




























































































































































































Concluding remarks

Our data indicate an early cross-shelf glaciation off Blos-
seville Kyst during the late Miocene and early Pliocene fol-
lowed by major cross-shelf glaciations off Scoresby Sund
during the early Quaternary and off Liverpool Land in the
late Quaternary. Higher resolution of the Quaternary data
off Liverpool Land indicates that the activity of the Scores-
by Sund ice-stream system was gradually taken over by the
Kong Oscar Fjord ice-stream system during the Pleisto-
cene. Overall, our study reveals an asynchronous growth
of the ice sheet across the shelf, with a marked northward
progradation of ice-stream activity from the late Miocene
to the Present along the central East Greenland margin.
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The rescue of seismic field data from exploration
activities in the Danish North Sea

Marianne M. Hansen and Nicolai Rinds

In 2009, the Danish Energy Agency informed the Geo-
logical Survey of Denmark and Greenland (GEUS) that
a new legal act (Lov om fordring/Foraldelsesloven) would
become effective in 2011. The new act introduced a limita-
tion period of three years on the government’s right to re-
quest data from licensees’ oil and gas activities in Denmark
(www.retsinformation.dk 2007), and it became the catalyst
for a major change in the standard procedure for licensees’
submission of seismic data related to exploration activities
to GEUS. A consequence of the new legal act was that the
Danish authorities would have to request data from the
licensee (following the Consolidated Act of the Use of the
Subsoil) from the licensee no later than three years after
their generation or publication; otherwise the authorities
would have no legal right to the data. It was emphasised
by the Danish Energy Agency that GEUS would have to
submit all requests for outstanding data to the licensees no
later than 1 January 2011.

Denmark

\ il
500 km 5°E 6°E

55°N —

Fig. 1. 3D scismic field data status prior to the rescue project. Green poly-
gons: field data in GEUS’ archive. Red polygons: field data not in GEUS’

archive. Grey polygons: parts of seismic surveys outside the Danish sector.

During the 1980s and 1990s the standard procedure for
data requests from GEUS did not include pre-stack seis-
mic data, e.g. raw field data. A search in GEUS database
showed that field data had been received from only a small
percentage of existing 2D and 3D surveys (Fig. 1). Being
the national data bank for geological data, GEUS had to
respond to this risk of losing access to valuable data, and
immediate action was needed.

The National Well Data and
Subsurface Archives

GEUS and its Danish predecessor the Geological Survey of
Denmark (DGU) have systematically collected and stored
geological data from Denmark for more than a 100 years.
The idea of establishing a national data bank for geological
data arose in the 1920s when Danish law made it manda-
tory for everyone drilling in search for water to register
certain geological information encountered during drilling
and deliver it to DGU. The Well Data Archive was estab-
lished in 1926 to fulfil this purpose (Troelstrup 1992). The
search for oil in Denmark began onshore in 1935. Until
the beginning of the 1980s data submitted to DGU from
oil and gas activities were stored in the Well Data Archive.
For many years only few companies searched for oil in the
Danish sector. In 1962, the Danish company A.P. Moller
A/S was granted exclusive rights to explore the Danish sub-
soil according to the Sole Concession of 8 July 1962 (North
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Fig. 2. Annual seismic survey activities in Denmark 1962-2014.
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Sea Fund 2012). This was renegotiated in 1981, and a large
concession area was relinquished. In 1984 the first com-
petitive licensing round resulted in an increased search for
oil, and the submission of data to DGU increased (Fig. 2,
extracted from GEUS’ database).

In the beginning of the 1980s, it was decided that a
separate archive should be established — the Subsurface
Archive — to store oil- and gas-related data (Kristoffersen
1995, 2017). The decision was made in order to fulfil in-
creased requirements for a secure data environment and
to control the strict confidentiality regulations applying to
exploration and production data.

Data usage

Until 1980, DGU did not request digital seismic data from,
the companies as part of its standard procedure. This was
primarily due to the fact that only paper copies of seismic
sections were used for in-house interpretation. Further-
more, space for in-house storage was very limited, and the
data owners themselves were obliged to store their digital
field data for a period of time and to offer the data to DGU
if they decided to discard them. At that time the data were
stored on vast numbers of 9-track tapes. In general, the oil
companies did not use digital data either, and if such data
were requested it was often on a single line basis.

By 1990, workstations had become a standard tool for
interpretation and geophysical mapping in the oil industry,
and access to the digital data became necessary. Therefore
digital processed seismic data were added to DGU’s stand-
ard data request, but their handling was a huge and time-
consuming task. Licensees or companies were asked only to

Input: Output:
70 000 9-track tapes of 145 MB 1 tape IBM3592-JD of 10 TB
(1750 shelf metres)

N
d

When transcribed
Storage space
equals 6 lorries

Fig. 3. Space reduction with the use of modern tapes media. Source:
OvationData 2017.
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submit specific digital seismic data when they were needed
for in-house interpretation, or if a specific request arrived
from an external customer. As a consequence, DGU did
not have a complete collection of digital processed seismic
data at the time.

Until the 1990s, most of the seismic field data submit-
ted to DGU came from relinquished or expired licences. In
these cases, the data holders could decide to keep the seismic
field data themselves or offer the data to DGU. Although
the authorities have always been able to request copies of the
seismic field data this was not listed as a mandatory require-
ment until 2002 (Danish Energy Agency 2002).

Data media and volumes

The development of 3D data acquisition methods in the
late 1980s resulted in an increasing amount of tapes being
submitted to DGU. During the last 20 years, digital seis-
mic data have regularly been submitted to the Subsurface
Archive and maintenance of these data has been a constant
challenge. The long-term use of the digital data can only be
secured by keeping the data from degrading, by rewinding
the 9-track tapes or transcribing the data to a new media
on a regular basis.

The oil industry has frequently changed their ‘standard
tape media’, in order to secure the very expensive collected
data and to reduce the storage space needed on board vessels
and in archives. The most commonly used storage medium
in the 1980s and 1990s was 9-track tapes. In the mid-1990s,
more compact types appeared such as Exabyte, DAT and
various versions of IBM tapes, which were smaller and could
contain much more data per volume. This had a tremendous
impact on the number of shelf metres needed for storage.
For instance, one modern IBM3592-]D tape contains the
same amount of data as 70 000 high-capacity 9-track tapes,
which would require 1750 archive shelf metres (Fig. 3).

Fig. 4. Seismic data and tape drives at GEUS.



Over time, GEUS has purchased various kinds of tape
drives to be able to read the data and (on a small scale)
make backup copies. In 2000, the Subsurface Archive con-
tained data stored on up to 10 different tape media types,
but mostly on ¢. 15 000 9-track tapes, including both seis-
mic and well data, as well as data acquired in Greenland
waters. The archive also contained 3000 Exabyte, DAT
and LTO tapes and 5000 IBM tapes of various kinds.

At GEUS tape copying is considered a specialist job
since up-to-date equipment and specialised treatment of
deteriorating 9-track tapes are required, and the task is
very time consuming, expensive and never—ending. Fur-
thermore, vintage tape drives are difficult to maintain and
acquisition of spare parts almost impossible. Since 2002,
GEUS has used an external company for all tape copying
jobs. A few in-house tape drives are still being used and
maintained for internal purposes (Fig. 4).

The data rescue project

After GEUS was made aware of the new Act and its conse-
quences, it was decided in 2010 to start a project to rescue
older seismic field data. The aim was to rescue i.e. locate,
receive and store either the original or a copy of the seismic
data from all oil- and gas-related activities in Denmark.
The plan was within the first year to contact all companies
which had been operators or had acquired data in the Dan-
ish sector between 1980 and 1999. The plan for the follow-
ing two years was to perform quality control of the submit-
ted data, with completion of the project within three years.

The following priorities were set up: field data were con-
sidered more important than processed data. 3D data were
considered more valuable than 2D data. Finally, onshore
2D data were considered more important than offshore
2D data, and data acquired from 1990 to 2000 were con-
sidered to be more valuable than older data. A search in
GEUS’ database showed that almost no field data from
before 1995 had been received, and that some field data
had been received between 1995 and 2002.

Worst-case scenario

A worst-case scenario in terms of expenditure and workload
for GEUS was considered, assuming that all the companies
chose to give up all their original field tapes and submit
them to GEUS. It might be expected from the age distri-
bution that most data might still be stored on the original
9-track tapes. If GEUS had to accept these directly, the
Subsurface Archive would need large additional resources
to cover the costs of external storage or for transcription

Table 1. Estimated copying cost —
worst-case scenariot

Survey type Total kmin No. of tapes DKK per tape DKK total

Denmark
2D 3405 3405 140 476 700
3D 156 234 156 234 140 21 872 760
Total cost 22 349 460

tAssuming: Al field data from 1995 and earlier are located. All data are stored
on 9-track tapes. Data are 60-fold. There is 1 km of data per tape.

to an in-house, modern storage medium. A rough calcula-
tion showed that if all the missing field data were submit-
ted, GEUS could receive more than 190 000 tapes, out of
which 170 000 were likely to be 9-track tapes. The cost of
transcription was estimated to ¢. DKK 23 million (Table
1). Alternatively, if all the 170 000 9-track tapes were to be
stored in-house the Subsurface Archive would need 4350
additional shelf metres.

After making a list of 2D and 3D surveys from which
the seismic field data had not been submitted, a priority list
consisting of 48 3D surveys and 40 2D surveys was made.
The next step was to contact the companies involved, but
it proved difficult to locate some of the companies and rel-
evant contact persons. In 2002, GEUS had sent requests
for data to all licensees in the Danish sector, typically to the
company headquarters without a specific contact person.
The outcome of this campaign was unfortunately almost

4‘,
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Fig. 5. 3D field dara status after the rescue project. For location and

polygon colours, please see Fig. 1.
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nill. The oil industry is a rapidly changing business, and
some of the companies which had been active in the Dan-
ish sector in the 1970s or 1980s no longer existed or had
been taken over by or merged with other companies. Keep-
ing track of a company can be strenuous and time consum-
ing, and the subsequent search for a relevant contact person
was even more difficult.

Results and achievements

As part of the data rescue project, 17 companies were con-
tacted during 2010 and 2011. In general their responses to
locate and deliver the missing data have been positive and
cooperative. The project benefitted from the fact that two
of the older oil companies are still operating in the Danish
sector, since both Mearsk Olie og Gas A/S (Marsk) and
DONG Energy E&P A/S (DONG) have been in charge
of, or involved in, data acquisition for many years. The
most time-consuming part of this project turned out to be
the quality control of the received data due to insufficient
documentation, e.g. erroneous transmittals or missing ac-
quisition and processing reports.

The recovery process was initiated in 2010 by meetings
with the two companies, whereby a large number of surveys
from the priority list could be ticked off, and the focus then
shifted towards contacting the owners of the remaining data.

Mersk and DONG decided to transcribe their original
data themselves to modern media types. Given the large
quantities of data and tapes, this task was very time con-
suming. It took several years before the copying jobs were
finalised and tapes could be submitted to GEUS, but it had
the benefit that GEUS received all data on modern media
types (IBM 3592 tapes or USB disks). Initially, high-prior-
ity 3D field data from 34 of the 48 3D surveys on GEUS’
priority list were missing; to date GEUS has located 82%
of the missing surveys and received data from 74% of them
(Fig. 5). GEUS has also received some missing processed
data. Because of the above-mentioned complications, the
recovery project lasted six years instead of the anticipated
three, with a time consumption of ¢. 1600 man hours at
GEUS. Over a six-year period GEUS has spent ¢. 1 million
DKK on external copying.

Lessons learnt and conclusions

In hindsight, the timing of the rescue project was opti-
mal. Between 2010 and 2014 the world experienced high

oil prices (www.macrotrends.net 2017), which is likely to
have encouraged the oil companies, especially Mzrsk and
DONG, to transcribe their original field tapes to modern
media. The companies took the opportunity to recover
their vintage data and thereby also save future storage
costs. If the project was to be started today, the companies
might have had other priorities and it might not have been
possible for GEUS to keep the copying costs at a relatively
low level compared to the worst-case scenario.

To rescue seismic field data is both a cumbersome and
potentially expensive task. However, seismic field data rep-
resent a valuable asset for evaluation of the hydrocarbon
potential of a given area. New companies in the Danish
sector, especially smaller companies, commonly request
field data from both 2D and 3D seismic surveys in order
to reprocess existing data prior to committing themselves
to acquisition of new seismic data. The access time to the
field data is optimised, since the rescue project has pro-
vided GEUS with most of the field data requested by the
companies. The data can also be used in future scientific
studies. It is therefore an important task for a geological
survey like GEUS to secure these data by making it a high
priority to request and secure all data which are acquired
from the Danish subsurface.
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An integrated public information system for geology,
groundwater and drinking water in Denmark

Martin Hansen and Charlotte Toftemann Thomsen

Denmark has a long tradition for having central geologi-
cal databases, including a systematic collection and stor-
age of geological and hydrological information from all
surficial boreholes which was initiated in 1926. Since the
mid-1970s such data have been stored digitally. A large
variety of users access a central Danish, geological data-
base: the public, for information about their local drinking
water quality, environmental employees in municipalities,
regions and the state for using, entering and updating data
as well as consultants and drilling companies working for
public administration and local water works.

The local Danish administrative system previously con-
sisted of 14 counties and 248 municipalities. The counties
were responsible for groundwater mapping, drinking water
management and activities concerning contaminated soil,
as well as for harmonisation and transfer of data to the
central database. With effect from 1 January 2007, this ad-

A. Access to Jupiter data

Unprivileged Privileged
users users
http — homepages, https -
WS reading and Updating using WS and
download web forms

Jupiter database

\ i
PC Jupiter XL .
Read-only views Jupiter tables

Users at /

GEUS

ministrative system was replaced by five regions, seven en-
vironmental centres and 98 municipalities, which required
major changes in the administrative handling of borehole
dara at the local and regional levels. For this, a public and
shared central database was established and a countrywide
harmonisation of data, transfer and storage was initiated
and all geological, groundwater and drinking water data
were transferred to this central database at Geological Sur-
vey of Denmark and Greenland (GEUS).

In an updated database system, public authorities were
set up to access the central database to store their relevant
borehole data and almost all data were made publicly avail-
able. The database is maintained by GEUS. It is directly
connected to other public databases at GEUS including the
shallow geophysical database GERDA, where e.g. borehole
loggings are stored, and to the Model Database where sim-
ple geological models are stored (Fig. 1).

B. Data flow

Drilling
companies

Municipalities

?
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groundwater and
drinking water data
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Fig. 1. Diagram showing A: The access to data in the Jupiter database from different users and B: How data flow to and from the database. WS:

web services.
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Table 1. User roles and privileges

Name of user role Privileges and use

For entering and editing samples and chemical
analyses. For laboratories to add data to the system.

Laboratory

Borehole write  For entering and editing information about
boreholes including location, geology/lithology
and borehole construction. For consultants and

local authorities to enter new boreholes.

Borehole read  For reading publicly available data about bore-

holes, water, soil and air samples and analysis.

Drinking water  For approving new drinking water samples with

approval analyses. For users from the authorities to qua-
lity control new drinking water data and by
approving the data, making them publicly available.
Groundwater  For approving new groundwater samples with
approval analysis. For users from the authorities to quality
control the new groundwater data and by
approving the data, making them publicly available.
Water level For entering and editing water-level measure-

ments. For users from the authorities to enter
and edit water-level measurements.

Sample approval For approving new water, soil and air samples
with analyses from surface samples. For users
from the authorities to quality control the new
water, soil and air analyses from surface samples
and by approving the data, making them publicly
available.

Water resources For entering and updating information about
water works. These data include water well fields,
treatment plants, permits, annual volumes of
extracted water, sampling sites and volumes of
water shared between different water works. For
the municipalities that survey the drinking water
to create and update their drinking water
structure.

This updated system is used by the municipalities to
manage their water supply data (e.g. water supply struc-
ture, permits, groundwater and drinking water quality
data), by state agencies to manage groundwater data from
the groundwater mapping and by the regions to maintain
their soil pollution data. The system has gradually been
expanded since 2007 and now local authorities can store
and maintain a wide range of their own data in the central
database.

The database system

The database system currently consists of the following
components:

1. A central database;

2. A public data model, agreed upon by a committee under
the The Danish Natural Environment Portal;
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3. A user-management system, managed by the The Danish
Natural Environment Portal, providing direct access to
the central database;

4. A suite of Simple Object Access Protocol (SOAP) web
services — an interface that allows computer-to-computer
communication. This enables local authorities to manage
their own data in the central database through their own
applications;

5. Applications that can access the database utilising the
components above.

The central database
The central database is based on GEUS’ Jupiter database

and run on an Oracle database. It has been under develop-
ment during the last 40 years. The extensions made since
2007 include full public online access to read data and
write access for public authorities to almost all data types.
The public part of the database is made available through

a view layer exposing the public data model.

The public data model
The public data model can handle:

o Borchole data, including: localisation and administrative
data, construction data, abandon data, geological descrip-
tion using common methodology, hydraulic head meas-
urements, samples and analyses from soil, water and air;

e Surface soil and water sample data;

o Water supply data for water plants, agriculture and indus-
try, including: extractions wells, well fields, water treat-
ment plants, extraction permits, water quality data, water
extraction, water use data, exchange of water between wa-
ter works, ownership and contact persons;

e Soil pollution data: projects; soil, water and air chemis-
try data from boreholes, surface samples and remediation
plants.

The data model is being developed and maintained
by GEUS, but all extensions and alterations have to be
agreed upon by the Groundwater Group under the Danish
Natural Environment Portal (DNEP). This is a common
public partnership between the Ministry of Environment
and Food of Denmark (45%), the Danish municipalities
(45%) and the Danish Regions (10%), and it acts as an in-
dependent portal across boundaries of authority. Its major
goal is to ensure continued access to harmonised, updated,
natural environmental data. The Groundwater Group it-
self consists of members appointed by the municipalities,



the Danish Environmental Protection Agency , the Danish
Regions, DNEP and GEUS. The public data model con-

sists of more than 90 data tables.

Data responsibility agreement

The data responsibility agreement determines which or-
ganisations are responsible for producing and maintain-
ing which data, and for making the data available to the
public. The various responsibilities are defined partly by
legislation and partly through agreements signed by the
participating partners and by voluntary reporting. At any
time, any data set in the public database has one and only
one responsible owner organisation.

Data ownership

The ownership of data can be defined either by the user
who enters the data or by the location of the data point.
In this way, the municipality or region in question, a state
agency and GEUS can own water-level measurements in
the same well. Each data owner is responsible for entering
their own data and secure their quality.

The analysing laboratory carrying out the quality con-
trol of drinking water is responsible for entering its data,
and it owns the data until the data entry and quality con-
trol have been completed. After this step, the ownership is
transferred to the municipality to which the water works
belongs. The municipality has to release the data before it
becomes publicly available. Apart from quality control of
the data sets, the new owner cannot alter the data. If er-
rors are found during the quality control, the municipality
must reject the water sample and all of its analyses, and the
laboratory has to resubmit a corrected data set.

User management

The Danish Natural Environment Portal has a central
user-management system which enables the user to use the
same login credentials to access and update data in differ-
ent systems. The users and their rights are managed locally
by user administrators who define the user rights through
a set of roles. Each role defines to which part of the data-
base the user shall have access. In this way it is the local
administrator who decides who should be allowed to access
the different public systems or obtain privileges to enter
and edit data. The different roles in the Jupiter system are
presented in Table 1. In addition to these roles, the system
gives the users access to data according to their geographi-
cal location. For example, all users can access water works
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Fig. 2. Screen shot from the web map interfaces to Jupiter showing bore-

holes and water plants from central Sjelland.

but only users from the municipality, where the water
works is situated, can update the information (provided
the user has the right role).

Data interface

The data are available in several ways. Most of the data are

available through:

Jupiter’s homepage: This entry is read-only and mainly used
by municipalities and members of the public to look up

specific data (Fig. 2).

SOAP web services: These services give read-and-write ac-
cess to different parts of the data model and have been
under development since 2007. With this interface pri-
vate companies can write applications for administrative
units for their data management. These services constitute
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the main entry outside GEUS for update of data. See for
example:hrtp:/fwebs.geus.dkimiljoeportal.groundwater.b-
boring.2.0.0/B-Boring?wsdl/ for updating borehole data.

WMS/WES: Several of the data themes are exposed through
web map services (WMS) and web feature services (WES).
Web map services deliver maps as bitmaps while web fea-
ture services can deliver the same data as geographical ob-
jects (point, lines and polygons) that can be used for spatial
queries in a GIS. These are used to support the map inter-
face on the Jupiter homepage, are available for end users,
and can also be imported into local GIS. These services are
used mainly in systems made for the different administrac-
ing units. See for example the WMS publishing borehole
information  htep:/idata.geus. dklgeusmaplows/25832.jsp?SE
RVICE=WMS&VERSION=1.1.1&REQUEST=GetCapabil
itiescLAYERS =jupiter_boringer_ws%2cjupiter_anlaeg_ws

Database download: Advanced users can download data as
database exports. In this way it is possible to export all
available data to a local hard drive (excluding water quality
control data not yet approved by the data owner and infor-
mation about owners and contact persons). This function
is meant for advanced users for e.g. geological modelling or
complex calculations on groundwater chemistry. It is even
possible to install a scheduled application that keeps the lo-
cal database updated on a nightly basis with changes made
in the central database. Such local copies of the database
are mainly used by consulting companies and large admin-
istrative units.

Discussion and conclusions

Nearly all data in the database must be publicly available.
Therefore, the access has been divided into two packages of
services since the first version of the Web Services was de-
veloped up to January 2007. One set contains all the read-
only functionality without any user management systems,
while the other package contains functions for updating
the data. However, due to very frequent use the read-only
services will have to be revised in the near future. Not all
users comply with the rules set up for the use of the ser-
vices, and since they are anonymous, it is difficult to iden-
tify those who break the rules. For example, users are not
allowed to use the services in batch mode or create a local
copy of the database.

We can, however, see from the logs, that one or more
read-only users behind a single ip-address make up to tens
of thousands of calls on a daily basis and thus obviously
do not comply with the rules set-up for the services. An
increase from ¢. 200 000 to 12 000 000 calls per month
in the last few years causes a heavy and increasing system
load. If a login with user name and password was to be re-
quired to enter the read-only services, it would be possible
to contact directly the users who use software that does not
comply with the rules of use. The access would still be free
of charge.

A public, shared database like Jupiter gives access to a
very broad use, where the data can be combined with other
public data or with private, non-public data. Also the many
different ways in which the data are available, such as web,
web GIS, different types of web services or download in da-
tabase format, make the data highly usable. The user gets
a coherent dataset containing geology, groundwater and
drinking water data, where the water can be followed all the
way from the borehole to the water plant. In recent years,
the database has been used for analysis of public health in
combination with drinking water quality. The free access
to the publicly available data has greatly increased the value
of the data. The authors do not know of any other publicly
available, combined geology — groundwater — drinking wa-
ter database systems like Jupiter. As the system is based on
a data model that has been agreed upon between different
stakeholders from municipalities, regions, state agencies
and the geological survey, the model can most probably
be used as a good starting point for development of similar
systems by other organisations and countries.
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Arctic geopolitics and the beginning of
earthquake monitoring in Denmark and Greenland

A. Lif Lund Jacobsen

Where there scientific or political reasons behind Den-
mark’s decision to establish its first seismological stations
for earthquake monitoring? In a nation where earthquakes
are few and of small magnitude, it is remarkable that since
1927 the Geological Survey of Denmark and Greenland
(GEUS), and its predecessors back to the Danish Geodetic
Institute have recorded seismological events from perma-
nent stations in Denmark and Greenland and shared data
through international data centres.

As early as 1907, on private initiative by E.G. Harboe,
a seismological station was established in Godhavn, West
Greenland (Harboe 1911). However, with time it became
clear that the phase readings from the instruments lacked
precision (Fig. 1), and in 1912 monitoring was discontinued
due to lack of funding (Geodetisk Institut 1978). Having
never officially joined the International Seismological As-
sociation, or suffered destructive earthquake within their
territory, Danish authorities did not at the time have any
vested interest in operating expensive seismological stations.

The origins of Denmark’s seismological
monitoring programme

Historians of science have argued that scientific knowl-
edge of Greenland equalled sovereignty (Ries 2012; Doel

Fig. 1. Seismograms from the old station in Godhavn kept at GEUS.

These seismograms from 1907-1912 are among the oldest seismological

records in existence. Photo: Danish National Archives.

et al. 2016). Inspired by their approach, I suggest that the-
formation of a network of Danish and Greenlandic seis-
mological stations could be understood as an expression
of national geopolitical strategy rather than a display of
scientific vigour. By examining historical records from
public institutions like the Ministry of Education, Min-
istry of Foreign Affairs, Ministry of War and the Danish
Geodetic Institute as well as letters from Erik Nerlund and
Inge Lehmann, kept at the Danish National Archives and
GEUS, it is possible to assess to what degree geopolitical
considerations were a factor in establishing a seismological
monitoring programme in Denmark.

In 1923, Denmark became a full member of the Inter-
national Union of Geodesy and Geophysics (IUGG), but
it was not until October 1924 after the second [IUGG Gen-
eral Assembly in Madrid that (lack of) seismological mon-
itoring from its territory became an issue for Denmark.
Before the Assembly, a national committee for seismology
had hastily been formed under the leadership of Niels Erik
Norlund, professor of mathematics at Copenhagen Univer-
sity and director of the Danish Geodetic Service (Den Dan-
ske Gradmaaling). After the Assembly, Norlund reported to
the Ministry of Education that there had been considerable
pressure on Denmark to record and share geophysical data
from Greenland. So substantial was the pressure that Ner-
lund warned that unless Denmark initiated a programme
of general geodetic research, in particular seismological
monitoring and international data sharing, other nations
would question Denmark’s authority in Greenland (Dan-
ish National Archives (DNA) 1).

It was a potent threat, since the Danish government
rightfully feared that their claim to sovereignty over Green-
land could be contested by their neighbours. For example,
a stipulation of the 1917-treaty between Denmark and the
USA regarding the sale of the West Indies to the USA was,
in addition to paying DKK 25 million, that the USA also
acknowledged Denmark’s sovereignty over Greenland.
Norway on the other hand made counterclaims to parts of
eastern Greenland in 1924 and 1931 (Kragh ez a/. 2008).

Over the next months, Norlund worked on securing
support for his envisioned network of seismic stations. As

©2017 GEUS. Geological Survey of Denmark and Greenland Bulletin 38, 73-76. Open access: www.geus.dk/publications/bull 73



director of the Danish Geodetic Service, Norlund was ap-
pointed to reorganise national geodesy, including triangu-
lation efforts which traditionally had been a key interest
area of the army’s Department of Topography (General-
stabens Topografiske Afdeling). Using his position, he added
seismology to the list of intended activities.

In order to secure the necessary political backing and
financial support from private funds, Nerlund employed
several different arguments. In addition to demonstrat-
ing sovereignty over Greenland, he argued that Denmark
needed seismological stations because all cultural and
refined nations in Europe had a least one. Also scientifi-
cally, seismological data constituted a valuable source of
information for geodetic research. Finally, he argued that
international data sharing was a means to maintain inter-
national peace and collaboration.

During the winter 1924/25, enough political and finan-
cial support was mustered that Nerlund and the Danish
Geodetic Service could begin building the network.

Establishing seismological stations from
1925 to 1927

From early on, it was clear that while the Danish govern-
ment was willing to authorise the construction of seismo-
logical stations, much of the funds to build stations and buy
scientific instruments had to come from private donations.

In the spring of 1925, orders for a variety of different
seismographs and other instruments were placed at inter-
national suppliers in England, Germany, Russia and the
USA. Not knowing which seismic frequencies they could
expect and at a time where no standards for performance
and accuracy exsisted, orders were for state-of-the-art
seismograph models of different mechanical or electrical
designs. The costly instruments were all paid for by the
Carlsberg Foundation which also made significant con-
tributions towards the construction costs of the stations.
In addition, Carlsberg also agreed to provide an annual
grant to cover operating costs for two of the three stations,
a practice that continued until the 1950s.

Without any practical knowledge about the working of
seismological instruments or how they would react to the
extreme climate of Greenland, it was decided that a station
in Denmark should act as a testing and comparison site for
the different instruments. At the same time negotiations
began to secure space for stations both in Copenhagen and
Greenland. Historical records show that geopolitical and
strategic considerations played a significant role in where
to locate the three planned stations (e.g. DNA 2).
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Fig. 2. In COP’s Caponiére XIII, the purely mechanical Wiechert Hori-

zontal seismograph is still in its original location. Photo: Casper Bro-

gaard Hojer.

Being relatively close to the city, the permanent station
in Copenhagen (COP) was the first to be completed. In
the spring of 1925, the Army handed over two caponieres
located in the old fortifications of Copenhagen (Vestvolden)
to be used as a seismological station. Still being part of the
military defense system, access to the station was restricted
until well after the Second World War.

Installations began in the autumn of 1926. By 17 Feb-
ruary 1927 all instruments were in place and monitoring
began, but due to occasional failure of the timing, the
working of the station was not considered satisfactory be-
fore March. Hereafter publication of the records began in
a seismological bulletin. By then COP was equipped with
the following seismographs: A Wiechert 1000 kg Horizon-
tal (Fig. 2), a Wiechert 1300 kg Vertical, three Galitzin
instruments (two horizontal and a vertical), a 2-component
Milne-Shaw. Later a 2-component Wood-Anderson seis-
mograph was added.

Today historical bulletins and log book from all the
stations can be found at hrep://seis.geus. netlseismic_service.
html. As the largest of the three seismological stations in
the network, COP had a fulltime caretaker to do daily
maintenance and recording, paid by the Carlsberg Foun-
dation and living in a nearby cottage.

Establishing and installing Denmark’s first permanent
seismological station was not an easy task for the untrained
personnel hired by Nerlund, and in recognition of their
valuable contribution, Inge Lehmann and two students re-
ceived a bonus worth nearly two months’ salary (DNA 3).
By all accounts, this was also the later so famous seismolo-
gist Inge Lehmann’s first encounter with seismological
work, which principles she first began to study in earnest
later that year.

The station in Ivittuut (IVI), South West Greenland,
was the second to be completed (Fig. 3). With the help



Fig. 3. The entrance to the seismological vault in Ivittuut is next to the

old tennis court. Today (2014), the court is unkempt and Ivittuut largely
deserted.

of the Danish mining company Kryolith Mine og Handels-
selskabet, a seismological vault was blasted into the bed-
rock about 250 m from the mine’s main blasting sites (!)
To determine the effect of blasting on the seismological
instruments tests were made with a portable seismograph
during the summer of 1926, but it was not before the sum-
mer of 1927 that the intended seismographs, a Wiechert
Vertical and a Wiechert Horizontal seismograph, were in-
stalled (DNA 4). Operated, for an extra fee, by the local
radio-telegraphist employed by the mining company, the
station began recording on 24 August 1927 (Bulletin Ivig-
tut 1929).

When the third and final station in the Danish network
was constructed, it became clear that that geopolitical ar-
guments worked both ways between Arctic nations.

In September 1925, Norlund wrote to the Danish
Ministry of Foreign Affairs that the Danish Geodetic
Service was considering a permanent seismological station
on Jan Mayen because the island had an active volcano. It
was a delicate subject since Norway’s Meteorological In-
stitute had annexed part of the island on behalf of Nor-
way. Denmark had refused to officially state its position
on the matter but maintained that some buildings within
the Norwegian-claimed area were owned by Denmark.
With the aid of the Ministry of Foreign Affairs, an agree-
ment was made with Norway in March 1926 to the effect
that the Danish Geodetic Service could place a station on
the Norwegian part of Jan Mayen. However, shortly after-
wards in July, Norway announced that their Meteorologi-
cal Institute would expand its activities to the whole island
and claim it on behalf of Norway (DNA 5).

In the summer of 1926, initial seismological tests were
carried out on Jan Mayen by the Danish Geodetic Service,
but results were poor and it was decided to establish the
station at the newly founded colony of Scoresbysund (/£

.,_, . ki o -3 e s g ¥
Fig. 4. Inge Lehmann (second from the left) inspects SCO presumably
in the summer of 1928. Photo: From Inge Lehmann’s private archive at
the Danish National Archives.

togqortoormiiz). Founded in 1925, one of the colony’s pur-
poses was to establish a Danish presence in East Greenland
where Norway also had made claims.

Construction of the station (SCO) began in the summer
of 1927, also here funded by the Carlsberg Foundation.
By then the Danish Geodetic Service had enough expe-
rience with construction and installation to proceed rela-
tively quickly. A cellar was blasted into the bedrock, and
on top of that a low building was constructed. To protect
the instruments from variations in temperature the cellar
was covered by 80 tons of rock and access restricted to a low
corridor one could only crawl through. A second building
housed the radio station and electronic recording instru-
ments (Geodatisk Institut 1930).

The installation of the seismological instruments went
smoothly, as the station was equipped with two Galitzin
horizontal seismographs and a Galitzin vertical seismo-
graph transferred from COP (Den Danske Gradmaaling
1928). Fully funded by the Carlsberg Foundation the sta-
tion began operation on 12 January 1928, with the local
radio-telegraphists in charge of daily recordings (Fig. 4). In
the beginning the paper seismograms were sent annually to
the Geodetic Institute by ship, but later it became practice
that results from large events were radioed immediately to

Copenhagen.

After 1928

In 1928 the Danish Geodetic Service and the Department
of Topography of the Army General Staff (Generalsta-
bens Topografiske Afdeling) merged to become the Danish
Geodetic Institute (Danmarks Geodetiske Instituz). Inge
Lehmann, who had been the principal figure in setting up
the Copenhagen station and analysing data from all the
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stations, was appointed chief of the Geodetic Institute’s
new Seismic Section.

The value of the Greenlandic seismological stations as
evidence of sovereignty was soon tested. In 1931, Norway
claimed parts of East Greenland, Denmark opposed the
claim and the matter was put to the Permanent Court of
International Justice in The Hague. In preparation for
the trial, the Ministry of Foreign Affairs asked the Dan-
ish Geodetic Institute to prepare a series of reports about
their scientific activities in Greenland. In July 1932, Inge
Lehmann forwarded a special report about the seismo-
logical station in Scoresbysund to the Ministry (DNA 5)
which was submitted as part of the evidence supporting
the Danish claim. In April 1933, the Court decided against
Norway, recognising Danish sovereignty over all parts of
Greenland.

Scientifically, the three stations also soon proved valu-
able by providing quality seismic records from remote,
low-noise Greenland, with efforts put into timing records
and adjustment of instruments in the challenging environ-
ment. It was partly data from the seismological stations in
Ivittuut and Ittoqqortoormiit that in 1936 enabled Inge
Lehmann to deduce the existence of the Earth’s inner core
(Lehmann 1936).

Today GEUS records seismological data from about 25
locations in Denmark and Greenland, including the origi-
nal stations in Copenhagen, Ivittuut and Ittoqqortoormii,
now equipped with modern digital instruments.

Conclusions

Historical documents from the Danish National Archives
and GEUS clearly show that international geopolitics and
strategic considerations played a significant role in the lo-
cation of the seismological stations. Especially Denmark’s
need to express its sovereignty over Greenland played a piv-
otal role. It was by invoking arguments of power, culture,
science and international peace the director of the Dan-
ish Geodetic Service, Erik Norlund, was able to gain the
necessary political and financial support for establishing a
network of seismological stations, and in 1928 establish a
permanent Danish seismological monitoring authority un-
der the Danish Geodetic Institute.

As the Danish government’s main interest was the stra-
tegic value of the seismological stations, it fell to private

donations to unlock the scientific potential of the stations.
It was therefore the logistic support of the Kryolith Mine og
Handelsselskabet and the long-term financial commitment
of the Carlsberg Foundation that made it possible to equip
and operate the stations at a high scientific standard.
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