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Abstract. This work presents results from the first purposeful in situ temperature measurements in seafloor sediments
above a scalable gas hydrate deposit in the deep-water Danube paleodelta. Temperatures and temperature gradients
with accuracy 5 mK and sensitivity 1 mK are measured with 3 MTL loggers with clamps (Antares GmbH) welded to
a gravity corer with length of 6 m, outer diameter of 130 mm and weight ~300 kg. During the cruise MN249 on board
of the Romanian R/V Mare Nigrum 10-20/10/2023, the gravity corer was deployed on 23 stations with successful
temperature measurements and >3 m sediments lifting on 11 stations. Temperature gradients above the gas hydrate
deposit (BSR area) are in ~20—-50 mK/m when the background is ~30 mK/m. Additional data needed to determine the

effects from the 2 main factors formatting temperature gradients — gas hydrate masses and sedimentation rates.
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Introduction

The aim of the presented temperature (T) measure-
ments is to cross with a line of heat flow (HF) sta-
tions the deep-water South BSR area/gas hydrate
deposit (GHD) in the Danube Fan. This work is a
part of a study of the possibility marine GHD to cre-
ate measurable heat anomalies in the near bottom
sediments — a main hypothesis of the Bulgarian Sci-
ence Fund project GEOHydrate.

The area of interest presented in Fig. 1, is stud-
ied during the implementation of a number of In-
ternational projects (Popescu et al., 2006; Vassilev,
2006; Bialas et al., 2020; Riedel et al., 2021b).

Method and equipment

Heat flow measurements during the cruise DOORS2
Leg2 on board of the Romanian research vessel RV
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Mare Nigrum 11-20 Sep. 2023 are conducted with
3 autonomous temperature (T) loggers 1854C in
clamps (Antares GmbH, Germany; www.antares-
geo.com) welded in the down half of the barrel of
a gravity corer (GC) with distances between them
of 1 m (error 0.4%). In a cross section plane the
distance between clamps/loggers is at angles of
120° to insure measurements in undisturbed from
down loggers penetration sediments. The clamps
are made of Stainless steel 316. Loggers’ numbers
864, 865 and 866 are in the Down, Middle and Up-
per clamps (D, M, U in the text and file names) and
measure temperature at depths of ~4.50, ~3.50 and
~2.50 m from the upper barrel welding (base of the
weights). Corresponding down clamps bases are at
distances 451.2, 351.2 and 250.8 cm from the same
upper barrel welding. Loggers tips are 28 mm in
front of the clamps bases. Thermistors are 3 mm
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Fig. 1. Heat flow stations above gas hydrate deposit (BSR area) grouped in 2 lines with numbers increasing from left to right
(Table 1). Sakarya, TR and Domino, RO are the biggest conventional gas fields in the Black Sea with ~450 and ~90 bcm gas
reserves. The different colors of the map symbols for heat flow stations and gas hydrates in sediments samples show results

from different cruises.

from the loggers tips or 25 mm out from the clamps
bases. Therefore, T-measurements at each station
are at distances from the maximum reached depth
under the seafloor (sample length) of 39.8, 139.8
and 240.2 cm.

An Infrared camera for thermal analyses FLIR
ONEpro was used to check 4 samples immediately
after their lifting on board for negative T-anomalies
produced from the gas hydrates (GHs) melting. T-
anomalies and signs from GHs were not obtained.

Results

Three speeds determine the number of deployments:
1) GC speed to the seafloor of ~5 m/s; 2) lifting
speed of ~0.5 m/s; 3) vessel speed between stations
of ~15 km/h. The vessel is without thrusters and the
drift from the wind, waves and currents create angle
from the vertical of the GC rope of 15-30° for the
most of deployment time.

There were 2 unsuccessful GC stations on 12
September. which cannot lift sediment samples on
board. Both attempts were at the shelf boundary and
the grabber shows massive broken shells deposits
on the seafloor.

Ten from totally 23 GC deployments lift sedi-
ments on board. The short penetrations in the
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bottom of two of them make impossible the HF
measurements with 3 loggers (HF1-2: 0.80 m;
HF1-5: 1.62 m). The rest 8 deployments sample
lengths are in 3.00-3.90 m (average 3.42 m). In
two deployment, the GC was lifted above the wa-
ter with crown up and weights down fixed to the
rope from other part of rope (HF1-9 and HF3-2).
The measured temperatures at station HF3-2 show
that the problem with the rope and the sediments
lost appears after a successful process of T-meas-
urements in sediments and therefore even without
lifted sediment sample on board it is a successful
HF station.

From the 9 successful HF stations, one is at a
water depth 689 m out of the target BSR area, 6 are
from the planned Line 1 of 10 HF stations, 1 is from
the planned Line 2 of 9 HF stations and 1 from the
9 deployments for GH study. Additional data for
line 1 are from the mentioned above stations HF1-2
and HF1-5.

Therefore, the successful HF deployments are 9
from 23 (39%), 2 other deployments give additional
information and 8 of them are in the BSR area (7 from
Line 1 and 1 from Line 2) and 3 outside the BSR area.
Table 1 presents the heat flow and sediment sampling
metadata and preliminary result from T-measure-
ments in sediments in the column “Core/T, m/°C”.



Table 1. List of heat flow (HF) stations/gravity corer (GC) samples

Water

suton - L090 FIEE e, T e e T R K mim
HFO 43°40.389" 30°21.084' 689 3.90 1.40  9.001 2.50 9.027 3.50 9.052 26 25 25.5
HF1-1 43°31.474" 30°11.210' 1044 3.57 1.17  9.085 2.17 9.118 3.17 9.147 33 29 31
HF1-2 43°37.186" 30°21.330' 800 0.80 w 8.956 w 8.964 0.40 8.967 8 3 5.5
HF1-3 43°38.165' 30°23.036' 774 3.08 0.68 9.001 1.68 9.026 2.68 9.053 25 27 26
HF1-4 43°38.743' 30°24.337' 855 3.71 1.31 9.055 2.31 9.087 3.31 9.116 32 29 30.5
HF1-5 43°40.645' 30°27.667' 986 1.62 w 8956 0.22 8.964 1.22 9.116 8 152 80
HF1-6 43°41.409' 30°29.255' 928 3.00 0.60 9.025 1.60 9.055 2.60 9.080 30 25 27.5
HF1-7 43°42.503" 30°31.175' 1002 336 096 9.097 1.96 9.132 2.96 9.161 35 29 32
HF1-8 43°43.711' 30°33.148' 859 3.38 0.98 9.009 1.98 9.029 2.98 9.052 20 23 21.5
HF2-6 43°35.145"  30°31.196' 1153 3.38 0.98 9.091 1.98 9.126 2.98 9.150 35 24 29.5
HF3-2 43°25.453"  29°34.304' 1116 0 Xy 8.992 Xy 9.037 Xp 9.089 45 52 48.5

Note: stations with unsuccessful deployments are not shown in the table. Legend: Logger place on the GC barrel: U, up; M, middle; D, down;
z, depth in sediments; T, temperature; G, temperature gradient; w, logger measurement in the near bottom water.

Measurements of nine sediment samples in the
Technical University Gabrovo with TEMPOS ther-
mal analyzer (METER Group, Inc.) show thermal
conductivity and resistivity coefficients in the rang-
es 0.6017-0.8787 W/m.K and 1.14-1.66 °C.m/W
(T~18 °C, S, = 0.0004-0.0007).

Discussion

Probably the unsuccessful GC deployments result-
ed of the bad hydrodynamic stability of the gravity
corer at the high speed during the “free falls” — a
complex outcome of:

¢ the bad weather (NE wind, waves, currents);

 vessel drift because (thrusters absent);

* outside asymmetrically welded on the GC
barrel 3 clamps with T-loggers;

* construction of the GC (not fully open top on
the GC barrel; GC wings absent);

 construction of the GC “crown” (the sample
“catcher”/“the orange” is not outside the in-
ternal crown diameter; the crown is not fixed
to the GC barrel and its vertical axis could
change in 5°; the internal “crown” and the in-
ternal plastic slaves diameters are equal);

e during a GC “free fall” the rope every few
seconds escapes the winch with a hit from the
separation with the closest parts of the rope on
the winch.

Unsuccessful search for GHs is connected ad-
ditionally with the lack of possibility on board RV
Mare Nigrum to register gas seeps in the water vol-
ume and spots on the bottom with contrast acous-
tical back scatter. The problem of the most of the
archive data is the low accuracy of the seeps and
stations coordinates.

The new temperature and heat flow data is the
first crossing a GHD and therefore available for 2D
geothermal interpretation. A preliminary analysis of
the small negative and significant positive anoma-
lies above the GHD in the BEEZ based on Vasilev
(2015) shows that the process of the total GH mass
growth is predominant over most of the GHD area
and that exist areas with a high GH saturation and
even with porosity clogging.

Conclusions

Temperature gradients above the gas hydrate depos-
it (BSR area) are in ~20—50 mK/m when the back-
ground is ~25 mK/m.

The measurements are proved of the complex
temperature and heat flow fields above gas hydrate
deposits and the existence of measurable positive
and negative anomalies (Vasilev, 2015). These
anomalies will be interpreted with inverse prob-
lem methods of geothermy to reconstruct the gas
hydrate deposit formation process. GEOHydrate
project results are scientific base a future Bulgarian
Gas Hydrate Program.

The measured temperature values are in good
agreement with measurements in the area (Riedel,
Bialas, Haeckel, 2020; Riedel et al., 2021a) but
our thermal conductivity results show that the as-
sumed value from Riedel, Bialas, Haeckel (2020) of
1.05 W/m.K is increased with ~30%.

Additional data needed to determine the effect
only from formation of gas hydrate masses: sea
level and climate changes, sedimentation rates,
cross-section distribution of lithology, salinity and
gas contents. Crucial for the GH development in the
BEEZ is the receiving of drilling data to check the

225



results from geophysical interpretations and to pro-
vide accurate data for detail production models.
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