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Prof. Dr. Ralph Watzel,
President of the Federal Institute for
Geosciences and Natural Resources

Dear Readers,

BGR supports the monitoring of the Comprehensive Nuclear-Test-Ban Treaty
(CTBT) on behalf of the German Federal Government. For this purpose, BGR
operates monitoring stations in the Bavarian Forest and in the Antarctic,

in addition to the national data centre in Hannover. The seismic and
infrasound stations form part of the Vienna-based CTBT Organization’s
global monitoring system.

In the course of a research project, BGR scientists have now been able to
show that explosions or earthquakes can be localised more precisely if,

in addition to seismic waves, infrasound signals from the event are simul-
taneously recorded. Thus, ‘seismoacoustics’, i.e. a combination of seismo-
logy and infrasound analysis, provides an opportunity to better characterise
future nuclear tests and their effects. You can find out more about the new
investigation method in our cover feature ‘Listening Out for Peace’ on
page 60.

Electromobility is becoming increasingly significant, which leads to a rising
demand for specialty metals such as lithium or neodymium. Today it is still
unclear, how the demand for specialty metals required for other upcoming
technologies can be covered. A new study by BGR's German Mineral
Resources Agency (DERA) has investigated how commodity demand is
developing in important future technologies. Read the article on the results
of the study on page 6.

The condition of forest soils in Germany has improved since the 1990s. This
is confirmed by BGR analyses. For example, they reveal that the heavy metal
content of the soil is largely harmless. Find out more about the investigations
on page 26.

I hope you enjoy a good read!
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PREPARED FOR THE FUTURE

Emerging technologies can drastically increase demand for several specialty

and accessory metals by 2035

With increasing demand for electric cars, the demand for specialty metals such as lithium, cobalt,
or neodymium also increases. Other new technologies also require metals that are currently only
produced in small quantities. The German Mineral Resources Agency (DERA) at BGR has commissioned
a study with the Fraunhofer Institute for Systems and Innovation Research to determine future demand.

“The markets for specialty and accessory metals will see
strong movement in the coming years”, said Dr. Torsten
Brandenburg, head of the resource management section
at DERA. Electromobility is likely to drive not only
demand for lithium in high performance batteries, but
also for the rare earthsneodymium, praseodymium,
terbium, and dysprosium that are needed in electric mo-
tors. Other technologies that are currently still in their in-
fancyalso rely on special raw materials. For example, inno-
vative high-performance magnets also contain rare earth
metals. Rhenium, tantalum, niobium, or hafnium are con-
stituents of heat-resistant superalloys used in aircraft
turbines. The corrosion-resistant materials of desalina-
tion plants contain palladium, titanium, and molybdenum,

while fuel cells contain yttrium, zirconium, or scandium.

The DERA study examines how commodity demand
evolves in terms of emerging technologies when used on
an industrial scale. To that end, the team at the Karls-
ruhe Fraunhofer Institute for Systems and Innovation
Research first determined the market maturity, best
available technology, demand for raw materials, and
recycling potential for more than 160 technologies.
Afterwards, 42 emerging technologies were selected for a
detailed analysis with the aim of determining the
possible demand for raw materials in 2035 in different

scenarios.

The findings of the investigation: Demand for the metals
lithium and rhenium in particular, as well as for the
heavy rare earths dysprosium and terbium, is expected
to rise sharply over the next two decades. According to

the study, the investigated technologies will consume
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more than double the present global production of these
metals by 2035. In addition, the demand for germa-
nium, cobalt, scandium, tantalum, and the light rare
earths neodymium and praseodymium will likely
be higher in 2035 than today’s total production as a

result of the investigated emerging technologies alone.

Two of 42 investigated emerging technologies:
thin film photovoltaics and wind turbines.

Whether bottlenecks and price increases actually do
occur in the future, however, also depends on a number
of volatile factors. That said, the study results help
commodity companies and the manufacturing industry
to recognize critical developments at an early stage.
Ulrike Dorner, Project Manager at DERA, emphasised:
“Our study will make an important contribution to
assessing future commodity demand.” Companies
can respond to potential shifts in demand, such as by
gaining new suppliers, using less commodities, repla-

cing critical commodities, or increasing recycling.

A look at the first study from 2009 on commodity
demand for emerging technologies reveals just how
dynamic the interplay between technological change
and the demand for commodities is: Metals still scarce
at that time, such as gallium and scandium, are now
produced in larger quantities; meanwhile, some technolo-
gies, such as LEDs and fuel cells, are achievable using fe-
wer metals, while some materials may even be replaced
completely. For this reason, DERA regularly examines
developments in supply and demand in the commo-
dities markets as part of commodities monitoring. In
the future, a study entitled ‘Raw materials for emerging

technologies’ will be published every five years.

Title page of the study
‘Raw materials for
emerging technologies
2016’

CONTACT:

Ulrike Dorner
Ulrike.Dorner@bgr.de

Dr. Torsten Brandenburg
Torsten.Brandenburg@bgr.de

Project:
Study: ‘Raw materials for emerging technologies 2016’
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INVESTMENT OPPORTUNITIES IN AUSTRALIA

Possibilities to secure future supply of raw materials

Only around two percent of the raw materials imported by Germany in 2015 came from Australia.
However, the southern hemisphere continent is one of the most resource-rich countries in the world.
In 2016, to support German companies in their activities, the German Mineral Resources Agency
(DERA) at BGR published the manual ‘Mineral Resources in Australia — Investment and Supply

Potentials’.

The study focused on 15 metals, twelve industrial
minerals and a number of gemstones relevant to German
industry. “Australia offers interesting investment oppor-
tunities for German buyers”, concludes DERA co-author
Siyamend Al Barazi, who visited numerous mines and
processing facilities on the fifth continent for the study,
together with colleagues. In the manual, the DERA experts
describe the most important deposits and advanced

exploration projects to identify the most economic ones.

Among the commodities studied, for example, is lithium,
forwhich Australiaistheworld ‘s mostimportantproducer.
Forty-two percent of the world‘s lithium production
currently comes from the Greenbushes deposit in
Western Australia. Another interesting commodity is
antimony, an important constituent of flame retardants
and lead batteries. Here, too, Australia is one of the most
important producers. In addition, bismuth, lead, manga-
nese, nickel, rare earths, silver, tantalum, tungsten, zinc
andtinareminedonalargerscalein Australia. Here, DERA
can see numerous opportunities for German investors.
“Numerous new commodity projects are currently under
development. We therefore expect that new producers for
these metals will establish themselves on the market”,

reports Al Barazi.

Antimony concentrate in Big Bags from the Costerfield deposit, Victoria.

Shipping lead ingots from
Port Pirie, South Australia.

Promising exploration projects include nickel, which could
deliver cobalt as a by-product, as well as graphite. These
commodities are used in electric car batteries, in
addition to lithium. The DERA experts can also see
potential for the metal scandium. While scandium
is currently not mined in Australia, investment
may become interesting as prices rise. Increasing
demand for scandium seems possible: “For example,
this metal is used in fuel cells, which could generate
electricity in residential housing in the future. Scandium
is also important in hybrid power plants and lightweight

construction”, says Al Barazi.

The study also deals with industrial minerals such as ben-
tonite, gypsum, kaolin and magnesite. Here, the authors

currently see only limited new investment opportunities.

However, existing suppliers for these industrial minerals
offer a wide range of specified products in Australia. “The
new manual contributes to securing Germany‘s commo-
dity supply”, Al Barazi emphasises. Companies purcha-
sing commodities are offered support and receive com-

prehensive information on possible investments.

CONTACT:

Siyamend Al Barazi
Siyamend.Albarazi@bgr.de

Project: DERA Manual ‘Mineral Resources in Australia —
Investment and Supply Potentials’
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FORMER MINING REGION TREASURES

BGR compiles a nationwide data base for high-tech resources

German ore deposits hide trace elements that are in demand for innovative technologies. However,

in the 1990s, mining for base metals was abandoned completely in this country. To find out whether re-
sources of by-products such as indium, germanium or gallium could contribute to the eco-

nomic success of mining, BGR is currently assembling a data base, together with universities,
business and state geological surveys. In it, they collect data on the potential of various historic
mining regions for the respective high-tech resources.

Comparison of the concentrations of the trace element germani-
um in sphalerite from the Ruhr region (orange) and the Bergische
Land (blue).

Mineral distribution in a zinc ore from the Aachen ore mining
district. The micro-X-ray fluorescence data show sphalerite with
different iron levels in green shades, while violet represents
galena and orange stands for grains of pyrite.
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Once meaningless trace elements have transformed into
sought-after high-tech resources: the metal indium,
for example, is in every smartphone screen in the form of
indium tin oxide (ITO). Solar cells and blue LEDs use gallium
compounds. Germanium can be found in semiconductors
and thermal imaging cameras, for example. Germany is
heavily dependent on imports for these rare metals - com-
pounded by the fact that there has been practically no
domestic metal mining for the last two decades.
Overall German high-tech resource potentials have there-

fore not been systematically analysed.

However, these trace metals also occur in German depo-
sits. The three elements indium, gallium and germanium
often occur together with lead, copper, zinc and tin in
what are known as base metal ores. However, their con-
tent is usually only a few grams of each element per tonne
of ore. “Trace element-rich ores reach concentrations that
are a more than ten times higher”, reports Dr. Torsten
Graupner, who heads the r* HTMET joint research project
funded by the German Federal Ministry of Education and
Research (BMBF) at BGR.

He and his colleagues are currently in the process of ana-
lysing ore samples from various mining regions. To date,
they have investigated around 350 samples from the Up-
per Harz Mountains, Erzgebirge (Ore mountains), Ber-
gische Land, the Aachen-Stolberg region, the Ruhr region
and the Schwarzwald (Black Forest). “The samples partly
originate from historical BGR collections and our project
partners, in part we also collected new samples in former

mines”, says Graupner.

Left: Generalised map of Germany showing the historical mining regions
investigated in the HTMET project. The dots represent selected individual
deposits (base map source: GeoBasis — DE/BKG 2018).

Top: Samples of sulphurous lead-zinc-copper ores from historical German
deposits.

Bottom: Hand specimens and cores in the BGR collection from historic
ore mines and exploration work.

The investigations show that the three investigated trace
elements mainly occur in the minerals sphalerite and
chalcopyrite. Their actual ore content not only depends
on the type of deposit, but also on the region, the resear-
chers found. “In certain areas of the Black Forest, the
sphalerite is rich in germanium, in the Harz Mountains it

is enriched in gallium”, explains Graupner.

In the Ruhr region, too, researchers discovered elevated
gallium and germanium concentrations in lead-zinc ores.
They determined that the ore minerals in some deposits in
the Ruhr region and in the Black Forest contained more
than 100 grams of germanium per tonne on average.
In contrast, samples from ore veins in the Upper Harz
Mountains only had a moderate level of trace elements,
with gallium dominating. The team found the lowest trace

element levels in the Bergische Land region.

In this project, which will run until October 2018, the
researchers aim to examine samples from other mining
regions, including from neighbouring countries. The
data base will not only contain data on high-tech metal

resources, but also on site characteristics, such as infor-

mation on infrastructure and nature conservation require-
ments, as well as additional insights from mineral
processing tests. The researchers are also developing an
evaluation tool to allow interested users from indus-

try to draw meaningful conclusions from the data.

The geological surveys of the federal states can also use
the data base to assess domestic raw material poten-
tials. “Whether the domestic ores can actually be eco-
nomically produced in the future depends primarily on

developments in world market prices”, says Graupner.

CONTACT:

Dr. Torsten Graupner
Torsten.Graupner@bgr.de

Project:
High-Technology-Relevant Metals in German Sulphidic
Base Metal Ores — Resource Potential Estimation (HTMET)
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Since 1976, the publication, which is highly respected both
in Germany and internationally, provides information
on the availability of all energy sources, from crude oil,
natural gas and coal to uranium and renewable energies,
including deep geothermal energy. The authors pay special
attention to the situation in Germany. The study has
appeared annually since 2004. “With the energy study,
BGR aims to support the gradual transformation of en-
ergy supplies towards a renewable energy-based system”,
explains Dr. Harald Andruleit, head of the BGR ‘Availabi-

lity of Energy Resources’ section.

The most important result of the study: from a geological
perspective, the known reserves of natural gas, coal and
nuclear fuels can meet long term demand, even if con-
sumption continues to rise. Together with the renewable
energies, long term energy supplies can be guaranteed.
Considerable fossil energy reserves, much greater than the
quantities produced so far, remain on all continents. Par-
ticularly in North America, the states of the former Soviet
Union and in Australia, huge quantities of coal and natu-
ral gas remain in the subsurface. Limitations can only be
seen for crude oil. “Generally, however, the supply situa-

tion is currently relaxed”, says Andruleit.
In their analysis, BGR differentiate between reserves

and resources. Reserves are classified as deposits, with

proven volumes which can be economically
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extracted using today's technology. Resources include
less well-known deposits and deposits that are currently
not economically viable. In 2016, energy resources with
a total energy of 515 exajoules (1018 joules) were pro-
duced worldwide. According to the study, the known
fossil reserves contain about 75 times as much energy,
with resources of around 551,000 exajoules even amoun-
ting to one thousand times the energy of current annual

production.

The world's most important energy supplier is still crude
oil, accounting for 30 percent of the global energy supply
in 2016. The fact that crude oil could become scarce in the
future is mainly due to the comparatively low price: produ-
cers are currently investing less than previously in the de-
velopment of new fields. Natural gas and coal, on the other
hand, are abundant. Both natural gas and uranium pro-
duction continued to increase over the period covered by
the study, while coal production declined again year-on-
year. The proportion of renewable energy forms in power
generation increased particularly rapidly to a record high
in 2016. Overall, renewable energy sources covered around

18 percent of global energy demand in 2016.

The 2017 energy study focussed on three topics: lithium
as a key energy revolution commodity, worldwide under-
ground coal gasification and utilisation options for asso-

ciated petroleum gas.

Worldwide share of energy sources in consumption, production, reserves and resources.

Icelandic geothermal power station.

Thanks to its specific properties, lithium is considered
one of the key commodities in the energy and mobili-
ty revolutions. In particular, the field of energy storage
with the help of lithium-ion based batteries is particu-
larly important here. Alternative uses of coal have been
discussed worldwide for many decades. One option here
is underground coal gasification. However, the technical
challenges remain great. Associated petroleum gas is a by-
product of crude oil production, which in practice is often
flared or discharged unburned into the atmosphere. The
case studies in Algeria and Cameroon demonstrate the
challenges and opportunities available for the use of asso-
ciated petroleum gas. “The utilisation of associated petro-
leum gas can contribute both to climate protection and to
the economic development of developing countries”, says
Andruleit.

Current BGR Energy Study 2017.

CONTACT:

Dr. Harald Andruleit
Harald.Andruleit@bgr.de

Project: Energy Study 2017
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SEISMIC WAVES IN THE INDIAN OCEAN

BGR explores massive sulphide deposits in the German license area

At the end of 2016, BGR researchers used the research vessel MARIA S. MERIAN in their search
for massive sulphides on the seafloor of the Indian Ocean. The team conducted extensive exploration
work not far from the intersection of three underwater spreading zones. In the first leg, the innovative

3D seismic method was used.

BGR's INDEX 2016 expedition scientists were enthusias-
tic about their work on the modern MARIA S. MERIAN
research vessel. “The equipment is extremely good, the
ship's command and crew work very professionally
and there is a friendly tone on board”, Ulrich Schwarz-
Schampera, leader of the second leg of the expedition,
was very impressed. The team, which also included
researchers from the GEOMAR Helmbholtz Centre for
Ocean Research Kiel, the German Centre for Marine
Biodiversity Research — Senckenberg am Meer Wilhelms-
haven, and the University of Hamburg, returned home
with a wealth of data.

The destination was a region south-east of the island of
Mauritius. BGR holds a license for this region from the
International Seabed Authority for the seabed explora-
tion of so-called polymetallic sulphides, i.e. metal-rich
sulphur ores. The license agreement, signed in 2015,
obliges BGR to explore the 10,000 square kilometre area
in the Indian Ocean in detail within 15 years. Compa-
nies can then apply for licenses to mine the ores there.
“Our exploration area consists of one hundred squares
with edge lengths of ten kilometres each. They are
divided into twelve blocks along the Central Indian and
South-east Indian Ridges”, reports Dr. Volkmar Damm,
leader of the first leg of the journey.

Under his leadership, in October and November 2016,
the team explored a block where massive sulphide
deposits had been detected on previous expeditions.
“The ores are located beneath now dormant hot springs
on the seabed, known as black smokers”, says Damm. On

the one hand, the research team aimed to determine the
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Locations of the individual license blocks along the central and south-eastern
Indian Ridge and the research area in 2017 (colour coding: water depths).

extent of the ore field more precisely, and on the other,
they intended to visualise the rise of hydrothermal fluids

from below.

BGR's mobile 3D seismic technology was employed for

this purpose. “Similar to computer tomography in me-

Using hydroacoustic sensors, biologists make sure that the marine
environment is not compromised during the survey.

Ocean floor seismometers
are prepared for use.

dicine, we can use this innovative method to create a
three-dimensional image of the ocean floor”, explains
Damm. “However, we do not use X-rays to penetrate the
ground, but seismic waves.” Two so-called air pulsers
generate the underwater sound waves behind the ship.
These sound waves penetrate several hundred metres
deep into the seabed. Their echoes are captured by
numerous underwater microphones, which are also
towed behind the ship in two 1,500 metre long hoses.
In addition, the researchers deployed nine ocean floor
seismometers on the 3,100 metre deep seabed to capture
signals from even deeper layers. All in all, they scanned

a 25 square kilometre area of the license area in this way.

On the second leg, MARIA S. MERIAN visited the
three northernmost blocks of the license area. They
were previously unexplored. “We surveyed at a total
of 70 stations”, reports the responsible Chief of Opera-
tions Schwarz-Schampera. The team deployed the auto-
nomous underwater ABYSS robot 15 times, with the
researchers covering 14 lines with the deep underwater
sonar HOMESIDE.

Some of the equipment used

by BGR to explore the seabed for
sulphide ores (top: Golden Eye.
Centre: HOMESIDE.

Bottom: TV grab).

BGR found no active black smokers there, but promi-
sing evidence of dormant fields, especially in the north-
ernmost block of the license area. Resource explora-
tion was accompanied by environmental studies. The
INDEX team investigated biodiversity and levels of

dissolved nutrients and metals in the water column.

CONTACT:

Dr. Volkmar Damm
Volkmar.Damm®@bgr.de

Dr. Ulrich Schwarz-Schampera
Ulrich.Schwarz-Schampera@bgr.de

Project: Expedition INDEX2016_2
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APPETITE FOR COPPER SHALE

BGR geomicrobiologists improve bioleaching processes

Chuquicamata copper mine in Chile.

Copper is increasingly being produced with the aid of minute workers: certain microorganisms
can liberate the metal from ores in an environmentally friendly and cost-effective manner. As part
of the EcoMetals collaborative project, BGR scientists are testing which microbial cultures are
best suited for biomining copper shale and mining residues.

During the Permian, a shallow sea covered large
expanses of Central Europe. A special legacy of this
Zechstein Sea is a rock known as copper shale. It is
found, for example, on the south-eastern edge of the
Harz Mountains in the region around the towns of
Mansfeld and Eisleben. The dark, fine-grained marine
mudstones were deposited in oxygen-poor areas of the
sea. “Copper shale is an important Central European
deposit”, reports Dr. Sabrina Hedrich, geomicrobiologist
at BGR. The rock was mined as early as the 12'h century
in the Mansfelder Land. It contains not only copper ores,

but also other metals such as cobalt, nickel, zinc or silver.
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In Mansfeld, copper shale mining became unprofitable
as early as the 1930s, and mining was discontinued in
1990. However, this dark, sedimentary rock has now
moved back into focus. “In the German-French Eco-
Metals research project, we have developed a biological
treatment process for copper shale”, says Hedrich.
Instead of heat and chemicals, they and the research
team rely on bacteria to extract the metals from the ore.
“Biotechnological processesareenergy-efficient, environ-
mentally friendly and cost-effective”, emphasises Prof.
Dr. Axel Schippers, head of the BGR geomicrobiology

section. In biomining, not only bacteria but also other

Top: Use of copper heap
bioleaching in Chile.

Top right: Bacteria (green)
in a sample under the
fluorescence microscope.

microbes and biomolecules are used to liberate metals
from the ore and separate different metals. “Bioleaching
is the biological transformation of an insoluble metal

compound into a water-soluble form”, explains Schippers.

A significant proportion of world copper production
is already delivered with biological assistance, mainly
coming from sulfide ores deposited as heaps. The aim
of the EcoMetals project is to further optimise biolea-
ching. The project network consists of 17 partners, in-
cluding industrial companies and research institutes
in Germany, France and Poland. The BGR Geomicro-
biology Laboratory deals, among other things, with
the process of tank bioleaching. The so-called ore
concentrates and mining residues are processed in
bioreactors. “We investigate the conditions under which
different bacterial cultures leach the ores most

effectively”, says Hedrich.

In their laboratory experiments, BGR researchers use
state-of-the-art molecular biology techniques, for
example, to find out which of the microbes dumped most
effectively operated under given conditions. In addition,
the team is developing procedures to subsequently sepa-

rate the bioleached metals.

The research team examined copper shale from various
sources, for example dumped material from Mansfelder
Land or copper concentrate from Lubin in Poland. The

scientists primarily aim to improve leaching of the

Bioleaching copper in stirred reactors in the BGR
geomicrobiology laboratory.

mineral chalcopyrite, a compound of copper, iron and
sulfur, contained in the copper shale. “We specialise in
bioleaching at low pH levels with microorganisms that
feel comfortable at temperatures around 50 degrees

Celsius”, says Hedrich.

CONTACT:

Dr. Sabrina Hedrich
Sabrina.Hedrich@bgr.de

Prof. Dr. Axel Schippers
Axel.Schippers@bgr.de

Project: EcoMetals Collaborative Project
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THE SECRET OF COLOURS

Hyperspectral analysis delivers information on mineral deposits

Iron formations, lead-zinc ores or rare earths: hyperspectral data allow fast and precise mineral
mapping. BGR has now developed a method whereby rock formations can be characterised based

on the spectrum of their reflected light.

The Gamsberg in the north of South Africa is an ancient
rock formation with an interesting inner life. The shales,
quartzites and gneisses of this solitary desert mountain
are 1.5 billion years old. They harbour some recoverable
lead-zinc mineral assemblages. Which minerals can be
found where was determined by a BGR team during an

aerial surveying campaign in northern South Africa.

False colour mosaic of Gamsberg. The different colours are
produced by different rock units, which allow interpretation
of the distribution of geology and mineralogy.
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Here, the researchers employed what is referred to as
hyperspectral remote sensing. “Sensors in an aircraft
recorded both the reflected sunlight and the infrared
radiation emitted by the earth's surface”, explains BGR
remote sensing expert Dr. Martin Schodlok. The spectro-
meters split the light into its different wavelengths. In

this way, minerals and rocks on the earth's surface can

The hyperspectral aerial reconnaissance
was carried out using a small Cessna 404

aircraft. Four remote sensing sensors were

installed in the aircraft.

Gray scale representation of the terrain model with detection of an increased
iron enrichment superimposed in red for spatial geoscientific interpretation.

be identified by their spectral features, their colour
patterns, so to speak. “In some cases, even the finest
mineralisation, invisible to the human eye, can be

demonstrated”, says Schodlok.

For the first time, he and his colleague, Dr. Michaela
Frei, used sensors that register not only short-wave
but also thermal infrared radiation. “We were able to
demonstrate that mineral classification could be im-
proved by combining the different wavelengths”, reports

Frei.

In a second campaign in South Africa’s Transvaal Super-
group, the BGR team characterised further iron-bearing
formations, known as Banded Iron Formations (BIF). In
addition, the researchers tested new hyperspectral
sensor systems in Norway, Sweden, Namibia and South
Africa to see if they could further optimise the search for

deposits of the coveted rare earths.

Sensors used during airborne hyperspectral survey in
South Africa. In addition to the hyperspectral cameras,
a LIDAR system was also used to generate a high-
resolution terrain model.

CONTACT:

Dr. Martin Schodlok
Martin.Schodlok@bgr.de

Dr. Michaela Frei
Michaela.Frei@bgr.de

Projects: Hyperspectral Remote Sensing,
Hyperspectral mapping of Rare Earth Elements (REEMAP)
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Researching Polar Regions

North Victoria Land was twice the destination of BGR Antarctic research over the last two
years and Dronning Maud Land once. The programme included extensive refurbishment

work in the Gondwana station.

BGR polar researchers know well enough that expedi-
tions into the Antarctic are not a walk in the park. But
what the team around expedition leader Andreas Liufer
experienced during the eleventh German Antarctic
North Victoria Land Expedition (GANOVEX XI), sur-
prised even experienced participants: “We're stuck in
our base camp in the Helliwell Hills”, Laufer noted in
his expedition diary on 26 January 2016. “The snow is
so dense that we can't even see five metres to the next
tent. Our toilet tent was even completely snowed under
for a while.” The team were forced to interrupt field work

several times due to the severe snow storms.

In the end, all participants in the international team
were nevertheless satisfied with the results of the
expedition. On foot and by helicopter, the scientists
explored the more than 4000 metre high Transantarctic
Mountains in North Victoria Land, which lies on the
western edge of the Ross Sea. The following season, a
small research team continued the work from the Italian

'Mario Zucchelli' station.
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Since 1979, the GANOVEX programme has been
studying the history of the supercontinent Gondwana,
at the centre of which was Antarctica, until some
180 million years ago. Over the past two years, the
participants have explored the entire history of Gond-
wana - from its origins to its disintegration. In North
Victoria Land, for example, they examined the remains
of a high mountain range that existed about 500 million
years ago. “Initial results from the two expeditions
suggest that the formation of this ancient mountain
range began earlier than previously assumed”, reports
Liufer. It may now be necessary to revise models of

Gondwana's convergence.

In addition, the team discovered the remains of a 200
million year old fossilised forest, including fossilised
wood, where the remains of maggot bores and insect
excrement were preserved. The fossils come from a
previously unknown series of rocks from a time when
branched rivers and extensive lakes covered the largely

flat continent of Gondwana. Even early dinosaurs

Geologists from BGR and the Italian Antarctic Programme in joint
field work in the more than 4000 m high Transantarctic Mountains
in North Victoria Land.

roamed the forests and river landscapes of what was then
North Victoria Land, as evidenced by the first find of a

footprint of one of these animals.

The end of Gondwana also left its traces in North
Victoria Land. The researchers discovered a system of
older, previously unknown, faults that originate from
the time when Australia broke away from the Antarctic.
“We can now more plausibly understand the details of

how the two continents separated”, says Laufer.

At the same time as the two expeditions, BGR moder-
nised the Gondwana summer station at Terra Nova Bay.
It was built in 1983 and was technically outdated. Now,
solar panels, a seawater desalination plant, new sanitation

facilities and modern generators have been installed.

The BGR research team was active on the other side of
the southern continent at the end of 2016, together with
colleagues from the Alfred Wegener Institute (AWI).
They explored central Dronning Maud Land in the Po-
lar-6 surveying aircraft from Kohnen Station, which is
operated by the AWT and located on the Polar Plateau.

Top: The Polar-6 research aircraft served as a surveying platform
for aerogeophysical investigations in central Dronning Maud Land.

Bottom: Snow drift in the GANOVEX XI expedition base camp in
the Helliwell Hills in North Victoria Land.

There, they studied a magnetic anomaly hidden beneath
the ice sheet — possibly the relic of an approximately 700
to 500 million year old ocean that was trapped during
the formation of Gondwana. “The new data should help
to better understand this magnetic structure and refine
the models for the geodynamic development of East

Antarctica”, says Laufer.

CONTACT:

Dr. Andreas Laufer
Andreas.Laeufer@bgr.de

Projects:

GANOVEX (German Antarctic North Victoria Land Expedition)
MOGS (Modernization of Gondwana Station)

GEA (Geodynamic Evolution of East Antarctica)
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Maintaining the Basis for Life

ENDANGERED GROUNDWATER

BGR investigates salinisation in the Dutch province of Zeeland

Almost all of the south-west of the Netherlands is as flat as a postage stamp. Large areas of
Zeeland province are even located below sea level. Groundwater in the region is therefore
particularly impacted by salinisation: storm surges, rising sea levels and groundwater pumping
mean that saline water can propagate in the subsurface. To facilitate better groundwater
management, BGR mapped the distribution of fresh- and saltwater in Zeeland using their own

survey helicopter on behalf of their Dutch partners.

“We traversed around 10,000 profile kilometres in three
surveying campaigns of two weeks each”, reports BGR
project manager Dr. Bernhard Siemon. BGR collabo-
rates with its Dutch partners Stichting Deltares and
TNO, as well as Zeeland province. Siemon and his Dutch
colleagues subsequently developed models and interpre-

tations based on the survey data.

The BGR helicopter and a cigar-shaped airborne probe
were used for the survey. “The signals, transmitted at six
different frequencies, penetrate down to different depths
in the subsurface and are then reflected as a function of

subsurface electrical conductivity. Relatively low conduc-
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tivity is typical for fresh water or a sandy soil, while salt
water and clayey sediments indicate high conductivity”,

explains Siemon.

Based on the survey data, he and his colleagues were able
to delineate the boundaries between freshwater and salt-
water resources,amongother things. Moreover, they were
able to differentiate between aquifers and aquicludes.
With the aid of in-house software, the BGR researchers
produced conductivity models as the basis for a three-
dimensional model of the chloride concentrations across

the entire province.

Thickness of freshwater lenses in Zeeland province (NL).

Because Zeeland consists to a large extent of islands and
polders enclosed by dykes, freshwater reservoirs are rare
here. They generally exist as isolated 'lenses’ above salt
water. Although there is abundant average annual rain-
fall, there can also be extended periods of dryness, es-
pecially in the summer. It is then difficult for farmers to
find freshwater for their fields.

With the aid of the new data, farmers now have access
to information on where the groundwater is excessively
saline. They can then decide on which fields irrigation
is promising and where they should cultivate more salt-
tolerant crops. In addition, the BGR survey also
revealed where large volumes of freshwater are still
located beneath the saline groundwater. These reservoirs
flow from Belgium to Zeeland beneath impermeable

sediments.

The data obtained in the project can also be used to inve-
stigate not only the salinity of the groundwater but also
the effects of sea-level rise on groundwater resources and

thus on drinking water.

All of the resulting maps have been published by the
Dutch partners on the internet. They are available at:
https://www.zeeland.nl/water/zoet-water/zoet-zout-

verdeling-zeeuwse-ondergrond.

CONTACT:

Dr. Bernhard Siemon
Bernhard.Siemon@bgr.de

Projects:

AEM-Zeeland - Airborne electromagnetic mapping Zeeland (NL)
FRESHEM Zeeland (FREsh Salt groundwater distribution by
Helicopter ElectroMagnetic survey in the Province of Zeeland)
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Maintaining the Basis for Life

THE SALTY HERITAGE OF THE STORM SURGE

BGR models sea water propagation in Baltrum's subsurface in 1962

The East Frisian islands get their potable water from what are referred to as freshwater lenses:
here, the groundwater consists of lighter rainwater that floats on top of the surrounding saltwater.
However, the reservoirs are threatened by rising sea levels, and especially storm surges. In order
to improve crisis management, two BGR researchers have now used previously unpublished
data to understand how the catastrophic storm surge of 1962 affected the groundwater of

Baltrum Island.

In the night from 16 to 17 February 1962, hurricane ‘Vin-
cinette’ makes landfall on the German North Sea coast.
The storm brings with it a devastating flood that hits the
city of Hamburg completely unprepared. The district of
Wilhelmsburg and other regions close to the Elbe are

under metres of water, hundreds die.
The storm surge also causes devastation on the East Frisi-

an islands: it destroys dykes, damages dunes and smashes

the revetments on the western ends of Baltrum, Norderney;,
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Spiekeroog and Wangerooge. However, the saltwater also
leaves behind an invisible heritage, reports BGR hydroge-
ologist Dr. Georg Houben: “On Baltrum, seawater pene-
trated the dune valleys and seeped into the groundwater.”
Years later, Houben says, some of Baltrum's wells were

still salinised.

Rising sea levels increase the danger that such salinisation
will be repeated along coastlines in the future. Here, past

experience can help to prepare for such scenarios. Houben

Flooding in Baltrum, 1962.

and his colleague Dr. Vincent Post have now analysed
data from the 1960s, collected by the Niedersdchsisches
Landesamt fiir Bodenforschung following the storm

surge on Baltrum.

“For the first time, the measurements reveal the effects of
seawater penetration on a freshwater lens in a sandy aqui-
fer”, says Post. They show that in those areas where the
land surface was flooded, 180 litres of saltwater per square
metre seeped into the ground. This volume of seawater

contains around six kilograms of salt.

“Within a few months, the saltwater contaminated a large
proportion of the shallow freshwater”, says Post. Accor-
ding to the study, which he published together with Hou-
ben in the Journal of Hydrology in August 2017, it was
six to eight years before the groundwater could be utilised
again. It was only then that fresh rainwater had completely
displaced the brackish water.

The researchers are now developing new models to ana-
lyse the consequences of similar events in the future. "'We
can now better predict how much freshwater will remain
after such a disaster and what immediate action needs to
be taken', says Post. This information is important, for ex-
ample, to ensure that freshwater is not pumped from wells
excessively. Excessive pumping can lead to a well being
permanently salinised, explains Houben. If too much
freshwater is removed from the ground, saltwater that
was previously below the freshwater lens may penetrate

the well and lead to long-term salinisation.

Modelled salt distribution in groundwater one year after flooding.

The study delivers tools for improving crisis management
in other threatened coastal zones around the world. Si-
milar catastrophic floods as that in 1962 in Hamburg
were caused by the 2004 tsunami in Indonesia, typhoon
Haiyan in the Philippines in 2013 or hurricane Harvey in
Houston in 2017.

CONTACT:

Dr. Georg Houben
Georg.Houben@bgr.de

Dr. Vincent Post
Vincent.Post@bgr.de

Project:
FLIN Project — Freshwater Lens Investigations
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Maintaining the Basis for Life

In the 1980s, the fear of forest dieback was rampant in
Germany. The infamous acid rain, research at the time
feared, could mobilise heavy metals such as lead or
cadmium in the forest soil, and thus damage the trees.
Meanwhile, sulphurous compounds - the cause of acid
rain - are being removed from power station emissions
and fuels using special processes, and lead in petrol is

banned throughout Europe.

This had a positive effect on forest soils. “The condition
of forest soils has begun to recover slowly”, states a
report by the Thiinen Institute in Eberswalde in 2016.
Not only exhaust gas cleaning, but also the conversion of
coniferous to deciduous forests and the distribution of
lime have improved the condition of many forest soils, as
NFSI II shows.

For the purpose of the investigation, researchers from
various institutions took samples of forest soils at 1,900
points around the country. In addition, they determined
the state of vegetation, treetops and forest nutrition. “The
aim of the NFSI was to provide reliable, representative
and comparable nationwide statements on the condition
of the forest, but also on how the forest soil changes or
how climate change can affect the soil condition”, reports
BGR pedologist Dr. Florian Stange.

Together with his colleague Dr. Daniel Riickamp,
Stange has taken over the task of analysing the heavy
metal concentrations in samples from several federal
states. BGR research concentrated on the elements arsenic,
lead, cadmium, chromium, copper, nickel, mercury and
zinc. “Heavy metals are naturally present in all soils, they
come from the rock from which the soil forms”, explains
Riickamp. However, inputs from industry and transport
can increase the natural background. “In forests, these
pollutants come mainly from the atmosphere and prima-
rily accumulate in litter layers and topsoils”, says Riick-
amp. Lead, cadmium, copper and mercury, in particular,

enter forest soils through the atmosphere.

The NFSI investigations showed that the heavy metal
reserves in the humus layer covering the forest floor have
declined almost everywhere since the first forest soil in-

ventory. “This decline may be due to the fact that heavy

metal emissions have decreased over the last 30 years”,
says Stange, “but one must also keep in mind the fact that
the heavy metals are slowly migrating from the humus to

the mineral soil.”

Heavy metals are normally adsorbed onto soil particles,
but become more mobile at low pH levels. In acid forest
soils, in particular, there is therefore a risk that they can
enter the groundwater. In the first forest soil inventory,
many forest soils were acidified, but their condition has

now improved in many places.

The BGR research team noted that what are referred to
as the precautionary limits are barely exceeded. These
limits are specified in the Federal Soil Protection Act.
Concentrations beneath the precautionary limit are
regarded as harmless. Nor does a violation necessarily
mean that there is any danger, but primarily only that
further inputs should be limited. “For arsenic, the
precautionary limit is exceeded at 13 percent of the
inventory points, and lead at 22 percent”, reports Stange.
Primarily, mining regions such as the Erzgebirge and the
Harz Mountains, as well as regions on the lee side of large

industrial zones, are polluted.

CONTACT:

Dr. Daniel Riickamp
Daniel.Rueckamp@bgr.de

Dr. Florian Stange
Florian.Stange@bgr.de

Project:
Second National Forest Soil Inventory (NFSI 1)
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One could regard BonaRes

as a gargantuan project:

the funding programme,
which is part of the ‘National BioEconomy 2030 Research
Strategy’, includes ten joint projects with up to ten project
partners. As part of BonaRes, scientists from across
Germany investigate how the productivity of soil as a
resource can be safeguarded in the long term. The project
teams are involved in almost 30 long-term field experi-
ments, in which they develop methods for sustainable
soil use. “For example, they deal with reducing our depen-
dency on phosphate-containing fertilisers or developing
strategies against soil compaction by heavy agri-

cultural machinery”, BGR scientist Sina Schulz reports.

Use of standards from data
acquisition to data provision.

28 BGR REPORT 2018

Developing and Networking Geoknowledge

Together with her colleague Dr. Einar Eberhardt, Schulz

forms part of the BonaRes Centre team. In this higher-
level project module, BGR works with four other research
institutes to collect the soil data in a central database.
“Such a data pool is extremely useful for complex scien-
tific problems, for example for uncovering unidentified
relationships”, says Schulz. “It is a valuable basis that provi-

des data for modelling purposes.”

BGR has extensive experience in data harmonisation.
For example, BGR experts are working on developing
standards for exchanging digital soil data for the Inter-
national Organization for Standardization (ISO), among

other things. At the national level, BGR cooperates

closely with the federal state geological surveys to com-
pile national soil survey standards. “We have therefore
also contributed, within BonaRes, to develop the data
infrastructure standards”, reports Eberhardt. In data
acquisition and data management, in particular, BGR
expertise was in demand.

Here, the team faced challenges typical for harmoni-
sation processes. “The data come from a variety of sources
and are available in different formats”, reports Schulz.
“In addition, standards for all stages of data life are
required - from acquisition to processing to publi-
shing and reuse.” During the initial funding phase,
the BonaRes Centre team described the content of all
key standards, identified conflicts between competing
standards and identified uncovered areas. “We then
developed recommendations for application of relevant
standards, such as in the fields of data acquisition, data

management and data provision”, says Schulz.

For example, BGR has developed tools to transform
data between different standards or to ensure compli-
ance with the prescribed standards. “For example, one
of our applications can check the soil data entered to see
if it complies with the national ‘Soil Survey Guidelines’
(Bodenkundliche Kartieranleitung)”, Eberhardt ex-
plains. Another BGR tool converts the soil data recorded
compliant with German standards to internationally

understandable soil designations. Schulz emphasises:
“With this, we make our data usable in an international

context.”

Tools for the harmonisation and quality
assurance of soil data.

Soil data standardisation activities with BGR participation.

CONTACT:

Sina Schulz
Sina.Schulz@bgr.de

Dr. Einar Eberhardt
Einar.Eberhardt@bgr.de

Project: BMBF BonaRes funding programme
(Soil as a Sustainable Resource for the Bioeconomy)
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Employees of the Institut Géographique du Burundi (IGEBU) take water samples from a pump well in Kirundo.

Uranium is a natural constituent of groundwater in many regions of the world. In some places,
however, the concentration is much higher than the value recommended by the World Health
Organization (WHQ). The central African country of Burundi is one of the countries impacted by high
uranium concentrations. BGR hydrogeologists are compiling published cases of enhanced global
uranium levels in groundwater in order to derive the most important factors for uranium mobility.

In the province of Kirundo northern of Burundi, the
earth is fertile: beans, sweet potatoes, corn, sugar
cane, bananas and millet thrive on the green hills
south of Lake Cohoha. With almost 1300 millimeters of
precipitation annually, Burundi is a rain-rich country.
“However, the population growths enormously at a
rate of around three percent annually. This means that
natural springs are approaching their limits”, reports
Dr. Sara Vassolo, BGR hydrogeologist. As a result, Burundi
will increasingly have to resort to groundwater in the fu-

ture. Yet, its volume and quality are only poorly known.

In a joint project with the Burundian Ministry of Water,
BGR has been working to investigate groundwater
resources more closely since 2011. This brought some

unpleasant surprises to light.

30 BGR REPORT 2018

“In the province of Kirundo, we found such high con-
centrations of uranium in groundwater that some
wells had to be shut down”, says BGR hydrogeologist
Dr. Vincent Post. Together with colleagues from BGR
and the Institute Géographique du Burundi, he searched
for the cause. The team analysed the local geology, took
numerous water samples and finally set up models. “We
discovered that a combination of rock weathering and
high evaporation is responsible for the high concentra-

tions”, says Post.

The uranium comes from ancient and heavily weathe-
red granite rocks in the subsurface of the Burundian
highlands. “Rainwater infiltrates the subsurface, moves
through the ground and finally evaporates again”, ex-

plains Post. Uranium, which is dissolved from the wea-

thered rock, is concentrated by this process. As the BGR
researchers discovered, dissolved carbonate and calcium

may enhance uranium enrichment.

Similar to the situation in Burundi, other regions
around the world also have high uranium concentra-
tions of more than 1000 micrograms per liter. The limit
considered harmless by WHO is only 30 micrograms per
liter. “It is always very difficult to predict the activity of
radioactive nuclides in a given groundwater resource”,
says BGR expert Dr. Frank Wagner. “The local geology

and the geochemical frame conditions play a major role.”

Together with the Institute of Radioecology and Radiation
Protection at at Leibnitz University of Hannover, a BGR
team has therefore implemented a bibliography research to
establish a worldwide data collection on uranium distribu-
tion in groundwater. High uranium levels often occur in
regions with deposits of natural uranium ores. Such ores
can occur in either sedimentary rocks, in granite or in
volcanic host rocks. “For example, in regions of North
Africa and the Middle East, uranium-enriched sediments
occur in conjunction with a layer of marine phosphorites
deposited in the Cretaceous and subsequently in the
Neogene”, reports Wagner. Besides regions with large ore
deposits, groundwater can also be enriched with natural
uranium nuclides - in addition to Burundi, cases have
also been documented in the USA, Portugal, Scandinavia,

Jordan, India and Germany.

According to BGR findings, the release of natural uranium

into the groundwater depends, among other things, on how

Compilation of internationally published
data on the distribution of dissolved
uranium in groundwater in North and
Central Africa and the Middle East.

much oxygen and carbonate the water contains: “Under
reducing conditions, uranium is poorly soluble in leachate.
Moreover, carbonates can lead to the formation of stable

and mobile uranium compounds”, explains Wagner.

CONTACT:

Dr.-Ing. Sara Ines Vassolo
Saralnes.Vassolo@bgr.de

Dr. Frank Wagner
Frank.Wagner@bgr.de

Dr. Vincent Post
Vincent.Post@bgr.de

Projects: R&D Project on the Mobility of Radionuclides (U, Ra)

in Groundwater Bilateral TC Project ‘Management and Protection
of Groundwater Resources’ in Burundi
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WINDOW TO THE SUBSURFACE

Data from two million boreholes available online

Foundation ground examinations, geothermal energy or well construction — information on the
subsurface is essential for many projects. The completely revised version of the German Borehole Map
as a browser application significantly improves access to geological information: in this way, the data
from two million individual boreholes across Germany can now retrieved for the first time online,

in a uniform format, at a central location.

“Essentially, we have created a window to the subsurface”,
says BGR geodata manager Gerhard Arns-Krogmann
about the new database. Here, users find a wealth of geolo-
gical information - from drillings for the purpose of foun-
dation ground examinations that extend only a few metres
down, to research boreholes that can penetrate the ground
to depths of more than 6000 metres. “If one adds all
the borehole depths, the borehole database results in a total
length of about 80,000 kilometres”, says Arns-Krogmann.

Together with the state geological survey organisations of

the federal states, the BGR expert has developed a data

The borehole data formats of the federal states are transformed to

exchange format to allow all German borehole data to be X
a single exchange format.

displayed uniformly in German or English. “Historically,

the data formats of the individual geological surveys were

very heterogeneous. This diversity hindered the exchange =~ More information at: https://boreholemap.bgr.de/
of data and made it difficult for engineering consultants

to use the data”, says Tanja Wodtke, Head of geodata and

stratigraphy at BGR.

The state geological survey organisations now provide

their data via standardised database interfaces as so- ~ KONTAKT:

called geodata services. It all comes together at BGR. For

example, the new, freely available German Borehole Map

contains information on the borehole density in smaller

scales, on well casings or on groundwater measurements.  Gerhard Arns-Krogmann
In addition, the valuable information on geological strata ~ GerhardBernhard.Ams-Krogmann@bgr.de
is also visualised, if permitted. All data can be searched

and exported to other applications. Professional users

integrate the underlying geodata services in their own

geodata. “The advantage of this is that users can import

and visualise the borehole data together with their own
Tanja Wodtke

geodata in their own software”, Wodtke emphasises. This \
Tanja.Wodtke@bgr.de

marks a milestone in the software-independent provision
of complex, thematic geoscientiﬁc data. Projekt: Modernisation of the German Borehole Map
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BGR Geoviewer: visualisation based on the INSPIRE-compliant GK1000 dataset.

GEOLOGY FOR EVERYBODY

First INSPIRE-compliant geodata product is online

The surface geology of Germany has been available either as a digital map or as a GML file
(a data format for exchanging spatial data) since the end of 2016 in INSPIRE-compliant format
and free of charge. BGR is thus fulfilling its obligation to implement the INSPIRE Directive. The
objective of this European initiative is to process and prepare existing spatial data, in this case
geoscientific data, uniformly throughout Europe and to make it available in a common infrastructure.

The deadline is 21 October 2020. “By this date, BGR
must, by law, have transformed its relevant geodata sets
to comply with the INSPIRE Directive”, explains Dr.
Marc Filip Wiechmann of BGR. INSPIRE is the acronym
for Infrastructure for Spatial Information in Europe.
The EU-wide initiative envisages that geodata on 34
environment-related topics will be presented and described
in a uniform way throughout Europe and will also be
available free of charge via web services. “This allows the

data to be used across borders”, says Wiechmann.

BGR has numerous geodata sets that are affected by
INSPIRE, for example the Soil Map of Germany
1:200,000 (BUK200) or the German Earthquake Cata-
logue. “The geodata sets have been undergoing transfor-
mation by BGR for a year, step by step”, reports BGR
expert Dr. Andreas-Alexander Maul. As the first product,
he and Wiechmann have adapted Germany's surface
geology geodata set to the new requirements on a scale
of 1:1,000,000 (GK1000).

Since December 2016, users have been able to access and

view information on the age, genesis and composition

of rocks in Germany in the INSPIRE geoportal, in the
BGR product centre and in the Geoviewer. Faults and
the glacier fronts, known as ice marginal positions, are
also INSPIRE compliant.

CONTACT:

Dr. Marc Filip Wiechmann
Marcfilip.Wiechmann@bgr.de

Dr. Andreas-Alexander Maul
Andreas-Alexander.Maul@bgr.de

Project: INSIPRE Implementation at BGR, GK1000
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EXCURSION TO THE CRETACEOUS

Sea level fluctuations control sediment distribution

Over the last five years, BGR drilled a series of research boreholes in eastern Lower Saxony.
The goal was to better understand the Lower Cretaceous, which began about 140 million years

ago and ended one hundred million years ago.

Scharrel 10 borehole site (@approx. 20 km north-west of Hannover).

On the surface, the region north-east of Hanover is
characterised by glacial deposits. However, much older
sediments hide beneath the ground, being predominantly
early Cretaceous marine deposits. The rocks reflect
variable environmental conditions. “Permeable rocks
such as sandstone alternate with impermeable clay and
marl stones”, the BGR geologist Dr. Jochen Erbacher
reports.

Today, the legacy of the Cretaceous ocean is interesting
as reservoir and barrier rocks. In the TUNB project,
BGR, together with the state geological surveys of the
north German federal states, is investigating the poten-
tial of the North German Basin as an economic space.
For this purpose, BGR, together with Landesamt fiir
Bergbau, Energie und Geologie (LBEG) in Hannover,
have drilled six new research boreholes up to 250 metres

deep in the Lower Cretaceous. The team has also studied
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BGR X-ray fluorescence core scanner in the core storage facility in
Berlin-Spandau.

the sedimentology and stratigraphy of five existing
boreholes, including employing state-of-the-art analytical
techniques such as automated X-ray fluorescence spectro-

SCOpYy on cores.

The sequence of sandy and clayey strata is mainly due to
fluctuations in sea level, the interpretation shows. At low
sea levels, sandy coastal deposits shifted more towards
the centre of the basin and at higher sea levels, fine,
clayey sediments could also settle out in the shallower
regions. A deposition model will now determine which
factors controlled the