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Abstract

A gas hydrate assessment at International Ocean Discovery Program Expedition 400 drill sites was
conducted using downhole logging and core data. Here, we calculate and present the base of gas
hydrate stability zone at Expedition 400 drill sites in Baffin Bay, northwest Greenland. We used
data from downhole logs and sediment cores from Sites U1603, U1604, U1607, and U1608 to
assess hydrate and did not find evidence for the presence of hydrate. At Site U1606, only core data
were acquired that showed a decrease in pore water salinity, potentially indicating the presence of
hydrate; however, further confirmation was not possible due to the unavailability of downhole log-
ging data. Because of the limitation of the acquired data at the drill sites, a further assessment to
confirm the presence of hydrate was not possible. Although hydrate was not identified at any drill
sites, hydrate might still be present in the region.

Introduction

International Ocean Discovery Program (IODP) Expedition 400 acquired long sedimentary
records and downhole logs from six sites (U1603—-U1608) on the northwest Greenland margin
(Figure F1) aimed at studying the evolution of the northern Greenland ice sheet (NGrIS) (Knutz
et al,, 2025b). In this report, we use standard physical property and geochemistry measurements
that were acquired on the sediment cores in combination with downhole logging data to evaluate
the presence of gas hydrate at Expedition 400 drill sites. Hydrate is an ice-like crystalline solid that
consists of a gas molecule entrapped inside a cage-like structure of water molecules (Ruppel, 2011;
Sloan and Koh, 2007). Hydrate is found in marine sediments on continental margins worldwide
(Ruppel, 2011; Sloan and Koh, 2007).

1.1. Background

The key objectives of Expedition 400 were to evaluate past dynamics of the NGrIS in the context
of glacial-interglacial variability, understand ice sheet response to ocean-climate forcing, and pro-
vide insights into past ice-free conditions in Greenland (Knutz et al., 2025b). Moreover, geochem-
ical proxy measurements from Expedition 400 are being used to evaluate oceanographic and
atmospheric changes over the last ~25 My.
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Physical property measurements were collected on cores, including natural gamma radiation, bulk
density, thermal conductivity, magnetic susceptibility, P-wave velocity, and porosity (Knutz et al.,
2025a). Core samples were used to measure the gas composition using gas chromatograph analy-
sis. In addition, sediment cores were split and described to understand sediment type, structure,
and depositional history in the region.

The physical property data were used to tie the cores to seismic data before the downhole logs
were acquired. This helped the science party to interpret the drilled depth with reference to the
target horizons on seismic data. However, the physical property measurements such as bulk den-
sity, P-wave velocity, and porosity are sensitive to changes in the pressure conditions and may be
prone to errors. When the sediment cores are brought on board from the subseafloor in situ con-
ditions, the loss in pressure results in core expansion, which causes a drop in the bulk density and
compressional velocity and eventually an increase in porosity.

Downhole wireline logs acquire a variety of physical property measurements after the hole is
drilled (Ellis and Singer, 2007). To acquire wireline downhole logs, a set of tools is lowered into the
hole and then pulled upward from the bottom of the hole to the seafloor (Ellis and Singer, 2007).
Logging measurements are acquired in both directions: going down and pulling the tools up the
hole. This is done to ensure the accuracy and consistency of the acquired data. The downhole logs
are then processed in the onboard software and used to interpret the physical properties of the
sediments.

The addition of downhole logging introduces several advantages over coring alone. Downhole log-
ging provides in situ measurements of the physical properties of sediments where measurements
are collected by the tools inside the borehole. This gives an accurate measurement of physical
properties such as bulk density. In contrast, sediment cores are brought on board where physical
property measurements are acquired at room temperature and pressure. The sediments expand
during core recovery due to a change in pressure on board as compared to within the borehole,
which alters the physical properties of the sediments. Moreover, the sediment cores are not always
complete because they can fall out of the core barrel. In addition, some measurements, such as
resistivity and compressional velocity, are acquired in situ with a higher accuracy. These limita-
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Figure F1. Location of Expedition 400 drill sites. A BSR is an indicator of gas hydrate on seismic data.
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tions with core acquisition make it important to measure the physical properties within the bore-
hole.

1.2. Natural gas hydrate

Gas hydrate is an ice-like crystalline solid that consists of a gas molecule (mostly methane) sur-
rounded by a cage of water molecules (Sloan and Koh, 2007). Hydrate is stable in low temperature
and high pressure conditions that are present in marine continental margins or under permafrost
in high-latitude regions (Claypool and Kvenvolden, 1983; Tishchenko et al., 2005). Hydrate is an
important component of the global carbon cycle and hosts 5%—20% of global mobile carbon (Buf-
fett and Archer, 2004; Milkov, 2004). Moreover, hydrate is considered a potential natural gas
resource (Boswell et al., 2016).

In the context of the Scientific Ocean Drilling 2050 Framework, which discusses the importance of
future scientific ocean drilling, hydrate plays an important role for various scientific reasons.
Hydrate is considered an important component of the climate system feedbacks because its desta-
bilization could release carbon into the atmosphere and affect the climate system (Koppers and
Coggon, 2020). Moreover, hydrate is a potential geohazard because it can dissociate to release free
gas and increase pore pressure that may trigger submarine landslides (Koppers and Coggon, 2020;
Kvenvolden, 1993).

1.3. Presence of hydrate in Baffin Bay

Cox et al. (2021) conducted the first gas hydrate study in Melville Bay, offshore northwest Green-
land, using 3D seismic data to identify gas hydrate indicators, called bottom-simulating reflections
(BSRs). BSRs are caused by the presence of free gas at the base of the hydrate stability zone (BHSZ)
(Haacke et al., 2007; Shipley et al., 1979). BSRs are reflections on seismic data with a polarity oppo-
site to that of the seafloor (Sheriff, 1975). Cox et al. (2021) identified BSRs spread across an area of
537 km? in Melville Bay. These features are more prominent in regions with dipping stratigraphy
where the amplitude of the BSR is higher as compared to the regions with stratigraphy parallel to
the seafloor (Cox et al., 2021). However, the study did not find evidence for gas migration on seis-
mic data from deep sediments into the hydrate stability zone. Using the depth of the identified
BSR from seismic data, Cox et al. (2021) estimate the geothermal gradient on the northwest
Greenland margin to be between 40° and 59°C/km with an average of 49°C/km. Because the BSRs
are located in close proximity to the IODP Expedition 400 drill sites (Figure F1), the core and log
data obtained during the expedition provide suitable background data for assessing the presence
of gas hydrates on the northwest Greenland glaciated margin.

2. Methods

2.1. Estimating the zone of hydrate occurrence

To assess hydrate at the Expedition 400 drill sites, we first estimate the BHSZ at each site. BHSZ
defines the depth below the seafloor within which hydrate is stable for specific temperature and
pressure conditions (Sloan and Koh, 2007). We estimate BHSZ using the measured water depth,
seafloor temperature, geothermal gradient, pore water salinity, and gas composition (Sloan and
Koh, 2007). The water depth at each site was measured during drilling. The temperature at and
below the seafloor was measured to 119 meters below seafloor (mbsf) using the advanced piston
corer temperature (APCT-3) tool in Holes U1603A and U1604A. These temperature data were
used to calculate the geothermal gradient for Sites U1603 and U1604. For Sites U1605, U1606,
U1607, and U1608, we estimated the seafloor temperature using World Ocean Atlas (WOA) tem-
perature database hosted by National Oceanic and Atmospheric Administration (NOAA) (Boyer
et al., 2018). WOA hosts water column temperature in offshore regions around the globe from the
mean sea level to 50-100 m above the seafloor. We defined a relationship between the bottom-
most water column temperature and water depth in Melville Bay, offshore northwest Greenland,
and estimated the seafloor temperature for the measured water depth at each site. We estimated
the geothermal gradient for Sites U1605, U1606, U1607, and U1608 using the geothermal gradient

https://doi.org/10.14379/iodp.proc.400.201.2025 publications.iodp.org - 3



F.Naim et al. - Data report: gas hydrate assessment in Baffin Bay IODP Proceedings Volume 400

range estimated by Cox et al. (2021) from the BSR depths. The pore water salinity was measured
on board by extracting the pore water from the sediment cores (Knutz et al., 2025a). We use pore
water salinity to estimate background salinity, which refers to the salinity of in situ pore water, as
an input for computing BHSZ at each drill site (Malinverno et al., 2008). Finally, the gas composi-
tion was measured using a gas chromatograph. The gas concentration at all sites was primarily
methane (>99%). Therefore, methane is the only gas used for the BHSZ calculation.

In addition to the BHSZ, which defines the base of hydrate stability, an upper boundary for hydrate
occurrence is usually defined by the sulfate—methane transition zone (SMTZ). Note that this is
true only in areas not located near a site of active gas advection, which includes the Expedition 400
sites. The SMTZ is the depth where the downward diffusing sulfate meets the methane migrating
up from the sediments below (Borowski et al., 1999). The pore water samples acquired on board
are used to estimate the concentration of different ions including but not limited to sulfate, chlo-
ride, bromide, and magnesium (Knutz, et al., 2025a). The SMTZ is estimated by measuring sulfate
concentration from the pore water samples and methane concentration from headspace gas sam-
ples. For each site, we use the SMTZ and the BHSZ to define a depth interval where hydrate would
likely occur (Table T1).

2.2, Hydrate assessment with well logs

Each site with downhole logging data was assessed for the presence of hydrate using resistivity,
bulk density, and compressional velocity logs acquired using wireline logging tools attached to the
tool string (Knutz et al., 2025c; Knutz et al., 2025d; Knutz et al., 2025¢; Knutz et al., 2025f). To
interpret hydrate using resistivity, we first calculated the background resistivity (R,) using Archie’s
equation (Archie, 1942). R, refers to the resistivity of sediments that are 100% saturated with water.
When hydrate is present, the measured resistivity increases above R, because hydrate is resistive
and elevates the resistivity even if present in small amounts (Goldberg et al., 2010; Majumdar et al.,
2017):

R, = —, (1)

where R, is the pore water resistivity, ¢ is the porosity, and m is the cementation exponent, which
is an Archie parameter that relates to the cementation of the sediment (Ellis and Singer, 2007). We
computed R, from the algorithm developed by Fofonoff and Millard (1983) using salinity, tem-
perature, and pressure.

We calculated porosity from the bulk density log in each hole using the equation (Ellis and Singer,

2007):
Pyg—Pp
Oden = 525 2
g~ Pw

where p, is the grain density, p,, is the pore water density, and p, is the measured bulk density log
in each logged hole. For p,, we use an average of 2.73 g/cm?® from the moisture and density (MAD)
measurements for Sites U1603, U1604, U1607, and U1608 acquired on board (Knutz et al.,
2025a). We used a p,, of 1.03 g/cm? for brine-rich pore water (Ellis and Singer, 2007). For estimat-
ing m, we initially used m = 2 for the complete interval for each hole and adjusted it so that R,
matches the measured resistivity in water-saturated sediments to define a specific m for each hole.
We use m = 1.8 for Hole U1603D, m = 2 for Hole U1604B, and m = 2.1 for Holes U1607A and
UI608A.

To calculate porosity, the bulk density log can be edited in intervals where the hole is washed out
or not intact. We show an example of log editing in the interval 115-125 mbsf in Track 2 in Hole
U1603D (Figure F2). A washed-out hole affects the bulk density log because it has a shallow depth

Table T1. SMTZ and base of the BHSZ, Expedition 400, along with the parameters used to estimate the BHSZ. Download
table in CSV format.
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of investigation into the formation; depth of investigation is the radial distance from the borehole
wall into the formation that a logging tool can detect (Ellis and Singer, 2007). The bulk density log
from the Hostile Environment Litho-Density Sonde (HLDS) used during Expedition 400 mea-
sured 15 cm into the formation (https://mlp.ldeo.columbia.edu/logdb/technology/schlum-
berger-wireline-tools/hostile-environment-litho-density-sonde-hlds).

2.3. Hydrate assessment from core data

Hydrate can be assessed using core data from the shipboard gas chromatograph and pore water
salinity measurements (Knutz et al., 2025a). Gas chromatography is the first analysis conducted
aboard the research vessel (R/V) JOIDES Resolution. Therefore, the gas chromatograph readings
provide the first insight into the intervals that have elevated gas concentrations. The elevated gas
concentrations might potentially indicate intervals with hydrate because hydrate dissociation
releases free gas and freshwater into the pore spaces (Claypool and Kvenvolden, 1983; Sloan and
Koh, 2007). The pore water salinity would be expected to drop as compared to the background
salinity at the drill sites due to the release of freshwater into the pore spaces from hydrate dissoci-
ation (Ussler and Paull, 1995). However, low-frequency pore water salinity measurements of 1-2
readings every 10 m may not capture the presence of hydrate because the hydrate needs to be
sampled directly. Because of the limitations with the resolution of pore water salinity data
acquired on board, it may not be possible to identify the presence of hydrate using only core data.
Instead, downhole logging data would provide more accurate data to detect hydrate. This is
because the downhole logs can detect hydrate even in small concentrations and acquire data in the
in situ temperature and pressure conditions.

3. Hydrate assessment at the drill site locations

For each logged hole, five different laterolog resistivity measurements were acquired (RLA 1 to
RLA 5) (Knutz et al., 2025a). Laterolog resistivity is measured by using electrodes that guide the
current flow into the formation and prevent the current from flowing in other directions (Ellis and
Singer, 2007). Laterolog resistivity is acquired in boreholes that use low-resistivity drilling muds
such as seawater (Ellis and Singer, 2007). The different resistivity measurements provide resistivity
for several depths of penetration into the formation (Ellis and Singer, 2007). For example, RLA 1
reads the shallowest and mostly represents the resistivity near the borehole. The depth of penetra-
tion increases from RLA 1 to RLA 5 and can read as much as 130 cm into the formation
(https://iodp.tamu.edu/tools/logging/ TRIPLE/hrla.html).

We interpreted RLA 5 or deep laterolog resistivity with reference to the calculated R, and observe
an increase in RLA 5 in Holes U1603D and U1604B. For example, the interval 74—96 mbsf in Hole
U1603D shows an increase in RLA 5 above R, (Figure F2). Similarly, RLA 5 resistivity shows an
increase with reference to R, in the interval 75-100 mbsf in Hole U1604B (Figure F3). However,
both the increases in resistivity in Holes U1603D and U1604B are above the SMTZ (Figures F2,
F3). Therefore, these increases in resistivity do not indicate hydrate at the two sites. The logged
Holes U1607A and U1608A have several intervals below the SMTZ where the measured resistivity
RLA 5 spikes (Figures F4, F5). For example, the interval between 135 and 150 mbsf in Hole
U1607A shows an increase in RLA 5, however RLA 5 does not increase above R,; this interval is
described as a bioturbated mud and sand from sediment core analysis (Knutz et al., 2025b). More-
over, the downhole logging data in this interval show high bulk density and P-wave velocity that
does not indicate hydrate. The methane concentration between 135 and 150 mbsf varies from
30,000 to 40,000 ppm, indicating there is likely free gas present at specific depths where the gas
concentration is measured. The pore water salinity does not decrease in the interval between 135
and 150 mbsf and follows the background salinity of 32 (Figure F4), suggesting that no hydrate is
present in this interval.
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Figure F2. Downhole logs, Hole U1603D, and core data, Site U1603. Gray interval = steel drill pipe stabilizing the borehole;
log data are not valid in this interval. Track 1: gamma ray and caliper logs. Track 2: bulk density (red) and corrected bulk
density (blue) and MAD bulk density from core (black). Track 3: laterolog resistivity measurements for several depths of
penetration into the formation. RLA 1 is the shallowest, and RLA 5 is the deepest. Track 4: RLA 5 (purple); this is the main
resistivity log for hydrate assessment. Background resistivity is calculated using Archie’s equation (black). Track 5: P-wave
velocity. Tracks 6 and 7: methane concentration from gas chromatography (orange) and pore water salinity (black).
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log data are not valid in this interval. Track 1: gamma ray and caliper logs. Track 2: bulk density (red) and corrected bulk
density (blue) and MAD bulk density from core (black). Track 3: laterolog resistivity measurements for several depths of
penetration into the formation. RLA 1 is the shallowest, and RLA 5 is the deepest. Track 4: RLA 5 (purple); this is the main
resistivity log for hydrate assessment. Background resistivity is calculated using Archie’s equation (black). Track 5: P-wave
velocity. Tracks 6 and 7: methane concentration from gas chromatography (orange) and pore water salinity (black).
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hydrate assessment. Background resistivity is calculated using Archie’s equation (black). Track 5: P-wave velocity. Tracks 6
and 7: methane concentration from gas chromatography (orange) and pore water salinity (black).
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Figure F6. Core data, Site U1606. No downhole logging data were acquired at this site. The BHSZ corresponding to the
geothermal gradients of 40°C/km at 237 mbsf and 59°C/km at 142 mbsf. Track 1: natural gamma radiation core data. cps =
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concentration from gas chromatography. Track 4: pore water salinity.

Downbhole logging data were not acquired at Site U1606. Therefore, we only use the available core
data to assess hydrate (Figure F6). At Site U1606, we observe that the pore water salinity drops
substantially in the interval below 150 mbsf and reads between 12 and 16. The salinity increases to
the background value of 31 at the bottom of the hole. Additionally, the methane concentration is
observed to vary from 5,000 to 40,000 ppm below 150 mbsf and increases to 70,000 ppm at 180
mbsf. These measurements might be indicative of the presence of hydrate at Site U1606. However,
it is not possible to make a conclusion without a resistivity measurement from downhole logging.

4. Limitations of the acquired data

Although we did not observe gas hydrate using the acquired core and downhole logging data from
Expedition 400, hydrate might still be present at the drill site locations. For example, the absence
of downhole logs at Site U1606 presents a limitation to further characterize hydrate. In addition,
no downhole logs were acquired in the upper 50 m in Hole U1607A or in the upper 90 m in the
Hole U1608A (Figures F4, F5). This is due to a standard procedure on IODP expeditions, where
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the steel drill pipe is lowered into the hole for the upper 50-100 m to maintain hole stability
during logging.

Additionally, there were limitations with the acquired sediment cores at each drill site. The cores
expand upon being brought on board due to a decrease in pressure at the surface as compared to
the in situ pressure. This expansion in the cores introduces uncertainties in the core depth as com-
pared to the downhole logs as described by Malinverno et al., (2008). This depth uncertainty can-
not be ignored because it might cause a depth offset of several centimeters to several meters with
reference to the downhole logging data. This might mean that the presence of high gas concentra-
tions and low pore water salinities in an interval indicating a potential presence of hydrate (Malin-
verno et al., 2008) might be offset by several meters with reference to the downhole logging data.

5. Conclusions

We did not find hydrate at Expedition 400 sites using the acquired data from cores and downhole
logs. However, the presence of hydrate at Expedition 400 sites cannot be confirmed or denied due
to the limitations of the acquired data. Moreover, the proximity of the BSR identified by Cox et al.
(2021) to the Expedition 400 sites provide evidence that hydrate is present in the study area in
Baffin Bay. Although our BHSZ calculation at the drill site locations does not directly link with the
scientific objectives of Expedition 400, the BHSZ results will still be useful for any future research
on hydrate in Baffin Bay.
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