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ABSTRACT 

The Gulf of Mexico initiated in the Late Triassic as South America and Africa separated 

from North America during the break up of Pangea. Previous studies indicate three models for the 

opening of the GOM. These include counter clockwise rotation of the Yucatan Block, rotation of 

the Yucatan Block about the same pole of rotation as those describing seafloor spreading in the 

central North Atlantic, and clockwise rotation of the Yucatan Block. There is much debate about 

the margin type and the crustal structure of the Eastern Gulf of Mexico (EGOM), especially 

below the depth of 6 km where crustal structure is poorly imaged on seismic reflection data. Two 

2.5-D forward gravity and magnetic models across the margin are presented. These are 

constrained by basement picks from sparse seismic reflection and refraction data, spectral analysis 

of gravity data to determine the depth to source, magnetic susceptibility derived from results from 

other margins, the empirical relationship between P-wave velocity and density, and crustal scale 

isostatic modeling. The models, combined with a kinematic reconstruction of the GOM, show 

that: 1) it is a rifted margin; 2) the point where the Moho deepens downward from ~17 km to ~32 

km is approximately 50 km outboard of the topographic shelf edge; 3) the carbonate bank 

retreated by several kilometers from its original termination due to the action of contourite 

currents; 4) extension and subsidence was accommodated with little shallow brittle faulting; 5) 

oceanic lithosphere is possibly outboard of the EGOM continental slope. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background and Purpose 

The Gulf of Mexico (GOM; Figure 1) initiated in the late Triassic as the South American 

and African plates separated from the North American Plate during the break up of Pangea 

[Pindell and Kennan, 2001]. Models for opening of the GOM include: 1) clockwise rotation of 

the Yucatan Block (Figure 2) away from the North American plate [Hall et al., 1982]; 2) counter 

clockwise rotation of the Yucatan Block away from the North American plate [Buffler and 

Sawyer, 1985; Pindell  and Kennan, 2001]; and 3) southward translation of the Yucatan Block 

away from the North American Plate about the same pole as those describing seafloor spreading 

in the central North Atlantic [Kiltgord and Popenoe, 1984]. These models differ in the position 

of the rotation pole and the pre-rift location of the Yucatan Block. Proponents of clockwise and 

counter clockwise rotation of the Yucatan Block favor a pole that is close to the GOM (84.24ᵒW, 

23.18ᵒN [Marton and Buffler, 1994]; 81.5ᵒW, 24ᵒN [Hall and Najmuddin, 1994]; and 79ᵒW, 25ᵒN 

[Dunbar and Sawyer, 1987]). In contrast, Kiltgord and Popenoe [1984] proposed that the GOM 

opened around the same pole that describes seafloor spreading in the south central Atlantic. 

Various continental margin types have been proposed for the GOM. Mickus et al. [2009] 

suggested a magma-rich rifted margin in the northwestern GOM based on crustal structure 

derived from forward modeling of gravity and magnetic data. In contrast, Skogseid [2001], 
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proposed a nonvolcanic margin in the northwestern GOM. In the case of a volcanic rifted 

margin, e.g. the Greenland margin, continental breakup is associated with the emplacement of up 

to a 25 km thickness of volcanic rocks. 

 
Figure 1: Location of the study area outlined in red. The dashed line demarcates the 
physiographic provinces of the GOM. Inset shows the location of the GOM.  

These margins differ from nonvolcanic margins, for example the Iberian margin, where 

continental breakup is associated with very small volumes of volcanism and the exhumation of 

mantle peridotite. The north central and the southern GOM margins have an asymmetric rift 

geometry [Marton and Buffler, 1993] due to a much wider margin and a thicker salt 

accumulation on the northern margin. Crustal structure inferred from forward modeling of 
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gravity data across the north central GOM continental margin suggests a magma poor margin 

[Harry and Londono, 2004]. 

 
Figure 2: Clockwise rotation of the Yucatan Block [Hall et al., 1982]. The model implies an 
ENE-WSW spreading axis in the EGOM and an E-W decrease in the width of oceanic crust. The 
oceanic crust is dissected by a series of fracture zones. 

 The EGOM is not as well studied as other parts of the GOM due to drilling moratoriums. 

Previous studies suggest that the EGOM underwent two stages of rifting [Salvador, 1987]. The 

first rift episode is a regional NW-SE extension that culminated in the formation of a series of 

basement highs and lows that are landward of the shelf edge. The second rift episode is a NE-SW 

extension that transitions into seafloor spreading. Imbert [2005] identified seaward dipping 

reflectors (SDRs) in seismic reflection data. The SDRs represent early magmatism. Based on 

seismic refraction and magnetic anomaly data, Buffler and Sawyer [1985], and Hall and 

Najmuddin [1994], suggested that rifting during the break up of Pangea led to oceanic 

lithosphere in the GOM. The first worker to report this was Ewing et al. [1960, 1962] based on 
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refraction data. Buffler et al. [1985] and Ibrahim et al. [1981] further describe the distribution of 

oceanic lithosphere through seismic reflection and refraction but these studies do not address the 

opening style of the EGOM. 

This study focuses on understanding the opening mechanism and the crustal architecture 

of the EGOM. The area of investigation extends from the Florida coastline to a water depth of up 

to 3000 m. The continental crust landward of the continental shelf break is composed of 

Paleozoic rock intruded by Jurassic volcanic rock [Klitgord and Popenoe, 1984] and overlain by 

carbonate and clastic sediments. The continental shelf is bounded by an offshore escarpment 

with a relief of approximately 2000 m. Drilling and dredging [Bryant et al., 1969] near the 

termination of the carbonate platform found low-energy carbonate and not the expected rudstone 

and grainstone bearing carbonate. This suggests that the platform may have retreated by several 

kilometers as a result of submarine currents [Doyle and Holmes, 1985].  

Based on kinematic reconstructions, Pindell and Kennan [2001] proposed that the EGOM 

is a rifted margin (Figure 3). Although basement faults are present on seismic reflection data 

over the EGOM, it is unlikely that the amount of slip on these faults is enough to produce the 

observed subsidence as predicted by the McKenzie [1978] pure shear model or the Wernicke 

[1985] simple shear model. In the pure shear model, subsidence is largely accommodated by 

brittle faulting of the upper crust [Kington et al., 2008]. In simple shear models, subsidence is 

largely accommodated by extension along a low-angle detachment fault that may penetrate into 

the lithospheric mantle [Driscoll and Karner, 1998]. This work proposes depth-dependent 

extension, with subsidence accommodated by ductile deformation of the lower crust or mantle 

lithosphere. This involves decoupling within the lithosphere either by a detachment or through 

distributed shear [Driscoll and Karner, 1998]. Depth-dependent extension has been invoked to 
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explain subsidence in the Woodlark Basin [Kington and Goodliffe, 2008] and the northwest 

Australian margin [Driscoll and Karner, 1998]. In both cases, large magnitude subsidence is 

observed with little brittle deformation close to the surface. Other workers have proposed that the 

EGOM is a shear margin (Figure 4) [Klitgord and Popenoe, 1984] based on abrupt crustal 

thinning and discontinuities in gravity, magnetic anomaly patterns, and modeled crustal 

structure. However, more recent work shows that abrupt crustal thinning is not unique to a shear 

margin, but can be also diagnostic of a rifted margin created by a rapidly propagating spreading 

center [Taylor et al., 1999].  

Through systematic modeling of gravity and magnetic data, this work examines the 

crustal structure of the EGOM along two east-west profiles and addresses the following 

questions: (1) What is the opening mechanism of the EGOM? (2) How was subsidence 

accommodated in the EGOM during the break up of Pangea? (3) Has the carbonate shelf break 

been eroded? (4) What is the type of the lithosphere seaward of the carbonate shelf break? 

1.2 Gravity and Magnetic Features 

The magnetic and gravity data for the GOM include a number of key features. The 

gravity data show a series of NE-SW trending gravity highs and lows of up to 40 mGal and 15 

mGal, respectively, which run parallel to the EGOM shelf edge. These gravity features define the 

widely reported horst and graben structures, which include the South Florida Basin, the Sarasota 

Arch, Tampa Embayment, the Middle Ground Arch and the Apalachicola Basin [Dobson and 

Buffler, 1997]  (Figure 5). The source of the gravity features may be pre-existing crust of African 

origin overlain by clastic and carbonate sediments [Krivoy and Thomas, 1972] in addition to 

changes in crustal thickness. 
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Figure 3: Late Jurassic (Tithonian) kinematic reconstruction of the GOM [Pindell and Kennan, 
2001] through a 39ᵒ counter-clockwise rotation of the Yucatan Block around a pole of rotation 
located at the northwestern tip of Cuba. The symmetry observed on either side the spreading axis 
implies that the EGOM is a rifted margin while the northern margin is a strike-slip dominated 
margin. 

Though the abyssal plain of the EGOM is relatively flat, gravity highs and lows (Figure 

5) define the basement topography beneath the thick sediments. Gravity lows of up to 84 mGal 

mark the edges of the abyssal plain. The magnetic anomaly map shows that on the landward side 

of the shelf a series of NE-SW trending magnetic highs and lows of up to 240 nT and 80 nT, 

respectively, run parallel to the shelf edge. 
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Figure 4:  The opening of the GOM by rotation about the same pole of rotation as those 
describing seafloor spreading in the central North Atlantic. Oceanic crust is equally distributed 
due to the distant pole of rotation. This model suggests that the EGOM is a transform margin. 
Arrows = spreading direction of the Atlantic and the GOM. Dashed line = fracture zone. Thick 
black line = abandoned spreading center [Klitgord and Popenoe, 1984]. 

Seaward of the shelf edge, there is a change in magnetic character from roughly oblique to the 

margin on the landward side to margin parallel seaward of the shelf edge (Figure 6). The zone of 

margin parallel magnetic highs of up 156 nT extends up to 50 km away from the shelf edge. On a 

plot of magnetic anomalies along ship tracks, this zone is marked by a high amplitude anomaly 

that is roughly parallel to the margin. The abyssal plain of the EGOM is defined by magnetic 

highs of up to 60 nT.   



 

8 
 

 
Figure 5: Free air gravity map of the Gulf of Mexico [Sandwell and Smith, 2009] showing: (1) a 
positive gravity anomaly of up to 88 mGal landward of the continental shelf break running sub-
parallel to the northwestern and north-central margin and parallel to the northeastern and 
southern margin (black ovals); (2) a basin center gravity high of up to 20 mGal that is concentric 
with the Yucatan Peninsula shelf edge; (3) a negative gravity anomaly of up to 88 mGal that 
marks the edges of the abyssal plain; and (4) a series of NE-SW trending gravity highs (GH1, 
GH2 and GH3) and lows (GL1, GL2 and GL3) landward of the continental shelf break of the 
EGOM. A-A’ and B-B’ delineate the locations of the profiles modeled in this study.  
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Figure 6: Gulf of Mexico magnetic anomaly [Maus et al., 2007] map illuminated by 
bathymetry. Magnetic highs of up to 155 nT and 142 nT run parallel to the northwestern margin 
and sub parallel to the north-central margin. NE-SW trending magnetic highs of up to 156 nT 
along the EGOM (black ovals) and a margin parallel magnetic high (green ovals) seaward of the 
continental shelf break of the EGOM are clearly seen. A-A’ and B-B’ delineate the locations of 
the profiles modeled in this study. 
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CHAPTER 2 

DATA AND METHODOLOGY 

2.1  Data 

Free-air gravity and magnetic anomaly data were downloaded from the National 

Geophysical Data Center (NGDC) and gridded with GMT [Wessel and Smith, 1998] at a cell size 

of 0.0166667 degrees (Figures 5 and 6). Gravity and magnetic data were extracted from the 

gridded data along two profiles (A-A’ and B-B’) at a spacing of 2 km and input to GM-SYS for 

detailed modeling. The profiles have an azimuth of 68ᵒ(ENE-WSW) and were selected to cross-

cut major tectonic features in the EGOM and extend into the abyssal plain. The northern profile, 

A-A’, is 500 km long and stretches from the abyssal plain (87ᵒW, 26.5ᵒN) through gravity high 2 

(GH2, Figure 5) to the coast line of Florida (83ᵒW, 28.12ᵒN). The southern profile B-B’ is 370 

km long and stretches from the abyssal plain (86ᵒW, 25ᵒN) to gravity low 1(GL1, Figure 5) 

(82.57ᵒW, 26.61ᵒN). Two-dimensional cross-sections were created for each of the profiles. The 

models were designed to avoid edge effects. Each polygon used in the model was assigned a 

density and magnetic susceptibility value. Long wavelength anomalies were first matched by 

adjusting the shape of the polygon and/or by changing the density and magnetic susceptibility. 

Short wavelength anomalies were then matched to the observed data using the same process. 

Depth, geometry, density and magnetic susceptibility were varied within 15% of initial values in 

order to obtain a good match between the observed and the calculated anomalies. The densities 

used for the models were derived from the empirical relation between P-wave velocity (Vp) and 
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density (Table 2). The magnetic susceptibilities used in the model are based on previous 

magnetic modeling studies in the western GOM [e.g. Mickus et al., 2009]. Modifications were 

made to match the observed field whenever necessary. Because the forward modeling process 

can provide multiple solutions for the same gravity and magnetic anomaly, the non-uniqueness 

of crustal interpretations were further constrained by incorporating interpretations from seismic 

reflection lines across the EGOM [Radovich et al., 2011; Wilson, 2011] and spectral analysis of 

gravity data. The depth to the basement and depth to other layers was determined by the results 

of the spectral analysis and interpreted horizons from 2-D seismic reflection data [Gordon et al., 

2001; Radovich et al., 2011] 

The profile A-A’ comprises a series of characteristic short and long wavelength gravity 

anomalies from shallow and deep bodies, respectively (Figures 5 and 6).  Between 0 and 100 km 

(W-E) along the profile, there is a gravity high of approximately 25 mGal that transitions to a 

gravity low of up to 76 mGal at 170 km. Between 190 km and 500 km the gravity data comprise 

a long wavelength gravity high of approximately 48 mGal and two short wavelength gravity 

highs of up to 30 mGal at 230 km and 24 mGal at 480 km. Two gravity lows of up to 21 mGal at 

257 km and 15 mGal at 460 km separate the long wavelength gravity high from the two short 

wavelength gravity highs. The magnetic anomaly data are characterized by a magnetic low 

between 0 and 80 km along the profile.  The magnetic anomaly value continuously increases 

between 80 km and 170 km where it reaches a high of approximately 30 nT at 98 km and 144 

km. A magnetic low of approximately 10 nT separates the two magnetic peaks. Beyond 144 km 

along the profile three lows of approximately 166 nT at 247 km, 30 nT at 292 km, and 98 nT at 

450 km, and two highs of approximately 20 nT at 275 km and 40 nT at 478 km characterize the 

magnetic data. Between 0 and 110 km along profile B-B’, there is a continuous decrease in 
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gravity from approximately a high of 23 mGal to a low of 76 mGal. The magnetic anomaly over 

the 0 to 110 km interval is characterized by a low of approximately 144 nT that increases 

steadily to a magnetic high of approximately 156 nT at 100 km. On the landward side of the 

continental shelf two gravity peaks of approximately 24 mGal at 157 km and 9 mGal at 323 km 

are separated by a long wavelength gravity low of ~15 mGal. 

The interpretation of crustal structure along profiles A-A’ and B-B’ is based on forward 

modeling of the gravity and magnetic data constrained by published studies. Densities were 

based on the empirical relationship between P-wave velocity and density [e.g. Harry and 

Londono, 2004] and on studies of other margins (e.g. offshore West Africa; Watts and Stewart 

[1998]). The models were further refined by incorporating the interpretations from seismic 

reflection lines across the EGOM [Wilson, 2011; Radovich et al., 2011], spectral analysis of 

gravity data [Harry and Londono, 2004] and crustal scale isostatic modeling. Magnetic modeling 

at the seaward end of the profiles was based on standard geomagnetic timescales [Kent and 

Gradstein, 1985]. Kinematic reconstructions, based on the techniques of Taylor et al. [1999] 

constrained the regional results.  

2.2 Density Determination 

The densities used for the models were derived from the empirical relation between P- 

wave velocity (Vp) and density (Table 2). The Gardner relationship [Gardner et al., 1974] is 

based on field and laboratory measurements of saturated sedimentary rocks from a wide variety 

of basins. The results were a good approximation for densities of shale, sandstone, and 

carbonate, but deviates significantly for coal and evaporites. The Brocher relationship is a 

polynomial regression that describes the Nafe and Drake Curve [Brocher, 2005], which is a 
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graphical representation of the relationship between P-wave and density.  Brocher [2005] does a 

better job of fitting Nafe and Drake for larger values of Vp [Boore, 2007]. 

2.3 Spectral Analysis  

Spectral analysis of the gravity field can be used to determine the depth to major 

subsurface density interfaces. This method makes the assumption that the logarithm of the 

gravity power spectrum is composed of a discrete series of linear segments with slopes 

proportional to the average depth of the density interfaces [Banks et al., 1977; Karner and Watts, 

1983]. MATLAB code (Appendix A) was written to convert the gravity data from the two 

profiles into the frequency domain. The spectral power and wave number of the data were 

calculated as a function of frequency and the gradient of the resultant graphs were calculated. 

2.4 Potential Field Data 

A crustal structure model along the two profiles was forward modeled using the GM-SYS 

software package. The program allows the user to interactively create and manipulate geologic 

models in 2-D, 2.5-D and 2.75-D. 2-D modeling assumes that any structures are perpendicular to 

the model profile and extend to infinity. 2.5-D modeling assumes that any structures are 

perpendicular to the model profile and extend to a finite length. 2.75-D modeling allows 

structure to be finite and at an angle to the model profile. Using estimates of density and 

magnetic susceptibility, the user calculates the gravity and magnetic field created by a given 

model and compares the result to the observed data. The user then adjusts the model to minimize 

the residual while maintaining a geologically reasonable result.  

 2.5 Airy Isostatic Model  

Isostasy is commonly described in terms of two models, Pratt and Airy. Pratt [1859] 

hypothesized that topographic features are compensated by lateral changes in rock density, with 
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elevated regions underlain by low density rock and lower regions underlain by high density rock. 

The Pratt model predicts that the roots of all crustal blocks in isostatic equilibrium are at the 

same depth. In contrast, the Airy model requires that elevated areas are supported by deeper 

roots (Figure 7). Although the predictions of the two models are different, they both predict the 

existence of a depth at which the weight of all crustal columns above is equal. This is known as 

the compensation depth. 

Isostasy is governed by the weight equation. This simply states that the weight of any two 

columns of lithospheric material above the compensation depth must be equal for the two 

columns to be in isostatic equilibrium (Figure 7). 

𝑇𝜌𝑐 + 𝑅𝑐𝜌𝑚 = (𝐻 +  𝑇 +  𝑅𝑐)𝜌𝑐                                                                                            (1)                                                                              

Where,                                                                                                                                          
Rc= root                                                                                                                                                 
H= elevation above sea level                                                                                                              
Ro= anti-root                                                                                                                                   
T= crustal thickness                                                                                                                             
𝜌c= density of crustal rocks                                                                                                                                                       
𝜌m= mantle density                                                                                                                            

The isostatic model is based on the mathematical relationship in Equation 1. The isostatic 

model ensures that the gravity model is isostatically balanced and provides an independent 

means of evaluating potential erosion of the carbonate shelf break along profile A-A’. Using the 

Moho depths determined from seismic data, topography was predicted assuming Airy isostasy. 

This was compared to the observed topography. As is common, this model does not account for 

the effect of flexural rigidity of the crust [Martinez et al., 2001].  The model assumed that mantle 

density is 3300 kg m-3, average density of continental crust is 2670 kg m-3, density of water is 

1000 kg m-3, and crustal thickness at sea level is 32 km. 
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Figure 7: Profile of crustal blocks in Airy isostatic equilibrium. H = elevation above sea level, T 
= crustal thickness, D = water depth, Ro= Anti root, Rc = crustal root, 𝜌w = density of water, Pc = 
Density, 𝜌m = mantle density                                                                                                                                                                                                                                  

2.6 Synthetic Magnetic Lineation Model 

Oceanic lithosphere is primarily mafic in composition [Tanimoto, 1995]. In some areas, 

especially where lithospheric extension is accommodated by a detachment fault and seafloor 

spreading rates are very low, serpentenized peridotite may be present [Pérez-Gussinyé et al., 

2006]. At high spreading rates, mid-ocean ridge spreading is typically dominated by magmatism. 

At slow rates, tectonism becomes more important.  Spreading at mid-ocean ridges also produces 

alternately positive and negatively magnetized crust as the magnetic field of the Earth reverses, 

which can be used to determine the age of formation of the oceanic crust [e.g. Kent and 

Gradstein, 1985].  

Magnetic profiles were extracted from the gridded data along key tracks using a sampling 

interval of 0.5 km. The northern track is 380 km long (from 90ᵒW, 26ᵒN to 89.84ᵒW, 28.20ᵒN) 

while the southern track is 272 km long (from 87.2ᵒW, 25.25ᵒN to 85ᵒW, 26.69ᵒN). The data were 

loaded into GM-SYS and 2-D forward models were created comprising three kilometer thick 
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rectangular blocks of uniform magnetization with alternating polarity [Robb et al., 2005]. The 

magnetic parameters included in the model are described in Table 1. 

Table 1. Parameters used to model the magnetization of crust seaward of the continental shelf. 
The paleomagnetic parameters assume that the paleo-postion of the GOM prior to opening is 
latitude 25ᵒN [Pindell and Kennan, 2001; Pindell and L. Kennan, 2007].  

2.7 Reconstruction  

Plate motions on the Earth’s surface are described by rotations about an Euler pole 

(Figure 8). Transform faults follow small circles describing radial paths around the Euler pole. In 

the case of seafloor spreading, magnetic isochrons and crustal fabric typically approximate great 

circles radiating from the Euler pole. Defining the ocean-continent boundary (OCB) is an 

essential part of the production of accurate kinematic reconstructions. For this study, I adopted 

the spreading axis of Pindell and Kennan [2001] and reconstructed plate motion using a 

modified version of the code developed by Goodliffe [1998]. The reconstruction assumes a 44ᵒ 

rotation of the Yucatan Block around an Euler pole located at 84ᵒW, 23ᵒN.  These parameter 

ensure that postulated oceanic fracture zones [Pindell and Kennan, 2001] follow small circles. 

Due to a lack of kinematic constraints on  spreading rate and spreading duration, restoration of 

Parameters Northern track Southern track 

Present Magnetic fields 49201.91 nT 47969.62 nT 

Present Magnetic inclination 58.56ᵒ 59.91ᵒ 

Present Magnetic declination  1.83ᵒ 1.57ᵒ 

Paleomagnetic inclination 55.23ᵒ 55.23ᵒ 

Paleomagnetic declination 0.12ᵒ 0.12ᵒ 

Magnetic susceptibility  170 (SI) 170 (SI) 

Remnant magnetism 2 A m-1 2 A m-1 

Half spreading rate Variable half spreading rate Variable half spreading rate 
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conjugate margins rely heavily on aligning gravity anomalies on the Yucatan and Florida 

continental shelf.         

 

Figure 8: The motion of a crustal block is described by angular motion about a pole of rotation. 
A and B represent a point on the Earth’s surface that has been translated along a small circle. Y0 

is the angle of rotation which describes the rotation of B towards A. 
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CHAPTER 3 

RESULTS AND INTERPRETATION 

3.1  Spectral Analysis 

Three slope values were obtained from each profile. For profile A-A’, slopes 

corresponding to source depths of 16 km, 10 km, and 3 km (Figure 9) were derived. For profile 

B-B’, slopes corresponding to source depths of 17 km, 10 km, and 3 km were obtained (Figure 

10). The source depths were interpreted based on 2-D depth-migrated seismic lines across the 

EGOM [Radovich, 2011 and Gordon, 2001]. The depths of 16 km (A-A’) and 17 km (B-B’) are 

interpreted as the depth to the Moho seaward of the shelf edge. The depth of 10 km is interpreted 

as the depth to oceanic crust. The depth of 3 km is interpreted as the depth to the mid-Cretaceous 

sequence boundary.  
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Figure 9: Spectra analysis of profile A-A’ showing a discrete series of linear segments with 
slopes proportional to the average depth of the density interface. 
 

 

Figure 10: Spectra analysis of profile B-B’ showing a discrete series of linear segments with 
slopes proportional to the average depth of the density interface. 
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3.2 Airy Isostatic Model  

The Airy isostasy model is based on the modeled Moho from the gravity and magnetic 

models. It is also used to evaluate potential erosion of the carbonate shelf break. Using the 

assumption of Airy isostasy and the shape of the Moho [Zhong, 1997], a predicted topographic 

profile is calculated and compared with the actual topography. The result shows a good match 

between the obseved and modeled bathymetry except in the region of the carbonate shelf edge. 

Here, the calculated shelf edge is ~40 km outboard of the observed shelf edge (Figure 11). One 

interpretation is that a section of the carbonate shelf has been eroded [Twichell et al., 1990] 

resulting in this part of the margin not being in isostatic equilibrium. Another possible 

interpretation is that this section of the carbonate shelf has been removed by mass wasting that 

has not been reported in any previous study.  

The densities used for the models were derived from the Gardner and Brocher empirical 

relationship between P-wave velocity and density [Harry and Londono, 2004]. The Gardner 

relationship was used to derive densities from Vp at a depth of 11 km and below while the 

Brocher relationship was used to derive densities for deeper layers. The Vp data used in this 

study were based on previous seismic refraction studies (Figure 12) by Ebeniro et al. [1986] and 

Ibrahim et al., [1981] (Table 2).  
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Brocher relationship Gardner rule 
Density (g cm-3) = 1.6612Vp −
0.4721Vp2 + 0.0671Vp3 −
0.0043Vp4 + 0.000106Vp5 

 
 

Density(g cm-3)  = 1.74Vp0.25 

 

Velocity (km s-1)        Density (kg m-3) Velocity (km s-1)        Density (kg m-3) 
8.3 
8 
7.9 
7.1 
7 
6.8 
6.4 
6.3 
 

3400.204                              
3291.008                               
3255.781                        
2997.247                        
2968.042                     
2911.821                        
2808.29                        
2784.274 

5.2                                   
5                              
4.9                                
4.8                               
3.9                             
3.8                          
3.1                                  
3                            
2.1                            
2                               
1.9   

2627.545                                
2601.907                              
2588.799                              
2575.488                              
2445.206                             
2429.378                          
2308.818                                  
2289.969                             
2094.614                             
2069.22                                
2042.856 

Table 2. The empirical relationship between P-wave velocity and density (Vp = P-wave velocity).  

 
Figure 11: Airy isostatic model. The bathymetry/surface topography is modeled using the 
calculated Moho shape from the model. The result is compared to the observed 
bathymetry/surface topography. The result shows a good match between the observed 
bathymetry/surface topography and the modeled bathymetry/surface topography except for the 
shelf edge (between 150 and 200 km along the profile) where the calculated bathymetry/surface 
is ~40 km outboard of the observed shelf edge. 

Calculated  
bathymetry 

Observed 
bathymetry 

Moho depth 
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Figure 12: E-W velocity profile form Naples, Florida, to Campeche Bank. Values are velocity 
(km s-1). Inset shows the location of the profile. The profile suggests that the drop-offs on the 
Florida and Campeche Escarpments are derived from major basin bounding faults [Ibrahim et 
al., 1981]. Asterisk indicates data from Antoine and Ewing [1963], Ewing et al. [1960]  

3.3 2-D Forward Model  

The result of the 2-D forward model along profile A-A’ and B-B’ (Figures 13 and 14) 

indicates that crustal thickness along these profiles ranges from 18.5 km to 33 km. Seaward of 

the shelf break (between 0 and 137 km along profile A-A’ and between 0 and 95 km along 

profile B-B’) the models shows an ~17-18 km thick crust that comprises nine layers with varying 

densities and magnetic susceptibilities. The top layers (AS1, BS1) along these intervals represent 

water modeled with a density of 1000 kg m-3. Underlying the water are four layers with very low 

magnetic susceptibility and low to medium density (AS2, AS3, AS4, AS5, and BS2, BS3, BS4, 

BS5; Tables 3 and 4). These layers extend from a depth of ~3 km to ~11 km and have a relief of 

less than 2 km. These layers account for the short wavelength anomalies and were modeled with 

densities of 2200 kg m-3, 2300 kg m-3, 2480 kg m-3, and 2500 kg m-3 respectively. Based on the 

forward modeling results of Harry and Londono [2004] and Mickus et al. [2009], these layers are 

interpreted to represent Late Jurassic to Cenozoic sediments. These studies used similar densities 

for Mesozoic to Cenozoic sediments along the western and the northern central GOM. Depth-
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migrated 2-D seismic reflection lines across the EGOM [Gordon et al., 2001] also show 

Mesozoic to Cenozoic sediments at similar depths (~8-10 km). A ~6 km thick layer (AS8 and 

BS8) with a density and magnetic susceptibility of 2810 kg m-3 and 0.023 (cgs), respectively, 

underlies the sedimentary layers on both profiles. The thickness of this layer increases seaward 

on both profiles to match the increase in the gravity anomaly value in the same direction. AS8 

and BS8 are interpreted as oceanic crust. The depth to the top of the oceanic crust (~11 km) is 

consistent with the depth suggested by Ebeniro et al. [1986] and Gordon et al. [2001] based on 

seismic refraction and reflection data. Ibrahim et al. [1981] also interpreted a layer with similar 

thickness (5-6 km) at a depth of ~11 km as the oceanic layer based on seismic refraction data. 

Landward of the oceanic layer, the model indicates the presence of an intrusive body (AS7 and 

BS7) that extends from ~137 km to ~220 km along profile A-A’ and from ~80 km to ~180 km 

along profile B-B’ (Figures 13 and 14). The interpretation of AS7 and BS7 is based on Imbert 

[2005].  The intrusive body is modeled with a density and magnetic susceptibility of 2800 kg m-3 

and 0.028 (cgs), respectively. Along profile A-A’ this body (AS7 and BS7) shows a topographic 

feature between ~135 km and 185 km that accounts for the observed magnetic high that is 

adjacent to the shelf edge. Along profile B-B’, the body deepens seaward from 6 km to ~11 km, 

which explains the decrease in the magnetic anomaly values from 300 nT at 148 km along the 

profile to 155 nT seaward of the shelf edge. These layers are interpreted as volcanic rock based 

on their density and velocity. They are interpreted to represent the early stages of magmatism. 

Imbert [2005] interpreted volcanic material at similar locations along the EGOM based on 2-D 

seismic reflection data. The base layers along the two profiles (AS9, and BS9) are modeled with 

a density and magnetic susceptibility of 3250 kg m-3 and 0.003 (cgs), respectively, and are 

interpreted as the upper mantle. Another possible interpretation is the presence of high density 
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lower crust that extends to a depth of 17-18 km. The latter interpretation is not consistent with 

seismic velocity data in the EGOM [Ibrahim et al. 1981] that shows Moho velocities at ~17 km. 

Along profile A-A’, AS9 deepens landward from ~17 to 32 km between 137 km and 230 km 

(Figure 13). The edge of AS9 at 137 km is ~50 km outboard of the shelf edge (at ~187 km). 

Along profile B-B’, BS9 deepens landward from 18 to 35 km between 95 km and 135 km 

(Figure 14). The edge of BS9 is ~40 km outboard of the shelf edge. The mismatch between the 

topography of AS9 and BS9 and the bathymetry/surface topography along both profiles is a 

possible cause of the observed gravity low seaward of the shelf edge. Mickus et al. [2009] and 

Harry and Londono [2004] interpreted a layer with similar density and magnetic susceptibility as 

the upper mantle layer along the western and the northern GOM, respectively. The 17-18 km 

depth to this layer is similar to the depth suggested to represent the depth to the top of the Moho 

by Ibrahim et al. [1981] based on an E-W seismic refraction profile along the EGOM. 
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Table 3. Parameters used to model the seaward side of profile A-A’ from 0 to190 km. 

 

 

 

 

 

 

 

 

 

 

 

 

Layer  Interpretation Density                 
(kg m-3) 

Magnetic 
susceptibility 
(cgs) 

Average Depth 
to top of layers 
(km) 

Average 
Thickness (km) 

AS1 Water 1 0 0 3 

AS2 Jurassic – 
Cenozoic 
Sediments 

2200 0 3.04 2.5 

AS3 2300 0 5.5 2 

AS4 2480 0 7.65 1.5 

AS5 2500 0 9.12 2 

AS6 Salt 2170 0 9.5 0.5 

AS7 Intrusion 2800 0.02 9.7 2 

AS8 Oceanic Crust 2810 0.028 11 6 

AS9 Upper Mantle 3250 0.003 17  
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Layer  Interpretation Density 
(kg m-3) 

Magnetic 
susceptibility 
(cgs) 

Average Depth 
to top of layers 
(km) 

Average 
Thickness (km) 

BS1 Water 1000 0 0 3 

BS2 Jurassic – 
Cenozoic 
Sediments 

2200 0 3.04 2 

BS3 2300 0 6 1.5 

BS4 2480 0 7.50 1.5 

BS5 2550 0 9.02 2 

BS6 Salt 2170 0 9.3 0.5 

BS7 Intrusion 2800 0.05 9.2 1.5 

BS8 Oceanic 
Crust 

2810 0.028 10.8 6. 

BS9 Upper 
Mantle 

3250 0.003 17  

Table 4. Parameters used to model the seaward side of profile B-B’ from 0 km to 120 km. 

Landward of the shelf edge between 137 km and 500 km along profile A-A’, and 

between 127 km to 380 km along profile B-B’, the model predicts a crustal thickness of ~33 km 

to 35 km (Figures 13 and 14) that is divided into six different layers. There is a gap in the 

magnetic data between 310 km and 420 km along profile A-A’. The first three layers (AL1, AL2, 

AL3 on profile A-A’ and BL1, BL2, BL3 on profile B-B’) have very low magnetization and are 

modeled with densities of 2400 kg m-3, 2500 kg m-3, and 2550 kg m-3, respectively (Tables 5 and 

6). These layers extend from the surface to a depth of ~5-7 km, and have a relief of about 0.5 km. 

The top three layers account for the short wavelength anomalies along the landward ends of the 

profiles (Figures 13 and 14). Bodies AL1, AL2, BL1, and BL2 are interpreted as carbonates. The 

interpretation of AL1, AL2, BL1, and BL2 as carbonate is consistent with previous 

interpretations of Dobson and Buffler [1997], which reported the presence of carbonates along 
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the continental shelf of the EGOM. Based on velocity and density, Layer AL3 and BL3 are 

interpreted as Triassic to late Jurassic sediments. These sediments represent basin fill along 

profile B-B’. The densities (2550 kg m-3 and 2480 kg m-3) used to model these layers are similar 

to the densities used by Harry and Londono [2004] (2510 kg m-3) to model Mesozoic sediments 

along the northern shelf of the GOM. However, they modeled Mesozoic to Lower Cenozoic 

sediments as a single layer. Underlying the low density layers are AL4, AL5, BL4, and BL5. 

AL4 and AL5 are modeled with a density and magnetic susceptibility of 2710 kg m-3, 0.012 

(cgs). BL4 and BL5 are modeled with a density and magnetic susceptibility of 3000 kg m-3, 

0.009 (cgs). Along profile A-A’, AL4 has a topographic high that accounts for the long 

wavelength gravity high between ~280 km and 440 km along the profile. The gravity high close 

to the shelf edge is partly a consequence of the topographic high created by layer AL5 between 

~225 km and 245 km along the profile. Along profile B-B’, BL4 has a topographic low that 

accounts for the long wavelength gravity low between 200 km and 285 km and the magnetic low 

between 285 km and 380 km. Layer BL5 shows a topographic high that accounts for the long 

wavelength gravity high between 290 km and 330 km along the profile (Figure 14). Based on the 

previous studies of Klitgord and Popenoe [1984], which report the presence of  Paleozoic granite 

from well data at a depth of 5 km in this area, AL4, AL5, BL4, and BL5 are interpreted to 

represent Paleozoic granite with a density of 2710 kg m-3 and magnetic susceptibility of 0.009 

(cgs). The ~5 km depth to the top of layer AL4 is considered as the depth to the granitic 

basement surface. The basement surface is recognized in the velocity profile as a surface below 

which the P-wave velocity is greater than 5.2 km s-1. The basement surface shows a topographic 

high interpreted to be the source of gravity high 2 (GH2) in Figure 5. Layer BS4 shows a 

topographic low, which indicates the location of gravity low 1 (GL1) in Figure 5.  Layer AL5 
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and BL5 are interpreted to represent Paleozoic ultramafic rock based on their density (3000 kg 

m-3, 0.012 cgs). The depth to the top of these layers is ~25 km to 27 km (Figures 13 and 14). 

Ebeniro et al. [1986] observed a layer with a seismic velocity of 7.2 km s-1 at a similar depth 

based on ocean-bottom seismograph (OBS) profiles in the EGOM. The bottom layers of the 

model, AL6 and BL6, are the landward continuations of layers AS9 and BS9 (Figures 13 and 

14). 

Layer  Interpretation Density 
(kg m-3) 

Magnetic 
susceptibility 
(cgs) 

Average 
Depth to top 
of layers (km) 

Average 
Thickness (km) 

AL1 Carbonates 2400 0 0.8 1.6 

AL2 2500 0 1.5 1.5 

AL3 Jurassic – 
Cenozoic 
Sediments 

2550 0 3.8 2 

AL4 Paleozoic 
Ultramafic 
Rocks 

2710 0.012 5 18.4 

AL5 3000 0.009 24 8.5 

AL6 Upper Mantle 2350 0.003 23  

Table 5. Parameters used to model the landward end of profile A-A’ from 190 km to 500 km 
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Layer  Interpretation Density 
(kg m-3) 

Magnetic 
susceptibility 
(cgs) 

Average 
Depth to top 
of layers (km) 

Average  
Thickness (km) 

BL1 Carbonates 2400 0 0.250 1.5 

BL2  2500 0 1.6 2 

BL3 Jurassic – 
Cenozoic 
Sediments 

2550 0 3.5 3 

BL4 Paleozoic 
ultramafic 
Rocks 

2710 0.012 6.5 23 

BL5  3000 0.009 28.5 6.5 

BL6 Upper Mantle 3250 0.003 34  

Table 6. Parameters used to model the landward end of profile B-B’ from 120 km to 380 km. 

3.4 Reconstruction 

 The restoration of the conjugate margins was done through a 44ᵒ clockwise rotation of the 

Yucatan Block about an Euler pole that I postulate to be located at 84.24ᵒW, 23.18ᵒN. A best-fit 

result was determined by the alignment of a series of gravity and magnetic highs and lows, 

which trend NW-SE and NE-SW along the Yucatan Block and the Florida continental shelf, 

respectively. The postulated pole location fits the Pindell  and Kennan [2001] spreading axis 

and fracture zones. Upon restoration, these anomalies trend in the NE-SW direction (Figures 15 

and 16). These trends are more than 1000 km in length and run NE-SW across the Yucatan 

Block and the Florida continental shelf. The alignment of the anomalies on the margin upon 

reconstruction suggests that they are from structure that predates the Triassic opening of the 

EGOM. This structure was subsequently rifted apart during the separation of the conjugate 

margins. The aligned anomalies have a similar trend to structures from the Appalachian 

Mountains, suggesting that it could be southern extension of the Alleghanian orogeny. 



 

30 
 

3.5 Magnetic lineations  

 Although lineated magnetic anomalies are observed in the EGOM, modeling of these 

anomalies was ambiguous and beyond the scope of this study. Plots of ship track magnetic 

anomalies show high amplitude magnetic anomalies that are sub-parallel or parallel to the shelf 

edge. On the abyssal plain north of 26ᵒN, the magnetic anomalies comprise mainly low 

amplitude anomalies. A double peak separated by a magnetic low is observed in some of the ship 

tracks on the southern part of the EGOM (south of 26ᵒN, Figure 17). The linearity of the 

magnetic anomalies suggests the possible presence of oceanic crust along the abyssal plain of 

EGOM.
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Figure 13: Gravity and magnetic model along profile A-A’. The upper panel is the magnetic data and the middle panel is the gravity   
data. The black dots represent the observed magnetic and gravity data. The solid black line represents the magnetic and gravity 
response predicted from the model. The lower panel is the cross section along A-A’. The density, 𝜌 and magnetic susceptibility, k is 
shown for each polygon. 
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Figure 14: Gravity and magnetic model along profile B-B’. The upper panel is the magnetic data and the middle panel is the gravity 
data. The black dots represent the observed magnetic and gravity data. The solid black line represents the magnetic and gravity 
response predicted from the model. The lower panel is the cross section along B-B’. The density, 𝜌 and magnetic susceptibility, k is 
shown for each polygon. 
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Figure 15: Restoration of the Gulf of Mexico (Free Air gravity) about a pole at 84ᵒW, 23ᵒN with 
a rotation angle of 44ᵒ. Spreading axis and the calculated ocean continent boundary is show in 
(a). Black lines show small circles about the pole of rotation. The predicted distribution of 
oceanic crust using this pole is shown in (b). See text for the discussion on the restored margin 
shown in (c).  
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Figure 16: Restoration of the Gulf of Mexico (magnetic anomaly) about a pole at 84ᵒW, 23ᵒN 
with a rotation angle of 44ᵒ. Spreading axis and the calculated ocean continent boundary is 
shown in (a). Black lines show small circles about the pole of rotation. The predicted distribution 
of oceanic crust using this pole is shown in (b). See text for the discussion on the restored margin 
shown in (c). 
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CHAPTER 4 

DISCUSSION 

4.1 Margin Type 

 The EGOM has been interpreted as strike-slip boundary [Klitgord and Popenoe, 1984] 

and a rifted rift margin [e.g. Pindell and Kennan, 2001]. These interpretations were based on 

kinematic reconstructions, abrupt crustal thinning and discontinuities in the gravity and magnetic 

anomaly patterns, and modeled crustal structure. Bird [2001] proposed three principal 

characteristics of a transform margin: 1) the transition from continental to oceanic crust in a 

transform margin is abrupt, with crustal thickness decreasing from 20 km to 10 km or less over a 

distance of between 50 km and 80 km; 2) development of rift basins on the landward side of the 

margin; and 3) the presence of a high standing marginal ridge, or topographic high, on the 

landward side of the continental shelf. A modern analogue of a transform margin with these 

features is the Côte d’Ivoire-Ghana transform in the Gulf of Guinea where a ENE trending 

transform margin is sub parallel to the Akwapim fault zone on the landward side of the margin 

[Bird, 2001]. Crustal thickness decreases from 23 km to 10 km over a distance of 20 km, and on 

the landward side of the margin seismic reflection data indicates the presence of a high standing 

marginal ridge that is ~ 2.5 km over the abyssal plain [Bird, 2001]. In the models (Figures 13 and 

14), the top layers (~ 4 km thick) of the continental shelf of the EGOM is modeled as a carbonate 

bank. The transition from continental to oceanic crust in the EGOM is gradual and the crustal 

thickness decreases from ~ 32 km to 6 km over a distance of between 120 km and 160 km 
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(Figures 13 and 14). This is not consistent with the prediction of a transform margin. However, it 

is not alone enough evidence to suggest that it is a rifted margin. Although a series of basins 

exist on the landward side of the EGOM, the presence of Triassic sediments in these basins 

suggest that they predate the Jurassic opening of the EGOM. The models also do not show any 

evidence of marginal ridge as the basement topography dips gradually seaward (Figures 13 and 

14). 

The trend of seafloor magnetic lineations relative to the margin is also an important 

consideration in examining the margin types. Taylor et al. [1999] makes a clear distinction 

between a shear margin and different types of rifted margin based on this relationship. Taylor et 

al. [1999] observed that oceanic isochrons are concordant with the margin when a spreading 

segment nucleates, at an oblique angle to the margin when a spreading segment propagates, and 

perpendicular to the margin in the case of a transform or stalled margin. Analysis of the 

relationship between the orientation of seafloor magnetic lineations and the margin (Figure 17) 

shows that magnetic lineations in the EGOM are roughly concordant to the margin showing that 

the EGOM is a rifted margin. Buffler and Sawyer [1985]; Pindell  and Kennan [ 2001]; and 

Hall et al., [1982] suggested that before the break up of Pangea the Yucatan Block occupied the 

present day position of the GOM and that the GOM formed by rotation or southward translation 

[Kiltgord and Popenoe, 1984] of the Yucatan Block. If the EGOM is a transform margin formed 

by the southward translation Yucatan Block away from the North American Plate then restoring 

the conjugate margins will involve translating the Yucatan Block northward. This does not seem 

to be the case as the restoration of the conjugate margins was achieved through 44ᵒ clockwise 

rotation of the Yucatan Block around an Euler pole located at 84ᵒW, 23ᵒN (Figures 15 and 16).  
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The Euler pole used in this study is based on the Pindell  and Kennan [2001] kinematic 

reconstruction. 

 
Figure 17:  Bathymetry map of the EGOM. Magnetic anomalies are plotted along the ship tracks 
and superimposed on the bathymetry map. Positive anomalies are red filled. The margin parallel 
magnetic high is outlined in yellow and the magnetic lineation patterns on the abyssal plain are 
highlighted by black dashed lines. 

4.2 The Nature of the Lithosphere Adjacent to the EGOM Margin 

 The presence of oceanic lithosphere in the EGOM is reported by Buffler and Sawyer 

[1985], Hall and Najmuddin [1994], and Imbert [2005] based on seismic refraction and magnetic 

data. A first order horizontal derivative of the gravity data shows the shelf edge along the EGOM 

(Figure 18). Seaward of the carbonate shelf edge, a zone of ~50 km width runs parallel to the 

margin and has a distinctly different trend to the NE trending zone landward of the shelf edge. 
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Figure 18: Horizontal derivative of gravity anomaly data. The gravity edge is outlined along the 
EGOM (black dashed outline). The red dashed line highlights the ocean-continent boundary. 
There is a change in the gradient character seaward of the EGOM continental shelf (blue outline; 
see text for discussion).  
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Figure 19: Magnetic anomalies plotted along the ship navigational track line and superimposed 
on the gravity horizontal derivate map. The margin parallel magnetic highs (outlined in black) 
align with the trend in the gradient character seaward of the edge. The change in the gradient 
character align with the change in the magnetic anomaly pattern. 

This zone is interpreted to be the continent-ocean boundary (COB) (Figure 18) due to the 

distinctive change in the magnetic anomaly pattern. This interpretation is supported by previous 

studies [Imbert and Philippe, 2005] and magnetic data (Figures 6, 17, 18, and 19). The COB is 

interpreted on magnetic data as a zone where the trend of the magnetic anomaly changes from 

oblique to the shelf edge to margin parallel [Imbert and Philippe, 2005] (Figure 6). In the models 

(Figures 13 and 14), the COB is represented as an intrusive body that extends from the margin to 

the abyssal plain and signifies the early stages of magmatism and a precursor to accretion of 

oceanic crust.  The plot of magnetic anomalies along the ship tracks (Figure 17) shows evidence 

of alternately positively and negatively magnetized crust expected from seafloor spreading. The 
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weak amplitude of these anomalies and the difficulties in modeling a spreading history may be 

due the thickness of the sediments overlying the magnetized oceanic crust.  

4.3 Source of Gravity Low Seaward of the Carbonate Edge  

 Free air gravity anomaly data is affected by changes in density and crustal thickness. 

Potential causes of the gravity low along the EGOM include basement lows and low density 

crust. Although edge effects, which occur at abrupt geological boundaries, are a possible cause 

of the gravity low, it is not likely that edge effects can produce a gravity low of this magnitude 

(80 nT with a wavelength of ~120 km). A basement low as a potential cause of the gravity 

anomaly is not observed by any of the models. The basement modeled herein as underlying the 

gravity low is about 2 km higher than the basement seaward (Figures 13 and 14). However, the 

edge that marks the point where the Moho deepens downward from ~17 km to ~32 km  is 

approximately 50 km outboard of the carbonates shelf edge. Where topography would predict 

there to be high density mantle rocks, there is instead lower density crustal rocks. In the 2-D 

gravity models, this is the main cause of the characteristic gravity low seaward of the EGOM 

carbonate shelf break.  

4.4 Evolution of EGOM 

 The EGOM experienced two episodes of extension roughly orthogonal to each other. The 

first episode is a Triassic NW-SE extension that culminated in the formation of a series of NE-

SW horsts and grabens known as the South Florida Basin, Sarasota Arch, Tampa Embayment, 

Middle Ground Arch–Southern platform, and the Apalachicola Basin [MacRae and Watkins, 

1996]. These grabens were filled with the Eagle Mills Formation [Salvador, 1987] and its 

associated volcanic rocks.  



 

41 
 

In the second tectonic episode during the break up of Pangea, the EGOM underwent a 

roughly NE-SW Jurassic extension that is thought to have transitioned to seafloor spreading. The 

rift stage lasted from 225-195 Ma [Sawyer and Harry, 1991], rotating the Yucatan Block 

counterclockwise from the EGOM [Buffler and Sawyer, 1985; Pindell  and Kennan, 2001]. A 

pole of rotation (84.24ᵒW, 23.18ᵒN) has been proposed by Marton and Buffler [1994]. This study 

observed that the brittle upper crustal faulting interpreted from seismic reflection sections across 

the EGOM [Wilson, 2011] is insufficient to explain the long wavelength subsidence. The 

absence of large scale normal faults implies that other mechanisms such as depth-dependent 

extension, where extension is partitioned between the upper and lower crust and the mantle, must 

be invoked to explain the subsidence of the EGOM. My proposed model for the subsidence of 

EGOM assumes a 32 km pre-rift crustal thickness (Figure 20a). The model assumes that at the 

onset of extension, subsidence was accommodated by ductile flow of the lower crust and rotation 

of faulted upper crust (Figure 20b). With continued extension, ductile flow became dominant and 

subsidence was largely accommodated by removal of the lower crust. The removal of the lower 

crust is an important mechanism to explain subsidence of the crust where large scale brittle 

faulting is not observed (Figure 20c). Ebeniro et al. [1986] observed a seismic velocity of 7.2 km 

s-1 along the continental shelf of the EGOM, and proposed that it is a crustal layer at a depth of 

~25 km. Other OBS lines close to the shelf edge did not record this high velocity layer. The deep 

high velocity crustal layer may be a result of the lower ductile crust (Figure 20). Another 

possible explanation is that the deep high velocity layer is part of the upper mantle. The latter 

possibility is not likely because it will imply a thin crust along the continental shelf of the 

EGOM. The modeled crustal structure (Figures 13 and 14) also indicates the presence of the 

lower crustal layer at the same depth and landward to the shelf edge. As extension becomes more 
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focused at the future margin, the lower crust was completely thinned proximal to the margin, 

leading to a type of subsidence that is herein described as lever arm subsidence. Subsidence 

gradually increased seaward (to the west, Figure 20c-e) proximal to the margin. An analogue to 

this type of subsidence is the northern margin of the Woodlark Basin where subsidence was 

accommodated by the extension of the lower crust [Kington and Goodliffe, 2008], with only 

minor faults. The wavelength of the subsidence observed is too large to be solely due to the one 

major basin-bounding fault [Goodliffe and Taylor, 2007]. The rifting-spreading transition in the 

Woodlark Basin is commonly close to a large laterally continuous intrusion. A similar feature is 

observed in the crustal model of the EGOM (Figures 13 and 14) where the transition from 

continental to oceanic crust is underlain by magmatic rocks. Imbert [2005] interpreted these 

magmatic rocks to represent a wedge of seaward dipping reflectors that mark the transition from 

continental extension to seafloor spreading. The emplacement of the magmatic rocks was 

succeeded by the separation of the Yucatan Block from the EGOM and the emplacement of 

oceanic lithosphere (Figured 20e).  Bryant et al. [1969] observed low-energy carbonates near the 

termination of the carbonate platform instead of the expected rudstone and grainstone suggesting 

that part of the carbonate platform may have been eroded. An Airy isostasy model of the 

topography along A-A’ suggests that the carbonate shelf edge was 40-50 km outboard of the 

present position. The previous position of the carbonate edge coincided with the seaward edge of 

the Moho and was subsequently eroded by the action of submarine current induced by change in 

thermohaline properties of the marine water. This conclusion is supported by the Airy isostatic 

model in this study where the calculated carbonate edge is ~40 km outboard of the observed 

carbonate edge.  
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Figure 20: Mechanism of EGOM lithospheric extension and subsidence. The model assumes a 
pre-rift crustal thickness of 32 km (a). At the onset of extension, subsidence was primarily 
accommodated by ductile flow of the lower crust and rotation of the faulted upper crust (b). As 
extension continued, ductile flow became dominant and subsidence was largely accommodated 
by removal of the lower crust (c). As extension becomes more focused at the future margin, the 
lower crust was completely thinned proximal to the margin (Figures 20c, d, and e). 
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CHAPTER 5 

CONCLUSIONS 

1) The model results combined with the kinematic reconstruction show that the EGOM is a 

rifted margin. Previous studies show little evidence of brittle faulting. The subsidence of the 

EGOM was principally achieved by preferential extension of the lower crust and mantle 

lithosphere.   

2)   The gravity low that is seaward of the shelf edge is due to: i) the current edge of the 

carbonate shelf break not being in isostatic equilibrium where the shelf edge has been 

eroded; and ii) a result of low density deep crustal rock occupying an area that Airy isostasy 

would predict to be occupied by high density mantle rocks. Further, Airy isostatic modeling 

suggests that the margin may have been eroded eastward by as much as 50 km. 

3) I postulate that oceanic lithosphere lies ~30 to 40 km outboard of the base of the 

continental slope of the EGOM and the transition from continental to oceanic lithosphere is 

marked by magmatic rocks that indicates the early stages of magmatism and are a precursor 

to accretion of oceanic lithosphere. The models (Figures 13 and 41) shows that these 

magmatic rocks are the source of the margin parallel magnetic high that is observed seaward 

to the EGOM margin. 
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APPENDIX A 
MATLAB code to convert the gravity data from the two profiles into the frequency domain. 

%Load gravity data% 

load Faa_garvity.txt; 

%Assign variables to column% 

grav= Faa_garvity(:,2); 
dist= Faa_garvity(:,1); 
fs= 0.5; 

%Transform the gravity signal into the frequency domain% 

L= length(grav); 
f= fft(grav,L); 

%calculate frequency% 

fr= (0:L-1)*(fs/L); 

%calculate power% 

pow= abs(fft(grav))/(fs/2); 

%calculate wave number and log of power% 

Wvn= fr*2*pi; 
logpow= log(pow); 

%Plot wave number on the X axis and log of power on the Y axis% 

plot(wvn, logpow)  


	ABSTRACT
	LIST OF ABBREVIATIONS
	ACKNOWLEDGEMENTS
	LIST OF TABLES
	LIST OF FIGURES
	INTRODUCTION
	1.1 Background and Purpose
	1.2 Gravity and Magnetic Features

	DATA AND METHODOLOGY
	2.1  Data
	2.2 Density Determination
	2.3 Spectral Analysis
	2.4 Potential Field Data
	2.5 Airy Isostatic Model
	2.6 Synthetic Magnetic Lineation Model
	2.7 Reconstruction

	RESULTS AND INTERPRETATION
	3.1  Spectral Analysis
	3.2 Airy Isostatic Model
	3.3 2-D Forward Model
	3.4 Reconstruction
	3.5 Magnetic lineations

	DISCUSSION
	4.1 Margin Type
	4.2 The Nature of the Lithosphere Adjacent to the EGOM Margin
	4.3 Source of Gravity Low Seaward of the Carbonate Edge
	4.4 Evolution of EGOM

	CONCLUSIONS
	REFERENCES
	APPENDIX A

