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ABSTRACT 

 Interpreted regional 2D pre-stack depth migrated (PSDM) seismic reflection profiles and 

restoration of the northern Yucatan and west Florida conjugate rift margins using magnetic 

anomaly and free-air gravity trends suggest that the Tampa Embayment developed in the Triassic 

as a NE-SW trending linear graben which, when restored, extended across the Yucatan margin.  

This graben was later dissected during Early to Middle Jurassic time by the opening of the 

Eastern Gulf of Mexico (EGoM).   A tectonic hinge in the Tampa Embayment and the adjacent 

Southern Platform is present based on a dip change in the basement reflections that ranges from 

6° to 17°.  Down-dip faulting caused the basement to rotate beneath the hinge slope.  These syn-

rift faults were reactivated during Late Jurassic time, and may be the result of continued 

extension and thinning of the lower crust.  An interpreted Moho reflection underlies 6-km-thick 

eroded continental rift blocks.  This suggests that the lower crust may have been highly thinned 

or completely removed on parts of the rift margin.   

 In Middle Jurassic time, a shallow inland sea was isolated to the EGoM and is 

represented in the PSDM seismic by a basinward pinchout of salt that overlies tilted rift blocks 

and syn-rift and pre-salt “sag” deposits.  Salt, deposited as this sea evaporated, mobilized down 

the hinge slope shortly after Smackover deposition through gravity-driven gliding and spreading, 

resulting in a thickening of the distal tip of the salt wedge.  Extension reactivated syn-rift faults 

during the deposition of the Haynesville Formation and Cotton Valley Group resulting in thick 

accumulation of these sediments and increased salt mobilization.  A transition from a  



iii 

 

carbonate ramp to a rimmed platform margin during Early Cretaceous time is marked by a large 

reef near the Florida Escarpment, possibly the along trend Sligo equivalent. It is possible that 

reef development continued through Cretaceous time basinward of this feature but was 

subsequently destroyed by erosional backstepping of the Cretaceous carbonate margin. Within 

the Tampa Embayment, the Cretaceous carbonate margin is ~60 km to the west of the tectonic 

hinge, indicating a different control on the location of the margin.   
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1. INTRODUCTION 

Since the 1930’s, extensive studies have been conducted in the Gulf of Mexico basin to 

increase hydrocarbon exploitation.  A wealth of geologic and geophysical data exists for the 

northern and western margins of the basin helping to advance our understanding of the 

stratigraphy and structure of these regions.  However, in the eastern Gulf of Mexico (EGoM), 

exploration has been minimal due to strictly regulated lease sales and drilling moratoriums.  As a 

result, much of the geologic evolution of EGoM remains poorly understood.  Recent renewed 

interest in the EGoM’s oil and gas potential prompted new industry geophysical surveys, which 

present new research opportunities. 

  In the Gulf of Mexico (GoM), current kinematic analyses and paleogeographic 

reconstructions are a source of ongoing scientific debate.  Issues such as the initial geometry of 

the basement rocks, the style of breakup and rifting, and where spreading occurred are 

contentious subjects.  In the central and western regions of the northern Gulf, a thick sequence of 

sediments combined with complicated salt tectonics make seismic imaging of the pre-rift 

basement surface and syn-rift structures extremely difficult.  With much less complicated salt 

tectonics and, in many regions, shallower basement depths, the EGoM is a more suitable region 

to study these problems. 

This study focuses on understanding the origin and development of the Tampa 

Embayment, a subbasin in the EGoM west of Tampa, Florida (Fig. 1). The total area of 
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investigation extends from the west Florida shelf at water depths of 200 m or greater, west 

approximately 200 km, covering portions of Desoto Canyon, Destin Dome, Lloyd Ridge, 

Henderson, Howell Hook, Viosca Knoll, Florida Middle Ground, and The Elbow protraction 

areas (Fig. 1).  

Because allochthonous salt structures are infrequent and autochthonous structures in the 

Tampa Embayment are relatively thin (< 1.5 km) and often have associated welding, the high 

resolution 2-D seismic reflection data employed image the base of the salt surface and structures 

associated with rifting.  Structural and stratigraphic interpretations of these seismic profiles 

provide the basis for characterizing the timing of extension in the Tampa Embayment.  Regional 

magnetic anomaly and gravity trends are utilized to restore the conjugate Yucatan and Florida 

rift margins to pre-rift positions.  Based on the seismic reflection data, magnetic anomalies, and 

free-air gravity, a new model is proposed to explain the basement architecture found in the 

EGoM.  
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Figure 1:  Base map of study area with important wells.  Bold numbers correspond to figures 
showing seismic sections. Black circles indicate important wells and locations.  Red lines 
indicate approximate location of seismic lines shown in figures.  Green lines indicate total extent 
of dataset. 
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2. GEOLOGIC BACKGROUND 

2.1  Tectonic Setting 

 In the Late Paleozoic, the closure of the Iapetus Ocean resulted in the continental 

collision of Laurentia with the South American and African margins of Gondwana, ultimately 

welding together the supercontinent of Pangea.  This succession of tectonic events is recorded in 

Appalachian-Ouachita orogenic system.   The final assemblage of Pangea during Permian time 

was followed by a period of tectonic quiescence until rifting began in the Triassic (Salvador, 

1987).  Evidence for this rifting event is found in an extensive network of fractures, grabens, and 

half grabens that extends from Newfoundland to northwestern South America (Bartok, 1993).  

These features may have developed along preexisting lithospheric weaknesses resulting from the 

collisions that formed the supercontinents of Pangea and Rodinia (Salvador, 1991).  In the 

EGoM, well GV 707 (Fig. 1) drilled into one of these grabens and penetrated Mid- to Late 

Triassic redbeds, volcanic rocks, and volcaniclastic rocks before hitting Paleozoic pre-rift 

sedimentary rocks (Dobson and Buffler, 1991; Bartok, 1993).   

 More extensive rifting occurred in the Early to Middle Jurassic in what is today the GoM 

basin (Sawyer and Harry, 1991).  Subsidence continued in the Triassic grabens, and thinned and 

faulted continental crust developed along the present day rifted margin.  The regions of more 

attenuated crust became regionally downwarped creating accommodation space that was infilled 

with seawater, subsequently leading to the deposition of thick Middle Jurassic salt deposits.  Salt 

accumulations in the northern GoM are isolated from similar deposits on the northern Yucatan  
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rifted margin.  Salvador (1991) suggests a drift stage that began during late Middle Jurassic time 

which separated the once associated salt deposits.   During this opening stage, much of the GoM 

basin formed, primarily as a result of the counterclockwise rotation and southward drift of the 

Yucatan block (Marton and Buffler, 1999; Pindell, 2010).   Marton and Buffler (1993) suggest a 

simple shear model for the period of extensive rifting that opened the GoM basin.  Based on the 

presence of a much longer rift margin and more extensive accumulations of salt in the northern 

GoM, they suggest an asymmetrical north-south rift geometry from the northern Gulf margin to 

the southern margin, with a southward-dipping detachment continuing beneath the Yucatan 

margin.  Additional extension on the distal parts of the rifted margins and/or emplacement of 

oceanic crust could account for the distance of separation between the GoM rift margins.     

 In the EGoM, a trend of alternating basins and basement highs exist along the west 

Florida shelf and slope (Fig 2).  The basins, such as the Tampa Embayment, may have developed 

as a result of rift-related processes associated with the opening of the GoM (Dobson and Buffler, 

1997; MacRae and Watkins, 1996).  Models proposed by MacRae and Watkins (1996) and 

Pindell and Kennan (2001) associate the extensional development of the EGoM subbasins with 

movement along a pair of regionally extensive, NW-SE trending strike-slip faults. 

MacRae and Watkins (1996) propose that oblique-shear extension associated with 

movement along the pair of near vertical strike-slip faults led to the development of graben or 

half graben structures, creating basement lows such as the Tampa Embayment.  Similar to the 

model of Dobson and Buffler (1991, 1997), these faults mark crust attenuation boundaries. 

Pindell and Kennan (2001) also include these NW-SE trending strike-slip faults in their 

model for the development of the EGoM basement architecture.  They suggest that during early  
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Figure 2: Basement structural contour map (Contours in kilometers; after Sawyer et al., 1991).  
Red lines are the seismic lines from Figure 1. 
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rifting a large crustal block consisting of a portion of modern day South Florida and the Bahamas 

was displaced to the southeast from its initial position near present day Louisiana and 

Mississippi.  During the sinistral translation of the crustal block “pull-apart” basins subsequently 

opened to accommodate the resulting extension northwest of the block. 

This study suggests an alternative model for this basement architecture based on the 

interpretation of seismic reflection data, regional magnetic anomalies, and gravity surveys.  

Regional NW-SE trending transforms are not used to explain the alternating basement highs and 

lows. 

 

2.2   Stratigraphy 

 In the GoM, the term “basement” has been used to describe the seismic acoustic 

basement.  This study informally defines the “basement” as any pre-rift rock.  The known 

basement rocks underlying the GoM and surrounding regions are highly variable in lithology and 

age (e.g. Ball et al., 1988; Woods et al., 1991; Bartok, 1993).  Pre-rift basement rocks drilled in 

the EGoM consist of sedimentary, metamorphic, and felsic igneous rocks of varying Paleozoic 

ages, commonly cut by Jurassic diabase dikes.    

In the EGoM, thick sections of sediments have been accumulating since the earliest 

period of rifting in the latter part of the Triassic Period (Bartok, 1993).  During this initial 

extension, sediments such as the redbeds, mafic volcanic rocks, and volcaniclastic rocks of the 

Eagle Mills Formation filled these structural lows.   Disconformably overlying the Eagle Mills 

Formation is the thin Werner Formation which represents the initial marine transgression into the 

GoM (Fig. 3).  The Werner Formation is dominantly anhydrite with minor siliciclastic rocks 

lower in the unit (Salvador, 1987; Tew et al., 1991). Because this formation is regionally 
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discontinuous and is absent on top of paleohighs (Tew et al., 1991), Salvador (1987) suggests 

that it was deposited as a result of trapped marine water in subsiding grabens creating shallow 

saline lakes.  

Following a later period of rifting and subsidence, periodic influxes of seawater from the 

Pacific Ocean entered the developing GoM basin across Central America during Middle Jurassic 

time, leading to the deposition of the Louann Salt (Salvador, 1991).  During Oxfordian time, a 

shallow inland sea developed lined with large coastal dune fields.  These clean eolian sands form 

the Norphlet Formation, an important reservoir rock in the EGoM.  During a subsequent marine 

transgression the Oxfordian sea inundated the region, resulting in the deposition of widespread 

carbonate rock of the Smackover Formation (Fig. 3).  This is a major hydrocarbon source rock 

for much of the GoM and adjacent interior basins.  

 The next key unit to be deposited was the Haynesville Formation (Fig. 3), which is 

composed of sandstone, siltstone, and locally anhydritic shale in the eastern Gulf Coastal region 

(Salvador, 1987).  During the Kimmeridgian deposition of these sediments, the relative sea level 

continued to rise, submerging some of the broad basement highs in the EGoM (Dobson and 

Buffler, 1997) such as the Southern Platform (Fig. 2).  Salvador (1987) suggests that a  

connection with the Atlantic Ocean developed during Late Kimmeridgian or Tithonian time. 

Deposition of the Cotton Valley Group began during Tithonian time and ended during Berriasian 

time (Fig. 3).  Regionally, these sediments consist of fluvial-deltaic sandstone and shale (Dobson 

and Buffler, 1997; Mancini et al., 2001).  The end of Cotton Valley deposition is marked by a 

short transgression and the deposition of the Knowles Limestone (Cregg and Ahr, 1984).  

Dobson (1990) suggests that the Knowles Limestone is the precursor to the Early Cretaceous 

carbonate shelf margin.  
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Figure 3: Stratigraphy of the EGoM region (modified from Mancini et al., 2001).  Seismic units 
used in this study are shown in the right column.  Colors in right column correspond to 
interpreted seismic horizons. 
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In the EGoM, Early Cretaceous time is dominated by shallow-water cyclic carbonate 

sequences (Corso et al., 1989).  During this time, a broad rimmed carbonate platform margin 

developed extending NW-SE through the EGoM.  Addy and Buffler (1984) interpret the 

carbonate margin to represent the offshore extension of the Stuart City-Edwards-Glen Rose-

Sligo reef trend of Louisiana and Texas.  Throughout Late Cretaceous time to the present day, 

carbonate deposition continued in the EGoM due to the limited amounts of clastic sediment input 

(Bryant et al., 1969; Mitchum, 1978, Freeman-Lynde, 1983; Addy and Buffler, 1984). 
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3. DATA AND METHODS 

 

 The main dataset consists of 10 regional 2-D seismic lines, totaling ~1900 km (Fig 1).  

The seismic data was acquired and processed by Spectrum Geo Inc. and is part of their Big Wave 

Phase 1 survey.  Both pre-stack depth migrated (PSDM) and pre-stack time migrated (PSTM) 

data were interpreted.  The Phase 1 Kirchhoff PSDM data were processed down to 16 km subsea 

depth.  The seismic data includes 2 regional strike lines crossing the Tampa Embayment across 

the west Florida shelf, 1 strike line across the Southern Platform, 2 deepwater strike lines, 3 dip 

lines through the Tampa Embayment, and one dip line across the Southern Platform which also 

runs northeast across the Desoto Canyon Salt Basin (Fig 2). 

 There is limited well control (Fig. 1) to help determine velocities used in processing.  As 

a result, it is possible that the structural elevation of some of these reflections may be different 

than the actual elevation, depending on the velocity structure used.  At the Florida Escarpment, a 

zone of poor imaging is present possibly due to sideswipe from adjacent canyons walls and 

abrupt basinward lithology and thickness changes as discussed in Section 4.5.  Imaging is also 

poor beneath salt that mobilized from the mother salt layer.  

 Data from the 3 arc-minute resolution magnetic anomaly, World Digital Magnetic 

Anomaly Map (WDMAM) and free-air gravity (Sandwell and Smith, 2009) help constraints the 

reconstruction of the margins and characterize the pre-rift basement. 
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 The interpreted seismic units are the Louann Salt (LS), undifferentiated Smackover and 

Norphlet Formations (SN), Haynesville Formation (HV), Cotton Valley Group (CV), and the 

Cretaceous section (K) (Fig. 3).  The tops of these units were interpreted by using electric log 

ties from two wells penetrating the Jurassic section (DC 512 and DC 269; Fig. 1), as well as 

previous seismic stratigraphic and electric log descriptions (Debalko and Buffler, 1992; Dobson 

and Buffler, 1997; Obid, 2006; Chowdhury, 2009).  Top K was picked using the criteria defined 

by previous workers to interpret the Mid-Cretaceous Sequence Boundary (MCSB) or the Mid-

Cretaceous Unconformity (MCU).  More recent dating of this boundary reestablished its age as 

the K/T boundary (Dohmen, 2002).  Because of the ambiguity in published absolute ages for 

different events, stratigraphic periods and stages (e.g. Jurassic and Oxfordian, respectively) are 

used to describe the time at which an event occurred instead of absolute ages. 

 Similar to MacRae (1994), a base of salt or equivalent horizon (BSE) is interpreted 

because of probable variability in the overlying and underlying units along this surface.  The 

criteria for picking this horizon are similar to those of MacRae (1994) and are described in 

Section 4.2.   A top basement horizon is differentiated from the BSE where it is suspected that 

the BSE is underlain by Jurassic pre-salt sediments. 
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4. SEISMIC INTERPRETATIONS 

 
4.1   Pre-Salt 

 

 Early to Middle Jurassic syn-rift and pre-salt “sag” deposits overlie a top basement (TB) 

horizon (Fig. 4a).  These types of deposits are also recognized in the South Atlantic along the 

Brazil margin (Davison, 2007; Lentini et al., 2010) and the West African margin (Karner et al., 

2003; Moulin et al., 2005).  The TB horizon (dark blue line in figures) represents the 

paleotopographic surface that was present prior to the main period of lithospheric extension that 

separated the Florida and Yucatan margins, opening the EGoM.  Along the rifted portions of the 

Southern Platform and Sarasota Arch (Fig. 2), the TB probably represents a boundary between 

syn-rift deposits and underlying basement rocks.  On the dip lines through the center of the 

Tampa Embayment, the TB horizon could represent the top of a section of Triassic Eagle Mills 

Formation non-marine clastic rocks.  Below the TB, a distinct boundary separating rocks of the 

Eagle Mills Formation from the top of “basement” (as defined in Section 2.2) is not present; thus 

the two units are undifferentiated.  The TB horizon is defined as the top of a set of high-

amplitude reflections which commonly exhibit erosional truncation and exhibit onlap by the 

overlying reflections.   A change in the character of reflections is marked by this horizon in 

which basement reflections are more discontinuous, lower frequency, and higher amplitude 

compared to the overlying section.  

 Syn-rift deposits are characterized by divergent reflections rotated down from horizontal 

(Fig. 4a).   The pre-salt “sag” deposits are parallel reflections that underlie the BSE and overly 
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the syn-rift deposits (Fig. 4a).  These deposits are typically near horizontal unless offset by 

reactivation along syn-rift faults.  Both the syn-rift and pre-salt “sag” deposits are characterized 

by moderately continuous low-amplitude reflections.  Thick “sag” deposits are present on the 

South Atlantic conjugate margins and mainly consist of clastic and carbonate lacustrine rocks 

(Lentini et al., 2010).  Moulin et al. (2005) suggest these sediments are deposited in shallow 

water basins that subside symmetrically, possibly in response to lower crustal thinning.     

 In the Tampa Embayment, post-salt faulting has offset the BSE and created increased 

accommodation space for the deposition of Upper Jurassic sediments (Fig. 5, 6, 7, and 8).  These 

may be reactivations along syn-rift faults.  Although seismic imaging below the BSE is reduced, 

syn-rift faults are inferred at depth based on seismic discordance, a dramatic change in the dip of 

reflections, divergence/rotation of reflector packages, lateral termination of reflections, and the 

association with residual seismic diffractions.  In Figure 8, a tilted fault block that intersects the 

BSE controls the southward pinchout of the SN and marks a dramatic thinning of the overlying 

HV.  The shallowing of the TB to the south toward the rifted portion of the Sarasota Arch 

suggests that further to the south, shallow fault blocks that extend above the BSE may be more 

common. 

East of the Florida Escarpment, reflections below the BSE have a basinward dip (Fig. 6), 

ranging from 6° in the deepest parts of Tampa Embayment to 17° across the Southern Platform 

(Fig. 2). In Figure 6, these reflections flatten to near horizontal 60 km to the east of the 

Escarpment.  This point is a tectonic hinge and has been suggested to be present through the 

EGoM by numerous studies (e.g. Buffler and Sawyer, 1985; Winkler and Buffler, 1988; Debalko 

and Buffler, 1992; and Corso and Austin, 1995).  Section 5.3 discusses the geodynamic 

processes that may have led to the development of this hinge.  Abrupt changes in the dip along  
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Figure 4a-g:  Blow up of seismic sections.  
The figures illustrate pre-salt sediments and 
basement, important salt structures, and the 
characteristics for picking key horizons.  
Horizons are indicated in Figure 3.  Dark blue 
horizon is the TB, and is described in Section 
4.1.  Figure 4a, 4c-d, and 4e-g are insets from 
Figures 6, 5, and 8, respectively.  Figure 4b is 
north of Figure 10 along the same line. 
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the BSE are also associated with the hinge and range from ~1° through the axis of the Tampa 

Embayment to ~5° on the adjacent basement highs.  The change in dip along the BSE controls 

the up-dip pinchout of the salt, and corresponds with a dramatic increase in the thickness of the 

HV section (Fig. 6).  The hinge is present on all of the seismic dip lines.  Across the Southern 

Platform, the location of the tectonic hinge approximately coincides with the Cretaceous 

carbonate margin, which, according to Corso and Austin (1995), continues across the 

northeastern GoM.  The length of hinge slope is the distance from the hinge to the first major 

basement fault.  This distance is at a maximum (~60 km) toward the center of the Tampa 

Embayment and decreases outward toward the adjacent basement highs (Fig. 5, 6, and 7 

respectively).  Similarly, the dip of the hinge slope basement reflections increases outward from 

the basin center, possibly indicating variable crustal thicknesses along the west Florida margin 

prior to the opening of the EGoM.    

 All of the seismic dip lines exhibit a basinward increase in pre-salt structural complexity.  

This transition is marked by the decrease in the dip and continuity of the hinge slope pre-salt 

reflections.  In Figures 6 and 7, a large normal fault that offsets the BSE is coincident with the 

basinward increase in pre-salt structural complexity.  Landward of this fault, change in character 

of the pre-salt reflections is partially masked by processing artifacts present beneath the steep 

Florida Escarpment.  The increase in pre-salt structural complexity is interpreted to be a crustal 

attenuation boundary where brittle deformation in the upper crust begins to occur (Section 5.3).  

 In Figure 6, a prominent landward dipping, high amplitude reflection is imaged at 

approximately 15 km subsea depth.  This reflection may represent the crust-mantle boundary 

and/or a simple shear detachment.   In a hyperextended rift margin, a detachment can develop 

along the Moho (e.g. S-reflector of Hoffman and Reston, 1992; P-reflector of Reston et al., 
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2004).  A published deep seismic reflection profile from ION GXT through the study area 

(Radovich et al., 2011) shows the equivalent reflection dipping down below 40 km subsea depth; 

therefore, this reflection likely represents the Moho, which could have acted as a detachment at 

shallower depths.  Davis and Kusznir (2004) suggest that diffuse detachment zones along the 

crust-mantle boundary can help explain the observed evidence for depth-dependent stretching 

and the “upper-plate paradox” of Driscoll and Karner (1998) wherein conjugate rifted margins 

both show evidence of being the “upper-plate” within the context of a simple-shear lithosphere 

extensional model. 

 

4.2   Salt and Salt Structures 

 

 In Middle Jurassic time, a shallow inland sea was present based on the identification of 

associated salt deposits.  The sea probably stretched from the Desoto Canyon Salt Basin around 

the basinward flank of the Southern Platform and into the rifted parts of the Tampa Embayment.  

This sea was bounded to the south by the elevated basement structure of the Sarasota Arch (Fig. 

2), as reflected by the southern pinchout of the salt in Figure 8 and the absence of interpreted salt 

in Figure 7.  A basinward pinchout of autochthonous salt is observed in Figures 5 and 6 and 

indicates this sea was isolated along the West Florida rift margin. 

 Salt is interpreted based on the presence of characteristic mobilization structures (Fig. 4a-

f), faulting, differential sedimentation, chaotic internal reflections, and processing effects.  Salt-

related structures are common on these seismic lines; however in comparison to structures in the 

northern GoM they are smaller in magnitude.  With the exception of a few structures, most of the 

observed mobilization took place during Jurassic time with limited evacuation from the mother 

salt.   Welds are common adjacent to small salt structures.  These observations suggest that  
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Figure 5:  Seismic dipline through the Tampa Embayment uninterpreted (top) and interpreted (bottom).  Location of line is shown in 
Figure 1 and colored horizons are described in Figure 3.
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Figure 6:  Seismic dipline through the Tampa Embayment uninterpreted (top) and interpreted (bottom).  Location of line is shown in 
Figure 1 and colored horizons are described in Figure 3.
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Figure 7:  Seismic dipline through the Tampa Embayment uninterpreted (top) and interpreted (bottom).  Location of line is shown in 
Figure 1 and colored horizons are described in Figure 3.
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Figure 8:  Deepwater seismic strikeline uninterpreted (top) and interpreted (bottom).  Location of line is shown in Figure 1 and colored 
horizons are described in Figure 3.
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original salt deposition was thin (~500 m) within the Tampa Embayment.  Marton and Buffler 

(1999) suggest that thin salt in the EGoM could be the result of younger rifting to the south along 

the west Florida rift margin, keeping much of the region at or just above sea level during the 

deposition of the Louann Salt.  The salt distribution was confined more to the EGoM based on 

the tectono-paleogeographic reconstructions of Marton and Buffler (1999), suggesting 

asymmetric rifting and higher amounts of subsidence along the west Florida rift margin.  

 The BSE is identified by relatively undeformed continuous reflections under salt 

structures (Fig. 4a, c, and f), an angular unconformity landward of the Florida Escarpment (Fig. 

4b), and the presence of rotation welds (Fig. 4d).  The up-dip pinchout of salt through the Tampa 

Embayment is observed in Figure 6 along the dipping hinge slope.  A decrease in the frequency 

and magnitude of observable salt mobilization structures to the south across the dip lines reflects 

the gradual thinning and pinchout of the original salt onto the northern flank of the Sarasota 

Arch. 

Near the landward pinchout of the salt, non-welded rollers and associated basinward-

dipping listric growth faults are common (Fig. 4c and 6) indicating gravity-driven down-slope 

mobilization of the salt (Rowan et al., 1999).  A westward change in salt mobilization processes 

occurs near the location of the Florida Escarpment (Figs. 5 and 6).  With this change, the 

direction of fault dip is less consistent, some salt is allochthonous, and greater salt mobilization 

increases the length and number of welds.  West of the Florida Escarpment, salt mobilization 

continued through Cretaceous time, as evidenced by the allochthonous salt and faults penetrating 

the K section (Fig. 5).  To the east of the Florida Escarpment, growth along faults is restricted to 

the HV section and the faults seldom extend into the overlying CV section.  Therefore, salt 

mobilization through gravity-driven gliding and spreading along the hinge slope began after the 
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Oxfordian deposition of the Smackover Formation and ceased by the end of Kimmeridgian time.  

This up-dip extension is accommodated through down-slope thickening of the distal wedge, 

thrusting, or evacuation (Rowan et al., 2004).     

Counter-regional faults (Figs. 4c and 5) may have developed during a Late Jurassic 

period of focused extension and differential subsidence associated with the basement faults 

offsetting the BSE.  A dramatic thickness increase in the HV and CV seismic sections exists 

across the basement faults.  The annotated counter-regional fault in Figure 4c developed in the 

latter part of Cotton Valley deposition, which is later than all of the neighboring faults.  This 

structure may alternatively represent an inclined salt weld associated with salt evacuation.  

Similar deflated counter-regional feeders are identified by Schuster (1995) in the northern GoM.  

Here, the counter-regional feeder may have sourced the allochthonous salt body in the K section 

(Fig. 5). This allochthonous body was once a tabular unit that was subsequently remobilized 

from differential loading, creating isolated mounded features separated by small salt expulsion 

basins.   These “mini-basins” are common in the allochthonous salt in the northern GoM 

(McBride, 1998).     

 Poor imaging beneath the Florida Escarpment prevents a confident interpretation of the 

seismic to be made through this bad data zone.  It is unclear whether salt mobilized vertically 

along the Escarpment, possibly along a fault; however, factors associated with the development 

and evolution of the Cretaceous carbonate margin that could drive vertical migration of salt 

include:  1) pervasive Cretaceous extensional faulting is assumed to be common at the 

Escarpment (see section 4.5 on the carbonate margin) creating preferential pathways for salt 

migration; 2) an abrupt decrease in the overburden west of the Escarpment; and 3) decrease in 
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the internal strength of the rocks west of the Escarpment (i.e., dense shelf carbonates versus 

slope talus eroded from the margin).   

The seismic lines in Figures 6 and 8 intersect the same autochthonous salt structure.   

This feature represents the original basinward pinchout of the mother salt (Fig. 4a and 9, stage 

3).  Early development of this structure may be similar to that of the Mad Dog and Frampton 

anticlines in the Green Canyon protraction area (Grando and McClay, 2004) and the Cascade and 

Chinook anticlines in the Walker Ridge protraction area (Majekodunmi, 2009).  During initial 

gravity-driven down-dip salt migration a small contractional salt-cored fold developed from 

thickening at the distal tip of the salt wedge (Fig. 9, stage 4).  This broad, mounded feature grew 

in amplitude and faulted into two structures (Figs. 4f) during periods of extensional growth 

during Late Jurassic and Cretaceous time.  The isolation of this feature (Fig. 8) may have been 

controlled by salt flow into an isolated finger along the original basinward pinchout of mother 

salt and/or sub-salt faulting.    

 

4.3   Post-Salt Faulting  

 

Faults that offset the BSE, LS, SN, HV, and CV are common west of the Florida 

Escarpment.  Some of these faults exhibit syn-tectonic growth in the pre-salt sediments overlying 

the TB, indicating that the faults may have originally developed during Early to Middle Jurassic 

time and were subsequently reactivated after the deposition of salt.  These faults have typical 

normal fault dips (~45°).  Growth in the HV and CV sections indicate that fault reactivation took 

place during Late Jurassic time.  The faulting increased accommodation space, dramatically 

thickening these sections on the downthrown block.  Reactivation of syn-rift faults may be the 



25 

 

result of extension sourced from rifting that was occurring to the south at the time.  Marton and 

Buffler (1999) suggest that in the southeastern GoM, rifting is contemporaneous with the 

seafloor spreading occurring in other areas of the basin and ceased as late as the Valanginian 

(Early Cretaceous).  Pindell (2010) suggests that a southward Euler pole migration might account 

for the younger rifting in the southeastern GoM.   

In Figures 5 and 8, the faults offsetting the BSE are near-vertical (~80°), which is much 

steeper than the syn-rift faults along the same lines.  Figure 5 shows little evidence for syn-

extensional growth in the pre-salt sediments on the downthrown side of the major fault offsetting 

the Upper Jurassic section, suggesting it may not be a reactivated fault.  These high-angle faults 

offsetting the BSE may be strike-slip faults with significant oblique movement.  Vertically 

extruded salt corresponds with these high-angle faults (Figs. 5 and 8).  During Kimmeridgian-

Aptian (?) time, an increase in accommodation space led to abrupt differential loading, 

subsequently mobilizing the salt.  The fault scarps acted as a barricade to the down-dip migration 

of salt, resulting in vertical mobilization up the scarp.  On the up-thrown side of the fault in 

Figure 5, thinning of the HV and CV toward the diapir indicates that vertical mobilization 

coincided with movement along the fault.  Toward the end of CV deposition, thickening toward 

the feeder indicates the development of a rimmed syncline during the evolution of the diapir.  On 

the downthrown side of the fault, these relationships cannot be identified and reflections are not 

steeply dipping away from the feeder (the fault).  This may indicate that continued strike-slip 

movement along the fault has offset the structure from the original interval of salt feeding the 

diapir. 

  Across the faults that exhibit evidence for reactivation (Figs. 6 and 7), no significant 

change is present in the thickness of the SN section, whereas the overlying HV and CV sections  
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Figure 9:  Schematic cartoon time period reconstruction of Figure 6. 
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dramatically thicken on the downthrown side of the faults.   No change in the K section is 

observed across the faults.  Thus, a Kimmeridgian-Tithonian age is assigned to this faulting. 

The faults that offset the BSE in Figures 5 and 6 are downthrown on the landward side, 

which creates a basinward step-up along the BSE.  This type of step-up on the base-of-salt has  

been associated with the continental-oceanic boundary (COB) in other parts of the GoM (Pindell 

and Kennan, 2007; Barker and Mukherjee, 2011) based on a change in the character of the 

basement, thinning or pinchout of the autochthonous salt, and change in the orientation of the 

dominate basement structural grain.  These step-ups along the BSE are not interpreted to 

coincide with the COB because tilted fault blocks are overlain by an upward sequence of 

extensive syn-extensional deposits, pre-salt “sag” deposits, and autochthonous salt to the west of 

the faults.  The faults offsetting the BSE on the seismic dip lines are the furthest landward 

basement faults observed.  Therefore, if they marked the COB, brittle extension in the 

continental crust during rifting would have been accommodated on only one or two faults.        

Lord (1986) originally suggests that the West Florida Basin (Fig. 2) is the westward 

extension of the Tampa Embayment based on continuous depth-to-“basement” profiles and 

similar Jurassic isopach thicknesses between the two basins.  His interpretations were challenged 

by later models that propose a large normal fault at the Florida Escarpment separating two basins 

with dramatically different crustal attenuation (Dobson and Buffler, 1991, 1997).  Dobson and 

Buffler (1991) suggest that these two basins developed isolated from one another to much thicker 

salt (~4x) and structurally lower pre-Cretaceous units in the West Florida Basin.  Although 

reactivated faults have been interpreted near the Florida Escarpment, not all the dip lines show 

this offset.  Figure 5 illustrates little change in the structural level of the interpreted horizons 

below the K section across the Florida Escarpment.  Figure 6 shows that the BSE actually steps 
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up basinward instead of being down-dropped.  Also, although salt mobilization increases 

basinward, none of the dip lines show evidence for significantly thicker salt in the West Florida 

Basin.  Therefore, this study supports Lord’s (1986) time-depth conversions and interpretation 

that the West Florida Basin is the continuation of the Tampa Embayment.   

 

 4.4   Late Jurassic Deposition 

 

 Some of the earliest post-salt sediments were deposited in Late Jurassic time.  Most of the 

regionally extensive rifting in the GoM had ceased and the margins were dominantly affected by 

thermal subsidence supported by the marine transgression. The oldest post-salt sediments are the 

Norphlet and Smackover Formations (Fig. 3).  These two are combined into one undifferentiated 

sequence (SN, Fig. 3) because it is difficult to distinguish the two thin units seismically and there 

is uncertainty in the regional distribution of the individual formations.  Top SN is marked by a 

continuous high amplitude peak that is often overlain by discontinuous, lower amplitude oblique 

reflections.  The SN is characterized by a small set of continuous high amplitude reflections.  

The SN section is thicker in the Desoto Canyon Salt Basin (Fig. 4b) than in the Tampa 

Embayment (Fig. 4c), indicating different depositional conditions in the two basins.  The data 

illustrates limited variation in the SN thickness within the Tampa Embayment, although the 

underlying salt thickens westward along the hinge slope.  This implies that, in the EGoM, salt 

infilled much of the post-rift topographic lows, so that the SN was deposited on a relatively 

planar surface prior to the initial mobilization of the underlying salt (Fig. 9, Stage 5).  A 

mounded seismic facies within the SN unit is present in updip areas where salt is thin or absent.  

Figure 10 exhibits the mounded facies across most of the line aside from the deepest part of the 
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basin near the intersection of Figure 5 where salt thickness is at a maximum.  This mound-prone 

seismic facies is interpreted to be carbonate buildups and were also recognized by Dobson and 

Buffler (1997).  On the shelf strike line (Fig. 10), the up-dip pinchout of the SN exists along the 

northern and southern flanks of the Embayment.     

 The initial mobilization of salt occurred during the deposition of the Haynesville 

Formation as evidenced by the first post-salt growth sections located in the HV (Fig. 4c).  Godo 

et al. (2011) also observed the onset of down-slope salt tectonics at Shell’s Vicksburg prospect 

(DC 353) to be after the deposition of the Norphlet and Smackover Formations.  The period of 

extension that caused syn-rift fault reactivation resulted in a slight tilting (~2°) along the tectonic 

hinge slope initiating down-dip salt migration.  This is illustrated in Figure 6 by the change in dip 

between the top SN horizon and the top HV horizon.  According to Brun and Fort (2011), less 

than 1° of margin tilt is required to initiate down-slope gravity gliding of salt.  The tilting along 

the hinge slope and increased accommodation space led to the deposition of a thick (up to 2 km) 

HV section (Fig. 9, stage 4).   

Clastic deposition dominated within the Tampa Embayment during the time when the HV 

was being deposited.  These sediments may have been sourced from subaerial and submarine 

erosion of local basement highs and were subsequently funneled down the axis of the 

Embayment from up-dip areas.  In Figure 11, incised valleys along the south flank of the 

Southern Platform are infilled with the HV section.  According to Dobson and Buffler (1997), 

the only two wells that drilled the Haynesville Formation in the Tampa Embayment area (FM 

252 and PB 100) drilled sandstone and conglomerate near the updip limit of deposition.  Further 

west toward the Florida Escarpment, they identified seismic facies that suggest clastic 

progradation of Haynesville Formation sediments.   
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Figure 10:  Composite seismic strike line across shallow water section of Tampa Embayment  

 

 

Figure 11:  Seismic line across the Southern Platform showing potential incised valleys along 
the BSE (green line). 



31 

 

The last observable movement along the reactivated syn-rift faults occurred when CV 

was deposited (Fig. 6).  Faulting created new accommodation space which infilled with CV.  A  

transition from clastic to carbonate-dominated deposition took place prior to the end of CV 

deposition.  Marton and Buffler (1999) suggest that in Kimmeridgian to Tithonian time a marine  

seaway opened up between the proto-Caribbean and the GoM.  This may have initiated the 

change to carbonate deposition.  Reflections within the CV are higher amplitude and shorter 

wavelength than the underlying HV, possibly representing interbedded carbonate and clastic 

rock.  The Knowles Limestone (Fig. 3) at the top of CV marks the beginning of a long period of 

carbonate dominated deposition in the EGoM (Dobson and Buffler, 1997).   

 

4.5   Cretaceous Carbonate Margin 

 

An Early Cretaceous carbonate reef is present in Figures 5, 6, and 7 near the Florida 

Escarpment.  Basinward progradation of the reef maintained pace with the relative sea level rise 

while the interior of the platform was developing as a deep lagoon or shelf sea.  The lateral 

continuation of the reef along strike (Figs. 5, 6, and 7) suggests a fully developed rimmed 

platform across the Tampa Embayment instead of single patch reefs.  Because no fault 

reactivation is identified above the CV section, thermal subsidence was probably the dominate 

control on relative sea level rise during reef growth.  This rimmed-platform reef may correlate 

with the Sligo reef trend which extends from Mexico to Mississippi (Herrmann, 1971; Fritz et 

al., 2000).  The Sligo (?) reef overlies the Knowles Limestone reflection at the top of the CV 

(Fig. 4c).  Dobson (1990) interprets the Knowles Limestone to represent the transition from a 

carbonate ramp to a rimmed platform margin.  Winkler and Buffler (1988) interpret the transition 

as a result of decreasing thermal subsidence rates and increasing productivity of the carbonate 



32 

 

platform ecosystem.  They observed that the Cretaceous reef trends in the eastern side of the 

GoM have substantially greater relief than those in the western GoM.  The lack of major river 

systems into the EGoM limits the siliciclastic input and favors conditions for the buildup of 

carbonate (Corso et al., 1989). 

 Throughout the rest of Cretaceous time, carbonate deposition dominated the region 

(Freeman-Lynde, 1983).   An extensive rimmed carbonate margin built up along the approximate 

trend of the Florida Escarpment.  Several hypotheses exist to explain the location of the 

carbonate margin.  One idea is that the carbonate margin is associated with the tectonic hinge 

(Buffler and Sawyer, 1985; Winkler and Buffler, 1988; Debalko and Buffler, 1992; Corso and 

Austin, 1995).  The hinge provides a stable region for reefs to develop (Buffler and Sawyer, 

1985; Winkler and Buffler, 1988).  However, Figure 5 shows that the Cretaceous shelf edge is 

~60 km west of the hinge.  The edge of the Cretaceous shelf does correlate to another boundary 

delineated by a westward increase in pre-salt structural complexity and salt mobilization.  This 

boundary may have also had an influence on the development and location of the interpreted 

Sligo reef (Fig. 5). 

A second idea is that the location of the carbonate margin may be controlled by deep 

basement faults that act as a boundary between regions of differing crustal attenuation (Dobson 

and Buffler, 1991, 1997).  However, the offset in the structural level of the Cretaceous and older 

seismic horizons that Dobson and Buffler (1991, 1997) interpret as a fault may be the result of a 

time condensed section through the thick, faster velocity shelf carbonates.  Lateral velocities 

across the Florida Escarpment can abruptly change from as high as 5200 m/s on the shelf to 1490 

m/s in the deepwater within a few hundred meters (Gordon et al., 2001).  Although basement 

faults have been interpreted near the Florida Escarpment, none exhibit reactivation above the 
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CV.  Not all of the data suggest faulting near the Escarpment; Figure 5 shows that the BSE, HV, 

and CV appear to be at the same structural level on both sides of the Florida Escarpment 

although imaging is poor beneath the steep slope.  Also, Dobson and Buffler (1991) interpret that 

as a result of this fault on the Escarpment, salt thickens from ~.5 km on the shelf to nearly 2 km 

basinward of the Florida Escarpment.  This study, with the more recently acquired PSDM 

seismic lines, does not support a major change in the salt thickness across the Escarpment.   

Although the Florida Escarpment and the Cretaceous carbonate margin are used 

synonymously, several studies suggest that the present day location of the Florida Escarpment is 

not coincident with the edge of the original carbonate margin.  By examining rocks dredged from 

the Escarpment, Freeman-Lynde (1983) suggests much of the reef facies was removed as the 

Escarpment retreated landward as much as 10 km.  In addition, Doyle and Holmes (1985) use 

minisparker shallow seismic data to map erosional surfaces, sediment thickness changes, and 

features associated with mass wasting events along the Escarpment, providing evidence erosion 

along the Escarpment and the continued interruption of the down-slope deposition of sediments.  

They suggest that the Escarpment has retreated landward due to mass wasting events during 

periods of increased sedimentation and erosion by strong loop currents along the base of the 

Escarpment.  Additional studies present a variety of mechanisms that may have also driven 

erosion along the Escarpment, including chemical and biological processes (Paull and Newman, 

1987; Twichell et al., 1990). 

In Figure 5, typical reef seismic facies are not observed along the Escarpment above the 

interpreted Sligo reef; instead, parallel reflections are nearly continuous to the Escarpment.  East 

of the Escarpment, westward dipping normal faults are pervasive in the Cretaceous section (Fig. 

5).  These are probably associated with extension near the shelf margin resulting from limited 
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support of the massive carbonate platform basinward of the margin.  The carbonate margin 

blocked much of the slope stabilizing sediments from traveling outboard of the shelf (Corso et 

al., 1989).  The faults near the Escarpment in Figure 5 represent likely preferential failure 

surfaces for mass wasting events, assuming continued backstepping of the Escarpment.  Mullins 

et al. (1986) identifies large-scale slope failure scars and post-failure depositional sequences 

providing evidence for catastrophic collapse along the Florida Escarpment.  Down-slope of the 

carbonate margin, the thinner Cretaceous sediments are interpreted to be turbidites, megabreccia 

debris flows, forereef debris rudstones, and interbedded pelagic/hemipelagic deposits (Mullins et 

al., 1986; Corso et al., 1989; Twitchell et al., 1990; Fritz et al., 2000; Mancini et al., 2001; Pyles 

et al., 2001).   
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5. DEVELOPMENT OF THE TAMPA EMBAYMENT 

 

5.1   Geometry      

 

The Tampa Embayment displays a near perfect example of “steer’s head” geometry (Fig. 10) as 

described by White and McKenzie (1988).  In their model, extension is distributed differently in 

the crust and lithospheric mantle, while the total amount of stretching is equal in both.  The 

lithospheric mantle is stretched over a wider area, but the lateral distribution of stretching (β) is 

more gradational than that of the crust, resulting in a lesser amount of mantle stretching at the 

basin center (Fig. 12).  Crustal stretching is greatest at the basin center.  White and McKenzie 

(1988) suggest that during initial subsidence and deposition of syn-rift sediments, thermal uplift 

occurs on the basin flanks because of the greater area of stretching in the mantle relative to that 

in the crust which results in erosion of the uplifted flanks and deposition of this material into the 

basin center.  Potential evidence for such an erosional event exists along the south flank of 

Southern Platform (Fig. 11).  This line shows large valleys along the BSE horizon.  It is probable 

that early post-rift sediments within the basin are sourced locally from the eroded material along 

the adjacent flanks.  This suggests that the provenance for the Norphlet Formation in the Tampa 

Embayment is the Southern Platform and the Sarasota Arch, and the Embayment served as a 

natural discharge pathway for these locally eroded sediments.  Lovell and Weislogel (2010) 

suggest a similar depositional system for the Norphlet Formation in Desoto Canyon Salt Basin 

(Fig. 1). 
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Figure 12:  The top left image is a composite seismic strike line across the Tampa Embayment; 
note the regional onlap onto basin flanks (top right image) and thickening and sag of reflections 
toward center of the Embayment. The bottom part shows the model of White and McKenzie 
(1988) on the formation of basins with “steer’s head” geometry.  
 

   

Figure 13: Graph showing the decreasing rate of sedimentation in the Tampa Embayment as 
thermal subsidence lessened through time.  Published ages are from Wu et al. (1990) and Dobson 
and Buffler (1997), adapted from the time scale of Haq et al. (1987). 
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Characteristic features of “steer’s head” geometry basins are post-rift stratigraphic onlap 

onto the basin margins and basinward sag and thickening of stratigraphic packages (Fig. 12).  

These features result from the decay of the thermal anomaly produced from the thinning of the 

lithospheric mantle (White and McKenzie, 1988).  The composite shallow water seismic line 

across the Tampa Embayment (Fig. 12) illustrates these characteristics of thermal subsidence.  

The period of post-rift thermal subsidence is observed to be continuous at least from Middle 

Jurassic to Late Cretaceous time based on the highest stratigraphic point in which the reflector 

packages are dipping toward the basin center below regional level.  This observation agrees with  

previously published time periods of GoM thermal subsidence (Marton and Buffler, 1993).  By 

measuring the sediment thicknesses of key horizons through the center of the basin on the 

shallow water seismic strike line (Fig. 10), the rate of sedimentation is plotted versus assigned 

ages from previously published studies (Wu et al., 1990; Dobson and Buffler, 1997) (Fig. 13).  

The vertical sediment accumulation rates dramatically decrease through time as the thermal 

anomaly diminished.  These rates are unlikely to be affected by local changes in sediment 

accumulation due to salt mobilization because the rates were measured at a zone of thin, 

unmobilized salt near the landward pinchout. 

 

5.2   Triassic Extension 

 

The development of the steer’s head geometry and associated post-rift features 

orthogonal to the rift margin indicate a prior period of lithospheric thinning centered along the 

axis of the Tampa Embayment.  Regional extension during Triassic time is identified all across 

the Gulf coastal region.  Grabens that developed were filled with material of the Eagle Mills 
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Formation (Salvador, 1987; Bartok, 1993).  These grabens have the same NE-SW trend as the 

axis of Tampa Embayment.  Salvador (1987) suggests that these red beds and associated 

volcanic rocks filled in actively subsiding grabens, half grabens, or rift basins.  Klitgord et al. 

(1984) and Dobson and Buffler (1991) suggest deposition of the Triassic Eagle Mills Formation 

within the Tampa Embayment. 

The hypothesis of Triassic rifting in this region is common (Martin, 1978; Mitchell-

Tapping, 1982; and Klitgord et al., 1984, Tew et al., 1991).  MacRae and Watkins (1996) 

recognized in seismic data that the Desoto Canyon Salt Basin is underlain by a Triassic half-

graben.  The strike of the basin bounding normal faults and other intrabasinal normal faults 

identified by MacRae and Watkins (1996) is the same NE-SW trend as the axis of the Tampa 

Embayment, supporting a NW-SE direction of Triassic extension.   Northeast of the Tampa 

Embayment, two other Triassic grabens were identified using seismic data and drilling 

(Applegate and Llyod, 1985; Ball et al., 1988; Dobson and Buffler, 1991; Bartok, 1993).  The FL 

State 224-A2 and GV 707 wells (Fig. 1) penetrated the Eagle Mills Formation within these 

grabens (>300 m in GV 707).   

A possible analog for the Tampa Embayment may be the Apalachicola Embayment of the 

Florida panhandle.  Arden (1974) suggests that Triassic extension led to the deposition of Eagle 

Mills Formation within the basin above Paleozoic basement rocks.  The basement rocks are not 

overlain by Triassic sediments on flanks of the basin.  No wells have been drilled along the axis 

of the Tampa Embayment to confirm the presence of the Eagle Mills Formation, but Paleozoic 

rocks are present in wells on the northern flank (FM 252) and the southern flank (PB 100) of the 

Tampa Embayment.  The seismic cross section across the Tampa Embayment (Fig. 10) reveals a 

similar synclinal basement structure to that identified in the Apalachicola Embayment (Arden, 
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1974).   Based on the model of White and McKenzie (1988), Triassic deposits are expected to 

have filled the graben during the initial subsidence (Fig. 12).  However, a seismic horizon 

between Triassic sediments and underlying basement rocks cannot be identified on the data. 

 

5.3   Jurassic Rifting and Breakup of Margins 

 

 The parabolic map-view pattern of contour lines on the basement structure map of the 

Tampa Embayment (Fig. 2) is a result of a 90° difference in the overall structural orientation 

between two rift phases.  During the Triassic rift phase the crust was thinned along the NE-SW 

axis of the Tampa Embayment (Fig. 14).  The maximum amount of thinning occurred along the 

axis and decreased outward from the axis (Fig. 12).  Sawyer and Harry (1991) suggest that this 

rift stage lasted from 225-195 Ma.  In Early to Middle Jurassic time, the second phase of rifting 

opened the EGoM, separating the west Florida and north Yucatan margins.  During this rift 

phase, the dominate structural grain was roughly NW-SE based on the orientation of the margin.  

 Figure 9 presents a schematic model proposed for evolution of the second phase of rifting 

in the EGoM.  In this model, much of the overall lithospheric extension was accommodated by 

necking of the lower crust.  This type of thinning (Brun and Beslier, 1996; Manatschal and 

Bernoulli, 1999; Whitmarsh et al., 2000; Huismans and Beaumont, 2008) consists of decoupling 

of the upper crust from the upper mantle and shear tapering of the lower crust during mantle 

uplift.  In Figure 9, nonuniform thinning of the crust takes place during the early periods of 

Jurassic rifting with more thinning in the ductile, weaker lower crust than in the competent upper 

crust.  As a result, brittle upper crustal extension is not readily observed beneath the west dipping 

hinge slope. 
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Figure 14: Cartoon model for the evolution of the crust and upper mantle of the Tampa 
Embayment. 
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The maximum eastward extent of thinned lower crust is along the preexisting axis of 

Triassic thinning within the Tampa Embayment, resulting in the parabolic map-view geometry of 

the Embayment (Fig. 2).  In Figures 5, 6, and 7, the maximum eastward extent of the lower 

crustal thinning is marked by the basement hinge (Fig. 9).   This hinge is also observed north the 

Tampa Embayment (Corso and Austin, 1995).  Along the hinge slope, continuous intra-basement 

reflections dip basinward (Figs. 5, 6, and 7).  The equivalent reflections along the hinge slope of 

the Southern Platform have been previously interpreted to be volcanic seaward dipping reflectors 

(SDR’s) associated with the transition from rifted continental crust to oceanic crust (Imbert et al., 

2001; Imbert, 2005; Pindell and Kennan, 2007).  However, in this study, these dipping 

reflections are interpreted to result from tilting of the pre-rift basement from down-slope faulting 

(Fig. 9).  These faults were active until the deposition of the CV, and may have been a result of 

continued extension and thinning of the lower crust through Late Jurassic time.  In Figure 9, the 

zone of Late Jurassic lower crustal necking is ~65 km wide and extends from the tectonic hinge 

basinward to the last major basement fault offsetting the Late Jurassic sections.   

Thinning of the lithosphere during the first period of rifting in the Triassic (Fig. 14) caused 

shallowing of the asthenosphere and elevated thermal conditions, increasing the susceptibility of 

the lower crust to ductile deformation during the second period of rifting in the Jurassic.  

Previously thinned crust from the period of Triassic extension created a lateral pressure gradient 

along trend of the margin driving mobilized lower crust toward the Tampa Embayment (Fig. 14).  

Subsequently, redistributed crust within the Tampa Embayment helped stabilize the rifted margin 

along strike by essentially flattening the Moho along trend of the margin (Fig. 14).  As a result, 

the thickness of the lower crust is at a maximum along the axis of the Embayment.  This explains 

why observable syn-rift brittle deformation is minimal near the center of the Tampa Embayment 
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(Fig. 5) and increases outward (Figs. 6 and 7, respectively).  On all of the seismic dip lines, 

observable reflections beneath the BSE change abruptly from essentially parallel and undisturbed 

to being relatively discontinuous and obviously faulted.  The abrupt increase in syn-rift brittle 

deformation may represent the point where the lower crust has been removed and the upper crust 

is directly overlying the lithospheric mantle (Fig. 9).  Potential evidence includes the proposed 

Moho reflection in Figure 6 at 15 km subsea depth.  This continuous reflection is about 6 km 

beneath the top of basement surface and has a high amplitude, presumably from the considerable 

difference in velocity between the upper crust and the lithospheric mantle.   

 

5.4   Reconstruction of Conjugate Margins 

 

Magnetic anomalies can help to reconstruct the opening of ocean basins, particularly in 

the GoM (e.g. Shepard, 1983; Hall and Najmuddin, 1994; Reitz, 2002; Imbert and Phillipe, 

2005).   In the south, southeastern, and eastern GoM a strong negative magnetic anomaly, 

approximately 25-75 km wide, is continuous around the same trend as the Campeche and Florida 

Escarpments, separating a basinward region of subdued anomalies from higher amplitude 

anomalies toward the land (Fig. 15a).   The higher amplitude landward magnetic anomalies 

exhibit regionally elongated trends that abruptly terminate against this continuous negative 

anomaly.  The long-wavelength magnetic anomalies are probably reflecting the preexisting  

basement structure in the crust.  Therefore, this abrupt termination may represent the COB, a 

boundary between crust and exhumed upper mantle, demagnetization along the margin from heat 

or fluids, or an attenuation boundary where extensive (polyphase?) faulting and rotation has 

changed the original magnetic signature of crust.  A distinct wedge-shaped  
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Figure 15:  a) Magnetic anomaly map from the WDMAM project; b) Sandwell and Smith 
(2009) free-air gravity map.  Red lines were used as control on the restoration of conjugate 
margins; note the coincidence of gravity and magnetic boundaries along these lines.   

 

 

 

Figure 16:  a) Magnetic anomaly restoration; b) Free-air gravity restoration.   Conjugate margins 
are restored to pre-rift positions aligning the coincident trends (red lines) from Figure 15.       
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region defined by the strong negative magnetic anomaly is located in the southeastern GoM (Fig. 

15a).  The geometry of this zone is a result of the counterclockwise rotation of the Yucatan 

continental block away from the west Florida rifted margin during the last stage of rifting 

(Pindell and Kennan, 2001).  Based on interpretation of seismic reflection and refraction data and 

wells drilled on high-standing tilted fault blocks, much of the basement in the tip of this wedge is 

rifted continental crust (Ibrahim et al., 1981; Schlager et al., 1984; Buffler, 1991).  Because of 

this, the outer edge of the negative magnetic anomaly wedge is not assumed to represent the 

COB.   

The rifting and rotation that opened the southeastern GoM occurred from the Late 

Jurassic to the Early Cretaceous (Marton and Buffler, 1999; Imbert and Phillippe, 2005).  The 

timing for the end of rifting is constrained by seismic stratigraphic relationships and Deep Sea 

Drilling Project core data through a prominent post-rift unconformity (Marton and Buffler, 

1999).  Rifting is  younger in the southeastern GoM than in other parts of the GoM and may have 

developed from rift propagation resulting from an Euler pole migration (Pindell, 2010).  To 

estimate the location of the Euler pole, the west Florida and northern Yucatan margins were 

restored using magnetic anomaly and gravity trends on the conjugate margins (Fig. 16).  The 

landward edge of the strong negative magnetic anomaly was used as the control on defining a 

consistent crustal attenuation boundary on the conjugate margins; therefore, the restorations were 

designed to eliminate the wedge-shaped negative anomaly.  The restoration of the northeastern 

Yucatan and west Florida rifted margins was achieved through 37° of Yucatan rotation about an 

Euler pole located at 22.3°N, 84.5°W.  Gravity trends (Sandwell and Smith, 2009) trends were 

also restored (Fig. 16b) using the same pole and angular rotation.  Lineated gravity boundaries 

on the conjugate margins (red lines, Fig. 15) were mapped and used as control points for both the 
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magnetic and gravity restorations because of the susceptibility of magnetic anomalies to 

modification during large-scale rotations.  However, several regional lineated magnetic and 

gravity boundaries are approximately coincident (Fig. 15), an observation previously noted by 

Krivoy and Pyle (1972).  The magnetic anomalies align when restored to same specifications as 

the gravity restorations. Some offset in the magnetic anomalies should be observed in the 

restoration because of the change in the shape of the anomalies after the drift and rotation of the 

Yucatan to its present day location.  Inadequate data within this study prohibits the prediction of 

this offset, but it is assumed to be small at the scale of the restorations because of the similar 

alignment of the gravity trends and magnetic anomalies.  These trends are several hundred 

kilometers long and span NE-SW across most of the northern Yucatan and west Florida 

continental shelves.  The reconstructions indicate that the magnetic anomalies and gravity trends 

were mostly likely formed prior to Jurassic rifting and were subsequently dissected during 

separation of the conjugate margins.       

Seismic refraction surveys (Omana, 1986) indicate the presence of a basin beneath the 

northern Yucatan shelf with a similar width and morphology to the Tampa Embayment (Fig. 17).  

In fact, the two basins are located at an equivalent position relative to the same set of magnetic 

anomalies (Fig. 17).  Based on the similarities, the basin on the Yucatan side is interpreted to be 

the continuation of the Tampa Embayment.  In addition, seismic reflection data interpreted by 

Gulick et al. (2008) and Snyder and Hobbs (1999) through the Chicxulub impact structure reveal 

the presence of a Mesozoic basin prior to the bolide impact (Fig. 18).  The flanks of this basin 

defined in the reflection (Snyder and Hobbs, 1999; Gulick et al., 2008) and refraction data 

(Omana, 1986) and the orientation of magnetic anomaly and gravity trends (Fig. 15) provide  
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Figure 17:  The top left image is a PSDM seismic line through the Tampa Embayment; the map 
below shows its position relative to the magnetic anomalies.  The top right image is an 
interpreted seismic refraction profile (after Omana, 1986) across the northern Yucatan shelf; 
below is a map showing the position of the line relative to the magnetic anomalies.  The teal 
color bar denotes the extent of the basins. The black dashed line is the inferred basin boundary 
for the Tampa Embayment and the equivalent Yucatan basin. The C to C’ and D to D’ lines refer 
to the seismic reflection profiles in Figure 18.  
 
 

 

Figure 18:  Seismic reflection profiles proximal to the Chicxulub crater revealing a pre-impact 
Mesozoic basin that is interpreted to be the Yucatan continuation of the Tampa Embayment.  The 
location of the seismic lines is shown in Figure 17.  The profile on the left is after Gulick et al. 
(2008).  The profile on the right is from the British Institutions Reflection Profiling Syndicate 
(BIRPS) and the interpretations are after Snyder and Hobbs (1999).  
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constraints for the inferred basin boundary in the Tampa Embayment and the equivalent basin 

beneath the northern Yucatan shelf in Figure 17.  The magnetic anomalies and gravity trends 

have the same orientation as that of the basement structure (compare Fig. 15 with Fig. 2).  Thus, 

the controls on the magnetic anomalies and gravity signature may have also influenced the 

development of the Tampa Embayment and its Yucatan continuation.  A possible explanation is 

that the structural grain of the basement is reflected in the magnetic anomalies and during 

Triassic extension the grabens in the area developed along this structural grain, taking advantage 

of preexisting lithospheric weaknesses in the crust (Salvador, 1991; Sawyer et al., 1991; Bartok, 

1993).  

The evolution suggested by the gravity and magnetic anomalies is not consistent with 

previously proposed models that associate the development of the Tampa Embayment with 

regionally extensive NW-SE trending strike-slip faults beneath the west Florida shelf (i.e. 

MacRae and Watkins, 1996; Pindell and Kennan, 2001).  If the Tampa Embayment originally 

extended across the northern Yucatan margin, it is continuous far beyond the bounds of these 

proposed strike-slip faults.  These large strike-slip faults are not essential in the development of 

the trend of EGoM subbasins if the basins developed as grabens, half grabens, or rift basins 

during Triassic time.  The regionally extensive strike-slip faults in Pindell and Kennan’s (2001) 

model are needed to solve the continental overlap problem in plate reconstructions between West 

Africa and South Florida.  Krivoy and Pyle (1972) suggest an alternative solution to this problem 

in which peninsular Florida was slightly rotated counterclockwise relative to North American 

continent causing the overlap.   Restoring rotation of peninsular Florida could also account for 

any space extra space in the western GoM that arises when reconstructing the pre-rift position of 

the northern Yucatan and west Florida conjugate margins. 
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6. CONCLUSIONS 

 

 

1) A tectonic hinge is present across the West Florida margin.  The hinge may coincide with the 

furthest landward extent of thinned continental crust.  Unlike in the Southern Platform, the 

Cretaceous carbonate margin does not overly this hinge in the Tampa Embayment.  This 

implies that there is a different control on the location of the margin.   

 

2) After the deposition of the Smackover Formation, tilting on the hinge initiated down-dip 

mobilization of salt.  This was accommodated by a slight thickening at the distal tip of the 

original salt wedge.  Reactivated faults during Haynesville and Cotton Valley deposition 

caused widespread differential sedimentation resulting in the development and growth of salt 

structures across the margin.  

 

3) The West Florida Basin is the deepwater continuation of the Tampa Embayment.  This is 

similar to the conclusion of Lord (1986).  Limited change in the thickness of autochthonous 

salt between the two regions and an observed lack of offset in the BSE across the Florida 

Escarpment support this conclusion.  This is not compatible with models that involve a major 

transform along the Florida Escarpment. 
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4) The Tampa Embayment originally developed as Triassic graben.  The Embayment has a 

similar NE-SW trend as many of the other Triassic grabens and half grabens in the Gulf 

coastal region, implying that these structures developed contemporaneously during a period 

of regional NW-SE extension.  A second phase of extension in the NE-SW direction 

occurred during Early to Middle Jurassic time and opened the EGoM. 

 

5) The two-stage rift history had a 90º difference in the direction of extension between the 

stages.  During the second stage, much more of the lithospheric extension was 

accommodated by thinning of the lower crust than brittle extension in the upper crust.  The 

landward extent of lower crustal thinning is furthest east within the Tampa Embayment along 

the axis of maximum Triassic crustal thinning.  The parabolic map-view character of 

basement structural contours in the Tampa Embayment developed as a consequence of this 

distribution of thinning. 

 

6) A similar basin to the Tampa Embayment is identified through seismic refraction and 

reflection data beneath the northern Yucatan shelf.   The extent and orientation of this basin 

aligns with the Tampa Embayment when the conjugate margins are restored to a pre-rift 

position suggesting it may be the Yucatan continuation of the Embayment.  This basin 

formed prior to development of the rifted margin and was subsequently dissected during the 

opening of the EGoM. 
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