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Abstract 

 

Outcrop Analysis of Ooid Grainstones in the Permian Grayburg 

Formation, Shattuck Escarpment, New Mexico 

 

John Alexandre Parker, M.S.Geo.Sci. 

The University of Texas at Austin, 2013 

 

Supervisor: Charles Kerans 

 

Ooid grainstone reservoir architecture remains poorly understood, particularly 

because of sedimentologic and stratigraphic heterogeneities that are innate to grainstone 

body development. Understanding of Geospatial relationships and recovery of 

hydrocarbons from these significant reservoir facies can be improved with access to 

outcrop analog information from well exposed examples. 

 Object-based models and other modern subsurface reservoir models are 

considered superior methods for portraying realistic sediment distributions. These 

models, however, are highly dependent on input data describing sediment-body geometry 

for faithful template generation. Such input data are notably rare in carbonate systems. 

Maps generated from modern depositional patterns give a first approximation of areal 

distribution, but they are not as useful for understanding final preserved stratigraphic 

thickness and internal facies, sedimentary structure, and grain-type patterns. For this 
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purpose, studies of exceptional outcrops are required. The 18 km long oblique-dip-

oriented wall of the Shattuck Escarpment provides such a unique exposure of Permian-

age grainstones. 

The Shattuck Escarpment in the Guadalupe Mountains provides an oblique-dip 

profile that exposes a near-complete middle Permian Grayburg mixed clastic-carbonate 

shelf succession of three high-frequency sequences which contain 30 high-frequency 

cycles. Particularly important for this study are the four cycles that display full updip to 

downdip extents of ooid grainstone tidal bar and tidal delta objects. The data from the 

Shattuck wall presented in this paper focusses on the transgressive portion of the upper 

Grayburg, or G12 high-frequency sequence (HFS), located 5 km landward of the time-

equivalent shelf margin. This interval is an analog for productive fields along the 

northwest shelf of the Delaware Basin and on the eastern flank of the Central Basin 

Platform. The goal of this project is to understand the sedimentology and facies/cycle 

architectural variability of tidally influenced shelf crest ooid grainstones of the Grayburg 

Formation. Comparing this outcrop data to modern grainstone deposits allows the reader 

to understand the small-scale and large-scale sedimentologic and architectural patterns in 

analogous subsurface ooid grainstone reservoirs.  

Spatial analysis of these cycles was carried out using measured sections and 

GigaPan (high resolution photomosaic) data. Petrophysical (Porosity and Permeability) 

data was collected from three separate vertical core plug transects approximately 1 km 

apart with a vertical resolution of 30 cm. Cycle-set-scale grainstone complexes up to 6m 

thick extend at least 4.25 km along depositional dip and show variations in permeability 

between 6-400 mD and porosities between 8-20% within the lower portions of the 

grainstone complex. 
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Introduction 

Ooid grainstones form large, depositionally strike elongate deposits along margins 

of carbonate depositional profiles. These characteristics along with high initial 

permeability and porosity make these deposits significant hydrocarbon reservoirs in the 

subsurface (Harris, 2010). Ooid grainstone reservoirs can be difficult to produce partly 

due to the complex stratigraphic and sedimentologic architecture of ooid grainstone 

deposits. A comprehensive understanding of ooid grainstones requires the study of large 

outcrops that span the length of ooid grainstone facies tracts, where high-resolution 

changes can be recorded across overall depositional profiles. This study utilizes the 18 

km depositionally oblique-to-dip oriented Shattuck Escarpment outcrop to analyze the 

architecture of an ooid grainstone deposits within the Grayburg Formation, where ooid 

grainstone facies are known to form producing reservoirs around certain margins of the 

Delaware and Midland Basins (Barnaby and Ward, 2007). 

 The Guadalupe Mountains of Texas and New Mexico are an outstanding 

laboratory for studying stratigraphic relationships in mixed siliciclastic-carbonate profiles 

due to large kilometer-scale outcrops spanning shelf to basin profiles through Permian 

stratigraphy (Ward et al., 1986; Kerans et al., 1994; Barnaby and Ward, 2007). Previous 

studies have documented Grayburg Formation ooid grainstones along the Shattuck 

Escarpment, Stone Canyon, and Plowman Ridge outcrop exposures (Kerans and Nance, 

1991; Barnaby and Ward, 2007). The purpose of this study is to expand on knowledge 

from these previous works by documenting geospatial limits of ooid grainstone deposits 

while capturing sedimentologic and stratigraphic changes across the full updip to 

downdip range of the ooid grainstone facies belt. 
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 Results from this study are compared to datasets from other ooid grainstone 

deposits. Whereas large-scale outcrop studies with complete ooid grainstone profiles are 

rare (ex-Kerans and Fitchen, 1995; Pierre et al., 2010), modern studies of ooid sand 

deposits supplement data that can be used in a variety of ways. Geospatial data of modern 

ooid shoals are well documented (Harris and Ellis, 2009; Harris, 2010; Sparks and 

Rankey, 2013), and studies on the formative processes of ooid grainstone shoals (Ball, 

1967; Hine, 1977; Harris, 1979; Gonzalez and Eberli, 1997; Rankey et al., 2006; Reeder 

and Rankey, 2009; Rankey and Reeder, 2011; Sparks and Rankey, 2013) have provided 

insight toward the creation of depositional models.  

 This study’s combination of geospatial, stratigraphic, and sedimentologic data 

answers questions about the exact limits of ooid grainstones within the Grayburg 

Formation, and it provides a deeper understanding of the internal complexities of 

preserved ooid grainstone deposits. 
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Geologic Setting 

The Guadalupe Mountains of West Texas and New Mexico offer outstanding 

ramp-to-rimmed shelf profiles of mixed shallow water carbonate and siliciclastic 

stratigraphy along the northwestern edge of the Delaware Basin (Barnaby and Ward, 

2007) (Figure 1). Well-known exposures such as Algerita Escarpment, Last Chance 

Canyon, McKittrick Canyon, Plowman Ridge, and the Shattuck Escarpment were created 

by a combination of valley incision and NNW-SSE oriented, high-angle normal faults 

that formed laterally continuous outcrops useful for viewing updip to downdip changes 

along Permian (Guadalupian) depositional profiles (King, 1948; Newell, 1953; Hayes, 

1964; Kerans and Fitchen, 1995). The Shattuck Escarpment provides one of the most 

complete sections of the Grayburg Formation (Kerans and Nance, 1991). This north-

south-trending, 18-km wall offers a 45 degree oblique-to-depositional dip profile of San 

Andres, Grayburg and Seven Rivers Formation stratigraphy (Figure 2).  

The Permian Basin is a composite foreland basin created from south-to-north and 

possible southwest-to-northeast thrust loading. The Delaware Basin is an asymmetrical 

basin on the westernmost extent of the Permian basin (Yang and Dorobek, 1995) (Figure 

3). The Guadalupe Mountains are adjacent to a shallow portion of the Delaware Basin 

located away from the most tectonically active portions of the basin. The Late Permian 

Guadalupian eustatic signal was transitional between high-amplitude (60-100 m), high-

frequency sea-level fluctuations of glacial-eustatic icehouse conditions within the 

Pennsylvanian (Crowley and Baum, 1991; Soreghan and Giles, 1999), and the low-

amplitude (<10 m), high-frequency greenhouse fluctuations during the Triassic 

(Goldhammer et al., 1990). 

The Grayburg Formation was deposited in a shallow marine, mixed-carbonate 

siliciclastic environment that changed over time from a ramp to shelf profile. Later stages 
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of Grayburg deposition show a shelf profile with evaporites and mixed-carbonate 

siliciclastic on the shelf that changed to slope fusulinids and basinal siliciclastic sands 

(King, 1948; Silver and Todd, 1969; Meissner, 1972; Barnaby and Ward, 2007). This 

trend continues in the subsurface around margins of the Delaware and Midland Basins, 

where there are known producing fields from the same style of mixed-carbonate 

siliciclastic stratigraphy (King, 1948; Garber and Harris, 1986; Ward et al. 1986; Ruppel 

and Bebout, 2001; French and Kerans, 2004) (Figure 1, Figure 4). The focus of this study 

is shelf crest ooid grainstone deposits found approximately 5 km behind the Grayburg 

Margin (Kerans and Nance, 1991). The continuous exposures along the Shattuck 

Escarpment provide an ideal opportunity to view updip to downdip limits and changes in 

ooid grainstone facies. All Grayburg Formation facies described in this study are 

completely dolomitized. The only remaining calcite is late-stage poikilotopic vug-filling 

cements. 

 

Figure 1: Outline of the Delaware and Midland Basin, showing productive subsurface 

fields in the Grayburg Formation. 
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Figure 2: Digital Elevation Model (DEM) of the Guadalupe Mountains with well-known 

outcrops, and interpreted Grayburg Margin (Modified from Kerans et al., in press). SH-1 

and Devils Den are at the furthest landward and seaward measured sections taken along 

the Shattuck Escarpment. 
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Figure 3: Tectonic base map of the Marathon-Ouachita foreland showing late Paleozoic 

sub-basins. Note the position of the Delaware and Midland Basins. 
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Figure 4: Stratigraphy of the Delaware and Midland Basin. The interval of study is highlighted in red. 
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Previous Work 

One of the defining studies on the geologic framework of the Guadalupe 

Mountains was the regional field mapping study by King (1948). This study laid the 

groundwork for future projects, such as Boyd (1958), Sarg and Lehmann (1986) and 

Fekete et al. (1986), all of which helped develop the knowledge of the Grayburg 

Formation. Specific studies have taken advantage of prominent Grayburg Formation 

outcrop locations around the Guadalupe Mountains such as Sitting Bull Falls (Moran 

1954), Brokeoff Mountains (Boyd, 1958; Barnaby and Ward, 2007), Last Chance Canyon 

(Naiman, 1982), and the Shattuck Escarpment (Hayes, 1959, 1964; Kerans and Nance, 

1991; Lindsay, 1993; Kerans and Kempter, 2002). 

Sequence Stratigraphic Framework 

Regional sequence stratigraphic research (Sarg and Lehmann, 1986, Kerans et al., 

1992, Gardner and Sonnenfeld, 1996; Osleger 1998; Tinker. 1998; Kerans and Tinker, 

1999) synthesized by Kerans and Kempter (2002) has provided a framework for this 

investigation into the Grayburg Formation (Figure 5). Ongoing high-resolution studies 

from the Brokeoff Mountains and Shattuck Escarpment place data from this study within 

the overall sequence stratigraphic framework (Hiebert and Kerans, in progress; this 

study) (Figure 6).  

Outcrop studies of ancient ooid grainstones in other formations provide 

opportunities to compare and analyze different occurrences of ooid grainstone-rich strata 

in other basins, and paleogeographic settings (Kerans et al., 1994; French and Kerans, 

2004; Pierre et al., 2010). Similarly, subsurface data (Hanford, 1988; French and Kerans, 

2004) will also be compared with the understanding that limitations such as a lack of 
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resolution (in terms of seismic datasets), or lack of spatial data (in terms of well-log-

based datasets) add difficulty to comparisons between the different type of datasets. 
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Figure 5: Regional sequence stratigraphic model of the Guadalupe Mountains from Kerans and Kempter 2002. 
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Figure 6: Grayburg Formation sequence stratigraphic framework created from measured sections along the Shattuck Escarpment and Plowman Ridge. The upper part of the Grayburg within the G12 sequence contains 

the one of the more continuous deposits of ooid grainstones within the Grayburg Formation. 
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Depositional Models 

 Well established depositional models of the Grayburg Formation (Kerans and 

Nance, 1991; Barnaby and Ward 2007) were useful for understanding initial observations 

during data collection of this study. Ongoing studies from the Brokeoff Mountains and 

Shattuck Escarpment helped refine the current depositional profile of the Grayburg 

Formation G12 sequence (Hiebert and Kerans, in progress; this study) (Figure 7). The 

depositional model of the G12 sequence of the Grayburg Formation depicts a shallow 

water mixed-carbonate siliciclastic shelf dominated by evaporites, ooid grainstones, 

marine-reworked sandstones, and low-energy packstones deposits. Fusulinid wackestone 

to packstone facies make up the slope, whereas the basin is dominated by siliciclastic 

deposits and thin carbonate mudstones.  

 

Figure 7: 2D model of the Grayburg Formation depositional profile within the G12 

sequence. 
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Modern Carbonate Grainstone Depostitional Models 

Research on modern ooid shoal spatial distribution and sedimentation styles 

enhances understanding of potential trends in subsurface ooid grainstone hydrocarbon 

reservoirs (Bebout et al., 1991). Therefore, this study reviewed literature from well-

known modern ooid grainstone deposits in the Exumas, Schooners, Lily Bank, and other 

locations around the Bahamas Islands that have been the focus of ooid grainstone shoals 

research for some time (Purdy, 1961; Ball, 1967; Hine, 1977; Harris, 1979; Gonzales and 

Eberli, 1997; Rankey et al., 2006; Harris and Ellis, 2009; Reeder and Rankey, 2009; 

Harris, 2010; Sparks and Rankey, 2013). 

 Analysis of process sedimentology in modern deposits contributed to the 

understanding of preserved sedimentary structures within ooid grainstones observed 

along the Shattuck Escarpment. Sedimentary structures are useful for interpreting 

depositional models for ancient ooid grainstones. Also careful analysis of sedimentary 

structures can be used to understand and predict spatial limits of grainstone objects 

(Gonzales and Eberli, 1997; Rankey et al., 2006; Reeder and Rankey, 2009; Sparks and 

Rankey, 2013). Similarly, spatial analysis of modern ooid deposits can assist in 

identifying and predicting spatial limits and architectural sub-elements of ancient ooid 

grainstone deposits, such as channels, tidal deltas, and bars (Harris and Ellis, 2009; 

Harris, 2010). 

This study refers to the geospatial limits of an ooid grainstone deposit as an “ooid 

grainstone object,” whether in the modern or at the high-frequency-cycle-scale sequence 

stratigraphic interval in ancient outcrops (Figure 8). This naming convention is similar to 

the distinction set by French and Kerans (2004). This study shows similar characteristics 

in sedimentation styles and geospatial limits between a modern ooid grainstone deposit 

and an ancient cycle-scale ooid grainstone unit (Figure 9). Ancient cycle-scale grainstone 
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objects may have vertical successions of beds containing different sedimentary structures, 

yet these were most likely deposited during a single phase of sea-level rise and fall. 

Ancient ooid grainstone objects that are vertically adjacent at the cycle-set, or sequence 

scale are referred to as “ooid grainstone complexes”. Ooid grainstone complexes at the 

cycle-set scale versus cycle scale would be hard to differentiate in the subsurface to due 

to data limitations. Other terms for geospatial distribution of ooid grainstone objects are 

“ooid grainstone geobodies” or a “grainstone geobody” (Harris, 2010). Modern studies 

commonly refer to ooid grainstone deposits as ooid sand bodies or sand belts (Hine, 

1977; Rankey and Reeder, 2011; Sparks and Rankey, 2013).  
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Figure 8: Ooid grainstone objects defined at individual-cycle scale resolution. Composite 

cycles within a cycle set make up an ooid grainstone complex. 
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Figure 9: Sedimentological model of a marine sand belt with different depositional components making up the overall 

carbonate sand body, from Handford (1988) after Ball (1967) and Hine (1977). Geospatial and sedimentological attributes 

from an overall sand body most likely preserved as a cycle-scale ooid grainstone object. Sand bodies commonly have different 

depositional components. One sand body might be dominated by ebb- and flood-dominated tidal deltas, whereas another might 

be more of a marine sand belt with transverse shoulder bars, and parabolic shoulder bars. Therefore, different ooid grainstone 

cycle-scale objects might preserve different sand bodies, and overall cycle-set-scale ooid grainstone complexes might be made 

up of multiple sand bodies. 
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Methodology 

 The methods used in this study focused on collection of measured sections, 

detailed documentation of sedimentary structures, and correlations of beds made on 

photomosaics. These data were supplemented by core plugs collected from outcrops, 

which gave insight into thin-section-scale observations and permeability and porosity 

changes. A total of 29 vertical measured sections were collected by recording differences 

in lithology, fabric, sedimentary structures, allochem type and percent, grain size and 

fabric boundaries at 10 cm resolution. This study carried out a detailed analysis of 

sedimentary structures by using photographs and strike and dip measurements of cross-

strata foresets and master surfaces that were placed on measured sections. Sedimentary 

structures were documented by size, dip, dip direction, and location along the measured 

sections. Strike and dip measurements were grouped between measured section locations 

and cycles. These were then plotted in Stratonet 7.2.0 as rose diagrams with bands/pedals 

pointing toward dip direction (Allmendinger, 2011). Nine measured sections depicted the 

entire Grayburg Formation, and the remaining 21 sections focused on the ooid 

grainstones in the G12, cycle set 2.  

A 2011 helicopter photomosaic, a 2012 ground-based GigaPan photomosaic, and a 

Kerans and Kempter (2002) photomosaic were used to correlate beds and bed orientation 

across the Shattuck Escarpment at different levels of detail. Measured sections were 

placed on the more detailed 2012 and 2011 photomosaics, where correlations between 

sections could be made by tracing beds. The 2011 photomosaic was shot from a 

helicopter flying along the Shattuck Escarpment and was merged using conventional 

photo-stitching software. This allowed for in-plane bed correlations that could be easily 

followed across the outcrop. The 2012 photomosaic was shot with a digital SLR Canon 
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EOS 5D Mark II on a GigaPan near Queens Highway (137) north of the El Paso Gap and 

2 km west of the Shattuck Escarpment. A focal length of ~800 mm was used, and the 

shot was later merged using GigaPan Stitch software. The detail of the 2012 ground-

based photomosaic allowed for a higher resolution view of the outcrop that assisted in 

locating sedimentary structures. 

Core plug samples were acquired from an updip to downdip position at three 

measured section locations in vertical 30-cm-spaced sample transects using a 1-inch-

diameter core plugger. Complete samples of 2 to 4 inches were drilled horizontally into 

the outcrop with a customized water-cooled Stihl outcrop core plugger. A total of 103 

samples were sent to Weatherford Laboratories in Midland, Texas, for porosity and 

permeability analysis. Samples were cut into 2-inch segments to measure porosity and 

permeability. The samples were then sent to The University of Texas at Austin, and 80 

thin sections were made from the processed samples. Thin sections were impregnated 

with blue epoxy in preparation for comparative porosity measurements from point counts 

and laboratory values. Point counting was carried out using a petrographic scope with up 

to 60X magnification in conjunction with NIS elements point counting software. Point 

count samples were based on 100 µm grids where porosity and mineralogies were 

quantified. During thin section analysis, allochems, grain size, and porosity types were 

recorded. All microscope data and core plug data were combined into tables for 

comparative analysis. Comparison of petrophysical properties from core plugs and data 

from thin sections were used to construct and interpret permeability vs. interparticle 

porosity plots (Lucia, 1995) for a comprehensive look at fabric and petrophysical 

properties. 
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Cross sections were constructed by using a combination of measured section 

correlations and detailed photomosaic mapping of beds. GPS data gathered at the 

measured section locations were imported into Google Earth. After measured section 

locations were visualized, a projected dip-parallel section was created and measured. 

Spatial data were then used to set distances between measured sections using 

conventional drafting software. Once measured sections were hung on either the top-

Grayburg sequence boundary or a dip-adjusted flooding surface, correlation and fills 

helped create the final figures. During the procces of correlating the central portion of the 

grainstone complex across detailed photomosaics, bed height changes on the measured 

sections were made in response to possible error while collecting measured section 

heights. These changes are reflected in the final correlations seen in cross-section figures. 
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Facies 

Introduction 

Using original observations combined with analysis from previous studies, such 

as Barnaby and Ward (2007) and Kerans and Nance (1991), this study identified five 

main lithofacies and seven subfacies. Each facies represents a portion of a depositional 

environment and has ties to specific energy conditions. This section presents detailed 

observations and analyses for each of the facies. Facies are grouped into facies 

associations to demonstrate changes along the depositional profile (Figure 7) (Kerans and 

Kempter, 2002; Hiebert and Kerans, in progress; this study). Facies descriptions, 

interpretations, facies tracts, and key characteristics are summarized in Table 1. 
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Table 1: Facies associations, names, fabrics and key characteristics of facies identified at Shattuck Escarpment 

Facies 
Associations 

Facies 
Ref. 

Facies Name Fabric Dominant Grain Types Sedimentary Structures Interpretation 

Inner Shelf A 
Fenestral Pisoid Peloid 
Wackestone-Packstone 

Wackestone - 
boundstone 

Peloids, Pisoids, Quartz, 
Skeletal Fragments 

Fenestrae, Irregular 
microbial lamination, 

tepee structures 

Intertidal flats 
and wash-over 
from the Shelf 

Crest 

Shelf Crest B1 
Angular Tabular Cross 

Stratified Ooid Grainstone 
Grainstone 

Ooids, Peloids, Quartz, 
rare crinoid fragments 

Multidirectional tabular 
cross stratification, 

Concave cross 
stratification 

High energy 
subtidal shoal 

Shelf Crest B2 
Low Angle/Flat Tabular 

Stratified Ooid Grainstone 
Grainstone 

Ooids, Peloids, Quartz, 
rare crinoid fragments 

Flat lying parallel 
stratification, low angle 

stratification 

High energy 
subtidal shoal 

Shelf Crest B3 
Ripple Cross-Stratified Ooid 

Grainstone 
Grainstone 

Ooids, Peloids, Quartz, 
rare crinoid fragments 

Ripple cross stratification 
High energy 

subtidal shoal 

Inner to 
Outer Shelf 

Crest 
C1 

Angular Tabular 
Heterogeneous Cross 
Stratified Packstone 

Grain Dominated 
Packstone 

Ooids, Peloids, rare 
crinoid fragments, 
skeletal fragments 

Multidirectional cross 
stratification 
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Facies Descriptions 

Facies A: Fenestral Pisoid Peloid Wackestone-Packstone 

Facies A features gray-to-tan millimeter-to-centimeter laminated beds with 

common rust-colored layers and mixed-grain assemblages of moderately sorted to 

poorly-sorted peloid layers exhibiting fenestral fabric (Figure 10). Millimeter-to-

centimeter-scale flat parallel laminations with variable amounts of silica are found in 10-

to-30 cm beds with fenestral fabrics near the top of the bed and up to 30% sand content 

near the base of the bed. There are also rare to common pisoids, bioclasts, tepee 

structures, and sheet cracks. Facies A is laterally continuous up to 7 km along 

depositional dip. This important facies for understanding sequence development was 

found at the top of the G11 sequence and upper parts of the G12 sequence. G12 cycle set 

2 did not exhibit this facies in sections analyzed in this study, yet it most likely occurs 

along the Algerita Escarpment up-dip of the Shattuck Escarpment. 

Interpretation 

The fenestral fabric, thin laminations, sheet cracks, laterally continuous extent, 

and pisoid allochems found in Facies A are indicative of tidal-flats in inter-tidal or 

supratidal settings. This environment would be the furthest landward extent of the 

depositional profile within the inner shelf (Figure 7). This facies would be comparable to 

Barnaby and Ward’s (2007) Tepee–Pisolite–Fenestral and Algal-Laminated Facies. This 

is a key facies for understanding sequence stratigraphic changes in this portion of the 

Grayburg Formation. This is due to the easily recognizable textures, laterally continuous 

extent, and its position as the shallowest facies along the depositional profile (Figure 7). 
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Figure 10: Outcrop photos of laminated fenestral textures typical of fenestral pisoid peloid wackestone-packstone facies. This 

inner shelf facies is the most landward facies noted at the Shattuck Escarpment. Photos were taken at the promontory E 

measured section near the top of the G11 sequence, right below the base of G12’s cycle set 1. 
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Facies B: Peloid Quartz Ooid Grainstone 

 The peloid-quartz-ooid grainstone in Facies B, including its three sub-

facies, makes up an ooid grainstone complex that forms analogous subsurface ooid 

grainstone reservoirs. The different types of sedimentary structures used for sub-facies 

breakouts were angular-tabular-cross-stratification, low-angle/flat tabular cross-

stratification, and ripple stratification. Concave tabular cross strata were also found at the 

base of large angular tabular cross-stratified structures. These were grouped with the 

angular tabular facies, since these structures were most likely created by the same 

bedform. 

Grainstone objects in outcrop sometimes exhibit a vertical succession of 

facies/sedimentary structures that dip in similar directions at specific locations along the 

outcrop (Figure 11). Individual beds defined by bed thickness and sedimentary structures 

form ooid grainstone units up to 3 m thick that are laterally continuous up to 2 km at the 

cycle scale. The sedimentary structure type, continuity across the outcrop, vertical 

succession of sedimentary structures, and the direction and magnitude of dip facilitated 

estimates of different energy conditions during grainstone deposition that assisted in the 

creation of depositional models. These facies are comparable to the ooid grainstone facies 

described in Barnaby and Ward (2007) and are within the shelf crest environment along 

the Grayburg depositional profile (Figure 7). 
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Figure 11: Outcrop photographs of an angular tabular cross-stratified ooid grainstone 

with sedimentary structures dipping southeast toward the Grayburg Margin. The photos 

on the right are details of the larger photo on the left. This vertically persistent angular 

tabular succession was observed at multiple promontories along the cycle 1 grainstone 

object. Depositional dip would be approximately parallel to the page with the right side 

of the page trending toward the margin. Photo taken at promontory E in the first cycle of 

cycle set 2. 
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Subfacies B1 : Angular Tabular Cross Stratified Ooid Grainstone 

Subfacies B1 is defined by 10-cm–1.6-m-thick, angular tabular cross-stratified 

sedimentary structures made of macroscopically distinct ooid textures in outcrop (Figure 

11) (Figure 12). Individual beds are laterally continuous up to 200 m and contain 

unidirectional cross strata that dip ~16°SE. Larger individual cross strata dip in more 

consistent landward or basinward directions, whereas smaller cross strata dip and display 

more scatter. Angular tabular cross strata may be associated with ripples to form up to 3-

m-thick, gray, resistant ooid grainstone beds (Figure 11). Contacts between sedimentary 

structures dip in various directions with an average dip angle averages approximately 2°. 

In addition, concave tabular cross strata were found below or in front of tabular cross-

stratified structures within ooid grainstone objects. 

Subfacies B1 is characterized by well-sorted, well-rounded ooid grains that are 

200 to 500 μm in diameter and are composed of 5 to 40 μm dolomite crystals with 

common 100 μm detrital quartz cores. Ooids make up to 80% of the facies, and 300-to-

1500-μm peloids composed of 5-40 μm dolomite crystals are common (up to 10 %) 

(Figure 12). Concentrations of 80-110 μm quartz range from 1 to 15% and are evenly 

distributed throughout the facies. Occasionally, quartz tends to concentrate along stratal 

surfaces or in noticeable quartz-rich intraclasts. Porosity varies from 7 to 17% and 

permeability varies from 0.3 to 365 md in Subfacies B1. Significant amounts of 

interparticle porosity are occluded by small 5 to 15 μm dolomite crystals. Dolomite 

cements do not preserve finely detailed cement structure. As a result, cement fabrics, 

such meniscus cements, are not preserved. Calcite cement is rare and only found in 1–10 

cm vugs. 
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Figure 12: (A) Outcrop photograph of an angular tabular cross-stratified ooid grainstone with a large (1.1m) continuous 

angular tabular sedimentary structure. The Jacob’s staff in the picture shows 20cm divisions. (B) Thin-section 

photomicrograph created from a core plug sample in the same facies. All thin section samples were impregnated with blue 

epoxy to show porosity relationships. 
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Interpretation 

Grainstones of this facies are interpreted as representing deposits of lee side 

portions of individual ooid bars within high-energy tidal shoal complexes. Depositional 

environments would be similar to ebb-dominated linear shoulder bars, or ebb and flood 

tidal deltas (Rankey et al., 2006; Reeder and Rankey, 2009; Sparks and Rankey 2013). 

The observed trends of larger structures dip toward or away from the margin while 

smaller structures display more varied dip directions. This relationship is also seen in 

modern examples from the Exumas Island chain located on the margin of the Great 

Bahamas Bank (Gonzalez and Eberli, 1997). 

Interpretations are driven by comparing similar observations documented in 

modern analogues such as the uniform grain composition, uniform grain size, meter-scale 

planar steep (16°) dipping cross-stratification, and distribution of sedimentary structures 

along the depositional profile (Harris et al., 1993; Gonzalez and Eberli, 1997; Rankey et 

al., 2006; Reeder and Rankey, 2009; Harris, 2010; Rankey and Reeder, 2011; Sparks and 

Rankey 2013). Further analysis of ooid grainstones will be covered in the discussion 

portion of this study. 

Subfacies B2: Low Angle/Flat Tabular Stratified Ooid Grainstone 

Subfacies B2 is characterized by low angle/flat tabular cross stratification in gray 

to dark gray resistant 10 – 50 cm beds seen in outcrop (Figure 13). Overall, low angle to 

flat-stratified sedimentary structures form up to 1 m vertical successions of this facies 

that are laterally continuous up to 1 km. This facies is commonly found near the top of 

individual cycles, near the center of overall cycle-scale ooid grainstone objects. Scour 

features within this facies are filled with centimeter-scale rippled ooid grainstone of 

Subfacies B3 (Figure 14). 
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Subfacies B2 is composed of well-sorted, well-rounded ooids 200-500 μm in 

diameter, with 5-40 μm dolomite crystals, and rare quartz-cored ooids. Peloids are 

common and vary in size from 300 to 1500 μm. Average dolomite crystal size cataloged 

from point counts of thin sections taken from this facies show smaller overall dolomite 

crystal sizes compared to other facies. Dolomite crystal distribution also makes 

distinction of ooids harder in this facies compared to the angular tabular cross stratified 

ooid grainstone facies (Figure 13). Concentrations of 80-110 μm very fine grained quartz 

sand range from 1 to 15 % which is evenly distributed throughout the rock. Porosity 

varies from 7 to 14% and permeability varies from 0.8 to 5.0 md. Significant amounts of 

inter-particle porosity are occluded by small 5-15 μm dolomite crystals, more so than in 

other ooid-dominated facies. Original cement textures are not preserved.  
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Figure 13: (A) Outcrop photograph of a low angle/flat tabular stratified ooid grainstone (Gs) taken near the top of cycle 1 near 

promontory 0T. (B) Thin section photomicrograph created from a core plug sample in the same facies. Distinction of separate 

ooids within the facies is more difficult compared to the angular tabular cross-stratified ooid grainstone facies. 
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Interpretation 

The common occurrence of this facies near the top of ooid grainstone objects, and 

its common association with the ripple stratified ooid grainstone facies, (Figure 14) 

points to this facies occurring at the crest of compound bars. Observations of modern 

ooid grainstone deposits show cuspate scours that are later filled with rippled sand near 

the crest of shoals (Gonzalez and Eberli, 1997). The landward and seaward directions of 

the low-angle cross stratification indicate bidirectional flow, which is commonly 

observed on top of tidal and wave dominated shoals (Gonzalez and Eberli, 1997; Rankey 

et al., 2006). 

Subfacies B3: Ripple Curved Stratified Ooid Grainstone 

Subfacies B3 is characterized by laterally discontinuous tan-to-rust colored ripple-

stratified grainstones that form within or around other ooid grainstone facies. The most 

noticeable attributes of Subfacies B3 are sub-10-cm trough-cross-stratified ripples and 

rolling ripples (Figure 14). This facies is found near the top of compound bars within the 

low-angle stratified ooid grainstone facies, along large tabular cross stratified surfaces 

within the angular tabular cross-stratified ooid grainstone facies. Bedding contacts of this 

facies are generally curved or irregular. Subfacies B3 is laterally discontinuous (most 

deposits smaller than 10 m horizontally) and does not form large enough accumulations 

to be distinguished on most of the cross sections generated by this study. 

Well-sorted, well-rounded ~300-500 μm ooid grains with varying amounts of 

quartz characterize the B3 subfacies. Certain ripple sets along angular tabular cross-

stratified surfaces contained significant amounts of quartz. There are also similar ripple 

features that contain mostly quartz, which is described in Subfacies D1. No thin sections 

were made from this facies to show other small-scale observations. 
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Figure 14: Outcrop photograph of a ripple curved stratified ooid grainstone within a shallow scour near the top of cycle 2 at 

promontory C. The rest of the structures show landward dipping sedimentary structures of the low-angle tabular-stratified ooid 

grainstone (Subfacies B2).  
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Interpretation 

This facies is commonly found in scours near the top of grainstone objects, along 

bedding planes and bed surfaces. Scour fills near the top of the grainstone objects 

commonly have ripples, as seen in modern examples from Lee Stocking Island in the 

Exumas Islands (Gonzales and Eberli, 1997). Lee and stoss portions of large ooid 

grainstone shoals also commonly have ripple bedforms migrating along these surfaces 

(Gonzales and Eberli, 1997; Rankey et al., 2006). Modern locations for this facies would 

be around the high energy shelf crest position in local lower energy shadows such as 

scours, or on top of other large bedform surfaces.  
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Facies C: Quartz Ooid Peloid Packstone 

Facies C and its two sub-facies vary significantly in terms of the amount of mud 

and sedimentary structures. Exposures of this facies display more variability compared to 

other facies of this study. Therefore, subfacies were separated based on the presence or 

absence of sedimentary structures in order to simplify distinctions between different 

energy environments. 

Quartz ooid peloid packstones tend to occur in multiple positions along the 

depositional profile. Predominant settings include portions of the shelf crest, and large 

areas of the outer and middle shelf (Figure 7). In shelf crest positions packstones are 

laterally and vertically adjacent to ooid grainstone facies. 

Subfacies C1: Angular Tabular Heterogeneous Cross Stratified Packstone 

Subfacies C1 is made up of light gray to gray resistant 10-50 cm grain-dominated 

packstone beds with tabular cross-stratification (Figure 15). These 10-50cm angular 

tabular cross-stratified structures are composed of heterogeneous grain types and sizes. 

Subfacies C1 commonly is laterally or vertically adjacent to cross stratified ooid 

grainstone facies. The cross-stratified packstones with more homogeneous mixtures are 

similar to cross-stratified ooid grainstones, aside from the increase in mud, and the have 

more subtle expression of cross strata. Cross-stratified packstones with more 

heterogeneous grain assemblages showed large differences in grain size with 200 - 2500 

μm grains forming cross-stratified features and 200-800-μm grains making up the 

background matix. 

Moderately sorted, peloids, intraclasts, and ooids 200-2500 μm in diameter, 

composed of 5 - 40 μm dolomite crystals, make up this subfacies (Figure 15). Echinoid 

fragments are common, particularly in landward positions behind the shelf crest. 
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Figure 15: (A) Outcrop photograph of an angular tabular cross-stratified ooid peloid packstone (Ps) with 40 cm angular 

tabular sedimentary structure. (B) Thin section photomicrograph of the same facies. Despite significantly more mud in this 

facies, there is a higher degree of sorting compared to the fossiliferous massive packstone. 
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Interpretation 

The substitution of peloids for ooids, increase in mud, decrease in grain sorting 

compared to ooid grainstone facies, and the proximity to cross-stratified ooid grainstone 

deposits indicate that packstones of Subfacies C1 formed in moderate energy 

environments either landward or seaward of the shelf crest (Figure 7). Modern studies 

note a decrease in grain sorting near edges of ooid grainstone bar complexes (Rankey et 

al., 2006; Sparks and Rankey 2013).   
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Subfacies C2: Massive Fossiliferous Quartz Ooid Peloid Packstone 

Light gray to dark gray massive-to-burrowed ooid-peloid mud-to-grain-dominated 

packstones define Subfacies C2 (Figure 16). Heterogeneous grain assemblages of various 

sized peloids, ooids, and abundant bioclasts dominate this facies. Burrow features are rare 

to common, otherwise there is a distinct lack of sedimentary structures. 

 Subfacies C2 is made of poorly sorted, rounded peloids and ooids 100 - 1500 μm 

in diameter, composed of 5 - 40 μm dolomite crystals. There are rare to common echinoid 

fragments, intraclasts, and unidentified fossil debris. Sorting, grain size, and mud content 

differ greatly locally in this facies. Quartz content varies from 1 to 17%. Porosity varies 

from 5 to 11%, and permeability from 0.1 to 30 mD.  
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Figure 16: (A) Outcrop photo of massive fossiliferous quartz ooid peloid packstone with 20-cm-long vertical burrows partially 

filled with calcite. (B) Thin section photomicrograph of the same facies showing the increase in mud compared to other facies 

and the diverse assemblage of allochems’ sizes and shapes. 
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Interpretation 

The presence of mud, lack of sorting, and presence of burrows indicate a lower 

energy environment. Protected settings between or behind shoals, or in lower energy 

settings below fair weather wave-base on the outer shelf, would be the typical settings for 

such a facies to develop. Sediment cores from Lily Bank near the northern margin of 

Little Bahamas Bank show a similar trend of well-sorted ooid grains near the crest of a 

shoal passing laterally to flank areas dominated by more heterogeneous grain 

assemblages (Rankey et al., 2006; Sparks and Rankey 2013).  
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Facies D: Sandstone 

 The quartz sandstone facies and subfacies defined in this study are predominantly 

mixed with various amounts of dolomite and rare to common carbonate allochems. 

Distinction between dolomitic sandstone and quartz-rich dolomite can be difficult to 

make in the field. Similar compositions of quartz to carbonate content were noted in 

previous studies (Barnaby and Ward, 2007). Thin section analysis at key measured 

section locations and presence of cross-stratification help define the sandstone subfacies 

by showing two main styles of sandstone deposition. These facies are comparable to 

Barnaby and Ward’s (2007) Quartz Sandstone and Mixed Siliciclastic–Carbonate Facies 

Subfacies D1: Angular Tabular Cross Stratified Dolomitic Sandstone 

Subfacies D1 is a light-orange to rust-colored, resistant, stratified sandstone. 

Sedimentary features that typify this facies are the small asymmetrical, and sigmoidal 

ripples, as well as 10–30-cm angular tabular cross-stratified units (Figure 17). Dips vary 

from 3 to 18°, and commonly larger bedforms show dips basinward (135° dip direction). 

The location and lateral continuity of this facies vary along the outcrop: the larger more 

continuous cross-stratified sandstone beds are near the edges of ooid grainstone objects, 

and the smaller laterally discontinuous ripple stratified sandstones are along bed contacts 

within ooid grainstone objects. 

Subfacies D1 is composed of well-sorted, angular, 100-120-μm, very fine grained 

quartz grains, with varying amounts of 5-20 μm dolomite crystals, and common to rare 

20-80 μm peloids (Figure 17). Petrophysical core plug analysis shows ranges in 

permeability from 0.5 to 18 mD, and in porosity from 13 to 25%. Quartz in the stratified 

sandstone facies (Subfacies D1) is coarser than quartz in the massive sandstone facies 

(Subfacies D2). 
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Figure 17: (A) Outcrop photograph of dolomitic sandstones (SS) with cross stratification at promontory Xr. (B) Thin section 

photomicrograph from the same facies, note the amount of pore space and dolomite. 
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Interpretation 

Sand in the Grayburg Formation was initially transported across the shelf during 

lowstand conditions as aeolianites (Fischer and Sarnthein, 1988; Barnaby and Ward 

2007). These were then reworked by the marine transgression and passed gradationally 

upward into overlying carbonates. The presence of ripples, angular tabular cross-stratified 

sedimentary structures, larger overall quartz grain size compared to the massive dolomitic 

sandstone facies, and lower amount of dolomite compared to the massive sandstones 

described, point towards a higher energy depositional environment. The lower amounts 

of dolomite in the stratified sandstone are from the smaller portion of mud in the 

environment before diagenesis. Sedimentary structures found in this facies are similar to 

sedimentary structures found in the ooid-peloid packstone and grainstone facies, which 

shows that similar processes affected both facies and that both facies were 

deposited/reworked at the same time. The depositional environment of the quartz 

sandstone facies was near the edge of an ooid grainstone shoal complex. The exception to 

this is the much smaller ripple stratified sandstone beds found within ooid grainstone 

shoal complexes. These deposits were probably reworked large storm deposits that 

brought siliceous sand into the ooid grainstone shoal complex, which was then reworked 

and preserved along ooid grainstone cross stratified bedding surfaces.  

Subfacies D2: Massive Dolomitic Sandstone 

Light orange to rust colored, recessive, massive sandstone with moderately well 

sorted, angular 40–100-μm silt to very fine sand grains, along with varying amounts of 5-

20-μm dolomite crystals with common to rare 20 - 80 μm peloids and rare echinoid 

fragments (Figure 18). Weathered surfaces are brown to rust colored, whereas fresh 

surfaces in recessive overhangs are light orange and occasionally exhibit polygonal 
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fractures as they weather from the bed. Dolomite cements appear to occlude porosity 

more effectively in the massive sandstones than in the stratified sandstones. Permeability 

ranges from ~0.2 to 1 mD and porosity from 11 to 16 %. 
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Figure 18: (A) Outcrop view of recessive massive dolomitic sandstone (SS) at the base of cycle 1 at promontory O. (B) Thin 

section photomicrograph from the same facies, note the grain size, amount of dolomite, and pore space compared to the cross-

stratified quartz sandstone. 
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Interpretation 

The lack of sedimentary structures, smaller grain size, and increase in mud, 

compared to the stratified sandstone, point toward a lower energy depositional 

environment. This facies was deposited in environments below wave base on the outer 

shelf, or in energy protected environments behind shoal complexes or behind the overall 

shelf crest. 

Facies E: Fusulinid Peloid Wackestone to Mud Dominated Packstone 

Facies E is typified by gray fusulinid-peloid wackestone to mud-dominated 

packstone with 10-50 cm recessive beds (Figure 19). Facies E contains moderately 

sorted, rare to abundant (up to 60%), ~1-cm-long fusulinid tests, rare to common peloids, 

and have varying trends of dolomite crystal size with common sizes around 5-20 μm and 

50-80 μm filling possible fusulinid molds (Figure 19). Fusulinid facies were most 

common in measured sections close to the Grayburg margin, yet they were also present 

as thinner beds in more landward positions.  
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Figure 19: (A) Outcrop photograph on the top of a fusulinid peloid wackestone to mud dominated packstone bed with 

abundant fusulinids. (B) Thin section photomicrograph from the same facies; note the lack of clearly defined grains and faint 

outline of a fusulinid mold. 
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Interpretation 

Facie E’s dominance in sections near the Grayburg shelf margin and increased 

mud content is interpreted to indicate that it was predominantly forming thicker slope 

deposits and thin outer shelf deposits (Figure 7) (Figure 20). Previous depositional 

models show this facies to represent slope and outer shelf positions (Kerans and Nance, 

1991; Barnaby and Ward, 2007).  

Facies Overview 

 Combinations of the facies described above are arranged in specific patterns that 

typify certain locations along the depositional profile (Figure 20). Inner shelf positions 

tend to be dominated by thick successions of Facies A mixed with Facies D, whereas 

peloid ooid grainstones to packstones similar to Facies B and C may be present in smaller 

amounts. This is possibly due to conditions where sediments from the shelf crest and 

middle shelf have washed over into the inner shelf position. Middle shelf positions tend 

to have abundant sandstones and packstones from Facies C and D. Middle shelf sections 

generally display a greater proportion of muddier facies compared to shelf crest position. 

The shelf crest is dominated by ooid grainstones from Facies B. Laterally continuous 

sands from Facies D are commonly found near the base of cycles, and near the shelf crest 

position. Subfacies D1 is commonly found between Subfacies D2 and grainstones of 

Facies B. The outer shelf is dominated by sands and packstones from Facies D and C. 

Fusulinid wackestones to packstones from Facies E are also common in 30-60-cm beds. 

Slope deposits are typified by thick accumulations of Facies E separated by individual 

sandstone or packstone beds from Facies D or C (Figure 20). 
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Figure 20: Selected vertical facies successions within cycle set 2 across the field area. Horizontal distances between facies 

association position such as outer shelf versus slope are not to scale. 
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Stratigraphy 

The Grayburg Formation has been divided into G10, G11 and G12 high-

frequency sequences (HFS) (Kerans and Kempter, 2002; Hiebert and Kerans, in 

progress). The G12 sequence is the uppermost sequence of the Grayburg Formation 

(Figure 5). The G12 HFS consists of four main cycle sets, and the stratigraphy within 

cycle set 2 is the focus of this study (Figure 6). Cycle set 2 is within the transgressive 

systems tract of the G12 HFS. The top sequence boundary of the G11 is marked by the 

farthest seaward progradation of tidal flats. On top of the G11 HFS are the cycle sets 1 

and 2 shelf crest ooid grainstone shoals of the G12 sequence, which mark a noticeable 

transgression on top of the previous extensive tidal flats. The maximum flooding surface 

within the G12 sequence is marked by a thin but laterally extensive fusulinid packstone 

unit marking a distinct flooding surface above the G12 cycle set 2 (Figure 6Error! 

eference source not found.). 

Measured Sections 

The best outcrops for detailed analysis of ooid grainstone objects occur on the 

promontories and recesses of the Shattuck Escarpment between sections A and H. These 

outcrops contain laterally and vertically continuous exposures. A promontory is a 

protruding rock face away from the escarpment and recesses are locations where the cliff 

face eroded into the Shattuck Escarpment (Figure 21). Promontories were labeled using 

an alphanumeric system in which northern promontories were 0A-0Z, central A-Z, and 

southern 1A-1Z. Measured sections were labeled based on the proximity to the 

promontory or other regionally known locations such as Devils Den. Average high 

quality areas measured approximately 16 to 30 m high, with laterally continuous 

exposure up to 150 m along the outcrop (Figure 22). Measured sections recorded cyclic 
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mixed carbonate siliciclastic sections with an emphasis on analyzing ooid grainstone 

objects of cycle set 2. 

 

Figure 21: (A) Measured section locations along the Shattuck Escarpment. The green 

line represents the Grayburg margin (Kerans and Nance 1991). (B) Close-up view of 

measured section locations focusing on cycle set 2 grainstones. Measured section 

locations indicated by the terminal points of the blue lines intersecting promontories or 

recesses. The blue lines represent the construction lines using in the correction for the 

depositional dip-parallel direction of cross sections. 
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Figure 22: Measured section of the G12 HFS, cycle set 2, at promontory G. The edges of the promontories offered expansive 

locations to measure section and gather strike and dip data within ooid grainstone beds. Note the 3-m ooid grainstone in the 

first cycle of the cycle set; this is an example of an individual cycle grainstone object. Over the full extent of the outcrop, the 

composite objects of all the cycles comprise the cycle set object. 
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Figure 23: Measured sections from locations 0T, F, and Xr showing that the cycle set 2 

facies changes from a landward to a seaward position. Correlations between measured 

sections were walked out in the field with detailed bed tracing and were supplemented by 

using photomosaic correlations. 
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The first cycle in cycle set 1 typically is dominated by massive sandstones where 

exposure is recessive and covered (Figure 22, Figure 23). Certain outcrop locations 

contained a thin 10-30-cm bed of cross-stratified subfacies D1 sand above the larger 

recessive subfacies D2 sands. The sands were then succeeded upward by the first ooid 

grainstone bed, which exhibited angular tabular cross-stratification or concave tabular 

stratification. Thicker ooid grainstone deposits exhibit a vertical succession of ooid 

grainstone beds (Figure 11) with low-angle tabular cross-stratification followed by 

concave tabular cross-stratified grainstones near the lower portion of the succession. 

These lower beds are overlain by large (up to 1.6 m thick) angular tabular cross-stratified 

ooid grainstones that dip toward the margin in cycle 1. Low-angle/ flat tabular stratified 

grainstones cap the first cycle. Measured sections within cycle 1 show updip to downdip 

variability with large ooid grainstones pinching out downdip into packstones and 

eventually terminating in massive sands over a distance of 2 km (Figure 23). 

 Cycles 2, 3 and 4 grainstones exhibit multiple laterally-discontinuous grainstone 

beds with various cross-stratification dips. These changes are better illustrated across 

multiple measured sections covered in later portions of this study.  

Photomosaics 

 Photomosaics provided detailed, large-scale views of the Shattuck Escarpment, 

where HFS boundaries and cycle to bed boundaries were correlated across the immense 

12-km outcrop through the use of measured section tie-points referenced to the 

photomosaics (Figure 24). Sequence boundaries and cycle set boundaries permitted easy 

correlation across the entire Shattuck Escarpment, and small-scale bed correlations varied 

with the changing facies, structural complications, and outcrop cover. Facies such as the 
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cliff forming ooid grainstones and recessive sands were useful in correlating difficult 

areas with thinner beds. 
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Figure 24: Small portion of the ground-based photomosaic focusing on promontory E – H. The high resolution provided by the ground-based photomosaic allowed for detailed bed correlations between measured 

sections. Cycle set boundaries were distinguishable by changes in the outcrop profile such as cliff forming to recessive features. Sandstones were commonly recessive while grainstone and packstone facies were 

mainly cliff forming. 
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Cross Sections 

Cross sections were constructed at dip-parallel orientation to the Grayburg margin 

using measured sections as a framework (Figure 21). Correlations between measured 

sections were walked out in the field with detailed bed tracing and were supplemented by 

using the helicopter, ground-based, and Kerans and Kempter (2002) photomosaic 

correlations. Cross sections were used to illustrate the geospatial distribution of 

outcropping ooid grainstones at the cycle and cycle set scale (Figure 25). Outcrop core 

plug transects were taken at three separate promontories from an updip to downdip 

location. Porosity and permeability measurements are displayed along these promontories 

using linear porosity and log permeability scales. 

The cross-section of the G12 cycle set 2 (Figure 25) demonstrates systematic 

changes in lithologies and bed thicknesses from updip to downdip positions. Important 

changes of lithofacies across the cross section include an increase in D1 and D2 sand 

away from the main ooid grainstone deposits in both landward and seaward directions. 

Most ooid grainstone units are laterally continuous for 2 to 3 km and commonly overlap 

portions of other ooid grainstone units (Figure 26). Separate ooid grainstone objects 

defined by cycle-scale changes show an overall retrogradational stacking consistent with 

a position in the G12 transgressive systems tract (TST). Packstones and quartz sandstones 

are found on both landward and seaward sides of ooid grainstone objects, thus making 

the change from inner shelf to outer shelf a mirrored image in spite of being on different 

parts of the depositional profile. Thicker angular tabular cross-stratified sandstone is 

commonly found on the seaward side of grainstone objects. Detailed observations reveal 

the presence of laterally discontinuous quartz sand lenses within certain grainstone 

objects, as seen in Figure 22. 
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Sedimentary structures have similar trends in style and dip within cycle scale ooid 

grainstone units. Therefore, observations and comparisons of these structures are better 

illustrated on a cycle-by-cycle basis (Figure 26). 
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Figure 25: Cross section of the G12 cycle set 2 grainstone complex from the Shattuck Escarpment. Individual beds are grouped into stacked facies thicknesses and changes in facies differentiated by facies boundaries. 

Note the increase in sandstone away from the main center of ooid grainstone facies and the shift of ooid grainstone objects toward a more landward position in cycle 3 and 4. Facies changes were walked out and 

recorded in measured sections. The cross section is hung and adjusted from the top of cycle set 2.  
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Geospatial Limits of Grainstone Facies 

The geospatial limit of a cycle-set-scale ooid grainstone complex was gathered by 

combining connected grainstone objects in each cycle, and measuring the extents of the 

combined ooid grainstone deposit (Figure 26). The overall ooid grainstone complex of 

cycle set 2 has a dip-parallel extent of 4.25 km, and a maximum thickness of 6 m. 

Although most of the majority of the cycle set 2 ooid grainstone complex are laterally 

continuous and vertically connected, there are disconnected bodies in upper cycles on the 

seaward side of the complex. Lateral discontinuity in the grainstones is due to the lateral 

transition into packstone facies. Vertical segmentation of the grainstone complex also is 

created by sandstone lenses found near the base of cycles that separate individual ooid 

grainstone objects, or by juxtapositions of packstone facies on top of ooid grainstones 

from different cycles. 

 Geospatial limits of individual ooid grainstone objects were determined by 

measuring the ooid grainstones within each cycle. More comprehensive analysis on cycle 

set 2’s cycles 1 and 2 is due to the higher concentration of data over these two cycles 

compared to cycles 3 and 4.  
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Figure 26: Depiction of separate ooid grainstone geobodies at cycle set grainstone complex and cycle ooid grainstone object 

scales. Ooid grainstone geospatial dimensions are compared between data from this study and data from Barnaby and Ward 

(2007)’s study near Plowman Ridge in the Brokeoff Mountains.  
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Cycle 1 

The cycle 1 grainstone object is the lowermost component of the cycle-set 2 ooid 

grainstone complex, and it contains the thickest individual grainstone object (Figure 26). 

This laterally continuous ooid grainstone object spans 2 km along depositional dip and 

has a maximum thickness of 3 m. Individual beds distinguished by vertical successions of 

sedimentary structures make up the cycle 1 grainstone object (Figure 11). The thickest 

beds with the larger angular tabular cross stratified sedimentary structures are near the 

lower portion of the ooid grainstone object. 

The cycle 1 ooid grainstone object has an average of 120 md permeability and 

15% porosity. The highest permeability values were within the lower portions of the ooid 

grainstone object in the larger ooid grainstone cross-stratified beds. Cycle 1 contains the 

greatest amount of quartz sand and is the thickest cycle within cycle set 2 (Figure 25). 

Most sedimentary structures within cycle 1 illustrate seaward transport directions 

(135° dip direction) and an average dip of ~16°. The exceptions to this are sedimentary 

structures located at the northernmost measured sections, where structures within the 

cycle 1 grainstone have bidirectional dip orientations and most beds dip away from the 

margin (Figure 27).  
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Figure 27: Cycle 1 cross section depicting facies changes and sedimentary structure orientation changes within the cycle 1 

ooid grainstone object from an up-dip to down-dip position. 
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Cycle 2 

The cycle 2 grainstone object forms the middle portion of the cycle set 2 ooid 

grainstone complex (Figure 26). The grainstone object is laterally discontinuous, yet 

covers a greater portion of the depositional profile compared to the cycle 1 object when 

all separate ooid grainstone facies are considered. The cycle 2 ooid grainstone object 

spans 4 km along depositional dip and has a maximum thickness of 2 m. Individual ooid 

grainstone beds within the object are dominated by angular tabular stratified ooid 

grainstones, yet there is an increased presence of low angle/flat tabular cross stratified 

beds near the top of the cycle 2 object compared to the cycle 1 object. 

Paleocurrent data in cycle 2 show a wide spread of values based on location 

within the grainstone object (Figure 28). Structures within the angular tabular cross 

stratified facies near the seaward portion of the ooid grainstone object commonly trend 

south-east and north-east, and, in contrast, structures within the same facies near the 

landward portion dip northwest. The upper central portion of the ooid grainstone object is 

dominated by bidirectional low angle/ flat stratified ooid grainstones with common ripple 

features as well. Dip directions within angular tabular cross stratified grainstones also dip 

in bi-directional patterns near the central portion of the cycle 2 grainstone object. 

Petrophysical data within the cycle 2 ooid grainstone object show an average of 

80 md permeability and 12 % porosity (Figure 25). 
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Figure 28: Cycle 2 cross section depicting facies and sedimentary structure orientation changes from up-dip to down-dip 

positions. Note the lateral discontinuity of the ooid grainstone facies and the change in cross-strata dip orientation along 

different portions cycle 2. 
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Porosity and Permeability Data 

Outcrop data are critical for defining scales of geologic and petrophysical 

descriptions that best capture reservoir flow unit structure (Bebout et al., 1991; Kerans et 

al., 1994; Jennings and Lucia, 2003). Petrophysical data taken along three measured 

sections from updip to downdip positions along the Shattuck Escarpment add to the depth 

of understanding on the well constrained model of cycle set 2 (Figure 25). Specifically 

the data quantifies differences in porosity and permeability between depositional facies, 

and how these parameters can change within similar facies along different portions of the 

depositional profile.  

A total of 103 core plugs taken from measured section locations 0T, F and Xr 

were tested for porosity, permeability, and grain density. Eighty core plugs were chosen 

and cut for thin section analysis. Thin sections were analyzed using NIS elements 

software in conjunction with an optical microscope where qualitative and quantitative 

petrographic data was gathered using visual identification of fabrics and point counts to 

quantify different lithologies as well as visual pore spaces. Petrophysical data and 

petrographic data were combined into tables for analysis and comparison (Tables 2 – 4). 

The combined data was used to construct plots of permeability vs. interparticle porosity 

to illustrate the range of porosity and permeability between facies (Figure 29, Figure 31) 

(Lucia, 1995). Petrophysical data visualized on the cycle set 2 cross-section is expressed 

in format where the y axis is in vertical thickness through cycle set 2, while the x axis 

shows log scale porosity and permeability (Figure 25). 

Core plug transects 

 Data gathered from core plugs taken from the updip measured section location at 

promontory OT shows the greatest abundance of ooid grainstone facies, and has the 
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highest average permeability of the three core plug transects (Figure 29). Thirty-three 

core plugs were taken at 30 cm vertical spacing within cycle set 2 (Figure 25), and 12 

extra core plugs were taken within cycle set 1. 

The majority (28 of the 32) of core plugs taken at promontory F focused on cycle 

set 2. Porosity and permeability data show similar trends compared with the core plug 

transect at promontory 0T (Figure 29). Grainstones in the lower portion of cycle set 2 

have the highest permeability; packstones and sands have significantly lower values. 

 The final core plug transect taken near the downdip limit of the cycle 1 grainstone 

object shows an overall increase in sand compared to the other transects (Figure 29). 

Values show that siliciclastics, especially sands from Subfacies D2, have much lower 

permeability than do grainstones or packstones.   



 

 

67 

 

 

  

Figure 29: Data comparison among three separate transects along the Shattuck 

Escarpment 
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Petrophysical differences between Facies 

 Gathering all petrophysical data into one Lucia plot illuminates variations in 

porosity and permeability between facies (Figure 30). Each facies expresses similar 

trends in porosity and permeability that can be used to understand which facies would 

form the best flow units within reservoirs. By understanding this data in conjunction with 

detailed stratigraphic facies mapping (Figure 25), flow within shallow water mixed 

carbonate siliciclastic reservoirs can be predicted with a higher degree of accuracy 

 Facies with the highest permeability values generally fell within petrophysical 

class 1 defined by the Lucia petrophysical classification method. Class 1 facies included 

ooid grainstone and grain dominated packstone facies (Figure 31). Generally, the 

packstones with higher permeability contained less mud. Packstones that were 

predominantly mud dominated and or had a large component of siliceous material fell 

into class 2 and class 3 petrophysical groups. Facies with the lowest permeability values 

fell in the class 3 group, which was dominated by siliceous carbonates or dolomitic 

sandstones (Figure 31). The data shows a compelling trend that facies with greater 

amounts of sand had lower permeability values (Figure 30). 
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Figure 30: Lucia plot of composite porosity and permeability data gathered from core 

plugs (Lucia, 1995). Facies distinctions from thin section analysis gathered from each 

core plug were applied to each data point based on separate colors. Values from separate 

facies groups are shown to fall within separate petrophysical classifications defined on 

the Lucia plot by the different colored lines and polygons.  
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Figure 31: Comparison between facies and separate petrophysical classifications.  
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Discussion 

The transgressive ooid grainstone complex within cycle set 2 of the Grayburg 

G12 sequence is 4.25 km along depositional dip, and is made up of four separate ooid 

grainstone objects that each span 2 to 4 km along depositional dip (Figure 25, Figure 26). 

This geospatial data will be compared to other studies of ancient environments in a 

following section. Each ooid grainstone object is made up of different ooid grainstone 

facies that change along the depositional profile. Concurrent with these changes are 

changes in paleocurrent direction and bed thickness. Two of the grainstone objects are 

described in detail (Figure 27, Figure 28) and depositional models are made from 

comparisons of this study’s data set to data sets from other study areas. The combination 

of spatial data comparison, generation of depositional models, and petrophysical analysis 

provides a detailed understanding of ooid grainstone architecture and flow properties 

within these complex deposits. 

Geospatial Comparisons 

Geospatial distribution of grainstones has been studied across a variety of ancient 

outcrop, subsurface and modern locations (Table 2). Ooid grainstone deposits from the 

Grayburg Formation exhibit geospatial trends similar to some datasets (Handford, 1988; 

French and Kerans, 2004; Qi et al., 2007; Reeder and Rankey, 2011); comparison to other 

datasets (Pierre et al., 2010) shows differences in grainstone deposit size.  
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Formation 

/Age 
Study Profile 

Study 

Type 

Dip 

width 

(km) 

Average 

Thickness 

(m) 

Grayburg 

(Permian) 

Parker and 

Kerans 

2013 

Transitional 

Ramp to Shelf 
Outcrop 2 – 4.25 6 

Grayburg 

(Permian) 

Barnaby 

and Ward 

2007 

Transitional 

Ramp to Shelf 
Outcrop 1.2 - ? 4 

Grayburg 

(Permian) 

Kerans and 

Nance 

1991 

Transitional 

Ramp to Shelf 
Outcrop 0 – 4.8 6 

San Andres 

(Permian) 

French and 

Kerans 

2004 

Ramp Outcrop 0.03 – 3 9 

San Andres 

(Permian) 

French and 

Kerans 

2004 

Ramp Subsurface 0.06 – 2.5 8.5 

Amellago 

(Jurassic) 

Pierre et al. 

2010 
Ramp Outcrop 8 – 20 10 

St. Louis 

(Mississippian) 

Handford 

1988 
Ramp Subsurface 3.2 5.5 

St. Louis 

(Mississippian) 

Qi et al., 

2007 
Ramp Subsurface 1.2 3.3 

Lily Bank, 

LBB (Modern) 

Sparks and 

Rankey 

2013 

Platform 

Margin 
Modern 1.25 3 

LBB and GBB 

(Modern) 

Reeder and 

Rankey 

2011 

Platform 

Margin 
Modern 2.5 – 20 2 - 9 

Exumas 

(Modern) 

Harris and 

Ellis 2009 

Platform 

Margin 
Modern 0 – 7 ~ 

 

Table 2: Ooid grainstone deposit geospatial data from ancient outcrop, subsurface and 

modern studies shows large differences between individual accumulations. LBB = Little 

Bahamas Bank, GBB = Great Bahamas Bank.  
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Spatial similarities with certain studies such as French and Kerans (2004) might 

be attributed to the similar depositional profiles and basinal settings between the 

Grayburg Formation and San Andres Formation in the western Guadalupe Mountains 

outcrops (Figure 32). Grainstones from the San Andres Formation show dip widths up to 

3 km and average thicknesses around 9 m, while grainstones from the Grayburg 

Formation have dip widths up to 4.25 km and average thicknesses around 4 m. Both 

systems are characterized by similar facies assemblages in the same basin. The greater 

thicknesses of the grainstones in the San Andres Formation might be attributed to an 

overall steeper depositional profile. The Grayburg Formation depositional profile is 

between the known ramp profiles of the San Andres Formation and the shelf depositional 

profile of the Queen Formation (Figure 5). Grainstones developing on a shelf 

environment might have less accommodation compared to an overall gently dipping ramp 

profile. Studied ooid grainstones from the San Andres Formation are from the highstand 

systems tract, where the overall complex would be prograding toward the seaward 

position (French and Kerans, 2004). Ooid grainstones from this Grayburg Formation 

study are within the transgressive systems tract where the grainstones are back stepping 

toward a landward position (Figure 25). 

  



 

 

74 

 

 

 

Figure 32: Comparison between grainstone dimensions at Shattuck Escarpment 

(Grayburg Formation) versus grainstone in the subsurface from the West Jordan Unit on 

the central basin platform, as well as grainstones from the Lawyer Canyon outcrop in the 

(San Andres Formation). 
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Geospatial comparisons among all the examples might be complicated by data 

types and different scales of observation as well as preservation states. Ooid grainstone 

complexes at the cycle set or larger sequence scale would be much larger and different 

from smaller ooid grainstone objects defined at cycle scales (Figure 26). Differentiating 

scales of these deposits in subsurface studies would be difficult since cycle boundaries 

would be difficult to pick with well log and or seismic data. While modern deposits are 

critical for understanding grainstone deposit development and overall size, issues with 

how these deposits might be preserved in the ancient are not fully resolved. Subsurface 

information (such as facies thickness) is hard to gather from modern environments 

because of limitations in data gathering techniques, such as difficulties in coring 

processes. Geospatial variation between ooid grainstone deposits may also be caused by 

differences in depositional profiles, eustatic conditions, sequence stratigraphic scales, and 

differences in positions along depositional profiles.  
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Depositional Models 

 Modern ooid shoal geospatial and sedimentological data are useful for 

understanding preserved ooid grainstone deposits along the Shattuck Escarpment. 

Geospatial extents of ooid grainstone objects, sedimentary structure data, and grain size 

data can be compared to case studies of Holocene shoal complexes in the Bahamas. 

Thicknesses of sedimentary structures and styles exhibited patterns that were specific to 

individual cycle-scale grainstone objects, rather than entire complexes (Figure 27, Figure 

28). Therefore, depositional models focused on groups of observations specific to cycle-

scale objects. 

Cycle 1 

 Variations in sedimentary structures, grain size, and overall geospatial limits in 

the cycle 1 preserved ooid grainstones are similar to properties documented in tidally 

dominated marine sand belts (Rankey et al., 2006; Harris and Ellis, 2009; Rankey and 

Reeder, 2011; Sparks and Rankey, 2013). The tidally dominated marine sand belts are 

made up of transverse shoulder bars, parabolic bars, and complex bars (Figure 33). 

Comparison between Ancient and Modern Environments 

Most sedimentary structures within the angular tabular cross stratified ooid 

grainstone facies of cycle 1 on the Shattuck Escarpment dip seaward. Similar 

unidirectional dip patterns are common around portions of modern transverse shoulder 

bars and parabolic bars found around Lily Bank located near the northern margin of Little 

Bahama Bank (Rankey et al., 2006; Rankey and Reeder, 2011; Sparks and Rankey, 

2013). Cores taken from these shoals also show a preservation of uniform bed dip 

direction, although sedimentary structures are only expressed within the upper meter of 

the overall shoal complex (Figure 33) (Sparks and Rankey, 2013). Expressions of 
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unidirectional flow patterns were also documented in a shoal within the Exumas Island 

chain, where large bedforms commonly dipped with the direction of overall tidal flow 

and smaller bedforms displayed deviations up to 90° away from predominant flow 

(Gonzalez and Eberli, 1997). This process explains similar observations documented in 

preserved sedimentary structures within cycle 1 and 2 (Figure 27, Figure 28).The 

depositional model for the ooid grainstones of cycle 1 shows the similar trends between 

this studies dataset and documented observations from the modern Lily Bank shoal 

(Figure 34). 
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Figure 33: Observations from cycle 1 ooid grainstones such as unidirectional bedforms, 

thicker beds near the base of composite ooid grainstone beds, and laterally continuous 

ooid grainstone extent (in an oblique-to-dip orientation) are similar to characteristics 

documented in marine sand belts around Lily Bank located near the northern margin of 

Little Bahama Bank. 
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Figure 34: Cycle 1 depositional model, showing similar characteristics of the marine sand belt environments around Lily 

Bank. Note the lateral continuity of the ooid grainstone facies as well as the different sizes of bedforms around the ooid 

grainstone transvers shoulder bar. Marine sand belts are made up of a variety of bar forms and orientations. 
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Insight from Depositional Model  

Elements of the cycle 1 model show that the ooid bar varies in thickness in a 

manner similar to modern examples. Thickness changes correlate to different 

environments around tidally dominated marine sand belts which have different qualities 

of sediments. The transverse shoulder bar and parabolic bar components of marine sand 

belts have locations where lateral continuity of ooid-dominated sediments change into 

muddier, more heterogeneous sediments such as inter-bar or bar-flank locations (Figure 

33) (Rankey et al., 2006; Sparks and Rankey, 2013). The cycle 1 depositional model 

implies that lateral continuity within ooid grainstone cycle 1 will be disrupted by such 

deposits. This might be expressed in reservoir-scale situations where the normally high 

permeability and porosity sediments located at the base of the overall ooid grainstone 

complex would be much lower, in contrast, locations up to 200 m away might maintain 

the high porosity and permeability within the lower portions of an overall ooid grainstone 

reservoir. 

Review of Interpretations 

The cycle 1 dataset shows a strong correlation with the Holocene marine sand belt 

environments of Lily Bank and portions of the Exumas island chain, yet there are a few 

questions about missing components noticed in modern studies. Parabolic bars are a 

component of marine sand belts which generate paired unidirectional bar forms, with one 

bar form containing bedforms oriented in a flood direction, and another bar from 

containing bedforms oriented in an ebb direction (Sparks and Rankey, 2013). 

Sedimentary structures within cycle 1 show a distinct lack of bedforms dipping in a 

flood-oriented direction away from the margin. This points toward a distinct lack in 

preservation or presence of flood dominated bedforms like ones created in parabolic bar 
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forms (ex. exposures only record an ebb dominated barform, and there could have had a 

flood dominated barform laterally adjacent to it not recorded at this outcrop location). 

The inclusion of more three-dimensional outcrop datasets would allow for a more 

detailed documentation of along-strike variability. 
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Cycle 2 

 Observations from cycle 2 resemble characteristics of modern ebb-and-flood-

dominated tidal delta environments similar to the Exumas or Abacos tidal deltas (Harris 

and Ellis, 2009; Reeder and Rankey, 2009; Harris, 2010; Rankey and Reeder, 2011) 

(Figure 35).  

Comparison between Ancient and Modern Environments 

Defining characteristics of cycle 2 were the changes in cross-stratification dip 

direction and individual bed thickness that were markedly different from those of cycle 1 

(Figure 27, Figure 28). Variations in dip direction show a pattern that is similar to 

modern bedform dip patterns of tide-dominated deltaic environments. Sedimentary 

structures within ooid grainstone facies that were closest to the margin showed dip 

patterns that were oriented toward the southeast and northeast, and structures furthest 

away from the margin showed dips oriented in a landward direction toward the northwest 

(Figure 28). Sedimentary structures in between these two extremes showed bidirectional 

dip patterns. 

Modern ooid tidal delta environments differ from each other, partly due to the 

complex formative energies from tidal, wave, and wind driven processes (Hayes, 1980). 

A pattern between these environments shows two paired delta lobes, each formed by an 

ebb or flood dominated current, with a zone in between the lobes where channels and 

bidirectional bedforms are common (Figure 35). Ebb-dominated deltas may be subject to 

more wave dominated processes compared to the flood-dominated deltas. The cycle 2 

depositional model reflects this distribution of sedimentary structures with respect to their 

location on the cycle 2 cross section (Figure 36). 
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Figure 35: Changes in sedimentary structure orientation from an updip to downdip 

position along cycle 2 correlate to observed bedform orientation patterns noticed in tidal 

deltaic settings like ebb and flood dominated tidal deltas around Abacos Islands on Little 

Bahamas Bank and the Exumas Islands located on the margin of Great Bahama Bank. 
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Figure 36: Cycle 2 depositional model mimicking traits of the ebb-and-flood-dominated deltas around the Abacos and Exumas 

Islands. Note the lateral discontinuity in ooid grainstone facies and more established presence of different ooid grainstone 

facies.  
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Depositional Model Insight 

 Cycle 2 ooid grainstone deposits showed a larger degree of discontinuity and 

compared to cycle 1, which is reflected in the cycle 2 depositional model. The cause of 

this disruption could be a muddier peloidal deposit behind the ebb tidal deltas main ooid 

shoal (Figure 35). Similar mud-rich deposits could cause portions of an overall ooid 

grainstone complex to have lower flow zones within an overall vertical succession of 

high-permeability ooid grainstone objects (Figure 25). Furthermore, such mud-dominated 

deposits leave opportunities to isolate portions of ooid grainstone facies that may not be 

connected to overall ooid grainstone complexes.  

Ebb- and flood-dominated modern tidal deltas show that islands and channels 

play an important role in the sedimentation processes (Hayes, 1980; Harris and Ellis, 

2009). The high velocity flow within channel locations, and around portions of the delta 

lobes, are important locations where ooids are created. Islands focus these channel 

locations by stabilizing channels between individual islands (Harris and Ellis, 2009; 

Reeder and Rankey, 2009). That said, not all tidal deltas need island chains to develop 

(Reeder and Rankey, 2009). Channels in particular may create opportunities for lateral 

discontinuity within preserved ooid grainstone deposits. Disconnection across entire ooid 

sand tidal delta environments may vary from location to location along the margin 

(Harris, 2010), where some locations show adjacent delta lobes overlapping, whereas 

other locations may have complete isolation between delta lobes (Reeder and Rankey, 

2009). 

 Review of Interpretations 

 The observations from cycle 2 show distinct similarities between ebb- and flood-

dominated environments, yet there are some details that limit the accuracy of such an 
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interpretation. Ebb- and flood-dominated environments are quite complex when 

considering the separate components of the system. Such complexity would lead to a 

variety of thickness changes, complex sedimentary structures, and variability of lateral 

continuity. A set of three-dimensional outcrops over a large area with different outcrop 

face orientations would be needed to more accurately invoke the complex ebb- and flood-

dominated depositional environment. 

 Comparisons to modern ebb- and flood-dominated tidal environments are 

complicated by possible differences between depositional profiles in the ancient versus 

modern. Modern ebb- and flood-dominated tidal deltas generally have a protective reef in 

a seaward position along the depositional profile (Reeder and Rankey, 2009) (Figure 35). 

This allows for the development of ebb-dominated tidal delta lobes to not be reworked or 

destroyed by wave action from open ocean environments, since the majority of the wave 

energy hits the barrier reefs. This type of reef has not been identified along the Grayburg 

Formation profile. 

Summary of Depositional Models 

Depositional models provide insight toward predicting ooid grainstone 

architecture within the Grayburg Formation. Ooid grainstone objects within an overall 

ooid grainstone complex may have different depositional environments. Different 

depositional environments have different sedimentologic and stratigraphic components 

that have different relationships in size and lateral continuity. 

Comparisons between ancient and modern datasets may be complicated by a 

variety of elements such as different depositional profiles and facies assemblages. Major 

considerations between the Bahamas ooid shoals and ancient ooid grainstone deposits 

include a large difference in facies assemblages between systems. The Bahamas analogue 



 

87 

 

 

almost is devoid of siliciclastic sediments, but some of the ancient analogues have a 

significant siliciclastic component. Ancient datasets have a significant landward 

component (such as tidal flats) behind ooid facies belts; modern Bahamian models have 

an open shelf environment that can transition into another basin. This land-attached 

versus isolated-platform comparison would create difficulties in comparison, especially 

when concerning how tides effect a land-attached environment compared to relatively 

isolated platform environments. 

Finally, modern tide-dominated marine sand belts are known to change laterally 

into environments with depositional components that disrupt continuous ooid dominated 

deposits. Laterally adjacent to Lily Bank are accumulations of small islands that contain a 

variety of depositional elements, such as the Abacos tidal deltas, which would drastically 

change the predictive elements of this studies cycle 1 model (Harris, 2010; Rankey and 

Reeder, 2011) (Figure 34). Specifically, a model may work for a location near one 

portion of a field, yet the next field over may have a different type of shoal process. 
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Conclusions 

Shallow marine carbonate successions with mixed siliceous components offer 

unique opportunities to study complex systems exposed to remarkably different 

sedimentation styles. Ooid grainstone components within such systems commonly form 

quality hydrocarbon reservoirs that tend to have complex architectural elements inherent 

to these mixed systems. This study utilized geospatial, sedimentological, and 

petrophysical data to develop a high resolution understanding of ooid grainstone deposits 

within the mixed carbonate siliciclastic Permian (Guadalupian) Grayburg Formation.  

Previous studies provided facies assemblages which were expanded as a result of 

detailed mapping. Ooid grainstone and ooid peloid packstones subfacies were created on 

the basis of observations of different sedimentary structures and grain types. Measured 

sections improved the detail of previous sequence stratigraphic correlations and an 

updated framework for the Grayburg Formation was utilized. Ooid grainstones within the 

G12 HFS were located in the TST. 

A hierarch of and nomenclature for ooid grainstones were developed on the basis 

of geospatial and sedimentologic differences at the cycle (ooid grainstone object) and 

cycle set (ooid grainstone complex) scale. Ooid grainstone objects were identified in four 

cycles that display full updip to downdip extents of ooid grainstone tidal bar and tidal 

delta deposits. The overall cycle-set-scale ooid grainstone complex had a dip width of 

4.25 km and maximum thickness of 6 m and individual cycle scale grainstone objects 

were 2 to 4 km in dip width and were 1.8 to 3 m thick. Dimensional data of ooid 

grainstone objects and complexes from this study were compared to other outcrop, 

modern, and subsurface datasets. Stratigraphic and sedimentological observations within 

separate ooid grainstone objects were compared to literature on modern ooid shoal 
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environments, and depositional models for two grainstone objects were made from the 

resulting comparisons. Cycle 1 ooid grainstone observations were similar to tidal marine 

sand belt environments such as Lily Bank located near the northern margin of Little 

Bahamas Bank. Cycle 2 ooid grainstone observations correlate to tidal deltaic 

environments similar to locations around the Exumas Islands located on the margin of 

Great Bahamas Bank bordering the Exumas Sound (Figure 1). 

Porosity and permeability data taken from the studied ooid grainstone and 

adjacent facies show clear depositional control on flow unit patters. Ooid grainstones 

showed higher average permeability (60 md), and lower average porosity (10%) values. 
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Appendix 

 

Figure A 1: Symbol key for Shattuck Escarpment.  
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Figure A2: Measured Section SH1.
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Figure A3: Measured Section SH4. 
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Figure A4: Measured Section at Lost Grayburg. 
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Figure A5: Measured Section at 0R. 
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Figure A6: Measured Section 0T. 
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Figure A7: Measured Section 0X. 
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Figure A8: Measured Section 0Y. 
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Figure A9: Measured Section A.
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Figure A10: Measured Section B. 
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Figure A11: Measured Section C. 
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Figure A12: Measured Section D. 
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Figure A13: Measured Section E. 
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Figure A14: Measured Section F. 
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Figure A15: Measured Section G. 
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Figure A16: Measured Section H. 
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Figure A17: Measured Section K. 
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Figure A18: Measured Section N. 
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Figure A19: Measured Section O. 
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Figure A20: Measured Section P. 
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Figure A21: Measured Section R. 
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Figure A22: Measured Section T. 
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Figure A23: Measured Section V. 
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Figure A24: Measured Section Xr. 
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Figure A25: Measured Section 1B. 
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Figure A26: Measured Section 1E. 
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Figure A27: Measured Section 1F. 
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Figure A28: Measured Section 1I. 
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Figure A29: G12 HFS cycle set 2 cross-section with compilation of measured section data and correlations. The cross section was hung on a dip adjusted G12 flooding surface. 
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Table A1: Production in 2000 and cumulative production through December 31, 2000, of 

oil plays in the Permian Basin, listed by reservoir age (Dutton et al., 2005).
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Sample LITHOLOGY     TEXTURE 
VISIBLE 
PORE CORE ANALY. 

No. Dolomite Calc    Quartz Rock Fabric Ippor (count) Cpor   Cperm Grain 

   % size um  % % size um Description   %    %   Density 

N 33 81 39 
 

0 
 

Ooid Peloid Gdp-Mdp 9 9.7  14.732 2.84  

N 32 89.5 37   0   Ooid Peloid Mdp-Gdp 10.5 8.1  3.840 2.85  

N 31 93 31   0.25 220 Ooid Peloid Mdp-Gdp 6.75 8.1  10.430 2.85  

N 30 94 23 
 

0 43 Ooid Peloid Mdp 5.75 6.2  1.474 2.85  

N 29 92 24   0.5 113 Ooid Peloid Gdp 7.5 7.6  2.690 2.85  

N 28 85 19 
 

1 100 Peloid Ooid Gs (Clean) 14 10.2  99.229 2.85  

N 27 33 34   65 117 Qtz Ss Slight CaC03 inc 2 12.2  0.545 2.75  

N 26 20 23   75 113 Qtz Ss 5 16.4  2.883 2.71  

N 25 54 22 
 

21 110 Qtz Ss 25 16.2  1.122 2.74  

N 24 85 30   15 129 Silid Peloid Mdp   12.1  0.520 2.82  

N 23 95 52 
 

5 98 Silid Peloid Mdp 
 

11.6  1.093 2.84  

N 22 90 20   10 100 Silid Peloid Mdp 20 10.6  0.401 2.84  

N 21 97 39 
 

3 94 Peloid Gdp 39 9.6  0.333 2.85  

N 20 99 27   1 91 Ooid Peloid Gdp 5 9.0  9.759 2.85  

N 19 98 11 
 

2 93 Ooid Peloid Gdp 8.2 6.5  0.466 2.85  

N 18 99 19   1 83 Peloid Ooid Gdp   5.4  0.047 2.85  

N 17 99 69 
 

1 81 Peloid Ooid Mdp-Gdp 
 

8.6  0.445 2.85  

N 16 95 27   5 105 Fossilif Peloid Mdp   8.7  0.405 2.84  

N 15 95 37 
 

5 110 Peloid Ooid Gs 
 

7.0  1.406 2.85  

N 14 93 71   7 85 Ooid Gs   6.9  0.261 2.84  

N 13 97 71 
 

3 110 Ooid Gs 
 

14.0  123.423 2.82  

N 12 96 32   4 96 Intr .Peloid Ooid Gs-Gdp   10.5  28.923 2.82  

N 11 99 78 
 

1 105 Peloid Ooid Gs-Gdp 
 

12.4  56.013 2.82  

N 10 99 61   1 95 Peloid Ooid Gdp-Mdp 9 15.3  67.353 2.85  

N 9 98 50 
 

2 114 Peloid Ooid Gdp 
 

11.4  22.553 2.84  

N 8 99 82   1 83 Ooid Gs   6.9  3.963 2.85  

N 7 98.5 18 
 

1.5 103 Ooid Gs 14 16.9  230.102 2.85  

N 6 75 17   25 115 Ooid Peloid Mdp   8.8  1.816 2.83  

N 5 81 18   8 123 Peloid Ooid Gs-Gdp 11 9.7  2.217 2.83  

N 4 no slide             9.0  6.683 2.85  

N 3 90 25 
 

0 
 

Peloid Ooid Gs-Gdp 10 13.8  364.621 2.86  

N 2 93 57   0   Peloid Ooid Gdp 7 10.0  19.687 2.86  

N 1 100 34   0   Peloid Ooid Gdp-Mdp 14 11.2  11.680 2.84  

Table A2: Compiled information from thin section and core plug porosity and permeability analysis from northern most core 

plug transect taken at measured section 0T. Core plug lab derived porosity, permeability, and grain density values (Core 

Analy.) are from Weatherford laboratories. Mineralogy and visible porosity point counts and grain sizes were gathered using a 

petrographic microscope and NIS elements software.
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Sample LITHOLOGY TEXTURE VISIBLE PORE CORE ANALY. 

No. Dolomite Calc Quartz Rock Fabric Ippor (count) Cpor Cperm Grain 

  % size u % % Size Description % % md Density 

F32 100 20 
 

- - Peloid Mdp 
 

7.8 0.034 2.85  

F31 100 27   - - Intrac. Peloid Mdp-Wks   5.4 0.006 2.85  

F30 100 31 
 

- - Peloid Mdp 
 

6.5 0.008 2.85  

F29 100 85   - - Dolomitic Wks Intra c por   7.6 0.167 2.86  

F28 100 30 
 

- - Mdp 
 

9.2 0.062 2.86  

F27 100 30   - - Fusilinid Wks   8.5 0.014 2.86  

F26 100 21 
 

- - Fusilinid Wks 
 

4.2 0.009 2.85  

F25 98 16   2 122 Pel Mdp-Wks   5.2 0.093 2.86  

F24 95 23 
 

5 102 Pel Mdp-Wks 
 

8.8 0.909 2.85  

F23 90 18   10 104 Qtz Pel Mdp-Wks   7.2 0.229 2.85  

F22 80 18 
 

20 117 Qtz Pel Ooid Gdp  
 

7.5 0.269 2.84  

F21 67 23   33 113 Qtz Ooid Pel Gdp %40 Qtz   8.6 0.152 2.81  

F20 85 22 
 

15 110 Qtz Ooid Pel Gdp 
 

6.3 0.027 2.84  

F19 90 20   10 127 Qtz Ooid Pel Gdp   6.2 0.084 2.85  

F18 85 15 
 

15 110 Qtz Ooid Pel Gdp-Gs Qtz int 7 8.5 1.771 2.83  

F17 56 18   44 110 Qtz Ss. Dolostone   15.2 0.917 2.74  

F16 30 10 
 

70 100 Siltstone w/ Dolomite (Pel) 
 

15.8 0.82 2.72  

F15 95 75   5 100 Peloid Ooid Gs   8 0.363 2.84  

F14 80 10 
 

20 100 Qtz Pel Ooid Gdp 
 

6.8 0.047 2.83  

F13 80 70   20 100 Qtz Pel.Ooid Gs   10 0.803 2.80  

F12 80 70 
 

20 100 Qtz Pel. Ooid Gs-Gdp%20 4 9.5 0.856 2.81  

F11 60 10   40 100 Qtz Ooid Pel. Gs-Gdp%40   13.5 4.718 2.77  

F10                   No Sample 

F9 85 70   15 100 Crin.Int. Peloid Ooid Gs-Gdp 9.5 10.8 28.99 2.82  

F8 85 70 
 

15 100 Crin.Int.Ooid Peloid Gs-Gdp 
 

4.5 0.554 2.83  

F7 90 70   10 100 Crinoid Peloid Ooid Gs   11.6 53.58 2.84  

F6 95 70 
 

5 100 Crinoid Ooid GS 13 12.7 102.7 2.84  

F5 90 70   10 100 Intrac.Crin.Pel.Ooid Gs-Gdp   9.9 1.936 2.85  

F4 95 70 
 

5 100 Peloid Ooid Gs-Gdp 7 8.3 5.669 2.85  

F3 95 70   5 100 Peloid Ooid Gs-Gdp   7 0.749 2.85  

F2 90 70   10 100 Qtz.Crin.Peloid Ooid Gs-Gdp 6 6.2 2.908 2.85  

F1 25 10   75 100 Siltstone w/ Dolomite   13.5 0.225 2.76  

Table A3: Compiled information from thin section and core plug porosity and permeability analysis from a core plug transect 

taken at measured section F. Core plug lab derived porosity, permeability, and grain density values (Core Analy.) are from 

Weatherford laboratories. Mineralogy and visible porosity point counts and grain sizes were gathered using a petrographic 

microscope and NIS elements software.



 

122 

 

 

Sample LITHOLOGY TEXTURE VISIBLE PORE CORE ANALY. 

No. Dolomite Calc Quartz Rock Fabric Ippor (count) Cpor Cperm Grain 

  % size u % % Size Description % % md Density 

Xr 32 92 12  1 83 Fossilif Wks Fusi  7 6.9  0.035 2.86  

Xr 31 93 17   5 90 Fossilif Wks 2 7.7  1.366 2.85  

Xr 29 50 7  45 94 Qtz ss 30 % Mic 5 17.2  4.222 2.74  

Xr 28 45 8   45 117 Qtz ss 10 % Mic   19.9  18.022 2.69  

Xr 27 55 11   40 115 Qtz Mic Wks %40 Qtz 5 13.9  1.683 2.77  

Xr 26 62 7  30 96 Qtz Ss %20 Carb 8 18.0  9.154 2.73  

Xr 25 47 6   41 94.94 Qtz Ss 12 19.1  18.069 2.68  

Xr 24 90 25  5 90 Qtz Pel Ooid Gs-Gdp 5 5.5  0.031 2.85  

Xr 23 80 5   15 77 Fossilif Crin Wks 5 9.7  0.026 2.81  

Xr 22 70 8  25 100 Crin. Qtz Wks %30 Qtz 5 11.5  0.400 2.81  

Xr 21 35 11   55 67 Qtz Pel Mdp-Wks 10 11.1  0.285 2.79  

Xr 20 15     70 56 Qtz Ss %10 Carb 15 24.6  2.876 3.02  

Xr 19 25     70 60 Qtz Ss %20 Carb 5 14.9  1.928 2.69  

Xr 18 45 14  50 57 Carb/Qtz Ss  50/50 Carb 5 17.3  6.208 2.72  

Xr 17 50 9   40 79 Qtz Ss  %35 Carb 10 15.5  2.761 2.73  

Xr 16 39 18   48 99 Qtz Ss %40 Carb 13 13.7  1.057 2.72  

Xr 15 30   70 60 Qtz Ss 10 11.5  0.201 2.70  

Xr 14 20 18   70 55 Qtz Ss 10 13.2  0.494 2.68  

Xr 12 23 12  70 57 Qtz Ss 7 13.9  0.725 2.68  

Xr 10 20     80 64 Qtz Ss   15.2  1.306 2.68  

Xr 8 40   60 60 Qtz Ss  14.9  0.764 2.67  

Xr 6 25 14   75 66 Qtz Ss   14.1  0.130 2.68  

Xr 4 30     70 78 Qtz Ss   13.1  0.217 2.68  

Xr 2 32 17   68 73 Qtz Ss   15.8  0.413 2.70  

Xr 1           Qtz Ss   15.1  0.661 2.71  

Table A4: Compiled information from thin section and core plug porosity and permeability analysis from a core plug transect 

taken at measured section Xr. Core plug lab derived porosity, permeability, and grain density values (Core Analy.) are from 

Weatherford laboratories. Mineralogy and visible porosity point counts and grain sizes were gathered using a petrographic 

microscope and NIS elements software. Xr samples in the lower portion of the measured section (massive sandstone) were 

skipped due to logistical complications.



 

123 

 

 

References 

 

ALLMENDINGER, R.W., 2011, "Stereonet 7." From 

http://www.geo.cornell.edu/geology/faculty/RWA/. 

  

BALL, M.M., 1967, Carbonate sand bodies of Florida and the Bahamas: Journal of  

 Sedimentary Petrology, v. 37, p. 556-591. 

  

BARNABY, R. J., AND WARD, W.B., 2007, "Outcrop Analog for Mixed Siliciclastic– 

Carbonate Ramp Reservoirs—Stratigraphic Hierarchy, Facies Architecture, and 

Geologic Heterogeneity: Grayburg Formation, Permian Basin, U.S.A." Journal of 

Sedimentary Research, v. 77(1), p. 34-58. 

  

BEBOUT, D. G., MAJOR, R.P., TYLER, N., HARRIS, P. M., AND KERANS, C., 1991,  

Platform-Edge, Shallow-Marine, Ooid Grainstone Shoals, Joulters Cays, 

Bahamas: A Modern Analog of Carbonate Hydrocarbon Reservoirs, in Coastal 

Depositional Systems in the Gulf of Mexico. In Coastal Depositional Systems in 

the Gulf of Mexico, Quaternary Framework and Environmental Issues: Gulf 

Coast Section, SEPM, 12th Annual Research Conference, Program and Abstracts 

(pp. 26-29). 

  

BURCHETTE, T. P., PAUL WRIGHT, V., AND FAULKNER, T. J., 1990, "Oolitic  

sandbody depositional models and geometries, Mississippian of southwest 

Britain: implications for petroleum exploration in carbonate ramp settings." 

Sedimentary Geology, v. 68(1–2), p. 87-115. 

  

DUTTON, S. P., KIM, E. M., BROADHEAD, R. F., BRETON, C. L., RAATZ, W. D.,  

RUPPEL, S. C., AND KERANS, C., 2005. Play analysis and digital portfolio of 

major oil reservoirs in the Permian Basin: Bureau of Economic Geology, The 

University of Texas at Austin. Report of Investigations, 271. 

  

ESTEBAN, M., AND PRAY, L.C., 1977, Locality Guide, Stop I, Introduction to strata of 

the shelf crest, inner Walnut Canyon and Carlsbad Caverns area, Upper Yates 

and Lower Tansill formations, in Pray, L.C., and Esteban, M., eds., Upper 

Guadalupian Facies, Permian Reef Complex, Guadalupe Mountains, New Mexico 

and West Texas, Volume 2, Road logs and locality guides (1977 Field Conference 

Guidebook): Midland, Texas, Permian Basin Section SEPM, Guidebook 

Publication 77-16, p. G87–G90.  



 

124 

 

 

  

FEKETE, T.E., FRANSEEN, E.K., AND PRAY, L.C., 1986, Deposition and erosion of  

the Grayburg Formation (Guadalupian, Permian) at the shelf-to-basin margin, 

western escarpment, Guadalupe Mountains, Texas, in Moore, G.E., and Wilde, 

G.L., eds., Lower and Middle Guadalupian Facies, Stratigraphy, and Reservoir 

Geometries, San Andres–Grayburg Formations, Guadalupe Mountains, New 

Mexico and Texas: SEPM, Permian Basin Section, Special Publication 25, p. 69–

81. 

  

FISCHER, A.G., AND SARNTHEIN, M., 1988, Airborne silts and dune-derived sands in  

the Permian of the Delaware Basin: Journal of Sedimentary Petrology, v. 58, p. 

637– 643. 

  

FRENCH, V. L., AND KERANS, CHARLES, 2004, Chapter 9. Accommodation- 

controlled systems-tract-specific facies partitioning and resulting geometric 

development of reservoir grainstone ramp-crest shoal bodies, in Grammer, G. M., 

Harris, P. M., and Eberli, G. P., eds., Integration of outcrop and modern analogs 

in reservoir modeling: American Association of Petroleum Geologists, American 

Association of Petroleum Geologists 80 Memoir, p. 171–190. 

  

GARBER, R. AND HARRIS, P., 1986, Depositional Facies of Grayburg/San Andres  

Dolomite Reservoirs, Central Basin Platform, Permian Basin. Proceedings PBS-

SEPM Research Conference, Hydrocarbon Reservoir Studies, San 

Andres/Grayburg Formations, Permian Basin. 

  

GARDNER, M. H., AND SONNENFELD, M. D., 1996, Stratigraphic changes in facies  

architecture of the Permian Brushy Canyon Formation in Guadalupe Mountains 

National Park, west Texas., SEPM, Permian Basin Section, Special Publication, p. 

17-40. 

  

GONZALEZ, R. AND EBERLI, G. P., 1997, "Sediment transport and bedforms in a  

carbonate tidal inlet; Lee Stocking Island, Exumas, Bahamas." Sedimentology, v. 

44(6), p. 1015-1030. 

  

HANDFORD, C. R., 1988, "Review of carbonate sand-belt deposition of ooid  

grainstones and application to Mississippian reservoir, Damme Field, 

southwestern Kansas." American Association of Petroleum Geologists, Bulletin, 

v. 72(10), p. 1184-1199. 

   



 

125 

 

 

HARRIS, P.M., 1979, Facies anatomy and diagenesis of a Bahamian Ooid Shoal:  

Sedimenta VII: Comparative Sedimentology Lab, University of Miami, 

Miami, 163 pp. 

 

HARRIS, P.M., KERANS, C, AND BEBOUT, D.G., 1993, in Loucks, R. and Sarg, J. F.  

(eds.), Carbonate Sequence Stratigraphy - Recent Developments and 

Applications: AAPG Memoir 57, p. 475-492. 

  

HARRIS, P. M., AND W. S. KOWALIK, 1994, Satellite images of carbonate  

depositional settings: Examples of reservoir- and exploration scale geologic facies 

variation: AAPG Methods in Exploration Series 11, 147 p. 

  

HARRIS, P. M., 2010, "Delineating and quantifying depositional facies patterns in  

carbonate reservoirs:  Insight from modern analogs." American Association of 

Petroleum Geologists, Bulletin, v. 94(1), p. 61-86. 

  

HARRIS, P. M., ELLIS, J., AND PURKIS, S.J., 2013, "Assessing the extent of carbonate  

deposition in early rift settings." American Association of Petroleum Geologists, 

Bulletin, v. 97(1), p. 27-60. 

  

HAYES, M. O., 1980, "General morphology and sediment patterns in tidal inlets."  

Sedimentary Geology, v. 26(1–3), p. 139-156. 

  

HAYES, P. T., 1959, San Andres limestone and related Permian rocks in Last Chance  

Canyon and vicinity, southeastern New Mexico. American Association of 

Petroleum Geologists, Bulletin, v. 43(9), p. 2197-2213. 

  

HAYES, P. T., 1964, Geology of the Guadalupe Mountains, New Mexico: United States  

 Geological Survey Professional Paper 446, 69 p. 

  

HINE, A. C., 1977, "Lily Bank, Bahamas; history of an active oolite sand shoal." Journal  

of Sedimentary Research, v. 47(4), p. 1554-1581. 

  

JENNINGS, J., AND LUCIA, F., 2003, Predicting permeability from well logs in  

carbonates with a link to geology for interwell permeability mapping. SPE 

Reservoir Evaluation & Engineering, v. 6(4), p. 215-225. 

  

KERANS, C, AND KEMPTER, K., 2002, Hierarchical stratigraphic analysis of a  

carbonate platform, Permian of the Guadalupe Mountains: The University of 

Texas at Austin, Bureau of Economic Geology (American Association of 

Petroleum Geologists/Datapages Discovery Series No. 5), CD-ROM. 

   



 

126 

 

 

KERANS, C, 1995, Use of one- and two-dimensional cycle analysis in establishing high- 

frequency sequence frameworks, in Read, J. F., Kerans, C., and Weber, L. J., 

organizers, Milankovitch sea level changes, cycles and reservoirs on carbonate 

platforms in greenhouse and ice-house worlds: SEPM (Society for Sedimentary 

Geology), Short Course Notes No. 35, p. 1–19. 

  

KERANS, C., AND FITCHEN, W.M., 1995, Sequence hierarchy and facies architecture  

of a carbonate-ramp system: San Andres Formation of the Algerita escarpment 

and western Guadalupe mountains, West Texas and New Mexico: Texas Bureau 

of Economic Geology, Report of Investigations 235, 86 p. 

  

KERANS, C., LUCIA, F.J., AND SENGER, R.K., 1994, Integrated characterization of  

carbonate ramp reservoirs using Permian San Andres Formation outcrop analogs: 

American Association of Petroleum Geologists, Bulletin, v. 78, p. 181-216. 

  

KERANS, C., FITCHEN, W.M., GARDNER, M.H., SONNENFELD, M.D., TINKER,  

S.W., AND WARDLAW, B.R., 1992, Styles of sequence development within 

uppermost Leonardian through Guadalupian strata of the Guadalupe Mountains, 

Texas and New Mexico, in Mruk, D.H., and Curran, B.C., eds., Permian Basin 

Exploration and Production Strategies: Applications of Sequence Stratigraphic 

and Reservoir Characterization Concepts: West Texas Geological Society, 

Symposium 92–91, p. 1–7. 

 

KERANS, C., AND TINKER, S., 1999, Extrinsic stratigraphic controls on development  

of the Capitan reef complex, in Saller, A.H., Harris, P.M., Kirkland, B.L., and 

Mazzullo, S.J., eds., Geologic Framework of the Capitan Reef: SEPM, Special 

Publication 65, p. 15–36. 

 

KERANS, C., AND NANCE, H. S., 1991, High frequency cyclicity and regional  

depositional patterns of the Grayburg Formation, Guadalupe Mountains, New 

Mexico, in Meader-Roberts, Sally, Candelaria, M. P., and Moore, G. E., eds., 

Sequence stratigraphy, facies, and reservoir geometries of the San Andres, 

Grayburg, and Queen Formations, Guadalupe Mountains, New Mexico and 

Texas: Society of Economic Paleontologists and Mineralogists, Permian Basin 

Section, and Society of Sedimentary Geology, Publication 91-32, p. 53–70. 

  

KING, P. B., 1948, Geology of the southern Guadalupe Mountains, Texas: U.S. Geol.  

Survey Professional Paper 215, 183 p. 

  

LINDSAY, R. F., 1993, Carbonate sequence stratigraphy on the development geology  

scale: outcrop and subsurface examples from the Permian Grayburg Formation, 

Permian Basin. American Association of Petroleum Geologists, Bulletin, v. 

79(11).   



 

127 

 

 

LUCIA, F. J., 1995, "Rock-fabric/petrophysical classification of carbonate pore space for  

reservoir characterization." American Association of Petroleum Geologists, 

Bulletin, v. 79(9), p. 1275-1300. 

  

MCCONNELL, D.A., 1989, Determination of offset across the northern margin of the  

Wichita uplift southwest Oklahoma, Geological Society of America, Bulletin, v. 

101, p. 1317-1332. 

  

MOORE, C. H., 1997, Sequence Stratigraphic Framework of Upper Jurassic Oxfordian  

Smackover Equivalents illustrated by the Humble McKean# 12 core, Buckner 

Field, Southern Arkansas, Central Gulf of Mexico, USA, p. 305-315. 

  

MORAN, W. R., 1954, Proposed type sections for the Queen and Grayburg Formations  

of Guadalupian age in the Guadalupe Mountains, Eddy County, New Mexico 

(abs.): Geological Society of America, Bulletin, v. 65, p. 1288. 

  

NAIMAN, E. R., 1982, Sedimentation and diagenesis of a shallow marine carbonate and  

siliciclastic shelf sequence: the Permian (Guadalupian) Grayburg Formation, 

southeastern New Mexico, Doctoral dissertation, University of Texas at Austin. 

  

NEWELL, N. D., J. K. RIGBY, A. G. FISCHER, A. J. WHITEMAN, J. E. HICKOX,  

AND J. S. BRADLEY, 1953, The Permian reef complex of the Guadalupe 

Mountains region, Texas and New Mexico— a study in paleoecology: San 

Francisco. California, W. H. Freeman, 236 p. 

  

OSLEGER, D.A., 1998, Sequence architecture and sea level dynamics of late Permian 

shelfal facies, Guadalupe Mountains, southern New Mexico: Journal of 

Sedimentary Research, v. 68, p. 327–346. 

  

PIERRE, A., DURLET, C., RAZIN, P., AND CHELLAI, E. H., 2010, Spatial and  

temporal distribution of ooids along a Jurassic carbonate ramp: Amellago outcrop 

transect, High-Atlas, Morocco. Geological Society, London, Special Publications, 

329(1), p. 65-88.  

  

PURDY, E.G., 1961, Bahamian oolite shoals, in Peterson, J.A. and Osmond, J.C., eds.,  

Geometry of Sandstone Bodies: American Association of Petroleum Geologists 

Special Publication 22, p. 53-63. 

  

QI, L., CARR, T. R., AND GOLDSTEIN, R. H., 2007, Geostatistical three-dimensional  

modeling of oolite shoals, St. Louis Limestone, southwest Kansas. American 

Association of Petroleum Geologists, Bulletin, v. 91(1), p. 69-96. 

   



 

128 

 

 

RANKEY, E.C., AND S. L. REEDER, 2011, Holocene Oolitic Marine Sand Complexes  

 of the Bahamas. Journal of Sedimentary Research, v. 81(2), p. 97-117. 

  

RANKEY, E.C., RIEGL, B., AND STEFFEN, K., 2006, Form, function and feedbacks in  

 a tidally dominated ooid shoal, Bahamas: Sedimentology, v. 53, p. 1191-1210. 

  

RUPPEL, S. C., AND BEBOUT, D. G., 2001, Competing Effects of Depositional  

Architecture and Diagenesis on Carbonate Reservoir Development: Grayburg 

Formation, South Cowden Field, West Texas (No. 263). Bureau of Economic 

Geology, University of Texas at Austin. 

  

REEDER, S. L. AND E. C. RANKEY, 2009, Controls on morphology and  

sedimentology of carbonate tidal deltas, Abacos, Bahamas. Marine Geology, v. 

267(3–4), p. 141-155. 

  

SARG, J.F., AND LEHMANN, P.J., 1986, Lower–Middle Guadalupian facies and  

stratigraphy, SanAndres–Grayburg formations, Permian Basin, Guadalupe 

Mountains, New Mexico, in Moore, G.E., and Wilde, G.L., eds., Lower and 

Middle Guadalupian Facies, Stratigraphy, and Reservoir Geometries, San 

Andres–Grayburg Formations, Guadalupe Mountains, New Mexico and Texas: 

SEPM, Permian Basin Section, Special Publication 25, p. 1–36. 

  

SONNENFELD, M.D., AND CROSS, T.A., 1993, Volumetric partitioning and facies  

differentiation within the Permian upper San Andres Formation of Last Chance 

Canyon, Guadalupe Mountains, New Mexico, in Loucks, R.G., and Sarg, J.F., 

eds., Carbonate Sequence Stratigraphy; Recent Developments and Applications, 

American Association of Petroleum Geologists, Memoir 57, p. 435–474. 

  

SPARKS, A. G., AND RANKEY, E.C., 2013, "Relations between geomorphic form and  

sedimentologic-stratigraphic variability: Holocene ooid sand shoal, Lily Bank, 

Bahamas." American Association of Petroleum Geologists, Bulletin, v. 97(1), p. 

61-85. 

  

TINKER, S.W., 1998, Self-to-basin facies distributions and sequence stratigraphy of a  

steep-rimmed carbonate margin: Capitan depositional system, McKittrick 

Canyon, New Mexico and Texas: Journal of Sedimentary Research, v. 68, p. 

1146-1174. 

  

WANLESS, H. R., AND Dravis, J.J., 1989, Carbonate Environments and Sequences of  

Caicos Platform: American Geophysical Union, 28th International Geological 

Congress, Field Trip Guidebook T374, 75 p. 

   



 

129 

 

 

WARD, R.F., KENDALL, C.G.ST.C., AND HARRIS, P.M., 1986, Upper Permian  

(Guadalupian) facies and their association with hydrocarbons—Permian Basin, 

west Texas and New Mexico: American Association of Petroleum Geologists, 

Bulletin, v. 70, p. 239–262. 

  

YANG, K. M., AND DOROBEK, S. L., 1995, The Permian Basin of West Texas and  

New Mexico: flexural modeling and evidence for lithospheric heterogeneity 

across the Marathon foreland. Stratigraphic Evolution of Foreland Basins (Ed. by 

SL Dorobek and GM Ross), Spec. Publ. SEPM (Soc. Sedimentary Geol.), v. 52, 

p. 37-50.  



 

130 

 

 

Vita 

 

Alex Parker grew up in Houston, Texas, and graduated from Texas A&M 

University in 2010 with a B.S. in Geology. He moved to Austin, Texas, in the fall of 

2011 to pursue a Master’s degree at the Jackson School of Geoscience under Dr. Charles 

Kerans. From 2011 to 2013 he worked as a research assistant for the Reservoir 

Characterization Research Laboratory (RCRL) and as a teaching assistant in the Jackson 

School of Geosciences. He moved to Houston, Texas, in the fall of 2013 and now works 

for Chevron Corporation. 

 

 

Permanent email: johnalexparker@gmail.com 

This thesis was typed by Alex Parker 

 


