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Table 1. List of required deliverables and figures. 
 

Sr. Deliverable Figure # 

1 A map showing the spatial distribution of BSRs within Project Area 2.4 2 

2 Regional seismic cross sections showing the base of gas hydrate stability and the 
relationship of prospective reservoir intervals to channel levee systems, faults, 
salt, and other geologic features 

9-12, 14, 16-18, 
21,22,24-26, 

28-31,33-35, 
37, 38 

3 Maps showing the distribution of shallow turbidite channel levee systems 15, 20, 27, 36 

4 Average amplitude maps showing the prospective reservoirs based on direct 
seismic indicators (peak-leading reflections). 

13, 19 

5 Subsurface geologic maps of one or more seismic reflectors within the gas 
hydrate stability zone (or that cross the gas hydrate stability zone) showing the 
structural environment of the area. 

23, 32 

6 If wells occur in the vicinity of the prospect, annotated well-logs at each gas 
hydrate prospect showing the thickness of hydrates within the stability zone, 
interpreted base of gas hydrate stability, and the presence of free gas beneath 
the gas hydrate stability zone. 

14, 34, 35 
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1 Study area and data 

 
Project Area 2.4 is located in the Mississippi Canyon (MC) protraction area in the northeastern 

Gulf of Mexico (Figure 1a, b). The water depths range between 150-2400 meters (Figure 1b). The 

area is characterized by salt mounds, ridges, landslides and canyon systems. BOEM previously 

identified several BSR zones in this area (Shedd et al., 2012) (Figure 2). Thermogenic hydrate 

was also recovered in piston cores from MC-945 (Milkov & Sassen, 2001). We identify eight new 

BSR systems in Project Area 2.4 that were previously not identified by BOEM (Figure 2). 

Interestingly, all the identified BSR zones in Project Area 2.4 spatially coincide with landslides or 

salt bodies. The shallowest BSR is observed at a water depth of 800 meters in Zone-1(Figure 2) 

and it underlies a landslide scarp. This landslide, the Chandeleur Landslide, was described by 

Martinez et al. (2022) and covers an area of ~1000 km2 and contains ~300 km3 of sediment. Most 

of the BSRs identified above the salt bodies are clustered BSRs (Portnov et al., 2019) and are 

associated with the fault systems induced by salt tectonics. Several paleochannel systems are 

identified near and within the BSRs and may indicate coarse-grained reservoirs for high saturation 

gas hydrate deposits. Coarse-grained sediment is defined herein as sand or coarse-silt deposits.  

Within Project Area 2.4, we use ten seismic surveys in the NAMSS database (Figure 1, Table 1). 

The total area of Project Area 2.4 is 8250 km2 and it has full-3D seismic data coverage. 
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Figure 1: a) A bathymetry map of the northern Gulf of Mexico showing Project Areas of Phase 1 (white squares) and Phase 2 (Pink 

squares). b) Outlines of the seismic surveys used in this study are rendered over the seafloor bathymetry map. The seafloor 

bathymetry is mapped in this study using seismic data. The thick blue box shows the outline of Project Area 2.4 
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Survey 

number 

Survey 

name/BOEM 

identifier  

Year Area of 

seismic 

survey 

(km2) 

Frequency 

Range (Hz) 

Survey 

quality 

Bin size 

(m) 

Projection 

1 B-38-96- 

LA/L96-038 

1996 920 5-75 Good 20×12.5 16N NAD 

1927, feet 

2 B-31-97- 

LA/L97-031 

1997 780 5-70 Good 20×12.5 16N WGS 

1984, 

meters 

3 B-41-88- 

LA/L88-041 

1988 2710 5-70 Poor 26.6×26.6 16N NAD 

1927, feet 

4 B-49-95- 

LA/L95-049 

1995 2640 5-80 Fair 20×12.5 16N NAD 

1927, feet 

5 B-49a-95- 

LA/L95-049 

1995 1035 5-80 Fair 20×12.5 16N NAD 

1927, feet 

6 B-67a-91- 

LA/L91-067 

1991 5030 5-100 Good 26.6×26.6 16N NAD 

1927, feet 

7 B-73-94- 

LA/L94-073 

1994 1800 5-90 Poor 20×12.5 16N WGS 

1984, 
meters 

8 B-85-96- 

LA/L96-085 

1996 1500 7-90 Fair 20×12.5 16N NAD 

1927, feet 

9 B-85a-96- 

LA/L96-085 

1996 560 7-90 Fair 20×12.5 16N NAD 

1927, feet 

10 B-02-88- 

LA/L88-002 

1988 840 5-80 Fair 25×10 16N NAD 

1927, feet 

 

Table 2: Details on the 3D seismic surveys uploaded for initial data quality analyses within Project Area 2.4. Projected coordinate systems: 
NAD_1927_BLM_Zone_16N [EPSG,32066], WGS_1984_UTM_Zone_16N [EPSG,32616]. 
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Figure 2: The bathymetry of Project Area 2.4. The large blue polygon is the outline of the Project Area 2.4. The white shapes 

represent the BSRs previously interpreted by BOEM (Bureau of Ocean Energy Management, 2022). Light green shapes represent 

the BSRs interpreted in this project. Interpreted BSRs are grouped into five zones shown by the sky-blue rectangles. Wells used in 

this study are denoted by the purple dots and labeled with API. 

 

2 RMS Mapping 
 

To identify BSR-prone areas in Project Area 2.4, regional root-mean-square (RMS) amplitude 

calculations were performed independently within all 3D seismic surveys (Figure 1a). Because of 

multiple heat-conductive shallow salt bodies in this area, the geothermal gradient is highly 

variable, which significantly disturbs the base of the gas hydrate stability zone. Therefore, we 

extended the depth range of the previous RMS workflow (Project Area 1 Report, Phase 1) to 
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compute multiple RMS amplitude maps at the following depth intervals (all in msec): 0-50, 50- 

150, 150-250, 250-350, and 350-450 (Figures 3-7). This allows us to cover all depth intervals and 

manually inspect all amplitude anomalies in each seismic volume, which allows us to account for 

the highly variable geothermal gradient. 

We group identified BSR systems into five zones (Figure 2, sky blue rectangles). In Project Area 

2.4, BSRs are commonly observed within the depth range of 250-450 msec below the seafloor. 

That is why RMS maps between 250-450 msec intervals (Figures 6 and 7) show good correlation 

with the mapped BSRs whereas BSR maps of depth intervals between 0-250 msec (Figures 3-5) 

show very poor correlation. The total area spanned by the BSRs in Project Area 2.4 is ~350 km2. 

RMS amplitude maps were also used to identify paleochannel systems and to identify locations 

with potentially higher content of course-grained sediments, which we define as sands and coarse 

silts. Some paleochannels could not be identified with the help of RMS amplitude maps, perhaps 

due to poor data quality. In addition, the presence of buried mass transport deposits and shallow salt 

further complicate interpretation of paleochannel systems using RMS amplitude analysis. 

Therefore, in several areas, paleochannels were tracked manually based on the line-by-line 

interpretation. 
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Figure 3: A RMS amplitude map calculated for a subseafloor interval of 0-50 msec. 
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Figure 4: A RMS amplitude map calculated for a subseafloor interval of 50-150 msec. 
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Figure 5: A RMS amplitude map calculated for a subseafloor interval of 150-250 msec. 
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Figure 6: A RMS amplitude map calculated for a subseafloor interval of 250-350 msec. 
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Figure 7: A RMS amplitude map calculated for a subseafloor interval of 350-450 msec. 
 
 

 

3 Classification of BSRs 

 
Herein, we classify the BSRs in three different types based on their characteristics in the seismic 

data: continuous BSRs, discontinuous BSRs, and clustered BSRs. Continuous BSRs are the classic 

feature, characterized by a continuous, coherent event that crosscuts primary stratigraphy. Unlike 

the continuous BSR, a discontinuous or segmented BSR is characterized by spaced anomalous 

seismic events that are generally parallel to seafloor bathymetry. A third type of BSR is clustered 

BSR, that is characterized as clustered assemblages of high amplitude reflections roughly aligning 

with the overlying seafloor bathymetry (Portnov et al., 2019). In particular, clustered BSRs occur 

in the regions of folding or salt diapir rise because these regions host multiple anticlinal and dome 
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structures that can entrap gas underneath the GHSZ. Such BSRs are common in the Gulf of Mexico 

and warrant special attention because these BSRs likely indicate high concentrations of gas hydrain 

turbidite sands (Portnov et al., 2019). 
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4 Results in Project Area 2.4 

4.1 Zone-1: 
 
 

Zone-1 is located in the northeast of Project Area 2.4 (Figure 2). In water depths of 800-1100 

meters, we map three BSR systems that were not previously identified by BOEM (Figure 8). BSRs 

in the west and southeast region of Zone-1 are located below the head scarps of landslides and 

span 32 and 36 km2, respectively (Figure 8). The BSR system in the northeast region is 

comparatively smaller and covers only a 9 km2 area. This system is located above a salt diapir 

(Figure 8, 9). The BSRs are continuous in all three systems (Figure 9, 10, and 11) and are 

associated with the subsurface fluid flow features, such as seismic chimneys. In some places, 

landslides disturb the local temperature and pressure conditions, resulting in irregular depth and 

shape of the BSRs (Figure 12). 

BSRs in this zone are present between 350-450 msec TWT (~300 ï 400 m) below the seafloor. 

We estimate the approximate BSR depth in the shallow subsurface using 1700 m/s average 

sediment velocity. Assuming methane gas composition, the BSR-derived geothermal gradient in 

this region is between ~30°- 40° C/km (Table 2). 

We also observe patches of peak-leading reflections right above the BSR in the western BSR 

system of Zone-1 (Figure 10). To determine the extent of these peak-leading reflectors average 

positive amplitudes are calculated within 30 msec window above the BSR. Figure 13 shows a few 

prominent peak-leading reflection in this system but nothing has been matured into a prospect at 

this time. 

One well (API 608174113100) is drilled within the western BSR system (Figure 8). This well has 

gamma ray and resistivity measured within the hydrate stability zone. Figure 14 shows the well 

logs tied to the seismic profile. The seismic-to-well tie is performed using the velocity function 

provided by Cook and Sawyer (2015) for mud-dominated sediments; mud-rich sediments are the 

primary lithology in the GHSZ, as shown by the gamma ray log (Figure 14). We observe a small 

increase in the resistivity (~0.7 ohm.m) just above the estimated depth of the BSR and just below 

the estimate depth of the BSR. Because the resistivity increase is small, it could be a simple 

reduction in porosity, a small amount of gas hydrate or a small amount of free gas. 
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Figure 8: a) A bathymetry map showing the BSR extent and available well log within Project Area 2.4. b) An RMS amplitude map 

of the sub-seafloor interval between 350-450 msec. White dashed line shows the locations of arbitrary seismic cross-sections 

shown in the following figures. 
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Figure 9: A seismic profile across the northeastern BSR system of Zone-1 showing continuous BSR above the salt diapir. The profile 
location is shown in Figure 8. 
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Figure 10: A seismic section showing a continuous BSR across the Eastern BSR system of Zone-1 in the Project Area 2.4. The 

profile location is shown in Figure 8. 
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Figure 11: A seismic cross-section showing the BSR across the eastern BSR system of Zone-1. The profile location is shown in 
Figure 8. 

 

Figure 12: A seismic cross-section across southern BSR system of Zone-1 showing discontinuous BSR below the landslide 

escarpment. The profile location is shown in Figure 8. 
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Figure 13: A map of average positive amplitude calculated within a 30 msec window above the BSRs in the eastern BSR system 
of Zone-1. Peak leading reflection zones are circled with white ellipses. 
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Figure 14: A seismic profile across the eastern BSR system of Zone-1 tied to the well API #608174113100. A slight increase in 
resistivity is observed above the BSR and just below the BSR. The profile location is shown in Figure 8. 

 
 
 

Table 2: The seafloor depth, BSRs depth and geothermal gradient in the identified zones. 
 

Zone Seafloor 

Depth (m) 

BSR depth 

below 

seafloor (m) 

BSR depth 

from sea 

surface (m) 

Seafloor 

TWT  (msec) 

BSR TWT  

(msec) 

Geothermal 

Gradient 

(°C/km) 

1 800 -1100 300 - 400 1100 -1500 1050 - 1450 1400 - 1900 25 - 30 

2 1300 - 1500 200 - 450 1500 -1950 1700 - 2000 1870 - 2380 40 - 60 

3 1500-1900 210 - 300 1710 - 2200 2000 - 2500 2250 - 2850 40 -70 

4 1200 - 1750 250 - 450 1450 - 2200 1600 - 2300 1900 - 2850 35 - 55 

5 1750 - 2100 225 - 350 1975 - 2450 2300 - 2800 2550 - 3200 50 - 70 
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4.2 Zone-2: 

 
Zone-2 is located in the central part of Project Area 2.4 (Figure 2). We identify two BSR systems 

in this zone in water depths of 1300-1500 meters (Figure 15). The BSRs in the southwestern system 

show discontinuous characteristics, while the northeastern system shows clustered and continuous 

BSR characteristics (Figures 16, 17 and 18). Both systems are adjacent to or within two kilometers 

of a paleochannel (Figures 15 and 16). 

The southwestern BSR system covers 16 km2 and is associated with the salt diapir and Chandeleur 

Landslide (Figures 15 and 16). BOEM previously identified this BSR system, but its extent was 

larger than what we observe herein. 

Figure 16 shows a seismic profile across the southwestern BSR system. A clear discontinuous BSR 

is observed along with a paleochannel feature on the eastern side. The paleochannel alongside this 

BSR system is mapped manually line-by-line. The BSR depth varies between 250-450 mbsf. The 

BSR is shallower in the southern part of this system due to the shallow salt. Prominent peak- 

leading reflections are observed above the BSRs in the southwestern BSR system (Figure 16). The 

average positive seismic amplitude map shows the extent of peak-leading reflection within this 

system (Figure 19). 

The northeastern system is located above a salt diapir and spans a 15 km2 area. The northeastern 

BSR system is mapped using two 3D seismic volumes, B-41-88-LA and B-49a-95-LA. The BSR 

in this zone is very shallow and lies between 200-250 meters below the seafloor. The paleochannel 

in the proximity of this zone is mapped manually, but the extension of this paleochannel is clearly 

seen in the RMS amplitude map of Zone-3 (Figure 20). 

We estimate the geothermal gradient by assuming that the BSR is in a system with only methane 

gas. The geothermal gradient in the southwestern system in Zone-2 is ~40° C/km in the northern 

part and ~50° C/km on the southern side where BSR is shallower due to shoaling of salt. The 

geothermal gradient in the northeastern system of Zone-2 is significantly higher at ~ 60°C/km. 

This high geothermal gradient is attributed to the shallowing of the salt in this region (Figure 17, 

18). 

There are no wells drilled in Zone-2 close to the BSR systems. 
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Figure 15: a) A bathymetry map showing the BSR extent within Zone-2 of Project Area 2.4. Yellow coloring shows the interpreted 
paleochannels. b) A RMS amplitude map of the sub-seafloor interval between 350-450 msec. White and purple dashed lines show 
the locations of arbitrary seismic lines shown in the following figures. 
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Figure 16: A seismic profile showing a discontinuous BSR below the landslide across southwestern BSR system of Zone-2. A few 
peak-leading reflections are observed above the interpreted BSR. The salt diapir and paleochannel features are also shown in the 
profile. The profile location is shown in Figure 15. 
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Figure 17: A seismic profile across the northeastern BSR system of Zone-2 showing the BSR above the salt body. The profile 
location is shown in Figure 15. 
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Figure 18: A seismic profile across the northeastern BSR system of Zone-2 showing clustered BSR above the salt body. The profile 
location in Figure 15. 
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Figure 19: A map of average positive amplitude calculated within a 30 msec window above the BSRs in the southwestern BSR 
system of Zone-2. Peak leading reflection zones are circled with ellipses. 
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4.3 Zone-3: 

 
Zone-3 is located in the eastern part of Project Area 2.4 (Figure 2). Two large BSR systems are 

identified in this zone, southwestern and northeastern, and both systems are near a paleochannel 

(Figure 20). The systems span 43 km2 and 38 km2, respectively. Both systems are located over salt 

diapirs (Figures 20-26). The BSRs are clustered in nature above the salt diapirs and become 

continuous and discontinuous BSRs as they extend away from the salt (Figure 21, 24). The 

northeastern system is newly identified and was not previously mapped. Water depth in this zone 

varies between 1500-1900 m (Figure 20). The southwestern system is highly faulted, probably due 

to the shallowing of the salt (Figure 21). For the same reason, the BSRs shoal towards the seafloor 

and does not follow the seafloor topography (Figure 21). To map the fault pattern, Horizon H1 

(Figure 21) above the BSR is mapped, which shows the east-west trending faults in the area (Figure 

23). 

BSRs in this zone are present between 250-350 msec TWT (~210 ï 300 m) below the seafloor. 

BSRs most likely become shallower above the diapir due to a higher geothermal gradient. The 

minimum geothermal gradient in this zone is estimated to be ~40° C/km away from the salt diapir 

and reaches a maximum of ~70° C/km above the summit of the diapir (assuming purely methane 

gas composition). 

One well, well API #608174103700, was drilled at the edge of this BSR in the southwestern 

system. However, no high resistivity is observed within the zone of interest. We did not tie the 

well logs to seismic data for this well because the logs are only available in pdf format. 
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Figure 20: a) A bathymetry map showing the BSR extent within Zone-3 of Project Area 2.4. Yellow coloring shows the location of 
the paleochannel. b) A RMS amplitude map of the sub seafloor interval between 350-450 msec. White dashed lines show the 
locations of arbitrary seismic lines shown in the following figures. 














































