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VI.4 Mantle heterogeneities beneath Fennoscandia

As part of NORSAR's comprehensive program for seismological mapping of upper

mantle heterogeneities, travel time observations from the Fennoscandian
network (Fig. VI.4.1) have been subjected to a B;D inversion analysis
similar to that described in Séction VI.3. The region in question is
interesting in the sense that the Baltic Shield constitutes its dominant
tectonic feature as shown in Fig. VI.4.2. We note in passing that NORSAR
scientists and colleagues in the past have undertaken detailed studies
of parts of this region, e.g., see King and Calcagnile (1975), Aki et al
(1977), England et al (1978), Haddon and Husebye (1978), Christoffersson
and Husebye (1979), Calcagnile and Panza (1978), Sacks et al (1978),
Troitskiy et al (1981) and Thomson and Gubbins (1982).

Data analysis and results

The observations in terms of P-wave travel time residuals werce taken from
the ISC bulletin tapes for the period 1964-77 and thus permitted us to in-
clude stations no longer operational like KRK, GOT & KLS (Fig. VI.4.1). The
motivation for this was that the minimum size of structural heterogeneltlies
to be resolved is a function of the sfation interspacing within the network.
In this respect the Fennoscandian network is much éoarser than that of
Iceland (Section VI.3) and not at all comparable to that of NORSAR itself

(Troitskiy et al, 1981). At a later stage, however, we will use data from

the new, southern Scandinavian network, which comprises some 25 new stations

with an interspaeing of around 50-75 km.

The Fennoscandian inversion results in terms of percentage seismic velocity
anomalies are displayed in Fig. VI.4.2. The standard earth reference model
used was that of Dziewonski et al (1975) for continental areas. The esti-
mated standard errors were of the order of 1 per cent except for poorly
resolved (resolution less than 0.5) peripheral nodes which are specially
marked in Fig. VI.4.2. In the following we will comment on the velocity

anomaly patterns at the respective levels.
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Level 1 (0-100 km). The anomaly pattern here is dominated by a velocity high
over the central parts of Fennoscandia, the Bothnian Bay. Otherwise, there is
indication of a negative anomaly straddling the Barents Sea to the northwest.
This is an intracontinental sedimentary basin whose crustal structure is found
to be considerably different from that of the Baltic Shield (e.g., see Levshin
and Berteussen, 1978; and Bungum et al, 1981). Unfortunately, the resolution
was very poor In the southern part of the network area, so it was not fcasible
to test whether the various tectonic provinces adjacent to the Baltic Shield

(Fig. VI.4.x) also have a seismic manifestation.

Level 2 (100-300 km). The anomaly pattern here is rather similar to that of
level 1 with velocity lows in the Caledonides of western and northern Norway.
The dominant velocity high coincides roughly with the areal extent of the Baltic
Shield and thus confirms long-standing hypotheses that such tectonic provinces
constitute deep-seated, relatively homogeneous parts of the upper mantle in

analogy with the tectonosphere concept.

.ECYQEA}_KggpjﬁgpwkE)L' The characteristic features here are weak anomalies

and no simllarity to those at level 2. In a plate tectonic context we may

take levels 1 and 2 to constitute the lithosphere which in turn is decoupled

from the underlying asthenosphere of level 3. Sacks et al (1978) reported
indications of a discontinuity beneath the Bothnian Bay at a depth of 230 km
which tentatively has been interpreted as the lithosphere/asthenosphere boundary.
Likewise, Calcagnile (1982) on the basis of Rayleigh wave dispersion analysis
finds that the central parts of the Baltic Shield exhibit a considerably thicker

lithosphere than the adjacent areas to the west.,

LeY?}.ﬁ_£590:690~k§); Also this layer appears remarkably homogeneous, although
less so than layer 3. The very existence of heterogeneities in this part of

the upper mantle is probably related to geochemical/geothermal anomalies as-
soclated with the 650 km discontinuity. We remark that heterogeneities at

depths greater than 600 km may be 'projected' into layer 4.
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Discussion

The essential result obtained is that the surface expression of the Baltic
Shield has a relatively high seismic velocity counterpart some 300 km down
in the upper mantle. Quantitatively, this explains some characteristic
features of Fennoscandian seismograph recordings, namely, relatively large
amplitude P-wave recordings and 'early' arrival times for eventé in western
Rusgia and central Asia. In a future study we will attempt to quantify

wave propagation through 3-D media of the above kind also in terms of

an associated Q-structure.

F.S. Husebye
J. Hovland
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Fig. VI.4.1 Fennoscandian seismograph network whose P-wave travel time
residual reportings to ISC were used in analysis.
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Fig. VI.4.2
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(a) Velocity perturbations in per cent for Level 1 (0-100 km).
Areas of high and low velocities are indicated by captial letters
(b) Velocity perturbations in per cent for Level 2

Velocity perturbations in per cent for
Level 3 (300-500 km).

H and L.
(100-300

km). ()

(d) Velocity perturbations in per cent
for Level 4 (500-600 km).





