir. 

The burrowed oolitic packstone to grainstone has the best reservoir quality with a mean 

porosity of 5.8% and a geometric permeability of 0.27 md (Fig. 34B). Pores are predominantly 

primary interparticle and secondary moldic (Fig. 33). As can be seen in Figure 34, the burrowed 

oolitic packstone to grainstone has a number of porosity values between 8 and 11% and 

permeability values of between 1 and 22 md. Figure 13, showing the lithofacies in several of the 

cores, displays the burrowed oolitic packstone to grainstone as prominent units at the top of the  

Pettet B unit.   
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Figure 34: Reservoir quality. (A) Porosity versus permeability from conventional core plug 
analyses. Samples are divided by lithology. There is a good correlation between 
porosity and permeability. (B) Statistical table of analysis divided by lithology. 



 67 

CONCLUSIONS 

 
The Pettet limestone of the Wright Mountain field in Eastern Smith county, Texas, can be 

characterized as three upward-coarsening cycles. The two lower cycles were analyzed in this study  

to help characterize the section as an off-shoal complex. The Pettet B and Pettet C units show signs 

of shoaling up but not necessarily into complete shoal-water complexes with cross-bedded ooid 

grainstones. The interpreted depositional model shows the Pettet B and C units are just lateral of 

the shoal proper in a slightly deeper, lower energy setting most likely towards the bottom of fair-

weather wave base where bottom waters and sediments are still well-oxygenated. The bioturbation 

seen throughout the lithofacies helps document a well oxygenated setting and lack of primary 

hydrological features. The biota, including echinoids, green algae, dasyclades, miliolids, oysters, 

bivalves, and gastropods are common shallow-water biological allochems making a deep-water 

depositional setting unlikely. Storm transport off the shoal complex is the most likely process for 

this resedimentation. Also, the strong mixture of ooids, microbial coated grains, and fragile thin-

shelled mollusk grains may suggest several sources of allochems intermixing during transport.   

 The low organic content (<0.5%) of the Pettet B and C units is expected because the 

abundant bioturbation indicates oxic conditions. The likely source of hydrocarbons found in the 

Pettet Limestone are from the downdip Pine Island Shale where it is in the oil window.  

 A paragenesis sequence was provided by thin section analysis. This analysis explains the 

evolution of the lithification of the Pettet Limestone with time and burial (Fig. 28) and importantly 

the pore network. The paragenesis suggests that the carbonate sediments went through a meteoric 

stage of diagenesis following deposition in the marine environment before entering into the deeper 

subsurface. The pore network is composed of interparticle and moldic pores. With a mean porosity 
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of 5.8% and geometric permeability of 0.27 md, the burrowed oolitic packstone to grainstone 

lithofacies has the best reservoir quality.  

This reservoir characterization of the Wright Mountain field is the first public geologic 

characterization of a Pettet reservoir in the ETB, except the one-well study by Wiggins and Harris 

(1984). It provides an analog for other reservoir studies in the area and can be used to compare 

differences in lithofacies and associated depositional environments. 

 

 

 

Table 1: Core Information including well name, API #, top core interval, bottom core 
interval, and total length of core. 

Core Information 

Well Name API # Top Core 
Interval 

Bottom Core 
Interval Length of Core 

Sun Oil Co. 
Edna B. Smith 

#1 
424230023500 8229 ft  

(2508 m) 
8346 

(2544 m) 
117 ft 

(35.6 m) 

Sun Oil Co. 
Edna B. Smith 

#2 
424230024700 8249 ft  

(2514 m) 
8379 

(2554 m) 
130 ft 

(39.6 m) 

Sun Oil Co. 
Edna B. Smith 

#3 
424230024100 8245 ft 

(2513 m) 
8368 

(2551 m) 
123 ft 

(37.5 m) 

Sun Oil Co. 
Edna B. Smith 

#4 
424230023600 8205 ft 

(2501 m) 
8305 

(2531 m) 
100 ft 

(30.5 m) 

Sun Oil Co. 
Edna B. Smith 

#7 
424230023700 8245 ft 

(2513 m) 
8328 

(2538 m) 
83 ft 

(25.3 m) 

Sun Oil Co. 
Edna B. Smith 

#8 
424230025400 8308 ft 

(2532 m) 
8392 

(2558 m) 
84 ft 

(25.6 m) 
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Table 2: Total organic carbon by lithofacies. 
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