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BASMARGE: Basement and Margin Ultra-Deep Imaging Seismic 

Survey of the Norwegian Offshore Realm 

1- Rationale and geological context  

After almost 50 years of petroleum 

exploration the overall and first 

order structural, stratigraphic and 

volcanic framework of the mid-

Norwegian margin (MNM) and 

Barents Sea (BS) regions are 

relatively well established (Brekke 

et al., 2000; Smelror et al., 2009). 

However, the nature, composition 

and structure of the deep 

basement inherited from the old 

pre-rift Precambrian and 

Caledonian terranes remain largely 

unknown and still present a 

challenge to fully understand the 

overall tectonic, crustal and 

thermal evolution of the Norwegian 

sedimentary basins and underlying 

basin basement. Some of the 

basins in the BS and MNM are 

very deep and locally suffer from 

imaging issues related to sub-

basalt (e.g. the Møre and Vøring 

Marginal highs, the Vestbakken 

volcanic province) and/or sub-salt 

(e.g. Nordkapp Basin, Svalis 

Dome). Previous attempts to better 

constrain the deep imaging architecture and of the Norwegian basins with modern 

refraction data mostly concerned the distal part of the MNM (Mjelde et al., 2005, 2009; 

Raum et al., 2002, 2006) and only very few refraction profiles were acquired in the 

proximal part of this complex volcanic rifted margin (Breivik et al., 2010; Kvarven et al., 

2016). In the BS, long-offset data are even sparser (Mjelde et al., 2002; Breivik et 

al.,1998; Czuba et al., 2011; Clark et al., 2013) and do not allow to get a proper 

understanding of the complexity of the entire basement structures. Particularly, the 

presence of Late Palaeozoic basins in the BS is basically acknowledged but their 

geometries and regional distribution underneath the thick Permo-Triassic platform and 

salt provinces have been currently challenged. Recent controversial interpretations are 

based on aeromagnetic surveys (Gernigon and Brönner, 2012; Gernigon et al., 2015) 

but remain unconstrained/validated by modern refraction data. Mapping the basement 

and the deep mid-lower crustal units can shed additional light on the evolution of the 

Figure 1: Regional elevation map of the study 
area and location of the survey profiles 
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geological structures as they have undergone and recorded the various tectonic 

deformation and volcanic processes.  

 

Figure 2: FloatSeis™ seismic survey scheme. Complimentary rrecording units for ultra-

long offsets recording are deployed from a Seismic Vessel simultaneously with towed 

seismic streamer data acquisition. Additional GWL LF Source™ installed on board of 

the S/V as a second source serves for better penetration and ultra-long offset data 

recording. After objective offsets (up to 90 km) are recorded a chase boat class vessel 

recovers recording units. Thus, ultra-long offset and low frequency seismic data is 

acquired without any disturbance into towed seismic streamer production and 

acquisition 

In this joint project of Geology Without Limits (GWL) and the Geological Survey of 

Norway (NGU), several deep regional seismic lines will be collected, modelled and 

interpreted in key locations of the MNM and BS (Figure 1) using a novel seismic 

acquisition technology (Figure 2). This cost-effective technology invokes ultra-long 

offsets (up to 90 km) and a low-frequency seismic signal to obtain a detailed and 

accurate velocity model of the subsurface using a proper full-waveform inversion (FWI) 

processing technique. FWI uses two-way wave equation and performs forward 

modelling to compute the difference between the acquired seismic data and the current 

model. In comparison to traveltime tomography that uses mainly only diving wave arrival 

time information, all types of waves are involved into FWI optimization process, 

including both kinematic and dynamic characteristics of diving waves, supercritical 

reflections and multi-scattered waves such as multiples. FWI attempts to characterize a 

broad and continuous wavenumber spectrum at each point of the model, reunifying 

velocity model building and migration tasks into a single procedure. As a result, high-

fidelity velocity model that misses all the drawbacks typical for traveltime tomography 

(limited resolution, unable to perform when low-velocity zones exist, necessity for a 

reliable picking of first arrival times, etc.) is derived. Full Waveform Inversion (FWI) has 

potential to become a key tool to interpret seismic data acquired in complex geological 

settings and starts being a new standard for velocity model building. 
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2- A novel and cost effective seismic technique to image deeper and better 

There are two key issues regarding conventional streamer seismic data and the 

associated seismic imaging when exploration is dealing with complex geological 

settings (sub-salt and sub-basalt areas, velocity inversions, steep and irregular bedding 

and deep buried structures). First, velocity models can bear uncertainties of 15-20% 

and higher in a complex geological subsurface environment. An accurate velocity model 

that can realise precise depth conversion requires ultra-long offsets that are not 

provided by the common 8-12 km long streamers. Second, a standard air gun array 

does not emit low frequencies that can penetrate to great depths and image structures 

with high attenuation properties.  

Benefits of long-offsets acquisition and low frequencies usage are evident for both the 

academic and industry scientific community but due to technical issues it has often been 

considered as low efficient, cost and time demanding and not easily applicable. 

To overcome these technical and logistic issues, GWL has developed a new cost-

effective technology able to emit low frequencies (GWL LF Source™, Figure 3) and 

record simultaneously long-offsets (GWL Seismobuoy™, Figure 4). These tools have 

been successfully tested during equipment field trials and are fully operational. They 

form the basis of a proposed Ultra-Deep Imaging seismic data acquisition method: 

FloatSeis™ (FS) which will be trialed in challenging geological environments of the 

MNM and BS during this project. 

  

Figure 3: GWL LF Source™ is an air gun 
cluster designed for low-frequency 
energy signal emission. This system can 
emit a stable signal with a dominant 
frequency of 7,8 Hz. Available array 
volumes are 2440/4880/7320 cu. inch. 
GWL LF Source™ is a container-based 
and a portable solution which is 
compatible with the majority of existing 
gun controllers, compressors and 
navigation systems. Low frequencies are 
also fish and mammals friendly, therefore 
the potential impact on the marine 
environment is reduced 

 

Figure 4: GWL Seismobuoy™ is a 
floating standalone seismic recording 
unit that is deployed behind a shooting 
vessel and collected at the end of the 
profile by a chase boat. Ultra-long offsets 
(up to 90 km) can be reached. GWL 
Seismobuoy™ are equipped with real-
time GPS positioning and respective QC. 
It gives a substantial advantage over the 
classic Ocean Bottom Seismometer or 
Node surveys. The sensor frequency 
range of 1-1000 Hz is perfect for 
recording low frequencies, which can be 
beneficial both for FWI velocity model 
building and for deep targets illumination  
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FloatSeis™ is a seismic data acquisition method that is designed to record ultra-long 

offsets seismic data and improve penetration abilities for reflected waves recorded by a 

towed seismic streamer (Figure 2). Here, floating standalone seismic recording devices 

(GWL Seismobuoy™) are deployed from a Seismic Vessel during ongoing towed 

seismic streamer acquisition. A low frequency source (GWL LF Source™) installed as a 

complimentary source ensures large depth penetration and reduced attenuation. The 

FloatSeis™ acquisition technique yields seismic data well suited for a full-waveform 

inversion – a technique that invokes the full information of the seismic signal (traveltime, 

amplitude and phase) and can provide a truly detailed velocity model.  

When a FloatSeis™ survey is performed over pre-existing seismic lines, the newly built 

full waveform inversion velocity model can be used for reprocessing and depth-

migration of the pre-existing data. For specific imaging problems (e.g. underneath basalt 

layers or salt diapirs), the more reliable FloatSeis™ velocity model can dramatically 

change the overall quality of the seismic data initiating fundamentally new levels of 

interpretation. 

 

Figure 5: Scheme to obtain data during a the FloatSeis™ survey: А – reflected CDP 

data from conventional seismic source; B – reflected CDP data from low frequency 

seismic source, which allows to increase the total depth of CDP seismic section; С – 

GWL FloatSeis LF™ data to provide reliable FWI velocity model, integrate the two 

streamer datasets together through an accurate deep velocity model and perform 

reliable time to depth conversions 

The FloatSeis™ seismic acquisition technique (Figure 5) combines a conventional long-

offset streamer survey with the ultra-long offset and low-frequency source described 

above. Here, a towed streamer records the shooting from a standard air gun array on 

the towing vessel and from the especially tuned portable GWL LF Source™ installed on 

a second shooting vessel. The emitted energy from the standard air gun array can 

record normal offset range (with maximum offsets usually not exceeding 12 km). 

Meanwhile, the GWL LF Source™ energy is crucial for recording much deeper 

reflections which gives the opportunity to considerably increase the depth imaging of the 

CDP seismic section. Moreover, the results of the FloatSeis™ are augmented by the 
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ultra-long offset data recorded by GWL Seismobuoy™. Thus, the total depth for an 

accurate velocity model building is significantly increased.  

GWL LF Source™ and GWL Seismobuoy™ as well as FloatSeis™ seismic acquisition 

technique have been developed with the goal to bring operational advantages making 

ultra-long offset seismic data recording more cost-effective and steady going. In 

comparison to OBS/OBN, the GWL Seismobuoy™ recording units are floating near the 

sea surface (fast deployment and recovery) and are equipped with a communicational 

part above the water level. This communication provides for advantages such as real-

time acquisition quality control and precise receiver positioning. GWL LF Source™ has 

a unique emitting frequency range, but is fully compatible with the widely used 

compressors, gun controllers and navigation systems. The containerised solution 

provides fast mob/demob operations and the wide compatibility of GWL LF Source™ 

with standard survey equipment. The requirements for a chase boat are at a minimum 

level as well. Thus, a chase boat class vessel of opportunity can be used for a project. 

 
Conventional streamer 

seismic 
FloatSeis™ 

Source 6100 cu in, 2000 psi 4880 cu in, 2000 psi 

Shot Point Interval 50 m 150 m 

Gun depth 10 m +/-1 m 25 m +/-1 m 

Streamer Length 12000 m N/A 

Fold 120 at 6.25 m CMP interval N/A 

GWL Seismobuoy™ 
spacing  

N/A 3 km 

FloatSeis™ maximum 
recorded offset 

N/A 60-90 km 

Table 1: Preliminary acquisition parameters  

3- Main Objectives and Scope of Work 

In this project we aim to use a new seismic acquisition system to resolve the deep 

structures along a number of deep profiles on the MNM (Figures 1 and 6) as well as the 

western Barents Sea (Figures 1 and 7). These structures include sub-basalt and sub-

salt features, extensive volcanic layers, deep Late Paleozoic basins and many 

unconstrained inherited basement structures and terranes locally reached by drilling.  

The main objectives of the planned pilot survey are: 

Task 1 - To acquire a number of FloatSeis™ seismic lines across areas poorly covered 

by pre-existing refraction data and where basement structures are problematic. The 

new velocity models derived from the long-offset and low frequency data can then be 

used to re-migrate existing streamer data, where the new lines were shot along existing 

ones. This surveying strategy can show that in order to considerably improve the quality 

of seismic data in a complex geological environment, it is necessary to carry out ultra-

long offset data acquisition for velocity model building purposes. FloatSeis™ data 

acquisition technique makes that kind of survey several times cheaper than known 

techniques such as OBN or multi-vessel seismic streamer surveys.   
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Task 2 - To acquire a number of FloatSeis™ seismic lines over areas that show 

uncertainties with interpretation and imaging of deep buried basement and crustal 

boundaries. Here, the special low frequency source in combination with a standard gun 

array will allow for deep imaging and crustal interpretation of streamer-recorded data. 

The ultra-long offset velocity model obtained for Task 1 will assist to combine both 

standard source and low frequency source datasets. 

Line Option1 (Ivory) Option2 (Silver) Option3 (Gold) 

MNM-GWL-1 + + + 

MNM-GWL-2 + + + 

MNM-GWL-3 + + + 

MNM-GWL-4  + + 

MNM-GWL-5  + + 

BS-GWL-1   + 

BS-GWL-2   + 

BS-GWL-3   + 

Table 2: Summary table of the different options (see Figure 1 for lines location) 

We present three different options for the extent of this project, which will be chosen 

depending on the acquired funding. The lines selected for this test project concern both 

the MNM (5 lines) and the BS (3 lines) and also aim to document better specific 

basement terranes and the enigmatic structures of particularly deep basins. The 

selected Lines (Figures 1, 6, 7) include: 

 

Figure 6: Outline of the mid-Norwegian margin and location of the proposed MNM-GWL 

Ultra-deep profiles. FB: Froan Basin; FH: Frøya High; HB: Helgeland Basin; HT: Halten 

Terrace; NR: Nordland Ridge; TB: Træna Basin; UH: Utgard High 
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 Line MNM-GWL-1 runs from the Northern North Sea up to the continent-ocean 

transition of the Møre margin (Figure 6). The survey attempts to better constrain the 

basement geometry associated with the offshore prolongation of the Møre Trøndelag 

Fault complex and the associated transition zone between the platform domain and 

the deep Cretaceous sag basin formed to the west during the drastic thinning of the 

crust in Late Jurassic-Cretaceous. The respective sharp transition and steeply 

dipping layers are a classic challenge for standard seismic imaging. To the west, the 

transect will partly tackle an eminent sub-basalt/sub sills imaging problem. This issue 

has up-to-date not allowed us to properly understand the basin configuration near the 

large basaltic province. 

 Lines MNM-GWL2 and MNM-GWL3 aim to better constrain the highly magnetic and 

elevated basement of the Frøya High and its borders including the deep basins 

expected to the southwest towards the Jan Mayen Corridor in between the Møre and 

Vøring Basins and northeast towards the southern Halten Terrace (Figure 6). 

Surprisingly, the Frøya High region also shows a lack of deep relevant seismic data 

and the origin and nature of the deep crust and the meaning of the basement grain 

underneath this prominent magnetic feature is unclear. Potential field modelling along 

the Frøya High should also help to image the contact between the expected 

Precambrian basement of the overlying Caledonian nappes locally confirmed by 

drilling. Mapping the nature of the sediments and crust underneath the deep base 

Cretaceous unconformity will provide further insight into the controversial necking 

zone up to the central crustal rafts observed in the central part of the corridor (e.g. 

Slettringen Ridge). 

 Line MNM-GWL-4 will better constrain the magnetic basement observed between 

the Froan Basin and the Trøndelag Platform, an area not well covered by the existing 

refraction seismic lines (Figure 6). To the west MNM-GWL-4 will also constrain the 

southern part of the Nordland Ridge and the deep part of the Dønna Terrace. 

 Line MNM-GWL-5 was specially chosen to image better the basement and deeper 

structures between the Helgeland Basin and the central Nordland Ridge (Figure 6). 

To the west, we expect to image better the Utgard High and the deep Træna Basin, 

where drastic thinning of the crust and possible exhumation of the lower crust directly 

underneath the deep sediments is expected.  

 Line BS-GWL-1 in the Barents Sea is chosen along one of the most recent NBR 

seismic lines (Figure 7). This section has thus the full potential to test the FloatSeis 

LF™ modelling approach. The transect is also selected to illustrate the entire 

basement history of the BS from the Caledonian Middle Allochthons Front expected 

at the edge of the prominent NW-SE magnetic anomalies in the Bjarmaland Platform 

to the continent ocean transition further south (Figure 7). We aim to image the 

expected deep NW-SE-oriented Late Palaeozoic basins (Gernigon and Brönner, 

2012) and resolve its connection to the oblique trending Mercurius High. BS-GWL-1 

also crosses over the Svalis Dome area, where imaging of the sub-salt sequences 

and underlying basement is intended. The profile will also cross the northernmost 

part of the Loppa High.  

 Line BS-GWL-2 extends from the Seiland Igneous province onshore up to the 

Bjørnøya Basin (Figure 7). The section crosses over the Gohta High and the 
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Veslemøy High between the Tromsø and Bjørnøya Basin. Both highs are a 

characterised by anomalous upper basement but their meaning remains unclear. BS-

GWL-2 will also constrain better the deep structure of the Hammerfest Basin. 

Surprisingly, no refraction data cover this important Mesozoic Basin of the BS and 

the nature and/or depth to the basement is still speculative from the platform to the 

deep graben. 

 Line BS-GWL-3 plans to constrain a large part of the sheared margin between the 

Finnmark Platform and the Norwegian-Greenland Sea (Figure 7). We aim to 

understand better the meaning of the necking zone between the Hammerfest Basin 

and the deep Tromsø Basin, where a drastic thinning of the crust is also expected. 

Here, imaging underneath local salt domes also represents a challenging thematic. 

BS-GWL-3 will also cover the enigmatic Senja Ridge. The southwestern termination 

of the profile will also cover the continent-ocean transition in deepest part of the 

Sørvestnaget Basin. 

 

Figure 7: Outline of the Western Barents Sea region and location of the proposed 

BS-GWL Ultra-deep profiles. BB: Bjørnøya Basin; HB: Hammerfest Basin; MH: 

Mercurius High; NB: Nordkapp Basin; NH: Norsel High; TB: Tromsø Basin; SB: 

Sørvestnaget Basin; SR: Senja Ridge; VH: Veslemøy High 
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4- Deliverables 

 RAW field data (Ultra-deep streamer data + Ultra-long offset GWL Seismobuoy™ 
CRG records in SEG-Y format) + Navigation P1/90; 

 PSDM, PSTM gathers, SEG-Y; 

 FWI velocity models and PSDM with FWI velocity models, SEG-Y; 

 2D gravity and magnetic modelling based on PSDM velocity models; 

 Geological and tectonic interpretation; 

 Final report 
 

Work 2019 2020 

 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

FloatSeis™ field acquisition 
 

X       

FWI velocity model building   X      

Fast-track processing   X      

Time processing before migration    X     

PSTM     X     

PSDM    X     

PSDM with FWI velocity models    X     

2D gravity & magnetic modelling and 
interpretation of data 

    X X   

Final report      X   

Table 3: Preliminary time schedule 

5- Preliminary Project Budget  

 Option1 (Ivory) Option2 (Silver) Option3 (Gold) 

Number of profiles  
(FloatSeis™ Ultra-Deep Imaging) 

3 5 8 

Total profile length (FS coverage) 650 km 1150 km  2000 km  

Data Acquisition $700 000 $1 000 000 $1 300 000 

Seismic data processing $50 000 $120 000 $170 000 

2D modelling & interpretation $50 000 $80 000 $130 000 

Total sum $800 000 $1 200 000 $1 600 000 

Number of participants 4 6 8 

Early participation fee $200 000 $200 000 $200 000 

Table 4: Summary of the stages and budget options 

Business model 

Project participants are co-funding the pilot fieldwork. GWL and NGU are joint 

applicants with GWL leading the project. GWL and NGU consider this academic project 

as a non-profit. Funds will be used to cover project costs only. The final scope of the 

project will depend on the amount of raised funds. 

All the data obtained by this project will be jointly owned by participants, including GWL. 

GWL does not claim the right to license the data to third parties, but use it for research 

and publication. 
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The results of the seismic profiles are sensitive for GWL in connection to its intellectual 

property. GWL limits technological/seismic company's participation in the project (direct 

competition) and also limits the rights to transfer the results to such companies without 

coordination with GWL. 

All rights to the technology development as well as equipment exclusively belong to 

GWL. This project does not transfer any part of the rights to the technology and 

equipment to the project participants. 

Project participants and PIs 

Geology Without Limit:  Mr. Alesksandr Nikitin (COO, project manager) and Mr. Nikolay 

Amelin (CEO) 

Geological Survey of Norway (NGU): Dr. Laurent Gernigon (senior researcher) and Dr. 

Sofie Gradmann (senior researcher) 

6- References 

Breivik et al., 1998, Southwestern Barents Sea margin: late Mesozoic sedimentary basins and 
crustal extension: Tectonophysics, v. 293, no. 1-2, p. 21-44. Brekke, 2000, The tectonic 
evolution of the Norwegian Sea continental margin with emphasis on the Vøring and Møre 
basins. In Nøttvedt, A. et al. (eds.) Dynamics of the Norwegian Margin: Geological Society, 
London, Special Publications, v. 136, p. 327-378. Clark et al., 2013, Stochastic velocity 
inversion of seismic reflection/refraction traveltime data for rift structure of the southwest 
Barents Sea: Tectonophysics, v. 593, p. 135-150. Czuba et al., 2011, Continent-ocean-
transition across a trans-tensional margin segment: off Bear Island, Barents Sea: Geophysical 
Journal International, v. 184, no. 2, p. 541-554. Gernigon and Brönner, 2012, Late Palaeozoic 
architecture and evolution of the southwestern Barents Sea: insights from a new generation of 
aeromagnetic data: Journal of the Geological Society, v. 169, no. 4, p. 449-459. Gernigon et 
al., 2014, Crustal and basin evolution of the southwestern Barents Sea: from Caledonian 
orogeny to continental breakup: Tectonics, v. 33, no. 4, p. 347-373. Marello et al., 2010, 
Magnetic basement study in the Barents Sea from inversion and forward modelling: 
Tectonophysics, v. 493, no. 1, p. 153-171. Maystrenko et al., 2017, 3D density and magnetic 
models of the Mid-Norwegian continental margin, in Proceedings 16th International Conference 
on Geoinformatics-Theoretical and Applied Aspects2017. Mjelde et al., 2009, Crustal structure 
and evolution of the outer Møre Margin, NE Atlantic: Tectonophysics, v. 468, no. 1-4, p. 224-
243. Mjelde et al., 2005, Continent-ocean transition on the Vøring Plateau, NE Atlantic, derived 
from densely sampled ocean bottom seismometer data: Journal of Geophysical Research-Solid 
Earth, v. 110, no. B5. Smelror et al., 2009, ATLAS: Geological history of the Barents Sea, 
Norges geologiske undersøkelse (Geological Survey of Norway, NGU), 135 p. 

 


