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Abstract

The thermal field of the Gulf of Mexico (GoM) is analyzed from a comprehensive temperature-depth
database of about 8500 Bottom Hole Temperatures and Reservoir Temperatures. Our stochastic
analysis reveals a widespread, systematic sharp thermal gradient increase between 2500 and 4000 m.
The analysis of the pressure regime indicates a systematic correlation between the pressure and

temperature fields.
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Regime thermique de la marge nord-ouest du Golfe du Mexique.

1) Champs de temperature et de pression.

Résumé

Le régime thermique du Golfe du Mexique (GoM — Gulf of Mexico) est examiné a partir d’une base de
8500 données de températures de fond de puit et de températures de réservoir. Notre analyse
stochastique révéle une augmentation brutale systématique et régionale du gradient de température
entre 2500 et 4000 m. L’analyse du régime de pression montre une correlation entre les champs de

température et de pression.

Mots-clefs: Golfe du Mexique, géotherme, pression.
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1. Introduction

Although the NW margin of the Gulf of Mexico (GoM) has been the locus of myriads of geological
studies, both its thermal and tectonic structures remain unclear. Even the geometry of the thermal field
is still controversial due to the high complexity of the tectonic and sedimentary processes but also due
to the lack of a coherent analysis at the scale of the entire shelf, as most studies have industrial aims
and focus on reservoir scales. As a first step toward understanding the thermal regime of the NW shelf
of the GoM, we performed a joint analysis of the thermal and pressure fields of the Louisiana and
Texas shelf basins to characterize the general thermal structure, examine its possible relationship with
the tectonic structure, and discuss the processes that may be responsible for such a complexity.
Thermal modeling is a complementary analysis that is given in a companion paper [Husson et al.,
submitted to B.S.G.F.].

1.1. Geological setting

The NW margin of the GoM is characterized by a large Oligo-Miocene detachment on which a series
of NE-SW to E-W trending normal faults branch (Fig. 1). Among them, the Wilcox and Corsair Fault
Zones (WFZ and CFZ) display offsets of more than 20 km and run across the whole width of Texas.
Extension on these fault systems is generally attributed to gravitational collapse toward the Gulf on a
Cenozoic detachment [Pindell & Dewey, 1982; Diegel et al., 1995; Hall, 2002]. The bulk strain is
assumed to have been transmitted at the base of the slope where it is accommodated by the Perdido and
Mississippi fan fold belts. The structural style of the deep shelf drastically differs as it is mostly
characterized by the abundance of salt canopies; only small quantities of salt remain in the proximal
shelf. The Rio Bravo marks the location of a left-lateral Tertiary fault which separates the Texan and
Mexican units [Russell et Snelson, 1994]. We identified six tectono-stratigraphic provinces (Fig.1) that
we will consider in order to explore their relationships with the thermal field, namely the CFZ and its
onshore analogue the WFZ, the intermediate zone in between (Intermediate Texas Zone 1TZ), the
north-west of the WFZ (North West Wilcox, NWW), Louisiana (LA), and the N. Mexican Burgos
basin (BUR), subdivided in East and West (EBUR and WBUR, respectively). Additional support for

this division is given by their thermal state (see section 2.2).

1.2. Temperature data sets

A compilation of ~2000 offshore Reservoir Temperature data (RT) and ~6500 both offshore and
onshore Bottom Hole Temperature data (BHT) of industrial origin have been used to characterize the
thermal regime (Fig.1). The complete databases are provided as electronic supplements (Tables E1 and
E2). RT provide direct measures of the temperature at depth and are fairly reliable, since they give the
equilibrium temperature. On the contrary, many BHT data were acquired before thermal equilibrium

was reached. Empirical [e.g., Bullard, 1947; Horner, 1951]) and statistical [e.g., Deming& Chapman,
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1988] correction techniques exist, but they require information unavailable to us like circulation time
and shut-in-time; we therefore simply increase the BHT by 10% AT (AT=T,-Ts, where Ty is the surface
temperature and T, the temperature at depth). Due to the general lack of data, increasing BHT by 10%
is a routine technique for hydrocarbon exploration purpose. After correction, the BHT and RT show
consistent tendencies (Fig.2). The BHT database shows a stronger scattering (standard deviation from

the mean linear temperature-depth regression is 21.2°C) than the RT database (standard deviation is
7.2°C). This reflects both the uncertainty induced by the measurement process and the dispersion due

to the larger spatial coverage of the BHT. Unfortunately, we did not have access to the RT onshore at

the time of our study.

2. Temperature and gradient fields

2.1. Surface temperature

Before carrying any further this investigation, we need to determine the surface temperature, which is a
boundary condition. Considering only the shallow measurements (<3000m), linear regressions give
near-surface thermal gradients of 20 to 23°C/km, and up to 28°C/km in the Burgos basin. Data are
synthesized in table 1. This operation could not be performed for the two onshore units (NWW and
WFZ) due to data scarcity at shallow depths. The average surface temperature is given by the intercept
of the regression curves with the surface. A bias is induced by the variations in elevation within a
single unit, shown by the standard deviations in depths ¢. These estimates are consistent on average
with the results of the NOAA for the GoM [after Antonov et al., 1988], and we write accordingly a

/301

depth-dependent seafloor temperature Ts = 4 + 26 exp_zs 0 , Where z, is the depth below sea level.

Onshore ground temperature is set to 30°C.

2.2. Inversion of the local thermal fields

One could consider a linear regression of the temperature vs. depth (Fig. 3) as a convenient first-order
approximation of the thermal gradient. This approximation allows us to delineate several thermal units
that match the structural pattern. At a large scale, a warm Texas contrasts with a cool Louisiana.
Several shorter wavelength warm zones matching the CFZ, WFZ and BUR are superimposed, while
the ITZ and NWW are colder. We used these rough spatial subdivisions to explore the more detailed
features of the thermal field. In most places, the temperature-depth data sets are well fit by two constant
gradients (Fig. 4), the surface temperature being set according to section 2.1. In Texas, a sharp break in
the thermal gradient at 2500 m to 3000 m has previously been documented [e.g. Jones, 1975]. We
discuss the significance of this break in section 3. For each zone, we determine three parameters from a
stochastic analysis (Table 2): the upper gradient a; (i.e. the thermal gradient at shallow depths), the
lower gradient a; (i.e. the thermal gradient at large depths), and the rupture depth z, (transition depth

between upper and lower gradient). We introduce here the ratio between the lower and upper gradients.
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For WFZ, ITZ, CFZ and LA, a composite two-gradients fit has a considerably better fit than that given
by a single linear regression,or even a quadratic regression (leaving the possibility of a continuous
change rather than a discrete change in temperature gradient). Error minimization has been performed
using both L1 (sum of errors) and L2 (mean square of errors) norms. We eliminated outliers until
norms L1 and L2 gave consistent results. Only 20 outlying values had to be withdrawn. We also
compared regressions obtained using RT and BHT data separately. Once the rupture depth in the
temperature profile is fixed, the upper gradients from RT and BHT are in good agreement. We
conclude that the sharp downward increase in the temperature profiles is a real feature.

The rupture depth in the thermal gradient occurs at about 2500 m for WFZ, ITZ, and CFZ. In NWW,
the rupture depth of the gradient is poorly constrained. As the geological setting does not differ much
from that of the neighboring WFZ, we adopt the same break in gradient depth in NWW as in the WFZ.
In LA, the gradient rupture exists too, but at a greater depth than in the other zones (4250 m). For LA,
because the rupture depth is large, the high gradient is deep and the temperature is low at all depths. In
BUR, not enough data are available at large depths and only a single regression can be performed.

Maximum and minimum upper section gradients are found respectively in BUR (29 °C /km for W
BUR and 27 °C /km for W BUR), and ITZ (18.9 °C/km), respectively, making the upper gradient cold

everywhere except in BUR.

2.3. Three-dimensional mapping of the thermal field with depth

We use the results of the previous analysis to assess the 3D temperature field of the GoM from all
available BHT and RT data. The previous analysis gives the mean tendency of the subsurface thermal
gradient, where the geotherm T(z) writes

T(2)=Ts+ayz, (z<z0)

T(2)=Ts+asz+ay(z-29), (z>20) 1)

Assuming that the previously calculated values for z, hold anywhere within a given zone, we then
extrapolate the general laws to individual data i. We keep a constant ratio Nu=ay/a; and calculate for

each data a new coefficient b; so that the temperature evolves with depth like

T(2)i=Ts+biauz, (z<z0)
T(Z) i :Ts+b ialz+b iaz(Z-ZO), (Z>ZO) (2)

We then filtered (see appendix Al) and mapped the upper and lower thermal gradients by interpolating
bja; and bjay, respectively. The upper gradient (Fig. 5a) peaks in the WFZ and CFZ (up to 28-30°C/km)

but remains fairly homogeneous (~19 to 25°C/km). BUR remains the warmest zone at a large scale
(~30°C/km). At depth (Fig. 5b), the gradient increases everywhere between ~34 and 39°C/km (we do

not extrapolate the results to the deep gradient south of 26° latitude because of the lack of data). Such
gradient increase is an unexpected feature since the thermal regimes of sedimentary basins are above

all controlled by the conductivity, which increases with compaction. Notice the strong discrepancy
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between the gradient obtained from a linear fit of the data (Fig. 3) and the gradients obtained with the
two-gradient fit. A striking consequence is that the Texas/Louisiana dichotomy vanishes almost
entirely on the gradient maps.

Another view of the thermal field is given by temperature slices at various depths levels (Fig. 6).
Temperatures are computed and mapped using the local upper and deep gradients bja; and b;a,, and the
rupture depths z. Because z; is deeper in Louisiana than in Texas, a dichotomy becomes prominent at
depth. Although the WFZ and CFZ remain warmer than the ITZ and NWW, the whole Texan shelf is
warm at depth. The temperature field strikingly matches the distribution of oil and gas shows in the
NW GoM, oil shows being mainly found in the Louisiana shelf whereas the Texan shelf essentially
features dry gas occurrences. However, one should be aware that although it is true that the temperature
field controls the maturation of hydrocarbons, the kinetics of kerogen maturation, which can vary with
the nature of the source rocks, also plays a significant role. The striking apparent opposition between
the temperature and gradient maps (Fig. 5 and 6) only reflects the spatially variable rupture depth,
which implies that Louisiana is colder than Texas. In South-East Louisiana, the apparent cooling (in
temperature as well as gradient) actually reflects the sharp deepening of the bathymetry beyond the
shelf break (we extrapolated z, from the adjacent LA zone). Although only shallow data are available
in BUR, its very high upper thermal gradient suggests that it is a warm zone.

We conclude that in terms of temperature (but not in gradients) LA is cold, WFZ, CFZ, and BUR are
warm, and ITZ and NWW are intermediate. The sharp gradient increase with depth, rather than a
smooth gradient decrease as observed in many other basins is generally attributed to a progressive
increase of thermal conductivity with depth. Blanketing effect with high sedimentation rates (>300
m/Myr) is a process that could cause an increase in the thermal gradient with depth [Carslaw & Jaeger,
1959; Lucazeau & Le Douaran, 1985; Husson & Moretti, 2002]. Although fast sedimentation rates on
the GoM shelf must affect the thermal regime, blanketing is a diffusive processus and induces a

progressive increase of gradient with depth, rather than a sharp transition as observed (see section 3.3).

3. Linking the pressure and temperature fields

3.1. Pressure fields

We compiled information on the pressure state within the sediments of the Texan margin from an
industry database [14]; they are available as supplementary electronic material (Table E3). Available
data are local isobaric depths of in situ leakoff tests pressures (LOT), which is the pressure at which
fracturation occurs, and mud weights (MW), which control the pressure in a well bore and prevents
unwanted flow into the well. Therefore the MW pressure (Pww) gives an upper bound of the fluid
pressure in a formation at a given depth. We interpolated isobaric depths to obtain pressure slice maps
at fixed depths (2000, 3000, 4000, 5000 m, Fig. 7). Wavelengths shorter than 30 km are FFT cut. Pyw
slices form an E-W trending saddle, the pressure decreasing to the South at a given level because of the
increasing bathymetry but also to the North, beneath the Mississippi delta. The MW pressure is also
imprinted by the recent sedimentation of the CFZ too, particularly at 3000 m depth. This indicates that
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the near hydrostatic pressure field extends deeper in fast sedimentation areas such as the CFZ and the

Mississippi delta than in other areas.

3.2. Overpressure

MW pressure Py is necessarily between lithostatic Py and hydrostatic Ppyq pressures. The
overpressure state is quantified by the ratio R=(Pww - Phya)/( Piit - Phya). Details are given in appendix
AZ2. Fig. 8 shows interpolated overpressure slice maps. Wavelengths shorter than 30 km are FFT cut.
Within the NW GoM margin, the transition from low pressures (R<0.5) toward high pressures (R>0.5)
occurs between 2500 m and 3200 m in the Texan zone and at ~4500 m in Louisiana. The zones of
highest recent sedimentation rates (Mississippi delta and CFZ) match the zones of lower fluid pressure.
This is explained if these recent sediments have a high enough permeability and compact normally. A
spatial analysis confirms these observations.

The curves of Fig. 9 give the evolution of Pyw, Piit, and Pnyq with depth. We arbitrarily define a mean
curve, which runs through the mean depths at each reference pressure. The transition from almost
hydrostatic to high pressures occurs at lower depths in CFZ and ITZ (~3000 m) than in LA (~4200 m).
The lithostatic pressure is never reached in our interpolation and the measurements indicate that the
actual geopressure curve is asymptotic to the lithostatic gradient curves. This can be due to a choice of
too high a density for recent sediments. In that case, the transition depth should be slightly shallower
(~2500 in Texas and ~4000 in Louisiana).

On a general point of view, one should expect a thick recent sedimentary pile to be overpressured. The
fact that in the GoM shelf overpressure only appears at large depths suggests that the upper section is
highly permeable allowing for the water to be expelled at fast rates. The LOT pressures P ot give the
pressure at which fracturing occurs in an open formation, i.e. the measured pressure is comparable to
the magnitude of the o3 component of the local stress tensor. Here we just want to mention that in the
NW of the GoM margin, P or (data in table E3) is rather close to the hydrostatic pressure at shallow
depths where the sedimentary pile is dominated by recent sediments. This implies that fracturation in
these areas occurs at shallow depth, and in turn indicates that fracture permeability is high in the recent
sediments of the GoM margin. The transition depth from nearly hydrostatically-pressured to high-P is
correlated with the thickness of Plio-Pleistocene sediments [Husson et al., submitted to B.S.G.F.;
Galloway et al., 2000].

3.3. Pressure, fluid flow, and temperature

The pressure field matches the thermal field described in section 2.2, since the thermal gradient shows
a sharp increase where the downward transition towards high pressures occurs. Indeed, this sharp
transition toward near-lithostatic pressure has been previously acknowledged onshore Texas [e.g.
Jones, 1975; Pfeiffer & Sharp, 1989; McKenna & Sharp, 1998; McKenna, 1997; Sharp et al., 2001].
The thermal field also match the thickness of the sedimentary cover, as previously acknowledged [for
instance in the NE GoM, Nagihara & Jones, 2005]. Our analysis shows that this setting is widespread

over the whole NW GoM margin.



insu-00279845, version 1 - 15 May 2008

The most obvious processes which can be invoked to explain the temperature gradient increase with
depth is the blanketing effect [Carslaw & Jaeger, 1959; Lucazeau & Le Douaran, 1985; Husson &
Moretti, 2002]. The downward advection of heat while sedimentation occurs cools the sediments close
to surface level. In the absence of compaction and with constant petrophysical properties, the heat
equation writes

ofT 9° kT = A oT
o 07 pC, +pC,, T

©)

2
where U%—T is the advective term, aa—

5 the diffusive term and A the radiogenic production
z 2" pCy pCp

term (note that because of the shale-rich lithology, this term is rather large in the GoM, i.e. ~1pW/m?,
McKenna and Sharp, 1998; density p and heat capacity C, are discussed in Husson et al., submitted to
B.S.G.F.). Because of this diffusion, sedimentation will affect the thermal field in a smooth fashion that
is incompatible with the observed abrupt gradient increase, and this process can already be discarded.
This is also graphically highlighted in Fig. 10, which shows the temperature profiles calculated from
equation (3), after 25 Myrs of sedimentation at 0, 0.2, and 0.46 mm/yr. The profiles are smooth, and the
anomaly is penetrative, i.e. sedimentation has an impact at much larger depths than that of the observed
bend in the GoM margin. Hence, although it significantly cools the sediments of the GoM,
sedimentation can be discarded as a responsible for the two-gradients shape of the temperature profiles.
A variety of alternative processes have already been invoked to explain the sharp rupture. The most
acknowledged is that the pressure contrast affects the conductivity (higher in the high-P domain than in
the low-P domain), and because the pressure transition is rather sharp, there would be a sharp break in
the thermal gradient [Jessop, 1990]. In the absence of such pressure contrast, shale conductivity
decreases with compaction and with temperature [Chapman et al., 1984], but that would lead to a
continuous change of temperature gradient. A transition toward more shaly facies of lower thermal
conductivities has been proposed but it is incompatible with the stratigraphy of the GoM [Coelho et al.,
1996] and table 3. Revil [2000] extrapolated his analysis of the thermal conductivities in a reservoir of
the GoM to suggest that gas capillary sealing could explain both the pressure and thermal fields. Using
the equation and parameters of Revil [after Somerton, 1992], to decrease the conductivity by a factor
0.67 in the lower section (which is equivalent in steady state conditions, in a homogeneous medium, to
increase the gradient by 1.5), the pore space should be gas-saturated by 65% in the lower section, and
0% in the upper section, implying that the entire sedimentary basin of the GoM margin below ~2500 m
should be considered as a giant gas reservoir, which is of course incorrect. Warm fluid advection in the
high-P strata has also been suggested [Pfeiffer & Sharp, 1989; McKenna, 1997; Bodner & Sharp,
1988], but Blackwell & Steele [1989] discard this hypothesis showing that the maintenance of high
temperature gradients through the upper overpressured section cannot be attributed to fluid flow.

In the Gulf Coast, that fluid circulates is agreed upon [Sharp et al., 2001] and certainly have an impact
on the thermal regime.. The observed thermal field shows that the heat flow in the upper section is 1.5
to 1.9 times lower than in the lower section (see table 2). If free convection were responsible for heat
extraction in the upper section, 1.5 would be a minimum for the Nusselt number. That would require a

rather low permeability but, permeability is scale-dependent [Neuman & Federico, 2003] and the
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effective conductivity can be significantly raised with respect to the laboratory sample scale. In
addition, the LOT pressures are almost hydrostatic in the upper sections [data in table E3], indicative of
a higher fracture permeability in the recent, shallow sediments than in the elders, deeper. Furthermore,
localized high permeability conduits allow free convection to occur and disturb the thermal field in a
heterogeneous medium of low average permeability [Sharp et al., 2001; Simmons et al., 2001; Sharp et
al., 2003; Simms & Garven, 2004]. Because the rupture in the thermal gradient has a regional extent
over the Gulf of Mexico and because it is correlated to the low-P / high-P transition, we suggest that

widespread free convection might be regarded as an alternative mechanism.

4. Conclusions

Analyzing the thermal field in the NW shelf of the GoM is not easy because of its atypical
configuration and fast processes. We have shown that the gradient increases with depth within the
sedimentary pile while it decreases in most sedimentary basins. The main characters of the thermal and
pressure fields are: summarized below:

1) In terms of temperatures, Louisiana is cool and Texas is warm. This pattern is not reflected by the
thermal gradient, because of the combined transient effects of erosion, sedimentation and pressure.

2) A widespread (in Texas and Louisiana, but not in the Burgos basin of Mexico) two-layer distribution
of the thermal field: an upper section with a relatively low thermal gradient (19 to 25°C/km everywhere
except in the Burgos basin) and a lower one with a higher one (34 to 39°C/km).

3) The transition depth from the upper section to the lower one varies laterally from 2250- 2500 m in
the Texan zones to more than 4000 m depth in Louisiana. This depth is not only correlated with the
thickness of the Plio-Pleistocene sedimentary pile but also with the overpressure field. The upper
section constitutes a low pressure domain while the lower one is highly pressured.

4) The pressure field suggests that the permeability of the upper section is high. This is surprising
because thick recent sedimentary piles are generally overpressured as sedimentation is faster than fluid
expulsion. However, we found that in the NW shelf of the GoM, the pressure is almost hydrostatic in
the first kilometers, which implies that fluids are expelled at fast rates in the upper section of the
sedimentary pile.

This stochastic analysis allowed us to extract the main processes that control the thermal regime of the
NW shelf of the GoM. It provides the tools and simplification required to model the physical processes
and characterize the deep thermal regime. This is the scope of a companion paper [1], where we show

that, when transient effects are removed, the heat flow is very high in this area.

Appendix

Al: Gaussian filter: For mapping, we use a Gaussian filter to remove short wavelengths. We
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setvr, = , where w, = exp2°’ is the weight of any data i and D; its distance to the sliding
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origin of coordinates (m,n). c gives the wavelength of the filter, that we set to 30 km.

A2: Overpressure: The overpressure state is quantified by the ratio R=(Pmw- Pnya)/( Piit - Phya). The end

members Pyi; and Pyyq are calculated using a seawater density ps,=1030 kg m and a sediment grain
density ps=2670 kg m. We use a homogeneous compaction law (¢= ¢, + ¢, €%, with ¢,=0.46,

¢,=0.05, and a=0.64 10° m™, (after McKenna & Sharp [1998] for the GoM) to calculate the lithostatic
pressure (P, = p,gz(1-9,)+ p,, 820, , where ¢ =¢, + %(1 —e ™) is the average porosity above
az

depth z).
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Figure 9:

Structural sketch map of the NW Gulf of Mexico (normal faults in red). Green crosses :
Bottom Hole Temperatures; Black triangles : Reservoir Temperatures. Blue: location of the
morphotectonic zones. LA: Louisiana, CFZ: Corsair Fault Zone, ITZ: Intermediate Texan
Zone, WFZ: Wilcox Fault Zone, NWW: North West Wilcox, EBUR: East Burgos, WBUR:
West Burgos.

Raw temperature-depth data sets. Gray: BHT (corrected by 10% of AT=T,-Ts, where Ty is the

surface temperature -here set to 30°C- and T, the temperature at depth); Black: RT.
Gradient computed by a linear regression of the BHT and RT data.

Temperature-depth data subsets. Data are pooled by structural/ thermal provinces.
Regressions are calculated with fixed surface temperature. EBUR and WBUR are the eastern

and western zones of the Burgos basin. Depths are burial depths.

Shallow (a) and deep (b) thermal gradient. Wavelengths shorter than 30 km were Gaussian

filtered (see appendix for details). Isolines every 5 °C km™.

Temperature slices at 2000 m, 4000 m, and 6000 m below sea level (°C). Wavelengths

shorter than 30 km were Gaussian filtered (see appendix for details). Isolines every 10 °C.
Interpolated mud weights pressures at variable depths.

Overpressure state (0 is 100% hydrostatic and 1 is 100% lithostatic) at variable depths.
Seawater density: 1030 kg m™; sediment density: 2670 kg m™.

Mud weights data subsets. Data are pooled by location (ITZ, CFZ and LA). Dotted lines:
estimated hydrostatic and lithostatic pressures. Seawater and sediment density is the same as
in Fig. 8. Black crosses: mean depths and standard deviations at given mud weights /
pressures, white boxes give the envelope of the data. Dashed lines show the transition from

the mostly hydrostatic domain to the mostly lithostatic domain (R=0.5).



insu-00279845, version 1 - 15 May 2008

Figure 10: Theoretical blanketing effect. Basal heat flow: 50 mW m™. U: sedimentation rate. Cp=1123
Jkg'K™?, p=2670 kg m? k=25 W m™ K. No compaction. No radiogenic production.
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Electronic supplements:

Table E1: Bottom Hole Temperatures. For confidentiality, latitudes and longitudes have been
downgraded to a precision of +/-0.025 degrees (half-size of a lease). z; is ground depth below sea level,

z,, is the depth of measurement below sea level, T is the temperature in Celsius.
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Table E2: Reservoir Temperatures. For confidentiality, latitudes and longitudes have been downgraded
to a precision of +/-0.025 degrees (half-size of a lease). z; is ground depth below sea level, z, is the

depth of measurement below sea level. T is the temperature in Celsius.
Table E3: Mud weights and Leak off test depths (in m) at given pressures. For confidentiality, latitudes

and longitudes have been downgraded to a precision of +/-0.025 degrees (half-size of a lease). MW

refer to mud weights and LOT to leak-off tests. The associated value is the pressure in MPa.

Tables

Zone | T, (°C) | Grad (°C/km) | z; (mbsl) | 6 (m)
NWW | / / -62 34
WFZ |/ / -30 28
ITZ 30 20 13 14
CFz |28 23 58 88
BUR | 27 28 -72 56
LA 26 21 42 101

Table 1. Mean surface temperatures T and surface temperature gradients deduced from the shallow

(<3000m) temperature measurements. z, is ground depth below sea level, ¢ is standard deviation.

Zone Ts (°C) | a; (°C/km) | a, (°C/km) | Zo (M) | @/ay
NWW | 30 20.2 34.1 2450 1.69
WFZ 30 24.4 38.8 2450 1.59
ITZ 30 18.9 36.1 2300 1.92
CFz 28 22.3 34.0 2250 1.51
W.BUR | 27 29 no data no data | /

E.BUR | 27 27 no data no data | /

LA 26 20.8 36.3 4350 1.75

Table 2. Computed parameters for the 2 gradients fits of spatial data sets. T is the rupture depth from

gradient a; to a,. Surface temperature T; is set according to section 2.1.

Period (Ma) % shale % sand

0-3 70 30
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3-6.15 86 14
6.15-9.1 90 10
9.1-10.85 84 16
10.85-10.95 69 31
10.95-12 93 7

12-12.8 58 42
12.8-12.85 92 8

12.85-13.55 86 14
13.55-15.47 97 3

15.47-24 80 20
24-36 90 10

Table 3. Variation in the sand / shale ratio with time in the GoM.




