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Abstract. It has been ascertained that the regional uplift anomaly which was established
by Svensson (1989, 1991) and the central part of which is largely situated in Estonia,
is not reflected at the Moho depth, in the anomalies of temperature (measured at a
depth of 200 m) and heat flow. The uplift anomaly is related neither to helium anomalies
nor the surface of the crystalline basement. However, it is connected with some tectonic
fracture zones and recent crustal movements, Thus, it is rather obvious that the NW
and SE boundaries of the anomaly are of tectonic origin. They are situated in tectonic-
ally active fracture zones. The well-known and best-studied Parnu—Tapa—Kunda zone
is located at the SE boundary of the uplift anomaly. This fracture zone is of Pro-
terozoic age, but in the Phanerozoic it has repeatedly revived, last in the Pleistocene
and Holocene.

Key words: present uplift anomaly, basement, Moho depth, heat flow, helium anomalies,
fracture zones, recent crustal movements.

INTRODUCTION

Lately Svensson (1989, 1991) pointed out that at the present time
NW Estonia was rising faster than expected. The regional anomaly,
spreading over NW Estonia and SE Finland, was established by Svens-
son as a deviation in the present uplift from the mean value of the ratio
between the Baltic Ice Lake shoreline and the present uplift rate.

Since a substantial part of the regional anomaly lies within Estonia,
its relations to some features of the Estonian geology are of interest.
To study the problem, we made use of the data available on the Moho
depth (Fig. 1), topography of the crystalline basement (Fig. 2), dis-
tribution of temperature at a depth of 200 m (Fig. 3) and heat flow
(Fig. 4), helium anomalies (Fig. 5), fracture tectonics (Fig. 6), and
recent crustal movements (Fig. 7).
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MOHO DEPTH

The only data on crust and lithosphere structures in Estonia have
been presented by Bulin (Bysaun, 1978). Having studied the Osmussaar
earthquake area (NW Estonia), he established that there the Moho
depth ranged from 47 km in the north to 42 km in the south. Of course,
there are small-scaled maps, showing the Moho depth, crustal thickness,
etc. mainly in Fennoscandia (Babuska et al, 1988; Marquart, 1989;
Luosto, 1991; a.0.). However, on the basis of these maps it is very
difficult to find out direct connections between the material presented
on these maps and the geology of small, though in many aspects in-
tensively studied areas, like Estonia.

The latest data (Korja et al., 1993) suggest that the thickness of
the crust ranges from 46 to 56 km. According to a map compiled on
their basis (Fig. 1), Estonia is located on the northern slope of the
Moho depression, oriented in the east—west direction. The regional
anomaly intersects the Moho depression independently (Fig. 1). Only
its maximum runs parallel to the northwestern slope of the Moho de-
pression. Nevertheless, it is difficult to believe that this coincidence is
indicative of a direct connection between the regional uplift anomaly
and the Moho depression. Neither the data on the depth nor the thick-
ness of the lowermost high-velocity crustal layer support this connection
(cf. Figs. 4 and 4b in Korja et al., 1993).

In 1970—72 magnetotelluric measurements were made at 19 sites
(Augpa et al., 1974). Interpretation of the results yielded 75 km for the
mean depth of the layer of high conductivity. Since the number of
measurement sites was small it is impossible to map regional differ-
ences in the depth of the layer of high conductivity. The standard
deviation of the mean is 2.3 km. Thus, these data are of little consequence
for regional land uplift anomaly studies.

Fig. 1. Crustal depth (Moho) in km after Luosto (Korja et al., 1993). Uplift anomaly
shown in thick in Figs. 1—7.
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TOPOGRAPHY OF THE CRYSTALLINE BASEMENT

Fig. 2 shows that the basement lowers rather evenly toward the
south and southeast. There is no connection between the NE—SW
oriented regional uplift anomaly and the basement topography. The
location of zero isoline on the NW slope of the Valmiera—Lokno base-
ment uplift is evidently occasional. So, the SW—NE orientation of the
uplift anomaly is not determined by the basement topography.

Fig. 2. Surface of the Estonian basement after Puura (ITyypa, 1983).
1 isohypses of the basement; 2 fracture zones, (a) with a scarp, (b) scarp not
established; 3 local elevations of the basement.

TEMPERATURES AND HEAT FLOW

Some years ago maps of the temperatures at a depth of 200 m and
heat flow in the northern part of the Baltic syneclise were compiled
(Yp6au et al, 1991; Figs. 3 and 4). In both maps two anomalies can
be distinguished. Their shape is partly determined by deep-seated and
other kinds of fracture zones. It is supposed that the anomaly located in
NE Estonia belongs to a zone of the higher heat flow extending all
over the Baltic syneclise. As pointed out by Urban (¥Yp6an, 1991; ¥p6an
et al, 1991), an anomalous heat flow is caused by the neotectonic activity
of fracture zones.

Fig. 3. Distribution of temperatures at a depth of 200 m (after Yp6am et al., 1991).
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A comparison of geothermal maps with the land uplift anomaly (Figs.
3 and 4) did not reveal any distinct connection between them. Though
the southeastern border of the anomaly (zero isoline) follows the
highest values of temperature and heat flow (Fig. 4), this cannot be
considered as a firm evidence of causality between land uplift and geo-
thermal anomalies. This connection would be geologically difficult to
explain.

Fig. 4. Heat flow in the Estonian basement (after YpGau et al., 1991); isolines of the
heat flow in mW/m?2.

HELIUM ANOMALIES

The results of helium mapping (Moakasuc & Tu6ap, 1989; Fig. 5)
do not reveal any features which would reflect the land uplift anomaly
either. The northwestern course of the 0.5 isoline along the border of a
negative helium anomaly seems to be the only common feature. It is
known that the same 0.5 isoline between Pédrnu Bay and Lake Varts-
jéir\f[ C?incides with a fracture distinguished on the basis of helium
content.

Fig. 5. Helium anomalies in Estonia (after Moxkasuc & Tu6ap, 1989).
Cross-lined areas—negative anomalies, white areas—helium content normal, striped
areas—positive anomalies.
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FRACTURE ZONES

Geophysical data indicate that there are several large deep-seated
fault zones in the basement among which the most prominent are the
northwesterly-oriented Paldiski—Pskov and west—east-oriented Central-
Estonian zones of Early and Late Proterozoic age (Ilyypa, 1979). In
the regional uplift anomaly neither of them is traceable.

Of great interest is a large tectonic zone along the-Kunda—Tapa—
Pirnu line (Fig. 6). The zone is also inherited from the Early Pro-
terozoic (ITyypa, 1979). In the zone tectonic movements have repeatedly
occurred during Phanerozoic time. The zone lies at the northwestern
border of a broad mobile belt, formed in the Caledonian cycle (Ilyypa,
1979). The belt begins at Narva and runs via Vohma (the middle reaches
of the Navesti River) further to the southwest up to Pédrnu. Though the
0.5 isoline of the anomalous uplift rate does not follow' quite exactly
the Tapa—Péirnu fracture zone, it is still very probable that actually
they are closely related to each other. The Tapa—Pirnu zone evidently
marks the southeastern border of the uplift anomaly. The change in
the gradient of the Baltic Ice Lake shoreline in Central Estonia, determin-
ed by Pdrna ([lapua, 1962), is an evidence of the tectonic activity of
the above-mentioned zone in the Late Pleistocene. An abrupt change takes
place in the middle course of the Navesti River. Here the gradient of
the Baltic Ice Lake shoreline B III decreases from 30 cm per km to
18 cm per km. Orvika (Opsuky, 1960) was the first to ‘point out that
this was due to the revival of tectonic movements along an old.zone
of weakness. Later the conclusion was confirmed by geodetic ‘and geo-
morphological data (Yrrep, 1964; Zhelnin, 1966; Muiizen, 1966; Opsuky,
1969). Thus, all available geological data indicate that the southeastern
border of the land uplift anomaly is situated namely in the Kunda—
Tapa—Pirnu fracture zone. At last, it ought to be mentioned that there
is-no acceptable geological explanation for the strange curvature in the
0.5 isoline of the upliit rate in Central Estonia. According to Pirna
(Iapua, 1962) there are serious errors in the heights of the Baltic Ice
Lake shoreline presented by Ramsay (1929). If Pédrna’s doubts are
grounded, then the course of the 0.5 isoline in Central Estonia could
be explained by inaccuracies in the data used.

It is much more complicated to find geological evidence: for outlmmg
the northwestern border of the uplift anomaly. Above all, this border
should be reflected in the geological structure of the sea bottom, but
the latter has been insufficiently studied so far. Mereover, ‘data on the
tectonics of the islands of Hiiumaa and Saaremaa are inadequate. It
has been only supposed that a northeasterly-oriented fracture zone in
l(’glaeoﬁz)oxc rocks exists on the southeastern coast of Hiiumaa Island

1g

Still it is possible to present some data pointing to the northeasterly
trending fracture zones at the northwestern border of the uplift
anomaly. Several authors (HukonoB & Cuabasss, 1988; Konmopckas
et al, 1988), who have examined relations between the Osmussaare
earthquake (NW Estonia, in 1976) and the tectonics, maintain that the
northwestern part of Hiiumaa has been cut through by an extensive
northeasterly-trending fracture zone. The zone is supposed to run as
far as the north coast of the Gulf of Finland. There are data on two
active hinge-lines in southern Finland. One of them was established
by Donner (1966, 1970, 1980), who, studying relations of the late- and
postglacial shorelines of the Baltic Sea between southern Finland and
Estonia, found that they could not be connected with straight lines.
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The shoreline gradients decrease considerably in the area of the Gulf
of Finland. This hinge-line, which is expressed as a bend and is
according to Donner evidently tectonically controlled, proceeds further
in the northeastern direction as far as the north coast of Lake Ladoga.
Kondorskaya et al. (Konmopckas et al., 1988) maintain that this hinge-
line is connected with the above-mentioned fracture zone on Hiiumaa
Island. After Jantunen (1990), another hinge-line is located in the
Lahti-Pikkala fault zone, which is one of the longest and best observable
fault lines in the topography of southern Finland. Precise repeated
levelling data show that this fault line is active at present as well.
Kédridinen’s uplift map (Kédaridinen, 1963) suggests the same: the
gradient of land uplift changes considerably between Helsinki and
Hanko. Some NE—SW-oriented active seismotectonic fracture zones of
the Loviisa area (Saari, 1992) are probably connected with the first
hinge-line. Therefore, it is likely that at least one of these hinge-lines
marks the northwestern boundary of the land uplift anomaly.

RECENT CRUSTAL MOVEMENTS

Among numerous maps showing recent crustal movements the map
compiled by Vallner et al. (1988) is of particular interest (Fig. 7).
Compared to earlier maps its peculiarity consists in depicting an area
located in West Estonia and bordered from the northwest and south-
east by an uplift isobase of 2 mm. In this area the land uplift is nearly
uniform. Isobases are not distributed evenly over Estonia’s territory,
but converge into groups. This is, in all likelihood, the result of the
land uplift taking place at different rates and step by step. Therefore,
land uplift can be assumed to occur along the NE—SW-oriented fracture
zones. So far this assumption has found confirmation only in case of
the above-mentioned Kunda—Tapa—Pérnu fracture zone. To state the
same about the dislocation in NW Estonia would be too hasty though
there is a fracture zone running in the same direction (Fig. 7).

Serious attention should be paid to the location of the two belts of
recent crustal movements which occur in the immediate vicinity of the
land uplift anomaly and run parallel to its isobases. Consequently, the
character of recent crustal movements seems to confirm the land uplift
anomaly in Estonia. At the same time it might explain the peculiar
distribution of the isobases of present-day movements in the western
part of Estonia. There are a number of earthquake epicentres on the
northwestern boundary of the uplift anomaly, in the gradient zone of
recent crustal movements or in its neighbourhood. This might be an
additional evidence of an approximately NE—SW-oriented fracture zone
in NW Estonia. However, it must be admitted that this supposition is
not in good accordance with the hitherto existing data on the distribution
of fracture zones in West Estonia (Fig. 6).

It is not yet clear either how the gradient zone of recent crustal
movements in the northern part of Lake Vortsjarv is related to the land
uplift anomaly. In the same region several earthquakes have been
registered, too. Nevertheless, it seems more realistic that this gradient
zone is connected with the central area of uplift anomaly rather than
its zero isoline. Yet it is supposed that the above-mentioned earthquake
epicentres lie within the Paldiski—Pskov deep-seated fault zone (Sild-
vee, ¥ 1991) .
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There is a surprisingly good coincidence between the land uplift
anomaly and the area in North Estonia established on the basis of
tide-gauge records by Emery & Aubrey (1985). This area is rising at
a very high rate. Its central part rises annually at least 8 mm (Fig. 8).
Regardless of certain geological preconditions the existence of this
structure is disputable to a high degree, maybe even unlikely (Miidel,
1992). The more so since its separation is based only on the studies
conducted at two pre-war stations by 11-year spans. However, the fact
itself is worth mentioning.

Fig. 8 Land uplift anomaly in Estonia based on tide-gauge records (after Emery &
Aubrey, 1985).

CONCLUSIONS

It follows from the above-said that, probably, not all features of the
geological structure were related to the land uplift anomaly. First of
all this applies to the data concerning some features of the deep crust
structure (Moho depth, temperature and heat flow, helium anomalies).
Connections with fracture zones seem to be better. Some fracture zones
follow the NW and SE boundaries of the central part of the anomaly.
The SE boundary lies in the Tapa—Parnu fracture zone, which formed
in the Proterozoic. As to the tectonic dislocations marking the NW
boundary one can find reliable data mainly from southern Finland
from where fracture zones continue as far as the NW coast of Hiiumaa
Island, Estonia. It is supposed that the Osmussaare earthquake took
place namely in one of such NE—SW-oriented fracture zones. These
conclusions are supported by data on recent crustal movements from
West and Central Estonia.

Summing up, it may be stated that there are certain geological evi-
dences in Estonia of the land uplift anomaly established by Svensson
(1988,°1991) . i
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REGIONAALSE MAATOUSU KERKEANOMAALIA
GEOLOOGILINE TAUST EESTIS

Avo MIIDEL

N.-O. Svenssoni (1989, 1991) poolt Balti jddjirve rannajoone kdrguse
ja niiiidismaatousu kiiruse seose abil kindlaks tehtud regionaalse maa-
tousu kerkeanomaalia on jédlgitav ka Eestis. Maatousu kerkeanomaalia
ei ilmne Moho pinna siigavuses, geotermikas ja heeliumi anomaaliates.
Tal puudub side aluskorra reljeefiga ja osalt ka siivariketega. Maatousu
kerkeanomaalia kagu- ja loodepiir on méidratud tektooniliste rikketsoo-
nidega. Kagupiir kulgeb tektooniliselt aktiivsel Parnu—Tapa—Kunda
joonel. Loodepiir on seotud tdendoliselt kirde—edela-suunaliste rikke-
tsoonidega, mis algavad Louna-Soomest ja jiatkuvad Soome lahe pohjas
Hiiumaale. Neid tsoone iseloomustab seismiline aktiivsus ja iihes neist
toimus 1976. aastal Osmussaare maavirin. Maatousu kerkeanomaalia
molemad piirid on selgelt jalgitavad maakoore niiiidisliikumiste skeemil.
See kinnitab nende tektoonilist olemust,

79



FEOJIOTUYECKUHW ®OH PETMOHAJIbHOHW AHOMAIJIUH
COBPEMEHHOTIO NMOJAHATHA B 3CTOHHHU

Ao MHUWIEJI

Ha ocHOBe KoppensiiMOHHONH CBSI3H M€Ky BBICOTOH mocJjeaHell Gepero-
BOH sMHuH BaaTuiickoro J€JHHKOBONO 03epa M CKOPOCTbIO COBPEMEHHBIX
nBuKeHu#t 3eMHoit kopsl H.-O. Cpencconom (Svensson, 1989, 1991) ycra-
HOBJIeHA peruoHasbHasi aHoMa/ausi noaHsatus. Ee meHrpanbHas yacrb 3a-
XBaTHJa W DCTOHHIO. B craThe paccMoTpeHa CBs3b aHOMAJHHU C TeOJIOTH-
UYeCKHM CTpOeHHeM OCTOHHH. YCTAHOBJIEHO, YTO aHOMaJHsl NOAHATHS He
nposiByisiercsi B ray6une Moxo, reoTepMHKe H aHOMaJbHOH e IHEHOCHOCTH.
CB#I3b OTCYTCTBYyeT TaKikKe C peabedoM ¢yHIaMeHTa H, YACTHUHO, C TJy-
6MHHBIMH HapylleHHsIMH. BbIsicHeHO, UTO ceBepo-3anajHasi H I0ro-BOCTOYHAs
rpaHULbBl aHOMAJIHH MpefoNpe/eseHbl 30HAMH TEKTOHHYECKHX HapyIlleHHH,
B UAaCTHOCTH TOCJ€JHSS, MPOCTHPAIOUIAsiCs BAOJb TEKTOHHYECKH MOOGHJIBHOIT
gonbl [Isipuy—Tana—Kynna. CeBepo-3amnanHasi rpaHuua CBsI3aHa, BeposT-
HO, C 30HaMH HapylIeHHH CeBepO-BOCTOYHOrO MNPOCTHPAHHS, HAYMHAIOLLH-
mucst B IOkHO# PUHISHAMHM W JOCTHralOUIUMH No AHY @PHHCKOro 3ajHB3
0-Ba Xwuilymaa. DTH 30HbI ceiicMuYecKH akTHBHble. B 1976 r. B oqHO# U3 HHX
npousoumio OcMmyccaapeckoe 3emJierpsicenne. Ob6e rpaHHLbl aHOMAaJbHOTO
TIOAHATHS SICHO IPOCJIEKHBAIOTCA B COBPEMEHHBIX [JBHMIKEHHsIX 3€MHOH KOpHI,
4TO elle pa3 MOATBEPKAaeT TEKTOHHUYECKYIO NPHPOAY TpaHHL aHOMaJHH.

80



