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Abstract 

 

STRUCTURAL FRAMEWORK AND SEISMIC 

GEOMORPHOLOGY OF THE CRETACEOUS BENEATH THE 

MAD DOG AREA, DEEP TO ULTRADEEP WATERS GULF OF 

MEXICO 

 

Damian Markez, M.S. Geo. Sci. 

The University of Texas at Austin, 2013 

 

Supervisor:  Lesli J. Wood 

 

Recent drilling of deep stratigraphy in subsalt offshore Gulf of Mexico has 

revealed the presence of thick, amalgamated, Cretaceous siliciclastic reservoirs with the 

potential to become valid exploration targets. Similar to the Lower Tertiary deepwater 

play, the significant down-dip distance (> 400 km) from the source deltaics, the data gap 

across the modern structurally complex salt-tectonics-dominated slope and the difficulties 

of imaging subsalt stratigraphy pose challenges for the construction of meaningful 

deepwater system models to aid in exploration and appraisal efforts.  

A 3D seismic dataset in the Mad Dog field at the basinward end of the modern 

allochthonous salt canopy and outboard of the Sigsbee Escarpment offers the opportunity 

to study the nature of the deep stratigraphy at central positions in the basin. The nature of 

the Cretaceous sedimentary system has been investigated through detailed structural and 

seismic geomorphologic mapping. An early syndepositional contractional event has been 
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identified and temporally associated with Mesozoic emplacement of a deep salt sheet. 

These events are masked by the major Neogene-age phase of fold amplification that 

dominates the present-day subsalt structural framework. Ponded-basin deepwater 

sedimentation processes control early phases of deposition in the Cretaceous Mad Dog 

area and sediment-gravity flows are deposited as complexes of low sinuosity 

amalgamated channelized deposits in roughly-confined sediment pathways. Ponded fills 

show internal lateral accretion architectures that grow sigmoid in nature as the migrating 

systems interact with the approaching minibasin margins making evident the structural 

control on sediment architecture. Later phases of deposition are characterized by slightly 

sinuous feeder channels with multiple lobe development at their terminus. Variable 

directions of sediment source pathways indicate a linear-sourced slope apron depositional 

model for these systems.  In addition to the more structured morphologic elements, there 

were also pervasive mass-transport processes active, presumably triggered by Mesozoic 

halokinesis. Data in sparse deep wells in the GoM that penetrate the Cretaceous suggest 

that the Late Cretaceous deepwater depositional system was composed of coarse-grained 

high density gravity flows.  The geometries seen in seismic beneath the Mad Dog area 

support the existence of such a basinwardly extensive deepwater fan systems developed 

during the Cretaceous, and the low sinuosity channel geometries and small length:width 

ratio and amalgamated nature of fan lobes suggest that these systems may have indeed 

been high-density in nature. 
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Introduction 

Exploration for pre-Neogene deepwater reservoirs in the offshore region of the 

Gulf of Mexico (GOM) basin has been hampered by a higher overall exploration risk due 

to several reasons such as deep- to ultra-deep1 water-drilling depths, structurally complex 

salt-tectonics-dominated slope, greater total drilling depths (as much as 10,000 m bsl), 

poor quality of subsalt seismic data, and the common belief prior to 2000, that pre-

Neogene systems did not develop significant deepwater reservoirs far out in the basin 

(e.g. Snedden et al., 2003). 

Starting in 2001, however, significant oil discoveries were made in middle 

Paleocene- to early Eocene-aged (Wilcox-equivalent) sands outboard of the Sigsbee 

Escarpment, more than 400 km downdip from the presumed shelf deltas counterparts. 

Thick (ca. 500 m), oil-bearing, amalgamated, and high-net sandstones, extending for 

more than 500 km across the deep basin, from Alaminos Canyon to the west to Atwater 

Valley protraction area to the east, have emerged as an important exploration play (Zarra, 

2007; Lewis et al., 2007; Meyer et al., 2007). Estimated ultimately recoverable reserves 

for the trend of 3 to 15 billion barrels of oil makes the deepwater Wilcox trend a world-

class depositional and potential petroleum system (Lewis et al., 2007; Meyer et al., 2007). 

Following the once-inconceivable find of great volumes of Lower Tertiary 

Wilcox sands in the deep basin, the attention has recently shifted to the Cretaceous. 

Several wells drilling for Wilcox targets have extended their reach deeper and 

encountered unexpected coarse-grained clastics in Cretaceous-age strata. Very little is 

known about the nature of Cretaceous deposits in deep, central basin positions. These few 

                                                 
1Deep water refers to present offshore water depths from 500 to 2000 m, and ultradeep water is any water 

deeper than 2000 m. 
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recent wells that have encountered thick development of sand-rich intervals in the 

Cretaceous, as opposed to the mud-rich interval predicted by earlier, regional 2D seismic-

based prognoses transects (e.g. Feng and Buffler, 1994, 1996; Feng, 1995; Weimer et al., 

1998). 

The Tiber well, drilled in 2010 at Keathley Canyon in 2160 m of water and to total 

vertical depth of 10,660 m below sea level, and the Davy Jones-2 well, drilled in 2011 on 

South Marsh Island Block 230 to a total depth of 9310 m bsl, proved a working 

petroleum system in thick and amalgamated Cretaceous sandstones (McMoRan Co., 

2011, 2012). Earlier, the BAHA-2, drilled in 2001 on Alaminos Canyon in 2374 m of 

water and to total depth of 5840 m bsl was the first well to document the existence of 

Cretaceous clastic reservoirs in central parts of the basin (Meyer et al., 2007). These 

results demonstrate the potential for the Cretaceous to become a valid exploration target 

in the offshore GOM.  

A 3D seismic dataset in the Mad Dog field, in the SE corner of Green Canyon 

protraction area, at the basinward end of the modern allochthonous salt canopy and 

outboard of the Sigsbee Escarpment, offers the opportunity to study the nature and 

structural framework of the deep stratigraphy at central positions in the basin. Unlike 

early seismic stratigraphic interpretations and lithology predictions that had only widely 

spaced 2D seismic transects for the analyses, the present study benefits from a 3D 

seismic survey. This survey allows the interpreter to directly map geomorphologic 

features on seismic horizon slices without the requirement of a pre-defined depositional 

setting. In addition, the present interpretation also benefits from advances in seismic 

imaging, regional work which allows us to place the Mad Dog area in a Cretaceous-age 

regional context (Woolf, 2012) and newly evolved salt-tectonics concepts.  
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This work will show that geometries seen in seismic beneath the Mad Dog area 

indicates the existence of significant deepwater clastic depositional systems hundreds of 

kilometers down-depositional dip from the time-equivalent paleo-shelf-edge. Low- 

sinuosity channel geometries and the amalgamated nature and low relief of fan lobes 

suggest that these systems may have indeed been high-density in nature. If this 

interpretation proves correct, it extends the Cretaceous deepwater system 300 km east 

from the thick Cretaceous sand deposits documented by the Tiber well. This would imply 

a deepwater fan systems similar in extent to the Paleogene Wilcox trend.  

Finally, the unexpected character of the occurrence of such extensive sand-rich 

deposits in central deep GOM basin, over an area were paleogeographic models 

anticipated a shale-prone or starved basin (e.g. Winker and Buffler, 1988; Feng and 

Buffler, 1996; Feng, 1995; Galloway et al., 2000; Galloway, 2008), necessarily questions 

the paradigms upon which many of the early maps of the Cretaceous Gulf of Mexico 

were built. The critical review of the assumptions involved in the long-held concept of a 

deep central GOM basin of ca. 5 km of water depth established since the late Jurassic 

(e.g. Pindell, 1985; Salvador, 1987; 1991b; Winker and Buffler, 1988; Sawyer et al., 

1991; Pindell and Kennan, 2007) denotes, in the light of the new findings from deep 

wells and better 3D seismic data sets, the conjectural character of our understanding of 

the early history of the GOM basin. Indeed, it calls to critically review the widely-

accepted, and often quoted as a demonstrated fact, “Mesozoic rift-drift paradigm” for the 

opening of the GOM basin. 
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Cretaceous in Central Deep GOM  

The deep GOM basin (slope and abyssal plain) is underlain by a thick (7 to 10 

km) layered sedimentary section deposited onto highly extended continental crust and, 

possibly, oceanic crust (Ewing et al., 1955; Ladd et al., 1976; Schaub et al., 1984). It was 

not until the 2000’s that a few boreholes penetrated the deep stratigraphy and drilled into 

the Cretaceous in the deepwater regions of the GOM. Consequently, the early 

understanding of the Cretaceous in the central parts of the GOM basin relied on geologic 

inferences derived seismic reflection profiles. On seismic data, the general stratigraphic 

stacking pattern in the deeper stratigraphic intervals shows a pronounced depositional 

cyclicity which is characterized by the alternation of relatively low continuity, low to 

medium amplitude seismic facies and regionally continuous, high-amplitude reflections. 

Only the shallowest 3 km of strata show significant changes in external reflection 

configuration. Severe salt and gravitational tectonism within the deformed Texas-

Louisiana slope prevents direct seismic correlation of the deep basin reflectors with 

known stratigraphy of the onshore Gulf coast area.  

Following is a summary of the knowledge of the Cretaceous in the basin: the 

stratigraphic framework, the assumed paleography and inferred depositional systems, and 

the findings from the recent boreholes.  

 

STRATIGRAPHIC FRAMEWORK 

The stratigraphic succession and nomenclature for the deep GOM basin was first 

proposed by Ladd et al. (1976) and subsequently updated and modified by Shaub et al. 

(1984), Feng and Buffler (1991, 1996), Feng (1995) and, in more localized studies, by 

Addy and Buffler (1984), Trudgill et al. (1995), Wu et al. (1990). Based on the vertical 
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variations of reflection characteristics and basinwide continuity, Ladd et al. (1976) first 

divided the stratigraphic record in the deep western GOM basin into six significantly 

different seismic units (Figure 1). Each of these units was interpreted to represent major 

changes in lithology and thus depositional history. A first age estimation was given to the 

uppermost three Neogene seismic units based on DSDP (Deep Sea Drilling Project) core 

information. Ages for the lower three units relied on geologic and stratigraphic reasoning. 

The lowermost Viejo seismic unit overlies the acoustic basement interpreted to be 

igneous crust formed at the time of formation of the GOM. Therefore, the interval was 

inferred to comprise the Late Paleozoic to Early Mesozoic initial stages of sedimentation 

in the basin. The overlying Challenger seismic unit was given a Jurassic age as it shows 

evidence for containing Louann salt within it. And the subsequent acoustically 

transparent Campeche seismic unit was inferred to represent an extended period of 

dominantly pelagic sedimentation in the deep Gulf, ranging from Late Cretaceous to 

Early Tertiary (Ladd et al., 1976).  

Shaub et al. (1984) extended the interpretation to the whole deep GOM basin and 

redefined the early units as seismic sequences (i.e. genetically related, relatively 

conformable strata bounded by major unconformities or correlative conformities, 

Mitchum et al., 1977) (Figure 2). Therefore, the high-continuity bounding reflectors 

acquired a connotation of non-depositional and/or condensed intervals that punctuate the 

alternation between prograding and retrograding events. A significant change was made 

in the lower units: the Viejo seismic unit was considered to be absent in the central GOM; 

instead, this seismic interval was considered to be the basal portion of the Challenger 

unit. The underlying assumption for this modification is the interpretation of the irregular 

acoustic basement reflector as normal oceanic crust accreted during seafloor spreading 

through the uppermost Jurassic to earliest Cretaceous time. A further implication of this 
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assumption is that any sequence in central GOM, apart from being younger than 

Late Jurassic, should be deep-marine in nature, as normal oceanic crust forms at 2.5 

km of water depth (Parsons and Sclater, 1977).  

Regional isopach maps of the five defined post mid-Cretaceous seismic sequences 

further allowed Shaub et al. (1984) to suggest sediment source areas by the proximity of 

their depocenters to marginal embayments and to document a shift through time of major 

depocenters from the west to the north in response to the shift of equivalent shelf margins 

advancement (Shaub et al., 1984).  

 

 

Figure 1. Deepwater seismic-based stratigraphic units 

defined by Ladd et al. (1976) that were later modified by 

Shaub et al. (1984) and Feng (1995). Interval velocities (in 

KM/SEC) and interval (INT) and cumulative (CUM) 

thicknesses (in KM) between boundaries are based on 

Ewing et al (1960). Map image on the left showing 

bathymetry and topography of the greater Gulf of Mexico 

basin (blue denotes water, green denotes land) shows the 

location of the seismic line in red. After Ladd et al. (1976). 
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Figure 2 Chronostratigraphic correlation chart for deep Gulf of Mexico middle 

Cretaceous through Cenozoic, seismic sequences . Coastal onlap and long-

term and short-term eustatic sea level curves from Haq et al. (1987); major 

depositional episodes from Galloway (2008). The age of the Mid-

Cretaceous Sequence boundary seismic event (MCSB) is redefined 

according to Dohman (2002). 
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Feng and Buffler (1991, 1994, 1996) and Feng (1995) further subdivided the post-

mid Cretaceous (i.e. post-Challenger) stratigraphic framework and, more relevant, they 

provide the first Gulfwide chronostratigraphic framework relating the seismic units of 

central GOM basin to their time-equivalent counterparts on the adjacent shallower parts 

of the basin (Figure 2). As it was previously mentioned, a direct seismic correlation 

between the shelf environment and the abyssal setting in the GOM cannot be done 

because of the structural complexity introduced in the slope by post-Cretaceous age, salt 

tectonics. However, the authors achieved a correlation by comparing the prominent 

depositional cyclicity of the seismic units in the deep basin with the eustatic sea level 

curve proposed by Haq et al. (1987) and the depositional episodes defined on the 

northern Gulf coast by Galloway (1989b). According to this correlation, the Campeche 

sequence would comprise the basinal equivalents to the Woodbine/ Tuscaloosa 

Formations, whereas the underlying Challenger sequence would comprise the Late 

Jurassic and Lower Cretaceous carbonates as well as the Cotton Valley and Hosston 

clastic episodes. 

The two curves used to attain this subdivision and regional correlation are built 

based on different sequence models, so there are some fundamental differences on the 

primary control of sequences and on the nature of sequence boundaries. The Exxon 

depositional sequence emphasizes the eustatic sea level as the dominant control and uses 

unconformities or their correlative conformities as sequence boundaries (Baum and Vail, 

1988). The genetic stratigraphic sequence model stresses sediment supply as the primary 

control and maximum flooding surfaces are used as sequence boundaries (Galloway 

1989a). In their study, Feng and Buffler (1991, 1994, 1996) and Feng (1995) consider 

that seismic units in the deep GOM basin are bounded by condensed sections that include 

both the correlative conformity and the maximum flooding surfaces. Therefore, each 
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seismic unit is interpreted to be the result of a relative sea-level cycle where: (1) the distal 

lowstand systems tracts are represented by the relatively low continuity, low to medium 

amplitude seismic facies and, (2) on top, the basinal equivalent of transgressive and 

highstand systems tracts, which are better developed on the adjacent shelf margins, merge 

in a regional condensed section characterized by a high-continuity, high-amplitude 

seismic couplet.  

The condensed section represents a long period of sediment starvation, between 

transgressive relative sea level rise and subsequent relative sea level fall, so a significant 

difference in age estimates will occur when tying it to each sequence model. An example 

of this age discrepancy is the Top Challenger seismic marker, better known as the MCU 

(Mid-Cretaceous Unconformity, Buffler and Sawyer, 1985) or MCSB (Mid-Cretaceous 

Sequence Boundary; Buffler, 1991). Various ages spanning the whole Upper Cretaceous 

have been reported for this seismic event in different basin positions (Phair and Buffler, 

1983; Addy and Buffler, 1984; Dohmen, 2002; Post, 2005; Winker, 2007).  

Cyclicity in the stratigraphic architecture is the product of the ongoing interplay 

among sediment supply, tectonic subsidence, and eustatic sea level changes (Galloway, 

1989a; Allen and Allen, 2005). Furthermore, the stratigraphic architecture is very similar 

regardless of the dominant driving-force. The relative predominance of each of these 

primary controls however, is not trivial, as it does result in different sediment dispersal 

models, in different reservoir system associations, and in different timing of sediment 

delivery to deep slope and abyssal plain. Feng and Buffler (1991, 1994, 1996) and Feng 

(1995) state that, in their Gulfwide chronostratigraphic framework, the development of 

sequences in the deep basin is in direct response to both significant sea level drops and 

the episodes of significant sediment supply recognized in the Gulf coast. Nevertheless, 

the underpinning reasoning throughout their analysis is that sequences in the deep basin 
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are eustasy-dominated; only for the dating of the events is sediment supply considered, as 

they tie the seismic sequences in central deep GOM to those sea-level falls from Haq’s 

(1987) curve that are temporally close to Galloway’s (1989b) depositional episodes 

(Figure 2). The eustatic control limits the timing of sand supply and deepwater deposition 

to discrete lowstands. Furthermore, the sediment dispersal pattern is dominated by 

turbidity currents which are presumably triggered near the shelf edge and travel hundreds 

of kilometers before spreading sediment as submarine fans onto the basin plain. This 

unilateral approach of a sea-level lowstand model overlooks other variables such as shelf 

width, focused-sediment-bypass by submarine canyons, or highstand shelf-edge deltas in 

supply-dominated shelves (Carvajal and Steel, 2006). Moreover, it fails to capture the 

complexities of a salt-floored continental margin that has experienced periodic and 

catastrophic collapses throughout its history (Edwards, 2000) (Figure 3). Mass-transport 

processes are important mechanisms in shaping and moving vast quantities of sediment 

downslope into the basin floor (McAdoo et al., 2000; Moscardelli and Wood, 2008; 

Shanmugam, 2012); the possible genetic link of halokinesis with slope-instability and 

mass-transport deposits and its potential impact in the development of the deepwater 

stratigraphic record is often ignored in many deepwater sedimentation models. 

In summary, the understanding of the stratigraphy in deep central GOM has 

evolved from an early purely descriptive definition of seismic units (Ladd et al., 1976) to 

a progressively more sophisticated stratigraphic framework. This evolution has been 

aided by the integration of geophysical data with stratigraphic concepts and a dominant 

model for the origin of the GOM basin. No borehole data actually existed to support or 

refute this model, so advancement was achieved making a growing tower of assumptions 

concerning: (1) the nature of the crust in the central GOM (e.g. the redefinition of the 
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Viejo seismic unit as the lower part of the Challenger unit by Schlager et al., 1984) and 

(2) the genesis of the observed cyclical nature of the stratigraphy (eustasy-driven). 

 

 

Figure 3. Map of the northern Gulf Coast Basin showing selected regional erosional 

features (megaslides and submarine canyons) and retrogradational slope 

complexes. Retrograde failed shelf margins and slope complexes are 

Yegua/Cook Mountain (yellow) and Hackberry (green) of southeast Texas 

and southwest Louisiana, and Upper Frio (red) and Lower to Middle 

Miocene Abbeville (light blue), Cib op (blue), and Harang (pink) of south 

Louisiana. Submarine canyons and megaslides include Lower Wilcox Lobo 

(green) and Yoakum (dark blue) canyons, Middle Wilcox Lavaca/Smothers 

(purple), Upper Wilcox slumps (red), Queen City slumps (white), Frio 

canyons (red), Middle Miocene (orange) and Middle Pliocene (light green). 

Mass transports deposits derived from these regional-scale failures might 

represent an important fraction of the overall deep basinal deposits. After 

Edwards (2000) and Galloway (2008). 

A further step in the geological interpretation of seismic data is the use of seismic 

facies to predict lithology and to construct depositional system maps (Brown and Fisher, 

1980). To accomplish this, extra information about the paleogeographic setting is needed, 
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as seismic facies do not represent unique depositional environments (Brown and Fisher, 

1980). Feng (1995) and Feng and Buffler (1994, 1996) acknowledged that “a successful 

geological interpretation of seismic facies depends on many factors, among which is the 

recognition of the depositional setting of the study area. This plays a critical role because 

similar seismic facies may occur in different depositional settings, and therefore, they 

may reflect a different depositional process. In this study, interpretation of the 

Cretaceous-age deep Gulf seismic facies is based on the assumption that the depositional 

setting is a lower slope to abyssal plain setting, which it was believed was established and 

has persisted since middle Cretaceous time (Winker and Buffler, 1988)” (Feng and 

Buffler, 1994, p. 117). Winker and Buffler (1988) estimated as much as 3 km of steep 

relief between circum-Gulf Cretaceous margins and basin for the middle Cretaceous (100 

Ma), with paleo-water-depths at the basin center between 4.1-4.7 km (Figure 4). How this 

paleogeographic setting for the central basin was arrived at in the absence of borehole 

data is analyzed in the discussion chapter sections.  

Given a basin configuration with steep, three km high-relief margins fronting 

a broad, flat, ultra-deep abyssal plain that extends for more than 400 km from the 

shelf margin to its central part, lithology prognoses for the Cretaceous stratigraphy 

(and actually, for the whole pre-Neogene) postulated the dominance of deepwater 

low-energy basinal mud-rich turbidites and hemipleagic/pelagic deposits, with 

limited, point-source, terrigenous clastic sediment input (e.g. Wu et al., 1990; Feng 

and Buffler, 1994, 1996; Feng, 1995; Weimer et al., 1998) (Figure 4). The conventional 

wisdom of a central mud-prone or starved basin persisted until the 2000’s, when drilling 

of stratigraphically deep, subsalt wells in Alaminos Canyon, Keathley Canyon and 

Walker Ridge protraction areas discovered thick, high-net and widely distributed 

sandstones in the Paleogene and Cretaceous interval, more than 400 km downdip from 
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their contemporary shelf margins (Meyer et al., 2005; 2007; Zarra, 2007; Lewis et al., 

2007; McMoRan Exploration Co., 2011, 2012). 

 

 

Figure 4. Perspective sketch map of middle Cretaceous paleo-bathymetry based on cross-

sections of shelf margins  and backstripping calculations  by Winker and 

Buffler (1988). This drawing suggests a basin with steep, 3 km high-relief 

margins surrounding a broad, flat, and ultra-deep (4.1-4.7 km of water 

depth) abyssal plain that extends for more than 400 km from the shelf 

margin to its central part, underlain by normal oceanic crust. 
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RECENT WELLS TO THE CRETACEOUS IN OFFSHORE GOM 

Sparse deep wells recently drilled to the deep stratigraphy in subsalt offshore Gulf 

of Mexico (Figure 5) have revealed the presence of Cretaceous siliciclastic reservoirs 

with the potential to become valid exploration targets. The BAHA-2, drilled in 2001 on 

Alaminos Canyon in 2374 m of water and to total depth of 5840 m below sea level was 

the first well to discover Cretaceous clastic reservoirs in central parts of the basin (Meyer 

et al., 2007) (Figure 6). The Tiber well (KC-102), drilled in 2010 at Keathley Canyon in 

1260 m of water and to total vertical depth of 10,660 m, discovered a more than 300 m 

thick development of Cretaceous amalgamated sandstones, with very high sand-to-shale 

ratios and oil shows (Figure 7). The Davy Jones-2 ultra-deep sub-salt well, drilled in 

2011 on South Marsh Island Block 230 in 6 meters of water and to a total depth of 9310 

m bsl, encountered 60 net m of potential hydrocarbons in the Tuscaloosa and Lower 

Cretaceous carbonate sections (McMoRan Co. 2011, 2012). Contrary to early predictions, 

the now available borehole data has proved a working petroleum system for the 

Cretaceous in the offshore region of the GOM that is emerging as the next oil and gas 

exploratory frontier play. 

Figure 5. Location of the 

three existing, 

stratigraphically deep wells 

in offshore Gulf of Mexico 

that discovered thick 

amalgamated sandstones in 

the Cretaceous interval 

(BAHA-2, Davy Jones -2 

and Tiber) and location of 

the Mad Dog study area. 

(Basemap after Hall, 

2002). 
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Figure 6. Stratigraphic column of the Perdido region showing the Cretaceous 

(Tuscaloosa-age equivalent) clastic reservoirs encountered in BAHA-2 

drilled in in ultra-deep water depths (WD) of 2,374 m, in the Perdido 

Foldbelt, Alaminos Canyon (AC) Block #557, Gulf of Mexico (after Meyer 

et al., 2005).  Age of units was based on biostratigraphic information (see 

Wornardt, 2010).  Blue curve is the gamma ray curve and the red curve is 

the resistivity curve. Borehole location in Figure 5. 
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Figure 7. Geophysical well logs from the Tiber #1 well, drilled in deep water depths 

(WD) of 1,260 m, in Keathley Canyon (KC) Block, Gulf of Mexico. Data 

from the well indicate the presence of thick amalgamated sandstones and 

intervening deepwater mudstones. Several significant oil shows were 

reported  in the well indicating a working hydrocarbon systems in these 

ancient rocks. Gamma ray log (scale: 0 -150 API) is shown in the left hand 

track in green. Resistivity curves (scale: 0.2 – 20 ohm/m) are shown in the 

right hand track in red (deep resistivity) and blue (medium resistivity). 

Depths are shown in the middle track (in feet). Borehole location in Figure 

5. 
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Research Question 

Very little is known about the nature of the Cretaceous deposits in the offshore 

region of the GOM basin. The recent discovery of thick, amalgamated Woodbine / 

Tuscaloosa-aged sandstone deposits in Alaminos Canyon and Keathley Canyon 

protraction areas challenges the long-held conventional paleo-geologic setting for the 

Upper Cretaceous of an ultra-deep and undisturbed abyssal plain where only pelagic and 

hemipleagic sediments could be deposited. Some of the research questions addressed 

herein by the author include: 

 

(1) What is the nature of the Cretaceous sedimentary systems at present-day ultra-

deep water regions of the GOM basin? Are there any lines of evidence of 

significant deep water gravity deposits associated with the pre-Tertiary 

section? If there are, what information can 3D seismic data provide to gain 

insights into the depositional elements?  

(2) What was the structural framework for the Cretaceous at present-day ultra-

deep water regions of the GOM basin? Was it a simple, unstructured slope and 

basin plain as is depicted in prevailing paleogeographic maps? Or was it a 

structural, salt-tectonics-dominated slope with topography influencing the 

nature of deposits, similar to the present-day GOM slope? 

 

A 3D seismic data set at Mad Dog area both offers the opportunity to gain some 

insights into these questions, and constrains the scope of the study to that of the seismic 

survey. Hopefully, the results of this research will help to better understand the nature of 

this stratigraphic interval.  
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Cretaceous Structure and Seismic Geomorphology in Mad Dog 

 

STUDY AREA 

The Mad Dog area is located on the southeastern corner of Green Canyon, North 

Central offshore Gulf of Mexico. It is in a present-day lower slope to abyssal plain 

setting, in deep to ultra-deep (1330 – 2100 m) waters, 225 km south of Louisiana 

coastline (Figure 8). 

 

 

Figure 8. Schematic map of the northern Gulf of Mexico showing the location of the 

study area. The Mad Dog seismic study area (red rectangle) is located at the edge of the 

salt-tectonics-dominated structural slope (in green) ca. 225 km south of Louisiana 

coastline, and at the western edge of the deepwater fold belt (in pink). Land is shown in 

beige. Black lines indicate the boundaries of offshore lease blocks. Tectono-stratigraphic 

provinces after Diegel et al. (1995). 

The entire Texas-Louisiana slope between the shelf edge and the Sigsbee 

Escarpment is underlain by extensive shallow allochthonous salt sheets with intervening 
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deepwater sediment-filled minibasins (Martin, 1973: Diegel et al., 1995). The Mad Dog 

area is on the basinward end of the shallow salt sheet, passing across the Sigsbee 

Escarpment to the abyssal plain. Beneath the salt, lies the western edge of the middle 

Miocene to Pliocene-age, Atwater Valley (aka Mississippi Fan) deepwater fold belt 

(Rowan, 1997; Worrall and Snelson, 1989; Wu et al., 1990; Grando and McClay, 2004). 

This 50 km wide frontal fold belt consists of a regular wave-train (wavelengths 

approximately of 10–15 km) of NE-trending fold axes and thrusts cored by Middle 

Jurassic Louann salt. It is the downdip contractional domain of a gravity-driven 

deformational system formed in response to updip Tertiary-age sedimentary loading and 

extension during gravity failure of the continental margin above the salt detachment 

(Diegel et al., 1995; Hall, 2002). 

 

DATA AND METHODOLOGY 

The primary data set for this research is a three-dimensional survey at Mad Dog. 

Three-dimensional seismic data gives the opportunity to integrate 2D section view with 

plan-view images for a better representation of the overall geology and a more robust 

geologic interpretation of the deep stratigraphy in the area. Seismic geomorphology, 

defined as the identification of geologically meaningful patterns on seismic surfaces, is a 

powerful approach to enhance the extraction of stratigraphic information from a 3D 

seismic dataset (Posamentier et al., 2007). Planform pattern recognition provides 

significant information to identify depositional systems, reducing the uncertainty inherent 

to the seismic facies analyses. 
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Seismic dataset 

The 3D Mad Dog seismic data is a conventional pre-stack depth-migrated volume 

imaging to a maximum depth of 12 km, with a 25 x 25 m bin size and a sample rate of 12 

m. The dataset extends for ca. 28 km N-S and about 24 km E-W, covering an area of 

approximately 700 km
2
. Around 60% of this area is underlain by the shallow contiguous 

canopy of coalesced allochthonous salt flows that have overridden the abyssal plain for 

tens of kilometers since the Paleogene (Diegel et al., 1995). The remainder of the area is 

south of the Sigsbee Escarpment, a major regional flowlike lobate scarp that marks the 

basinward edge of the mentioned salt flows (Diegel et al., 1995). Data at the depth of 

interest are low frequency, with a dominant frequency around 10 Hz.  

Seismic image quality seriously degrades below the shallow salt sheet (Figure 9). 

This is particularly problematic close to Sigsbee Escarpment, where much of the 

structural uncertainty on the interpreted maps can be attributed to weak and uneven 

subsalt illumination and velocity errors in the pre-stack depth-migrated data. However, 

interpolation and smoothing of the interpreted horizons resulted in surfaces of high 

enough quality to characterize the structure and to depict the overall structural framework 

for the subsequent stratigraphic analysis. The seismic geomorphological interpretation 

was confined to the area not underlain by the shallow salt. The better imaging and 

preservation of primary events, along with the higher signal-to-noise ratio that 

characterize data in this free-salt region, increase the confidence in the interpretation.  
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Figure 9. Un-interpreted (above) and interpreted (below) strike (west to east) seismic line 

1510 from the Mad Dog 3D prestack depth migrated seismic volume. 

Seismic quality is significantly reduced below the shallow salt sheet (in 

pink). Interpreted horizons that are shown include; Top Oligocene (orange), 

Top Eocene (yellow), Top Cretaceous (light green), and intra-Cretaceous 

(dark green). Depth is shown on the side of the line in meters below sea 

level. No vertical exaggeration. Location of line is shown in figure 12. 

 

Tie of the horizons 

The focus of this study is on the very deep stratigraphy of the study area, 

particularly, the Cretaceous interval. Several key surfaces were extended from outboard 
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of the Escarpment to map beneath the salt in order to get a framework for examining the 

geometry of fill packages in the pre-Neogene age basins. These surfaces include the Top 

Oligocene, Top Wilcox, Top Cretaceous, Intra-Cretaceous and several horizons internal 

to the Miocene. Available well control for the area spans only the Neogene; therefore, 

ages for deeper seismic events were extrapolated based upon relative stratigraphic 

position and integration with published 2D work. The ages for the seismic reflections 

interpreted to be Top Oligocene, Top Eocene, Top Cretaceous, and intra-Cretaceous were 

derived from published studies close to the area (Grando and McClay, 2004; Post, 2005; 

Fiduk et al., 2007). 

The Wilcox is recognized on seismic data as a distinct low-amplitude and low-

continuity interval especially in contrast to the underlying high-amplitude high-continuity 

peak assigned to the Cretaceous. The overlying seismic reflection package composed of 

several high-amplitude, high-continuity seismic couplets is interpreted as condensed 

sections of the remainder of Paleogene-age stratigraphy. For information on the Neogene 

strata in this area the reader is referred to Huang et al. (2009) and to Morgan (2011). 

Another distinct seismic horizon is the one assigned to the top Cretaceous. This is 

the high-amplitude, high-continuity seismic event also known as MCU (Mid-Cretaceous 

Unconformity) or MCSB (Mid-Cretaceous Sequence Boundary). It constitutes a regional 

seismic marker in the offshore GoM, running uninterrupted from the Campeche bank in 

Mexico across the central part of the GoM to disappear below the structurally-complex 

salt-dominated Texas-Louisiana slope (Winker and Buffler, 1988; Buffler, 1991). The 

age of this event was first determined as 97 Ma (Cenomanian) by Addy and Buffler 

(1984), tied to the Exxon #3 well located in northeastern Destin Dome Protraction Area, 

close to the Florida shoreline. More recently, the AT 336 #1 well (Showboat), drilled ca. 

300 km basinward, in the Atwater Valley Protraction Area, found the seismic marker to 
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be the (Cretaceous – Tertiary) K/T boundary (Dohmen, 2002). Similarly, the AC 557 

well (BAHA well, in the Alaminos Canyon Protraction Area) reported a Top Cretaceous 

age (Winker, 2007). In the deep GoM, however, this seismic unconformity that records a 

profound break in the depositional architecture of the northern GoM (Wu et al., 1990; 

Buffler, 1991), represents a large, variable hiatus (Phair and Buffler, 1983; Schlager et 

al., 1984) or a condensed section (Feng, 1995) that could span the entire Upper 

Cretaceous.  

Seismic geomorphology workflow 

The workflow for the seismic geomorphology analysis involves mapping key 

stratigraphic horizons that exhibit bounding characteristics (ie., toplap, truncation, etc.), 

noting the vertical seismic responses and facies in relation to that interval (ie., mounded, 

parallel, clinoforming, etc.) and the extraction from the 3D volume of horizontal slices, 

flattened slices, and proportional slices, which provide the plan view images of amplitude 

and other attribute distributions for the identification of depositional environments 

(Posamentier et al., 2007).  

The mapped surfaces give, not only the structural framework of the area, but also 

the bounding surfaces for the analysis of the detailed morphology of the fill. Furthermore, 

isochore maps document the gross fill geometry of intervals, which can be used to deduct 

the nature of the underlying paleo-topography. Temporal and spatial variations of 

thicknesses of the fill help to reconstruct depocenter migration and changes in geometry 

of the basin toward an understanding of the history of sub-salt basin evolution.  

Proportional slicing both removes the overprint of faulting and syndepositional structural 

deformation and brings to light map patterns and geological features that other techniques 

might overlook. These patterns are mapped based on different seismic attributes, 
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including amplitude, spectral decomposition, coherency, and interval attributes to 

interpret the paleo- geomorphology for each time interval. 

Finally, a critical step in the evaluation of any seismic feature is to iterate between 

section and plan views; a geological feature must have an expression that is geologically 

reasonable in multiple dimensions (Posamentier et al., 2007). In this way, the risk to 

interpret seismic artifacts as geological features is greatly reduced. 

 

STRUCTURAL FRAMEWORK AT MAD DOG 

The Mad Dog area lies in the compressional toe of the thin-skinned gravity-driven 

linked system of landward extensional collapse deformation and basinward contraction 

that characterizes the structural style of the northern Gulf of Mexico basin (Peel et al., 

1995; Diegel et al., 1995; Rowan et al., 2004, Figure 16 Jackson et al., 2011).  

 

 

Figure 10. Schematic regional cross section ca. 430 km long showing the structural style 

that characterizes the offshore of GoM: thin-skinned gravity-driven linked 

system of landward extensional collapse deformation and basinward 

contraction. The Mad Dog area (yellow rectangle) lies in the compressional 

toe of the thin-skinned gravity-driven linked system. (After Jackson et al., 

2011). 
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The updip extensional domain displays basinward-sealed tilted blocks, growth-

faults, rollovers and/or diapirs whereas the areas of contraction exhibit folding, thrusting, 

diapir squeezing, salt inflation and/or salt extrusion. Both extensional and contractional 

domains detach above salt layers that evolve to welds as salt is evacuated from the 

stratigraphic sequence (Jackson and Cramez, 1989). The structural zonation is not static 

but changes over time as dynamics of both the linked-deformational-system and the basin 

margin evolve (Rowan et al., 2012). In the northern GoM basin recurrent salt 

remobilization events and widespread development of allochthonous canopies provide 

multiple salt detachment levels, greatly complicating the spatial and temporal distribution 

of gravity-driven deformation (Peel et al., 1995; Hall, 2002, Rowan et al., 2005; 

Radovich et al., 2007; McDonnell et al., 2009).  

The shallow structure at Mad Dog is controlled by the advance of the extensive 

allochthonous Sigsbee salt sheets that have overridden the abyssal plain since the 

Pliocene (Diegel et al., 1995). The modern bathymetry is highly irregular, reflecting the 

complex present-day salt-tectonics-dominated Texas-Louisiana slope with a series of salt 

highs and intraslope basins created throughout the Pliocene–Pleistocene (Weimer et al., 

1998). The Sigsbee Escarpment is the bathymetric expression of the leading edge of this 

spreading allochthonous salt sheet at the base of the slope (Worral and Snelson, 1989).  

At the deep level, present-day subsalt structure in the study area is dominated by 

the Mad Dog and Frampton anticlines (Figure 11). These salt-cored folds form part of the 

Atwater Valley (aka Mississippi Fan) deepwater foldbelt, a series of compressional NE-

trending detachment and fault-related folds that accommodated significant Late 

Oligocene to Early Pliocene shortening (Diegel et al., 1995; Rowan, 1997; Hall, 2002; 

Grando and McClay, 2004; Rowan et al., 2005). The shallow allochthonous salt sheet has 

over-ridden and masked the seismic expression of the landward portions of this fold belt 
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(Hall, 2002). The major phase of fold amplification and uplift occurred during the Late 

Miocene to Pliocene as recorded by the stratal terminations of syn-tectonic sediments 

deposited around the folds (Grando and McClay, 2004). In detail, the growth geometries 

differ on the two fold limbs: whereas backlimb growth strata are progressively rotated 

and thinned, the youngest coeval units on the forelimb are constant thickness and simply 

onlap the forelimb. This geometry has been attributed to a late stage of deformation in 

which the forelimb locks up while the backlimb continues to be folded and uplifted 

(Rowan et al., 2000).  

 

 

Figure 11. Seismic line across the Mad Dog study area showing the subsalt structure. The 

deep structure is dominated by the Mad Dog and Frampton anticlines which 

are considered the southwestern most edge of the middle Miocene to 

Pliocene-age Atwater (Mississippi Fan) deepwater fold belt. Depth is shown 

on the side of the line in meters below sea level. Location of line is shown in 

figure 12.  

The structural maps on the seismic reflections interpreted to be top Oligocene, top 

Wilcox, top Cretaceous and intra-Cretaceous are all very similar and show the dominant 

presence of the Mad Dog anticline in the center of the study area and the frontal 

Frampton anticline to the southeastern limit of the 3D seismic dataset (Figure 12). These 
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isolated fold segments on the western Atwater foldbelt are 15 km long, with wavelengths 

of 12 km and maximum amplitudes around 5 km. The overall roughly domal shape of the 

Mad Dog anticline is distorted by precedent structures on its limbs (Figure 13). Growth 

thickness variations in the stratigraphic interval just above the salt recorded an earlier 

Mesozoic (Late Jurassic (?) - Cretaceous) compressional event, separated from the major 

Neogene-age shortening phase by a period of relative quiescence during the Paleogene 

(Rowan et al., 2000). The early-formed structures are small-wavelength salt pillows 

folds, around 1 km in amplitude, often asymmetric and displaying kink bands, box folds 

or subordinate, high-angle reverse faults on one or more flanks (Figure 13). The observed 

thrust relationships suggest that the nappe continued to move/inflate until the end of the 

Cretaceous (similar to the nappe emplacement described by Fiduk et al., 2007). 

Map view geometry of the Mesozoic pillow folds is better depicted on isochore 

maps created between the interpreted structural surfaces (i.e: isochore maps delineate the 

vertical thickness of the interval, not necessarily its true stratigraphic thickness) (Figure 

14). The maps can be seen as proxies for pre-Neogene paleobathymetric surface 

topography as they remove the superposed Neogene shortening. They can also provide 

insights into sediment depositional patterns, as these precedent folds and not the later, 

more obvious, Neogene structures, are the ones that may have controlled reservoir 

distribution in the lower part of the Mad Dog and Frampton structures (Peel, 2003). 

Thickness changes in the Cretaceous interval show a complex pattern of thicker and 

thinner areas. They are interpreted as lows surrounded by salt-cored ridges, and thus they 

reveal a salt-pillow growth and minibasin development period. Minibasins are circular to 

elliptical, 6 km by 4 km in size, separated by polygonal salt ridges that connect small-

wavelength (2.5 km - 6 km) irregular salt pillows. They define a paleogeographic domain 
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characterized by pre-existing, elevated sea-floor, salt-cored structures and sites of 

contemporaneous salt evacuation, influencing depositional styles. 

 

 

Figure 12. Structural maps for the (A) intra-Cretaceous , (B) top Cretaceous, (C) top 

Wilcox (Paleocene-Eocene), and (D) top Oligocene. The structure is 

dominated by the Mad Dog (center) and Frampton (SE corner) anticlines of 

the Atwater deepwater fold belt. Colors indicate depth in meters below sea 

level.  Seismic trace numbers are shown along the bottom of each map, and 

seismic line numbers are shown along the left edge of each map. 
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Figure 13. A) Seismic line 1537 from the Mad Dog 3D prestack depth migrated seismic 

volume showing early-formed structures on the front limb of the Mad Dog 

anticline. (B) A zoom view of the structure: salt pillows, box folds and 

subordinate high-angle thrusts, and possible weld due to salt withdrawal 

during minibasin formation during the Cretaceous. Yellow and Pink 

horizons bound an interval that shows thickening across the older fault 

plane. No vertical exaggeration. Location of line is shown in figure 12.  
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Figure 14. Isochore map for the Upper Cretaceous, interpreted as a proxi for Cretaceous 

paleotopography; thins (paleo-highs ) in red and yellow; thicks (paleo-lows), 

in blue. A complex pattern of circular to elliptical minibasins (blue) 

separated by polygonal salt ridges and small-wavelength salt pillows (red 

and yellow) reveal an early contractional event during allochthonous salt 

emplaced in the Cretaceous. Thicknesses are shown in meters. 
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SEISMIC GEOMORPHOLOGY 

The detailed structural and seismic geomorphologic mapping of the pre-Tertiary 

interval performed on the Mad Dog study area provide new insights into the nature of the 

Cretaceous stratigraphy at deep central GoM basin. Thickness variations within the 

stratigraphic interval, clearly viewed on isochore maps and seismic sections, reveal a 

bathymetric relief that had effectively controlled early deposition in the area (Figure 14). 

This early fill is characterized by sediment-gravity flows laid down as complexes of low 

sinuosity amalgamated channelized deposits in roughly-confined pathways of 

sedimentation (Figure 15). Ponded fills show internal lateral accretion architectures that 

grow sigmoidal in nature as the migrating systems interact with the approaching 

minibasin margins making evident the structural control on sediment architecture. Low 

sinuosity, high-amplitude, channelized patterns 200 to 400 m wide are amalgamated in 

channel complexes of about 1.5 to 2.0 km wide.  
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Figure 15. (A) Un-interpreted and (B) interpreted map extracted from the seismic 

amplitude data volume within the interval shown in the cross-section below. Map shows 

high amplitude trends (bounded by yellow dashed lines and numbered 1 through 3) that 

follow structural lineaments along the eastern regions of the study area.  
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Figure 15. (C) Un-interpreted and (D) interpreted cross-section extracted along the line of 

X-X’ showing the thickening and thinning of the Cretaceous interval above 

older fold structures. Pods of thickened, high amplitude, low sinuosity 

morphologies characterize this interval across the study area are interpreted 

as low sinuosity high density gravity flow channels and channel complexes. 

No vertical exaggeration. See image 15 (A) for line location. 

Later phases of deposition are characterized by low sinuosity feeder channels, 

often erosive updip, that end in unconfined multiple lobe development at their terminus 

(Figure 16). These terminal lobes complexes average 10 km in length and 5 km in width. 

Variable directions of sediment source pathways would agree with a linear-sourced slope 

apron depositional model for these systems.  
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Figure 16. (A) Un-interpreted and (B) interpreted map extracted from the seismic 

amplitude data volume within the interval shown in the cross-section (D) by 

the white dashed line. Map shows numerous lobate high amplitude trends 

(bounded by white dashed lines) that characterize the younger Cretaceous 

stratigraphy. These lobes show indications of high amplitude sinuous 

features interpreted as deepwater distributary channels on lobe complexes. 
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Figure 16. (C) Un-interpreted and (D) interpreted cross-section extracted along the line of 

X-X’ showing the distinct brightening and dimming of the amplitude 

making up these lobes indicating they are not a continuous sheet. 

The predominance of low-sinuosity features and the amalgamated nature and low 

relief of fan lobes suggest that these systems may have been high-density in nature 

(Reading and Richards, 1994; Bouma, 2000). This distinction between mud-rich and 

sand-rich systems is an essential first step in the understanding of deepwater systems, as 

these two end-members have a very different association and distribution of architectural 

elements (Bouma, 2000). A sand-rich system then, would predict broad, sheet-like to 

low-relief lobate sand-body geometries with high sand-to-shale ratio of about 70:30, 

dominated internally by sandstones units, and fed systems related to shelf failure or shelf 
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canyon (Reading and Richard, 1994). Data from spare deep wells (BAHA-2, Davy Jones-

2 and Tiber wells) is in agreement with this interpretation.  
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Discussion 

Data from sparse, but stratigraphically deep, subsalt wells in the offshore Gulf of 

Mexico (Figure 5) along with seismic geomorphologic features interpreted from the 

upper Cretaceous interval beneath the Mad Dog area suggest a basinwide extent of 

Cretaceous sand-rich deepwater fan systems developed hundreds of kilometers down-

depositional dip from the time-equivalent paleo-shelf-edge. Seismic geomorphologic 

analysis beneath Mad Dog shows migrating “channels”, channelized sheets and large, 

sediment fairways influenced by the underlying topography. The Tiber well (KC-102), 

drilled in 2010 in Keathley Canyon area, 300 km to the west of the Mad Dog study area, 

discovered a more than 300 m thick development of Cretaceous-age, amalgamated 

sandstones, with very high sand-to-shale ratios and oil shows (Figure 7). This discovery 

confirms the potential for the Cretaceous-age strata in the offshore GOM to become a 

valid exploration target in central deep GOM basin. However, as with the younger 

Wilcox fan systems, the mechanism of transport of such thick, sand-rich, and regionally 

extensive deposits that far from the late Cretaceous shallow-marine shelf edge remains 

somewhat enigmatic. 

Early lithology prognoses for the Cretaceous stratigraphy (actually, for the whole 

pre-Neogene) postulated the dominance of deepwater low-energy basinal mud-rich 

turbidites and hemipleagic/pelagic deposits, with limited, point-source, terrigenous clastic 

sediment input (e.g. Wu et al., 1990; Feng and Buffler, 1994, 1996; Feng, 1995; Weimer 

et al., 1998). In the absence of well control, these predictions relied on the interpretation 

of seismic facies along 2D regional seismic transects, which, understandably were based 

upon a pre-defined geologic setting. A central starved or shale-prone basin was thus, an 

immediate consequence of a paleogeographic setting that implied a dramatic drop in 
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bathymetry south of the Cretaceous shelf edge, and a broad, flat, abyssal plain extending 

from beneath the present continental shelf and locally beyond the modern coastline for 

more than 400 km to its central part, where water depth reached 4-5 km, much deeper 

than the modern Gulf abyssal plain (Winker and Buffer, 1988; Galloway et al., 2004, 

Galloway, 2008, refer to figure in previous chapter). This is a setting that clearly needs to 

be modified in light of the results from recent studies (Woolf, 2012) and recent wells. 

Very little has been published about the recent wells in the Cretaceous-age strata 

in offshore GOM, but each new well has provided a small increase in understanding and 

thus a modification of dominant paradigms regarding the Cretaceous. A conceptual 

depositional model derived after the drilling of the Davy Jones-2 (McMoRan Exploration 

Co., 2011, 2012) presents the encountered thick section of Cretaceous sandstones as 

slope turbidites fans as being linked to the Woodbine/Tuscaloosa deltaic systems (Beims, 

2010 (Figure 17). The sand-rich fan system extends beyond the originally presumed limit 

of sand occurrence depicted in maps published before the discovery (e.g. Galloway, 

2008), although not further enough to include the sand-rich area later penetrated by the 

Tiber well (Figure 17) 

The concept of a quiescent deepwater basins filling with muds is not new for the 

pre-Miocene units in the GOM. The Lower Tertiary (Wilcox-equivalent) ultra-deepwater 

play was discovered in the early 2000’s (Meyer et al., 2005; Zarra, 2007; Meyer et al., 

2007; Lewis et al., 2007). When actually penetrated, these Early Tertiary intervals proved 

to be immensely sand rich (e.g. Meyer et al., 2005, 2007; Zarra, 2007; McDonnell et al., 

2008) (Figure 18). These units faced similar challenges as the deepwater Cretaceous play: 

to understand the presence of thick and widely distributed deepwater sands more than 

400 km basinward of shelf edge hinterland deltas. Actual correlation between the deep 

and ultra-deepwater coarse grained clastics to equivalent-aged onshore fluvial, deltaic,  
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Figure 17. Cretaceous paleogeographic maps for the northern Gulf of Mexico basin after 

Galloway (2008) and after Beims (2010). The Mad Dog area (red rectangle) 

lies in both interpretations within the indicated starved/shale prone portion 

of the basin. The Galloway 2008 map was published post-drilling of the 

Baha #2 well, but prior to the drilling of the Davy Jones #1 well. The Beims 

2010 map was the most recent and published post drilling of both the Baha 

#2 and the Davy Jones #1 wells illustrating the propensity for the “mud-

filled Cretaceous Gulf of Mexico basin paradigm” to hang on even in the 

face of new data. 
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Figure 18 Late Paleocene to Early Eocene time paleogeographic maps for the northern Gulf of Mexico basin, prior to (Figure 

18A) and after (Figure 18B) the discovery of the Lower Tertiary (Wilcox) deepwater play. Galloway (2008) map 

(Figure 18B) shows big, sand-rich, far-distal basin-floor fan systems of Paleocene age sketched over areas 

initially considered to be mud-rich or of non-deposition in Galloway et al. (2000) shown in Figure 18A.and 

shallow-marine reservoirs is a process hampered by a lack of well control and poor seismic quality due to 

complex salt-tectonics deformation. Nonetheless, for both the Wilcox age deepwater systems (McDonnell et al 

2008, Woolf and Wood, in revision), slope canyon complexes are speculated to have constituted robust bypass 

systems for voluminous sand-rich gravity flows, assisting them to reach the deep basin across nearly 400 km of 

abyssal plain to their final resting place (Figure 19). 
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Figure 19. Schematic paleogeographic map for the Paleocene to early Eocene Wilcox 

Group. A model of long-traveled high-density gravity deposits has been 

proposed to explain sand-rich deposits in central basin locations. Sediment 

gravity flows are believed to be fed by submarine canyons and to travel 

more than 350 km downslope from their shelf edge before settling as 

extensive abyssal basin-floor fans in the deep Gulf of Mexico basin. 

Modified from McDonnell et al. (2008). Both of these systems; the 

Tuscaloosa and the Wilcox appear to have been assisted by large fluvial 

systems draining a broad area in western North America characterized by 

very high sediment input rates. The Wilcox, begin fed by pulses of uplift 

during the Laramide orogeny (Sweet and Blum, 2011; Galloway et al., 

2011; Zarra, 2007; McDonnell et al., 2008; Galloway et al., 2009) and the 

Tuscaloosa being fed by major fluvial systems draining a large portion of 

the continent east of and down the paleo-Mississippi River Valley (Woolf 

and Wood, in revision). 



 42 

Modern giant deepwater fan systems capable of transporting sand onto the basin 

floor hundreds of kilometers from the base of slope do exist (e.g. Amazonas, Zaire deep 

sea fan, Mississippi fan) and seem to support arguments for the existence of this process 

in more ancient systems (Sweet and Blum, 2011). However, these modern fans are mud-

rich systems with relatively thin, channelized sand bodies, in contrast to the ca. 500 m 

thick and high-net (up to 70% coarse grained) nature of amalgamated sands covering 

thousands of square kilometers that characterize the deepwater Wilcox (Berman and 

Rosenfeld, 2007) and the Cretaceous Tuscaloosa equivalents. The process is still a bit 

enigmatic, and suggests a need to possibly revisit even the basic assumptions regarding 

the nature of and history of change in the evolution of the structural basin. 

Wells AC-557, GB-754, and AT-26 drilled in offshore GOM provide valuable 

paleobathymetric information that can shed light on the environments of deposition for 

the late Cretaceous strata in the GOM. Paleontologic data on the Bureau of Ocean Energy 

Management (BOEM) website2 reveal the dominance of ecozones 3 and 4 for the Upper 

Cretaceous in offshore GOM (Figure 20).  

 

                                                 
2(https://www.data.boem.gov/homepg/data_center/other/WebStore/pimaster.asp?appid=1). 
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Figure 20. Topography (green) and bathymetry (blue) map of the Gulf of Mexico region 

showing select offshore wells with Cretaceous-age paleobathymetric 

information (AC-557, GB-754, AT-26). Data show a predominance of 

ecozones 3 and 4 (100 – 500 m of paleowater depth) indicated in this 

interval across the region. Source: Bureau of Ocean, Energy and Minerals. 

These ecozones, or faunal depth zonations, correspond to outer neritic and upper bathyal 

depths, equivalent to 100-200 m to 200-500 m of water depth respectively. These data 

suggest that GOM paleobathymetry during Cretaceous was significantly shallower than 

that commonly assumed for paleogeographic maps construction (e.g. Winker and Buffler, 

1988; Galloway, 2008). As Post (2005) pointed out, depending upon the configuration 

used for the continental-oceanic crust boundary in the GoM (Bird et al., 2005), 

paleobathymetry data points are located either on what has been interpreted as normal 

oceanic crust or attenuated continental crust. Given a normal oceanic crust accreted in the 

Late Jurassic – Earliest Cretaceous at typical water depth of 2.6 km (Pindell, 1985; 

Buffler and Sawyer, 1988; Sawyer et al., 1991; Pindell and Kennan, 2007), it would 
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require a significant crustal rebound or dramatic short-term fluctuations in the GOM 

bathymetry so that paleobathymetry indicated by the above mentioned wells would be 

achieved. Discrepancy between expected and observed paleobathymetry were also 

encountered on the deepwater Wilcox interval. Attempts to explain it include (1) the 

postulation of a 5-7 km thick “marginal salt-cored wedge” for hundreds of kilometers 

beyond the Lower Cretaceous carbonate shelf edge (Pindell and Kennan, 2007); and (2) 

an extreme but short-lived Late Paleocene-early Eocene sea-level drawdown in the GOM, 

lowering the water level by about 2000 m as a result of evaporation following tectonic 

closure and isolation from the world’s oceans as the Cuban arc collided with Florida 

(Rosenfeld and Pindell, 2003; Berman and Rosenfeld, 2007; Rosenfeld and Berman, 

2008). The existence of a 5-7 km thick salt-cored wedge is highly unlikely simply due to 

the weak rheology of halite; the salt is not strong enough to hold up such topographic 

relief and will flow out over the seafloor, as is, in fact happening today in the Red Sea of 

the Middle East (e.g. Mitchell et al., 2010). These same paleobathymetric data however, 

do not support such dramatic water depth changes (Post, 2005). Although both 

hypotheses for explaining the water depth discrepancy are very different, the authors of 

both implicitly accept the suggestion that the GOM at that time must have been in an 

ultradeepwater state. 

All proposed explanations for the shallower fauna in the wells appeal to 

extraordinary events (i.e. unprecedented long sand-rich basin-floor distal-fans, a 5-7 km 

thick salt-cored wedge, a 2000 m sea-level drawdown) to explain enigmatic observations 

in the dominant model for GOM formation. This stretch of interpretations is a clear sign 

of the difficulties in understanding the new borehole data when evaluated in terms of the 

long-held belief that a more than 4 km deep, central basin has persisted since the late 

Jurassic. Such convoluted explanations of observations causes one to ask what are the 
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foundations of such paleo-geologic setting that cause authors to accept it as demonstrated 

fact? In light of the new well evidence for the existence of such thick, pre-Neogene 

deepwater clastic successions, it seems a worthy endeavour to review and assess the 

validity of the paleobathymetry and paleogoegraphic setting for the late Mesozoic that 

seems to drive all subsequent interpretations of new data. 

 

DECONSTRUCTING THE DRIVERS OF GOM STRUCTURAL MODELING 

Bathymetry in a basin is the result of the interaction of tectonic subsidence (or 

uplift), sediment supply and eustasy. Paleobathymetry is the water depth of deposition at 

a certain time in a basin’s history. The stratigraphic depth of a layer of interest is the 

combined result of (a) paleobathymetry, (b) the isostatic effects of the overburden, and 

(c) the tectonic movements since the layer’s deposition (Allen and Allen, 2005). Tectonic 

forces can operate at one time, be episodic, or be gradual. Moreover, more than one 

subsidence mechanism (ie., thermal, synrift, flexural, or dynamic subsidence) may 

operate throughout time in a basin. The reconstruction of a basin’s subsidence history by 

removal of the isostatic effects of the sediment/water load (backstripping), and correction 

for eustatic and paleobathymetric effects is a fundamental tool in basin analysis to 

identify forming-basin mechanisms for deciphering the tectonic history of a region 

(Angevine and Heller, 1990; Allen and Allen, 2005). However, in the case of the GOM, 

lack of data meant that the process of basin analysis was model driven, with many 

assumptions arising from the chosen rift and drift evolutionary model.  

Early in the GOM basin’s analysis history, the lack of true paleontologic data 

upon which to base paleowater depth estimates in the GOM, drove interpreters to 

estimate paleowater depth in the central part of the basin by hindcasting subsidence 
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history (e.g. Winker and Buffler, 1988; Sawyer et al., 1991). To further drive the process 

by models, early assessment of subsidence history was based upon the chosen plate 

tectonic models for the origin of the basin (e.g. Pindell, 1985; Buffler and Sawyer, 1985; 

Sawyer et al., 1991; Pindell and Kennan, 2007). Subsidence analyses in the GOM were 

driven from a predetermined subsidence mechanism (thermal contraction of normal 

oceanic crust) and a preferred age of oceanic crust (140 Ma). The expected tectonic 

subsidence for the layer of interest was calculated using the empirical curve for the 

oceanic lithosphere by Parsons and Sclater (1977) and removed from its present-day 

depth. Additionally, the isostatic effect from the load of the overburden was also 

calculated and removed. The resulting 4.1 km of depth obtained at the central basin for 

the Mid-Cretaceous (100 Ma) by Winker and Buffler (1988) was thus considered to be 

the original depth of deposition (i.e., paleowater depth). Unfortunately, neither the nature 

of the crust in the central GOM or the age of the crust was constrained with any data in 

the 80’s. 

Despite the GOM being one of the most studied basins in the world, not a great 

deal of reliable information is available regarding the basin’s basement underlying its 

huge thicknesses of Mesozoic and Cenozoic sediment. The crust underlying most of the 

GOM has not been penetrated by drilling, so knowledge of its nature relies on the 

interpretation of indirect data. Ocean-floor magnetic anomalies, essential for unraveling 

the seafloor spreading history and tectonic evolution of oceanic basins, have not been 

indisputably recognized over the basin’s considerable strike length (Ziegler et al., 1985; 

Salvador, 1987; Hall and Najmuddin, 1994; Post, 2005; Calvert and Cowgill, 2005; 

Galloway, 2008; Stern and Dickinson, 2010). The low-amplitude magnetic anomalies 

that characterize the central Gulf crust are difficult to correlate with a magnetic reversal 

sequence, thus both the extent of the suspected oceanic crust and the age of ocean floor 
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have proved extremely controversial (Ziegler et al., 1985; Bird et al., 2005) (Figure 21). 

Moreover the local, linear patterns of low-amplitude magnetic anomalies interpreted as 

records of spreading (Hall and Najmuddin, 1994) have also been interpreted as 

reflections of structure and topography of stretched continental crust (Ziegler et al., 1985; 

James, 2005). 

 

 

Figure 21. Map of the entire Gulf of Mexico Basin showing the extent of oceanic crust in 

offshore GOM according to different authors and data set types. Ocean-

continent crustal boundaries (OCB) from: MB (Marton and Buffler 1994); 

SK (Schouten and Klitgord 1994), HN (Hall and Najmuddin 1994); OCB 

(Bird et al., 2005), Yellow lines = envelope of several interpreted 

boundaries (Buffler and Sawyer, 1985; Ross and Scotese, 1988; Winker and 

Buffler, 1988; Salvador, 1991; Buffler and Thomas, 1994; Pindell, 1994). 

The Mad Dog area (red rectangle) lies within oceanic crust in most of the 

interpretations. Modified from Bird et al. (2005). Locations of seismic line 

shown in Figure 22 is indicated. 
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An oceanic crustal character underlying the Gulf abyssal plain was first suggested 

in the mid- to late 1950s and early 1960s based upon seismic refraction velocities (Ewing 

et al., 1955, 1960, 1962). This interpretation was further defined by later studies of 

refraction and reflection data (Ibrahim et al., 1981). A layer characterized by refraction 

velocities of 6.2-7.2 km/s was interpreted as oceanic crustal rocks based on the 

comparison with the seismic refraction results from typical oceanic crustal areas on 

Atlantic or Pacific margin basins (Ewing et al., 1962). However, recognition of oceanic 

character from seismic refraction velocities is not absolute. The 6.2 – 7.2 km/s are not 

unequivocal oceanic crust refraction velocities; high crustal velocities exceeding 6.8 km/s 

could also be interpreted to be exposed lower continental crust (e.g. Johnson et al., 2005). 

The same seismic and gravity observations may support a model for extension of the 

continental crust where mantle rocks are exhumed, instead of a classic “rift-drift” model 

of crustal formation. (In addition, a point to note is that the thickness of the sedimentary 

cover in the Sigsbee abyssal plain (5-7 km) is significantly thicker than typical of ocean 

basins (1 km), and depth to mantle in the rift fabric regions of the GOM is much higher 

than typical ocean crust floored basins.). Seismic reflection data has also been used to 

support an oceanic origin for the deep structure of the GOM. The core of this inference is 

the interpretation of a package of wedge-shaped, basinward-dipping, and concave-down 

reflectors observed below the Louann salt at the base of the Florida Escarpment. These 

reflectors are suggested as unequivocal evidence for an oceanic domain (Imbert, 2005) 

(Figure 22). However, seaward-dipping reflectors (SDRs) are not necessarily indicative 

of oceanic basement (Roberts et al., 1984). Models proposed to explain their formation 

include subaerial lava flows erupted and accreted at a subaerial spreading axis akin to 

Iceland (Mutter et al., 1982) as well as voluminous sequence of lavas and volcanogenic 

sediments rapidly accumulated during rifting on stretching continental lithosphere (thus 
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“syn-rift” deposits) (Roberts et al., 1979) (Figure 23). Both hypotheses carry considerable 

implications for the position of the continental-oceanic boundary (COB) and the thermal 

behavior of the lithosphere (Roberts et al 1984). Basaltic lava flows were cored at four 

sites of Deep Sea Drilling Project (DSDP) Leg 81 at Hatton Bank, in the North Atlantic, 

proving a volcanic origin as one possible explanation for the SDRs (Imbrie, 2005; 

Roberts, Schnitker et al., 1984; Brodie and Fitton, 1998). However, this does not imply 

an oceanic basement. In fact, the DSDP Leg 81 report concludes that the obtained results 

neither prove nor disprove that SDRs are underlain by oceanic or continental crust and 

indeed, it states that preliminary gravity interpretation favors a continental crust at the 

Leg 81 site (Roberts et al., 1984). Imbert (2005) and Imbert and Philippe (2005) interpret 

the continent-ocean boundary (COB) at the eastern GOM to be at the apex of the SDRs 

edge so that the abyssal plain is fully within the domain of normal oceanic crust. High-

relief features on the acoustic basement in the GOM abyssal plain are interpreted to be 

seamounts, and a ridge/transform morphology is delineated through structural mapping of 

seismic data (Imbert, 2005) Alternatively, the same study area is interpreted by Roberts et 

al (2005) as underlain by continental crust, where the consistent grain of northeast-

southwest trending highs and lows is associated with half-graben geometries suggestive 

of a rift fabric Further, Roberts et al (2005) state that the largest and highest relief 

features tend to have anomalous low gravity values for typical oceanic crust. Results of 

modeling by these authors indicate a granitic affinity to the GOM crust (Roberts et al., 

2005). Finally, similar features to the one described by Imbert (2005) as a seamount were 

drilled to the south in sites 537 and 530 of Deep Sea Drilling Project (DSDP) Leg 77 

penetrating a Paleozoic-age basement of a continental nature (Buffler et al., 1981; 

Schlager et al., 1984) (Figure 24). 
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Figure 22. Wedge of subsalt reflectors developed along the base of the Florida 

escarpment. (A) Un-interpreted line and inset location of seaward dipping 

reflectors (SDRs) and seamounts. (B) Wedge of several subsalt seaward-

dipping reflectors (red); the continent-ocean boundary (COB on the figure) 

is interpreted at the apex of the SDRs wedge. (C) high-relief feature on the 

acoustic basement seaward from the presumed SDRs are interpreted as a 

seamount in the abyssal plain. Modified from Imbert (2005). Location of 

seismic line A-A’ is shown in figure 21.  
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Figure 23. Comparison of the Mutter et al. (1982) model of "subaerial" spreading and the 

Roberts et al. (1979) model of dyke intrusion throughout stretching area. 

From Roberts et al. (1979). 

In conclusion, while gravity and seismic refraction velocity data indicate that 

the crust in the GOM experienced extreme extension and attenuation, the data are 

suspect at best regarding the extent or even the existence of true oceanic crust 

beneath the Gulf (Johnson et al., 2005). 
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Figure 24. A high-relief features on the acoustic basement in the southeastern Gulf of 

Mexico abyssal plain were drilled in site 537 of DSDP Leg 77 and proved to 

be Paleozoic continental basement. Modified from Buffler et al. (1981). A 

similar feature to the north (Figure 22 C) was interpreted as a seamount 

(thus, oceanic crust) by Imbert (2005). 

 

The second essential input data for the calculation of thermal subsidence in any 

basin is the age of the oceanic or stretched, continental crust. As it was previously 

mentioned, the absence of spreading anomalies makes the age of the “assumed” oceanic 

crust in the GOM controversial. Indeed, very different ages for the GOM crust are found 

in the literature. These ages are based on different assumptions concerning the 

relationship of the overlying salt to basin crustal type, as well as on different assumptions 
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concerning the opening history of the Gulf (Ziegler et al., 1985). As an example, ages for 

the beginning of seafloor spreading found in the literature range from later Paleozoic - 

Early Mesozoic (Ladd et al., 1976), to Early Jurassic (Salvador, 1991b), Middle Jurassic 

(Pindell, 1985; Stern and Dickinson, 2010), Late Jurassic (Buffler and Sawyer, 1985; 

Sawyer et al., 1991), and Early Cretaceous (Fillon, 2007). Winker and Buffler (1988) 

assigned the crust an age of 140 Ma for their paleobathymetric estimation. This age is 

inferred based on a model for the early evolution of the GOM basin that assumes that the 

emplacement of oceanic crust took place following deposition of Callovian salt in a 

single vast subsiding basin over stretched, continental crust that was eventually divided 

and separated by newly-formed, oceanic crust and concurrent sea-floor spreading 

(Buffler and Sawyer, 1985; Pindell, 1985; Salvador, 1987; Buffler, 1991). The 

speculation of a single, basinwide salt basin that split apart during rifting was built upon 

the presumed common age for both the northern GOM (U.S.) and the Campeche 

(Sigsbee) salt belts, supported by a supposed correspondence in the outline and estimated 

thicknesses of salt deposits at their basinward limits (Humphris, 1979; Salvador, 1987). 

The salt-fit hypothesis conveys, as well, the implicit assumption that the basinward limit 

is, in fact, the original depositional limit. However, new interpretations derived from the 

advent of better seismic images and salt-tectonics concepts suggest that the most distal, 

deep salt is not actually the original depositional salt, but rather an early allochthonous 

salt nappe that extruded and overrode Mesozoic sediments (Peel, 2001; Post, 2005; 

Pindell and Kennan, 2007; Hudec and Peel, 2010; Fiduk et al., 2007). The structural 

interpretation performed in Mad Dog study area is in agreement with these new findings. 

In contrast to Grando and McClay’s (2004) interpretation, observed thrusts (Figure 13) 

and stratigraphic relationships suggest that deep salt in Mad Dog is allochthonous and 

that an early event of salt extrusion and nappe emplacement gave rise to a salt-tectonics-
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dominated slope that was actively influencing deposition during the Cretaceous. In 

addition, fitting salt edges together ignores the fact that salt in the interior salt basins of 

the GOM (Mississippi, North Louisiana, East Texas interior salt basins) as well as the 

offshore Destin Salt Dome basin and West Florida salt basin, represents evaporite 

deposition in a series of discrete basins and embayments separated by areas where salt is 

absent (Post 2005). 

It is clear then that the foundations upon which the long-held concept of a deep 

central GOM basin of ca. 5 km of water depth for the Cretaceous is far from being 

without its’ controversy. The uncritical acceptance of long-standing, but not necessarily 

correct assumptions regarding the early history of the GOM makes difficult the 

understanding of the new findings in the Cretaceous and Paleocene in offshore GOM 

from deep wells and better 3D seismic data sets. Both the much shallower-than-expected 

paleobathymetry and the existence of thick, sand-rich amalgamated sandstones over a 

vast area hundreds of kilometers downdip of the presumed shelf edge are difficult to 

understand premised on a passive margin basin established since the late Jurassic. Maybe 

it is time to critically review the widely-accepted, and often quoted as a demonstrated 

fact, “Mesozoic rift-drift paradigm” for the opening of the GOM basin. 
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Conclusions 

1. Seismic geomorphologic analysis of the deep (8 – 12 km bls) stratigraphic 

interval at Mad Dog area revealed the presence of low-sinuosity channelized 

features and amalgamated, low-relief, fan-shaped features interpreted as high-

density gravity driven, deepwater depositional systems that were active during 

the Upper Cretaceous.  

2. Detailed structural analysis at Mad Dog area exposed an early event of 

basinward salt extrusion and deformation in the late Mesozoic. Isochore maps 

revealed a deep structural framework of polygonal salt ridges and minibasins, 

suggesting a salt-tectonic-dominated slope for the Cretaceous, as opposed to a 

flat abyssal plain continuing well to the north and approaching the carbonate 

shelf-edge. 

3. Salt bathymetric expression influenced depositional pathways of gravity flows 

during the Upper Cretaceous. Early phase of deposition is characterized by 

sediment-gravity flows laid down as complexes of low sinuosity amalgamated 

channelized deposits in roughly confined, 1 to 2 km wide pathways of 

sedimentation. By the end of the Cretaceous bathymetry is mostly smoothed 

over and deposition is characterized by low sinuosity feeder channels and 

lobes complexes averaging 10 km in length and 5 km in width. 

4. Recognition high-density gravity flow deposits at Mad Dog area along with 

thick gravity flow deposits documented by the BAHA-2 and Tiber wells, 300 

– 450 km in strike direction from the study direction, and by the Davy Jones-

2, 200 km updip from the study area, would indicate an extensive deepwater 

depositional system active during the Late Cretaceous in the Central Gulf of 
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Mexico, covering a vast surface in the offshore GOM similar to the deepwater 

Wilcox trend. 

5. Deep salt at Mad Dog is not autochthonous but a nappe emplaced in the 

Mesozoic, far removed from its original site of deposition. The allochthonous 

character of the deep salt has great implications for the understanding of the 

early history of the GOM. Restoring salt edges (assumed to be depositional 

salt basin limits) in the deepwater GOM is one of the concepts that lead to the 

cornerstone hypothesis for the Mesozoic rift-drift model of a single basinwide 

salt basin that was subsequently split apart by the emplacement of oceanic 

crust. 

6. Unexpected presence of thick, amalgamated, sand-rich deposits of Cretaceous 

and Paleogene age in central GOM basin hundreds of kilometers downdip of 

the shelf edge, and shallower-than-expected paleo-bathymetry challenge the 

long-held concept of a 4-5 km deep central basin since the Late Cretaceous 

and, ultimately, the Mesozoic rift-drift model for the origin of the GOM.  
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