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Introduction
This STSM was carried out at the National Oceanography Center, Southampton, UK,
between the 8th of February to 26th of February, 2016. The objective of this activity was to
develop maps of gas hydrate occurrence in European waters. We collected all the data
available containing the gas hydrate indicators (GHI) as defined during the 2nd WG1
MIGRATE meeting (Nov 25-26 2015). Once we had the data, we used Geographic
Information System (GIS) for building a GHI database and for creating the maps.

Data
Gas Hydrate Indicators (GHI)
Data for GHI include: Direct Sampling (DS), Bottom Simulating Reflector (BSR), Gas
Seepage (GS), Pore Water Anomaly (PW), Gas Chimney (GC), Velocity Anomaly (VA),
High Reflectivity Zone (HRF), High Resistivity (HRS), Conventional Petroleum Provinces
(CPP) and Seabed Features (SF). These data were collected from MIGRATE WG1 members
and from scientific papers. For bathymetry data we used GEBCO 30 arc-second and for
ocean/sea boundaries we used ocean/sea gazetteer layer that was mapped by Claus et al
(2016). We used WGS84 as a coordinate system.
Different researchers and institutes had their GHI data in various formats. Therefore, we
defined and created several template tables in excel, which we used to standardize storage,
managing and transfer of data between MIGRATE members. These templates contained
information as Lat/Lon coordinates and additional alfa-numeric attributes. For line and
polygon features, an excel table was created for each feature with each row in the table
representing one vertex. The information for the vertexes was inserted into the table in the
same order they are building the feature (i.e., from start point to end point). To identify the
feature, an attribute of “feature id” was added to each vertex. Vertexes representing the same
feature were given the same “feature id”. Collecting the data using this method enabled us to
convert the data to GIS format.
Bathymetry
Bathymetry contour lines were extracted from the GEBCO grid for an interval of 200 m.
Maximum depth points were extracted from GEBCO grid by using a zonal statistics method.
This method calculates statistics on grid values within the zones of another dataset (ESRI,
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2016). We defined the zones as the boundaries of the water basin using the ocean/sea
gazetteer layer.
Base Gas Hydrate Stability Zone Model
The base of the gas hydrate stability zone (BGHSZ) below the seabed was calculated using
bathymetric data from GEBCO 30 ac-second grid, steady-state thermal gradients from the
Global Heat Flow Database, bottom water temperatures from World Ocean Database 2013,
pore-water salinity of 3.5 wt%, and assuming pure methane gas forming hydrates. The
steady-state thermal profile generated using the above data is compared with the theoretical
methane hydrate phase boundary estimated using the CSMHYD program (Sloan and Koh,
2008). The pressure information calculated by the program for a given temperature is
converted to depth using standard values for density of seawater and acceleration due to
gravity (g) under the assumption of hydrostatic pressure. If the temperature from the thermal
profile is lower than that of the theoretical phase boundary at a particular depth, methane
hydrates are deemed to be stable at that location.

GHI database
The database for GHI was designed and built in ArcGIS and it includes nineteen feature
classes (Fig. 1). To import the collected GHI data to the database, we developed a script
using python and arcpy. This script converted the data to geometry features and appended it
to a selected feature class. Data from scientific papers, was imported manually to the database
by using editing tools available in ArcGIS.
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Figure 1. GHI Data Model

Gas Hydrate Distribution Maps
We created thirteen maps (appendix A) illustrating the gas hydrate occurrence in European
waters. The European gas hydrate distribution map is in scale of 1:20,000,000. In this scale
we plotted only point and polygon (area) features because the length of the line features in the
GHI data is less than 20 km. The indicators were plotted on the map in the following order
(top to bottom): BSR (point), Pore Water Anomaly, Direct Sampling, Seabed Feature (point),
Gas Seepage (point), BSR (area), Gas Chimney (area), Seabed Feature (area) and Velocity
Anomaly (area). Additional maps for each site were also created in a larger scale in order to
represent the data in more detail (Table 1). These sites include: Barents Sea, Nyegga, SouthWest Greenland, Svalbard, Eastern Mediterranean, Black Sea, Western Black Sea, Eastern
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Black Sea, Southern Black Sea, Western Sea of Marmara, Gulf of Cadiz, and North-West
Spain (Gran Burato). The maps are available in the MIGRATE repository under
//home/documents/WG1.

Table 1. Map Index
Map Index
1
2
3
4
5
6
7
8
9
10
11
12

Map Name
Barents Sea
Nyegga
South-West Greenland
Svalbard
Eastern Mediterranean
Black Sea
Western Black Sea
Eastern Black Sea
Southern Black Sea
Western Sea of Marmara
Gulf of Cadiz
North-West Spain, Gran Burato

Map Scale
1:7000000
1:4000000
1:8000000
1:10000000
1:2500000
1:6000000
1:1500000
1:1500000
1:2700000
1:500000
1:2500000
1:1500000

Summary and conclusions
In this work a database for gas hydrate indicators was built in a GIS environment. Based on
this data, thirteen maps showing the gas hydrate occurrence in European waters were created
using ArcGIS tools. These thirteen maps include one large scale European map and twelve
site specific maps: Barents Sea, Nyegga, South-West Greenland, Svalbard, Eastern
Mediterranean, Black Sea, Western Black Sea, Eastern Black Sea, Southern Black Sea,
Western Sea of Marmara, Gulf of Cadiz, and North-West Spain (Gran Burato) The current
maps are incomplete and will be updated over the course of the MIGRATE action.
The following points should be considered for further future work:
1. For making the data accessible to the complete MIGRATE community an online user
friendly GIS environment should be considered.
2. The database that was built during this work, could be improve by integrating
additional geophysical (seismic, electromagnetic) and geological data. This, for
example, would enable classifying the gas hydrate potential resources by using GIS
methods.
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Contribution and Potential Collaboration
This work is planned to be presented by María del Pilar Mata Campo (Geological and Mining
Institute

of

Spain)

at

the

Spanish

Geological

Congress

(September,

2016)

www.congresogeologicoespaña.com/. In addition, the STSM has opened up a variety of
potential routes for future collaboration between University of Southampton and University
of Haifa, which are under discussion. We also anticipate that the maps will lead to future
publications, but it is too early to specify more detail on these.
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APPENDIX A. Gas Hydrate Distribution Maps

Figure 2. Gas Hydrate Distribution Map for Europe

7

Figure 3. Gas hydrate occurrence for Barents Sea and Nyegga
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Figure 4. Gas hydrate occurrence for SW Greenland and Svalbard
9

Figure 5. Gas hydrate occurrence for Eastern Mediterranean and Black Sea
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Figure 6. Gas hydrate occurrence for Western and Eastern Black Sea
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Figure 7. Gas hydrate occurrence for Southern Black Sea and Western Sea of Marmara
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Figure 8. Gas hydrate occurrence for Gulf of Cadiz and NW Spain, Gran Burato
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