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ABSTRACT 
 

The crustal structure and tectonostratigraphy of the eastern Gulf of Mexico 

record five major tectonic events that include: 1) Late Paleozoic collision of the Florida 

block and its northwestward indentation along northwest-striking, right-lateral, strike- 

slip faults; 2) late Triassic to middle Jurassic, northwest-to-southeast, Phase 1 rifting of 

the Gulf of Mexico; 3) seawater filling and evaporite formation (Callovian Louann salt) 

within a large sag basin that overlies this area of crustal extension; 4) late Jurassic, 

southwest-to-northeast rifting and oceanic crust formation (Phase 2) of the eastern Gulf 

of Mexico related to the counterclockwise rotation of the Yucatan Peninsula; and 5) 

formation of passive margins. In this study, I integrated 50,000 line kilometers of 2D 

seismic reflection, gravity, magnetic, refraction, and wells data to better constrain the 

timing, structure, and fault-controlled stratigraphy of these five, main tectonic events in 

the eastern Gulf of Mexico. 

In Chapter 2, I identified the late Paleozoic, indentation-related, right-lateral, 

strike-slip faults that controlled 2-3-km-deep, right-stepping, pull-apart basins; these 

faults crosscut large areas of undeformed Paleozoic basins and are not reactivated until 

later Mesozoic rifting. I used regional, magnetic data to map Phase 1, Triassic, normal 

faults striking to the northeast that are consistent with parallel and alternating, basement 

highs and lows along the west Florida continental margin. I used seismic reflection data 

to map northwest-trending, marginal rift structures along the edges of the area of 

Jurassic oceanic crust that record the Phase 2 rifting between continental crust in 

Florida and the Yucatan basin. 
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In Chapter 3, I used deeply-penetrating, seismic data to better define the 

location and geometry of Jurassic slow-spreading ridge and fracture zones. 3-D gravity 

modeling was used to construct a depth to Moho map that integrates the depth to the top 

of oceanic basement and its Moho as observed on deeply-penetrating, seismic reflection 

lines. Crustal thickness variations in the oceanic crust are attributed to thicker crust 

forming more distant from the pole of rotation. The age of stratigraphic units overlying 

oceanic crust was used to date the initiation (early Kimmeridgian, 156 Ma) and 

cessation (late Berriasian, 138 Ma) of oceanic crust formation. 
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CHAPTER I: INTRODUCTION TO THIS 
DISSERTATION 

 

1.1 History and development of this dissertation 

I was born and raised in Dongying, a city located in the Bohai oil-producing 

basin of eastern China. The main industries in Dongying are related to either oil 

exploration or oilfield services. My interest in geology began in high school when my 

father, Jingliang Lin, who spent his entire career as a petroleum engineer working for 

the China Sinopec company, explained to me that understanding geology is the first step 

to finding oil. Following my graduation from high school in May 2009, I spent four 

years studying geology at the China University of Petroleum in Beijing. 

After my four years of university study, I applied and was accepted into the 

master’s program in geology at the Missouri University of Science and Technology 

(MST) in Rolla, Missouri. My master’s thesis supervisor at MST was Dr. Kelly Liu 

whose geophysical research area is seismology and seismic interpretation. After starting 

the master’s program in September, 2013, I was selected by Dr. Liu to be one member 

of the five-person, American Association of Petroleum Geologists (AAPG) Imperial 

Barrel Award (IBA) team that competed in May, 2014, in the AAPG Mid-Continent 

section and received an honorable mention. In June, 2014, I began my master’s thesis 

research on the topic of: Seismic interpretation and facies identification of the Guantao 

Formation, Huagou Gas Field, Bohai Basin, China. The 3D seismic data and wells 

used for the study were provided by China Sinopec. 
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In the fall of 2014, I visited, applied and was accepted into the Ph.D. program of 

geology at the University of Houston under the supervision of Dr. Paul Mann and the 

Conjugate Basins, Tectonics, and Hydrocarbons (CBTH) project. Upon arrival at UH in 

January, 2015, Dr. Mann proposed that I work in the eastern Gulf of Mexico (EGOM) 

using a combination of industry data sets from Spectrum and Dynamic which were both 

members of the CBTH consortium. We arranged permissions to use the 2009, Bigwave 

2D seismic data set from Spectrum that provided a dense grid of seismic data over 

much of the eastern GOM and the 2011, Supercache survey of Dynamic that provided 

much wider-spaced, but deeply-penetrating seismic transects. During this same time, I 

obtained vintage, 1977-1983, 2D seismic data from the EGOM through the Marine 

Seismic Data Center at the University of Texas at Austin. I also ordered and obtained 

well data from the Bureau of Ocean Energy Management (BOEM) in New Orleans. 

In 2016, I applied and was awarded a $2,750 grant from the AAPG grant-in-aid 

to carry out analysis of cores of the South Florida basin that were stored at the Florida 

Core repository at the Florida Geological Survey in Tallahassee, Florida. The objective 

was to carry out geochemical analyses to quantify the Cretaceous source rock potential 

of the South Florida basin using bitumen reflectance that could be measured in the 

petroleum geochemistry lab of Dr. Adry Bissada of the University of Houston.  I made 

two trips to Tallahassee and returned 30 core samples to Dr. Bissada’s Petroleum 

Geochemistry Lab at UH for geochemical analysis. Unfortunately, the predominately, 

carbonate samples from the South Florida margin did not contain enough organic matter 
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for the proposed, geochemical analyses of the maturity of potential, carbonate, source 

rocks to be successful. 

Below is a summary of meetings where I presented aspects of this dissertation 

research:  

Meeting Title Award Year 

Sheriff 
Lecture, 
HGS-UH 

Fault kinematics of Jurassic faults in the 
southeastern Gulf of Mexico compared to Basin-

opening Models.  
2015 
Nov 

Student 
Research 
Day, UH 

Seismic stratigraphy and structure of a Late 
Jurassic, southeastward propagating zone of 

rifting and oceanic spreading separating 
continental crust of Florida and Yucatan, 

southeastern Gulf of Mexico. 

2nd Place 
Poster 

Presentation, 
MS/ Ph.D. First 
Year Category 

2016 
May 

GCAGS 
meeting, 
Corpus 
Christi, 
Texas 

Kinematics of Jurassic rifting and oceanic 
spreading between the continental blocks of 
western Florida and the Yucatan Peninsula.  

2016 
Sep 

Sheriff 
Lecture, 
HGS-UH 

Along-strike, structural-volcanic variations of 
fossil, late Jurassic, southeastern Gulf of Mexico 

spreading ridge explained by plate 
reconstruction of Florida and Yucatan 

continental blocks 

 
2016 
Nov 

AGU Fall 
meeting, San 

Francisco, 
California 

Jurassic, slow-spreading ridge in the southeast 
Gulf of Mexico and its along-strike morpho-

volcanic expression  
2016 
Dec 

Student 
Research 
Day, UH 

Basement and crustal structure of Jurassic 
oceanic crust in the eastern Gulf of Mexico  

2017 
May 

GCAGS, San 
Antonio, 

Texas 

Total tectonic subsidence analysis for evaluating 
location and magnitude of Late Triassic-Early 
Jurassic rifting in the eastern Gulf of Mexico 

2nd Place, 
Gordon I. 

Atwater Poster 
award 

2017 
Sep 

AAPG, Salt 
Lake City, 

Utah 

Crustal structure of the Jurassic oceanic crust 
and thinned continental crust separating the 

conjugate, rifted margins of eastern Florida and 
the Yucatan Peninsula 

Selected for 
AAPG student 

poster 
competition 

2018 
May 
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Below is a summary of academic awards from the University of Houston 

Department of Earth and Atmospheric Sciences and AAPG Foundation: 

Award organization Award Amount Year 

AAPG Foundation 2016 Grant-in-Aid, M. Ray Thomasson 
Named Grant 

Cash award of 
$2,750 

2015 
Jan 

University of 
Houston Department 

of Earth and 
Atmospheric 

Sciences 

Marathon Scholarship for outstanding 
work in Geology (EAS Graduate Student 

Award) 

Cash award of 
$2,000 

2016 
May 

 

During the winter of 2017, I returned to China for job interviews with Chinese 

oil companies and was offered a full-time position as a petroleum exploration geologist 

by China National Offshore Oil Corporation (CNOOC). I will begin working as an 

exploration geologist at CNOOC in Beijing in August, 2018. 

 

1.2 Organization of this dissertation 

This dissertation includes two, integrated chapters on the geological and 

geophysical study of the EGOM using 50,000 km of merged, industry, 2D seismic 

reflection data, well sets, and ship-track gravity and magnetic data. Based on this 

regional dataset, I compared the regional tectonic setting, plate reconstructions and 

regional gravity and magnetic maps of areas of full-thickness and extended continental 

crust deformed during both late Paleozoic continental collision and late Triassic-early 

Jurassic rifting. I used 2D seismic lines from the Spectrum and Dynamic data sets to 

illustrate specific structural and basinal features within this zone that include: 1) late 
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Paleozoic strike- slip faults; 2) Phase 1; 3)Triassic rifts; and 4) Phase 2, late Jurassic 

rifts and oceanic crust. 

 

1.3 Summary of chapter 2 

The long-term problem in understanding the structure of the EGOM and Florida 

is distinguishing late Paleozoic collision-related deformation during the assembly of 

Pangea from Triassic and Jurassic deformation related to the breakup of Pangea because 

many of these deeply-buried, features are poorly imaged on seismic reflection data and 

have not been drilled.  I address this problem by mapping 50,000 km of 2D, seismic 

reflection data tied to 23 wells to produce a regional, basement structure map of the 

Florida margin of the EGOM.  

From west to east, three, distinct, structural provinces are recognized: 1) 

conjugate rift margins of the Yucatan peninsula and western Florida that were 

rifted apart during Phase 2 GOM opening in the late Jurassic and separated by late 

Jurassic oceanic crust; basement and magnetic highs and lows on those two margins 

formed during late Triassic-middle Jurassic Phase 1 rifting are re-aligned by 

reconstructing the Yucatan-Florida conjugate margin prior to late Jurassic, seafloor 

spreading; regional maps of salt thickness show a southeastward thinning of salt 

towards thicker, continental crust in the southeastern GOM; 2) a 45-km-wide zone of 

northwest-southeast-striking strike-slip faults and associated narrow basins of 

Paleozoic age; I interpret these faults as late Paleozoic, indentation, right-lateral, strike-

slip faults related to the northeastern edge of the South American continental 
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promontory that collided with the North America plate to form the Alleghenian and 

Ouachita orogeny in the southern USA; one of these pull-apart basins is overlain by 

Jurassic diabase which is associated with rift-related volcanism in the central Gulf of 

Mexico and in southern Florida; and 3) a zone of NE-SW, Triassic, rifting in the 

South Georgia area terminates on NW- SE Paleozoic strike-slip faults. Wells and 

seismic data from NE Florida are used to illustrate the localized presence of Triassic, 

Phase 1 rifts bounding the northern edge of the early Paleozoic Suwannee Basin. 

 

1.4 Summary of chapter 3 

In this chapter, I describe an extinct, Jurassic, ridge-and-transform geometry in 

the eastern Gulf of Mexico (EGOM) using a combination of gravity, magnetic, and 2D 

seismic data collected by the oil industry. The marine gravity and magnetic data from 

the spreading ridge segments are characterized by circular gravity lows interpreted as 

large, volcanic centers formed along a slowly-spreading ridge (2.2-2.4 cm/yr). 

Basement mapping reveals that the EGOM oceanic ridge system is characterized by 30-

60-km-long, ridge segments. The central areas of these ridge segments as terminated at 

the ridge-fracture zone intersections marked by associated, nodal basins.15-km-wide, 2-

km-high axial volcanoes fill the central parts of the axial valleys of the spreading ridge. 

2D seismic data tied to a deepwater well indicate that this axial volcanism ended during 

the earliest Cretaceous (Berriasian to Valanginian, 145-136 Ma), the cessation of 

seafloor spreading in the EGOM. The prevalence of lower crustal, dipping reflectors 

(LCDRs) observed from 2D seismic lines of the oceanic crust may be related to magma 
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trapped within the ductile part of the lower crust as the basin opened. Basement faulting 

is revealed by two fault trends with associated gravity anomalies that are related to 

counterclockwise rotation of the Yucatan block. Spreading flowlines - generated from 

plate reconstruction parameters defined by the geometry of fracture zones for the entire 

GOM - indicate an excellent fit of the conjugate gravity and magnetic anomalies in the 

EGOM. My 3D gravity structural inversion results suggest that oceanic crust in the 

northwestern EGOM is thicker (6.4 km) than in southeastern EGOM (5.5 km) and is 

interpreted to represent faster spreading with thicker crust in locations more distant 

from the pole of rotation located in western Cuba. 
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CHAPTER II: CRUSTAL, STRUCTURAL, AND 
STRATIGRAPHIC EFFECTS OF PALEOZOIC 
COLLISIONAL AND STRIKE-SLIP FAULTING 
AND MESOZOIC RIFTING ON THE EASTERN 
GULF OF MEXICO AND SOUTHEASTERN USA 

 

2.1. Introduction and objectives of this chapter 

The Gulf of Mexico (GOM) is a hydrocarbon-rich, and geologically-complex 

basin formed from the late Triassic to earliest Cretaceous. The offshore maritime areas 

of the GOM are subdivided into the sectors of the United States, Mexico, and Cuba, 

with a shared central sector in the center of the basin (Salvador, 1987, 1991; Galloway, 

2008) (Fig. 2.1). Research on the evolution of the GOM over the past, several decades 

has mainly been driven by offshore, petroleum exploration which has focused for 

decades on the western and central US GOM. 

The study area for this chapter is the eastern GOM and western Florida margin 

which is shown as the boxed area on Figs 2.1a and b. Petroleum exploration is less 

advanced in the eastern GOM than the western and central GOM, due to a 1980 

environmental moratorium declared by the state of Florida that prevents all offshore 

drilling in Florida waters. For this reason, there have been no exploration wells drilled 

after 1980 along the western margin of Florida and much of what we know about the 

Florida continental margin of the eastern GOM is linked to studies dating back to the 

1970’s and 1980’s of land-based, exploration wells. Extensive seismic reflection data 

sets have been collected along the Florida margin during the moratorium period 
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including the 2009, industry, seismic reflection data provided by Spectrum that I use in 

this chapter. 

Oil exploration on the shelfal and deepwater sector of the Mexican GOM has 

lagged the exploration of the US GOM for a variety of political and technological 

reasons. In 2013, Mexico accelerated the pace of exploration in its shelfal and 

deepwater by opening these areas for international exploration. This event has allowed 

new seismic data sets to be collected along the northern Yucatan margin, which is the 

conjugate margin of the hydrocarbon-rich, northeastern GOM that includes the western 

Florida margin (Sandwell et al., 2014; Nguyen and Mann, 2016) (Figs. 2.1a, 2.1b). 

For this dissertation, I have been kindly granted access to seismic data from 

Spectrum for both the Florida continental margin and its Yucatan conjugate margin 

(Fig. 2.1a).  I have also had access to the results of the CBTH master’s thesis work by 

Andrew Steier that also used an extensive grid of Spectrum, 2D seismic data from the 

northern Yucatan margin (Steier, 2018).  

The overall objective of this chapter is to integrate these new, industry, offshore 

datasets with the many vintage (2009-2011), land-based studies of Florida. These 

previous Florida studies reveal a complex Paleozoic subsurface, basement structure 

mapped from deep wells, regional gravity, and regional magnetic data (Fig. 2.1b). 

Below are three main objectives of this chapter that are addressed using this regional 

compilation of offshore seismic data, on- and regional offshore gravity and magnetic 

data, and exploration wells. 
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Figure 2.1 (a) Geographic setting of the boxed study area of the eastern Gulf of Mexico (EGOM) with a bathymetric basemap from GEBCO (Jakobsson et al., 2012). The dashed black lines separate the GOM 
into four, maritime sectors (US, Mexico, Cuba, and shared sector in the center). Colored lines show the 2D, seismic reflection datasets that I used in this chapter: Spectrum Deep East (green lines), Spectrum 
Bigwave Phase 1 (blue lines) and Spectrum Bigwave Phase 2 (pink lines), and Yucatan regional 2-D (red lines). Dots show the locations of industry wells (green) and wells from DSDP (pink) used in this study. 
(b) Total magnetic map of the GOM from (chapter 3, this dissertation) with an overlay of Paleozoic and Mesozoic tectonic features that include: early Paleozoic Suwannee Basin (Boote and Knapp, 2016); late 
Paleozoic thrust and strike-slip faults and foreland basins (Thomas, 1991); GOM basement highs and lows (Sawyer et al., 1991; Dobson and Buffler, 1997); Triassic-Jurassic normal faults bounding 
basement highs and rifts (McBride, 1991); areas of Jurassic volcanic rocks in south Florida (Byerly, 1991); the continent-ocean boundary (red line) based on Chapter 3 of this dissertation (2018); and Phase 
1 rifts (white lines) and Phase 2 rifts (red lines) mapped in this study. Late Triassic-Lower Jurassic rift basins formed during the breakup of Pangea closely follow the same trends of Late Paleozoic thrust faults.  
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2.1.1 Role of strike-slip faulting in the late Paleozoic, Alleghenian orogeny  

Previous studies have shown that the Lower Paleozoic basins in the subsurface 

of Florida, southern Georgia (Smith and Lord, 1997), and its offshore area (Boote and 

Knapp, 2016) are remarkably undeformed given their proximity to the deformed zone 

of resulting Alleghenian orogeny in the southeastern USA. Boote and Knapp (2016) 

proposed that the extensive and largely undeformed Suwannee basin located in the 

Georgia and Florida areas post-dates and overlies the Suwannee suture zone formed 

during the Alleghenian Orogeny.   

Smith and Lord (1997) used wells, gravity, and magnetic data to infer three 

northwest-striking, right-lateral, strike-slip faults of late Paleozoic age beneath the 

onland area of northern Florida. I have used offshore, industry data to identify a fourth 

parallel, right-lateral, strike-slip fault of late Paleozoic age extending 800 km along the 

continental margin of northwestern Florida and coincident with the Florida Lineament 

of Christenson (1990). The width of the four parallel strike-slip faults spans a distance 

of 550 km and indicates the presence of major zone of northwest-striking, late Paleozoic 

right-lateral shearing during the Alleghenian orogeny (Fig. 2.1b). Following Thomas 

(1991), I attribute all four of these right-lateral, strike-slip faults to a zone of indentation 

in the Alleghenian orogeny by a continental indenter composed of the combined area of 

the Yucatan block and the South American plate. 
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2.1.2 Finding evidence for rifts and the two-phase opening model for the 

GOM 

The Gulf of Mexico basin is formed by the breakup of Pangea and 

counterclockwise rotation of Yucatan block from the late Triassic to earliest Cretaceous 

(Salvador, 1987; Marton and Buffler, 1994, 1999) (Fig. 2.1b). Salvador (1987), and 

Eddy et al. (2016, 2018) have observed that few rifts have been recognized from drilling 

or 2D seismic reflection mapping from the subsurface of the GOM, which is puzzling 

given that previous, seismic refraction, magnetic, and gravity surveys have shown that 

the GOM is surrounded by an extensive area of thinned, continental crust (Dunbar and 

Sawyer, 1987; Sawyer et al., 1991; Galloway, 2008). 

According to recent studies by Eddy et al. (2014, 2018), and Nguyen and Mann 

(2016), one explanation for the lack of visible rifts is that the GOM rifts occurred in two 

phases with the older phase of rifts of Triassic and early Jurassic age now obscured by 

thick, salt and passive margin deposits of the northern GOM. Around 5 km of salt was 

deposited during a short period (163-161 Ma) in a sag basin setting overlying rifts 

formed during the earlier, Phase 1 phase (Hudec et al., 2013). The eastern GOM has the 

advantage of having a thin or absent salt which allows better geophysical imaging of 

both the pre-salt (Phase 1) and post-salt (Phase 2) rifts. An important goal of this 

chapter is to use the Spectrum seismic reflection data to better illustrate both the pre-salt 

Phase 1 rifts of late Triassic-early Jurassic age, and the post-salt Phase 2 rifts of late 

Jurassic age. Moreover, the two phases of rifts have orthogonal trends in EGOM which 
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is easier to identify than the central GOM: the older Phase 1 rifts trend northeast 

whereas the younger Phase 2 rifts trend more northwest. 

Seismic imaging has improved to show sedimentary or volcanic reflectors 

beneath the base of the salt which earlier studies like Dobson and Buffler (1991), and 

Sawyer et al. (1991) referred to as “top basement”. For seismic imaging with limited 

penetration and in areas of few wells that penetrate basement, a challenge for this study 

is to infer the ages of reflector packages beneath the salt that could represent Paleozoic 

sedimentary rocks (Boote and Knapp, 2016; Boote et al., 2018), and Mesozoic 

sedimentary rocks occupying late Triassic to earliest Jurassic rift basins (Dobson and 

Buffler, 1991). 

 

2.2 Tectonic setting 

Six plate reconstructions showing representative stages in the Late Paleozoic 

and Mesozoic tectonic evolution of the GOM modified from previous, plate 

reconstructions by Seton et al. (2012), Domeier and Torsvik (2014), and Eddy et al. 

(2014) are shown on Fig. 2.2a: 

 1) Late Paleozoic collisional phase of the GOM that involves indentation and 

the formation of right-lateral, strike-slip faults in the northeastern GOM (Fig. 2.2a). The 

Alleghenian collisional event during the late Paleozoic (~320 Ma) in the southeastern 

USA forms the Appalachian-Ouachita fold-thrust belt and associated foreland basin by 

a northwestward motion of a continental indenter that includes the combined area of the 

Yucatan block and northern South America (Hatcher, 2002, 2010; Nance et al., 2012).   
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2) Late Triassic beginning of Phase 1 rifting (Fig. 2.2b). Initiation of Phase 1 

GOM rifting began during the breakup of Pangea in the late Triassic-early Jurassic 

(~190 Ma) (Salvador, 1987; Eddy et al. 2014, 2018). Northeast-trending, rift basins with 

volcanism and dikes formed in response to the northwest-southeast extension in areas 

located south of the Ouachita segment of the Appalachian fold-thrust belt (Barnett, 

1975; Van Houten, 1977; Salvador, 1987; Byerly, 1991) (Fig. 2.1b). These volcanic and 

non-marine sediments are correlative with northeast-trending, Upper Triassic-Lower 

Jurassic Newark Group along the eastern margin of the United States (Withjack et al., 

1998). To the south of Upper Triassic-Lower Jurassic red beds, a broad zone of 

basement highs and lows formed from NW-SE extension in the first phase of rifting 

(Sawyer et al., 1991; Dobson and Buffler, 1991; Pindell and Kennan, 2009) (Fig. 2.2b).  

An unusual, bimodal range of alkaline and silicic igneous activity within the 

Triassic-Jurassic South Florida volcanic province (SFVP) has been attributed to a 

hotspot influence in the South Florida area during the early Mesozoic (Barnett, 1975; 

Van Houten, 1977; Mueller and Porch, 1983; Smith, 1982) (Fig. 2.2b). Klitgord et al. 

(1984) proposed that the volcanism in the South Florida block (SF) was related to the 

breakup of Pangea by reconstructing South Florida block adjacent to the South Georgia 

Basin before Triassic-Jurassic rifting. However, the mechanism for the more than 300 

km southeastward movement of South Florida block along proposed Bahamas Fracture 

zone requires a contemporary opening of the Central Atlantic and GOM (Klitgord et al., 

1984). As the GOM formed ~20 Ma later than the Central Atlantic (Bird and Burke, 

2006), the Bahamas Fracture Zone model is not favored in this study. An alternate non-
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fracture model with long-lived volcanism (~180 Ma) in the EGOM and South Florida 

was proposed by Beaman et al. (2017) and shown in the Fig. 2.1b. 

3) Cessation or pause in late early Jurassic (~170 Ma) Phase 1 rifting (Fig. 

2.2c). It is unclear if rifting completely ceases or is continuous with the Phase 2 rotation 

of the Yucatan block (Eddy et al., 2014). 

4) Late Jurassic (Callovian) salt deposition in a largely unfaulted and 

continuous sag basin setting above late Triassic-late early Jurassic Phase 1 rifts (Fig. 

2.2d). During Callovian time, Phase 1 rifting subsided and marine water entered a large 

sag basin that overlay the area of rifting probably through an Oxfordian marine strait 

crossing the area of west-central Mexico from the Pacific Ocean (Salvador, 1987). The 

arid climate in the large sag basin resulted in a thick salt basin, formed during a very 

short time interval (163-161 Ma) according to Hudec et al. (2013) (Fig. 2.2d).  

5) Late Jurassic, initiation of counterclockwise rotation of the Yucatan 

block with accompanying Phase 2 rifting at the margins of the Yucatan block. 

Counterclockwise rotation of the Yucatan block along West Main Transform (WMT) 

along the eastern margin of Mexico separated the salt basin into two parts: the Louann 

salt basin in the US GOM and the Campeche salt basin in the Mexico GOM (Salvador, 

1987; Hudec et al., 2013; Nguyen and Mann, 2016) (Fig. 2.2e). Salt deposition pre-

dates formation of the oceanic crust of the deep GOM basin as only allochthonous salt 

is found overlying oceanic crust on both the US and Mexican margins (Hudec et al., 

2013; Steier, 2018). The thickest area of salt occupies the broader, more extended crust 

in the US GOM, while a much thinner salt deposit occupies the narrow conjugate  
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margin of the Yucatan block (Salvador, 1991; Steier, 2018) (Fig. 2.2f). This unequal 

salt distribution in the GOM indicates an asymmetrical rift process during Phase 1 

rifting - perhaps related to the reactivation of pre-existing, W-E striking, crustal 

weaknesses formed during the Late Paleozoic Alleghanian orogeny (Marton and 

Buffler, 1993). Phase 2 extension in the EGOM which changed from northwest-

southeast to northeast-southwest show disparity in trends between Phase 1 and 2 rifts. 

Phase 2 rifts are orthogonal in many locations to the rifts formed during the earlier, 

Phase 1 event (Fig. 2.2e). Continued opening of GOM led to a series of NW-trending 

half-grabens formed in the Berriasian within the V-shaped area between Florida, 

Yucatan, and Cuba during Berriasian (Marton and Buffler, 1994, 1999; Escalona and 

Yang, 2013) (Fig. 2.2f).  

6) Earliest Cretaceous (Berriasian), cessation of Yucatan block rotation and 

the end of Phase 2 rifting and the beginning of the passive margin phase of GOM 

evolution (Galloway, 2008) (Fig. 2.2f). The Yucatan block ceased its motion after 

rotation between 37° (Nguyen and Mann, 2016) to 42° (Marton and Buffler, 1994, 1999) 

away from its conjugate margin in western Florida during the earliest Cretaceous (Fig. 

2.2f). The pink lines represent the mid-ocean-ridge and fracture zones identified by 

Nguyen and Mann (2016). 

 

2.2.1. Summary of main tectonic events and their controls on stratigraphic 

megasequences 

In the chart shown in Fig. 2.3, the stratigraphy of the northeastern and 

southwestern EGOM are correlated with six tectonic phases for GOM basin history 
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including 1) pre-late Triassic pre-rift; 2) Late Triassic-middle Jurassic Phase 1 rifting; 

3) Callovian sag basin (Louann-Campeche salt); 4) Oxfordian-Kimmeridgian Phase 2 

rifting; 5) Late Jurassic-early Cretaceous Phase 2 oceanic spreading; and 6) early-late 

Cretaceous passive margin. The chronostratigraphic correlation for the northern part of 

the West Florida Basin is modified from Dobson and Buffler (1997), Goldhammer and 

Johnson (2001), and Snedden et al. (2014). The chronostratigraphic chart for the 

Campeche area of Mexico in the southwestern GOM is modified from Angeles-Aquino, 

and Cantú-Chapa (2001). The southeastern GOM stratigraphy is modified from Marton 

and Buffler (1999). 

For the eastern GOM, Snedden et al. (2014) used an industry deepwater well in 

the northeastern GOM (well LL-399) to correlate the deepwater sequences that onlap 

the area of late Jurassic oceanic crust in the northeastern GOM. Snedden et al. (2013, 

2014) identified three supersequences that progressively downlap onto oceanic crust: 1) 

Tithonian-Berriasian Cotton Valley-Bossier (CVB) (142-152 Ma); 2) Valanginian 

Cotton Valley-Knowles (CVK) (138-142 Ma); and Haynesville-Buckner (HVB) (152-

155 Ma) (Eddy et al., 2014). 
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Figure 2.2  Six, plate reconstructions showing representative stages in the Late Paleozoic 
and Mesozoic, tectonic evolution of the GOM modified from previous, plate 
reconstructions by Seton et al. (2012), Domeier and Torsvik (2014), and Eddy et al. 
(2014). Green areas represent areas of unstretched, continental crust while orange areas 
represent areas of stretched, continental crust. Blue arrows represent the direction of 
motion of the South American plate relative to North America and the rotation of the 
Yucatan block. The structures are the same as those identified in Fig. 2.1b. (a) Formation 
of Ouachita-Appalachian fold-thrust belt and associated foreland basin by NW-SE 
collision between the South America plate, Yucatan block and North America plate at the 
end of Late Paleozoic Alleghanian orogeny (~320 Ma).  Three, NW-striking, right-lateral 
strike-slip faults form during the indentation of North America and subdivide the 
continental crust of the Florida peninsula (Smith and Lord, 1997). (b) Initiation of Phase 
1 GOM rifting during the breakup of Pangea in the late Triassic-early Jurassic (~190 
Ma) (Eddy et al., 2014). (c) Cessation of Phase 1 GOM rifting in early Jurassic (~170 
Ma). Red beds and dikes are formed along the Late Paleozoic fold belt. Phase 1 rifts 
mapped in this study are in white lines. It is unclear if rifting completely ceases or is 
continuous with the Phase 2 rotation of the Yucatan block. (d) Deposition of the Louann-
Campeche salt in a large, continuous sag basin formed above continental crust 
extended during Phase 1 rifting. The pink polygon outlines the single salt basin restored 
by reuniting the Louann and Campeche salt basins. The cyan polygon shows the proposed 
source of Pacific seawater for the Louann- Campeche salt deposits from Salvador (1987). 
(e) Onset of Phase 2, Late Jurassic rifting as Yucatan rotates counterclockwise 
relative to Florida and northern GOM areas. Phase 2 extension in the EGOM changed 
from northwest-southeast to northeast-southwest, and formed rift (red lines) parallel to 
the COB. The rotation of Yucatan block initiated the formation of the Western Main 
Transform (WMF) and divided the single, pre-Phase 2, Callovian salt basin into two, 
separate basins (Louann salt basin in the US sector and Campeche salt basin in the 
Mexican sector) by formation of oceanic crust (area of central GOM shown by blue 
polygon). (f) Phase 2 Yucatan block rotation and seafloor spreading had ceased by 
the earliest Cretaceous (Berriasian). The pink lines represent the mid-ocean-ridge and 
fracture zones identified by Nguyen and Mann (2016).
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Figure 2.3 Stratigraphy of the northeastern and southwestern EGOM correlated with six, tectonic phases for GOM basin history including 1) pre-Triassic, pre-rift; 2) Triassic-middle Jurassic Phase 1 rifting; 
3) Callovian sag basin (Louann-Campeche salt); 4) Oxfordian-Kimmeridgian Phase 2 rifting; 5) Late Jurassic-early Cretaceous Phase 2 oceanic spreading; and 6) early-late Cretaceous passive 
margin. The chronostratigraphic chart for northern part of the West Florida Basin is modified from Dobson and Buffler (1997), Goldhammer and Johnson (2001), and Snedden et al. (2014). The 
chronostratigraphic chart for the Campeche area of Mexico in the southwestern GOM is modified from Angeles-Aquino, and Cantú-Chapa (2001). The southeastern GOM stratigraphy is modified from Marton 
and Buffler (1999). 
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No wells have penetrated synrift sedimentary rocks underlying the salt in the 

deepwater GOM where Upper Triassic-Lower Jurassic, Phase 1, rift-related, “red beds” 

are inferred from the regional, stratigraphic compilation of Salvador (1991). The 

absence of salt and pre-Berriasian sedimentary rocks in the southeastern GOM around 

Florida Strait indicate this tip of the southeastern, V-shaped, less rifted, continental 

region remained emergent during the Callovian when massive salt was being deposited 

in the central GOM (Marton and Buffler, 1999). 

2.2.2 Types of crystalline basement beneath the eastern GOM and Florida 

The base of late Jurassic Louann salt was commonly used to define “top 

basement” in several studies during the 1980’s and 1990’s of the eastern GOM (Addy 

and Buffler, 1984; Lord, 1986, 1987; Corso, 1987; Ball et al., 1988; Dobson and 

Buffler, 1991). This inferred “top basement” was a likely consequence of limited 

resolution of seismic imaging during the 1980’s and 1990’s rather than representing the 

“true top basement”. On the West Florida carbonate platform in the northeastern GOM, 

Ball et al. (1988) first interpreted a Triassic graben, a syncline, and a possible igneous 

intrusion using USGS 2D seismic reflection data as shown on Fig. 2.4a. Using a deeper-

penetration, industry, seismic dataset from the northeastern GOM, Dobson and Buffler 

(1991) imaged Phase 1, Triassic rifts southeast of the South Georgia rift that were 

truncated by the Florida Lineament of Christenson (1990) (Fig. 2.4b). Dobson and 

Buffler (1991) also interpreted other rift features including normal block faulting (of 

probable Phase 1 Triassic age), and fault-resistant sedimentary layers or “hogbacks” 

(composed of either Paleozoic or Triassic sedimentary or igneous rocks). 
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In the onland area of Florida, the deepest, subsurface reflector - that could be 

mapped with confidence from 2D seismic images and tied to wells from the early 

1980’s - is the pre-Cretaceous, post-rift unconformity surface which truncates the lower 

Paleozoic and Triassic sedimentary rock sequences of the Suwannee Basin and the 

South Georgia rift (Applin, 1951; Applin and Applin, 1965; Klitgord et al., 1984) (Fig. 

2.4b). In the subsurface of northern Florida, crystalline, basement rock types could be 

divided into two provinces: a northern area of pre-early Paleozoic calc-alkaline andesite 

in the north and a southern area of early Mesozoic volcanic rocks (Mueller and Porch, 

1983; Bartok, 1993) (Fig. 2.4b). The boundary of these two regions partially coincides 

with the Florida lineament as mapped using gravity and magnetic data by Christenson 

(1990) (Fig. 2.4b).   

Smith and Lord (1997) subdivided the northern region of the present-day land 

area of the Florida peninsula into four parts by three northwest-striking, right-lateral, 

strike-slip faults that strike subparallel to the Florida lineament proposed by Christenson 

(1990) lying 120 km to the west. These three strike-slip faults are labeled as 1, 2, and 3 

on the map in Fig. 2.4b. Faults 2 and 3 form one fault-bounded edge of the Triassic age 

South Georgia rift (Fig. 2.4b). Smith and Lord (1997) proposed that these parallel, 

right-lateral faults formed the eastern edge of the Yucatan-South America indenter that 

pushed northwestward into the North American continent during the latest Paleozoic 

(Fig. 2.4b).   
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2.2.3 Tectonic setting and the extent of the early Mesozoic Suwannee Basin 

of northern Florida 

The Suwannee Basin is a relatively undeformed early Mesozoic sedimentary 

basin overlying a complex, Precambrian basement in northern Florida and southeastern 

Georgia (Applin, 1951; Applin and Applin, 1965; Barnett, 1975; Boote and Knapp, 

2016; Boote et al., 2018) (Figs. 2.2a, 2.4b, and Table 2.1). Extensive onshore wells in 

northern Florida and southern Georgia penetrate Lower Mesozoic, rift-related, 

sedimentary rocks at a depth of 600 m and are used to define the northeasterly trend of 

the South Georgia rift system extending as far north as the coastal area of Georgia 

(Smith and Lord, 1997; Boote et al., 2018) (Fig. 2.4b). The northeast trend of the 

Suwannee basin is well expressed in the regional magnetic map but the relative 

contribution of the late Paleozoic orogeny and Mesozoic rifting on this northeast trend 

is poorly understood (Fig. 2.1b). 

Lower Ordovician quartzite and Middle Ordovician to Middle Devonian shale 

and sandstones were deposited in this Late Mesozoic continental platform or passive 

margin (Applin, 1951; Applin and Applin, 1965; Arden, 1974; Duncan, 1998; Boote et 

al., 2018) (Fig. 2.4b). Detrital zircons from Lower Mesozoic, clastic sedimentary rocks 

of the Suwannee basin reveal a Gondwanan (West African) origin for the Suwannee 

Basin (Mueller et al., 1994; Mueller et al., 2014) (Fig. 2.4b). From seismic reflection, 

refraction, and gravity data, the thickness of this Lower Mesozoic, rift-related 

sedimentary rocks onshore has been estimated to be in the range of 2.5-3 km (Boote and 

Knapp, 2016).  
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Two wells in offshore Georgia have penetrated Ordovician to Devonian 

quartzite, and Silurian to Devonian sedimentary and meta-sedimentary rocks that appear 

correlative with the onshore Suwannee Basin of northern Florida (Dillon and Popenoe, 

1988; Poppe and Dillon, 1989; Poppe et al., 1995).  

With velocity control taken from seismic refraction studies, the offshore 

Suwannee Basin adjacent to the southeastern coast of the USA has been extensively 

mapped using vintage, seismic reflection lines acquired in the 1970’s and 1980’s 

(Dillon and Popenoe, 1988; Boote and Knapp, 2016; Boote et al., 2018). The average 

thickness of Suwannee basin offshore of Georgia is estimated to be 4-6 km (Boote and 

Knapp, 2016). 

In the offshore area of western Florida, only one, exploration well (Florida 

Middle Ground 252 #1) penetrates the 55 m of Lower Paleozoic sedimentary rocks 

(Applegate and Lloyd, 1985) (Fig. 2.2a). As this well is located on the northern edge of 

a northwest-trending, magnetic low that crosses northern Florida, the western end of the 

Suwannee basin in the eastern GOM may be defined by this magnetic low that is in turn 

truncated to the south by the northwest-trending, Florida lineament (Christenson, 1990) 

(Fig. 2.4b). 
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Figure 2.4 (a) Seismic reflection, refraction, and well data used in this study. Key to map symbols and color key for all lines is shown in Fig. 2.1a. Red lines show the locations of four, refraction profiles from 
the Gulf of Mexico Opening (GUMBO) project (Christeson et al., 2014; Eddy et al., 2014). The diamond symbol shows refraction stations from Ibrahim et al. (1981), and Ebeniro et al. (1986). Black polygons 
show areas of previous basement studies by Ball et al. (1988), and Dobson and Buffler (1991). (b) Basement well types and divisions compiled in this study. Onshore wells and location of Florida Lineament 
(FL) were compiled from Christenson (1990). Locations of right-lateral strike-slip faults shown as bold, dashed lines are from Smith and Lord (1997). Boundaries between differing basement types beneath 
Florida are modified from Dallmeyer (1987), and Smith and Lord (1997). Wells and thicknesses of the Lower Paleozoic from the east coast of the USA in Georgia and Florida are from Boote and Knapp (2016).
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 Table 2.1. Basement types of wells drilled in the Florida region used in this study. 

 Well information including basement ages is compiled from Applegate and Lloyd (1985), Pindell (1985), and Christenson (1990).  

Number Wells
Pre-Cretaceous Sedimentary rocks Crystalline rocks

Source
Rock types Drilled thickness 

(m) Rock types Drilled 
thickness (m)

1 Mobil 224A Triassic Eagle Mills 132.3 Barnett, 1975

2 Calco 224-A2 Triassic Eagle Mills 0 Applegate and Lloyd, 1985

3 Gainesville 707 -1 Triassic Eagle Mills 422.1 Paleozoic? sedimentary rocks 42.7 Applegate and Lloyd, 1985

4 Florida Middle Ground 
252 -1 

Lower Paleozoic clastic 
sedimentary rocks 54.9 Paleozoic? metamorphic rocks 436.8 Applegate and Lloyd, 1985

5 Elbow 915 -1

Paleozoic clastic sedimentary 
rocks? 273.7 Applegate and Lloyd, 1985

Mesozoic?, altered, mafic, volcanic rocks 273.7 TOC inhouse memo from 
Christenson, 1990

6 Sr. Petersburg 7 -1 Early Cretaceous ( ~135 Ma) granite 102.7 Applegate and Lloyd, 1985; 
Smith, 1982

7 Sr. Petersburg 100 -1 Jurassic diabase and Mississippian rhyolite 322.5 Applegate and Lloyd, 1985; 
Smith, 1982; Ball et al., 1988

8 Charlotte Harbor 144 -1 Ordovician? rhyolite 16.5 Applegate and Lloyd, 1985

9 Charlotte Harbor 188 -1 Cambrian? granodiorite overlain by rhyolite 43.0 Applegate and Lloyd, 1986

10 Charlotte Harbor 265 -1 Lower Cambrian age granite overlain by rhyolite 311.8 TOC inhouse memo from 
Pindell, 1985

11 Charlotte Harbor 622 -1 Rhyolite? 39.6 Paleontology report from BOEM

12 Charlotte Harbor 672 -1 Ordovician rhyolite 37.2 K-Ar age date TOC in house 
memo

13 Vernon 654 -1 Cambrian? granite 196.9 Applegate and Lloyd, 1985; 
Pindell, 1985

14 DSDP 77-538A Early Jurassic (190Ma) diabase dikes and Cambrian (500 Ma) 
metamorphic rocks 64.0 Buffler and Schlager, 1981

15 Transco 1005-1 Ordovician-Silurian sedimentary rocks 833.6 Poppe et al., 1995

16 COST GE-1 Devonian? sedimentary rocks 626.0 Poppe et al., 1995
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2.3 Data and methods used in this study 

2.3.1 Regional grids of offshore, industry 2D seismic reflection data 

For this study I used three regional grids of 2-D seismic reflection data to map 

the basement and salt distribution in the eastern Gulf of Mexico (EGOM), which are 

shown on the regional map in Fig. 2.4a. In the US sector of the eastern GOM, I used the 

2-D Deep East survey that was acquired and processed most recently by Spectrum in 

2007. The Deep East survey covers much of the eastern GOM with an average line 

spacing of ~50 km, a shot point interval of 37.5 m, and a two-way-time record length of 

13-14 seconds. The seismic data were post-stack, and depth- migrated to a total depth of 

40 km. 

In the southeastern GOM, the Spectrum Big Wave survey has a closer line 

spacing that varies from 10 km in the Tampa Basin to 30 km in the South Florida Basin 

(Fig. 2.4a). The Big Wave survey had two phases of acquisition with Phase 1 in 2005 

and Phase 2 in 2009. These surveys were only available for use in this dissertation in 

two-way travel time and were also used for detailed salt mapping in the southeastern 

GOM. 

For the Yucatan margin of Mexico, a regional 2-D survey was acquired by 

Spectrum in 2016 (Fig. 2.4a). For this survey, the shot point interval is 25 m, the two- 

way-time record length is 15 seconds, and the average shot point spacing is 10 -m.  This 

survey was also used in the CBTH master’s thesis study by Steier (2018) on the 

northern Yucatan margin. 
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2.3.2 On- and offshore well data 

Well data includes 23, publicly-available industry wells obtained from the US 

Bureau of Ocean Energy Management (BOEM) on the US GOM shelf margins and 10 

academic wells obtained from the archives of the Deep Sea Drilling Project (DSDP) on 

the Yucatan and Florida margins (Fig. 2.4a). Locations of 12 wells penetrated the 

Paleozoic, and Mesozoic basement (Table 2.1) for all the areas shown in Fig. 2.4b. I 

also compiled the onshore basement types from onshore wells in Florida to better 

understand basement crustal provinces US GOM (Boote et al., 2018) (Fig. 2.4b). 

2.3.3 On- and offshore gravity and magnetic grids 

I incorporated the ship-track gravity and magnetic data obtained during the Deep 

East and Big Wave survey for this study (Figs. 2.5, 2.6). For the area outside the 

seismic survey, I used the global, satellite-derived, free air, gravity grid (Sandwell et al., 

2014), and the Geological Society of America, Decade of North American Geology 

(DNAG) magnetic anomaly data (Finn et al., 2011) (Figs. 2.5a, 2.6a). The advantage of 

using the DNAG magnetic data set is that areas that lack data have not been infilled by 

interpolating surrounding areas of actual data that can produce spurious trends in the 

map. 

2.3.4 Offshore, refraction data 

Two regional refraction profiles from GUMBO projects (Christeson et al., 2014; 

Eddy et al., 2014), and 24 refraction stations (Ibrahim et al., 1981; Ebeniro et al., 1986) 

were compiled to produce a regional crustal province map of the study area (Fig. 2.4a). 

With these well and velocity control, I mapped the top of crystalline basement and base 
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of salt - or its equivalent horizon - in depth along the Florida conjugate margin and in 

two-way travel time along the Yucatan conjugate margin. A basin-wide, Cretaceous-

Tertiary boundary (KTB) has also been mapped using seismic, well and refraction 

control and compared to the mapping results of the KTB by previous studies (Sanford et 

al., 2016). 

 

2.4 Regional maps of Paleozoic and Mesozoic basins and base of salt 

2.4.1 Regional magnetic anomaly map and reconstructing the Florida-

Yucatan conjugate margins  

The pattern of regional magnetic anomalies along the Florida continental margin 

is dominated by alternating, northeast-southwest-trending magnetic highs and lows that 

reflect systematic variations in the depth to the top basement surface (Fig. 2.5a). A 

continuous, west-northwest-trending magnetic high (labeled as A1) (>120 nT) truncated 

this series of alternating highs and lows with an apparent, 35 km, left-lateral, strike-slip 

offset (Fig. 2.5a). The A1 lineament is roughly collinear and sub-parallel to the Florida 

Lineament of Christenson (1990), although Christenson depicted the Florida Lineament 

as having small 30-50-km-long, rectilinear, offsets along its 300-km length (Fig. 2.4b).  

Two parallel, west-northwest-trending magnetic highs (labeled as A2, A3) 

(>120 nT) are shown in central Florida (Fig. 2.5a). In the South Florida Basin, a 

prominent, roughly, north-south magnetic anomaly (C) is observed to merge with 

anomaly A3 towards the north. Mesozoic volcanic rocks were penetrated in all wells 
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adjacent to the linear magnetic high features (A1, A2, and A3) (Ball et al., 1988) 

(Fig.2.4b). 

In Fig. 2.5a, I have used the magnetic map to identify the boundaries of all 

possible, northeast-trending, Phase 1, Triassic-early Jurassic rifts and the disruption of 

the trends of these rifts by the northwest-trending, A1 lineament.  My 2D seismic 

reflection data does not penetrate deeply enough to verify the extent or age of proposed 

rifts from the magnetic data set (for example, imaging the basement structure and 

sedimentary fill of the South Tampa rift) (Fig. 2.5a). The South Tampa Embayment is 

defined by 6-km sag of overlying, passive margin sediments which appears to overlie 

the southwestward continuation and rifted, modification of the late Paleozoic, South 

Suwannee Basin. 

Magnetic anomalies observed along the Yucatan margins of the Gulf of Mexico 

show a good match with the trends of magnetic anomalies along the Florida margin in 

the Southern Tampa Embayment (STE) and Sarasota Arch (SrA) when the Yucatan 

block is restored by a 42o clockwise rotation into its early Jurassic, pre-rift position 

(Nguyen and Mann, 2016). Following the same restoration in the southeast GOM, the 

Chiquila Basin (CB) of the Yucatan margin and the South Florida Basin (SFB) of the 

Florida conjugate margin do not restore into an exact re-alignment (Fig. 2.5b). Steier 

(2018) also describes similar, prerift matches between basement arches inferred from 

magnetic highs along the northeastern Yucatan margin with similar basement arches 

defined along the GOM margin in the southeastern USA. 
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Figure 2.5 (a) Regional map of total magnetic anomalies in the eastern Gulf of Mexico. White double-headed arrows are small circle, flowlines calculated for single, GOM opening pole located near northwestern 
Cuba (22.41°, -84.33°) (Nguyen and Mann, 2016). Red lines show the location of COB described in Chapter 3 of this dissertation. Fault symbols are same as Fig. 2.1b. (b) Reconstruction of the Yucatan-Florida 
conjugate margins in the late Jurassic (~158 Ma) using the single pole of rotation by Nguyen and Mann (2016) as shown in Fig. 2.5a. White dash lines are inferred left-lateral strike-slip faults identified from 
magnetic and basement mapping. Black dash lines are inferred right-lateral strike-slip faults also inferred from magnetic data. On the Yucatan conjugate margin from west to east, the  basement highs and lows 
include the Celestun Embayment (CE), Rio Lagartos Arch (RLA), Northern Rio Lagartos Basin (NRLB), Southern Rio Lagartos Basin (SRLB), Chiquila Arch (CA), and Chiquila Basin (CB) from west to east. 
On the Florida conjugate margin from northwest to southeast, the basement highs and lows include the Apalachicola Embayment (AB), Middle Ground Arch (MGR), Northern Tampa Embayment (NTE), 
Southern Tampa Embayment (STE), Sarasota Arch (SrA), and South Florida Basin (SFB). The NE-trending magnetic low inferred as Suwannee Basin (SB) in the North Florida shows a 35-km left-lateral offset 
with South Tampa Embayment (STE).
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To the north of the inferred, Southern Tampa rift, the northeast-southwest 

alternating highs and lows are truncated by a high intensity, A1, magnetic anomaly high 

that trends to the northwest and parallel to the COB (Fig. 2.5a). The conjugate Yucatan 

margin exhibits a linear strong magnetic low along this part of the restored margin (Fig. 

2.5a). 

2.4.2 Free-air, gravity field and crustal boundaries of the eastern GOM 

The regional, free-air gravity map shows the combined effects of water depth, 

variations in sediments thickness, and compositional variations of the crust and upper 

mantle (Fig. 2.6a). An abrupt change in the free-air, gravity anomaly from 0 to -30 mgal 

marks the continent-ocean boundary in the eastern GOM (Chapter 3, this dissertation) 

with this abrupt gravity change becoming more obvious in the southeastern GOM (Fig. 

2.6a). 

In the northeastern GOM, the gravity structure of the Florida continental margin 

is obscured by a thick, salt layer - while the salt-free or lesser-salt, Yucatan margin 

shows a clear, free-air, gravity expression of the intersection of the oceanic fracture 

zones and the COB that formed during the transition from rifting to oceanic spreading 

(Fig. 2.6a) (Steier, 2018; Chapter 3, this dissertation). The landward edge of the 

continental margin on both the Florida and Yucatan conjugate margin correlates well 

with the outer edge of the steep, Early Cretaceous carbonate escarpment (Galloway, 

2008) (Fig. 2.6a). 

The free-air gravity data reveals a similar pattern seen on the magnetic map of 

northeast-trending alternating highs around 50 mgal, and lows around -20 mgal that are 
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truncated by linear, northwest-trending highs as defined by anomalies A1, A2, and A3 

that are labeled on the map in Fig. 2.6a. The magnetic features (1, 2, 3) related to the 

South Georgia Basin are less recognizable as linear features on the regional, gravity 

map (Fig. 2.6a). In addition, the northeast- trending gravity lows (D1 and D2) in the 

range of 10-23 mGal reflect a thicker and elongate depocenter of lower Paleozoic 

sediments in the area of the proposed South Suwannee rift, and depocenter of thicker 

Paleozoic sedimentary rocks of the Suwannee basins suggested from both seismic 

reflection and well correlation (Christenson, 1990) (Fig. 2.6a). 

2.4.3 Crustal thickness map from total, tectonic subsidence method 

Dunbar and Sawyer (1987) calculated the present day-crustal thickness of the 

Gulf of Mexico region using total tectonic subsidence derived from the depth to 

basement taken from deep wells and seismic reflection data (Fig. 2.6b). With the 

assumption that the late Paleozoic, pre-rift crustal thickness was about 40 km (Fig. 

2.2a), then β=2 is necessary to create the contact between thick, transitional crust and 

thinner, transitional crust. The thicker area of transitional crust along the western 

margin of Florida is composed of a moderately-thinned crust with the top of basement 

lying 2-12 km below sea level (Sawyer, 1991). 
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Figure 2.6 (a) Regional map of free-air gravity anomalies in the eastern Gulf of Mexico. NW-trending magnetic highs are correlated with linear, strike-slip faults mapped by Smith and Lord (1997). The 
northeast-southwest gravity lows (D1, D2) north of A1 correspond to the eastward, offshore extent of the Suwannee Basin. The South Suwannee rift (SSR) inferred from magnetic low anomalies is characterized 
as gravity highs similar to the rifts in the Northern Tampa Embayment (NTE) and Southern Tampa Embayment (STE). (b) Crustal provinces from Dunbar and Sawyer (1987), and Sawyer et al. (1991) based on 
areas of total tectonic subsidence. The thickness of normal continental crust shown in the brown color is assumed to be 40 km thick. The boundary between the thick transitional crust and unextended crust is 
roughly along the magnetic feature 1 shown in Fig. 2.6a. Yellow faults are late Triassic-early Jurassic formed during Phase 1 rifting, and red faults are late Jurassic faults formed in Phase 2 rifting.
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The broad zone of arches and proposed, intervening lows formed by northeast- 

trending, Phase 1 rifts coincides with this zone of thinned, continental crust along the 

northern periphery of the GOM (Galloway, 2008). As the lows are all northeast-

trending, I propose that they formed as late Triassic-early Jurassic, Phase 1, rift basins 

superimposed on the late Paleozoic folded belt. The thin, transitional crust was extended 

in an orthogonal direction during Phase 2 rifting when the Yucatan block 

counterclockwise rotated from Florida margin in the late Jurassic. The gravity and 

magnetic highs (A1, A3, C) that are shown on Figs. 2.5, 2.6 all coincide with the 

northern boundary of the thicker, transitional crust. 

2.4.4 Regional map of the base of salt and pattern of salt distribution 

The base of salt, mapped in the eastern GOM study area along the western 

margin of Florida reveals this same pattern of northeast-trending arches and intervening 

embayments that include these following features from northwest to southeast: 1) 

Apalachicola Embayment (AE); 2) Middle Ground Arch (MRA); 3) Tampa Embayment 

(TE); 4) Sarasota Arch (SrA); and 5) South Florida Basin (SFB) (Fig. 2.7a). All these 

northeast-trending, embayments filled by thicker, sag accumulations of Cretaceous, 

passive margin rocks are inferred to be fundamentally controlled by underlying, 

northeast-trending rifts whose fault-bounded edges are inferred from the regional, 

magnetic map in Fig. 2.5a. 

The proposed Tampa rift is separated into two parts - the Northern Tampa rift 

(NTR) and the Southern Tampa rift (STE). Both of these inferred rifts are overlain by 

the Tampa Embayment (TE) that is expressed as a large sag in the passive margin 
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section. The northern and southern parts of the Tampa rift are offset by a NW-trending 

basement low which is collinear and parallel to the Florida lineament of Christenson 

(1990) (Fig. 2.4b). 

From northwest to southeast along the Florida margin, a shallowing trend in the 

embayments to the depth of top salt can be observed from -11000 m to the top of salt in 

the Apalachicola Embayment, to -6000 m to the top of salt in the South Florida Basin 

(Fig. 2.7). The average depth of arches also shows a north-to-south, shallowing trend 

from -5500 m to the top of salt in the Middle Ground Arch to -3500 m to the top of salt 

on the Sarasota Arch (Fig. 2.7a). Along the northern Yucatan margin, the basement 

contrasts with the Florida margin by showing broader highs with smaller and narrower, 

intervening basins (Fig. 2.7a).  

The major basement arches of the Yucatan margin were identified on the basis 

of magnetic data and named by Steier (2018) according to nearby Mexican towns from 

west to east: Celestun Embayment (SE), Rio Lagartos Arch (RLA), Rio Lagartos Basin 

(RLB), Chiquila Arch (CA), and Chiquila Basin (CB) (Fig. 2.7a). The Rio Lagarto Arch 

is separated into two parts by an intervening basement high which was previously 

named the North Campeche Arch (NCA) by Buffler and Sawyer (1985) (Fig. 2.7a). The 

Chiquila Basin (CB) of the Yucatan margin is equivalent to the Jurassic rift previously 

described at the Catoche Tongue (Shaub, 1983; Schlager et al., 1984; Marton and 

Buffler, 1999). 

The salt distribution in the southeastern GOM shows an asymmetric distribution 

with thicker salt deposited in the Florida margin attributed to asymmetric rifting with  
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more crustal thinning in the central GOM and less crustal thinning along the Yucatan, 

conjugate margin (Marton and Buffler, 1993). The thickest area of salt (~1000-1500 m) 

mapped in detail by Steier (2018) was deposited north of Middle Ground Arch and west 

of Rio Lagartos Arch (Fig. 2.7a). Thin salt (~300-600 m) was remobilized and 

deformed as salt diapirs within the Tampa Embayment and Rio Lagartos Basin. Salt is 

absent above all the arches south of Tampa Embayment (Fig. 2.7a). 

2.4.5 Pre-Paleozoic, crystalline basement  

My depth to basement map shows that Phase 2, late Jurassic rift basins 

developed prior to initiation of seafloor spreading along the continent-ocean boundary 

(Fig. 2.7b). Wider, Phase 1, Triassic-early Jurassic rifts developed beneath embayments 

of the Florida and Yucatan margins and are inferred to have formed parallel to older, 

northeast-trending Paleozoic, basement fabric. Boote and Knapp (2016), and Boote et 

al. (2018) observe that early Paleozoic sedimentary basins of southern Georgia and 

northern Florida are remarkably flat and undeformed. For this reason, I propose that the 

prominent northeast-trending arches and basins along the western coast of Florida and 

expressed on the regional, gravity and magnetic maps is a result of Phase 1 rifting. 

In addition to the regional northeast-trending, topographic, highs and lows on 

the Florida and Yucatan margins, two northwest-trending basement lows are found on 

the southeast flank of Apalachicola Embayment and the eastern flank of Tampa 

Embayment (Fig. 2.7b). A circular, basement low is found on the northeast flank of 

South Florida Basin (Fig. 2.7b). 
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Figure 2.7 (a) Regional map of the depth to base of salt in the eastern GOM as I mapped from the Spectrum Deep East survey (the grid is shown in Fig. 2.1a). Yellow polygons are salt domes identified from 
seismic surveys in the study area. Purple polygons are salt areas compiled from the Huffman et al. (2004) for areas outside of my study area. Salt is thickest in basement lows in the stretched, continental areas 
of eastern GOM and completely absent from the southeastern GOM. (b) Regional map showing the depth to the top of crystalline (Paleozoic) basement mapped from the Spectrum Deep East survey. The top of 
the crystalline basement is shown in time from the Yucatan 2-D regional survey as these data were only available in time. The northeast-southwest trending basement highs and intervening lows in Florida and 
northwest-southeast trending basement highs and intervening lows match with the lineated, magnetic, anomaly patterns seen in Fig. 2.5. The linear northwest-southeast trending basement lows coincide with the 
A1 and C magnetic lineations seen on the magnetic maps of Figs. 2.4 and 2.5. These northwest-oriented linear trends are parallel to the three, late Paleozoic faults identified by Smith and Lord (1997). The 
northeast-southwest trending lows between Fault 1 and 2 are known to be Triassic rifts. Triassic Jurassic fault symbols are same as Fig. 2.1b.
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2.5 Interpretations of Paleozoic and Mesozoic basins from seismic reflection 

and well data 

2.5.1 Basement provinces defined by lithologies present in onshore wells 

and presence of strike-slip faults 

Lithologic and age dating studies of cores taken from deep wells penetrating 

Paleozoic basement in Florida, south Alabama, and Georgia have defined three 

lithotectonic units: (1) the northeast-trending, Late Paleozoic, Suwannee Basin which 

was reactivated  during Phase 1, Late Triassic-Early Jurassic rifting and was intruded by 

diabase dikes of Triassic age; (2) the “Osceola complex” of Chowns and Williams 

(1983) made up of a Paleozoic, granitic batholith and associated early Paleozoic 

volcanic rocks; and (3) the extensive Jurassic volcanic province of south Florida 

(Applin, 1951; Applin and Applin, 1965; Barnett, 1975; Dallmeyer, 1987) (Fig. 2.4b). 

The distinctive Osceola basement complex is found in three, separate regions: 1) 

in northwest Florida around the city of Pensacola; 2) in northeast Florida and South 

Georgia; and 3) in central Florida. These three areas of early Paleozoic Osceola 

complex were interpreted by Smith (1982), and Smith and Lord (1997) to be the result 

of disruption by right-lateral offset on three, right-lateral, strike-slip faults labeled as 

faults 1, 2 and 3 on Fig. 2.4b. Fault 1 partially coincides with the Florida lineament as 

mapped by Christenson (1990). These three, Late Paleozoic strike-slip faults also 

appear to have been reactivated as left-lateral, strike-slip faults during Phase 1 rifting as 

all three faults form sharp, linear boundaries of the Triassic, South Georgia rift basin 

(Smith and Lord, 1997). 
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On the magnetic map in Fig. 2.5a, the three, strike-slip faults appear to extend 

for 350-550 km to the area north of the Suwannee Basin. These faults from Smith 

(1982) are parallel to a major, late Paleozoic, right-lateral, strike-slip faults I describe in 

the next section from the western shelf of Florida. The NE-trending linear trend of the 

Suwannee basin as observed on the basement map constrained by deep wells (Fig. 2.4b) 

aligns with a magnetic high on the regional total magnetic map on Fig. 2.5a, and a 

gravity low on regional free air gravity map on Fig. 2.6a which may reflect a late 

Triassic rift effect on the early Paleozoic Suwannee basin. 

 

2.5.2 Mapping of the Paleozoic strike-slip basins in the western shelf of 

Florida adjacent to the Suwannee basin 

In the offshore, West Florida Basin, I interpret three, elongate, northwest-

trending, pull- apart basins as forming along a major right-lateral, Paleozoic, strike-slip 

fault that is at least 100 km long and parallels the continental margin area of thinned 

continental crust (Figs. 2.6a, 2.7b). This fault is collinear and parallel to fault A1 

defined on the regional map in Fig. 2.5a and also parallel to the Florida lineament 

described by Christenson (1990). This fault zone is parallel to Paleozoic, strike-slip 

faults 1-3 as described by Smith (1982) and Smith and Lord (1997) and located 150 km 

to the east on the Florida peninsula (Fig. 2.6a, b). 

From northwest to southeast, I have named the three basins the Destin Dome 

Basin (DDB), the Elbow Basin (ELB), and the Pully Ridge Basin (PRB) (Figs. 2.7, 2.8). 

From 2D seismic sections through the center of the basins, high-amplitude reflectors at 
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a depth of 34 km below sea level are interpreted as the Moho (Figs. 2.9, 2.10). An 

elevated Moho at a depth of 2-3 km is observed beneath the main depocenters of Destin 

Dome and Elbow Basins (Figs. 2.9, 2.10). In cross-section, all three basins exhibit a 

downward-tapering, “negative flower structure” typical of pull-apart basins (Figs. 2.9, 

2.10, 2.11). The symmetrical, 15-25-km-wide, 2-3 km-deep basins align in a right-

stepping pattern along a single, linear fault trace that would indicate right-lateral shear. 

From a seismic reflection line across the linear fault trace, a possible 20-km-deep strike-

slip fault was observed within the basement and supports the linearity of the fault that 

connects the two basins separated by a distance of 200 km (Fig. 2.11b).  

In the northern Elbow basin, Jurassic granite was recovered from the St. 

Petersburg well 007-1 (PB 007 #1) (Fig. 2.9d). The only nearby well penetrating the 

basement is St. Petersburg 100-1 (SP 100 #1) that was drilled on the northeastern flank 

of the Elbow Basin, and penetrated Mississippian rhyolite and interbedded Jurassic 

diabase (age from Ball et al., 1988) (Fig. 2.10). This well confirmed the Late Paleozoic 

age of the deformed fill in the main depocenter of the strike-slip basins along with the 

presence of Jurassic volcanic rocks that may have accompanied crustal thinning and 

elevation of the Moho. The Jurassic volcanic rocks extend to the area with the 

prominent, linear magnetic high (A1) (Fig. 2.4a).  In the Destin Dome Basin, the 50-

100-m-thick, subhorizontal layer overlying the folded sediment layers is inferred to 

correlate with Late Jurassic diabase formed during the Phase 1 rifting event and 

corresponds to a prominent, magnetic high (Figs. 2.7, 2.8).  
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On the Florida peninsula, several, deep, exploration wells were drilled into 

Triassic-Jurassic volcanic rocks near the magnetic features labeled A2 and A3 (Fig. 

2.4b). Although no well has been drilled into the Pully Ridge Basin, volcanic rocks are 

also likely to occur in this basin based on the presence of prominent, positive, magnetic 

anomalies. The linear shape of these three basins aligned along a major sub-vertical 

fault zone, their locations at right-steps in the fault trace, and their symmetrical and 

deep geometry in cross sections all support their tectonic origin as pull-apart basins 

formed along a late Paleozoic, right-lateral, strike-slip fault zone (Fig. 2.4b). 

Mississippian rhyolite drilled in the Elbow Basin supports these basement lows as 

forming during the Late Paleozoic, Alleghenian orogeny (Hatcher, 2002, 2010). 

Two northeast-southwest trending lows in the east flank of Middle Ground Arch 

are truncated southwest by strike-slip fault 1 as proposed by Smith and Lord (1997) 

(Fig. 2.7b). The Gainesville 707 #1 well confirmed the presence of Triassic sedimentary 

rocks in the southern basin (Fig. 2.4b). The northern basin was also interpreted as a 

Triassic rift overlying the Early Paleozoic Suwannee Basin as correlated from onshore 

wells and with gravity anomaly D1 (Fig. 2.6a).  
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Figure 2.8 Regional map showing Paleozoic, strike-slip faults, and salt distribution on both conjugate 
margins.  Locations of the 2D seismic lines are shown for the following figures in this chapter: Figs. 2.9, 2.10, 
2.11, 2.13, 2.15, 2.16, 2.17, 2.19, 2.20, 2.21. Fault symbols are same as Fig. 2.6b.
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Figure 2.9 (a) Uninterpreted southwest-northeast, deep-penetrating, seismic line crossing the Destin Dome Basin (DDB) (location of line is shown on Fig. 2.8) at 5 to 1 vertical exaggeration. The Moho beneath 
is elevated under the heavily faulted basin which forms a strike-slip-related, flower structure. (b) Interpreted southwest-northeast, deep-penetration, seismic line crossing the Paleozoic, Destin Dome Basin (DDB) 
at 5 to 1 vertical exaggeration. Orange horizon is the Cretaceous-Tertiary boundary (KTB), and the green horizon is base of Louann salt. Black lines delineate prominent reflectors within the Paleozoic fill of the 
basin shown in brown color between inferred, crystalline basement and base of Louann salt. (c) Un-interpreted, southwest-northeast, deep-penetration seismic line crossing the Paleozoic, Elbow Basin (EB) at 5 
to 1 vertical exaggeration and showing a similarly, uplifted Moho to the Destin Dome basin shown in Fig. 2.9a. (d) Interpreted, southwest-northeast, deep-penetration seismic line crossing the Elbow Basin (EB) 
at 5 to 1 vertical exaggeration. Well PB 007 #1 penetrated a Mesozoic granite within the basement.
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Figure 2.10 (a) Uninterpreted, southwest-northeast, deep-penetration seismic line crossing the Elbow Basin (EB) south of the line shown in Fig. 2.9c at 5 to 1 vertical exaggeration. (b) Interpreted, 
southwest-northeast, deep-penetration seismic line crossing the Elbow Basin (EB) south of the line shown in Fig. 2.9d at 5 to 1 vertical exaggeration. Well PB 100 #1 penetrated Jurassic diabase and Mississippian 
rhyolite on the northeast boundary of the Elbow pull-apart basin. (c) Zoom of the seismic line of the Florida margin shown in Fig. 2.10a to show seismic well correlation from well PB 100 #1 with the same 
vertical exaggeration. (d) Zoom of the seismic line of the Florida margin shown in Fig. 2. 10b to show seismic well correlation from well PB 100 #1 with the same vertical exaggeration .
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Figure 2.11 (a) Uninterpreted, southwest-northeast, deep-penetration seismic line crossing south of the Elbow Basin (EB) at 5 to 1 vertical exaggeration. (b) Interpreted, southwest-northeast, deep-penetration 
seismic line crossing south of the Elbow Basin (EB) at 5 to 1 vertical exaggeration. A possible 20-km-long strike-slip fault with 2-km offset is located at the projection of Paleozoic strike-slip fault identified in 
this study. (c) Uninterpreted southwest-northeast, deep-penetration seismic line crossing the Pully Ridge Basin (PRB) at 5 to 1 vertical exaggeration. Although only half of the Marco Basin is within this seismic 
section, the flower structure features of the Marco basin are similar to those of the Elbow basin as shown in Fig. 2.10a. (d) Interpreted, southwest-northeast, deep-penetration seismic line crossing the Pully Ridge 
Basin (PRB) at 5 to 1 vertical exaggeration. The magnetic feature indicates the presence of volcanic rocks within the Marco basin although this interpretation would require well data to verify. 
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Figure 2.12 (a) Regional map of the depth to the top of the crystalline basement map in the area of the northern part of the West Florida Shelf. Thin purple lines show seismic grid used to make the map. Black 
lines onshore are published seismic lines from McBride (1991). The shapes and occurrence of the Destin Dome and Elbow, Paleozoic basins at right-steps in the fault supports the interpretation of right-lateral 
strike-slip along this fault that is consistent with similar, right-lateral faults mapped by Smith and Lord (1997) to the land area of Florida to the northeast. (b) Isopach map of Paleozoic and Mesozoic basins in 
the northern area of the West Florida Shelf. The early Paleozoic Suwannee and northeast-southwest trending Triassic faults produced by Phase 1 rifting are orthogonal to the trend of the early Paleozoic fault and 
associated pull-apart basins.
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2.5.3 Subsurface geology of the onshore Triassic, South Georgia rift  

South Georgia Triassic basin has been extensively drilled by onshore wells in 

north Florida and south Alabama and Georgia (Fig. 2.12) (McBride, 1991). Drilling 

results show South Georgia Triassic basin downfaulted the northern Suwannee basin 

that was then filled with Upper Triassic-Lower Jurassic red beds (Eagle Mills 

formation) and diabase (McBride, 1991). The offshore extent of the South Georgia rift 

to the southwest is not well defined (McBride, 1991). 

Chowns and Williams (1983) summarized deep well information from the 

onland area of Florida and combined the well information with potential fields data to 

define the outline of the of South Georgia rift. Wells show that the South Georgia rift 

contains at least 3500 m of red beds (Fig. 2.4b). 

McBride (1991) identified several, northwest-trending, half-grabens from north-

south, and north-northwest-trending, 2D seismic reflection lines crossing the central 

part of the South Georgia rift in northern Florida. The largest rift depocenter in west 

Georgia is more than 100 km wide and 7 km in deep.  

I used their southern, two seismic sections to compare to rift features I have 

mapped offshore using the Spectrum 2D seismic grid (Fig. 2.12). The northward-

dipping, normal, boundary faults are inferred from abrupt truncations of southward-

dipping reflectors interpreted as rift fill that is truncated by the post-rift unconformity 

(McBride, 1991). On this line, the half-graben is 7 km wide and 4 km deep and has an 

average, sediment velocity of 3.0 km/s (McBride, 1991). 
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2.5.4 Using offshore wells and seismic data to define South Georgia rifts 

beneath the West Florida shelf 

On the West Florida shelf, three wells have penetrated Triassic-Jurassic clastic 

and volcanic rocks in rift basins (Fig. 2.12). The Mobile 224A well penetrated 132 m of 

coarse-grained, Eagle Mills formation at 4210 m below sea level along with a diabase 

sill around 4200 m below sea level (Barnett, 1975). The Calco 224-A2 well encountered 

diabase at 3177 m below sea level and bottomed in Triassic Eagle Mills Formation at 

3208 m (Applegate and Lloyd, 1985). The Gainesville 707-1 (GV 707) well penetrated 

the 422 m of Triassic, Eagle Mills Formation at 2773.4 m and drilled 42 m into the 

Paleozoic sedimentary basement (Applegate and Lloyd, 1985). 

This Paleozoic sedimentary rock in these wells correlates with grey, Paleozoic 

siltstone found in the well Florida Middle Ground 252-1 and in numerous, onland wells 

that bottomed in Paleozoic sediments (Fig. 2.12) (Applegate and Lloyd, 1985). The 

Triassic section is composed of more than 300 m of Triassic red beds and contains a 

series of volcanic and volcanoclastic rocks that grade upward into the red bed sequence 

(Bartok, 1993). The redbeds are dated with pollen as late-middle Triassic which is the 

same age as the Triassic volcanic complex within the Newark graben of New Jersey 

(Applegate and Lloyd, 1985; Byerly, 1991; Bartok, 1993). 

Basement and isopach maps show northeast-trending and north-trending 

trending Triassic basins along the southwestern edge of the onshore South Georgia 

Basin, and another Triassic basin aligned with the northern boundary of the Suwannee 
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basin (Fig. 2.12). Fig. 2.13 is a northwest-southeast, cross-section through these Triassic 

and Paleozoic depocenters. 

Strong, wavy reflectors mark the base of offshore Suwannee Basin that is 

bounded by normal faults (Fig. 2.13). Towards the northwest, Paleozoic, reflector 

packages become more chaotic in the lower parts of the basin. Several, higher-

amplitude reflectors present at 8000 m below sea level may correspond to igneous sills 

formed during Triassic rifting and act to obscure the lower part of the Paleozoic section 

of the Suwannee Basin on 2D seismic reflection lines (Fig. 2.13). 

The Triassic rift basins contain both late Triassic red beds and middle Triassic 

volcanic rocks correlating with a section drilled in the GV 707 well (Fig. 2.13). The 

middle Triassic layer had a consistent thickness of about 500 m and is confined within a 

rift basin (Fig. 2.13). The late Triassic section varies from 1500 m in the depocenter and 

pinches out towards the Suwannee Basin (Fig. 2.13). Following the geometry of 

offshore Triassic basin and potential field data, the fault boundaries of the South 

Georgia Basin is reinterpreted on Fig. 2.12. These rifts coincide with negative gravity 

feature D1 which correlates with a strong, magnetic anomaly (Figs. 2.6a, 2.14). 
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Figure 2.13 (a) Uninterpreted, northwest-southeast, deep-penetration seismic line crossing the southeastern, Triassic, South Georgia rift (SGS) and the Paleozoic Suwannee Basin (SB) at 5 to 1 vertical 
exaggeration. The high amplitude layer around 4 km below the post-rift unconformity is interpreted as igneous intrusions during Triassic rifting. (b) Interpreted, northwest-southeast, deep-penetration seismic 
line crossing southeast of the South Georgia rift (SGR) and the Paleozoic Suwannee Basin (SB) at 5 to 1 vertical exaggeration. Yellow, red, and orange background represent the possible extent of the basins are 
color-coded: Lower Paleozoic (yellow), Middle Triassic (red), and Late Triassic sediments (orange). Triassic rifting of Phase 1 reactivated the northern edge of the early Paleozoic Suwannee Basin. 
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2.6 Late Jurassic conjugate rift margins in western Florida and the Yucatan 

Peninsula 

The Phase 2, Late Jurassic, rifted margin consists of broad, basement highs and 

intervening lows that can be re-aligned across the Florida and Yucatan, conjugate 

margins (Figs. 2.14, 2.15, 2.16). The northeast-trending, basement fabric can be related 

to Phase 1 rifting which formed the NE trending basement lows as rifts that are best 

expressed on the magnetic map in Fig. 2.5a.  

To better compare the basement structures and salt distribution variation along 

Yucatan and Florida margin, I have interpreted the same, four conjugate basin pairs as 

proposed by Steier (2018): (1) the Rio Lagartos Arch (Yucatan) and Middle Ground 

Arch (Florida), (2) the Rio Lagartos Basin (Yucatan) and Tampa Embayment (Florida), 

(3) the Chiquila Arch (Yucatan) and Sarasota Arch (Florida), and (4) the Chiquila Basin 

(Yucatan) and South Florida Basin (Florida) (Fig. 2.14). The Rio Lagartos Basin on the 

Yucatan margin and Tampa Embayment on the Florida margin are divided into northern 

and southern basins by a basement high (Figs. 2.15, 2.16). 

The South Florida basin forms a broad, regional depression that overlies a 

prominent, linear magnetic low shown on Fig. 2.5a that I interpret as a rift that has not 

been imaged using the currently-available, seismic reflection data. In contrast, the 

Yucatan conjugate margin exhibits the Chiquila basin which is a 1500-m-wide, 1.4 

seconds (2100 m)-deep half graben (Fig. 2.15). 
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Figure 2.14 Late Jurassic, pre-phase 2, reconstruction using Gplates at 158 Ma of the regional map of total 
magnetic anomalies. Late Triassic-early Jurassic faults, and late Jurassic faults are shown in white and red 
lines, respectively. Interpreted, basinward dipping reflectors (BDRs) are shown by black polygons and 
correspond to magnetic highs in Florida margin, and magnetic lows in Yucatan margin. 

Total
magnetic
intensity
anomaly

(nT)

100 km

Broward Syncline

Pully Ridge Basin

Elbow Basin

Destin Dome Basin

FloridaMGR

RLA

NTE
STENRLB

CA SrA

SFB

SRLB

CB

Fig. 16

Fig. 17b

Fig. 19b

Fig. 20b

Fig. 18b

Yucatan

Fig. 15

Fig. 17a
Fig. 18a

Fig. 19a
Fig. 20a

3
21

4



54

Figure 2.15 (a) Uninterpreted, southwest-northeast, deep-penetration seismic line crossing the continental shelf of the northern Yucatan peninsula (location of seismic lines is shown in Figs. 2.8 and 2.13). From 
west to east, broad basement highs and lows are named here and include: the Celestun Embayment (CE), the Rio Lagartos Arch (RLA), the Northern Rio Lagartos Basin (NRLB), the Southern Rio Lagartos Basin 
(SRLB), the Chiquila Arch (CA), and the Chiquila Basin (CB). (b) Interpreted, southwest-northeast, deep-penetration seismic line shown in Fig. 2.15a. Abbreviations for horizons are the same as used in Fig. 
2.5a. Color-coded lines include: Orange, green, blue and brown lines are Cretaceous-Tertiary boundary (KTB) (orange), Base of salt (green), crystalline basement (blue), and Moho (brown). The dashed line 
indicates the lack of confidence for interpretation in areas of low seismic quality. The red dashed lines show the possible extent of basinward dipping reflectors (BDRs) in the area between the Rio Lagartos Arch 
and Rio Lagartos Basin.
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Figure 2.16 (a) Un-interpreted, northwest-southeast, deep-penetration seismic line from the continental shelf of Florida at 5 to 1 vertical exaggeration (location of seismic lines is shown in Figs. 2.8 and 2.13). 
Broad basement highs and lows represent the Apalachicola Embayment (AB), Middle Ground Arch (MGR), Northern Tampa Embayment (NTE), Southern Tampa Embayment (STE), Sarasota Arch (SrA), and 
South Florida Basin (SFB) from northwest to southeast. (b) Interpreted northwest-southeast, deep-penetration seismic line shown in Fig. 2.15a.  Basin dipping reflectors (BDRs) are present between the Middle 
Ground Arch and North Tampa Embayment and conjugate to BDRs on the Yucatan margin.
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On the Yucatan margin, high-amplitude basinward dipping reflectors (BDRs) 

underlie the base of salt on the Rio Lagartos Arch and the Northern Rio Lagartos Basin 

(Fig. 2.15). On the Florida margin, similar BDRs are observed on the conjugate Middle 

Ground Arch and the North Tampa Basin (Imbert, 2005; Christeson et al., 2014) (Fig. 

2.16). Salt diapirs were observed emanating from the basement lows of the Rio 

Lagartos Basin and Tampa Embayment of the Florida and Yucatan conjugate margins, 

respectively, and pinch out onto the Chiquila Arch and Sarasota Arch. 

2.6.1 Comparison of seismic reflection lines crossing the Rio Lagartos Arch 

(Yucatan conjugate margin) and the Middle Ground Arch (Florida conjugate 

margin) 

I compared seismic profiles from the northern region of the study area across the 

conjugate pairs of the Rio Lagartos Arch (Fig. 2.17a) and the Middle Ground Arch (Fig. 

2.17b). Both conjugate margins show high-amplitude, basinward-dipping reflectors 

(BDRs) outboard of the Cretaceous-Cenozoic, West Florida carbonate escarpment and 

beneath the base of salt. 

The Yucatan seismic profile shows a 2-second-travel-time (3 km) thick, BDRs 

with a sediment velocity of 3 km/s that occupies a belt of BDRs that is 28-km-wide 

(Fig. 2.17a). With a salt velocity of 4 km/s, the 30-km-wide 0.1 second-high salt diapirs 

on the updip of BDRs has an average thickness of 200 m, and the 30-km wide 0.8s-high 

salt diapirs downdip from the BDRs has an average thickness of 1600 m (Fig. 2.17a). A 

basement high on the top of BDRs provides a sloping surface for deposition of post-rift 

sediments beneath the Cretaceous-Tertiary Boundary (KTB) that overlies the salt 
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detachment (Steier, 2018) (Fig. 2.17a). The 1600-m-high, salt diapirs were concentrated 

within a symmetrical marginal rift on the seaward side of the extended continental crust 

and pinch out onto a 0.2 s (200 m) basement step-up between continent ocean boundary 

(COB) (Hudec et al., 2013).  Steier (2018) mapped the westward continuation of the 

marginal rift in the Yucatan margin westward into the Campeche area. On the platform, 

a 4-km wide cave is present in a karsted zone of the KTB (Fig. 2.17a). 

The Florida seismic profile shows a similar BDR wedge about 28-km wide and 

5- km deep (Fig. 2.17b). Several high-amplitude low-continuous, wavy reflectors are 

observed beneath the Florida escarpment with ~3-4.5 km, thicknesses inferred to be part 

of a package of BDRs (Fig. 2.17). The salt layer is continuously distributed in a 70-km 

wide extended continental crust with salt rollers in the updip area and mild compression 

in the downdip area.  

The extended continental crust is composed of a series of basinward-dipping, 

half-grabens underlying the 3-5 km high salt diapirs. A marginal, symmetrical rift is 

located on the seaward end of extended continental crust similar to the Yucatan margin 

(Steier, 2018). Salt diapirs with similar vertical heights are present above this 

symmetrical marginal rift and pinch out onto a 300 m basement step-up that marks the 

continent-ocean boundary (COB) (Hudec et al., 2013; Rowan, 2018).  

Above the platform basement, a 3-km-high group of chaotic reflectors disturbs 

an area of strong, parallel reflectors (Fig. 2.18). I interpret these features as gas 

chimneys associated with the formation of natural gas. Dobson and Buffler (1991) 

recognized extensive basement-involved, normal faulting of the Middle Ground Arch, 

and suggested possible Triassic clastic rocks filled these rifts.  
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2.6.2 Comparison of seismic reflection lines crossing the Northern Rio 

Lagartos Basin (Yucatan conjugate margin) and Northern Tampa Embayment 

(Florida conjugate margin) 

The 2D seismic line shown in Fig. 2.19 compares the conjugate margins of the 

Northern Rio Lagartos Basin and the Northern Tampa Embayment. In the Northern Rio 

Lagartos Basin, the salt distribution and rift geometry is similar to the previously 

observed features of the Florida margin observed on the seismic section in Fig. 2.17. 

The Moho interpretation in this profile is characterized by high-amplitude, 

landward-dipping reflectors (LDRs) near the COB (Fig. 2.19). A set of high-amplitude, 

subparallel, folded reflectors within this 5 second, two-way time (15 km) thick crust are 

shown in the lower crust of the Yucatan margin (Fig. 2.18a). 

The width of the salt distribution of Florida margin in the area of the Northern 

Tampa rift decreases from 70-km to 40-km. There is an absence of similar BDRs 

beneath the Florida escarpment, although a one-km-high, outer high is present near the 

COB (Fig. 2.17b). 
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Figure 2.17 (a) Un-interpreted and interpreted, southeast-northwest, deep- penetration seismic line crossing the Rio Lagartos Arch (RLA), Yucatan. (b) The un-interpreted and interpreted, southwest-northeast, 
deep-penetration seismic line crossing the Middle Ground Arch (MGA) on its conjugate margin in Florida. Salt diapirs distributed over a wider, extended area of continental crust on the Florida margin than on 
its conjugate margin in Yucatan. Both conjugate margins show the presence of BDRs beneath the salt roller nearest the carbonate escarpment.
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Figure 2.18 (a) Zoom of the seismic line of the Florida margin shown in Fig. 
2.17a. (b) Zoom of the seismic line of the Florida margin shown in Fig. 2.17b to 
illustrate interpreted BDR’s underlying salt rollers along with gas chimneys 
overlying the crystalline basement of Florida. 
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Figure 2.19 (a) Un-interpreted and interpreted, southeast-northwest, deep-penetration seismic line crossing the Northern Rio Lagartos Basin (NRLB) on the Yucatan margin. High-amplitude reflectors underneath 
the salt are folded and dip subparallel to the seismic Moho.  (b) Un-interpreted and interpreted, southwest-northeast, deep-penetration seismic line from Northern Tampa Embayment (NTE) on the Florida margin. 
An outer high is shown on the seaward boundary of salt. Concentrated salt in a marginal rift similar to that present on the Yucatan margin (Steier, 2018). 
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2.6.3 Comparison of seismic reflection lines from Southern Rio Lagartos 

Basin (Yucatan conjugate margin) and Southern Tampa Embayment (Florida 

conjugate margin) 

Fig. 2.20 compares seismic profiles through the conjugate margins of the South 

Rio Lagartos Basin and the South Tampa Embayment. In the South Rio Lagartos Basin, 

low-amplitude, salt rollers are concentrated in the basement low and confined by the 

outer basement high marking the COB. Similar, high- amplitude, subparallel reflector 

packages are present within the 5 seconds (~15 km) thick crust. The distribution of 

these subparallel reflectors is in a narrow belt that is adjacent to the COB (Fig. 2.19a). 

Beneath the basement of the Florida platform, a 2 second two-way time (~3 km thick) 

basin is located 15 km inboard of Cretaceous-Cenozoic, carbonate escarpment (Fig. 

2.20a). 

The seismic reflection line across the proposed Southern Tampa rift shows 

fewer, salt diapirs with 200-m to 500-m high diapirs emanating from the marginal rifts 

compared to 800-m to 1500-m high salt diapirs observed on the seismic reflection line 

across the area of the Northern Tampa rift (Fig. 2.20b). BDRs are not present under 

Florida escarpment, but are near the outer high marking the COB (Fig. 2.20b). 
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Figure 2.20 (a) Uninterpreted and interpreted, southeast-northwest, deep-penetration seismic line from Southern Rio Lagartos Basin (SRLB) on the Yucatan margin. Only salt rollers are present and stopped by 
the basement high in the extended continental crust. (b) Un-interpreted and interpreted, southwest-northeast, deep-penetration seismic line from Southern Tampa Embayment (STE). On both conjugate margins, 
a marginal rift on thinned, continental crust is present that forms a low what concentrates a larger, volume of salt. The seaward high of the marginal rift is the “step-up fault” bounding the higher-standing area of 
oceanic crust.  
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2.6.4 Comparison of seismic reflection lines from Chiquila Arch (Yucatan 

conjugate margin) and Sarasota Arch (Florida conjugate margin) 

Seismic profiles from the Chiquila Arch (Fig. 2.21a) and Middle Ground Arch 

conjugate margins (Fig. 2.21b) are compared in the southern region of the study area. 

No related volcanic features or salt features are observed on these conjugate margins. 

Refraction data indicates that the top of basement on the Yucatan margin is correlated 

with the top of 5.9 km/s velocity layer at 2.3 s (-4.05 km in depth) at station 11W from 

Ibrahim et al. (1981). On the Florida conjugate margin, the acoustic basement is 

correlated with the top of 5.81-5.95 km/s velocity layer at 3 km below sea level from 

three, refraction stations of Ebeniro et al. (1986). The sediment thickness on the 

carbonate platform is around 2.5 km on both margins (Fig. 2.21). 

Mounded features above the post-rift unconformity are inferred to represent 

Cretaceous carbonate reefs that formed in the early, passive margin stage of both 

conjugate margins (Fig. 2.22). From the seismic profile of the Yucatan margin, two, 0.6 

s (1.5 km) high mounds with a velocity of 5 km/s) are interpreted as pinnacle reefs that 

grew on the upper part of the basement slope (Fig. 2.21a). On this conjugate pair, an 

800-m-high pinnacle reef is 5-km-wide and is also present on the upper part of the 

basement slope (Fig. 2.21b). Relatively thicker Cretaceous passive margin sediments 

were deposited on the Florida margin than on the Yucatan margin. 
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Figure 2.21 (a) Uninterpreted and interpreted, southeast-northwest, deep penetration seismic line from Chiquila Arch (CA), Yucatan. (b) Uninterpreted and interpreted, southwest-northeast, deep penetration 
seismic line from its conjugate margin on the Sarasota Arch (SrA) on the Florida margin. The top basement reflector correlates well with a sudden velocity change to around 5.8 km/s as seen on refraction data 
(Ibrahim et al. 1981; Ebeniro et al., 1986). Mounded, carbonate features on both conjugate margins are enlarged on Fig. 2.22.
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Figure 2.22 (a) Zoom of mounded, carbonate features of the Yucatan margin as shown on Fig. 2.21a. (b) Zoom of mounded, carbonate features of the Florida margin as shown on Fig. 2.21b. These carbonate 
mounds are inferred to be early Cretaceous in age as they are tilted on rift-related, fault blocks on the Yucatan margin. (c) Zoom of base of salt shown on Fig. 2.7. White rhombuses represent Cretaceous carbonate 
reefs mapped in the study area. 
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2.7 Discussion 

2.7.1 Defining a broad zone of indentation-related, right-lateral, strike-slip 

faults in Florida and the eastern GOM 

Beneath the west Florida shelf, linear zone of three, symmetrical, 15-25-km-

wide, 2-3 km-deep basins align in a right-stepping pattern along a single, linear fault 

trace (Fig. 2.8). In cross section, all three basins exhibit a downward-tapering, “negative 

flower structure” typical of pull-apart basins (Figs. 2.9, 2.10). I interpret their origin as 

right-stepping, pull-apart basins along a northwest-striking, late Paleozoic strike-slip 

fault related to collision-related indentation of the combined Yucatan-South America 

continent into the southern margin of the North American continent (Thomas, 1991) 

(Fig. 2.11).   

The 100-km-long, late Paleozoic strike-slip fault zone (labeled number 4 on Fig. 

2.14) is mapped using northwest-southeast trending gravity and magnetic highs (A1) 

that are collinear with two elongate, Paleozoic, pull-apart basins: Destin Dome basin, 

and Elbow basin (Fig. 2.5). This fault zone is collinear and parallel to fault A1 defined 

on the regional map in Fig. 2.5b and to the Florida Lineament described by Christenson 

(1990) (Fig. 2.4a). This fault zone is parallel to Paleozoic strike-slip faults 1-3 as 

described by Smith (1982), and Smith and Lord (1997) 150 km to the east (Fig. 2.6a, b). 

For the Pully Ridge Basin, its synclinal structure coincides with a gravity and 

magnetic low feature labeled A3 (Fig. 2.13). No basement rock older than Mesozoic has 

been drilled in South Florida onshore, but the Mesozoic volcanic rocks could correlate 

with Jurassic diabase penetrated in the Destine Dome Basin. Therefore, I propose that 
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late Palezoic, right-lateral strike-slip fault zones best explain the locations and tectonic 

origins of the all observed, gravity and magnetic highs (A1, A2, A3, C) (Fig. 2.13). 

The three, subparallel, late Paleozoic strike-slip faults (labeled 1, 2, 3 on Fig. 

2.14) proposed by Smith and Lord (1997) correlate with northwest-trending, magnetic 

anomalies in North Florida.  Like the three, strike-slip faults described by Smith and 

Lord (1997) 150 km to the east, I interpret this broad zone of right-lateral, strike-slip 

faulting as also forming along the eastern, continental edge of the Yucatan-South 

America, continental “indenter” (Fig. 2.2a) with later, minor, left-lateral, fault 

reactivation during Mesozoic, Phase 1 rifting (Figs. 2.2b, 2.2c) and 2 (Fig. 2.2e). 

2.7.2 Origin of deep, Paleozoic basins on the western shelf of Florida 

From the termination of the South Georgia rift zone in southern Alabama, the 

early Mesozoic basaltic province is offset over 400 km to the northwest into the state of 

Mississippi (Fig. 2.23c). This offset is roughly collinear with the northwestward, a 

continuation of the Pickens-Gilbertown-Pollard fault zone in Mississippi (Byerly, 1991) 

(Fig. 2.23c). Thomas (2004) proposed that the large-scale offset between Appalachian-

Ouachita thrust belts and the associated Grenville basement terranes corresponded to 

the Alabama- Oklahoma transform formed during pre-orogenic rifting in the Laurentian 

margin (Fig. 2.23a). 

Late Triassic-early Jurassic closely followed the northeast-trending, basement 

trends of late Paleozoic Appalachian-Ouachita orogeny belt (Fig. 2.23b). Late Paleozoic 

strike-slip faults identified in this study parallel the offset between Appalachian fold 

belt and Ouachita fold belt, and are equally spaced along the Suwannee-Wiggins suture 
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Figure 2.23 Summary of three major stages in the evolution of the eastern GOM.  Faults known to be active during each of the three stages are highlighted in red. (a) The larger scale structures of the Gulf of 
Mexico and Florida margins were originally formed during the opening of the Paleozoic, Iapetus during the late Precambrian and early Cambrian as proposed by Thomas (1991). An 840-km, right-lateral offset 
of the Grenville Precambrian province and the southern margin of the North America plate formed during Iapetus opening. (b) Northeastward-directed, collision of the South America plate and Yucatan block 
acted as an indentor that reoccupied the area that these plates had vacated during the earlier, Paleozoic, rifting event.  Fault trends in the southern Appalachians or the southeastern USA converge towards the area 
of the embayment in the area of the northern GOM suggesting that shortening was larger in the indentor area and that the northeast side of the indentor was formed by a broad zone of right-lateral, strike-slip 
faults (Thomas, 1991). (c) The breakup of Pangea occurred as Yucatan, and South America plates pulled away from the site of the late Paleozoic collision and reactivated the collision-related, right-lateral faults 
as rifting-related, Phase 1 rift faults (Byerly, 1991). A northwest-southeast right-lateral strike-slip fault with magmatism is interpreted on one of the late Paleozoic strike-slip faults (fault number 4 on Fig. 2.5). 
Phase 2 faults (red lines) are more concentrated at the edges of oceanic crust and orthogonal to the Phase 1 faults (black lines). Phase 2 marginal faults in the northwestern Yucatan are mapped by Steier (2018).
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Figure 2.24 (a) Present-day, total magnetic anomaly map of the eastern GOM with an overly of Phase 1 rifts (white lines) and Phase 2 rifts (red lines). (b) Removal of late Jurassic oceanic crust in the eastern 
GOM using the single, pole of rotation of Nguyen and Mann (2016) to restore the Florida-Yucatan conjugate margins. The Southern Tampa rift (L1) and the South Suwannee rift (L3) on the Florida margin exhibit 
an apparent, 35-km-long, left-lateral offset which I interpret as forming during the period of Triassic-Jurassic rifting and left-lateral reactivation of older, right-lateral, Paleozoic faults (Fig. 2.23c). (c) The 
apparent, 35 km of apparent, left-lateral motion is restored prior to the Triassic-Jurassic rift phase.
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zone (Fig. 2.23b). I interpret this 35-km-wide zone of Paleozoic, right-lateral, strike-slip 

faults as indentation, strike-slip faults related to the northwestward motion of the 

northeastern edge of the South American continental promontory that collided with the 

North America plate. 

2.7.3 Realigning conjugate margins in Florida and Yucatan 

Linear magnetic highs and intervening basement lows are orthogonal to the 

northwest-southeast, opening direction on both margins (Fig. 2.24a). This basement 

relief that is best expressed on magnetic data (Fig. 2.5a). I interpret the basement relief 

to have formed during late Triassic- middle Jurassic, Phase 1 rifting (Fig. 2.2c). The 

Tampa rift and the Rio Lagartos rift on the Florida-Yucatan, conjugate margins can be 

re-aligned in the northeast-southwest direction after Yucatan is rotated about 40 degrees 

clockwise (Fig 2.24b). The close, fit of the basement topography of the conjugate 

margins from magnetic data indicates that the proposed Tampa and Rio Lagartos 

formed as a single, linear rift during northwest-southeast- directed extension during 

Phase 1 rifting of Late Triassic-Early Jurassic age. 

2.7.4 Reactivation and possible reversal of motion on Paleozoic, strike-slip 

faults during Phase 1 Triassic rifting 

A 100-km-long, late Paleozoic strike-slip fault closely follows a linear, magnetic 

high and has been described previously as fault A1 defined on the regional map in Fig. 

2.5a and as the Florida Lineament by Christenson (1990) (Fig. 2.4b). This fault zone is 

parallel to Paleozoic strike-slip faults 1-3 (1, 2, and 3) as described by Smith (1982), 

and Smith and Lord (1997)150 km to the east on the Florida peninsula (Fig. 2.6a, b).  
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The high intensity of these anomalies could result from the subsurface presence 

of rift-related, red bed, lithologies that are known to be downfaulted along the edges of 

the South Georgia rift (Fig. 2.5). The 35-km-long, left-lateral offset between a magnetic 

low, the Southern Tampa Rift (L1) and South Suwannee rift (L3) indicate a possible, 

early Jurassic, Phase 1, left-lateral reactivation of this previously, right-lateral, 

Paleozoic strike-slip fault. On Fig. 2.24c, a restoration of 35 km of left-lateral offset 

closely realigns the linear, magnetic trends of L1 and L3. I propose a minimum of 35 

km of left- lateral motion on this fault during the Phase 1 Triassic rift phase that 

reactivated the previous, Paleozoic fault zone (Fig. 2.25). 

2.7.5 Regional distribution of Middle Jurassic salt distribution in relation to 

its underlying, crustal types 

Based on salt mapping on 50,000 line kilometers of merged, industry, 2D 

seismic reflection data sets, I divide the thinned, continental crust of Florida that flanks 

the deepwater area of oceanic crust into three structural provinces: 1) the 220 km-long, 

northwestern segment of thinned, transitional, continental crust; overlying this area of 

thinned crust is salt varying from 1 to 4 km high, 60-70 km wide; 2) the central segment 

of crust along the Florida margin is 260 km long and forms a V-shaped area from 70 km 

to 25 km wide; salt diapirs are associated with this crustal province; and 3) the southern  

segment of extended crust along South Florida is 110 km long and 20 km wide and 

shows no evidence for the presence of salt (Fig. 2.55); isolated Cretaceous carbonate 

reefs grow on the basement highs during the early Cretaceous, post-rift, passive margin 

phase (Fig. 2.22). 
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Figure 2.25 (a) Distribution of salt controlled by Phase 1 rifts in orange, and Phase 2 rifts in black. (b) Regional map of extended, continental crust overlying the regional map of the total magnetic anomaly. The 
outer marginal rifts and BDRs in Yucatan are conjugate to the Florida margin, encircle the area of oceanic crust, and formed during Phase 2 rifting). Phase 1 rift trends (white lines) trend northeast and are at right 
angles to these younger, Phase 2 rift trends (black lines).  
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On the conjugate Yucatan margin, the northwestern segment is overlain by 30 

km salt rollers, and 30 km-wide, 1600-m high salt diapirs (Steier, 2018). The central 

segment is dominated by salt rollers and pinches out towards regional highs and 

southern segment (Steier, 2018) (Fig. 2.25). The asymmetrical salt distribution reflects 

asymmetric rifting during Phase 1 GOM opening with a wider, rifted margin in the 

northern GOM and a narrow, less extended margin along the Yucatan peninsula 

(Marton and Buffler, 1993). The lack of salt in the southern segment of the margin 

indicates that the southeastern GOM did not pass below sea level during the Phase 1 

period of late Triassic-early Jurassic rifting (Marton and Buffler, 1993). 

The regional distribution of the thickest, salt bodies in the eastern GOM is likely 

controlled by the presence of poorly-imaged, rifts that underlie the base of salt 

especially along the middle segment of the conjugate margin (Fig. 2.25). The thinnest 

area of salt is associated with elevated shoulders of the symmetrical, marginal rift near 

the COB. This marginal rift in the most distal zone of stretched, continental crust has 

identified by various names by previous workers on both the Florida and Yucatan 

conjugate margins: 1) Inner ramp of Hudec et al. (2013) in the northern GOM; 2) 

Outer marginal trough in Florida and the Yucatan margin by Pindell et al. (2014) and 

Rowan, (2018); 3) Salt trough in the northeastern GOM by Imbert (2005); and 4) 

Outer marginal rift on the northern Yucatan margin by Steier (2018). Pindell et al. 

(2014) proposed that the outer marginal trough is formed by rapid, marginal collapse 

following the end of late Jurassic, phase 2 rifting, and that this collapse provides the 

space for thick salt deposition. Rowan (2018), proposed that the symmetrical marginal 
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trough changes from basinward-dipping rifts inboard to deeper depressions that result 

from slow sedimentation proximal to the shelf.  Steier (2018) used subsidence plots to 

show that post-rift subsidence in the Cretaceous and Cenozoic was gradual and did not 

reflect any rapid pulses of margin subsidence. 

2.7.6 Paleozoic basement faulted during Phase 2 rifting  

Deep-penetration seismic reflection data allow identification of rifts and pre-rift 

basement beneath the base of salt (Fig. 2.25). In the northern segment, BSRs are 

observed beneath salt diapirs (Eddy et al., 2014). In the middle segment, outer highs 

located between the extended continental crust and oceanic crust are present on the 

Florida margin while wavy BDRs are observed on the Yucatan, conjugate margin (Fig. 

2.25).  

In the northeastern GOM, the extent of BDRs has been mapped and interpreted 

as magma-rich, seaward-dipping reflectors (SDRs) from their geometry and their 

associated, magnetic highs (Imbert, 2005; Imbert and Philippe, 2005; Pascoe et al., 

2016). A high- velocity lower crust (HVLC) below the possible BDRs also supports the 

volcanic margin interpretation of the northeastern GOM (Eddy et al., 2014, 2018). In 

contrast, other workers have interpreted this margin as a magma-poor margin (Pindell et 

al., 2014; Rowan, 2014, 2018). Rowan (2018) interpreted the area of BDRs as 

asymmetrical, sedimentary, sag sequences deposited within rifts. 
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I interpret the BDRs as faulted and gently folded area of stratified, Paleozoic 

basement based on the good corrletion between BDRs present on both conjugate 

margins with no obvious faults underlying the BDRs (Figs. 2.14, 2.17, 2.19). The high-

velocity lower crust (HVLC) identified from Eddy et al. (2014, 2018) underlies one of 

the three, late Paleozoic, pull- apart basins (Destine Dome Basin) that were mapped in 

this study. Therefore, the HVLC underlying the BDRs outboard of the Florida 

escarpment could also have formed during the late Paleozoic and prior to the Mesozoic 

opening of the GOM. 

 

2.7.7 Implications of observations in this chapter for a revised plate model 

for the eastern GOM and the southeastern USA 

The basement geometry study in the EGOM provides insights for 

reconstructions during the late Paleozoic collision and Triassic-Jurassic rifting (Figs. 

2.26a-2.26f). Collision-related, indentation, right- lateral strike-slip faults formed 

around the Alabama promontory when Gondwana (South America and the Yucatan 

block) collided with the North American plate (Smith and Lord, 1997). A major right-

lateral, Paleozoic strike-slip fault is indicated by the alignment of northwest- trending, 

pull-apart basins with sub-vertical, flower structures in profile (Fig. 2.26a). 

The Late Triassic-Early Jurassic, Phase 1 rift phase formed NE-trending, rift 

basins parallel to the NE structural grain of the Ouachita-Appalachian fold-thrust belt 

(Fig. 2.26b). The South Georgia Basin is bounded by orthogonal, northwest-striking, 

late Paleozoic strike-slip faults that were likely reactivated during the later rift phase. 
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The eastern GOM extended in a northwest direction to form the Tampa rift 

along the Florida margin and the Rio Largartos Basin in the Yucatan margin (Fig. 

2.26d). These Phase 1 rifts are best expressed on regional magnetic maps (Fig. 2.5a), 

but are too deep to be well imaged on the 2D seismic data that I had available for my 

study.  During the middle Jurassic (163-165 Ma), a 6-km-thick salt unit deposited as a 

sag basin in the central GOM and thinner, ~0-1.5 km salt unit was deposited in the 

EGOM and pinched out onto thicker and less extended, continental crust of the Sarasota 

Arch in the southeast (Marton and Buffler, 1999; Hudec et al., 2013) (Fig. 2.25d). 

As Yucatan block rotated counterclockwise away from Florida in the late 

Jurassic, the eastern GOM began to open during a northeast-southwest, Phase 2 rifting 

began that was orthogonal to the earlier, Phase 1, late Triassic-early Jurassic rifting 

(Fig. 2.26e). Rifts formed during Phase 1 rifting were separated as conjugate margins by 

the formation of oceanic crust in the deep GOM (Fig. 2.26e). The eastern GOM reached 

its present-day geometry in the Valanginian (Snedden et al., 2014; Marton, 1995; 

Marton and Buffler, 1999) (Fig. 2.26f). 
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Figure 2.26 Modified, Late Paleozoic and Mesozoic tectonic stages from the 

reconstructions shown in Fig. 2.2. (a) Formation of Ouachita-Appalachian Fold Belt 

at the end of Late Paleozoic Alleghanian orogeny. I have added a fourth, Paleozoic 

strike-slip fault to the previous, three, northwest-striking, right-lateral, strike-slip faults 

proposed by Smith and Lord (1997).  I interpret these faults as forming as right-lateral, 

indentation faults during the northwestward collision of the South America plate and 

the Yucatan block during the late Paleozoic collision. (b) Beginning of Phase 1 

continental rifting of Late Triassic to Early Jurassic (190-170 Ma) occurred 

during the breakup of Pangea. White lines are Rio Lagartos Basin (RLB), and Tampa 

Embayment (TE) formed during Late Triassic to Early Jurassic rifting. The previously, 

right-lateral, Paleozoic strike-slip faults are reactivated as left-lateral strike-slip faults. 

(c) Cessation of Phase 1 GOM rifting in early Jurassic (~170 Ma). (d) Louann-

Campeche salt was deposited in a sag basin overlying Phase 1 rifts. Pink polygons 

outline the thick salt distribution restored from present-day geometry. Yellow polygons 

outline the salt domes formed by thin salt layer. (e) Late Jurassic, Phase 2 rifting as 

Yucatan rotated counterclockwise from its conjugate margin in Florida. Phase 2 

rifts trend (red lines) in the EGOM changed from northwest-southeast to northeast-

southwest. The rotation of Yucatan block separated the NE-SW trending rift basin 

(white lines) into two basins (Rio Lagartos Basin in the US, and Tampa Embayment in 

Mexico) by the formation of oceanic crust shown as the blue polygon. (f) In the earliest 

Cretaceous, Oceanic spreading ceases, and the passive margins continue to 

develop into the late Cretaceous and Cenozoic. 
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2.8 Conclusions 

1. A series of six plate reconstructions (Fig. 2.26) are used to summarize the 

complex, Triassic to Recent tectonic setting for the GOM geologic evolution which 

consists of the following phases: 1) pre-Triassic, pre-rift; 2) Triassic-middle Jurassic 

Phase 1 rifting; 3) Callovian sag basin (Louann-Campeche salt); 4) Oxfordian- 

Kimmeridgian Phase 2 rifting; 5) Late Jurassic-early Cretaceous Phase 2 oceanic 

spreading; and 6) early-late Cretaceous passive margin. 

2. A fourth 45-km-wide and linear zone of right-lateral, northwest-southeast-

striking, strike-slip faulting, and associated pull-apart basins of late Paleozoic age 

formed during late Paleozoic Alleghanian orogeny. This fault zone is collinear and 

parallel to fault A1 defined on the regional map in Fig. 2.5a, to the west offset of 

Florida lineament described by Christenson (1990).  This fault zone is parallel to 

Paleozoic, strike-slip faults 1-3 as described by Smith (1982), and Smith and Lord 

(1997) 150 km to the east (Figs. 2.6a, 2.6b). These older, Paleozoic faults were 

reactivated as left-lateral transtensional faults and pull-apart basins during Phase 1, 

Triassic-Jurassic NW-SE rifting as indicated by an uplifted Moho and thin sub-parallel 

sediments draping areas of magnetic and basement highs. 

3. A zone of NE-SW, Triassic rifting in the offshore South Georgia area that 

terminates on inferred, late Paleozoic strike-slip faults (Fig. 2.12). Confinement of 

Triassic rift sediments along northwest faults indicates that earlier, right-lateral faults 

were reactivated during the rift phase. 

4. Basement and magnetic highs and lows on the conjugate margins are inferred 

from magnetic data to represent Phase 1 rifts and can be precisely re-aligned by 
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reconstructing the Yucatan-Florida conjugate margin prior to the period of late Jurassic, 

seafloor spreading; salt distribution maps also show that these NE-SW-trending, 

basement highs, and lows were formed by the late Jurassic; salt thins towards the 

southeast onto thicker and less extended continental crust of the Sarasota Arch. The 

Yucatan margin has a narrower and thinner belt of salt distribution than the conjugate 

margin of Florida block which is consistent with asymmetrical continental rifting (more 

rifting to the north) and asymmetrical salt distribution (more salt to the north) (Fig. 

2.25). 

5. The BDRs near the Middle Ground Arch and Northern Tampa Embayment in 

the Florida margin, and Rio Lagartos Arch and North Rio Lagrartos Basin are likely not 

volcanic in origin. Instead, I proposed the BDRs are faulted and gently folded Paleozoic 

basement similar as the late Paleozoic basins identified from this study (Fig. 2.14).  
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CHAPTER III: CRUSTAL STRUCTURE OF AN 
EXTINCT, LATE JURASSIC SPREADING 
CENTER AND ITS ADJACENT JURASSIC 
OCEANIC CRUST IN THE EASTERN GULF 
MEXICO 

 

3.1 Significance and objectives of this chapter 

Satellite-derived gravity data reveals a 490-km-long, short, oceanic spreading 

ridge-and  long fracture zone system in the western GOM, and a 286-km-long, collinear 

line of extinct and short spreading ridge segments in eastern GOM that are separated by 

small, but recognizable, left-lateral, northeast-southwest offsets (Sandwell et al., 2014) 

(Figs 3.1a, 3.1b). In the eastern GOM, localized magnetic anomaly highs are aligned 

with a northwest-trending, magnetic lineament that is collinear with the spreading ridge 

segments (Hall and Najmuddin, 1994; Imbert and Philippe, 2005; Nguyen and Mann, 

2016). 

Using this remotely-imaged, pattern of oceanic, spreading ridge-and-fracture 

zone geometries and the location of the continent-ocean boundary (COB) interpreted 

from the tilt derivative of residual Bouguer gravity anomalies, Nguyen and Mann 

(2016) proposed a 37o counterclockwise rotation of the Yucatan block about a single 

pole of rotation located near northwestern Cuba (Fig. 3.1a). Prior to the availability of 

the marine satellite gravity data of Sandwell et al. (2014) - that formed the observational 

basis for the reconstruction by Nguyen and Mann (2016) several previous studies 

proposed that the Yucatan block had undergone a Mesozoic counterclockwise rotation 
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through an angle ranging from 40-60° (Hall and Najmuddin, 1994; Marton and Buffler, 

1994; Bird et al., 2005; Pindell and Kennan 2009). Such a large block rotation was 

required to produce the crescent-shaped area of oceanic crust known from previous, 

refraction studies to underlie most of the deepwater area of the GOM (Ibrahim et al., 

1981; Ebeniro et al., 1986) (Figs. 3.1, 3.2). While these previous studies all proposed a 

single pole of opening in the vicinity of western Cuba, Imbert and Philippe (2005) and 

Pindell and Kennan (2009) proposed a multi-phase episode of seafloor formation that 

required multiple poles of rotation. 

In this chapter, I improve the mapping of this poorly known, Jurassic, spreading 

ridge and fracture zone system in the eastern GOM by generating regional maps of the 

top of Jurassic, oceanic crust and base of oceanic crust (Moho) from the same grid of 

deep-penetration oil industry data used in chapter 2 of this study (Fig. 2.1). This extinct 

spreading ridge is also significant in that it is one of the oldest, undeformed, Jurassic 

spreading ridges on Earth (Müller et al., 2008). 

I then integrate my seismic reflection mapping results of the oceanic basement 

with potential fields and refraction data to improve both the map view orientation and 3- 

D crustal structure of the extinct, Jurassic oceanic spreading system, which is now 

deeply buried by 5.5-7-km of early Cretaceous to recent, deep-marine sedimentary 

rocks (Fig. 3.2). I integrate seismic reflection mapping with 3D gravity inversion to: 1) 

determine variations in the thickness of the oceanic crust; 2) provide a more precise 

location of the continent-ocean boundaries on both the Yucatan and Florida conjugate 

margins; and 3) reveal a more detailed, mapview pattern of the ridge axes and 
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intervening fracture zone offsets that improves upon the previous studies by Sandwell et 

al. (2014) and Nguyen and Mann (2016) (Fig. 3.1b). 

An important conclusion of this study is to further support the extreme 

asymmetry of oceanic crust of the eastern GOM with 55-60% of the crust located on the 

northern limb of the extinct, spreading center (Müller et al., 2008). I propose two 

possible explanations for this asymmetry as a follow up to the global study of spreading 

ridge asymmetry by Müller et al. (2008). 

The availability of the Spectrum datasets from both the Florida and Yucatan 

margins when combined with regional gravity and magnetic maps allow for a detailed 

comparison of the early Jurassic fit between the two, continental margins comparing 

with various single vs. multiple poles of opening and kinematic, opening models 

(Imbert and Philippe, 2005; Pindell et al., 2014; Pascoe et al. 2016; Nguyen and Mann, 

2016). 
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Figure 3.1 (a) Geographic setting of the Gulf of Mexico basin (GOM) with an overlay of the GEBCO bathymetric compilation map (Jakobsson et al., 2012). Box in a and b shows the location of study area 
discussed in this chapter. (b) Vertical gradient of free-air gravity (VGG) anomalies of the GOM showing a slightly darker, linear expression of the extinct, deeply buried, Jurassic ridge-and-fracture zone system 
(Sandwell et al., 2014).  Solid white and yellow lines represent ridge segments and fracture zones, respectively; less pronounced ridges and fracture zones are shown as dotted lines. The solid, light-blue, pink, 
and dashed dark blue lines represent ridges, fracture zones, and pseudo-faults, respectively, as interpreted by Imbert and Philippe (2005). Red lines show the locations of refraction profiles from the Gulf of Mexico 
Opening (GUMBO) project (Christeson et al., 2014; Eddy et al., 2014). The red dot indicates the location of the pole of rotation in northwestern Cuba as determined by using the curvilinear pattern of fracture 
zones from Nguyen and Mann (2016). 
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3.2 Geologic setting and opening phases of the Gulf of Mexico 

3.2.1 Opening phases of the GOM 

  As discussed at length in Chapter 2 of this dissertation, most workers now 

accept a GOM opening history that spans the period from late Triassic through earliest 

Cretaceous and is divided into two phases of rifting and basin opening.  Phase 1, Late 

Triassic- Middle Jurassic, continental rifting occurs as the Yucatan block-Florida block 

rifts apart in a northwest-southeast direction during the initial breakup of the Pangean 

supercontinent (Marton and Buffler, 1994; Pindell and Kennan, 2009; Hudec et al., 

2013; Eddy et al., 2014; Nguyen and Mann, 2016) (Fig. 3.2). Phase 1 rifting is 

characterized by rifts trending to the NE and are distinctive from Phase 2 rifts whose 

trends are to the southeast and orthogonal in the southeast GOM (Escalona and Yang, 

2013). 

As Phase 1 rifting ended in the early Jurassic, seawater filled a large, unfaulted, 

sag basin that overlays a broad zone of rifted, continental crust (Fig. 3.2) (Eddy et al., 

2016, 2018). Evaporation of this seawater in an arid setting led to the accumulation of 

~5 km of the Callovian, Louann-Campeche salt deposit.  

Phase 2 rifting began in the Oxfordian of the late Jurassic as the Yucatan block 

rotated counterclockwise away from North America in a more southwestward direction. 

Initial rifting of phase 2 led to the formation of the spreading ridge and the subsequent 

formation of a 100,000 km2 area of oceanic crust in the EGOM (Figs. 3.1, 3.2).  
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Figure 3.2 Stratigraphy of the northeastern and southwestern EGOM correlated with six, tectonic phases for GOM basin history including 1) pre-Triassic, pre-rift; 2) Triassic-middle Jurassic Phase 1 rifting; 
3) Callovian sag basin (Louann-Campeche salt); 4) Oxfordian-Kimmeridgian Phase 2 rifting; 5) Late Jurassic-early Cretaceous Phase 2 oceanic spreading; and 6) early-late Cretaceous passive 
margin. The chronostratigraphic chart for northern part of the West Florida Basin is modified from Dobson and Buffler (1997), Goldhammer and Johnson (2001), and Snedden et al. (2014). The 
chronostratigraphic chart for the Campeche area of Mexico in the southwestern GOM is modified from Angeles-Aquino, and Cantú-Chapa (2001). The southeastern GOM stratigraphy is modified from Marton 
and Buffler (1999). 
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Late Jurassic, seafloor spreading separated the thick salt deposits into two 

regions separated by oceanic crust: the Louann salt in the US sector of the GOM and the 

Campeche salt in the Mexico sector (Fig. 3.1b, 3.2). The cessation of seafloor spreading 

is indicated by synrift, sedimentary filling of the southeastern GOM by the earliest 

Cretaceous (late Berriasian) (Marton and Buffler, 1994) (Fig. 3.2). 

3.2.2 Age of seafloor spreading following Phase 2 rifting 

 The initiation and cessation of seafloor accretion in the GOM was related to the 

rotation of the Yucatan block but is not well dated because seafloor spreading 

anomalies have not been recognized - likely as the result of the formation of the oceanic 

spreading during the “Jurassic Magnetic Quiet Zone” (Bird et al., 2005; Christeson et 

al., 2014). Proposed age correlations of observed anomalies in the eastern GOM range 

from Tithonian (151 Ma) (Hall and Najmuddin, 1994) to Berriasian (142 Ma) 

(Eskamani, 2014). 

Four long-offset, wide-angle seismic reflection and refraction profiles were 

acquired in the GUMBO project by Christeson et al. (2014), and Eddy et al. (2014, 

2018) to understand the crustal structure and opening history of the GOM (Fig. 3.1). 

Two of these GUMBO profiles in the EGOM traverse the late Jurassic spreading center 

and allow an estimate for the timing of seafloor accretion based on the stratigraphic 

ages of the overlying basal Jurassic sedimentary horizons (Snedden et al., 2013, 2014) 

(Fig. 3.2). Based on the age of horizons correlated from exploration well LL #399 in the 

northeastern GOM, Snedden et al. (2013), and Eddy et al. (2014) estimated seafloor 

spreading rate along GUMBO 3 to be ~2.4 cm/yr. Christeson et al. (2014), and Snedden 
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et al. (2014) calculated that seafloor spreading rate along GUMBO 4 decreased to ~2.2 

cm/yr because GUMBO 4 is located to the east of GUMBO lines 1-3 and is closer to the 

proposed pole of GOM opening located near western Cuba (Fig. 3.1). 

3.2.3 Geometry of ridges and fracture zones in the GOM 

 In the EGOM, a line of isolated and extinct spreading ridge segments is 

observed but these ridges are separated by small but recognizable transforms (Sandwell 

et al., 2014; Nguyen and Mann, 2016) (Fig. 3.1b). Several industry, deep-penetration 

reflection surveys are extended to the deepwater EGOM which partially imaged the 

spreading center using 2-D and 3-D seismic reflection data acquired in the deepwater 

area (Stephens, 2001; Imbert and Philippe, 2005; Snedden et al., 2013, 2014; Kegel et 

al., 2017). Buried “abyssal hill topography” and “mini-basins” associated with the 

rough, upper surface of the Jurassic oceanic crust in the northwestern GOM were 

described by Stephens (2001) using interpretations from seismic reflection 2D industry 

and seismic surveys in the northwestern part of the EGOM (Fig. 3.1a). These buried 

abyssal hills were interpreted by Stephens (2001) as large seamounts formed within 

transform fault valleys which in turn led this author to propose a map pattern of 

Jurassic, northeast-trending, spreading ridges connected by northwest-trending 

transform faults. 

Using the same 2D seismic dataset, Imbert and Philippe (2005) used a different 

grid of 2D seismic reflection data to propose an orthogonal spreading direction from 

that proposed by Stephens (2001) with northwest-oriented, spreading ridges connected 

by northeast-trending transforms (Fig. 3.1a). Several previous studies have noted close 
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alignments between seamounts and magnetic anomaly highs (Hall and Najmuddin, 

1994; Imbert and Philippe, 2005; Nguyen and Mann, 2016; Chapter 2, this dissertation). 

Snedden et al. (2014) interpreted industry, 2D seismic data over the extinct 

spreading ridge and a larger area of the eastern GOM and mapped discontinuous axial 

valleys within the basement that they interpreted to be discrete sections of a 

northwestern-trending Jurassic spreading center. Snedden et al. (2014) proposed that 

basement highs along the spreading axis correspond to axial spreading ridge seamounts 

that probably were related to local variations in magma supply as commonly observed 

along active, slow-spreading ridges worldwide (Fig. 3.3). More recently, Deighton et al. 

(2017) mapped a long fracture zone in the western GOM using 3D seismic data. The 

curved, fracture zone is characterized by an 8-10 km wide troughs filled with 200-400 

ms (300-600 m) of sediments. 

 

3.3 Data and Methods 

3.3.1 Gravity and magnetic data 

The US maritime sector of my study area in the eastern GOM is covered by 2D 

reflection data acquired by industry seismic vessel GeoArctic in 2007 and covers an 

area of 120,000 km2 (Chapter 2, this dissertation) (Fig. 3.3a). The shot point interval 

and time record length for this seismic grid are 37.5 m and 13-14 seconds, respectively. 

The seismic data were processed using Kirchoff pre-stack depth migration (PSDM) 

commonly used for moderately-complex, geologic settings. The Mexico maritime 

sector of the study area is covered by 2-D reflection data acquired by Spectrum Geo in 
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2015. These reflection data were made available to me only as two-way travel time 

sections (Fig. 3.3a). 

Gridded, ship-track bathymetry was used in the US sector of the EGOM, and 

TerrainBase bathymetry (Row et al., 1995) was used for the Mexico sector (Fig. 3.3a). I 

used the ship-track gravity for the US and Mexico parts of the EGOM along with 

satellite-derived, free-air gravity (Sandwell et al., 2014) (Fig. 3.3b). I calculated 

Bouguer anomalies by assuming the density beneath the water bottom is 2.0 g/cm3, then 

added 0.97 g/cm3 density for the water layer (Fig. 3.4a). I calculated residual Bouguer 

gravity anomalies by subtracting a 3-km-upward continuation of Bouguer anomalies 

from the original Bouguer gravity grid (Fig. 3.4b) because residual gravity anomalies 

enhance short wavelengths at the expense of long wavelengths and allow subtle 

anomalies to be more confidently interpreted. 

I used the ship-track magnetic grids for the US and Mexico sectors of the 

EGOM and satellite-derived Decade of North American Geology magnetic (Finn et al., 

2001) grids for the Cuban EGOM (Fig. 3.5a). Following Besse and Courtillot (2002) 

true polar wander path for the Jurassic age EGOM (140 Ma), I calculated reduced-to-

pole magnetic anomalies using paleo-magnetic field inclination and declination values 

of 48.2° and - 24.5°, respectively (Fig. 3.5b). 
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Figure 3.3 (a) Bathymetric map with the Spectrum Big Wave, the 2D seismic survey used in this study shown as white lines.  All the lines made available for my study were depth-converted. (b) Ship-based, free-air 
gravity map of the same area shown in Fig. 3.3a. The pink line is the continent-ocean boundary (COB) identified from my gravity inversion used to map crustal thickness. The white lines are the ship tracks for the 
gravity and magnetic data. Sub-circular, gravity lows along four, extinct, Jurassic spreading ridge segments are labeled S1, S2, S3, and S4.  
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Figure 3.4 (a) Residual Bouguer gravity anomalies of the study area. White circles are locations of breaks in residual Bouguer gravity anomaly trends along my proposed COB and indicate continentward 
projections and marginal offsets along fracture zones. (b) 3-km upward continuation of residual Bouguer gravity anomalies. Short, white bars indicate spreading-ridge segments. Normal faults mapped in the 2D 
seismic grid and areas of major salt bodies are indicated.  
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Figure 3.5  (a) Total magnetic anomalies of the study area. Thinner, white bars are the inferred prolongations of the known spreading ridge (short, white bars) based on basement mapping and gravity data shown 
in Figs. 3.4 a, 3.4b. White, dotted lines are small circle flowlines calculated from GOM opening pole located by Nguyen and Mann (2016) near northwestern Cuba (22.41°, -84.33°). (b) Reduced-to-pole magnetic 
anomalies for the study area.  
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3.3.2 Seismic reflection and well data 

Two interpreted horizons were critical as constraints for the gravity-modeling 

study: 1) the top basement and base of the crystalline crust (Moho). I integrated seismic 

reflection data with seismic refraction and gravity data by comparing layer thicknesses 

and velocities from the refraction data with my reflection interpretation (Ibrahim et al., 

1981; Christeson et al., 2014; Eddy et al., 2014). I then imported these horizons into a 

regional 3-D gravity model to perform a structural inversion of the Moho. Finally, I 

compared these results with the interpreted Moho from reflection data and Moho depths 

reported from the refraction studies. 

Jurassic to Tertiary horizons were correlated from well LL399 #1 and following 

chronostratigraphically-defined horizons from Galloway et al. (2000), and Snedden et 

al. (2013). These horizons that are tied from the seismic grid to the LL399#1 well 

include: the Paleocene-Eocene boundary (PEB) (56Ma); the Cretaceous-Tertiary 

boundary (KTB) (66 Ma); the top of Sligo-Hosston (SH) (123.9 Ma); and the top of 

Cotton Valley-Knowles (CVK) (138.2 Ma) (Fig. 3.6). I converted the major time 

horizons in the Yucatan into depth by a water velocity of 1500 m/s, Tertiary sediment 

velocity of 2700 m/s, Sligo-Hosston sediment with a velocity of 3000 m/s, and 

underlying sediment with a velocity of 3400 m/s. 
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Figure 3.6 (a) Location map of seismic grids used to correlate between the Florida and Yucatan conjugate margins. Heavy line indicates the location of the seismic line shown in Fig. 3.6c. (b) Chronostratigraphy 
of seismic reflection units modified from Snedden et al. (2014). (c) 69-km-long, time-migrated seismic section showing seismic correlations between the Florida and Yucatan conjugate margins at 10 to 1 vertical 
exaggeration (located on the map in Fig. 3.6a). The blue horizon represents the interpreted top of Jurassic, oceanic basement. Labeled horizons include the following stratigraphic horizons defined by Snedden et 
al. (2014): Paleocene-Eocene boundary (PEB); Cretaceous-Tertiary boundary (KTB); top of Sligo-Hosston Formations (SH); top of Cotton Valley-Knowles Formations (CVK), top of Cotton Valley-Bossier 
Formations (CVB), and top of Haynesville Formation (HVB). The black horizon is the interpreted Moho from seismic data and is shown as a solid, black line where it is a high-amplitude and continuous reflector; 
reflectors are shown as dotted lines where the reflectors are less apparent. 
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3.3.3. Gravity modeling   

The 3-D gravity model includes five layers separated by four horizons: sea 

surface, bathymetry, basement, and Moho. For the US sector of the EGOM, I 

interpreted basement and Moho from the grid of Spectrum’s Deep East seismic 

reflection survey. For the Mexican and Cuban sectors of the EGOM, the basement grid 

was calculated by subtracting NOAA’s sediment thickness grid (Whittaker et al., 2013) 

from the bathymetry. My initial Moho grid was derived from an isostatic calculation 

(Blakely, 1995).  

dm = h (ρt/Δρ) + ds               

In this equation, all depths are in km, dm and ds are the Moho depth with the 

compensation depth (33 km) at the shoreline, h is elevation, ρt is the average crustal 

density, and Δρ is the density contrast at the base of the crust. 

Due to a low signal-to-noise ratio in the deep sections of the seismic reflection 

data, a single velocity of 7 km/s was applied to the depth conversion of the deeper parts 

of the seismic sections. I adjusted the Moho interpreted from reflection data by 500 m 

by comparing these deep velocities with seismic refraction velocities (Ibrahim et al., 

1981; Christeson et al., 2014; Eddy et al., 2014).  The density of water, crystalline crust, 

and upper mantle used in my model were 1.03, 2.85, 3.3 g/cm3 respectively. These 

values are similar to values used for previous gravity model studies in the GOM (Bird et 

al., 2005; Nguyen and Mann, 2016).  

Sedimentary rock densities were gridded as a function of the thickness of the 

entire section by integrating each grid node over an exponential decay function that 

simulates clastic compaction of sedimentary rocks (Cordell, 1973). Structural inversion 
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of the Moho in my 3-D gravity model was performed using a method described by 

Parker (1973), which established a Fourier transform technique for calculating potential 

field anomalies that are produced by uneven layers. I set the convergence limit of the 

inversion to 1 mGal, and after six iterations the algorithm converged, which is an 

excellent test result.  

 

3.4 Results  

3.4.1 Gravity and magnetic anomalies of the spreading ridge and oceanic 

crust of the EGOM 

3.4.1.1 Gravity lows along the ridge crest  

Four isolated, circular to elliptical, free-air gravity lows with an amplitude of 4 

mGal can be observed trending to the northwest across the eastern GOM (Fig. 3.3b). 

The axial gravity low observed over active, slowly-spreading ridges is generally related 

to the partial melting beneath the spreading axis (Jonas et al., 1991). For extinct, slow-

spreading ridges, Hall et al. (1986) proposed that the density of the upper mantle was 

altered during this final phase of upwelling along the spreading ridge and became 

preserved in place as long-lived, low-density bodies. 

For extinct, slow-spreading ridges, the axial valley depth and the length of the 

low-density root are assumed to decrease as the spreading velocity increases (Hall et al., 

1986). Therefore, the magnitude of negative gravity anomalies would also tend to 

decrease as the spreading rate increases. Low, P-wave velocities observed in the upper 

mantle of other, extinct, slow-spreading ridge (e.g. Labrador Sea – Osler and Louden 
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1995) support the presence of a low-density, serpentinized mantle root beneath extinct, 

spreading ridges. Therefore, I attribute the presence of an axial negative gravity 

anomaly to the presence of a preserved, low-density root formed during the early 

Cretaceous (~140 Ma), waning period of GOM seafloor spreading (Chapter 2, this 

dissertation). 

3.4.1.2 Basement structures from residual gravity 

  The residual gravity anomaly in the eastern GOM becomes a more linear 

feature if the effect of the deeper part of low-density root centered on the spreading 

ridge is removed (Fig. 3.4b). The residual gravity map can also be used to map faults in 

the oceanic basement especially in areas of sparse, 2-D seismic data coverage (Fig. 

3.4b). A comparison of the residual gravity map to the proposed location of pseudo 

faults proposed by Imbert and Phillipe (2005) is shown as the blue lines on Fig. 3.4b. 

No apparent gravity signature exhibits related to these proposed pseudo faults. 

3.4.1.3 Apparent offsets of the conjugate, continent-ocean boundaries 

Basin-opening, flowlines were generated using the pole of rotation proposed by 

Nguyen and Mann (2016) (Figs. 3.5a, 3.5b). The flowlines shown on Figs. 3.5a and 

3.5b align with 1) apparent offsets of the ridge crest; 2) lineaments in the adjacent 

oceanic crust that also align with the ridge-crest offsets; and 3) apparent offsets in the 

continent- ocean boundary - such as the flowline between ridge discontinuities S1 and 

S2 which both align with offsets of the Florida and Yucatan, continent-ocean boundary 

(Figs. 3.5a, 3.5b). Minor offsets are also observed along the flowline separating S3 and 

S4 (Figs. 3.5a, 3.5b). Similar, small offsets of the continent-ocean boundary have been 
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described from other small, obliquely-opening, oceanic  basins like the Woodlark basin 

of Papua New Guinea (Taylor et al., 1999) and the Okinawa backarc basin (Liu et al., 

2017) of the western Pacific Ocean. 

3.4.1.4 Volcanic features identified from magnetic data 

The magnetic anomaly map shows a positive anomaly over central of EGOM 

(Fig. 3.5a). The bold, white lines represent the center points of the short, spreading 

ridge segments which correspond to large volcanoes mapped from 2D seismic lines 

(Fig. 3.7). 

The magnetic highs show an improved correlation to volcanic features with a 

reduced-to-pole, Jurassic pole correction (Fig. 3.5b). The red shaded area corresponds 

to seaward-dipping reflectors as mapped by Imbert (2005). The pole correction also 

reveals that the area of seaward-dipping reflectors coincides with an area of a large 

magnetic high that is consistent with this area being a rift zone with a voluminous, 

volcanic output. Neither the free air nor residual gravity shows a similar gravity high 

that might be related to a large area of volcanic rocks (Fig. 3.4).  
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3.4.2 Structure of the oceanic basement in the EGOM 

3.4.2.1 Seismic reflection expression 

The top of oceanic basement was defined within my seismic reflection grid as a 

high-amplitude, rugose, but continuous reflector that separates Mesozoic sediments 

from the underlying, oceanic crust (Figs. 3.8, 3.9). For areas of continental crust, the top 

basement was picked at the base of rifted, Mesozoic sediments (Fig. 3.8). The base salt 

horizon is marked by a moderate-to-strong amplitude, reflector with a velocity pull-up 

beneath the thicker areas of salt (Fig. 3.8). 

My interpretation of the top of oceanic basement - based on my integration of 

seismic reflection and gravity data - indicates that northwest-elongated, negative gravity 

anomalies are correlative with a set of buried, northwest-elongated, submarine 

volcanoes that occupy the center points of the four, 30-60-km-long, axial rift valley 

segments observed in the eastern GOM (Fig. 3.10). These axial volcanoes reach 

maximum heights of 1-2 km in the centers of the ridge segments (labeled as R1 through 

R4 on Fig. 3.10) and decrease in size and elevation towards the ends of each spreading 

segment. 

Examples of volcanoes that decrease in height and width as they approach the 

end of spreading ridge are shown on the 2D seismic lines in Figs. 3.10a, 3.10c, and 

3.10e. Wide, axial valleys were mapped where ridges and fracture zones intersect, 

which are known as “nodal basins” (Fox and Gallo, 1984). Ridge axis volcanoes range 

from 10-30 km in width and 1- 2-km in depth. Nodal basins are common along slow  
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Figure 3.7 Structure map of the top of Jurassic oceanic basement and top of thinned, Paleozoic basement interpreted from the study 
area using the Spectrum Big Wave, 2D grid of industry seismic reflection data with a contour interval of 0.5 km. Symbols are the 
same as used in Fig. 4b. Red lines are locations of 2D seismic lines in Figs 3.8, 3.9, 3.10e, 3.10g.
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spreading centers with the length and depth of the nodal basins increasing as the pole of 

rotation is approached (Fox and Gallo, 1984). 

3.4.2.2 Expression of secondary discontinuities along the ridge axis 

Slow spreading centers are characterized by different scales of discontinuity 

gaps. A first-order discontinuity is a transform fault that connects spreading centers 

offset by as much as several hundred kilometers (Fox and Gallo, 1984). Secondary 

discontinuities are less well developed and exhibit much shorter (20-80 km) ridge 

offsets (Macdonald et al., 1993). Globally, fracture zones along active and extinct ridges 

range in width from 20 to 50 km, but those GOM fracture zones described by Stephens 

(2001) using 3D seismic data in the northeast GOM were less than 5 km wide. 

In my study area, 30-60 km long ridge segments are separated by 5-30 km inter- 

volcanic gaps that I propose to be second-order discontinuities as defined by Macdonald 

et al. (1993) (Fig. 3.7). I extended the interpreted ridge segments beneath the residual 

gravity lows to approximate the extinct ridge and fracture zone geometry of the EGOM 

(Fig. 3.7). 

Small-circle flowlines through the proposed fracture zone locations were 

generated using Nguyen and Mann’s (2016) pole of rotation for the Yucatan block. 

These flowlines roughly correlate with broad, arcuate gravity lows (Fig. 3.4b), 

suggesting that four main spreading segments developed in the EGOM as the Jurassic 

ocean basin began to open. Several map view offsets of the edge of the continent-ocean 

boundary on both conjugate margins coincide with flowline intersections with the 

continental margins and are inferred to represent the earliest accretion of oceanic crust. 
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3.4.2.3 Structural and volcanic features of the ridge axis and adjacent 

oceanic crust   

The overall basement fabric of the study area - interpreted from seismic 

reflection data and correlated with the residual gravity map - consists of northwest-

trending basement faults that dip inwards towards the extinct spreading center as is 

commonly observed along active, slow-spreading ridges (Fox and Gallo, 1984) (Fig. 

3.7). These normal faults have relatively small offsets that vary from 0.2-1 km (Fig. 

3.9). In the north-trending, regional 2D seismic line that intersects well LL 399, a 15-

km-wide 2-km-deep valley is bounded by east-striking and inwardly-dipping normal 

faults (Fig. 3.8). These basement faults follow the general trend of pseudo faults 

proposed by Imbert and Philippe (2005) in the northeastern EGOM (Fig. 3.7). However, 

I interpret these proposed pseudo faults as transform fault valleys that parallel the flow-

line parallel fracture zones. 

In addition to the large volcanoes located in the centers of spreading segments, 

off-axis volcanos are widely distributed on the Jurassic oceanic crust that flank the 

spreading ridge (Fig. 3.7). Several of these off-axis volcanoes formed near basement 

faults, or within basement depressions. 

Seismic reflection data through ridge segment 2 reveals the largest buried 

volcano in the study area, which is surrounded by several, smaller volcanoes (Fig. 3.9). 

This central, large and buried volcano rises 2.2 km over the basement and is 13.5 km 

wide with very steep slopes (~12°). Cretaceous to Tertiary, post-spreading, strata onlap 

this ocean floor and are deformed by differential compaction arching over volcanoes of 
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various sizes. Based on the horizon correlated from well 399 #1, I suggest that the peak 

of the 2-km-high volcano in this ridge center was not completely buried by sediment 

until the Late Oligocene (Fig. 3.9). 

Minor extensional normal faults and compaction folds on and above the crest of 

the ridge volcano are shown in Fig. 3.10. Sediment horizons below the axial volcanoes 

in Figs. 3.10e, 3.10g indicate that the volcanic topography formed during the final 

stages - or immediately after – the end of seafloor spreading.  

Volcanism in the spreading center could be related to fertile mantle material that 

erupted as the spreading rate decreased, or soon after seafloor spreading had ceased 

(Haase et al., 2011; Barckhausen et al., 2014). These large volcanoes are the likely 

origin for the localized magnetic anomaly highs that were noted by previous studies 

along the spreading ridge segments in the EGOM (Hall and Najmuddin, 1994; Imbert 

and Philippe, 2005; Nguyen and Mann, 2016). Similar post-spreading volcanism has 

been observed along an extinct, Oligocene spreading center in the South China Sea 

(Zhao et al., 2016). 
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Figure 3.8 (a) Uninterpreted, depth-migrated, 2D 
seismic line crossing the extinct spreading ridge, the 
oceanic crust northeast of the spreading ridge, and the 
marginal rift marking the continent-ocean boundary. 
(b) Interpreted depth-migrated seismic section showing 
large volcano occupying the axial valley of the extinct, 
spreading ridge and rifted oceanic crust forming the 
abyssal hills northeast of the spreading center. 
Near-vertical black dashed lines indicate lower crustal, 
dipping reflectors (LCDR) within the oceanic crust. 
The marginal rift is formed on thinned, continental 
crust and localizes thicker salt deposits.  Industry well 
LL-399#1 is located on one of these salt diapirs and 
was used here and by Snedden et al. (2013) to correlate 
sedimentary formations shown annotated in Fig. 3.2 
across the top of the late Jurassic oceanic basement. 
The black rectangle in the left is a zoom of the 
spreading ridge shown on the 2D seismic line in Fig. 
3.10d. The black rectangle in the right is a zoom of the 
seismic well correlation shown on the 2D seismic line 
in Fig. 3.11. Vertical exaggeration is 5.
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Figure 3.9 (a) The uninterpreted depth-migrated 
seismic section located on the map in Fig. 3.7 and 
showing a large volcano occupying axial valley of 
spreading segment 2 (this seismic line is located on the 
map in Fig. 3.7). (b) The interpreted depth-migrated 
seismic section with the dotted, grey line showing the 
brittle-ductile boundary interpreted from the 
integration of refraction and reflection data. The 
dashed black line is the Moho generated in this study 
from a 3-D gravity inversion. The gravity profile at the 
top of the seismic line is extracted from the free-air 
gravity grid shown in Fig. 3.3b. Vertical exaggeration 
is 5.
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Figure 3.10 (a) Uninterpreted depth-migrated seismic 
section across the center of mid-ocean ridge segment 2 
(S2). Location is shown in Figs. 3.7 and 3.9. The axial 
volcano is about 2-km high. (b) Schematic illustration 
interpreted from the seismic line in Fig. 3.10a. Folds 
and minor faults are compaction effects formed over 
the top of the large, axial volcanoes. Black lines show 
stronger reflectors within sedimentary units. Bold 
black lines are horizons identified in Fig. 3.6b. The 
black, dashed lines show internal reflectors within the 
volcano and other, weak reflectors within the upper, 
oceanic crust. (c) Uninterpreted depth-migrated 
seismic section 15 km southeast of Fig. 3.10a. Location 
is shown on Figs. 3.7 and 3.8. The vertical relief of the 
axial volcano decreases in this area to less than 1 km. 
(d) Schematic illustration interpreted from the seismic 
line in Fig. 3.10c. As the vertical relief on the axial 
volcano diminishes, the axial valley marking the 
Jurassic spreading ridge becomes more apparent. (e) 
Uninterpreted depth-migrated seismic section across 
the southeast end of mid-ocean ridge segment 2 (S2). 
Location of this 2D seismic section is shown in Fig. 
3.7. The spreading ridge is well defined in this area by 
a 1-km-deep axial valley, although a series of small 
volcanoes are visible on the seismic section. (f) 
Uninterpreted depth-migrated seismic section located 
on Fig. 3.7 showing ridge segment 3 (S3) with 
volcanoes adjacent to the axial valley. (g) Interpretation 
of the 2D seismic line in Fig. 3.10f. Note that the base 
of the volcano adjacent to the axial valley overlies the 
top of Cotton Valley-Knowles Formation as also 
observed on the 2D seismic lines in Fig. 3.10d and 
3.10f. Deposition of the Berriasian Cotton Valley 
Formation marked the end of seafloor spreading in the 
range of 141.9-138.2 Ma.
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3.4.2.4 Age of oceanic crust in the EGOM  

Based on the horizons correlated from well 399 #1, the termination of the 

mapped horizons on the oceanic crust could represent the relative evolution of the 

oceanic crust (Figs. 3.11, 3.12). The structure maps in the Florida and Yucatan margin 

show the development of oceanic crust of EGOM (Figs. 3.12a, 3.12b, 3.12c). The 

irregularity of the surface formed by volcanic-related, basement highs along the 

spreading ridge explains the local irregularity of the Cretaceous isopachs (Figs. 3.12d, 

3.12e). The plate model and ages of oceanic crust was modified from Snedden et al. 

(2013) (Fig 3.12f). 

The highly, asymmetrical, oceanic crust geometry during deposition of the 

Haynesville Formation suggests two, possible explanations. The first explanation is a 

ridge jump during the early stages of seafloor spreading. Based on the near north-south 

trending normal faults (pseudo faults) in the northeastern GOM, Imbert and Philippe 

(2005), and Pindell et al. (2009, 2016) all proposed an early stage of near north-south 

seafloor spreading in the oceanic crust that was accompanied by the thicker deposition 

of Jurassic salt. My mapping of Jurassic and Cretaceous, sedimentary isopachs in Fig. 

3.11 during seafloor spreading and COB offset suggest a faint, but possible, northwest-

southeast spreading ridge northeast of the single, pole of rotation in northwest Cuba 

shown as a black dash line in Fig. 3.12f. 

Morphological expression of an extinct, spreading ridge has been described 

from other oceanic basins, such as from the Mathematician ridge, formed in the 

Pliocene (4 Ma) in the eastern equatorial Pacific (Mammerickx et al., 1988). This 
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extinct ridge is marked by linear troughs formed during rapid, thermal subsidence 

following a ridge jump that is recorded by magnetic anomalies (Mammerickx and 

Sandwell, 1986). In this study, the lack of magnetic anomalies combined with deep 

burial following Jurassic spreading makes it difficult to identify the exact location of the 

abandoned ridge in the northeastern GOM. 

3.4.2.5 Possible explanations for crustal asymmetry in the eastern GOM  

A possible tectonic mechanism for the asymmetry of the oceanic crust in the 

eastern GOM was proposed by Müller et al. (2008) who noted that areas of 

asymmetrical, oceanic crust appear to be frequently related to asthenospheric flow from 

mantle plumes to spreading ridges and result in ridge jumps (Table 3.1). A late Jurassic 

mantle plume (150 Ma) in the central GOM identified from basement and gravity highs 

(Bird et al., 2005) could result to a westward jump of the spreading ridge in the early 

stage of seafloor spreading. However, the most well-studied plume, the Central Atlantic 

Magmatic Province (CAMP) (190-165 Ma), in the study area is located closer to excess 

(northeastern) spreading plate near the state of Georgia in the southeastern USA. The 

center point of the CAMP plume is indicated by the radial dike swarms of 190-165 Ma 

age (201 Ma) (Byerly, 1991; McHone, 2003). 
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Figure 3.11 (a) Zoom of the seismic line shown in Fig. 3.8a with the same vertical exaggeration. (b) Zoom of the seismic line shown in Fig. 3.8b to show the seismic 
well correlation from LL 399 #1 around COB to the oceanic crust. Red arrows show the onlap of the CVB and HVB correlated from LL 399 #1.
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Figure 3.12 (a) The structural map in depth of the top of Haynesville Formation (HVB) of Kimmeridgian age (155.35-152.4 Ma). During this period, the oceanic crust had only formed along the 
northeastern and southwestern edges of the EGOM. (b) The structural map in depth of the top of Cotton Valley-Bossier Formation (CVB) of Tithonian age (152.4-141.9 Ma). During this period, the 
newly-formed, oceanic crust increased the width of northeastern and southwestern EGOM and extended towards the southeast. (c) The structural map in depth of the top of Cotton Valley-Knowles 
Formation (CVK) of Berriasian age (141.9-138.2 Ma). During this period, the oceanic crust ceased spreading and attained its present-day width. (d) The structural map in depth of the top of Sligo-Hosston 
Formation (SH) of Valanginian-Barremian age (138.3-122.9 Ma). The top of Sligo-Hosston Formation is the first stratigraphic horizon to bury most of the GOM Jurassic oceanic crust with the exception 
of several, prominent seamounts aligned along the extinct, spreading axis.. (e) Structural map in depth of the top of the Cretaceous-Tertiary boundary (KTB). The Cretaceous-Tertiary boundary is a 
widespread, unconformity identified in many areas of the GOM (Ibrahim et al. 1981). (f) Plate tectonic model for 137 Ma (end of seafloor spreading) based on compiling the lateral extends of the of the 
top of Haynesville Formation (HVB), top of Cotton Valley-Bossier Formation (CVB), and top of Cotton Valley-Knowles Formation (CVK) as shown on Figs. 3.12a, 3.12b, and 3.12c.
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MOR location Excess plate Crustal accretion value Excess accretion rate Asymmetric spreading 
Age Related hot spot

Hot spot age

Central North Atlantic Ocean Newfoundland 53% 3% last 130 Ma NA NA

Central North Atlantic Ocean U.S East Coast 51% 1% last 130 Ma NA NA

Gulf of Mexico Gulf of Mexico 55-60% 5-10% 158-138 Ma NA NA

Equatorial Atlantic Ocean Demerara Abyssal Plain 55-65% 5-15% last 80 Ma NA NA

Souhtern South Atlantic Ocean Argentine basin 53-54% 3-4% last 30 Ma Tristan Da Cunha hot spot 125 Ma

Central Indian Ocean Bay of Bengal 55-65% 5-15% 100-80 Ma NA NA

West Pacific Ocean Southwest of the Philippine Sea 60-70% 10-20% last 70 Ma NA NA

Australian Antarctic Discordant Zone Australian plate 52-70% 2-20% 60-30 Ma Balleny hot spot 36 Ma

East Pacific Rise Nazca plate 70% 20% last 20 Ma Pacific hot spot NA

Table 3.1 Summary of asymmetric oceanic crust, and excess accretion rate compiled from Muller et al. (2018). The GOM has a 
relatively high excess accretion rate of about 5-10%. The age of hot spot is from Steinberger (2000).
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3.4.2.6 Inferring age of oceanic crust and subsidence history from patterns 

of regional, sedimentary isopachs 

 Jurassic-Cretaceous sediment thickness variations from isopach maps in the 

Florida and Yucatan margins (Fig. 3.13) are mainly controlled by the oceanic basement 

structure and sediment supply. In the Kimmeridgian, a thin Haynesville sequence (200-

600 m) was deposited on the V-shaped area of oceanic crust in the northeastern GOM 

(Fig. 3.13a). In the Tithonian, 1000-1300 m thick Cotton-Valley-Bossier fluvial-deltaic 

sequence was deposited on the newly formed oceanic crust in the southeast, with 

clastic, sedimentary sources created by the rifts formed during ridge propagation into 

the southeastern GOM (Fig. 3.13b). 

In the Berriasian, the oceanic crust finally achieved the present-day geometry, 

and rifting in the southeastern GOM ceased (Marton, 1995; Marton and Buffler, 1999). 

The Knowles limestone was deposited following a short transgression near the end of 

Cotton Valley deposition (Cregg and Ahr, 1984; Dobson and Buffler, 1997). The 

Cotton Valley sequence is thickest (1000-1300 m) in the nodal basins at the ends of 

spreading ridges and thins onto the axial volcanoes along the spreading ridge (Fig. 

3.13d). In the Valanginian-Barremian, Sligo-Hosston sequence sediments buried most 

of the structural relief on the oceanic crust - with except for the 1-2-km highs formed by 

the axial volcanoes (Fig. 3.13d). In the Aptian-Maastrichtian, the Navarro-Taylor 

sequence was more uniformly distributed and thickest (1000-1200 m) in the 

northeastern GOM (Fig. 3.13e). 
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Tertiary, clastic sediments are thickest (7600 m) in the northeastern GOM, and 

thinnest (2000 m) towards the southeast (Fig. 3.13f). From Kimmeridgian to 

Maastrichtian, relative thinner (1000-1500 m), Late Jurassic deepwater sediments were 

deposited in the Yucatan margin compared to the Florida conjugate margin (2000-2500 

m) (Figs. 3.13a, 3.13b, 3.13c, 3.13d, 3.13e). 

The 1000-1300-m, thick Haynesville, Cotton Valley-Bossier sequences were 

deposited during seafloor spreading in the southeastern GOM (Figs. 3.13a, 3.13b, 

3.13c) and represent the combined effect of: 1) a slowing spreading rate close to the 

pole of rotation in northwestern Cuba; and 2) the proximity to terrigenous, clastic 

sources in the southeastern GOM.  

The 800-1000-m-thick Cotton Valley-Knowles and 600-1000-m Sligo-Hosston 

sequences in the northeast EGOM both reflect a rapidly subsided oceanic crust 

following the cessation of seafloor spreading around Berriasian time (Figs. 3.13d, 

3.13e). Thick, Tertiary sediments in the northwestern EGOM were sourced by the 

fluvial systems along GOM coastal plain (Galloway, 2008). Thin (1000-1500 m) 

Kimmeridgian to Maastrichtian sediments deposition are related to the lack of fluvial 

sources in the Yucatan margin. 
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Figure 3.13 (a) Isopach map for the late Kimmeridgian stratigraphic interval (155.35-152.4 Ma) between the top of Jurassic oceanic basement and the top of Haynesville (HVB). Reconstructed map bases 
shown in Figures 3.13a, 3.13b, and 3.13c are all based on the pole of rotation in northwestern Cuba by Nguyen and Mann (2016).  (b) Isopach map of the Cotton Valley-Bossier Formation (CVB) of 
Tithonian age (152.4-141.9 Ma). Black arrow shows a prominent CVB depocenter located in the southeastern GOM. (c) Isopach map of the Cotton Valley-Knowles Formation (CVK) during the Berriasian 
(141.9-138.2 Ma). Note that the CVK depocenter extends in a northwesterly direction. (d) Isopach map of the Sligo-Hosston Formation (SH) of Valanginian-Barremian age (138.3-122.9 Ma). As seafloor 
spreading ceases, the Jurassic-Cretaceous sedimentary section is evenly distributed in the EGOM with the thinnest sediments along the ridge axis. (e) Isopach map of the Navarro-Taylor Formation (NT) 
of Aptian-Maastrichtian (122.9-66 Ma) between the top of Sligo-Housston Formation (SH) and the Cretaceous-Tertiary boundary (KTB) (65 Ma). The thickness of between SH and KTB show abrupt 
thickness changes along the same trends as the small circles about the pole in northwestern Cuba. (f) Isopach map of the Tertiary passive margin stage. The rapid thickness increase towards the northwest 
reflects the southward progradation of the Mississippi fan.  
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3.4.3 Crustal structure of oceanic crust of the EGOM 

3.4.3.1 Depth to the Moho from 3D gravity inversion 

The seismic Moho (Fig. 3.14) was interpreted from deep, high-amplitude, and 

continuous horizons underlying basement. The gap in depth between the Moho 

interpreted from seismic data, and the Moho derived from gravity inversion (Fig. 3.9) is 

related to the low velocities (7 km/s) used for depth conversion by Spectrum of the 

seismic reflection beneath basement. The Moho inverted from integrated 3-D gravity 

inversion reveals its deep root beneath the spreading ridge (Fig. 3.15a). The RMS 

difference between observed and calculated gravity after the inversion is less than one 

mGal for the oceanic crust, and around ±6 mGal in the continent-ocean boundary 

(COB) and in the carbonate bank on the Yucatan conjugate margin (Fig. 3.15b). 

3.4.3.2 Origin of lower-crustal dipping reflectors 

Lower-crustal, dipping reflectors (LCDRs) observed in the upper and lower, 

oceanic crust in areas of fast spreading centers are thought to be related to either: 1) 

hydrothermal circulation at the base of sheeted dikes (Ranero et al., 1997b); or 2) shear 

zones characterized by interstitial melt or mylontization (Bécel et al., 2015). For slow- 

spreading ridges, LCDRs observed in other, oceanic basins have been interpreted as: 1) 

thermal changes caused either by variable spreading rates or presence of a mantle plume 

(Ranero et al., 1997a); 2) fault systems that rupture the entire thickness of oceanic crust 

(White et al., 1990; Morris et al., 1992); and 3) shear zones related to brittle-ductile 

deformation (Mutter and Karson, 1992). 
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Figure 3.14 Map of the seismic Moho interpreted from the industry, 2-D seismic reflection grid shown in Fig. 3.3a.  To complete 
the map in areas where there is no industry seismic coverage, the isostatic Moho was used to complete these parts of the Moho map. 
Solid black lines show seismic Moho picked with confidence and dashed lines show picks with less confidence. Note the seismic 
Moho is absent around the mid-ocean ridge (MOR) and in the northwestern EGOM. The contour interval is 0.5 km.
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Figure 3.15 (a) Moho surface derived from 3-D gravity structural inversion and contoured at an interval of 1 km. Inverted black triangles are refraction station locations used for Moho corrections. The gravity 
inversion reveals a deep Moho depression parallel to the trend of the mid-ocean ridge segments. (b) Map of the gravity inversion error grid. Most of the inversion error occurs along abrupt, bathymetric scarps 
formed along the carbonate margins of the Florida and Yucatan margins.
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Based on the relationship between maximum displacement and fault length by 

(Schultz et al., 2006), small offsets of tens to hundreds of meters do not support the 

second interpretation that reflectors are fault-plane reflections of normal faults 

extending at depth into the lower crust (Figs. 3.8, 3.9). I propose a third explanation that 

involves deformation of the brittle upper crust by normal faulting during slow, seafloor 

spreading and deformation of the lower crust along ductile shear zones. The boundary 

of brittle- ductile deformation correlates with a refraction boundary where velocities 

increase from 6.3 to 7.0 km/sec (Ibrahim et al., 1981) (Fig. 3.9). 

3.4.3.3 Variations in the thickness of the oceanic crust 

White et al. (1992) found that the global average thickness of oceanic crystalline 

crust is 7.1 ± 0.8 km, while Reid and Jackson (1981) reported that the thickness of 

oceanic crust ranges from 5-6.6 km for crust produced at active, slow spreading centers. 

Van Avendonk et al. (2016) calculated that the average crystalline thickness of Jurassic 

oceanic crust in the Indian and Pacific is around 7.1 km, or 1.2 km thicker than present-

day, oceanic crust. They attribute these variations to decreasing mantle temperatures 

following the breakup of Pangaea. The average thickness of the oceanic crust derived 

from the basement and modeled Moho in this study (Fig. 3.16) is 6.1 km, which is a 

typical thickness for Jurassic slow spreading centers (Reid and Jackson, 1981; Van 

Avendonk et al., 2016). 

In addition to its greater width, the northwestern flank of the ocean floor in the 

EGOM is slightly thicker (average 6.4 km) than the southeastern flank (average 5.5 

km). Each of the four ridge segments is separated by relatively thin crust (5 km) at 
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secondary discontinuities. However, the crust is thickest in the center of each of the 

four, spreading ridge segments. The thickened crust (6.4-8.6 km) underlying the centers 

of the four, ridge segments produces negative residual Bouguer gravity anomalies (Fig. 

3.3b). I used the 6.1 km-thickness contour of the crystalline crust as a guide to map the 

continent-ocean boundary in the EGOM (Fig. 3.15a). 

My integrated 3-D crustal model is based on the integration of seismic reflection 

and gravity data and is summarized as a schematic, block diagram where crustal 

sections are drawn both parallel and perpendicular to the extinct ridge of the EGOM 

(Fig. 3.16b). My crustal model is consistent with previous, GUMBO seismic refraction 

results of Christeson et al. (2014), and Eddy et al. (2014, 2018). Both these groups 

reported that the thickness of oceanic crystalline crust changes from 8 km in 

northwestern EGOM to 5.6-5.7 km in the central EGOM, suggesting increased 

volcanism in the northwestern EGOM during seafloor spreading (Eddy et al., 2014). 

The excess magma supply in the northwest EGOM is also supported by high-velocity 

thick oceanic crust, and the existence of SDRs near the COB imaged on GUMBO Line 

3 (Imbert, 2005; Eddy et al., 2014). 
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3.5 Discussion and Conclusions 

In this chapter, I have generated regional maps of the top and base of Jurassic 

oceanic crust (basement and Moho) using a grid of deep-penetration oil industry data 

from a 120,000 km2 area of the eastern Gulf of Mexico (Fig. 3.6a). I have integrated my 

seismic reflection mapping results of oceanic basement with potential fields and 

refraction data to reveal an extinct Jurassic oceanic spreading system, which is now 

buried by 5.5-7-km of early Cretaceous to recent sediments. The central conclusions of 

my study of the ridge and its adjacent areas of oceanic crust include the following: 

1) The morphology of 30-60-km-long, northwest-trending ridge segments is 

characterized by ridge-axes volcanoes located near the centers of inwardly-dipping, 

normal-fault-bounded, axial valleys. Ridge segments are truncated by northeast-

trending, second-order discontinuities with ridge offsets of 5-30 m as defined by 

Macdonald et al. (1993) (Fig. 3.7). The COB offsets ranging from 5 to 25 km are 

interpreted from residual gravity data and correlate with fracture zone terminations at 

the continental crust boundary (Fig. 3.4b). These continental lineaments may reflect a 

structural grain in the Paleozoic crust that controlled the locations of the second-order, 

discontinuities.   

2) My integration of residual gravity anomalies with detailed basement mapping 

from seismic reflection data shows that major basement faults strike northwest and are 

subparallel to the ridge segments S1 to S4. Several northeast-striking, normal faults are 

related to the fracture zones (Fig. 3.7). Both trends indicate a continuous northwest 

opening of EGOM as proposed by previous workers (Marton and Buffler, 1994; Pindell 

and Kennan, 2009; Hudec et al., 2013; Eddy et al., 2014; Nguyen and Mann, 2016). 
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3) Based on sedimentary layering inferred beneath prominent axial volcanoes 

erupted at the spreading ridge (Fig. 3.10), I propose that these large volcanoes formed 

near the end, or soon after, the cessation of late Jurassic seafloor spreading and reflect 

an excess magma supply produced by a fertile mantle (Fig. 3.10).   

4) Asymmetry of the oceanic crust with the wider (55-60%) limb located to the 

northwest of the spreading center can be explained by the presence of an earlier, 

unrecognized, spreading ridge. This ridge is not well displayed on any of my data 

including the 2D seismic, gravity, and magnetic data. If this ridge is, in fact, present, 

one possible tectonic mechanism is that the proximity of a hotspot in the central GOM 

area (west of the spreading axis) that led to asthenospheric flow from the hotspot and 

mantle plumes to the early spreading ridge and promoted the southwestward, ridge 

jump. 

5) Using high-resolution seismic reflection data, I identified a Lower Crustal 

Dipping Reflector (LCDR), and a velocity sublayer within the crust defined from 

refraction data. The distribution of basement faults and LCDR may indicate that this 

sublayer is a brittle-ductile boundary within the oceanic crust (Fig. 3.9). 

6) The integrated 3-D structural gravity inversion, controlled by seismic 

refraction data from published sources and the results of seismic reflection 

interpretation show a thicker crust (6.4 km) in the northwestern GOM is supported by 

the thicker (>8 km) oceanic crust observed in the GUMBO 3 refraction profile (Eddy et 

al., 2014), and suggests increased magma supply during seafloor spreading (Fig. 3.16).  
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7) Modeled thicknesses of the crystalline crust in the extinct spreading ridge 

segments (6.4-8.6-km) are greater in the centers of 30-60-km-long ridge segments, 

possibly indicating a low-density gabbro root (Fig. 3.16).   
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