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High accuracy of space technology, the development of
space methods and the resolution of remote sensing imagery, providing pos-
sibility to define the boundaries (faults) of the lithospheric plates and
blocks revealed large perspectives for the different geosciences.

Many projects have been developed giving answers to series of problems
related with global, regional and local geodynamics and the correlation of
these phenomena with the natural ones (seismicity, volcanic activity, etc.).
Recently the possibilily {o establish close relation betwcen international
projects is available. For example the joint project VEGENER-IDEAL is
a combination belween the VEGENER Project (of the European Space Agen-
¢y} and IDEAL (of the Eastern Space Council) [12—16]. :

Together with the European Project, aiming at the investigation of the
regional dynamics of the Eurasian plate versus African, Arabian and Indian
plates, there was initiated another Project EUROPROBE on the terrifory
of the Eastern Space Council countries as well for the detailed investigation
of the local and microlocal dynamics with the aid of complex scientific and
experimental classical and space methods, providing qualitative and quanti-
tative data on European and Asian platforms. Our attention is firmly direc-
ted towards the investigation of one of the most seismically active regions,
. e. the Balkan peninsula and Bulgaria in particular with the help of available
data from classical measurements and future space GPS measurements and
remote sensing imagery. In order to realize these investigations on the Bal-
kan region we have made proposals and would like to consolidate the opinion
of the specialists in the region for the future objectives in studying the geo-
dynamic processes. '



l. Geoteconic and geodynamic situation
of Bulgaria and Balkans

The investigation of the geotectonics and geodyna-
mics of the Bulgarian territory — part of the Balkan segment of the Eurasian
continental region is closely related with the struciure and the development
of the Alpine-Himalayan orogen. With Vardar-Izmir-Ankara ophiolitic su-
ture of the southern orogenic border northward close 1o the stable continental
part Moesian platform it embraces southern and eastern Karpathians, the
Balkanides, Serbian-Massedonian and Rhodopean massives, Strandja Moun-
tain and the Pontides. Seuthward the suture fragmenis of the passive Afri-
can edge are revealed represented by the Dinarides, Halenides, Anatolides
and Tavrides (1, 3, 11, 17]. .

The separate tectonic zones along Bulgarian terrilory are clearly distinguish-
ed with manifested Tault ruptures some of them seismogenic. In order o in-
vestigate the geodynamics on regional scale and the separate neotectonic struc-
tures within the different tectonic zones, ageodynamic test site was selected
(which we named Balkanprobe) along the [Bulgarian territory which crosses
transversly the mentioned tectonic structures. The test site embraces the cen-
tral inland parts of 150-200 kim width starting northward from Danube and
eniding southward with the Bulgarian-Greek border. This provides for conti-
nuation along Greek territory and encompass the European continent till the
Vardar suture southward also encompassing the tectonic zones which are part
of the African continent. Thus the main fault ruptures, crossing the crust
and separating the tectonic zones are adjusted. In some fragments of the fault
structures we deline clearly expressed seisinogenic effects and this is very
typical for the southern Misian and Maritsa deep fault.

Linear and concentric formations obtaitied via aerospace imagery are mar-
ked on the neotectonic map. They reveal substantially new information which
enriches our knowledge oni the neotectonic structure of the Bulgarian terri-
tory. Seme of them transect ihe entire Bulgarian territory and continue along
the adjacent regions of the other Balkan countries. They are identified with
dashed and dotted lines on the map.

Recent geodynamics of the Bulgarian territory is relatively well studied
and is manifested with vertical movemenis mainly [3, 5, 6, 10]. The maximum
values (up to 5,9 mm/year) of vertical movement velocity are expressed in
tectonic zones with most thick crust. Such are the tectonic regions of the Rho-
dopean and Serbo-Massedonian massives, individual Balkan segments (the
Balkan range). Large areas of the Misian platform, the front Balkan range,
Srednogorie, Kraiste, and Strandja are featured with average uplift values -
(up to 2 mm/year). In contrast with the general uplift of the Balkan peninsula
there are some regions with relative sinking that embrace part of the Moesian
platform and Sredna Gora, as well as the eastern Rhodopes [10]. The levelling
lines cross the main fault ruptures of the Bulgarian territory which follow
north-south-ward: Southmoesian, Breznik-Preslav, the Balkan range, Cis-
Balkan range and Maritsa. The elongated zones of the first and last fault comp-
rize the most active well studied regions: Gorna Oryachovitsa and Plovdiv.
They are featured with great frequency and high magnitude earthquakes
M=7,0. !

The complex implementation -of remote sensing, geological, tectonic,
geophysical and geodetic information which is realized along the suggested
test site (Balkanprobe} will enable the investigation of the regional geodyna-




mics of the conflict area befween the Eurasian and the African plates within
the Alpine-Himalayan orogen.

2. Scientific goals and expected results

The suggested program (BALKANPROBE) may be con-
sidered as a continuation of the meridional profile of the EUROPROBE
Program along the Balkans up 1io the Mediterranean sea. The EUROPROBE
Project itself may be considered as a supplement of detailed local and micro-
local information to the VEGENER — IDEAL Project. Using various ground-
based and space methods this project will apply laser satellife observations.

The fundamental scientific purposes of the BALKANPROBE Project
are:

a) determination of the recent joint movements of local and microlocal
blocks along the Balkan and Bulgarian transect and namely: between diffe-
rent gecstructural elements in the Balkans -—— Dinarides, Balkanides, Serbian-
?’Eassedonian and Rhodopean massives, which are distinguished by fauit rup-
ures;

b) investigation of the neotectonic structures and the geodynarmic proces-
ses along the Balkans which embrace large seciors of the Alpine-Himalayan
orogen and the Bulgarian ferritory along the iransect starting north-southward
and encompassing the tectonic zone of the Misian platform, the PreBalkan
range, the Balkan range, Sredna Gora mountain and the Rhodopean massive;

¢} control of the inner stability of the regional and local lithospheric blocks
of the Balkan peninsula and Bulgaria; ' :

d) determination of the peripheral deformations of the Balkanides, Ser-
bian-Massedonian and Rhodopean massives;

¢} coniribution via the local BALKANPROBE Project to the regional
VEGENER — IDEAL for the investigation of the dynamic processes in the
Alpine-Himalayan orogenic belt.

; kThe scientific and applicable purposes embrace the following important
HSKS!

a) evaluation of seismic danger and prediction of deep focal earthquakes,
applying subductive and slip-collision seismic models via empirical climatic
verification; i

b) determinalion of the relative movements of the large crustal blocks
in great rifts and fault zones of the orogenic belt which are inieresting for ihe
prediction of shallow focal earthquakes and for the construction and explo-
ration of important structures and complexes.

3. Methodical, technica! patterns.
and scientific strategy

Europrobe 1o a great exient embraces considerable
ferritory of the European continent. Combining the Europrobe {transect
with the VEGENER — IDEAL project this areal is further extended encom-
passing the Karpathian-Baikan region. Based on this large scale we clearly
may group into two groups the investigated objects by areal coverage:

a} investigation of {he continental (for distances 10°-10* km} and regio-
nal (10%-106°* km) dynamics {plale, intraplate and block} with the help of space
techniques;

-
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b) investigation of the local (10* km) and microlocal {up to 10 km) dy-
namics (between the blocks) in order to reveal the recent differentiated move.
ments of the crust and the corresponding variations of physical and other
fields in the vicinity of the observation station.

The survey of regions marked by @ on the site are realized mainly within
the framework of the VEGENER—IDEAL Project with the aid of third ge-
neration laser equipment and the investigation in point » is made with the
Europrobe project using GPS system and ground-based laser equipment.

Considering the extensive theoretical and model studies made with IDEAL
Project [14, 15, 16] and some results obtained with the VEGENER Project
[12, 13] we shall concentrate mainly on the transecct projecied over the Bul-
garian territory in order to discuss the suggested goats for joint theoretical
and experimental investigation.

8.1. On the possibilities of confemporary remote
sensing applications

) Large resolution capacity provided by remote sen-
stng imagery ensures supplementay reliable” information on the geologi-
cal structures, the neotectonic formations and the fault zones. Considering these
facts alter the complete investigation of the available geological structu-
res and in particular the faults on the Bulgarian territory, maps and schemes
have been drawn in the Remote Sensing Department of the Space Research
Institute in Bulgaria.

Thus available data were analysed with respect to levelling and gravimet-
ric information and four profiles were projected crossing through I and 1T class
levelling points and transecting the main fault zones {Fig. 1}. We proceed in a
similar way determining the triangular chains selected in a way as to start in
the area of Belene and to encompass the region arotind Strazhitsa town and
Chirpan where two immediate measurements of the reference network are avail-
able (Fig. 1). After analysing the networks a transect of 21 chords was identi-
fied. The latter will be determined with GPS measurements. Fig. 2 represerits
the available geomagnetic anomalies and the geophysical stations and seismic
epicenters.

3.2. On using available groundbased data based
on defined geodynamic test siles

As we mentioned before, the determination of the
profile direction of the reference networks are selected in a way as to fol-
low the direction of the meridional beam of the Europrobe transect in order
to obtain natural inclusion of the Batkan profile info the European Project.

The vertical measurements on the Bulgarian territory siarted in 1928
and the first investigations of the vertical crust movemenfs were made since
1929-1932. Particularly interesting resulis were obtained after the Chirpan
earthquake when another measurcment of the state leveliing network was made
and the results were used to analyse the vertical shifts of the fault zone re-
gions |5, 6]. Recenily these analyses resulted in mapping the vertical movement
velocity both for the Bulgarian territory and the Karpathian-Balkan region.

Initially four levelling courses were identified No 1, 2, 8, 4 (Fig. 1) which
cormprize the levelling points of the 1 and 11 rank of the state levelling network.
Throughout the selected courses there are two {o four epochs, where high pre-
cision measurements are made and namely: 1994-1929, 1956-19680, 1975-1976,
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Fig. 1. Neoteclonic map and triangular network with plotied levelling lines

1 — faulls, 2 — suggested faulls, 3 — flexures, 4 — overthrust, § — space geological
lineament, 6 — suggesied space lineament, 7 — ring structures, & — number of the
levelling reference, 9 — first class levelling line, /7 — second class levelling line
11 — triangular peint, 12 — distance hetween {riangular points,

13 — number of
the levelling line



?ig_, 2. Map of the magnetic field of Bulgaria and lhe localion of the geophysical observa-
ories :

! — zones of the positive field (2) and the total negative background of the magnetic field
(b); 2—7 regioning of the magnetic anomalies by magmatic age/and metaphorism: 2 — maxi-
ma {a) and minima () reflecting differently magnetized rock types in the Balkan hascment
of the Misian platform; 3 -— maxima related with the magnelized rock formation distribu-
tion in the Wallachian and other melamorphiec complexes {¢) Struma dioritic formation and
(b) Balkan range metamorphites and magmatites: 4 — magnefic maxima rclated with hells
of upper cretaceous intrusions of Central Sredna Gora Mountain {2} and the southern bett
of the Sredna Gora (b); 5§ — positive (@) and negalive (6) magnetic anomalies reflecting the
distributions of upper cretacious volcanites; 6§ — magnetic anomalies related with ihe dis.
tribution of paleogenic and neogenic volcanic types; 7 — boundary tetween structural zo-
nes; & — seismological stations; 9 — earthouake magnitude: a) M=7, b M=8,0=-70,
¢) M=5,0+-6,0 ’

1987. The majorily of data refer {o fransects No I and 2, the substantial
fact being that fransect No 2 is within regions where recently the most active
seismicity is manifested.

Gravimetric measurements arc made in Bulgaria since 1960 and in gene-
ral the delermination is made into the points of the levelling network. This
far two cycles are realized and the third is not yet completed for the entire ter-
rilory of the country. Wilh the help of these data complex analysis will be made
for the vertical and gravity anomalies for the present period and the attention
will be mainly concentrated on regions where the transects cross the fanl}
lineaments.

While vertical movements are subject io detailed studies in Bulgaria,
the horizontal ones due to labour consuming procedures and the specifics of
of the performance of high accuracy angular geodetic measurements just re-



cently entered our practice. This is due to the fact that there are no secondary
measurements of the triangular network along the entire territory, as well
as the fact that the accuracies we obtain with angular measurements only can-
not satisiy the accuracy requiremenis for the investigation of the horizontal
measurements, Considering this it was agreed to accept one chain of triangles,
starting from Nikopol town (t. p. 34) parailel to Danube river up to 1. p. 96
which is located between Russe and Byala (Fig. 1) following alterwards south-
ern direction close to levelling chain No 2. We have immediate repelifive mea-
surements for the regions of Strazhitsa and Chirpan and the areal networks will
be processed. In [9] using data from 1921-1933 and secondary determinations
made in 1956, the first mceasurements of the horizonlal movements in Chir-
pan region were made and the results obtained show an explicil trend in north-
western direction. We dispose of secondary measurements made in 1987 in
Strazhitsa which also provide ground to start analysis and supplementary
interpretation of horisontal movements in this region as well, Undoubtedly
these studies with the aid of information obtained with classical measurcments
will provide for an approximate apriori estimation of the planned GPS mea-
surements of the Balkans as a part of the Europrobe Project. '

During the first stage of the measurements for a given region we shall
use not only the mentioned data but also the available geophysical information.
In order to determine the general nature of the epoch 1986 and the determina-
tion of the century course during the last 50 years by geomagnetic field ele-
ments, lhe computation of “normal” and “abnormal” fields and the unification
of all absolute measurements made this far a general absolute geomagnetic
picture of Bulgaria was made for the period 1978-1980 [4). These data provide
grounds to make the respective analyses and to search ior ithe dependence bet-
ween the movement of the lithospheric blocks and the anomalies in the geo-
magnetic field on the research site, i. e. to investigale one of the criteria for
short term earthquake prediction.

The seismicily in Bulgaria is a part of the Alpine-Himalayan Beit seis-
micity. We have observed for the terrilory of Bulgaria a series of strong seis-
mic events and only during this century five macroseismic events occurred with
magnidute of M-—7,0 [18].

With respect to former and future strong earthquakes the most interesting
are the following seismical zones: Kresna, Plovdiv, Shabla and Gorna Orya-
chovitsa [2].

8.3. On the possibiiity of applying modern avail-
able space {fechnigues, classical equipment and the
methods of the geodynamic investigations

Recent space technology -- laser equipment and GPS
systems reveal great possibilities to the high precision determination of
point location and distance on the earth surface, This could be used in the de-
termination of the lithospheric horizontal movements. The results from GPS
measurements made in Bulgaria during the last two years explicitly show the
possibility fo delermine the joint location of points on the earth surface with
arelative error of the limits of 1G-%-10-7. Wilh an appropriately selected prog-
ram giving observational conditions and the methods of mathematical pro-
cessing, the single frequency GPS receivers we dispose of can provide this ac-
curacy af distance between the points of the order of 25-30 km. This allows
to control the geodynamic networks or the basic lines, as well as to investigate
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the changes in the network point location duc to tectonic or technogenic fac-
tors [7]. In theoretical aspect the methods for the kinematic parameter esti-
mation are defined, based on platetectonic models developed with GPS
measurement data on different epochs [7].

These accuracies allow to apply the GPS systems for measurements August-
September 1991 along the transect over the Bulgarian territory. After these
initial measurements with GPS instruments the resulfs of previous triangular
determination and the new spaceborne ones will be compared in order to pro-
vide initial estimation of the shift vectors for the selected points. This will
enable the obtaining of quantitative estimates reflecting the local and micro-
local geodynamics within the limits of the surveyed region for the period bet-
ween iriangulation and the measurements in 1991, Afterwards we shall make
the following GPS measurements along determined transecl. It may be reaso-
nable to change the transect configuration in order to embrace regions where
higher seismic activity was recorded. Further studies will be done based on
comparison between GPS measurement results of former cycles. The high ac-
curacy of these measurements especially if double frequency GPS receivers
will be used allows to trace the geodynamics of the studied geoteclonic struc-
tures with time discretion of 2-3 years.

The first instrumental registration of crust movement in Bulgaria was
made in 1905. Nowadays 14 seismological stations operate in the country [2].
Since 1980 the National Express Telemetric System for Seismological Infor-
mation operates in Bulgaria.

Fig. 3. Localion of the test site on Brlgarian territory
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4. Conelusion

: We may consider that the complex of methodologi-
cal, iechnical and organizational support is a serious background to start
initially on the Bulgarian territory and aflerwards on the Balkans a research
activities within the coming 5-10 yecars based on the Europrobe Project. It
is expecled that during the research process large amount and various in
type information will be stored: spaceborne (laser distance meters, GPS-mea-
surements), geophysical {seismie, gravimetric, geomagnetic, meteorologic,
geodetic}), electrooptical and lascr ground-based measurements, classical an-
gular, levelling, gravimelric. The processing and the analysis of all the dala
requires for the eslablishment of advanced informalional system, allowing
for the rational seleclion, the systematization and the storage of the reccived
information. : _

We should mention that the data from the both large projects VEGENER
--IDEAL and EUROPROBE may provide a complex information on the re-
gional, local and microlocal geodynamics.
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KocMuyeckyu, HaseMHH ¥ MOAEAHY H3C/ASABAHUA
na JuTochepHuTe ABMNEHUS Ha DBasxancKus
NOJNyOCTPOB H B Dparapus B paMkuTe

Ha npoexta ,EBponpoG”

Hukoaa Feopeues, Napo Map@upocﬁé,
Maaden Maadenoscku, Xepuanu Cnupudonos

(Peawme)

B crarusra ce ofcwmikfAar ueaute, HNePCHEKTHRHTE H
METOJMTE Ha H3cjeiBaHe HA JBM)KeBHATa Ha Jurtocdepara Ha Bankanute u
BuArapus B cLOTBETCTBHE C TIPOEKTA »Dangaunpot”, KOHTC € I0KHO OTKAOHeHHEe
Ha epponeHCKMs reopuHamuues HpoerT ,EBponpof”.

3a pemasane Ha TE3M 3a[aYH KOMIVICKCHO Ce H3IMOM3BAT AePOKOCMUUECKH,
FeOfe3nyHY, TeopH3UUHU M IeOAOTO-TEKTOHCKH MAaTePHaRd, H3MEePBAaHuA ¥ Ha-
SaogeHust.

Komnsexkcaure H3cneaBanuy ce NPOBEXKAAT 110 ABJMHUIIATA HA T€OAH HAMUYeH
TPaBepC, KOATO NPECHUA HAIIPEUHO OCHOBHHTE TEKTOHCKH S30HH OT TePUTOPHATA HA
Boarapus, a Taka chilto ¥ pasiensiuTe I'M PAsJOMHE HapyiueHHs. Hsixon or
Te3¥ JAHCROKAHMM WMAaT ¥ CeMsMOTeHeH Xapakrtep.

Kpailnara nex Ha npoekTa ,,banxaunpo” e usyyasanero na reofuHaMuxara
Ha TepuropusTa Ha Bankauure u 3a1a4ara iie ce 0CHIHECTBABA NPE3 HACTOAUIOTO
nocaenHo geceruserde wa X X Bex.
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