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Abstract

We present a 3D density model of the Barents Sea Region, which provides new insights into the regional lithospheric setting and
evolution of the regional sedimentary basins. The tectonic setting and lithospheric structure of the Barents Sea area is still not
completely understood due to the lack of integrated geophysical studies. Seismic information is available from the seismic velocity
models BARENTSH50. In a first step, we analyse the relation of the wavelength content in the potential fields and possible source
location or density contrast. We focus on the upper mantle density variation using geoid undulations and on the basement geometry by
the gravity field anomaly. Analysis of magnetic data additionally helps to study the upper basement structure. We present a forward
model that allows us to adjust the model parameters in order to get the best fit between the modeled and observed anomalies
simultaneously for the gravity field, geoid and magnetic anomalies. We also discuss the accuracy, uncertainties and limitations of our
model in respect to the available database. The 3D model defines the basin geometry and the crustal structure of the Barents Sea
Region on a regional scale. The density distribution gives new insights into the link between lithosphere structure, basement properties
and basin architecture. The different basin geometries between the Eastern and Western Barents Sea are clearly expressed by different
lithospheric structures, and especially the mega-scale basins in the Eastern Barents Sea are an outstanding feature, as they correlate
with a high-density/velocity structure in the upper mantle and visible in filtered geoid undulations. The link between the upper mantle
structures and the Eastern Barents Sea Basin is certainly a key to unveil the formation of the mega-basins with up to 20 km of
sedimentary succession.
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1- INTRODUCTION

w

4- THE NEW DENSITY MODEL %° ]
We present a new regional study of the Barents Sea. . s _ _ _ _ E NTN U
Combining different databasis, we developed a new 3D density An initial model was set up by combining all the pre- ok V) A discussion of alternative density models for the Barents Sea R T
model of the Barents Sea, which combines the velocity model Bar- Ien)(fls:xgt:gimoggf:?r?.e Barents50 model was intearated 5, Along the transect (AA)) through the 3D Barents Sea density model, we discuss three alternative struc-
ents50 with detailed modeling of potential field data. _ : - : . g TR e tures for the crust and upper mantle in terms of their response in the gravity field and isostatic balance 3D bodies: Model definition  density (g/cm?)
T'he model is a base to increase our understanding the basin and L) 248 B PRI U9 CRRUENT LD il Ci iy o of the crust.The models address the uncertainties in the determination of the crust-mantle boundary be- water water 2,200
lithospheric structure of the entire Barents Sea region and constrain the model. Densities were calculated from seismic ve- tween the Eastern Barents Sea megabasins and models proposing a mixture of mantle and crustal ma- upper sediments upp-sed 2,300
its different structural styles. locities. . %, terial. middle sediments mid-sed 2,550
The new model will not only apply to studying the the the litho- Irklljestciﬁr?hp;eéa?eer?tr:est;ya 3:;:2 d?jarzlsn:e, d bbas;\r:ildeirr]]t iﬂg o Careful analysis of these models is importnat to understand subsequently the isostatic response of the lower sediments (below 7,5 Km no effect of compaction) low sed 2,780
spheric geometry and its density distribution, but also to link shallow L ; y dividing < lithosphere to the large sediment loading (up to 20 km sediment thickness) and to evaluate the evolution upper crust in the West Barents Sea upp-crustW 2,810
and deep parts of the lithosphere. sl i In el geolles cieet, The slipliise - of the Eastern Barents Sea basins. upper crust in the East Barents Sea Iw-crustE m 2800
Considering seismic data, three possible geological scenarios 3D structure reflects the changing petrophysical prop- = o The table to the right shows the parameters used in the model, and below three alternative models are lower crust in the West Barents Sea upp-crustW 2,880
have been tested on the East Barents Sea basin. The gravity effect erties (density, velocity). . discussed ,
i A comparison between the modeled and observed po- m ' lower crust in the East Barents Sea tw-crustE Il 300 , | 75 60 45 3 15 0 10 25 40
and the loading balance have been calculated for all three cases | : _ P F 2 o mixtuce” hick density bod —— Residual Gravity (mGal)
and the results are discussed with respect to the basin formation in tential fields allowed us then to interactively converge mamemnimre 1oh density body mamemllxmre | I
H H . . . upper mantle upp-mantle P 3,321 i i i
the Eastern Barefits Sea. towards a better and reliable solution. Basin outline in the Barents Sea S wepmand R R L S L
. ’ The 3D model is built al files, indicated by the white lines, with th
(thzmann et aI., 2007) low density mantle due to the Atlantic rifting rif-anom-mantle SRR sof?warempzc?(ell;e TJCIBI\/T:Sn,gdzr\?e:c?:eclinb;C?h: Un)i/veresi\tl; (I)fe Klir(l,(la,SG\g:man;
The transect AA'is used to present the model(s) in more detail to the left.
I) Seismic data -> velocity distribution and structural interpretation The Barents Sea is divided in 12 3D-bodies characterized by

2- THE DATABASE Two ex?mg!es - R R constant density.

5- CONCLUSION

- Seismic data
- Structural maps
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- Crustal geometry

- Velocity distribution - The available databases were compiled and integrated with potential field data.

- Petrophysical data - o - i ) ) ) ..
-Velocﬁy}/density elation - Density estimations £ N Deep Moho (thickening of the crust) “Mantle mixture”- high density body Shallower Moho (thinning of the crust)
N e LGMAS " Wes= West Barents Sea TETEEMAS e e S ETEEMAS T ST, o - A new 3D density model for the entire Barents Sea is presented.
B 120 EBS= East Barents Sea =0 150
S R I Ivanova et al., 2006 ’ :;80 NZ = Zovaya Zemlya 100 100
KS =Kara Sea ) - We tested three different scenarios for the crustal and upper mantle structure below the Eastern Barents Sea
basin.
3- POTENTIAL FIELD DATA Il) Velocity/density relations -> densities distribution estimation . e
The crustal seismic model BARENTSS0 (Ritzmann et al, 2007) was converted in densities using A wes | e85 N2 s A A wes | ess LNz ks A AL s e85 | M| A - The best agreement with the observed gravity field was obtained from the model including a high-density body

velocity/density relations for crystalline rocks (Christensen and Mooney 1995). el —
— e in the lower crust (a standard deviation of 38 mGal).

-Uncertainties are connected to the interpretation of the seismic data in terms of crustal base.

Magnetic anomaly map
reflects mainly the mag-
netic properties of the crust

depth (km)

- The crustal loading illustrates the differences between the WBS and the EBS and the consequences of the dif-
ferent lithospheric structures for the isostatic state of the Barents Sea Region.
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- Dynamic modeling has to be performed to test the implications of the different crustal configuration for thee vo-
lution of the Easteren Barents Sea basins.
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~ NGU-VSEGE| compiaton Il) The density 3D model set up: view along a transect :
e e o e e The collected information has been integrated in the definition of the density model 1 E . . . . . .
5 o s S - A preliminary basement configuration is presented, but this part of the model needs further refinement (e.g., in-
s

N_

cludng more seismic profiles, especially in the Eastern Barents Sea.

- This quel shows a deep Moho (~$8km) below the ES_B. - This model features a high-density body in the lower crust, repre- - The model features a shallow Moho (crustal thinning) below the
The gravity response of the model gives a reseanable fit to the ob- senting a mixture of crust and mantle material, or possible eclogiti- ESB.
) Bouauer anomalv ma served gravity field except the area over the EBS. zation, on top of the deep Moho. - The shallow Moho gives a gravity effect, which is too high com- References
d . g i ) y - P - Loading, w_hich represents local isostatic compensation, shows a The gravity response of this model shows the best fit with the ob- pared to the measured gravity anomaly. N . . . . .
g § & ShOV_VS den§|ty distribution balance (white color) at about the Moho level. served gravity field. - The loading of the crust is balanced at about the Moho level, but Brle""k’ A-tJ-' M{ﬁ'dﬁ’sR-'lfrzgsn’ P(-j’ Sh'mam“:"tﬁ' Murai, Y. a’:d '\é'sr'mT“rat’ Y. 2203,- Crgzga'ftz“f%t;‘“;oand transform margin de-
R in the lithosphere - Below the EBS mass deficiency is indicated both in the lower crust - The loading of the crust is balanced (white color) near the Moho below the ESB the loading is not compensated as well as in velopment south of Svalbard based on ocean botiom seismometer data. Tectonophysics, 369(1-2): 37-70.
g WBS= West Barents Sea and upper mantle: additional masses are required. level. model 2. Christensen, N.I. and Mooney, W.D., 1995. Sesimic velocity structure and composition of the continental crust: a globe view. J. Geo-
8 S ii;;?azrzm o T : - The model indicates isostatic compensation and does not require phys. Res., 100: 9761-9788.
| KS = Kara Sea additional masses in the upper mantle below the ESB. ] Férste, C., Schmidt, R., Stubenvoll, R., Flechtner, F., Meyer, U., Kénig, R., Neumayer, H., Biancale, R., Lemoine, J.-M., Bruinsma,
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S., Loyer, S., Barthelmes, F., & Esselborn, S. 2007: The GeoForschungsZentrum Potsdam/Groupe de Recherche de Geodesie
Spatiale satellite-only and combined gravity field models: EIGEN-GL04S1 and EIGEN-GL04C. Journal of Geodesy,
doi:10.1007/s00190-007-0183-8.
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