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\ 7\ Caledonian orogenic belt W
Lower Palaeozoic intrusive rocks in exotic and outboard terranes
Supracrustal rocks in exotic and outboard terranes

Neoproterozoic and Palaeozoic (Cambrian to Devonian) rocks along the shortened = Vo e
Baltoscandian continental margin Now > &
Proterozoic rocks (c. 2.30-0.90 Ga) along the shortened Baltoscandian continental margin Bre ol i

Archaean rocks along the shortened Baltoscandian continental margin

Fennoscandian Shield

o / / ¥ g ‘ ;f . ! Neoproterozoic rocks
; I Granite, pegmatite, syenitoid, anorthosite, gabbroid (c. 1.00-0.92 Ga)

Mesoproterozoic to Palaeoproterozoic (1.71-1.61 Ga and possibly older) rocks
- Granitoid, syenitoid, dioritoid, dolerite and metamorphic equivalents (in part c. 1.27-1.00 Ga)

- Granite, syenitoid, dioritoid, gabbroid and metamorphic equivalents (c. 1.46-1.30 Ga)

[ Supracrustal rocks (younger than c. 1.50 Ga), predominantly metasedimentary

- Granitoid, syenitoid, dioritoid, gabbroid and metamorphic equivalents (in part c. 1.61-1.56 Ga)
~ Supracrustal rocks (in part c. 1.66-1.60 Ga) 38N

- Granite, syenitoid, dioritoid, gabbroid, dolerite and metamorphic equivalents (c. 1.65-1.47 Ga)

- Granitoid, syenitoid, dioritoid, gabbroid, dolerite and metamorphic equivalents,
supracrustal rocks (c. 1.71-1.66 Ga and possibly older)

=

i ’ Geological map of Palaeoproterozoic rocks (1.96-1.75 Ga) 6500 000
P6N : : the Fennoscandian Shield ~ Granite, pegmatite (c. 1.85-1.75 Ga)
and adjatenteatoniceatiny Granitoid, syenitoid, dioritoid and gabbroid, supracrustal rocks (c. 1.86-1.84 & c. 1.82-1.76 Ga)

(Koistinen et al. 2001) Granitoid, syenitoid, dioritoid, gabbroid and metamorphic equivalents, metavolcanic rocks i
(c. 1.96-1.86 Ga, in part as young as c. 1.84 Ga)

Supracrustal rocks (c. 1.95-1.85 Ga and possibly older), predominantly metasedimentary

- ¥

Palaeoproterozoic rocks in Lapland-White Sea granulite belt
- Granulitic rock, amphibolite, anorthosite (rocks of uncertain age, in time range 2.30-1.90 Ga)

Meteorite impact rocks and sites

*  Impact melt, impact breccia/Impact site Palaeoproterozoic rocks (2.50-1.96 Ga)
Intrusive rocks, predominantly mafic and ultramafic

Neoproterozoic (and possibly Mesoproterozoic) and Phanerozoic rocks
outside the Caledonian orogenic belt

Supracrustal rocks, predominantly mafic/ultramafic metavolcanic and metasedimentary rocks

- Permo-Carboniferous igneous rocks including the Oslo rift Archaean rocks

~ Vendian to Cambrian and Devonian alkaline igneous rocks Intrusive rocks (c. 2.80-2.50 Ga), orthogneiss, migmatitic gneiss
- Upper Riphean (and possibly older), Vendian and Phanerozoic sedimentary rocks

Supracrustal rocks (c. 3.20-2.75 Ga and possibly older)
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Interpretation profile (2.5-D) Central Norway - Sweden

Scale 1 : 3500 000

e

Bouguer anomaly (mGal)

D= 2690
D=2900

Depth (km)

0 200 ; 400 600
Distance (km) WN\

Western Gneiss Region, D = 2700 kg/m® [E ] Basement window, D =2650 kg/m? Upper crust, D = 2700 kg/m? ‘ TG <
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Metasedimentary rocks (Trondheim Nappe), D = 2760 kg/m? Seve and Keli Nappe, D = 2850 kg/m? Jotnian sedimenry rocks, D =2610 kg/m? 9k

Metavolcanic rocks (Trondheim Nappe), D = 2850 kg/m® Revsund granite, D = 2690 kg/m® [M] Rapakivi granite, D =2640 kg/m® e TS S~
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Organisations, participants, data, and co-ordinate systems

25 000 — - Cumulative and Frequency distribution
of Bouguer anomaly (mGal) |
BOUGUER ANOMALY MAP OF THE FENNOSCANDIAN SHIELD L oo
| 0
3 I Grid values 434376
§ IGSN 71 gravity system, GRS80 normal gravity formula B Minimum  -143
: ; Bouguer density 2670 kg/m?, terrain correction applied - 70% e T
‘ Anomaly continued upwards to 500 m above ground 12 500 -50%  Mean -18.66
: y P g L 30% Geo.Mean  7.99
Median -16.41
j Scale 1 : 2 000 000 | — 10% Mode -11.68
2 Std.Deyv. 26.87
Std.Err. 0.20
Main compilers and bibliographic reference: Korhonen, J.V., Aaro, S., All, T., Elo, S., Skew -0.42
| Haller, L.A., Kériginen, J., Kulinich, A. Skilbrei, J.R., Solheim, D., Sazvuori, H.,Vaher, R., 0] Kurtosis 1.44
' Zhdanova, L., and Koistinen, T. 2002. Bouguer Anomaly Map of the Fennoscandian Shield -150 0 150

1 :2 000 000. Geological Surveys of Finland, Norway and Sweden and Ministry of Natural
Resources of Russian Federation.

ISBN 951-960-818-7 References to Bouguer anomaly data
Aaro, S. and Lindén, A. 1997. Geophysical maps of Sweden. Abstract. NOFTIG 21.

All, T. and Gromov, O. 1999. The revision and digitizing of gravity data of island Saaremaa and surroundings.
Research Report. (in Estonian) Geological Survey of Estonia. Tallinn, 65 pp., 3 maps.

Compilation of national data sets and data processing on a national basis

Finland:  12Kairidinen, J., 11Elo, S., 12Mikinen, J., 1-2Ruotsalainen, H., and 12Virtanen, H. (gravity data)

Andersen, O. B. 1978. Bou%uer anomaly )r&aﬁ/ f Denmark and surrounding waters.

L1Korhonen, J.V., 11Koistinen, T., 1IKivekis, L., 1!Puranen, M.T, Geodaetisk Institut Skrifter 3 rk, volume Copenhagen.
. !'Puranen, R.f, and ! Sédvuori, H. (petrophysical data) Andersen, O. B. and R. Forsberg, R. 1996. Danish precision gravity reference network. Kort og Matrikelstyrels
' Norway:  21Skilbrei, J.R., 210lesen, O., >!Gellein, J., ISindre, A., 21Kihle, 0., and 22Solheim, D. (gravity data) Soilrdnbod e s s aa g

218kilbrei, J.R., 21Olesen, O., and 21Lauritsen, T. (petrophysical data)
Sweden: 31Aaro, S., 32Haller, L. A., and 31Stenberg, L. (gravity data),
3.1 Aaro, S., 31Kiibler, L., and 3-1Larkin, S. (petrophysical data)
Russia:  44Kulinich, A., 42Chepik, A., and 42Zhdanova, L.
Estonia:  53Sildvee, H., 5'All, T., and 52Vaher, R. pp- 540 - 547, Springer-Verlag.
Denmark: 1Forsberg, R. and 6!Strykowski, G. Forsber; lheim, D. 2000. Geoid of the Nordi i ion from surface/airborne i
Latvia: i Karm?sk1§, I, G'lSt'kaWSk%’ G.,and 6!Larsen, ] N. draping‘.g'IE:. gli!(‘liefi‘s), 1\?[“& (Ed), Online Proceedin, gfdljg/g?l}m%lgnalﬁgymposimn on Grawgtry?v(li?:it(riy a?ltclld R
Lithuania: 82Petroskevicius, P., 82ParSeliunas, E., and 8-'Korabliova, L. Geod ics 2000. Banff, Algrerta, Canada, July 31-August 4, 2000.
URL ttp://vector.geomatics.ucalgary.ca/~vergos/GGG2(§(l)l(s)_CD/Session9/F01sberg2.pdf

Kaminskis, J. and Forsberg, R. 1997. A new detailed geoid for Latvia. Gravi?', Geoid and Marine
Geodesy, International Association of Geodesy Symposia series 117, pp. 621 - 628, Springer-Verlag.

Koppelmaa, H. and Kivisilla, J. 2000. Geological Map of the Crystalline Basement of Northern Estonia.
Scale 1: 400 000. Map and Explanation to the Map. Research Report. Geological Survey of Estonia.
Tallinn, 30 pp., 4 maps.

Korabliova, L. and Nasedkin, V. 1998. Gravity and magnetic maps of Lithuania and its Baltic Sea aquatory,
scale 1:500 000, Geological éurvey of Lithuania, Vilnius, 33 pp., 2 maps.

Elo, S. 1997. Interpretations on the Gravity Anomaly Map of Finland. Geophysica 33(1), pp. 51-80.

Forsberg, R., Kaminskis, J. and Solheim, D. 1997. Geoid of the Nordic and Baltic Region from Gravimetry and
Satellite Altimetry. Gravity, Geoid and Marine Geodesy, International Association of Geodesy, Symposia Series 117,

Interpretation profile:
218kilbrei, J.R. and 3-1Aaro, S.

Contribution on digital data of borders of economy zones:
13Titil4, P., 32Lidberg, M., 52Vaher, R., 61Forsberg, R., and $:!Korabliova, L.

Data processing on a nation to nation basis and preparation for printing:
LIKorhonen, J. V., Lindh, A., and 11S#zvuori, H.

Kulinich, A., Koneva, A. and Divinskaja, L. Gravity map of the Eastern Europe (in press.)

External referees:

Rene Forsberg, National Survey and Cadastre

Markku Peltoniemi, Helsinki University of Technology
| Yuan Xuecheng, China Geological Survey

Kadridinen, J. and Mikinen, J. 1997, The 1979-1996 gravity survey and results of the gravity survey of Finland
1945-1996. Publications of Finnish Geodetic Institute 125.

Petroskevicius, P. and ParSeliunas, E. 1999. Investigation and m;grovement of the Lithuanian 8%av_ity control. Geodezija
ir kartografija (Geodesy and Cartography), Vilnius: Technika, 1999, Vol XXV, No 2., pp. 73-82. (in Lithuanian

Sildvee, H. 1998. Gravity measurements of Estonia. Reports of the Finnish Geodetic Institute 98:3.

Addresses of organisations

1.1 Geological Survey of Finland (coordinator), PO Box 96 (Betonimichenkuja 4), FIN-02151 Espoo, Finland;
Email juha.korhonen@gsf.fi
1.2 Finnish Geodetic Institute, Geodeetinrinne 2, FIN-02430 Masala, Finland; Email markku.poutanen@fgi.fi
13 National Land Survey of Finland, Opastinsilta 12 C 00520 Helsinki, Finland; Email markus.kiuru@nls.fi
1.4 Finnish Meteorological Institute, P.O. Box 503, FIN-00101 Helsinki, Finland; Email heikki.nevanlinna@fmi.fi
21 Geological Survey of Norway, N-7491 Trondheim, Norway; Email jan.skilbrei@ngu.no
22 Norwegian Mapping Authority; Email dag.solheim@statkart.no
3.1 Geological Survey of Sweden, Box 670, S-75128 Uppsala, Sweden; Email sven.aaro@sgu.se
32 National Land Survey of Sweden; Lantméterigatan 2, S-801 82 Gévle, Sweden; Email anders.olsson@Im.se
4. Ministry of Natural Resources of the Russian Federation
4.1 North West Department of Natural Resources, 24/1 Odoyevski Street, 199155 St. Petersburg, Russia
42 State Company 'Mineral', Veselnaya Street 6, 199106 St. Petersburg, Russia;Email zhdanova@scmin.spb.ru
43 Petersburg Geophysical Expedition, Vatutina Street 18, 195009 St. Petersburg, Russia;
Email geocomp@mail.rcom.ru
44 Virg-Rudgeofizika, Fayansovaya Street 20, 193019 St. Petersburg, Russia; Email virg@lek.ru
45 7ZA0 The Coordinational Center 'Rosgeofizika', Fayansovaya Street 20, 193019 St. Petersburg, Russia i , i | |
51 Geological Survey of Estonia, Kadaka tee 82, 12618 Tallinn, Estonia; Email t.all@egk.ce Finland: ~ National Grid Co-ordinate System (kkj)

52 Institute of Geology at Tallinn Technical University, 7 Estonia Ave., 10143 Tallinn, Estonia; Ellipsoid: International 1924 . . _
Email vaher@gi.ce Cartographic projection: Gauss-Kriiger, CM 27°E, false easting 3 500 000 m

53 Estonian Land Board, Mustamée tee 51, 10602 Tallinn, Estonia Transformation parameters to map datum: -89.611, -104.626, -118.241, -4.224,-0.248, 0.852, 1.100

61 National Survey and Cadastre, Rentemestervej 8, 2400 Kobenhavn NV, Denmark; Email rf@kms.dk (Ollikainen, 1997) -
71 The State Land Service of the Republic of Latvia, 11. Novembra krastmala 31, LV-1484, Riga, Latvia; GPS data 1992 (19 stations; Ollikainen, 1995).
Email janis.kaminskis@vzd.gov.lv Norway: ~ UTM NATO standard
72 Latvia State Geological Survey. Eksporta iela 5, Riga LV-1010; Email vgd@vgd.gov.lv Ellipsoid: International 1924
8.1 Geological Survey of Lithuania, LT-2600 Vilnius, st S. Konarskio 35, Lithuania;Email jonas.satkunas@lgt.lt Transformation parameters to map datum: -116.641, -56.931, -110.559, 4.327, 4.464, -4.444, -3.520
8.2 Geodetic Institute, Vilnius Gediminas Technical University, Sauletekio al. 11, LT-2040 Vilnius, Lithuania; GPS data 1995 (30 stations, program WSKTRANS)

Email Petras.Petroskevicius@ap.vtu.lt Sweden:  RT90/RH70 system
Ellipsoid: Bessel 1841

Cartographic projection: Gauss-Kriiger, CM 15° 48' 29.8"E, false easting 1 500 000 m
Transformation parameters to map datum: 419.3836, 99.3335, 591.3451, -0.850389, -1.817277, 7.862238, -0.99496
GPS data 1996 (22 stations, HMK-Geodesi, GPS, 1996)
Russia: Co-ordinate system of geophysical maps:
Ellipsoid: Krasovsky 1940

Co-ordinates of data sets

All participating countries, except Russia, have agreed to adapt the ETRS89 system. The stage of converson from old
co-ordinate system varies country by country. Most available conversion formulas represent an inofficial version of a
7-parameter transformation from a national co-ordinate system to ETRS89. Because the co-ordinates of the data sets are not
fully implemented to ETRS89 it was preferred to refer to WGS84 as the map datum, and publish conversion formulas.

Co-ordinate transformations below were used to convert national magnetic and Bouguer anomaly datasets to the map
datum. The transformed co-ordinates were used to interpolate the final map grids. For data distribution, these were
further divided in national subgrids, marked in brown in data station index map. Using the parameters below,

the subgrids can be transformed back to the original national systems and further to any co-ordinate system to which
the transformation from the national system is known.

Data contribution by Cartographic projection: Transverse Mercator, CM 33°E, false easting 500 000 m
. Russian transformation to WGS84

‘ Finland: . : Co-ordinate system of base map:

L Finnish Geodetic Institute (FGI) Ellipsoid Krasovsky 1940

E , ; : = - National gravity database of FGI (Karidinen and Miikinen 1997)

i ; Cartographic projection: Transverse Mercator, CM 36°E, false easting 500 000 m
Geological Survey of Finland (GTK)

Russian transformation to WGS84

o - Regional gravity anomaly database of GTK (Elo 1997) Estonia:  Soviet Union co-ordinate system 1942 in Estonia
Norway: _ : : Ellipsoid: Krasovsky 1940
! Norwegian Mapping Authority Cartographic projection: Gauss-Kriiger, CM 27°E, False Easting 5500000 m
- Geological Survey of Norway Transformation parameters to map datum: 21.58719, -97.54127, -60.92546, -1.01378, -0.58117, 0.23480, -4.6121
. o Un%vers%ty of Oslo (Randjirv, 1997; Treikelder, 2000)
University of Bergen Denmark: ETRS89

Norwegian Petroleum Directorate

: Ellipsoid: GRS80; Geographic co-ordinates
. Sweden:

) . , Transformation parameters to map datum: 0,0,0,0,0,0,0
3 ) Geological Survey of Sweden (SGU) (Aaro and Lindén 1997) Latvia: ETRS89
i = ; Lantmiteriet (National Land Survey of Sweden) Ellipsoid: GRS80; Geographic co-ordinates
. " - Finnish Geodetic Institute o Transformation parameters to map datum: 0,0,0,0,0,0,0
ot £ Swedish State Mining Property Commission (NSG) Original magnetic maps are in Soviet Union co-ordinate system 1942; Ellipsoid: Krasovsky 1940
Boliden AB Lithuania: ETRS89
Zinkgruvan Mining AB Ellipsoid: GRS80; Geographic co-ordinates
P LKAB - 5 Transformation parameters to map datum: 0,0,0,0,0,0,0
Uppsala University, Department of Earth Sciences Original magnetic maps are in Soviet Union co-ordinate system 1942; Ellipsoid: Krasovsky 1940
Luled University Baltic airborne gravity survey 1999: GPS satellite navigation
University of Bergen , Nordic Map Database 1:2 million: ~ WGS84 co-ordinate version of the database
Norwegian Mapping Authority
Russia:
o 4 Northwest Department of Natural Resources X AX 1 e —ellx
. . State Company 'Mineral' z y
0 i - Index map on schematic data density Y =AY+ (A+m)-|—e. 1 e ||
VIRG-Rudgeofizika / ZAO 'Rosgeofizika'/Petersburg Geophysical Expedition AZ e _e 111z
- Digitised Bouguer anomaly map of NW-Russia 1:1,500,000 (Kulinich et al. in print) MRS 4 * Lo
- Estonia: Transformation equation

Geological Survey of Estonia

- Regional gravity anomaly database of Estonia (Koppelmaa and Kivisilla 2000)
- Seaborne gravity data of Gulf of Riga (All and Gromov 1999)

Institute of Geology at Tallinn Technical University

- Regional gravity anomaly database of Estonia (Sildvee 1998)

References to the co-ordinate systems
HMK-Geodesi, GPS 1996, Handbooks for Surveying and Large Scale Mapping, Lantmiteriverket.

Ollikainen, M. 1995. The Finnish geodetic coordinate systems and the realisation of the EUREF-89

i W Denmark: in Finland. In "Coordinate systems, GPS, and the Geoid", Proc. of the urgency seminar held in Espoo,
: National Survey and Cadastre Finland, June 27.-29., 1994. (Ed. M. Vermeer). Reports of the Finnish Geodetic Institute. 95:4, pp. 151-166.
- Danish gravity database (Forsberg et al. 1997)
Latvia: Ollikainen, M. 1997. Remarks concerning transformation parameters between WGS84(EUREF89)

The State Land Service of the Republic of Latvia
- Latvian gravity anomaly subsets at KMS (Kaminskis and Forsberg 1997)
Lithuania; . . . Randjéirv, J. 1997. Geodeesia I osa. Tartu, 360 pp.
Geodetic Institute, Vilnius Gediminas Technical University and
Geological Survey of Lithuania
- Lithuanian gravity anomaly subsets at KMS
(Korabliova and Nasedkin 1998, Petroskevicius and Par3eliunas 1999)

and the Finnish mapping coordinates. Unpublished Memorandum, Finnish Geodetic Institute, 1997.

il

Treikelder, I. 2000. Ulevaade Eestis kasutatud geodeetilistest daatumitest ja ristkoordinaatide
stisteemidest - Geodeet No. 21, pp. 28-30

0 50 100 150 200 km

Spatial reference Base map

Datum: WGS84 Nordic Map Database 1 : 2 million, National Land Survey of Finland, licence no.13/MYY/01,

Helsinki, Finland. The Russian part of the base map is modified from the Geological Map of NW Russia
Scalel : 500 000 (Gaskelberg, L., Bogatchev, V. and Mishin, V. 1995. RICC NWRGC) and

from State geological map of Russia (new edition) scale 1 : 1000 000. The map of Pre-Quaternary deposits.

Sheets P(35-37)-Petrozavodsk (Bogdanov, Ju., Jakobson, K., Guseva, E., Petrov, B. and others 2000).

e Geological Survey of Finland, Espoo 2002
Geological Survey of Norway, Trondheim 2002
Geological Survey of Sweden, Uppsala 2002
Ministry of Natural Resources of Russia, Moscow 2002

Map projection:
[ - Gauss-Kriiger, central meridian 21°E.
; - False easting: 1 500 000 m

% /
e e .
2 / |
4 avity stations la.l/‘d and sea ’ ﬂ\@g L
, /airborn -gravity profiles \%ﬁ& SRS j}
" " schematic data density W W*Lr,\v“
5 i / T el
" 1 N / B )
— | \/\ , 2
D
o Observation and R
grid points of b plk dgens'e g
Bouguer anomaly on ity
Scale 1:15 000 000 Scale 1:15 000 000
3 e Notes on petrophysical information
%::;‘
; & ) Induced magnetisation was calculated from magnetic susceptibility by an inducing field value of 41A/m. Estonian petrophysical measurements have been made from drill cores representing pre-Vendian, Precambrian
o Total magnetisation was calculated as a scalar sum of intensities of induced and remanent magnetisation. geological formations below sedimentary formations of the East-European platform.
Paramagnetic and ferrimagnetic sample populations were separated by empirical relationship between Bouguer anomaly has been continued upwards 500m. Further notes of correlation elements of magnetic and gravity
paramagnetic susceptibility and bulk density (Lahtinen and Korhonen 1996). Samples associated with anomalies are given in the Magnetic anomaly map of the Fennoscandian Shield 1 : 2 000 000 (Korhonen et al. 2002)
o gl susceptibility greater than predicted paramagnetic susceptibility +2*std. dev. of the model were included in
ferrimagnetic population. Ferrimagnetic Q-value was calculated to indicate the ratio of remanent to induced
‘ ferrimagnetic magnetisation. Computer processing
. The total number of petrophysical samples and bulk density measurements is 172,399, number of magnetic Coordinate transformation, grid interpolation, linear data transformation by Fourier-analysis, and map drafting
-~ w susceptibility measurements 171,440 and number of measurements of intensity of remanent magnetisation 140,419. were made by Geosoft Oasis 5.0. Petrophysical scatter plots and parameter calculations were made by SPSS 11.0,
. Scatter plots are presented for the major age groups defined by Koistinen et al. (2001). A random subpopulation of 2.5-D interpretation by GMSYS (Geosoft) 4.8.3, final map layout compilation by ArcView GIS 3.2, and
c. 1000 samples is shown for major groups and whole population if it numbers less than 1000 samples. print file conversion by Adobe Illustrator 10.0, Adobe Acrobat 5.0, and Enfocus PitStop Professional 5.03.
; . . g o i 4 , 3 GDG = Granitoid-Dioritoid-Gabbroid intrusive rock association
Correlation of induced magnetisation and bulk density of the Fennoscandian Shield in time and space GSDG = Granite-Syenitoid-Dioritoid-Gabbroid intrusive rock association
GP = Granite-Pegmatite intrusive rock association
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\\ﬂ\ orthogneiss, migmatitic gneiss - Supracrustal rocks (c. 2.50-2.06 Ga) association (c. 1.96-1.91 Ga)
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