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Abstract 

 

The depositional system for the Middle and Lower Wilcox in Houston 
Embayment, Northern Gulf of Mexico Basin 

 

Lauren Kathleen Mercado, MS EER 

The University of Texas at Austin, 2016 

 

Supervisor: Ronald Steel 

Co-Supervisor: Cornel Olariu 

 

The Paleocene-Eocene Wilcox formation has been a very oil and gas productive 

formation in the Gulf of Mexico.  Recoveries are on the order of 40 to 500 million barrels 

of oil, but the potential exists to produce 3 to 15 billion barrels of oil.  However, a 

number of technical and intellectual difficulties arise in economically producing the 

Wilcox Formation.  Deep water Wilcox discoveries are located in low-permeability 

turbidite sandstones deposited in lower slope channels and basin floor fans in the Gulf of 

Mexico.  The turbidite channels and fans are deep basin equivalents to the shelf delta 

systems located >250 miles updip, now below onshore Texas.  It is important to 

understand the Paleocene-Eocene shelf depositional system dynamics as these are 

sediment feeders to the deep water turbidites and will provide a better understanding of 

the delivery system into the basin. 

This thesis focuses on the Middle and Lower Wilcox Formation specifically 

looking in the area of the Brazos and Colorado paleo-delta systems below the present day 
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Texas coastal plain.  The study areas represent shelf, shoreline and deltaic coastal 

deposits.  The data used were well logs, such as gamma ray, spontaneous potential and 

resistivity.  Using well log patterns the deposits have been broken down into six 

stratigraphic sequences on vertical logs, mapped, and analyzed.  Signatures of log 

patterns also have been used to identify depositional systems from fluvial to coastal plain 

to the shelf in order to understand cycle stacking.  The migration of the depocenters 

indicated a slight progradation, followed by retrogradation, followed by progradation 

caused by changes in accommodation and sediment supply.  The analysis of the shelf and 

coastal depocenters suggest a possible complex link to the deep basin sediment transfer 

rather than a simple fluvial-delta-shelf-edge delta to deep water pathway.
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INTRODUCTION 

The basin floor deposits of Wilcox Formation a new hydrocarbon play 
The Paleocene-Eocene Wilcox Formation has the potential to be a very productive 

formation in the Gulf of Mexico.  Hydrocarbon recoveries are on the order of 40 to 500 MMBO, 

but there is the potential to produce 3 to 15 BBO (Meyer et al., 2005).  However, there are a 

number of difficulties that arise presenting technical (sub-salt seismic imaging, lack of wells 

drilled in the paleo-slope area of the Wilcox) and intellectual (lack of a source to sink model) 

challenges in regards to economically producing this Wilcox Formation in very deepwater areas.  

Deep water Wilcox discoveries are located in turbidite sandstone deposited in lower slope 

channels and basin floor fans equating to approximately 2 BBOE making up 14% of all BBOE 

discovered in all of the Gulf of Mexico since 2007 (Meyer et al., 2005; Lewis et al., 2007).  The 

turbidites and fans have been interpreted as deep basin equivalents to the Wilcox fluvial and 

delta systems located along the >250 miles updip Wilcox deepwater trend (Lewis et al., 2007).  

Therefore, it is important to understand details of the dynamics of shelf depositional systems as 

this will provide an optimal understanding of delivery to the deep water basin deposits and the 

reservoir trends.  Before dealing with the shelfal Wilcox in this thesis, a range of problems in the 

exploration for deepwater Wilcox are discussed. 

 There are challenges that arise with perusing the Wilcox in deep water include 

exploration challenges (where are the best sandstone reservoir rocks), seismic imaging 

challenges (difficult to see sub-salt geometries), and reservoir quality challenges (rocks 

heterogeneities linked to initial environmental deposition and diagenesis linked to depth of the 

deposition).  These deep water basin challenges may, in turn, help us learn more about the updip 

shelf system that the deep water deposits are linked to. 

The first challenge that presents itself to understanding the Wilcox in deep water is the 

exploration challenge.  The water depths in the Gulf of Mexico range from 4,000 to 10,000 feet 

in the areas that are being explored for Wilcox and where production is planned (Lewis et al., 

2007).  Not only does this formation occur in deep water, but also the formation is deep and 

ranges in depths from 12,000 feet subsea in the Perdido fold belt area of Alaminos Canyon to 

30,000 feet subsea depths to the east of the canyon (Lewis et al., 2007).  In added difficulty is 

that 90% of the areas of interest for Wilcox deep water are covered by migrating salt canopies 

that are 7,000 to more than 20,000 feet thick (Lewis et al., 2007).  Because the salt tectonics in 
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the Gulf of Mexico is complex, it makes any understanding of the depositional and diagenetic 

aspects of the Wilcox petroleum system more challenging.  Drilling in these conditions requires 

complex high cost rigs making production in the Wilcox even more of a challenge. 

  Challenges also arise when acquiring seismic data and need to be processed to images the 

stratigraphy.  As mentioned earlier, the seismic processing in the Gulf of Mexico is very difficult 

for Wilcox, because the deposits are under variable salt thickness, resulting in ambiguous 

velocity model often in relative low quality of the seismic data.  Although seismic acquisition 

technology has improved over the years, the reservoir sandstone bodies of interest are often 

occurring at a scale below the seismic resolution (Lewis et al., 2007).  In addition there are only 

a handful of wells drilled in the ultradeep Gulf of Mexico because of the high cost of drilling so 

it is difficult to calibrate the seismic with a low number of wells.  The existent wells can be used 

to interpret the velocities to make better salt tectonic models, but since these models are based on 

a few wells for large areas the resolution of the models is still limited (Lewis et al., 2007).  Other 

issues that arise are a low signal to noise ratio in seismic, making it difficult to interpret 

structural characteristics that influence the reservoir.  It is difficult to image stratigraphy in areas 

where gradients are greater than 10 degrees and in the Gulf of Mexico data occasionally angles 

can be up to 25 degrees (Lewis et al., 2007).  Errors can arise while working with pre-stacked 

depth migration or as acoustic artifacts can overwhelm the primary events (Lewis et al., 2007).  

To the poor quality subsalt seismic data should be considered other technical uncertainties in the 

subsurface at high depths including faulting, compartmentalization, and structural geometries. 

The final challenge for exploration and production of the Wilcox in deepwater concerns 

reservoir quality.  The reservoir quality is primarily analyzed by core samples, petrological 

analysis and the depositional facies.  The cores are also used to calibrate well log data, facies, 

and depositional systems.  The well log calibration increases our understanding of deposits in 

logs without cores and can be better understand the reservoir quality and make predictions 

regarding production.  Factors that define the reservoir quality are the permeability commonly 

averages <10 millidarcys for the Wilcox, but sometimes averaging up to 200md in the Lower 

Wilcox which is dominated by channelized submarine fan deposits (Lewis et al., 2007).  

However, the permeability is subject to three orders of magnitude variability because it is 

dependent on the texture of the rock including the depositional facies, compaction, and 

diagenesis making permeability difficult to model (Lewis et al., 2007).  High permeability is 
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associated with the areas where there is better sorting and lower clay content.  The Lower 

Wilcox in deep water tends to be coarser grained and more quartz rich then the Upper Wilcox 

because it was transported in high-energy channels with the source of the sediment changing 

slightly over time (Lewis et al., 2007).  In the Upper Wilcox, compaction and cementation are 

prevalent because there is a greater amount of volcanic and clay minerals present affecting the 

pore size and geometry (Lewis et al., 2007).  In the Lower Wilcox, cementation dominates 

because there was greater burial depth, temperature, and pressure and more quartz grains for the 

quartz cement to begin nucleation (Lewis et al., 2007). 

 

The shelf to deep basin floor linkage 

The various challenges listed above makes it difficult to assess the Wilcox Formation in 

the deep water Gulf of Mexico.  The lack of data (well logs and detail seismic) in the area of the 

Wilcox paleo-slope makes it difficult to understand the sediment pathways from river to abyssal 

plain. However, a series of canyons have been mapped as potential conduits for sediments 

(Dingus and Galloway, 1990; McDonnell et al., 2008) and is likely that are the key elements in 

accumulation of sandy deposits hundreds of miles on the abyssal plain. 

This project is using about 200 digitized well logs to map the upper part of Lower Wilcox 

and Middle Wilcox deposits in on the shelf. The scope is to understand the delta/ shoreline 

depocenters dynamics at a higher resolution than previously mapped (Fisher and McGowen, 

1969, Xue and Galloway, 1993, 1995) and potential link to deep water sediment delivery. 

It is important to understand the shelf depositional systems as that represent the main 

source of deep water sediment for the Gulf of Mexico Basin.  Therefore, the focus of this paper 

will be centered on the deltaic systems depocenters on part of Lower Wilcox and Middle Wilcox 

and their migration through time. 

 

BACKGROUND 

Tectonic setting 
The Wilcox Group was deposited during Paleocene and Early Eocene (Galloway et al., 

1968).  Below the Wilcox Formation is the Midway Group and above the Wilcox Formation is 

the Queen City Formation (Figure 1; Galloway et al., 1968).  However, the name of the 
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formations varies along the strike from Mexico to Texas to Louisiana (Salvador and Muneton, 

1989). 

 
Figure 1: Depositional history during the Gulf Coast Cenozoic where depositional episodes and 

depocenters, tectonic events, climate, and eustatic sea level changes are suggested.  Modified 

from Galloway 1989. 
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The Gulf of Mexico basin initially developed from a Mesozoic divergent continental 

margin during a time of rifting (Galloway, 1989).  There was little structural deformation from 

the initial margin; however, there was a series of strike oriented growth faults that formed 

associated with the deltaic sediment delivery system (Winker, 1982; Galloway, 1989). 

The rifting development of the basin started during the Jurassic followed by a thermal 

subsidence period (Buffler and Sawyer, 1985).  During the Paleocene was a period of uplift in 

the western area of North America (Galloway, 1989).  The uplift was associated with a huge 

influx of clastic sediment shed especially from the Rocky Mountains, Ouachita Mountains and 

minor sediment flux from the Appalachian Mountains into the Gulf of Mexico Basin (Galloway, 

1989; Mackey et al., 2012).   This influx of sediment caused the continental margin to prograde 

about 350 km basinward by the end of Wilcox time (Fisher and McGowen, 1969; Winker, 1982; 

Galloway, 1989).  This shedding of sediment into the margin caused multiple sand wedges or 

depozones to form (Galloway, 1989).  The sand wedge depocenters ranged in location from 

northern area, but caused clastic wedges of sand at different times and different places from 

Mexico to Alabama (Salvador and Muneton, 1989; Galloway, 1989).  The sandstone wedges 

intertongue with marine shales that were deposited farther into the basin during regression, and 

also far back landwards during transgression (Galloway, 1989). 

The thick sediment wedges in the Gulf of Mexico continental margin were subjected to 

gravity driven tectonic deformation including growth faults, diapirs, and salt plumes (Jackson 

and Galloway, 1984; Galloway, 1986).  Extension caused by sediment loading increased the 

amount of subsidence in the area allowing for more sediment to accumulate on the shelf and 

upper slope (Galloway, 1989).  Gravity driven deformation also led to growth faults on the outer 

self and salt-driven ponded sub-basins on the slope as sediment was being deposited (Winker, 

1982, Brown et al., 2004, Olariu et al., 2013).  These gravity driven forces depended on the 

amount of sediment that is being deposited and the rate at which the sediment is being 

transported (Galloway, 1986). 

 

Depositional systems of the Lower and Middle Wilcox Formation 

The depositional system of the Wilcox Formation spans from the shelf to the deep basin 

(Figure 2).  On the shelf, the Wilcox Formation consists of fluvial, shorezone, deltaic, and 

shallow marine shelf deposits characterized by interbedded sandstone, shale, and lignite that 
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have been explored since the 1930’s (Zarra et al., 2006).  Updip from the shelf edge there are 

fluvial, shorezone, deltaic, and open shelf deposits that are linked basinward 250 miles downdip 

with time equivalent (coeval) turbidite accumulated (Zarra et al., 2006).  In the deep basin 

“proximal” and incising into the shelf are deep water slope channels and canyons filled with 

turbidites and in more distal areas beyond the slope are the turbidite basin-floor fan systems 

(Figure 3; Dingus and Galloway, 1990; Zarra et al., 2006; McDonnell et al., 2008). 

 
Figure 2: The broad depositional environments of the Wilcox Fm., ranging from the coastal 

plain to the deepwater turbidite basin.  Modified from Galloway 1987. 
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Figure 3: The Wilcox Formation spanning the shelf to the deep basin, Gulf of Mexico. The 

study area for Middle and uppermost Lower Wilcox is marked in the black box.  This figure has 

been modified from McDonnell, Loucks, and Galloway, 2008. 
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Petroleum is present in the Wilcox Formation and tends to accumulate in thick delta and 

shoreface sandstone in growth fault compartments and in massive channel sand systems 

(Galloway et al., 1968).  Most typically hydrocarbons are associated with the sand-mud-lignite 

facies (which act as a trap), distributary mouth bar facies and the delta front facies, because these 

facies are where the delta plain and marine deposits interfinger (Galloway et al., 1968). 

 

Depositional facies of the Middle Wilcox 

The Wilcox Formation is broken into different units by different authors (Crabaugh and 

Elsik, 2000) as Lower and Upper Wilcox of the Upper, Middle, and Lower Wilcox.  This study 

will primarily focus on the Middle and upper most part of the Lower Wilcox Formation.  The 

Middle Wilcox ranges in age from 46.5 to 55 Million years old (Xue and Galloway, 1995) and 

the stratigraphic extent is from the base of the transgressive marine Big Shale to the top of the 

Yoakum Shale (Fisher and McGowen, 1967; Xue and Galloway, 1995).  Within the Middle 

Wilcox, there are gradational changes between the different facies and the overall stacking 

pattern of sequence sets is aggradational, and in places slightly backstepping (Xue and Galloway, 

1995). 

Xue and Galloway (1995) break the Middle Wilcox into two depositional units, A and B, 

where sequence A lies stratigraphically below sequence B.  Sequence A and B as defined by Xue 

and Galloway (1995) correspond to the upper part of the present study succession in this thesis.  

Sequence A consists of the following depositional systems: updip fluvial belt, the Calvert delta 

system, the Fayette strand plain system, the San Marcos barrier-lagoon system, the La Salle delta 

system, and downdip muddy shelf slope systems.  Sequence B differs from Sequence A in the 

following way: the depocenters have prograded farther seaward compared to sequence A 

locations in the San Marcos and Rio Grande areas, the La Salle delta system in sequence B is 

more extensive than it is in sequence A, and a third deltaic system, named the Wilson delta 

system, localized in the San Marcos area has taken the place of the inter-deltaic barrier lagoon 

system of units A (Xue and Galloway, 1995).  An extensive maximum flooding surface divides 

the two depositional sequences in the Middle Wilcox (Xue and Galloway, 1995). 

The interpretations and the facies descriptions made by Xue and Galloway (1995) that are 

described below were derived from the electric log signatures.  Xue and Galloway (1995) define 

the slope and basin system of the Middle Wilcox as the muddy shelf and slope system.  Strike-
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oriented growth faults occur at the margin separating the up-dip and down-dip depositional 

systems and trapping sand before reaching the slope and deeper water. 

The fluvial system consists of elongated sandstone bodies that can reach thicknesses of 

up to 150 feet along the depositional-dip oriented axis (Ayers and Lewis, 1985; Xue and 

Galloway, 1995). 

The Calvert delta system was fed by the fluvial belt system and consists of delta plain 

deposits with depositional dip elongated sandstones up to 100 feet thick (Xue and Galloway, 

1995).  In the delta system there are distinct sub-environments such as distributary channels, 

crevasse splays, distributary mouth bars, and delta flank facies, several delta lobe complexes 

with mud-rich sub-embayments between them (Fisher and McGowen, 1969). 

The Fayette strand-plain system consists of dominantly depositional-strike oriented 

sandstones that range in thickness from 5 to 20 meters.  The strand-plain system located at the 

flank of the Calvert delta shows a coarsening-upward pattern as it is normal in such shoreline 

systems (Xue and Galloway, 1995). 

The San Marcos barrier lagoon system is comprised of sand barrier bars and a muddy 

lagoon system landward of the barrier and along with heterolithic (mixed sand-mud) strand plain 

deposits (Xue and Galloway, 1995).  The barrier bar transitions into the lagoon system landward 

and into the shelf shales basinward.  In some areas of the Wilcox where a large river was located 

a sand-rich delta system can take the place of the barrier lagoons (Xue and Galloway, 1995). 

The La Salle delta system largely consists of depositional-dip oriented elongate sandstone 

units that range in thickness from 50 to 100 feet similar to the Calvert delta system and is also 

highly variable in its lateral extent.  The La Salle delta system prograded out toward the shelf 

edge past the strike oriented growth faults and contributes to slumping at the shelf edge break.  

Having prograded out to the shelf edge there has not been much reworking by waves and 

longshore currents (Xue and Galloway, 1995).  The La Salle delta system shows thick upward 

coarsening sand-rich units, as would be expected in a delta system.  The deltas could have been 

deposited during either sea-level highstand or lowstand periods (Morton et al., 1991).  The 

sediment loading on the outer shelf caused by the delta progradation led to subsidence which 

increases the accommodation for more delta lobes to stack on top (Morton et al., 1991). 
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The Wilson delta system consists of elongate sandstones which are linked to fluvial and 

distributary channels that have been mapped significant distances landward (Xue and Galloway, 

1995). 

Lastly, there are the downdip shelf and slope depositional systems during the Middle 

Wilcox.  The slope predominately consists of muddy deposits.  However, there are multiple thin 

sandstone beds, less than 10%, incorporated in the slumps and turbidites on the slope (Morton et 

al., 1991). 

 

Depositional facies of the Lower Wilcox 

The upper most part of the Lower Wilcox succession grades in the Big Shale which has a 

different depositional system, it is muddier and represent most likely prodelta deposits (Fisher 

and McGowen 1969).  Fisher and McGowen (1969) described the delta systems of what is now 

considered to be the Middle and Lower Wilcox Formation.  There are three delta systems 

consists of the A deltas, B deltas and C deltas, where the A deltas are located stratigraphically 

below the B deltas and the C deltas are located stratigraphically above the B deltas.  The 

stratigraphic interval studied in this thesis corresponds with the C deltas of the Colorado and 

Brazos delta systems described in Fisher and McGowen, 1969 (Figure 4). 
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Figure 4: The location of the Colorado Deltas and Brazos Deltas.  Delta C occurs in the Lower 

Wilcox.  Modified from Fisher and McGowen (1969). 
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The C delta is classified by being a high constructive lobate delta but within an overall 

backstepping relative to B delta (Figure 5, Fisher and McGowen, 1969).  The C deltas are 

characterized by the following: a vast delta plain with thick, sand rich, distributary channels and 

interdistributary deposits, a delta front characterized by sand forming a lobate shape on the 

outskirts of the delta plain, a prodelta facies located farther basinward from the delta front 

consisting of organic-rich muds (Fisher and McGowen, 1969).  Updip of the delta was a fluvial 

system that fed the delta plain, delta front, and prodelta with sediments.  The fluvial system 

consists of stacked trough cross-strata with sandstones up to 200 feet thick (Fisher and 

McGowen, 1969). 

 
Figure 5: Depositional facies of a high-constructive lobate delta.  Modified from Fisher and 

McGowen (1969). 

 

The Lower Wilcox has a more sand-rich development compared to the Middle Wilcox 

described above, including: extremely thick prodelta muds, bar-finger sands, distributary mouth 
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bar and delta front sands, interdistributary bay muds, distributary channel sands, interdistributary 

delta plain sand-mud-lignite facies, and destructional sand-mud-lignite facies which make up the 

data plain system (Galloway et al., 1968). 

The delta plain facies consist of sandstone, siltstone, shale, mudstone, and lignite 

(Galloway et al., 1968). The delta plain system can be broken down into the lower delta plain 

and the upper delta plain.  Both depositional areas have some similarities and differences.  The 

lower delta plain consists of bar finger sands that are located on top of thick prodelta muds and 

interdistributary bay muds (Galloway et al., 1968).  The interdistributary bay muds also separate 

the distributary mouth bar sands and above are the delta front sands.  The upper delta plain 

differs from the lower delta plain in that distributary channels are thicker and wider (Galloway et 

al., 1968).  The sandstone that form the channels are in the shape of elongate lenses encased 

within the delta plain facies.  Adjacent to the delta plain facies are the mud flats and 

interdistributary bay mud units (Galloway et al., 1968).  The lower and upper delta plains are 

both capped by sand-mud-lignite facies (Galloway et al., 1968). 

The prodelta is dominated by mudstone facies has mica rich beds, and grey mud beds 

within a thick succession.  The mud rich beds are located downdip of the delta plain and form the 

thickest part of the delta system (Galloway et al., 1968).  The prodelta facies is responsible for 

the largest volume of sediment deposited in the Lower Wilcox (Galloway et al., 1968). 

Bar-finger sandstone facies has lenses up to 90 meters thick and three to six kilometers 

wide comprised of sandstone and siltstone (Fisk, 1961).  The bar-finger sandstone facies is 

sometimes muddy towards the base integrating into a prodelta mudstone facies (Galloway et al., 

1968).  As the bar-finger sandstone facies prograded and was reworked by waves and tides, it is 

building deposits with coarsens upward trends as part of the delta front.  The bar-finger 

sandstones are immature, comprised of poorly sorted deposits ranging in size from fine to coarse 

grains, and consisting of mud, micas, and lignite with moderate amounts of glauconite that has 

been reworked (Galloway et al., 1968).  The geometry of the bar-finger sandstone facies is linear 

with a low number of bifurcations.  Capping the finger sandstone facies are the delta plain or 

marine deposits (Galloway et al., 1968). 

Distributary mouth bar and delta front sandstone facies consists of sandstone and siltstone 

located near the channel mouth that has later been reworked and winnowed by river effluent 

(plume) and stronger by wave activity (Galloway et al., 1968).  The extent and thickness is less 
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than the bar-finger sand facies because there is less subsidence.  Also, unlike the bar-finger 

sandstone facies, there are numerous bifurcations lenses where there are windows of winnowed, 

poorly sorted grains consisting of siltstone and fine grain sandstone up to 200 feet thick 

(Galloway et al., 1968). 

Interdistributary bay mud facies is found between the distributary mouth bars facies.  It is 

comprised of siltstone, claystone and glauconite pellets deposited in shallow, brackish water, 

mudflat, and marsh environments (Galloway et al., 1968).  It is located below the prodelta mud 

facies and above the deltaic plain facies (Galloway et al., 1968). 

In distributary channel sandstone facies the channels are either meandering or 

anastomosing across the delta plain.  These channels form lenticular sandstone deposits with 

channel belts reaching a maximum width of 5 miles wide and a maximum thickness of 300 feet 

thick (Galloway et al., 1968).  At the base of the channels is a sharp erosional contact.  Overbank 

flooding was common and makes up a large portion of the deposits located adjacent to the delta 

plain.  Clay plugs are also common and result from the channels subsiding into the adjacent 

muds and becoming abandoned (Galloway et al., 1968).  The channel belt is made up of siltstone 

rich levees, sandstone, and siltstone rich crevasse splays, and channel sands resulting in the 

channel belt being rich in siltstone and sandstone.  This facies consists of immature poorly sorted 

micaceous, lignitic, light grey medium silt to course-grained sandstone (Galloway et al., 1968). 

The interdistributary delta plain sand-mud-lignite facies makes up the second largest 

volume of sediment deposited.  There is more shale than sand in this facies.  Below are the 

prodelta mud facies and the destructional san-mud-lignite facies which lies above the prodelta 

mud facies (Galloway et al., 1968). 

The destructional sand-mud-lignite facies formed as a result of compaction, subsidence 

and reworking the lower delta plain in the downdip area during transgression.  Updip of the 

shoreline there were avulsions and abandonment of the delta lobes that were switching laterally 

and reworded to form sheet like deposits of calcareous, fossiliferous, bioturbated, glauconite-rich 

sands (Galloway et al., 1968).  The grains in these sandstones are moderately to well sorted 

(Galloway et al., 1968). 
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Transitions between the Lower, Middle, and Upper Wilcox 

When the Wilcox was first being studied it was divided into the Lower and Upper 

Wilcox.  However, based on mud to sand ratios the Wilcox Formation was later divided into the 

Lower, Middle, and Upper by Jones (1964).  A maximum flooding surface marks the transition 

from the Lower to the Middle Wilcox at 56.6 Ma (Haq et al., 1987, 1988).  The transition from 

the Middle to Upper Wilcox took place 54.3-55.0 Ma and is also a maximum flooding surface 

that is associated with the canyon cut unconformity within the Yoakum shale (Xue and 

Galloway, 1995). 

 

METHODOLOGY 

 The data used to create the maps and make interpretations consisted of well logs both 

raster and TIFF images of the well logs as well as digital LAS files.  I correlated and analyzed 

over 200 digital well logs using Petra software.  Well logs (electric logs) are one of the main 

tools used to learn more about the subsurface stratigraphy and in this case the Wilcox formation.  

Ideally, the most effective way to understand the characteristics and depositional facies in the 

subsurface would involve integrating log data, seismic and core data.  However, for this project 

the well data was the main source of data that will be used in making interpretation about 

characteristics in the Wilcox formation.  Therefore, it is important to understand how these well 

logging tools work to better interpret their signatures and what it means for the characteristics of 

the different facies in the Wilcox formation. 

 

Geophysical well log instruments  
Gamma Ray 

The gamma ray log measures the natural radiation of a formation by recording the sum of 

the gamma rays (Doveton, 1994).  The primary source of the gamma rays is from potassium-40 

(K40), uranium isotopes, and thorium isotopes.  The gamma rays measured from potassium-40 

are measured as a percentage, while those measured from uranium and thorium are measured in 

parts per million (ppm).  The gamma ray log depicts the amount of energy emitted from the 

radiation sources, and computer processing is used to identify the quantity of energy which is 

emitted from each independent source.  Energy emitted from the different isotopes shows 
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different geological properties (mineralogy) of the rock, so it is important to identify which 

isotope the energy originated from.   

The gamma ray logs show two different types of gamma ray curves: the standard gamma 

ray and computed gamma ray.  The standard gamma ray depicts the response of emitted energy 

from all of the isotopes.  The computed gamma ray shows the response of emitted energy from 

just the thorium and potassium isotopes.  The computed gamma ray log is then used to estimate 

clay content.  Clay minerals absorb radioactive particles (K40, U, and Th elements) thus are 

interpreted to have high on the gamma ray log.  Sandstones that lack clay minerals (K40, U, and 

Th elements) do not emit radioactivity and are interpreted as lower values on the gamma ray 

logs.  However, if the sandstones are immature and rich in K-feldspars, micas might emit high 

gamma ray values similar to shales. 

Resistivity 

The resistivity log measures the resistance of electric current to pass through a medium 

(Evenick, 2008).  Resistivity is recorded in Ohm meters.  This geophysical instrument is used to 

better understand porosity, permeability, mineralogy, and saturation fluid.  Saline fluid has low 

resistivity because it is a good conductor of electric current; whereas drilling fluid has high 

resistivity as it is a poor conductor of electric current.   

If there is a tight mudstone or shale present, meaning low permeability, then the fluid in 

the pore space will be present because the drilling fluid cannot penetrate into the rock.  Also, if 

the porosity is really low then the resistivity will be low (Evenick, 2008).  Therefore, mudstones, 

shales and rocks with low porosity will have low resistivity.  However, permeable sandstones 

will allow the drill fluid to penetrate the rock and since the drilling fluid is a poor conductor of 

electric current this rocks will show as having high resistivity.  Resistivity is also very important 

in identifying hydrocarbons.  In general, when there are hydrocarbons present the resistivity will 

be high (Evenick, 2008). 

Density 

The density instrument works by emitting gamma rays into the rock formation and then 

these gamma rays collide with electrons in the rocks.  This process causes backscattering of the 

electrons in all directions, which then get recorded by the compensated density instrument 

(Dewan, 1983).  The backscattering of electrons solely depends on the bulk density of the 

formation (Dewan, 1983).  The size of the gamma ray cloud emitted depends on the formation 
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scattering properties, hence the electron density (Dewan, 1983).  This instrument can tell us 

information about the mineralogy and the formation fluid.  There is more backscattering of 

electrons when there are higher bulk densities.  The units for measuring the bulk density are 

grams per centimeter cubed.  Different minerals have different bulk densities including quartz 

2.65 g/cc, calcite 2.71 g/cc, dolomite 2.87 g/cc, anhydrite 2.98 g/cc, and halite 2.03 g/cc (Dewan, 

1983). 

Neutron 

 The neutron logs are normally plotted together with the density logs.  Neutron logs 

measure the abundance of hydrogen ions in the formation.  It does this by emitting neutrons into 

the formation, and the neutrons then collide with the hydrogen ions and other ions.  The 

hydrogen ions absorb the neutrons and the other elements reflect the neutrons (Lucia, 2007).  

The neutron log responds to drilling fluids that have invaded the permeable rocks.  Water, 

residual oil, and gas in the invasions zone all contain hydrogen ions, and therefore are reflected 

on the neutron log (Lucia, 2007).  Water and oil have similar hydrogen ion content so they can 

be difficult to distinguish, but gas has significantly lower hydrogen content because it is less 

dense so it is easy to tell apart when there is the same amount of open pore space (Lucia, 2007).  

Minerals such as gypsum and clay contain water in there chemical structures so this will also be 

reflected in the neutron curve (Lucia, 2007). 

Spontaneous Potential (SP) 

 The spontaneous potential measures the difference between an electrode at the surface 

and an electrode in the borehole.  An electrode is a conductor through which electricity enters 

and leaves.  In order for this measurement to be taken, the borehole must be filled with drilling 

fluid mud, which is conductive such as salt water (Dewan, 1983).  This instrument records the 

change in potential, measured in millivolts.  The main use of this geophysical tool is to measure 

rock permeability.  The spontaneous potential values depend on the presence of electrochemical 

and electrokinetic potentials (Dewan, 1983).  These types of potentials and their values are 

present and variable in several locations, including across the impermeable rock, the boundary 

between the penetrations of drill fluid, locations where the drilling fluid does not reach, the mud 

cake that is located on the edge of the borehole next to a permeable unit, and the thin layer of 

shale next to the borehole (Dewan, 1983). 
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 The instrument and its measurements are used by calibrating the log to an impermeable 

unit such as shale.  When the boundary approaches a permeable rock, possibly a sandstone with 

well-connected interparticle porosity, current is conducted, making the potential negative 

compared to the impermeable unit. 

 For this project the gamma ray and SP logs were used commonly to differentiate shale 

and sand lithologies and maps infer the depositional environments. Secondary, resistivity, 

density, or neutron logs have been used in some wells where available. 

 

Creating the Middle and uppermost Lower Wilcox Maps  
 The area where I focused is in east-central Texas, specifically at the Colorado Delta and 

the Brazos Delta of the Middle and uppermost Lower Wilcox Formation (Fisher and McGowen, 

1969).  Mapping of these deltas, in the present study, has been pursued in the following counties 

in Texas: Fayette, Lavaca, Colorado, Wharton, Austin, Brazos Grimes, and Montgomery (Figure 

6). 
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Figure 6:  In the county map of Texas, the red box indicates the area of study. 

 

The subsurface well log correlations and the maps were created in the Petra program.  

Petra is software were the well logs can be correlated by hand, on the bases of these correlations 

different thematic maps can be produced.  Preloaded into the Petra program are well logs that 

have been acquired from different sources such as the Bureau of Economic Geology at The 

University of Texas at Austin and the Texas Railroad Commission.  A few hundreds of these 
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logs are available in digital format and were used in this study, whereas the remainders of the 

well logs (tens of thousands) are in raster form. 

 Previous workers on the Wilcox formation have made picks on the well logs of key 

stratigraphic surfaces within the Wilcox Formation.  I based my picks of the main surfaces 

between the Lower Wilcox, Middle Wilcox, and Upper Wilcox by using previous studies such as 

Xue and Galloway (1993, 1995) and Conwell (2015) (Figure 7).  I started picking the boundaries 

of the top of the Middle Wilcox and top of the Lower Wilcox guided by previous studies.  I used 

others picks as a guide to correlate the shale intervals (flooding surfaces) and the upper and 

lower boundaries of the area of study in the Wilcox.  The correlations of the main flooding 

surfaces have been extended to other well logs, over the studied counties, where others had not 

made picks previously.  Once the top and bottom surfaces of the stratigraphic interval were 

picked, I was interested in getting a more detailed interpretation of the higher frequency 

sequences in the study area to separate stratigraphy into smaller sections that I refer to as 

sequences.  The boundaries for the sequences were picked above the sandstones and below the 

shales (Figure 7).  In the study area of the Wilcox the shales are more continuous then the 

sandstones because they correspond to basin flooding and regional transgressions so the 

correlations were made primarily using more continuous shale intervals which correspond to 

flooding surfaces. 
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Figure 7: This type log shows interpretations made from this study, Fisher and McGowen 

(1969), and Xue and Galloway (1995).  The gold star in Colorado County is where the well log is 

located.  It is well log number 42089306560000. 

 

 Once the boundaries between sequences are defined, the computer program used values 

of gamma ray (GR) and spontaneous potential (SP) to separate sandstones (lower than 75 API on 

GR and lower than -60 mV on SP) and shale lithologies.  The computer program Petra then can 

run calculations between the defined surfaces and produce sandstone and shale thickness or ratio 
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(net to gross) maps.  The geologic maps produced were the isopach map, sand thickness map, 

and the net to gross ratio map for each of the interpreted sequences.  From the map patterns and 

from map distribution of the well log patterns, I made interpretations regarding the main 

depocenters of the deltas, shoreline locations, distributary channels and the depositional 

environments (Figure 8).  The interpretations were based on the sand thickness compared to the 

thickness of the individual sequence, the sand to shale ratios, and the well log patterns. 

 
Figure 8: The well log patterns, descriptions and interpretations of the Middle Wilcox formation 

(Xue and Galloway, 1995). 
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The digital well logs loaded in Petra are interpreted as described in the method section, 

based on the presence and abundance of sandstone compared to shale, the thickness of the 

sandstone and shale intervals, and the patterns (fining-up, coarsening-up, blocky, or ratty) of the 

logs themselves.  Different log patterns represent different depositional environments (figure 1) 

and are a well-known method for subsurface to well log interpretations used in the past (e.g., 

Xue and Galloway, 1993, 1995; Galloway and Hobday, 1996; Conwell, 2015).  Fluvial systems, 

especially point bar deposits in channels, show a fining upward pattern.  The fluvial system is 

located in the most landward reaches of the linked system as the fluvial system supplies sediment 

to the delta.  The delta plain distributaries well log pattern can be similar to a fluvial pattern 

(fining upward), but in addition, the channelized sandstones (sometimes thick) are associated by 

thick shales and coals.  The blocky sands represent the distributary channels and the shales 

represent muddy overbank and floodplain areas on the delta plain.  Coals are generated around 

the margins of the muddy areas in swamps, and thin crevasse sands can associate from flood 

breaches through the channel levees, similar to the modern Mississippi Delta (Frazier, 1967).  

The delta front, including mouth bars at the upper levels, is characterized by gradual coarsening 

upward log pattern successions developed upwards of the prodelta muds (figure 1) and has a 

relatively sharp top (Galloway and Hobday, 1996; Conwell, 2015).  Each of the successions 

corresponds to the progradation of a delta lobe.  Lastly, the prodelta and shelf environments are 

recognized in the well log pattern by being predominately shale and at times contain thin 

sandstone.  This pattern occurs because clay sediments extend farther basinward than sands 

(Galloway and Hobday, 1996).  

 

RESULTS 

Well Logs 

The digital well logs in the Petra project were interpreted as described in the methods 

section, based on the presence and abundance of sand compared to shale, the thickness of the 

sands and shale intervals, and the patterns (fining-up, coarsening-up, or blocky) of the well logs 

between the picked surfaces.  Different log patterns represent different depositional 

environments (figure 9) and are a well-known method well log interpretations (Galloway and 

Hobday, 1996; Xue and Galloway, 1993, 1995; Conwell, 2015). 
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Figure 9: The log patterns of the different depositional facies are shown.  The letters above the 

well log patterns correspond to their locations on the map.  Well log A represents the fluvial 

channel and overbank deposits.  Well log B represents the delta plain.  Well log C represents 

repeated units of prodelta-to-delta front deposits.  Well log D shows some thick muddy units of 

the prodelta to shelf deposits.  The red arrows pointing to the upper right show a fining upward 

pattern, and those pointing to the upper left show a coarsening upward pattern. 

 

Maps  

 The isopach, sandstone thickness, sand to mud ratio, and shoreline location maps were 

created in Petra.  The well logs from the data base which were correlated cover an area of 

approximately 170 km east to west by 145 km north to south (figure 10). Using steps described 

in the method section from surface correlation to sandstone and mudstone evaluation the maps 

have been generated.  The interpretations were based on the thickness distribution, sand to mud 

ratio, and well log patterns.  The sequences interpreted were used to build paleogeographic maps, 

each of which is defined and interpreted by flooding surfaces similarly to Galloway (1989).  

350 ft 
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Sequence 1 represents the oldest sequence and sequence 6 represents the youngest sequence, as 

sequence 1 lies stratigraphically below sequence 6. 

 
Figure 10:  The red and green dots represent the locations of the different wells that went into 

creating these maps.  The area colored in light blue is the C Delta from Fisher and McGowen 

(1969).  The delta to the northeast is the Brazos Delta and the delta to the southwest is the 

Colorado Delta. 

 

 Each of the stratigraphic sequences was used to build a set of 4 maps: (1) the isopach, (2) 

sand to mud ratio, (3) interpretation of the shoreline, and (4) depocenter.  For the construction of 

the paleogeography maps, the depocenters outline the boundary of the main deposition, as well 

as the area where the net to gross ratio exceeds 50 percent.  The locations of the channels were 

determined by interpretations of the well logs and where they lead to areas of the greatest sandy 

deposition. 

 Each of the sequences also contains a map of the shoreline at the maximum transgression.  

The shoreline was picked by looking at all of the digitized well log patterns.  On the maps, only a 

handful of the most representative well logs are shown a-long-side the shoreline interpretation.  

By only showing a few of the well logs, the maps would not be cluttered making them easier to 
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read.  Since the sequences are bounded by flooding surfaces and their correlative surfaces, the 

shales will be located at the bottom of each sequence.  These shales represent the flooding 

surface.  There tends to be a trend where the shales at the bottom of any sequence are located 

more basinward whereas the sands at the top of the sequence tend to be located more landward.  

The shoreline at the time of the maximum transgression was picked at the boundary where the 

shales transitioned into sands at the bottom of the sequences.  Therefore, the shorelines shown in 

the sequence maps represent the most basinward location of the maximum flooding surface.  The 

shorelines could be located more landward but are simply difficult to pick on the logs, because 

the shales can have been eroded by deep downcutting channels. 

 Some general observations and remarks can be made for the six sequences as a whole.  

The well log located in southeastern Lavaca County is not calibrated correctly.  This well log is 

showing extremely high values of sandstone in areas were the values of sandstone should be 

lower.  On each map are more coeval sedimentary depocenters, and the depocenters are located 

at slightly different locations than those previously mapped from thicker stratigraphy and longer 

time intervals.  Lastly, the headward location of the channels tends to be in the same location in 

each of the sequence but the delta depocenters migrate from one sequence to the next.  

Therefore, the same channel belt is feeding the two delta systems, the Colorado and Brazos 

Deltas. 

 

Sequence 1 

 Sequence 1 represents the oldest sequence (Figure 11).  It is within the upper part of the 

Lower Wilcox formation corresponding to the C Delta described in Fisher and McGowen (1969) 

and shown in Figure 4.   

The isopach map shows the sequence being thinner landward and thicker basinward, as 

should generally be the case as water deepens basinward on the shelf.  The western part of the 

map, just to the east of Yoakum Canyon, is also relatively thin, less than 125 feet thick.  To the 

east in Grimes, Montgomery, and Waller counties, the thickness is up to of 475 feet thick.  This 

trend of being thicker to the southeast and thinner to the northwest has to do with the increased 

amount of accommodation toward deep water.  There is also larger accommodation to the 

southeast partially due to the formation of growth faults in this region (Galloway, 1989). 



 27 

 The sandstone thickness map shows a trend similar to the one on the isopach map; the 

sandstone deposits are thicker basinward and thinner landward.  However, in the southwest just 

east of the Yoakum Canyon, the sandstone is thicker and is on the order of 100 feet.  One 

explanation for the sandstones being thicker to the southeast is that they are representing bar-

finger delta front forms. 

 The sand to mud ratio is used to show the areas of increased sand deposition outlined by 

the black dashed line.  The depocenter to the southwest is significantly smaller than the 

depocenter located to the north.  The size difference of the depocenters could be due to the 

amount of accommodation space or the amount of sediment being supplied to the delta or both. 

 The shoreline shown by the red dashed line represents the most basinward location of the 

shoreline at the base of Sequence 1, i.e., the Sequence 1 MFS bounding surface. 



 28 

 
Figure 11: Sequence 1 near the top of the Lower Wilcox contains the isopach, sand thickness, 

net to gross ratio (sand thickness to total thickness ratio), and shoreline maps.  The color bar for 

the isopach and sand thickness maps is measured in feet.  The purple outlines in the isopach and 

sand thickness maps represent the C Delta from Fisher and McGowen (1969).  The black dashed 

line and the blue lines in the net to gross map represent the outline of the depocenter and 

channels, respectively.  The red dashed line in the shoreline map represents the most landward 

extent of where the shoreline is located. 
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Sequence 2 

 Sequence 2 is younger than sequence 1 and lies stratigraphically above sequence 1 

(Figure 12).  Sequence 2 represents the upper most part of the C Delta from Fisher and 

McGowen (1969). 

 The isopach map in general is thicker basinward and thins landward.  However, it does 

become thinner again landward to the east.  The areas where it is the thickest are in south 

Washington, Austin, and Wharton counties where it is 500 feet thick or more.  The isopach trend 

is drastically different than the trend in sequence 1 where those areas were less than 350 feet 

thick.  Other than this difference, the isopach maps from sequence 1 and 2 are similar. 

 The sandstone thickness map also shows a trend of the sand deposits being thinner 

landward and thicker basinward.  However, the sandstones are the thickest, on the order of 350 

feet thick or more in north Wharton, east Colorado, and south Austin counties.  In sequence 1 the 

sandstone in this area was much thinner. 

 The net to gross map shows that the depocenter for the Brazos Delta, located to the north, 

has prograded and moved laterally to the north.  The depocenter migration most likely has to do 

with the amount of accommodation space.  Sequence 1 formed a sediment depocenter to the 

south of sequence 2, causing there to be less accommodation for sequence 2, resulting in 

sequence 2 being deposited farther to the north.  An additional depocenter formed in the 

Colorado Delta during sequence 2.  The additional depocenter is located to the east of where the 

sequence 1 depocenter was located.  However, the southern lobe from sequence 1 is in a similar 

location as sequence 2. 
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 The maximum transgressive shoreline for sequence 2 is located in roughly the same area 

as sequence 1.  This progradation could be explained by a higher sediment supply in sequence 2. 

 
Figure 12: Sequence 2 in top Lower Wilcox contains the isopach, sand thickness, net to gross 

ratio (sand thickness to total thickness ratio), and the shoreline maps.  The color bar for the 

isopach and sand thickness maps is measured in feet.  The purple outlines in the isopach and 

sand thickness maps represent the C Delta from Fisher (1969).  The black dashed line and the 

blue lines in the net to gross map represent the outline of the depocenter and channels, 

respectively.  The red dashed line in the shoreline map represents the landward most extent of 

where the shoreline is located. 
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Sequence 3 

 Sequence 3 is younger than sequence 2 and lies stratigraphically above sequence 2 

(Figure 13).  Sequence 3 represents is the basal sequence in Middle Wilcox and corresponds to 

sequences A and B from Xue and Galloway (1995). 

 The isopach map for sequence 3 is similar in thickness to that of sequence 1.  However, 

in sequence 3, the deposit over the eastern part of Austin County is thicker than that over the 

western part, whereas in sequence 1 the thickness is relatively uniform. 

 The net to gross map shows that there has been backstepping from sequence 2 to 

sequence 3.  In addition, the depocenters have gotten smaller than in sequence 2 and this change 

in size and backstepping could be caused by there being less sediment supplied to the system. 

 The sandstone thickness in sequence 3 is similar to that in sequence 1.  A notable 

exception is that the sand thickness decreases` to the southeast in sequence 3 compared to 

sequence 2.  Additionally, the maximum transgressive shoreline has moved more landward in 

sequence 3 compared to sequence 2, also indicating retrogradation. 
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Figure 13: Sequence 3 the lowermost Middle Wilcox contains the isopach, sand thickness, net to 

gross ratio (sand thickness to total thickness ratio), and the shoreline maps.  The color bar for the 

isopach and sand thickness maps is measured in feet.  The black dashed line and the blue lines in 

the net to gross map represent the outline of the depocenter and channels, respectively.  The red 

dashed line in the shoreline map represents the landward most extent of where the shoreline is 

located. 

 

Sequence 4 

 Sequence 4, also in the Middle Wilcox, is younger than sequence 3 and lies 

stratigraphically above sequence 3 (Figure 14).  Sequence 4 corresponds to sequences A and B 

from Xue and Galloway (1995). 
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 The isopach map from sequence 4 is very similar to that from sequence 3.  Sequence 4 is 

thicker in the middle of Burleson and Washington Counties compared to sequence 3.  Sequence 

4 is also thinner to the east compared to sequence 3. 

 The sandstone thickness of sequence 4 is very similar to that of sequence 3, except that 

sequence 4 is thicker on the middle of Colorado, Austin, east Washington and east Burleson 

Counties.  

 From looking at the net to gross ratio map, the Brazos Delta has retrograded and 

expanded laterally compared to sequence 3.  The depocenter for the Colorado Delta is in the 

same location, but it has expanded laterally compared to sequence 3. 

 The maximum transgressive shoreline has moved more landward compared to sequence 

3, however, backstepping occurred.  This could be because the sediments were distributed more 

laterally or there was less sediment supply for the Brazos delta.  The Colorado Delta has 

aggraded and the shoreline for the Colorado Delta has stayed in roughly the same location. 
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Figure 14: Sequence 4 Middle Wilcox contains the isopach, sand thickness, net to gross ratio 

(sand thickness to total thickness ratio), and the shoreline maps.  The color bar for the isopach 

and sand thickness maps is measured in feet.  The black dashed line and the blue lines in the net 

to gross map represent the outline of the depocenter and channels, respectively.  The red dashed 

line in the shoreline map represents the landward most extent of where the shoreline is located. 

 

Sequence 5 

 Sequence 5, also in the Middle Wilcox, is younger than sequence 4 and lies 

stratigraphically above sequence 4 (Figure 15).  Sequence 5 corresponds to sequences A and B 

from Xue and Galloway (1995). 
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 The isopach map of sequence 5 differs from that of sequence 4.  The thickness of 

sequence 5 does not exceed 350 feet anywhere on the map, whereas sequence 4 reaches up to 

500 feet.  Sequence 5 is thickest to the north east that is distinct from previous shoreline 

deposition. 

 The sand thickness map of sequence 5 is also very different from that of sequence 4.  The 

sandstones in sequence 5 are much thinner and don’t vary in thickness as much as they do in 

sequence 4.  The sands in sequence 5 do not exceed 200 feet, whereas in sequence 4 the 

thickness does exceed 350 feet. 

The net to gross map shows that the depocenter has prograded compared to sequence 4.  

The shoreline has also moved basinward from the location of previous shoreline thickness. 
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Figure 15: Sequence 5 Middle Wilcox contains the isopach, sand thickness, net to gross ratio 

(sand thickness to total thickness ratio), and the shoreline maps.  The color bar for the isopach 

and sand thickness maps is measured in feet.  The black dashed line and the blue lines in the net 

to gross map represent the outline of the depocenter and channels, respectively.  The red dashed 

line in the shoreline map represents the landward most extent of where the shoreline is located. 

 

Sequence 6 

 Sequence 6, the upper most Middle Wilcox sequence, is younger than sequence 5 and lies 

stratigraphically above sequence 4 (Figure 16).  Sequence 6 corresponds to sequences A and B 

from Xue and Galloway (1995). 
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 The isopach map of sequence 6 is quite similar to that of sequence 5.  However the 

thickest area is located just west of where it is in sequence 5 (northeast edge of the map).  There 

is still relatively uniform thickness compared to sequences 1 to 5.  The thickness does not exceed 

300 feet thick. 

 The sand thickness map of sequence 6 shows an area of thickness in the northern part of 

Austin County that is not present in sequence 5.  Also the thick sandstone area to the northeast of 

sequence 5 is located more south in sequence 6. 

 The net to gross map show that the Brazos Delta system has prograded.  The Colorado 

Delta system is located in the same area but the depocenter has gotten smaller.  The maximum 

transgressive shoreline is located in a very similar position for the Brazos Delta.  The 

progradation of the Brazos delta could be related to a larger sediment supply.  The shoreline has 

move slightly basinward in relation to the Colorado Delta system. 
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Figure 16: Sequence 6 contains the isopach, sand thickness, net to gross ratio (sand thickness to 

total thickness ratio), and the shoreline maps.  The color bar for the isopach and sand thickness 

maps is measured in feet.  The black dashed line and the blue lines in the net to gross map 

represent the outline of the depocenter and channels, respectively.  The red dashed line in the 

shoreline map represents the basinward most extent of where the shoreline is located. 

 

Comparison with previous paleo-reconstructions of the Wilcox 

 Sequences 1 through 6 are included in the C Delta of Fisher and McGowen (1969).  The 

sequences 1 through 6 are similar to the C Delta, because they have the same facies (well log 

pattern).  Fisher and McGowen (1969) recognized the fluvial system that supplied the sediments 

to the deltas.  Figure 9 well log pattern A shows the fluvial facies by their fining upward trend.  
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Fisher and McGowen (1969) identified distributary channels, levees and crevasse splays.  These 

facies are likely present in well log pattern B of figure 9, where the thick sands are the channels 

and the thin sandstones associated with shales are the crevasse splays.  In the delta plain Fisher 

and McGowen identified marshes, swamps, and interdistributary bays.  These facies were also 

observed in the delta plain between the channels.  The facies of the delta front including channel 

mouth bars and sheet sands were observed by Fisher and McGowen (1969).  These same facies 

are likely present in figure 9 well log pattern C where there is a coarsening up succession of 

shales to sands.  Lastly, Fisher and McGowen (1969) identified the prodelta facies.  The same 

prodelta facies are observed in the thick mudstones in well log D of figure 9 as recognized by the 

abundance of shale compared to sand.   

 The C Delta of the Brazos and Colorado deltas from Fisher and McGowen (1969) has 

sandstone facies overlaying mud facies similar to what is observed here in sequences 1 through 

6.  The results of this stratigraphic relationship are seen in sequences 1 through 6, because the 

boundary of the sequences is represented by a flooding surface allowing for the muds to be 

deposited.  The C Delta was interpreted to be backstepping delta in relation to the older B Delta 

(Fisher and McGowen, 1969).  Sequences 1 through 6 are backstepping in some areas while they 

are mostly progradational and aggradational in some areas.  

 An area where there are some differences between Fisher and McGowen (1969) and what 

is observed in this study are the locations and the number of the depocenters.  In sequence 1 the 

Brazos delta aligns well with the C Delta.  However, part of the lobe of the Brazos delta extends 

into Colorado County, whereas the C Delta does not (Figure 11 and 12).  Fisher and McGowen 

(1969) interpreted that part of the lobe to be the Colorado Delta, compared to this study where it 

is interpreted to be part of the Brazos delta.  Delta lobe switching occurred in sequence 2 the 

southern part of the Brazos delta lobe has combined with the rest of the delta and has moved 

north.  The Brazos Delta is located in roughly the same location as in sequence 1, but it has 

prograded.  The Colorado delta has prograded and a lobe has switch to the north, now located in 

Fayette and Colorado Counties (Figure 11 and 12).  Fisher and McGowen (1969) observed an 

overall backstepping pattern in relation to the B and A Delta below; however the individual C 

Delta, it is observed to be prograding.  This study also observes that from sequence 1 to sequence 

6 there is predominately progradation along with some backstepping (Figure 17). 
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Figure 17: The areas outlined in black and filled in with different colors represent the 

depocenters for each identified sequence (from Middle Wilcox down to uppermost Lower 

Wilcox).  The blue lines represent the channels.  The red, orange, yellow, green, blue and purple 

depocenters correspond to sequences 1, 2, 3, 4, 5, and 6, respectively. 

 

 Sequences 3, 4, 5, and 6 correspond to Xue and Galloway (1995) sequences A and B.  

Xue and Galloway refer to the deltas described in sequence A and B as the platform deltas of the 
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Calvert Delta System.  The Calvert Delta System not only covers the area of study, but extends 

beyond it to the northeast.  The sandstone thicknesses in the Calvert Delta System of sequence A 

has sandstone thicknesses that average about 100 feet thick (Xue and Galloway, 1995), whereas 

the sandstone thickness in this study area equivalent to sequence A average about 150 feet thick.  

The difference in sand thickness could be explained by the fact that the Calvert Delta System of 

sequence A is being averaged over a thicker interval and larger area.  Between the delta-lobe 

complexes of the Calvert Delta System of sequence A and the deltas in this study area there is 

mud (Xue and Galloway, 1995).  The Calvert Delta System of sequence B and this study both 

observe a depositional-dip orientation for the delta system.  The average total thickness of the 

Calvert Delta System of sequence B is about 300 feet (Xue and Galloway, 1995) and the total 

thickness of the equivalent area of this study is about 250 feet thick. 

 The facies (well log patterns) described in sequences A and B of Xue and Galloway 

(1995) can be confirmed by this study.  In addition to the fluvial, delta plain with flood plains 

and distributary channels, delta front and prodelta, additional facies such as barrier bars and 

lagoon marshes are present in both this study and Xue and Galloway (1995).  Similar to Xue and 

Galloway (1995), this study did not observe a lateral shift of the sediment being supplied.  The 

barrier bars can be seen in sequences 3 and 6 by the high net to gross values in the southeastern 

parts of Colorado, Austin, and Waller Counties (Figure 13 and 16).  Landward of the barrier bar 

and basinward of the deltas, also seen in sequence 3 and 6, is an area where the net to gross ratio 

decreases (Figure 13 and 16).  This muddier area represents the lagoon marshes observed in Xue 

and Galloway (1995). 

 Xue and Galloway (1995) observed an overall retrogradation through all of sequence A 

and progradation of the strata of sequence B beyond sequence A.  In the upper strata of sequence 

B there is progradation (Xue and Galloway, 1995).  In this study from sequences 2 to 3 and 3 to 

4 there is retrogradation and from sequences 4 to 5 and 5 to 6 there is progradation, with some 

lateral variation along strike, as evident from the landward and basinward shifts of the 

depocenters (Figure 17). 

 

Sediment delivery to deep water 

 The thick Paleocene-Eocene deposits in the deep water (Zarra et al., 2006) are equivalent 

with Wilcox shelf deltas. Two of the main mechanisms to deliver sediment to deep water are (1) 
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to bring the deltas at the shelf edge, or (2) to have a canyon intending and eroding into the shelf 

and connect with delta/shoreline deposits. However, most of the large (hundreds of kilometers) 

long fans are fed by a canyon. During Wilcox time, adjacent to the study area are two canyons 

Yoakum Canyon and Lavaca Canyon (Dingus and Galloway, 1990; Figure 18).  The mapped 

sequences 1 to 6 are in proximity (at 10 km) or even partially overlapped with the mapped 

canyons. However, one problem with shoreline-canyon delivery system is the time when the 

canyons were active.  The culmination of the Lavaca coincides with the maximum flooding 

surface on top of the Lower Wilcox but could not start until transgression was underway (Dingus 

and Galloway, 1990).  However, the most of the area in front of the sequences 1 and 2 were 

muddy deposits and is highly likely the gravity flows generated at the head of Lavaca canyon 

were also muddy. 

 
Figure 18:  The purple outlines represent Fisher and McGowen (1969) C Delta.  The brown 

outline in Lavaca and Colorado Counties represents the Lavaca Canyon and the red outline in 

Gonzales, DeWitt and Lavaca represents the Yoakum Canyon. 
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 Yoakum Canyon that was thought to be active (open) prior to or at the beginning of 

deposition of the Middle Wilcox (Dingus and Galloway).  The Yoakum Canyon seems to be a 

better conduit for sediments because intended the shelf 100km landward from the shelf edge. It 

seems that most of the mapped depocenters are on the side of the canyon. However, the 

sequences 3, 5, and 6 of the Colorado Delta are on the eastern edge of the mapped canyon outline 

and possible to feed sediment onto it (Figure 13, 15, and 17).  One key condition for such 

scenario is for canyon to be active (incised) at the time of sequences 3, 5 and 6. To this point the 

timing of the canyon incision was not mapped in detail. 

 

CONCLUSIONS 

1. In this study, the upper part of the Lower Wilcox formation and the Middle 

Wilcox formation were studied through the use of well logs.  This portion of the Wilcox 

was broken down into six sequence sets and analyzed in detail.  This study focused on 

understanding the coastal and shelf environment. 

2. The depositional facies seen in the study area relate well to what has been 

previously observed by Fisher and McGowen (1969) and Xue and Galloway (1995).  The 

following facies were observed in this study and in Fisher and McGowen (1969) and Xue 

and Galloway: fluvial, delta plain with flood plains and distributary channels, delta front, 

prodelta, lagoon marshes, and barrier bars. 

3. The area of focus in this study experienced a slight progradation, followed by 

retrogradation, followed by progradation caused by changes in accommodation and 

sediment supply.  These shifts in deposition are similar to what was observed in Xue and 

Galloway (1995) and Fisher and McGowen (1969). 

4. The shoreline migrated through time in this area.  The shoreline started off by 

staying in roughly the same location, then it transgressed, and then it regressed.  

Although the shoreline shifted over time, the fluvial sediment source stayed relatively in 

the same location. 

5. The mapped delta/shoreline depocenters partially overlap or get in the proximity 

the edge of the mapped canyons in the area. The proximity of the delta depocenter to 

canyons might it possible that deep water sediments are sourced from the rivers only if 
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the canyon(s) were open (active) at that time which was highly probable for Lavaca 

Canyon during sequences 1 and 2 and Yoakum Canyon during sequences 3 to 6. 

6. Points of interest and relevance from this study to the Gulf of Mexico turbidite 

succession are: (1) The fluvial and distributary channels of Sequences 1 and 2 are of 

considerable depth and width dimensions and are sometime amalgamated, suggesting that 

sediment delivery from the Texas shelf may have been able to create some of the thick 

turbidite successions of the ultradeep GOM, despite the long runout distance from the 

shelf-slope break; (2) the weakening and gradual overall backstepping of the studied 

Wilcox sequences suggests that it may rather have been the earlier Wilcox sequences 

(just below the study interval) that directly fed the turbidite succession. 
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