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ABSTRACT 

The Upper Jurassic (Oxfordian) Smackover Formation is a shallow-marine carbonate unit 

in the subsurface of the U.S. Gulf Coast, spanning from south Texas to west Florida.  This field 

case-study focuses on Little Cedar Creek Field located in southeastern Conecuh County, 

Alabama.  The objectives of this study are to 1) construct a 3-D depositional model for the 

Smackover Formation at Little Cedar Creek Field; 2) establish a sequence stratigraphic 

framework for the construction of the depositional model; 3) characterize and map lithofacies 

with high resource potential based on the depositional model; and 4) demonstrate the use of 

the depositional model to maximize hydrocarbon recovery in the field area 

Little Cedar Creek Field is located near the up-dip limit of the Smackover Formation.  

The top of the Smackover is found at depths between 10,000 to 12,000 feet, and the formation 

ranges in thickness from 60 to 120 feet.  The Smackover Formation overlies the Callovian-

Oxfordian Norphlet Formation and underlies the Kimmeridgian Haynesville Formation. 

The petroleum reservoirs in Little Cedar Creek Field, unlike most Smackover fields in the 

eastern Gulf region, are composed predominantly of limestone, not dolomite, and do not 

possess a Buckner Anhydrite top seal immediately above the reservoir.  Beginning from the top 

of the Smackover, the facies are: (S-1) Peritidal lime mudstone-wackestone; (S-2) tidal channel 

conglomeratic floatstone-rudstone; (S-3) peloid-ooid shoal grainstone-packstone; (S-4) subtidal 

lime wackestone-mudstone; (S-5) microbially-influenced packstone-wackestone; (S-6) microbial 
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(thrombolite) boundstone; and (S-7) transgressive lime mudstone-dolostone.    Production is 

from both the thrombolite boundstone and shoal grainstone facies, though pressure and fluid 

data indicate no communication between the two reservoirs.     

The data indicate that the microbial communities developed on subtle topographic 

highs overlying the transgressive lime mudstone-dolostone in a shallow-water, low-energy, 

hypersaline environment, parallel to the southwest-northeast trending paleoshoreline.  The 

Conecuh Embayment, formed by the Conecuh and Pensacola Ridges to the northwest and 

southeast, respectively, created low-energy, tranquil conditions that promoted the 

development of these opportunistic microbial organisms.   
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INTRODUCTION 

 The Upper Jurassic (Oxfordian) Smackover Formation (Figure 1), named after the 

Smackover oil field in southern Arkansas, is a carbonate unit deposited during a major marine 

transgression and highstand across the northern rim of the Gulf of Mexico (Imlay, 1943; 

Markland, 1992; Prather, 1992).  During the breakup of Pangea, seawater first entered the Gulf 

of Mexico during the Callovian stage, but widespread and prolonged marine invasion occurred 

during the Oxfordian stage (Salvador, 1987). This transgression has been attributed to 

emplacement of oceanic crust in the Gulf and the resulting thermal subsidence due to crustal 

cooling (Nunn, 1984; Winker and Buffler, 1988).   

The Smackover Formation is the most prolific hydrocarbon producing formation in 

southwest Alabama, producing oil and gas from both structural and stratigraphic traps.  Since 

the discovery of Toxey Field in 1967, over 100 Smackover fields have been developed in 

southwest Alabama (Alabama State Oil and Gas Board, 2010).  The majority of these fields were 

developed based on exploration and production from Smackover microbial buildups overlying 

paleotopographic highs.  The recent success in the past decade of an updip, dual-reservoir, 

stratigraphic trap at Little Cedar Creek Field in Conecuh County has gained interest among 

industry professionals.   

Compared with other microbial plays in southwestern Alabama, the Smackover 

Formation at Little Cedar Creek Field is unique in several aspects.  First, it appears to lack 

structural closure.  Second, production is in two reservoir facies, which are not in 
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communication (Mancini et al., 2008).  Third, the lack of dolomitization preserved the original 

depositional fabric.  Fourth, both reservoir facies are in close proximity to the updip limit of the 

Smackover Formation. 

Carbonate reservoirs differ from siliciclastic reservoirs due primarily to porosity types.  

Siliciclastic reservoir quality is typically characterized by intergranular porosity, influenced by 

mineralogy, grain angularity, and burial depth.  Carbonate reservoir quality is influenced 

primarily by two diagenetic processes, dissolution and dolomitization, both of which can be 

directly related to environments of deposition (e.g. climate and water depth).  It is imperative 

to understand, interpret and predict the environmental conditions in order to successfully 

explore for stratigraphic traps in both carbonate and siliciclastic formations.   

  Previous exploration strategies in southwestern Alabama focused on locating 

Smackover reservoirs by drilling on top of paleotopographic highs of Paleozoic basement rock, 

which are prominent features seen in seismic profiles. Oxfordian reefs developed on top of 

these basement highs and were directly overlain by an oolitic grainstone.  These Smackover 

fields were heavily dolomitized, altering the original depositional fabric and texture.  At Little 

Cedar Creek Field, the Oxfordian reef facies of the Smackover overlies a conglomeratic 

sandstone facies of the Norphlet Formation, is only partially dolomitized, and is overlain by a 

lime mudstone to wackestone. 

    This thesis studies various geologic properties of the field in order to construct a 

depositional model.  The data, interpretations, and conclusions will contribute by expanding 

local geologic concepts derived from this study and enhance exploration strategies in the 

future.   

2



 

 

Figure 1: Jurassic stratigraphy in Little Cedar Creek Field area. 

 

Statement of Problem 

Prior to the discovery of Little Cedar Creek Field, updip microbial Smackover reservoirs 

have been restricted to paleotopographic highs of the underlying Paleozoic basement.  Previous 

exploration techniques have relied on seismic reflection technology to recognize the positive 

relief on top of which microbial reefs formed (Mancini et al., 2008).  The discovery of microbial 
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buildups at Little Cedar Creek Field indicates that growth and development of microbial 

organisms were not restricted to paleotopographic highs in this area during the Jurassic. 

Thrombolites in this field developed farther updip than other microbialites found in the eastern 

Gulf coastal plain (Mancini et al., 2008).  Markland (1992) defines the updip region as the area 

between the Gilbertown-West Bend-Pollard-Foshee peripheral fault systems and the 

depositional limit of the Smackover Formation.   

This study concentrates on Little Cedar Creek Field, which parallels the updip limit of the 

Upper Jurassic (Oxfordian) Smackover Formation in southeastern Conecuh County, Alabama 

(Figure 2).  It is the intent of this thesis to construct a depositional model for the Smackover 

Formation in the Little Cedar Creek Field area, characterize and map the distribution of the 

lithofacies having resource potential, and demonstrate the use for the depositional model in 

field development.  Lithofacies characterization is based on the definition from Salvador (1994) 

stating, “A lateral, mappable subdivision of a designated stratigraphic unit, distinguished from 

adjacent subdivisions on the basis of its lithologic composition.”  Lithologic composition will 

vary with texture, grain size, sedimentary structures and porosity.   
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Figure 2: Location map of Little Cedar Creek Field, Conecuh County, Alabama. 
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Location and Field History 

In 1994, Hunt Oil Company drilled the discovery well, Cedar Creek Land & Timber Co. 30-

1 #1, which tested at 108 BOPD of 47 degree API gravity oil.  In 2000, Midroc Operating 

Company, based in Shreveport, LA, purchased all area leases from Hunt Oil.  The company has 

enjoyed a successful run with 50 commercial wells.  Sklar Exploration Company, also based in 

Shreveport, began drilling leases northeast of Midroc’s acreage.  Today, the two companies 

have drilled over 70 wells in the area, producing 9.9 MMBLS of oil and 8.8 MMCF of natural gas.  

Both companies continue to drill successful wildcat wells, thereby monthly increasing the field 

size and its limits. 

 

Previous Work 

The earliest known publications on the Smackover are from Bell (1923) describing the 

sands at Smackover field, and Bingham (1938), in which he briefly mentions “new production 

from the so-called Smackover limestone at a depth of 4,900 feet” north of Smackover field in 

Snow Hill, Arkansas.  Since the early 20th century, many publications have focused study on the 

prolific Smackover Formation in the Gulf Coast of the United States.   

In southwest Alabama, most notably, Mancini and Benson (1980) did a regional 

stratigraphic study of the Smackover Formation, due to the growing oil and gas activity in 

Alabama, in which the primary target of which was the Smackover Formation.  They recognized 

that the 
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Figure 3: Location and base map of Little Cedar Creek Field, Conecuh County, Alabama.  Orange well symbols indicate wells included 
in cross sections. 
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Through analysis and correlation of wireline logs and describing cored intervals, Mancini and 

Benson (1980) identified three regional areas in southwestern Alabama in which Smackover 

deposition occurred: 1) Mississippi Interior Salt Basin, 2) Manila Embayment, and 3) Conecuh 

Embayment.  The authors noted that lithofacies and fossil assemblages are distinctive for each 

of the three areas and separated the Smackover Formation into lower and upper lithofacies.  

They characterize the lower lithofacies as a laminated mudstone that is, on occasion, oncolitic 

and partially dolomitized.  They characterize the upper lithofacies as a grain-supported, oolitic 

packstones to grainstones (1983).  Baria et al. (1982) also divided the Smackover Formation into 

a lower, basinal mudstone to wackestone; and an upper-shelf packstone to grainstone.  Baria et 

al. (1982) includes a clastic lithofacies in west-central Mississippi interpreted as sediment from 

the ancestral Mississippi River (Ahr, 1973).   

Baria et al. (1982) were among the first to recognize and document the occurrence of 

reefs in the Smackover Formation.  They restricted microbial buildups to three structural 

features:  1) basement ridges, 2) faulted basement highs, and 3) upthrown salt-cored fault 

blocks.   Prather (1992) attributed the underlying paleotopography to Norphlet dune 

topography or eroded basement topography.   

Baria et al. (1982) recognized the Smackover reef biota and constituents as blue-green 

algae, Tubiphytes sp., encrusting worms, sponges, rare corals, and marine cements, all of which 

appear to have been lithified in the marine environment.  The algae and Tubiphytes sp. are the 

dominant reef binders and encrusters.  The authors recognized that these microbial organisms 

8



 

constructed microframework cavities between corals, sponges, bryozoans and hydrozoans that 

are commonly filled with geopetal fine-peloid sediment or marine cements (Baria et al., 1982).    

Baria et al. (1982) note that the reefs in the Smackover Formation indicate more normal 

marine conditions for the ancestral Gulf of Mexico when the expansive Oxfordian seas covered 

much of the broad shelf of the Gulf Coast region.  These broad areas of tropical seas facilitated 

reef development and allowed microbial communities to flourish (Baria et al., 1982).   

The reef biota found in the Smackover Formation decrease in variation from west to 

east.  Reefs in southern Arkansas had a much more diverse microbial assemblage than 

southwestern Alabama (Baria et al., 1982).  The Manila and Conecuh embayments (Figure 6) 

restricted marine conditions (Mancini and Benson, 1980).  The eastern Smackover reefs in 

Alabama are also overlain by thick evaporites from the Buckner Anhydrite, indicating 

hypersaline conditions that would inhibit the diversity of organic development (Baria et al., 

1982). 

Mancini et al. (2008) compared microbial buildups of the Smackover to Jurassic 

buildups, viewed in outcrop, in Spain and Portugal.  They classified these western European 

buildups as bioherms and pinnacle reefs based on mound-like features and conical-shaped 

features, respectively, and are interpreted to have developed in normal-marine conditions on 

middle and outer ramp settings (10-400 m of water depth). The authors interpreted the 

microbial buildups at Little Cedar Creek Field as having developed in an inner ramp setting. 

 

9



 

Regional Structure 

 Deposition of the Smackover Formation occurred on a ramp-like surface across the 

northern rim of the Gulf of Mexico.  Introduced by Ahr (1973), the carbonate ramp model 

generally has less than a 1° slope without a pronounced break.   The ramp model displays 

lateral facies relationships (Table 1) opposed to the carbonate shelf model, making it an 

essential physiographic concept when exploring for carbonate reservoirs due to the occurrence 

and distribution of facies.  Key characteristics of the ramp model include patch reefs, concentric 

facies belts that follow bathymetric contours, wedge-shaped deposits, and grainstones updip 

transitioning to pelagic mudstones downdip (Ahr, 1973). Jordan, Jr. (1973) defines patch reefs 

as small single reefs less than 200 meters in diameter that rise abruptly from a flat lagoon floor 

and typically have an irregular round or elliptical shape.   

 Characteristics of the carbonate shelf model are 1) facies governed by topography; 2) 

muddy rocks updip passing downdip into grainstones and boundstone at the shelf margin; 3) 

Detrital carbonate units gradually thickening downdip, with boundstones locally thicker than 

the detrital facies (Ahr, 1973).  Modern analogs to the carbonate shelf model include the South 

Florida region, Andros Island area of the Bahama Banks, and Queensland, Australia (Ahr, 1973; 

Read 1985). 

 The pre-Smackover structure in southwestern Alabama follows the ramp model, but 

contains many positive relief features affecting lateral facies relationships (Markland, 1992).  

The positive relief is attributed to Paleozoic basement features, due to either faulting or 

differential erosion (Mancini et al., 2000).  Major structures  influencing and restricting 
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Smackover deposition in southwestern Alabama were the Conecuh Ridge, Pensacola Arch, and 

a peripheral fault system extending from central Mississippi through northwest Florida (Mancini 

and Benson, 1980; Markland, 1992).   

Table 1: Carbonate ramp versus shelf in terms of primary porous rock (Ahr, 1973). 

 RAMP SHELF 

Grainstone (Lime Sands) Updip, coastal environment.  
Present as thin sheets if on iniform 
topography.  May be lenticular 
barrier bars.  Not commonly 
associated with reefs.  Facies updip 
will be tidal flat; down dip will be 
shallow marine and muddy. 

Downdip, shelf-margin-marine.  
Present as sheets and as lenticular, 
submarine bars (mega-ripples).  
Commonly associated with reefs 
(sands may be bioclastic reef 
material).  Facies updip will be 
lagoonal; downdip will be pelagic.   

Boundstones Patch reefs locally.  No major shelf-
break; therefore, no major reef 
trend.  Patch reefs may develop on 
local topographic highs - dunes, 
erosional remnants, etc. 

Essentially continuous reef trend 
along well-defined shelf-margin 

Diagenetic changes in limestone reflect the interaction of various rock types and climate; this interaction 
produces different kinds of reservoirs on ramps than on shelves.  Secondary reservoirs on ramps and shelves are 
compared in the following table. 

 RAMP SHELF 

Humid Karst mainland.  Reservoir limited to 
grainstone facies.  Subaerial 
leaching may produce local chalky 
porosity and low permeability.  
Reservoir lost through vadose-
phreatic cementation. 

Karst mainland.  Muddy tidal flats; 
swamps.  Vadose and phreatic 
leaching and cementation obliterate 
permeability.  Shelf margin reefs 
probably affected by leaching and 
cementation.  Caves and solution 
features may be common.   

Arid Sebkha coastline with marginal 
marine grainstone belts.  Updip 
dolomitization in coastal facies with 
reflux dolomitization of grainstones.  
Good reservoirs updip; poor 
reservoir in downdip unaltered 
marine facies.  Subaerial leaching 
possible on local topographic highs 
(reefs, etc.) 

Sebkha coastline with muddy tidal 
flats.  Dolomitization in muddy 
coastal facies may produce 
reservoir.  Downdip reef and 
grainstone trends probably have 
primary porosity.  Good reservoirs 
downdip (shelf margin); possible 
reservoir updip (dolomitized muds).  

 

 

11



 

 

Regional Stratigraphy  

Subsidence, erosion, and salt tectonics provided structural relief, both positive and 

negative and were important controls on Norphlet and Smackover deposition.  The lower 

Kimmeridgian sediments are progradational, highstand deposits that are less marine or 

shallower water marine than the underlying Oxfordian deposits (Salvador, 1987).  

Norphlet Formation 

 Deposition of the Middle Jurassic Norphlet Formation (Figure 2) occurred during the 

Callovian and Oxfordian stages of the Upper Jurassic (Mancini et al., 1985; Salvador, 1987; 

Markland, 1992; LLinas, 2004).  Basin subsidence and erosion of the southern Appalachian 

Mountain chain initiated Norphlet sedimentation (Mancini et al., 1985).  Along the northern 

and northwestern rims of the basin, it has a maximum thickness of approximately 30 meters.  In 

the areas of central Mississippi, southern Alabama, western Florida panhandle and parts of the 

Gulf of Mexico Shelf, the Norphlet reaches thickness of approximately 450 meters (Salvador, 

1987).   In much of study area, the Norphlet consists of conglomeratic-brecciated sandstones.  

Igneous and metamorphic pebbles, derived from the Appalachian Mountain front, are enclosed 

in a red, arkosic sandstone matrix (Lovell, 2010).  These sedimentary characteristics, in 

association to the Upper Jurassic paleography, arid climate, and restricted updip distribution in 

association with Paleozoic paleotopography, suggest deposition in alluvial fan and fluvial 

systems (Mancini et al., 1985).  Mancini et al (1985) further indicate that the range of granule to 

cobble-size clasts of chert, shale, quartzite, granite, and rhyolite, the immature sandstone 
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texture, lack of stratification, and matrix-supported deposits suggest debris flow as the primary 

transporting mechanism.  Downdip from the proximal and distal alluvial fan, fluvial, and wadi 

complexes, the Norphlet Formation consists of mature, cross-bedded quartz sandstone 

indicative of eolian dune complexes, much like the dune structures found in the Sahara desert.  

In summary, fluvial systems governed Norphlet deposition in updip areas proximal to its 

provenance.  Moving downdip, away from the Appalachian Mountain front, eolian processes 

governed deposition of the Norphlet Formation. 

 

Figure 4:  Generalized paleogeography during Norphlet Formation deposition in southwestern 
and offshore Alabama (Modified from Mancini et al. 1985). 
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Smackover Formation 

 The Smackover Formation is an Upper Jurassic (Oxfordian) limestone-to-dolostone unit 

lying conformably between the Callovian-Oxfordian Norphlet Formation and the Kimmeridgian 

Haynesville Formation (Figure 1).  Locally it disconformably overlies the Norphlet Formation.  In 

Alabama, the top of the Smackover is found at approximate depths of 5,000 feet to more than 

20,000 feet (Kopaska-Merkel 1994). 

 The Smackover Formation receives its name from the Smackover oil field, drilled in 

1922, in southern Arkansas (Bell, 1923; Imlay, 1943).  The Smackover, as described by Bingham 

(1937), consists of a 700 feet limestone interval in the field.  The upper 100 feet consists of a 

porous oolitic limestone at a depth of 4,900 feet (Bingham, 1937).  It has been divided into 

three general regional lithofacies (Figure 3): lower, upper, and clastic (Mancini and Benson, 

1980; Bradford, 1982; Baria et al. 1982).  

The lower member consists of dense, dark-colored, fine-grained carbonate, which was 

deposited in a deep-shelf environment (Baria et al., 1982).  The upper member accumulated on 

a shallow shelf or ramp with various amounts of bottom agitation.  This member has been 

interpreted as a regional belt of high-energy grainstones-to-packstones along the northern Gulf 

Coast of the United States (Ahr, 1973; Baria et al., 1982).  The clastic Smackover facies consists 

of sandstones and sandy limestones related to the ancient Mississippi River (Ahr, 1973).   
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Figure 5: Generalized Smackover distribution map along the Gulf Coast area of the southeastern United States (Modified from Baria 
et al. 1982). 
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With the discovery and development of Little Cedar Creek Field, there is now interest in 

an updip Smackover play associated with microbial buildups in a carbonate ramp-type setting.  

Most Smackover reservoirs in southwest Alabama have been heavily dolomitized, making 

characterization of original Smackover facies extremely difficult.  The Smackover interval, 

within the area of Little Cedar Creek Field, is limestone.  The availability of more than 60 

Smackover cores from Little Cedar Creek Field provides a unique opportunity to understand the 

relationships among the Smackover facies. 

Haynesville Formation 

 The Haynesville Formation is an Upper Jurassic (Lower Kimmeridgian) unit characterized 

by its evaporitic deposits and associated red beds (Salvador, 1987).  Imlay (1943) described the 

Haynesville spanning from eastern Texas, southern Arkansas, northern Louisiana, into 

southwestern Alabama.  

Mancini et al. (1990) subdivided the Haynesville Formation into lower, middle, and 

upper units.  The lower unit consists of the Buckner Anhydrite member, which conformably 

overlies the Smackover with carbonates interbedded with shales and anhydrites (Prather, 

1992).   The Buckner often consists of massive anhydrite intercalcalated with finely crystalline 

dolomite (Markland, 1992; Tolson et al., 1983).   Mann et al. (1989) named the middle unit 

overlying the Buckner Anhydrite the Frisco City sand.  The Frisco City sand unconformably 

overlies the Buckner and consists of plagioclase arkose and subarkose sandstone (Mann et al., 

1989).  The upper unit contains sandstones and shales interbedded with carbonates and 
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dolostones (Tolson et al., 1983; Mancini et al., 1990; Markland, 1992).  Thin carbonates 

interbedded with Buckner anhydrites suggest generally rising sea level during deposition of the 

shelf-margin wedge was associated with higher order relative sea level fluctuations (Prather, 

1992).  Previous work correlates thick, massive anhydrites with dolomitization in underlying 

limestone formations based on stable isotope data (Butler, 1969; Prather, 1992). 
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Figure 6: Paleogeographic map of southwest Alabama.  The yellow line indicates the updip limit of the Smackover Formation 
(Modified from Mancini et al., 2008).
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GEOLOGIC SETTING 

Upper Jurassic formations have been penetrated by drilling from eastern Texas to 

southwestern Alabama and as far north as southern Arkansas, and are remarkably uniform 

throughout its extent (Imlay, 1974).  In southwest Alabama, the thickness and depositional 

limits of the Upper Jurassic Smackover Formation are closely controlled by the underlying and 

pre-existing topography of the Paleozoic (Mancini et al., 2008).  A broad desert plain rimmed to 

the north and east by the Appalachian Mountains and to the south by a developing sea, 

dominated Upper Jurassic (Figure 6) paleogeography (Mancini et al., 1985).  Major pre-existing 

topographical features which controlled Smackover deposition in southwest Alabama include: 

The Mississippi interior salt basin and the Manila and Conecuh embayments (Figure 6).  

Using the Kingston et al. (1983) basin classification system, Mancini et al. (2003) 

classified the Mississippi interior salt basin as the interior fracture portion of a margin sag basin.  

The Quitman-Gilbertown-West Bend-Pollard-Foshee fault systems formed during the early 

rifting stage of the Gulf of Mexico rifting phase, restricting salt precipitation to southern 

Mississippi (Mancini et al. 2003).  These peripheral fault systems are absent in both the Manila 

and Conecuh embayments. 
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Table 2: List of wells and associated cumulative production in the Little Cedar Creek Field area.  
Status symbols are: PR-producing well; CV-cancelled with injection; AC -active; CA-cancelled; 
DA-dry and abandoned. 

PERMIT API NUMBER WELL NAME CURRENT OPERATOR STATUS CUM GAS (MCF) CUM OIL (BBLS) 

10560 01-035-20056-00-00 Cedar Creek Land & Timber 30-1 #1 Midroc Operating Company PR 84,682 110,176 

11963 01-035-20077-00-00 Cedar Creek Land & Timber 19-15 Midroc Operating Company PR 42,499 135,661 

12872 01-035-20084-00-00 Cedar Creek Land & Timber 20-12 Midroc Operating Company CV 112,997 127,679 

12872-GI-07-01 01-035-20084-00-01 Cedar Creek Land And Timber 20-12 GI Midroc Operating Company AC 0 0 

13176 01-035-20087-00-00 McCreary 20-6 Midroc Operating Company PR 128,429 127,764 

13177 01-035-20088-00-00 Cedar Creek Land & Timber 20-7 Midroc Operating Company PR 216,268 214,519 

13301 01-035-20089-00-00 Cedar Creek Land & Timber 21-4 Midroc Operating Company CV 144,374 173,831 

13301-GI-07-02 01-035-20089-00-01 Cedar Creek Land & Timber 21-4 GI Midroc Operating Company AC 0 0 

13438 01-035-20090-00-00 Cedar Creek Land & Timber 16-14 Midroc Operating Company PR 13,438 41,947 

13439 01-035-20091-00-00 McCreary 21-1 Midroc Operating Company PR 87,163 102,137 

13472 01-035-20092-00-00 Pugh 22-2 Midroc Operating Company PR 259,059 311,469 

13473 01-035-20093-00-00 Pugh 17-9 Midroc Operating Company CA 0 0 

13510 01-035-20094-00-00 Cedar Creek Land & Timber 16-16 Midroc Operating Company PR 210,065 230,774 

13514 01-035-20095-00-00 Overby 15-12 Midroc Operating Company CA 0 0 

13583 01-035-20096-00-00 Pugh 22-3 Midroc Operating Company PR 82,775 90,898 

13588 01-035-20097-00-00 Johnston Estate 22-15 Midroc Operating Company CA 0 0 

13589 01-035-20098-00-00 Sanders 23-1 Midroc Operating Company PR 430,555 460,339 

13625 01-035-20099-00-00 Price 14-12 Midroc Operating Company PR 662,812 716,250 

13670 01-035-20101-00-00 Tisdale 14-16 Midroc Operating Company PR 287,774 293,878 

13697 01-035-20102-00-00 Findley 23-3 Midroc Operating Company PR 322,350 342,881 

13729-B 01-035-20104-00-00 Stuart 15-15 Midroc Operating Company PR 381,479 394,992 

13746 01-035-20105-00-00 Tisdale 13-13 Midroc Operating Company PR 136,144 171,960 

13770 01-035-20106-00-00 Overby 15-14 Midroc Operating Company PR 135,212 131,324 

13906 01-035-20107-00-00 Horton 14-7 Midroc Operating Company PR 176,294 221,247 

13907 01-035-20108-00-00 Oliver 20-15 Midroc Operating Company PR 92,496 95,704 

14069-B 01-035-20110-00-00 Tisdale 24-3 Midroc Operating Company PR 444,700 490,575 

14112 01-035-20111-00-00 Tisdale 13-5 Midroc Operating Company PR 135,992 170,389 

14113 01-035-20112-00-00 McCreary 13-16 Midroc Operating Company CA 0 0 

14114 01-035-20113-00-00 McCreary 13-1 Midroc Operating Company PR 85,282 129,027 

14155 01-035-20114-00-00 Whatley 14-6 Midroc Operating Company PR 190,024 228,992 

14181 01-035-20115-00-00 McCreary 12-16 Midroc Operating Company PR 144,333 191,552 

14251 01-035-20117-00-00 Cedar Creek Land and Timber 15-8 Midroc Operating Company PR 76,719 111,569 

14270 01-035-20118-00-00 Cedar Creek Land and Timber 21-12 Midroc Operating Company PR 51,007 76,130 

14301-B 01-035-20119-00-00 Horton 12-14 Midroc Operating Company PR 64,936 73,804 

14305 01-035-20120-00-00 Horton 11-16 Midroc Operating Company PR 76,883 96,717 

14309 01-035-20121-00-00 McCreary 13-16 Midroc Operating Company PR 340,249 314,421 

14325 01-035-20122-00-00 Craft-Mack 7-2 #1 Sklar Exploration Company PR 59,334 81,225 

14358 01-035-20123-00-00 Cedar Creek Land and Timber 21-10 Midroc Operating Company PR 94,729 130,483 

14360 01-035-20124-00-00 McCreary 7-11 Midroc Operating Company PR 195,098 259,703 

14484 01-035-20125-00-00 Craft-Cedar Creek Land & Timber  5-5 #1 Sklar Exploration Company PR 2,867 4,782 

14545 01-035-20126-00-00 McCreary 18-6 Midroc Operating Company PR 425,705 439,131 

14646-B 01-035-20128-00-00 McCreary 12-8 Midroc Operating Company PR 25,077 48,533 
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14652-B 01-035-20129-00-00 McCreary 24-1 Midroc Operating Company PR 80,190 55,884 

14692 01-035-20130-00-00 Cedar Creek Land & Timber 15-6 Midroc Operating Company PR 5,158 17,966 

14708 01-035-20131-00-00 Horton 11-14 Midroc Operating Company CV 0 0 

14708-SWD-07-01 01-035-20131-00-01 Horton 11-14 SWDW Midroc Operating Company AC NR NR 

14740-B 01-035-20134-00-00 Harper 18-11 Midroc Operating Company DA 0 0 

14740-B-1 01-035-20134-01-00 Harper 18-12 #1 Midroc Operating Company PR 182,209 113,575 

14824 01-035-20136-00-00 Pugh 22-12 Midroc Operating Company AC NR NR 

14926 01-035-20138-00-00 McCreary 7-9 Midroc Operating Company PR 356,121 343,078 

14965 01-035-20139-00-00 McCreary 18-2 Midroc Operating Company PR 318,665 330,864 

15000 01-035-20140-00-00 McCreary 7-6 Midroc Operating Company PR 55,805 79,551 

15064 01-035-20141-00-00 Horton 6-14 Midroc Operating Company PR 1,342 6,997 

15068-B 01-035-20142-00-00 Horton 6-15 Midroc Operating Company PR 2,161 587 

15068-B-1 01-035-20142-01-00 Horton 6-16 Midroc Operating Company AC 125 2,321 

15159-B 01-035-20143-00-00 Craft-Brye 8-4 #1 Sklar Exploration Company PR 35,860 70,043 

15165 01-035-20144-00-00 Tisdale 23-9 Midroc Operating Company PR 16,882 13,605 

15166-B 01-035-20145-00-00 Cedar Creek Land & Timber 19-2 Midroc Operating Company PR 18,208 30,142 

15263-B 01-035-20147-00-00 Craft-Ralls 5-14 #1 Sklar Exploration Company PR 187,057 214,636 

15357 01-035-20150-00-00 Craft-Ralls 8-12 #1 Sklar Exploration Company PR 234,154 278,379 

15413 01-035-20153-00-00 Craft-Ralls 5-10 #1 Sklar Exploration Company PR 206,977 240,610 

15415 01-035-20154-00-00 Jackson 27-6 Midroc Operating Company PR 9,602 14,448 

15416 01-035-20155-00-00 Ralls 19-9 Midroc Operating Company DA 0 0 

15418 01-035-20156-00-00 Craft-Mack 8-2 #1 Sklar Exploration Company PR 62,823 87,751 

15454 01-035-20158-00-00 Mack 17-2 Midroc Operating Company PR 11 4,095 

15493 01-035-20159-00-00 Craft-Ralls 5-8 #1 Sklar Exploration Company PR 248,914 226,062 

15496-B 01-035-20160-00-00 Craft-Ralls 4-12 #1 Sklar Exploration Company PR 1,803 13,749 

15497 01-035-20161-00-00 Craft-Ralls 4-5 #1 Sklar Exploration Company PR 48,691 59,294 

15540-B-1 01-035-20162-02-00 Craft-Ralls 33-14 #2 Sklar Exploration Company PR 85,430 108,097 

15614-B-1 01-035-20166-01-00 Craft-Ralls 4-2 #1-A Sklar Exploration Company PR 54 5,261 

15703 01-035-20170-00-00 Cedar Creek Land & Timber 16-10 Midroc Operating Company PR 1,997 14,977 

15710 01-035-20171-00-00 Lewis Estate 27-7 Midroc Operating Company PR 2,074 6,435 

15731 01-035-20172-00-00 Craft-Mack 17-4 #1 Sklar Exploration Company PR 69,553 87,818 

15771 01-035-20174-00-00 McMillan 17-12 Midroc Operating Company PR 0 551 

15772 01-035-20175-00-00 Cedar Creek Land & Timber 9-12 Midroc Operating Company PR 0 19 

15852 01-035-20177-00-00 Nick Ross 24-11 #2 Columbia Petroleum LLC PR 69,633 91,355 

15868-B 01-035-20179-00-00 Cedar Creek Land & Timber 19-3 Midroc Operating Company DA 0 0 

15869 01-035-20180-00-00 Hamiter 17-16 Midroc Operating Company PR 31,787 54,108 

15924 01-035-20182-00-00 Kendall Lands 24-10 Midroc Operating Company PR 2,820 4,813 

16011-B 01-035-20185-00-00 Hamiter 20-3 Midroc Operating Company PR 362 2,848 

16053 01-035-20187-00-00 Cedar Creek Land & Timber 23-3 Midroc Operating Company PR 28,658 32,034 

16073 01-035-20189-00-00 Hamiter 16-13 Midroc Operating Company AC NR NR 

16073-B 01-035-20189-01-00 Hamiter 16-12 Midroc Operating Company AC NR NR 

16135 01-035-20200-00-00 Craft-Soterra 27-6 Sklar Exploration Company PR NR NR 

        TOTAL 8,784,926 9,954,416 
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The Conecuh Ridge, a Paleozoic topographic feature, separates the Manila and Conecuh 

embayments (Figure 6).  Mancini et al. (2003) attribute the Conecuh Ridge complex to the late 

Paleozoic convergence of the North American and African-South American continental plates 

associated with the Appalachian fold-and-thrust belt.  The Conecuh embayment, the axis of 

which trends northeast-southwest and parallels the strike of the buried Appalachian fold-and-

thrust belt, covers portions of Escambia, Covington, and Conecuh counties (Prather, 1992; Baria 

et al., 2008).  Petroleum has been principally trapped by a combination of extensional faulting 

and salt movement (Mancini and Benson, 1980).  Little Cedar Creek Field, however, is located 

updip of salt deposition and fault systems. Regionally, the Smackover Formation consists of two 

facies that grade into each other over a wide area.  One facies, consisting of interbedded 

limestone, dolomitic limestone, dolomite, and anhydrite, occurs in east Texas, southern 

Arkansas and southwestern Alabama.  The second facies, consisting of interbedded limestone, 

shale, siltstone, sandstone and traces of anhydrite, occurs in northern Louisiana (Imlay, 1974).  

The Mississippi interior salt basin and Manila and Conecuh embayments restricted Smackover 

deposition to southwestern Alabama during the Upper Jurassic (Mancini and Benson, 1980). 

At Little Cedar Creek Field, the Smackover Formation disconformably overlies the 

Norphlet Formation.  In the field area, the Norphlet Formation is a conglomeratic alluvial fan 

facies consisting of igneous and metamorphic clasts enclosed in a sandstone matrix.  Structure 

maps drawn on top of the Norphlet Formation indicate a gently sloping surface with no 

prominent shelf break or major fluvial channels. 
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Petroleum Geology 

Mancini et al. (2008) and Heydari and Baria (2005) describe the petroleum system at 

Little Cedar Creek Field as a dual-reservoir, pure stratigraphic trap near the depositional limit of 

the Smackover Formation.  Two reservoir facies are identified within the Smackover Formation 

at Little Cedar Creek Field (Heydari and Baria, 2005; Mancini et al., 2005; Mancini et al., 2008).   

The lower reservoir is characterized as a leached subtidal microbial (thrombolite) boundstone.  

The upper reservoir is characterized as a peloidal-oolitic shoal grainstone-packstone.  A subtidal 

lime wackestone, which is also the vertical and lateral seal to the lower reservoir, separates the 

two reservoirs.  The upper reservoir pinches out updip into an overlying peritidal lime 

mudstone or the anhydritic shale of the Haynesville Formation (Heydari and Baria, 2005; 

Mancini et al., 2005; Mancini et al., 2008).   

 Oil migration likely originated from a source near the basin center of the Conecuh sub-

basin due to low total organic content (TOC) and thinness of beds in the field area (Mancini, 

2008).    A basinward, subtidal algal (microbial) laminated lime mudstone facies forms the 

source rock for Smackover reservoirs in the area (Mancini et al., 2008).  These lower Smackover 

algal mudstones are rich in algal and amorphous kerogen and have a thermal history that is 

highly favorable for the generation and preservation of hydrocarbons (Mancini and Benson, 

1980).   
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METHODS 

 Through December 2009, 73 wells have been drilled within the study area.  Every well 

but one (Permit no. 10560) was diamond-cored during the development of the field.  Using a 

12x Bausch and Lomb hand lens, forty cores were described based on texture, fabric, 

sedimentary structures and mineralogy.  The classification systems (Figure 7) of Dunham 

(1962), Aitken (1967) and Embry and Klovan (1971) were used to describe carbonate texture 

and fabric as seen in the Smackover Formation.  The Dunham (1962) system classifies 

carbonates based on a ratio of grains to mud, and whether or not there is a presence of binding 

during deposition.  Embry and Klovan (1986) modified Dunham’s system to include expand 

boundstone classification based on the volumetric proportion of mesoscopic constituents 

mesoclots, cryptomicrobial fabrics, and stromatoids (Figure #). 

Conventional core analysis reports provided porosity and permeability data for each 

well.  Correlating the gamma ray curve from core analysis to the gamma ray curve from the 

wire-line log allowed for depth correction. Core descriptions contain the original measured 

depths used at the time of coring.  All structural cross sections use the kelly bushing elevation 

as the datum for subsea depths. 
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Figure 7: Classification of carbonate rocks modified from Dunham (1962) by Embry and Klovan 
(1971). 

  

 Gamma ray, neutron porosity, and density porosity curves from geophysical wireline 

logs were used to pick formation tops for the Smackover and Norphlet formations and, if 

possible, used to characterize lithofacies based on porosity values and the relative position of 

the density and neutron porosity curves.  Porosity values from wireline log and core analyses, 

greater than 6%, constituted a reservoir facies when cores were not available or did not contain 

the entire Smackover interval.  The density-neutron porosity curve combination is an excellent 

method to determine the Haynesville-Smackover and Smackover-Norphlet contacts, due to the 

fact that the curves overlay when being run through a limestone unit and separate if they are 

run through a different lithology, such as an anhydrite or sandstone.  Neutron porosity is 
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greater than density porosity by approximately 14 units when running through anhydrite.  The 

separation is less in sandstone, with neutron porosity greater than density porosity by 6-8 units 

(Asquith and Krygowski, 2004) 

 A total of 124 thin sections were described from 32 wells in the field area.  Twenty-four 

thin sections from 12 wells were cut from core provided by the Alabama Oil and Gas Board and 

prepared by Tulsa Sections, Inc.  One hundred thin sections, cut from 25 wells, were provided 

by Jura-Search, Inc. The sections were described using Nikon and Olympus polarizing 

microscopes in order to identify microfacies based on fabric, texture, accessory minerals, 

allochemical constituents, cement and porosity.  Flugel (1982) and Boggs (2003) recognize the 

importance of microfacies description and characterization in order to provide a detailed 

inventory of carbonate rock characteristics that can be subsequently related to depositional 

environments.  Photomicrographs were taken using a 35mm Olympus camera and a digital 

Nikon camera, with each used with the respective microscope.   

A total of 32 cores, provided by the Alabama State Oil and Gas Board were described at 

the Geological Survey of Alabama using a 10x Bausch and Lomb hand lens and a 10% 

Hydrochloric acid solution. The gamma ray curves for the Smackover Formation interval from 

the five-inch wireline logs were digitized using IHS PETRA software in order to correlate wells in 

cross section.  Latitude and longitude coordinates, directional survey measurements, and kelly 

bushing elevations were used to construct a base map with accurate surface and bottom-hole 

locations.  Structural and stratigraphic cross sections, isopach and structural maps, and 3-D 
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modeling were all constructed using PETRA software using integration of well log, thin-section, 

core descriptions, and petrophysical data.   
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Results 

Local Stratigraphy 

 The Smackover Formation at Little Cedar Creek Field area consists of seven distinct 

lithofacies, two of which are proven reservoirs.  Beginning from the top of the Smackover, the 

facies are: (S-1) Peritidal lime mudstone-wackestone; (S-2) tidal channel conglomeratic 

floatstone-rudstone; (S-3) peloid-ooid shoal grainstone-packstone; (S-4) subtidal lime 

wackestone-mudstone; (S-5) microbially-influenced packstone-wackestone; (S-6) microbial 

(thrombolite) boundstone; and (S-7) transgressive lime mudstone-dolostone.  The shoal 

grainstone and thrombolite facies are the two producing reservoirs.  

 These seven lithofacies, along with the overlying Haynesville Formation and underlying 

Norphlet Formation, are described based on analysis and interpretation of core, wireline log, 

thin-section and petrophysical data.  The descriptions incorporate lithology, mineralogy, 

porosity, permeability, cement, texture, fossil occurrence and assemblage and microbial 

(biogenic) fabrics.   
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Lithofacies 

Haynesville Formation (Figures 8-9) 

Lithology: argillaceous shale, anhydrite 

  Accessory minerals: calcite, gypsum 

 Color: dark red to brown, green to dark grey, white 

 Textures: shale 

 Allochemical Constituents: 

 Sedimentary Structures:  

  Shale: Horizontal laminae 

  Anhydrite: nodular, laminated, chicken-wire 

 Cement: Anhydrite 

 Porosity: Low (no quantitative values) 

 Permeability: Low (no quantitative values)  

 Occurrence: Regionally and locally overlies the Smackover Formation 

Environment of Deposition:  The laminated and chicken-wire anhydrite 

interbedded with dark red to brown argillaceous shale is interpreted as having 
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been deposited in a sabkha environment.  The presence of evaporitic minerals 

indicates an arid environment.  The alternating argillaceous and anhydritic 

laminae are likely the result of seasonal changes, where evaporitic minerals 

precipitate during the dry season and clays and silts are deposited during the 

wet season. 

 

Figure 8:  Haynesville Formation as seen in core (permit # 15493-B) at a 
measured depth of 11,086 feet. 
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Figure 9: Photomicrograph (PPL) of Haynesville Formation as seen in core (permit # 15493-B) at 
a measured depth of 11,086 feet. Thin section is stained with Alizarin red-S.   
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S-1: Peritidal lime mudstone-dolostone (Figures 10-11) 

  Lithology:  Limestone, dolostone 

  Accessory minerals: dolomite, anyhydrite, gypsum, silt 

 Color: Grey to light grey 

 Textures: Mudstone, Wackestone 

 Allochemical Constituents: Peloids, ooids, benthic foraminifera, calpionellids 

Sedimentary Structures: Shale laminae with minimal stylolites and bioturbations 

and burrows 

 Cement: Calcite, anhydrite 

 Porosity: Low, 0.2 – 2.7% 

 Permeability: Low, 0.001 – 0.030 md 

 Thickness: 0 -25 feet 

 Occurrence: Absent in ten wells, but not limited to a specific area 

Environment of Deposition:  This facies is interpreted as having been deposited 

in a shallow–water, near-to-back shoal, low-energy, lagoon environment.  This 

interpretation is primarily derived from texture and associated underlying and overlying 

facies.  The laminated argillaceous, anhydritic sabkha facies of the Haynesville 

Formation (Figures 8 and 9) indicates quiet, tranquil conditions.  The discontinuity of 
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this facies, along with high concentration of evaporite minerals, and thin beds indicate a 

shallow water environment. 

 

 

Figure 10: Peritidal lime mudstone-dolostone as seen in core (permit 15496-B) at a measured 
depth of 11,097 feet. 
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Figure 11:  Photomicrograph (PPL) of peritidal lime mudstone-dolostone as seen in core (permit # 14708) at a measured 
depth of 11,232 feet.

34



 

. 

S-2: Tidal Channel Conglomeratic Floatstone-Rudstone (Figures 12-13) 

 Lithology: Limestone 

Accessory Minerals: Rounded to sub-rounded monocrystalline and 

polycrystalline quartz and volcanic pebbles >2cm.  There are numerous ooids and 

peloids with silt-sized siliciclastic nuclei. 

Color: Grey with multi-colored pebble assemblage. 

Textures:  Rudstone to floatstone to small intervals (< 4 inches) of grainstone. 

Allochemical Constituents:  rounded to subrounded granitic pebbles (~1cm 

diameter), peloids, ooid, silt 

 Sedimentary Structures:  Cross lamination 

Biogenic Structures: none 

 Cement: Sparry calcite 

 Porosity:  Moderately low (1.7 – 4.7%) 

 Permeability: Low (0.009 – 0.183 md) 

 Thickness: 10 – 22 feet 

 Occurrence:  Section 5, T5N, R13E, where it overlies the subtidal S-4 lime 

wackestone.   
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 Environment of Deposition:  This facies is interpreted as having been deposited 

in a tidal channel environment.  The subrounded-to-rounded, elongate pebbles are 

similar in composition to angular clasts of the Norphet Formation in the field area.  This 

indicates an updip, incised channel where these clasts were reworked and eroded.   

 This tidal channel does not seem to have been perennial.  The peloids and ooids 

indicate a normal, high energy shoreline at times.  During wet seasons, low relief updip 

could have influence the route of the channel, and as it met the shoreline, deposited the 

pebbles as lag. 
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Figure 12: Photograph of S-2 tidal channel conglomeratic floatstone-rudstone facies as seen in 
core (Permit #15747-B) at a measured depth of 10,966 feet.  The diameter of U.S. penny is 1.91 
cm. 

37



 

 

Figure 13: Photomicrograph (XPL) of S-2 tidal channel rudstone-floatstone facies from well permit #15540 at a 
measured depth of 10,860 feet.  Note plutonic, polycrystalline quartz pebbles in the upper section and a volcaniclastic 
pebble in the lower section.   
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S-3: Peloid-Ooid Shoal Grainstone-Packstone (Figures 14-15) 

 Lithology:  Partially dolomitized limestone. 

 Accessory Minerals:  Calcite and minor dolomite rhombs.   

 Color: Tan to grey 

 Textures:  Grainstone, packstone, mudstone 

Allochemical constituents: Peloids, ooids, Parafavareina sp. pellets, skeletal 

fragments, oncoids, intraclasts, grapestones 

 Sedimentary Structures: Cross lamination,  

Biogenic Structures:  Oncoids, bioturbations, burrows 

 Cement: cirmumgranular, dogtooth sparry calcite 

 Porosity: High, bimodal (intergranular and intragranular-to-moldic), 0 – 35%  

 Permeability: High (0.6 – 70 md) 

 Thickness: 0 – 26’ 

Occurrence:  Found in the majority of the field area, but is absent in wells 

northeast of Section 5, T5N R13E 
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Environment of Deposition:  This facies is interpreted as having been deposited 

in a high-energy, sub-aqueous, intertidal shoal environment. Cross lamination and 

numerous intraclasts indicate a relatively high energy environment.  The numerous 

ooids, peloids, skeletal fragments, and pellets indicate increased water circulation and 

wave energy.   

 

 

Figure 14:  Photograph of shoal grainstone facies seen in core at measured depth 
11,179’ (well permit # 14360).  Note cross lamination accentuated by the subangular 
orientation of the four large oncoids in the middle of the hand sample (each is ~1cm).  
Note numerous intraclasts and ostracode fragments seen in the lower half of the 
sample.  The diameter of US dime is 1.8cm.  
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Figure 15: Photomicrograph (PPL) of grainstone facies (Permit #13439) at a measured depth of 11,558 feet.  Pore space is indicated 
by blue epoxy, which illustrates the interparticle and moldic porosity seen in this bimodal porosity system.  The prominent skeletal 
fragment in the center is the fragment of an ostracode.  Note the sparry, circumgranular cement. 
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S-4: Subtidal wackestone-lime mudstone (Figures 16-17) 

 Lithology:  Limestone  

 Accessory minerals:  Dolomite,  

 Color: Grey to dark grey 

 Textures: Wackestone, mudstone, packstone 

 Allochems: Peloids, pellets, oncoids 

 Sedimentary Stuctures:  Stylolites, microstylolites, fractures 

Biogenic Structures: Algal surfaces, oncoids 

 Cement: Calcite  

 Porosity: Low (0.1 - 1.7 %)  

 Permeability: Low (0.002 – 0.01 md) 

 Thickness: 0 – 112 feet 

Occurrence:  This facies is found in every well and serves as the vertical and 

lateral seal to the lower microbial reservoir.   

Environment of Deposition: This facies is interpreted as having been deposited in 

relatively deep-water, subtidal marine environment.  The mud-supported texture 

indicates low-energy, deeper water conditions. 

42



 

 

Figure 16: Photograph of subtidal wackestone facies as seen in core (permit #15496-B) 
at a measured depth of 11,062 feet. 
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Figure 17: Photomicrograph (XPL) of subtidal wackestone facies (permit 15496-B) in cross-
polarized light at a measured depth of 11,160 feet.  Note more of a packstone texture due to 
abundance of Parafavreina sp. pellets.  The birefringent particle in the center is a silt grain. 
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S-5: Microbially-influenced packstone-wackestone (Figures 18-19) 

 Lithology:  Limestone 

 Accessory minerals:  Dolomite 

 Color:  Grey to dark grey 

 Textures:  Packstone, wackestone 

 Allochems:  Peloids, algal filaments, micritized pellets, oncoids 

 Sedimentary Structures: Subangular stylolites, stylolites, microstylolites 

 Biogenic Structures:  Algal and microbial mats, mesoclots, oncoids 

 Cement: Calcite 

 Porosity: Vuggy (0 – 5 %) 

 Permeability: Low to moderate (0.001 – 0.1 md) 

 Thickness: 0 – 34 feet 

Occurrence:  Present throughout the field area, but  mostly restricted to the 

northwestern and southeastern flanks of the thrombolite facies.  

Environment of Deposition:  This facies is interpreted as having been deposited 

in a subtidal marine environment.  The microbial development is as extensive as the 

thrombolite facies, which indicates deeper water conditions, which inhibited microbial 

development.   
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Figure 18:  Photograph of microbially-influenced packestone facies as seen in core (permit 
#15747-B) at a measured depth of 11,021 feet.  The diameter of US penny is 1.9 cm.   
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Figure 19: Photomicrograph (PPL) of microbially-influenced packstone (permit #13439) at a 
measured depth of 11,590 feet.  Note prominent micritized echinoid spines and benthic 
foraminifera (miliolid) in the center of the photomicrograph. 
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S-6: Microbial (Thrombolite) Boundstone (Figures 20-21) 

 Lithology:  Limestone 

 Accessory minerals:  Dolomite 

 Color: Grey and tan, grey to light-grey 

 Textures: Boundstone,  

Allochems: Peloids, benthic foraminifera, micritized pellets, algal filaments, 

Parafavareina pellets.  

Sedimentary Stuctures:  Clotted peloid clusters, subangular stylolites, 

microstylites 

Biogenic Structures:  Clustered algal filaments, microbial framework 

 Cement: Sparry calcite 

 Porosity:  Vuggy (0 – 30%) 

 Permeability: High (0 – 3000 md) 

 Thickness: 0 – 52 feet  

Occurrence:  This facies is found in three major buildups trending southwest to 

northeast in the field area.  It is typically found where the Smackover Formation is 

between 80 – 100 feet thick. 
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Environment of Deposition:  This facies is interpreted as having been deposited 

in a low-energy shallow water (< 10 feet) environment.  The microbial framework 

produced by cyanobacteria, Tubiphytes sp. and algae indicate conditions which 

promoted photosynthetic, opportunistic growth among these organisms.  The relatively 

low occurrence of skeletal fragments and bioclasts indicate a low faunal diversity. 

Benthic foraminifera, such as miliolids, are seen throughout this facies.   

 

Figure 20:  Photograph of microbial (thrombolite) boundstone (permit # 15496-B) at a 
measured depth of 11,166 feet.  The tan-colored fabric is the thrombolite framework and the 
grey fabric is a peloidal lime mudstone-wackestone infill. 
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Figure 21: Photomicrograph of microbial (thrombolite) boundstone facies.  Note micritic 
filaments and pellets surrounding vuggy pores indicated by blue epoxy.  These clusters indicate 
binding and encrusting from microbial organisms. 
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S-7: Transgressive lime mudstone-dolostone (Figures 22-23) 

 Lithology:  Limestone to dolostone 

 Accessory minerals:  dolomite, silt 

 Color: grey to reddish pink 

 Textures: Mudstone to wackestone 

 Allochemical constituents: peloids, dolomite rhombs  

 Sedimentary Structures:  Laminated to mottled fabric.   

Biogenic Structures:  Subtle microbial mats and clots, bioturbations. 

 Cement: Sparry calcite 

 Porosity: Low (0 - 2%) 

 Permeability: Low (0.001 – 0.03 md) 

 Thickness: 5 – 55’  

 Occurrence:  This facies is present throughout the field area. 

Environment of Deposition:  This facies is interpreted as having been deposited 

during a rapid marine transgression during the Oxfordian Stage.  The laminated fabric 

disconformably overlying the Norphlet Formation indicates a rapid, but calm, marine 

transgression.  As this transgression provided a new habitat for marine organisms, 
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burrowing and microbial organisms began to develop, creating the mottled fabric seen 

interbedded and overlying the laminated fabric.   

 

Figure 22: Photograph of transgressive lime mudstone-dolostone (Permit # 15159-B) 
disconformably overlying conglomeratic facies of the Norphlet Formation at a measured depth 
of 11,219 feet.  The diameter of US quarter is 2.4 cm.   
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Figure 23:  Photomicrograph (PPL) of transgressive lime mudstone-dolostone (Permit # 15263-B) at a measured depth of 
11,311 feet.  The thin section has been stained with red Alizarin-S.
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Figure 24:  Structural contour map on the top of the Norphlet Formation.  Contour intervals are 40 feet.  
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Figure 25:  Structural contour map on the top of the Smackover Formation.  Contour intervals are 50 feet.   
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Figure 26: Structural cross section of first half of AA’.  The cross section has been split in half to show facies relationships in 
greater detail.  The Norphlet gradient along the cross section is 1.7°. 
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Figure 27: Second half of structural cross section AA’.  Note the pinchout of the upper reservoir (shoal grainstone) into the peritidal 
lime mudstone and tidal channel conglomerate.   
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Figure 28:  Structural cross section BB’, Little Cedar Creek Field, illustrating elevation changes and facies distribution in a northwest 
to southeast direction. 
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Figure 29:  Structural cross section CC’, Little Cedar Creek Field, illustrating elevation changes and facies distribution in a 
northwest to southeast direction. 
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Figure 30:  Stuctural cross section DD’, Little Cedar Creek Field, illustrating elevation changes and facies distribution in a 
northwest to southeast direction. 
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Figure 31: Structural cross section EE’, Little Cedar Creek Field, illustrating elevation changes and facies distribution in a 
northwest to southeast direction. 
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Figure 32: Structural cross section FF’, Little Cedar Creek Field, illustrating elevation changes and facies distribution in a 
northwest to southeast direction. 
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Figure 33:  Isopach map of microbial (thrombolite) boundstone reservoir at Little Cedar Creek Field, Conecuh County, 
Alabama. 
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Figure 34: Isopach map of peloid-ooid shoal grainstone reservoir facies at Little Cedar Creek Field, Conecuh County, Alabama. 
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Figure 35: Stratigraphic cross section AA’ at Little Cedar Creek Field.  Note that the thickest thrombolite buildups overly subtle 
topographic highs of the Norphlet Formation.   
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Figure 36: Stratigraphic cross section BB’ at Little Cedar Creek Field, Conecuh County, Alabama. 
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Figure 37: Stratigraphic cross section CC’ at Little Cedar Creek Field, Conecuh County, Alabama. 
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Figure 38: Stratigraphic cross section DD’ at Little Cedar Creek Field, Conecuh County, Alabama.   
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Figure 39: Stratigraphic cross section EE’ at Little Cedar Creek Field, using the top of the transgressive, laminated mudstone as the 
datum.  Note the general thinning of the Smackover from E’ to E.  Also, note total Smackover thickness at well permit # 15357 where 
the thrombolite buildup is greatest. 
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Figure 40: Stratigraphic cross section FF’ at Little Cedar Creek Field at Little Cedar Creek Field, Conecuh County, Alabama. 
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Figure 41:  Depositional model of the Smackover Formation at Little Cedar Creek Field. 
Sequence A represents deposition of the Norphlet alluvial/fluvial facies.  Sequence B represents 
the rapid Oxfordian marine transgression, during which the laminated lime mudstone was 
deposited.  Sequence C represents microbial development on subtle sediment starvation 
surfaces influenced by paleotopographic relief of the Norphlet Formation.  Sequence D 
represents a rise in relative sea level at a decreasing rate, resulting in cessation of microbial 
development and deposition of the subtidal wackestone.  Sequence E represents deposition of 
the shoal grainstone facies, which began prograding basinward.  Sequence F represents the 
deposition of the peritidal lime mudstone-dolostone.  Sequence G represents the sabkha shale-
anhydrite of the Kimmeridgian Haynesville Formation and tidal channels prograding basinward.
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INTERPRETATION 

 The Smackover Formation, at the Little Cedar Creek Field area, is a transgressive-

regressive marine depositional sequence bounded by the Norphlet Formation at the base, and 

the Haynesville Formation at the top.  The transgressive systems tract (TST) consists of the S-7, 

S-6, S-5, and S-4 facies.  The maximum flooding surface appears to lie within the subtidal 

wackestone facies (S-4), thereby characterizing S-3, S-2, S-1, along with the upper S-4, as a 

highstand systems tract (HST), during which the shoreline prograded basinward.   

The northeast to southwest trending dip of the Norphlet Formation and the vertical 

facies distribution in the Smackover Formation (Figure 24) fits the carbonate ramp model 

proposed by Ahr (1973).  During the Oxfordian Stage, sea level rose rapidly and transgressed 

over the Norphlet Formation.  The rapid transgression is supported by the disconformable 

Smackover-Norphlet contact seen in cores throughout the field area.   

The petroleum system is a pure stratigraphic trap (Figures 26 and 27) with no evidence 

of structural closure as indicated by structural cross sections (Figures 26-32).  These cross 

sections indicate a gently sloping ramp with no evidence of faulting with the reservoir facies 

pinching out into overlying facies.  Also, any evidence of faulting would be supported by 

wireline log curves through the omission or repetition of curve signatures.   The absence of 

faulting is attributed to the absence of salt beds underlying the Norphlet Formation.  The 

peloid-ooid shoal grainstone reservoir pinches out in Figure 27, but there is no sign of a lateral 
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seal to the thrombolite reservoir facies, indicating further potential for hydrocarbon exploration 

in the field area.   

 The Conecuh Ridge and Pensacola Arch restricted water circulation and wave energy.  

The relatively hot, arid environment would increase evaporation and supersaturate the water 

with Ca+ ions, which would precipitate out as either aragonite or calcite.  These conditions 

resulted in the deposition of the S-7 lime mudstone-dolostone.  Low-relief, topographic highs of 

the Norphlet Formation provided areas conducive to the growth and development of microbial 

organisms.  These are areas of subtle relief, unlike the basement and salt structures described 

by Baria et al. (1983).     

 The Smackover Formation thins to the northwest, which indicates the field is near the 

depositional limit of this carbonate unit.  This close proximity also supports shallow water 

depths in which the two reservoir facies were deposited.   

 Three large thrombolite buildups are seen in the field area (Figure 33).  These buildups 

are seen at their maximum thickness when the Smackover Formation is between 80 and 110 

feet.  This is likely due to a specific water depth.  The depth at which these microbial 

communities developed likely had optimum sunlight to facilitate photosynthetic processes, and 

a low sedimentation rate.  Subsidence at these depths occurred at a rate in equilibrium with 

sea-level rise and reef growth.   

The peloid-ooid shoal grainstone (Figure 34) trends southwest-northeast and the 

thickest intervals are found in the southwest portion of the field.  The thinning of this facies to 

the northeast is due to a decrease in water circulation moving further in the Conecuh 
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Embayment.  The transition from open marine environment to restricted low-energy 

environment, due to an embayment, would decrease water circulation.  This decrease in water 

circulation would not create the high-energy marine conditions needed to form ooids or 

peloids. 

 Though it is very subtle, there is a direct correlation between underlying structure of the 

Norphlet Formation and microbial buildups as seen in stratigraphic cross section (Figures 35-

40).  There is subtle topographic relief in the underlying Norphlet Formation, where the thickest 

microbial buildups overlie the most relief.  These topographic highs served as localized 

sediment starvations surfaces, which have been identified as nucleation sites for microbial 

buildups seen in outcrop in Portugal and Spain (Mancini et al., 2004).  Because these microbial 

colonies grew to approximately 2 feet in height, subtle topographic highs promoted 

photosynthetic cyanobacteria, Tubiphytes sp., and other sediment trapping organisms to begin 

binding and encrusting digitate, clotted, and laminated micritic fabrics.  The microbial 

(thrombolite) boundstone and peloid-ooid shoal reservoirs are not facies equivalents, as 

indicated by the depositional model (Figure 41). 

 The Conecuh Ridge and Pensacola Arch, both of which form the Conecuh embayment, 

likely restricted seawater circulation during Smackover deposition.  Tranquil, restricted 

conditions in an arid environment would have produced ideal conditions for photosynthetic 

marine organisms.  The lack of macrofossils in the thrombolite faces indicates minimum grazing, 

which would allow microbialites to develop.  As marine waters transgressed over the Norphlet 
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Formation, into the Conecuh embayment, there was little biodiversity other than cyanobacteria 

and algae that initially began to develop.   

As sea level rose, water circulation increased, as did the surface area of shallow water 

environments, promoting biodiversity, which is supported by skeletal fragments found in the 

shoal grainstone facies.  This facies was deposited during a marine highstand and prograded 

basinward as relative sea-level fell.  The bimodal porosity distribution in this facies inhibits 

hydrocarbon production.  Intergranular porosity typically increases effective porosity, and 

therefore, permeability.  However, the oomoldic porosity creates pore space, but does not 

necessarily interconnect these spaces.  It is this bimodal porosity distribution that gives this 

grainstone facies relatively higher porosity values and lower permeability than the microbial 

(thrombolite) facies. 

The termination of the shoal grainstone reservoir facies in T5N R13E (Figure 34) is likely 

due to a more restricted environment that did not allow the energy required to produce the 

allochemical constituents of the grainstone.  During Smackover deposition, moving from the 

southwest end to the northeast end of the field, would transition from higher-energy, normal-

marine conditions to a relatively lower-energy environmental setting.  The cross lamination, 

and intraclasts found in the grainstone facies supports a high-energy, shoreface environment.   

The Paleozoic Conecuh Ridge and Pensacola Arch differ in mineralogy and texture (Baria 

2009, personal communication).  The Conecuh Ridge has a granitic composition, while the 

Pensacola Arch has a low-grade metamorphic composition.  The granitic texture of the Conecuh 

Ridge would be much more resistant to weathering, and would therefore reduce the 
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sedimentation rate.  Clays, such as illite, have a very weak resistance to weathering, which 

would increase the sedimentation rate on the eastern edge of the Conecuh Embayment along 

the flank of the Pensacola Arch.  A high sedimentation rate of clay minerals would not  

The microbial buildups in the field area were likely limited to no more than two feet of 

relief.  Small intervals of lime mudstones and wackestones truncate thrombolite fabrics in core.  

Minor seal level fluctuations and basinal subsidence would easily influence photosynthetic 

processes in shallow water.  Subsidence of the underlying, weakly consolidated Norphlet 

Formation and Smackover Formation both facilitated and inhibited continued growth and 

development of these microbial organisms. 

The vuggy type porosity in the thrombolite facies is primarily fabric selective, which is 

not common for this porosity type. This indicates that there were periods when relative sea-

level would fall, allowing meteoric fluids to dissolve the framework of these microbial 

communities.  Relative sea level fluctuations are supported by shale laminae seen in core from 

wells in the northeast portion of the field.  As relative sea level rose, the subtidal wackestone 

facies was deposited over the thrombolite framework, resulting in fabric selective porosity.   
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Modern Analog 

 The Trucial Coast of the Persian Gulf (Figure 42), a modern example of a carbonate 

ramp, is the only existing shallow inland sea in low enough latitudes and with clear enough 

water to permit carbonate deposition (Wilson and Jordan 1983).  The coast is not entirely a 

homoclinal ramp.  Halokinesis structurally controls some shoals and islands in the area (Tucker 

and Wright, 1990).   

 The lateral relationship among the sedimentary facies along the Trucial Coast closely 

resembles the vertical facies assemblage of the Smackover at Little Cedar Creek Field.  Fine-

grained sediments accumulate below wave-base in the offshore outer-ramp environment.  

These outer-ramp facies transition into an inner-ramp system consisting of sand shoals, beach-

barrier islands and coral reefs.     
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Figure 42: Satellite images of the Trucial Coast, a modern carbonate ramp analog in the Persian 
Gulf.  Note the lateral facies relationships of the microbial buildups, shoal grainstones, and 
sabkha environments identified in the figure. 
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CONCLUSION 

1.  The two reservoirs at Little Cedar Creek Field are SW-NE trending, spanning 

approximately ten miles along this trend. 

2. The texture and mineralogy of the Conecuh Ridge created a low background 

sedimentation rate due to a granitic composition and texture.  The mineralogy of the 

Pensacola Arch is more clay rich, which would therefore increase the background 

sedimentation rate, inhibiting the growth and development of thrombolites along 

the eastern edge of the Conecuh embayment.   

3. Seven lithofacies are characterized in the Smackover Formation in the Little Cedar 

Creek Field area.  These lithofacies are: 1) peritidal lime mudstone; 2) tidal channel 

conglomeratic floatstone-rudstone; 3) peloid-ooid shoal grainstone-packstone; 4) 

subtidal wackestone; 5) microbially-influenced packstone; 6) microbial (thrombolite) 

boundstone; and 7) transgressive lime mudstone-dolostone The upper and lower 

reservoir facies are the peloid-ooid shoal grainstone and the microbial (thrombolite) 

boundstone, respectively.   

4. The microbial boundstone consists of micritized peloidal lime mud and sparry 

cement.  The development of these microbial (thrombolite) boundstones is directly 

influenced by water depth, subtle topographic highs of the Norphlet Formation, low 

sedimentation rate, and tranquil marine setting. 

5. Exploration strategies for this and similar updip thrombolite plays should target 1) a 

homoclinal ramp setting; 2) a Smackover thickness between 80-110 feet; and 3) an 

embayment which inhibits normal, open-marine settings.  The probability of the 
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peloid-ooid shoal grainstone facies occurring further northeast, into the Conecuh 

Embayment is low.  This is due to a relatively low-energy marine environment that 

would not likely produce enough water circulation to precipitate calcium carbonate 

surrounding a carbonate or clastic nucleus.   

6. The probability of the microbial (thrombolite) boundstone extending further 

northeast is high.  Unlike the peloid-ooid shoal grainstone, high-energy marine 

conditions inhibit microbial development.  Structural and stratigraphic cross sections 

used in this study support the continuing trend these thrombolite buildups to the 

northeast.   
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Bioturbation
Ooid

Skeletal fragment
Fracture

Stylolite

MicrostyloliteAlgal surface 

Oncoid

Intraclast

Textural Classi�cation

GS     Grainstone
PS      Packstone
WS     Wackestone
MS     Mudstone
BS      Boundstone
Cgl    Conglomerate

Conglomerate

Limestone

Shale

Sedimentary Structures

Cross lamination

Horizontal Laminae

Grain and Fabric Type
Peloid

Calcareous shale

Microbial Framework
Wavy Laminae

Shale laminae

Chickenwire 
anhydrite

Laminated 
shale anhydrite

Pyritization
Algal head

Pebbles

Silt

Lithology Facies

S-1: Peritidal lime mudstone-dolostone

S-2: Tidal channel rudstone-�oatstone

S-3: Peloid-ooid shoal grainstone

S-4: Subtidal wackestone

S-5: Microbially-in�uenced packstone

S-1: Microbial (thrombolite) boundstone

S-1: Transgressive lime mudstone-dolostone

APPENDIX 1
LIST OF SYMBOLS USED IN CORE DESCRIPTIONS
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Lithology

MS WS PS GS BS
Shale Silt Sand Cgl

Permit: 14484
Well Name: Cedar Creek Land and Timber #1

Depth
(feet)

10,940

10,950

10,960

10,970

10,980

10,990

11,000

11,010
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Lithology

MS WS PS GS BS
Shale Silt Sand CglDepth

(feet)

11,240

11,250

11,260

11,270

11,280

11,290

11,300

11,310

11,320

11,330

11,340

11,360

Permit: 14646-B
Well Name: McCreary 12-8 #1
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Thickness (feet)
Permit Smackover Shoal Grainstone Thrombolite
10560 106 14 36
11963 96 11 28
12872 92 13 34
13176 78 13 3
13177 84 17 14
13301 84 17 0
13438 70 14 5
13439 82 12 31
13472 92 20 27
13510 73 14 20
13583 84 17 32
13583 84 16 26
13589 100 4 32
13625 79 22 26
13670 84 5 31
13697 91 12 30
13729-B 81 11 21
13746 89 5 33
13770 76 13 25
13906 78 18 26
13907 105 16 37
13976 106 0 35
14069-B 101.7 0 39.9
14112 83 26 28
14114 84 14 10
14155 75 20 6
14181 83 10 32
14270 96 14 30
14301-B 75 12 18
14305 64 16 13
14309 111 7 24
14325 81 15 7
14358 107 11 32
14360 90 14 33
14484 76 3 0
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14545 100 1 36
14600-B 56 5 0
14646-B 73.9 14.7 0
14652-B 111.2 4 28.8
14692 59 10 0
14708 52 1 0
14740-B-1 106 0 20
14824 107 5 43
14926 101 9 36
14965 103 4 35
15000 81 8 25
15064 72 15 0
15068-B 71.5 3.9 0
15159-B 94 10.5 25.9
15165 121 10 51
15166-B 124.1 14 0
15263-B 91.6 8.4 33.6
15357 103 2 38
15413 109 8.5 45
15416 166 0 0
15418 100 8 26
15454 126 13 0
15493 105 14 34
15496-B 105 10 7
15497 101 12 27
15540-B-1 105 0 14.5
15591-B 103.5 4.7 7.5
15604-B 115 17 52
15614-B 105.6 2 2
15731 116 5 4
15747-B 101.3 0 3.8
16053 88 0 30
16115 92 0 14
16135 92 0 40
16174 92 0 0
16233-B 92 0 23.2
16293 99 0 40
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