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ABSTRACT 

Characterization of the igneous basement of the ocean-continent transition zone is 

important in reconstructing the early opening history of sedimentary basins. However, the 

transition zone is usually buried under a thick sediment cover, inhibiting detailed 

characterization of the basement by conventional seismic techniques or drilling. Previous 

studies have proposed use of heat flow observations to locate the ocean-continent crustal 

boundary in the Gulf of Mexico and elsewhere. Because continental crustal rocks 

produce more radiogenic heat than oceanic crustal rocks, the crustal boundary may be 

detected by closely spaced, marine heat flow measurements in the transition zone. This 

study tests such a possibility in the eastern margin of the Gulf of Mexico, using ~160 

seafloor heat flow measurements obtained by TDI Brooks International. 

In a narrow (~25-km width), northwest-southeast trending, zone along the 

northeastern Gulf of Mexico margin, the seafloor heat flow values increase abruptly from 

~20 mW/m2 to ~40 mW/m2. This zone roughly coincides with the Gulf of Mexico ocean-

continent crustal boundary proposed by recent seismic and gravity gradiometry studies. 

There is no obvious coincidental change in the sedimentary stratigraphy and structure 

across this zone. 20 numerical heat flow models for the lithosphere in the eastern Gulf are 

generated to constrain the basal heat flow. In these models, the opening of the Gulf of 

Mexico and the sediment burial history of the study area are reconstructed using 2D 

seismic data, wire-line logs, biostratigraphic data, and previously published stratigraphic 

studies. The heat flow models were calibrated by comparing the modeled seafloor heat 

flow values to the corresponding measured seafloor heat flow.  

The heat flow models account for the thermal effects of sediment accumulation 

and radiogenic heat production within sediments. The basal heat flow values for the 

oceanic crustal groups are consistent at 38 to 39 mW/m2. While, the average of the basal 

heat flow values in the transitional continental crustal section is 50 mW/m2, with a 

standard deviation of 2 mW/m2. This large difference, of 11-12 mW/m2, between the 

average basal heat flow for the two sets of groups, oceanic and transitional continental, is 

attributed to a difference in radiogenic heat produced within the crustal basement, thus, 

implying a change in crustal lithology.  
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CHAPTER I 

INTRODUCTION 

Sedimentary basins across the world are home to large amounts of hydrocarbon 

reserves, and hence, a good and accurate understanding of the geologic and tectonic 

history of these basins is sought after. Characterization of the igneous basement of the 

ocean-continent transition zone is important in reconstructing the continental break-up 

and the early opening history of these sedimentary basins. However, in many of these 

basins, the transition zone is buried under a thick sediment cover, making it difficult to 

characterize the basement in detail by the conventional seismic techniques or drilling. 

The Gulf of Mexico, which lies in the south of the North American Continent (Fig. 1), is 

one such basin.  

Previous researchers are in agreement that the igneous basement underlying the 

abyssal plain in the Gulf of Mexico is oceanic crust. Due to the lack of sampling of the 

basement rock from the deepwater Gulf, its oceanic setting is inferred through indirect 

evidence. First, the large total tectonic subsidence (> 6 km) of the abyssal plain in the 

Gulf of Mexico since its formation can be explained only by the occurrence of seafloor 

spreading (Dunbar and Sawyer, 1987). Second, several studies, such as Ibrahim et al., 

1981 and Ebeniro et al., 1988, show the seismic velocity structure of the crustal basement 

beneath the abyssal plain is similar to that of other ocean basins. Third, using high-quality 

aeromagnetic data, Hall and Najmuddin (1994) observed linear magnetic anomaly 

patterns in the eastern abyssal plain, which are a characteristic trait of ocean basins. 

The oceanic crust underlying the abyssal plain of the Gulf of Mexico is surrounded by 

thin, and subsequently thick, transitional continental crust (Sawyer et al., 1991), as 

illustrated in Figure 1. The boundary between the thin transitional crust and the oceanic 

crust (the ocean-continent boundary, OCB) in the Gulf of Mexico is buried beneath a 

thick sediment cover, ~8-10 km in thickness (e.g., Sawyer et al., 1991; Christeson et al., 

2014, Eddy et al., 2014). Furthermore, much of the basement in the northern and the 

southern margins of GOM underlies widespread, allochthonous and autochthonous salt 

structures which derived from post-rift evaporite deposits (e.g., Sawyer et al., 1991; 

Hudec et al., 2013), and they make it difficult to seismically image the underlying 
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sediments and the basement. Thus, these conditions, which are also prevalent in other 

passive margin basins, inhibit definitive characterization of the basement through either 

direct sampling by drilling or conventional seismic techniques. 

The ambiguity of the ocean-continent transition zone has lead previous researchers to 

propose conflicting models for the early opening history of the Gulf (e.g. Marton and 

Buffler, 1994; Bird et al., 2005; Pindell and Kennan, 2009; Hudec et al., 2013). However, 

these models are in general agreement on the timeline of key events.  The GOM formed 

during the break up of supercontinent Pangaea. A period of rifting, during the late 

Triassic to mid-Jurassic, resulted in the region undergoing continental extension followed 

by widespread salt deposition, from ~163-150 Ma, followed by seafloor spreading, from 

~150-135 Ma (Bird et al., 2005; Hudec et al., 2013, Christeson et al., 2014). This 

sequence of plate tectonic events, which included rifting, lithospheric stretching, syn-rift 

volcanism, subcontinental mantle exhumation, seafloor spreading, and oceanic crust 

emplacement (Winker and Buffler, 1988, Marton and Buffler, 1994; Pindell and Kennan, 

2009, Stern and Dickinson, 2010, Hudec at al., 2013), resulted in the present crustal 

structure of the Gulf of Mexico. 
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Figure 1.1 Crustal types in the Gulf of Mexico. Shows the distribution of the different 

crustal types in the GOM - thick transitional crust, thin transitional crust, and oceanic 

crust (Buffler, 1991). Contour lines represent the depth (in km) to the crustal basement. 
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CHAPTER II 

STATEMENT OF PROBLEM 

The purpose of this study is to test whether or not geothermal heat flow 

measurements can be used to delineate the ocean-continent crustal boundary in the 

eastern margin of the Gulf of Mexico. Since the oceanic basement, composed of mafic 

rocks, produces less radiogenic heat than the continental basement rock, the oceanic part 

of the basin may yield less heat flow. Closely spaced seafloor heat flow measurements in 

the transition zone may reveal the location of the OCB. Some previous studies have 

observed such variation in heat flow in the ocean-continent transition zone in the Gulf of 

Mexico (Nagihara and Jones, 2005) and elsewhere (Louden et al., 1997). If that proves to 

be the case, it will aid in the reconstruction of the early opening history of the basin. 

Additionally, this method may be used in other continental margins and sedimentary 

basins. The use of heat flow measurement is a more cost-efficient method than other 

conventional seismic techniques. 

Nagihara and Jones (2005) analyzed 82 surface, or seafloor, heat flow measurements 

in the northeastern part of the abyssal plain of the Gulf of Mexico, as shown in Figure 

2.1. The data was collected by TDI-Brooks International in 2000.  The heat flow values 

range from less than 10 to ~50 mW/m2 in this region. The heat flow measurement 

stations were separated into three geographic groups – A, B, and C, as shown in Figure 

2.2. Within each group, heat flow values are very similar. They observed a NW-SE 

trending zone, between area A and Area B, corresponding to an abrupt jump in heat flow 

values, of ~19 mW/m2, as illustrated in Figure 2.3. They examined the four major factors 

that may cause variations in surface heat flow – rate of sediment accumulation through 

time, radiogenic heat production in the sediments, subsurface fluid flow through the 

sediments, and crustal properties. As there is no obvious variation in sedimentary 

structure or stratigraphy coincident with the change in heat flow, the authors suggested 

that the abrupt transition in heat flow values may be indicative of a change in crustal 

lithology from oceanic crust, under area A, to transitional continental crust, under area B. 

This transition zone was also coincident with the crustal boundary proposed by Marton 

and Buffler (1994). 



Texas Tech University, Alden Netto, August 2017 

5 

 

Figure 2.1 Heat flow sites in the GOM from Nagihara and Jones (2005). Dashed lines are 

bathymetric contours and solid lines are thickness isopachs of Pleistocene sediments 

(Feng and Buffler, 1996). 

 

Figure 2.2 Similar heat flow groups from Nagihara and Jones (2005). Map of the 

northeastern Gulf of Mexico with the geographic extent of areas A, B, and C. Contour 

lines depict seafloor depth is at 200-m intervals. The hachured area is where the 

Pleistocene sediments are the thickest. 
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Figure 2.3 Heat flow measurements along SW-NE profile. Location of the line is shown 

in Fig. 2.2. Heat flow sites directly on the profile line are represented by the diamonds. 

While, the solid circles represent heat flow sites that have been projected onto the line. 

The present study proposes to expand on the work done by Nagihara and Jones 

(2005) and further investigate the feasibility of using heat flow measurements in locating 

the limit of the oceanic crust in the eastern Gulf of Mexico. The motivation for this 

proposal is three-fold. First, since the work of Nagihara and Jones (2005), higher quality 

geophysical data have been obtained in the eastern margin of the Gulf, which has led to 

several basin evolution studies of the Gulf of Mexico. These recent studies are in general 

agreement on the location of the ocean-continent crustal boundary in the eastern Gulf. 

This is due to the eastern Gulf being relatively free of salt structures, and its geologic 

setting is favorable for seismically imaging/mapping the crustal basement. Thus, the 

eastern Gulf of Mexico a good region to compare the different methodologies for locating 

the ocean-continent crustal boundary. Second, the recent availability of 2D seismic, well 

data, and published studies of recent, high-quality seismic refraction experiments in this 

region of the Gulf enable a more thorough examination of the factors that affect heat 

flow, such as sediment accumulation rate, heat production in sediments, and crustal 

thicknesses. Third, TDI-Brooks has acquired additional heat flow data, the geographic 

coverage of which extends further south towards Cuba, which permits testing this idea 

over a larger area than done in Nagihara and Jones (2005). 
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CHAPTER III 

PREVIOUS WORK ON THE GOM OCEAN-CONTINTENT 

CRUSTAL BOUNDARY 

The ocean-continent crustal boundary in the Gulf of Mexico has been investigated 

through various geological, geophysical, and petrophysical methods, over the past few 

decades, with a surge in research on the topic in the last five years. Some of the proposed 

ocean-continent crustal boundaries are displayed in Figures 3.1 and 3.2. Dunbar and 

Sawyer (1987) used seismic reflection data, well log data, and the total tectonic 

subsidence analysis method, along with the corresponding interpreted crustal extension to 

characterize the crustal basement in the Gulf of Mexico. Their boundary was further 

modified by Sawyer et al. (1991), shown in Figure 3.1. Marton and Buffler (1994) used a 

combination of geophysical datasets including, refraction data, gravity data, multichannel 

seismic data in the eastern Gulf of Mexico area, and magnetic data, to define the extent of 

the oceanic crust. Hall and Najmuddin (1994) used accurately navigated, high-quality 

aeromagnetic data to delineate the OCB in the eastern Gulf of Mexico. They interpreted 

discontinuities in magnetic anomaly patterns as the traces of fossil transform faults or 

fracture zones, which they used, along with variations in the amount of oceanic crust, to 

obtain a rough estimate of the location of the pole of rotation for the seafloor spreading 

phase of the Gulf of Mexico opening.   

In recent years, there have been major advances in higher-quality seismic data 

acquisition in the northern Gulf of Mexico. Hudec et al. (2013) and Pindell et al. (2014) 

used deep-penetration, long-offset seismic reflection data. Hudec et al. (2013) used 

seismic data to map the various salt provinces throughout the Gulf. Furthermore, they 

also mapped landward-dipping basement ramps, or ‘inner ramps’, near the seaward 

margin of the salt deposits in both the northern and southern Gulf. They concluded that 

the limit of the oceanic crust in the Gulf of Mexico is marked by this “inner ramp”. 

Pindell et al. (2014) used seismic lines from ION GX Technology’s GulfSPAN™ dataset. 

Regional seismic data was reprocessed utilizing ION’s Reverse Time Migration (RTM) 

methods and enhanced deep-imaging techniques, integrating gravity, magnetic, and 

borehole data (Radovich et al., 2011). This high-quality, deeply-penetrating, long-offset 
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2D seismic reflection data, an example of which is shown in Fig. 3.3, permitted the 

mapping of the top of the crustal basement, landward-dipping basement ramp, landward-

dipping faults, and outer marginal detachment. Using this, Pindell et al. (2014) delineated 

the ocean-continent crustal boundary in the eastern Gulf of Mexico.   

In 2010, the Gulf of Mexico Basin Opening project (GUMBO), which consisted of 

four long offset, wide-azimuth seismic refraction lines crossing the northern GOM 

margin – the first marine seismic refraction study in this area in over 30 years, was 

conducted (Eddy et al., 2014). The air gun data recorded by ocean bottom seismometers 

from the GUMBO experiments were used in multiple studies, such as Eddy et al. (2014) 

and Christeson et al. (2014) to locate the ocean-continent crustal boundary and the extinct 

spreading ridge in the Gulf of Mexico, as shown in Figure 3.1. The results of Eddy et al. 

(2014) and Christeson et al. (2014) included a seismic velocity model along GUMBO 

Line 3 and GUMBO Line 4, respectively, as displayed in Fig. 3.4, which were produced 

using a tomographic inversion method. Eddy et al. (2014) deduced the transitional crust 

along GUMBO 3, in the De Soto Canyon (refer to Figure 3.4), thins seaward from 23-10 

km. The oceanic crust along GUMBO 3 is ~8 km thick (Eddy et al., 2014). Christeson et 

al. (2014) interpreted the southwest end of GUMBO 4 as oceanic crust, with a horizontal 

thickness of >100 km. The thickness of the crustal basement is ~5-7 km for the oceanic 

crust, and increases from ~6-7 km to ~25 km, over a horizontal distance of 225 km along 

GUMBO 4, for the transitional continental crust (Christeson et al., 2014).  

Sandwell et al. (2014) used new radar altimeter measurements, which integrated 

gravity data from the CryoSat-2 and Jason-1 satellites with existing ship-based data. 

These were used to create a new vertical gradient of gravity (VGG) grid with a gravity 

field accuracy of 2mGal, which improves the spatial resolution of marine gravity field 

imaging by a factor of 2 to 4 from that of previous gravity datasets. Based on the new 

VGG and results from Pindell and Kennan (2009), modified locations for the OCB and 

extinct spreading ridge in the Gulf of Mexico were proposed, as shown in Fig. 3.5.  
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Figure 3.1 Map of the GOM with the proposed crustal boundaries. Ocean-continent boundary estimates are from Sawyer et al. 

(1991), Marton and Buffler (1994), Pindell and Kennan (2009), Pindell et al. (2014), Hudec et al. (2013), Christeson et al. 

(2014), and Sandwell et al. (2014). Also illustrated are the four GUMBO experiment lines (in black) and the extinct ridge from 

Christeson et al. (2014). The gray patches represent the extent of the various salt provinces. 
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Figure 3.2 Proposed crustal boundaries in the eastern GOM. Zoomed in Map, from Figure 3.1, 

showing the proposed ocean-continent crustal boundary, from several studies, in the eastern Gulf 

of Mexico. 

As evident from Fig. 3.2, the proposed locations of the ocean-continent boundary in the 

eastern Gulf from these recent studies are in general agreement with each other. Also, these 

boundaries roughly coincide with the abrupt change in heat flow values observed by Nagihara 

and Jones (2005). 
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Figure 3.3 Seismic reflection line from Pindell et al. (2014). Its geographic location is highlighted in red on the inset map. 

OMD is outer marginal detachment. The interpretation of this line, including the tops of major chronostratigraphic units, is 

shown in Figure 6.3.   
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Figure 3.4 Velocity Models of GUMBO Lines 3 and 4. Also displays heat floor 

measurements along the seismic velocity models for GUMBO Line 3 (adapted from Eddy 

et al., 2014) and GUMBO Line 4 (adapted from Christeson et al., 2014). LOC is the limit 

of oceanic crust in the Gulf of Mexico along the respective GUMBO line.  
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Figure 3.5 Interpreted Gulf of Mexico VGG. Shows the proposed locations of ocean-

continent boundary and extinct spreading ridge in the GOM by Sandwell et al. (2014), 

based on a new VGG and results from Pindell and Kennan (2009).  
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CHAPTER IV 

INFERENCE FROM NEW HEAT FLOW DATA 

4.1 Heat Flow Data Acquisition Method 

Geothermal heat flow through the surface or seafloor is obtained as the product of 

two separate measurements: the thermal gradient and the thermal conductivity of the 

depth interval of the sediment/rock that is penetrated by the sensor. In offshore, deep-

water settings there are two ways of measuring heat flow, either through boreholes or 

deep-water probes. The heat flow data used in this project was acquired using deep-

water, or marine, probes. These probes, as illustrated in Fig. 4.1, only penetrate up to 11 

m of the uppermost seafloor sediment. This methodology works only in deep seafloors 

that are thermally isolated from the direct influence of the solar radiation. In the Gulf of 

Mexico, previous studies (e.g., Nagihara, 2006) showed that areas where the seafloor 

deeper than 2 km is suited for probe measurements. 

 As shown in Fig. 4.1, a typical marine heat flow probe is comprised of two 

cylindrical components – a strength member, which ensures the near-vertical penetration 

of the probe into the sediments, and a sensor tube. The sensor tube contains individual 

thermistors, at intervals of 1 m or more, that measure the temperature. These temperature 

measurements are then used to determine the thermal gradient between the depths of the 

respective individual thermistors. In between the individual thermistors there is a series 

of arrays of thermistors to measure the harmonic mean value of temperature, which is 

then used for an in-situ estimation of the average thermal conductivity. This is done 

through a transient measurement technique based on the principle that the thermal 

conductivity of a body can be derived from the rate at which a temperature changes in 

response to an applied heat source, which is supplied by the heating circuit as shown in 

Fig. 4.1 (Beardsmore and Cull, 2001). The temperature gradient and thermal conductivity 

are used to calculate the heat flow at that site. 

If used in a noise-free, deep water environment, marine probes, with in-situ 

thermal conductivity measurement capability, measures heat flow with an accuracy of 2-

3% (Nagihara and Lister, 1993). Use of marine heat flow probes has advantages over 
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borehole heat flow measurements in that it is more economical and can gather data more 

quickly. In stable-bottom conditions, at depths greater than 1900 m for the Gulf of 

Mexico, which is applicable for the study area, the discrepancies in regard to the 

determined geothermal heat flow between the two methods, boreholes and marine probes, 

is insignificant (Nagihara, 2006). 

 

Figure 4.1 Deep-water heat flow probe. Conceptual diagram, with a cut-away view, of a 

Lister, or violin-bow, style marine heat flow probe, adapted from Beardsmore and Cull 

(2001). 

4.2 New Heat Flow Data 

Figure 4.2 shows the heat flow measurements collected by TDI-Brooks 

International in 2000, which were used by Nagihara and Jones (2005), and the new data 

set obtained in 2010. The new heat flow measurement sites are mainly in the eastern and 

southern Gulf. The combined heat flow data set used for this project is about 160 
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measurements. In the northeastern section of the Atwater Valley protraction area there is 

a NW-SE trending, narrow (~25-km width) zone, across which the seafloor heat flow 

values change abruptly from ~20 mW/m2 to ~40 mW/m2. This zone is coincident with the 

location of the proposed ocean-continent crustal boundaries, as discussed in the previous 

chapter, and shown in Figure 3.1. The heat flow measurements near GUMBO 3 and 

GUMBO 4 were projected onto these lines in Figure 3.4, to observe the change in heat 

flow along these profiles. As shown in Fig. 3.4, there is a sharp jump in heat flow values 

along GUMBO 3 that is aligned with the predicted location of the limit of the oceanic 

crust (LOC). Along GUMBO 4 the transition in measured heat flow values is relatively 

gradual, but is present. The substantial jump in heat flow measurements, albeit not as 

high as 20 mW/m2 in magnitude, is observed across the Lloyd Ridge protraction area as 

well, and can be traced through the eastern Gulf of Mexico in the southeast direction 

towards Cuba. The presence of similar observations, in the new heat flow measurements, 

as those identified by Nagihara and Jones (2005), strengthens the case for the possibility 

of using surface heat flow measurements to delineate the boundary between oceanic and 

continental crust.  
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Figure 4.2 Available heat flow measurements in the GOM. Displays the available heat flow measurements in the northern Gulf 

of Mexico collected by TDI-Brooks International in 2000 and 2010. Also displays some of the protraction areas in the Gulf. 
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CHAPTER V 

FACTORS THAT INFLUENCE THE HEAT FLOW THROUGH THE 

SEAFLOOR OF SEDIMENTARY BASINS 

There are three primary processes by which heat flows, conduction, convection, 

and radiation. Conduction, which is the transport of heat by atomic vibration within the 

material body, is the most dominant heat transport mechanism within the lithosphere. The 

rate of conductive heat flow, Q (in W/m2), between two points is a product of the thermal 

conductivity,  (in Wm-1K-1) and thermal gradient, 𝜕𝑇/𝜕𝑧 (in K), between those two 

points (Beardsmore and Cull, 2001), and is given by: 

𝑄 =  −𝜆 × 
𝛿𝑇

𝛿𝑧
                     (Equation 5.1) 

This study deals with the flow of heat in the vertical direction only, because in most 

sedimentary basins, thermal gradient is much higher in the vertical direction than in the 

horizontal direction. Present-day heat flow is dependent on three main parameters – heat 

generation, thermal gradient, and thermal conductivity. The equation for steady-state 

conductive heat flow is: 

𝑄0 =  𝑄𝑑 + ∫ 𝐴(𝑧) 𝜕𝑧 =  𝜆𝑑 [
𝜕𝑇

𝜕𝑧
]

𝑑
+ ∫ 𝐴(𝑧) 𝜕𝑧                 (Equation 5.2) 

Where Q0 is the surface heat flow, Qd, d and [𝜕𝑇/𝜕𝑧] are the heat flow, thermal 

conductivity and thermal gradient, respectively, at depth d, and ∫ 𝐴(𝑧) 𝜕𝑧 is the integral 

of volumetric heat generation from the surface to d.  

 This study differentiates between the surface (seafloor) heat flow, which is the 

heat flow that comes out of the surface, and the basal (basement) heat flow, which is the 

heat flow that is released from the igneous basement into the bottom of the sedimentary 

column, because one is greater than the other in most sedimentary basins.  

Figure 5.1 highlights the various geologic processes that affect heat flowing 

through the lithosphere, and the manner in which they do so, in the vertical direction. 

Figure 5.2 illustrates the major layer definitions in the lithosphere that heat flows 

through. The primary lithospheric factors that influence surface heat flow observations 
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include, the crustal basement, sedimentation, radiogenic heat production, subsurface fluid 

flow, and salt bodies. 

 

Figure 5.1 Lithospheric factors that influence heat flow. Conceptual illustration of the 

various geologic processes affecting the heat flow through a sedimentary column 

(obtained from the lecture notes of the basin analysis course). 
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Figure 5.2 Major layer definitions of the lithosphere. Conceptual diagram illustrating 

layers in the crust and mantle that significantly impact lithospheric heat flow (Hantschel 

and Kauerauf, 2009). 

5.1 Heat Flow through the Igneous Crust 

 The heat flowing out of the crustal basement, or basal heat flow, can be split up 

into two components – the heat flowing into the crust from the mantle, or mantle heat 

flow, and the heat generated within the crust.  

5.1.1 Mantle Heat Flow 

Mantle heat flow is the heat flowing into the crustal basement. It accounts for 

about 60% of the heat flow observed at the surface (Pollack and Chapman, 1977). The 

magnitude of the mantle heat flow is controlled by tectonic processes, such as continental 

rifting and seafloor spreading, that result in the formation of sedimentary basins, like the 

Gulf of Mexico. Both the forementioned processes cause an elevation of the Lithosphere-

Asthenosphere boundary (LAB) followed by lithospheric cooling resulting in an initial 

increase and subsequent decrease in the mantle heat flow. However, the rate of 

lithospheric cooling associated with stretching of continental crust is different than that 

with seafloor spreading, or the formation of oceanic crust. Thus, the change in mantle 

heat flow over time must be examined separately for stretched continental crust, or 

transitional continental crust, and oceanic crust.  
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The mantle heat flow for transitional continental crust is controlled by the amount 

of lithospheric stretching during the period of rifting (Sclater and Celerier, 1987), and is 

explained by the uniform stretching model, or the McKenzie model (McKenzie, 1978). 

This model is split into two phases – the stretching phase and the cooling phase, 

illustrated in Figure 5.3. The stretching phase consists of the thinning of the crust and 

mantle through uniform stretching. The amount of stretching is quantified by the 

stretching factor, , which is the ratio of the original thickness to the final thickness. The 

cooling phase consists of the near or full restoration of the lithosphere to its original 

thickness. The stretching phase is associated with an increase in the crustal heat flow, 

which starts decreasing during the cooling phase, ultimately stabilizing as the lithosphere 

reaches a quasi-steady state.  

 

Figure 5.3 Conceptual illustration of the McKenzie model. Includes subsidence due to 

hydrostatic and isostatic compensation. In this model, the stretching causes thinning of 

the crust and upper mantle but the original lithospheric thickness is restored during the 

following cooling phase. (Adapted from Hantschel and Kauerauf, 2009) 

In certain cases, continental extension does not cease, resulting in the rupturing of 

continental crust, leading to seafloor spreading and subsequent intrusion of hot molten 

material from the mantle at the spreading center. This material loses heat vertically 

through the surface, cools, and contracts, thus, forming the oceanic lithosphere (Sclater 

and Celerier, 1987). During seafloor spreading, the surface temperature is highest at the 



Texas Tech University, Alden Netto, August 2017 

22 

spreading center and decreases away from it. The oceanic lithosphere cools and thickens 

away from the spreading center. Eventually, seafloor spreading and lithospheric 

thickening ceases after reaching isostatic equilibrium with the asthenosphere (Sclater and 

Celerier, 1987). Several studies have proven a clear correlation between the age of 

oceanic crust and heat flow related to the cooling of oceanic lithosphere (Beardsmore and 

Cull, 2001). Parsons and Sclater (1977) proposed a relationship between crustal heat flow 

(Q, in mW/m2) and the age of the oceanic crust (t, in millions of years): 

𝑄 =
473

√𝑡
                                           (Equation 5.3) 

However, Parsons and Sclater (1977) found this relationship to be valid only for 

relatively young, less than 100 Ma, oceanic lithosphere. For older, greater than 60 Ma, 

oceanic lithosphere, Sclater et al. (1980) proposed a relationship between crustal heat 

flow (Q, in mW/m2) and the age of the oceanic crust (t, in millions of years): 

𝑄 = 37.5 + 67𝑒−
𝑡

62.8                   (Equation 5.4) 

5.1.2 Heat Generated Within the Crust 

Although other crustal processes, such as the friction from intraplate strain and plate 

motions, and heat from exothermic and diagenetic processes contribute to the overall 

budget of heat flow, the majority of heat generated within the crust is due to radiogenic 

heat production, which is the radioactive decay of single isotopes of uranium (238U), 

thorium (232Th), and potassium (40K) (Beardsmore and Cull, 2001). Radiogenic heat 

production is not uniform within the crust as radioactive elements are more concentrated 

in certain rocks. Thus, the chemical composition of the crustal basement governs the 

abundance of radiogenic material present and hence, impacts the basal heat flow. Cermák 

et al. (1990) conducted a study measuring heat generation from a variety of rock types. 

The study showed that acidic rocks, such as granite (~2.82 W/m3), granodiorite (~2.45 

W/m3), and rhyolite (~2.8 W/m3), had greater heat production values than basic rocks, 

such as gabbro (~0.11 W/m3) and peridotite (~0.01 W/m3). The study also showed an 

inverse relationship between the P-wave velocity in a rock layer and the radiogenic heat 

produced by it. Thus, thicker crustal basements composed of acidic igneous rocks 

correspond to a higher basal heat flow. As continental crustal basements are primarily 
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composed of acidic rocks, like granite and granodiorite, they correspond to a higher 

basement heat flow than that for oceanic crustal basements, which a primarily composed 

of gabbroic-, and peridotitic-compositions.  

5.2 Heat Flow through Sediment 

The factors that influence heat flowing through the sedimentary column are 

shown in Fig. 5.1. The deepwater eastern Gulf of Mexico has undergone ~4-6 km of 

subsidence (Dunbar and Sawyer, 1987), and in actively subsiding basins, the most 

dominant sedimentary factor that influences surface heat flow is sediment accumulation.  

Newly deposited sediments on the seafloor attain the temperature of the water at 

the sediment-water interface. As the sediment grains become buried, they largely retain 

their cold temperatures. This process decreases the thermal gradient in the shallow 

subsurface, as shown in Figure 5.4. As heat flow is directly proportional to the thermal 

gradient, sediment accumulation decreases heat flow. As the new sediments thermally 

equilibrate with the underlying sediments, the thermal gradient gradually increases, 

thereby increasing the observed surface heat flow. The magnitude and depth of this 

dampening effect on heat flow depends on the timing, duration and rate of sediment 

accumulation. Essentially, high rates of sediment accumulation, occurring in recent 

geologic time, results in a decrease in seafloor heat flow. 
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Figure 5.4 Effect of sediment accumulation on heat flow. Conceptual diagram adapted 

from Nagihara (2006).  

As with the case of the underlying igneous crust, sediments also contain 

radioactive material that decay and produce heat. In order to evaluate the radiogenic heat 

production in a section of sediment, the abundance of uranium, thorium, and potassium 

has to be measured, which in the case of sedimentary rocks can be done using gamma-ray 

spectrometers. Rybach (1973) devised a method to calculate the rock matrix heat 

production rate: 

𝐴 = 0.00001 ∙ 𝜌 ∙ (9.52𝑈 + 2.56𝑇ℎ + 3.48𝐾)                                      (Equation 5.5)              

where, A is radiogenic heat produced (W/m3),  is density (kg/m3), and U, Th, and K 

are concentrations of uranium (in ppm), thorium (in ppm) and potassium (in %), 

respectively, within the rock. Thus, heat flow through a sedimentary column varies based 

on the presence and thickness of lithologically-different strata, this is due to differences 

in the abundance of radiogenic material between various lithologies. Siliciclastic 

sediments tend to have greater concentrations of radioactive material than carbonates, and 
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hence, have higher heat production values. There are also significant differences in heat 

production among siliciclastic sediments, such as shale tends to have a greater amount of 

radioactive material than sandstone.  

Thermal conductivity also varies between different lithologies. Porosity is a major 

variable controlling the thermal conductivity of sedimentary rocks. Rocks with higher 

porosity are less thermally conductive that those with lower porosity, given that both 

rocks have similar lithology. 

Subsurface fluid flow is another process that can cause variations in observed 

surface heat flow. Fluids flowing upwards can transport heat from the deeper regions, 

through the process of advection. The effect of fluid flowing in an upward direction is to 

decrease heat flow with depth, and vice-versa for fluid flowing in a downward direction. 

Fluids flowing laterally decreases the thermal gradient of the rock, but does not affect the 

net vertical heat flow (Beardsmore and Cull, 2001).  

Diapiric salt columns, which are widespread in the GOM, although mainly 

concentrated in the northwestern region, can strongly influence the geothermal field. 

Rock salt or halite has a thermal conductivity of ~5.5Wm-1K-1, which is more than double 

the average conductivity of other sediments. Thus, salt diapirs tend to funnel heat from 

surrounding sediments thereby, increasing the surface heat flow. Also, when thick layers 

of salt are buried beneath denser sediments, due to its comparatively lower density it is 

pushed upwards as a result of buoyancy forces. As it rises it transports heat via advection, 

thereby increasing the observed heat flow.  

Thus, if the amount of heat added or subtracted in the sedimentary column can be 

accounted for and the heat flow at the surface in known, the basal heat flow can be 

estimated. This basal heat flow can then be used to identify the type, continental or 

oceanic, of the crustal basement, and subsequently identify the boundary between the 

two. 
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CHAPTER VI 

STRATIGRAPHIC INTERPRETATION IN THE EASTERN GULF 

OF MEXICO 

As mentioned in the previous chapter, a number of factors influence the flow of 

heat through the sedimentary column of a basin (Figure 5.1). In order to test the 

feasibility of using seafloor heat flow measurements in locating the ocean-continent 

crustal boundary, it is necessary to estimate the basement heat flow of the area of interest. 

In estimating basement heat flow, one needs a quantitative model for the heat transport 

through the igneous crust and the sediments, which accounts for the aforementioned 

thermal effects of sediments, in particular, the radiogenic heat production within the 

sediments, and the effect of the fast sediment accumulation in the Gulf. Before such a 

model can be built, the lithology and the accumulation history, or burial history, of the 

sediments must be understood in in the same locations where seafloor heat flow data are 

available. This chapter describes how such information is obtained from interpretation of 

the seismic and well data publically available.   

Sediments in the deepwater Gulf of Mexico are ~8-10 km thick, as shown in Fig. 

6.3, with ages spanning from the Jurassic to the Holocene.  In the abyssal plain of the 

Gulf, wells have not penetrated the Mesozoic sediments. Previously published seismic 

sections show that stratigraphy in the eastern deepwater Gulf is relatively flat except for 

isolated areas affected by salt structures (Feng and Buffler (1996), Pyles et al. (2001), 

Mohn and Bowen (2011), Pindell et al. (2011), Rodriguez (2011), and Pindell et al. 

(2015)).  

These previous seismic studies have estimated thicknesses of the major 

stratigraphic units at various parts in the study area.  Feng and Buffler (1996) discussed 

the depositional history of the Gulf of Mexico since the Late Cretaceous, dividing the 

stratigraphy into 7 units based on age, and presented an isopach map for each unit. Pyles 

et al. (2001) interpreted the tops of the Miocene, Upper Cretaceous, Lower Cretaceous, 

Salt, and the basement in the De Soto Canyon area in the northern GOM, as shown in 

Figure 6.2. Pindell et al. (2011) interpreted large seismic sections in the eastern Gulf of 

Mexico, and identified the tops of the Pleistocene, Pliocene, Miocene, Cretaceous, and 



Texas Tech University, Alden Netto, August 2017 

27 

Jurassic strata, as well as the top of the crustal basement, as shown in Figure 6.3. 

Rodriguez (2011) analyzed five large composite seismic lines running through different 

parts of the Gulf of Mexico. Figure 6.4 shows a section of one of those seismic lines, in 

which the tops of the Pleistocene, Pliocene, Miocene, Oligocene, Eocene, Paleocene, 

Upper Cretaceous, Lower Cretaceous, and Jurassic. Pindell et al. (2015) present structure 

maps of the depth to the Mid-Jurassic Unconformity/ Oceanic Crust, and the depth to the 

top of the Cretaceous in the Gulf of Mexico.  

The present study integrated the previously interpreted seismic sections and 

stratigraphic maps in the geographic information system software package ArcGIS, and in 

estimate the total sediment thickness and the combined thickness of Jurassic and 

Cretaceous sediment groups within the study area (Figure 6.1). Since the geographic 

coverage of these previous seismic studies are not adequate for the present study, 

additional 2-D seismic data was obtained from the USGS’ National Archive of Marine 

Seismic Surveys (Triezenberg et al., 2016). Major seismic horizons have been identified 

on these sections and have been tied with those of the previously published studies. 
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Figure 6.1 Data used to construct the stratigraphic framework. Data set includes seismic data, well logs, biostratigraphy data, 

and seismic interpretations from previous studies. Also shown are the resulting interpreted seismic lines.  Location of extinct 

spreading ridge is from Christeson et al. (2014). 
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Figure 6.2 Interpreted 2D seismic section by Pyles et al. (2001). The line, located in the 

De Soto Canyon area, displays the tops of the Miocene, Oligocene, Upper Cretaceous, 

Lower Cretaceous, and Jurassic strata, along with the salt and basement. 

 

Figure 6.3 Interpreted 2D seismic section by Pindell et al. (2011). 
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Figure 6.4 Interpreted 2D seismic line by Rodriguez (2011). 

The stratigraphic model constructed for this study is divided into nine 

layers/zones, based on the age of the sediments within the zone; these are Quaternary, 

Pliocene, Miocene, Oligocene, Eocene, Paleocene, Upper Cretaceous, Lower Cretaceous, 

and Jurassic. To construct this model a diverse data set, shown in Figure 6.1, was used, 

which included 2D seismic data, well logs, velocity data, well logs, and paleontological 

reports. Borehole, velocity surveys, and biostratigraphy data were acquired from the 

Bureau of Ocean Energy Management. LMKR’s GeoGraphix software package was used 

for the data integration and interpretation. The petrophysical analysis software 

GeoGraphix’ Prizm was used to analyze well log data. The well data, including 

geographic position, total vertical depth, and logs curves was inputted into GeoGraphix’ 

WellBase. The velocity surveys for the corresponding wells were then loaded into 

WellBase. Table 6.1 shows the available biostratigraphy data, which was used to assign 

formation tops for each zone.  Their well locations are shown in Figure 6.1. 
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Table 6.1 Well logs with paleontological reports. 

Lease 

Number 

API number  Ages in Paleontological Report 

G08512 608184000100 Oligocene through Pliocene 

G18604 608184002000 Miocene through Pleistocene 

G18577 608184003900 Miocene through Pleistocene 

G16890 608184003500 Miocene through Pleistocene 

G21826 608184002600 Eocene through Pliocene 

G22914 608174095500 Oligocene through Miocene 

G22918 608174115401 Miocene through Pliocene 

G10005 608184001000 Miocene through Pliocene 

G21191 608174090700 Upper Cretaceous through Pleistocene 

G08857 608174031800 Miocene through Pliocene 

G16641 608174091100 Oligocene through Pliocene 

G16641 608174103400 Miocene through Pliocene 

G23529 608234000800 Oligocene through Pleistocene 

G23458 608244000100 Miocene through Pliocene 

G23479 608244000000 Miocene through Pliocene 

G23480 608244000303 Jurassic through Paleocene 

G23480 608244000600 Miocene through Pleistocene 

G23511 608234001100 Miocene through Pliocene 

G23526 608234001000 Miocene through Pliocene 

G09859 608174060100 Miocene through Pliocene 

G10445 608234000300 Miocene through Pliocene 

 

Digital 2D seismic data, was downloaded from the USGS’ National Archive of Marine 

Seismic Surveys. The seismic dataset, composed of five 2D seismic surveys (Figure 6.1), 

was analyzed in GeoGraphix’ seismic interpretation software, SeisVision. Available sonic 

logs and bulk density log curves were used to create synthetic seismograms, the process 

of which is illustrated in Figure 6.5. Wells with formation tops as well as synthetic 

seismograms, or velocity data, were tied to seismic lines. Seismic Line A, as displayed in 

Fig. 6.6, was used as the starting point for mapping horizons, the location of which is 

shown in Fig. 6.1. Well API# 608184003500, intersects Seismic Line A, as shown in Fig. 

6.6. Using, the biostratigraphy data for Well API# 608184003500, as shown in Table 6.2, 
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the tops of Pliocene and Miocene were determined to be at 14,263 ft and 14,893 ft, 

respectively. These tops are displayed on the well at the respective depths, as illustrated 

in Fig. 6.6, and this step was carried out for all intersecting wells with available 

biostratigraphy data. Seismic Line A also spatially overlaps with the interpreted seismic 

line from Pyles et al. (2001) (Fig. 6.2) This was used to map the tops of the Miocene, 

Oligocene, Upper Cretaceous, Lower Cretaceous, and the basement, by tracing these 

horizons at their corresponding depths onto the overlapping section of Seismic Line A. 

The interpreted seismic line from Rodriguez (2001) (Fig. 6.4) also intersects Seismic 

Line A. Using the geographic location of both seismic lines on ArcMap the point of 

intersection was determined, as shown in Figures 6.4 and 6.6, which was used to map the 

tops of the Pliocene, Eocene, and Paleocene, and check or correct the previously mapped 

horizons. The discrepancies between the mapped horizons using the two different seismic 

lines were slight. The mapped horizons were also checked against the formation tops on 

API# 608184003500. As shown in Fig. 6.1, the interpreted seismic line from Rodriguez 

(2001) intersects six other seismic lines parallel to Seismic Line A. The previously 

mentioned process of determining the points of intersection and mapping corresponding 

horizons at their respective depths was carried out for these six lines as well. Following 

this, the horizons were mapped on seismic lines perpendicular to the newly interpreted 

lines, with the aid of computationally-generated intersection points by SeisVision. To 

avoid inconsistencies, the horizons were mapped completely in a small area, starting in 

the NE section of the Lund protraction area, and then expanded radially outward. The 

horizons being mapped on seismic lines were regularly checked against the formation 

tops from biostratigraphy data on intersecting wells. To ensure the horizons were being 

mapped with relative precision, variation in thickness of a certain layer along a seismic 

line was checked to see if it was in general agreement with its trend from the 

corresponding isopach map from Feng and Buffler (1996). Figures 6.6, 6.7, and 6.8 show 

mapped horizons, representing the tops of the various layers. Following the mapping of a 

horizon on a substantial amount of seismic lines, a time surface was created. The velocity 

survey data were used to depth convert these time surfaces. Two chronological depth 
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surfaces were used to create an isopach map, which depicted the variation in thickness of 

each layer. 

Table 6.2 Biostratigraphy data for Well 608184003500. 
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Figure 6.5 Developing a synthetic seismogram, for the API# 608174043100 well, in 

GeoGraphix. 
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Figure 6.6 Stratigraphic interpretation for seismic lines A and B show in Figure 6.1. 
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Figure 6.7 Stratigraphic interpretation for seismic lines C and D show in Figure 6.1. 
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Figure 6.8 Stratigraphic interpretation for seismic line E shown in Figure 6.1. 
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CHAPTER VII 

PROCEDURE FOR MODELING THE HEAT FLOW 

THROUGH LITHOSPHERE AND SEDIMENTS 

The eastern Gulf of Mexico has been divided into 20 groups of similar heat flow to 

be studied individually, as illustrated in Figure 7.1. Table 7.1 displays the mean and 

standard deviation of the seafloor heat floor values for each group. Based on their 

geographic locations, Group I is predicted to overly oceanic crust, while Group S is 

predicted to overly transitional continental crust. 
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Figure 7.1 Map of the eastern GOM with the study groups. Groups encompass similar heat flow measurements, in mW/m2. Also 

shown are proposed GOM ocean-continent boundary from recent studies. 
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Table 7.1 Seafloor heat flow values for each group. 

 

The goal here is to estimate the basal heat flow, the heat that flows out of the 

igneous basement and into the bottom of the sediment column, for each group. One-

dimensional heat transport model for the sediments and the underlying lithosphere (so-

called ‘basin model’) was constructed for each group using the software, PetroMod by 

Schlumberger. The model for each group is calibrated by the present-day heat flow 

values, petrophysical and biostratigraphic data from wells, and the sedimentary age 

and the thickness estimates from the seismic studies. 

The workflow to construct these thermal models for entails these four main 

components: 

1. Lithospheric heat flow 

As discussed previously, lithospheric parameters influence the basal heat flow, 

which also serves as the bottom boundary condition of the thermal model These 

lithospheric parameters include the basement lithology, thickness, periods of rifting, 

Mean Standard Deviation

A 20.42 1.06

B 17.86 0.78

C 18.17 1.93

D 22.52 1.71

E 24.41 2.1

F 24.9 2.11

G 33 2.22

H 25.5 1.13

I 20.04 2.12

J 17.8 1.46

K 40.23 3.66

L 40.55 1.39

M 44.95 2.25

N 51.7 8.96

O 33.76 1.78

P 45.5 5.84

Q 36.98 2.07

R 42.08 0.45

S 39.57 1.43

T 42.38 4.39

Seafloor Heat Flow (mW/m^2)
Group
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stretch factor and subsidence. The temperature (Ta) at the lithosphere-asthenosphere 

boundary (Hantschel and Kauerauf, 2009) is 1333C at a depth of 125 km, which is 

based on the plate model from Parsons and Sclater (1977). As mentioned in Chapter 1, 

the sediments in the deepwater eastern Gulf of Mexico are underlain by two types of 

crust – oceanic crust and transitional continental crust. For each study group, the 

predicted crustal type was determined based on the group’s geographic position with 

respect to the estimated ocean-continent crustal boundary from recent studies (Figure 

3.1), and in order to maximize the accuracy of the calibrated heat flow model. 

PetroMod uses the McKenzie Crustal Model, based on the crustal stretching model 

by Jarvis and McKenzie (1980), to incorporate the effects of crustal stretching, period 

of rifting, and subsidence on lithospheric heat flow. The inputs for this modelling tool 

include the syn-rift and post-rift periods (in million years), the crust and mantle 

stretching factors (), pre-rift thicknesses of the crust and mantle, and the lithologies 

of the crust and mantle. For each group, the inputted crustal stretching factor is equal 

to the mantle stretching factor.  For models over transitional continental crust the 

McKenzie Crustal Model tool was used, with rifting beginning at 160 Ma and lasting 

for 6-14 years. A granitic crust was assigned, with an original thickness of 40 km, and 

a thermal conductivity value of 3.0 W/m·K and heat capacity value of 3326 kJ/m3·K at 

20 °C. A peridotitic upper mantle was used, with an original thickness of 85 km, and a 

thermal conductivity value of 4.0 W/m·K and heat capacity value of 2544 kJ/m3·K at 

20 °C. For Group S, based on its location relative to GUMBO lines 3 and 4, as shown 

in Fig. 7.1, and crustal thickness estimates from Eddy et al. (2014) and Christeson et 

al. (2014), the crustal thickness was estimated to be 13.8 km. The predicted rifting 

period for Group S was 160 – 151 Ma (million years ago), with  = 2.9. Figure 7.5 

illustrates the resulting modeled crustal heat flow over time for Group S.  

As previously discussed, lithospheric cooling with time plays a vital role in the 

heat flowing through the sedimentary layers overlying oceanic crust, as it dictates the 

amount of heat added to these sediments over time. However, the version of PetroMod 

used in this study lacks the capability of incorporating the addition of heat due to the 

formation of oceanic crust. Hence, for groups overlying oceanic crust the basement 

heat flow was determined based on the predicted age of the oceanic crust. As the Gulf 
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of Mexico is older than 100 Ma, the basement heat flow should be determined using 

Equation 5.4, which applies to oceanic crust older than 60 Ma. However, basement 

heat flow values obtained using Eq. 5.4 resulted in large discrepancies between the 

modeled, and the corresponding measured, seafloor heat flow values for all the groups 

overlying oceanic crust. Thus, Equation 5.3 was used to determine the basement heat 

flow as it produced more accurate heat flow models. The use of Eq. 5.3 instead of Eq. 

5.4, would imply that the lithosphere beneath the Gulf of Mexico is colder than that 

under ocean basins of similar age. Through the analysis of heat flow measurements in 

the western abyssal plain of the Gulf of Mexico, Nagihara et al. (1996) showed that 

the lithospheric heat flow in the Gulf is lower than that in other old ocean basins, and 

thus, concluding that the lithosphere of the Gulf is relatively colder. The predicted age 

of the oceanic crust for each group relative to that of other groups was determined 

based on the group’s spatial location with respect to the extinct spreading ridge, by 

Christeson et al. (2014), as shown in Fig. 7.1. Based on its location with respect to 

GUMBO Line 3 and the predicted extinct spreading ridge, the oceanic crust 

underlying Group I is estimated to be ~8.5 km thick, with an age of ~154 Ma Thus, 

using equation 5.3 the basal heat flow distribution over time was determined and 

inputted into the boundary conditions for Group I. Figure 7.2 illustrates the change in 

basal heat flow over time for Group I.  
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Figure 7.2 Modeled basal heat flow over time for groups I and S.  

2. Burial History 

The burial history of each group was reconstructed from the stratigraphic 

interpretations described in the previous chapter. The burial history for each group was 

split up into the same age-based layers as the stratigraphic model, discussed in Chapter 

6, which are – Quaternary, Pliocene, Miocene, Oligocene, Eocene, Paleocene, Upper 

Cretaceous, Lower Cretaceous, and Jurassic. The thickness of each layer was 

determined based on the isopach maps developed in SeisVision and those from Feng 

and Buffler (1996). Along with thickness, the general lithology for each layer had to 

be determined. The scarcity of deep-penetrating borehole data made this task 

challenging. Tables 7.2 and 7.3 describe the stratigraphic units, along with their 

thicknesses and lithologic compositions, used in constructing the thermal models for 

groups I and S, respectively.   

Table 7.2 Stratigraphic units for Group I. 
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Table 7.3 Stratigraphic units for Group S. 

 

The burial history also needs to include the effect of sediment compaction, which 

is important in determining porosity, which is an important variable in controlling 

thermal conductivity (Beardsmore and Cull, 2001). PetroMod automatically models 

compaction based on the lithologic composition of the various layers inputted. Thus, 

measured porosity data from log curves of wells within the geographic extent of the 

group were compared to modeled to porosity to verify the validity of the inputted 

lithologies for the group. Due to the paucity of available digital well log data in the 

study area, several scanned paper logs were acquired from the Bureau of Safety and 

Environmental Enforcement. These scanned logs were digitized using the well log 

digitizing software, Neuralog, which were then imported into PetroMod. Figure 7.3 

displays the modeled porosity, and measured porosity from well logs, for groups I and 

S.  
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Figure 7.3 Modeled porosity versus measured porosity. Plots illustrating the modeled 

porosity (—) and measured porosity (+) for groups I (left) and S (right). 

3. Radiogenic heat production within sediments 

This includes factors that either increase or decrease the heat flow through the 

sedimentary column. The primary one is radiogenic heat production, which is the heat 

generated in rocks through the radioactive decay of unstable isotopes of Potassium, 

Uranium, and Thorium. Quantitative measurements of the three primary radioactive 

elements – Potassium, Uranium, and Thorium, is necessary. The concentration of 

radiogenic material largely reflects the lithology, and thus matching modeled 

radiogenic heat production to actual radioactive heat production can prove to be a 

viable geologic control on lithology selection. Nagihara et al. (1996) measured the 

radioactive heat production from 47 core samples from four Deep Sea Drilling Project 

(DSDP) sites in the Gulf of Mexico, the results of which are plotted in Figure 7.4.  
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Figure 7.4 Radiogenic heat production from DSDP core samples (adapted from 

Nagihara et al., 1996). 

DSDP 90 and 91 (hollow circles and squares) represent post Mid-Cretaceous 

sediments and are siliciclastic dominated, primarily shale, while, the samples from 

DSDP 535 and 540 (solid circles and squares) represent early Cretaceous sediments, 

which are predominantly limestones (Fig. 7.4). As depicted in Fig. 7.4, the average 

radiogenic heat production value for early Cretaceous sediments is between 0.4-0.6 

µW/m3, while the radiogenic heat production values for the younger, siliciclastic 

sediments range between 0.8-1.5 µW/m3. In comparison, the corresponding lithologies 

used in this study produce similar values. Figure 7.5 illustrates the modeled radiogenic 

heat production for groups I and S; wherein, the Jurassic and early Cretaceous 

carbonate-dominated sediments produce ~0.5 µW/m3 radiogenic heat, and the post 

Mid-Cretaceous siliciclastic sediments produce between 0.5-1.5 µW/m3 radiogenic 

heat.  
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Figure 7.5 Modeled radiogenic heat production for groups I and S. 

4. Heat Flow Modeling 

After all the input parameters, mentioned above, have been determined, the heat 

flow through the sedimentary column can be modeled for each group. Figures 7.6 and 

7.7, display the sedimentary heat flow models for groups I and S, respectively. The 

modeled basal heat flow for Group I is 38.12 mW/m2, while that for Group S is 50.54 

mW/m2.  
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Figure 7.6 Modeled present-day heat flow versus depth for Group I. The basal heat 

flow is 38.12 mW/m2. The background overlay displays the distribution of 

temperature with depth.  
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Figure 7.7 Modeled present-day heat flow versus depth for Group S. The basal heat 

flow is 50.54 mW/m2. The background overlay displays the distribution of 

temperature with depth. 

Finally, the modeled seafloor heat flow value for each group was compared to the 

measured seafloor heat flow values, to verify the accuracy of the models. The 

corresponding modeled basement heat flow values was recorded, and will aid in 

distinguishing between oceanic crust and transitional continental crust.  
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CHAPTER VIII 

SEDIMENTARY THERMAL MODELS IN THE EASTERN 

GOM 

8.1 Basin Modeling Results 

Group A 

Group A (Figure 4.2) is the southernmost group, consisting of a ~7.2 km-thick 

sediment column underlain by ~6.5 km of oceanic crust (Buffler, 1991). It is 

intersected by the GOM extinct ridge. Based on its location and crustal thickness, the 

underlying oceanic crust is estimated to have formed ~146 Ma. The stratigraphy for 

Group A is described in Table 8.1. The modeled basal heat flow for Group A is 39.28 

mW/m2.  
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Table 8.1 Stratigraphic units for Group A. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 2550 20 80 0 0 

Pliocene 5.32 2550 700 20 80 0 0 

Miocene 23.8 3250 750 20 80 0 0 

Oligocene 33.7 4000 650 20 80 0 0 

Eocene 54.5 4650 650 20 80 0 0 

Paleocene 65 5300 50 20 80 0 0 

Upper Cretaceous 98.9 5350 250 20 80 0 0 

Lower Cretaceous 144.2 5600 800 10 20 70 0 

Jurassic 146 6400 800 10 20 70 0 
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Figure 8.1 Modeled present-day heat flow versus depth for Group A. The background 

overlay represents the temperature distribution for the sedimentary column. 

Group B 

Group B is located to the northeast of Group A, and consists of a ~7.15 km-

thick sediment column underlain by ~7 km of oceanic crust (Buffler, 1991). The 

oceanic crust underlying Group B is predicted to have formed ~150 Ma. The 

stratigraphy for Group B is described in Table 8.2. The modeled basal heat flow for 

Group B is 38.62 mW/m2.
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Table 8.2 Stratigraphic Units for Group B. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 2900 20 80 0 0 

Pliocene 5.32 2900 500 20 80 0 0 

Miocene 23.8 3400 750 20 80 0 0 

Oligocene 33.7 4150 650 20 80 0 0 

Eocene 54.5 4800 550 20 80 0 0 

Paleocene 65 5350 50 20 80 0 0 

Upper Cretaceous 98.9 5400 250 20 80 0 0 

Lower Cretaceous 144.2 5650 800 10 20 70 0 

Jurassic 150 6450 700 10 20 70 0 
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Figure 8.2 Modeled present-day heat flow versus depth for Group B. The background 

overlay represents the temperature distribution for the sedimentary column. 

Group C 

Group C encompasses the southeast portion of GUMBO Line 3, and consists 

of a ~8.4 km-thick sediment column underlain by ~8 km of oceanic crust (Eddy et al. 

2013), with an estimated age of ~146 Ma. The stratigraphy is described in Table 8.3. 

The modeled basal heat flow for Group C is 39.15 mW/m2. 
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Table 8.3 Stratigraphic Units for Group C. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 3000 20 80 0 0 

Pliocene 5.32 3000 750 20 80 0 0 

Miocene 23.8 3750 1150 20 80 0 0 

Oligocene 33.7 4900 750 20 80 0 0 

Eocene 54.5 5650 600 20 80 0 0 

Paleocene 65 6250 150 20 80 0 0 

Upper Cretaceous 98.9 6400 200 20 80 0 0 

Lower Cretaceous 144.2 6600 900 10 20 70 0 

Jurassic 146 7500 900 10 20 70 0 
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Figure 8.3 Modeled present-day heat flow versus depth for Group C. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group D 

Group D contains the southwest portion of GUMBO Line 4, and consists of 

sediments, ~6.1 km thick, overlying ~7 km of oceanic crust (Christeson et al. 2014). 

Predicted crustal age for Group D is ~147 Ma. The stratigraphy for Group D described 

in Table 8.4. The modeled basal heat flow for Group D is 39.01 mW/m2.   
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Table 8.4 Stratigraphic Units for Group D. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 2250 20 80 0 0 

Pliocene 5.32 2250 200 20 80 0 0 

Miocene 23.8 2450 400 20 80 0 0 

Oligocene 33.7 2850 500 20 80 0 0 

Eocene 54.5 3350 550 20 80 0 0 

Paleocene 65 3900 50 20 80 0 0 

Upper Cretaceous 98.9 3950 150 20 80 0 0 

Lower Cretaceous 144.2 4100 1000 10 20 70 0 

Jurassic 147 5100 1000 10 20 70 0 
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Figure 8.4 Modeled present-day heat flow versus depth for Group D. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group E 

Group E is located northeast of Group C, and contains a ~7.2 km-thick 

sediment column that overlies ~7.5 km of oceanic crust (Buffler, 1991 and Eddy et al., 

2014). Group E is also bisected by Seismic Line A. The estimated age of the oceanic 

crust underlying this group is ~151 Ma. The stratigraphy is described in Table 8.5. The 

modeled basal heat flow for Group E is 38.49 mW/m2. 
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Table 8.5 Stratigraphic Units for Group E. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 2700 25 75 0 0 

Pliocene 5.32 2700 500 25 75 0 0 

Miocene 23.8 3200 1000 25 75 0 0 

Oligocene 33.7 4200 750 25 75 0 0 

Eocene 54.5 4950 300 25 75 0 0 

Paleocene 65 5250 50 25 75 0 0 

Upper Cretaceous 98.9 5300 200 25 75 0 0 

Lower Cretaceous 144.2 5500 850 10 15 75 0 

Jurassic 151 6350 850 10 15 75 0 
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Figure 8.5 Modeled present-day heat flow versus depth for Group E. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group F 

Group F (Figure 4.2) is the southernmost group, consisting of a ~6.55 km-thick 

sediment column underlain by ~7.5 km of oceanic crust that formed ~153 Ma. Seismic 

lines C and D intersect Group F. The stratigraphy is described in Table 8.6. The 

modeled basal heat flow for Group F is 38.24 mW/m2. 
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Table 8.6 Stratigraphic Units for Group F. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 2500 30 70 0 0 

Pliocene 5.32 2500 300 30 70 0 0 

Miocene 23.8 2800 700 30 70 0 0 

Oligocene 33.7 3500 700 30 70 0 0 

Eocene 54.5 4200 300 30 70 0 0 

Paleocene 65 4500 50 30 70 0 0 

Upper Cretaceous 98.9 4550 200 30 70 0 0 

Lower Cretaceous 144.2 4750 900 10 15 75 0 

Jurassic 153 5650 900 10 15 75 0 
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Figure 8.6 Modeled present-day heat flow versus depth for Group F. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group G 

Group G is situated northeast of Group D along GUMBO Line 4, and consists 

of a ~6.1 km-thick sediment column underlain by ~7 km of oceanic crust (Christeson 

et al., 2014), with a predicted age of ~151 Ma. The stratigraphy for Group G is 

described in Table 8.7. The modeled basal heat flow for Group G is 38.75 mW/m2. 
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Table 8.7 Stratigraphic Units for Group G. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1300 30 70 0 0 

Pliocene 5.32 1300 100 30 70 0 0 

Miocene 23.8 1400 300 30 70 0 0 

Oligocene 33.7 1700 400 30 70 0 0 

Eocene 54.5 2100 350 30 70 0 0 

Paleocene 65 2450 50 30 70 0 0 

Upper Cretaceous 98.9 2500 300 30 70 0 0 

Lower Cretaceous 144.2 2800 1600 10 10 80 0 

Jurassic 151 4400 1700 10 10 80 0 
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Figure 8.7 Modeled present-day heat flow versus depth for Group G. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group H 

Group H (Figure 4.2) is bisected by GUMBO Line 3, and contains sediments, 

~8.3 km-thick, underlain by ~8.25 km of oceanic crust (Eddy et al. 2013). Predicted 

crustal age for this group is ~153 Ma. Based on salt distribution maps, Group H 

coincides with some salt deposition. The stratigraphy is described in Table 8.8. The 

modeled basal heat flow for Group H is 38.24 mW/m2. 
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Table 8.8 Stratigraphic Units for Group H. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 2650 35 65 0 0 

Pliocene 5.32 2650 700 35 65 0 0 

Miocene 23.8 3350 1200 35 65 0 0 

Oligocene 33.7 4550 900 35 65 0 0 

Eocene 54.5 5450 150 35 65 0 0 

Paleocene 65 5600 50 35 65 0 0 

Upper Cretaceous 98.9 5650 250 35 65 0 0 

Lower Cretaceous 144.2 5900 1200 10 10 70 10 

Jurassic 153 7100 1200 10 10 70 10 

 



Texas Tech University, Alden Netto, August 2017 

66 

 

Figure 8.8 Modeled present-day heat flow versus depth for Group H. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group J 

Group J is situated in the heart of the Mississippi Fan lobe and as a results 

contains the thickest sediment column, ~10.1 km thick. It is underlain by ~8.5 km of 

oceanic crust. Based on salt maps and 2D seismic data, deeply buried salt is associated 

with Group J. Porosity data from well G08918 was used for Group J. The stratigraphy 

is described in Table 8.9. The modeled basal heat flow for Group J is 38.12 mW/m2. 
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Table 8.9 Stratigraphic Units for Group J. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 3800 25 75 0 0 

Pliocene 5.32 3800 1100 25 75 0 0 

Miocene 23.8 4900 1700 25 75 0 0 

Oligocene 33.7 6600 1100 25 75 0 0 

Eocene 54.5 7700 100 25 75 0 0 

Paleocene 65 7800 50 25 75 0 0 

Upper Cretaceous 98.9 7850 250 25 75 0 0 

Lower Cretaceous 144.2 8100 1000 10 10 70 10 

Jurassic 154 9100 1000 10 10 70 10 
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Figure 8.9 Modeled present-day heat flow versus depth for Group J. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group K 

Group K is located in the southeastern section of the De Soto Canyon 

protraction area and is intersected by GUMBO Line 3. It comprises ~6.95 km thick 

sediments overlying ~12.9 km-thick transitional continental crust. The crust 

underlying Group K is estimated to have undergone rifting from 160-153 Ma, with a 

crustal stretching factor () of 3.1. Based on salt distribution maps and the 2D seismic 

data, salt structures are present within Group K, and hence, have been incorporated 

into the lithology. Porosity data from well G21826 was used for Group K. The 

stratigraphy is described in Table 8.10. The modeled basal heat flow for Group K is 

47.69 mW/m2. 
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Table 8.10 Stratigraphic units for Group K. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1800 35 65 0 0 

Pliocene 5.32 1800 1400 35 65 0 0 

Miocene 23.8 3200 1500 35 65 0 0 

Oligocene 33.7 4700 1200 35 65 0 0 

Eocene 54.5 5900 50 35 65 0 0 

Paleocene 65 5950 50 35 65 0 0 

Upper Cretaceous 98.9 6000 250 35 65 0 0 

Lower Cretaceous 144.2 6250 850 10 10 70 10 

Jurassic 146 7100 800 10 10 70 10 
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Figure 8.10 Modeled present-day heat flow versus depth for Group K. The 

background overlay represents the temperature distribution with depth for the 

sedimentary column. 

Group L 

Group L is located in the southeastern section of the De Soto Canyon 

protraction area and is intersected by GUMBO Line 3. It comprises ~7.15 km thick 

sediments overlying ~13.75 km-thick transitional continental crust (Eddy et al. 2013). 

The crust underlying Group L is estimated to have undergone rifting from 160-152 

Ma, with a crustal stretching factor () of 2.91. Based on salt maps and 2D seismic 

data, deeply buried salt is associated with Group L. The wells used for Group L were 

G10480, G10487, G23540, and G21190. The porosity data from these wells were 

compared to the modeled porosity for Group L. The stratigraphy is described in Table 

8.11. The modeled basal heat flow for Group L is 48.89 mW/m2. 
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Table 8.11 Stratigraphic Units for Group L. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1400 35 65 0 0 

Pliocene 5.32 1400 1300 35 65 0 0 

Miocene 23.8 2700 1300 35 65 0 0 

Oligocene 33.7 4000 700 35 65 0 0 

Eocene 54.5 4700 100 35 65 0 0 

Paleocene 65 4800 100 35 65 0 0 

Upper Cretaceous 98.9 4900 250 35 65 0 0 

Lower Cretaceous 144.2 5150 1000 10 10 70 10 

Jurassic 160 6150 1000 10 10 70 10 
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Figure 8.11 Modeled present-day heat flow versus depth for Group L. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group M 

Group M is located northeast of Group L along GUMBO Line 3. It comprises 

~7.15 km thick sediments overlying ~16.67 km-thick transitional continental crust 

(Eddy et al. 2013). The estimated crustal rifting period is 160-153 Ma, with a crustal 

stretching factor () of 2.4. The wells used for Group M were G26253, G19939, and 

G26254. The stratigraphy is described in Table 8.12. The modeled basal heat flow for 

Group M is 52.9 mW/m2. 
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Table 8.12 Stratigraphic Units for Group M. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1250 40 60 0 0 

Pliocene 5.32 1250 1350 40 60 0 0 

Miocene 23.8 2600 1000 40 60 0 0 

Oligocene 33.7 3600 500 40 60 0 0 

Eocene 54.5 4100 50 40 60 0 0 

Paleocene 65 4150 50 40 60 0 0 

Upper Cretaceous 98.9 4200 250 40 60 0 0 

Lower Cretaceous 144.2 4450 900 10 10 70 10 

Jurassic 160 5350 900 10 10 70 10 
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Figure 8.12 Modeled present-day heat flow versus depth for Group M. The 

background overlay represents the temperature distribution with depth for the 

sedimentary column. 

Group N 

Group N is located northeast of Group G along GUMBO Line 4. It comprises 

~5.75 km thick sediments overlying ~15.4 km-thick transitional continental crust 

(Christeson et al., 2013). The estimated crustal rifting period is 160-148 Ma, with a 

crustal stretching factor () of 2.6. The stratigraphy is described in Table 8.13. The 

modeled basal heat flow for Group N is 51.2 mW/m2.   
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Table 8.13 Stratigraphic Units for Group N. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 900 10 60 30 0 

Pliocene 5.32 900 150 10 60 30 0 

Miocene 23.8 1050 300 10 60 30 0 

Oligocene 33.7 1350 300 10 60 30 0 

Eocene 54.5 1650 200 10 60 30 0 

Paleocene 65 1850 150 10 60 30 0 

Upper Cretaceous 98.9 2000 600 10 60 30 0 

Lower Cretaceous 144.2 2600 1650 10 10 80 0 

Jurassic 160 4250 1650 10 10 80 0 
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Figure 8.13 Modeled present-day heat flow versus depth for Group N. The 

background overlay represents the temperature distribution with depth for the 

sedimentary column. 

Group O 

Group O is situated northeast of Group H along GUMBO Line 3, and contains 

sediments, ~7.95 km-thick, underlain by ~11.4 km of transitional continental crust 

(Eddy et al., 2014). The estimated crustal rifting period is 160-152 Ma, with a crustal 

stretching factor () of 3.51. The stratigraphy is described in Table 8.14. The modeled 

basal heat flow for Group O is 45.72 mW/m2. 
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Table 8.14 Stratigraphic Units for Group O. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 2200 35 65 0 0 

Pliocene 5.32 2200 750 35 65 0 0 

Miocene 23.8 2950 1200 35 65 0 0 

Oligocene 33.7 4150 1000 35 65 0 0 

Eocene 54.5 5150 100 35 65 0 0 

Paleocene 65 5250 100 35 65 0 0 

Upper Cretaceous 98.9 5350 200 35 65 0 0 

Lower Cretaceous 144.2 5550 1200 10 10 70 10 

Jurassic 160 6750 1200 10 10 70 10 
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Figure 8.14 Modeled present-day heat flow versus depth for Group O. The 

background overlay represents the temperature distribution with depth for the 

sedimentary column. 

Group P 

Group P is the northernmost group, consisting of a ~5 km-thick sediment 

column underlain by ~17.4 km-thick transitional continental crust. The estimated 

crustal rifting period is 160-153 Ma, with a crustal stretching factor () of 2.3. The 

stratigraphy is described in Table 8.15. The modeled basal heat flow for Group P is 

53.84 mW/m2.  
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Table 8.15 Stratigraphic Units for Group P. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1100 40 60 0 0 

Pliocene 5.32 1100 750 40 60 0 0 

Miocene 23.8 1850 750 40 60 0 0 

Oligocene 33.7 2600 200 40 60 0 0 

Eocene 54.5 2800 50 40 60 0 0 

Paleocene 65 2850 50 40 60 0 0 

Upper Cretaceous 98.9 2900 300 40 60 0 0 

Lower Cretaceous 144.2 3200 900 10 10 80 0 

Jurassic 160 4100 900 10 10 80 0 
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Figure 8.15 Modeled present-day heat flow versus depth for Group P. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group Q 

Group Q is situated in the northern portion of the Lloyd Ridge protraction area, 

and contains sediments, ~5.65 km-thick, underlain by ~13.6 km-thick transitional 

continental crust. The estimated crustal rifting period is 160-152 Ma, with a crustal 

stretching factor () of 2.95. Logs from wells G10496 and G31842 were used to 

calibrate the modeled porosity for Group Q. The stratigraphy is described in Table 

8.16. The modeled basal heat flow for Group Q is 48.65 mW/m2. 
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Table 8.16 Stratigraphic Units for Group Q. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1850 35 65 0 0 

Pliocene 5.32 1850 250 35 65 0 0 

Miocene 23.8 2100 500 35 65 0 0 

Oligocene 33.7 2600 450 35 65 0 0 

Eocene 54.5 3050 50 35 65 0 0 

Paleocene 65 3100 50 35 65 0 0 

Upper Cretaceous 98.9 3150 200 35 65 0 0 

Lower Cretaceous 144.2 3350 1200 10 10 80 0 

Jurassic 160 4550 1100 10 10 80 0 
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Figure 8.16 Modeled present-day heat flow versus depth for Group Q. The 

background overlay represents the temperature distribution with depth for the 

sedimentary column. 

Group R 

Group R is located northeast of Group Q. It comprises ~4.92 km-thick 

sediments overlying ~15.7 km-thick transitional continental crust. The estimated 

crustal rifting period is 160-151 Ma, with a crustal stretching factor () of 2.55. The 

stratigraphy is described in Table 8.17. The modeled basal heat flow for Group R is 

51.57 mW/m2. 
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Table 8.17 Stratigraphic Units for Group R. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1470 35 65 0 0 

Pliocene 5.32 1470 100 35 65 0 0 

Miocene 23.8 1570 500 35 65 0 0 

Oligocene 33.7 2070 100 35 65 0 0 

Eocene 54.5 2170 100 35 65 0 0 

Paleocene 65 2270 50 35 65 0 0 

Upper Cretaceous 98.9 2320 200 35 65 0 0 

Lower Cretaceous 144.2 2520 1200 10 10 80 0 

Jurassic 160 3720 1200 10 10 80 0 
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Figure 8.17 Modeled present-day heat flow versus depth for Group R. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

Group T 

Group T is the easternmost group, situated on the continental slope off the 

southwestern Florida Escarpment. It consists of a ~3.78 km-thick sediment column. 

The estimated crustal rifting period is 160-146 Ma, with a crustal stretching factor () 

of 2.8. The stratigraphy is described in Table 8.18. The modeled basal heat flow for 

Group T is 49.78 mW/m2.  
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Table 8.18 Stratigraphic Units for Group T. 

Name 
Age 

(m.y.) 

Top 

Depth (m) 

Present 

Thickness (m) 

Lithologic Composition 

% Sand % Shale % Limestone % Evaporites 

Quaternary 1.77 0 1300 0 60 40 0 

Pliocene 5.32 1300 50 0 60 40 0 

Miocene 23.8 1350 100 0 60 40 0 

Oligocene 33.7 1450 100 0 60 40 0 

Eocene 54.5 1550 50 0 60 40 0 

Paleocene 65 1600 50 0 60 40 0 

Upper Cretaceous 98.9 1650 100 0 60 40 0 

Lower Cretaceous 144.2 1750 900 10 10 80 0 

Jurassic 160 2650 1000 10 10 80 0 
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Figure 8.18 Modeled present-day heat flow versus depth for Group T. The background 

overlay represents the temperature distribution with depth for the sedimentary column. 

8.2 Measured versus Modeled Surface Heat Flow 

After the thermal models for each group were developed, the accuracy of these 

models had to be verified. The modeled surface heat flow for each group was 

compared to its average measured surface heat flow, which is illustrated in Figure 

8.19. To be considered accurate, the modeled surface heat flow had to be within one 

standard deviation of the mean measured value. As shown by the difference in 

measured and modeled surface heat flow values in Fig. 8.19. This accuracy aids in 

validating the generated thermal models.  
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Figure 8.19 Measured versus modeled surface heat flow. Plot comparing the modeled surface heat flow and the measured 

surface heat flow value for each group, on the right, and the standard deviation of the measured heat flow values and the 

difference between the modeled and measured surface heat flow, on the left.
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CHAPTER IX 

DISCUSSION 

9.1 Thermal Effects of Sediments 

To estimate the basal heat flow for each group of seafloor heat flow 

measurements, the thermal effects of sediments must be quantified. These effects can be 

broadly categorized into – sediment accumulation, fluid flow through sediments, 

radiogenic heat production within the sediments, and the salt effect. In the Gulf of 

Mexico, fluid flow is primarily due to compaction-driven dewatering of sediments. 

Previous studies have shown that such flow does not significantly contribute to the total 

heat flow budget (e.g., Harrison and Summa, 1991).   

9.1.1 Sediment Accumulation Rate 

 As mentioned in Chapter 5, recent, fast sediment accumulation has a dampening 

effect on the seafloor heat flow. The addition of new, cold sediments on the seafloor 

results in the absorption of heat flowing through the underlying sediments. This continues 

till the new sediments reach thermal equilibrium with the surrounding sediments. The 

effect of recent sedimentation on surface heat flow measurements is demonstrated in the 

eastern Gulf due to varying sedimentation rates during the Quaternary between the study 

groups. 

 Group C and Group D have similar predicted formation ages, 146 m.y. and 147 

m.y., respectively, and similar estimated crustal thicknesses, 8 km and 7 km, respectively. 

Thus, Groups C and D also have similar basal heat flow, 39.2 mW/m2 and 39.0 mW/m2, 

respectively. In addition, both groups also have a similar lithologic composition, which is 

discussed in Chapter 8. However, the measured seafloor heat flow for Group C is 18.17 

mW/m2 and that for Group D is 22.52 mW/m2, with a marginally larger disparity in the 

modeled seafloor heat flow values, of ~4.71 mW/m2. The heat flow models for both 

groups display a similar trend, as shown in figures 7.3 and 7.4, where the heat flow curve 

remains relatively vertical until the late Pliocene and then deviates considerably. 
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However, this deviation is greater in Group C than it is in Group D. Hence, the variation 

in the seafloor heat flow values can be attributed to the much greater Quaternary 

sedimentation rate in Group C, ~1695 m/m.y., than that in Group D, ~1271 m/m.y. 

 The variation in Quaternary sedimentary rates between the groups is explained by 

their geographic positions in the Gulf of Mexico. The primary source of sediment in this 

region is the Mississippi River, which feeds into the Gulf. Figure 9.1 depicts the youngest 

fan lobe of the Mississippi River, which is late Wisconsinan, ~0.1-0.05 Ma, in age, from 

Coleman and Roberts (1991), the sediment depocenter during the Pleistocene, ~1.77-0.01 

Ma, from Galloway (2008), and the outlines of the study groups, with their corresponding 

Quaternary, ~1.77 Ma – Present, sedimentation rate. 

 In Figure 9.2, the mean seafloor heat flow measurements for each group have 

been plotted against the corresponding sedimentation rate during the Quaternary, in 

m/m.y. The groups with the highest seafloor heat flow have the lowest Quaternary 

sedimentation rates. Thus, there is an inverse relationship between the rate of recent 

sedimentation and seafloor heat flow.   

 

Figure 9.1 Recent sedimentation in the study area. Map of the study area, displaying the 

extent of the youngest fan lobe of the Mississippi Submarine Fan (adapted from Coleman 

et al., 1991), the Pleistocene sediment depocenter (from Galloway, 2008), and the study 

groups color-coded by Quaternary sedimentation rate. 
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Figure 9.2 Inverse relationship of sedimentation rate and seafloor heat flow. 

9.1.2 Radiogenic Heat Production within the Sediments 

 As discussed previously, the amount of sedimentary radiogenic heat production 

largely depends on the lithology and porosity of the sediments. In the study area, there is 

little geographic variation in lithology. Therefore, the magnitude of the heat generation 

effects is roughly proportional to the total thickness of the sedimentary column. 

The effect of cumulative heat generated by radiogenic material present in 

sediments on surface heat flow is best demonstrated by comparing groups N and T. The 

measured seafloor heat flow value for Group N is ~9.32 mW/m2 higher than that for 

Group T. Group N has a marginally higher amount of heat entering the sediment column, 

~1.54 mW/m2, and a lower Quaternary sedimentation rate, ~113 m/m.y. However, the 

magnitude of both these factors are not substantial enough to make them responsible for a 

9.32 mW/m2 difference in seafloor heat flow. It is apparent however, that the total 

sediment thickness is much greater for Group N. In addition, the well compacted, upper 

Cretaceous and Paleocene sediments have high heat production rates.   
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Figure 9.3 Distribution of porosity with depth for groups N and T. Figure displays the 

similar lithologic composition between the groups. The overlay of both plots is the 

radiogenic heat production with depth. 

Table 9.1 Total radiogenic heat production for Group N. 

Unit 

Name 

Mean 

Porosity 

(Φ) 

Rate of Heat 

Production 

(μW/m3) 

Thickness 

(m) 

Radiogenic 

Heat 

Produced 

(μW/m2) 

Cumulative 

Radiogenic 

Heat (μW/m2) 

Quaternary 44.31% 0.93 900 370.87 1125.74 

Pliocene 32.77% 1.11 150 54.56 754.87 

Miocene 28.71% 1.19 300 102.49 700.30 

Oligocene 24.08% 1.27 300 91.74 597.81 

Eocene 21.59% 1.31 200 56.57 506.06 

Paleocene 19.60% 1.35 150 39.69 449.50 

Upper 

Cretaceous 
17.98% 1.45 

600 
156.43 409.81 

Lower 

Cretaceous 
17.45% 0.51 

1650 
146.84 253.38 

Jurassic 12% 0.55 1650 106.54 106.54 
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Table 9.2 Total radiogenic heat production for Group T. 

Unit 

Name 

Mean 

Porosity 

(Φ) 

Rate of Heat 

Production 

(μW/m3) 

Thickness 

(m) 

Radiogenic 

Heat 

Produced 

(μW/m2) 

Cumulative 

Radiogenic 

Heat (μW/m2) 

Quaternary 36.78% 0.89 1300 425.54 745.29 

Pliocene 27.51% 1.05 50 14.44 319.74 

Miocene 26.39% 1.07 100 28.24 305.30 

Oligocene 24.98% 1.09 100 27.23 277.06 

Eocene 23.85% 1.1 50 13.12 249.83 

Paleocene 23.15% 1.11 50 12.85 236.72 

Upper 

Cretaceous 
22.16% 1.13 

100 
25.04 223.87 

Lower 

Cretaceous 
24.62% 0.46 

900 
101.93 198.83 

Jurassic 19.38% 0.5 1000 96.90 96.90 

9.1.3 Salt Deposition 

 As mentioned earlier, the eastern Gulf of Mexico is relatively free of shallow, 

allochthonous salt structures. However, in some of the western study groups, deeply 

buried, autochthonous salt bodies may be present. But these salt bodies should not cause 

any observable anomalies is seafloor heat flow.  

9.2 Basal Heat Flow 

 The basin models constructed for the study groups account for the thermal effects 

of sediment accumulation rate and radiogenic heat production within sediments. Groups 

A through J overlie oceanic crust, and their model-estimated basement heat flow values 

range from 38.1 to 39.3 mW/m2, with an average of 38.6 mW/m2 and a standard 

deviation of 0.4 mW/m2. These values are remarkably consistent with one another.  

While, groups K through T overlie transitional continental crust, and their estimated 

basement heat flow values range from 45.7 to 52.9 mW/m2, with an average of 50.1 

mW/m2 and a standard deviation of 2.5 mW/m2. The basal heat flow values over the 

transitional continental crust are consistently greater than those over the oceanic crust. 

The difference between the two averages is 11.48 mW/m2, much greater than their 

standard deviations.  
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As discussed in Chapter 5, basement heat flow is comprised of two parts – mantle 

heat flow and radiogenic heat produced within the crust. In relatively old (>140 Ma) 

ocean basins, like the Gulf of Mexico, the lithosphere approaches quasi-steady state 

resulting in a similar mantle heat flow between continental and oceanic areas (Nagihara 

and Jones, 2005). Hence, the difference in basement heat flow values between the two 

sets of study groups is primarily due to a difference in the amount of radiogenic heat 

produced within the underlying crustal basement.  

9.3 Uncertainty Analysis for Crustal Basement Estimations 

 There is some uncertainty in the model estimates of the basal heat flow values, 

because not every parameter of the model has been measured accurately. The seafloor 

heat flow measurements, borehole-derived porosity and biostratigraphic data, and seismic 

stratigraphic data were primarily used to constrain these models. The thermal properties 

of the sediments such as the thermal conductivity and radiogenic heat production rates 

were estimated from their empirical relationships with the lithologies and other 

petrophysical properties such as porosity.    

  The main question here is whether or not the difference in the basal heat flow 

estimates between the oceanic and the transitional crust (11.5 mW/m2) is greater than the 

model uncertainty. The basal heat flow estimates for the oceanic section of the study area 

are remarkably uniform (38 to 39 mW/m2) in spite of the considerable geographic 

variation in sediment thickness and accumulation rates. That suggests that the models 

properly account for the thermal effects of the sediment accumulation and radiogenic heat 

production, even with the uncertainties in some of their parameters. Basal heat flow 

through the oceanic crust in the study area is expected to show little local variability, 

given that the lithosphere is old (late Jurassic), and should be approaching to the thermal 

equilibrium. Therefore, even though it is difficult to quantify the magnitude of the model 

uncertainty, it should be considerably smaller than the difference in the estimates 

between the oceanic and transitional crust. 

There is another way to test the validity of the estimated difference in basal heat 

flow. Group H lies over the oceanic crust and Group O lies over the transitional crust. 

The two are less than 25 km apart and exhibit surface heat flow values of 25.5 mW/m2 
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and 33.76 mW/m2, respectively. Due to their proximity, groups O and H have similar 

burial histories. Thus, the difference of 8.26 mW/m2 between the two groups should 

primarily reflect the difference in basal heat flow.  

9.4 Predicted Location of Ocean-Continent Crustal Boundary 

 Figure 9.4 shows the predicted ocean-continent crustal boundary in the eastern 

Gulf of Mexico based on the variation in the basement heat flow of the study groups. 

Figure 9.5 compares the estimated location of the ocean-continent crustal boundary with 

that from other studies. The heat flow-derived boundary is very close to those proposed 

by some of the recent studies that used other means for locating the ocean-continent 

crustal boundary (Hudec et al., 2013, Pindell et al., 2014, Christeson et al., 2014, and 

Sandwell et al., 2014). 

 

Figure 9.4 Estimated OCB in the eastern Gulf of Mexico. Map of the eastern Gulf of 

Mexico displaying the estimated ocean-continent crustal boundary along with heat flow 

measurements and study groups. The color of the outline of the study groups represent 

the corresponding basal heat flow estimate for the group. Location of the extinct ridge is 

from Christeson et al. (2014).
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Figure 9.5 Estimated GOM ocean-continent crustal boundary in comparison to that from other studies.  
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CHAPTER X 

CONCLUSIONS 

In order to test the possibility of using seafloor heat flow measurements to 

delineate the ocean-continent crustal boundary in the eastern Gulf of Mexico, ~160 

data points were obtained from the TDI-Brooks International. The data showed abrupt 

change in the heat flow values across a narrow, linear zone proposed to be the crustal 

boundary by previous studies. The heat flow values in the continental section of the 

eastern Gulf were consistently greater. Since the heat flow through the seafloor is 

heavily influenced by the thermal effects of sediment accumulation and the radiogenic 

heat production within the sediments, basalt heat flow in this region was estimated 

from 20 sedimentary thermal models using the PetroMod software. The development 

of these models involved the reconstruction of the sediment burial history in this 

region and the opening of the Gulf of Mexico basin. To determine the sediment burial 

history, a stratigraphic model was constructed in GeoGraphix’ SeisVision using 

previously published stratigraphic studies, crustal seismological studies, and wire-line 

logs, and biostratigraphic data obtained from the USGS and Bureau of Ocean and 

Energy Management.  

The basalt heat flow values estimated from these models for the oceanic 

section of the eastern Gulf of Mexico are remarkably uniform at 38 to 39 mW/m2, 

reasonable for the oceanic lithosphere of Jurassic age. The basal heat flow values for 

the continental section of the study area average at 50 mW/m2 with a standard 

deviation of 2.5 mW/m2. Even though the thermal models have uncertainty in some of 

their parameters, they seem to account for the thermal effects of sediment 

accumulation and radiogenic heat production within sediments in the study area. The 

large difference in mean basal heat flow between the oceanic and the transitional crust, 

11 - 12 mW/m2, should be primarily attributed to a difference in the amount of 

radiogenic heat produced in the underlying igneous basement, thus, implying a 

difference in crustal lithology.  
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The use of closely-spaced seafloor heat flow measurements is a viable option 

in delineating the boundary between oceanic and continental crust in the transition 

zone of actively subsiding continental margins and sedimentary basins. Additionally, 

the use of heat flow measurements collected by deep-marine probes is a more cost-

efficient method than conventional geophysical techniques, such as seismic refraction 

or reflection surveys, or deep-sea drilling endeavors.  
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APPENDIX A  

MODELED POROSITY FOR GROUPS WITH  

POROSITY LOGS 

 

Group J 

 

Figure A.1 Porosity versus depth for Group J. Plot illustrating the modeled porosity 

(—) and measured porosity (+). 
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Group K 

 

Figure A.2 Porosity versus depth for Group K. Plot illustrating the modeled porosity 

(—) and measured porosity (+). 
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Group L 

 

Figure A.3 Porosity versus depth for Group L. Plot illustrating the modeled porosity 

(—) and measured porosity (+). 
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Group M 

 

Figure A.4 Porosity versus depth for Group M. Plot illustrating the modeled porosity 

(—) and measured porosity (+). 
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Group Q 

 

Figure A.5 Porosity versus depth for Group Q. Plot illustrating the modeled porosity 

(—) and measured porosity (+). 
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APPENDIX B 

MCKENZIE HEAT FLOW PARAMETERS FOR GROUPS 

OVER TRANSITIONAL CONTINENTAL CRUST 

 

Crustal Model 

Pre-Rift Thickness (m): 

Crust  = 40000 

Mantle = 85000 

 

Table B.1 Rift phases and stretching factors 

Group 
Rifting Period (Ma) Stretch 

Factor (β) From To 

K 160 154 3.1 

L 160 152 2.91 

M 160 153 2.4 

N 160 148 2.6 

O 160 152 3.51 

P 160 153 2.3 

Q 160 152 2.95 

R 160 151 2.55 

S 160 151 2.9 

T 160 146 2.8 

 

Thermal Properties 

Base Temperature = 1333 ºC 

 

Stretching Model 

Time steps syn-rift = 10 

Time steps post-rift = 50 

Time step Sampling = 10 

Depth (vertical cell number) = 300 
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APPENDIX C 

UNITS, PARAMETERS, AND CALCULATIONS 

 

Model Units 

Activation Energy = kcal/mol 

Angle = degree 

Area = km^2 

CGR = bbls/MMscf 

Capillary Pressure = MPa 

Compressibility = GPa^-1 

Crystallization = MJ/m^3 

Density = kg/m^3 

Depth = m 

Diffusivity = e-11m^2/s 

Distance = km 

Fraction = % 

Frequency Factor = 1e+25/Ma 

Grain Size = mm 

Heat Capacity = kcal/kg/K 

Heat Source = 𝜇W/m^3 

Heatflow = mW/m^2 

Isotope Delta = delta permil 

Latent Heat = kcal/kg 

Layer Volume = km^3 

 

 

 

Simulation Options 

Use previous run = Yes 

Number of runs = 2 

Maximum cell thickness = 10 m 

Maximum time step duration = 10 Ma 
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Boundary Conditions 

Paleo water depth = 0 m 

Surface-water interface temperature: 

0 Ma = 4.00 ºC 

146 Ma = 28.83 ºC 

147 Ma = 28.72 ºC 

148 Ma = 28.62 ºC 

150 Ma = 28.39 ºC 

151 Ma = 28.27 ºC 

152 Ma = 28.15 ºC 

153 Ma = 28.03 ºC 

154 Ma = 27.9 ºC 

160 Ma = 27.11 ºC 

 

 

Lithology Calculation Methods/Models 

Thermal conductivity = Sekiguchi model 

Radiogenic Heat = From lithologic radioactive material abundance 

Heat capacity = Waples model for rocks 

Mechanical compaction = Athy's law (depth) 

Chemical compaction = None 

Permeability calculation = Multipoint model 
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Table C.1 Lithologic parameters 

Lithology Sandstone  Shale Limestone Salt 

Continental 

Crust 

(Granite) 

Upper 

Mantle 

(Peridotite) 

Thermal conductivity at 20 ℃ 3.95 1.64 3.00 6.50 2.60 4.00 

Depositional thermal anisotropy 1.15 1.02 1.02 1.01 1.15 1.00 

Dependence on clay mineral orientation Off On On Off Off Off 

Anisotropy factor thermal conductivity 1.15 1.60 1.19 1.01 1.15 1.00 

Thermal expansion coefficient (10-6/K) 33.00 33.00 33.00 33.00 33.00 33.00 

Uranium abundance (ppm) 1.30 3.70 1.00 0.02 6.50 0.03 

Thorium abundance (ppm) 3.50 12.00 1.00 0.01 17.00 0.03 

Potassium abundance (%) 1.30 2.70 0.20 0.10 5.70 0.06 

Heat capacity at 20 ºC 0.20 0.21 0.20 0.21 0.19 0.19 

Grain density (kg/m3) 2720.00 2700.00 2740.00 2740.00 2650.00 3200.00 

Initial porosity (%) 41.00 70.00 35.00 1.00 1.00 1.00 

Minimum porosity (%) 1.00 1.00 1.00 1.00 1.00 1.00 

Athy's factor k (km-1) 0.31 0.83 0.01 — — — 
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