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The Palaeoproterozoic Onega Basin in northwestern Russia is an important geological archive for global events during oxygenation of Earth at 
2.5–2.0 Ga. In this study, we make use of recent drilling results from the Fennoscandian Arctic Russia – Drilling Early Earth Project and the Onega 
Parametric Hole in combination with available gravity and magnetic data to illuminate the structure of the basin and its internal build-up. These 
drilling campaigns have provided new information on petrophysical properties (density, magnetic susceptibility) and stratigraphic thickness of 
the main horizons in the basin. We use this information in combination with gravity and magnetic data to construct a 3D crustal model of the 
basin with emphasis on its near-surface structure. Our near-surface structure is in agreement with previous findings and most of the gravity and 
magnetic anomalies are associated with known geological bodies. Modelling also suggests a lateral lithological subdivision of the upper Archaean 
crust into three parts. The central crust has a higher magnetic susceptibility of 0.12 (SI) and lower density of 2.7 g/cm3, while the surrounding 
upper crust in the western and eastern edge regions has a lower magnetic susceptibility of 0.075–0.1 (SI), but a slightly higher density of 2.75–2.8 g/
cm3. One possible explanation for the differences is the presence of highly magnetised magmatic rocks in the centre of the Onega region caused by 
magmatic activity resulting in lava flows and comagmatic shallow intrusions during the early Palaeoproterozoic.  
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3D modelling of the Onega Basin, northwestern 
Russia, from gravity and magnetic data and borehole 
information

Introduction

The Palaeoproterozoic Onega Basin is located in 
northwestern Russia and consists mainly of supracrustal 
rocks of about 2 to 2.5 Ga (Fig. 1). These sedimentary 
and volcanic successions are of high interest because 
major global events, like the Huronian Glaciation (e.g., 
Symons, 1975; Young, 1991), the Great Oxidation Event 
(e.g., Holland, 2006) and the evolution of the aerobic 
Earth system took place during that era (e.g., Kump et al., 
2011). 

In order to understand these processes in the early 
Earth’s history, two recent drilling projects focused on 
the environmental changes as recorded in the succession 
of the Onega Basin. The first is the Fennoscandian 
Arctic Russia–Drilling Early Earth Project (FAR-DEEP; 
Melezhik et al., 2010, 2013b) as part of the International 
Continental Scientific Drilling Program. In total, six 
boreholes were drilled in the northern and eastern part 
of the Onega Basin (Fig. 1) for which the lithological 
characteristics and the magnetic susceptibility were 
determined in constant vertical intervals. The second 
drilling project was the Onega Parametric Drillhole 

Frey, M., Ebbing, J. & Lepland, A. 2018: 3D modelling of the Onega Basin, northwestern Russia, from gravity and magnetic data and borehole 
information. Norwegian Journal of Geology 98, 1-12. https://dx.doi.org/10.17850/njg98-4-03.

© Copyright the authors.
This work is licensed under a Creative Commons Attribution 4.0 International License.

https://dx.doi.org/10.17850/njg98-4-03
https://dx.doi.org/10.17850/njg98-4-03


M. Frey et al.2

 

Figure 1. Upper left panel: Simplified geological map of the Onega Basin (modified after Glushanin et al., 2011) including the locations of the 
FAR-DEEP drilling sites and the Onega Parametric Drillhole. The red box on the overview map indicates the study area and the extent of maps 
shown in the remaining figures. Lower panels: Two geological profiles of the Onega Basin: A–A’ intersects the northern synclinorium structure; 
B–B’ intersects the southern trough structure (Glushanin et al., 2011). For modelling results along these profiles see Figs. 7-9.
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with Palaeoproterozoic sediments and magmatic rocks 
(Gorbatschev & Bogdanova, 1993). The basement in the 
area consists primarily of Archaean granitoid gneiss of 
an age up to 3.2 Ga (Slabunov et al., 2006).

Palaeoproterozoic evolution 

The development of the rocks of the Fennoscandian 
Shield during the late Archaean and the Palaeoproterozoic 
occurred in several steps. In the early Palaeoproterozoic, 
plume-related gabbroic intrusions caused continental 
uplift, which resulted in crustal extension and the 
initiation of NW–SE-oriented continental rifting during 
Sumian time (Table 1). The newly formed Onega Basin 
was subsequently filled with polymict conglomerates and 
volcanic rocks. Rifting became more intense, resulting in 
the establishment of marine ecosystems and carbonate 
platforms in the Onega region (Lahtinen et al., 2008). 
Subsequently, calcium sulphates, dolomites and other 
carbonates were accumulated (Blättler et al., 2018). 

The break-up of the Neoarchaean–Palaeoproterozoic 
Kenorland supercontinent at about 2.1 Ga, led to the form-
ation of the new Kola Ocean and the Svecofennian Sea and 
the deposition of turbiditic greywackes at the continental 
margin. This was followed by deposition of siliciclastic and 
carbonate sediments, very rich in organic matter (Corg), 
known as the Shunga Event (Melezhik et al., 2009). 

(OPD) located in the western part of the central basin 
(Fig.1), which was carried out in 2007–2009 by the 
Russian Geological Institute (Krupenik et al., 2011). The 
OPD resulted in an approximately 3500-m deep drillhole 
with fragmentary core recovery intersecting a 2900 m 
succession of Palaeoproterozoic volcano-sedimentary 
rocks and 600 m of underlying Archaean gneiss for which 
the magnetic susceptibility and the rock density were 
determined. All findings from the OPD and previous 
projects have been summarised recently by Glushanin et 
al. (2011) including seismic profiles, geological sections 
and models of the geological structure of the basin.

Here, we present a first 3D structural model of the 
Onega Basin that fits the observed gravity and magnetic 
anomalies with focus on the near-surface geology. The 
main aim was to obtain a comprehensive overview of 
the volcano-sedimentary formations where the newly 
available borehole data can constrain the model. 

Geology

Situated in the southeastern part of the Fennoscandian 
Shield, the Onega Basin represents the largest 
intracontinental basin within the Karelian craton. It 
covers an area of approximately 40,000 km2 and is filled 

Table 1. Summary of the formations in the Onega Basin with their petrophysical properties. The typical range of the petrophysical parameters 
of the common rock types is given.

Complex Super-Horizon Formation Occurrence 
in the basin

Lithology Max. 
Thickness 

Density  
[g/cm-3]

Susceptibility 
[SI]

K
al

ev
ia

Vepsian
(1800–1600 Ma)

Shoksha South Sandstones, quartzites, 
conglomerates

1000 m 2.5–2.7 10-5–10-3

Petrozavodsk South Sandstones 300–450 m 2.5–2.7 10-5–10-3

Kalevian
(1960–1900 Ma)

Vashozero Center Sandstones, siltstones, clay, 
conglomerates

170 m 2.5–2.7 10-5–10-3

Kondopoga Center Volcanoclastic sediments 600 m 2.5–2.8 10-5–10-2

Ludicovian
(2060–1960 Ma)

Suisari West Magmatic rocks, tuffs, 
conglomerates

700 m 2.5–2.9 10-3–10-1

Zaonega Center,  
north

Corg-rich siliciclastic and 
carbonate sediments,basalt

800–850 m 2.6–2.9 10-3–10-1

Jatulian
(2300–2060 Ma)

Tulomozero Whole  
basin

Dolostones, sandstones, 
evaporates

400–800 m 2.3–2.9 10-5–10-3

Medvezhegorsk West Clastic sedimentary rocks, 
basalts

30 m 2.5–3 10-5–10-1

Jangzero West Sandstones, siltstones, 
conglomerates, basalt

45–70 m 2.5–3 10-5–10-1

Sariolian
(2430–2300 Ma)

Paljeozero West,  
north

Conglomerates, greywackes, 
sandstones

450 m 2.5–2.7 10-5–10-3

Sumian
(2505–2430 Ma)

Kumsa Kumsa area Magmatic intrusions, clastic 
sedimentary rocks

1200 m 2.9–3.1 10-3–10-1

Glubokozero Kumsa area Schist, sandstone 150 m 2.5–2.7 10-5–10-3
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 In the late Palaeoproterozoic, subduction of oceanic 
lithosphere was accompanied by high volcanic activity 
in island arcs. A succession of several orogenies finally 
led to formation of the Columbia–Hudsonia–Nuna 
supercontinent approximately 1.8 Ga ago (Zhao et al., 
2002; Lahtinen et al., 2008). 

Geological subdivision of the Onega basin

The Onega Basin is divided into a northern synclinorium-
like part and a southern trough-like structure. The 
Archaean basement is overlain by six super-horizons, 
which are from oldest to youngest: the Sumian, Sariolian, 
Jatulian, Ludicovian, Kalevian and Vepsian horizons. 
They can be further subdivided in up to 12 formations 
(Kulikov et al., 2011), whose lithological characteristics 
are summarised in Table 1 (Melezhik et al., 2013a). 

The two main geological units that are present throughout 
the entire basin are the Tulomozero and Zaonega 
formations. Their stratigraphic thicknesses are up to 800 
m and 1500 m, respectively (Kuznetsov et al., 2012; Črne et 
al., 2014). The Tulomozero Formation consists primarily 
of dolostones, sandstones and evaporates. In contrast, the 
Zaonega Formation consists of volcanoclastic sediments 
and organic-rich sedimentary rocks that are interlayered 
with mafic lava flows and comagmatic sills. Therefore, 
the Zaonega Formation might be considered as a source 
for strong magnetic anomalies (Kuznetsov et al., 2012; 
Melezhik et al., 2013a).

Data and constraining information

In the following, we describe the geophysical data as 
well as the different geological constraints used for the 
modelling. 

Gravity and magnetic data

The free-air gravity data (Fig. 2B) were given by the 
DTU10 model, which has a nominal resolution of 1 
arc minutes (Andersen et al., 2010). From the data, we 
extracted a dataset with 5 km station distance. The 
station distance is in agreement with the data used 
for the gravity model, which are similar to those in the 
EGM2008 (Pavlis et al., 2012). Although it is difficult 
to provide an exact assessment of the gravity data, an 
uncertainty of ± 5 mGal (mGal = 10-5 m/s2) is typical for 
such datasets. 

Next, we calculated the simple Bouguer anomaly (Fig. 
2C), using topography data from the Altimeter Corrected 
Elevations 2–Project (Fig. 2A, Berry et al., 2010) with a 
correction density of 2670 kg/m3. The bathymetry of the 
lake was not considered in the reduction as the water 
depth of the Onega Lake is less than 30 metres. 

The values of the Bouguer anomaly are mainly in 
the range of ± 40 mGal in the Onega region. Larger 
anomaly lows are located to the north and southeast of 
the lake. The most prominent high is an elongated NE–
SW-trending structure in the eastern basin. Broad highs 
with values of about 10 to 20 mGal are also found at the 
eastern and southwestern edges of the basin. 

A) Topography B)Free-air anomaly C) Bouguer anomaly

Figure 2. (A) Topography for the study area. (B) Free-air anomaly from the DTU2010 gravity model. (C) Simple Bouguer anomaly as calculated 
with a reduction density of 2670 kg/m3. OPD: Onega Parametric Drillhole, FDxx: Far Deep borehole locations. The profiles along lines A-A’ and 
B-B’ are shown in Figure 1.
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respect to the source. In Fig. 4 we compare the reduced 
to the pole magnetic anomaly with the Bouguer anomaly 
to illuminate the similarities and differences between the 
gravity and magnetic datasets.

Geological constraints

The modelling of the shallow geology is mainly based 
on the geological map data and the two profiles from 
Glushanin et al. (2011) shown in Fig. 1. In addition, 
the rock records of the FAR-DEEP and the OPD cores 
provided important information about the thickness and 
petrophysical parameters of the common formations. 
The FAR-DEEP cores 10 to 13 in the northern and 
eastern parts of the Onega Basin (see Fig. 1 for locations) 
comprise the Tulomozero and Zaonega formations 
(Melezhik et al., 2010).

The 3500 m-long OPD core contains 2900 m of 
Palaeoproterozoic volcano-sedimentary rocks of the 
northern synclinorium-like basin and approximately 600 
m of the Archaean basement gneiss. A summary of the 
formations intersected by the drillings is given in Table 2. 
Unfortunately, these drillcores do not cover all geological 
units occurring in the Onega basin. In particular, there 
is little information on the formations in the southern 
trough and in the Kumsa area. 

There are also limited data available for the deeper 
geology of the region and especially for the internal 
structure of the crust. We used a map from Grad et al. 
(2009, Fig. 5) as a constraint for modelling the crustal 

For the magnetic modelling, we used data from the 
Circum Arctic Mapping Project (Gaina et al., 2011; Fig. 
3A). In the project, all available magnetic measurements 
from the Circum–Arctic region have been combined and 
unified in order to compile the magnetic anomaly map. 
The resulting dataset has a nominal grid resolution of 
2 km at a reference height of 1 km (Gaina et al., 2011). 
However, the anomaly maps have varying resolution and 
accuracy due to the quality of the available input data 
(Gaina et al., 2011). Fig. 3B shows the magnetic anomaly 
after reduction to the pole. For reduction, and later on 
for modelling, we used a normal magnetic field of total 
field intensity of 53,089 nT, a declination of 12° and an 
inclination of 74°50’ chosen for the centre of the study 
area (62°N, 35°E).

While the gravity anomalies are relatively subtle, the 
magnetic anomalies show large variations mostly within 
the range -300 to +300 nT, but also from -393 to +1027 
nT. The largest magnetic high is located in the central 
and northeastern parts of the Onega Basin. In the 
northeastern, southern and central parts of the basin 
additional smaller anomaly highs can be identified. A 
magnetic anomaly low occurs in the centre of the Onega 
Lake and in the surroundings to the basin.

After reduction to the pole, the main anomalies are 
slightly shifted and the amplitudes of the highest lows 
and highs are even increased. In the case of dominant 
induced magnetisation, the reduction to the pole 
should shift the anomalies over the causative source 
body. If remanent magnetisation is present, as is likely 
for Archaean basement, the anomaly is still offset with 

A) Magnetic anomaly B) Magnetic anomaly (after RTP)

Figure 3. (A) Magnetic anomaly from the Circum–Arctic Mapping project (Gaina et al., 2001). (B) Magnetic anomaly after reduction to the pole. 
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Figure 4. Contour lines of the magnetic anomaly after reduction to the pole superimposed on the Bouguer anomaly.

Figure 5. Moho depth of the study area (Grad et al., 2009). The uncertainty of the depth estimates according to Grad and coauthors is 5 km. 
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In the summary report for the Onega Basin, Glushanin 
et al. (2011) shows a complete Moho model that varies 
from 30 to 45 km in the study area. Such large differences 
in crustal thickness, would be expected to be reflected 
in the gravity signal as well. The Bouguer anomaly is, 
however, quite constant and does not show any major 
long-wavelength changes. In addition, as the data for the 
compilation of Glushanin et al. (2011) are not accessible, 
we adopt the crustal thickness after Grad et al. (2009).

3D model

The gravity and magnetic 3D model was developed 
with the 3D modelling software IGMAS+ (Interactive 
Geophysical Modelling ASistant) (e.g., Götze & 
Lahmeyer, 1988; Götze, 2013). The model area has an 
extension of 250 km from north to south, 200 km from 
east to west and a total depth of 120 km. To avoid edge 
effects of the calculated magnetic and gravity fields, the 
margin of the model area was extended by about 500 km 
in each direction. We define the geometry of the model 
on 32 parallel sections, which are aligned perpendicular 
to the general strike trend of approximately 150° (NNW–
SSE) (Fig. 6). The distance between neighbouring 
sections ranges from 8 to 20 km depending on the size 

thickness (Fig. 5). In the compilation, crustal thickness 
ranges from 40 to 45 km in the Onega Basin with an 
uncertainty of 5 km.

Figure 6. Overview of the geological units and the location of the vertical sections in the final model. The varying distances of the sections are 
chosen to select the best representation of the surface geology. The complete3D model is available as Electronic Supplement A.

Table 2. Summary of the drilling projects (FAR-DEEP project, 
Onega Parametric Drillhole) including the depth of the intersected 
formations. 

Drillhole Depth Formation

FAR-DEEP 10A 0–432 m Tulomozero

FAR-DEEP 10B 20.6–278 m Tulomozero

FAR-DEEP 11A 2.8–106 m Zaonega

106–436 m Tulomozero

FAR-DEEP 12AB 1.6–504 m Zaonega

FAR-DEEP 13A 1.6–240 m Zaonega

Onega Parametric 
Drillhole (OPD)

0–250 m Kalevian

250–700 m Suisari

700–2115 m Zaonega

2115–2940 m Tulomozero

2940–3500 m Archean basement
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of the geological body. Through automatic triangulation, 
the modelling planes are connected to define 3D objects 
(polyhedrals). 

In order to calculate gravity and magnetic fields, we 
assigned densities and magnetic susceptibilities to every 
3D body. The parameters for the Archaean basement 
and the Tulomozero, Zaonega, Suisari and Kondopoga 
formations are well known from the drillcores. Because 
values are highly variable within individual formations, 
densities and susceptibilities were averaged over depth. 
For the other horizons in the Onega Basin, we assigned 
typical rock properties in agreement with studies for the 
Fennoscandia Shield (Koslovskaya et al., 2004; Ebbing et 
al., 2012). The full list of rock densities is given in Table 3. 
To simplify the model, the Kondopoga and the Vashozero 
formations were merged to the Kalevian horizon because 
of their similar petrophysical properties. Moreover, the 
Glubokozero, Kumsa and Paljeozero formations were 
combined into one horizon in the Kumsa area. We did 
not incorporate the Jangzero and the Medvezhegorsk 
formations in the model, since their total thickness 
of less than 50 m is too low to have a significant effect 
on the magnetic and gravity field. The geometry of the 
volcano-sedimentary formations was based mainly on 
the geological information and the two profiles shown in 
Fig. 1 as well as on drillcore data.

As mentioned before, data concerning the deeper crustal 
structure are very limited. That is why we assumed a 
typical crustal subdivision into a lower, middle and 
upper crust (e.g., Ebbing et al., 2012). The main reason 
is to present the increase of crustal density with depth 
(pressure) and to have a realistic density contrast at the 
Moho boundary.

Results

The model is presented in Figs. 7–10.

The shallow structure of the model is in agreement with 
previous geological models. 

The Moho boundary in the model is flat, only in some 
parts the depth was varied by a few kilometres (≤± 5 km) 
in line with the uncertainties of the constraining data.

In contrast, the thickness of the individual crustal layers 
is more variable (lower crust 5–20 km, middle crust 2–30 
km, upper crust 8–20 km) to reproduce the regional, 
long-wavelength part of the gravity field, e.g., the broad 
gravity lows in the northern and southeastern parts of 
the Onega Basin were modelled by applying a thin lower 
and middle crust in these areas. An alternative would 
have been to change lateral variations of densities in the 
model. However, due to the lack of constraints and the 
small amplitude of the gravity field, that was deemed by 
us to be too complex. 

In order to address the sources of both the magnetic and 
the gravity field, we had to introduce a lateral subdivision 
of the upper crust. In the central basin the basement has 
a normal density of 2.7 g/cm3, but a high susceptibility 
of 0.12 (SI) leading to the magnetic anomaly high. In 
the eastern and western parts, the susceptibility is much 
lower, but the density is slightly higher (2.75–2.85 g/cm3). 
The angle of dip of these outer crustal blocks towards the 
basin interior ranges from 20° to 70°. 

In addition, we added a nappe-like structure with a lower 
susceptibility overlying the strongly magnetised layer 
in the eastern part of the basin to model the magnetic 
anomaly lows (Fig. 7). 

The most distinct gravity anomaly high, which also 
correlates with a low-amplitude magnetic anomaly high, 
can be found in the east of the Onega Basin. It is related 
to a mafic intrusion from the Sumian with a thickness 
of up to 2 km. We assigned a high density of 3.2 g/cm3 
as well as a high susceptibility of 0.15 (SI), only slightly 
higher as measured on the drillcores. A similar body is 
located in the central basin underneath the Tulomozero 
formation, but in this case a magnetic low is observable. 
Here, we applied a magnetic susceptibility of 0.025 (SI) 

M. Vickers et al.

Table 3. List of the geological bodies used in the final model inclu-
ding the assigned rock densities and magnetic properties. The para-
meters are within the range given in Table 1.

Geological unit Density  
[g/cm3]

Susceptibility 
[SI]

Mantle 3.3 0

Lower crust 3.0 0.005

Middle crust 2.85 0.01

Dense upper crust (west) 2.8 0.075

Dense upper crust (east) 2.75 0.1

Upper crust (centre) 2.7 0.12

Nappe structure 2.7 0.075

Sumian intrusions 3.2 / 3.0 0.15 / 0.025

Sumian + Sariolian (Kumsa region) 3.1 0.08

Tulomozero formation 2.75 0.001

Zaonega formation 2.85 0.05

Suisari formation 2.85 0.005

Kalevian Horizon 2.6 0.001

Petrozavodsk formation 2.7 0.001

Shoksha formation 2.7 0.001

Gabbroic Sills 3.1 0.05
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Figure 7. Profile A–A’ in the northern Onega Basin with the modelled and the observed Bouguer and magnetic anomalies (top) and a detailed view 
of the modelled volcano-sedimentary formations. The modelled section and profile A–A’ are superimposed in the bottom panel. The model differs in 
some parts from the geological profile, but the general structure is similar. The used values for the density ρ and susceptibility χ are added to each unit.

Figure 8. Profile B–B’ in the northern Onega Basin with the modelled and the observed Bouguer and magnetic anomalies (top) and a detailed 
view of the modelled volcano-sedimentary formations. The modelled section and profile B–B’ (Fig. 1) are superimposed in the bottom panel.
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A) Gravity residual B) Magnetic residual

Figure 9. Profile B–B’ in the northern Onega Basin with the modelled and the observed Bouguer and magnetic anomalies. The density and 
susceptibility are now homogeneously distributed in the upper crust. As a result the fit of the anomalies is worse.

Figure 10. (A & B) Differences between modelled and observed gravity and magnetic anomalies, respectively. 
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and a density of 3.0 g/cm3. Further gravity and magnetic 
highs associated with magmatic intrusions are situated 
in the Kumsa area and on top of the Shoksha formation, 
where we assigned similar parameters.

The misfit of the modelled and observed data is shown 
in Fig. 10. Especially in the central basin, the anomaly fit 
can be regarded as satisfying. The correlation coefficient 
between the modelled and the observed Bouguer 
anomaly is 0.941, and for the magnetic field 0.74. 

In general, the largest differences are located in the outer 
parts of the study area, where only limited data about the 
geological structure and composition are available.

Discussion

The presented 3D model is, of course, not the only 
possible model to explain the gravity and magnetic data. 
We tried to incorporate as much geological information 
as possible, while at the same time keeping the model as 
simple as possible. 

For illustration, we show in Fig. 9 a profile of a model 
with homogeneous upper crust. In this case, the fit of the 
gravity and magnetic field is worse than in the preferred 
3D model and some anomalies cannot be explained at 
all. Even though the models appear quite different, the 
density difference between the two set-ups is within the 
uncertainty range normally given by seismic-derived 
densities. Hence, in terms of parameters, they are both 
reasonable. For the magnetic susceptibility, the differences 
can be perceived larger, but are still within a reasonable 
range based on the petrophysical measurements. However, 
the lateral subdivision of the upper crust is certainly an 
interpretation in line with the geological evolution of 
the basin. The high magnetisation in the centre probably 
resulted from crustal extension and the development of 
the continental basin during the early Palaeoproterozoic. 
At that time, the crust was highly affected by volcanic 
activity, which led to the widespread development of 
magmatic intrusions with high susceptibility. It is yet 
uncertain how thick this highly magnetised layer really 
is. The OPD is the only drilling that has penetrated about 
600 m of basement underneath the volcano-sedimentary 
formation, but only down to a total depth of 3500 m. In 
the absence of any other kind of information it was the 
geophysical data that helped to resolve the structure, even 
though the total thickness is very uncertain. 

However, the shallow structure of the model is in good 
agreement with geological models and the borehole data. 
An unexpected result was that the Sumian magmatic 
complexes appear to be quite heterogeneous and are 
characterised by a range of density and susceptibility. 
A possible explanation is that the two-modelled units 

developed were affected either during their formation 
or afterwards by processes altering their evolution, as for 
example thermal pulses.

There are still some uncertainties about the deeper 
structure in the Onega region, which might affect the 
modelling results. The Moho depth compilation from 
Grad et al. (2009) shows only uncertainties in the range 
of 5 km. The results of Glushanin (2011) differ beyond 
this uncertainty, but due to a non-availability of data, 
the sources cannot be determined. A dedicated seismic 
campaign might shed some light on the internal basement 
structure and verify the internal build-up of the crust.

For the near-surface, the petrophysical measurements have 
shown that densities and magnetic susceptibilities can vary 
quite considerably within the formations and such details 
would be preferred for incorporating into the model. 
However, some of the geological units were either not 
integrated at all or merged with each other with averaged 
properties due to their limited extension or thickness. The 
available potential field data therefore do not allow a more 
detailed analysis, but local high-resolution gravity and 
magnetics could illuminate such details, even providing 
the possibility to detect remanent magnetisation. The 
detection of remanent magnetisation might be helpful 
to understand the Palaeoproterozoic development of the 
basin in more detail, especially in combination with more 
detailed analysis of the FAR-DEEP drillcores.

Conclusions

A structural 3D model of the Onega Basin has been 
developed based on geophysical data and data provided 
by two major drilling projects. The model includes the 
main geological structures of the study area. Based on the 
model we conclude that:

(1) The main gravity and magnetic anomalies are 
associated with known geological bodies. In 
particular, magmatic rocks are sources for the 
prominent magnetic and gravity highs. The 
thicknesses of the volcano-sedimentary formations 
are in agreement with the results of previous studies 
and only slight adjustments were necessary in order 
to model the magnetic and gravity anomalies. 

(2) The Sumian magmatic complexes appear to split 
into two domains, which indicates either changes or 
alteration during or after their formation.

(3) The observed magnetic and gravity anomalies 
indicate a subdivision of the upper crust into at least 
three parts. In the centre, the crust is highly magnet-
ised and has a lower density, whereas the crust at the 
eastern and western edges of the region has a higher 
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 density and a lower magnetic susceptibility. The high 
magnetisation in the central part probably resulted 
from crustal extension and the development of the 
continental basin during the early Palaeoproterozoic, 
which led to widespread magmatism.

(4) The deep structure beneath the basin remains largely 
unknown. Few seismic constraints are available. The 
low-amplitude range of the free-air and Bouguer 
anomalies does not point to any large lateral changes 
in the lower crust or in crustal thickness.
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