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24-7 preparedness for Rock-
avalanches in Norway 

 
Anda, E.1, Foldal, K.M.2, Eikenæs, O.3 & Blikra, L.H.1,3 
 
1Åknes/Tafjord Beredskap IKS 
2The County Governor of Møre and Romsdal 
3Norwegian Water Resources and Energy Directorate. 
Einar Anda: ea@aknes.no  
  
The plan is that the Norwegian Water Resources and 
Energy Directorate (NVE) on behalf of the government, 
on January the 1th 2015, will take over the ownership of 
the two centers in Norway for real time monitoring of 
rock-avalanches. A long lasting process in establishing a 
national risk management for rock-avalanches will then 
be finished. 24-7 preparedness for rock-avalanches, 
which is a priority for high risk objects, is based on a 
fundamental assumption that they are alerting 
themselves in low seismic regions. The typical slow 
movements in rock-slope failures accelerate for a long 
period (weeks/months) prior to the rock-avalanche 
event. Real time monitoring, thus gives the possibility 
for early warning and evacuation. Rock avalanches 
might represent extensive and complex scenarios which 
require a preparedness of high competence and capacity. 
In 2013 NVE published a "National emergency plan for 
rock-avalanches". This plan gives a common framework 
for the preparedness. It identifies all actual actors which 
might have responsibility related to rock-avalanche 
events. Each monitored unstable slope will have their 
own preparedness plan adapted to the local needs; and 
all defined actors will have their own "actor plan". The 
national plan defines four hazard levels which provide 
guidelines for the emergency work. Movement is the 
key parameter for determining the hazard level, and also 
the central parameter in the real time monitoring of the 
rock slope failures. 
 

Tracking the Triassic platform-edge: 
Inferences on clinoform geometries 
upon reaching the Edgeøya platform 
 
Anell, I.,1 Braathen, A.,1 Midtkandal, I.,1 Smyrak-Sikora, 
A.,2 Husteli, B.,2 Ogata, K..3 & Osmundsen, P.T.4 
 
1 Department of Geology, University of Oslo, Sem 
Sælands Vei 1, 0371, Oslo, Ingrid.anell@gmail.com. 
Alvar.braathen@geo.uio.no, 
Ivar.Midtkandal@geo.uio.no 
2 Department of Geology, UNIS (University Centre in 
Svalbard), Postboks 156, 9171 Longyearbyen, 
Aleksandras@unis.no 
3 Department of Physics and Earth Sciences, University 
of Parma, Kei.Ogata@gmail.com 
4 NGU, Postboks 6315 Sluppen, 7491 Trondheim, 
Per.Osmundsen@ngu.no 
 

Studies of large-scale clinoform geometries in the 
Barents Sea and offshore New Zealand provide results 
on the shape, dimension and curvature of clinoforms 
and their along-strike changes. New inferences suggest 
that there may be links between clinoform shape 
parameters that offer the possibility to predict clinoform 
architecture, and to better understand the interplay 
between sediment influx rate, relative sea-level, 
lithology and slope stability. The focus of this study is 
to attempt to track clinoform development from the 
offshore seismic data across regional logs on Edgeøya, 
based on observations of clinoform geometries.  
Both platform-edge seismic scale, and smaller deltaic-
sized clinoforms, provide information on the balance of 
accommodation space and sediment influx. During the 
Triassic the Barents Shelf was infilled by prograding 
deltaic systems sourced chiefly from the Uralides and 
the Baltic Shield. Towards the Late Triassic these 
deltaic systems reached the presently exposed Svalbard 
archipelago and Edgeøya, today a Mesozoic outcrop in 
the eastern part that exposes more than 300 m of 
marginal marine to coastal plain (pro-deltaic and 
deltaic) sedimentary deposits. 
The Early Triassic clinoforms in the southeastern part of 
the northern Barents Shelf are well developed and 
reveal a comparatively slowly advancing platform edge. 
The platform edge break is increasingly difficult to trace 
towards the Late Triassic and the change in the seismic 
signature is attributed to more rapid advance due to 
limited accommodation across the structurally higher 
area of the Edgeøya platform. The platform-edge 
clinoforms developing at this stage were likely to be 
long, low angle features. The bounding surfaces of these 
large-scale clinothems are recognizable in seismic data 
and should be possible to find in onshore data.  
 

Geological Structure and Oil and 
Gas Content of the Jurassic in the 
Shelf of Norwegian, Barents and 
Kara Seas and in West Siberia 
 
Antonovskaya, T. 
 
Institute of Geology, Komi Scientific Center, Ural 
Branch of Russian Academy of Sciences, Syktyvkar 
State University, Komi Republic, Russia; e-mail: tat-
atv@yandex.ru 
 
Jurassic deposits have a considerable oil and gas 
potential in the shelf of Norwegian, Barents and Kara 
Seas and in the north and center of West Siberia. 
The author has analyzed 44 oil and gas fields in the 
region of interest and proposed an option for correlation 
of the stratigraphic horizons in Jurassic. So, there are 
highlighted areas containing predominantly shales (the 
area 0, Jurassic rocks are out crop), oil (area 1, the 
interval of depth is 1000-2750 (+/-250) m), oil and gas 
(area 2, 2500-4500 (+/-250) m), gas and oil (area 3, 
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4500-6500 m, where wells information is only to 5200 
m). The author associates marked areas of hydrocarbons 
(HC) with the degree catagenesis of the dispersed 
organic material and with the proximity of the deep 
tectonic faults. There can be only gas deposits at the 
depths more than 6500 (+/-500) m in the Arctic regions 
of the world near the deep faults associated with rifts 
(the potential area 4). At this area HC gas can be formed 
not only from organic materials. 
Jurassic sedimentary rocks have black clay horizon in 
their top. An analogue of this horizon is called "Bazhen" 
in Western Siberia. The top of “Bazhen” is the seismic 
reflects horizon "B" (rus. "Á"). This is an extremely 
significant seismic line to search for hydrocarbons in the 
Jurassic deposits of the shelf in the northern seas. 
 

Neoarchaean to Palaeoproterozoic 
structural and temporal relations in 
the Ringvassøy Greenstone Belt, 
West Troms Basement Complex, 
North Norway 
 
Armitage, P.E.B.1, Steindórsson, B.J.2 & Bergh, S.G.2 

 

1 Paul Armitage Consulting Ltd., 1 Aster Drive, St 
Mary’s Island, Chatham, ME4 3EB, England, UK, e-
mail: paul@thinkgeology.com 
2 Department of Geology, University of Tromsø, 
Dramsveien 201, N-9037 Tromsø, Norway, e-mail: 
bjosep@gmx.com, steffen.bergh@uit.no 
 
Ringvassøy is one of a chain of large coastal islands that 
constitute the Archaean to Palaeoproterozoic West 
Troms Basement Complex, west of the Caledonides. 
Recent mapping on Langryggen, near Skogsfjordvatn, 
has modified and advanced some brief observations 
made there in 1999. The location offers superb exposure 
of basement–cover relations at the southern margin of 
the Ringvassøy Greenstone Belt (RGB), particularly the 
relative chronology of mafic dykes, ultramafic dykes 
and ductile shears that are common to the basement and 
cover. 
Basement tonalite gneiss has a U–Pb zircon 
crystallisation ages of 2.84–2.82 Ga in the west and 
southeast of the island, similar to U–Pb zircon ages 
(2.85–2.83 Ga) of metavolcanics in the RGB. Massive 
mafic dykes cutting the basement have U–Pb zircon and 
baddelyite ages of 2.40 Ga, with a titanite age (meta-
morphic overprint) of 1.77 Ga; the same dykes seem to 
occur in the RGB. 
The main ductile foliation in the basement and cover 
(S1) is defined by a middle amphibolite-facies mineral 
assemblage, and is cut by the massive mafic dykes. Age 
determination of these previously unrecognised dykes in 
the RGB is in progress. They are assumed to belong to 
the 2.4 Ga population in the basement. If this is the case, 
then the D1 event occurred in the period 2.8–2.4 Ga. 
The massive dykes are cut by S1-parallel dextral shear 

zones (S2), with separations (horizontal displacements) 
of up to 25 m and a larger unknown separation along the 
basement–cover contact, indicating that the largest D2 
movement occurred along this major rheological 
boundary. In places, S2 branches into discordant shears 
cutting S1 at a low angle, resulting in tectonic wedges 
and lenses. 
S2 is cut at a high angle by a set of steeply dipping 
sinistral shear zones (S3) occupied by 2–3 m-wide 
ultramafic dykes that are internally coarsely foliated to 
near-massive, but intensely deformed at the margins. S3 
zones appear to refract where they meet rheological 
breaks, particularly the basement–cover contact but also 
some S2 zones. The ultramafite in S3 clearly post-dates 
S2 but its relationship to S3 is uncertain: it may represent 
post-D2, pre-D3 dykes with a favourable orientation to 
be exploited by D3 shearing; or a D3-coexistent magma 
at depth that intruded the S3 shears zones 
syntectonically. Age determination of these dykes is in 
progress. 
The D2 and D3 events evidently post-date the assumed 
2.4 Ga dykes and are probably Palaeoproterozoic 
although temporally separate. At least one of these 
events may be Svecofennian, given the interpreted 
metamorphic overprint at 1.77 Ga in mafic dykes in the 
basement. The clear structural and temporal relations 
exposed on Langryggen must be taken into account in 
assessing the metallogenesis and metamorphism/
remobilisation of massive sulphide mineralisation 
occurring in a distinct RGB-wide stratigraphic unit. 
 

Rock-slope failure (rockslide – de-
bris field – rock glacier complex) at 
Adjet, Skibotndalen, Troms, in-
vestigated by structural geological 
and geomorphological analysis 
 
Bakkhaug, I.1a, Nopper, H.1b, Bergh, S.G.1c, Corner, 
G.D.1d, Blikra, L.H.1,2e, Lauknes, T.R.3f & Eriksen, 
H.Ø.1,3g  
 
1Department of Geology, University of Tromsø, The 
Arctic University of Norway, N-9037 Tromsø 
2Åknes/Tafjord Early Warning Centre, N-6200 Stranda 
3 Norut, Forskningsparken, N-9294 Tromsø  
E-mails:a iba013@post.uit.no, b hno031@post.uit.no, c 
steffen.bergh@uit.no, d geoff.corner@uit.no, e 
lhb@aknes.no, f tom.rune.lauknes@norut.no, g 
Harald.Overli.Eriksen@norut.no  
 
In this study we try to better understand the causes and 
mechanisms of rockslides by combining structural 
geological and geomorphological analysis based on 
fieldwork, aerial photographic interpretation, and DEM 
and InSAR data.  
We studied a large (5-km-long) rock-slope failure on the 
western side of Adjet (1400 m a.s.l.) located above the 
glacial valley of Skibotndalen near Skibotn, Storfjord, 
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Troms. The bedrock is part of the Caledonian Kåfjord 
Nappe mostly consisting of mica schists. It contains 
brittle faults and fractures (post-Caledonian) as well as 
ductile (Caledonian) structures. The main trend of brittle 
faults is WNW-ESE and SW-NE and most dip steeply. 
These faults and fractures appear to have controlled the 
location of the rock-slope failure.  
The rock-slope failure exhibits various geomorpho-
logical features such as large displaced bedrock blocks, 
debris fields and rock glaciers indicating various 
deformation mechanisms on the unstable mountain side. 
Features include large blocks bounded by steep brittle 
fault sets sliding on slope-parallel fold flanks. Sliding 
along foliation surfaces and block fields formed by 
toppling mechanisms have also been observed.  
High movement rates of loose material, seen on InSAR 
data and from field observation, refer to the presence of 
very active rock glaciers. These are continuously 
supplied by new material from the mountain. We have 
observed recent rock falls on two rock glacier fronts. 
Field observations also show the presence of relict rock 
glacier lobes and talus.  
The main factors controlling the rock-slope failure is the 
presence and orientation of Caledonian ductile 
structures and post-Caledonian brittle faults and 
fractures, and the location of these in relation to the 
slope. Climatic factors combined with continued slope 
instability may have determined the present high rate of 
rock-glacier movement. 
 

GlaciStore: Understanding Late 
Cenozoic Glaciation and Basin 
Processes for the Development of 
Secure Large Scale Offshore CO2 
Storage (North Sea) 
 
Barrio, M.1, Stewart, H.A.2, Akhurst, M.2, Aagaard, P.3, 
Alcalde, J.4, Bauer, A.1, Bradwell, T.2, Cavanagh, A.5, 
Evans, D.2, Faleide, J.I.3, Furre, A.-K.5, Gent, C.2, 
Haflidason, H.6, Haszeldine, S.4, Hjelstuen, B.6, 
Johnson, G.4, Kuerschner, W.3, Mondol, N. H.3,9, 
Querendez, E.1, Ringrose, P.5, Sejrup, H.6, Stewart, M.2, 
Uriansrud, F.5, Wilkinson, M.4, Mørk, A.1, di Primio, 
R.7 & Johansen, H.8 
 
1 SINTEF Petroleum, corresponding author: 
Maria.Barrio@sintef.no, 2 British Geological Survey, 3 
University of Oslo, 4 University of Edinburgh, 5 Statoil 
ASA, 6 University of Bergen, 7 Lundin Norway AS, 8 
Institute for Energy Technology; 9 Norwegian 
Geotechnical Institute 
 
The sedimentary strata of the North Sea Basin (NSB) 
record the glacial and interglacial history of 
environmental change in the Northern Hemisphere, and 
are a proposed location for the engineered storage of 
carbon dioxide (CO2) captured from power plant and 
industrial sources to reduce greenhouse gas emissions. 

These aspects interact in the geomechanical and fluid 
flow domain, as ice sheet dynamics change the 
properties of potential seal and reservoir rocks that are 
the prospective geological storage strata for much of 
Europe’s captured CO2. The central part of the NSB 
preserves a unique history of the depositional record 
spanning at least the last 3 Ma, which also forms the 
overburden and uppermost seal to the underlying CO2 
reservoirs. There is good evidence that these ice sheets 
created strong feedback loops that subsequently affected 
the evolution of the Quaternary climate system through 
complex ocean-atmosphere- cryosphere linkages.  
An increased understanding of these sequences will 
assist and improve quantitative predictions of the 
performance of prospective CO2 storage sites in 
glaciated areas in Europe and worldwide; to include 
improved resolution of glacial cycles, characterise pore 
fluids, flow properties of CO2 within glacial features 
(e.g. tunnel valleys) and the geomechanical effects 
(quantify compaction, rock stiffness, strength and stress 
profiles) of advancing and retreating ice on the 
underlying strata to verify and constrain models of 
glaciation. This contribution describes current work and 
introduces a proposal submitted to the International 
Ocean Discovery Program (852-Pre) by the authors. The 
objective of the Joint Drilling Program is to develop and 
perform scientific appraisal drilling operation(s) in the 
North Sea aiming at:  
A refined understanding and stratigraphic calibration 

of the Earth's Plio-Pleistocene climate history in an 
area where the most complete sequence is preserved;  

Better understanding of the geometry, dynamics, 
processes and wider impact of ice sheet development;  

Understanding the fluid communication and its 
evolution during a period of fluctuating pressure 
conditions in shale-dominated basins and its 
implications for CO2 storage;  

Understanding and quantifying the effects of ice sheet 
loading/unloading on underlying strata, on 
geomechanical properties, horizontal stress and CO2 
storage site performance  

 
Thermal and exhumation history of 
the Sognefjord area, constraints 
from low-temperature-
thermochronology 
 
Bauer, F.U.1, Jacobs, J.1,2 & Labugt Angell, H.3 

 

1 University of Bergen, Department of Earth Science, 
Bergen, email: Friederike.Bauer@geo.uib.no, 
Joachim.Jacobs@geo.uib.no 
2 Norwegian Polar Institute, Tromsø 
3 Statoil ASA, Harstad 
 
The thermal and geomorphological evolution of passive 
continental margins in general is influenced by 
processes of loading and unloading, related to tectonics, 
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erosion and sedimentation. In the Sognefjord area in SW 
Norway this is testified by sedimentary successions 
offshore and a dissected relief onshore. The timing and 
processes responsible for the formation of SW Norway, 
which is characterized by a high topography and deeply 
incised fjords remains controversial (Ksienzyk et al., 
2014, Steer et al., 2012). Attempts to constrain the 
timing of the erosional and topographic evolution of the 
landscape are hampered, as onshore post Devonian 
sediments are lacking. In this project we aim to quantify 
and delineate post Caledonian surface uplift in the 
Sognefjord area applying low-temperature thermo-
chronology. Offshore sediments and onshore basement 
rocks are analysed using apatite fission-track dating and 
time-temperature history modelling in order to unlock 
their thermal and exhumation history. Preliminary 
results point to a prolonged cooling history of the 
basement rocks with phases of increased erosion. The 
data also indicate that reactivated Caledonian structures 
affect the landscape evolution. Additional data from 
samples offshore and onshore of the Sognefjord will 
allow better constraining the exhumation history of SW 
Norway and will provide new insights into the 
landscape evolution across the passive continental 
margin. 
References: 
Ksienzyk, A.K., Dunkl, I., Jacobs, J., Fossen, H. & Kohlmann, 
F. 2014: From orogen to passive margin: constraints from 
fission track and (U-Th)/He analyses on Mesozoic uplift and 
fault reactivation in SW Norway. In: Corfu, F., Gasser, D., 
Chew, D.M. (eds) New Perspectives on the Caledonides of 
Scandinavia and Related Areas. Geological Society, London, 
Special Publications, 390, 679-702. 
Steer, P., Huismans, R.S., Valla, P.G., Gac, S. & Herman, F. 
2012: Bimodal Plio–Quaternary glacial erosion of fjords and 
low-relief surfaces in Scandinavia. Nature Geoscience, 5, 635-
639. 

 
Characteristics of slide debrites and 
turbidites in Hardangerfjorden, 
Western Norway 
 
Bellwald, B.*, Hjelstuen, B.O., Sejrup, H.P. & 
Haflidason, H. 
 
Department of Earth Science, University of Bergen, 
Allégaten 41, N-5007 Bergen 
*email: benjamin.bellwald@geo.uib.no 
 
Fjords are unique archives of climatic and environ-
mental changes, but also of natural hazards. This study 
aims for a better understanding of the processes 
involved in submarine mass wasting and reveal new 
knowledge about mass wasting frequencies in a western 
Norwegian fjord system for the time period since the 
Last Glacial Maximum. The study is based on TOPAS 
high resolution seismic profiles, bathymetric data and 
up to 16 m long sediment cores from the inner part of 
the Hardangerfjorden system. The fjord basins of the 

inner Hardangerfjorden are filled with up to 150 m of 
sediments with an estimated volume of about 3 km3. 
Laminated glacimarine deposits characterize the lower 
part of the sediment package and mass wasting related 
deposits the upper part. Seven slide debrites correlating 
with thick (2-15 m) turbidite deposits and four thinner 
turbidite beds have been identified in seismic and/or 
sediment data in the different fjord basins. The slide 
debrites are characterized by chaotic non-continuous 
reflections and wedging behavior in seismic data, 
following a strong basal reflector. The debrites have 
values of about 1.9 g/cm3 in density and 50-100 x 10-5 
SI in magnetic susceptibility, a water content of 25-
35%, a shear strength of 10-80 kPa and a sand content 
of up to 12%. Turbidites are identified as homogenous 
packages in the seismic stratigraphy. The thickest 
turbidite deposits (up to 15m) are overlying the slide 
debrites, whereas the thinner turbidite beds cannot be 
directly linked to slide debrites. In the sediment core, 
turbidite deposits are showing a strong fining upwards 
and correlate with peaks in density (up to 2,2 g/cm3) and 
magnetic susceptibility (up to 400 x 10-5 SI), low water 
content (down to 16%), high shear strength values (up 
to 250 kPa) and a sand content of about 43%. The tails 
of the turbidites are characterized by very low sand 
values, low magnetic susceptibility, low density 
(decreasing to 1.7 g/cm3), high water content (35%) and 
low shear strength (<10kPa). The stratigraphic position 
of the mass transport deposits suggests that they have 
mainly been initiated during the rapid uplift of 
Fennoscandia immediately following the melt-down of 
the ice sheet. High sediment supply and high seismic 
activity seem to be the reason for the thick slide-debrite-
correlated turbidite deposits identified in all the different 
fjord basins of the inner Hardangerfjorden. 
 
Correlation of quartz-rich Ordovician 
successions in the Cantabrian 
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Ordovican quartz-arenites are abundant in northern 
Spain. The represent nearly the entire Ordovician 
stratigraphy and can be correlated with the so-called 
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Armorican quartz-arenites in France. These rock 
deposits in the Cantabrian Mountains are interpreted as 
having been deposited along a mature passive margin 
when Iberia was still close to northern Gondwana. 
Of particular interest are successions at the top of the 
Ordovician strata, which have been recently interpreted 
as glacial diamictites (Gutiérrez-Marcos et al. 2010). 
These successions are composed of a variety of clasts 
but are dominated by quartz-arenite detritus. The rocks 
appear in several exposures but are often strongly 
weathered and friable. They overly clean hard quartz-
arenites in one locality where they have been described 
as glacial diamictites. Here, the shales of the Formigoso 
Formation overly the diamictites but a contact is not 
clearly visible in the field because of overgrowth. 
In the type section of the Barrios Formation (Barrios de 
Luna) the glacial diamictites are not exposed. The 
Barrios Formation is here covered by shales of the 
Luarca Formation followed by suggery hard quartz-
arenites (Capas de Presa), which in turn are overlain by 
the Formigoso Formation. 
This study likes to resolve the stratigraphic issue and 
compare the quartz-arenites of the Barrios Formation 
with the quartz-arenites underlying the glacial diamictit-
es. Furthermore, we like to characterize the rocks of 
Capas de Presa, as some authors argue they represent 
the Barrios Formation and the contacts of this rock 
package are tectonic. 
Therefore we apply beside optical petrography and 
whole-rock geochemistry, detrital zircon age dating and 
high resolution heavy mineral stratigraphy. Within the 
latter approach we will quantify the amounts of heavy 
minerals and identify and quantify each occurring 
mineral phase with optical petrography and Raman 
spectroscopy. Chemical variation in different groups of 
heavy minerals will be determined with MLA and 
EMPA. 
Reference: 
Gutiérrez-Marco, J.-C., Ghienne, J.-F., Bernárdez, E., Hacar, 
M.P. 2010. Did the Late Ordovician African ice sheet reach 
Europe? Geology, 38; no. 3; p. 279–282 
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Students at Vardafjell upper secondary school has 
worked closely with science professionals at the local 
operator for gas transport, Gassco, to solve the case of 

how to transport gas from the fictive gas production 
field “Varulv” to Scotland. This has given the students 
the opportunity to work alongside engineers and get a 
glimpse into what might become their future if they 
decide to study science. It has also given them know-
ledge of a major employer in the region. This means that 
our collaboration with Gassco has given our students 
experiential learning – they have used the simulation 
programs that are used “for real” and dealt with true 
problems that must be solved by “real” people out there 
in the world outside school. Trough working with the 
case the students have elaborated on and discussed 
ethical, environmental, cultural and political aspects of 
technological development and also mapped out and 
presented practical use of science and mathematics in a 
local company. A research project supervised by the 
Norwegian centre for science education indicates that 
our project has increased the student’s interest in 
pursuing a career in science and also enhanced their 
understanding of what scientists do.  
 

Carbonation of partly serpentinized 
peridotites in the Leka Ophiolite 
Complex 
 
Bjerga, A., Konopásek, J. & Pedersen, R.B. 
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Serpentinization and carbonation of peridotites where 
anhydrous minerals such as olivine and clinopyroxene 
are replaced by H2O and CO2-bearing minerals such as 
serpentine, talc, magnesite, dolomite and calcite are 
driven primarily by the instability of the mineral 
assemblages with respect to infiltrating fluids. The 
petrological and chemical evolution of meter thick 
zones of completely serpentinized and carbonated 
peridotites from the ultramafic section of the Leka 
Ophiolite Complex has been investigated by 
petrographic and geochemical analysis of samples from 
three different alteration zones. Forward thermodynamic 
modeling in the SiO2 – MgO – FeO – Fe2O3 – CaO – 
H2O – CO2 system has been used to constrain the 
temperature conditions and composition of the fluids 
responsible for the alteration. 
The partly altered peridotites formed at temperatures < 
410oC by infiltration of pure H2O fluids. Completely 
serpentinized rocks formed at temperatures < 500oC and 
low XCO2 (≤ 0.05) by the breakdown of the minerals in 
the partly altered peridotite. Talc-carbonate rocks 
formed at static conditions by the breakdown of the 
serpentine in the previously formed serpentinite at 
temperatures < 550oC and elevated XCO2. Carbon 
isotope values δ13C of ~5 is indicative of a mantle 
source for the carbon required for the carbonation. 
Oxygen isotope values δSMOW

18O of ~10.8 - 11.3‰ 
together with 87Sr / 86Sri=400Ma values between 0.7029 - 
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0.7063, suggest dehydration of rocks with mantle 
affinity as a source for the fluids.  
A model is proposed for the metamorphic evolution of 
the alterations where the talc- and carbonate-bearing 
rocks are formed through the focused infiltration of 
fluids derived from dehydration and decarbonation of 
partly serpentinized peridotites occurring at the bottom 
of the ophiolite complex. This likely occurred during 
down-dropping of the ophiolite complex within a pull-
apart basin, in which the complex is currently situated, 
at the late stage of the Caledonian orogeny.  
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Since landslides often develops over time and might 
also occur as multiple events, it is a challenge to give 
qualified advices about safety, whether the situation is 
stabilized or not. We need knowledge and data of the 
actual conditions on the slope. This includes the 
evaluation of the geological situation both before and 
after an event. Critical information is whether there are 
still deformations and displacements of rocks or debris 
on the actual slope. Today, there exist different types of 
technology to measure displacements bot on the surface 
and subsurface. Åknes/Tafjord Beredskap has used an 
operational system including a ground-based InSAR 
(radar) during several occasions for this purpose. The 
last case from Mannen in Romsdalen will be used for 
showing how data from a potential event was used in 
early-warning and how the handling and communication 
was handled towards the responsible actors 
(municipality, County governor, NVE, police) and 
media. Finally, the future potential and the expert’s need 
of quantitative data in critical landslide events are 
outlined. 
 
 

Climate and geology 
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The last decade theories claiming that anthropogenic 
interactions between the geosphere and atmosphere 

have caused a global warming have got a massive 
publicity world-wide. Both the followers and the critics 
of the theories of the climatically influence of CO2 to 
the global temperature seem to explain and question the 
theories relatively independently of geology. The main 
and dominant disagreement is whether or not the 
increasing CO2 content in the atmosphere causes a 
global warming and the possible consequences of this. 
The fact that geology to a large extent is related to time 
at different scales, should implicate that geological 
disciplines increasingly may explain and/or disprove the 
theories related to global warming. In addition, the 
geosphere is an important part of the earth’s carbon 
cycles and thus geology should to a larger extent been 
included in the work and discussion related to the global 
warming. The relation between ice-melting and sea-
level is also a geological issue. This presentation dares 
to ask if geology and facts has been overshadowed of 
politics and commercial interests. 
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Chalk-fluid interactions are complex, mechanical 
strength, compaction, porosity and permeability of chalk 
are linked to calcite and possible aragonite dissolution 
(Madland et al 2011). Calcite redistribution and 
recrystallization, the presence of silica and clay minerals 
play also an important role in the reservoir potential and 
the oil recovery. In order to reach a better understanding 
of the mineralogy of chalk, we have developed an 
innovative „grain by grain“ methodology to investigate 
the mineralogy of carbonates in rock samples, loose 
sediments, fractures, flooded chalk cores. Raman 
spectroscopy is an innovative, efficient, and user-
friendly technique representing a powerful tool to 
confidently identify minerals (Raman, 1928; Griffith, 
1969; Kuebler et al, 2001; Downs, 2006; Andò & 
Garzanti, 2013). These analyses are non-destructive, 
quick and can be applied directly on thin sections, stab 
or rock samples, without a specific preparation. Micro-
Raman analyses (RaMAn) allow the reliable recognition 
of minerals down to 1µm in size, which is exactly what 
is necessary to analyse in experiments related to IOR 
applications. Here, micron-sized crystals within the 
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cement or on calcite surfaces grow newly after flooding 
of chalk with different fluids. In RaMan the positions of 
the wavenumbers are unique for each mineral and 
diagnostic of their composition. Every Raman spectrum 
is therefore like a fingerprint that allows a robust 
mineral identification. Carbonate-group minerals have a 
very strong Raman scattering and are easily identified 
by Raman spectroscopy. Identification of single 
minerals is achieved by comparing a chemical and 
calibrated database with the unknown Raman spectrum. 
To build up an appropriate and comprehensive database, 
we started with certificated standards, provided by 
M.A.C., Micro-Analysis Consultants for carbonates, 
sulfides and feldspars with well known chemical 
properties. We also added samples from different 
outcrops to extend the database with foraminifers, 
barnacles, crinoids, chalk and limestone samples, 
collected in different country and ages. Presently, we 
aim at preparing a high-resolution chemical standard to 
quantify the amount of calcium and magnesium in the 
solid solution calcite-dolomite without long preparation, 
directly on different samples and with a resolution of 
few microns in a fast and non-destructive way. This will 
enhance Raman spectroscopy as an interesting work 
perspective in petroleum exploration of unconventional 
reservoirs.  
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Although typically interpreted as 2D surfaces, faults are 
3D narrow zones of highly and heterogeneously 
deformed rocks, with petrophysical properties differing 
from the host rock. 3D fault structure and properties are 
primary controls on fluid flow in faulted reservoirs. 
Even though seismic data are one of the main ways of 
subsurface investigation, fault zones are often at the 
limit of seismic resolution and not fully explored. We 
propose a synthetic workflow to assess the potential of 
seismic data for imaging fault structure and properties. 
The workflow is based on a discrete element method 
(DEM) to simulate fault formation, simple relationships 
to modify the initial elastic properties (e.g. density, P- 
and shear wave velocities) based on the volumetric 
strain calculated from the DEM, and a ray-based 
modelling (pre-stack depth migration or PSDM 
simulator). The PSDM simulator handles 3D effects in 
resolution and illumination as function of various 
parameters such as velocity model, survey geometry, 
wavelet, etc. We illustrate the application of the 
workflow to a 3D large displacement normal fault in an 
interlayered sandstone-shale sequence for two models, 
one with constant fault slip and the second with linearly 
variable fault slip along the strike. Although the DEM 
does not target processes at the grain scale, but rather 
meter size bulk strain, it produces realistic fault 
geometries and strain fields. Seismic cubes of these 
models are generated for an homogeneous overburden 
and several wave frequencies. High frequencies show 
the large impact of the fault on the reflectors, which are 
offset but also laterally distorted. In the variable fault 
slip model, the fault has a larger impact on the seismic 
as the displacement increases, and the fault tip can be 
interpreted in map view. As wave frequency decreases, 
the fault is displayed as a simpler structure. We do a 
more quantitative analysis of the seismic by extracting 
the fault damage zone geobody from seismic attributes. 
This allows a direct comparison between the fault zone 
identified on the seismic and the fault volume in the 
initial geomechanical model, giving guidelines on how 
to better deal with the seismic for fault interpretation. 
Our modelling provides ways to fully understand how 
faulting impact seismic, and therefore to tune 
acquisition and processing parameters for specific fault 
characterization during petroleum exploration. 
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The Trias North project targets the evolution of the 
Triassic to early Jurassic Barents Shelf, covering many 
aspects of the shelf’s infrastructure. Growth-faults and 
their interaction with marginal marine deposits is one of 
the project targets. 
Southern Edgeøya, Svalbard, offers outstanding 
exposures of extensional faults bounding half-grabens 
filled with wedge-shaped growth-basin successions. The 
fault system can be followed for more than 20 km along 
E-W strike, and are observed at many sites in across-
strike (N-S) direction over a distance of 200 km 
including possible examples in seismics (Anell et al. 
2012). In most growth-basins of southern Edgeøya, two-
three fault activation events can be documented through 
cyclic graben fill, showing a total fault displacement of 
50-150 meters. Higher in the cliff, the graben level is in 
some areas bypassed by marginal marine to coastal 
deposits commonly encountered for this part of the 
shelf. Other places, this upper succession is truncated by 
faults reaching the top of the exposures (Svartpynten, 
Hopen); however, in many cases showing growth 
succession further down. Multiple reactivation events on 
planar faults suggest a deep-seated fundamental grain 
controlling rejuvenation. 
Photometric imaging allow detailed interpretation of 
fault geometry and basin infill patterns (photo-facies; 
Osmundsen et al. in press), and shows that most faults 
have a highly listric geometry and are soled in detach-
ments in underlying mudstones and shales. This fault-
geometry is linked to well-developed rollover-type half-
grabens in the hanging wall. Another, less prominent 
fault set is planar in outcrop, and cuts directly through 
the exposed basal detachment level. In this case, the 
hanging wall graben is more symmetric, with less 
prominent wedge-geometry fill. Geometric reasoning 
(no rollover) suggests these faults are deeply rooted. 

Faults are well exposed in cliff sections, where they can 
be studied in detail. As expected for shallow burial 
depth and low degree of lithification, some faults show 
cm-dm wide shear zones in sandstone dominated by 
granular flow and associated with disaggregation 
deformation bands. However, more common are distinct 
principal slip surfaces with walls of cataclasites, 
revealing grain breakage even in near-surface positions. 
These observations challenge basic predictions of 
deformation mechanism with depth, with implications 
for fluid dynamics. 
Possible growth faults in seismics are challenging to 
interpret do to associated noise and near-resolution 
basin size (Anell et al. 2012). To further test fault-basin 
imaging, synthetic seismic modelling is in progress. 
Geometries from fault and infill observations of 
southern Edgeøya are used as input in a sensitivity 
matrix that test velocity contrasts, overburden, and 
survey design. The output will inform further seismic 
analysis of shallow extensional growth basins. 
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The Drangajökull ice cap covers approximately 142 km2 
and is located on the eastern highland of Vestfirðir 
peninsula, a glacially eroded Tertiary plateau basalt 
landscape of NW Iceland. Presently, surge type outlet 
glaciers drain into the valleys Leirufjörður and 
Reykjarfjörður at the northwest and east side of the ice-
cap, respectively. Samples for cosmogenic exposure 
dating (36Cl) were collected from erratics and striated 
bedrock in order to date the last deglaciation and to 
determine ages of terminal moraines. 
The results from Leirufjörður suggest the valleys were 
glaciated at least until ~9 kyr BP. The outermost lateral 
and terminal moraines at the mouth of Leirufjörður were 
dated to 9.2 kyr BP, indicating that the main outlets of 
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the ice cap were calving glaciers at that time. Erratics 
dated to 20-30 kyr BP indicate that at least some coastal 
capes and plateaus were ice-free much earlier. However, 
erratics from similar elevations, 300-500 m a.s.l., but 
located more proximal to the ice cap have average 
exposure ages about 10.5 kyr. The 20-30 kyr old erratics 
could also be older rocks preserved under less active or 
even cold based ice.  
Our data confirm that 36Cl cosmogenic exposure dating 
works well on the Icelandic samples, and is promising 
for improving the deglaciation history of Iceland which 
suffers considerably from a lack of chronological data. 
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Seismic observations of passive margins document 
surface transport of different amounts of sediments from 
the onshore to the offshore during the evolution from a 
continental rift to a post-rift margin. Thick packages of 
syn-rift basin sediments are found on the Newfoundland 
and Norwegian margins, whereas West Iberia and the 
Red Sea are examples of sediment-starved margins. 
What is the impact of offshore sedimentation on syn-rift 
margin architecture? 
Theoretically, sedimentation can be a strengthening or a 
weakening process. Sedimentation increases brittle 
strength because of the increase in vertical stress under 
the extra load. But sediments may have a lower density 
and cohesion, and therefore a lower brittle strength, than 
the adjacent crust. Sediments with a low thermal 
conductivity may also act as a ‘thermal blanket’ 
preserving heat in the crust below, thereby reducing 
crustal ductile strength. The feedback effects between 
sedimentation and tectonic deformation during passive 
margin formation clearly go beyond a simple isostatic 
response and require careful quantification of the 
contributing processes in relation to crustal strength 
evolution. 
To explore the dynamic feedback relationships between 
surface processes and crustal strength, I perform a series 
of numerical experiments on continental extension using 
the finite-element code SULEC. For a wide range of 
sediment amounts, a strong lower crust leads to 
relatively fast lithospheric break-up and a short margin, 
accompanied by rift flank uplift and focussed mantle 
upwelling. A weak lower crust delays break-up and may 
produce a wide, hyper-thin crust. I show that 
sedimentation may fundamentally alter margin 
architecture for intermediate strength lower crust by 
switching break-up style from fast break-up to 
prolonged rifting with the development of a wide 
domain of hyper-thin crust.  
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St. Jonsfjorden is a 22-kilometer long fjord on western 
Spitsbergen where modern sediment supply occurs from 
glaciofluvial rivers and tidewater glaciers. Eighteen 
glaciers sit within the fjord catchment, three of which 
are tidewater glaciers: Osbornebreen, Konowbreen, and 
Gaffelbreen. Prior to the 1960s, the downstream 
portions of Osbornebreen and Konowbreen flowed 
together and entered the fjord as one tidewater cliff at 
the fjord head, which advanced and retreated 
synchronously. The only documented surge of 
Osbornebreen occurred from AD 1986-1988. 
The bathymetry of the fjord mouth is dominated by 
shallow, steep-sided banks that may be related to 
activity along the West Spitsbergen Fold-Trust Belt. 
During the last glacial, this fjord was occupied by an 
outlet glacier draining the Svalbard-Barents Sea Ice 
Sheet. Evidence of fast ice flow through the fjord can be 
seen in the form of elongated, subglacially formed 
ridges present in both the outer and inner fjord. The 
bathymetric highs may have served as pinning points for 
grounded ice during the deglaciation or subsequent re-
advances.  
A landform assemblage similar to assemblages from 
other Svalbard fjord heads has formed in the inner fjord. 
It includes a broad ridge that cuts across the width of the 
fjord 7.8-11.8 kilometers from the modern terminus of 
Osbornebreen. The landward extensions of this ridge 
have been previously interpreted as a Little Ice Age 
moraine (Preisner 1988 in Król et al 2010) created by 
the Osbornebreen-Konowbreen glacier complex. 
Elongated features similar to those found in the outer 
fjord occur between the moraine and the fjord head. 
These are most probably glacial linear features that 
formed beneath an advancing glacier during the LIA. 
Multiple smaller ridges, 1-2 m high spaced at intervals 
of 30-40 m and partly covering the subglacial 
landforms, are interpreted as submarine moraines that 
formed during short-lasting halts and/or small re-
advances of the Osbornebreen-Konowbreen ice front 
since the Little Ice Age. They can be annual recessional 
moraines. 
Four sediment cores recovered from St. Jonsfjord 
include intervals of massive diamict. These are 
interpreted as either subglacial till or ice-front distal 
sediment where deposition occurred largely from ice 
rafting. The second main lithology is stratified mud 
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most probably deposited in environments that were 
more glacier-proximal. 
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Few examples of sandwaves have been described from 
continental slopes. In this contribution, we integrate 
morphological, geological and geophysical observations 
of sandwaves and sandwave fields from the upper 
continental slope of the southwestern Barents Sea with 
oceanographic measurements and modelling results to 
interpret the processes behind the origin and evolution 
of the sandwaves. Seven sandwave fields covering c. 
130 km2 and with a volume of c. 72 x 106 m3 occur in 
water depths of c. 475-800 m. Individual sandwaves 
reach heights up to 6 m. The sandwaves are sinusoidal 
with asymmetric stoss-lee side relationships, and time 
lapse multibeam bathymetry analysis indicates that 
some sandwaves have migrated up to 10 m towards the 
NNW over a 4-year time period. This contour current 
parallel migration is counteracted by currents in several 
other directions, and the sand unit is thus not a simple 
contourite. Measurements show daily oscillations and 
clear spring-neap variations of current direction and 
speed with along-slope and cross-slope current 
velocities up to 75 cm s-1 and 65 cm s-1, respectively. 
Numerical ocean modelling results produce eddies 
travelling along the slope, positionally stable, daily 
recurring vortices and bottom current velocity up to 100 
cm s-1 in the sandwave fields. Sandwave migration 
towards the SE is also observed, and the cross slope 
currents are capable of transporting sand up and down 
the slope, as evidenced by ripples migrating normal to 
the sandwaves. Eroded sand accumulates in the 
sandwave fields along the boundary between North 
Atlantic Water and Norwegian Sea Arctic Intermediate 
Water. This is a consequence of the combined effect of 
the NNW directed along-slope Norwegian Atlantic 
Current, tides, topographic waves traversing up and 
down the slope and spatially and temporally changing 
eddies and vortices. The sandwave fields started to form 
11 000-13 000 14C yrs BP or possibly later by current 
erosion of glacial sediments on the continental shelf and 
slope. 
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Upper amphibolite to granulite facies metamorphism, 
related to crustal thickening, between 1035 and 980 Ma, 
has been interpreted as the main metamorphic event 
recorded in Rogaland. The high-grade rocks were then 
overprinted by UHT metamorphism related to the 
emplacement of the Rogaland anorthosite complex at 
950-925 Ma (Bingen et al. 2008). 
Recent mapping at the 1/50.000 scale, conducted by the 
Geological Survey of Norway (NGU), has, however, 
revealed the existence of a large (200 x60 km) granitic 
batholith, the Sirdal Magmatic Belt (SMB) emplaced 
between 1060 and 1020 Ma (Slagstad et al. 2013). 
Previously mapped as gneisses and banded gneisses, the 
batholith is in fact composed of mainly undeformed to 
foliated granite that are only locally gneissic. Zones 
previously referred to as banded gneisses typically 
comprise xenoliths of older, metamorphosed country 
rock, and in many areas, undeformed and 
unmetamorphosed SMB granites clearly cut previously 
deformed granulitic gneisses, providing a minimum age 
for this metamorphism. These granulitic gneisses 
include migmatitic metapelites, orthopyroxene-bearing 
migmatitic orthogneisses, and orthopyroxene- and 
fayalite-bearing granitoids and orthogneisses. Ages 
obtained on the fayalite-bearing granitoids indicate a 
magmatic event around 1230 Ma, with emplacement of 
high-temperature iron-rich magmas. This magmatism 
represents a significant source of heat in the region, 
possibly capable of generating high-grade 
metamorphism where it was emplaced. 
On a regional scale, metamorphosed and deformed 
rocks older than ca. 1230 Ma contain foliation-cutting 
mafic dykes that appear to be lacking from younger 
rocks, including the SMB. Although not yet dated, these 
field relationships suggest a minimum age of ca. 1230 
Ma for these dykes, implying an as yet enigmatic pre-
Sveconorwegian event in the region. The new findings 
suggest that the metamorphic history of Rogaland is not 
restricted to Sveconorwegian events, and may reflect a 
much longer and more complex history than previously 
recognized.  
References: 
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Radiometric dating of rhomb-porphyry lavas has been a 
challenging task because of a number of reasons. Earlier 
work by Bjørn Sundvoll with the Rb-Sr system 
(Sundvoll and Larsen 1990) yielded useful information, 
but the precision was a limiting factor. Dating by U-Pb 
is difficult because of the scarcity of zircon in such 
rocks, in spite of high Zr contents. A systematic search 
through samples representing flows RP1 to RP11 in the 
Krokskogen succession has, however, revealed the 
presence of datable zircon in at least some of the units. 
Baddeleyite can be present but generally as very small 
crystals affected by Pb loss. Analyses using the Ar-Ar 
method require careful search for unaltered feldspar 
domains. Preliminary zircon U-Pb results indicate a 
range of ages from 292.5 ±1.0 Ma for the lowermost 
RP1 flow to 280.2 ± 0.5 Ma for RP11. Syenite 
intrusions in the ring dyke and the Central Complex of 
the Øyanger caldera yield ages of 273-270 Ma, the latter 
consistent with the Ar-Ar age of coexistent feldspar. 
The Krogskogen sequence postdates therefore the 
earliest basalts at Brunlanes and Skien (300-299 Ma; 
Corfu and Dahlgren 2008), and much of the Larvik 
plutonic complex, which formed between 298 to 290 
Ma (Dahlgren et al. 1996). There is however, some 
overlap with the larvikites to granites of the Siljan-
Skrim plutonic complex formed at 282-277 Ma 
(Pedersen et al. 1995) and trachytic lava (T4) formed at 
282 Ma. The youngest magmatic activity formed large 
syenitic to granitic batholiths which dominate the 
northern parts of the Graben. One of the youngest 
plutons is the Tryvann granite with an age of 259 ± 1 
Ma. 
References:  
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269. 
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Deltas are complex depositional systems that vary 
greatly in size, morphology and facies architecture 
depending on basin configuration, sediment supply, 
process regime and climate. Our present understanding 
of deltas is strongly influenced by studies of large, 
modern, highstand deltas that clearly are not 
representative of the full range of modern and ancient 
deltas.  
Studies of postglacial fjord deltas in northern Norway 
show that they differ in many respects from deltas in 
other parts of the world and fit poorly into present 
classification schemes. They nevertheless show great 
inter-regional similarity and give new perspectives on 
deltaic sedimentation, both in fjord regions and in 
general. Among such perspectives are: fjord delta 
systems may comprise up to 50% of the postglacial 
sedimentary fill and extend up to 60 km downvalley in 
fjord valleys fed by large rivers; they exemplify falling-
stage rather than highstand deltas yet show a high 
degree of preservation despite subaerial terracing; they 
are typically coarse-grained (sandy, sandy-gravelly) 
steep-faced deltas having a distinct Gilbert-type (topset-
foreset-bottomset) architecture regardless of water depth 
(10 - 150 m); tidal processes in a mesotidal environment 
are highly effective in distributing wave energy across a 
degradational delta plain and in modulating river 
outflow; steep subaqueous, sandy-silty delta slopes 
display features such as chutes, lobes and transverse 
ridges formed by a variety of depositional processes; 
spectacular tidal rhythmites reflecting semi-diurnal, 
neap-spring and annual cycles mostly form in response 
to tidal modulation of river outflow rather than tidal 
currents. All of these features, seen in presently active 
deltas and their relict counterparts upvalley, impart high 
value to Norwegian fjord deltas as worthy objects of 
study in the quest for understanding variability and 
complexity in modern and ancient sedimentary systems.    
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Norway has a complex geological history and bears its 
existence on the exploitation of geological resources. 
Despite this, the perception of geology and the 
geological processes that created the landscape is little 
appreciated, compared to bio-diversity and cultural 
heritage. 
Some geological localities play an important role in our 
perception and scientific understanding of the 
landscape. Other localities are, or could be, important 
tourist destinations. Other localities can play a role as 
geotopes for the education on all levels, whereas other 
plays a major role in the understanding of geodiversity 
and geoheritage and should be protected as natural 
monuments. However, no systematical classification 
and identification of important sites has been done for 
the last thirty years. 
A database based on old registrations is compiled and a 
web mapping server is launched based on old and new 
registrations. Furthermore, we are in a process of 
developing a valorization system for these localities. We 
would like to call for a crowdsourcing process in the 
geological community in order to validate and valorize 
the registrations, as well as defining new areas of 
interest. The aim is to raise awareness of important sites, 
and how they are treated and utilized for scientific, or 
educational purposes, as tourist destinations or heritage 
sites.  
 

Upper Jurassic to Lower Cretaceous 
structural and sequence 
stratigraphical evolution of the 
Fingerdjupet Subbasin, in a regional 
context 
 
Dahlberg, M.E 1, 2

, Faleide, J.I.1, Midtkandal, I. 1, 
Nystuen, J.P. 1 & Blaich, O.2  
 

1 Department of Geoscience, University of Oslo 
2 Present address: Bayerngas Norge AS, Lilleakerveien 
8, P.O. Box 73 Lysaker, Norway; 
(Maria.Dahlberg@bayerngas.no) 
 
The complex structural configuration of the western 
Barents Sea is the result of several tectonic phases. The 

Fingerdjupet Subbasin is a N-S trending Early 
Cretaceous extensional basin that was formed in 
response to the opening of the North Atlantic rift and 
influenced by the regional subsidence history in the 
South Western Barents Sea, and local subsidence. Based 
on detailed structural and stratigraphic interpretations of 
the Upper Jurassic to Lower Cretaceous strata, eight 
sequences have been identified and described in order to 
obtain an understanding of the basin evolution through 
time.  
The Fingerdjupet Subbasin has proven to be a highly 
dynamic basin with records of extensional tectonic 
events in at least two phases during the Early Creta-
ceous. The two phases are dated to Early Barremian and 
Intra Aptian. Differential subsidence also took place in 
this period as a response to the ongoing tectonic 
activity. The Early Cretaceous depositional infill style in 
the Fingerdjupet Subbasin is characterized first by 
horizontal strata indicating aggradation, succeeded by 
clinoforms indicating sediment transport and 
progradation from the north. The Cretaceous rifting 
episodes can be identified in other parts of the South 
Western Barents Sea; however there are some variations 
with respect to the timing of fault movement and local 
subsidence. By studying adjacent areas to the 
Fingerdjupet Subbasin, an improved regional 
understanding of the geological evolution throughout 
the South Western Barents Sea area is obtained. A Late 
Jurassic/Early Cretaceous prominent extensional event 
is recorded along the Bjørnøyrenna Fault Complex, 
while the Fingerdjupet Subbasin shows little or no signs 
of Mesozoic extension prior to the Early Barremian. 
Along the Stappen High, there are few or no signs of 
Mesozoic extension prior to the Aptian. The Aptian 
extension is seen to have affected both the Fingerdjupet 
Subbasin and the Stappen High areas and is the most 
prominent Mesozoic extension phase along these areas.  
 

The Blika Gold deposit, Telemark: A 
gold-tungsten-copper-bismuth 
mineralization. Is the occurrence of 
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discovery of new gold deposits? 
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The Blika (=Bleka) gold deposit, located in Svartdal, 
Seljord, and mined during the two periods 1882-1906 
and 1933-1940, was primarily mined for gold, with 
bismuth and copper as byproducts. Investigations by 
Regiongeologen over the last years demonstrate that the 
tungsten mineral scheelite is abundant in the Blika gold 
vein system. Scheelite is most likely important both for 
genetic considerations and for future exploration also at 
Blika. 
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The Blika Au-W-Bi-Cu mineralization occurs in quartz-
ankerite-tourmaline veins. The Blika Main Vein System 
(BMVS) extends for at least 1 km in a WSW-ENE 
direction and dips about 70 degrees N. Apparently only 
limited zones in the western parts of the BMVS contains 
significant concentrations of gold. The BMVS is hosted 
by the Svartdal metagabbro, a more than 1 km thick sill 
that was emplaced within the Meso-Proterozoic Seljord 
Group metasediments.  
Ankeritic alteration of the metagabbro is characteristic 
adjacent to the quartz-ankerite-tourmaline veins. In the 
past gold-exploration programs considerable effort was 
taken to search for quartz-ankerite-tourmaline veins 
showing the typical ankerite alteration of the host 
gabbro. So far, however, no other significant gold-
bearing vein system than the BMVS has been 
discovered in the region. 
Although Dons (1963; Geol. Survey of Norway Bulletin 
216) noted that scheelite had been identified from the 
Blika mine, the abundance and probable importance of 
this mineral in the vein system was left unrecognized 
during the mining operations, as well as during 
relatively recent exploration programs in the region by 
Norsk Hydro (early in the 1980-ies), University of 
Århus (late 1980 to early 1990-ies) and even by Mindex 
resources (in the late 1990-ies). The abundance of 
scheelite in the alteration zones of the gold-bearing parts 
pf the BMVS was most likely missed during the mining 
and recent exploration studies due to the visual 
similarity of scheelite and quartz. Scheelite is, however, 
easily recognized in complete darkness using short wave 
UV-light, and mapping of the abundance and 
distribution of tungsten in the old mine workings using 
an UV-lamp is thus easy. Scheelite has now been 
observed as an abundant mineral within the BMVS in 
close association to the veins where the highest gold 
concentrations were found during mining. Earlier 
economic evaluations of the Blika region considered 
only bismuth and copper in addition to gold. The abun-
dance of scheelite suggests that tungsten also must be 
considered in future economic considerations. 
Preliminary studies indicate that scheelite was deposited 
early in the Blika Main Vein System evolution. 
Scheelite is associated with several large gold deposits 
around the world, and scheelite is typically deposited 
from fluids of relatively high temperature adjacent to or 
near intrusions (skarn, hydrothermal quartz veins etc.) 
or from fluids of deep-seated origin. Minor granite 
plutons occur to the east of the BMVS, and a working 
hypothesis is that similar granites also occur at depth 
below the vein system and that high temperature 
hydrothermal solutions were derived from those 
intrusions. Future gold exploration programs in the 
Telemark region should include a thorough night-time 
UV search for scheelite within ankerite alteration zones 
that occur in close association with quartz-tourmaline-
bearing veins.  
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In rift basins where extension has occurred over 
multiple phases, it may be challenging to determine how 
early rift structures influence those formed in later rift 
phases due to poor imaging of the deeply buried rift 
structure. By using 3D seismic reflection and borehole 
data from the Oseberg fault block, Northern North Sea, 
we investigate the geometry and evolution of faults 
evolved over two separate rift phases (Permian to 
Triassic, Phase 1; Middle Jurassic to Early Cretaceous, 
Phase 2); in particular, we aim to elucidate the control 
of rift fabric relating to the first extension phase on the 
structural evolution during the second phase of rifting. 
Three fault populations develop and their activity is 
examined according to the analysis of growth strata, 
throw distribution and cross-section restoration: (i) a 
population of N-S-striking faults; (ii) a population of 
NW-SE-striking faults; and (iii) a population of NE-
SW-striking faults. The N-S and NW-SE striking fault 
populations were either directly inherited from or 
associated with the reactivation of precursor (detectable) 
Permo-Triassic fault, propagating upward through the 
Lower-Middle Jurassic cover, then cross-cut by the 
newly formed NE-SW-striking fault in response to 
Phase 2. Whereas faults formed under Phase 1 were 
either E-dipping or W-dipping, the major faults under 
Phase 2 were largely W-dipping as strain became 
focused within the North Viking Graben. In map view, 
the growth of NE-SW-striking fault created two 
separated fault blocks which were respectively 
segmented by the N-S-striking and NW-SE-striking 
populations. In addition, the NE-SW-striking fault 
hampered the N-S-striking and NW-SE-striking 
populations from growing laterally indicated by the 
rapid decrease of fault throw when they meet. This 
interaction of fault activity may have been related to a 
rotation of stress field from E-W to NW-SE during 
Phase 2. Our study shows that the normal fault growth 
and structural evolution of the North Sea Rift system 
during multiphase rifting could be controlled not only 
by the pre-existing faults originated from the first rifting 
phase, but may also by a variation in the regional stress 
field. 
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Development of aerial remotely operated vehicles had a 
rapid pace in the last decade. Such vehicles are often 
referred as “Drones” or multirotor helicopters and 
contain advanced electronics which allows aerial 
imagery in sites which are difficult to access. 
Application of such equipment is now common in 
remote sensing and geological mapping of cliff sides 
and outcrops. The Norwegian Petroleum Directorate has 
acquired one of the devices available on the market in 
2013. The quadrocopter “DJI Phantom” with “Go Pro 
Hero3” camera mounted was used on several field 
expeditions. Our experience from two particular cases is 
presented here. The first case is geological mapping on 
the Svalbard archipelago where the device was used to 
support geological logging of outcrops with picture 
mosaics. In this way it was possible to obtain an 
improved documentation of the geological correlation in 
the cliffs between the logged profiles. The other case is 
in the meteorite impact crater at Ritland, Western 
Norway. Here it was of particular interest to obtain a 
detailed coverage of a cliff section to document the 
relation between ejected rocks from the crater and the 
pre-impact shaly sediments. Detailed images of well 
exposed surfaces of brecciated rocks from a vertical 
position were also successfully collected. Imagery from 
these two locations will be presented along with the 
experience of using device in polar areas. 

 
A Mega-regional Approach to Arctic 
Geology and Prospectivity 
 
Doré, T., Lundin, E., Tørudbakken, B. & Sømme, T.O. 
 
The general consensus is that the Arctic contains a 
significant proportion of the world’s undiscovered 
conventional resources, with gas probably predominat-
ing over oil. Thus, the region can contribute a major part 
of the world’s energy mix in the next century. This 
thinking has provoked a marked surge in activity in 
recent years, with significant offshore acquisition and 
some landmark discoveries. As work progresses it 
becomes increasingly important to place the discoveries 
in context and to understand large-scale geological 
relationships across the Arctic, many of which are 
counter-intuitive. We describe elements of a mega-
regional study that attempts to address these issues by 

working from the general (plate kinematics) to the 
particular (local geology).  
The Arctic Ocean occupies a unique setting as a small 
ocean between two much larger oceans - the subducting 
Pacific margin and the opening North Atlantic. Unlike 
many of the world’s oceans, evidence on both timing 
and geometry is poor, and major elements of the plate 
tectonic evolution are still controversial. Resolving the 
most likely kinematic history is critical in understanding 
paleogeography and hence reservoir and source distri-
bution. We will show a 3-stage kinematic model for the 
Mesozoic-Cenozoic that seems to best satisfy the known 
constraints. Radical changes in plate motion within the 
confined space of a small ocean led to juxtaposition in 
time and space of several significant shear margins. 
These margins have distinct characteristics in terms of 
basin configuration, local structure and thermal 
evolution, knowledge of which will be relevant as 
petroleum exploration progresses in the Arctic. 
Determining the right geological setting and resource 
potential only marks the beginning of the Arctic 
challenge. In this remote frontier, social, environmental, 
logistical and cost issues are equally, or more, important 
in terms of long term exploration and development.   
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Trace elements and fluid inclusions in quartz from the 
megacrystic coarse-grained two mica granite within the 
Land’s End granitic complex[1] of southwest England 
have been studied in order to link chemical evolution of 
quartz and the coexisting fluid to the P-T-X history[2,3] 
of the intrusion. Two main stages of quartz growth are 
observed: Up to 1 cm large phenocrysts with weak 
oscillatory cathodoluminescence zoning, sometimes 
with a lower luminescent core, and fine grained, mostly 
< 1 mm, quartz with strong normal cathodolumin-
escence zoning. Ti content is correlated to total CL 
intensity, and phenocrysts contain 40 – 140 µg/g Ti 
depending on zoning, with the main parts of the grain 
having Ti in the 60 – 90 µg/g range. Al in quartz 
phenocrysts is mostly between 250 and 550 µg/g and do 
not show a core – rim trend, or a correlation with Ti. 
Fine grained quartz found in the granite matrix and in 
quartz – tourmaline orbicules have high Ti cores with up 
to 215 µg/g Ti, and low Ti rims. Al correlates with the 
high Ti cores, indicating a stage of rapid disequilibrium 
growth. Ge is higher in the fine grained quartz, 
indicating crystallization from a more evolved magma 
compared to phenocrysts. Quartz from massive quartz-
tourmaline rocks from Porth Ledden and Roche Rock 
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show higher Al and Ge, and lower Ti, in agreement with 
the idea that these rocks have crystallized from highly 
evolved melts. Three types of fluid inclusions were 
analyzed by mircothermometry. Type I inclusions 
containing aqueous liquid and vapor at room 
temperature have average 17.3 mass% NaCl and 9.7 
mass% CaCl2, with average homogenization into the 
liquid phase at 327°C. Type II inclusions have aqueous 
liquid and vapor in addition to a halite crystal at room 
temperature, and average homogenization temperature 
of 287°C with 20.5 mass% NaCl and 12.8 mass% 
CaCl2. Type III inclusions have a second solid, likely a 
phosphate, in addition to the halite crystal and are 
divided in to two groups based on microthermometric 
behavior. Both homogenize by halite dissolution at 
average 342°C and 440°C respectively. The three types 
of fluid inclusions represent a gradual evolution of the 
exsolved fluid from the silicate magma from type III to 
type I during emplacement and solidification of the 
granite.  
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Lower Palaeozoic Gipshuken Formation is a 280-320 m 
thick carbonate-evaporite dominated unit in Spitsbergen 
traditionally included in the Gipsdalen Group of warm 
water carbonates and evaporites. The Gipshuken 
Formation forms an overall transgressive-regressive 
sequence starting with a laterally widespread unit of 
interbedded subaqueous evaporites and grain-rich, often 
oolitic carbonates. Upwards it passes into a succession 
of peritidal mud-rich carbonates which show increasing 
marine influence, and finally open marine carbonates 
dominated by brachiopods and bryozoans with some 

large gastropods and rare corals. The uppermost part of 
the formation shows a return to peritidal carbonate 
facies with interbeds of evaporites. New data indicate 
deposition in mixed warm and cool water environments, 
land and shallow waters have been warm while deeper 
more circulated waters have been cool. 
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The evolution of rift fault networks is typically 
associated with changes in the size, density and throw 
characteristics of constituent faults. Many studies have 
statistically analysed such changes to determine how 
strain is accommodated across fault networks through 
time. Although useful, such analyses neglect to 
incorporate the arrangement of, and relationships 
between, faults in the network, that is, the network 
topology. As such, changes in fault intersection type and 
frequency that occur in evolving networks, aspects that 
become increasingly critical in networks with faults sets 
of different orientations, have not previously been 
explored.  
Analysis of fault network topology has previously been 
applied to final fault networks with the aim of 
understanding fault connectivity and fluid flow in a 
‘static’ sense. These studies divide the network into 
nodes and branches. Nodes are classified as either 
intersections between faults or free fault tips, whereas 
branches represent portions of the faults in between 
nodes and are classified according to the degree of 
connectivity to other branches. The topology of a given 
network is determined by plotting the total number and 
ratio of different node or branch types on ternary plots. 
Here we build on this approach by introducing the 
concept of ‘dynamic’ topology, that is, quantifying 
changes in the topology of a given network through 
time. In particular, we assess if: i) ‘dynamic’ topology 
can elucidate trends as a given fault network evolves; 
and ii) rifts of different types (e.g. single phase rifts, 
multiphase rifts etc) have distinctive evolutionary 
pathways. To achieve these aims we constrain and 
compare topology data from sequential plan view fault 
maps from well-constrained physical models of 
different rift types as well as from natural fault systems.  
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Our results indicate that: i) the topology of a range of 
rift fault networks is ‘dynamic’, changing in a largely 
predictable manner as the network evolves; ii) the 
connectivity within a rift fault network will increase 
with increasing strain; iii) the addition of a second phase 
of rifting considerably increases the connectivity of a 
given fault network; iv) this affect is emphasized when 
2nd-stage faults strike at highly-oblique angles to 1st-
stage faults. 
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Intra-parasequence-scale shoreline trajectories record 
the path of the shoreline of a depositional system 
through progradation of a single parasequence. Intra-
parasequence shoreline trajectories are very gentle and 
too small to observe in the field using traditional 
methods such as: photographs, in which scale varies 
with distance from the camera; correlated stratigraphic 
logs, which commonly have an inaccuracy in thickness 
of ±10%; and strike and dip-measurements, which are 
on the scale of ±2°. Studies in outcrops are therefore 
forced to use proxies for shoreline trajectory, such as 
intervals with sharp-based intervals, the presence of 
incising channels, and clinoform geometries. While 
these methods may work in many cases, it is difficult to 
separate between incised valleys and distributary 
channels, and between sharp-based shorefaces formed in 
response to forced regression or during storm scour.  
Use of large-scale (3-30 km long, 200-600 m thick) 
helicopter-mounted lidar models facilitates direct 
measurement of shoreline trajectories using underlying, 
horizontal flooding surfaces as datums. This method has 
been applied to two shoreface parasequences, the 
KSp010 parasequence of the Star Point Sandstone, and 
the Kenilworth K4 parasequence of the Blackhawk 
Formation. Regional studies of these deposits show 
parasequence-scale normal regressions with gently 
ascending shoreline trajectories of (0.02° and 0.05° 
respectively). The intra-parasequence shoreline 
trajectories measured in this study show much larger 
variation and record long-lasting periods of 
progradation under effectively flat shoreline trajectories 

punctuated by sudden, short-duration intervals of 
relative sea-level rise balanced by sediment supply. 
These create bedset boundaries in shallow-marine areas, 
lagoons in nearshore terrestrial areas, and development 
of barrier islands at the coastline. These episodes record 
c. 5 m of relative sea-level rise over 500 m down depos-
itional dip with a trajectory of c. 0.5°. 
The presence of small, wave-dominated deltas (1 km 
wide along depositional strike) and abundant 100-700 m 
wide distributary channels on top of the shoreface and 
delta deposits are interpreted to be the deposits of 
rapidly avulsing distributary channels in a wave-domin-
ated coastline during normal regression, fed by a 
distributary fluvial system. This is in sharp contrast to 
many earlier interpretations of the these deposits, which 
used sharp-based shoreface intervals and the presence of 
incising channels as an argument for the system being 
forced regressive. This raises a question: Are these 
reliable indicators of falling sea level? 
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One of the most dramatic flooding events the last 200 
years in central western Norway occurred in late 
October in 2014, as heavy rainfall over two days led to a 
water-discharge runoff peak in multiple watersheds in 
Hordaland and Sogn og Fjordane. The flood and 
associated erosion resulted in the destruction of several 
houses and roads. This caught inhabitants off-guard as 
this flood and its effects had not been anticipated. 
Limited sedimentological investigation was performed 
in the villages of Flåm and Lærdal in the aftermath of 
the flood to better understand what happened.  
The flood in Flåmselvi led to extensive erosion of 
unsecured river cut-banks (outer banks). Only limited 
deposition occurred on point bars and overbank areas, 
mainly due to the steep river terraces in the narrow 
valley. Most of the eroded sediment must have been 
deposited on the delta front and in the basin in the fjord.  
Lærdalselvi did not rise above its banks, but a side-river 
from the adjacent Tynjadalen valley went through man-
made levees, eroded large amounts of topsoil in the 
steeper, upstream parts of the floodplain, and deposited 
large amounts of sand and mud on the lower, flatter 
parts of the floodplain.  
The investigations revealed predictable and unsurprising 
patterns of erosion and deposition, with cut-bank 
erosion, deposition on point bars, in flat, low-lying 
overbank areas close to the river, and a partitioning of 
grain sizes in accordance with a down-valley change in 
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flow-competence. Together with topographical, hydro-
logical and meteorological data, this can be used to 
explain the large differences in damage between the 
different valleys. Future flood-awareness plans and 
municipal zoning plans must take into account the 
potential for cut-bank erosion during large floods, 
especially in this time of warming global climate and 
more intense rainfall. 
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The study of Oligocene and Neogene sediments 
conducted by the NPD includes biostratigraphy from 50 
wells, Sr isotope chronology, sedimentology based on 
ditch cuttings, side wall cores and well logs, as well as 
interpretation of 2D and 3D seismic data (Eidvin et al. 
2013).  
In the Norwegian sector of the North Sea, Oligocene 
and Miocene depocenters for sandy sediments were 
located in the Viking Graben and the Norwegian-Danish 
Basin. A large delta system prograded from the Shetland 
Platform towards the east, and from the Middle Miocene 
to early Quaternary the delta front was located in the 
Frigg area. The Skade-Utsira aquifer has the largest pore 
volume of the aquifers evaluated for CO2 storage in the 
North Sea (Halland et al. 2014) and consists of deltaic 
and shelfal sandy deposits. The Norwegian-Danish 
Basin received sediments from the uplifted Scandinavia 
(southern Scandes dome). In the northern part of the 
Norwegian Sea shelf adjacent to the northern Scandes 
dome progradation of sandy sediments took place from 
the Early Oligocene to the Early Pliocene (Molo 
Formation), while in the deep sea deposition of clay and 
biogenic ooze prevailed.  
A regional tectonic phase in the early part of mid 
Miocene created compressional domes and basins in the 
northern Norwegian Sea and in the southern part of the 
Norwegian sector of the North Sea. Renewed uplift of 
the southern and northern Scandes dome is indicated by 
tilting of their west flanks and changes in the 
depositional systems. Mid Miocene sediments in the 
North Sea Central graben and Viking graben areas 
consist mainly of marine clay rich in planktonic 
microfossils. The mid Miocene event marks the onset of 
climatic cooling in the Atlantic region.  
Other significant events related to sea level changes 
and/or changes in paleo-geography have been dated to 
the Oligocene-Miocene boundary, Late Miocene and 
Early Pliocene.  
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This study addresses the hydrothermal alteration and 
mineralization related to a not previously studied system 
of tourmaline-quartz veins intersecting granite in 
Nanjizal, in the Lands End granites of the cornubian 
batholith. Three veins-types are distinguished from their 
field appearance. They follow three fracture-directions. 
Based on petrographic studies and geochemistry on 
samples from six localities we aim at studying the 
alteration-patterns and their correlation with 
hydrothermal ore-forming events and the formation of 
cassiterite-ore.  
Petrography and XRD demonstrates that all samples 
experienced phyllic and greisen type hydrothermal 
alteration, where quartz and white mica grew at the 
expense of alkali feldspar. SEM will be used to identify 
ore minerals in the samples. Kaolinite is also identified 
with XRD, indicating some argillic alteration. Closest to 
the veins, biotite is completely decomposed. Alkali 
feldspar is replaced by very fine-grained mica in all the 
samples except one. This sample differs chemically 
from the other samples in XRF major element analyses 
with higher content of K2O and lower Na2O, hence 
implying potassic alteration. During the K for Na 
exchange, minute amounts of Fe is released from the 
plagioclase-lattice and oxidized to form minute hematite 
inclusions (supported by a higher content of iron oxides) 
which gives the rocks a distinct reddish coloration in 
hand specimens, whereas in thin-section the feldspars 
are clouded by dark inclusions. This particular sample 
belongs to the oldest generation of veins that formed at 
the highest temperature, where microclinisation or 
potassic alteration is expected. The mineral assemblage 
and replacement textures in the other samples indicate 
phyllic to greisen alteration, and associated 
mineralization of cassiterite is expected but not yet 
verified. There are three petrographically different types 
of tourmaline. EMPA analyses of these phases together 
with whole rock XRF and XRD as well as SEM of ore-
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forming and alteration phases will be presented at the 
winter conference.  
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Integration of well and seismic data of the Tempel-
fjorden Group from the Barents Sea have greatly 
improved our understanding of the geological evolution 
of the Loppa High and Bjarmeland Platform areas 
during the Guadalupian-Lopingian stages.  
In the westernmost part of the Barents Sea the NS 
trending Arctic Rift became active in Guadalupian 
stages, contemporaneously with reactivation of older 
NE-SW trending faults. Fault activity took place along 
the Polhem Fault (NS trending fault west of the Loppa 
High crest), Hoop Fault, Troms-Finnmark Fault 
Complex and faults within the Fingerdjupet Subbasin. 
Footwall uplift took place along the major normal faults 
and resulted in subaerial exposure of the crestal areas of 
the Loppa High. 
In the Fingerdjupet Sub basin the Tempelfjorden Group 
was deposited in a basin with a complex bathymetry 
reflecting the underlying fault-block terrain. Each fault 
block structure was a ramp where biogenic deposits 
prograde from the shallowest part of the fault blocks and 
into the local basin. The bathymetry was gradually 
infilled. The upper part of the Tempelfjorden Group was 
deposited in a southeastward prograding carbonate 
ramp, containing mounded seismic facies interpreted as 
carbonate build-ups in the middle ramp. The ramp 
gradually pinches out when approaching the Mercurius 
High.  
The northern Loppa High was a structural high and 
consequently thin, biogenic deposits dominated. The 
ramp build out from the shallowest and western part of 
the High in an eastward to southeastward direction.  
On the southern part of the Loppa High, the sequences 
show well-developed clinoforms and with mounded 
seismic facies in down-dip position. The sequence 
boundaries are characterised by seismic down-lap in a 
downdip position and onlap onto the underlying 
sequence boundary in an updip position, suggesting that 
they represent lowstand wedge deposits. The wedges 

probably represent inner ramp mixed carbonate and 
siliciclastic that prograde across middle ramp consisting 
of carbonates carbonate buildups. The transgressive and 
high-stand deposits are generally thin and probably 
consist of biogenic deposits. The two lowermost 
sequences show an overall regressive development, 
while the upper sequence is separated by a major 
transgression followed by a thin regressive unit. The 
sequences thin and became condensed in the northern 
Hammerfest Basin and in the western Bjarmeland 
Platform. 
Correlation of the Tempelfjorden Group based on wells 
and IKU shallow cores confirms that the group 
comprises three regional t-r sequences. Carbonate and 
cherty rocks dominate in the inner and middle ramp 
deposits while siliciclastic mud dominates in basin. 
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Systematic glacier monitoring in Norway started in 
1899 when John Bernhard Rekstad (1852-1934) at 
Bergen Museum put out marks at the terminus of outlet 
glaciers from Jostedalsbreen for length change 
observations. Some of these glaciers are still in the 
monitoring programme. A total of 68 glaciers have been 
monitored for shorter or longer periods. Twelve glaciers 
has been observed for more than 100 years – some with 
shorter or longer gaps. In 2014 about 40 glaciers were 
measured by NVE and partners. Glacier mass balance 
investigations in Norway started at Storbreen in 
Jotunheimen in 1948/49. This mass balance record is the 
second longest in the world after Storglaciaren in 
Sweden where measurements started in 1945/46. Mass 
balance has been measured on 43 glaciers. Ten glaciers 
have been measured for more than 20 years. The current 
glacier monitoring programme includes direct surface 
mass-balance investigations on 14 glaciers. Multi-
annual glacier mass balance is assessed by the geodetic 
(or cartographic) method from accurate, detailed repeat-
ed mapping by aerial photography and photogrammetric 
methods, and recently by laser scanning (LIDAR), and 
density assumptions. Since 2007 LIDAR campaigns 
producing high quality digital elevation models (DEMs) 
and orthophotos have been conducted on 1/3 of the 
glacier area in Norway including all current mass 
balance glaciers. The accuracy of the annual mass 
balance measurements depends on both the accuracy of 
the point observations and inter- and extrapolation of 
point values to spatially distributed values. Long series 
of measurements can be inhomogeneous because of 
changes in methods and glacier topography. Assessed 
geodetic mass balance results are used as an independ-
ent check of the direct method. Reanalysing glacier 
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mass balance series is recommended for records with 
increasing importance for long time series. Reanalyses 
includes homogenization to achieve consistent 
observation series, uncertainty assessment of systematic 
and random errors for the glaciological and the geodetic 
balances, and, in cases of unexplained discrepancies, 
adjusting the (annual) glaciological to the (multi-annual) 
geodetic balances. Records for Engabreen, Nigardsbreen 
and Ålfotbreen are reanalyzed now. 
Glacier changes on national scale are assessed by 
repeated mapping of all the glaciers. Results are 
compiled in inventories. The latest inventory of 
Norwegian glaciers is based on Landsat satellite images 
from 1999 – 2006 and was published in 2012. The 
glaciers in mainland Norway covered 2692 +/- 81 km2 
and comprised 0.7% of the land area. 
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Ringvassøy is one of a chain of large coastal islands 
representing the Archaean to Paleoproterozoic West 
Troms Basement Complex (WTBC), west of the 
Caledonides. On Ringvassøy, a basement of mainly 
tonalitic gneiss is overlain by the Ringvassøy 
Greenstone Belt (RGB), which is metamorphosed up to 
middle amphibolite facies. Tonalitic gneiss in the west 
and southeast of the island has U–Pb zircon ages of 
2.84–2.82 Ga, similar to U–Pb zircon ages of 2.85–2.83 
Ga for metavolcanics in the RGB. Mafic dykes cutting 
the basement have U–Pb zircon and baddelyite ages of 
2.40 Ga, with a titanite age (metamorphic overprint) of 
1.77 Ga; the same dykes seem to occur in the RGB. 
The focus of this study is a highly Fe-sulphide-
mineralised, quartz-rich schist unit (‘keratophyre’?), 
which is locally auriferous. This unit be traced from the 
western to eastern limits of the RGB and coincides with 
a geophysical resistivity anomaly. The unit was mapped 
and sampled to identify enrichments of Fe-sulphides and 
Au in terms of a stratiform versus structural control. 

Structurally in the RGB, D1 is represented by the main 
ductile foliation (S1) parallel to primary bedding/
layering, rare isoclinal folds, and foliation-parallel 
shears (S1), and occurred between 2.8 Ga and 2.40 Ga. 
Most of the post-D1 structures, which cut the mafic 
dykes, formed in greenschist-facies conditions possibly 
during the Svecofennian Orogeny (c. 1.80–1.75 Ga), 
and include: macroscale upright folds and related low-
angle ductile shears (S2), and moderately to steeply 
plunging folds associated with steeply dipping, ductile 
shears (S3). 
Samples of the ‘keratophyre’ unit were collected across 
and along strike, and include all observed variations in 
lithology and mineralisation. Samples were also 
collected from syn-tectonic mineralisation and quartz 
veins in the three generations of shear zones (S1, S2, S3). 
At the time of writing, all samples have been submitted 
for gold assay and analysis of 37 major and trace 
elements. A representative set of thin sections is being 
prepared for petrographic study.  
Geochemical data, combined with the S1-concordant 
position of the ‘keratophyre’ unit throughout the RGB, 
offer the possibility that it originated as a stratiform 
deposit in a mafic volcanic setting. The mafic volcanics 
may then have been hydrothermally altered and 
silicified in the vicinity of a black smoker complex. This 
tentative interpretation is supported by a progressive 
lateral variation in the distribution of Fe, Zn, Cu, and the 
Au tenor in sulphides (mainly pyrite and pyrrhotite). 
Furthermore, the presence of some of these elements as 
sulphides in in the S1 and S3 ductile shears, and in syn-
tectonic S1 and S3 quartz veins, indicate that the 
mineralisation was later remobilised in both 
Neoarchaean and Svecofennian shear zones. These 
findings make the RGB an economic target for 
stratiform base-metal deposits and epigenetic gold. 
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The Late-Triassic De Geerdalen Formation of Svalbard 
has been extensively studied on Spitsbergen and Hopen. 
The formation represents large scale deltaic 
sedimentation of clastic material derived from the 
Uralian mountain chain, into a shallow epi-continental 
shelf environment throughout the latter part of the 
Triassic. The proximal paralic nature of the De Geer-
dalen Formation is well defined on the island of Hopen 
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in the SE of the Svalbard Archipelago. Its distal nature 
is well documented in central Spitsbergen, representing 
a more tidally dominated environment.  
We support the interpretation of the De Geerdalen 
Formation as a paralic environment to Edgeøya. 
Contemporary and lateral sedimentological studies have 
suggested that the nature of the De Geerdalen Formation 
in these areas is still representative of a paralic 
environment. Terrestrial depositional processes are 
observed in addition to numerous paleosol horizons and 
coal beds. Minor packages of marine influenced 
sedimentation are also seen to be present and are 
interpreted as representing marine incursions onto the 
delta front, representative of tidal and storm influenced 
environmental processes.  
Earlier suggestions (map and text) show that The Late 
Triassic to Jurassic Wilhelmøya Subgroup occurs on the 
SW part of the island, this is replaced by our 
interpretation of a continuous development of the De 
Geerdalen Formation in southern Edgeøya. In addition, 
the post depositional and glacial erosion has gone down 
into the De Geerdalen Formation also removed the 
upper part of this unit. However, this is found on Hopen 
allowing for a composite of the two locations to provide 
a good understanding of the development of the Late-
Triassic in Eastern Svalbard. 
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The Barents Sea continental shelf is characterized by a 
complex tectonic history and thus comprises a wide 
range of crustal and basin architectures that formed in 
response to different geological processes. Overlapping 
Paleozoic orogenies (Timanian, Caledonian, Uralian) 
preceded multiple rift episodes mainly affecting the 
western Barents Sea and eventual breakup with 
Greenland to the west and Lomonosov Ridge to the 
north. The eastern Barents Sea comprises a wide and 
deep sag basin that formed by rapid subsidence in Late 
Permian-Early Triassic times, most likely in response to 
basin-forming mechanisms other than rifting. The deep 
East Barents Sea Basin was filled by thick uppermost 
Permian and Triassic sediments prograding westwards 
from uplifted source areas mainly in the SE (Urals). In 
the western Barents Sea we find more typical rift basins 
formed in response to at least four major post-
Caledonian rift phases: Carboniferous, Late Permian, 
Late Jurassic-Early Cretaceous, and Late Cretaceous-
early Paleogene. The rifting activity migrated westwards 
through successive tectonic phases. Carboniferous 

rifting affected the entire western Barents Sea and gave 
rise to typical horst and graben structures. These 
structures were covered by a regional carbonate 
platform before renewed faulting affected the SW 
Barents Sea in Late Permian time. The major prograding 
system reached the western Barents Sea in earliest 
Triassic time gradually filling in a regional basin of 
considerable waterdepths. Late Jurassic-Early 
Cretaceous oblique extension and formation of the deep 
SW Barents Sea basins was linked to the North Atlantic-
Arctic plate tectonic evolution. Regional uplift 
associated with the Early Cretaceous High Arctic Large 
Igneous Province gave rise to a depositional system 
characterized by north to south progradation covering 
most of the Barents Sea. A Late Cretaceous-Early 
Paleogene mega-shear system along the western Barents 
Sea-Svalbard margin linked rifting, breakup and initial 
opening of the Norwegian-Greenland Sea and the Arctic 
Eurasia Basin. Narrow pull-apart basins formed within 
this dominantly shear system, in particular at a releasing 
bend in the margin SW of Bjørnøya. A restraining bend 
SW of Svalbard gave rise to the transpressional 
Spitsbergen Fold-and-Thrust Belt. Compressional 
structures of different styles are found widespread in the 
Barents Sea region. The nature and timing of these are 
difficult to constrain in many areas due to later uplift 
and erosion, but we expect that there are different 
causes and timing involved. The entire Barents Shelf 
was uplifted and eroded during Neogene time and thick 
fans of Plio-Pleistocene glacial sediments were formed 
in front of bathymetric troughs characteristic of both the 
western and northern Barents Sea. Most of the uplift is 
closely linked to the glacial erosion, but tectonic uplift 
occurred prior to the glaciations. 
 
 

CSEM measurements in the Hoop 
Area, can it improve exploration 
efficiency? 
 
Fanavoll, S.1 & Gabrielsen, P.T.2 
 
EMGS ASA, Stiklestadvn 1, 7041 Trondheim,  
1 sf@emgs.com, 2 ptg@emgs.com  
 
Following the successful drilling of the Wisting 
(7324/8-1) oil discovery in September 2013, a number 
of wells have been drilled in the area on the north-
western Bjarmeland Platform commonly denoted as the 
Hoop Area. While the Wisting well targeted the Jurassic 
Realgrunnen play, the next well in the license (7324/7-
1) went for a deeper Triassic target, but turned out dry. 
The third well (7324/7-2) again targeted a Jurassic fault 
block and was an oil discovery, only significantly 
smaller the Wisting, as expected. Following this well, 
three wells were drilled in the PL615 and PL614 
licenses of which all turned out to be disappointments. 
First, the Apollo well, targeting Jurassic reservoirs, 
came out dry, then the Atlantis well, targeting two 
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Triassic levels, encountered small amounts of gas in the 
Upper Triassic Snadd Formation. Last, the Mercury well 
south-west of Wisting found 10 m of gas in Jurassic, 
which was a disappointment, as this well was fairly 
close and appeared to be similar to Wisting and Hans-
sen, both on seismic and CSEM data. 
CSEM results 
Looking closer at the 5 wells drilled in the area, we can 
say that all came out well in accordance with the results 
from the multi-client CSEM data in the area. The 
Wisting, Hanssen and Mercury wells are all associated 
with clear CSEM anomalies, while Apollo had no 
anomaly, and Atlantis is located in the weak part of a 
large anomaly. However, in the case of Atlantis, more 
information is needed to assess the CSEM results in 
light of the drilling results. 
Future potential 
In the area of investigation, covered by 3D multi-client 
EM data, 15 blocks have previously been awarded and 
another 14 blocks are announced in the 23rd licensing 
round. Almost every one of these blocks contain 
interesting EM features worthwhile looking closer into. 
However, many of these features imply that the focus 
must be shifted from Jurassic to other stratigraphic 
intervals, such as Upper Triassic. In order to make a 
drilling decision, viable geologic models explaining the 
observed geometries must be found. Some of these 
models are not tested by previous drilling further south. 
In the Upper Triassic Snadd Formation, stacked channel 
sequences and shallow marine deposits have been 
launched as possible play models in the area. 
Another issue to be addressed is the question of whether 
oil or gas is expected to be present. Having two of the 
wells containing oil, and two containing gas, this will be 
an important issue to resolve, as gas discoveries are less 
likely to be declared commercial in this remote part of 
the Barents Sea.  
Even though there have been disappointments in the last 
wells drilled in the area, there is still large potential to 
be investigated. The outcome of the future exploration 
will to a large degree depend on the industry’s willing-
ness to explore high risk, but also high reward targets. 
 
 

On the Neogene Uplift of the 
Barents Sea  
 
Fjeldskaar, W.1, Grunnaleite, I.1, Sydnes, M.1, Amantov, 
A.2 & Løtveit, I.F.1 

 

1 Tectonor, Stavanger, Norway  
2 VSEGEI, St.Petersburg, Russia 
 
It is well known that there has been huge erosion in the 
Barents Sea in post Cretaceous time. Petroleum 
exploration on the Norwegian Continental Shelf has 
demonstrated the crucial importance of Neogene uplift 
and erosion. Both the magnitude of uplift and erosion, 
and the timing of such processes are important for 

understanding the petroleum systems in the Barents Sea.  
A significant part of the total erosion took place due to 
numerous glaciations. Rapid erosion and subsequent 
differential uplift and tilting is commonly envisioned to 
have led to spillage of hydrocarbons, phase transition 
from oil to gas, expansion of gas, seal failure, cooling of 
source rocks, and slope instability. In addition to glacial 
erosion, repeated ice and sediment loading had 
potentially great influence on hydrocarbon migration 
routes and the temperature history and maturation. 
Detailed control on the glacial erosion, sediment 
deposition and the glacial history is therefore important 
factors for identification of the remaining hydrocarbon 
resources in the Barents Sea.  
We have reconstructed the glacial erosion by geo-
morphological/geological modeling, a modelling 
technique based on data and information on the last 
glaciation. Estimation of the pre-glacial erosion is 
achieved based on 2D modelling on a number of 
transects in the Barents Sea. The geohistory, tempera-
ture history and vitrinite reflectance were modelled and 
calibrated with the well observations (temperatures and 
vitrinite reflectance). Combining the geomorpholgical 
modelling and vitrinite reflectance modelling gave us 
the possibility to divide the Neogene erosion into glacial 
and pre-glacial phases.  
 
 

Twisting of post-glacial shorelines 
requires a low-viscosity 
asthenosphere 
 
Fjeldskaar, W.1 & Amantov, A.2 

 
1Tectonor, Stavanger, Norway; email: wf@tectonor.com  
2VSEGEI, St.Petersburg, Russia 
 
The Scandinavian uplift has been intensely studied and 
discussed since the 18th century, and it is now widely 
accepted to be an isostatic response to the recent 
deglaciation. Our knowledge of the fluid properties of 
the Earth comes largely from the uplift response to load 
redistributions that occurred over the last ice age. The 
elevation of past shorelines and the present rate of land 
uplift constrain the fluid properties of the mantle and the 
elastic rigidity of the lithosphere. 
The Norwegian west coast has experienced a sea level 
transgression in Younger Dryas (YD). Both north of this 
area and south of this area the relative sea level fell 
during YD. In the area between Bergen and Stavanger 
the 60 m YD isobase crosses the 60 m Allerød isobase. 
The same section of the coast also experienced a major 
YD ice-sheet re-advance. In part of this area the ice 
sheet re-advanced by at least 40 km. It seems likely that 
there is a causal connection between the ice advance and 
the sea level transgression.  
The Earth’s response to the deglaciation has been 
modeled by using a layered viscous model overlain by 
an elastic lithosphere. Best fit with the observed twisting 
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of shorelines was achieved with a low-viscosity 
asthenosphere above a uniform mantle, and an effective 
elastic lithosphere thickness of 30-40 km. 
 
 

Glacial isostasy and possible tilting 
of reservoirs  
 
Fjeldskaar, W.1 & Amantov, A.2 

 

1 Tectonor, Stavanger, Norway 
2 VSEGEI, St.Petersburg, Russia 
 

Scandinavia has experienced major uplift after the last 
ice age. The rate of uplift along the coasts is so high that 
its effects have been observed within one generation. 
Glaciers, sediments and erosion act as loads on the 
Earth’s surface – positive or negative. When a glacial 
load is applied to the lithosphere covering the 
asthenosphere, part of the applied load will be supported 
by the elastic stiffness of the lithosphere, and part by the 
buoyant forces of the asthenosphere. This is glacial 
isostasy, and the rebound over the last thousands of 
years has revealed how the Earth reacts to glacial loads.  
Prior to the last glaciation, northern Europe has 
experienced more than 30 glaciations. Repeated ice 
loading and subsequent glacial erosion over the last 
millions of years has significantly influenced the 
temperature history of sedimentary basins, and 
associated hydrocarbon maturation in potential source 
rocks. In addition, the loading of glaciers leads to an 
isostatic response of the lithosphere and may cause 
tilting of potential reservoirs and possible remigration of 
hydrocarbons. The effects of glaciations are assumed to 
have caused parts of the accumulation in the Johan 
Sverdrup field (Utsira High) due to changed migration 
pathways. 
Glacial isostasy will lead to tilting of potential 
reservoirs on the entire Norwegian Continental Shelf. In 
the western Barents Sea and offshore mid Norway the 
tilts could exceed 4 m/km, dipping towards east during 
the glaciations.  
 
 

Late Weichselian and Holocene 
stratigraphy of Spitsbergen fjords 
 
Forwick, M. 
 
University of Tromsø – The Arctic University of 
Norway, Department of Geology, NO-9037 Tromsø, 
Matthias.Forwick@uit.no  
 
High-resolution seismic data from Spitsbergen fjords 
show characteristic reflection patterns and provide, 
therefore, a valuable tool to infer sedimentary environ-
ments, as well as to establish chronologies from the last 
glacial until the present. Exemplified with data from the 

fjords and bays in the Isfjorden area, the largest fjord 
system on Spitsbergen, seven seismostratigraphic units 
(S1 to S7) are defined (Forwick & Vorren, 2010). 
Subglacial deposits from the last glacial, but probably 
also deposits predating the last glacial, comprise unit 
S1. Unit S2 is composed of glacier-frontal deposits, 
reflecting halts and readvances during the deglaciation 
between c. 14,100 and 11,200 cal. years BP (calendar 
years before the present). Single and multiple sediment 
wedges comprising unit S3 reflect sediment reworking 
during the deglaciation. Unit S4 includes glacimarine 
sediments that reflect frequent changes in the physical 
environment (sub-unit S4a), as well as more stable 
physical environments with occasional ice rafting (sub-
unit S4b) during the deglaciation. A period of enhanced 
ice rafting terminated the last glacial. Relatively 
homogenous sediments were deposited in a glacimarine 
environment with reduced ice rafting between c. 11,200 
and c. 9000 cal. years BP (unit S5). More heterogeneous 
deposits comprising unit S6 are related to increased ice 
rafting during the last c. 9000 years. Unit S7 contains 
sediments and landforms that were deposited during and 
after glacier advances related to the Little Ice Age 
cooling and to surges (Forwick & Vorren, 2010). 
Reference: 
Forwick, M. & Vorren, T.O., 2010. Stratigraphy and 
deglaciation of the Isfjorden area, Spitsbergen. Norwegian 
Journal of Geology 90, 163-179. 
 
 

Sediment reworking in Spitsbergen 
fjords 
 
Forwick, M. 
 
University of Tromsø – The Arctic University of 
Norway, Department of Geology, NO-9037 Tromsø, 
Matthias.Forwick@uit.no 
 
Swath bathymetry, high-resolution seismic data and 
sediment cores provide evidence of repeated mass 
wasting in Spitsbergen fjords since the last glacial 
(Forwick & Vorren, 2011). Data from the Isfjorden area, 
the largest fjord system on Svalbard, reveal a variety of 
mass-transport deposits (MTDs), allowing the 
distinction of three ‘types’ of MTDs: 1) ‘Glacigenic 
MTDs’, including muddy debris-flow lobes, as well as 
thin sandy MTDs deposited in front of or beneath 
glaciers; 2) ‘Fluvial MTDs’, including sandy turbidites 
and other MTDs originating from slope failures beyond 
river mouths; 3) ‘Other MTDs’, i.e. deposits related to 
failures on slopes that are neither supplied with 
sediments from glaciers nor from rivers. Such deposits 
include sediment lobes (debris flows or slumps) and 
slides. 
Mass wasting in the Isfjorden area commenced shortly 
after the deglaciation of the mouth of the trunk fjord 
around 14,100 cal. years BP. The most frequent pre-
conditioning factors and trigger mechanisms are probab-
ly high sediment supply and earthquakes related to 
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isostatic adjustments. However, marked changes in 
the slope gradient (related to bedrock or moraine 
ridges) also affect the stability of the fronts of 
tidewater glaciers and the positions of grounding 
lines, thus influencing the locations of sediment 
sources and, in consequence, the distribution of 
glacigenic MTDs. In addition to providing 
information about the dynamics of marine-
terminating glaciers, submarine MTDs occasionally 
also provide information about the dynamics of 
terrestrial glaciers during the Holocene. 
Reference: 
Forwick, M. & Vorren, T.O., 2011. Mass wasting in 
Isfjorden, Spitsbergen. In: Yamada, Y., Kawamura, K., 
Ikehara, K., Ogawa, Y., Urgeles, R., Mosher, D., Chaytor, 
J. & Strasser, M. (eds.): Submarine Mass Movements and 
Their Consequences. Advances in Natural and 
Technological Hazards Research, 31, 711-722. Springer 
Verlag. 
 

 
Pockmarks in Spitsbergen fjords 
 
Forwick, M.1 & Baeten, N.J.2 
 
1University of Tromsø – The Arctic University of 
Norway, Department of Geology, NO-9037 Tromsø, 
Matthias.Forwick@uit.no 
2Geological Survey of Norway, Postboks 6315 
Sluppen, NO-7491 Trondheim, 
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Swath bathymetry and high-resolution seismic data 
reveal numerous pockmarks in Spitsbergen fjords, 
indicating that fluid flow (seepage of thermogenic 
gas and pore water) has taken place, or probably is 
taking place (Forwick et al., 2009). Case studies 
from Adventfjorden, Billefjorden, Grønfjorden, 
Ymerbukta and van Keulenfjorden have been 
performed. Pockmarks in the available data sets are 
up to 250 m wide and 13 m deep. Their formation 
started most probably shortly after the retreat of 
grounded ice during the last deglaciation. Factors 
controlling the distribution of pockmarks in 
Spitsbergen fjords include: 1) tectonic lineaments, 2) 
the lithological composition and lateral sub-crop of 
bedrock and 3) the orientation of glacial lineations. 
Reference: 
Forwick, M., Baeten, N.J. & Vorren, T.O. 2009: 
Pockmarks in Spitsbergen fjords. Norwegian 
Journal of Geology 89, 65-77. 
 
 

Last glacial ice sheet dynamics 
and deglaciation on Svalbard 
inferred from fjord records 
 
Forwick, M.1, Baeten, N.J.2, Bunin, E.1, Hansen, T.3, 
Kempf, P.4, Velle, J.H.5 & Laberg, J.S.1 
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Philipp.Kempf@ugent.be 
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Various glacigenic landforms and sedimentary 
processes identified in the Spitsbergen fjords provide 
valuable insights into the dynamics of the 
northwestern parts of the Svalbard Barents Sea Ice 
Sheet during the last glacial. 
Glacial linear features oriented parallel to most fjord 
axes are identified on swath-bathymetry and high-
resolution sub-bottom profiler data. They provide 
evidence of locally fast-flowing grounded ice 
draining the northwestern parts of the Svalbard 
Barents Sea Ice Sheet to the shelf breaks off north 
and west Svalbard. Eskers overlying glacial 
lineations reveal the existence of englacial or sub-
glacial drainage systems that developed after the 
termination of fast ice flow. Iceberg ploughmarks 
suggest that parts of the deglaciation occurred by 
iceberg calving. Multiple transverse ridges, e.g. 
grounding zone wedges and moraines, indicate that 
multiple halts and/or readvances interrupted the 
deglaciations of the fjords. This includes relatively 
small moraines, probably deposited during halts 
and/or readvances in consecutive winters, thus, 
allowing the calculation of annual retreat rates of the 
ice fronts in certain fjord areas. Their regular 
spacing may suggest that e.g. parts of Billefjorden, 
Smeerenburgfjorden and Woodfjorden were 
deglaciated at relatively constant rates of at least 140 
m/year. However, the deglaciation of van 
Keulenfjorden accelerated from approx. 80 m/year 
to about 190 m/year. 
Lithological analyses allow the study of sub-glacial, 
glacier-proximal and glacier-distal sedimentary 
processes and environments, as well as the 
identification of influences from various sediment 
sources. They reveal, furthermore, that the 
deglaciations of multiple fjords terminated quasi-
synchronously around 11,200 cal. years BP, but that 
significant local delays of up to several thousand 
years occurred. 
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A multi-phased incised valley 
system of the upper Ordovician in 
the Oslo Region 
 
Franeck, F.1, Sandbakken, M.M.1, Midtkandal, I.1, 
Nakrem, H.A.2 & Nystuen, J.P.1 
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The upper Ordovician (Hirnantian) Langøyene 
Formation is exposed at some of the islands in the inner 
part of the Oslo Fjord. The formation consists mainly of 
storm-dominated, open shelf sediments formed in the 
Baltica epicontinental sea. These marine sediments are 
interrupted by fluvially sourced conglomerate units, up 
to 5 meters thick. Three main phases of erosion are 
recorded, which might be coincident with the Hirnantian 
glacio-eustatic sea level changes, also documented in 
other basins of the same age. The main challenge of re-
constructing the erosional patterns is the high lateral 
variability of the multi-phase incised valley infill 
successions, coupled with complex truncation patterns 
into semi-consolidated pre-incision sediments. 
Considerable post-depositional folding and faulting 
patterns in the area further complicate stratal 
reconstruction. Main focus for this work is given to the 
outcrops on Langøyene, Hovedøya and Rambergøya. 
Lateral mapping of the incised valley system at 
Hovedøya shows complex erosional structures different 
to the settings observed at Rambergøya and Langøyene. 
Only one major conglomerate is recorded at Hovedøya, 
even though there is evidence of more than one incision. 
The conglomerates at Langøyene and Rambergøya 
show several reactivations in their infill and are more 
distinct than the one at Hovedøya. Ongoing 
investigations will determine the erosional character 
across the targeted localities, and establish a correlation 
scheme along with an improved interpretation of the 
unconformities at Hovedøya in contrast to Langøyene 
and Rambergøya. 
 

Geofag i skolen – en kanal ut til 
samfunnet 
 
Frøyland, M. 
 
Naturfagsenteret Postboks 1106 Blindern, 0317 Oslo, 
Merethe.froyland@naturfagsenteret.no 
 
Geofag har lenge vært et fag for spesielt interesserte, og 
samfunnet har lenge vært ganske ignoranter for geofag-
lig kunnskap. Dette har skapt stor frustrasjon blant geo-

loger og andre geofaglige personer, fordi vi mener vi 
har et fag som er svært relevant og viktig for samfunnet 
og i tillegg veldig interessant og spennende. Innføring 
av geofag i videregående i 2006 gav oss muligheten til 
endre på dette. Med geofag i skolen har vi fått mulighet 
til å etablere nye tradisjoner og sette faget på kartet: 
Det har ført til at det finnes jobber som geofaglærere i 

skoleverket 
Det har ført til at lærerstudenter på universiteter 

velger geofag som sitt spesialområde 
Det førere igjen til at lærerutdannere må undervise 

geodidaktikk 
Og dermed har vi fått en ny profesjon; geofaglæreren 
Forlagene ser verdien av å utarbeidet lærebøker i 

geofag som ikke bare er på universitetsnivå 
Naturfagsenteret har ansette folk som arbeider med 

geofaget 
Vi har fått forskning innen geofagundervisning 

(geodidaktikk) 
Innføring av geofag i videregående skole var nødvendig 
for å komme ut av den hemmelige og ukjente tilvær-
elsen som faget hadde hatt inntil da. Så hvordan har det 
gått? 
Etter 6 år har geofag etablert seg i ca 80 videregående 

skoler i Norge og med rundt 2000 elever hvert år som 
velger faget (tallet er stigende). Universitetene kan 
rapportere om 20 – 30 % økning i antall studenter som 
velger geofag.  

90 geofaglærere har deltatt på etter- og 
videreutdanningskurs. Lærerne bekrefter at kursene 
har endret deres praksis. Vi har vært ute i 
klasserommet, filmet og intervjuet både lærer og elev 
og lært mye nytt om hvordan geofagundervisningen 
kan kombineres med feltarbeid ute i naturen.  

Vi kan også dokumentere at læringsmaterialene vi har 
utviklet på nettet blir brukt. F.eks over 80 000 
elevbrukere har logget seg inne i geofaglige 
undervisningsprogrammer på www.viten.no.  

Vi har gjennomført et forskningsprogram som har re-
sultert i en doktoravhandling med tre publiserte artik-
ler, 6 uteksaminerte masteroppgaver, 1 masteropp-
gaver underveis og 2 bacheloroppgave og rundt 35-40 
vitenskapelige og populærvitenskapelige artikler.    

 

Dynamics, Architecture and 
Influences on Fluid Flow in Normal 
Faults 
 
Gabrielsen, R.H. & Braathen, A.  
 

Department of Geoscience, University of Oslo, P.O.Box 
1047, Blindern, 0317 Oslo, Norway 
 
Faults, as seen in the field or in reflection seismic data, 
are frozen in time at an arbitrary stage of their 
development. This implies that they had contrasting 
architecture and properties (e.g. impact on fluid flow) at 
an earlier stage of development compared to that 
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presently seen in field study, and develop different 
characteristics during growth linked to strain-focusing 
and strain-dispersing processes. Such development is 
well expressed by distinct zones in tight, crystalline 
rocks (Gabrielsen & Braathen 2014). Herein we discuss 
the observed zonation in extensional faults in tight/low-
porous sedimentary successions.  
By the analysis of a database containing more than 500 
faults in tight and porous rocks, we suggest the 
following mapable zonation of normal faults, with 
similarities to that found by previous workers (e.g. 
Caine et al. 1996): Zone A of the fault core renders 
penetrative to semi-penetrative strain, with width from 
some centimetres to several tens of meters, but can, in 
major faults, reach widths of tens of metres. Its 
development requires that a stage of relatively intense 
shear has occurred. Zone A commonly offers two main 
components; (i) slip zones (slip-surfaces with fault rocks 
in walls), where most of the displacement is 
accommodated, and (ii) horses, which are elongate 
bodies of host rock or fault rocks and subordinate 
pockets of hydro-breccia. Zone B mantles the Zone A, 
in cases where the latter cab be distinguished. Without 
Zone A, Zone B constitutes the core of the fault. Zone B 
is distinguished by fractures, which are parallel to the 
main fault and have typical fracture frequency up 100 
fractures pr. m, approaching critical fracture saturation. 
Two end-member architectures of fault cores (zones A-
B) are suggested, based on the faults' ability to either 
focus or disperse slip. Focused fault cores are narrow, 
and dominated by slip zones. This type of fault core has 
potentially the highest across-fault sealing potential, but 
well-developed B-zones could cause along-fault 
preferential fluid flow. The damage zone of discrete 
strain can be divided into the zones C and D, which are 
generally dominated by several sets of longer fractures, 
of which one set is oriented sub-parallel to the main 
fault. The total effect of the fractures of zones C and D 
is commonly to define large, thin slightly lozenge-
shaped blocks of un-fractured country rock. Zone E of 
varied fracture orientations defines the transitional zone 
of the fault and typically occurs tens (or more) metres 
distal to the core.  
 

On the relevance of basin formation 
mechanisms on the maturation of 
source rocks: A case study from the 
East Barents Sea basin 
 
Gac, S.1, Clark, S.A.2, Minakov, A.1 & Faleide, J.I.1  
 

1 Department of Geosciences, University of Oslo, 0316 
Oslo, Norway, email: sebastien.gac@geo.uio.no 
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Maturation of hydrocarbon source rocks in sedimentary 
basins is partly controlled by the basin formation 
mechanism. However, this mechanism is sometimes 
unclear.  

This is the case for the East Barents Sea basin (EBB). 
The EBB is one of the deepest sedimentary basins in the 
world, with sediment accumulations up to ~20 km-thick. 
The EBB contains hydrocarbon source rocks which 
were deposited during Devonian, late Permian, Triassic 
and Late Jurassic times (Johansen et al., 1992; 
Henriksen et al., 2011). 
Two competing hypotheses have been proposed for its 
formation: 1) Permian-Triassic lithospheric extension 
(O’Leary et al., 2004) and 2) Permian-Triassic 
lithospheric shortening/buckling accompanied by 
metamorphism of mafic crustal heterogeneities 
(Artyushkov, 2005; Gac et al., 2012; 2013; 2014). These 
two modes of basin formation have different 
implications on the thermal history of sediments. 
Extension and thinning of the lithosphere is 
accompanied by increased heatflow in the basin 
followed by gradual thermal subsidence and cooling 
(McKenzie, 1978). Conversely, shortening/buckling of 
the lithosphere conserves lithospheric thickness and is 
accompanied by downwards advection of isotherms 
followed by warming of the sediments due to thermal 
relaxation.  
We evaluate the implications of the basin formation 
mechanism on the thermal history and maturation of 
source rocks. At first, a 1D parameter sensitivity 
analysis is run in order to evaluate those implications for 
varying parameters such as basin depth, sediment 
lithology and crustal radiogenic heat production. 
Second, sediment thermal history is modelled along 
seismic profiles crossing the Central Barents Sea and 
the East Barents Sea basin. The geometry of the basin is 
reconstructed through time since Early Palaeozoic until 
present-day and the thermal evolution is modelled 
assuming either 1) Permian-Triassic extension or 2) 
Permian-Triassic lithospheric buckling. Hydrocarbon 
maturation and generation are computed for each 
scenario. Results suggest that maturation of Triassic 
source rocks (and therefore hydrocarbon migration and 
subsequent accumulation in reservoir rocks) is much 
delayed in the case of the lithospheric buckling scenario 
(2) compared to the extension scenario (1).  
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Through the "Geonettverket" in Mid-Norway a partner-
ship between the Geological Survey of Norway (NGU) 
and Charlottenlund and Byåsen high schools in 
Trondheim is established. The purpose of the 
collaboration is to establish a "geotop" for each school 
that will serve their need for examples in the subject and 
fieldwork.  
The concept "Geotop" is well documented by Remmen 
and Frøyland (2013). The "geotop" for each school is in 
the vicinity of the school, within walking and cycling 
distance, or within areas that the school already use for 
activities. Charlottenlund and Byåsen high schools are 
"test bunnies" in 2014 for facilitating tasks include 
preparation in the classroom, field work and follow-
up work in the classroom. The tasks have general 
questions, but use local examples to increase 
understanding and usefulness of geoscience.  
In most tasks, maps are to be useed. Students will learn 
to navigate by a map, mapping outdoors and to add 
observations onto the map. The aim of the exercise is to 
increase students' knowledge of geography and geology 
in a interesting way, and to increase understanding of 
what science involves considering possible career 
choices in the future. 
Reference: 
Remmen, K.B. & Frøyland, M. 2013: Feltarbeid i en geotop – 
et rammeverk. KIMEN Nr 1 2013; Georøtter og feltføtter - en 
antologi om geodidaktikk. Naturfagsenteret. 
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from the northern Horda Platform 
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We use a combination of subsurface data (3D seismic 
and wells) from the northern Horda Platform and novel 
discrete element modelling to understand the structural 
style and evolution of fault networks developed in 
multi-phase rifts. The >60 km long, N-S-striking Tusse 
fault that has over 500 m of throw is the dominant 
normal fault in the study area and was active in the 
Permian-Triassic and again in the Late Jurassic-to-Early 
Cretaceous. In addition to this major fault, the fault 
network contains numerous smaller, 2-10 km long, 
predominantly NW-SE-striking faults, with <100 m of 
throw, that were only active during the Late Jurassic to 

Early Cretaceous. These second rift stage faults show a 
number of key end-member styles of interaction with 
the N-S-striking Tusse Fault including faults that are: i) 
isolated (non-interacting); ii) abutting; iii) cross-cutting; 
and iv) hybrid in nature.  
To further investigate the role of faults developed 
during a first rift phase (Phase I) on fault growth during 
a second rift phase (Phase II) we use a crustal-scale 3D 
discrete element model in which faults are defined as an 
accumulation of broken bonds in the brittle layer and 
their location, throw and interaction is recorded through 
time. Even a small amount of Phase I extension 
promotes fault orientations in Phase II to strongly reflect 
the Phase I orientation. An intermediate level of Phase I 
extension result in complex Phase II fault geometries 
reflecting reactivation of Phase I faults and new Phase II 
faults. Sigmoidal planform fault geometries develop, 
with the network having complex, zig-zag and 
rhomboidal fault patterns. A large amount of Phase I 
extension, with a mature fault network, results in Phase 
II being dominated by, and deformation localised onto, 
Phase I faults. Domains dominated by new Phase II 
faults occur where the fault density of Phase I faults is 
low. All models show clear depth variations in structural 
style within the crust. 
 

Northern Georoutes: Geoparks 
develop North Atlantic tourism brand 
(Magma Geopark – Norway, Katla 
Geopark – Iceland, Stonehammer 
Geopark – Canada, Geopark 
Shetland – Scotland) 
 
Gentilini, S. & Thjømøe, P. 
 
sara.gentilini5@gmail.com 
 
The NORA Region includes the Faroe Islands, 
Greenland, Iceland, and coastal Norway. The region 
covers an area of land and sea that is larger than the 
continent of Europe. Despite the vast distances between 
the four territories, they are bound together by 
historical, institutional and cultural links, share common 
characteristics and face common challenges. The NORA 
region and its neighbours, especially Canada and 
Scotland, have a high dependence on the sea, resource-
based economies, fragile marine environments, sparsely 
populated areas, out-migration and population 
relocation from rural to urban areas, high costs for the 
provision of services, poor regional accessibility, a 
narrow export range and limited regional trade. 
According to the OECD an increased exchange between 
the NORA region and neighbouring countries may 
benefit all parties. 
In June 2012 funding was secured from the Nordic 
Atlantic Cooperation Program for ‘Northern Georoutes’ 
- an exciting tourism based project led by Magma 
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Geopark in Norway in partnership with Geopark 
Shetland (Scotland), Katla Geopark (Iceland) and 
Stonehammer Geopark (Canada).  
The Geopark concept grew from an idea at the turn of 
the millennium that geological heritage should be 
valued, protected, and used sustainably to benefit local 
communities. In world where the climate is changing, 
resources are dwindling and communities are 
struggling to be communities in a real sense the time 
was right for such an idea. Four Geoparks signed a 
convention on Lesvos in June 2000 declaring the 
creation of the European Geoparks Network. Four 
years later in 2004 a Global Geoparks Network 
supported by UNESCO was born. In 2013 the Global 
Geoparks welcomed their 100th member. One hundred 
territories around the world are now actively using their 
outstanding geological heritage to underpin the 
sustainable development of their regions, primarily 
through education and tourism.  
The North Atlantic Geopark partners are working with 
the Norwegian Centre for Expertise and Fjord Norway, 
along with a range of stakeholders, to develop a 
holiday booking system for Geoparks in the North 
Atlantic Region and connect tourist routes in this area. 
They aim to: 
 promote the North Atlantic Region as the 

‘destination of choice’ for a niche tourist market 
through development and promotion of a distinct 
brand 

 support local businesses in each Geopark through 
coordination of tourism activities 

 contribute to sustainable and affordable global 
tourism. 

The three-phase Northern Georoutes project is capitali-
zing on the unique landscapes and natural assets in 
each of the four Geoparks to stimulate geo-tourism by 
developing 3-day tour packages in each area that can 
be promoted and sold online. Tours are being 
developed in collaboration with stakeholders in each 
region and will be enhanced by innovative new tourism 
products including app based guides and games 
developed by pioneering software developer Locatify 
(Iceland). 
The first phase of the project involved a questionnaire 
to all potential stakeholders in the partner Geoparks, 
including accommodation and hospitality providers, 
tour operators, transport businesses and marketing 
organisations. The questionnaire aimed to gauge 
interest in the project, discover what stakeholders could 
bring to the project, and find out what they would hope 
to gain from participation. The information gathered 
was used to work with stakeholders to develop a 3-day 
themed tour package for each Geopark. 
The ‘Northern Georoutes’ brand was established, 
consisting of a logo, a website with tour search engine, 
and a Facebook page, where the regions and the pack-
ages will be promoted.  
The current phase (two) of the project is focused on the 
implementation of an online booking system, in 
accordance with the legal requirements of each 

country, and development of associated tourism 
products.  
Phase three will involve development of further 
packages and dissemination of project results to a 
wider audience – specifically members of the Global 
Geoparks Network. It is hoped that the Northern 
Georoutes project could be a precursor to a wider 
‘Global Georoutes’ brand involving Geoparks from 
around the world. 
www.northerngeoroutes.com 
 

Statens vegvesen Region Vest, 
Prosjekt rv13 Ryfast og E39 
Eignestunnelen, Delprosjektleder 
Ryfast 
 
Gilje, A.-M. 
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Ryfast-prosjektet er et av Norges største landbaserte 
anleggsprosjekt og har som mål å bedre fremkom-
melighet og trafikksikkerhet for bilister på Nord-Jæren 
samtidig som det sikrer en fergefri forbindelse til 
Ryfylke via verdens lengste undersjøiske veitunnel. 
Kostnadsrammen for prosjektet er oppimot 9 milliarder 
og ferdigstillelse er planlagt i 2019. 
Prosjektet består av til sammen oppimot 50 km tunnel, 
flere bruer, rundkjøringer samt vei i dagen. Anleggs-
arbeidene er delt i fire store tunnelentrepriser, en 
dagsone-entreprise, flere elektroentrepriser og andre 
mindre entrepriser. Alle tunneler er påbegynt, og alle 
anleggsområder er tatt i bruk. 
Det er mange utfordringer med å drive så store an-
leggsarbeider i tettbygde strøk, og forhold som støy, 
støv, rystelser, trafikkflyt osv må hensyntas. Statens 
vegvesen har ca 50 ansatt i sin stab, og til sammen med 
alle entreprenører er oppimot 600 mann i arbeid på 
prosjektet. 
Prosjektet samarbeider med NTNU og har for tiden to 
masterstudenter som skriver oppgave og får veiledning 
i prosjektet. 
 

Deformation and associated 
element mobilization of the 
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This study investigates the mobilization of the major 
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and rare earth elements related to deformation and 
associated phyllonitization of the Fagervika granitoid. 
East of Trondheim lies the recreational area of 
Bymarka, which is dominated by greenstones and is 
regarded as a part of an ophiolite complex. Among all 
the greenstones you find several felsic intrusives, and 
the Fagervika granitoid is the largest one and is defined 
as a Trondhjemite. It extends from the shore of 
Trondheimsfjorden and southwards towards Skjelbreia 
Lake where it fingers out. There have been previous 
small-scale prospecting and ore-mining activity in this 
area for copper and gold. Extensive detail mapping of 
the Fagervika granitoid in the area around Gråkallen 
(552 m.o.h) reveals an area with varying degrees of 
deformation and associated phyllonitization, including 
occurrences of sulphide-bearing hydrothermal quartz in 
association with the deformation zones. Preliminary 
optical investigations show that the least deformed 
samples has a magmatic texture, but the feldspars shows 
weak sericitization and sausuritization, whereas the 
most deformed samples are phyllonitic with elongated 
quartz grains in a fine muscovite matrix with different 
sulfide minerals and little or no feldspars. With 
increasing degree of deformation, the feldspars 
disappear and muscovite appears, revealed by the loss of 
Na, Ca and Eu and gain of K. The main aim of this 
thesis is to study the granitoid in an increasing degree of 
deformation. By comparison of the least deformed to the 
most deformed samples will be done by examining 
mineral assemblages and textures together with 
quantitative geochemical and mineralogical data. Isocon 
diagrams and quantitative Rietveld will be used to infer 
which major/ trace elements and minerals respectively 
that have been lost and which has been gained during 
the deformation. The next step will be to compare the 
geochemical data to microscopic investigations, and 
Scanning Electron Microscope and Microprobe will be 
used to accurately determine the mineral chemistry of 
the different mineral phases representing the Fagervika 
granitoid. By using principles of geochemistry, the goal 
is to understand the element mobility path of the 
different elements and minerals in the granitoid during 
deformation.  
 

The architecture of a regressive 
wedge in an overall transgressive 
shelf sequence: the Schönrockfjellet 
Member of the Carolinefjellet 
Formation, southeastern 
Spitsbergen 
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The Carolinefjellet Formation (Aptian-Albian) is up to 
850 m thick, and records shelf deposition during overall 
transgressive conditions. The formation correlates to the 
Kolmule Formation offshore, and it consists of five 
members (Dalkjegla, Innkjegla, Langstakken, 
Zillerberget and Schönrockfjellet) that are alternatingly 
sandstone and shale dominated. The shale-dominated 
units represent outer shelf environments whereas the 
sandstone-dominated units form southward thinning 
wedges that represent regressive inner shelf 
environments. The lowermost sandstone-dominated unit 
(the Dalkjegla Member) has previously been suggested 
to represent the storm-reworked shelf segment of the 
underlying deltaic Helvetiafjellet Formation. The 
overlying sandstone-dominated Langstakken and 
Schönrockfjellet members contain abundant hummocky 
cross-stratification and clearly record periods of 
regression. However, both have received little attention 
and their exact age and origin is enigmatic.  
This study focuses on the youngest sandstone-
dominated unit, the (Albian?) Schönrockfjellet Member, 
which represents the uppermost stratigraphic unit of the 
Lower Cretaceous succession in Svalbard. The unit is 
>100 m thick and is only locally present in southeast 
Spitsbergen. Internally, the member is characterized by 
5-20 m thick coarsening and thickening upward 
sandstone units that contain various wave and storm-
wave generated structures. The units are interpreted to 
be parasequences that record distal shoreline 
progradation onto an open marine, storm-dominated 
shelf. The environmental interpretation is supported by 
a trace fossil suit that is generally attributable to the 
Zoophycos Ichnofacies and with several intervals 
attributable to the distal Cruziana Ichnofacies. Palaeo-
current data and the stratigraphic architecture with 
southward thinning suggest that the Schönrockfjellet 
member represents a wedge that build out from the 
northwest. Clastic wedges with similar facies 
architecture have been reported from the Kolmule 
Formation, and the Schönrockfjellet member may thus 
be a valid outcrop analogue for potential reservoir 
bearing strata in the offshore basins.  
 

Provenance signals from coarse-
grained sandstones, siltstones and 
shales in the Middle to Upper 
Cambrian Oville Formation – a test 
using whole-rock geochemistry and 
high-resolution heavy mineral 
analysis 
 
Grønberg, A.1, Røynestad, L.-M.1, Zimmermann, U.1,2, 
Andò, S.3, Borromeo, L.1,2 & Garzanti, E.3 
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The Oville Formation is of Middle to Upper Cambrian 
age and contains sandstones, siltstones and shales, 
deposited at a possible rifted margin of Iberia. The rocks 
are well preserved and bear a rich fauna where they are 
exposed in the Cantabrian Mountains. The rocks overly 
concordantly the Láncara Formation, which contains 
mostly carbonates and shows a transitional contact to 
the overlying quartz-arenites of the Barrios Formation. 
The aimof this study is to control the provenance signal 
of clastic sedimentary rocks belonging to the same 
formation and caracterized by different grain sizes. 
Therefore we sampled in several outcrops three different 
grain-sized lithotypes deposited in closest vicinity of 
few centimeters to meters. We'll apply beside optical 
petrography and whole-rock geochemistry, x-ray 
diffraction, detrital zircon age dating and high-
resolution heavy mineral stratigraphy. The latter 
approach will consist of quantification of the heavy 
minerals amounts and will identify and quantify each 
occurring mineral phase with optical petrography and 
Raman spectroscopy. Chemical variation in the heavy 
minerals will be determined with MLA and EMPA. 
The sandstones of the Oville Formation are rich in SiO2 
(79-94 %) and vary strongly within the ratios of Th/Sc 
(0.75-3.5) and Zr/Sc (20-190). This points to a change 
in the depositional environment, which involved more 
recycling and sorting. 
The shales associated with the sandstones are relatively 
constant in their SiO2 concentrations (56-66 %) and 
vary in Th/Sc (1-1.46) and Zr/Sc (8-19) much less than 
the sandstones do. 
In this study we will now compare closely associated 
different lithotypes with each other and try to develop a 
chemo-and mineral stratigraphy of the formation. To 
finally try to report on the possible bias when sampling 
a single sample for the provenance of one formation. 
 

New age constraints of the Molo 
Formation on the central mid-
Norwegian Margin  
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Reinvestigation of side wall cores from Well 6610/3-1 
(460 to 555 meters below the rig floor – mbR), located 
on the Nordland Ridge (66°55’29.70’’N, 10°54’6.28’’E) 
provides new insight into the age of the Molo Formation 
(Fm). The dinoflagellate cysts Batiacasphaera minuta/
micropapillata, Barssidinium evangelineae and the 
acritarch Lavradosphaera lucifer at 460 mbR and 
Operculodinium tegillatum at 480 mbR indicate a late 
Miocene to early Pliocene age no younger than 5 Ma. A 
minimum early Pliocene age is supported by the 
previously recorded dinoflagellate cyst Reticulosphaera 
actinocoronata at 525 mbR. No such “young” marine 
palynomorphs have been recorded below this depth in 
the preliminary analysis. The investigated sediment at 
555 mbR contains abundant Paleogene marine 
palynomorphs of mainly late Eocene/early Oligocene 
age, with no late Miocene/Pliocene marine 
palynomorphs.  
Assuming that the recorded late Miocene to early 
Pliocene palynomorphs are in situ, the new data imply 
that the sediment was deposited after the mid-Miocene, 
being time equivalent to the upper part of the Utsira Fm 
in the south. Alternatively, the “young” marine 
palynomorphs may represent contamination from the 
deposits above the sampled interval. 
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The late Neogene evolution of the Arctic to Subarctic 
region is poorly understood due to few available records 
and poor age control. At the margin of the Arctic Ocean, 
Yermak Plateau Ocean Drilling Program (ODP) Hole 
911A is strategically located for establishing a 
stratigraphic framework for the Arctic. Here we present 
dinoflagellate cyst and acritarch data from 24 
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stratigraphic levels in the lower part (474.26–505.64 
metres below the seafloor of ODP Hole 911A.  
The marine palynomorphs indicate a latest Miocene to 
earliest Pliocene age (between 5.8 and 5.0 Ma) for the 
base of the hole based on the co-occurrence of the 
dinoflagellate cyst Barssidinium evangelineae and 
acritarch Lavradosphaera crista. Our age estimate can 
possibly be further refined to 5.0–5.33 Ma based on the 
presence of Achomosphaera andalousiensis suttonensis, 
which apparently has a range restricted to the Pliocene. 
An age close to the Miocene/Pliocene boundary agrees 
with the planktonic foraminifer data. Together with 
recently available magnetostratigraphic data, the base of 
the hole is likely to be placed at ~5.2 Ma. This new 
chronostratigraphy is a first step towards a better 
understanding of the late Neogene palaeoenvironment 
for the Yermak Plateau and also for the wider Arctic to 
the Subarctic region. 
Warmer than present conditions may have occurred due 
to northward warm water transport via the West 
Spitsbergen Current, but also the absence of sea-ice and 
consequent lower albedo could have played a role. 
 

Variations in depositional environ-
ment in Palaeocene Firkanten 
formation, across Adventdalen, from 
Operafjellet to Breinosa 
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The coal bearing Palaeocene Firkanten formation of the 
Central Tertiary Basin in the Svalbard archipelago has 
been studied by several researches (Lüthje, 2009; Nagy, 
2005; Serigstad, 2011; Store Norske internal reports). 
These studies support that Breinosa is characteristic for 
the Formation but some non-representative features are 
now found in Operafjellet which is situated close by, on 
the opposite side of the Adventdalen valley. This might 
affect the exploration of the mountain and perhaps give 
new insight into the development of the Firkanten 
formation at the basin edge.  
This present study aims at investigating and comparing 
the depositional environment of Firkanten Formation in 
the two mountains, with main emphasis on Operafjellet 
and its less characteristic sedimentology for the 
Formation. Currently, a coal mine is being operated by 
Store Norske (SNSG) in Breinosa, and Operafjellet coal 
field could possibly be opened for exploitation in the 
future. SNSG has drilled several cores from the two 

mountains which are used for environmental 
interpretation and correlation of the depositional 
environment across the valley. The study is based on 
logs from drill cores and fieldwork. Laboratory results 
are used for support.  
Preliminary results show that the Firkanten Formation is 
deposited in a coastal plain to shallow marine environ-
ment and significant lithological differences are observ-
ed in the two areas despite their relatively short 
distance. Micro faults have been observed in the Opera-
fjellet drill cores and larger scale folding has been 
observed at the K/T boundary in the mountain. Large 
faults (one to several meters) have been observed in 
both locations within the Formation. Correlation of 
depositional environments at both sides of the valley 
and possible explanations will be discussed.  
References:  
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Implications of model setup and 
sedimentation source in sandbox 
experiment of thrusting with local 
sedimentation 
 
Hadland, S. 
 
Stavanger 
 
Subduction zones with local sedimentation are relatively 
rare. In Northern South-America, the Caribbean plate is 
subducting beneath the South-American plate with high 
amounts of sediments deposited by the Magdalena River 
in the active margin. Sandbox experiments were per-
formed by Johansen et al. (2014) in order to simulate the 
geological setting of the Magdalena fan, with the aim of 
understanding the implications of local fan sediment-
ation in the evolution of the fold and thrust belt. In a 
first setup, four layers of sand were sieved on top of 
each other, and a sand wedge was built on top of the 
sand layers simulating an accretionary wedge. In a 
second setup, the sandbox layers were placed on top of 
the pre-built wedge, onlapping the wedge’s slope and 
covering half of the wedge. A conveyor belt and a 
backstop simulate the building of the accretionary 
prism. In both setups, the local source of sedimentation 
impinges the wedge halfway of its slope (resulting in 
more proximal fan sedimentation in the second setup) 
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and the rate of sedimentation is 2.5 times the accretion 
rate. Serial cross- sections parallel to the transport 
direction were made at the end of the experiments run. 
These sections were interpreted and correlated to 
construct 3D models of the experiments. In the first 
setup, the weight of the overlying sediments influences 
the structural evolution of the fold and thrust belt. In the 
second setup, a large percentage of the fan sediments 
are incorporated into the fold and thrust belt, thus 
affecting the deformation. The analogue models show 
that the location of fan sedimentation has implications 
on the structural development of the fan. These results 
can be extrapolated to the Magdalena fan.  

 
CO2 storage atlas of the Norwegian 
Continental shelf 
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To get an overview of the possibility to inject CO2 in a 
safe and effective way offshore Norway, possible 
storage sites have been mapped and evaluated by the 
Norwegian Petroleum Directorate (NPD). A total of 27 
geological formations have been individually assessed 
and grouped into saline aquifers together with several 
structures which have been proved by drilling to be 
water-filled. Aquifers and structures have been 
characterized in terms of capacity, injectivity and safe 
storage of CO2. To complete the characterization, the 
aquifers are also evaluated according to data coverage 
and technical maturity. Parameters used in the 
characterization process are based on data and 
experience from the petroleum industry and the fact that 
CO2 should be stored in supercritical phase in order to 
obtain the most efficient and safe storage. The results 
are documented in the CO2 storage atlas of the 
Norwegian Continental Shelf which is now compiled 
into one volume (Halland et al. 2014). For each region 
the evaluation of geological volumes suitable for 
injecting and storing CO2 is presented in a pyramid with 
different levels where each level represents an 
increasing technical maturity of the storage sites.  
Reference: 
Halland, E. et al. 2014. Compiled CO2 atlas for the Norwegian 
Continental Shelf. http://www.npd.no/en/Publications/Reports/
Compiled-CO2-atlas/ 
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The Ediacaran Period closed out the environmentally 
raucous Neoproterozoic Era with the last of multiple 
glacial events and the first ephemeral glimmer of multi-
cellular life. Because the Ediacaran biota appear in the 
stratigraphic record just above tillites in many localities, 
glaciation and bioevolution are is inevitably linked. 
Ediacaran glacial strata are poorly dated, patchy in 
distribution, and limited in thickness. The type Gaskier 
glaciogenic units in Newfoundland are 582 to 584 Ma 
(U-Pb zircon from ash beds [1]). The Varanger 
glaciogenic deposits in northern Norway remain only 
roughly constrained to ca. 630 to 560 Ma. Our earlier 
imprecise Re-Os age of ~560 Ma for the Biri Shale, 
below the Moelv tillite in south Norway suggested 
correlation with the Gaskier [2]. Further study shows 
that the upper part of the shale section was disturbed by 
a redox front during the Caledonian orogeny. The un-
disturbed lower part of the section yields a reliable 
Model 1 isochron age of 560 ± 6 Ma, post-dating the 
Gaskier event well outside analytical uncertainty. Post-
Gaskier negative carbon isotope excursions (CIEs) are 
reported from multiple localities in both China and SW 
United States, suggesting climatic instability throughout 
the late Ediacaran. New paleontologic constraints in 
NW China place the Hongtiegou glacial diamictite and 
accompanying CIE in the latest Ediacaran, ca. 555 Ma 
[3]. These combined results support arguments that the 
Gaskier glaciation was not a global “snowball Earth” 
event, nor was it the last Neoproterozoic glacial event. 
There may have been multiple late Ediacaran glacial 
advances, perhaps restricted to high latitudes, and of 
regional, not global extent. 
References: 
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Ever since Darwin, both the Earth and its biota are seen 
as evolving through time. Earth's environments and life 
forms have experienced transient perturbations as well 
as irreversible state changes. Since its origin, life has 
responded and adapted to dynamic changes in Earth's 
abiotic systems. Conversely, the evolution of life has 
transformed the planet itself. Paradoxically, biotic 
processes may have contributed to several of the 
dramatic crises in life's history. This talk will highlight 
some key evolutionary events with major geological 
consequences in the past and in the future. 
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clays revealed by onshore mapping 
and marine seismic investigation at 
Leirfjord, north Norway 
 
Hansen, L. & Bøe, R. 
 
Geological Survey of Norway (NGU), Leiv Eirikssons 
vei 39, N-7491 Trondheim, Norway. 
emails: louise.hansen@ngu.no; reidulv.boe@ngu.no 
 
Quaternary mapping and marine seismic investigation in 
the Leirfjord area, north Norway, reveals its glacial 
history and landscape development including large 
landslide events. The latter involved glaciomarine clays 
that emerged to dry land due to glacioisostatic rebound 
following the last ice age. The marine limit is c. 118 m 
a.s.l. Sensitive clay (and quick clay) developed locally 
due to leaching of salt from the deposit. Beach deposits 
and peat commonly drape the marine sediments. A 
highly irregular, metamorphic bedrock surface is 
exposed locally. The terrain displays various erosional 
features. These are escarpments formed by fluvial 
incision, marine abrasion, landslide activity or a 
combination, which is not always easy to interpret. For 
example, landslide scars are difficult to identify since 
marine erosion has potentially smoothed out landslide 
debris near the shoreline. For this reason, the area’s pre-
historic landslide activity could easily be under-
estimated. However, marine seismic profiles in the fjord 
reveal at least one major, prehistoric landslide event in 
the area. A rough estimate of a minimum landslide 
volume gives 1.6x106 m3. Age estimation is possible 
through a comparison of a relative sea level curve for 
the area and the level of reworking of landslide debris. 
This gives a maximum age of 2000 yrs before present. 
In addition, the combined onshore mapping and marine 
seismic data confirm that the final retreating ice-margin 
had a prolonged still-stand south of the area, which 
helps to explain the distribution and varied 
characteristics of onshore, glaciomarine sediments. 
Slopes that were affected by the former glacier tongue 
are relatively compact because they have been subjected 
to glaciotectonic deformation and mixing with glacial 
sediments. These slopes, now incised by major ravines, 
are interpreted as less susceptible to major failure events 
compared with slopes in the area consisting of more 
undisturbed glaciomarine clays and silts. 
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A combined record of onshore, high-resolution, shear-
wave seismic and marine, P-wave seismic data shows 
the near-shore stratigraphic organisation of a fjord-
valley fill at Trondheim, central Norway. The overall 
stratigraphy shows a typical fjord-valley fill of up to 160 
m in thickness that is composed of glaciomarine and 
fjord-marine sediments overlain by deltaic deposits 
which, in the onshore section, are draped by an 
anthropogenic fill. An interval characterised by low 
shear-wave velocities below the onshore, anthropogenic 
fills is shown by sampled drillings to comprise part clay 
and part organic deposits. The seismic record reveals 
evidence of recurrent mass-wasting events that include 
landslide debris, turbidite deposits and channel features. 
A chronological framework for the stratigraphy is 
provided by existing radiocarbon dates for local 
deglaciation and mass-wasting events. The combined 
onshore–offshore datasets document the Lateglacial to 
Holocene development of an emerging fjord and delta 
system affected by major, mass-wasting events. The 
architectural development of the younger part of the 
stratigraphy is interpreted as particularly affected by 
two, known mass-wasting events each involving several 
million m3 of debris. A thick layer of debris from a 3500 
cal yr event probably resulted in a blockage of the 
subaqueous channels, diversion of turbidity currents and 
deposition of lateral accretion packages, whereby local 
fjord sedimentation temporarily increased. A 2200 cal 
yr event resulted in a sudden reorganisation of the 
distributary system whereby distal delta sedimentation 
abruptly shifted north- to northeastwards to an area 
temporarily subjected to marine erosion during fall of 
relative sea level. The study adds to the understanding 
of landslides and low-stiffness zones in the area of 
importance for near-shore geohazard assessment. The 
study also provides insight into the stratigraphic 
variability of fjord-valley fills, and highlights the 
interplay between fjord marine sedimentation, marine 
abrasion, delta progradation and mass wasting during 
late stages of fjord filling. 
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Mapping of Quaternary geology in Norway has for 
decades been the basis for hazard and risk assessment 
for landslides in highly sensitive clay (quick clay). Of 
particular importance is information on the distribution 
of fine-grained, fjord-marine deposits such as clays. 
These sediments accumulated in fjords following the 
final deglaciation of the Fennoscandian Ice sheet. The 
deposits subsequently emerged and became dry land due 
to glacioisostatic rebound of the crust. Groundwater 
leaching gave rise to the formation of quick clay in 
some areas and numerous quick clay landslides have 
occurred in the past. The marine limit (ML) defines a 
natural upper limit of marine influence and for the 
occurrence of fjord-marine deposits. It follows that any 
issue concerning marine clays (e.g. quick clay) can be 
disregarded above ML, which is important information 
for municipalities during planning work. A database for 
nationwide ML information was established recently at 
the Geological Survey of Norway (NGU) and the 
information is available to the public via web services 
together with Quaternary maps. The ML varies over the 
country and reaches up to 220 m a.s.l. Below ML, a 
filtering of the Quaternary map information is needed to 
identify areas where clays are potentially present. 
According to existing models, fine-grained, fjord-
marine deposits are more frequently encountered below 
some deposit types compared to others, and the 
possibility of encountering marine clays within an area 
is defined as clay-deposit susceptibility. Stratigraphic 
information is needed for verification. Further landslide 
susceptibility assessment requires additional 
information on topography and ground conditions. A 
National database for ground investigation is under 
development and will provide an important input. Other 
geological information is also important such as the 
distribution of landslide debris and landslide scars. 
High-resolution, digital elevation models (e.g. from 
LiDAR) help to identify such features and are highly 
beneficial for detailed mapping also below sea level in 
near-shore areas. Maps with filtered geological 
information can work as a supplement to maps produced 
during the ongoing quick-clay mapping program and as 
a help to prioritize areas requiring further investigation. 
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The Lofoten Ridge provides an excellent area to 
correlate between onshore and offshore tectonic features 
developed during Mesozoic-Cenozoic rifting and 
passive margin formation. The present study is part of a 
cooperation between Statoil and the University of 
Tromsø, and has focused on onshore asymmetric 
landscapes and their relationships to brittle faults, 
extensional basins and rotated fault blocks in a transect 
near Leknes on Vestvågøya. The applied dataset has 
been created by combining onshore structural fieldwork, 
bathymetric studies (MAREANO), gravimetric & 
magnetic data (NGU) as well as continental shelf 
seismic profiles provided by Statoil.  
The Lofoten Ridge consists of a suite of Proterozoic 
plutonic rocks which intruded into Neoarchaean high-
grade gneisses. Most of these plutonic rocks have a 
massive character, with a few local exceptions of a 
weak NW-SE striking foliation. The Lofoten Ridge is an 
exhumed horst delineated by two prominent NE-SW 
trending border faults against the Cretaceous 
Vestfjorden and Ribban Basins offshore to the SE and 
NW. These fault zones downdrop Cretaceous and older 
sedimentary strata by c. 5-7 km, and can be linked 
below to detachments and rotated fault blocks both in 
the Vestfjorden and Ribban basin. Although these 
basins occur 2-3km offshore the Lofoten Ridge, 
numerous parallel fault and fracture zones that bound 
smaller-scale asymmetric and horst-graben like 
mountains, resembling tilted /rotated fault blocks, have 
been observed onshore. Similar fault/fractures have also 
been observed on bathymetric data, connecting 
Mesozoic faults in the adjacent basins to the Lofoten 
Ridge. This direct link supports the presence of offshore 
faults and smaller rift basins on the Lofoten Ridge, 
where they also appear to have controlled the late-
Cenozoic landscape.  
The Leknes Group on Vestvågøya is thought to be a 
supracrustal remnant of a Caledonian thrust nappe. Our 
study of landscape architectures along the transect 
indicates that the Leknes Group is downfaulted in a 
multi/composite symmetric graben linked by opposing 
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asymmetric ridges with steep scarps (faults) resembling 
rotated fault blocks, and corresponding, gently tilted 
paleosurfaces. Linear scarps locally contain fault 
surfaces with slickensides indicating dip-slip to slightly 
oblique slip motion, thus the idea of smaller onshore 
Mesozoic rift basins and boundary normal-oblique 
faults similar to those previously documented on 
Andøya and in Sortlandssundet, may be valid. Our data 
further support the existence of a number of such sub 
basins and thus increases the understanding of formation 
of intra-horst tectonic basins and related fault blocks. 
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Geofag has become popular among Norwegian high 
school students, but faces several challenges. Diffi-
culties in recruiting well qualified teachers is one of 
them, creating some sort of standard of how to teach 
geofag is another. During the period 2009-2013 I 
attended a 60 studiepoeng further education, module 
based program at Institutt for Geofag, UiO aimed 
specifically at geofag teachers. In many ways I can 
stand as at typical representative of the kind of geofag 
teacher Norwegian high school students can expect to 
meet, having at best only a partly relevant educational 
background with a master’s degree in History, as well as 
lower level university exams in Geography, Chemistry, 
Mathematics and Political Science, all dating back to the 
1990s. I started teaching geofag in 2007, and encount-
ered many challenges concerning both the geoscience 
content and how to teach it. The four different modules 
gave me a new platform for teaching and greatly affect-
ed me as a teacher, probably more so than any of my 
previous university education. This new platform stands 
on two pillars: one made up of the scientific content and 
one made up of didactics. Each module dealt with 
different aspects of the geofag curriculum, differing 
from other courses I have attended at university in being 
specifically aimed at the needs of teachers, where the 
lecturer often had read both the text books we were 
using in class and the high school curriculum. Some 
topics that we had reported as being difficult to teach (f 
ex Rossby waves), were sometimes addressed in 
particular. This meant that large parts of what we were 
taught were immediately useful for our day-to-day life 
in the classroom. The other pillar, didactics, played a 
secondary, but by no means less important role. While 
some might look upon didactics as being less important, 
I rather look on it the other way: I find it puzzeling how 
an academic arena like high school can be so focused on 
delivering content and so unscientific about the methods 
utilized in order to achieve this. After having been a 
student at this program I have altered the way I teach 
many topics, and the results have been better results and 

more varied teaching activities. While the lack of 
scientific insights into aspects of geofag can be partly 
compensated by reading and contacting academic 
institutions, I strongly believe the way teachers teach is 
far more difficult to alter, and thus even more in the 
need for an educational program like the one I followed. 
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The Lyngen- and Storfjorden system, Troms County, 
northern Norway, is surrounded by an alpine landscape, 
partly with steep mountain sides. Parts of the ~700 m 
high mountain Nordnesfjellet, on the eastern side of the 
fjord, are currently moving downslope, and could in the 
event of sudden failure generate tsunami waves which 
would affect low-lying areas within a larger region 
(http://www.nnfo.no/).  
The main objective of this study is to integrate multi-
proxy analyses of five sediment cores, swath 
bathymetry and high-resolution seismic data from one 
NNE-SSW oriented basin of Lyngenfjorden, off 
Nordnesfjellet, with the purpose of reconstructing mass 
wasting activity in the past.  
The fjord sides in the study area are steep (up to >30º) 
and irregular with depressions, escarpments and furrows 
of various sizes and ‘freshness’. These features are 
interpreted to be slide scars. The central parts of the up 
to 270 m deep basin are generally smooth. However, an 
up to 8 m high block step, crossing almost the entire 
fjord width, defines the northern limit of a relatively 
irregular seafloor in the southern part of the study area. 
Furthermore an approx. 4 km long and up to 10 m high 
sediment lobe is visible near the western fjord side.  
The high-resolution seismic data reveal that the 
uppermost <15 ms two-way-travel time are composed 
of acoustically transparent sediments with occasional 
reflections. Deposits causing a chaotic reflection pattern 
underlie this package in the southern part of the study 
area where the irregular seafloor occurs. An acoustically 
stratified block (~ 300 x 300 x 10 m3) is a part of the NE 
– margin of the area. Whereas the block is suggested to 
be a slide block, the acoustically chaotic deposits are 
other mass-transport deposits, e.g. debris flows or 
turbidites. Multiple acoustically transparent wedges 
thinning from the fjord sides towards the fjord axis are 
identified. These are most probably debris flows lobes. 
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The most prominent high amplitude reflection can be 
traced over a distance of more than 6 km. In addition to 
varying thickness this reflection on-laps the eastern 
fjord flank, while it thins towards west.  
The cored sediment is mostly massive, olive grey mud. 
However, coarser, partly well sorted, intervals (up to 15 
cm) with sharp and partly erosive lower boundaries are 
detected. Well-sorted intervals are suggested to be 
turbidites. A turbidite was deposited from a high-density 
turbidity current between 1077 and 981 cal. years BP. It 
correlates with the strongest reflection within the 
acoustically transparent interval, thus, indicating that it 
extends over more than 6 km of the fjord floor. Wood 
fragments and moss found within the turbidite suggest 
that the origin of the failure was onshore. 
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The Colorado Plateau contains a stratigraphic sequence 
spanning from Precambrian to Tertiary in age, including 
a thick succession of Permian and Mesozoic strata that 
are well displayed in outcrops throughout southeastern 
Utah, USA. The appearances of these units, which are 
controlled by their weathering history, are all unique 
and pose the question: “Why should units with similar 
depositional environment and burial history look so 
different?”. There are a number of possible factors that 
can contribute to the weathering patterns, which are 
explored in this study: (1) depositional environment (2) 
different degree of lamination/stratification and 
thickness of bed units (3) different mineralogy and grain 
size/sorting (4) different degree of lithification/
cementation and (5) different types of cement. We will 
present results from a study of the following 
stratigraphic units, listed here in stratigraphic order from 
bottom to top and with their average dip of slope in the 
brackets: Cutler (30-35°), Chinle (28-33°), Wingate (77-
82°), Kayenta (75-80°), Navajo (35-40°), Slick Rock 
(25-30°) and Moab Member (80-85°). These formations 
also show different fracture-frequency distributions, 
which again relate to their mechanical properties and 
different degree of cementation. The joints in the area 
post-date the deformation bands and faults and were 
most likely formed during the Tertiary uplift and 

exhumation of the Colorado Plateau. Both naturally 
occurring fractures in addition to fractures formed by 
hydraulic fracturing are essential for economic 
production in oil reservoir settings. We will present 
results from an ongoing project where fracture analysis, 
mechanical measurements, petrophysical parameters, 
sedimentary facies analysis and diagenetic 
characteristics have been investigated and analyzed in 
an attempt to explain the different appearances of these 
sandstone units.  
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The Magdalena fan in offshore Colombia is located on 
an active margin where the Caribbean plate subducts 
beneath the South American plate. This subduction has 
produced an accretionary wedge whose geometry is well 
imaged in seismic surveys north and south of the fan, 
but it seems to be not continuous across the fan. To 
better understand the structural deformation in the area 
of the Magdalena fan, a series of sandbox experiments 
were conducted to simulate the sedimentation of the 
Magdalena River and building of the active margin 
through time. The experiments were conducted in a 
sandbox where the fan sedimentation impinged upon the 
slope of the accretionary wedge, while the model was 
shortened to a maximum of 40 cm (40 km according to 
the scaling of the model). Four sandbox experiments 
were considered, starting from low (0.5x accretion rate) 
to high (4.5x accretion rate) sedimentation rate. Serial 
cross-sections parallel to the transport direction were 
made in the models at the end of the run. These sections 
were interpreted and correlated to construct 3D models 
of the experiments. Fault slip distribution and 
shortening was also calculated in the experiments. The 
analysis shows that the amount of fan-sedimentation 
played a vital role in the evolution of the interpreted 
structures. Higher sedimentation rates in the fan cause 
fault-linkage to occur in front of the sedimentary fan-
structure. This work should prove useful in further 
research of the Magdalena fan. 
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The Late Jurassic to earliest Cretaceous rift episode 
along the Lofoten margin saw the development of 
pronounced, marine half-grabens bounded by 
subaerially exposed footwall blocks. This configuration 
of islands and seaways was maintained throughout the 
Cretaceous, with rift events producing further fault-
block rotation in the Late Albian and Campanian-
Palaeocene.  
Depositional environments of the Lofoten Margin 
record an overall deepening trend through the 
Cretaceous period, with a rare intermittent regressions 
recorded by the development of proximal wedges that 
are interpreted to have formed from increased amounts 
of siliciclastic material being supplied to the basins. 
These wedges reflect changes in accommodation space 
and/or the rate of sediment supply as a result of local rift 
tectonics and uplift and do not necessarily coincide with 
regressive phases associated with regional sea level 
falls.  
The Cretaceous clastic wedges of the Lofoten margin 
are investigated based on the interpretation of 2D and 
3D seismic reflection data over the Lofoten margin, and 
in particular the North Træna and Ribban Basins. 
Reliable age control is provided by a detailed 
stratigraphic framework established by the Norwegian 
continental shelf institute (IKU) that drilled a series of 
shallow boreholes in the area of interest.  
Based on seismic-stratigraphic analysis, several 
siliciclastic depositional environments are interpreted 
that include deltaic clinoforms, slope aprons and 
turbidite fans. These environments are compared to 
outcrop analogues known from the conjugate margin in 
East Greenland, seismic analogues from other parts of 
the Norwegian continental shelf and Holocene 
analogues from modern-day rifts. The evolving 
depositional environment is placed in perspective to the 
rift events and in doing so, a tectonostratigraphic 
synthesis of the Cretaceous is presented for the Lofoten 
margin.  
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The post-Caledonian tectonic history and landscape 
evolution of southwestern Norway is not very well 
understood and therefore the subject of an ongoing 
debate. The lack of onshore post-Devonian sediments 
makes the study of vertical movements in the upper few 
kilometers of the crust a challenge. At the present time, 
the only means for constraining upper crustal 
movements directly are thermochronological analyses. 
Apatite fission track and (U-Th)/He data from 
southwestern Norway show reactivation of many faults 
throughout the Mesozoic (e.g. Leighton 2007, Ksienzyk 
et al. 2014, Redfield et al. 2004). One major structure 
that was reactivated is the Hardangerfjord Shear Zone, a 
crustal scale structure of Devonian origin (Kohlmann et 
al. 2013). Another structure that is considered to be part 
of the NE-trending system of Devonian extensional 
shear zones and faults is the Røldal Shear Zone, which 
runs parallel to the Hardangerfjord Shear Zone through 
the town of Røldal. We present new apatite fission track 
and (U-Th)/He ages from the Rogaland area in order to 
investigate the potential reactivation of the Røldal Shear 
Zone and other brittle structures in the area. The data 
indicate that this shear zone was reactivated during the 
Mesozoic. 
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Norwegian fjord systems represent unique sediment 
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archives that mirror land- and marine-based processes 
and depositional environments during deglaciation and 
interglacial periods. Here, we focus on Fensfjorden and 
Byfjorden, on the west coast of Norway, in order to 
study these relationships. These fjord systems are 
located in a low relief landscape and they were ice-
covered during the Younger Dryas. The data base 
utilized in the study consists of TOPAS high-resolution 
seismic profiles, bathymetric records and gravity cores 
collected on University of Bergen research cruises the 
last five years. The analyses performed on the sediment 
cores include shear strength measurements, ITRAX core 
scanning, Multi Sensor Core Logging and grain size 
analyses. The gravity cores have also been sub-sampled 
for AMS 14C datings. Both Fensfjorden and Byfjorden 
comprise four sediment basins, which host sediment 
packages that may reach a maximum thickness of up to 
100 m. The TOPAS seismic data show that these 
deposits are characterised by acoustic well laminated 
sediments, suggested to be deposited during Allerød. 
The glacimarine sediments are overlain by several 
acoustically transparent units, which we interpreted to 
represent debrites from repeated mass failure events 
within the fjord systems and which partly may be 
related to the isostatic rebound of the Fennoscandian 
landmass after the retreat of the last ice sheet. The 
debrites reach a maximum thickness of about 8 m. 
Turbidite layers are, furthermore, identified in the thin 
sediment unit deposited above the upper identified 
debrite package. The radiocarbon dates show that these 
turbidite layers were deposited during the late Holocene, 
i.e. around 2000 and 1800 cal. yr BP, suggesting that 
turbidity currents are a recurrent fjord process during 
interglacial periods. We inferred that these turbidity 
currents have been triggered by an earthquake. 

 
Climate change since 1850: What 
may be learned from observations? 
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Since 1850 AD the global temperature has increased as 
the Little Ice Age came to an end, and planet Earth 
entered the modern warm period. There is today little 
doubt that man can affect climate, and there is no doubt 
that any modern climatic change plays out on a 
background of natural climate changes. 
The current debate on climate change and its main 
causes revolve around determining the relative 
magnitude of natural and anthropogenic contributions to 
modern climate change, especially since year 1975. At 
the moment there are at least two main conception 
schools involved in this scientific debate: A) Modern 
climate change is mainly caused by natural variations, 
and B) modern climate change is mainly the result of 
anthropogenic activities. The Intergovernmental Panel 

on Climate Change (IPCC) bases its advice to 
governments on the assumed truth of school B, and 
points out that in particular after 1975 the global 
temperature increase is unique, and can only be 
explained by assuming a dominant role of the 
anthropogenic component of climate change, driven by 
the release of CO2 from fossil fuels. 
This lecture uses different measured data series to 
document aspects of global climate change since 1850, 
and examines to which degree the most recent 
development since 1975 stands out as being unique in 
the 1850-2014 time perspective. In addition, a number 
of important natural climate variations documented by 
such observed data are highlighted. Few, if any, of these 
natural variations are today incorporated in or 
represented by modern climate models. They are, 
however, important to understand the dynamics of 
global climate change since 1850, including the most 
recent period after 1975, and to evaluate the relative 
importance of natural versus anthropogenic 
contributions to modern global climate change. 
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We reexamine a Lower Cretaceous dinosaur track site at 
Boltodden in the Kvalvågen area, on the east coast of 
Spitsbergen, Svalbard. The tracks are preserved in the 
Helvetiafjellet Formation (Barremian). A sedimento-
logical characterization of the site indicates that the 
tracks formed on a beach, probably in an 
interdistributary bay, and were preserved by trans-
gression. In addition to the two imprints already known 
from the site, we describe at least 34 additional, 
previously unrecognized pes and manus prints, includ-
ing one trackway. Two pes morphotypes and one manus 
morphotype are recognized. Given the range of 
morphological variation and the presence of manus 
tracks, we re-interpret all the prints as being from an 
ornithopod rather than a theropod, as previously 
described. We assign the smaller (A, pes; B, manus) and 
larger (C, pes) track morphotypes all to Iguandontipus 
sp., differing in size and interdigital angle from the two 
described ichnospecies I. burreyi and I. billsarjeanti. 
The occurrence of a quadrupedal, small to medium-
sized ornithopod in Svalbard is puzzling, considering 
the current palaeogeographic reconstructions and that 
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such dinosaur tracks have mainly been described from 
Europe but not North America. 
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Late Triassic rock successions in the Barents Sea are 
exposed in the Svalbard Archipelago. These rocks are 
targeted for petroleum exploration and subsurface 
carbon storage purposes. 
Sedimentary facies and stratigraphy of the De Geerdalen 
Formation, equivalent to the Snadd Formation in the 
Barents Sea, have been investigated in outcrops and two 
drill cores from south of Isfjorden, Central Spitsbergen. 
The present study focuses on detailed facies and 
sequence stratigraphic analyses of the Carnian to Early 
Norian upper part of the De Geerdalen Formation. The 
main objectives of the work were to provide new, high-
resolution sedimentological data for reservoir 
characterization and to revise the local stratigraphy. 
Observations are correlated and discussed in the 
framework of present understanding of the regional 
Triassic stratigraphy.  
The studied parts of the De Geerdalen Formation reflect 
a generally prograding coastline. The lower parts exhibit 
an all over coarsening upward sequence of mudstones 
and sandstones with shelfal to lower shoreface 
depositional environment. This is truncated by a 
ravinement surface, marking the base of a restricted 
marine/estuarine sedimentary succession, where tidal 
channel facies alternates with tidal flat deposits, central 
basin mudstones and paleosol facies. Interestingly, a 
short interval within this succession contains 
ammonites, indicating open marine conditions, thus 
representing an important deviation from established 
estuarine facies models. However, an uninterrupted 
progradation of the shoreline is suggested from a 
locality where a thick sequence of alluvial facies 
associations caps the coastal sequence. Evidence of tidal 
influence, such as heterolithic beds, mud drapes, often 

double, cyclicity of thin mud beds, bi-directional current 
indications, reactivation surfaces, desiccation and 
synaresis cracks, is observed throughout the succession. 
Contrary to previous work, which suggests a uniformly 
warm and humid climate throughout the Carnian, the 
present study indicates more variable and at times even 
semi-arid conditions. This is supported by the presence 
of several intervals of well-developed calcrete paleosols, 
red and green coloured overbank fines and a general 
lack of coal beds observed in the cores and outcrops 
used in this study. Our observations suggest that the 
existing view of a warm and humid Upper Triassic 
climate in the Svalbard/Barents Sea region should be 
reconsidered. 
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Seismic interpretation in the Barents Sea points out 
development of large prograding clinoform systems in 
the Triassic. The clinoform beds were built up by 
sediments supplied from a number of large rivers, 
pouring sediments into a Triassic marine accommodat-
ion space, caused by subsidence in the Barents Sea. This 
subsidence relates to crust movements close to the 
Permian/Triassic boundary. The sediment transport was 
dominantly from SE towards NW. In the area between 
the Finnmark Platform and Kvitøya, there are two 
prominent progading clinoform systems. The oldest 
system starts close to the Permian/Triassic boundary at 
the Finnmark Platform and prograde to north of the 
Olga Basin in the Induan time. In the central part of the 
Barents Sea, a rejuvenated subsidence at the boundary 
between Induan and Olenekian, created a new 
overlapping accommodation space. The transgression 
gave space for a second main prograding clinoform 
system that is visible in the Olenek-Anisian-Ladinian at 
Sentralbanken High and continued to the Svalbard area 
in the Carnian. Each of these main sequences (second 
orders) are divided into a number of third order sequ-
ences. When the deltas and clinoform beds prograded 
north and westwards, they buried the old salt basins in 
the Tiddlybanken Basin, Nordkapp Basin and the Maud 
Basin. When the load reached a critical weight, the salt 
started to move, and created local accommodation space 
close to the salt diapirs. The local salt tectonics do not 
disturb the general impression that the infill of the 
Barents Sea started in the south and east close to the 
Permian/Triassic boundary and in the Late Carnian 
filled all the Barents Sea, including source rocks, 
reservoir rocks and sealing rocks.    
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Linking onshore-offshore basement 
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the submerged strandflat along the 
SW Barents Sea margin, using high-
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data. 
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High-resolution bathymetry data reveal astonishingly 
detailed and complex morphology on the shallow 
offshore shelf (submerged strandflat) along the SW 
Barents Sea margin, outboard Troms, northern Norway. 
The features are compared with, and interpreted based 
on, known onshore geology, including Precambrian 
basement structures of the West Troms Basement 
Complex, Caledonian thrust nappes and post-
Caledonian passive margin brittle structures. The study 
reveals that Precambrian basement structures commonly 
observed onshore, such as a generally steep gneiss 
foliation, steeply plunging tight to isoclinal intrafolial 
folds, upright macro-fold limbs, duplexes and high-
strain ductile shear zones are also present on the 
strandflat, including possible offshore continuations of 
Precambrian meta-supracrustal belts. The results 
suggest that the strandflat outboard Troms is largely 
comprised of rocks of West Troms Basement Complex 
affinity. A contact with Caledonian thrust nappes is 
interpreted to trend NW–SE within a sound in the 
northern parts of the study area, where it overlaps with 
the Late Palaeozoic–Mesozoic Fugløya transfer zone, a 
possible reactivated portion of a Proterozoic–
Palaeozoic basement-seated fault complex. A set of 
linear NNE–SSW to ENE–WSW trending trenches 
truncates the ductile fabrics and are interpreted as post-
Caledonian brittle faults that formed due to multiple 
rifting events in the Late Palaeozoic–Mesozoic as parts 
of the evolution of the passive continental margin of the 
SW Barents Sea. Aspect analysis reveals a strong 
correlation between the present day landscape and 
tectonic elements, which indicate a pervasive tectonic 
influence on the present day coastal landscape of 
western Troms and the outboard strandflat.  
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Present-day passive margins commonly comprise 
domains of hyperextension near the oceancontinent 
transition (Péron-Pinvidic et al., 2013). The architectural 
complexity of these geological provinces is in marked 
contrasts with that of classical tilted half-graben models 
formed during continental rifting. Evidence of extreme 
crustal thinning that may locally be associated with 
zones of exhumed mantle have been documented at 
many rifted margins, e.g. the Iberian-Newfoundland 
conjugate margin (Pérez-Gussinyé, 2012), the 
Norwegian-Greenland Sea rifted margin (Péron-
Pinvidic et al., 2013), and at the Brazil continent-ocean 
boundary in the south Atlantic (Zalán et al., 2011). Our 
knowledge from these modern examples is based mainly 
on geophysical studies aided by a limited number of 
ocean drilling sites. Onshore studies from fossil passive 
margins within orogenic belts are important to 
understand the detailed and highly complex geology of 
such hyperextended margin domains. Several Alpine 
type ophiolites and the typical solitary mantle 
peridotites associated with deep-marine basin deposits 
are now recognised as remnants of hyperextended 
margins, which later were incorporated into orogens 
during the terminal stages of the Wilson cycle. Well de-
scribed examples are found in the Pyrenees (Clerc et al., 
2012; Lagabrielle et al., 2010), the central Alps (Mohn 
et al., 2011), Alpine Corsica (Meresse et al., 2012), and 
more recently the in Appalachian-Caledonian system 
(Chew and Van Staal, 2014; Van Staal et al., 2013). The 
meta-peridotite bearing mélange unit in the SW 
Caledonides presented in this study is structurally 
positioned below large crystalline nappe units 
traditionally assigned to the Middle Allochthon. These 
include the Upper Bergsdalen, Jotun, and Lindås 
nappes. The rocks incorporated in the mélange unit have 
been repeatedly deformed at greenschist to amphibolite 
facies conditions during collision and extension of the 
Caledonian orogen (Andersen et al., 2012). The 
mélange unit is characterised by solitary meta-peridot-
ites, now present as serpentinites, soapstones and 
ophicarbonates, which occur intimately associated with 
metasediments. The sediments include originally fine-
grained deep-basin deposits, now locally graphitic or 
garnetiferous amphibolite bearing chlorite-muscovite-
quartz schists and phyllites. There are also meta-
sandstones and meta-conglomerates of continental 
affinity. Slivers of highly deformed felsic and mafic 
gneisses are also common. An exotic, but characteristic 
lithology within the mélange is metamorphosed detrital 
serpentinites including both original sandstones and 
conglomerates. The detrital serpentinites record early 
erosion and deposition of hydrated and carbonated 
ultramafic protoliths, probably derived from a meta-
peridotite ridge(s) in the hyperextended domain(s) at the 
distal margin of Baltica. In this study we present work 
in progress, including new field observations from 
southern Norway, new U-Pb ages from felsic gneisses 
and a meta-gabbro from the Samnanger complex of the 
Major Bergen Arc, and further constraints on the 
sedimentary and tectonic evolution of this regional 
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mélange unit, which we interpret to have formed in a 
magma-poor, hyperextended domain of the Pre-
Caledonian passive margin of Baltica.  
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Deposits from modern high latitude tidal systems differ 
from classic text book examples with regards to facies, 
depositional patterns and stratigraphic architecture. This 
has implications for interpretation of tidal deposits 
found in formerly glaciated or cold-climate settings 
(incl. reservoirs in glacially influenced settings). 
Description of modern cold-climate tidal systems are 
however few (e.g. Dionne, 1985, Greb et al., 2011), and 
many more examples are needed in order to construct 
reliable facies models, and not just cover local 
variations. Two examples are described in this 
presentation and used to point towards some common 
characteristics. The main study is the ongoing 
investigation of the muddy tidal flat in Braganxavågen, 
Svalbard, which is supported and contrasted by data 
from a sandy tidal system in the Mezen Estuary, NW 
Russia.  
Both systems are characterized by very high aggradation 
rates and deposition during the falling limb of the sea 
level curve. Classic sequence stratigraphic models show 
maximum tidal influence in the transgressive systems 
tract dominated by flooding of river mouths and 
estuarine deposition. Most modern high-latitude fjords 
and estuaries were glaciated in the recent past, and are 
thus presently undergoing forced regression. 
Preservation of similar deposits in uplifted river banks 
suggests that such deposits can be preserved on a longer 
time scale (Eilertsen et al., 2011; Jensen et al. 2006; 
Jensen & Larsen 2009). Sedimentation is controlled by 
interplay between fluvial and tidal processes. In the 
sandy system tidal signatures are well preserved, 
whereas long-term preservation of distinct tidal 
signature may be obscured by freeze-thaw processes in 
the muddy system. Characteristics of both systems as 
well as differences compared to standard tidal facies 
models will be discussed. 
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The West Antarctic Ice Sheet (WAIS) is considered the 
most unstable part of the Antarctic Ice Sheet. As the 
WAIS is mostly grounded below sea level, its stability 
is of great concern. A collapse of large parts of the 
WAIS would result in a significant global sea-level rise. 
At present, the WAIS shows dramatic ice loss in its 
Amundsen Sea sector, especially in Pine Island Bay. 
Pine Island Glacier (PIG) is characterised by fast flow, 
major thinning and rapid grounding-line retreat. Its mass 
los over recent decades is generally attributed to melting 
caused by the inflow of warm Circumpolar Deep Water 
(CDW). Future melting of PIG may result in a sea level 
tipping point, because it could trigger widespread 
collapse of the WAIS, especially when considering 
ongoing climate change. 
Our research project aims to establish proxies (integrat-
ion of foraminifera, sediment properties and oceano-
graphic data) for modern environmental conditions by 
analysing seafloor surface sediments along a transect 
from the glacier proximal settings to the middle-outer 
shelf in the eastern Amundsen Sea Embayment. These 
proxies will then be applied on sediment records spann-
ing the Holocene back to the Last Glacial Maximum for 
reconstructing spatial and temporal variations of CDW 
upwelling and ice-ocean interactions during the past c. 
23,000 years. We will present preliminary results from 
the analyses of ten short marine sediment cores (multi 
and box cores) collected during expeditions JR179 
(2008) and ANT-XXVI/3 (2010) along a transect from 
inner Pine Island Bay to the middle-outer shelf part of 
the Abbot Palaeo-Ice Stream Trough at water depths 
ranging from 458 m (middle shelf) to 1444 m (inner 
shelf). The sediment cores are currently investigated for 
distribution patterns of planktonic and benthic foramini-
fera and grain-size distribution at 1 cm resolution. Core 
tops (0-10 cm) were stained with Rose Bengal for living 
benthic foraminifera investigations. The chronology of 
the cores will be based on 210Pb and calibrated 14C 
dates. First results reveal the presence of living benthic 
foraminifera in surface sediments of all investigated 
cores suggesting that modern seabed surfaces were re-
covered. Moreover, a core retrieved from a water depth 
of 793 m in the Abbot Palaeo-Ice Stream Trough shows 
particularly high abundances of planktonic foraminifera 
Neogloboquadrina pachyderma. 
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Since the beginning of commercial coal mining on 
Spitsbergen at the end of the 19th century, more than 60 
million tons of coal have been produced, out of which 
more than 50 % since the year 2000. [SSB] 
Even though coal is found in at least 7 different strati-
graphic epochs on the archipelago of Svalbard, only the 
Mississippian and Paleocene coals have been mined 
during the last decades. Today, only two companies, one 
Russian and one Norwegian, are mining Paleocene hard 
coal in four different underground mines. The annual 
production is around two million tons [Direktoratet for 
mineralforvaltning, NGU: Mineralressurser i Norge 
2013]. Several resource-estimates from the different 
levels exist which are presented. The main focus of the 
presentation is on the Norwegian coal resources and 
reserves.  
The Norwegian mining company Store Norske Spits-
bergen Kulkompani (SNSK) has classified 48,6 Mtons 
as resource and 15,2 Mtons as reserve [Store Norske 
Spitsbergen Kulkompani AS – Årsberetning og Regn-
skap 2013]. Still, with the prevailing coal prices (Octo-
ber 2014), the reserves are not profitable and thus in the 
strict sense not definable as reserves today. 
Despite this difficult situation, SNSK is just about to 
start production in the new underground coal mine 
“Lunckefjellet”, which is equipped with the newest 
mining technology and is supposed to produce until 
2019. After that, the now producing mine “Svea Nord” 
will be exploited totally (until 2024) to be gradually 
replaced by the new field “Ispallen” (2021 – 2028). 
Until 2028, the annual production is planned to be 
around 2 Mtons.  
Following the exhaustion of resources in the Svea area, 
a coal field in the vicinity of Longyearbyen, called 
“Bassen”, could take over the main production with 
lower annual production due to lower basic costs. The 
now producing underground mine “Gruve 7”, close to 
Longyearbyen, can stay in production until at least 2030 
with annually 70 – 90 Ktons coal produced.  
The Store Norske coals are exported to Europe and util-
ized in energy production and steel manufacturing. High 
quality, low in-seam methane, unusually high oil cont-
ent and short transport are all positive environmental 
factors compared to other suppliers. 
However, a combination of a low coal price, large 
investments needed to open new mines on Svalbard, 
administrative barriers and high geological risk due to 
natural and bureaucratic restrictions during the 
exploration process, imposes major challenges to 
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Norwegian coal mining in the high north.   
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‘Reservoir chalk’ is chalk, which has been deposited in 
the North Sea and is related to hydrocarbon reservoirs. 
This chalk (porosity around 40 %) is associated with 
chalk of lower porosities, which is devoid of massive 
hydrocarbon reservoirs. To study enhanced oil recovery 
(EOR), we test on-shore chalk in rock mechanical 
experiments and try to understand the chemo-
mineralogical changes, which affect rock mechanical 
parameters. Hence, the ideal on-shore analogue to 
‘reservoir chalk’ needs to be identified, a work which is 
still in progress. This implies that ‘reservoir chalk’ is 
defined as a specific rock type, which is yet not. 
Therefore we developed this study to investigate in 
detail geological characteristics of ‘reservoir chalk’ and 
associated off-shore chalks to test if on-shore chalk can 
be a valid substitute at all. We will study the reservoir 
rocks with thin sections, SEM methodology, X-ray 
diffraction on chalk and the non-carbonate phases in the 
chalk, whole-rock geochemistry, MLA, C-O-Sr 
isotopes, to characterize the material at best for 
comparison. The same amount of data is available for 
the on-shore chalk deposits we use for EOR 
experiments. Samples for this study had been taken 
from the Ekofisk area (Tor and Ekofisk formations; 
Maastrichtian to Paleocene) containing hydrocarbons in 
different amounts, from the Hod Formation (mid-
Turonian to Campanian) and the conformably overlying 
Tor Formation (mainly Maastrichtian) at Ekofisk and in 
other areas. The Hod Formation consists of grey, partly 
pink to red, fine-grained argillaceous chalky limestones 
and varies in its thickness between 200 and 700 m. Most 
of the chalk is laminated and burrowed, but grainstone 
turbidites are common. Porosity and permeability vary 
and do not correlate always to depth of burial.  
First geochemical results show for major elements 
elevated concentrations in CaO (< 50%), while silica 
concentrations in the Tor and Hod formations vary 
between 1 and 6 % without a systematic distribution. 
The trace element geochemistry does not point to 
significant clastic input (> 5 %). ‘Reservoir chalk’ does 
contain primary δ13C isotope composition. In contrary, 

δ18O are not reflecting the global marine composition 
during the Late Cretaceous. Hence, reservoir chalk had 
been affected by fluid flow events not visible in on-
shore chalk or suffered a higher diagenetic overprint 
comparable to on-shore chalk from Kansas. 
Alternatively, or additionally, the depositional 
environment of chalk from the central North Sea is 
different from some of the on-shore chalk deposits, 
which might indicate a different geological history. 
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Northern North Sea area has undergone multiple phases 
of deformation; beginning with Proterozoic deformation 
phases followed by Lower Paleozoic Caledonian 
orogeny. Devonian extension reactivated some of the 
Caledonian thrust as extensional shear zones. 
Subsequently two main phases of rifting are 
documented in this region; a Permo-Triassic and a 
Middle Jurassic-Early Cretaceous phase. In order to 
characterize and understand the influence of basement 
structures on the development of overlying rift related 
structures we have utilized two dimensional (2D) 
regional deep seismic reflection sections (-9000 ms 
TWT) and available well data in the Northern North Sea 
area.   
We have focused on the basement structures observed 
on both sides of Viking Graben, in the Horda platform 
(HP) and East Shetland Basin (ESB). Our interpretation 
shows the presence of prominent low-angle (< 30°) 
reflection bundle that extends from basement into the 
Triassic sediments. These reflection bundles in 
interpreted as a low-angle normal fault (LANF), given i) 
their low angle and ii) the presence of thick (up to 2000 
ms TWT in some places) growth strata in their hanging 
wall. In the Horda Platform, LANFs strike mainly N-S 
over more than 90 km in length, dipping towards W. In 
the East Shetland Basin LANFs strike NNE-SSW, 
dipping towards E over more than 80 km in length. The 
geometry of interpreted LNAFs and style of their 
vertical linkage to the shallower rift related faults are 
studied along three 2D regional seismic sections.  
Preliminary observations made in this work suggest that 
rift related normal faults are only in part hard-linked to 
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the underlying LANFs along the strike. In these 
locations LANFs are reactivated by overlying normal 
faults. However, the LANFs in the basement seem to 
have played a significant role in controlling the location 
and the strike of major younger rift-related normal faults 
in the basin fill.  
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Recognizing the structure, evolution and fluid flow 
within the earth’s crust is a critical issue for both 
academic and applied geoscience. The purpose of our 
investigation is to elucidate the (1) spatiotemporal 
evolution of an anticline and related faults that dissect 
the fold, and (2) to measure/compare the petrophysical/
flow properties of host carbonates with the fault rocks.  
The topography and geology of northern Tunisia bears a 
strong imprint of the Atlassic/Alpine collision between 
Eurasia and Africa, which resulted in the formation of a 
series of NE-SW trending elongate mountains and 
basins across the region. A complex tectonic history in 
Pre-Atlassic times, involving elements of compression, 
rifting, inversion, strike-slip, volcanism and diapirism, 
also contributes to a complex present-day structural 
framework. The front of the Tunisian Atlas Mountain 
Belt ends into a relatively undeformed and stable 
geological region, known as the Pelagian Province, 
which comprises the areas of eastern Tunisia, 
northwestern Libya and extends to offshore Malta and 
Italy. Our study area is located in the boundary between 
these two geological regions.  
In this study, we investigate the structure and evolution 
of the Jebel Fadhloun Anticline, which is located in 
northeastern Tunisia, near the Gulf of Hammamet. Jebel 
Fadhloun is a 350 m high hill, formed by a NE-SW 
trending anticline. The core of the fold uncovers Aptian 
Limestone. Moving away from the centre, the following 
lithologies, which all pre-date folding, are present: 
Albian shales, Cenomanian to Santonian alternating 
limestones and marls, and Campanian to Maastrichtian 
chalky limestone. Several sets of faults and fractures 
dissect the fold, and clearly post-date folding. Calcite 
growth and striations in the fault slip planes, indicate 
dominant normal kinematics, occasionally with a 
component of strike-slip.  
For the structural and petrophysical characterization of 
the host rocks and fault rocks in the study area, a variety 

of methods were used, including i) field mapping and 
structural cross-sections, ii) outcrop analysis (e.g. 
fracture density scanlines), iii) thin section analysis, iv) 
in-situ mechanical strength measurements using a 
rebound hammer, v) in-situ probe permeameter 
measurements. Our analysis is ongoing, and preliminary 
results will be presented at the conference. 
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This study presents detailed microstructural analysis of 
a pre- to syntectonic quartz vein by means of optical 
microscopy, SEM imaging, EBSD and image analysis. 
The aim is to better understand the role played by 
evolving and contrasting rheological properties in 
compositionally heterogeneous rocks on the localization 
of strain during lower greenschist facies conditions. The 
sampled vein is situated within a thrust, the Nussirjávri 
Fault Zone (NFZ), which is part of a compressional 
imbricate stack deforming the Paleoproterozoic Raipas 
Supergroup in Repparfjord, northern Norway. The NFZ 
dips moderately toward the NNE, bears NW plunging 
lineation and a number of kinematic indicators (includ-
ing a pervasive ECC fabric) constraining top-to-the-SSE 
thrusting. The fault core is defined by a 2 m thick 
phyllonite that is cut through by several pre- to synkine-
matic quartz veins oriented sub-parallel to the shear 
foliation. 
The veins consists of large (3-10 mm in size), randomly 
oriented quartz grains formed by static crystallization of 
quartz within fractured metabasalts. Transient brittle 
deformation and vein opening are attributed to hydro 
fracturing induced by fluid infiltration during 
Caledonian nappe stacking. 
Ongoing SE-ward imbricate translation and nappe 
emplacement eventually caused dislocation glide-
dominated crystal plastic deformation in the large vein 
crystals, as documented by localized wide extinction 
bands (WEBs) and diffuse undulose extinction. The 
WEBs are in turn cut by arrays of fine (15 µm in size) 
new grains spatially arranged in bands whose geometry 
is controlled by earlier and almost completely sealed 
brittle fractures. We define three different domains with 
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respect to the amount and nature of recrystallization, 
each characterized by a distinct structural evolution and 
deformation mechanisms. Three main mechanisms 
worked together to develop the observed 
microstructures: 1) Competence contrast between the 
weak phyllonitic matrix and the stronger quartz crystal, 
leading to strain partitioning as the phyllonite could 
deform by dissolution creep and grain boundary sliding 
at a significantly higher strain rate than the vein quartz 
deforming by crystal plasticity. This rheological contrast 
caused 2) Dislocation tangling during dislocation glide 
causing work hardening of quartz crystals, and 3) Build-
up of fluid pressure within an effectively open system 
reducing the effective stress and thus promoting 
localized brittle failure. Depending on the initial 
crystallographic orientation of the deforming quartz 
grains, hydro fractures formed preferentially along 
suitably oriented intracrystalline planes. Due to fluid 
pressure oscillation, fluids were rapidly introduced 
triggering precipitation-nucleation of new grains, which 
grew epitaxially on the disrupted fragments of the host, 
sealing the fractures with dominantly quartz and minor 
calcite and mica. The resulting microstructure is given 
by narrow bands of newly recrystallized polygonal 
grains with average grain size of c.15 µm. 
Misorientation profiles show no progressive lattice 
rotation across the bands, thus excluding subgrain 
rotation recrystallization and recovery. The new grains 
are strain free and show a scattered CPO in resemblance 
with the host grain and an elongated SPO c. 
perpendicular to the fracture walls indicating a slight 
synfracture-opening rotation of the newly formed 
grains. 
This study stresses the importance of evolving rheologi-
cal properties within compositionally heterogeneous 
natural rocks and the tight and cyclic interplay between 
frictional and viscous processes to accommodate strain 
at the brittle-ductile transition. In the NFZ quartz acted 
as the strong phase, with strain localizing preferentially 
within sericitised, fine-grained and foliated metabasalts. 
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Clinoform successions in the southwestern Barents Sea 
have received a lot of focus since the 1990s. Because 

these depositional elements are well-documented in the 
literature as demarcating nearshore from deepwater, 
they are routinely used to predict depositional 
environments and changes in relative sea-level. As they 
are also indicative of the paleobathymetry of the basin 
in which the sedimentary system is building into, basin 
configuration at the time of deposition can also be 
deduced. Due to the abovementioned applications, and 
the potential for more confidently comparing the 
Barents Sea system with modern and ancient 
counterparts, it is essential that we are as accurate as 
possible when assessing these clinoforms. 
An ongoing research effort aims to quantify different 
parameters of the clinoforms and their successions. Part 
of this work is focused on evaluating the compaction 
history and the original geometry of individual 
clinothems at the time of deposition. Following 1D 
decompaction calculations, a series of clinothems from 
the SW Barents have been decompacted. As these 
calculations depend strongly on lithology, it can be 
argued that it is a sub-optimal approach for areas with 
sparse well-coverage. Nevertheless, maximum and 
minimum cases together with scenarios that are 
conditioned to well-logs show the importance of 
considering decompaction carefully. Examples and 
methodologies are shown, and implications and 
shortcomings will be discussed. Comparison between 
the decompacted thicknesses for Triassic clinoforms 
show the same relative relationships as their 
undecompacted counterparts, but differences arise over 
long distances were lithologies are interpreted to change 
considerably. The decompacted thicknesses also give a 
better basis for comparison to modern counterparts and 
hence lithological information from these can be 
included to better assess lithology of the Triassic 
clinothems. 
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Lista is a small island of 193 km2at the southern tip of 
Norway with elevations of about 350m in the northern 
part descending to low-relief areas close to the shore in 
the southwest. Sediments up to 130m cover the 
underlying bedrock. The island is located close to the 
Norwegian Channel. It bears the potential to study in 
detail a) the local Late Quaternary environmental / 
glacial history and landscape evolution and b) the 
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previous exposure, i.e. weathering history of the 
underlying bedrock. In order to understand the past 
variability of the Lista environment and landscape a 
combined study of seismic investigations, surface 
landform mapping complemented by LIDAR data 
analysis and deep core drilling, core logging and 
subsequent single sample measurements were 
conducted. Results of OSL and 14C dating and study of 
magnetic palaeointensity/inclination are not available 
yet. Geophysical measurements with variable seismic 
velocities indicate a surface of partly weathered, 
crystalline bedrock predominantly between 3-70m 
depth, in the SW up to 130m depth. Weathered gneiss 
was confirmed in the core. Based on geomorphological 
and Quaternary geological mapping, lithostratigraphy 
from sediment core investigations, we infer repeated 
episodes of ice advance and a coupling of local ice to 
the Norwegian Channel Ice Stream during the Late 
Quaternary. 
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Five sediment cores in northernmost Bjørnøyrenna 
located between the island of Hopen and the Storbanken 
bank area have been studied with a twofold scientific 
interest. On the one hand, cores are situated at a former 
grounding line representing the youngest stage in a 
stepwise retreat of the former Bjørnøyrenna Ice Stream. 
Two of the cores penetrate glacial units and their 
sedimentological characteristics indicate a continuum 
from the subglacial to proglacial part of a grounding 
zone wedge. On the other hand, the studied sediment 
cores are located just south of the Polar Front, an 

oceanographic area where Atlantic water sinks under 
colder polar water masses, the exact position of which is 
likely to have varied throughout the Holocene. A 
detailed lithological analysis suggests that winnowing is 
the main mechanism which created a sandy lag deposit 
spanning from the earliest Holocene to roughly 2,000 
cal yrs before present. The youngest silty mud unit 
without significant ird- content indicates a transition to 
weaker bottom currents and open marine conditions in 
the area. 
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The Upper Jurassic of Svalbard (Norwegian Arctic) is 
known as the Agardhfjellet Formation, with a rich 
vertebrate and invertebrate fossil fauna. In this 
particular area the Upper Jurassic, known for its high 
source rock potential across the globe, has not been 
studied in great detail, at least concerning paleoecology. 
Recent studies focused on the vertebrate specimens, or 
small sections of the formation. To better understand the 
environment in which the Upper Jurassic sediments on 
Svalbard were deposited this study will focus on 
stratigraphic, paleontological and geochemical analyses 
of the section. Including the recent new discovery of 
possible Osteichthyes fossil remains. The carbon isotope 
curve has potential to correlate the Agardhfjellet Fm. to 
the offshore Draupne and Hekkingen Formations, it also 
shows some correlation with invertebrate faunal 
abundance. Rock Eval analyses show overmature type 
III kerogen in almost all samples. Some of the samples 
are not overmature yet, but in the high range of 
maturation. This suggests that variations in the carbon 
curve are not a result of the source of organic matter, 
but actual variations in atmospheric isotope 
composition. Together with sedimentological core and 
outcrop observations, showing excellent stratigraphic 
correlation, and the unexpectedly high benthic 
invertebrate abundances it can be concluded the 
Agardhfjellet Fm. shows an oxygenating upward 
sequence, which probably allowed invertebrates to 
flourish and attract other larger species.  
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Tricolorfjellet Member is a sedimentary succession 
primarily consisting of evaporites and carbonates 
deposited as syndeposits in Billefjorden Trough on 
Svalbard. New results presented here shows how it is 
possible to distinguish between isostatic and eustatic 
controls on the depositional system. This new 
knowledge is used to place the formation of carbonates, 
evaporites, and preservation of organic matter into a 
sequence stratigraphic framework. It is inferred that 
most of the meter scale variations seen in the 
sedimentary succession can be linked to eustatic sea 
level variations. This makes it possible to estimate the 
relative amount of carbonates and evaporites in similar 
systems and to evaluate the probability of preserving 
organic matter in similar settings elsewhere e.g. the 
Barents Sea. 
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Very fast deformation is being recorded in realtime by 
ground based InSAR (GB InSAR) at a small part of the 
Mannen large rock instability in Romsdalen. The 
movement is currently about 3-4 mm/day in the upper 
parts and 1 mm/day in the lower part of the active area. 
The velocity is 50-100 times larger compared with other 
parts of the instability. The velocity doubled after a 

heavy rainfall on 21.09.2014 and remained high 
thereafter. However we have no information on 
movement in the area before 16.09.2014. The deforming 
area is interpreted as a small rockslide in an active phase 
before a collapse, and it is the first time such an event is 
recorded in realtime in Norway.  
The moving area is 4.000 m2 and is located in 1.200 m. 
asl on the western flank of the much larger instability 
(approx. 200.000 m2). The volume is estimated to be 
10.000 - 40.000 m3. Its upper and western boundary is a 
snow filled back-crack. The moving area is sloping 45° 
and “hangs” over a deeply incised gulley. The lower 
boundary consists of intact rock layer that appear to be 
more competent. The entire moving rock mass is broken 
down and surface cracks indicates movements.  
GB InSAR (LiSALab system) has been used by Åknes/
Tafjord Beredskap IKS (ÅTB) to monitor and 
investigate very large rock slides as well as map moving 
areas prone to rockfall and assess stability following 
rockfall events. The system is typically placed safely in 
flat terrain at the valley bottom and is able to detect sub-
milimeter movement in inaccessible slopes of up to four 
kilometers distance. The measurements forms an image, 
that can be projected onto a DEM, and thus provide 
accurate information on the spatial distribution of 
displacement. In many areas this is the only possibility 
for safe monitoring.  
Rock fall modelling and evaluation of the run-out of 
massflows initiated by the collapsed rocks have been 
performed, and it is concluded that is does not pose a 
threat to houses or infrastructure in the valley. The 
situation is nevertheless followed carefully by ÅTB for 
two reasons: 1) We need to see if the movement or a 
collapse influences the behavior and stability of larger 
scenarios. 2) It provide a small scale model for a 
deforming and collapsing rockslide, which give us 
increased knowledge and experience that can be used 
for future larger events.  
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The interaction of extensional and strike slip tectonics 
related to the intersection between rifted and sheared 
passive margin segments, and the imprint on the 
tectonostratigraphic evolution of basins located in such 
settings, are currently not well understood. In this study 
we use three-dimensional reflection seismic and well 
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data to examine the structural style and evolution of the 
southernmost part of the Sørvestsnaget Basin. We 
attempt to shed light on the complexity associated with 
basins forming under the influence of interacting major 
crustal lineaments, like the area near the rift-shear 
transition between the Lofoten-Vesterålen Margin 
(LVM) and the Senja Fracture Zone (SFZ), along the 
Norwegian-Barents sea continental margins. The 
Sørvestsnaget Basin is placed in such setting and is an 
elongate, NW-SE orientated basin c. 50 by 250 km, it’s 
southern part is constrained to the east by the Senja 
Ridge and to the west by the SFZ and to the south by the 
Harstad Basin. The structures in the basin are clearly 
affected by strike-slip kinematics along the SFZ, but 
also affected by the extensional LVM trend.  
We use the 3D seismic to map key structural elements at 
different levels of the basin fill, utilize time-thickness 
and structural maps as well as throw distribution 
mapping to reconstruct structural style at different 
stages in the basin evolution. Preliminary results show a 
complex structural evolution including stages of 
transtension and transpression, more detailed results of 
this work will be presented at the conference.  
By constraining the kinematic evolution of the southern 
part of the Sørvestsnaget basin we give a more refined 
understanding of i) fault and basin evolution in 
structurally complex settings, and rift-sheared margins 
in particular, as well as ii) the spatiotemporal evolution 
of the LVM and the SFZ. 
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The study focuses on the top of the Herrería Formation 
with a Lower Cambrian age, deposited in the Cantabrian 
Mountains of northern Spain. The motivation of this 
study is related to recognize significant provenance 
changes between the base and the top of the formation, 
which would allow fundamentally different provenance 
interpretations (Zimmermann et al., in review). 
Therefore this study concentrates on a similar lithotype 
(quartz-arenites), which show a variety of differing 
sedimentary structures. The quartz-arenites are 

intercalated with shales devoid of carbonate material. 
The recognition of acritarchs argues for a marine 
depositional environment. 
The oldest layer (c. 2 m thickness) shows flute marks at 
its bottom and is normally graded to the top of the layer, 
but contains nearly only quartz with few weathered 
alkali-feldspar with SiO2. This bed might have been 
deposited in a slightly deeper basin position. The 
following lithotype (c. 1.5 m thickness) is a quartz-
arenite with large-scale cross-bedding and of coarse-
grained nature. The rock contains some mica in contrary 
to the underlying bed. The cross-bedded layer is 
followed by a coarse-grained thick massive bed (c. 1 m 
thickness), which is extremely friable but not cemented 
by carbonate. It is not clear how to interpret at this stage 
this lithotype.  
The forth bed is a medium-grained well-sorted cross-
bedded arenite of c. 1 m thickness. This lithotype con-
tains feldspar, which is strongly weathered and some 
mica.  
To identify the differences and similarities of the 
provenance signals of these four clastic sedimentary 
rocks, we will apply beside optical petrography and 
whole-rock geochemistry, detrital zircon age dating and 
high-resolution heavy mineral stratigraphy. We will first 
quantify the amounts of heavy minerals and than we 
will identify and quantify each occurring mineral phase 
with optical petrography and Raman spectroscopy. 
Chemical variation in different groups of heavy 
minerals will be determined with MLA and EMPA. We 
will also date the U-Pb ages of detrital zircons. If 
differences in the sensitive data set of detrital zircon 
ages are identified, we hope to substantiate those 
differences with the help of the high-resolution heavy 
mineral stratigraphy. 
Reference: 
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(in review) The role of U-Pb ages of detrital zircons in 
sedimentology – An alarming case study for the bias of 
sampling and interpretation.  
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In the Cantabrian Mountains (northern Spain) Trypt-
ichnus pedum is exposed 5 m above the base of the 
Herrería Formation. This could only be observed in 
open exposure. There the rocks of the Herrería For-
mation are in discordant contact to the Ediacaran Mora 
Formation (Narcea Group). The angular unconformity 
lies 5 m below the trace fossil. The occurrence of 
acritarchs here, and the association of the same acritarch 
fauna elsewhere with tuff beds point to a depositional 
age of c. 525 Ma (Zimmermann et al., in review).  
Other exposures in the Cantabrian Mountains, show the 
angular unconformity between the two formations but 
trace fossils are not exposed. However, in both outcrops 
that we have sampled for this study, the base is marked 
by a conglomerate. These thin layers of 10-25 cm are 
then followed by c. 30-60 cm thick beds of wackes 
associated with fine-grained sandstones and siltstones. 
In the outcrop devoid of Tryptichnus pedum several 
conglomerate layers do occur in the first 5 m. 
Therefore, the aim of the study is to compare and 
correlate the first 5 m above the unconformity with tools 
of provenance studies to reveal differences or to state 
similarities for the base of the Herrería Formation in two 
different outcrops. The exposures are c. 8 km separated 
from each other. In both of them conglomerates are at 
the base of the formation. 
Hence, we apply beside optical petrography and whole-
rock geochemistry, detrital zircon age dating and high-
resolution heavy mineral stratigraphy. We will first 
quantify the amounts of heavy minerals and than we 
will identify and quantify each occurring mineral phase 
with optical petrography and Raman spectroscopy. 
Chemical variation in different groups of heavy 
minerals will be determined with MLA and EMPA. We 
will also date detrital zircons from the base of one 
outcrop to compare the results with the second one, 
devoid of the trace fossils (Zimmermann et al., in 
review). 
Reference: 
Zimmermann, U., Andersen, T., Madland, M.V. & Larsen, I.S. 
(in review) The role of U-Pb ages of detrital zircons in 
sedimentology – An alarming case study for the bias of 
sampling and interpretation.  
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The U-Pb and Lu-Hf isotope systems in zircon retain a 
memory of the environment in which they formed 
making detrital zircon a useful indicator of sedimentary 
provenance. However, the link between isotopic 
properties of detrital zircon and potential source terranes 
is problematic because of recycling from older 
sediments, mixing of detritus from different sources, 
and because of indistinct signatures of source terranes. 
Southern Africa remained within a stable supercontinent 
(Gondwana) from the Neoproterozoic Pan-African oro-
geny until its breakup in Jurassic time. The Ordovician 
Natal Group – exposed in SE South Africa – is the least 
known of several continental cover sequences deposited 
in this setting. It mainly overlies Mesoproterozoic crust 
with the northern exposures on SE Archaean Kaapvaal 
craton. Palaeocurrents from the N to NNE indicate 
possible source areas that include not only the Kaapvaal 
craton and Mozambique but also, when Gondwana 
palaeogeography is taken into account, Dronning Maud 
Land, Antarctica. The Natal Group, therefore, offers the 
opportunity for resolving issues regarding close vs. 
distant sources and evaluating the influence of sedi-
mentary recycling on detrital zircon patterns. 
Only the basal Ulundi Member conglomerate shows a 
significant Archaean zircon population. The overlying 
sandstones are dominated by a Mesoproterozoic and 
smaller Neoproterozoic fractions with the Mesoproter-
ozoic zircon having juvenile εHf signatures whereas the 
Neoproterozoic zircon have εHf–values indicative of 
crustal reworking. Cover sequences with similar 
signatures, with Neoproterozoic to Permian depositional 
ages, are known throughout Gondwana. As juvenile 
Mesoproterozoic rocks, and rocks reworked in Neo-
proterozoic time are common Pan-Gondwana features, 
the most likely explanation for this similarity in detrital 
zircon patterns is that the various areas of Gondwana 
that fed these deposits do not have sufficiently different 
event signatures to be distinguishable in detrital zircon 
populations. Alternatively, there may have been contin-
uous recycling of zircon-bearing detritus throughout 
Gondwana from its inception until its breakup. 
These results should be taken as a reminder of the 
difficulty of ascertaining a provenance for detrital 
zircon, caused by sedimentary recycling or non-unique-
ness among source terranes. Special care must be taken 
when using detrital zircon to support far-reaching 
conclusions in basin evolution and palaeogeography. 
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Dating periods of activity along brittle structures in 
basement terranes can be a serious challenge. When 
potential marker horizons are absent, and the granitic 
gneiss of the footwall block looks just like the one of the 
hanging wall, it can be difficult to determine even the 
amount and sense of movement, let alone the timing of 
activity. In cases like this, K/Ar dating of authigenic 
illite from fault gouges has recently become an 
increasingly popular method to date fault activity. 
However, the method comes with a number of 
challenges: Inherited illite or finely-ground K-bearing 
mineral phases from the host rock (K-feldspar and mica) 
can contaminate the sample, repeated reactivation of 
faults can produce complicated mixed signals and low-
temperature phases such as smectite-illite mixed layer 
clays can be difficult to date with precision because of 
low K-contents to name but a few. As a result, K/Ar 
illite ages are often difficult to interpret. Nonetheless, if 
handled carefully, the method has the potential to 
provide invaluable information about the tectonic 
history of onshore Norway throughout the Mesozoic and 
possibly Cenozoic. We present our experience from 
dating more than 50 faults in SW Norway and hope to 
initiate a debate between research groups using the same 
method in order to address and hopefully overcome 
some of these challenges. 
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The lateral extent of submarine tailings deposits run in 
man-made channels similar to talwegs. Submarine 
tailings deposits are a common waste handling facility 
for mines in Norway, where 33 historic-, of which six to 
eight present facilities are in operation (Kvassnes and 
Iversen, 2013). Tailings are the fine-grained waste 
produced by crushing ore and extracting valuable 
minerals. Tailings are deposited into a fjord basin and 
will find their resting points at the lowest point of 
potential energy in the near-open system that a sill fjord 
is. Talwegs, in Norwegian “Djupål”, are naturally 
channels that run in the lowest level of a river or a fjord. 
Such channels are not a new discovery as they were 
identified previously in the Island Copper Mine facility 
(From Hay, 1987b), where a massive turbidity flows 
were caught on shallow seismic profiles.  
There is evidence that this man-made mining-talweg is 

important also for Norwegian Fjords that have 
submarine tailings deposit facilities. The talweg appears 
to control the lateral extent of the waste facility from the 
pipeline down slope to the final resting place of the 
tailings. This may explain why many waste facility 
operators of Submarine Tailings Deposits are unsure of 
the extent of their deposit. The tailings may extend 
much farther than currently assumed. Thus, identifying 
an apparent talweg away from naturally occurring ones 
may guide the operator towards the extent of the 
facility. In addition, if a pipeline is placed on pre-
existing sediments, the turbidity current emerging from 
the pipeline is incredibly erosive and may cause a 
submarine ravine with geotectonic instabilities and 
submarine landslides. This may: 1) harm the infra-
structure built by the operator, and 2) cause mini-
tsunamis that may harm structures and inhabitants near 
the have detrimental effects if the deposit that the 
tailings are deposited upon. Near-flat deposits do not 
appear to have the problem of artificial talwegs. Thus, if 
the tailings are emerging from a very deep pipeline, the 
operator may avoid this hazard. 
References: 
Hay, AE, 1987: Journal of Geophysical Research, V 92, C3, 
P2883-2900.  
Kvassnes AJS, Iversen E, 2013: Mineralproduksjon, A27 pp. 
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This talk is in the memory of Dr Bjørn Sundvoll, NGU, 
who died in October 2013. 
Through the last 25 years we have developed a model 
for the Oslo Rift that lifts it up to a global type example 
of a high volcanicsity continental rift structure. Plate 
tectonically and temporally it belongs to the last 
generation of Hercynian structures in NW Europe, and 
magmatically it is linked to deep mantle structures. 
Bjørn Sundvoll in the 1990ties established the time 
frame for the rift (Sundvoll & Larsen 1990, Sundvoll et 
al. 1990), where the magmatism seemed to span about 
60 million years, and we could divide the rift 
development magmatically, volcanologically, 
structurally and sedimentologically into six stages.  
1) The forerunner to rifting (Asker Group sediments 

and sill intrusions) 
2) The initial rift stage with basalt volcanism 
3) The climax rift formation with rhomb porphyry lavas 

from fissure eruptions and large master faults 
4) Massive central volcanoes, finally exploding as 

calderas 
5) The age of the great batholiths (nordmarkites etc.) 
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6) The concluding stage with small granitic intrusions 
in the central and northern part 

Generally this model is still working (Larsen et al. 2006, 
2008), but based on the new datings it requires some 
adjustments. 

‐ We have to underline that not all stages can be found 
in all parts of the rift. And very importantly, they did 
not occur at the same time in all parts of the rift. But 
they did occur in the same sequence. It seemed to start 
in the south and end later to the north. 

‐ We assumed that the climax stage with the rhomb 
porphyry (RP) volcanism started at the same time all 
over the rift, and that the first RP covered most of the 
rift from Skien and Brunlanes in the south to Nittedal 
and Ringerike in the north. This seems today not to be 
the case. The RP lava plateau in Vestfold seems to 
have started earlier and ended earlier than the RPs of 
the Krokskogen lava plateau. But there is a time 
overlap between the Vestfold and Krokskogen lava 
plateaus. 

‐ Consequently the first RP, RP1, which looks similar in 
Vestfold and at Krokskogen was not the same lava 
flow system. We today assume the one in Vestfold to 
be older. Therefore it follows that the volume of the 
first RP1 flows must have been much smaller than 
suggested earlier. 

‐ We now interpret the trachytic extrusives in Vestfold 
(T1 to T4) to be ignimbrites from some of the 
neighboring calderas. Consequently, the calderas in 
Vestfold must also be older than the calderas at 
Krokskogen. 

‐ An updated model is proposed, and further dating is 
on the way to test these revisions. 
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Sundvoll, B. & Larsen, B.T. 1990: Rb-Sr isotope systematics 
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Bull. 418, 27-46. 
Sundvoll, B., Neumann, E.-R., Larsen, B.T. & Tuen, E. 1990: 
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Paulabreen is a surge type tide-water glacier in a 
tributary to Van Mijenfjorden, Svalbard. During a surge 
event, the glacier crossed the main fjord and formed a 
ca. 10 km long and up to 1.5 km wide, arcuate push/
thrust moraine and dammed a lake 70-80 km2 in size in 
the upstream main fjord and valley. Morphological 
relationship between end-moraines indicates that the 
surge by the glacier Paulabreen was preceded by an 
advance of the smaller glacier Stabbreen also forming a 
push/thrust moraine. Both advances resulted in 
redeposition of marine shell-bearing sediments; The 
Stabbreen advance displaced marine sediments that was 
deposited at a sea-level more than 25 meters above 
present in a downslope direction, whereas Paulabreen 
thrusted marine sediment up from the contemporaneous 
sea floor. 
Radiocarbon dates of terrestrial plant remains below and 
above glaciolacustrine sediments deposited in the lake 
dammed by the Paulabreen glacier constrain the age of 
the surge event between 600 to 700 years ago, whereas a 
series of marine shells redeposited in the moraine span 
ages from 1900 to 7900 calBC. Shells from the moraine 
resulting from the Stabbreen advance date between 8500 
and 7100 calBC. Consequences for interpreting the ages 
of moraine deposition and age relationship between the 
two moraines will be discussed.  
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The 150 km long NW-SE trending Ula – Gyda Fault 
Zone at the eastern margin of the Central Trough is 
structurally important because it may control migration 
paths; trap formation; reservoir and source rock 
distribution, and this has been studied by seismic 
interpretation of faults and horizons, volume attributes 
and fault modeling. The fault separates the Sør-
vestlandet High plateau to the east from the down-
stepping Cod and Steinbit Terraces to the west. Along 
strike the fault zone extends to the Coffee Soil Fault 
Complex in the south, and to the Reke Fault Zone in the 
north. The fault zone played a role for hydrocarbon 
accumulations in e.g. the Ula and Gyda fields and the 
recent Butch discovery.  
Deposition of Carboniferous organic-rich layers; Early 
Permian eolian sediments and Late Permian Zechstein 
salt was followed by a rift phase in the Permo-Triassic 
that formed large faults, also affecting the salt. Triassic 
clastic deposition on the salt gave loading that caused 
salt diapirism. Deposition of sediments continued in the 
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Jurassic, and a new rift phase occurred in the Late 
Jurassic, leading to reactivation of some Permotriassic 
faults, with continued salt diapirism and syn-rift 
deposition of sediments. The present Central Graben 
formed during the Late Jurassic rifting. The Base 
Cretaceous Unconformity formed in Late Jurassic–Early 
Cretaceous due to uplift and erosion. Post-tectonic 
thermal subsidence in Cretaceous times led to 
deposition of the Cretaceous Cromer Knoll and Shetland 
Groups, and subsequent Tertiary deposition – affected 
by episodes of tectonic inversion.  
The different strike trends of the fault segments, varying 
between E-W and NE-SW, and the distribution of 
sediment layers and fault throws, show that the Ula – 
Gyda Fault Zone evolved through different stages. 
Seismic data reveal syn- and post-rift sediment 
deposition, as well as structurally important features like 
inversion and relay ramps. Relay ramps may work as 
conduits for hydrocarbons, allowing passage through the 
fault zone, whereas other parts of the zone may function 
as a seal. The understanding of the relay ramps along 
the Ula – Gyda Fault Zone is important in the 
exploration for new hydrocarbon prospects because the 
ramps can control the migration pathway from west to 
east.  
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Geoscience is vital for understanding some of the 
world’s most challenging problems like climate change, 
resource shortages and meeting increasing demand in 
food and energy. Today´s youth will face these complex 
challenges and it is therefore of importance to provide 
them with the necessary insight, skills and tools. 
Through the Norwegian “Lektor2” program a co-
operation was set up between industry and the St. Olav 
Upper Secondary School in Stavanger focusing on local 
relevant geoscience topics. We discovered that the 
planning processes of commercial exploitation of 
minerals and renewable resources on a backdrop of 
global problems engaged students. The students were 
given a short introduction in global climate and energy 
challenges based on recognised sources (IPCC & IEA) 
and frozen pizza. The issues were brought home by 
zooming in on the local climate and energy challenges 
of Norway and Rogaland. This was followed by a brief 
introduction to modern wind power production. Wind 
power is often controversial and demands a thorough 

assessment of all positive and negative aspects. The 
methodology in Norway is well documented in for 
example the county plan for wind power 
(“Fylkesdelplan for vindkraft i Rogaland”). The students 
were introduced to the general approach of such an 
evaluation and were taught new searching methods on 
the web, the use of useful “apps” and a wide spectrum 
of webGIS applications providing information on wind 
resources (windmap.se), the powergrid (NVE), the 
subsurface (NGU), vulnerable areas (MD), emergency 
response (DSB) and other relevant spatial information. 
The classes were followed by field work in the geotope 
of the old vicarage at Hå (Jæren) where the students 
were asked to evaluate an area for quarrying of mineral 
resources and renewable energy production, challenging 
them to apply their newly used methodology. The above 
example can be easily adapted to fit available teaching 
resources and local projects in Norway like road 
building, quarrying, large building projects, renewable 
energy or hydrocarbon exploration projects. We believe 
that the key in student engagement is presenting them 
the challenge of solving real issues by finding the right 
location for useful projects with as small a footprint as 
possible. 
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Fjords are primarily shaped by glacial erosion cutting 
into bedrock and forming steep valley-/fjord sides. 
During interstadials/interglacials the mountain slopes 
may be unstable and rock avalanches, rock falls and 
slow mass movements modify the glacial landscape. 
The debris ends in the fjord or valley and is removed 



                                                     NGF Abstracts and Proceedings, no. 1, 2015 59 

during subsequent glaciation. The slide scar, however, 
may survive and be visible in the mountain side after 
several generations of glaciers.  
Bathymetry-, seismic- and lidar data from the inner part 
of Storfjorden in Møre and Romsdal County, show that 
more than 100 rock avalanches have entered the fjord 
since the last deglaciation. The avalanche debris is 
estimated to ca. 600 million m3. In addition comes mass 
movement debris from rock falls and debris flows. 
Avalanches have gone regularly since the deglaciation, 
but the largest slides happened during the Late 
Weichselian and Younger Dryas chronozones. The 
debris from these periods constitutes almost 90 percent 
of the total rock avalanche debris found in the fjord. The 
data set shows that the slide frequency is highest in the 
innermost and "youngest" parts of the fjord and less 
frequent in more "mature" stretches. This visualizes the 
importance of avalanches combined with repeated glaci-
ation throug ice ages for the incision of the head of 
fjords. Morphologically obvious slide scars in the 
slopes, without avalanche debris in front, indicate that 
the scars have survived glacial erosion with removal of 
the debris. This again indicates that glacial erosion has 
less importance for widening the fjord at later stages of 
fjord formation.   
 

Different facies, different palyno-
logical assemblages of Kungurian/-
Roadian age from the Moatize-
Minjova Coal Basin, Mozambique  
 
Lopes, G.1, Pereira, Z.2, Fernandes, P.3 & Marques, J.4  
 
1. Department of Earth Science, University of Bergen, 
Allégaten 41, N-5007 BERGEN, Norway, email: 
Gilda.Lopes@geo.uib.no 
2 Portuguese Geological Survey (LNEG), Rua da 
Amieira, Ap. 1089, 4466-901 S. Mamede Infesta, 
Portugal, email: zelia.pereira@lneg.pt 
3 Marine and Environmental Research Center, Algarve 
University, Gambelas Campus, 8005-139 Faro, 
Portugal, email: pfernandes@ualg.pt 
4 Gondwana, Empreendimentos e Consultorias Lda., B 
Street, 233, Bairro da Coop., Post Box 832, Maputo, 
Mozambique, e-mail: joaomarques@gondwana.co.mz 
 
The Moatize-Minjova coal basin is located in 
Mozambique, Tete Province, and comprehends a 
stratigraphic succession composed of Lower Karoo 
clastic sedimentary rocks deposited on continental 
graben basins, that register important changes in the 
sedimentary environments. Here it is presented the first 
palynostratigraphic data obtained from two of seven 
boreholes sampled in the Moatize-Minjova Coal Basin. 
The palynostratigraphic study is one of the most 
important parts of a wider project that aims to 
characterize the palynological successions of the 
Moatize-Minjova Coal Basin in order to better 

understand the palaoenvironments and palaeo-
ecossistems; constrain the end of the Late Palaeozoic 
glaciation age and better comprehend the sub-surface 
geology and structure of the sedimentary basin 
including the distribution of the coal seams. 
The Lower Karoo Supergroup sedimentary succession 
of Moatize-Minjova Basin starts with the Vúzi (Tillite) 
Formation, to which it was attributed an Upper 
Carboniferous – Lower Permian age by correlation with 
the Dwyka Group from the South Africa Main Karoo 
Basin and the Moatize (Sandstone) Formation with a 
loosely Cisuralian age. Above this two units lay’s the 
Matinde (Marl-Sandstone) and Cádzi (Sandstone) 
Formations from Guadalupian- Lower Lopingian and 
Middle Lopingian – Lower Triassic, respectively. The 
two studied boreholes (ETA 65 and ETA 72) are 
composed by the upper part of the Vúzi and lower part 
of the Moatize formations lithologies. 
Twelve of the twenty samples collected were positive 
for palynology providing moderately preserved 
palynomorphs of Kungurian/Roadian (lower/middle 
Permian) age. The identified palynomorph assemblages 
were qualitatively and quantitatively different within the 
two formations which may be due to palaeo-
environments variations related to climatic differences, 
cold temperatures associated to the post-glaciar tillite 
faceis (Vúzi Formation) and warmer and humid 
environments associated to grey and black carbonaceous 
shales (Moatize Formation).  
More studies are being developed in order to better 
understand the Gondwana vegetation response to a 
major climatic change and to allow a basin-wide 
stratigraphic correlation. 
 

Quartz cementation and diagenetic 
controls in sandstone – an analogue 
study of Cambrian quartz arenite, 
Mjøsa District, Norway  
 
Lorentzen, S.1, Augustsson, C.1, Jahren, J.2, & Nystuen, 
J.P.2 
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Quartz cementation in sandstone reservoirs is studied by 
examining and comparing the amount of cement present 
in the reservoir to the expected amount of quartz cement 
based on a modeled time-temperature history. In this 
study, Lower Cambrian quartz arenite from the 
Hedmark Basin has been examined, where the processes 
leading to decreasing and/or destructing reservoir 
quality can be studied in a state of complete quartz 
cementation. This allows a detailed study of the 
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combined chemical compaction and cementation. The 
findings may contribute to an increased understanding 
of the quartz cementation processes, in addition to the 
diagenetic end products of clay mineral reactions and 
other cements present. 
In this study the diagenetic processes transforming 
quartz sand into quartz arenite will be presented. The 
results are based on petrographical and mineralogical 
analysis on thin sections and rock samples. The samples 
are taken from Steinsodden in the Mjøsa area and at 
Sjølisand in Rendalen, north east of Mjøsa, and 
comprise the Ringsaker Member of the Vangsås 
Formation. The unit reflects the incipient stage of the 
Early Cambrian transgression and represents a shallow-
marine deposition, on top of the rift basin succession of 
the Hedmark Group at Mjøsa and on Precambrian 
crystalline basement in Rendalen. This topic represents 
the first part of a study on Cambrian quartz arenite in 
Baltica with emphasis on both predepositional and post-
depositional processes that result in quartz arenite 
formation.  
 
Norwegian Petroleum Directorate 
Svalbard and northern Barents Sea 
activities 
 
Lundschien, B.A.1, Høy, T.1 & Mørk, A.2, 3 
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Database: 
1. Follow up and extrapolate data from exploration 
wells and shallow stratigraphic drilling in the Southern 
Barents Sea 
2. Interpretation of non-commercial 2D seismic in the 
northern Barents Sea  
3. Shallow stratigraphic drilling in the northern Barents 
Sea, still not opened for petroleum activity 
4. Fieldwork on Svalbard in order to extrapolate 
interpretations to the northern Barents Sea 
5. Co-operation with Russian colleagues 
To improve understanding of the geology of the 
northern Barents Sea NPD has since 2006 arranged and 
participated in fieldwork on land Svalbard. The 
fieldwork has mainly focused on the Triassic succes-
sion, and provided geologists working on Barents Sea 
tasks with first-hand experience regarding the 
geological succession being one of the main targets in 
the Northern Barents Sea. Parts of the results have been 
published as NPD-Bulletin 11. Several master student 
theses are finished and ongoing as well as PhD studies. 
Among the results are: 

Documentation of a paralic Middle and Late Triassic 
depositional environment from the coast of Norway 
through Hopen, Edgeøya and Spitsbergen 

Petroleum systems with Triassic source rocks and 
overlying reservoir rocks can be traced from close to 
the Norwegian mainland through the Barents Sea to 
Svalbard 

Late Triassic channel belts within seismic resolution 
in the Barents Sea and exposed on Svalbard improved 
stratigraphic correlation in the Late Triassic (defining 
the Hopen Member which correlates with the Isfjorden 
Member) and improved sequence stratigraphic 
interpretations. 

Paleontological studies support interpretation of 
depositional environments and include descriptions 
from well preserved ichthyosaurs to palynomorphs 
and ammonites. 

Fracture studies on regional scale 
Syn-sedimentary deformation and also carbonate bed 

formation 
Work is now in progress to integrate these data to 
improve interpretations in the northern Barents Sea 
Shelf. 
 

Geomorphological observations in 
the Molo Formation constrains the 
Late Cenozoic evolution of the 
Norwegian Sea 
 
Løseth, H., Hilde, E., Wild, R.J., Kyrkjebø, R. & 
Bunkholt, H. 
 
The Molo Formation is a late Cenozoic coastal delta 
located along the inner mid Norwegian margin. It is up 
to 500 m-thick, less than 60 km-wide, 600 km-long and 
is interpreted as a fluvial-dominated wave-influenced 
progradational margin delta. The precise age is debated 
and the four age models suggested in the literature 
predict very different late Cenozoic tectonic evolution. 
We study depositional details in the Molo Formation 
above the Frøya High on good quality 3D seismic data, 
well logs from 6407/12-2, do structural backstripping 
and identify a new lower Molo Formation unit, up to 
120 m thick. It lies above the Mid Miocene 
Unconformity (MMU), which has a sinuous incision 
interpret as a subaerial river valley. The internal lower 
Molo Formation reflections show subtle thicknesses and 
amplitudes variations with ridge-like features, linear 
incisions, sinuous channels and an abrupt westward 
edge that we interpret as details from a transgressive 
coastal delta. The overlying upper Molo Formation, 
which corresponds to the earlier described Molo For-
mation, is up to 300 m thick. Steeply dipping fore-sets 
clinoforms (6.5° to 10.5°) and low angle bottom-sets 
clinoforms downlap on top of the lower Molo Format-
ion. For the first time we also identify a syntectonic 
delta-front collapse in the Molo Formation with up dip 
extension, down dip compression and a décollement 
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surface located up to 100 ms below the base of the delta, 
within the underlying Brygge Formation. Our obser-
vations are in agreement with a Pliocene (5.3 to 2.6 Ma) 
age of the Molo Formation, postdating the Kai 
Formation and predating the Naust Formation. Upon 
release of the massive stress during the Miocene 
compression phase, when the syntectonic Kai Formation 
deposited and large parts of the shelf was exposed, the 
relative sea level rose in the order of 400 m. The lower 
Molo Formation coastal delta deposited during a short 
stillstand during the earliest part of the transgression 
while the upper Molo Formation deposited after the 
main phase of relative sea level rise. The climatic shift 
to the North Atlantic glacial period occurred at the 
transition from the Molo Formation to the Naust 
Formation. Our work gives insight to how compressive 
stress act on flanks of passive margins. 

 
Carboniferous rift basin architecture 
in the SW Barents Sea 
 
Mahajan, A.*, Faleide, J.I. & Gabrielsen, R.H. 
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The geological background for the regional orientation 
of the Late Paleozoic basins in the SW Barents Sea is a 
topic of recent debate. Two models have been 
suggested. The first suggests that the positions and 
orientations of the basins are dominated by a NE-SW 
trending grain. The other model is based on evidence 
from recent high-quality magnetic data suggesting a 
NNW-SSE-strike for these Late Paleozoic basins. 
With the recent acquisition of long-offset reflection 
seismic data, imaging of the Late Palaeozoic structures 
is much clearer and the seismic coverage has also 
become denser. We are using this dataset to map the 
Carboniferous basin structures. From our interpretation, 
we observe a fan-shaped basin architecture with three 
main branches i) an ENE oriented branch to the south of 
the Nordkapp Basin ii) a NE-SW-oriented branch 
between the Nordkapp and Ottar basins and, iii) a NNE-
SSW-oriented branch associated with the Hoop Fault 
Complex and Maud Basin. This basin architecture forms 
graben units with inter- and intra-basinal highs. From 
the orientation of the Carboniferous rift structures, the 
predominant stress regime is assumed to have been 
predominnantly oriented WNW-ESE. This basin 
configuration also had an impact on later Permian 
depositional system and facies distribution. 
Thus, we suggest that the NNW-SSE trending basins as 
reflected by the magnetic data likely represents thick 
Devonian basin configurations related to the collapse of 
Caledonian Orogen in the SW Barents Sea, rather than 
younger Carboniferous structures which cross-cut the 
older grain. 

 

The biostratigraphy of the Upper 
Triassic succession on Hopen, 
Svalbard  
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As part of a research project aiming at improved dating 
and paleogeographic understanding of the Upper 
Triassic succession in the Norwegian Arctic, a multi-
disciplinary approach to the Upper Triassic succession 
from the island of Hopen, Svalbard are presented. The 
succession alternating between terrestrial and marine 
microfossils reveals rich palynofloras as well as marine 
assemblages. With the dense lateral and vertical spacing 
of samples, this study is among the most comprehensive 
palynological studies in this region, delineating the 
distribution of organisms in time and coupling these to 
geological changes. The study also provides an insight 
into the subsurface geology of the Barents Sea.  
Three formations are recognized on Hopen: the De 
Geerdalen Formation forming part of a huge delta 
system, being overlain by the marine Flatsalen 
Formation and with an erosional contact on top: the 
tidally influenced Svenskøya Formation. Based on an 
extensive palynological study from eight sections 
together with sedimentological mapping, micropale-
ontological and carbon isotope analyses we are able to 
relatively preciously date the succession as well as 
reconstruct the depositional environment and place it in 
a paleogeographic context. A completely spore domin-
ated assemblage in the mid to early Carnian reflecting 
dominance of a pteridophyte vegetation, is taken over 
by occasional marine influence with an increasing 
number of bisaccate pollen in the upper part. In the 
Flatsalen Formation an early Norian circum-marine 
transgression is detected both in the palynology, the 
micropaleontology and calibrated to earlier ammonoid 
records. At the base of the formation, barren samples of 
micropaleontology are followed by a sudden first 
superabundant occurrence of foraminifera, representing 
the beginning of a marine transgression. Higher in the 
section, an acme of radiolaria followed by an acme of 
dinoflagellates is observed, indicating a maximum 
flooding surface and the establishment of fully normal 
marine conditions. This represents a crucial correlative 
event, and is also the very first record of abundant dino-
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flagellate occurrence in the geological record of this 
region. A return to non-marine conditions and assemb-
lages dominated by spores in combination with conifer 
pollen is seen in the upper parts of the Flatsalen 
Formation and the Svenskøya Formation.  
 
 

Dating the Lysefjorden moraines 
described by Esmark (1824) and 
Bjørn Andersen (1954) 
 
Mangerud, J.1, Svendsen, J.I.1, Briner, J.P.2, Lohne, 
Ø.S.1,3 & Young, N.E.4 
 
1 Department of Earth Science and Bjerknes Centre for 
Climate Research, University of Bergen, Norway. 
jan.mangerud@geo.uib.no; john.svendsen@geo.uib.no 
2 Department of Geology, University at Buffalo, USA. 
jbriner@buffalo.edu 
3 Presently at Sweco Norge AS, Bergen, Norway. 
oystein.lohne@sweco.no 
4 Lamont-Doherty Earth Observatory, Columbia 
University, USA. nicolasy@ldeo.columbia.edu 
 
The most revolutionary discovery by any (Danish-) 
Norwegian geologist was that Jens Esmark in 1824 
identified moraines at Lysefjorden near Stavanger and 
concluded that there had been a huge ice sheet covering 
Norway down to sea level. Esmark had of course no 
idea about the age of this glaciation and 130 years 
should elapse until Bjørn Andersen (1954) mapped the 
moraines in more detail. Andersen traced moraines 
across the southernmost Norway and correlated the 
Lysefjorden moraines – including the moraine we now 
call the Esmark Moraine – with the Ra Moraine around 
Oslofjorden and thus showed that the Lysefjorden 
moraines were formed during a late phase of the last ice 
age. However, Bjørn Andersen’s mapping was before 
the era of radiocarbon dating (the method was formally 
invented in 1949) and thus the real age was still 
unknown. Later the Ra Moraine has been radiocarbon-
dated to the Younger Dryas (12 700 – 11 600 years BP), 
but the Lysefjorden moraines themselves have never 
been dated before we applied the cosmogenic 10Be 
exposure dating method on the moraines (Briner et al., 
2014). Our results generally support the Younger Dryas 
age of the Lysefjorden moraine zone, but the history is 
more complex as the outermost moraine ridge is dated 
to the Older Dryas, about 14 100 BP. The innermost 
Lysefjorden ridge is dated to the very end of the 
Younger Dryas, about 11 500 BP. At the head of the 
fjord we obtained a minimum age for deglaciation of 
about 10 800 BP, whereas the spectacular Trollgaren 
Moraine obtained a surprisingly old age of 11 400 BP. 
Reference: 
Briner, J.P., Svendsen, J.I., Mangerud, J., Lohne, Ø.S. & 
Young, N.E. 2014: A 10Be chronology of south-western 
Scandinavian Ice Sheet history during the Lateglacial period. 
Journal of Quaternary Science 29, 370-380. 

Characterization of Lower 
Cretaceous seismic clinoforms in 
the SW Barents for sandstone 
prediction 
 
Marin, D. & Escalona, A. 
 
University of Stavanger  
 
Clinoforms are frequently a stratigraphic target in 
hydrocarbon exploration and important fields have been 
discovered in these types of traps (e.g. West Siberian, 
Alaska North Slope; Ulmishek, 2003; Houseknecht et 
al., 2009). Main objectives include 100 meter clinoform 
topset (shallow marine) and foreset-bottomset (deep 
marine).  
The western Barents Sea exploration expectations have 
increased since the discovery of Skrugard (7220/8-1) in 
2011. The main targets have been Jurassic and Triassic 
reservoirs in the central part of the basin (cf. 
Hammerfest basin). Lower Cretaceous rocks have 
remain a secondary target in exploration despite of the 
fact that the majority of the wells drilled in the 
Hammerfest Basin have oil shows in Lower Cretaceous 
strata (Seldal, 2005). Clinoforms are widespread in the 
Early Cretaceous in the southwest Barents Sea, but their 
potential as reservoir is not clear.  
By integrating all Petrobank seismic and well data 
available in the SW Barents Sea, we have interpreted 
and mapped six main 3rd order sequences within the 
Lower Cretaceous, where clinoform characterization 
(e.g. shape, angle, trajectory, amplitude, etc) was per-
formed for each sequence. The main goal was to 
differentiate sand vs shale prone clinoforms, in order to 
predict the best reservoir facies in this unique type of 
play.  
Four main types of clinoforms were identified: 1) low-
relief (<100 m), high-gradient clinoforms interpreted as 
sand prone deltas; 2) high-relief (>100 m) sigmoidal 
clinoforms interpreted as mud-prone in the foreset, with 
possible sandstone in the topset; 3) high-relief oblique 
clinoforms interpreted as sand prone clinoforms in the 
foreset and bottomset; and 4) high-relief, low-angle 
clinoforms where the topset is normally eroded, which 
are interpreted as mud prone clinoforms. Additionally, 
two main progradation directions: 1) clinoforms 
prograding NW-SE mostly in the lowest most sequences 
located in the Fingerdjupet sub-basin and Bjarmeland 
platform; and 2) clinoforms prograding NE-SW in most 
sequences, located in the eastern part of the Nordkapp 
basin and Finnmark platform. In addition, NW-SE 
prograding clinoforms are also interpreted SE of the 
Loppa high, in the Hammerfest basin. 
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Use of carbon accumulation rates to 
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dust deposition on coal composition 
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Time contained within coal seams is most commonly 
estimated using a volumetric approach that fails to take 
into account processes of carbon accumulation and loss 
during peat formation and coalification. A more 
appropriate approach for estimating the time contained 
within a coal seam is to use Holocene long term carbon 
accumulation rates, accounting for carbon loss during 
coalification. Using this approach the thickness of coal 
corresponding to 10 kyr of carbon accumulation is 
calculated for coals of all ranks and latitudinal settings. 
To test the validity of this approach latitudinal patterns 
of Holocene dust deposition are used in conjunction 
with estimated rates of carbon accumulation to calculate 
the concentration of Ti in coal. The result is a 
statistically significant correlation which is optimized 
when latitudinal variation in carbon accumulation rate is 
considered. Overall the use of carbon produces far 
greater accountability of time within coal bearing 
stratigraphic sequences and is not influenced by the 
presence of hiatal surfaces within the coal. Estimated 
coal seam duration increases considerably, often 
removing the need to infer substantial intra-seam 
hiatuses. On the basis of the results, a re-evaluation of 
coal and coal bearing stratigraphic sequences is 
recommended. 
 

Source-to-Sink Analysis of Recent 
to Modern High-Latitude 
Sedimentary Systems: Tests of 
Uniformitarianism and Sensitivities 
of External Forcing 
 
Martinsen, O.J. 
 
Statoil Exploration Excellence, Bergen, Norway 

 
Climate is one of several important external forcing 
mechanisms in the development of sedimentary basin-
fill successions. Interpreting recent to modern 
sedimentary basin-fill successions to understand 
external forcing has hitherto been less focused on in the 
prediction of future climate change, not least in terms of 
analysing rates of change. 
Source-to-sink (S2S) analysis includes studies of 

climate and paleo-climate in investigating entire sedi-
mentary systems from the ultimate upstream source to 
the ultimate sediment sink. Until now, studies of larger 
and many times continental-margin scale systems have 
dominated. However, in terms of developing generic 
concepts, including testing sensitivities of external 
forcing and applicability of uniformitarian principles, 
smaller systems dominated by high-frequency cyclicity 
may be more attractive to analyse. In these systems, the 
control mechanisms are more easily understood and 
sedimentary and shoreline effects more easily observed. 
Furthermore, understanding how sediments move 
between segments of the source-to-sink system can be 
directly observed. To what extent uniformitarian 
principles apply when upscaling to ancient systems is 
possible but challenging, since controls cannot be 
observed directly in antecedent systems and complete 
S2S systems are rarely preserved. 
To address these issues, two sub-recent to modern, high-
latitude source-to-sink systems in Finnmark, Norway 
were investigated. Both systems are primarily post-
glacial in nature and contain significant evidence of 
climatic external forcing and effects on streams and not 
least shorelines by coastal erosion and deposition. One 
system is relatively large, the Tana River and delta 
system, and is more than 180 km long. The other 
system, the Sandfjorden system is small and measures 
only 4 km from source to sink. Both systems were 
exposed to the same external forcing in terms of 
sediment supply, sea-level change and climate, yet at 
varying rates. The widely variable scale and sediment 
volumes in the two systems provide a unique spectrum 
of resulting sediment transfer, storage and depositional 
scenarios along the source-to-sink profiles and set the 
framework for development of generic concepts 
potentially applicable to ancient and future source-to-
sink systems. 
 

Provenance data from Mesozoic 
rock successions in the Hammerfest 
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Mesozoic successions deposited in the Hammerfest 
basin are the focus of a comprehensive provenance 
study, which forms part of ongoing work by the LoCrA 
consortium (Lower Cretaceous Basin Studies in the 
Arctic). Here we apply optical petrography, high-
resolution heavy mineral stratigraphy, X-ray diffraction, 
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whole-rock geochemistry and Nd isotope geochemistry 
together with U-Pb age dating of selected heavy 
minerals (zircon, rutile, garnet and monazite). Our 
sample database comprises of c. 630 samples including 
35 samples for detrital zircon dating, from 7 deep-sea 
cores housed at the Norwegian Petroleum Directorate 
(NPD). The sampled formations include Jurassic to 
Lower Cretaceous successions (Stø, Fuglen, Hekkingen, 
Knurr and Kolmule formations) to identify specific 
trends in the change of provenance. After pre-screening 
using some of the aforementioned methods we can state 
that most of the formations sampled are heterogeneous 
in their provenance signals, and are hence controlled by 
the depositional environment and sediment transport 
process, which possibly change significantly within a 
single formation. The detrital zircon U-Pb ages (LA-
ICPMS) highlight differences between the Jurassic and 
Cretaceous samples, in addition to differences locally 
within the basin (e.g. north versus south margins of the 
Hammerfest Basin). Cretaceous samples for detrital 
zircons show a dominance of Mesoproterozoic detrital 
zircon grains, with a significant zircon population peak 
at c. 1500 Ma. In contrast, Jurassic samples have a 
significant 1000 Ma peak, and another dominant peak at 
c. 1600 Ma. Only very few grains appear to have been 
derived from Sveco-Fennian and Timanide sources, but 
significant amounts are sourced from the Caledonides 
and Mesozoic magmatic events containing zircon-
bearing rocks. Both Cretaceous and Jurassic samples 
contain a minor population of Paleoproterozoic and 
Archaean grains. Cretaceous samples (particularly in the 
northern part of the basin) also have a dominant 
population of 350-200 Ma zircons, which are absent in 
the Jurassic samples (where the youngest zircon is 415 ± 
15 Ma). These ‘young’ zircons can be tentatively linked 
to a source to the NE in the Urals, Novaya Zemlya and 
Taimyr regions of Russia. The major result at this stage 
is the fact that provenance studies require a large variety 
of samples to be analysed, and application of quantify-
ing methods (e.g. detrital zircon age dating) require that 
lithotypes be merged, as analysis of single samples will 
lead to erroneous results. As our comprehensive 
analytical database continues to grow we will integrate 
our geochemical, petrological and geochronological 
datasets together to provide more reliable conclusions 
concerning sediment provenance. 
 

An updated map of structural 
elements in the southern Barents 
Sea 
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In 2010, after more than 30 years of negotiations, Nor-
way and Russia signed a delimitation agreement in the 
Barents Sea. Following this the Norwegian Petroleum 
Directorate (NPD) in 2011 and 2012 acquired more than 
18 000 km of 2D-seismic data in the southern part of the 
formerly disputed area. This area, also known as the 
southeastern Barents Sea, was opened for petroleum 
activity in 2013, and the NPD seismic data has been 
made available for the industry. Due to a memorandum 
on seismic mapping during negotiations with Russia, the 
geological knowledge of the formerly disputed area was 
poor compared to the rest of the Norwegian Barents 
Sea. With the new NPD seismic data available, new 
geological structures have been revealed and the outline 
of old structures needs to be revised. Here we present an 
updated version of the NPD structural element map, 
with focus on the new area in the eastern part of the 
southern Barents Sea. We will also present new names 
for the largest of the new structural elements. This is 
work in progress, and will also continue in the northern 
Barents Sea. The results will gradually be implemented 
on the NPD FactMaps available online at npd.no. 
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We have made an attempt to understand the main 
characteristics of the subsurface temperature distribution 
in the Fyllingsdalen, the Ullrigg and the Årvollskogen 
boreholes, which are located near Bergen, Stavanger 
and Moss, respectively.  
Based on 2D gravity and magnetic modelling, the 
lithosphere-scale 2D structural models have been 
constructed for the Bergen, Stavanger and Moss areas. 
These data-constrained 2D models were used during the 
2D conductive thermal modelling and 2D modelling of 
coupled groundwater flow and heat transfer to 
understand main features of thermal regime within the 
upper crustal rocks of the study areas.  
According to the results of the 2D conductive thermal 
modelling, a significant decrease of the Earth's surface 
temperatures during the two last Weichselian and 
Saalian glaciations still affects the subsurface thermal 
field of the study areas in terms of the reduced 
temperatures within the uppermost part of the crystalline 
crust. The results of measurements and 2D thermal 
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modelling demonstrate that the temperatures are higher 
in the Fyllingsdalen and Årvollskogen boreholes 
compared to the Ullrigg borehole. Furthermore, results 
of the modeling of coupled groundwater flow and heat 
transfer indicate that the advective cooling due to 
groundwater flow is an important factor for the 
reduction of temperatures in southwestern Norway (the 
Bergen and Stavanger regions) where the normal annual 
precipitation is one of the highest in Europe, reaching 
locally more than 4000 mm/year on the western 
(windward) side of the 1000-2000 m high Scandes 
mountains. On the other hand, it seems that the 
influence of the groundwater flow on subsurface 
temperatures is probably low within the Moss region 
which is located in the rain-shadow area with light 
precipitation and is characterized by smoothed 
landforms.  
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Cliff sections on Svalbard coupled with western and 
central Barents Sea seismic profiles provide insights 
into the large-scale sedimentary basin that was estab-
lished southeast from the High Arctic Large Igneous 
Province (HALIP), located northwest of present day 
Svalbard. Cliff sections on Svalbard show a widespread 
erosional unconformity in the Lower Cretaceous, 
suggested to have formed due to doming above the 
HALIP to the north, superseded by a fluvial and 
marginal marine depositional environment, conformably 
overlain by early Cretaceous marine sediments. Seismic 
imagery from the Bjarmeland Platform shows large-
scale, low-angle clinoforms that demonstrate 
progradation of shallow-marine clastic deposits 
hundreds of kilometres into the present day Barents Sea. 
Additional seismic data from the Fingerdjupet Basin 
show complex stratal patterns that can be ascribed to 
ongoing rifting during sedimentary infill in this area. 
The available onshore and offshore information is 
coupled to map architectural patterns that provide 

information on basin physiography and scale. The 
sediment infill of the epicontinental basin was largely 
controlled by availability of accommodation space, and 
how the formation of localized syn- and post-
depositional troughs and highs altered the position and 
orientation of the Early Cretaceous shoreline, and 
thereby its corresponding facies distribution. The Early 
Cretaceous accommodation space, covering a wider part 
of the Barents Shelf, was created by regional subsidence 
of a possible deep-seated origin, while in the eastern 
southwest Barents Sea additional accommodation space 
was formed by prominent rift events during Late 
Jurassic-Early Cretaceous, capable of re-routing 
significant volumes of sediment coming off the source 
area to the northwest. Cenozoic uplift and erosion, 
increasing northwards, has removed most of the Lower 
Cretaceous strata in the northwest Barents Sea, severing 
the link between onshore and offshore strata. An on-
going analysis of increasingly detailed data will provide 
new constraints for estimating palaeo-water depths and 
facies distribution for the Cretaceous in the Barents Sea.  
 

Geothermal energy for Svalbard – 
status of the ENERGIX-project 
 
Midttømme, K.1, Jochmann, M.2 & Oye, V.3 
 
1 Christian Michelsen Research, PB 6031, 5892 Bergen, 
Kirsti@cmr.no 
2 Store Norske Spitsbergen Grubekompani, PB 613, 
9170 Longyearbyen, malte.jochmann@snsk.no 
3 NORSAR, PB 53, 2027 Kjeller, volker@norsar.no 
 
The urgent need to reduce climate gas emissions world-
wide, is also relevant for the Svalbard Archipelago, 
where coal and diesel are currently the main energy 
sources. A research project lead by Store Norske 
Spitsbergen Grubekompani is investigating the 
possibilities for geothermal energy utilization on 
Svalbard as a means to reduce emissions.  
Available data sources from subsurface temperature 
measurements are collected, evaluated and compiled in 
a database in order to get a preliminary picture of the 
geothermal gradient on Svalbard. 
A numerical model for the temperature distribution of 
the subsurface has been developed using a finite 
element basin model (conducted by IFE – institute for 
energy technology) to investigate the burial and thermal 
evolution of the basin from the deposition to the uplift 
of the sediments (400-0 Ma). Complementary simul-
ations, covering the ground surface temperature history 
through the last few hundred thousand years, have been 
performed using a similar setup with Comsol Multi-
physics (conducted by CMR – Christian Michelsen 
Research). The results obtained for Adventdalen and 
Sysselmannbreen by the two approaches give good 
agreement with the existing temperature data measured 
in deep boreholes. The results indicate heat flow values 
above 70 mW/m2. 
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We used fiber optic temperature measurement tech-
nology (DTS), to obtain new high quality subsurface 
temperature data from two wells of the UNIS CO2 LAB 
(Dh1 and Dh2) down to 440 m depth. DTS will also be 
performed in Store Norske’s new boreholes drilled for 
coal exploration. 
Knowledge of the fluid flow in the subsurface is import-
ant for utilizing geothermal energy since fluid flow is 
the primary mean of heat transportation. To identify pre-
existing sub-seismic fracture networks in the subsurface, 
microseismic monitoring can be applied. A temporary 
seismic network with 12 broadband seismometers was 
deployed in the Adventdalen area (NORSAR). The 
detection of microseismic events indicate activity on the 
fracture network and thereby a high likelihood of high-
permeability fractures in the subsurface. The continuous 
recordings of seismic data and noise are also interpreted 
towards seismic properties between the stations in the 
network. This interpretation provides some constraints 
on the rock properties below the network and assists in a 
joint interpretation of the geothermal energy potential. 
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Enhanced oil recovery (EOR) is of great importance to 
increase the recovery of hydrocarbons from producing 
oil fields. This study aims to contribute to the research 
of EOR by the application of state-of-the-art methods to 
study a fractured chalk core after flooding with 
synthetic seawater. The application of Mineral 
Liberation Analyses (MLA) and Nano Secondary Ion 
Mass-spectrometry (NanoSIMS) reveals that the texture 
of the chalk influences the fluid-flow throughout the 
core and manipulates fluid flow along fractures. This 
has, in turn, a significant effect on the distribution of 
alteration products that form during flooding. The 
fractures in the chalk are c. 1-2 mm thick and parallel as 
well as orthogonal to the long axis of the tested chalk 
sample. After flooding, material within and surrounding 

the selected fracture was studied. Results illustrate that 
the fracture is infilled by Mg-rich phases after only a 
few weeks of flooding. The main phases in the fracture 
are Mg-rich carbonates with minute abundances of Si 
and Al. None of the applied analytical techniques were 
able to image the silicates, but the nanoSIMS demon-
strates its existence. We suspect that nano-sized 
alumosilicates occur intergrown with much larger 
(micron-sized) calcite crystals. The carbonates in the 
fracture do show higher Mg concentrations than the 
surrounding matrix. Spectacular is the observation that 
shell fragments from macrofossils which are orientated 
perpendicular to the fluid flow do stop the fluid flow 
and produce a difference in the amount of MgO on 
either side of the shell. Hence, in those areas the chemo-
mechanical reactions are disturbed and lead to a less 
homogeneous fluid character. This shows that fluid flow 
and flooding movement are even in mesoscopically 
homogeneous rocks like chalk strongly dependent on 
the microfabric, which reflects in this case the 
environmental conditions during deposition of 
carbonate. Without the knowledge of the type of facies 
and the distribution and extension, mathematical 
approaches for prediction should be applied only with 
considerable caution. 
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On the island of Vanna, which is part of the Neoarchean 
and Paleoproterozoic West Troms Basement Complex, a 
Cu-Zn-mineralization was discovered in outcrops along 
a Permian brittle fault complex in 2008. Based on these 
findings together with the results from airborne 
geophysical measurements of Vanna within the frame of 
the Geological Survey of Norway's (NGU) mapping of 
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mineral resources program in Northern Norway (MINN-
project), Store Norske Gull carried out an exploration 
campaign on the mineralized zone. The present work is 
undertaken in collaboration between the University of 
Tromsø and Store Norske Gull and intends to increase 
the knowledge of the genesis and controlling factors of 
the mineralization.  
The Cu-Zn-mineralization is situated along the contact 
between Neoarchean granitoid basement rocks (>2.8 
Ga) intruded by tholeiitic and calc-alkaline dykes (2.4 
Ga), and an overlying Paleoproterozoic bimodal felsic 
volcanic rock series (the Skipsfjord Nappe). This 
presumed boundary zone and associated Cu-Zn 
mineralization was later cut by the E-W-striking and 
south-dipping Vannareid-Burøysund fault complex 
(VBF), a presumed normal fault dated at Permian age. 
This fault juxtaposed the Paleoproterozoic basement-
cover units and extends for c. 5 km along strike, while 
the mineralized zone intersected by diamond drilling is 
at least 250 m long. The Cu-anomaly in the overburden 
is over 1000 m long along the fault zone. Field work 
included mapping and stratigraphic-structural analysis 
and descriptions of the rocks in close proximity to the 
Cu-Zn mineralization. Geochemical and mineral 
chemical analyses were carried out on samples collected 
from drill cores through the mineralized zone during 
Store Norske Gull's drilling campaign. These studies 
showed a hydrothermal Cu-Zn ± Pb sulfide 
mineralization in quartz-carbonate veins and brecciated 
mafic intrusive rocks affected by hydrothermal 
alteration, dominated by chlorite-quartz assemblages 
and sericite-quartz assemblages. This suggests that the 
mineralization might represent the stringer zone of a 
volcanogenic massive sulfide deposit (possibly Kuroko 
type) formed in a rifted continental arc and/or back-arc 
basin near a basement-cover contact, likely in the 
Paleoproterozoic (2.4-2.0 Ga?). Later on, the 
mineralization was remobilized and reworked by a 
brittle event, with associated cataclasis, during 
Paleozoic-Mesozoic crustal extension/rifting. 
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Mesozoic successions deposited in the Hammerfest 
basin are the focus of a comprehensive provenance 

study. Here we apply optical petrography, high 
resolution heavy mineral stratigraphy, X-ray diffraction, 
whole-rock geochemistry and Nd isotope geochemistry 
together with U-Pb and Lu-Hf age dating of selected 
heavy minerals like zircon, rutile, garnet and monazite. 
The sampling includes c. 500 samples including c. 25 
samples for detrital zircon dating. The sampled 
formations include Triassic to Lower Cretaceous 
succesions to identify specific trends in the change of 
provenance.  
In particular we will establish a high resolution heavy 
mineral stratigraphy for the sampled wells in the 
Hammerfest basin which includes the absolute amount 
of heavy minerals, the identification of the different 
minerals and their quantification. Identification and 
quantification will be carried out with the use of 
classical polarizing microscope and innovative Raman 
spectroscopy and MLA analysis. This approach will be 
a powerful tool combining other provenance 
information like whole-rock geochemistry and detrital 
zircon age dating on the same samples. 
First results show that the amount of the heavy minerals 
varies extremely in the more mature successions like the 
Jurassic Stø Formation where some samples have a 
heavy mineral concentration below 0.5 % and others up 
to 9 %. If we consider only transparent heavy minerals, 
avoiding spurious grains, opaque and authigenic 
minerals, the concentration of minerals decreases and it 
is lower than o.5%. This fact is due to diagenetic 
dissolution of unstable minerals as demonstrated also 
from the corrosion features of the observed residual 
minerals. Similar formations do also show in different 
wells vast differences in the preserved type of heavy 
minerals when garnet is observed or absent. 
These first results demonstrate the fact that for pro-
venance studies a large variety of samples has to be 
analysed and especially for quantifying methods (e.g. 
detrital zircon age dating) lithotypes have to be merged, 
as single samples will lead to erroneous results. With 
our approach of studying the heavy minerals 
composition of one particular lithotype, we can control 
effects like recycling and the formation of placer-type 
sediments. This is, in turn, controlled by whole-rock 
geochemistry.  
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Many rural districts across Norway face a variety of 
challenges, for example abandonment of farms and a 
subsequent depopulation. The process that activates the 
negative loops for the rural communities however, also 
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releases areas, tied-up capital and human resources. 
Some of the released resources can probably be useful 
for the increasing tourism industry. However, the 
tourists of today are more demanding towards geo- and 
culture based guidance (knowledge tourism) than 
previously. To activate the released potential within 
rural areas in decline, Hedmark University College 
established a decentralized program for knowledge 
tourism (2004 – 2011). The goal was to facilitate 
activation of tied-up capital (existing houses, 
infrastructure, etc) and human resources from the 
declining farming system into the tourism industry. In 
2012, we sent a questionnaire to all students (117) to 
gain more knowledge about: 1) whether the study 
program helped to realize the potential in terms of 
small-scale tourism enterprises; 2) what roughly 
characterized the students and the new businesses; 3) 
whether the study generated positive side effects on 
local communities. The results show that 53 % of the 
students want to exploit released resources for tourism 
development. At the same time, the new tourism 
enterprises took part in a versatile livelihood, where 
only a small proportion of the respondent’s total income 
came from these businesses. 
 

Det som ble Norge – om fjell, is og 
liv gjennom 2902 millioner år 
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Denne historien starter i en bokhandel i Oslo, ikke på 
fjellet eller i skogen eller stirrende ned i en fjord. Jeg 
passerer hyllemeter på hyllemeter med kokebøker, 
vinbøker, skjønnlitteratur og fancy fotobøker. Til slutt 
finner jeg turistbøkene et stykke inne i bokhandelen. 
Her starter mitt lille forskningsprosjekt.  
Hva forteller disse bøkene om Norge? Jeg tenker at her 
finner vi essensen, den kortfattete sannheten om Norge, 
presset inn mellom to permer. I møte med turistene 
tvinges vi til å skjerpe sansene og skape en fortelling om 
landet vårt. For hva er spesielt ved Norge? Hva skiller 
seg ut? Vi har ikke noe Eiffeltårn, Big Ben eller Prado-
museum. Forlagene har selvsagt skjønt det. Derfor er 
turistbøkene om Norge fullspekket med fjorder, fjell og 
fosser. Norge er lik natur, med andre ord. Men hva står 
det egentlig i turistbøkene? Forteller de noe om hvorfor 
vi har slik natur i Norge? Bok etter bok blir tatt ut av 
bokhyllene, og like skuffende hver gang. Hvorfor vi har 
den norske naturen er knapt berørt. 
Bøkene hopper elegant over hele vår lange forhistorie, 
med andre ord de 2902 millioner år som jeg skal fortelle 
om. Den lange tiden da landskapet i Norge ble meislet 
ut. Glansede bilder av fjord og fjell, men ingen av 
turistbøkene forteller det essensielle her: Hvorfor har vi 
disse storslåtte fenomenene i landet vårt? 
Naturen er noe vi tar for gitt, likevel dras vi mot den. 

Den polske professoren Nina Witoszek ved Univers-
itetet i Oslo kaller den norske tilhørigheten til naturen 
for «geofromhet» i sin bok Norske naturmytologier. Det 
er en følelse av nær og dyp tilknytning til et landskap og 
dets tradisjoner. Geofromheten skaper «erstatningsguder 
som for eksempel fjell, fjorder eller bjørker i storm», 
skriver hun. Men til tross for vår geofromhet, naturen er 
likevel noe som bare er, noe mange av oss ikke er 
opptatt av å forstå. Det er som å lytte til et vakkert 
musikkstykke gang på gang uten å bry seg om hvem 
som har skrevet det eller hvilken epoke det tilhører. Vit-
ner det om kunnskapsløshet hos nordmenn? Er det en 
slags ignoranse?  
Selv om de fleste turistbøkene (og mye annen litteratur 
om norsk natur) elegant hopper over vår eiendommelige 
naturs tilblivelse, er en fantastisk fortelling om vårt 
lands forhistorie snekret sammen de siste 200 år. Denne 
historien er fortalt gjennom bøker slik som ”Landet blir 
til”, kart, nettsider, rapporter og tusenvis av 
forskningsartikler. Det kan nærmest fråtses i kunnskap. 
Den norske naturen har likevel stått frem som noe 
fremmed for meg. Selv med fullført doktorgrad har jeg 
bare skjematisk og overfladisk kunnskap om dens 
historie. Jeg ga meg derfor selv et oppdrag: Norge 
skulle oppdages på nytt. Jeg ville forstå landet vårt – sett 
med en naturviters øyne, og som skulle formidles til alle 
de nysgjerrige der ute som ønsker mer kunnskap om 
selve fortellingen til vårt land. Dermed la jeg ut på en 
dannelsesreise omkring i Norge sammen med noen av 
de fremste forskerne i landet vårt. De har vist meg de 
skjulte fortellingene i landskapet, og som er presentert i 
boken ”Det som ble Norge”. I boken beveger jeg meg 
bakover i tid, fra de første menneskene og ender i 
Finnmark der våre så langt eldste bergarter finnes, 2902 
millioner år gamle.  
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Long-term climatic changes can be brought about by 
plate tectonic movements and can be overprinted by 
shorter-term climatic changes caused by other mechan-
isms. The Upper Triassic-Early Jurassic succession in 
the North Sea Region reflects a long term climatic 
change from arid/semiarid to semihumid/humid, with 
overprints of shorter-scale climatic variations. The cli-
matic change influenced sedimentary facies and alluvial 
architecture, represented by the Lunde Formation (latest 
Norian - Rhaetian) and the overlying Raude and 
Eiriksson formations (Rhaetian-Hettangian) in the Stat-
fjord Group. Several oilfield reservoirs are located in 
sandstones of these formations.  Arid to semi-arid clim-
ate during the early Rhaetian is reflected by feldspathic, 
ephemeral braided stream sandstones, reddish-brown 
Entisols/Inceptisols in compound and composite pedo-
complexes and floodplain mudstones characterised by 
various clay mineral suites with illite+chlorite domin-
ating in the arid to semiarid late Triassic to smec-
tite+mixed-layer+ kaolinite in the humid early Jurassic. 
A change towards semi-arid to semi-humid  climate in 
the late Rhaetian (upper part of the Lunde Formation) 
gave rise to meandering rivers and more perennial 
runoff from hilly hinterland, moderately developed 
cumulative Vertisols, and higher contents of smectite 
and kaolinite as result of increased chemical weathering 
in a more humid and warm climate. The humidity 
increased during the Hettangian, as revealed in the 
lower Statfjord Group by a change from reddish-brown 
to greenish-grey colour of mudstones, disappearance of 
calcrete nodules, and smectite as the dominating clay 
mineral formed on wet floodplains. The upper part of 
the Statfjord Group is characterized by quartz-arenitic 
braided stream sandstones and floodplain mudstones 
dominated by kaolinite, reflecting humid climate with 
intense chemical weathering in the hinterland, high 
runoff and sediment discharge and formation of well-
drained alluvial plains in late Hettangian time. The long-
term change in climate was mainly the result of a 
northward drift of the European plate. Smaller-scale 
changes in fluvial style, paleosol types and clay min-
eralogy may reflect climatic variation or/and tectonic 
movements of shorter time range that caused changes in 
relief and drainage pattern. This scale in climatic change 
may also have been influenced by global increase in 
CO2 as a function of increased volcanic activity at the 
Triassic/Jurassic boundary.  
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As part of the Longyearbyen CO2 laboratory, carbon 
dioxide may be captured from the local coal burning 
plant and injected into a siliciclastic Upper Triassic-
Lower Jurassic reservoir located 700 to 1000m below 
the surface. The targeted reservoir is unconventional 
and affected by compaction and cementation caused by 
deep burial. However, fluid flow is facilitated by 
extensive fracturing. Extensive water injection tests 
show there are flow barriers in the reservoir which this 
study credits to the presence of impermeable faults too 
small to be imaged by seismics. We have further 
investigated the identified faults outcropping in river 
sections at Deltaneset, 15km northeast of 
Longyearbyen. These extensional deformation features 
have been related to the latest phase of the Tertiary Fold 
and Thrust Belt affecting Svalbard where the elevated 
fold complex began to collapse or alternatively relate to 
the onset of the Norwegian-Greenland Ocean opening. 
The faults exposed at Deltaneset exhibit varied 
deformation styles within an envelope adjacent to the 
fault core which varies depending on the lithological 
properties of the host rock. Baffling capacity of faults is 
determined to be significant owing to consistent clay 
gouge within fault cores. Gouge-displacement ratios are 
notably high facilitated by the argillaceous nature of the 
pro-delta deposits characteristic of the Late Triassic to 
early Jurassic. Shale smearing is also present on faults 
with small (less than 1 meter) displacement. Extensional 
structures have a limited upward propagation and 
usually dissipate within the early most Jurassic strata, 
this is likely due to the presence of a regional sub-
horizontal decollement structure in the upper 
Agardhfjellet Fm. Kinematic indicators preserved 
within fault zones reveal a strong component of oblique 
slip on faults while many minor slip surfaces are 
dominated by lateral displacement. Sub-vertical fracture 
concentration, especially in coarser units is significantly 
increased immediately adjacent to faults whereas finer 
grained units display a zone of brecciation. 
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The Goliat field is located on the southern flank of the 
Hammerfest Basin where the Troms-Finnmark Fault 
Complex (TFFC) undergoes a significant strike change 
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from 065-245o to 050-230o (north). The field exploits a 
large anticlinal roll-over structure associated with 
hanging wall deformation of the TFFC and is 
compartmentalised by a complex intra-basinal fault 
system comprised of 3 distinct regional fault trends. 
This study utilizes a towed streamer Q-marine multi-
azimuth (MAZ) survey which has significantly 
improved image quality and reduced uncertainties at 
reservoir levels which existed from an initially acquired 
single azimuth survey.  
The erosional nature of the uppermost Triassic and the 
complete missing lower Jurassic section has made 
identification of the initiation of the Mesozoic phase of 
rifting difficult. Newly computed attribute maps for 
upper Triassic horizons display drainage patterns with 
trends axial to master segments of the TFFC. This is 
evidence that tectonism was active in the late Triassic 
and influencing geomorphology. A potential point 
source for sediment routing from the Finnmark platform 
into the Hammerfest Basin is also identified by the 
presence of a concentration of channelised features 
radiating from the kink in the TFFC. The presence of a 
trend change and sediment routing suggest this site was 
a major relay zone between two differentially striking 
segments of the TFFC. Further evidence for tectonic 
activity is observed within Goliat well logs where a 
number of coarse siliciclastics with erosional basal 
contacts have been identified and may record pulses of 
fault activity.  
Cross cutting relationships and syn-kinematic packages 
help constrain fault chronology of the TFFC and intra-
basinal fault trends affecting the Goliat field. Studying 
differential activity histories on fault trends allows 
estimation of stress tensor rotations throughout the 
Mesozoic evolution of the southern Hammerfest Basin. 
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The Lower to Middle Triassic intervals in the Barents 
Sea are well known for their clinoform successions. 
Recently, these clinformal intervals have been put into a 
sequence stratigraphic framework to give a more 
comprehensive delineation of different facies belts and 
depositional environments. This framework and the 
regional understanding that has been developed for the 
Triassic intervals enables us to investigate and quantify 
the development and evolution of these clinoforms 
between different stratigraphic intervals and at different 
locations in the southwest Barents Sea basin. In this 

study we show how the clinoforms have developed 
through the Early to Middle Triassic and what 
distinguishes the clinoform pattern at different stages of 
delta progradation. Results show that individual 
clinoforms have a lower relief and are to a lesser degree 
laterally continuous, but show steeper gradients, closer 
to the maximum regressive stage of each progradational 
unit. Also, truncated topsets are typically found towards 
the later stages of progradation, suggesting less 
accommodation at the maximum regressive stage. In the 
earlier stages of progradation, preserved clinoform 
topsets, particularly for the larger-scale clinoforms 
suggests higher accommodation rates and topset 
accumulation. Also, there are indications of more 
extensive and gentler graded clinoform gradients, 
indicating a predominantly mud-rich delta front with 
sand transport concentrated off the axis of the 
progradation direction. This accords with earlier publi-
cations from the Barents Sea and can be compared to 
recent numerical investigation of clinoforms with 
implications for how we understand the distribution of 
potential reservoir rocks in the basin.  
 

Provenance signatures and 
diagenesis of Triassic sandstones 
from the northern Barents Sea – 
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Triassic sandstones of the Barents Shelf are character-
ised by mineralogical immature lithic to feldspathic 
arenite compositions. A common feature is a high 
abundance of chert fragments, subhedral feldspar, and a 
variety of fragments derived from erosion of volcanic 
rocks and fine-grained metamorphic and sedimentary 
rocks. Earlier studies have shown sediment components 
sourced from the Uralides to be widely distributed in 
southeastern and central areas of the shelf. More recent 
studies of cores from the Upper Triassic Snadd 
Formation from the Sentralbanken High and near Kong 
Karls Land confirm similar compositions also in the 
northern Barents Sea, comparable with the existing 
northwest-prograding delta model. However, chert 
grains have probably also been derived from more local 
Paleozoic sources in central and northern areas. Sand-
stones from the Snadd Formation in the northern 
Barents Sea and the De Geerdalen Formation on Sval-
bard show similarities in detrital mineralogy and 
diagenesis, and with siderite, kaolinite, chlorite, illite, 
quartz, calcite, ankerite and pyrite as common 
authigenic minerals. However, chemical compaction 
appears to be more extensive in Spitsbergen compared 
to the eastern areas, suggesting increased thermal 
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influences and/or a deeper burial history towards west. 
Sandstone porosity of the Snadd Formation in the 
offshore cores is considerably higher than in the 
analogous formation on Spitsbergen, but varies in 
relation to sedimentary facies and carbonate 
cementation. Porosity has locally also been enhanced by 
mineral dissolution. Frequent distribution of euhedral 
pyrite which is interpreted to have formed late in the 
paragenetic sequence, may possibly be related to 
hydrocarbon migration and seepage associated with 
exhumation of the shelf. 
 

Foraminifera and trace fossils 
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regressive sequence: the Paleocene 
Firkanten Formation, Spitsbergen  
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The study is focused on the Basilikaelva and Kolfjellet 
sections located in the Central Basin of Spitsbergen, and 
applies foraminiferal and trace fossil proxies to 
supplement sedimentary data in typify sequence 
stratigraphic features. The Firkanten Formation is 
interpreted as a single third order transgressive-
regressive (T-R) sequence composed of the following 
succession of depositional faces: 1) The transgressive 
systems tract was introduced by fluvial erosion overlain 
by alluvial plane deposits including coal swamps and 
lacustrine strata with plant fossils. 2) At a flooding 
surface the sea encroached over the alluvial system, and 
locally transformed a lake to lagoon. The foraminiferal 
assemblage of the lagoon is entirely agglutinated and of 
extremely lave species diversity suggesting strongly 
hyposaline conditions. 3) The top of the transgressive 
systems tract is formed of barrier bar sandstones 
containing two species of Ophiomorpha suggesting 
shoreface and foresore conditions. 4) The maximum 
flooding surface introducing the regressive systems tract 
is located just above the sand barrier. 5) The lower part 
of the regressive systems is a prodelta succession of 
fining up parasequences containing the circumpolar 
Reticulophragmium foramonoferal assemblage. Its low 
diversity agglutinated nature suggests low but increased 
salinity. 6) The upper part of the regressive systems 
tract consists of delta front sandstones. –The T-R 
sequence visualises that that levels with agglutinated 
foraminifera and Ophiomorpha signals marine 
transgressions controlling coal creation. 
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Ediacaran NW Argentina 
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Four metasedimentary successions of unknown age 
were sampled in NW Argentina, for the purpose of U-
Pb age dating on detrital zircons. The rocks are 
interpreted to be equivalents of the Cambrian Pun-
coviscana Formation, the deposition of which is 
synorogenic to the Pampean orogeny (540-515 Ma). 
Three samples (metawackes and metarenites) were 
collected in the Sierra Ambato and are associated with 
meta-igneous rocks of unknown age. The forth sample 
(quartzite), was collected c. 300 km further west in the 
southern Puna (Cerro Bayo Grande, Quebrada Oire) of 
Argentina, where the rocks are devoid of any 
sedimentary structure and not interlayered with other 
lithotypes. Along the river Brea, the sample TALA 
(n=97, < 15% discordance) shows a large population of 
Ediacaran zircons (18 %) with the youngest grain 
yielding an age of 574.9 ±8 Ma. The largest population 
(50%) is of Late Mesoproterozoic age (950-1200 Ma). 
Other grains have Paleoproterozoic (1.8-2.0 Ga; 6%) or 
Neoarchean (2.5-2.7 Ga; 3%) ages. The sample BREA 
in the same outcrop area (n=112; < 15 % discordancy; 
youngest zircon 539.5 ±6 Ma) shows a very similar 
content to the sample from La Chilca (n= 33). In con-
trast, the quartzite is dominated by Ediacaran detrital 
zircons (42% of n=114; < 15% discordancy) with the 
youngest grain at 551.5 ±16 Ma. Therefore, we interpret 
that in NW Argentina large successions were deposited 
prior to the Pampean orogeny. At the time of deposition, 
Late Mesoproterozoic aged source rocks had been 
exposed; while the Ediacaran or pre-Pampean 
continental margin was dominated by exhumed igneous 
source rocks with ages between 550 and 700 Ma. 
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This presentation focusses on aspects related to carbon-
ate build-ups in an Upper Paleozoic succession in the 
southern part of the Norwegian Barents Sea. 3D seismic 
data and well data are used to map and characterize the 
warm- and cool-water carbonate build-ups and assess 
factors that control their development and distribution 
within the Pennsylvanian / Lower Permian Gipsdalen 
Group, and Lower Permian Bjarmeland Group. The 
upper part of the Gipsdalen Group consists of 
carbonates, dolomites and evaporites with occasional 
carbonate build-ups that were deposited in an arid-warm 
marine environment in a global icehouse period 
resulting in high- frequency and -amplitude eustatic sea-
level changes. Bjarmeland Group consists of carbonates 
cool-water carbonates with build-ups deposited in post-
glacial environments. Previous studies have suggested 
that faults play an important role for the distribution of 
carbonate build-ups in the Norwegian Barents Sea. 
Preliminary results of the current study support fault-
controlled build-ups, but also that there is a relationship 
between the distribution of carbonate build-ups and 
thickness variations in the underlying evaporite 
sequence. Build-up ridges occur above thin evaporates, 
but they are laterally absent where the evaporite 
thickens. This suggests that local seafloor morphology 
during the growth of the carbonate build-ups was 
controlled by remobilization of salt within the 
underlying evaporite sequence. Thus, the development 
and distribution of carbonate build-ups in the southern 
Norwegian Barents Sea appears to be influenced by 
both tectonic and depositional controls.  
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During the last years, the International Continental 
Drilling Program (ICDP) has developed its activities 
and now includes 24 nations working together in high-
profile science projects based on drilling in terrestrial 
environments. So far, more than 30 drilling projects and 
ca 75 planning workshops have been supported by 
ICDP. Planned and active drilling projects are 
undertaken in several countries and will contribute to 
progress in our understanding of issues of great 
scientific and societal importance, such as climate 

change, natural hazards, earth resources, and the origins 
and evolution of life on Earth. ICDP has recently 
revised its strategy and science plan based on a widely 
attended conference in Potsdam (November 2013). The 
results will shortly be published in a White Paper as 
well as in a Special Issue in the International Journal of 
Earth Sciences; see http://www.icdp-online.org/home/ .  
Current projects of particular interest to the Norwegian 
geoscience community include the COSC drilling 
project (Collisional Orogeny in the Scandinavian 
Caledonides). The drilling was successfully completed 
in August 2014. As a result, drill core is available 
through key sections of the Caledonian Nappe stack at 
Åreskutan, immediately east of the Swedish-Norwegian 
border in Trøndelag. Further to this, there are definite 
plans to submit (2015) a full drilling proposal aiming to 
intersect and investigate the tectonic and structural 
nature of documented postglacial faults in northern 
Fennoscandia.  
The need for high-quality 3D/4D geological knowledge 
has never been greater. Using the ICDP infrastructure as 
a platform, Norway's earth science community will have 
a great opportunity to develop exciting drilling projects 
that will contribute to a better understanding of 
processes that has shaped the continental crust.  
 
 

New occurrences and extension of 
the stratigraphical range of discoidal 
Ediacara-type fossils on the 
Digermul Peninsula, northern 
Norway 
 
Novis, L.K.1, Högström, A.E.S.1, Ebbestad, J-O.R.2, 
Jensen, S.3, Palacios, T.3, Meinhold, G.4, Taylor, W.L.5, 
Agic, H.6 & Moczydłowska, M.6 
 
1 Tromsø University Museum, Natural Sciences, 
Norway, linn.k.novis@uit.no, anette.hogstrom@uit.no 
2 Museum of Evolution, Uppsala University, Sweden, 
jan-ove.ebbestad@em.uu.se  
3 Universidad de Extremadura, Badajoz, Spain, 
soren@unex.es, medrano@unex.es  
4 Geoscience Center of the University of Göttingen, 
Germany, guido.meinhold@geo.uni-goettingen.de  
5 Department of Geological Sciences, University of 
Cape Town, South Africa, wltaylo1@asu.edu  
6 Department of Earth Sciences, Uppsala University, 
Sweden, heda.agic@geo.uu.se, malgo.vidal@pal.uu.se 
 
In Scandinavia the evolutionary events across the 
Ediacaran‒Cambrian transition can only be studied in 
continuous section on the Digermul Peninsula, northern 
Norway, in the siliciclastic Stáhpogiedde Formation. 
This roughly 500-m-thick unit comprises, in ascending 
order, the Lillevannet, Innerelva and Manndraperelva 
members. Trace fossils, including Treptichnus pedum, 
and organic-walled microfossils, including Granomar-
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ginata prima, position the base of the Cambrian in the 
upper part of the Manndraperelva Mbr. Some 20 years 
ago discoidal Ediacara-type fossils were found in the 
middle part of Innerelva Mbr. Recent field seasons have 
provided abundant new material of Aspidella-type 
fossils and extended their stratigraphical range to within 
about 15 meters above the Lillevannet Member. The ex-
clusive presence of discoidal forms may reflect a 
taphonomic bias and/or be evidence of a greater age 
than that of the more diverse Ediacaran assemblages. 
That the latter may be the case is indicated by the 
stratigraphic proximity of the lowest occurrences of 
Aspidella to the Mortensnes diamictite, recently 
tentatively considered a Gaskiers glaciation equivalent 
(ca 580 Ma). This raises the question of hitherto 
unrecognised breaks in sedimentation in the Stáhpo-
giedde Formation. In order to explore this question we 
have sampled the succession for organic-walled 
microfossils, detrital mineral geochronology and sedi-
ment geochemistry. 
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Tectonics and climate are major geological factors 
controlling weathering, erosion, sediment transport and 
geomorphology. The Scandinavian Mountain Chain, 
Scandes, formed during several phases of uplift of 
Fennoscandia in Cenozoic time, most in the west and 
least in the east. Bedrocks of the Mountain Chain 
consist of autochthonous Precambrian basement, 
allochthonous Caledonian nappe piles and late 
Palaeozoic igneous and cover rocks. The Sub-Cambrian 
Peneplain (SCP), and two low relief surfaces, the paleic 
surfaces PS1 and PS2, formed by denudation prior to 
and during the Cenozoic, respectively, and are present 
within the Scandinavian Mountain Chain. The surfaces 
reflect regional and local variation and character of 
uplift, subsequent weathering and geomorphological 
processes until present time. Sedimentary basins in 
Skagerrak and the North Sea record events of high/low 
rates of erosion, respectively, brought about by 
variations in tectonic activity or/and climatic changes, 
during the uplift history. The SCP, being practically flat 
in the Hardangervidda area, is an important reference 

surface to the character and regional variation of the 
Cenozoic uplift. The low-relief surface PS1 envelopes 
the highest high-alpine mountains (above about 2000 
m). The low-relief surface PS2 occurs at heights about 
1500-1600 m in the central SS and at lower altitudes 
towards the east and southeast and to the west. The 
paleic surfaces formed after the break down of the 
Caledonian Mountain Chain (c. 400 Ma) and prior to 
major stages of uplifts in Oligocene, Miocene and 
Pliocene to earliest Pleistocene, likely during phases of 
tectonic stability and climate favoring chemical 
weathering and fluvial erosion. Variation in the altitude 
of the SCP and the PS2, and thereby the shape of the 
SS, can be explained by Cenozoic reactivation of 
several older faults in South Norway, with differential 
vertical displacements, thus resulting in an apparent 
dome-like shape of the Southern Scandes. The PS2 has 
preserved remnants of residual rounded hills, up to 
several hundred meters of altitude above the plain. The 
present major valleys in South Norway initiated on this 
low-relief surface when Fennoscandia was uplifted and 
rivers started to cut down and backwards into the 
uplifted paleic surfaces. The valleys developed further 
by warm-glacier erosion during 30-40 Pleistocene 
glaciations, contemporaneously with formation of high-
alpine mountains that dissected the PS1, whereas 
remnants of PS2 were preserved beneath cold-based ice 
sheets. The present valleys still develop by erosion of 
back stepping nick-points and by river capture due to 
local variation in base level, thus changing position of 
the regional and local water-divides. Ongoing fluvial 
erosion shows that the Scandinavian Mountain Chain 
still is a dynamic geological and geomorphological 
system. 
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The Neoproterozoic glacial deposits in Scandinavia 
have traditionally been referred to the Varangerian 
glaciation, after two tillite units in Varanger, Finnmark, 
the Smalfjord and Mortensnes formations. The 
Smalfjord Fm has recently been correlated with the 
“snowball earth” Marinoan glaciation (635-650 Ma) and 
the Mortensnes Fm with the “non-snowball earth” 
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Gaskiers glaciation (580-590 Ma). South of the 
Varanger region, in the Caledonides and adjacent 
autochthon, only one Neoproterozoic glacial unit has 
been identified with certainty in Neoproterozoic 
successions: in the Alta and Komagfjord allochthonous 
windows, Långmarkberg Fm in the allochthonous 
Risbäck Basin, Lillfjället Fm in the allochthonous 
Tossåsfjället Basin, Koppang Fm in the allochthonous 
Engerdalen Basin and Moelv Fm on autochthonous and 
allochthonous basement and in the allochthonous 
Hedmark and Valdres basins. These glacial formations 
have generally been correlated with the Mortensnes Fm 
in Finnmark, and thus an Ediacaran Gaskiers age has 
been suggested in recent studies. The Neoproterozoic 
glacial units are associated with underlying warm-water 
carbonate platform formations and overlying deltaic, 
fluvial and shallow-marine sandstones of late 
Cryogenian (?)/Ediacaran to Early Cambrian age. This 
tripartite facies association suggests similar basin 
development and age of the glacial units. Glacial sheets 
covered large parts of a denudated continent Baltica and 
mountain regions bordering rift and shelf basins at the 
western Baltoscandian margin. In the western 
continental margin setting, the Tossåsfjället Group, 
including the carbonate-tillite-sandstone succession, is 
intruded by the Ottfjället dolerite dyke swarm, dated to 
665 Ma by 40Ar/39Ar. The Ottfjället dolerite dyke 
swarm is correlated to other similar dyke swarms in 
Scandinavia with ages in the interval 605-616 Ma that 
may be part of a large igneous province (LIP) related to 
the continental rifting that gave rise to the opening of 
the Iapetus Ocean. If the Ottfjället dolerite dyke swarm 
belongs to such a LIP formed during the initial stage of 
the Iapetus Ocean about 600-616 Ma, then the 
Neoproterozoic glacial units in Scandinavia must be of 
earliest Ediacaran or Cryogenian in age. The 
Neoproterozoic glacial units may thus correlate with the 
Marinoan, the "snow-ball-earth-related" glaciation, not 
with the younger, “non-snow-ball-earth” Gaskiers 
glaciation. If this is the case, then this region of Baltica 
provides the interesting exception to other areas referred 
to “snow-ball-earth” type of glaciation: the carbonates 
form the floor, not the roof to the glacial units. To test 
this relationship, age determinations on baddeleyites 
from the Ottfjället dolerites are in progress.    
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Clay-rich, fine grained sediments may serve as either 
source rocks or seals in petroleum systems. Sedimentary 
sections are dominated by fine grained rocks so the 
mechanical and chemical compaction history of these 
rocks is essential for modelling the burial history 
correctly. This study focusses on changes in 
petrophysical trends of mudrocks as a function of 
variation in clay mineralogy and lithology. Similar 
studies have been carried out in the northern North Sea 
but are scarce in the Barents Sea area. Two wells are 
analysed to better understand compactional history from 
mineralogical studies. Well logs including gamma ray, 
neutron, density, acoustic, and resistivity logs are are 
used for petrophysical properties. Velocity-depth and 
density-depth trends are used for compactional studies. 
Spectral gamma rays (SGR) along with photo-electric 
factor (PEF) logs are used for an initial identification of 
clay mineralogy content of the mudrocks. These are 
compared to experimentally-derived mechanical 
compaction depth trends and to published estimates of 
exhumation in order to correct for uplift in the 
compaction history. Samples from cuttings were used 
for mineralogical analysis. Bulk and clay mineral 
composition of the samples were obtained through X-
ray diffraction (XRD) analysis while further 
mineralogical identification was carried out under a 
scanning electron microscopy (SEM) with energy 
dispersive X-ray system (EDS). The results show 
different trends in the petrophysical properties 
especially velocity-depth and density-depth trends. The 
trends are largely controlled by lithological variations 
which subsequently depend on the clay mineralogical 
content. Mineralogical identification from the SGR and 
PEF logs seem to correspond well to the observations 
from XRD and SEM-EDS analysis. While both wells 
contain smectite in the top sections, the depth of 
occurrence vary laterally between the two wells. Also a 
variation is observed at the transition from smectite to 
illite. Clay mineral assemblages present in the two wells 
are slightly different with mica, chlorite, kaolinite, and 
smectite being common to both wells but illite is low in 
one well compared to the other well. Also a sharp break 
in burial trend is observed at the transition from smectite 
to illite. This break differentiates the mechanical 
compaction zone from the chemical compaction zone. 
The mineralogical and lithological changes in each well 
can be attributed to different provenance, burial and tec-
tonic history in the two subbasins the wells are taken 
from. This study may help in better basin modelling and 
seismic interpretation within sedimentary sections 
dominated by mudrocks. 
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New discoveries on the western 
margin of the Barents Sea and R&D 
activities in Svalbard - are the oil 
resource estimates in the Arctic 
Norwegian Continental Shelf Sea 
too pessimistic? 
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Since 2010 major oil discoveries are proven along the 
western margin of the Barents Sea Platform. The recent 
drilling activities have established new play models and 
identified new petroleum systems. 
Both USGS and NPD have previously regarded the 
western margin of the Barents Sea Platform as a gas 
province with limited oil resources. Hammerfest Basin 
and northwards to west offshore Svalbard and 
southwards to Lofoten is part of the USGS’ definition of 
the West Margin. In this area USGS has 220 MSM3 as 
expected mean recoverable oil resources. Fields and 
major discoveries in small part of this area have already 
found close to the expected mean recoverable oil 
resources. This implies that the oil recoverable resource 
estimate from USGS was too pessimistic. This 
statement is seen in light of the short period of drilling 
campaigns together with the limited opened acreage of 
this margin; a margin with partly linked Geology. Is the 
low resource estimate and prognoses as a main gas 
province in the East margin towards Russia also to 
conservative? 
Recent R&D studies on Svalbard not only prove 
favorable potential efficient source from Upper Paleo-
zoic to Lower Cretaceous units, but also porous and 
permeable sandstone and carbonate rocks. In 
cooperation with University in Oslo, new geochemistry 
studies from oil stained samples have surprisingly 
shown that there is at least two phases of oil migration. 
The latest phase shows no biodegraded oil and is here 
interpreted as related to the recent uplift (i.e. Current 
uplift in Ny Ålesund is 8.2mm/yr) Recent and current 
uplift of Svalbard has triggered renewed migration of 
oil. The non-biodegraded oil is probably a result of 
leakage from left behind oil accumulations or migration 
from saturated carrier rocks.  
The consequences of Pliocene-Pleistocene uplift and 
erosion are probably multifold, as they may have result-
ed in shutting down expulsion from kitchen areas, shift 
of migration routes, erosion of the cap rock, tilting of 
the trap and/or change of the petrophysical properties of 
the cap rock. But as on Svalbard the uplifted part of the 
Barents Sea, have experienced differential timing of 
subsidence and uplift due to glacial retreat followed by 
post glacial isostatic rebound. This process gives a more 
dynamic, currently-operating fluid flow pressure-system 
in the west and east margins of Barents Sea Platform. 

The strandflat - a deeply weathered 
paleosurface exhumed and eroded 
in the Pleistocene 
 
Olesen, O.,1 Brönner, M.,1 Dalsegg, E.,1 Fredin, O.,1 
Rønning, J.S.1,2 & Solbakk, T.2,3 
 
1 Geological Survey of Norway, P.O. Box 6315 
Sluppen, 7491 Trondheim  
2 Norwegian University of Science and Technology, 
Høgskoleringen 1, 7034 Trondheim  
3 Norwegian Petroleum Directorate, P.O. 600, 4003 
Stavanger 
 
Deeply weathered bedrock on the Norwegian strandflat 
is similar to weathering occurring under Mesozoic strata 
on offshore basement highs (e.g. the Utsira High) 
indicating this surface has an older origin. We observe 
two types of weathering on the strandflat: 1) Linear 
weathering along faults and fractures. 2) Areal 
weathering over larger areas of several square 
kilometres. Electrical resistivity profiling reveals 
weathered bedrock extending to more than 100 m depth. 
Calculations of weathering indices and mass balance 
from XRF analysis show leaching of the major 
elements. We argue that the weathering is partly of 
Early Mesozoic age, since the Late Jurassic to Early 
Cretaceous faults area are little affected by the 
alteration. The linear weathering occurs quite frequently 
while the areal weathering seems to be concentrated in 
the Vestfold and Lofoten-Vesterålen-Hamarøya region. 
The weathered sites can be found up to an altitude of 
500 m asl. and were most likely exhumed during the 
Plio-Pleistocene. This observation is supported by 
previous marine-geological studies suggesting a 
Pleistocene erosion of ~500 m along the coast. The 
main difference between western and mid Norway and 
the Lofoten-Vesterålen-Vestfjorden region is the 
location relative to the rifting in the North Sea and the 
Norwegian Sea. The greater Vestfjorden region 
constitutes a part of the Mesozoic rift system with an 
abundance of uplifted and rotated fault blocks, whilst 
the western and mid Norway were located more 
remotely relative to the rift centres in the North Sea and 
the Møre-Haltenbanken area. Consequently, we find the 
remnants of deep weathering on rotated fault blocks in 
Lofoten–Vesterålen whereas similar regoliths occur in 
the more gentle landscape along the coast of western 
Norway and Trøndelag. We suggest that the deep 
weathering in the Hamarøya, Lofoten and Vesterålen 
areas is preserved because of the young uplift and 
erosion of this area (Late Pleistocene age). Most of the 
ice was transported in ice streams through Vestfjorden 
and Andfjorden leaving the interior of the mainland and 
the Lofoten–Vesterålen archipelago relatively 
unaffected. Some of the palaeosurfaces on the uplifted 
and rotated fault blocks were therefore relatively 
undisturbed. The little consolidated Mesozoic rocks 
were easily removed by ice sheet aerial scouring and 



76 NGF Abstracts and Proceedings, no. 1, 2015 

glaciofluvial erosion during several glacial cycles. The 
present-day large scale topography along the coast of 
Nordland may consequently be an inheritance from the 
Mesozoic. The numerous, shallow, Mesozoic basins 
occurring on the strandflat support this conclusion. The 
deeply weathered and fractured basement rocks could 
have facilitated effective glacial erosion during the c. 40 
glaciations in the Pleistocene. Freezing and thawing 
combined with abrasion by ocean waves during 
fluctuating sea levels in non-glaciated periods would 
have assisted in the formation of a relatively wide 
strandflat along the coast from Rogaland to western 
Finnmark. We consequently interpret the strandflat as a 
deeply weathered and surface of Triassic to Early 
Jurassic age that has been exhumed and peneplanated 
during Pleistocene erosion similar to the subcropping 
sedimentary units further west.  
 

Sedimentary processes and 
paleoenvironments in 
Moskusoksefjord and Nordfjord, 
North-East Greenland 
 
Olsen, I.L.1a, Laberg, J.S.1b, Forwick, M.1c &  Husum, 
K.2d  
 
1 Department of Geology, UiT - The Arctic University 
of Norway, N-9037 Tromsø, Norway.  
2 Norwegian Polar Institute, N-9296 Tromsø, Norway.  
E-mail: a iol003@post.uit.no, b jan.laberg@uit.no, c 
matthias.forwick@uit.no, d katrine.husum@npolar.no  
 
Multi-proxy analysis of five sediment gravity cores, 
swath bathymetry data and chirp sonar profiles from 
Nordfjord and Moskusoksefjord (73˚28’N to 73˚48’N 
and 22˚12’W to 24˚27’W) in the innermost part of 
Kejser Franz Joseph Fjord, East Greenland, are 
performed to study the sedimentary processes and, 
based on this, to improve the understanding of the 
environmental conditions and glacier dynamics on East 
Greenland since the last glacial. The tidewater glacier 
Waltershausen Gletscher at the transition of the two 
fjords is a major sediment source. Furthermore, 
numerous glacifluvial and fluvial systems are found 
along the fjord margins. Glacier-front fluctuations of 
Waltershausen Gletscher have been relatively minor 
with an average 0.13 km interannual retreat from July 
2001-2005 and 0.15 km interannual advance from July 
2005-2008 (Seale et al., 2011).  
The central basin floors are typically smooth suggesting 
sedimentation predominantly from suspension settling 
from glacial meltwater plumes and (glaci-) fluvial 
runoff. Numerous submarine fans incised by channels 
occur along the fjord sides in front of river mouths. The 
sediment cores from Moskusoksefjord contain mostly 
fine-grained red sediments deposited from suspension 
fall-out, as well as multiple turbidite deposits of clay- to 
medium sand-sized grains. The red color of these 

deposits derives from the surrounding red Devonian 
sediments. However, - greyish (muddy) material of 
glacimarine origin supplied from Waltershausen 
Gletscher occurs occasionally. In Nordfjord the 
sediment cores are dominated by greyish glacimarine 
mud and fine sand from Waltershausen Gletscher with 
occasional reworked coarser material. Minor amounts of 
IRD are found in both fjords, indicating that deposition 
from suspension fallout greatly exceeds debris 
deposition from ice rafting.  
Reference: 
Seale, A., Christoffersen, P., Mugford, R. I., & O´Leary, M. 
2011: Ocean forcing of the Greenland Ice Sheet: Calving 
fronts and patterns of retreat identified by automatic satellite 
monitoring of eastern outlet glaciers. Journal of Geophysical 
Reseach,(F3) 116. 

 
From footwall uplift to freeze and 
thaw: the influence of rift structure 
on unconformities and relict 
landscapes at the Norwegian rifted 
margin 
 
Osmundsen, P.T.1,2 & Redfield, T.F. 1  
 
1 Geological Survey of Norway (NGU), N-7491 
Trondheim, Norway 
2 Department of Arctic Geology, University Centre in 
Svalbard (UNIS), 9171 Longyearbyen, Norway 
 
Important keys to the understanding of tectonic uplift 
and erosion of the Scandinavian margin lie in the 
geology of the coastal onshore areas and in the near 
offshore. We hold three framework concepts important 
in our approach: 1) the concept of hyperextension at 
rifted margins, 2) the relations between crustal taper and 
topography and 3) the classification and genesis of 
different types of continental shelves. Using this 
combined perspective, we address the dynamics of the 
eastern basin margins offshore Norway from the late 
stages of rifting to present day. The margins of the Møre 
and Vøring basins are characterized by faults with 
displacements in the order of tens of kilometers which 
formed during the main phase of crustal thinning. These 
faults determined 1) the location and amount of footwall 
uplift and subsequent footwall erosion, 2) Location of 
deep sag basins and thus of large post-rift sedimentary 
loads, and 3) the taper of the crystalline crust (and thus 
variations in the flexural rigidity of the loaded crustal 
beam). These parameters exerted a fundamental control 
on the subsequent evolution of the basin margin. We 
propose that the architecture of nested erosion surfaces 
localized in the vicinity of the so-called `hinge zone´ 
along the Norwegian coast varies in a manner that 
reflects these controls. We discuss the relationships 
between offshore unconformities, the deep structure of 
the rifted margin and the much debated relict surfaces 
onshore Scandinavia. Before we understand these 



                                                     NGF Abstracts and Proceedings, no. 1, 2015 77 

relationships, our perception of source-to- sink 
relationships through time will be incomplete. 
 

The sedimentary infill and 
depositional environment of the 
Early Quaternary North Sea Basin 
(56-62°N). 
 
Ottesen, D.1, Dowdeswell, J.2 & Bugge, T.3  
 

1 Geological Survey of Norway, dag.ottesen@ngu.no 
2 Scott Polar Research Institute, University of 
Cambridge, jd16@cam.ac.uk 
3 Det norske Oljeselskap, tom.bugge@detnor.no  
 
During a recent regional project for industry, the Early 
Quaternary sediments (2.75 to c. 0.8 Ma) of the North 
Sea have been mapped. An extensive database of both 
2D and 3D seismic data made it possible to map the 
sediments in both the British and Norwegian sectors of 
the North Sea (56-62°N). The study area was divided 
into a southern (56-59°N) and a northern basin (59-62°
N) and an informal stratigraphy was compiled for the 
Early Quarternary sediments of the two areas. More 
than 1000 m of Early Quaternary sediments exist in the 
northern basin, and more than 700 m in the central 
basin. The northern basin has been filled by a series of 
glacigenic clinoforms, prograding towards the west over 
a large area. The central basin has been filled in by 
sediments derived mainly from the southeast and east. 
On top of the sediments mapped in the northern basin, 
west of the Norwegian Channel, an upper regional un-
conformity (URU) is present. This unconformity is 
defined by a shift from westward (below) to eastward 
(above) dipping reflectors, recording a major change in 
sedimentation (before and after the onset of the for-
mation of the Norwegian Channel). The age of the URU 
is uncertain, but we suggest an age of around 0.8 million 
years. A model of Early Quaternary sediment delivery 
to the North Sea shows sources from the Scandinavian 
ice sheet and major European rivers. Clinoforms pro-
grading west in the northern North Sea basin, 
representing glacigenic debris flows, indicate an ice 
sheet on the western Scandinavian margin. In the central 
basin, the generally fine-grained sediments suggest a 
distal fluvial or glacifluvial origin from European rivers. 
Iceberg ploughmarks are found throughout the Early 
Quaternary sediments in the central basin.   
 

Heat flow of the Norwegian 
continental shelf 
 
Pascal, C. 
 
Institute of Geology, Mineralogy and Geophysics, Ruhr 
University Bochum, Germany, 
christophe.pascal@rub.de 

Two of the most important ingredients in modelling the 
thermal evolution of a sedimentary basin are heat flow, 
characterising mainly the amount of heat furnished to 
the basin, and thermal conductivities of the sediments, 
dictating the way the heat is distributed inside the basin. 
However, very few heat flow determinations dealing 
with the Norwegian continental shelf, the most 
productive hydrocarbon province in western Europe, 
have been published until now. We revisited previously 
published results from southern Norway and completed 
the map with new results from northern Norway and the 
Norwegian continental shelf. The present and most 
recent release of our heat flow map includes data from 
almost all regions of mainland Norway, Svalbard, the 
northern North Sea, the Mid Norwegian Margin and the 
Western Barents Sea. In this contribution, we focus on 
the results obtained from analyses of offshore 
exploration drillhole data. 
 

Palynological insights into the Late 
Triassic (Carnian) Snadd Formation, 
offshore Kong Karls Land, northern 
Barents Sea 
 
Paterson, N.W.1, Mangerud, G.1, Lundschien, B.A.2 & 
Mørk, A.3 & 4 

 
1 Dept. of Earth Science, University of Bergen, Bergen, 
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Technology, Trondheim, Norway, atle.mørk@sintef.no 
4 Dept. of Geology & Mineral Resources Engineering, 
Norwegian University of Science & Technology, 
Trondheim, Norway. 
 
Palynological data is presented from the shallow 
stratigraphic core (7830/5-U-1), drilled offshore Kong 
Karls Land, northern Barents Sea. Relatively few 
palynological studies of the Upper Triassic succession 
in the region have been conducted. In 2005, the 
Norwegian Petroleum Directorate drilled 5 shallow 
cores through Middle to Late Triassic strata offshore 
eastern Kong Karls Land, at approximately N 78o, E 
30o. The cores encompass the Botneheia, Tschermak-
fjellet and Snadd formations and comprise a near 
complete composite section (approximately 400m thick) 
through the Mid – Upper Triassic succession. This study 
concerns 47 samples from the youngest core (7830/5-U-
1), which spans 127m of the Snadd Formation (De 
Geerdalen Formation equivalent). Samples yielded well-
preserved and taxonomical diverse palynomorph 
assemblages dominated by pteridophyte spores and 
gymnosperm pollen. Spore taxa recorded include: 
Aratrisporites macrocavatus, Camarozonosporites 
rudis, Leschikisporis aduncus, Krauselisporites 



78 NGF Abstracts and Proceedings, no. 1, 2015 

cooksonae, Striatella seebergensis and Zebrasporites 
fimbriatus. Pollen includes: Angustisulcites klausii, 
Aulisporites astigmosus, Illinites chitinoides, Podo-
sporites amicus, Schizaeoisporites worsleyi, Stauro-
saccites quadrifidus and Triadispora verrucata. The 
palynomorph association indicates an early Carnian age, 
which is consistent with published Re-Os dates from the 
two oldest cores. The persistent occurrence of acritarchs 
and prasinophyte algae in assemblages dominated by 
terrestrial palynomorphs indicates deposition took place 
in a paralic environment. Palynofacies analysis reveals 
an upward decrease in the relative abundance of 
amorphous organic matter (AOM) coupled with an 
increase in the size and abundance of phytoclasts, 
characteristics of a shallowing upward-succession. The 
results of this study provide important insights into the 
palynoflora and paleogeography of the northern margin 
of Pangaea during the Late Triassic. 
 

Petroleum potential of the 
Skagerrak Graben, offshore 
southern Norway 
 
Pedersen, J.H. 
 
Lundin Norway AS, Strandveien 50 B, 1366 Lysaker, 
Norway 
 
The Skagerrak Graben is an offshore continuation of the 
uplifted, onshore Upper Palaeozoic rift basin called the 
Oslo Graben, located in south-east Norway. This 
presentation describes occurrences of petroleum in the 
Oslo Graben, and conveys this information into an 
assessment of the petroleum potential of the related 
offshore Skagerrak Graben. Hard data from outcrops 
and offshore wells is combined with seismic mapping 
and basin modelling in this attempt to unfold a possible, 
unexplored play on the Norwegian continental shelf.   
Cambrian-Ordovician hydrocarbon source rocks 
(marine shales) and Cambro-Silurian reservoir rock 
candidates (sandstones and carbonates) are present in 
the Oslo Graben. Hydrocarbons have been sampled at 
several outcrop locations in the Oslo Graben; from a 
Cambrian sandstone, Upper Ordovician carbonate rocks, 
and a Permian volcanic intrusive. Hydrocarbon samples 
appear as solid bitumen, light oil, and gas. Extracted 
hydrocarbons have been analysed geochemically and 
scanning electron microscopy has been applied to 
describe solid bitumen.  
Regional subsurface depth maps from interpretation of 
2D seismic data was used in basin modelling of hydro-
carbon source rock maturity and calculation of expelled 
volumes of oil and gas in the Skagerrak Graben.  
 

Join deep-sea expeditions via 
telepresence: New opportunities 
through the NORMAR facility and 

Centre for Deep Sea Research 
 
Pedersen, R.B. 
 
Centre for Geobiology/ Department of Earth Science, 
University of Bergen 
 
Ocean basins cover around 70% of Earth’s surface. This 
vast underwater territory has formed in less than 200 
million years and it is the most dynamic part of Earth. 
By being covered by 5000 m of water on average, it is 
also the most inaccessible part of our planet. Deep-sea 
exploration and research has to a large extent been 
carried out through remote sensing or by seafloor 
drilling using surface vessels. The development of 
remotely operated and autonomous underwater vehicles 
(ROV and AUV) that can visit, map, image and sample 
the deep-sea areas, are now making the ocean basins 
more accessible to research and outreach.  
Norway has large deep-sea areas that are stretching 
almost to Greenland. Of the 65.000 km long global mid-
ocean ridge system, around 2% is within Norwegian 
waters. Therefore, in addition to being a country of 
mountains, glaciers and fjords, Norway is also a water-
world of volcanoes, hydrothermal vents, seismogenic 
zones and deep-sea life. Since the late 1990s University 
of Bergen (UiB) has been exploring the Norwegian 
deep-sea areas using marine robots. Through funding 
from the Norwegian Research Council and in colla-
boration with partners, UiB is now establishing the Nor-
wegian Marine Robot Facility (NORMAR) and a Centre 
for Deep Sea Research. These initiatives open new 
opportunities for ocean basin research and public 
outreach.  
 

Hydrothermal Activity and Mineral 
Resources in Norwegian Deep-sea 
Areas  
 
Pedersen, R.B. 
 
Centre for Geobiology/ Department of Earth Science, 
University of Bergen 
 
The extension of the Mid-Atlantic Ridge north of 
Iceland is collectively referred to as the Arctic Mid-
Ocean Ridges (AMOR). The AMOR extends from the 
northern shelf of Iceland, to the Siberian shelf in the 
Laptev Sea, passing en route through the Norwegian-
Greenland Sea, through the narrow gateway of the Fram 
Strait, and across the Eurasia Basin. The AMOR is 4000 
km long, and of these, around 1700 km are within 
Norwegian waters. The ridge system is anomalous in 
several ways: it is influenced by the Icelandic hot spot 
in the south and a mantle cold spot in the north, and 
seafloor spreading takes place at ultraslow rates. It was 
therefore predicted that the hydrothermal activity would 
be low or absent. The last 15 years of exploration of 
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parts of the AMOR has shown that this is not the case. 
Vent fields are abundant and within the Norwegian part 
of the ridge system we have discovered five vent fields 
and several water column anomalies that signal 
additional vent fields at the seafloor. The vent fields that 
have been visited and sampled range from a black 
smoker vent field at 2500 m water depth (Loki’s Castle) 
to a shallow, epithermal system at only 150 m water 
depth (Seven Sisters). The mineralogy of the associated 
hydrothermal mineral deposits varies with depth and 
fluid temperature, and the sizes range for insignificant 
deposits to large mounds that are several 100 meters 
across. The total amounts of base-metal sulphides that 
are associated with oceanic crust are likely to be huge, 
and deep-sea mining of such deposits is about to 
become a reality. However, the total resources that may 
be accessible at the seafloor are debated. Systematic 
studies to constrain the metal inventory in Norwegian 
waters are going as part of a long-term deep-sea 
research initiative at UiB. This talk will summarize the 
current knowledge and the ongoing research. 
 

The accretionary history of the 
Caledonides: new provenance data 
from continental margin sediments, 
melanges and outboard terrains in 
S. Norway 
 
Pedersen, R.B., Slama, J. & Jansen, Ø. 
 
Centre for Geobiology and Department of Earth 
Science, University of Bergen 
 
The autochthonous and lower allochthonous Cambro-
Ordovician phyllites and schists of southern Norway 
show zircon age signatures that are dominated by 
Neoproterozoic and Cambrian ages. We interpret this 
signature to reflect a distant Timanian sediment source. 
This source signature is seen from the Cambrian to the 
Middle Ordovician, suggesting a stable, long haul 
source to sink system at the Baltoscandian margin 
throughout this time period. New U-Pb age and 
provenance data from the ophiolitic terrain of SW 
Norway confirms previous data showing that 
terrigenous continental margin deposits were sub-
accreted to this oceanic terrain around 475-470 Ma. The 
provenance signatures of these sediments are distinctly 
different from the age profiles shown by the Balto-
scandian shelf and margin sediments. They are instead 
comparable to Laurentian continental margin deposits.  
The Samnanger melange that is associated with the 
ophiolitic terrain of SW Norway, and the Voss-Lom 
melange that tectonostratigraphically is positioned 
between the Western Gneiss Region and the Jotun 
Nappe, may potentially link the outboard oceanic terrain
(s) to the Baltic margin. Both melanges exhibit 
serpentinites and soapstones within a metasedimentary 
matrix that range from schists to conglomerates. The 

sediments of the Samnanger melange contain a young 
zircon population with an average age of 454 Ma, 
suggesting that the melange is of Middle Ordovician age 
or younger. Serpentinites in this melange have REE and 
isotope compositions consistent with supra-subduction 
zone affinity - similar to the nearby Gulfjellet Ophiolite 
Complex. Sediments that are a part of the Voss-Lom 
melange contain detrital zircons with ages down to c 
470 Ma indicating that this melange formed by 
accretion of an outboard terrain to the Baltoscandian 
margin in the Early/Mid-Ordovician or later. The 
sequence and timing of terrain accretion of the 
Caledonides will be discussed in light of these and other 
new data sets from Southern Norway.  

 
The End-Permian environmental 
crisis triggered by voluminous 
magmatism in the Tunguska Basin, 
Siberia 
 
Planke, S.1,2, Svensen, H.H.1, Polozov, A.1,3 & Jerram, 
D.A.1,4 
 
1 The Centre for Earth Evolution and Dynamics, 
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3 Institute of Geology of Ore Deposits, Petrography, 
Mineralogy and Geochemistry, Russian Academy of 
Sciences (IGEM RAS), 119017 Moscow, Russia 
4 DougalEARTH Ltd., Solihull B91 3NU, UK 
 
The end-Permian mass extinction and global warming 
was temporally associated with the formation of the 
Siberian Traps Large Igneous Province. The causal link 
is, however, still a matter of scientific debate. We 
propose that the main trigger of the environmental crisis 
was the emplacement of large volumes of magma into 
the organic and evaporite rich Tunguska Basin in 
Siberia. The hot magma caused rapid heating of the 
intruded sedimentary rocks, and led to the formation of 
greenhouse and poisonous gases such as methane, sulfur 
dioxide and halocarbons in metamorphic aureoles 
around the igneous complexes. Numerous hydrothermal 
vent complexes are present in the basin where coal/eva-
porate/carbonate sequences occur. These vent com-
plexes were formed by fracturing of the host rocks due 
to increasing gas pressures in the aureoles, and they 
facilitated transport of large volumes of gas from the 
deep sedimentary basin to the atmosphere. We have 
collected extensive field and borehole samples from 
both the intrusive complexes and the sedimentary host 
rocks in the Tunguska Basin over the past decade. The 
samples have been analyzed and dated by petrographic, 
organic and inorganic geochemical, biostratigraphical, 
and high-precision zircon TIMS geochronological 
methods. Thick sills (up to 900 meters in thickness) 
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occur in high abundance in the upper part of the 
sedimentary succession, affecting the coal-rich 
Tunguska Series sediments and deeper Cambrian salt 
formations and organic-rich rocks. Petrographic 
investigations of the metamorphic sediments 
demonstrate that widespread high temperature devolatil-
ization took place. Laboratory experiments reveal a 
major potential for the formation of greenhouse gases 
(CH4, CO2), aerosols (SO2), and ozone destructive gases 
(CH3Cl, CH3Br) in sufficient quantities to explain the 
environmental crisis. The geochronological data further 
documents a strong temporal correlation between the 
magmatism and the environmental crisis, supporting the 
aureole degassing hypothesis. 
 

The Astafjord area – a key to a 
multidisciplinary mapping model. 
Examples from the Astafjord project, 
North Norway 
 
Plassen, L.1, Longva, O.1, Rasmussen, T.2, Arvesen, B.2, 
Elvenes, S.1, Lepland, A.1 & Dolan, M.1 
 
1Geological Survey of Norway, P.O. Box 6315 Sluppen, 
N-7491 Trondheim, Norway, liv.plassen@ngu.no 
2Astafjordprosjektet, N-9455 Engenes, Norway 
 
Through the Astafjord project, large fjord areas in 
Troms County, northern Norway, are mapped in detail. 
As part of the Astafjord project the Geological Survey 
of Norway (NGU) has developed a series of Marine 
Base Maps (MBMs). 
The map series include geological maps plus derived 
thematic maps which are directly targeted to the needs 
of coastal managers. Data contributing to the maps 
includes swath bathymetry and backscatter, together 
with ground truth data from video and grab sampling. 
Benthic fauna and content of pollutants in the sediments 
have also been mapped by project partners. The MBM 
series provides information on sediment grain size, 
anchoring conditions, trenching conditions (diggability), 
sedimentation basins, slope, slide hazard, average 
current velocity and habitat maps. 
The Astafjord project benefits from the fact that twelve 
coastal municipalities in Troms County, northern 
Norway, have joined forces to make better plans for the 
management of their marine areas. Through the MBM 
initiative the municipalities in the Astafjord area have 
gained tools for knowledge based management of their 
marine areas. The maps will provide a scientific basis 
for management tasks related to fish farming, fisheries, 
biological diversity (e.g. protecting spawning areas), 
environmental monitoring, and planning of 
infrastructure to optimize use of the marine areas. The 
MBMs are made into electronic charts for use on 
working vessels, and they are published on 
www.mareano.no and www.ngu.no. 
The data and the MBMs from the Astafjord project give 

the opportunity to get a better understanding about the 
geological, biological and oceanographic processes of 
the Astafjord area in particular, and of fjord- and coastal 
environments in general. 

 
Crustal scale structure from recent 
reflection seismic data in the 
Tampen Spur area, anything new? 
 
Polanco-Ferrer, R.E.1, Fossen, H.1, Odinsen, T.2, & 
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The NSDP-84-1 deep seismic profile across the Tampen 
Spur area has been interpreted multiple times since its 
acquisition. Some of these interpretations differ 
significantly from each other. 
Seismic surveys acquired during the last decade allow 
seeing more details of the structures at the crustal scale. 
Most of the deep recent seismic is still 2D, but the 
highly reflective crust has also been imaged in a small 
3D survey located close to the axis of the Viking 
Graben. 
We have observed groups of faults that extend to 
different levels in the crust, groups of faults with 
significantly different dips (shallow vs. steeply dipping), 
and identify the areas where these faults seem to be 
having an influence in the geometry and the location of 
the highly reflective areas in the lower crust. The latest 
rifting episode in the northern North Sea (Middle 
Jurassic – Early Cretaceous) is directly correlated to 
some steeply dipping faults, while the other structures 
could be related to the Permian-Triassic rifting and even 
older deformation. 
Based on the detailed observation of some features in 
the area, the previous interpretations have been ranked 
in terms of their likelihood. 
 

Altered basement rocks on the 
Utsira High, Norwegian North Sea 
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For the first time on the Norwegian Continental Shelf, 
altered and fractured basement rocks have been shown 
to act as reservoir and possibly migration paths for 
commercial hydrocarbon deposits. Following the recent 
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discoveries on the Utsira High (Edvard Grieg and 
Johan Sverdrup), good porosity and permeability 
properties have been observed in the altered 
basement underlying the main Upper Jurassic 
reservoir rocks (Johan Sverdrup) and underlying the 
main Cretaceous, Jurassic and Triassic reservoir 
rocks (Edvard Grieg).  
In the present study, eighteen basement cores from 
the Utsira High were made available by the Nor-
wegian Petroleum Directorate and Lundin Norway 
AS. The task has been to characterize and classify 
the basement rocks and their degrees of alteration. 
Subsequently, efforts have been undertaken to 
observe if and to what extent alteration has taken 
place. Lastly, plausible mechanism(s) responsible 
for the alteration have been proposed.  
The results show highly variable rock composition, 
including meta-sandstones, phyllites, granites, gra-
nodiorites and gabbroic rocks. In core view most of 
the rocks show signs of medium to high degree of 
fracturing. Alteration has taken place in over half of 
the cores, ranging from slight discoloration to dis-
integration along fractures, and to total disinte-
gration of the whole rock. The decomposition of the 
rock is commonly associated with the dissolution of 
primary rock forming minerals and formation of 
secondary clays. The upwards increasing disinte-
gration and amount of clay observed in basement 
rocks from two of the wells, suggests sub-aerial 
weathering to be the major alteration agent. In wells 
where alteration is confined to the vicinity of frac-
tures, hydrothermal activity cannot be ruled out, 
although sub-aerial weathering is still a possibility.  
 

Structures formed by mobilization 
of sand in the Miocene Utsira and 
Skade formations in the North 
Sea. Geometries, timing and 
possible mechanisms 
 
Riis, F. & Eidvin, T. 
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The Lower Miocene Skade Formation and the 
uppermost Middle Miocene to Lower Pliocene 
Utsira Formation cover an area of approximately 
350 km x 100 km in the northern North Sea. 
Regional mapping of 3D seismic data reveal that 
their distal (eastern) parts are characterized by a 
complex pattern of domes and basins, typically a 
few hundred meters to a few kilometers wide. The 
relations between the domes and basins have been 
investigated in detail in the Utsira High, but many of 
the findings appear to be regionally valid. In the 
Utsira High, two distinct phases of deformation can 
be interpreted. The first phase is related to the depo-

sition of the lower sand in the Skade Formation 
which mobilized Eocene sands. Sand injections from 
these deeper Eocene levels created dome structures 
in the overlying Oligocene clay. The second phase 
of sand mobilization was characterized by formation 
of basin structures caused by evacuation of sands in 
the upper part of the Skade Formation and dome 
structures caused by injection of these sands into the 
overlying mid Miocene clays. Thick sand deposits of 
the lower Utsira Formation overlie the subsiding mid 
Miocene clays in the evacuated areas. Apparently, 
the phase of sand mobilization terminated at about 
the same time throughout the study area, and upper 
Utsira sand without deformational features overlies 
the whole region. The top surface of the Utsira sand 
is now displaying dome structures above the basins, 
probably due to differential compaction of the mid 
Miocene shale.  
It is concluded that sand mobilization and sand 
injection were triggered by loading of sandy sedi-
ments and typically developed in areas where under-
lying sands were covered by sealing clays. It has 
been noted that in the northernmost part of the North 
Sea, the situation is more complex with initial defor-
mation related to input of Oligocene sand and 
reactivation of sand mobilization in Miocene and 
Quaternary times. 
 

CO2 storage atlas of the 
Norwegian Continental shelf: 
Methods used to evaluate 
capacity and maturity of the CO2 
storage potential 
 
Riis, F. & Halland, E. 
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A CO2 storage atlas of different sectors of the Nor-
wegian Continental Shelf has been elaborated by the 
Norwegian Petroleum Directorate (NPD) in the 
period 2011 to 2013 and is now compiled into one 
volume (Halland et al. 2014). Main objectives were 
to facilitate selection of sites which are suited for 
future CO2 sequestration projects and to document 
the total storage capacity of the Norwegian sectors 
of the North Sea, the Norwegian Sea and the south-
ern Barents Sea. The most attractive aquifers and 
structures were investigated by geomodelling and 
reservoir simulation. 5 case studies of different types 
of aquifers, structures and abandoned fields illustrate 
how the typical storage options were evaluated. 
There is a tendency that calculated storage efficiency 
and storage capacity based on estimates of pore 
volumes will decrease when the storage assessment 
units are matured by more detailed studies. The 
study was based on the assumption of no water 
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production, and it was observed that storage capacity 
was usually limited by pressure build-up in the 
investigated aquifers. The case of pressure maintenance 
by water production has not been studied, but could lead 
to higher values for storage capacity. 
Reference: 
Halland, E. et al. 2014. Compiled CO2 atlas for the Norwegian 
Continental Shelf. http://www.npd.no/en/Publications/Reports/
Compiled-CO2-atlas/ 
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A possible analogue for the 
Realgrunnen Subgroup along 
platform margins and internal basin 
highs in the Barents Sea  
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The Wilhelmøya Subgroup (Norian-Bathonian) in 
Svalbard represents the onshore equivalent to the 
Realgrunnen Subgroup (Norian-Bajocian) which is a 
prolific reservoir unit of oil- and gas discoveries in the 
south-western Barents Shelf. The succession shows a 
very condensed development in western parts of 
Spitsbergen (5-30 m) and thickens eastward to more 
than 250 m on Kong Karls Land.  
In western central Spitsbergen the Wilhelmøya 
Subgroup as defined in Mørk et al. (1999) can be shown 
to span approximately 50 m.y. with several internal 
unconformities and hiatuses. Unconformities are often 
seen as ravinement surfaces and followed by 
transgressive phosphatic and fossiliferous sandstones 
and conglomerates.  
While the Wilhelmøya Subgroup in the condensed 
western and central areas of Spitsbergen predominantly 
consists of marine mudstones and thin sandstones, 
outcrops in eastern Spitsbergen reveal a slightly thicker 
and sedimentologically more complex sandstone-
dominated succession of mature marine and coastal 
sediments. Recent sedimentological studies in eastern 
Spitsbergen using both traditional field methods and 

helicopter-based laser scans (lidar) have shown a 
complex lateral development with internal incised 
valley fills. This study coupled with renewed 
palynological analysis and new ammonite finds has 
given insight into the temporal and spatial complexity of 
the depositional and sequence stratigraphic development 
of the subgroup. The now well dated internal hiatuses 
which are observed within the Wilhelmøya Subgroup 
correlate with sequence boundaries earlier defined 
within the Barents Sea, Svalbard and the Sverdrup Basin 
(e.g. Johannessen and Embry (1989)).  
As similar trends of erosion and condensation within 
Lower-Middle Jurassic strata is seen on platform areas 
and internal basin highs in the Barents Sea, the 
Wilhelmøya Subgroup in eastern Spitsbergen may serve 
as an important onshore analogue.  
References: 
Johannessen, E.P. & Embry, A.F. 1989: Sequence correlation: 
Upper Triassic to Lower Jurassic succession, Canadian and 
Norwegian Arctic. Correlation in Hydrocarbon Exploration. 
JD Collinson (ed.). Norwegian Petroleum Society, Graham 
and Trotman, 155-170.  
Mørk, A., Dallmann, W.K., Dypvik, H., Johannessen, E.P., 
Larssen, G.B., Nagy, J., Nøttvedt, A., Olaussen, S., Pchelina, 
T.M. & Worsley, D. 1999: Mesozoic lithostratigraphy. In: 
Lithostratigraphic lexicon of Svalbard: Review and 
recommendations for nomenclature use: Upper Palaeozoic to 
Quaternary bedrock. (Ed W.K. Dallmann), pp. 127-214. 
Norsk polarinstitutt, Tromsø. 
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This project was proposed by Norwegian Petroleum 
Directorate (NPD) and sponsored by Lundin Norway 
AS. The present study is linked to the Geological 
Survey of Norway (NGU)/Norwegian Petroleum 
Directorate (NPD) project “TWIN-Tropical weathering 
in Norway”1) - a joint research and mapping project on 
deep weathering of basement rocks in Norway, which 
involves integrated geological and geophysical 
characterization of deep weathering, including 
development and testing of age dating techniques and 
mapping tools.  
The remnants of deep weathered basement at Andøya 
has long been recognized, but have not received much 
attention until the thorough investigations by Arne 



                                                     NGF Abstracts and Proceedings, no. 1, 2015 83 

Dalland and Brian Sturt. Based on K/Ar dating they 
postulated the weathered basement to have developed 
during Late Paleozoic time. 
For the present investigations sampling of surface/near 
surface outcrops was carried out in May 2012 during a 
NGU-Field excursion. Cored material from the 
Norminol wells B, C, and D, drilled in the period 
between 1971 and 1974, was sampled later in 2012 and 
2013 at NPD.  
In the deep weathered granitic rocks the main minerals 
are microcline and plagioclase, some biotite, chlorite 
and secondary calcite. The secondary weathering 
minerals are mainly kaolinite and smectite, enrichments 
of quartz and occasionally titanite. Near the base of the 
Jurassic sandstones the dominating clay minerals are 
kaolinite and smectite in approximately equal amounts. 
Small amounts of illite and chlorite also exists in these 
sandstones. The smectite content decreases upwards in 
the sandstones until kaolinite totally dominates the clay 
mineral assemblage, indicating other sediment sources 
than the underlying crystalline bedrock. The weathered 
gabbros also contain considerable amounts of smectite 
besides kaolinite, which in the overlying shales are 
traced up to 6-10 m above the basement-shale boundary. 
Higher up in the well (more than 10 meter above the 
basement-shale boundary) kaolinite dominates. Presence 
of diagenetically formed dickite is possible, but this has 
to be checked in more detail. 
 

Sedimentary infill in the Kalavrita 
faulted block, southcentral Gulf of 
Corinth, Greece  
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The gulf of Corinth is an ideal laboratory to study the 
interplay between tectonics and sedimentation in an 
active rift sediment. The main objective of this study is 
by detailed field mapping of the sedimentary infill in the 
Kalavrita faulted block; south central Gulf of Corinth, 
followed by statistical analysis of clast size distribution, 
and fault restorations, so we can better understand how 
active tectonics control facies distribution in half graben 
systems and the relation to adjacent faulted blocks (e.g. 
Kerpini, Antena, etc).  
The field area is located in a half graben structure, con-
trolled by the E-W-striking Kalavrita fault to the south 
and the NW-SE-striking faulted block to the south. The 
Vouraikos River, a predominantly south-north flowing 
river seems to be the main sourced of the sediments 
which in the area of study has an E-W kink flowing 
through the present-day half graben structure.  

Preliminary work reveals that there are two main sedi-
mentary lithofacies within the block:  
- Alluvial conglomerates, poorly sorted with a large 
variety of clasts sizes and between 20-40 meter thick 
layers. No clear indication of paleoflow directions were 
found  
- Fine grained marls overlying the conglomerates.  
Initial interpretation of the field data suggest that the 
conglomerates were deposited pre or during faulting. No 
evidences of growth strata are found but the layers are 
clearly rotated and in an angular relationship against the 
basement unconformity in the hanging wall. The marls 
were deposited in a low-energy environment suggesting 
that the Kalavrita faulted blocked may have been 
dammed with very limited circulation, until recently 
when it breached towards the eastern tip of the Kerpini 
fault in the present-day valley. 
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The Nordkapp basin provides one of the examples of 
Salt Diapirism in the Barents Sea, becoming an area of 
interest for hydrocarbon exploration in the last 20 years. 
Several exploration wells have been drilled close to salt 
structures, finding hydrocarbon shows but not 
commercial reservoirs. Consequently, it is of critical 
importance to define accurately the salt boundaries and 
understand the halokinetic evolution of the NordKapp 
basin for future exploration purposes. In this study, we 
use 3D seismic and well data in the western part of the 
basin to evaluate various workflows and mapping 
attributes together with a review of field analogs, and 
salt models in order to better define salt bodies. The 
main objective is to improve mapping techniques and 
get a better understanding of salt geometries and 
movement through time, which can provide insights on 
basin fill. Preliminary work reveals that the salt was 
deposited during the Late Carboniferous-Early Permian 
and was remobilized several times in the Early Middle 
Triassic, Late Jurassic, Late Cretaceous and Cenozoic. 
Examples of attributes used in the initial interpretation 
include: Dip Ilumination and Variance, which has been 
used to define salt bodies and possible areas with shear 
zones; Ant-track and Chaos attributes help to identify 
normal and reverse faults located close to salt structures; 
and other complex attributes such as Cos-interferance, 
are used to interpret the halokentic evolution which 
plays an important role controlling the distribution of 
the reservoirs around these structures. 
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scientific outcome 
 
Romundset, A., Fredin, O. & Høgaas, F. 
 
NGU - Noregs geologiske undersøking, Trondheim. E-
mail: anders.romundset@ngu.no 
 
Geologists at NGU (Geological Survey of Norway) 
have for more than 50 years been mapping the Quater-
nary geology of mainland Norway. The work has 
always involved detailed surveys in field, combined 
with analysis of aerial photographs and topographic 
maps. The last decade has seen a rapid advance in the 
use of digital tools for mapping, with the most recent 
addition of airborne LiDAR terrain data. We will 
present examples and experience from ongoing mapping 
and research projects where LiDAR-data are used.  
Quaternary geological maps display primarily the 
properties and origin of the uppermost surficial 
sediments that cover the ground. However, through 
geological mapping at NGU we also make an effort to 
understand how the deposits vary with depth and their 
development through time. We will present recent result 
from cosmogenic isotope dating of prominent moraine 
ridges in Agder. The results improve the chronology of 
late-glacial ice-margin retreat of the Scandinavian Ice 
Sheet in these areas. We will also present recently 
published results from an isolation basin study near the 
southern tip of Norway, and ongoing work on the 
shoreline displacement along the coast of Sørlandet. 
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Vertical, or ‘dip’, linkage of normal faults is known to 
produce a variety of fold styles as a function of fault 
morphology, layer rotation during pre-linkage overlap, 
as well as the type and style of overlap and linkage. 
However, previous work on dip linkage-related folds 
has largely been restricted to a two-dimensional plane of 
observation and the controls exerted by three-
dimensional fault shape and along-strike throw 
variations on fold development and morphology have 
not been explicitly considered. This motivates the 
present study, where seismic reflection data are used to 
determine the three-dimensional variability of fault-
parallel fold styles during dip linkage of a vertically 

segmented extensional fault array (Gulf of Suez, 
offshore Egypt) which is locally decoupled across a salt-
bearing interval. The fault array exhibits a variety of 
hangingwall fold and fault shapes; rollover structures 
occur over listric fault geometries, whereas fault-bend 
folds occur over ramp-flat fault geometries. Quantitative 
analysis of fault-fold attributes and the growth history of 
the fault array, indicate that fault shape is controlled by 
style of dip-linkage, which in turn is controlled by the 
lateral separation of fault dip-segments prior to linkage. 
Small lateral fault dip-segment separation yields a 
relatively subtle dip change of the overall listric fault, 
producing hangingwall rollover folding. Larger lateral 
dip-segment separation, on the other hand, yields flat-
lying detachments and ramp-flat fault geometries, where 
fault-bend anticline-syncline pairs are developed. This 
study therefore provides a link between i) fault dip-
segment spacing, ii) the style of dip-linkage, iii) final 
fault shape, and, ultimately, iv) the style of hanging-wall 
folding in mechanically layered stratigraphy. This 
represents new fundamental and three-dimensional 
insight to the variability and controls on the geometry 
and evolution of fault-related folds, and provides a 
dynamic link between processes of fault growth and 
hangingwall folding. This also has implications for 
hydrocarbon exploration in that it contributes to an 
improved understanding of fault-related petroleum trap 
formation as well as the evolution of hangingwall 
depocentres and intrabasinal highs. 
 

The mechanics of nano-confined 
fluid films, and their role in rock 
weathering and alteration 
 
Røyne, A. 
 
Physics of Geological Processes, Fysisk Institutt, 
Universitetet i Oslo, anja.royne@fys.uio.no  
 
Weathering, the physical and chemical alteration of 
rocks on the Earth’s surface, depends critically on the 
availability of fluids. The permeability of intact rocks is 
therefore a limiting factor in the progression of 
weathering fronts. In many cases, the weathering 
reactions themselves lead to an increase of the rock 
permeability through the propagation of fractures and 
detachment of grain boundaries. This promotes fluid 
ingress into unweathered parts of the rock, and allows 
the reaction to proceed.  
In this talk, I will show how fluid films that are confined 
between mineral surfaces control weathering processes 
through their effect on the fracture propagation 
threshold of microcracks, the strength of grain 
boundaries and the potential for stress generation due to 
crystal growth in pores. I will also discuss how these 
concepts are more generally relevant for fluid limited 
metamorphic processes. 
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Norway: exciting results from the 
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MINN – NGU’s programme for mapping mineral 
resources in northern Norway has been running for four 
years (2011-2014), with an extra allocation of NOK 25 
million/year to the regular budget from the government. 
The programme was initiated to provide improved 
coverage of basic geological data in the three 
northernmost counties. The mineral potential of 
northern Norway will be discussed in the light of the 
results from the programme. The coverage of airborne, 
high-resolution geophysical data, including magnetic, 
electromagnetic and radiometric data, now exceeds 70 
% of the area. Distinct geochemically anomalous areas, 
based on re-analysis of regional mineral-soil samples, 
are defined, and detailed follow-up sampling has been 
carried out in three of these. Bedrock mapping, dating 
and interpretation of regional structures based on the 
new geophysical data have greatly improved the 
knowledge of the geological development of prioritised 
areas, thereby enhancing our understanding of their 
mineral potential. Better knowledge of the distribution 
and formation of a variety of mineral resources is 
obtained; graphite on Senja and Vesterålen, 
Dunderlandsdalen type iron deposits from Hattfjelldalen 
in the south to Tromsøysundet in the north, shear-zone 
hosted Au-mineralisations, sediment-hosted copper 
deposits in western Finnmark, apatite in Vesterålen and 
building materials in Troms and Finnmark. Results from 
all the surveys are made public when the data are finally 
processed, and have been widely presented for 
interested parties. The MINN programme participates in 
several collaborative organizations, and cooperates with 
mining and exploration companies. Extensive 
collaboration has been developed with universities, 
including two Ph.D. projects and several M.Sc. projects.  
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During the early Cretaceous, rifting and later formation 
of the Amerasian Basin in the Arctic separated North 

America from the northern part of Eurasia. As rifting 
led to thermal heating, the northern part of Svalbard was 
uplifted and tilted and sediments accumulated in a 
progradational and later retrogradational manner in 
deltaic/paralic environments. By the Albian/Aptian the 
crust had cooled and subsided sufficiently to flood the 
delta and deposit open marine sediments. The poster 
presents the results of detailed fieldwork of the 
lowermost member of the Albian/Aptian aged 
Carolinefjellet Formation, the Dalkjegla Member.  
Typical sedimentary characteristics of the Dalkjegla 
Member are abundant lenticular and wavy bedded 
sandstone beds which can be found within highly 
bioturbated mudstone. Larger sandstone bodies display 
hummocky cross-stratification, swaley cross-
stratification, ripple cross-lamination and planar parallel 
stratification. These are significantly more laterally 
extensive and occur both as singular features and 
amalgamated together. These structures tend to follow 
each other and merge together laterally within single 
sandstone units, giving an impression of being 
genetically related. Aggradation of one sedimentary 
structure, such as a 3D wave ripple, might turn it into a 
hummock. Conglomerates of differing character can be 
found underlying sandstone beds.  
The sedimentary structures present are formed by 
oscillatory current and combined flow and are inter-
preted to derive from an environment dominated by 
hemipelagic settling of fine grained material below fair 
weather wave base, only disrupted by hummocky cross-
stratified sandstone beds, which have been deposited by 
high energy combined-flow formed during storms when 
the wave base was lowered.  
To what degree the various sedimentary structures 
develop, depends on the ongoing sediment availability, 
which seems to vary according to autogenic changes in 
the delta in the more proximal part of the regional 
depositional system, in addition to the individual 
character of the different storms, during which the 
tempestites were deposited. Large clusters of 
amalgamated hummocky cross-stratified sandstone 
bodies are believed to be reworked distal delta lobes.   
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Modern surge-type glaciers are considered good analogs 
to Pleistocene terrestrial ice streams. This motivates 
studies of glacial processes, sedimentation, and genesis 
of landforms at surge-type glaciers. In Iceland, at least 
26 glaciers are of the surge-type. Many of them 
terminate as broad lowland outlet glacier lobes. 
Landforms characteristic of surges often appear in the 
forefields, i.e. subglacial till sheets with streamlined 
landforms, crevasse-fill ridges, dead-ice fields, 
concertina eskers and push moraines. 
Historical surges are well documented in the literature 
and some are captured on time series of aerial 
photographs. This makes it possible to extract infor-
mation on pre-surge geomorphology and ice dynamics 
and link it to sediments and landforms currently under 
formation. Using this concept, we have studied the 
impact of surges at a number of Icelandic glaciers. This 
presentation outlines recent findings and current 
challenges. Recently, the Brúarjökull and Múlajökull 
forefields have served as study areas. Brúarjökull surged 
c. 8 km in 1964, and Múlajökull has experienced five 
surges over the last 60 years, each of a few tens of 
meters to a few hundreds of meters in extent. Digital 
Elevation Models (DEMs) of Brúarjökull before and 
after the 1964 surge has been used to extract the 
sediment volumes that were mobilized during the 1964 
surge. This makes it possible to map and quantify the 
spatial pattern of deposition and erosion during a surge. 
Furthermore other changes in the forefield are captured 
by the difference-DEMs, i.e. dead-ice melting, 
meltwater erosion etc. At Múlajökull, sedimentary 
sections in drumlins provide insight into the subglacial 
processes that take place during surges. The Múlajökull 
drumlin field is unique because it is the only ‘active’ 
drumlin field where drumlin formation can be observed 
directly. The drumlins form during multiple surges 
where each surge deposits a till bed and simultaneously 
erodes the sides. This is also reflected in the shape of 
the drumlins, i.e. drumlins that have experienced many 
surges are longer and narrower than drumlins that have 
experienced few surges. 
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The full complexity of deformation associated with 
natural faults is difficult to understand, given the lack of 
three-dimensional exposure in outcrop and the 
limitations of seismic resolution in the sub-surface. 
Analogue physical experiments are therefore widely 
used to gain insight to the nature and evolution of 
deformation associated with fault growth. In this study 
we use plaster of Paris to gain insight to fault evolution 
in strike-slip and extensional regimes; specifically, we 
investigate the effect of different basement structural 
templates on the evolution of faults in the cover 
(plaster). The small-scale structures developed in plaster 
experiments can quite accurately mimic natural fault 
systems. The grain size and rheology of plaster of Paris 
makes the development and preservation of detailed 
structural geometries possible. Basement templates were 
made to mimic natural examples within known strike-
slip and extensional fault systems. A cover sequence of 
plaster mixture was poured into a sealed box; manual 
movement (pulling by hand) controlled the amount of 
strain and deformation in the ensuing experiments. In 
the strike-slip experiments, results show how basin 
formation and positive flower structures form in relation 
to transtension and transpression, respectively, at 
releasing and restraining bends in the basement 
template. Extensional experiments resulting from 
unilateral and bilateral extension show that the initiation 
and growth of normal faults, and concomitant minor 
structures, are dependent on cover rheology, basement 
structure and strain rate. The details of the experiments 
and the growth of structures will be presented at the 
conference. Analogue plaster modelling can therefore, 
as seen herein, provide valuable insight into fault 
evolution and associated minor deformation. 
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GLANAM (Glaciated North Atlantic Margins) is an 
Initial Training Network (ITN) funded under the EU 
Marie Curie Programme. It comprises 10 research 
partners from Norway, UK and Denmark, including 7 
University research teams, 1 industrial full partner and 2 
industrial associate partners. The GLANAM network 
will employ and train 15 early career researchers 
(Fellows). The aim of GLANAM is to improve the 
career prospects and development of young researchers 
in both the public and private sector within the field of 
earth science, focusing on North Atlantic glaciated 
margins. The young scientists will perform multi-
disciplinary research and receive training in geophysics, 
remote sensing, GIS, sedimentology, geomorphology, 
stratigraphy, geochemistry and numerical modeling 
through three interconnected work packages that 
collectively address knowledge gaps related to the large, 
glacial age, sedimentary depocentres on the North 
Atlantic margin. The 15 Fellows will work on projects 
that geographically extend from County Durham in NE 
England to the High Arctic. Filling these gaps will not 
only result in major new insights regarding glacial age 
processes on continental margins in general, but will 
also provide paleoclimate information essential for 
understanding the role of marine-based ice sheets in the 
climate system and for the testing of climate models. 
GLANAM brings together leading European research 
groups working on glaciated margins in a coordinated 
and collaborative research and training project. 
Focusing on the North Atlantic margins, this 
coordinated approach will lead to a major advance in the 
understanding of glaciated margins more widely and 
will fundamentally strengthen European research and 
build capacity in this field. 
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Subsurface electrical resistivity measurements (i.e. 
controlled-source electromagnetic, CSEM) provide a 

complementary data set to elastic measurements (i.e. 
2D/3D seismic). CSEM is usually used for de-risking 
prospects defined using seismic data prior to drilling 
exploration wells, and many wells drilled recently in the 
Barents Sea illustrate the potential of the method. This 
approach typically relies on integrating inverted vertical 
resistivity (Rv), which is more sensitive to thin resistors 
(e.g., hydrocarbon accumulations), with 2D or 3D 
seismic data and conducting joint CSEM-seismic 
interpretation. However, little attention has been given 
to using CSEM data to map and better understand 
regional resistivity trends (i.e. background resistivity). 
Horizontal resistivity (Rh), is also inverted for when 
processing CSEM data and is more sensitive to regional 
background resistivity variation. Understanding the 
background resistivity is important for two main 
reasons: 1) CSEM sensitivity is a function of both the 
target (i.e. pay zone resistivity, depth to target, target 
size) and the background (i.e. background resistivity and 
resistivity anisotropy), and 2) Regional resistivity 
variation can unravel underlying geological processes, 
and thereby contribute in the exploration workflow.  
In this contribution, we present and analyze multi-client 
CSEM data covering 38 blocks (ca. 11000 km2) in the 
“Greater Hoop” study area. The data were acquired vari-
ous campaigns from 2008 to 2014, and cover the area 
extending from the Fingerdjupet Sub-basin in the west 
to the Mercurius High in the east. In this contribution, 
we utilize this regional data set to investigate the subsur-
face resistivity variation, and tentatively link it to likely 
geology-driven processes. Firstly, we integrate the data 
with regional 2D and 3D seismic data to illustrate how 
resistivity varies within specific formations. Secondly, 
we present maps of lateral resistivity variation across 
the entire study area, subdivided by formations. A clear 
regional trend is observed in both the Rh and Rv data, 
with background resistivity increasing within the same 
stratigraphic level from relatively low values in the 
south-east of the study area to much higher values in the 
north. This trend is tentatively linked to published 
regional uplift estimates.  
Furthermore, velocity-resistivity relationships in public-
domain boreholes in the greater Barents Sea region 
suggest that the Snadd Formation in particular displays 
significant correlation between the elastic (sonic log) 
and electric (resistivity log) measurements. Here we 
expand the well-based study to investigate the 
correlation between resistivity and seismic velocities at 
the regional scale.  
We conclude that regional-scale CSEM interpretation 
can, beyond defining resistivity (Rv) anomalies that may 
represent hydrocarbon accumulations, provide a 
regional-scale overview of the subsurface resistivity, 
adding another piece to the exploration puzzle.  
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Climate and geology - worlds apart? 
 
Siggerud, E.I.H. 
 
NTNU 
 
Over the last two decades a strange word has entered 
into the world of natural science - the word ‘believe’ in 
‘climate change’ due to increasing omissions of CO2. 
The later projected as a man-made version of the 13th 
century Black Plague whereby the alleged current rise in 
temperature, if we are to believe the Intergovernmental 
Panel of Climate Change (IPCC), will be the end of 
civilisation as we know it. 
As natural scientist we should be dismayed, at the very 
non-scientific ‘belief in climate change’, and more so by 
the notion that climate somehow is detached from 
geology.  As geologist we deal with the result of 
changes in climate every day and our scientific research 
teaches us that climate have always changed, the proof 
is documented in the geological record.  This record tell 
of a continuous changes between green-house and ice-
house periods throughout the Earth history while also 
show an overall decreased temperature since the Early 
Cambrian. The geological record also show prolonged 
periods of much higher concentrations of CO2 in the 
atmosphere e.g. during the Cretaceous enabling micro-
organisms to extract calcite from the sea-water to 
produce the famous chalk deposits in Western Europe. 
This of-cause begs the question, why has it been warmer 
and colder in previous geological time periods on a 
scale much larger than the alleged changes in 
temperature reported during the last century.  
One interesting data point is the Vostok ice-core from 
Antarctica that record a variation in temperature over a 
period of the last 450,000 years, which clearly show 
variations in temperature on a much larger scale than 
alleged changes to day.  Similarly, even documented in 
the human history, is the cooling that led to the little ice 
age from1300 until 1850. However, the temperature 
variation recorded during the little ice-age fall well 
within the smaller scale changes observable in the data 
from the Vostok ice-core. Ironically 1850 coincides 
with when first scientific monitoring of temperature 
began erroneously contributed to human interaction. It 
becomes even more ironic when the temperature rise 
levelled of around 1900 and has remained the same 
throughout most of the 20 century. Interesting too 
because todays temperature is several degrees colder 
than during the time period prior to the little ice age 
from 800 late 1200. This also raises the question, when 
stated that we need to keep a minimum raise in 
temperature of less than 2 degrees Celsius, when we 
know that even in historic times the temperature have 
been higher without the world going asunder.  
The double irony is that todays debate is free of 
geology, the only science with a long enough time-
record to put the current lack of temperature variation 
into a more coherent scientific picture. More so natural 

‘disasters’ experienced around the world today are being 
referred back to todays alleged ‘human caused climate 
change’ while they are in fact normal geological 
happenings of which we find evidence in the rock-
record going back into the Precambrian.  
Subsequently, this is not a time for believing in or fear 
of climate change, but a time when we geologists as 
natural scientist needs to get involved to bring the 
debate into a scientific path focusing on where our 
human activity does make an impact rather than wasting 
enormous sums of money on trying to alter the intensity 
of the sun and the rotation pattern of the earth around 
the sun that causes the real changes in climate as evident 
in the geological record. 
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This project provides a dynamic geomodel for the Post-
Permian succession from Svalbard to the central Barents 
Sea. 12 megasequences have been identified and 
consistently tracked across the region, integrating 
outcrop data from Svalbard with well and seismic data 
from the Barents Sea.  
A meqasequence has been defined as a time-stratigraph-
ic unit of 6 to 18 Ma duration with a thickness ranging 
between 100 to 1200 meters, thus an order of magnitude 
larger than ‘normal’ depositional sequences. Rather than 
the more conventional lithostratigraphical approach of 
groups and formations the megasequences were defined 
as bounded by regional peak-transgressions, since such 
surfaces are practical and simple to identify. Drawing on 
35 years of work on Svalbard the megasequences have 
been tracked across more than 70 locations on the 
islands as well more than 20 wells in the Barents sea. 
This more dynamic approach represents something new 
in that the outcrops of Svalbard too long have been left, 
giving the impression that the geology stops at the 
shoreline. Such an approach also better enables the 
correlation with seismic sequences mapped across the 
Barents Sea, as shown by Glørstad-Clark & co-workers 
(2010), which subdivided the Triassic succession into a 
series of megasequences that they mapped across the 
southern Barents Sea. 
Based on this dynamic subdivision a 3D geological 
model predicting the location and shift over time of the 
shoreline system for all of the megasequences has been 
built. The geomodel honours all locations and well data 
together with seismic information. Furthermore, the 
geomodel allows the testing of different depositional 
scenarios, including a range of geological paleorecon-
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structions and interpretations from the past. 
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The paleo-topography of East Antarctica is highly 
relevant for the development of the East Antarctic ice-
sheet. This ice-sheet originated probably as small ice 
caps and in the elevated areas of the cratons in East 
Antarctica around the Eocene/Oligocene boundary [1]. 
East Antarctica contains three mountain ranges: the 
latitudinal Dronning Maud Land Mountains (DML), the 
longitudinal Transantarctic Mountains (TAM) and the 
sub-glacial Gamburtsev Mountains (GM). The 1500 km 
long, coast-parallel Dronning Maud Land Mountains 
probably resulted in a significant amount of pre-
cipitation prior to the initiation of the 34 Ma glaciation 
history of East Antarctica. Thus, the paleo-topography 
should be used as an important input parameter for the 
glaciation history.  
Low-temperature thermochronology (i.e. fission track 
and (U-Th)/He dating of apatite, titanite and zircon) can 
be used for estimating exhumation histories. The 
amount of quantitative measurements for the 
exhumation history of Antarctica is very limited as only 
2% of the continent is exposed. Since the onset of low-
temperature thermochronological studies in the DML 
mountains [2], the area has been the subject of several 
thermochronological studies [2-8]. The first 
thermochronological studies from Heimefrontfjella and 
Mannefallknausane recorded a Jurassic thermal event 
associated with the Jurassic flood basalts related to the 
Karoo mantle plume and the rifting between East 
Antarctica and East Africa [2,3]. Apatite fission track 
(AFT) data from these areas indicate that the 
Mesoproterozoic basement and the Permian sandstones 
were covered by 2000 meters of basalts [4]. However, a 
combined titanite and apatite fission track study further 
east in Gjelsvikfjella and Mühlig-Hofmannfjella[8] did 
not record any significant Jurassic thermal event in 
these areas. This is used as a constraint for the lateral 
extent of the flood basalts. Also, AFT ages from Heime-
frontfjella and Mannefallknausane [4] increase towards 

the SE, suggesting SE-dipping paleoisotherms.  
New, unpublished apatite (U/Th)-He analyses from a 
transect of the northern part of Jutulstraumen show 
relatively young ages at the rift flanks (~50 Ma) and 
progressively older ages further away from the rift 
flanks. Also, a profile perpendicular to the DML escarp-
ment (Conradgebirge-Schirmacheroase) show similar 
ages close to the coast. Both datasets indicate significant 
Cenozoic erosion (Ksienzyk et al., unpublished data), 
providing a basis for ongoing thermochronological 
studies focusing on the low-temperature tectonothermal 
evolution of the DML mountains.  
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International Earth Science 
Olympiad 2014 
 
Skjørestad, G.M., Skretting, E., Fleten, K.K., Mamen, 
M.L., Sivertsen, J.-E., Aasheim, S. & Forbord, B.M.  
 
The International Earth Science Olympiad (IESO) 2014 
was arranged in Santander, NW Spain. September 22nd 
through 29th. The idea of the International Earth Science 
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Olympiad (IESO) was suggested by several Korean 
earth scientists. In 2003, Korean Earth Science Society 
(KESS) organized the first Korean Earth Science 
Olympiad (KESO). The second (2004) and the third 
(2005) KESO were organized successfully. The IESO 
was established as one of the major activities of the 
International Geoscience Education Organization 
(IGEO).   
During the first meeting of the IESO Coordinating 
Committee, held during the Seoul Conference, it was 
concluded that Korea offered the best conditions and the 
most favourable atmosphere for hosting the first IESO. 
The efforts of the Committee combined with a great 
personal contribution of Prof. Moo Young Song resulted 
in the first International Earth Science Olympiad that 
took place in Korea in 2007. 
At IESO in Italy in 2011, John-Erik Sivertsen 
participated as an observer .This was the first step for a 
Norwegian participation in IESO, which started off with 
an initial multiple choice test conducted locally with 
more than 270 students participating from schools all 
over Norway. The 16 best qualified students were 
invited to a three day training camp, and after a final 
exam, four students were selected to represent Norway 
in the International Olympiad. The qualifications were 
put together by the Norwegian IESO committee John-
Erik Sivertsen, Helga Kleiven (UiB) and Berit Moen 
Forbord (NGF). 
The IESO 2014 is number eight in the row and the first 
time for a Norwegian team to participate. 
The team was represented by four students: Gunnvor 
Skjørestad and Erlend Skretting from St. Olav videregå-
ende skole in Stavanger, Marie Louise Mamen from 
Elvebakken videregående skole in Oslo and Kristine 
Fleten from Charlottenlund videregående skole in 
Trondheim. 
We met students, mentors and observers from 25 
different countries and all continents. However the 
Asian countries dominated both in number of 
participants and as medal collectors in the competition. 
Participating students took five individual papers each 
involving a multidisciplinary subject. Each paper 
included 25 to 30 multiple choice questions, with one or 
several correct answers. Each paper should be answered 
in 1 hour 30 minutes. 
Additionally the students had a practical fieldbased 
case, in which they were divided into multinational 
groups. Afterwards each group had to present their 
results in front of a jury. 
Both the papers and the field case were put together by 
geoscientists and geoscience teachers from universities 
and upper secondary schools in Madrid. 
The Norwegian students achieved good results both 
individually and in the groupwork. Kristine Fleten won 
a bronze medal in the individual exams. The three other 
students were also very close to being awarded medals, 
and did very well in the oral presentations. 
However, like the committee expressed, the most 
important part was not to get medals but to participate 
and get new friends in a scientifically collaborative 

environment. It was a great experience both for the 
students and the mentors/observers. 
Next years IESO will be held in Russia, and in 2016 in 
Japan. 
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Rockslides are known to cause great damages when 
they occur, either by direct impact or secondary effects 
like tsunamis or damming of rivers followed by dam 
collapse. Active measures are difficult to perform and 
the best way to handle the situation is to monitor the 
movements and evacuate people before an event to 
prevent loss of life. In order to predict the timing of 
these events an extensive monitoring system has to be in 
place, but a good understanding of the nature of the 
unstable rockslope is also crucial for the early warning. 
It helps to determine the extent and volume of the 
rockslide, the controlling factors of the instability and 
the failure process.  
Mannen, located in Romsdalen, is classified as one of 
the high risk objects for catastrophic failure in Norway 
and has been subjected to a number of investigations. 
Since 2010 it has been permanently monitored by 
Åknes/Tafjord Beredskap IKS. The monitoring network 
consist of a number of sensors, including a permanent 
GPS network with six antennas in the unstable area, 
which provide continuous data of 3D displacement on 
the slope and two borehole instruments that provide 
deformation data down to 120 meters.  
As more information has been acquired and knowledge 
improved, both the understanding of the movements and 
the geological model has changed. The earliest proposed 
geological model was a wedge-failure and it was later 
replaced with a model of a translational slide. The 
deformation data allows these models to be revised and 
a new geological model of Mannen as a translational 
slide with formation of a graben structure is suggested. 
This case illustrates the importance of combining field 
observations with monitoring data and physical surveys 
to make a valid geological model. This will again pro-
vide a better base for the interpretation of different 
scenarios, the consequences of a future rockslide, and an 
increased understanding of the rockslide dynamics 
during a critical event. 
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During the evolution of a rift basin each phase of fault 
activity develops characteristic facies associations with 
associated geometry. The interplay of sedimentary and 
tectonic processes with a eustatic sea level variation 
produces a complex syn-rift basin fill. In the Bille-
fjorden Trough, Svalbard the influence of local tectonics 
is blurred by frequent eustatic sea level variations, 
characteristic of ice house conditions in the Carboni-
ferous period. Sediments deposited within the trough 
exhibit an overall transgression shown by a transition 
from terrestrial siliciclastics into mixed marine 
sandstones, carbonates and evaporites. Significant 
spatial and temporal facies variations are represented by 
axial drainage due to synsedimentary faulting, both 
synthetic and antithetic to the master fault zone. In 
addition relay ramps and small-scale hangingwall sub-
basin fills are developed. During the later stage of basin 
evolution karstification of uplifted fault blocks occurred. 
Nevertheless, the isochronous horizons such as ravine-
ment, flooding or exposure surfaces can be correlated 
across the basin and can be used to reconstruct the 
tectonosedimentary model of basin evolution. The 
Billefjorden Trough is an onshore example of rifts 
formed in the Carboniferous on the Barents Shelf. The 
trough constitutes an excellent study area to understand 
basin heterogeneity and complexity of rift-forming 
processes, resulting in creation of sub-seismic scale 
elements such as faults and sandstone bodies. The 
Billefjorden Trough can be used as an analogue for 
Barents Shelf development as well as contributing to 
our broader understanding of rift basin evolution.  
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Vertically and laterally continuous (ca. 400*8000 m) 
high cliffs in Kvalpynten, Edgeøya, eastern Svalbard 
expose twelve small-scale (average length 700 m) half-
graben basins, bounded by NW-SE striking growth 
faults with 50-100 m offsets. Detailed studies of the 
sedimentary record show a shallowing-upward trend 
and a transition from prodelta siltstones to delta-top 
deposits. Growth faults have developed in the lower part 
of the section, which is draped by the undeformed upper 
part. The growth basins show thick wedge-shaped beds 
of very fine to fine-grained sandstones in a sharp contact 
with dark-brown siltstones/mudstones. Typically two 
cycles of coarsening upward units are recognized, 
consisting of prodelta siltstones, with thin sandstone 
beds generated by sediment-laden flows (e.g. 
tempestites and/or hyperpicnal flows) passing upward 
into tidal, heterolithic deposits with flaser, wavy and 
lenticular bedding, mud drapes and wave-reworked tidal 
rhythmites/bundles. Adjacent to the hanging wall of the 
faults massive or crudely bedded thick sandstones 
wedges have been rapidly deposited due to creation of 
fault-induced accommodation space. The sedimentary 
structures show numerous small-scale soft sediment 
deformation structures and disaggregation bands. The 
base of the sandstone wedges show slump-type folds 
and diffused convolute bedding. Increase in fault-
induced accommodation space affects the distribution of 
sedimentary facies, the shape of sandstone bodies, the 
dominating sedimentary structures, the bed thickness 
and their lateral variations. Although the growth fault 
systems studied in Kvalpynten are likely below seismic 
resolution they have considerable effect on sedimentary 
architecture highlighting the need for higher resolution 
studies and description of reservoir intervals.  
 

 
Charcterisation of Devonian 
successions from the Titicaca Lake 
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in the Bolivian Altiplano: Provenance 
and palynology of platform 
sandstones 
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Devonian rocks are the most important source rocks for 
hydrocarbon deposits in Bolivia. However, the exact 
stratigraphic position and the composition of these rocks 
are widely unstudied although parts of the formations 
contain large amount of fossil material.  
The Belén Formation, which is the study object here, is 
composed of quartz-arenites, sandstones, siltstone sand 
shales. Most of the lithotypes are fossiliferous, but 
siltstones and shales host the highest amount of corals, 
trilobites, crinoids, gastropods and brachiopods. The 
fossil content points to an Early Devonian age; more 
detailed determinations are not available.  
The Devonian rocks have been affected by several 
compressive events and most of the strata is folded and 
thrusted, but a thickness of c. 2000 m was assigned. 
During the end of the Cordilleran Cycle from the 
Ordovician to Middle Devonian, the Devonian rocks 
represent a transgression on a shallow platform open 
possibly to the west. Maximum known sedimentation 
rates are high with an average about 70, 85, and 100 m/
m.y. Subsidence was rapid and more intense to the 
southwest and increased through Devonian. Changes in 
paleocurrent patterns from Late Silurian to Late 
Devonian time suggest large-scale tectonic modific-
ations in the architecture of the basin.  
In this study we like to determine and understand the 
provenance of the rocks and to describe their reservoir 
qualities. Therefore we apply beside optical petrography 
and whole-rock geochemistry, detrital zircon age dating 
and high-resolution heavy mineral stratigraphy. Within 
the latter approach we will quantify the amounts of 
heavy minerals and identify and quantify each occurring 
mineral phase with optical petrography and Raman 
spectroscopy. Chemical variation in the heavy minerals 
will be determined with MLA and EMPA. MLA studies 
will also be used to determine grainsize, grainform and 
pore space abundances. 
The sampling area lies c. 3850 m high at the margins of 
the Titicaca Sea in northwest Bolivia where Devonian 
successions are widespread. In follow up studies we will 
compare these rocks with Devonian strata in central and 
southern Bolivia. 
 

Defining the Cryogenian System 
and new results from a candidate 
section – the Port Askaig Tillite, 
Scotland 
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The talk will cover two related topics. 
Cryogenian Subcommission. In 2009, the 
Neoproterozoic Subcommission of the International 
Commission on Stratigraphy decided on criteria to 
define the Global Stratotype Section and Point for the 
base of the Cryogenian Period/System: "The base 
….should be placed within an outcrop section at a 
precisely defined stratigraphic level (GSSP) beneath the 
oldest clearly glacigenic deposits in a Neoproterozoic 
succession. The chosen section should demonstrate 
proven potential for global C- and Sr-isotope 
stratigraphic correlation and preferably be amenable to 
microfossil biostratigraphy, isotope geochronology and 
other forms of global correlation such as 
magnetostratigraphy". The Cryogenian Subcommission 
was launched in 2012 with the initial aim of establishing 
a rock-based global stratotype section and point for the 
Cryogenian. Over the next years the Subcommission 
will be encouraging researchers to collect new 
geological data on candidate sections and will undertake 
visits to selected sections: the first visits have been to 
Scotland (2013, Port Askaig Tillite) and Death Valley 
(2014).  
Port Askaig Tillite (PAT). This occurs in the 25km 
thick Dalradian Supergroup and in Argyll is ca. 1000m 
thick containing almost 50 diamictite beds separated by 
sandstone, dolomite, conglomerate and siltstone 
interbeds. The base of the formation is conformable or 
slightly unconformable on the underlying stromatolite-
bearing carbonates. There is a progressive overall 
upward change in the stone content of the diamictites – 
from carbonate clasts to quartzite and granite clasts – 
and an accompanying change in their matrix. 
Glaciotectonic structures provide evidence of the 
presence of ice sheets. Numerous features suggest that 
the depositional conditions before, during and after the 
PAT were shallow marine to emergent to subaerial: tidal 
facies sandstone, periglacial structures (polygonal 
wedges, cryoturbations, frost-shattered stones), fluvial 
conglomerates. The 1000m sequence records repeated 
ice-sheet advances and retreats. The conventional, 
uniformitarian, interpretation of formations like the PAT 
is that they represent glaciomarine sedimentation on a 
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continental margin. Instead, the PAT seems to record 
repeated (ca. 20) ice-sheet glaciations within a continent 
(Rodinia) which contained a major, steadily subsiding 
basin - a non-uniformitarian setting. 
  

Oily ores and ore-encumbered oil 
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Whiffs of methane, clots of bitumen, and matrixes of 
hydrocarbon are known to inhabit the ore environment 
(e.g. Stein, 2014). Historically, ore geologists have 
linked hydrocarbons to ore deposits in only a few types 
(e.g., Mississippi Valley-type Pb-Zn, Carlin-type Au, 
and the enigmatic Witwatersrand Au deposit). Recently, 
organic chemists have realized the potential of their 
tools for study of ore genesis, especially in sedimentary 
environments, and they seek collaborators with 
experience in ore settings and knowledge of the 
construction of ore bodies. Both need one another to 
complete the picture.  
Organic material is a welcome residence for metals in 
the earth’s crust. Thus, organic-rich shales and 
hydrocarbon-bearing fluids should be viewed as source 
rock and transport media for metals, respectively. 
Metals do not simply leave shale in “hydrothermal 
fluids”; they leave because organic material reaches 
maturation. Their flight depends on whether heavy 
asphaltenes are left behind (flight cancelled), or heavier 
oil is able to migrate (take off). The dynamics of 
expulsion are poorly known. The big question is – what 
gives metal-encumbered oils a push out of the nest? 
Deep earth processes – (1) plumes struggling to extend 
Earth’s crust, (2) deserpentinization of old slabs in 
collisional belts beyond the traditional subduction 
sketch, and (3) reactivated, deep shear zones with an 
extensional component, providing heat, but far more 
critically, oxidizing fluids and volatiles with CO2, SO2, 
and H2O. The real instigator is the external fluid that 
wakes up a cargo of oil and metals ready to start the 
journey. We need to understand expulsion of metal-
encumbered oil. We must seek answers from new 
disciplines, and re-examine stale models for ore genesis 
that do not adequately address source rocks.  
Reference: 
Stein, H.J. 2014. Dating and Tracing the History of Ore 
Formation. Treatise on Geochemistry 13: 87-118. Elsevier. 
Support for time to think (HJS-JLH) – CHRONOS, funded by 
a consortium of Norwegian petroleum companies.  
 

Om petroleum i Norge 
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Mineralolje er dannet fra livsformer som levde for 
millioner av år tilbake i tid. Det er et helt unikt råstoff, 
som også har helt spesielle egenskapet som energibærer.  
I Norge er all olje- og gassvirksomhet utelukkende til 
havs, mens det er intet på land. Det er den geologiske 
historien som danner grunnlaget for hvor hydrokarboner 
kan forekomme.  
For å finne forekomstene, må alle komponentene i et 
petroleumssystem være til stede. Seismikk og 
brønnboring brukes for å få bedre kjennskap til 
undergrunnen. 

 
Leaving the classroom for Earth 
Science Studies 
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One of the competence aims in the subject Geoscience 
at Upper Secondary School is “to explore the geological 
conditions in an area outside of Scandinavia (…)”. 
Related to this, St. Olav has conducted study tours to 
Ainsa just south of the Spanish Pyrenees during a seven-
year period, where the main goal is to evaluate how 
bedrock, climate, landforms and geological resources 
are interconnected in the selected area. The Pyrenees is 
a relatively young mountain range and our research here 
provides students with an insight into the processes that 
formed the Caledonides. The geology of the Ainsa area 
is also very similar to the geology in the North Sea, and 
can therefore give us a better insight and understanding 
of the Norwegian Continental Shelf. 
The study tour was our first practical approach to 
geological fieldwork, and became for us a great learning 
experience with opportunities for a broader perception 
of reality. The tour was also an introduction to the 
pleasant social part of geology.  
The study looked at a range of outcrops at various 
locations in and around the Pyrenees, focusing on how 
landforms, depositional environments and bedrock 
compositions work in interaction and how these 
outcrops indicate how a former landscape might have 
looked like. In the physical exploration, we used tools 
from the “geological toolbox” and learned how these 
tools could help us obtain valuable data to support our 
geological interpretations. For example, we learned to 
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measure the gradient of sedimentary layers. Using 
measurements and observations of the strata at various 
locations around and west of Ainsa, and the use of 
digital tools in terms of satellite imagery, we discovered 
an anticlinal west of Ainsa. 
Geological fieldwork is needed to understand the 
geological resource base in an area, providing key 
knowledge in relation to the optimal use of geological 
resources. The lessons of the study led to a broader 
understanding of what geology is all about, both 
professionally and socially. The program has triggered 
several students to continue in geoscience classes at St. 
Olav, and most likely some of us will select a geo-
logically oriented study at University. 
References: 
St. Olav/ExxonMobil-prosjektet: 
Kimen Nr. 1/2014, D. Jorde (red), Naturfagsenteret: St.Olav 
videregående skole samarbeider med ExxonMobil, John-Erik 
Sivertsen, s. 36 - 38  
Olje og Energidepartmenetet, Meld. St. 28 (2010 - 2011) "En 
næring for fremtida – om petroleumsvirksomheten", paragraph 
8.7.4, box 8.9 
St. Olav/Pyreneene Kimen Nr. 1/11, D. Jorde (red), 
Naturfagsenteret: Feltarbeid - teori omsatt til praksis, John-
Erik Sivertsen, s. 98-105. 
 

Structurally controlled magma 
emplacement in the Knaben area in 
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The Knaben area lies within the recently defined Sirdal 
Magmatic Belt and is mainly known for its history of 
molybdenite mining. Within the dominating porphyry 
granite of the region, a N-S striking (~30° dip towards 
the east) zone, with a varying density of older xenolith 
sheets of amphibolite and granitic gneiss makes up the 
Knaben area, and has shown to be important for 
understanding the magma emplacement mechanisms 
and is hence of relevance for the molybdenite 
mineralisation. The molybdenite is mainly disseminated 
in a grey granite, and also related to structures and peg-
matites within the older sheets of granitic gneiss. 
Detailed geological mapping combined with 
geochronology, geochemistry, and structural analysis 
are used to unravel the tectonic history of the area. The 
Knaben area could possibly comprise a boundary 
between two individual plutons in the Sirdal Magmatic 
Belt, or a zone with remaining host rock. 
Geochronology of different domains shows no age 
difference in the later, less deformed granite. The earlier 
recognised xenoliths of amphibolite and granitic gneiss 

are more coherent then previously indicated, and some 
have been mapped as continuous bodies throughout the 
area, while others thin out as schlierens in the porphyry 
granite. These sheets have served as pathways for the 
porphyry granite. The structural analysis reveals 
consistent “top to the west” kinematics, with the 
ubiquitous presence of multi scalar duplexes, sigma 
clasts, thrust related pegmatites and associated 
asymmetric folds. An anastomosing shear zone network 
has been mapped out in detail within the area and is 
spatially associated with the distribution of molybdenite 
deposits. This style of kinematics is found within the 
earlier sheets, and within deformation bands in the later 
porphyry granite, and substantiates a consistent thrust 
related tectonic style during pluton emplacement, 
suggesting a syn-tectonic emplacement mechanism. 
Observations suggest a close temporal and spatial 
relationship between the placement of the grey granite, 
the thrust related structures and the molybdenite 
mineralisation. 
 
 

Exploration geology in the 
classroom – a collaboration case 
between school and industry – St. 
Olav Upper Secondary School / 
ExxonMobil, Stavanger / Sandnes 
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This yearly project was started in 2009 and is part of 
The Ministry of Petroleum and Energy’s (MPE) 
«Energiskolene» and The Ministry of Education and 
Research (MER) «Lektor II». It has attracted 
considerable attention, and is described as a pioneering 
model in the Norwegian government’s Petroleum White 
Paper where MPE writes: “Goaloriented efforts must be 
made to ensure recruitment from elementary school into 
higher education and research. The ministry is therefore 
identifying initiatives that may strengthen recruitment to 
basic teaching and education that is relevant to the 
Ministry’s fields of responsibility”. The MPE underlines 
that the intention of energy schools is to attract talented 
students and contribute to enhanced recruitment within 
petroleum and energy. The White Paper further reads: 
“This will be done in close cooperation between schools 
and the industry. A model here is the partnership 
between ExxonMobil and St. Olav high school in 
Stavanger”. 
During the project the pupils meet role models in 
geoscientists working the subject matters as part of their 
every day work life in the industry. They get to use their 
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skills not only in geology but also in such diverse 
subjects as Norwegian and English languages and , 
physics, chemistry and mathematics making this a truly 
intercurricular project. In the classroom the pupils are 
assigning tasks that include the study of actual field data 
like seismic lines, well logs and core samples. Over 
eight kilometers of seismic is being interpreted in 
addition to well logs from the Jotun field. They are 
doing calculations, coloring logs, separating shale from 
sandstone and detecting where in the logs the petroleum 
resources are hidden. At the end of the day their 
classroom interpretations are validated by studying 
actual core samples from Jotun wells at Weatherford’s 
laboratory, Sandnes. Here they can see with their bare 
eyes that the sandstone is surely porous, and that it is 
stained brown by oil which also can be detected by 
letting off an odour of petroleum. 
After working on their analysis and a documentation of 
their work a couple of weeks, the pupils are invited to 
the ExxonMobil offices, Sandnes to make presentations 
for a group of geoscientists, engineers and economists. 
Here they conclude by suggesting for the oil company 
appropriate places to drill in order to produce more oil. 
The school receives feedback from pupils perceiving the 
partnership as relevant, and some of the pupils said that 
work on this assignment had stimulated them to explore 
scientific subjects further, geology in particular. Out of 
the class participating in 2010/2011, as many as 12 out 
of 23 pupils went on to study geoscience. 
References: 
St. Olav/ExxonMobil-prosjektet: Kimen 1/2014, D. Jorde (ed), 
Naturfagsenteret: St.Olav videregående skole samarbeider 
med ExxonMobil, John-Erik Sivertsen, 36 - 38  
Olje og Energidepartmenetet, Meld. St. 28 (2010 - 2011) "En 
næring for fremtida - om petroleumsvirksomheten", paragraph 
8.7.4, box 8.9 
St. Olav/Pyreneene Kimen 1/11, D. Jorde (red), Naturfag-
senteret: Feltarbeid - teori omsatt til praksis, John-Erik 
Sivertsen, s. 98-105 
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The Gulf of Corinth is located in Central Greece and is 
the result of an extensional rift system, spanning from 
Miocene to Recent. This region offers an excellent 
opportunity to study rotated fault blocks and various 

environments that form as a result of them. The main 
focus of this study was to identify and map the flat 
sedimentary layers found in the Kalavrita and Kerpini 
fault blocks in order to understand if there is a 
relationship between the two blocks and significance in 
the half-graben fill sequence. These flat layers are 
located generally on the footwall areas, on top of tilted 
layers that fill the grabens towards the hanging wall, 
where the main depocenter with large amounts of 
acommodation space is located. An additional aim, is to 
investigate if the lower fluvial units found east of the 
Vouraikos river and the observed faults can be traced 
further to the east. 
The field area is located in a half-graben structure, 
controlled by the E-W striking Kalavrita and Kerpini 
faults in the south. The main sediment supply is the 
north flowing Vouraikos river. East of the Vouraikos, 
outcrops are characterized by a thick (~1000 meters) 
succession of fluvial and alluvial conglomerates. The 
section is affected by several faults. 
Field observations allowed us to: 
 - Identified more flat layers than previously recorded. 
The flat layers consist of alluvial conglomerates with 
clast sizes ranging from pebbles to cobbles, with 
interlayered consolidated sandstone beds. Imbrication 
was identified in certain outcrops. No growth strata is 
observed. Initial interpretation suggests that the 
sediments were deposited during the late syn-rift of the 
Kerpini fault block. However, it is still not clear how 
they could have been deposited close to the Dhoumena 
fault block footwall, given that the main depocenter is 
located in the hanging wall, couple of kilometres to the 
south, indicating a more complex geomorphology of the 
graben structure. The flat layers show a clear change in 
dip in comparison with the general conglomerates found 
in the two fault blocks. 
-The lower fluvial units east of the Vouraikos River 
were traced further to the east, along with the continu-
ation of the faults around the Mega Spileo Monastery, 
supporting previous work in the region. Based on 
sedimentological observations, initial interpretation 
suggests that the fluvial units east of the Vouraikos river 
do not correlate with those observed in the Kerpini 
block. A detailed elevation analysis will be conducted to 
better understand the 3D geometries between the 
different sections in order to reconstruct the 
geomorphology and how it could have controlled the 
deposition of the flat layers during the late to post rift 
period.  
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Carboniferous rocks in northern Spain are the main 
hosts for massive hydrocarbon deposits (coal) and have 
been deposited synorogenic to the Variscan orogeny. 
The Carboniferous shows therefore a transition from 
partly marine environment to clastic successions, when 
the first coal seems appear. Intercalated with clastic 
sedimentary rocks are still some carbonate layers. This 
study likes to compare the uppermost carbonate 
succession in the Carboniferous basin with the 
intercalated limestone beds. Therefore we apply besides 
optical petrography, electron microscopy, major and 
trace element geochemistry, C-O-Sr isotope 
geochemistry. This will lead to a thorough chemo-
stratigraphic section in one selected exposure. The 
application of these methods will allow in testing the 
possibility of correlation of limestones deposited in a 
rather clastic dominated environment. We will 
investigate the contamination by clastic material and try 
to trace fluid flow from meteoric water using rare earth 
elements. 
The sampled section is located in the Cantabrian 
Mountains close to the town San Emiliano. The format-
ion is divided in three members of which, the uppermost 
two have been sampled in its type locality, the La Majúa 
and Candemuela Members of early Moscovian age. The 
maximum thickness of the formation ranges from 1.800 
m to 2.400 m. The base of the formation rests mostly 
conformably on the Valdeteja Formation. The top of the 
formation is either cut off by thrust faulting or otherwise 
unconformably overlain by upper Stephanian rocks. The 
fossil content is very high especially towards the top of 
the formation with the occurrence of brachiopods, fusu-
lines, ostracodes, gastropods and megaflora. The rocks 
are slightly tilted and dip to the north. The siltstones and 
shales are mostly rich in carbonate (CaO 3-12 %) with 
SiO2 concentrations between 48-60 %. Th/Sc straddles 
around 1 and Zr/Sc ratios are between 10-30 pointing to 
slightly reworked fine-grained detritus. The total 
organic C is very low with 0.3-1 %. The associated 
sandstones are geochemically comparable with high 
higher SiO2 concentrations and low CaO (< 1 %). The 
rocks are texturally and compositionally immature and 

point to high sedimentation rates and show soft sedi-
mentary structures. Hence, it seems that the sea-level 
fluctuations, to allow the deposition of the limestones, 
have been strong and possibly as well tectonically 
driven during a relatively cold climate, as carbonate 
cement is often absent in the sandstones. Shales, in 
contrary, seem to contain carbonate either as clasts or in 
their matrix, which ahs to be clarified. 
 
 

Syntectonic sedimentation in the 
constrictional Kvamshesten basin,  
western Norway 
 
Svendby, A.K.1, Osmundsen, P.T. 1, Andresen, A.2 & 
Andersen, T.B.2, 3 
 

1 Geological Survey of Norway, N-7491 Trondheim, 
Norway. Anne.Kathrine.Svendby@ngu.no, 
per.osmundsen@ngu.no  
2 Department of Geology, University of Oslo, P.O.Box 
1047 Blindern, 0316 Oslo, Norway. 
t.b.andersen@geo.uio.no, arild.andresen@geo.uio.no 
3 Centre for Earth Evolution and Dynamics 
(CEED),University of Oslo, P.O.Box 1048, Blindern, 
0316 Oslo, Norway 
 
The Middle Devonian, alluvial-fluvial Kvamshesten 
basin developed in the hanging wall of the Nordfjord-
Sogn Detachment during large-magnitude regional 
transtension. The strain field was constrictional and 
characterized by vertical and north-south horizontal 
shortening combined with large-magnitude horizontal 
east-west extension. Thus both normal and reverse 
faults and folds developed at high angles to each other 
during basin sedimentation. Sedimentary units mapped 
in the Kvamshesten basin display systematic thickness 
variations in the vicinity of the syn-depositional folds 
and faults. N-S shortening appears to be more important 
for the geometry of sedimentary units than previously 
recognized. Stratigraphic thickness variations, facies 
transitions and complex onlap relationships are 
associated with a basin-scale fault-propagation fold at 
high stratigraphic levels as well as with syn-sedimentary 
extensional faults and folds. Syn-sedimentary 
extensional faults terminate downwards at the 
detachment fault and stratigraphically upwards into 
fault-growth monoclines. Together with the overall 
retrogradational stacking of sedimentary units in the 
east-west direction, the syndepositional faults and folds 
give rise to an intriguingly complex supradetachment 
basin architecture. The Kvamshesten basin serves as an 
example of how basins developed under overall 
constrictional strain may develop 3D stratigraphic 
architectures that reflect complex accommodation 
creation patterns. These will influence distribution and 
variation of sedimentary facies, thickness variations and 
other stratigraphic relationships. 
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Early break-up (~20 ka) of the 
Norwegian Channel Ice Stream of 
the Scandinavian Ice Sheet during 
the Last Glacial Maximum  
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Hughes, A.L.C1, Gump, D.2 & Vasskog, K.1 
 

1 Department of Earth Science and Bjerknes Centre for 
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Jan.Mangerud@geo.uib.no; Anna.Hughes@geo.uib.no 
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We report new results from an ongoing field campaign 
in southern Norway aiming at reconstructing the glacial 
and climate history during the period when the 
Scandinavian Ice Sheet retreated from the shelf and the 
outer coastal areas in south-western Norway. A new 
reconstruction of the ice sheet history during 
deglaciation is presented. The inferred ice sheet history 
is based on a number of cosmogenic nuclide exposure 
ages from glacially transported boulders that we 
recently have obtained from this region as well as other 
available data from moraines, lake basins and offshore 
seafloor sediments. The new ages demonstrate that the 
Norwegian Channel Ice Stream (NCIS), active during 
the Last Glacial Maximum (LGM ~21 ka), broke up as 
early as ~20 ka, leaving the islands Utsira and Karmøy 
permanently ice free ever since. We postulate that the 
ice sheet flowed across the Norwegian Channel to 
Denmark and onto the North Sea Plateau during an early 
phase of the last glacial, but when the NCIS started to 
operate this ice supply to the North Sea diminished. The 
fast flow of the NCIS led to a lowering of the ice 
surfaces on the shelf and presumably also a drawdown 
of the entire ice sheet. There is evidence to suggest that 
the Eurasian Ice Sheet complex as a whole was in a state 
of retreat soon after the collapse of the ice stream 
suggesting a common causal connection. We think the 
primary forcing mechanism for the early deglaciation 
was increasing high-northern-latitude insolation. The 
adjacent coastal areas of the Norwegian mainland 
remained ice covered for another 4000 years until ~16 
ka when the ice margin along the coast in the 
Boknafjord region started to retreat eastward towards 
the head of the fjord system. 

 
Tectonics and Sedimentation: Rele-
vance of field observations of an ac-
tive rift to prospect mapping of syn-
rift plays on the Norwegian Shelf  

Sverdrup, E. 
 
Bayerngas Norge AS 
 
The Upper Jurassic, syn-rift hydrocarbon play repre-
sents an important exploration target on the Norwegian 
Shelf. The prediction of reservoir presence, thickness 
and quality is however often challenging, mainly 
because of the complex underlying structural controls 
on deposition as well as variable preservation due to 
contemporaneous or subsequent erosion.  
Active rifts, exemplified by the Gulf of Corinth situated 
in the Peloponnesus peninsula in southern Greece, can 
help to better understand this hydrocarbon play. This 
area is considered unique with regards to study the 
evolution of modern rift systems, and the interaction 
between tectonic movements and sedimentation 
processes.  
Several recordings from the field analogues are relevant 
for understanding the development and characteristics 
of syn-rift sequences offshore Norway and the following 
will be exemplified: 
The significance of a pre-existing structural grain. 
Changes in syn-rift basin configurations and sediment 

transport directions, and the consequences on facies 
variations and geometry, as demonstrated by proximal 
scree to alluvial fans that laterally changes via fluvial 
and lacustrine deposits to distal deltaic and marine fan 
sequences.    

The style of basement - cover contacts from parallel 
bedding above a flat surface, to angular 
unconformities expressed by onlap upon an uneven 
(alpine) topography. 

Sub-seismic scale heterogeneities and sequence 
boundaries caused by fault activity, rate and type of 
sediment input, and/or changes in relative sea-level. 

The speed at which footwall degradation and erosion 
occurs, and the frequency of periods with sediment 
bypass/erosion and, locally, block rotations as 
expressed by intraformational unconformities. 

The diversity of fault block rotations caused by 
varying geometries of the master faults, and the 
consequences of fault activity at a shallow burial 
depth, expressed through geometry, growth faulting, 
deformation products and the consequences for 
sealing properties of faults. 

The examples shown have influenced our perception 
and expectations of Upper Jurassic syn-rift sequences 
targeted in certain areas on the Norwegian Shelf. The 
field observations are used to support models for 
sedimentary facies distributions, unconformities, 
sediment provenance and transport directions, depth of 
deformation, and small-scale heterogeneities. The rapid 
and major events of uplift, erosion and re-deposition as 
observed in the field put important constraints on the 
value of sequence stratigraphy based on biostratigraphic 
data. 
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Formations of Massive Quartz – 
Tourmaline (MQT)-rocks, in the 
Land’s End Granite, Cornwall 
 
Svergja, E.1, Larsen, R.B.3 & Sørensen, B.E.2 
 

1,2,3 NTNU, Sem Sælands veg 1, N-7491 Trondheim, 
email: elisesv@stud.ntnu.no, rune.larsen@ntnu.no, 
bjorn.sorensen@ntnu.no 
 
Different types of massive quartz- tourmaline (MQT)-
rocks are conspicuous features in the Cornubian 
Batholith in the Cornwall region. This study focuses on 
a poorly studied MQT-rock at Nanjizal Bay in West 
Cornwall. The aim of the thesis is to determine the 
origin of the MQT-rock by studying fluid inclusions, the 
rock forming minerals and to unravel if it has a 
magmatic or a hydrothermal origin. 
The MQT-rock lies in a coarse-grained biotite-rich 
granite with megacrysts of alkali feldspar. The country 
rock contact is sharp. A system of steep and sub- 
horizontal faults indicating dextral movement delineate 
the outer contact and geometry of the MQT-body. At 
the contact, the quartz in MQT-rock is coarser. Box-
shaped cavities with drusy- form quartz crystals 
throughout MQT, are thought to be the result of the 
decomposition of alkali feldspar porphyries by 
hydrolysis reactions. Quartz and tourmaline are major 
minerals, with subordinate apatite and cassiterite. 
Altered feldspar is observed. Several cassiterite crystals 
are sector zoned. The tourmaline may be subdivided 
based upon colours, structures and zoning; (1) amber 
brown zoned massive, (2) unzoned massive, (3) light 
blue, (4) dark blue lenses, (5) black brown fibrous and 
(6) white green needles.  
Three types of quartz-hosted fluid inclusions are id-en--
tified; two-phase liquid-rich inclusions, two-phase gas-
rich inclusions and three-phase inclusions with crystal, 
liquid and gas. Primary, secondary and pse-
udosecondary fluid track have been found. The cassi-
terite is coeval with the later stages of tourmaline.  
Results of XRD, XRF and EPMA analysis and 
microthermometry on fluid inclusions will be presented 
at the winter conference. 

 
Effects of sill emplacement on 
petroleum systems  
 
Sydnes, M. & Løtveit, I.F. 
 
Tectonor AS, Stavanger, Norway, ms@tectonor.com, 
ifl@tectonor.com 
 
 Sills are emplaced in many sedimentary basins through-
out the world. On the Norwegian shelf, sills are known 
to be present in the Norwegian Sea and the Barents Sea. 
Emplacement of sills greatly affects the temperature 

history of a basin. The increased temperatures are likely 
to affect 1) the transformation of organic matter into 
hydrocarbons in a source rock and 2) the reservoir 
properties due to diagenetic processes. Emplacement of 
sill complexes increases the temperatures over large 
areas. This may enhance source rock maturation and 
hydrocarbon generation at shallower depths compared 
to basins without sill intrusions.  
Diagenesis is a well known contributor to porosity and 
permeability loss in sedimentary basins. Models of 
quartz diagenesis show that the temperature increase 
around sills enhances the diagenetic processes in the 
sediments.  
Thick sills are characterized by vertical to sub-vertical 
columnar joints and horizontal to sub-horizontal joints. 
The fracture systems developing within sills are 
normally very well interconnected, and the fracture 
frequency is often high, so sills may have good reservoir 
properties due to high fracture-related permeability and 
porosity.  
During emplacement, hot magma comes in contact with 
much cooler host rocks often containing pore fluids. 
Due to contact-metamorphosis, this normally gives rise 
to the formation of a very low permeable zone between 
the sill and the host rock. If not fractured, these zones 
may act as effective traps for hydrocarbons. 
 

Teaching the symmetry part of the 
mineralogy syllabus using physical 
3D models 

Sørensen, B.E. 
 
Department of Geological and Mineral Resources 
Engineering, NTNU, Sem Sælands veg 1, N-7491 
Trondheim.  
bjorn.sorensen@ntnu.no  
 
The presentation of 3D symmetry to students in the 
mineralogy course poses a great challenge every year. 
Firstly the 3D thinking is completely new and secondly 
the stereographic projection is a challenge to many 
students. To account for this Foldable 3D crystal models 
using krystalshaper ® are made and student interact 
with them to define their symmetry. From the 3D model 
they are able to determine some of the symmetry, 
however for example in the cubic crystal system there 
are more than one correct solution for many shapes, and 
this only becomes evident after inspection of 
symmetries in the stereographic projections. This makes 
it more evident why projections are useful in 
understanding symmetry and other 3D relations. 
Transparent plastic ball are then displayed to the 
student, showing both projected faces, faces in 3D and 
symmetry elements. These physical models are a tool 
for gaining insight into the 3D world of crystallography 
for the first time. 
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Detailed study of microstructures 
across parting planes in quartz - 
relations between low-angle 
misorientations, twinning and parting 
formation 
 
Sørensen, B.E. & Kjøll, H.J. 
 
Department of Geological and Mineral Resources 
Engineering, NTNU, Sem Sælands veg 1, N-7491 
Trondheim.  
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This paper presents hydrothermal quartz with macro-
scopic planar parting from the Mesoproterozoic Modum 
complex in southern Norway. Similar macroscopic 
parting in hydrothermal quartz with macroscopic planar 
structures has only been described from two localities in 
the world; Madagascar (Flörke et al., 1981) and 
Southern California (Murdoch et al., 1938) 
The quartz is anhedral, inequigranular with undulose 
extinction bordering sub grain rotation. It has large 
planar penetrative parting faces with pearly luster; 
however this is not consistent throughout the outcrop 
and some places the penetrative faces disappears and the 
quartz has a conchoidal fracture. The planar faces 
continue throughout the specimens with a few mm 
spacing. Thin sections oriented perpendicular to the 
most pronounced planar structure show lamellas that 
extinguishes at small angles (2 degrees) to each other. 
EBSD mapping of the planar faces shows two 
orientations {0-111} and {1-101}, corresponding to the 
r- and z-faces respectively, separated by irregular 
boundaries. The misorientation between these two 
crystallographic orientations on the parting is a 60 
degree rotation on [0 0 1] in correspondence to the 
Dauphiné twin law. Investigations conducted on thin 
sections cut orthogonal to the parting shows that the 
parting cuts and offsets the Dauphiné twins, indicating a 
late genesis of the parting. However some internal stress 
induced movement of the twins are visible. 
SEM-CL documents three generations of quartz and 
two, possibly three, planar structures; two evident, one 
more obscure. The most prominent of the three appears 
to cut across the recrystallization, offsetting the 
recrystallization textures with varying distances. 
We propose a very late formation of the parting due to 
its crosscutting relationship with all features, such as 
recrystallized quartz, secondary fluid inclusion trails and 
twins. The parting develops in crystals that are 
optimally oriented with respect to σ1 in a fast, low 
temperature deformation event. Misorientation across 
the parting planes formed prior to the parting and the 
misorientation is caused by exposure of different parts 
of a deformed grain by offset along the parting planes. 
References: 
Floerke, Otto W., Mielke, Heinz G., Weichert, Juergen, Kulke 
Holger 1981: Quartz with rhombohedral cleavage from 

Madagascar. American Mineralogist, v. 66, p. 596-600. 
Murdock, Joseph Webb, Robert W. 1938: Notes on some 
minerals from southern California. American Mineralogist, v. 
23, p. 349-355. 

 
 
The Norwegian Centre for Science 
Recruitment 
 
Sørlie, M. 
 
Realfagsbygget, A blokk, 7049 Trondheim, 
Morten.sorlie@realfagsrekruttering.no 
 
Norway has a national science education strategy: 
Science subjects for the future 2010-2014. “Nasjonalt 
senter for Realfagsrekruttering”, works with measures 
that are anchored in this national strategy and the centre 
reports to the Ministry of Education. Our mission:  
Driving force in recruiting young people to science 
Matchmaker between different levels in the 

educational sector and between education ant the 
workplace 

 Information, advice, networking and evaluation work 
High competence in science and technology is a pre-
requisite in the present day and future society. The great 
challenges related to energy, environment and health 
must be solved by creative people with science 
knowledge in their toolbox. This means that the 
pedagogic approach to science subjects should motivate 
and create a sense of mastery with various types of 
people – both with the creative, the practical and with 
those who are altruistically inclined. This versatility is 
an important part of getting young people – and 
especially girls - to choose science subjects. Conscious 
variation of the pedagogical methods is a field we have 
to work with from the nursery school up to university. 
In parallel with the pedagogics, young people must get 
the opportunity to talk to good role models.  
Role Model  Agency:  “Rollemodel l .no” 
Rollemodell.no is a role model agency that offers 
engaged and dedicated role models to come and visit the 
schools. The role models represent a multitude of 
personalities, knowledge and experience within 
professions and studies related to science and techno-
logy. In such context, the youngsters may see that 
engineers and science graduates are engaged, creative 
individuals of both sexes that work with interesting and 
important social issues. This will contribute to inspire, 
show opportunities and tear down the prejudices that we 
know exist. It is evident that girls depend more than 
boys on good role models in order to make their choice.  
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Neodymium isotope signatures in 
basement rocks and reservoir 
sandstones, Edvard Grieg and 
Johan Sverdrup Fields, Norwegian 
North Sea 
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The Edvard Grieg and Johan Sverdrup discoveries were 
made by Lundin Norway in October 2007 in well 16/1-8 
and in August 2010 in well 16/2-6 respectively. The 
discoveries are located on the southern part of the Utsira 
High in the Norwegian Sector of the North Sea. 
Samarium-Neodymium (Sm-Nd) isotope data and 
petrographic analysis, including XRD, SEM and modal 
analysis of thin sections, have been performed as a 
standard on all exploration wells operated by Lundin 
Norway in both the PL 338 and 501 licenses. This has 
resulted in an extensive database of petrographic and 
Sm-Nd isotope data on rocks ranging in age from 
Ordovician basement to Valanginian sandstones and 
Ryazanian shales. Both discoveries consists of several 
reservoirs units, including fractured and weathered 
granitic basement. 
Sediment provenance studies have been performed by 
combining mineralogy and Sm-Nd isotope data together 
with detailed biostratigraphy. Neodymium isotope 
signatures in continental crust are controlled by the age 
of crustal growth events. Rare Earth Elements (REE) 
such as Samarium and Neodymium are insoluble in 
aqueous solutions and sediments therefore inherit the 
Nd isotope signature of sediment source areas. Previous 
studies on the Norwegian and UK shelf have shown that 
Neodymium isotope data can be a powerful tool in 
sediment provenance and correlation (i.e. Mearns, 
1989). Neodymium isotope data is especially applicable 
to Utsira High sediments due to the large spread of Nd 
isotope signatures in Utsira basement rocks. 
Basement rocks on Edvard Grieg comprise Silurian 
granites and caldera volcanics as well as minor 
Ordovician granites. Skagerrak Fm conglomerates and 
sandstones shows variable Neodyminum isotope 
signatures recording mixing between Silurian 
(143Nd/144Nd = 0.5122-0.5123) and Ordovician 
(143Nd/144Nd = 0.5117-0.5118) basement. Aeolian 
sandstones appear to be dominated by basement source 
material with Neodymium isotope signatures similar to 
Ordovician basement. 
Johan Sverdrup basement cores are dominated by 
Ordovician granites and rare ultramafic rocks showing 

variable degrees of chemical weathering. Triassic and 
older sediments have clay fractions consisting of 
chlorite, illite and smectite and show relatively 
homogenous Nd isotope signatures likely reflecting a 
mixture of Ordovician and Silurian basement sources 
together with a high degree of sediment reworking. 
Jurassic sandstones except those belonging to the Lower 
Statfjord Group are dominated by kaolinite  illite and 
record a sudden diversity in Nd isotope signatures 
indicating renewed input from new basement source 
areas. 
Combined XRD, Nd isotope and biostratigraphy have 
proven a powerful tool in detailed well correlation in the 
Southern Utsira High areas. Incorporating Nd isotope 
data and petrographic data provide valuable information 
about the depositional environment and sediment 
provenance that are important factors in defining the 
geological model. 
Reference: 
Mearns, E.W. 1989: Neodymium isotope stratigraphy of 
Gullfaks Oil Field, in Collinson J.D., ed., Correlation in 
Hydrocarbon Exploration: London, Graham & Trotman, 201–
215. 
 

The Norwegian Committee of 
Geoheritage and Geoparks 
 
Thjømøe, P. 1, Gentilini, S.2 & Dahl, R.M.3 

 
1 Coordinator of the Norwegian Committee of 
Geoheritage and Geoparks post@magmageopark.com 
2 Project Manager, Magma Geopark 
3 Team leader natural construction materials, Geological 
Survey of Norway 
 
From last October 2013, Pål Thjømøe the manager of 
Magma Geopark, is the Coordinator of the Norwegian 
Committee of Geoheritage and Geoparks (NCGG). The 
NCGG has been established following the mandate of 
the Geological Survey of Norway (NGU) for 2014: 
“NGU will develop and assist with geological 
knowledge for better management and visualization of 
geological diversity as a value in Norwegian nature” 
and taking in consideration the aspiring Geopark 
projects in Norway among these: Trollfjell Geopark , 
Geopark North , Hamar Mjøsa area, Rondane Geopark 
and Longyearbyen. The Committee consists of 
representatives from the following institutions: NGU, 
PROGEO; Norwegian Geological society; the Global 
Geoparks from Norway; UNESCO Norwegian 
Commission; Environmental Department; Museums 
engaged in geoscience issues. The network has a fairly 
broad mandate where the main tasks are: 
Support and quality assurance applications to the 

European / Global Geoparks 
Establish a national Geopark network, develop criteria 

for membership in a national network 
Develop characterization and value criteria for 

geological localities in Norway. The intention is to 
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develop it further with a PhD proposal aims to develop 
guidelines for the Management plan of the cultural 
and natural heritage in Geoparks. 

Promote and enhance the geological diversity: NGU 
has started to develop a database for geological 
diversity (http://geotest.ngu.no/kart/naturarv_94/ ).  

Focus on the educational aspects of the promotion and 
valorization of the geological diversity; 

The intention of the Committee is to act holistically and 
connect "geo" with all geosciences (GEA "Earth"). The 
"Committee” will support Geopark processes and 
stimulate the projects development. At the same time 
the NGU´s expertise will support all initiatives and the 
candidates aspiring Geoparks. 
 

Structure and petrophysical 
properties of deformation bands in 
carbonate grainstones along the 
Maghlaq Fault, Malta 
 
Thorsheim, E.1, Fossmark, H.S.S.1, Rotevatn, A.1 & 
Eivind Bastesen, E.1,2 
 
1 Department of Earth Science, University of Bergen, 
Allégaten 41, 5008 Bergen, Norway  
2 Uni CIPR Allégaten 41, N-5007 Bergen, Norway  
 
Deformation bands are tabular, mm-thick zones of 
localized deformation that are common in high-porous 
sandstones. Deformation bands may also occur in other 
granular materials, such as volcanoclastic deposits and 
carbonate grainstones, but are less understood. 
Motivated by this, we focus on deformation bands found 
in carbonate grainstone in the hangingwall of an 
extensional fault in southeast Malta, the Maghlaq Fault, 
in an attempt to elucidate their structural style and 
petrophysical properties.  
The Maltese Islands are located in the central 
Mediterranean on the northern flank of the Late 
Miocene to Quaternary WNW-ESE trending Pantelleria 
Rift system, where the main fault activity occurred in 
Plio-Quaternary times. The islands are affected by two 
sets of normal faults, ENE-WSW and WNW-ESE, 
where the majority of faults trend ENE-WSW. The 
Maghlaq Fault, located in southwest Malta, is the only 
major fault onshore that has a similar trend as the 
offshore Pantelleria Rift (WNW-ESE). The 
lithostratigraphy of the Maltese Islands comprises 
Oligo-Miocene pre-to syn-rift successions dominated by 
shallow marine coralline limestones and claystones.  
The studied deformation bands are hosted in carbonate 
grainstones of the Aquitanian to Serravallian age, 
Globigerina Limestone Formation; the maximum burial 
depth at the time of deformation is less than 300 m. 
Structural- and permeability data were recorded in order 
to characterize the deformation bands. Deformation 
bands are extremely abundant in the immediate damage 
zone of the fault, with intensities up to 12 deformation 

bands per meter recorded along scanlines. The bands are 
facies selective, occurring preferentially within a 
specific interval in the Globigerina Limestone. Thin 
sections and permeability data are being processed and 
analysed and the results will be presented at the 
conference. This will shed new light on deformation 
bands occurring in carbonate grainstones and the 
petrophysical implication for fluid flow in granular 
carbonate reservoirs.  
 

Mapping and research to illuminate 
the dark side of our fjords and 
coastal zone 
 
Thorsnes, T. 
 
Geological Survey of Norway, P.O.Box 6315 Sluppen, 
7491 Trondheim, email: terje.thorsnes@ngu.no 
 
The Norwegian fjords and coastal zone are made up of 
spectacular landscapes, resulting from a long and 
complex history of evolution, probably dating as far 
back as to the Cretaceous, and possibly the Jurassic. 
Uplift phases during the Cenozoic, glacial erosion and 
other processes during the Quaternary have been the key 
factors for sculpting the fjords and coastal zone as we 
see them today. Major rock slides and other events 
remind us of the fact that these landscapes are highly 
dynamic. The high geological diversity has provided, 
and continues to provide, the basis for extensive 
economic activity, and the coastal zone including the 
fjords forms the preferred habitat for the majority of the 
Norwegian population.  
Over the last decade, new technologies such as multi-
beam bathymetry and other sophisticated acoustic and 
visual systems have allowed a much better mapping of 
geological features and processes. This has given a far 
better understanding of the dynamic geology, and much 
better possibility for integrating geology with other 
disciplines. Geohazards, both sub-aerial (e.g. major rock 
slides) and submarine slides have been documented, and 
the increased understanding helps predict future events. 
The recognition of close links between geology and 
biology - for example the Tautra Coral Reef sitting on 
top of the Younger Dryas Tautra Moraine in the 
Trondheimsfjord is a good illustration of the ability we 
now have to integrate geology with other sciences. 
Detailed geological and oceanographic data now 
underpins one of Norway's most important industries - 
the aquaculture - and these data are helping the industry 
to become more sustainable and more profitable. State-
of-the-art technologies such as Synthetic Aperture Sonar 
mounted on Autonomous Underwater Vehicles allow us 
to image seabed features in unprecedented detail - 
revealing features down to a few centimetres over 300 
m wide swaths, giving entirely new possibilities to 
understand seabed features and processes. 
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Earth Evolution and Dynamics 
 
Torsvik, T.H. & Gaina, C. 
 
Centre for Earth Evolution and Dynamics, University of 
Oslo, email: t.h.torsvik@geo.uio.no 
 
The Centre for Earth Evolution and Dynamics (CEED) 
is hosted by the Department of Geosciences and funded 
by the Research Council of Norway as a Centre of 
Excellence (2013-2023). CEED is dedicated to research 
of fundamental importance to the understanding of our 
planet, which embraces the dynamics of the plates, the 
origin of large scale volcanism, the evolution of 
climates and the abrupt demise of life forms. This 
ambitious venture will hopefully result in a new 
understanding of Earth’s evolution and of how the solid 
Earth has interacted with atmosphere and biosphere 
through time. Our planet’s first order changes in climate 
and biodiversity strongly depend on the configuration of 
continental landmasses and ocean basins through time 
and it is thus crucial to reconstruct in detail the evolut-
ion of Earth’s crust. CEED will bridge the knowledge 
gap between (1) plates and plumes, and (2) the process-
es leading to the rapid changes in the atmospheric con-
centration of greenhouse gases documented in the geo-
logical record. Our results will also improve our know-
ledge of similarities and differences between Earth and 
other terrestrial planets, and perhaps the most funda-
mental question is why the Earth appears to be the only 
terrestrial planet with plate tectonics. To ensure that the 
CEED mission is effectively met, activities are carried 
out within the following thematic research framework: 
 Dynamic Earth: Plate motions and Earth history 
 Deep Earth: Materials, structure and dynamics 
 Earth Crises: Large Igneous Provinces, mass 

extinctions and environmental changes 
 Earth Modelling: Numerical models of Earth 

Dynamics 
 Earth and Beyond: Comparative Planetology 
 Earth Laboratory: Paleomagnetism and Rock 

Magnetism 
 

Plate Tectonics, true polar wander 
(TPW) and the long-term climate 
system 
 
Torsvik, T.H.1, Gaina, C.1 & Steinberger, B.1,2 

 
1Centre for Earth Evolution and Dynamics, University 
of Oslo, email: t.h.torsvik@geo.uio.no 
2Helmholtz Centre Potsdam, GFZ, Germany 
 
Greenhouse climate (warm & humid conditions) that 
dominated the Phanerozoic climate history is associated 
with continental dispersal, higher sea-floor production, 
high sea-level and CO2 production. Dispersal and 
assembly of landmasses that open and close vital 

oceanic gateways profoundly affect ocean circulations, 
climate and distribution of fauna and flora. The oceanic 
‘carbon source-sink’ processes also depend 
fundamentally on the configuration of oceanic areas 
through time: seafloor spreading rate, the length of 
active ridges, oceanic crust ages, subduction rates, age 
and latitude of subducted slabs, and the volumes of 
ocean basins. In addition, subduction processes 
contribute to changes in global geochemical cycles 
through sediment recycling and related volcanism. 
TPW is also an important, albeit relatively unexplored 
mechanism, to impact the climate system. During TPW 
events, some areas would become warmer (moving 
away from the poles), others colder whilst yet others 
should experience only minor changes. For example, 
TPW caused the Earth's spin axis to move ~28o (~3000 
km) during the Jurassic, leading to documented climatic 
changes in the Barents Sea region and the Tethyan 
realm. As another example, the North Atlantic bordering 
continents experienced a Cenozoic northward compo-
nent of plate-tectonic motion of ~6°, and a TPW contri-
bution of ~12°, that eventually led to conditions favour-
able for large-scale glaciations to commence on Green-
land. 
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The Skaergaard Intrusion is a layered gabbro located on 
the East coast of Greenland. It formed about 56 Ma 
during a volcanically active period when the Icelandic 
mantle plume induced massive flood basalt volcanism in 
the region.  
The intrusion formed from a single magmatic batch 
emplaced at the boundary between flood basalts and 
Precambrian basement gneisses. Here it cooled under 
the formation of three layered series i.e. the Layered 
Series (LS), the Marginal Border Series (MBS) and the 
Upper Border Series (UBS) which is the focus of our 
study. The scope of the present study is to decide if late-
magmatic aqueous volatiles in the UBS mimic the 
previously known evolution of volatile fluids in the LS 
and if these fluids were involved in the genesis of the 
PGE-Au deposits known from the Skaergaard Intrusion.  
The measurements are performed on primary fluid 
inclusions that are found in granophyric quartz through-
out UBS. The fluid inclusions are mostly euhedral or 
subhedral and about 5-15 μm in diameter. Most of the 
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fluid inclusions consist of a liquid and a vapour bubble 
(10-40%).  
So far we have completed our analysis of fluid inclus-
ions in the Sandwich Horizon (SH) which is the last 
layer that formed during crystallization of the 
Skaergaard magma. The average of observation of 
phase behaviour in over 70 inclusions shows the 
following behaviour. During heating from -100°C we 
can see the fluids go from being totally frozen to a 
subtle transformation at -42°C on average, to a first 
melting of water at -22 to -20°C. Final melting of all 
solid phases happened on average at -1.5°C and total 
homogenisation happened in the liquid phase at 259°C. 
Final melting is interpreted as a hydro-halite melting. 
These results imply that the SH-volatiles are NaCl 
dominated with salinities of more than 23.2- 26.3 wt% 
NaCl equivalents.  
Analysis of fluid inclusions from the remaining part of 
UBS will be presented and discussed at the winter 
conference. 
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Normal faults are common above salt diapirs. These 
faults may form due: (i) active diapirism and over-
burden stretching; and (ii) thin-skinned, gravity-driven 
extension that promotes salt flow and reactive diapirism. 
This study tests models derived from physical models of 
supra-salt faulting during rise and fall of diapirs during 
thin skinned extension. To do this, we constrain the 
three-dimensional structure and spatiotemporal 
evolution of supra-salt fault systems that formed in 
response to the growth and demise of an array of salt 
walls and stocks in the Egersund Basin, Norwegian 
North Sea. We achieve this through (i) 3D seismic 
mapping of faults and age-constrained growth strata; (ii) 
3D mapping and backstripping of fault throw; and (iii) 
analysis of expansion indices and thickness maps in 

adjacent pre-, syn-, and post-kinematic strata. Two 
ENE-WSE-striking supra-salt normal fault systems form 
the margins of two c. 15 km long, c. 8 km wide graben 
separated by a large (2.7 km tall) salt stock (Delta 
Diapir). Individual fault segments are up to 15 km long 
and accommodate up to 2.2 km of throw. Our analysis 
of fault throw suggest that the fault array developed in 
three stages; (i) Movement on a thick-skinned, basin-
bounding fault, which initiated in the Late Triassic, 
caused salt mobilization by base-salt tilting, and 
nucleation and initial syn-sedimentary growth of the 
fault systems by thin-skinned extension; overburden 
stretching drove reactive diapirism and salt wall growth 
that continued into the Middle Jurassic, (ii) major syn-
sedimentary fault growth in the Early Cretaceous linked 
to extensional collapse of walls during continued thin-
skinned extension, and (iii) active diapirism occurred 
until Neogene times, simultaneous with minor reactive 
diapirism and collapse along strike of the fault array. 
This study showcases a three-dimensional example of 
how multiphase salt diapirism may influence fault 
geometry and evolution, where fault array growth is 
controlled by reactive diapirism, diapir collapse and 
active diapirism, which may occur simultaneously along 
strike. 
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Preliminary investigations within the Todalen member, 
Central Tertiary Basin, Spitsbergen indicate that the 
Longyear, Svarteper and Askeladden coal seams yield 
up to 200 kg/tonne oil via retorting at temperatures of 
525 °C whilst also leaving a potentially valuable 
residual coke (Wang, 2011). This study aims to 
investigate the retortion potential of these coal seams 
from four sub-regions; Bassen, Breinosa, Lunckefjellet 
and Colesdalen. Oil potential was also assessed by 
means of soxhlet extraction and Rock Eval pyrolysis. 
Highest bulk yields were obtained at Lunckefjellet (160 
kg/tonne) with sections within seams yielding up to 
240 kg/tonne. At Breinosa and Colesdalen, yields of 
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140 kg/tonne and 100 kg/tonne respectively were 
measured. Lowest yields (80 kg/tonne) were observed 
at Bassen possibly due to weathering within the field 
section. Residual coke comprises around 62% of 
starting material in all locations. Bulk soxhlet yields 
(90 kg/tonne) and Rock-Eval S1+S2 yields (280 kg/
tonne) both suggest coals from Lunckefjellet have the 
greatest oil potential. Retortion yields are notably 
affected by coal swelling/blocking of reactor; 
consequently, further analyses (such as Grey-King 
assay) are required to fully measure oil potential in 
these coals. 
Rock-Eval analysis indicates the coals are composed of 
a mixture of Type II/III material with relatively high HI 
values (ca. 250 - 400 mg/g TOC). The Tmax (430 – 450 
°C) indicates that the coals are within the effective oil 
window for Cenozoic coals (Petersen, 2006). Greatest 
oil potential is favoured by conditions which are 
hydrologically stable, with high bacterial degradation 
(>100 μg/g TOC hopanes), marine influence (>0.5 wt% 
sulfur, Fe/S <0.9) and a high latitude temperate 
climate, leading to preservation of hydrogen rich 
organic matter through organo-sulfur bond formation. 
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Mechanical fragmentation driven by ice growth in pores 
and fractures provides first order controls on the overall 
weathering rates in subarctic climate zones where 
chemical weathering is slow due to low temperatures 
and limited availability of water. Nevertheless, porosity 
formation and changes in rock strength associated with 
mineral dissolution and associated precipitation 
reactions in thawed rock represents an important 
preconditioning step for subsequent ice cracking. In this 
work, we present new insights that couples chemical 

and mechanical processes involved in subarctic 
weathering of ultramafic rocks, based on observations 
from the Feragen ultramafic body, SE Norway. Our 
observations have implications for element cycling 
between the continents and oceans and uptake of 
atmospheric CO2 both in natural gravel and mine 
tailings. 
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The Palaeozoic sediments present in the Oslo area 
reflect the outward growth of the Caledonian Orogen, 
making it a classical area for the study of frontal thrust 
systems. Bruton et al. (2010) proposed a revised 
structural model for the tectonic development of this 
basin, but detailed structural field data to support the 
model is still lacking. Analogue mechanical laboratory 
models were performed to better understand the 
structural inhomogeneities affiliated with the proposed 
structural model. 
The present study covers two profiles; a 5 km NW-SE-
section in the Viul and Klekken areas and 8 km N-S 
along section along the eastern shore of Tyrifjorden just 
south of Sundvollen. The Viul and Klekken areas show 
deformation characterized by duplexes (10 by 100 meter 
scale), shear zones and localized upward strain-transfer 
associated with the Klekken Fault and its major footwall 
syncline. The section along the shore south of 
Sundvollen shows open folding on the scale of hundred 
of meters and severe strain localized in the Utstranda 
pop-up generating an anticlinorium. Deformation in this 
section is strongly affected by backthrusting, which is 
localized below the mechanically strong Ringerike 
sandstone. Similar strain localization and strain transfer 
are observed in the analogue models. 
The analogue models and field observations agree in 
terms of variation in deformation styles and presence of 
high and low strain regimes. The field observations also 
match the model from Bruton et al. (2010) and indicate 
a tectonic transport direction towards the SE and a 
dominant fold axis of 060/10 throughout the area.  
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The Oslo foreland basin is comprised of Palaeozoic 
sediments that are deformed during the Caledonian 
orogeny and is a classical area for the study of frontal 
thrust systems in orogens. A revised structural model for 
the development of this basin proposed by Bruton et al. 
(2010) suggesting the existence of multiple levels of 
thrusting lacks detailed structural field data for 
supporting his model. In order to improve his model of 
the Oslo area and increase the understanding of the 
Caledonian history, field and analogue modelling 
studies were performed.  
An 8 km N-S profile has been constructed in the 
Slemmestad area and a calcite veins study has been 
conducted in a 3 km section at Fornebu and Bygdøy. 
The structural style of the Slemmestad area is domi-
nated by large thrusts and shows alternating zones with 
high and low strain. The Fornebu and Bygdøy sections 
contain multiple generations of calcite cemented faults. 
Cathode luminescence and thin section study of the 
calcite veins combined with the field data shows the 
relative sequence of formation of the veins. The 
combined field data shows multiple structural levels 
with a WSW-ESE-striking dominant structural grain 
(thrusts) paralleled by a system main 060/10 fold axis, 
supports the interpretation of dominant SE-transport in 
the study area at the west shore of the Oslo fjord. 
Analogue modelling also produced multiple structural 
levels with alternating zones of high and low strain. 
Furthermore, they displayed similar structures as 
observed in the field such as back trusting, pop-ups and 
horses. Both the field studies and the analogue models 
correlate well with the suggested model of Bruton et al. 
(2010).  
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The effect of aqueous chemistry on chalk has been 
extensively studied. In this study, two chalk cores from 
Upper Cretaceous chalk sampled nearby Stevns Klint 
(Denmark) were mechanically tested at effective 
stresses beyond yield and at 130°C during flooding of 
0.219M MgCl2 and 0.657M NaCl brines (test SK1 and 
SK2 respectively). The flooding time was 60 days and 
97 days for SK1 and SK2 respectively. 
Chalk from Stevns Klint is homogeneous in terms of its 
geochemistry reflecting monotonous mineralogy. Aver-
age CaO concentration is around 55.70% and MgO 
abundance is as low as 0.27% to 0.32%. SiO2 varies 
slightly from 0.3% to 0.42%.  
The chalk after flooding with NaCl (sample SK2) does 
not show any significant changes in its geochemistry, 
but a slight loss in mass (0.16g). When studying the 
NaCl flooded chalk with Scanning Electron Microscopy 
(SEM) and Mineral Liberation Analysis (MLA), no 
textural changes can be observed. Geochemical data do 
not point to any mineralogical reactions. 
In contrast, when the chalk was flooded with MgCl2 
(sample SK1) severe changes in MgO and CaO can be 
observed. The amount of MgO increased from 0.30% to 
5.68% while the CaO decreased from 55.60% to 
53.33%, which corresponds to a net mass loss o 1.71g. 
Textural changes for this chalk are visible with newly 
formed magnesite and few dolomite crystals in the 
matrix.  
We can state that: 
1. Chemical reaction forcing calcite dissolution and 
subsequent magnesite precipitation happened in chemo-
mechanical tests on Stevns Klint chalk core when 
flooded with MgCl2 brine 
2. Only a slight mass loss was observed in NaCl flooded 
chalk induced by the non-equilibrium of the injected 
brine with the tested sample.  
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A fruitful cooperation between the Røros museum & 
national park and the Geological Survey of Norway has 
resulted in a geological trail and a educational program 
for 5th graders in primary school and with the aim to 
target the 3rd and 7th graders in the nearest future. The 
schools involved are the Røros and Os barneskole 
(primary school). For the past two years, Wolden and 
collaborators completed lessons , and exercises in the 
classroom followed up by a geological trail where the 
children can see the geological phenomena that was 
demonstrated in the classroom.  
With relative simple props, the use of ice-cubes in milk 
cartons and sand in a "box", are glacial erosion and 
processes making glacial land forms demonstrated. 
Buried balloons in a sand pile make a realistic kettle. 
These phenomena are later studied in real scale along 
the geological trail.  
Here are some examples of how geology can be made 
fun and understandable for pupils at all ages and this 
project has had great success among the children.  
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Glacial history in the southern Barents Sea region is 
assumed to have begun about 1.0 Ma ago, resulting in 
repeated glacial advances reaching the western shelf 
break (Knies et al., 2009), but the number of glaciations 
is still disputed. Except for the Last Glacial Maximum 
(LGM), the Barents Sea ice sheet extent and ages of 
each advance are however very uncertain. Although 
average estimates exist, it is unknown how much 
sediment was eroded and how much was deposited on 
the Barents Sea shelf during each of the individual 
advances. Another problem is how much glacial erosion 
affected the sedimentary bedrock and how much 
affected soft glacial-interglacial sediments. These 
unknowns complicate the prediction of the isostatic 
response within glaciated basins. 
In this study, these problems were tackled by using an 
approach consisting of two parts. In the first part, the 
ages of glacial events were determined based on a new 
method using published historic ice-sheet volume 
estimations (de Boer et al., 2014). In the second part, the 
problem of the sedimentary budget is investigated by 
using a new Monte Carlo modelling approach where the 
Pliocene-Holocene sedimentary cover is calculated as a 
function of glacial erosion and deposition as well as 

interglacial deposition. The study focuses on the outer 
Bjørnøyrenna area (western Barents Sea). 
The results show that the study area was occupied by 
the ice sheet only during four marine isotope stages: 
MIS 2, MIS 6, MIS 12 and MIS 16. To validate the 
methodology, the same calculations were performed for 
the eastern Barents Sea, which showed that this area 
was glaciated during 8 marine isotope stages; this agrees 
with suggestions of Laberg and Vorren (1996). During 
these glaciations high rates of erosion (in the range of 
35-60 mm/a) and deposition (up to 145 mm/a) 
prevailed. High deposition rates favoured erosion of soft 
glacial-interglacial sediments more than erosion of the 
sedimentary bedrock. The sedimentary bedrock is 
believed to contribute less than 50% of the total 
sediment eroded during the Pleistocene glaciations. 
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Chalk is often associated with chert bands or chert 
nodules in rock successions of Cretaceous age. We 
sampled in two areas different types of cherts - nodules 
and bands - and analysed Si-D/H-O isotopes on the 
silica-rich rocks. 
In Northern Ireland the chert belongs to the Ulster 
White Limestone and is interpreted as a result of 
precipitation or organic origin. The formation was 
deposited from the late Santonian to early Maastrichtian 
in a shallow marine epicontinental basin. Facies 
variations in the chalk (CaO 54-57 %; MgO < 0.3 %) 
are revealed by changes in the faunal content, the 
presence of hardgrounds and of ubiquitous bands of flint 
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nodules. δ13C and δ18O isotope values in chalk are 
typical for the depositional time and point to a primary 
origin. SiO2 concentrations in the chert range from 95-
97 %.  
In the Mattinata Formation, which crop out in eastern 
Italy, chert bands are short and nodules are abundant. 
The chalk of the Mattinata Formation has been 
deposited in a slope to deep marine basin environment 
during the Late Aptian until the Albian. The chalk (CaO 
53-56 %; MgO < 0.5 %) seems to reflect primary δ18O 
isotope values, comparable to similar aged chalk 
deposits elsewhere, but δ13C isotope values are often 
disturbed and more negative than comparable exposures 
pointing to a cold deep marine basin. The chert contains 
slightly more SiO2 than in the samples of Northern 
Ireland with 96-98 %. 
δ29Si and δ30Si are positive in samples from Mattinata 
and negative in those from the Ulster White Limestone 
Formation. Both chert sample sets can be clearly 
differentiated as well by δ18O with values below 35 ‰ 
for samples of Northern Ireland and values higher than 
35 ‰ for chert from the Mattinata Formation and δD, 
which are constantly more negative in the Northern 
Ireland (-89 - -103) samples compared to those from 
Mattinata (-69 - -84 ‰).  
These results point to a marine origin for the cherts from 
Mattinata, while those form Northern Ireland have been 
influenced by meteoric water. This would explain the 
higher amount of trace elements like Rb, Zr and Y in 
chalks of Northern Ireland and support the shallower 
depositional environment compared to Mattinata chalk 
and chert. The next step will be the calculation of 
seawater temperatures for paleoclimatic constraints. 
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Parameters measured by well logs define rock properties 
and seismic reflections at lithology interfaces. 
Parameters from standard embedding claystones are 
normally used when calculating top sand AVO 
response, but this might give erroneous results where 
the real claystone rock properties deviate from the 
standard. Using cuttings and high-quality wireline logs 
from well 34/8-A-33 H above the Visund Field in the 
northern North Sea, we evaluate rock properties of 
Pleistocene glaciomarine claystones, Lower Miocene 
and Upper Oligocene oozy claystones, Lower Oligocene 
and Eocene smectite-rich claystones, and two 

interbedded sands (injectites). Glaciomarine claystones 
fit best with the Greenberg-Castagna equation and have 
the highest measured velocities even though they are the 
shallowest buried sediments. ESEM analysis proves the 
Lower Miocene and Upper Oligocene claystones to be 
oozy. The amount of low-density oozy material causes 
significant shifts in the log curves and makes the ooze-
rich claystones plot far off the trend given by the 
Greenberg-Castagna equation. We therefore suggest a 
new equation for S-wave velocity prediction for ooze-
rich claystones with average densities between 1.7 g/
cm3 and 1.85 g/cm3. The Vp/Vs ratios increase with 
depth in the Lower Oligocene and Eocene claystones of 
the Hordaland Group and we interpret this to reflect a 
downward increase in the amount of smectite, which 
existence is proven by XRD analysis. We model how 
the seismic response at the top of a sand change with 
embedding claystone type, saturation fluid, and offset. 
In glaciomarine claystones the top of a brine-saturated 
sand corresponds to a negative trough reflection, in 
ooze-rich claystones to a positive peak reflection, and in 
smectite-rich claystones the reflection amplitude is close 
to zero. The predicted AVO response of sands in oozy 
claystones is highly dependent on whether the measured 
or calculated S-wave velocity has been used in the 
modeling.  

 
After and before the storm: effect of 
erosion during heavy climate events 
on the composition of sediments, a 
comparison of provenance 
information 
 
Årlebrand, A.1, Hope, B.1, Andò, S.2, Zimmermann, 
U.1,3, Vezzoli, G.2 & Borromeo, L.1,3 
 
1 Department of Petroleum Engineering, University of 
Stavanger, 4036 Stavanger, Norway; 
udo.zimmermann@uis.no 
2 Department of Earth and Environmental Sciences, 
University of Milano-Bicocca, Milano, Italy; 
sergio.ando@unimib.it 
3 The National IOR Centre of Norway, University of 
Stavanger, Ullandhaug, 4036 Stavanger, Norway 
 
Heavy minerals found in sediments convey specific 
information on the genesis of their source rocks, and 
thus is particularly useful in provenance diagnoses and 
palaeotectonic reconstructions. However, quantitative 
mineralogical analysis can be performed in modern 
sands and in costal deposits to investigate erosive 
events. The concepts and methods illustrated in this 
study apply to sorted sediments deposited in subaerial to 
subaqueous environments in a beach of the Ionian Sea 
in Calabria (Squillace Lido) hit by a Medicane 
(Mediterranean hurricane) in 2009. This study provides 
a key to better understand sedimentary processes from 
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hydraulic sorting during big storms. The density 
distribution of heavy minerals provides a key to assess 
hydraulic effects in the sedimentary environment. Three 
simple indices, apt to this purpose, can be used: % 
opaque = percentage of opaque grains ( density 4.50 to 
5.30 g/cm3: ilmenite, magnetite, hematite) over total 
heavy minerals; % ultradense = the percentage of ultra-
dense transparent grains (density ≥ 3.80 g/cm3) over 
total identified transparent heavy minerals; % ZR = the 
percentage of ultradense ultrastable grains (zircon and 
rutile) over total ultrastable grains (zircon, tourmaline, 
and rutile). Anomalously and concomitantly high HMC 
(heavy mineral concentration index), SRD (Source Rock 
Density index), % opaque, % ultradense, % ZR, indices 
indicate the effect of hydraulic sorting, as in placer 
deposits. Settling-equivalence analysis represents an 
effective tool to investigate depositional processes in 
different environments, opening fresh new paths for 
research evaluating the intensity of costal erosion in 
modern sediments. Heavy minerals and bulk 
petrography studies represent a powerful tool opening 
up new frontiers in sedimentology and in the 
reconstruction of climate changes in the geological past. 
 
 

Geological outreach through 40 
years.  
 
Aarseth, I.  
 
Universitetet i Berge, inge.aarseth@geo.uib.no 
 
I was asked to give my experience of Geological 
outreach from my professional career as a geologist. By 
outreach I mean to pass on the science of geology to 
non-geologists, either from my own scientific results or 
just simply to pass on basic geology. Geology is a wide 
subject of limited knowledge to the public. Therefore it 
is best to combine the geology to a subject more 
familiar to the audience like history or landscape/
landscape formation.  
Geology is best presented outdoor, but this is not always 
possible. Therefore good pictures are essential. Pictures 
showing a dynamic geologic process is better than 
pictures of a section. 
My outreach has been of several kinds: written (in 
books), talks (accompanied by good pictures/maps), 
excursions to locations with instructive forms/processes. 
My best experience is when I can demonstrate the 
results of a simple geological process. Examples are 
waves on a beach, flowing water in a river, talus under 
mountains or moraines in front of a glacier. 
During the last years I have made several Nature trails 
(with geology) in the neighbourhood  of schools in the 
Bergen area. The trails are not marked but exist on a CD 

with text, pictures and maps. This is done by detailed 
reconnaissance of the geology (both bedrock and 
landforms/processes) around the school and choosing 
locations along the path/road. The locations are 
numbered and marked on a good map. Locations where 
minerals as well as bedrock can be determined are 
chosen. The trail guide is accompanied by a description 
with picture of all the stops as well as text which gives a 
simplified geologic textbook of the area. Examples of 
simple experiments with geologic relevance are given to 
help the teachers to demonstrate geology in the class as 
well as in the field. The best is to have a teacher on the 
school interesting in geology and to arrange an 
excursion with all teachers using the trails. 
 
 

West Norwegian Fjords ("UNESCO 
Fjords") on www.geologi.no 
 
Aarseth, I.1, Nesje, A.2 & Fredin, O.3 
 
1GEO, University of Bergen, Allégt. 41, N-5007 Bergen 
inge.aarseth@geo.uib.no 
2GEO, University of Bergen, Allégt. 41, N-5007 Bergen 
atle.nesje@geo.uib.no 
3NGU, N-7491 Trondheim ola.fredin@ngu.no 
 
The Geological Society of Norway has now published 
some of the excursion guides from the excursions 
arranged during the IUGS congress in Oslo in 2008. On 
their internet page www.geologi.no you will find them 
under "Geologiske guider": Two editions, # 2-2014 in 
Norwegian ("Nynorsk") and # 3-2014 in English. Both 
language editions are given for the web as well as for 
printing.   
Colleagues have written chapters on their special 
subjects: Bedrock geology, Deglaciation, Cirque 
glaciations in Younger Dryas and the Åknes rockslide. 
This five days excursion starts and ends in Bergen. 
Locations along the route are given in GPS (UTM 
coordinates). You will be travelling by car or ferry 
along both fjords listed on the World heritage site as 
well as the areas in between. The trip is best run during 
the summer months when the ferry schedules are most 
frequent and some of the mountain roads are closed 
during parts of the year.  
The guide can give you an overview and a detailed 
insight in the formation of fjords in addition to the 
geological processes taking place in the fjord 
environment today. You will see the drastic change in 
glaciers response to climate and how man is preparing 
for natural disaster from snow avalanches as well as 
from tsunamis caused by rockslides. Seismic profiles 
shows thick sediment sequences and moraines in some 
of the fjords. 
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