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ThisreportsatisfieaMlappingandProspectdentificationwithin ProjectArea2.2 for BOEM award
Gulf of Mexico Gas Hydrate Mapping and Interpretation Analysis, which is Deliverable/Milestone
3.
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Tablel. List of required deliverables and figures.

Sr. | Deliverable Figure#
1 | A mapshowingthespatialdistributionof BSRswithin ProjectArea2.2 2

2 | RMS amplitude maps showing the possible BSR&hénstudy area at varioy 3-10
depth intervals.

3 | Regional seismic cross sections showing the base of gas hydrate stability | 12-13, 16 -20,
relationship of prospective reservoir intervals to channel levee systems, | 22-27, 31-33
salt, and other geologic features

4 | Averageamplitudemapsshowingthe prospectivereservoirsbasedon direct | 14, 29
seismicindicators(peakleadingreflections phase reversgls




1  StudyAreaandData

Project Area 2.2 isocatedin the Green Canyon (GC) protraction area in the northern Gulf of
Mexico (Figure la)Project Area2.2 covers an area of ~6300 krwith a water depth range
between 100 1900 m(Figure 1b) A total of 20% of the area has a water ddp#s tharb00 m
andis therefore outsidef the methane hydrate stability zofkegure 2).

Thermogenic and biogenic gas hydsdtave been recovered in the piston cores at several locations
in Project Area 2.2Figure 2).Theshallowest thermogenic hydrate wasaeered atwater depth

of 440 m, whilethe shallowest biogenic hydrate is recovered at 800 m of water {®atisen et

al., 2001) The morphology of the area is influencday allochthonoussalt which shapes
sedimentary minibasins prone for hydrate accumulati®alk movement also likelgauseslope

instability; we observe severalbmarine landslidaa the bathymetry near the mapped BSRs

TheBureau of OceaEnergy ManagemenBQOEM) previously identified several BSR zones in
this area(Shedd et al., 2013 igure 2).We describea total of six BSR systemstwo of which
werenot previouslyidentified by BOEM.Theshallowest BSR is observed at a water depth of 900

m in Zonel (Figure 2)and occurs othe flankof a salt ridge.

Within Project Area 2.2, we use seV@ seismic surveyfrom the National Archive of Marine
Seismic SurveydNAMSS; Triezenberg et al., 201@ntabas¢Figure 1, Tabl&), whichcovers ~
95% of the totaProject Aea
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Figure1: a) A bathymetry map of the northern Gulf of Mexico showing Project Areas of Phase 1

(white squares) and Phase j@rk squares). b) Outlines of the seismic surveys used in this study
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are rendered over the seafloor bathymetry ro&project Area 2.2The seafloor bathymetry is

mapped in this study usir3 seismic dataThe back region showa 3D seismic data gap.

Survey Survey Year = Areaof Frequency Survey Binsize @ Projection
number  name/BOEM seismic = Range(Hz) quality (m)
identifier survey
(km?)
1 B-69-94- 1994 3200 8-70 Fair 25x12.5 15N NAD
LA/L94-069 1927 feet
2 B-20-92- 1992 1000 5-80 Poor  26.6x26.6 15NNAD
LA/L92-020 1927 feet
3 B-10h-96- 1996 425 5-80 Good 12.5x12.5 15NNAD
LA/L96-10h 1927 feet
4 B-25-95 1995 1320 5-80 Good 20x12.5 15NNAD
LA/L95-025 1927 feet
5 B-66-96- 1996 750 5-85 Good 4x125  15NNAD
LA/L96-066 1927 feet
6 B-06-97- 1997 300 5-80 Fair 20x12.5 15NNAD
LA/L97-06 1927 feet
7 B-171-89 1989 750 5-80 Fair 25x12.5 15NNAD
LA/L89-171 1927 feet

Table2: Details on the 3D seismic surveys uploaded for initial data quatityses within Project
Area 22. Projected coordinate systems: NAD 1927 BLM_Zb&B [EPSG,32066]
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Figure 2: The bathymetry of Project Area 2.2. The white shapes represent the BSRs previously
interpreted by BOEM. Light green shapes represent the BSRs interpretedapdntisinterpreted

BSRs are grouped into three zones shown byrdwegerectanglesThepink line shows the 500

m water depth contoulhe gay region shows gap inpublic3D seismic datarellow and purple

stars show the locations of piston cores where thermogenic and biogenic hydrates were observed
Sassen et al., 2001



2 RMS Mapping

To identify BSRprone areas in Project Area 2.2, regional qmeansquare (RMS) amplitude
calculations were performed independently within all 3D seismic surveys (Figufid&altailed
workflow can be found ithereportfor Phase 1 Project AreaThe base of thgashydrate stability

zone GHSZ)is largely a function of water depth and geothermal gradiatause of multiple
heatconductive shallow salt bodies in this area, the geothermal gradient is highly variable, which
significantly perturbsthe base of the gas hydrate stability zone. Therefore, RMS amplitude maps
are computewithin the following deptiwindows(all in msedelow seafloor. 0-50, 53150, 150

250, 250350, 350450, 450550,550-650 and 656750 (Figures 310). This allows us tadentify

BSRs within the wide range of depths where basieeoHSZ can be locatedndfurthermanually

inspect all amplitude anomalies in each seismic volume

The RMS amplitude investigation led to the identificatioB8R system three zones (Figure
2, orange rectangles)Ve determined the extent of each BSR zone using manuahyihee
interpretationin Project Area 2.2, BSRs are commonly observed within the depth rain§é-of
700 msecT'WT below the seaflooilhetotal area spanned by the BSRs in Project Ar2egs2200

kmZ.

No paleochannelsvere identifiedin Project Area 2.2itilizing the samemethodof manual line

by-line interpretation and attribute analysssisedin ProjectArea 2.4 Possibly, sincevidespread
salt doming began, it significantly limited channelizing over the Project Are@Caer et al.,
2016) Additionally, modern salt bodies anibderate seismic datmality further complicate the

interpretation oftie paleochannels in the region.
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Figure 3: A RMS amplitude map calculated for a subseafloor intervatsd éhsecThepink line

shows the 500 m water deptontour.
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Figure 4: A RMS amplitude map calculated for a subseafloor interval efsD msecThe pink

line shows the 500 m water depth contour.
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Figure 5: A RMS amplitude map calculated for a subseafloor interval of2BfD msecThis
interval was used to identify the northeastern BSR in-2oibepink line shows the 500 m water

depth contour.
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Figure 6: A RMS amplitude map calculated for a subseafloor interval ofZ88DmsecThepink

line shows the 500 m water depth contour.
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Figure 7. A RMS amplitude map calculated for a subseafloor interval of450msecThis
interval delneates the southwestern BSR in ZeReThepink line shows the 500 m water depth

contour.
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Figure 8: A RMS amplitude map calculated for a subseafloor interval of58D msecThis
interval delineatetheBSR in Zond and southermand easterSRof Zone3. Thepink line shows

the 500 m water depth contour.
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Figure 9: A RMS amplitude map calculated for a subseafloor interval of@#0msecThis

interval delineate the northern BSRs of Zoi3e The pink line shows the 500 m water depth

contour.
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Figure 10: A RMS amplitude map calculated tte 650750 msesubseafloor intervalThepink

line shows the 500 m water depth contour.

3 Classification of BSRs

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

data: continuous BSRs, discontinuous BSRs, and clustered BSRs. Continuous BSRs are
continuous, coherergeismic reflections with reversdtroughleading) polarity that crosscuts
primary stratigraphyHillman et al., 2017; Vanneste et al., 2000plike the continuous BSR, a
discontinuous osegmented BSR/pically occurs in dipping strata where the BSR at the base of
the GHSZ is only recognizable through discreet seismic reflections often coincidenoaisier
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grained units. The BSBeismic events are generally parallel to seafloor battryrfidcConnell
andKendall, 2002; Shedd et al., 2012) third type of BESR iscalled aclustered BSRwhich is
characterized as clustered assemblages of high amplitude reflections roughly aligning with the
overlying seafloor bathymetr{Portnov et al., 2019)in particular, clustered BSRs occur in the
regions of folding or salt diapir rise because these regions host multiple anticlindbremat
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 hydrate
in turbidite sand¢Portnov et al., 2019)

4 Resultsn ProjectArea2.2

4.1 Zone-1

Zonel is located in the western part of Project Area 2.2 (Figure 2). Water depth in this zone varies
between 75000 m. Weidentify one new BSR system in this zone that was previously
unidentified by BOEM. This system spsamn area of ~20 kfrand is present at the flank asalt
ridge (Figure 1a, 12 and B). This BSR ispresentat 450500 msec TWT below the seafloor
(Figure 2, 13), or approximately380-420 meters below the seafloor (mbsfying 1700 m/s
average sediment velocitAn RMS ampitude map calculateavithin 450-550 msecwindow
below the seafloor shows the spatial extent of the BSR system (Fih)reBERs in this system
show various acoustic characteristics: continuous, discontinuous and clustered (FRigus 1
Above theclustered BSR, we observe a patch of peak leading reflections (FR)urehis peak
leading reflection spamasmallarea of ~1 km? (Figure14) andpotentially contains high saturation
gas hydrateln Figure 4, there are several high amplitupatchesut only onehigh confidence

patch is marked

Well API #608114049800 is the nearest to this BSR system, located ~2km away (Figure 2). The
stratigraphic layers observed witrand abovehe BSR zone are roughly mapped up to the well
location (Figure 15b). Well log data that maps to the sediments in our zone of interest occurs from
~31004200 ft in the well. There are slight increases in resistivity above backgrouidr(>-ut
the overallmeasured resistivity is very low (all less thal &), so it isdifficult to determine if

these increases are related to gas, gas hydrate, changes in porosity or changes in lithology. At most,
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there may be low saturations of hydrate or gas in the wglu(€i15C). From Z0-3900 ft, we
observe the primary lithology is marine mud. From ~39060 ft we observe an interval with
interbedded sandch layers; this interval maps to the approximate depth of and below the BSR in
Zone 1 (Figure 15B), suggestitigs interval may be sand prone.

We derive geothermal gradierftom the BSR assuming an equilibrium model: 1) heat flow is
constant, onelimensional (vertical) and occurs only through conduction; 2) pore pressure is
hydrostatic; 3) pore fluid salinity 8.5 %;and4) gas composition is pure methanee Bstimate

the geothermal gradient #one 1 between 20°25° C/km (TableS).
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Figure 11: a) A bathymetry map showirgdBSR extent within Zork of Project Area 2.2. b) A

RMS amplitude map of the sabafloor interval between 4550 msec.
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Figure 12 A seismic profile showing southnorth crosssection across the BSR system of Zone

1. The profile location is shown in Figui4.

TWT (sec)

Figure 13: A seismic profile showing southnorth crosssection across the BSR system of Zone

1. The profile location is shown in Figuié.
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Peak leading

reflection zones

Figure 14: A map of average positive amplitude calculated within a 30 msec window above the

BSRs in Zond. Peak leading rediction zones are circled withewhite ellipse.
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Figure 15: a) The RMS amplitude map of Zowiewithin the subsurface interval of 4560 ms.

The green circle shows the location of well with API# 608114049800 and the white dotted line

indicates the location of the seismic profile shown in b). ¢) The well logs in6ABEL4049800.

Zone Seafloor BSRTWT Seafloor BSR depth BSR depth | Geothermal
TWT (msec) Depth(m) below from sea Gradient
(msec) seafloor(m) surface(m) (°C/km)
1 1000- 1350 | 1600- 1850 | 750-1000 380- 420 1130-1420 20-25
2 1100- 1700 | 1400- 2150 | 850- 1300 125-450 975-1750 30-60
3 1100- 2500 | 1500- 2800 | 850- 1900 200- 600 1050- 2500 25-53

Table3: The seafloor depth, BSRs depth and geothermal gradient in the identified zones.
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4.2 Zone2

Zone?2 is locatedin the centralpart of ProjectArea 2.2 (Figure 2). We identify two BSR
systems ithiszonein waterdepthsf 850-1300m (Figurel6). Both systems are mapped using
the3D seismic volume B9-94-LA. TheBSRsin bothsystensare discontinuouandassociated
with saltridges (Figuresl6-20). The outhwestern system was previously identified by BOEM
and also confirmed in this study (Figur@)1The BSR in the eastern part of Zehevasnot
previouslyidentifiedby BOEM.

The astern BSR ipresent abovasalt ridgeand spans a 44 Knarea(Figure B). ThisBSR
depth varies between 1520 msec TWT (~1289.90 m) below the seaflooA RMS
amplitude mapralculated fora depthof 150-350 msec TWT below the seafloshows the
extent of thaBSR (Figure Bb). Seismic profiles across this system sihhewn in Figures
and B. In both profiles, we obsenaediscontinuous BSR present withapossiblestructural

trapcaused byhallowing of the salt

The suthwestern BSR systeisismaller and spam 14 kn? area.BSRs arepresent over the
salt ridge and extend towards the minibasin (Figuéed9, and20). BSRsin this system are
identified at200-450 ms TWT(~1701 380 m)below the seafloor. BSFareshallower above

the salt ridgeanddeeperaway from the ridge. We do heee any paleochannel signatures

this region onearthe BSRs.

The geothermal gradient in tleasterrsystem in Zone& is ~50-60°C/km. The geothermal
gradient in thesouhwestern system of Zor2 is higher(~ 60°C/km) above the salt and

gradually dropglown to ~30°C/km towards minibasin

The closest well to the SW BSR is 1.5 km away but does not provide any information that

could inform the lithological analysis of the shallow system.

21



Figure 16: a) A bathymetry map showing the BSR extent within-2avfeProject Area 2.2. b) A
RMS amplitude map of the sabafloor interval between 1550 msec
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Figure 17: A seismic profile showing southnorth crosssection across theasternBSR system
of Zone2. A discontinuouBSR is observed above the satshown by the yellow dashed line

The profile location is shown in Figuré.1
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Figure 18: A seismic profile showg a soutlwestnortheastcrosssection across theasternBSR
system of Zon2. AdiscontinuouBSR is observed above the satshown by the yellow dashed

line. The profile location is shown in Figeil6.
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