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PRESENT STAYE AND PROSPECTS OF MONITORING RECENT CRUSTAL
MOVEMENTS

Pavel Vyskoéil, Research Institute of Geodesy, Topography
and Cartography, Zdiby, Czechoslovakia

ABSTRACT

The recent crustal movement studies are one of the main
tasks of present geophysical and geological sciences. It is
the result of common experiences, as volcanic and seismic
activity, that the Earth is not stable as has been supposed
early. In order to diminish the seismic and volcanic risk
affected the environment of the mankind, the propesties of
recent crustal movements are studied by various methods,

One of the sources of such information are also the geodetic
repeated measurements, offered the exact numerical values

of the rates of movements., In addition to the temporal Inter-
Union Projects as Upper Mantle Project, Geodynamics Project
and Litosphere Project, the studies are coordinated by the
permanent Commission on Recent Crustal Movements of the IAG.
The main goal of this effort is to understand the laws
controled the Earth’s dynamics. In order to achieve this goal,
the studies are carried out separately in global and regional
or local scale till now, but finally, the results of ‘both
aproaches must be in agreement. Such a final result will have
the improtance for earthguake prediction and other practical
applications. The present paper discussed the up to date
results and main directions for further extension and impro-
vement of recent crustal movement studies with respect to
modern technique available,
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INTRODUCTIOR

Of about two thousand years ago Eratosthenes determined
the approximative value of the Earth’s radius by the measure~
ment of the geocentrical angle and surface distance between
Aswan and Alexandria at the territory of present Egypt.

In spite of the low accuracy, his idea and work could be
considered az the fundamental stone of the building called
GEODESY. Many centuries later was the same value determined
more exact, but not enough for present requirements. It was
established the branch of geodesy aimed to the studies of
present dimensions and skape of the Earth’s body. It was
discovered the polar motion and the present studies are
ajmed to understand the mutual connection between the core
dynamics and Parth’s rotation. At the beginning of this
century Wegener presented his theory on the movement of
continents as the fundamental idea for the plate tectonic
theory, extended after the Second World War. Nevertheless,
at the 3rd General Assembly of IUGG held in Praha, Czecho-
slovakia in 1927, it was recommended to establish the system
of permanent stations to determine the changes of geogra-
phical coordinates, due to the mov.ement of continents.

A1l these studies were started and are performed with the
aim to understand the global mechanism of Earth’s body dyna-
mices.

After the catast;%hic earthquake occured in San Francisco,
Calif. in 1906 as well as after the similar events in Japan,
the detail studies of recent crustal movements in local
scale were iniciated there by means of repeated geodetic
measurements, The significance of such studies was appre-
ciated by TAG in fiftieths and the Commission on Recent
Cruxtal Movements (CRCM) was established in early sixtieths.
We commemorated this furning point in recent crustal movement
studies at the CRCM International Symposium held in Tallin,
Est.SSR in 1986. With respect to the observing technique of
that time, the Commission started with the main task to
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construct the maps of vertical crustal movements with
additional studies at the test areas of local importance.
During last 2T years the Commission extended its activity
practically at all continents, and, using the more precise
technique improved also its studies. At the present stage,
the work of the CRCM is focused at the local and regional
studies, i.e. at the second part of the common research of
the dynamics of our Planet. Nevertheless, each local or
regional study of recent crustal movements is unique, and
contributes essentially to detail understanding of the
Earth’s dynamics. The history of the CRCM is described in
more detail in the paper presented by Yu.D. Boulanger and
P, Vyskoéil at the mentioned above CRCM Symposium in Tallin
1986,

PRESENT STATE OF PROBLEM

The history of recent crustal movement studies during
last 27 years is directly econnected with the work of the
CRCM. It is why, discussing the present state of studies,
we have to use the results achieved within this Commission
and by its cooperation with the Inter-Union Projects.

And moreover, following the development of the CRCM we
can better understand the present achievements in recent
crustal movement research throughout the world.

The first stage of the CRCM work is related to the data
collection and studies of their processing by simple way.
With respect to the simplicity of levelling and availability
of its repeated measurements, the regional and national maps
of vertical movements were constructed at parts of Rurope,
Northern America as well as Japan. Studies of horizontal
movements were limited at local test areas for not accurate
results of determination of movements at long distances by
means of repeated determinations of geographic coordinates.
The unique results were achieved in Japan, where the horizon-
tal movements were determined at whole country by the analy-
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sis of repeated triangulation. Due to the lack of proper
repeated geodetic measurements in Africa, Southern America
and most part of Asia, no information were available from
these regions. Moreover, most countries at these continents
had neither proper economieal background to support financial-
ly the crustal movement studies nor proper knowledge on the
importance of such works. From this view point, the exten-
sion of our studies in developing countries is related to

the education "how can help the information on recent crustal
movements to their national economy"”. Unfortunately, the
predominant source of geodynamical information from develo-
ping countries is based on the geological research and gravity
measurements, focused mainly at oil ard gas prospection.

Continuous improvement of recent crustal movement
studies in sixtieths and seventieths is related to impro-
vement of measurement instrumentation as distance meters,
precise absolute and relative gravity meters and space
technique. The proper procedures for data processing and
analysis are elaborated simultaneously with respect to
improvements of measurement instrumentation and technique
as well as to improvements in construction and capability
of computors. Such a way, the first stage of our studies,
characterized by collection of data and deseription of moves
ments is changed in second stage, starting approximatively
at the end of seventieths. This change is continuous and
is accompanied by more close cooperation among various
branches of science and improvement of theoretical basis.
The description of movements is changed in analysis and
modelling of dynamical phenomena using the information on
crustal structure and movements at its surface. We started
to transform the simple movements in the field of deformations
as a qualitatively new phenomenon to describe the dynamies.
Such an approach is the first step to further description
and definition of driving forces in local or regional scale
ets, But only the first step tiIl now!

DOI: https://doi.org/10.2312/zipe.1989.102.03



From theoretical studies we understand the mutual
connaction between movements and secular changes in gravity
field. Unfortunately, with exception of some seismoactive
areas, we did not register the real non tidal gravity chan-
ges. Due to the lack of underground information and difficul-
ties in computations, the geodynamical models are very
simplified. We achieved some knowledge on relations between
the surface movemenmts and deformations and seismicity, but
the procedures for earthquake prediction is at the starting
point. The developing countries are more interested in recent
crustal movement studiea but the financial questions brake
the extension of works till now.

In spite of the pesimistic comments given above, we did
anything and we achieved qualitatively new results and
knowledge on the dynamical porperties of the Earth’s crust.
These information in detail you can learn in Proceedings of
last CRCM regional and international symposia as well as
of symposia of other bodies of the IUGG. Also the papers
to be presented here will give the evidence on progress in
our work., In addition to increase of amount of data and areas
under study, the theoretical basis for further research is
extended intensively. The results of applications of space
technique gave us the first information on movements of
continents, and offer us the further achievements as weel as
possibilities to combine the global and regional or local
results. From this view point, the present stage of our
studies can be characterized as the preparation of initial
eonditions for further stage of complex geodynamical research.

FURTHER TASKS AND DIEVELCPMENT

The main task of the CRCM given by its first President
Prof. Mesherikov was to cover all continents by the. maps
of reeent crustal movements, in first stage of their verti-
cal ecomponents. Unfortunately, this task was not realized

DOI: https://doi.org/10.2312/zipe.1989.102.03
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till now, and can not be simply achieved at main parts of
Iands of the Earth in near future. Nevertheless, the rapid
development of space and computing technique gives us the
tool to follow this task more easy and really at all drylands.
It is also the reason why the CRCM eatablished the close
contacts with the TAG Commission No. VIII, responsible for
the mpplications of space technique in geodynamics. The first
commoxy symposium of both Commissions will be held at the

TAG General Meeting in Edinburg, UK, August 1989. This
cooperation should result in more rapid covering of not yet
studied eraes and regions by proper, at the first stage
scattered data on crustal movements in Africa, Southern
America and Asia, The close cooperation of both Commissions
offer also the possibility to perform the studies of global
plate movements.

Obviously, the applications of =pace technique in our
studies will not replace the local and regional measurements
ty means of terrestrial methods. These works will serve for
improvements of complex modelling techmique using the detail,
and more dense data. In addition, the construction of maps
of vertical movements should be finished in the areas where
the proper data are available. Simultaneously, we have to
follow the projects for monitoring the secular gravity chan-
ges in order to apply these data to the other information
on surface movements. A1l these works, supposed to be per-
formed at proper scientific level should be based at the
more close international and interdisciplinary cooperation.
The CRCM is good basis for such a cooperation, but all its
possibilities did mot used till now. It concerns especially
the establishment of international projects fior monitoring
recent crustal movements at classieal territories as well as
in developing countries. In order to follow this idea, some
test area in very active zone could be chosen as a working
place for specialized groups of scientists from various
countries etc. In addition, the active participation at the
projects of the Commission VIIT is desirable.

DOI: https://doi.org/10.2312/zipe.1989.102.03



As has been said early, we have now the unique chance
for qualitatively new improvements in recent crustal move-
ment studies. The topics of these works could be summarized
as follows:

- to establish the initial epoch of regional or global
network measured by means of space technique, with speectal
respect to its connection to present local test areas,

- to establish the initial epoch of precise gravity
measurements for studies of mutual connections between the
surface movements and deformations and gravity changes,

- to improve the international and interdisciplinary
cooperation by preparation of international projects focused
at very active areas, including the seimoactive zones,

- to improve the recent crustal movement and deformation
studies in seismoactive zones, aimed to the earthquake predic-
tion,

- to focuse the scientific effort at the improvement of
processing methods as well as geodynamical modelling,

- to continue by the compilation of maps of movements and
deformations covering the regions of the Earth.

CONCLUSION

The CRCM during its work achieved valuable results and
knowledge on the recent crustal movements a deformations
at various areas and regions. For processing and analysis
of data the proper theoretical basis was established,
including modelling of geodynamical phenomena. Unfortunately,
the covering of all drylands by information we are interested
is very slow.

The applications of space technique offer us the unique
oportunity for rapid extension of the geodynamical studies,

DOI: https://doi.org/10.2312/zipe.1989.102.03



especially in areas not studied till now. In order to improve
our works the more close international and interdisciplinary
cooperation should be established, and focused at the most
active areas, especially in developing countries. The
theoretical studies and geodynamical modelling should be
improved continuously, and tested in accordance with increase
of amount of data, including real gravity changes.

Following the given above topics we prepare the good
basis for the use of qualitatively new and worldwide data
sets during next decade. Such a way we can expect the
essential extension of our kﬁbwledge on geodynamical proper-
ties of our Planet till the end of present century. Tt will
be also our contribution to the understanding of the origin
of the dynamics of the Earth’s crust.
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Zu einigen methodisch-instrumentellen Fragen bei geodynsmischen
Messungen mit hydrostatischen Niveauvariometern

J. Byl, Potsdam®

Summary

In general, tiltmeters are used for observing ground deformation
at periods of minutes to days. Small-scale lateral inhomogenei-
ties at the instrument sites distort signals up to 25 % ... 40 %.
An other point of view - beside site location and geometry -

is the question of tiltmeter design and attaching the instru-
ment to the ground, especially for observing longperiodic crustal
movements, Basic design techniques of short base and longbase
tiltmeters, problems of stability of instruments and results of
comparison tests are discussed. Repeated experience has shown
the long base tiltmeter (Michelson-type), when well built, to

be superior to all other types, proving emd-monument stability
to be a dominant source of noise,

Zusammenfassung

Allgemein werden Neigungsmesser zur Beobachtung von Untergrund-
deformationen im Periodenbereich von Minuten bis Tagen verwandt.
Lokale laterale Inhomogenitéten in der Umgebung des Beobachtungs-
ortes verfdlschen das Signal bis zu 40 %, Neben der Stationslage
und -geometrie spielen Fragen der mechanischen Gestaltung des
Instruments und der Ankopplung an den Untergrund insbesondere
dann eine wesentliche Rolle, wenn das Langzeitverhalten der
Kruste untersucht werden soll.

* Akedemie der Wissenschaften der DDR, Zentralinstitut fiir
Physik der Erde, 1561 Potsdam, Telegrafenberg
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Es werden verschiedene Grundtypen von Neigungsmessern, Probleme
der Ankopplung der Instrumente an den Untergrund und Ergebnisse
von Instrumentenvergleichen diskutiert. Dabei zeigt sich, daB
longbase~Neigungsmesser vom Michelsontyp anderen Varianten iiber-
legen sind, wenn die Stabilitdt der SensorgefdBe beachtet wird.

1. Problemstellung

Geodynamische Prozesse sind durch komplexe Bewegungsvorgdnge in
unterschiedlichen MaBstabs- und Periodenbereichen gekennzeich-
net, die in der oberen Erdkruste und an der Erdoberfldche geome-
trisch und physikalisch meBbar in Erscheinung treten. Sie stehen
in enger Beziehung zum Erdschwerefeld. Hohen- und Massenveran-
derungen fiihren zu Schwerednderungen. Andererseits verursachen
durch endogene und exogene Krdfte hervorgerufene Variationen des
Schwerefeldes Massen-~ und Hohenverdnderungen.

Bewegungen der Erdoberflédche gegeniiber den Niveaufldchen des FErd-
schwerefeldes stellen sich als vertikale Verschiebungen und Nei-
gungen dar, Ihre Bestimmung erfordert Nivellements sowie Beobach-
tungen des Ortlichen und zeitlichen Verhaltens des Schwerevektors.
Aus der Frage nach der Richtung, d. h. nach dem Neigungsverhalten,
ergibt sich das Problem der Bestimmung der TLotrichtung bzw. der
Niveaufldche mit Bezug auf die Erdoberflédche. Ein direktes Ver-
fahren besteht in der Bestimmung der Differenz der gezeitenbe-
dingten Deformationen der Meeresoberflédche gegeniiber denen der
festen Erdoberfldche., Auswertungen langjdhriger lessungen der
Pegelstédnde der Meere hauptsdchlich durch Darwin und Schweydar
ermoglichten so erste quantitative Informationen iiber das globale
elastische Verhalten der festen Erde / 1 /.

Die ersten kontinuierlichen Erdkrustenbeobachtungen hat Kiihnen
zur Feststellung von Neigungen und vertikalen Bewegungen auf dem
Telegraphenberg bei Potsdam angestellt / 2 /. Zu diesem Zweck
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wurde um die Kuppe des Telegraphenberges ein etwa 400 m langes
hydrostatisches System léngs einer Hohenlinie verlegt und an

4 Stellen iiber 10 Jahre beobachtet.

In der folgenden Zeit hat das Horizontalpendel allgemeine Ver-
breitung gefuncen. Es ermoglicht bei einfacher mechanischer Ge-
staltung kontinuierliche Beobachtungen der Lotbewegung mit hoher
Empfindlichkeit. Die nach dem Internationalen Geophysikalischen
Jahr 1956/57 mit verschiedenen Varianten des Horizontalpendels
gewonnenen Beobachtungsreihen waren trotz z. T. erheblicher
systematischer Instrumenteneffekte geeignet, die harmonischen
Konstanten des wesentlichen Teils des kurzperiodischen Gezeiten-
spektrums sowie der 14tdgigen und 4wochigen Mondwelle zu be-
stimmen.

Beobachtungen der Gezeiten der festen Erde lassen sich mit Hilfe
von Spektralfunktionen in der Form

Sp (£) = Ly (£) + Eq (£) + My (£), (1M

darstellen

Lp (f) - lokaler, stationsbedingter Anteil,
Ep (f) - Brdgezeitenanteil,

Mo, (f) - maritimer und meteorologischer Anteil.

Die einzelnen Glieder werden durch trigonometrische Funktionen
beschrieben, deren Frequenzen, Amplituden und Phasen entweder
durch den QuellprozeB vorgegeben sind oder aus den Beobachtungs-
reihen ermittelt werden. Das Horizontalpendelsignal wird we-
sentlich durch den lokalen Term beeinfluBt. Hdufig zeigt sich,
daB die stationsbedingten lokalen Effekte bei Lotschwankungs-
messungen mit Horizontalpendeln bis zu + 40 % in der Gesamt-
amplitude der NS-Komponente und bis zu + 15 % in der EW-Kompo-
nente von M2 betragen konnen; Fehler in den Phasenverschie-
bungen der beobachteten gegeniiber den Modellgezeitenwellen bis
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zu + 20 % sind verbreitet / 3 /. Die anzustrebende repriésentative
Bandbreite der Lotschwankungssignale umfaBt iiber den Anteil der
sektoriellen und tesseralen Gezeiten hinaus Informationen iiber
quasiperiodische und saisonale Neigungsvorgidnge. Die Unterdriickung
des hauptsédchlich storenden kurzwelligen Signalanteils wird ein-
mal mit Hilfe der iiblichen Signalfilterung angestrebt, zum an-
deren auch iiber mechanisch-konstruktive Losungen mit gegeniiber
dem Horizontalpendel wesentlich vergrioBerten Instrumentenbasen.
Die Forderung nach wenig aufwendiger Installation an beliebigen
Orten bel gleichzeitig grvBerer Reprdsentativitdt des langperio-
dischen Signalanteils fiihrte zu verschiedenen Entwicklungen von
Bohrlochneigungsmessern, unter denen das Vertikalpendel Bedeutung
erlangte / 4 / / 5 /. Eine mehrere Meter lange Beton- oder Metall-
verrohrung des Bohrloches fiir die Aufnahme des Instruments ver-
groBert die Instrumentenbasis gegeniiber der des Horizontalpendels
um eine GroBenordnung und reduziert so die bei unterirdischen
Observatorien herktmmlicher Art von der Stationsgeometrie abhén-
gigen Hohlraumeffekte / 6 /.

Daneben findet das direkte Verfahren der Niveaufléchenbeobachtung
mit hydrostatischen Systemen als Ergénzung zu geometrischen Wie-
derholungsnivellements in Bereichen mit besonderer Krustenmobi-
1litdt zunehmend Anwendung. Das hydrostatische Niveau bietet grund-
sédtzliche Vorteile im Hinblick auf Genauwigkeit und Kontinuitdat

der Signalgewinnung sowohl als Niveauvariometer fiir die Neigungs~
bestimmung als auch fiir Nivellements unter schwierigen Bedingungen
in Hohennetzen kleiner Ausdehnung / 7 / / 8 /.

Fir unterschiedliche Aufgaben sind Instrumente mit Basisléngen
von 30 m bis zu mehreren hundert Metern in beiden Grundformen
Schlauchwaage und Langwasserhorizont entstanden. Entsprechend den
Forderungen an die Signalaufltsung - 1078 olelel D% 1072 rad. ,

d. h, 100 nm vertikale Niveauverschiebung bei einer Instrumenten-
basislénge von 100 m - wird eine beriihrungslose Signalerfassung
angestrebt.
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2., Die hydrostatische Neigungsmessung

Das hydrostatische Niveauvariometer leitet sich aus dem hy-
drostatischen Nivellementssystem und der Prézisionsschlauch-
waage fiir die Bauwerksiiberwachung ab. Die Messung der Neigung
des mechanischen Sensors, der iiber seine gesamte Ldnge fest mit
dem Untergrund verbunden ist, erfolgt mit Bezug auf die Niveau-
fldche, Die Neigung (taky = th/t) ergibt sich aus der Instru-
mentenbasislédnge und der vertikalen Verschiebung der Wandlerge-
fdBe gegeniiber den die Niveauflédche reprdsentierenden Fliissig-
keitsspiegeln, Das Verfahren ermoglicht die Hohen- bzw, Neigungs-
bestimmung zwischen beliebigen Punkten in anndhernd gleichem
Niveau.

Fir die MeBstellen gilt:

v, (R, p, A ) =V R+ AR, P+acp, )\+.A/\)' (2)
woraus hinreichend genau folgt:

AV + O SV -0 (3)

25 AR E;_C%Acp-l-gxz_\k

Das bedeutet: Aus der Kenntnis der Breiten- und Léngendifferenzen
zweier MeBstellen ist die Hohendifferenz ihrer Niveaus ableitbar
(Moulton) / 9 /.

Hydrostatische Systeme mit vorwiegend induktiver oder kapazitiver
Signalwandlung sind fiir geodynamische Untersuchungen von Hagiwara
/10/, Yamada /11/, Cook /12/, Kisslinger und Rikitake /13/,
Rddridinen /14/, Peters /15/ und Mathey /16/ entwickelt worden.
Bower beschreibt einen empfindlichen Neigungsmesser, der auf dem
Prinzip eines von Eaton entwickelten Instruments beruht; die
Niveauschwankungen werden iiber Schwimmerbewegungen induktiv er-
fa8t /17/, /18/, Hugget et.al. versuchen eine Temperaturkompen-
sation unter Verwendung verschiedener Fliissigkeiten mit unter-
schiedlichen Temperaturkoeffizienten /19/.

In Japan gehbdren seit dem Japanese Earthquakeresearch Programme
hydrostatische Systeme (Schlauchwaageprinzip) zur Standardausrii-
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stung geodynamischer Observatorien,

An mehr als 30 Stationen sind hier Niveauvariometer gemeinsam mit
Extensometern und Gravimetern fiir kleinregionale Deformationsun-
tersuchungen in mobilen Krustenbereichen installiert, die durch
gekoppelte Tilt-Strain-Deformationen gekennzeichnet sind /20/.
Schlauchwaage-Niveaus und Extensometer sind meist parallel ange-
ordnet, haben gleiche Abmessungen und gleiche Empfindlichkeit
/21/ /22/. Die Basisléngen betragen zumeist 30 ,.. 40 m, die Auf-
16sung der Extensometer 10~2 (A Ll/ L ) und die der Niveaus 10~7 ...
1079 (A'n.{ l1). Die hydrostatischen Niveaus sind demit auch der
Gezeitenproblematik angepaBt, dienen aber in erster Linie der Un-
tersuchung des langzeitigen Neigungsverhaltens, oftmals in Ver-
bindung mit im Statiensumfeld durchgefiihrten Wiederholungsni-
vellements /23/.

Die andere Variante arbeitet mit einem iiber die gesamte Instru-
mentenlénge freien Fliissigkeitsniveau (Langwasserhorizont). Niveau-
ingstrumente dieser A2t haben einen kleinen MeBbereich, erfordern
eine prézise Horizontierung und bedingen eine entsprechend auf-
wendige Installation; sie ermtglichen jedoch hohe Empfindlichkei-
ten und gestatten vom Prinzip her die Reduzierung &uflerer Ein-
fliisse, Wdhrend hochaufltsende Messungen mit Schlauchwaageniveaus
eine unterirdische Installation erforderlich machen, stellen Ni-
veauvariometer mit freiem Horizont keine Anforderungen bezliglich
der Temperaturkonstanz an den MeBort, Die neueren Instrumenten-
entwicklungen wurden wesentlich durch diesen Umstand bestimmt.
Der Langwasserhorizont als geodynemigcher Sensor fiihrt sich auf
Michelson und Gale zuriick, denen es mit teils interferometrischer
Auflésung der Wasserspiegelschwankungen gelang, halb- und ganz-
tdgige Gezeitenwellen nachzuweisen /24/,

Spidtere Entwicklungen wurden durch Egedal und Fjeldstad /25/,
Kasahara /26/, Bower unc Coutier /27/, KHdridinen /28/ und Plumb
et al. /29/ bekannt,
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3. Temperatur- und Luftdrucké&nderungen, Kapillaritdt, Eigen-
schwingungen., Orientierung der Instrumente

Abweichungen der Menisken von der WNiveaufléche werden hervorge-
rufen durch: Temperatureinfliisse,

Luftdruckschwanlkungen,

den EinfluB der Kapillaritdt und

Anregungen von Schwingungen

3.1. Temperatur- und Luftdruckeinfliisse

Statische Verdnderungen der Fliissigkeitsstdnde in einem kommuni-
zierenden GefdB infolge &duBerer Einfliisse, wie durch den Luftdruck
und die Temperatur, lassen sich Mit Hilfe der Bernoullischen

Gleichung 4
=8 Vie p 4+99h = const,
(4)

darstellen,
Hierin sind ¢ die Dichte der FlUssigkeit,
V ihre (im allgemeinen ©ortlich verdnderliche) Ge-
schwindigkeit,
der Druck,
die Schwerebeschleunigung und
die Vertikalkomponente (Hthe des Sensorgefdfes).

TO

Unperiodische bzw., langperiodische Bewegungsvorginge der Neigung
konnen als Aufeinanderfolge statischer Gleichgewichtszusténde be-
trachtet werden, Damit wird Vv = O , und es ergibt sich fiir das
Gleichgewicht in einem kommunigzierenden Gefd geméB Abb, 1a

Pt +81G4hs =p2a 48232, 1 (5)

) . . .
L bei unterschiedlichen Dichten £+ / £2 und entsprechend unter-
schiedlichen Hthen L, , by in den vertikalen GefdBteilen
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Aus der Differentiation der Parameter o, ¢ und g nach lL folgen
Luftdruck-, Temperatur- und Schwerekorrektion.
Aus Gleichung (4) folgt durch Differentiation nach den Parametern
¢ und b : de g h + e3 oLl =0,

el

ol = =222
L 5 (6)

Die Dichte € ist eine Funktion der Temperatur ‘3. Mit ¢ = ¢ (9)
folgt: d
oh b, = = i b ol |

)]

Der TemperatureinfluB ist somit dem vertikalen Anteil des Fliissig-
keitsbehdlters (SensorgefdB), dem Ausdehnungskoeffizienten der
Pliissigkeit und der Temperaturdifferenz proportional. Hiernach ist
die Temperaturstorung durchgehender Niveaus nach dem Prinzip des
Langwasserhorizonts gleich Null, wdhrend Schlauchwaagesysteme
entsprechend der Hohe des SensorgefdBes gesttrt sind., Die Korrek-
tion wegen unterschiedlicher Temperaturen in den Yertikalkompo-
nenten des FliissigkeitsgefdBes ist bei hydrostatischen Nivellements
von besonderer Bedeutung / 7 / / 8 /.

Iuftdruckbedingte Fehler entstehen durch unterschiedlichen ILuft-
druck iiber den Fliissigkeitsstédnden der SensorgefdBe., Die Druck-
differenz olzwischen den MeBstellen fiihrt zu einer Differenz der
Fliissigkeitsstdnde ollt von der Grige

dip

ol = _"§'Er (8)

Wird die Druckdifferenz in mm Hg gemessen, so betrdgt die Korrek-
tur der Niveaumessung G

2 Wurde der Anschaulichkeit halber benutzt; entsprechende

_Umrechnungseinheit: Al Pa =4 wb |

DOI: https://doi.org/10.2312/zipe.1989.102.03



17

h - fiir die vertikalen Teile des Fliissigkeitsbehdlters - ist in
(8) nicht enthalten; d. h., der EinfluB von Luftdruckdifferenzen
ist, unabhédngig von der geometrischen Form des MeBsystems,in
jedem Falle wirksam,

(9) 148t weiterhin erkennen, daB die luftdruckbedingte Menis-
kenverschiebung von der Dichte der Fliissigkeit abhéngig ist. Sie
wird mit zunehmender Dichte geringer und erreicht bei Verwendung
von Quecksilber weniger als ein Zehntel des Betrages von Wasser,
Ublicherweise wird Wasser als Fiillung benutzt, seltener Athylal-
kohol o, &., Bei einer ILuftdruckdifferenz von 1 mm Hg zwischen
den Menisken entstehen bei diesen Flfissigkeiten relative Ver-
schiebungen von etwa 13,6 bzw, 17,0 mm,

Die einfachste Losung beziiglich horizontaler ILuftdruckdifferenzen
ermbglicht wieder der Langwasserhorizont in der seinerzeit von
Michelson und spédter von Kddridinen angewendeten Form eines nach
auBen abgeschlossenen teilgefiillten Behd&dlters.,

3.2, Die Kapillaritdt

Die Resultierende der Kohédsionskrdfte innerhalb der Fliissigkeit
und der zwischen den GeféBwénden und der Fliissigkeit wirkenden
Adhdsionskrdfte bewirkt Hohen- und Formdnderungen der Fliissig-
keitsspiegel (Abb. 1b).

Fiir den allgemeinen Fall einer nicht vollstédndigen Benetzung der
GefdBwénde entsteht eine Hohenénderung, die sich durch die Be-
ziehung

_ 26
oU/L~-§F c0s G (10)

darstellen 1l&aB8t, wobei

der Gef&dBradius,

die Oberfldchenspannung,

die Dichte der Fliissigkeit und

den Randwinkel zwischen der GefdBwand und der Tangen-
te der Fliissigkeitsoberfldche in der Kontaktlinie
bezeichnen,

oW G4
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Kapillarascension oder Kapillardepression werden durch das Ver-
hdltnis von Adhésion und Kohdsion zueinander bestimmt und durch
das Vorzeichen des Faktors cos @ beschrieben.

Der Kapillarfehler ist hiernach umgekehrt proportional der Ober-
fldche des Meniskus.

Tektonische Problemstellungen erfordern Instrumente mit erhebli-
chen Basisldngen ( 200 m bis zu 1000 m), die bereits mechanisch
langwelligen Signalen nach Moglichkeit angepaBt sind. Von In-
teresse sind Bewegungsabldufe in der Erdkruste im Kilometerbereich
mit Perioden von einigen Tagen bis zu einem Jahr und mit Amplitu-
den bis zu 1072 rad.

Nach Plumb et al., ist fiir die Erfassung von Straindeformations-
und Neigungsvorldufern im Zusammenhang mit entfernteren Erdbeben
eine Verminderung des Rauschpegels auf weniger als 10'8 rad not-
wendig, wdhrend im lengperiodischen tektonischen Signalbereich
ein Rauschpegel von maximal 10"7 rad als Staebilitadtskriterium
anzustreben ist bei einer gleichzeitigen Empfindlichkeit von ca.
5x 1072 rad.

Eine Storpegelamplitude von maximal ‘lO"7 rad erfordert eine ver-
tikale Standfestigkeit der Wandler einer 200 m - 300 m langen An-
lage von 25 ,um, Plumb et al. berichten von Messungen unter giin-
stigen Aufstellungstedingungen, die eine vertikale langzeitstabi-
litdt der Wandler von 20 am relativ zueinander iiber 6 Monate
ermdglichten /30/. Die Instrumentenbasislénge betrug 250 m.

Eine Empfindlichkeit von 10'9 rad einer 100 m langen Anlage er- ’
fordert Aufldsungen der Niveauschwankungen von 100 nm (entspre-
chend einer Druckiénderung von 10'3 Pa).

3.3. Eigenschwingungen

AufschluBl iiber die seismische Storanfdlligkeit eines hydrostati-

schen Systems gibt seine Eigenfrequenz.

Sie folgt aus der Lbsung der Bewegungsdifferentialgleichung einer

Fliilgssigkeit in kommunizierenden Gef&dB8en, Fiir eine Anlage von etwa
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200 m Léange und 30 mm Rohrdurchmesser und einem Durchmesser der
WandlergefidBe (Steigrohre) von 70 mm ergibt sich eine Eigenperio-
de von 50 ... 60 sek. - laminare Stromung vorausgesetzt.

Bei geotektonischen Instrumenten groBer Basislénge gestaltet sich
das Signal-Rauschverhdltnis noch giinstiger. Im Fall der Messung
mit kurzen Anlagen - die Mehrzahl der japanischen Instrumente ar-
beitet mit Basisléngen von ca. 30 m - werden kleine Rohrdurch-
messer bevorzugt, die zu einer aperiodischen Dampfung fiihren.

Die Langwasserhorizonte vom Michelsontyp haben durch entsprechende
GefdBgestaltung eine groBe Eigenperiode. Die Eigenperiode des
Long-baseline fluid tiltmeters beim U. S. Geological Survey
(Basislénge 240 m) betrdgt 7,5 min; hierdurch wird eine hohe
Stabilitdt erreicht. Ein lokales Erdbeben in 7 km Entfernung

(mag = 2,9) verursachte wdhrend des Durchgangs der P-Wellen nur
einen Versatz eines Interferometers um einige Interferenzstrei-
fen /29/.

3.4, Die Orientierung der Instrumente

Problematisch ist die Bestimmung der Phase der Gezeitendeformation
aus Horizontalpendelbeobachtungen infolge des stédndig sich &n-
dernden Pendelazimuts. Das Pendelazimut miiBte streng fiir jeden
MeBwert bestimmt werden., Azimutangaben von Horizontalpendeln
beziehen sich daher auf eine mittlere Tage des Gehdnges, um die
erfahrungsgemd die Pendelbewegung iiber léngere Zeit erfolgt.
Dariiber hinaus erweist sich die Bestimmung des Azimuts des arre-
tierten Horizontalpendels auf Grund der konstruktiven Gegeben-
heiten als schwierig. Daraus ergibt sich eine Gesamtunsicherheit
der horizontalen Komponente der Richtung des Schwerevektors von
20 - 30 Bogenminuten., Die relativen Unsicherheiten in der Pha-
sendifferenz ¥ =Sobs~ Frg 3 werden damit erheblich, da o€

nur kleine Werte annehmen kenn., Die Erde reagiert gegeniiber

3) ®oks : instrumentell ermittelte Gezeitenphase
Pog ¢ Gezeitenphase einer starren Modellerde
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duBeren Krdften insgesamt elastisch., d¢ miiBte also gleich © sein.
Real bestehende kleine Phasendifferenzen ( 2¢ =© ) geben somit
AufschluB {iber Vorgédnge in der Erdkruste einschlieBlich maritimer
und meteorologischer Prozesse., Aus geeigneten Modellierungen
golcher Prozesse folgen Phasenverschiebungen von + 1° ... 1,5°.
Das festinstallierte starre hydrostatische Niveau ermdglicht

eine Genauigkeit in der Richtungsbestimmung der Sensoren von

1,5 Bogenminuten /28/.

4., Das Michelson-Niveau

Die Mdglichkeiten des Langwasserhorizonts fiir hochaufltsende
kontinuierliche Beobachtungen der Niveaufldche zeigten zuerst
Michelson und Gale am Yerkes-Observatorium, Wiséonsin. Es gelang
hier mit Hilfe einer interferometrischen Auflésung der Meniskus-
schwankungen, gezeitenbedingte Niveauflédchendnderungen bei
gleichzeitig guter Langzeitstabilitdt nachzuweisen., Die Niveau-
fldchenschwankung wurde aus den Differenzen der Menisken jedes
Rohres ermittelt. Voraussetzung fiir die angewandte Differenz-
messung sind geringe horizontale Temperaturgradienten im In-
strumentenbereich., Die Rohre wurden unter Terrain im Meridian
und im ersten Vertikal horizontal verlegt; sie hatten eine Lénge
von 153 m und einen Durchmesser von 15 cm, Sie waren bis zur
Hélfte mit Wasser gefiillt und in den MeBkopfen durch Paraffindl
gegen Verdunstung gesichert. Die Untersuchung verdient insofern
Beachtung, da wdhrend der folgenden fiinf Jahrzehnte in Nordamerika
keine weiteren Arbeiten zur Bestimmung gezeitenbedingter Lot-
schwankungen angestellt wurden.

Egedal und Fjeldstad haben mit &hnlichen hydrostatischen Niveaus
(Prinzip der Kanalwaage, halb mit Wasser gefiillt, 2 Rohre je

110 m lang, 2,7 cm Durchmesser) in Bergen (Norwegen) Messungen
dieser Art wiederholt. Die Signalanzeige erfolgte hier mittels
eines schwimmergekoppelten Hebels {iber Spiegel und Lichtzeiger
auf Film, Die so gewonnenen Aufzeichnungen ermdglichten die Be-
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stimmung der Amplituden der Hauptgezeitenwellen M, und O, /25/.
Uber jingere Ergebnisse von Messungen mit Langwasserhorizonten
berichten Kasahara, Bower und Coutier /26/ /27/. Weiterfithrende
Untersuchungen zum Problem des fennoskandischen Uplifts mittels
hydrostatischer Niveaus hat Kddridinen angestellt /23/.

Mit Blick auf isostatische und gezeitenbedingte Krustenbewegungen
wurden am Finnischen Geoddtischen Institut verschiedene hydro-
statische Anlagen entwickelt., In Finnland treten im Zusammenhang
mit der postglazialen Landhebung jdahrlich vertikale Krustenbewe-
gungen von 0,05 mm pro 1 km Horizontalerstreckung in Erscheinung,
das sind 1 /um/km und Woche., Zur Untersuchung dieser Landhebung
in ihrer Zeitabhéngigkeit schlug Kukkaméki vor, mit Hilfe eines
etwa 1 km langen hydrostatischen Nivellements (quecksilbergefiill-
tes Stahlrohr) in einem Gebiet mit extremen Hebungsgradienten or-
thogonal zu den Isobasen kontinuierlich iiber léngere Zeit zu mes-
sen., Die Anlage gestattet schon von der Dimensionierung her ohne
Schwierigkeit Empfindlichkeiten von 0,2'7mm, so daB innerhalbd
einer Woche auftretende Deformationen sichtbar werden /30/.
Kddridinen hat gezeitenbedingte und unperiodische Krustendefor-
mationen mit Schlauch- und Kenalwaageniveaus untersucht. Er ex-
perimentierte zunéchst mit einer 50 m langen Metallrohrlibelle
und konnte aus kleineren Serien die Amplituden und Phasen der Ge-
zeitenwellen M2 und K1 sowie Korrelationen des Langzeitverhaltens
der Bodemneigung zum Luftdruck ableiten /14/. Die Signalgewinnung
erfolgte interferometrisch., Ein spédter hieraus abgeleitetes
Michelson-Niveau hat eine Liénge von 177 m. Die Bewegungen der
Fliissigkeitsoberfléche werden interferometrisch gemessen und pho-
tographisch registriert. Die Ablesegenauigkeit betrégt + 0,02 /um.
Das entspricht einer Neigung von + 5 . 10~ (2240 %rad) zwischen
2 aufeinanderfolgenden stiindlichen Ablesungen. Die Anlage wird
gseit 1977 betrieben. Das Datenmaterial wurde beziiglich des kurz-
periodischen Gezeitenanteils analysiert und mit den Ergebnissen
von in der Nihe angestellten Horizontalpendelmessungen (Verbaandert-
Melchior) verglichen (Tafel 1a und 1b). Die Ergebnisse zeigen
systematische Abweichungen in den Verminderungsfaktoren der Lot-
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richtung ¥ zwischen den Horizontalpendeln und dem Niveauvario-
meter. Die y -Yerte des Niveauvariometers sind mit kleineren
inneren Fehlern behaftet und streuen innerhalb der einzelnen

Tiden in geringerem MaBe als die der Horizontalpendel; beson-

dere Beachtung verdienen daebei die zugrundeliegenden Datenmengen.
Interessant ist das Driftverhalten beider Instrumente, d. h,

der Signalanteil nach Abzug des kurzperiodischen Gezeitenbandes.
Das hydrostatische Niveau hat eine hthere Langzeitstabilitédt als
das Horizontalpendel., Besonders deutlich wird dies bei Beriick-
gichtigung des horizontalen Luftdruckgradienten (Abb., 2 und 3) /34/.

Die derzeit leistungsféhigste Variante des Michelsonniveaus ist
die Konstruktion von Beavan, Bilham, Evans und Plumb, An Hand
verschiedener Modellvarianten werden methodische und konstruktive
Probleme bei hydrostatischen Niveaus diskutiert, so u. a.:

- Konzeption fiir den Fliissigkeitsbehdlter im Hinblick auf das
Signal-Rauschverhalten,

- erreichbare Empfindlichkeit und Langzeitstabilitdt fiir Ge-
zeitenbewegungen und nichtperiodische Krustendeformationen,

-~ Moglichkeiten der Reduzierung #duBerer EinfluBgroSBen,

- Moglichkeiten der Eichung, der Signalgewinnung und -verarbeitung.

Aus zahlreichen Experimenten entstanden zwei Instrumente mit Ba-
gisléngen von 60 m und 240 m; eine kalifornische Variante arbeitet
mit Basislédngen von 535 m /29/ /31/ /32/.

Mit Blick auf das Signal-Rauschverhalten, problemlose Skalen-
wertbestimmung und geringe Temperaturanfélligkeit entschieden
gich Plumb et al. bei dem 240-meInstrument fiir ein Michelson-
Niveau mit Laserinterferometern. Die optisch-elektrische Signal-
gewinnung eriibrigt eine zusdtzliche Eichung und ermdglicht eine
weitgehende Linearitédt im gesamten Signalbereich; bei 3 cm Ver-
tikalverschiebung des Fliissigkeitsniveaus betrdgt die relative
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Abweichung von der Linearitédt des Skalenwerts 10—5.

Die Anlage wird iiblicherweise mit Hilfe eines Helium-Neon-Lasers
betrieben, sie gestattet jedoch auch die Montage eines einfachen
interferometrischen Wandlers mit schwacher inkohérenter Licht-
quelle, die einen groBeren optischen Aufwand erforderlich macht
(einfaches Michelson-Interferometersystem).

In Anlehnung an das 240em-Instrument vom Lamont Doherty Geolo-
gical Observatory wurden geotektonische Varianten des Michelson-
Niveaus vom Pifion Flat-Geophysical Observatory in Kalifornien
entwickelt, Zwei 535 m lange Instrumente wurden oberflédchennah
installiert und zur Stabilisierung mit 30 m tiefen wasserge-
fiillten Bohrungen unterhalb der Wandler verbunden. Fs entstehen
so Michelson-MNiveaus mit extrem groBen WandlergefédBen und einer
entsprechend glinstigen Frequenzcharakteristik. Spéter wurden
hier zwei weitere 50-m-Niveaus gemeinsam mit Laserstrainmetern,
Gravimetern, Sohrlochneigungsmessern etc. eingerichtet /33/.

Hauptsdchlich aus den hier gewommenen Resultaten ergibt sich
folgendes Bild:

Hydrostatische Longbase-Neigungsmesser stellen eine besondere
Kategorie geodynamischer NeigungsmeBinstrumente dar. Thre me-
chanische Dimensionierung ermdoglicht bereits bei geringer Signal-
vergroBerung extrem hohe Empfindlichkeiten ( 5 . 1077 rad) bei
gleichzeitig gewdhrleisteter Langzeitstabilitédt von ca. 10-7 rad
pro Jahr, Das Langzeitsignal ist offensichtlich nur in geringem
MaBe durch instrumentelle Effekte beeinfluBlt, Es zeigt sich hier
eine deutlich bessere Kohérenz mit den Ergebnissen nivellitischer
Untersuchungen, als zwischen den Langzeit-Neigungssignalen kon-
ventioneller Meigungsmesser und denen von Nivellements. Hydro-
statische Neigungsmesser mit groBer Instrumentenbasis nach dem
Michelson-Prinzip vereinigen in sich die” Empfindlichkeit von Ge-
zeitenneigungsmessern mit einer hohen regionalen Reprdsentati-
vitdt, Sie konnen so als das Bindeglied zwischen Bohrloch-In-
strumentenarrays und Prédzisionsnivellements angesehen werden,
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SchluBbemerkungen

Die Untersuchung von Erdkrustendeformationen im MaBstabsbereich
der terrestrischen Verfahren (0 ... 100 km) erfordert neben geo-
metrischen Messungen vertikaler und horizontaler Bewegungen der
Erdoberflédche kontinuierliche Beobachtungen des Strains, der
Schwerebeschleunigung und der Lotrichtung gegeniiber der physi-
schen Erdoberfldche. Fiir die Messung des zeitlichen Verhaltens
der Lotrichtung bot sich zundchst das Horizontalpendel wegen
seiner erreichbaren Empfindlichkeit von etwa 10'3"/mm Regi-
strierausschlag an, Die mit diesem Instrument gewonnenen MeB-
reihen haben indessen nur im Bereich der kurzperiodischen Ge-
zeiten diskutable Ergebnisse erbracht. Der lokale Signalanteil
aus dem Umfeld der Station erreicht beim Horizontalpendel die
GroBenordnung der Gezeitenamplituden., Eine Aussage iiber lang-
wellige Lot- bzw. Niveaufldchenbewegungen gegeniiber der phy-
gischen Erdoberflédche erfordert eine grtBere Kontaktbasis des
Instruments mit dem Untergrund. Eine Losung des Problems ist mit
hydrostatischen Niveaus mtglich. Besondere Probleme bei hochst-
empfindlichen Instrumenten dieser Art sind

- die Temperaturempfindlichkeit und
- die Bestimmung des Skalenwertes (reziproke Empfindlichkeit).

Das exogene Neigungssignal (Gezeiten) hat eine maximale Amplitude
von 3 X 10'2 , die auf besser als 1 % bestimmbar sein sollte.
Entsprechende Forderungen sind an die Eichung zu stellen. Ahn-
liche Bedingungen bestehen bei der Messung unperiodischer Xru-
stenbewegungen; von Bedeutung ist hier die instrumentelle Sta-
bilitdt - der Nullpunktgang - iiber léngere Zeit ( 5 x 10_2"/Jahr),
die mit Hilfe eines unabhéngigen Verfahrens bestimmt werden kann.
Die interferometrische Signalgewinnung ermoglicht eine kontinuier-
liche, sichere Skalenwertbestimmung fiir jedes gemessene Signal.
Hydrostatische Niveaumessungen bieten gegeniiber geometrischen Ni-
vellements und trigonometrischen Hhenmessungen den Vorteil der
kontinuierlichen Signalgewinnung bei gleichzeitig htherer Sig-
nalaufldsung. Bei stationdren Neigungsmessungen ermoglichew siedie
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Eliminierung der kleinmaBstéblichen Neigungs-Deformationssignale.
Jingere konstruktive Entwicklungen haben das Verfahren sowohl
fiir das Nivellement als auch fiir die Neigungsmessung verbessert
und fiir krustendynemische Untersuchungen vielfédltig anwendbar
gemacht,

Tabelle 2 enthdlt einen Vergleich der stationdren Verfahren der
Neigungs- und Totschwankungsbeobachtung. Hydrostatische Neigungs-
messungen werden zunehmend in Storungszonen mit ausgeprédgter
Mobilitdt angestellt., Im zirkumpazifischen Bereich werden empfind-
liche Schlauchwaagen mit vorwiegend induktiver oder kapazitativer
Signalgewinnung eingesetzt., Die Instrumente sind storanféllig
gegeniiber Temperatureffekten und daher aufwendig unterirdisch
installiert.

Eine optimale Losung des hydrostatischen Verfahrens fiir geody-
namische Observatoriumsbeobachtungen ist der Langwasserhorizont
in Form des Michelsonniveaus mit interferometrischer Signal-
gewinnung; er erfiillt in hohem MaBe wesentliche Forderungen fiir
die Messung von Erdkrustendeformationen gegeniiber der Niveau-
fldche in einem groBen Periodenbereich?

1. Der MaBstab (Skalenwert) der Niveauverschiebung ergibt sich
aus dem interferometrisch gewonnenen Signal; damit eriibrigt
gich eine Eichung.

2. Die groBe Instrumentenbasis ermdglicht

- eine hohe mechanische Aufldsung und
- eine geringe seismische Storanfdlligkeit des Systems auf
Grund groBer Eigenperiode.

3. Das Azimut der Anlage ist wdhrend der *fessung unverédnderlich
und mit groBer Genauigkeit bestimmbar,

4, Das Instrument ist unempfindlich gegeniiber Anderungen des
Temperaturgradienten,
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Tafel 1a
Station 4) 0 P,S.K M 5K N

1 15951 2 &2 2
WT 0,710 0,725 0,701 0,704 0,694
(96 Tage) + 9 + 6 + 2 + 3 + 9
LO 0,698 - 0,641 - 0,628
(780 Tage) + 1 + 3 + 17
Af 0,679 0,706 0,663 0,665 0,680
(192 Tage) + 29 + 9 + 9 + 16 + 42

Amplitudenquotienten aus den Messungen an

den skandinavischen

klinometrischen Stationen (EW-Komponente) /34/
Tafel 1b
Station ¥) 0 P.SK, M S.K w
1 151 w2 272 2
W - 2,39 -2,98 -2,26 - 1,18 - 2,81
+ 0,73 + 0,12 + 0,12 + 0,25 + 0,73
10 + 1,73 = - 2,43 = - 0,29
+ 0,92 + 0,27 + 1,53
Ai + 0,27 - 4,71 - 5,83 - 4,53 - 3,43
+ 2,44 + + 1,39 + 3,50

+ 1,63

0,73

Phasendifferenzen an den skandinavischen klinometrischen
Stationen (in Grad)

(EW-Komponente)

/34/
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Tafel 2

g:;.smio 1 Teg Woche 1 Monet 1 Jahr Jahre 10 Jahre
Hydrost. 1x10°7 5 x10°8 x 108
Niveau- - . 121077 2x 1077 x 1077 3 x 1077
variometer 1 x 10'7 x 10'7
Horizontal- 3 x 10™8 x 10'7 5x 10”7 1 x 10'6 .
pendel - - - = x 10°
1 x 1077 1077 1x10% 5 x10°°
Bohrloch-
vertikel 5 x 1078 2x 1077 3x 1077 x 1077
pendel
Extenso- 5 x 1072 2 x 10°7 10" 7 1 x10°®
meter - L, 5% 1072 x 108 5 x 108 _ _ -
1 x 10" 1% 1076 x 107® 5 % 10~

Tafel 2: Abschédtzung der synthetischen Zuverlédssigkeit verschiedener Instrumententypen
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Abb, 1a:

Zum Gleichgewicht in einem kommunizierenden Gefd&B

Abb., 1b:

Zur Hohen- und Formé&nderung der Fliissig-
keitsspiegel infolge der Kapillaritdt
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NV: Hydrostatisches Niveau)
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Beziehung zwischen Instrumentengéngen und Luft-
druckgradient (VM: Horizontalpendel,

NV: Hydrostatisches Niveau,

PG: Horizontaler Luftdruckgradient)

1) nach /34/
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Contritbution of Henryk Arctowski Polish Polar Station
to_the Intercosmos Ooppler Campaign

Abstract

In January of 1988 the Arctowski Antarctic Polar Station at the King
George Island has participated in the Intorcosmos Ooppler Campaign (ICOOC).
The observations were executed using the Polish Doppler receiver DOG 3 and
reduced by the singlec point method using a set of Geodop program version 5,
with WGS 72 ellipsoidal parameters. From 311 passes accepted by program
following co-ordinates of the main geodetic point of Arctowski station were
obtained:

LAT = -62°09"41".56
LON = 301°31°49",99
H 30,60 m

Bkaan MonbCcKoit MONAPHON CTAMIUK HMoAPUTOBCKOIO
B MEXJYHapOLNyl0 XONNJXEPOBCKYW KaMIAHRO
wHuzeprocroc!
Peawnme
B aupape 1988 rora AHTAPKTUWECKAA CTAHUWA HMe AD.-
TOBCKOTO Ha ocTpone Kuar Jlxopx yuacTsopaRé B KAMOAKUK  Jold-
NIEepoBCKUX Habmoienuit “Hureprocumoc",

HaGaogenna 6wl NPON3BCACHL TONLCKEM NONNRIPONCKUM

npudMpuxod  "DOG 3", OTH HaOGXOLEHHA CHAKX DUICACHE ¢ TO=
MOWLY MeToRa ‘“single point" C UCIONL3OBANKCIS NPOIP&EL:. M
"GEDDOP" , BepCMA 5, C mapauerpami oNarncoxia "WGS 72"

K3 311 npoxoidenuit, NPUHATHX DPOTPaMMOil, ROAYUKIHCH

caeRynke KOOPAUHATH BEKOBOIO NYHKTa CTAHUUHY AMe ApuTosCcKors;

Y = -~ 62%89 41,56
A= 301°31 49,99

H = 20,68 u,
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In- danuary of 1988 the Arctowski Polar Station at the King George Island
has oarticipated in the Intercosmos Doppler Campaign (ICOOC).The aim of this
campaign was to link regular and probable future Intercosmos stations in a
common, coherent co-ordinate system.

ICDOC campaign was dividet into two fortnightly subcampaigns. The first
was carried out in the first half of December, 1987, the second in the later
half of January,1988. Sixsteen stations were supposed to participate in this
campaign: two Antarctic stations -Georg Forster (GOR) and Arctowski (Poland)
and: Heluan (Egypt), Khartum (Sudan), Maputo (Mozambique), Bamako (Mali), Si-
meiz (USSR), Zvenigorod (USSR), Penc (Hungary), Potsdam (GOR), Borowiec (Po-
land), Ondrejov (Czechoslovakia), Santiago de Cuba, Nhatrang (Viet-Namj,Ban-
galore (India), Ulhan Bator (Mongolia). Some of these stations, who do not
pcssess Doppler receivers of their own, were to be helped by teams from Po-
land, GOR, Czechoslovakia, USSR and Bulgaria. Whole operation is ooordinax
ted by the Hungarian station Penc.

The results of satelite observations are to be elaborated using.single
point method, multilocation and orbital methods. Data bank is to be set up
and kept at Penc in Hungary. The final results - having been agreed among
different methods of elaboration - are to be presented at the meeting of the
4-th Intercosmos section in May 1989.

At the Arctowski station 348 passes of satelites have peen observed from
8-th to 21-st of January 1988. The observations were executed using the Po-
lish Doppler receiver DOG3, owned by the Institute of Geodesy and Cartogra-
phy. The observations were reduced by the single point method using a set of
GEOOOP programs, version V, with WGS 72 ellipsoidal parameters. Since King
George Island is far removed from other participating in the ICDOC campaign
there is no use using multilocation method.Thus the results quoted below may
be considored as the final ones.They may be revised if either a new program,
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better than GEODOP, be introduced or if other options relating to the re-
fraction model and gravity field model could be used.
From 311 passes accepted by program following geocentric co-ordinates
were obtained:
X= 1561 693.7m + 1.4 m
Y =-2545 679.2m + 1.7 m
Z=-5616855.9m+1.0m
They correspond to:
LAT = -62°09°33".31 + 0".05
LON = 301°31°40".08 + 0".05
Hw=3531m+ 1.5m
Using conventional geodetic method these co-ordinates were projected on the
main geodetic point of Arctowski station (Fig.l). Its co-ordinates in WGS 72
system are:
LAT = -62°09°41".56
LON = 301°31°49".99
H = 30.60 m
The co-ordinates of the lighthouse at the Admiralty Bay like manner
obtained are:
LAT = -62°0928".9
LON = 301°32°02".3
During the same polar expedition in January 1988 its participants have
attempted to improve the astronomical position of the main geodetic point.
Its position was preliminary determined by Jerzy Jasnorzewski in 1977 /1/.
However, due to poor weather conditions only several series of longitude,
latitudo and azimuth from Sun observations could be performed. Following
results were obtained:

LAT = -62°09 39" + 2"
LON = 301°31°32" + 3"
AZ = 34°13°06" + 2"

Azimuth is referred to a very distinctive triangulation mark on the Ulman
peninsula at the Admiralty Bay.
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HCOBUE JAIINE O COBPEMEINILX TEKTOIMMECKUX MBILIE-
HWSIX BATTALHON KYBH

x.Joac /Y w n,n, mnvEasEpr 2/

PE3Oii: MccuenoBaHuA MO COBPeMeHHOH reomn-
Hammke 3ananHoif KyOH paccmaTpyBanTCH, KakK I'e OMOp-
Qoncrudeckas mpooJiemMa HalMOHAJBHOI'O XapakTepa, Tak
% B MeKIYHApPOIHHX HAY4YHHX Oporpamvax. Ha ocHoBe
T'60JI0T 0-I'GOMODPOJIOTAYECKNX U CefCMUTeCKAX HUCCJe—
Il0BaHUt, a Takke NOBTOPHHX HUWBEJUPOBAHU{ C UHTEp-
Basamy IC u 25 JeT GuJo CocTaBABHO I8 KOMIIBKCHHX
npoduaeit ¥ KapTa CoBpPeMeHHHX TeKTOHMYECKUX IBIKE-
HUf,

CoBpeMeHHAA TGClMHAMUKA TEPPUTODPUK XapakKTe—
pusyercAd cOWyUMM W PETMCHANBHHMY 3AKOHOMEpPHOCTAMM
B [PCCTPalCTBEHHO-BPEMGHHOM CIIPeJeJIeH!H U TecHOH
B3AWMCCBSASZB0 C HAIBUIOBO-GJCKCBUMI MOPJHOCTPYKTY—
pamy pasJMuHOro Tuna, KaTeropau u nospacTa. lIpeoG-
JanaeT yMePEeHHAs MHTEHCHBHOOTH BEDPTMKAJBHHX JIBU=—
MEHUA NMOpHIKa NMEPBHX MM/TOX X cJadad celffCMUYHOCTE.
Onpelle/IeHO HECKOJBKO KUHEMATHUYBCKUX TUMNOB B3aUMO-
cBA3eft MeRITY MODPHOCTDYKTYPHWMM y3JaMd ¥ MUTpaumeit
BC BpPEMEHM ceficMOaKTWBHOJ 3O0HH,

/1/ ViHcruryr reorpadmu All Kyou
/2/ I'eenryT roorpagmyu AH CCCP
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NEW DATA ABOUT RECENT TECTONIC MOVEMENTS O
WESTERN CUBA

J.L, o1z (Mand D, A, LILIENBERG ()

ABSTRACT., Researches about Westerm Cuba recent
goodynamios are analyzed into the framework of
domestio and foreign socioentific programs. Based
on seismic and geologioc-geomorphological studios
as well as the repeatoed graduation with intervals
botween 10 and 25 years, the map of recent
movements at 1:500 000 scale and 18 complex
profiles are been made,

Genoral and regional regularitles of the spatio-
temporal differentiation of the recent geodymaimios
and its strong interrelation with blook-overtirow
morphostruoctures of different types, ocategories
and ages were deteoteds Through the territory

a moderate intensity of vertical movements
ranging of firsts mm/year and a weak seismiocity
are predominant., Iinematio types of morphostruoc=-
tural interrelations, wmorphostruotural knots

and the migration of seismoaoctive zones in timo
were determined.

(1) Institute of Geography., Acadeury of
Soiences of Cuba.

(2) Institute of Geography. Aocademy of
Soiences of USSR,
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B CTpyRTYpHEO-TOCAEA3INRYECKOM MIARe 3anagHas KySa npexcTaBnfer
CONy ES MOReXBENX CORacTON COTPCBHDH IYTH Donbnax AHTUWN, OCHOBHEE
qepte ee canpemeuAcl MCPHCCTPYRTYPH CACEAARCH B pesyabTare O0LYRURE
oc3qBeuwexcBol ByaraaEveckcd nyTR Ba Kpafl Baravckoft WIATH B cACEHOrO
CCYCTRENS PCPSI0STARLENXY N BePTRKAJbLHNX GJCKOBHX IBEXEHEA B mponecce
33DePEEERS PacKpyTRA ORATAHCKOR BNANNEN Ha HEOTEKTORAYECKOM artane, B
DOorsRNEEE PQXE aN6Ch OHN NposefeH B3AWMCCBA3AHHHE[ KOMIJIERO recnesmvec—
KNX, CeJCuOBCIEYECKREX ® I'e0ONOro-reoMopholora@vecKHX RCCNENOBAHRBN, pesSyAb=
7878 KOTOPHX 00cO0meRH CoBeTCRO-KyOBACKOR axcneanumeldt @ ABAADTCA JaCThD
SEXKYBAPOIBOro apcexra KAIT /I-4/. Ha Gase NOBTOPHNX RABEJIRPOBOK 38
nepuox 10-256 meT § MOpHOCTPYRTYPHOrO aHalA3a coCTaBieHa NpexBapETeNb-
Bas cfeMB TOANSHUEA CCBPENGHHOR TeCNBHAMURE W 25 KOMIJERCHHX npojanedt.
B cpa9B c orcyTCTBEGM Ha Kyde MABHHOPANHNX B HENpPEpPHBHHX yPOBHEMEPRNX
RAHHNE, DOXWYEAY CKOPOCTOf ABAXEHEfl npEBONATCA He B "adcoADTHHX", & B
CTHCONTONBENX 3RAYEHBAX /N0 OTROUEHRD K OyHRTY Iyano/.

B neaoM KyomHCKER apxEnesar pacoMaTpEBAeTOS HAME B XAYEOTRE MOpP-
feoTpyRTypHicrc Meradaora, a 3apagAas (yda - B xa4ecTBO MAKPOGEOKE, 0T=
A6RERUCTO CECTONCA INarcHasbiHX paspuBoB Kapaenao-Kovsmoo /2,5/. B npe-
XGAAX TOCAGNAEr0 BHAGAAGTOS COCTBETCTBEHHO TPR MOPJOCTPYRTYPHNZ Me30-
GAOKS, PANEAGHHNX PrECHANGENNE MOPORHREANOHTAM:S: Miunap-nexs-Puo, To~
8aRe-MaTancs0 ¥ c-B XyBeATyn /lAHoc/. KAXMNR #3 AEX OTANIAETOS CNELN-
JUYEOKEN pOYNKOM fcAell OCBPEMORHUX PePPHKAABENX RBABGHEH, NX NRTEHORD-
KOOTIO ¥ NANpaBAGNHCOTHN, XapaxTepoM NPOABAGHRA ceflomsyncors. Ramwenee
ENTONOSENIG ABEZeHMMY /0T =0,7 X0 +2 w/rai/ B mxX oAadoft ImfdeponiRe
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P OBAHHOCTBO XapulTepusyeTcs o-B XyneHTyn. MesodJox MMiHap-aenb-Puo Bu-
AeJAETCA YMS8PEeHHGk reoduHaumxod /or -2 No +2,5 mm/rcn/. Mpu aToM B Ne-
NAX COBPEMEHHNX NBU:EeHUH NPCABJIAOTCA E NEepBY OYepenb MPOKOJALHLE MOP—
$OoCTPYKTYPH, a NonepeyHNe HCCAT HaNOACHHHI XapakTep, [MIA ME3006J0Ka
Papana-MaTaHcac XapaKTepHa HanGoJdbilafs UHTEHCHBHOCTB /OT -2,5 No +I0
mMm/ToR ¥ Gonee/, pe3kas KOHTPACTHOCTH ¥ GJCKOBAA MCRAUYHCCTH BEPTHKAJb~
HbX IBAREH#®N. B MOJAX CCRpPEMEHHOW IeONUHaMUKKM NMPCABNAKTCS MpexNe BCETC
nonepeyHc-AHaT OHaNbHHE MCPAGCTPYKTYPH.

B uesom naa 3ananHow KyOw CTYETJIMBC NPCABJISETCA TeHAeHIMA Hapac-
TaHAn MWHTEHCUBHCCTH ¥ KCHTPACTHCCTM COBPeMEHHHX IBWXEHHfi c 3anana Ha
BOCTOK, 8 Takxe oOWR{# HaKJOH MCPPOCTPYKTYPHOIO MakpcoJoxka C CGBepa Ha
foI', COOTBETCTBY: UMK TEHAEHUNN TEKTOHUYECKOro Pa3BUTUA B YeTBEePTHUIHOE
¥ roJclieHosoe Bpema /2,5/. BagHOW# 3aKOHOMCPHCCTBO ABJAETCA yCTaHCBIE~
Hue GJIOKOBCPO XapakTepa NPCABJIEHUA COBPEMEHHCH TreonvHamuku, Ha Bcex
KOMMJIEKCHHX NpodusiiX KPUBHE CKOpOCTel MBUREHUI UMeNT cryneHdaTce CTpPo-
ene, I'DaHUIN CCMPAREHMA GJOKOB BHPEXEHH BHCCKOTpPALMEHTHHMA YuacTKaMH.
Pasmepn MCPPOCTDPYKTYPHHX GJIOKOB KCJIEGJATCH OT HECKONBKUX KUJICMETPOB
o 1CO-150 kM. BumenseTcs Goablce pasHooOpas3ne KUHEMATHYCCKUX HCpM
COBPEMEHHHX  CMelieHuit mo pasJsioMaM, GUKCHPYyeMHX MOBTOPHHMK HUBENUPOB=~
ikavu, [lpecéaananT MpocTHE GOPMH C PA3HOHANPARJGHHNMU CMCUCHUAMYA KDHJB-
ep, "nukaMu" ITOQHATHI MAK onyckaHuit, o TakXe CJHOXHWE CTYMeHWaTHEe Pop-
MH QDX HaJUuM¥ MeJKOOJNCKCBOro ApodaeHuA. Ho bce compeMehHne Iedopma-
uuy oOWYHO JNOKANU3YHTCA B y3Kolt 3cHe camcro pa3sJjoMma.

TaaBHOIl vOP&OCTPYKTY pPHO-TeogulaMutieckcil ocbo (MHAD-AeNb-Puo
ABnAeTcA NuHapckuy TpancoopwHNA MOB. BOJNBIMHCTBOM I'20N0TFOB OH OOHYHC
CYATARTCA OTMCDIUMM B AnoOLEH-YETBEPTHUHOE Bpemsa, ORHAKO 83POKOCMUYBC~—
KNe MaTepUnJN, anaaw3 pycaostix ¢opm # NOBTOPHHE HUBEJIUPODKM [OKA3NDANT
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@ro SHaYRTEABHYO aKTYRHCCTbL HA COBPEMENHCM 3Tane. I'panuenTH CMeleHuit
Ha OTREeABHHX ywacTkax koxeéziarcs or 0,I - 0,2 Ha 3aname &o 0,5 -I,5
MM/TOL/KM - Ha DOCTOKE. Kpome Tcro, 9TO rAaBHaf CENCMOrsHHas 3cHa la-
naiHolt Ky6w. BaxHyo reoauHaMuuecky© PClb UrpaeT Takxe NchepedHc-nmarc-
HanbHu¥ coeur Can-Iigero, koTcopuif pa3mienfieT oCeBylo TOpPHyw cucrtemy I'ya=
HUIYBHUKO Ha NBa Da3HChOPUNCTHATHX Onoka: Joc-Opravoc /-C,5 + +I,C MW/
rot/ B Pocapao /+I + +I,6 mw/ron/. Ha CeBepHch IMHapcxch pawHuHe cH
pasrpaHRuYARaeT 3anamHni +I + +2 mw/ror/ ¥ BocTcuHwil /-1 + -2,5 mv/Tor/
GNOKE ; aHaNOrAYHO Ha KRHON (MHapokodl parHUHE Takke - -3ANaNHHi /C HEKT-
PanbHHNE NBWREHWAMA W CJACWMA onyckakuamy/ v BocTouHuli /0 + +2 mm/ron/
O6noRA. Takkm COpa3oM, NMPOTHBOCTCAWKE MOPQOCTPYKTYDHHE OJNOKH CeBepHOH

n IxHoft paBHEH HaxoNATCA Kkak G B NpoTHBOPA3axX COBPEMEHHHX BePTHUKANb-
HHX NBAXSHAE, 8 pa3fensoupde X ropw IyaHuryauwko x [MHapckuli Tpancgopw—
AE{} MOB WrpanT WADHAPHYO poNib,. [Ip 3TOM CONPAXEHHWE BEDPTUKANBHNE Nepe-
MeUeHRAA MOPHOCTPYKTYRHHX GJOKOB TopHOi cucTemy T'yaHUTYeHUKO MO CTHCme-
HAD R [OxHOH ﬂnHa'pcxoﬂ paBHUHe, cTHeJeHHo# oT Hux [IMHapckuM mMBOM, cOpa-
3YDT KAABUMHYO cHcTemy: OJok KaHTallopec-Kadpac MCNHTHBAeT He/NTpPaNbHHE
IBUREHRA, BunbaAnec - caadhe nciuaTas /0,5-1,0 mm/ron/, Pocapuo - yme-
PeHHHE ONycKaHua /Io I-6 Mm/Ton/, BO3BWUEHHOCTH Mapueab - ymepeHHwe Mox-
narua /1-2 mw/ret/.

Tcpy TyaHuryaluko oTaUyanTcsa CAa6oW MHTEHCHEHCCTBO COBPEMEHHHX
REPTHKANBHWX NBKAEHHA, YTO,BO3MCXHO, OOYCJOBJIEHO WX MOKPOBHO-REARUAIO-
BOf cTpykTypoit, Korla 3HauWTesibHaA 4yacTh BepTHKaNbHO!l cocTasaswuel nol-
HATHY B M3BECTHCH Mepe KOMNEHCHPYCTCA TOPU3OHTaARHON cocTanrnmmued /T,3/,
HeroTcphe GPOHTANBHHE YYacTKU NOKPHTHX MJACTAH MHOTAA RalT CTyMNeHYaTHE
neper#oy 1c 0,5 - I,0 MM/ron Ha rpadukax. CKopocTel IBRXeHHHA., ITO MCXET
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CBRRAETEABCTROBATH, YTO 3M0X8 N'OPU3OHTANLHLIX MEPEMEWEHNH HE KoHYMJacsh,
KaK CY4TaeTCA,B 30l6HE, & BPANE CAYYHEB MDONONKAETCH ¥ HA COBPEMEHHOM
arane. B JIOKanbHHX MOJNAX PEONUHAMAKM OTHETAURO NPOABJLOTCA OTIENBHHE
TOpCTOBYE MOAHATAA, DBBHAHH-rpaCeHH, CETh MPOAOABHBX ¥ MCMePeYHNX pa3-
RGMOB,

[lcrenbHan CepepHan [lMHapckas paBHUHA BNIENABTCA Haudojdee Meskci
6anororoil mupepeHunalllli COBPEMBHHUX BEPTAKANEHHX ABMRGHUA, MOHOKJNWHENIB-
Has l0mHaA peBHEHA GcJjee MCHOMUTHA 10 XapaxTepy eOIXHAMUKM ; TOJABKO Ha
yaactie TyaHe u n-pe [yaHaakadméec IBUREHUA NpUoGpeTaT Pe3Kyw KCHTpacT-
HOCTB.

TcperoBhe M IcpcT-aHTUKJMHANBHHE BosmuueHnccTH TaBana-MaTancac
RCMHTUBART OCNWEe OTHOCHUTEJBHNE M aGCOJNTHHE CORPEMEHHHE MCAHATAA 1O
4-8 MM/Tcl. lla aTcM doHe IpaGeH-CHHKJAMHANBHHE naaTo Tamacre, Aryakare
OTCTANT B MCAHSTRARX /2-4 mm/rci/, T.e., BUCTYNapT kak GJOKA CTHCCHTENB-
HUX onyckaHm#l. I'pPal#eHTH CMeweHR!t no pasjiomaM cocrapaswe? C,5-T,0 mv/ran/
KM, MECTaMy§ LCCTRIaf BECbMa BHWCOKMX 3HauyeHui nopafixa [-3 mwron/kM. CT-
9eTAABO MPOCJEXHRANTCA JWHENHHWE 30HHW NporuéaHuii BROMB MoNepevyHo-NKHarc—
HaJBHHX MopdonuHeaMeHTOB Baxail-b-Tadpuans, Xapyko-Kamago, Maprenp-Ea-
Tadato,

Bamiyo pGrMOHaABHYD MOPHOCTPYKTYPHO-TEeCAUHAMAYECKYD PONB MrpaeT
ApHeameHT Xapyio-liamayo, K BCCTCKY CT KCTCPCPC CCBPEMeHHHE MCHNHATAR CTYy=
neHeoOpa3HO Pe3Ko Bo3pacTawr. Tak, CeBepHaH paBHUHA ['aBaHH HCNHTWBAET
caade GTHOCHTE/bHNE CMyCKaHWA, NCCTHrailMe Makcumyma -2,5 MM/rol B pail-
oHe GyxTy TaBaHn, npeicTanasiiiel rpa6eH pacTsReHuA, a CeRepHag paBHHHA
MaTaHcaca kK DocToky oT Canta-Xpyc-seab-HopTe W Xapyxo BTAHyTa B HapacTap-
WMe MHTEHCUDHHE CTyMeHYaTC-GAOKCPUE MCRHATHA Ko 6-8 MM/raf, RCCTHravmme
b 1pelfeaax panliuHy Xapackac-MapTu T0-12 mm/ron # Gcoee, 4TC ABARETCA
MaKCHMANBHKEM QAR 3anafHcit KyOw ¥ moxeT GbTh CONMCCTAEJEHO JMUbL C Hagdonee
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MCOUALHNMI paiioHaMu Hro-BcecTcuHcit KyOu. I0kHana parrusa l'apaHa-Maraxcac
K 3anany OoT YKAa3aHHOrO MopdonuHeaMeHTa BXCNAT B 06JacTb CHadHX CTHO-
CHTENBHEX NORHATHI /0-2 Mm/ron/, a8 K BCCTOKY KHTEHCHBHOCTB COBDPEMEHHHX
NOAQHATMA HapacTaeT NG 4-6 mv/rck. Ha 3TcM doHe B XayecTBE 30HH CTHCCH-
TEJABHKX CNYCKaHUi /OTCTaRAHUi B MCAHATHUAX/ NPCARNAETCA CYCMEDPUITUCHAND=
Haf paBHBHA KCJAOH-XcBeabAHCC, NpeRcTaBJsKLas MOPHOCTPYKTYPHYD TpaHALY
¢ UenrpenbHodt KyGoit. 3a6oscueHHas rpa6eH-CUHKAMHANbHAA paBHHHA Janaf-
HaA CamaTa MCNHTLBAET COYCKAHHA LG -2 MM/TOMd.
dananias Kyda CTHCCHTCA K CEACMGAKTHBHHM TEDPUTCPUAM AHTHUIABCKOH

OCTPOBHG Iyru, XoTA 3lech npecénanadT chaadwe B CpelHHe 3eMIeTPACEHHUA.
3a nocaenuue 300 aer /1678-I983 r.r./ 3nech 3advKCEPOBAHO OKGAGC 70 3eM-
JeTPACGHA’ C MHTEHCHBHCCTHW [I-YI GajnoB, B TOM 4iclie - ONHO pa3pyWHTEJb
Hoe /I=yll, M=6,3/ - Caun-KpucroGanp, I880 r. #6/. B ux InMHAMUKE Hameya-
eToR BCTOPHYECKH HanpaBleHHAA TEeHNEHUWA HapacTaHWA ceficCMAYECKCH aKTUB-
HOCTH B NPCCTPaHCTBE M BpPEMeHW, C pacnpocTpaHGHUEM CT cepepa ['aBaHN-
Marascaca Ha [IWHap-nOeab-PrHo K KcHUy XIX B. ¥ Ha BCo Jananuyiw Kydy Bo
Brcpolt monosuHe XX B. McRHO BHIEJNHTEB TPH IJIGBHHX MCPHCCTPYKTYPHO-rec—
NXHAMA9ECKHAX THMNA MECT BC3HUKHNBEHHUA 3emieTpaceHuit. Handcaee CJACKHEM
ABAANTCS MCPHCCTPYKTYPHHE Y3JH CCCTHKOBKHM GJCKOB PasHCro reHe3®ca, BC3=
pacTa ¥ paHra. [[puMepcM McXeT CJy¥MTb OyxTa-rpadeH pacTameHus l'aBany,
MeAKOGJACKCBCe NPCOeHne KCTCPO# HaxcAaT OpAMce CTpaxeHHe B naeltcToleH-
T OJIOLEHCBOM peahede W COoBPeMEHHWX RBWXeH#AX. [pyrof TMO o6pa3ybT JnHel-
HNe celcMcreHepupyuMe 3CHN. ApKUM NMpUMEPCM ABJLIETCA [lHApCKUR Tpalic-
dcpmHbit pR3NCM, BAGABL KCTCPGRO CCCPEAOTOYEHO OKOJAO OCJOBAHH GUATCBHX
3cH 3anagHoi Iy6n. OHM rpynnapyoTCs RAGAL MBA, HO HE B MCPCCTPYKTYpHHX
yanax, a 8 MecTax NEPeceYeHUA ero 4acTHuMi Pasicrami, MPCABKBIUKMA AR-
TUBHOCTH MO KAHUUM NCBTOPHOTO HUNBNAPCBAHWA W X'{PAKTEPRIYOMUAMYUCA MCRU=
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L@ililkiy rpagueHToMd RBuXeHWH. Hanpitvep, usoceficra Yl Gannop semneTpAce=
4 CaH-KpACTOOAND MOYTH TOYHO OKOHTYPUBABT GJOK CCBPEMEHHNX MONHATHH
Ro 2-2,5 mw/TcR, pacncAoreHHwd Ha rpaHuue co Cheppei-fenb-Pocapno, uc-
nuTHpaoWeft JoxanbHyw RHBEPCHI ABWREHMH, T.e. Ha CTHKE DPa3HCHAMNPaBABHHNX
neukeHRR. JrHelHoft ceilcMoreHHcH 30HOW BUZENABTCA Tax®e JMHEAMEHT VaTaH-
cac-Manpyra-Baradaio, TpeThbdM TUMOM SBAAITCA TU3BOHKTUBHWE Y3/ B MeC-
Tax NepecevYBHUA PA3HOOPUSHTHUPCBAHHHX DpA3JIOMOB 7 NUHEAMEHTOB,

HekcTcpue cyaroBHe 30HH HaxCHATCA B ONPENCJEHHOW JnHamuyeckcit
R334MCCBA3R W AKTHBBAADYWTOS NOCAENCBaTe.bHO, MUTDUPYA BAGIL 30HH pas=
nowon ¢/Cal KpacrcOanb-TapaHa/ U CBUNETEALCTBYA 00 HX PacKpuTHH,

B uescm npcABEHHe KaK MERNEHHUX BEPTUKAJBHEX, Tak U GHCTPHX
/ceaficMuuecKrl/ COBPeMBHHHX IDBUXeHHWZA 3ananko# KyOw oOGHapyxmBaeT YeTKYRD
B38UMCCBA3R C McpHCCTpyKTypHOH RuGPepeHimaunes AHTUILCKOA cCTPCBHOR AY-
ri. BHABNEHHWE 316Ch NPOCTPAHCTBEHHO-BPEMEHHHE 3AKOHOMEPHCCTH CCBPEMeH-
Holt TeORUHAMMKK HCCAT, MO-BWUIUMOMY, HE TCJBKO PErMCHANBHWA, HC B Gcjee
OCWHI XAapaKTep, MOCKOABKY CHE COMCCTABAMN O aHaJICTUYHHMH 32KCHOMEPHOCTA=
My JanatHc-TUXCOKeaHOKUX OCTPCBHHX NYT /fucHus, Caxanus/.
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MneturyT recrpadun Axamemauw Hayk Ky6w, TabaHa
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GAUSSIAN CURVATURE OF POSTGLACIAL REBOUND
AND THE DISCOVERY OF CAVES CREATED BY
MAJOR EARTHQUAKES IN FENNOSCANDIA

MARTIN EKMAN

National Land Survey
Division of Geodetic Research
S - 801 82 Gavle, Sweden

Abstract

The Gaussian curvature of the postglacial rebound of Fenno-
scandia at the end of the deglaciation is computed. The result
is used for investigating the origin of boulder caves, where
the bed-rock has been split into caves and accumulations of
huge boulders. It is concluded that the three large boulder
caves, concentrated at the Swedish coast of the southern part
of the Gulf of Bothnia, most probably are created by major
earthquakes produced by the Gaussian postglacial curvature
about ten thousand years ago. The Gaussian curvature theory
explains both the location and the character of the boulder
accumulations and caves. Also, the curvature seems to be great
enough to allow major earthquakes to occur. On the other hand
the theory as applied here fails to explain the distribution
of the many small boulder caves. Finally, an earlier con-
clusion of the author on the origin of today's minor earth-
quakes in central Fennoscandia is here considered doubtful.
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1. Introduction

In recent years attention has been drawn to certain types
of caves in Sweden. Their common characteristic is that they
are formed within accumulations of huge boulders. R Sj®berg
(1987) has shown these caves to be of postglacial origin.
His main arguments for this are that the boulders are
glacially striated, proving that they accumulated after the
advance of the inland ice, and that scarcely any weathering
products are found on the floors of the caves. Sj&berg
suggests that the boulder caves were created by major earth-
quakes occurring at the end of the deglaciation, when the
isostatic rebound was very rapid; cf. M&rner (1985).

The caves are more or less labyrinthine. Most of them
have a length of about 100 m or less, but three caves are
considerably larger having a length of the order of 1 km.
These three large caves are situated within a common area.
Since there seems to be no other reason for their size
they may be suspected to represent the strongest postglacial
earthquakes.

A mathematical method using the concept of curvature was
developed by Ekman (1985) for trying to study postglacial
uplift as a possible origin of earthquakes. This curvature
theory will now be applied to the boulder caves. We first give
an outline of the theory, then apply it to the land uplift at
the end of the deglaciation as revealed by ancient shore
lines, and finally compare the result with the location and

character of the caves.
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2. Postglacial curvature theory

Postglacial land uplift, like any function on a sphere,

may be expanded in a series of surface spherical harmonics,

u = nEO mEO (anm cos mA + bnm sin mi) an(51n ©) (1)

(see e.g. Heiskanen & Moritz, 1967). The coefficients are

given by
2m m
=i .9 = .
8hm =TT J J Ule, X) F’nm(sm ©®) cos @ cos mi dedA
0 O
(2)
2m m
— = i = . .
bnm - J J Ule, A) an(sln @) cos @ sin mA deodA
0 0

Here ¢ denotes latitude, A longitude, and ﬁnm the normalized
Legendre functions.

The uplift U to be used here is the absolute uplift, which
is the apparent uplift - according to the shore line observa-
tigns - corrected for the change of the geoid and for
eustatic changes of the water level. The uplift may be
thought of either as a vertical velocity or as a height change
between different epochs; it will be used in both senses in
the following.

Now, postglacial uplift causes the Earth's crust not only
to rise (and to tilt) but also to curve. The postglacial
curvature, especially the Gaussian curvature, serves as a
kind of measure of the amount of postglacial stress and
strain produced in the crust. This may be realized through
the geometric interpretation of the Gaussian curvature, or
through the "Theorema egregium" of Gauss, stating that a
surface which is bent without being strained does not change

its Gaussian curvature (cf. e.g. Lipschutz, 1969).
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A formula for the Gaussian postglacial curvature has been
derived, starting form (1), by Ekman (1985):

1 N n
K=— I I (a__cosmr + B __ sin mi)
R n=0m=0 ™ nm
2 m2 =
[(- nln + 1) + (n + 1) tan“® + 5 ) an(sin ®)
cos

_\/(2n+1](n+m+1)(n—m+1]‘sinw5

2 n+1,m
V2n + 3 cos ¢

(sin (p]]

N n _ _
z I (a cos mA + b sin mA)
n=0 m=0 nm nm
2 m2 = .
- (n + 1) tan“e - > an(sm ©)
cos“y
V2n « Do+ m+ Din-m=+ 1) sino 5 P
2 n+1,m Ity
vV2n + 3 cos ¢

1 N n _
- — ( b I (a sin mA - b cos mX)
4 nm nm

(n + 2)m sin @ = .
I:‘ -———2—' an(51n (D)
cos ¢

v Z
’\/(2n+1)(n+m+1)(n-m+1)m—

in m[sin Lp]])
V2n + 3 coszw
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Here R is the radius of the Earth; the other symbols have
already been explained. For obvious reasons the series
expansion is cut off at some large number n = N, the co-
efficients (2) being then calculated by summation over a lot

of surface elements (squares) of a corresponding size.

3. Gaussian curvature at the end of the deglaciation

Let us now apply the formula (3) to the postglacial rebound
of Fennoscandia some eight thousand years ago, when the ice
had recently melted away.

The first step is to determine the apparent uplift at that
time. This can be accomplished for the Baltic Sea area by
using two maps of Eronen (1983), showing the heights above
present sea level of the shore lines at about 7000 B.C. and
5500 B.C. The difference between them represents the apparent
uplift between the mentioned years, turning out to be 170 m
at its maximum. For the Atlantic coast area we use the shore
displacement curves compiled in Hafsten (1983), together with
a few additional curves (Morner, 1980; Donner, 1980).

The apparent uplift should then be corrected for changes
in the amount of water. In the Baltic Sea area the eustatic
change of the water level is composed of two parts: the
lowering of the Ancylus Lake between approximately 7000 B.C.
and 6500 B.C., c. 15 m (Bjorck, 1987), and the rise of the
sea approximately from 6500 B.C. to 5500 B.C., c. 10 m
(Mbrner, 1980). The two parts nearly cancel out. The influence
of the rise of the geoid, being slightly reduced by the
existence of the Ancylus Lake, does nowhere exceed 10 m (cf.
Ekman, 1987). These corrections may be considered insignifi-
cant for our further computations. In the Atlantic coast area,
on the other hand, we should correct for the eustatic rise of
sea level during the whole period; it amounts to c. 25 m
(M6rner, 1980).
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Figure 1. Absolute uplift of Fennoscandia in mm/year at
about 6000 B.C.
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Applying the correction above we obtain the absolute
uplift between 7000 B.C. and 5500 B.C. From this we easily
find the absolute uplift rate at about 6000 B.C., the map of
which is shown in Figure 1. Its maximum value is more than
80 mm/year, nearly 10 times the value of today (cf. Ekman,
1987).

From Figure 1 we next determine mean values of the uplift
rate within squares of 1° x 1° (1° 1atitude x 2° longitude).
Using these values the coefficients gnm and Bnm can now be
calculated according to (2).

Finally we compute the Gaussian postglacial curvature K
applying the formula (3). Thereby the maximum possible value
of N is 180, corresponding to the minimum wave-length 10.

To examine the stability of the solutions for various values
of N some computations of K for 180 2 N 2 120 were made,
leading to quite similar results. The result for N = 150 is

shown as a Gaussian curvature map in Figure 2.

From the map we see that the Gaussian curvature of one
century of postglacial uplift is great - K > 5 - 10_27 mm—2 -
within a rather small area located at the Swedish coast of
the southern part of the Gulf of Bothnia. The maximum is

K = 20 - 10727 mm~2.

Now, Figure 2 shows the situation at about 6000 B.C. when
the ice did no longer exist. However, the peak rate of land
uplift here was probably reached about 2000 years earlier,
before the ice had disappeared completely (Morner, 1980).

The Gaussian curvature at that time can only be estimated
through an attempt to extrapolate back to 8000 B.C.: First,
the uplift rate then was at least three times larger (Morner,
1980), making the Gaussian curvature one order of magnitude
larger. Second, although the general pattern of the land
uplift has kept remarkably unchanged up till today the maximum
point has slowly migrated to the north-northeast by nearly
half a degree per millenium. This can be seen by studying e.g.
Eronen's (1983) map of the uplift since the Ancylus Lake, his
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Figure 2. Gaussian curvature K of the postglacial uplift
of Fennoscandia at about 6000 B.C. (N = 150). Unit of K

for one century of uplift: 10_2.7 mm~2. Dots denote large
boulder caves.
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Estimated Gaussian curvature K of the postglacial

uplift of Fennoscandia at about 800
of K for one century of uplift

large boulder caves.

Figure 3.
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map of the uplift since the early Litorina Sea, and a geodetic
map of the present uplift. Assuming that this process had
started not later than 8000 B.C. the area with large K values
was at that time located nearly one degree further to the

south-southwest, as illustrated in Figure 3.

4. Gaussian curvature, earthguakes and boulder caves

The character of the boulder caves is in good accordance
with what one should expect from a positive Gaussian post-
glacial curvature (as we have in Figures 2 and 3). Positive
values of K, i.e. elliptic curvature, should here correspond
to tension in all directions. According to R Sjoberg (1987)
the accumulation of boulders forming the caves clearly show
that the bed-rock was split by tensional forces in all

directions.

If postglacial rebound is the origin of the earthquakes
that seem to have created the boulder caves, then the largest
boulder accumulations should be found where the Gaussian
postglacial curvature is great. As was mentioned in the
Introduction there are three large boulder caves, all of them
situated within a common area. They are marked by dots in
Figures 2 and 3. In Figure 2, representing 6000 B.C., we find
the large boulder caves close to the Gaussian curvature
maximum. In Figure 3, representing the more realistic 8000
B.C., we find the large boulder caves almost coinciding
with the Gaussian curvature maximum. We must, however, bear
in mind that the extrapolation makes Figure 3 uncertain.

In any case, the large caves are situated very close to

where predicted by the Gaussian postglacial curvature.

One would now also expect to find some correlation
between the Gaussian curvature and the small boulder caves,
but this is not the case. Most of the twenty small caves are
scattered in the whole eastern part of Sweden. Our mathe-
matical method fails to explain this.
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Finally we note that the maximum Gaussian curvature of one

-25 =2
mm o

century of postglacial rebound amounts to K = 10 r

more. This may be compared with the Gaussian curvature of the
earth tide which is 10_34 mm—2 (Ekman, 1985). The secular
postglacial curvature is thus of the order of lO9 times the
tidal curvature, i.e. the secular postglacial strain may be
roughly estimated to 104 = 105 times the tidal strain. This
should allow major postglacial earthquakes to occur (cf.

Heaton, 1975, and Johnston, 1987).

Before summarizing the conclusions a few words ought to
be said about the long postglacial fault in northernmost
Sweden, the Parvie fault (Lundgvist & Lagerback, 1976). This
fault might have been formed by a zone of great mean curvature
of postglacial rebound. However, whether this is so cannot
be determined since no shore lines exist to give information

on the postglacial curvature there.

Conclusions: The three large boulder caves, concentrated
at the Swedish coast of the southern part of the Gulf of
Bothnia, most probably are created by major earthquakes pro-
duced by the Gaussian curvature of the postglacial rebound of
Fennoscandia. The Gaussian curvature theory explains both the
location and the character of the boulder accumulations and
caves. Also, the curvature seems to be great enough to allow
major earthquakes to occur. On the other hénd the theory as
applied here fails to explain the distribution of the small
boulder caves. In the light of this the conclusion on the
origin of today's minor earthquakes in central Fennoscandia
drawn by the author a few years ago (Ekman, 1985) must be
considered doubtful; it rather seems that nothing could yet

be concluded in that matter.

A picture of the split bed-rock above the largest cave
system, the Boda caves, is shown in Figure 4. According to
our curvature calculations the picture could be mathematically
described as Nature's own illustration of the Theorema

egregium of Gauss!
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Figure 4. Split bed-rock above the largest boulder cave
(Boda).
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S.V.Enman and 0.E.Popov

Periodic patterns in land displacements based on geodetic data

The problem of periodicities in land displacements arose
with the recent progress in the study of recent crustal move-
ments, the prediction of earthquakes and volcanic eruptions,
the study of earth structure by instrumental (geodetic, gaging,
geophysical) and non-instrumental (geologic, geomorphologi-
cal, historical and archeological) methods.

Publications of the early 1960s on the rhythm, cycli-
city in the oscillations of land surface were mainly based on
the results of geological, geomorphological, archeological,
gaging and partly levelling studies. Quite frequently, these
studies aimed at elucidating, corroborating whether the rates
of recent vertical crustal movements based on levelling
measurements really reflect long-term, slow patterns in the
displacements. It was pointed out that, if the effect of ob-
servation epoch were confirmed by extensive statistical mate-
rial, then levelling data and gage measurements would have
to be reduced to the same observation epoch (Matskova,1963;
Sinyagina,1965).

The regular periodicity of tectonic processes is due to
the effect of certain relations between gravity forces acting
from outside the Earth on the Earth's interiors (B.L.Lichkov,
see Kozlovsky,1965). It is supposed that secular movements
of the same direction in north-west zones can be regarded
as tide-like waves propagating on the surface of our planet.
These waves are associated with the formation of geologic
structures and vary in amplitude within structures (XKozlov-

3ky,1965). Some geological, geomorphic, and historical and
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archeological evidence suggests a period of secular movements
at least 600-700 years. Land uplifts and 'subsidences occur
in close relation, the areas involved in the two types of
movement being different. Geodetic data reveal waves of re-~
cent movements on the order 600-800 km (for the Russian Plat-
form) and 180-250 km (for Japan) (Meshcheryakov,1963).
Kozlovsky(1965) finds tectonic waves of 500-600 yr period
in his historical and archeological studies in Chersonese
excavations, Crimea . Meshcheryakov(1963), Kalashnikova and
Magnitsky(1978) report a complete cycle of land oscillations
about 2,000 years as determined from displacements in the
columns of a Roman market within a mobile volcanic area of
Italy, in Pazzuole. The thickness of flysch deposits has
been used to determine cyclicities of land displacements
with 500 and 4,000 years (Kozlovsky,1965).
A harmonic analysis of the rates of recent vertical crus-
tal movements along a number of lines in the USA, Japan,
USSR traversing platforms and mountain regions reveals com-
mon wavelengths for the same type of area. The values for
the platforms are 630, 330, 210, 130, 120, 100, 80, 70,
65-55 km, the shape of the spectral curves being different
for different tectonic zones; it 1is smoother for the plat-
forms (Kalashnikova,1968). A spectral analysis of recent
crustal movements along great-circle arcs (Helsinki-Tash-
kent, Ljubljana-Chardjou, Stockholm-Dubrovino, Ohrid-Pechora)
yields the spatial dimensions of areas of recent vertical

crustal movements having the same sign and constituting a

DOI: https://doi.org/10.2312/zipe.1989.102.03



63

hierarchical system of three ranks: I for platform areas
~1,500-2,000 km, for folded areas ~1,000 km with average
amplitudes of 7 and 5-6 mm/yr; II ~ 300 km with an average
amplitude of 3 mm/yr; III ~100-150 km (Golovkov and Narmir-
zaev,1985).

Yu.A.Meshcheryakov wrote as early as 1965 that secular
crustal movements are complicated by short-period oscilla-
tions of different origins which are little known, except
the solid-earth tides, so that little that is definite can be
stated about their periods, amplitudes, patterns of occur-
rence in nature (Meshcheryakov,1963). As more instrumental
data (levelling and geodimeter measurements) are being accu-
mulated, including results from the use of various geophysi-
cal techniques, papers appear that contain attempts to deal
with these problems.

V.G.Rikhter (1957) discovered a 5-yr period of land sur-
face pulsations from an analysis of gage data. V.A.Matskova
examined data at 12 gage stations to obtain patterns in the
variations of the rate of crustal displacements in 15-year
and at a number of sites in 30-year periods (ilatskova,1963).
Sha has also revealed (Matskova,1973) a period of 30-40 years
from an analysis of long gage data series (as long as 80-

100 years) at 50 sites in the Baltic Sea and the North Sea.
An analysis of mean annual levels at gage stations in Lake
Baykal area. has shown the shore oscillations to have a re-
gular periodicity and wavelike propagation across the Baykal

Basin towards the northwest. The duration of the micropul-
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sation period is 8-9 years. The wave amplitude reaches 4-6 cm.
The wavelength is 50-80 km. The velocity of the micropulsa-
tion waves is greater and the wavelengtﬁ is less than the
respective values in the northern part of the lake, parti-
cularly near the western shore (Lamakin, 1965).

The discrepant rates of vertical land movements derived
from levelling measurements for different intervals of time
provide evidence that the displacements can be represented
as a sum of individual components (Tyapkin and Bondaruk,
1983). Researchers have also tried to determine the period
spectrum from geodetic data. V.S.Vereda discovers an activa-
tion of movements with a period of 5-6 years from analyses of
multiple levelling data in the Donbass (Vereda,1974; Vereda,
Yurchenko, Surovtsev, and Urmantsev,1980). Investigations
in the Krivoy Rog area have shown that correcting levelling
measurements for temperature and pressure does not exclude
an annual component of land surface movements with amplitudes
as large as 5-6 mm. In addition, sinusoidal movements of
6=yr period and 1~mm amplitude have been identified (Deni-
s0ov,1987). Tyapkin and Bondaruk (1983) present compelling
evidence that there is an annual componentwith an amplitude
reaching 30 mm/yr in recent vertical crustadl movements. These
authors recommend to incorporate the component into the rate
of movements, whatever is the cause of the component. These
form a basis on which a rotational hypothesis of feature for-
mation in the earth's crust is being developed. V.I.Volkov

(1983) hypothesized a systematic influence of upper-crustal
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thermoelastic oscillations due to seasonal temperature waves
on recent vertical crustal movements. An analysis of long-
continued geodimeter observations in the Maricope area along
the San Andreas Fault zone has revealed cyclic deformations

6

of 6.5-Y-year period and 1.5-10"° amplitude (Greensfelder
and Bennett, 1973).

Measurements of deformation in Japan and Western Cor-
dillera reveal displacements of deformations at a velocity
of 10-100 km/yr landwards (Kasahara,1979). Migration of shear
deformation was discovered in northeastern Honshu from south-
east to northwest at a velocity of 38 km/yr based on strain-
meter observations at 5 stations. Analysis of variance ap-
plied to the variations of strain curves at different stations
has revealed the deformation front propagating at velocities
of 100-300 km/yr (Ishii, Takagi and Suzuki, 1979).

Many authors have found migration of large and moderate
earthquakes along faults in a number of areas. The migration
fits into the hypothesis of cyclicity manifested by the im-
pulses of tectonic movements, since the spatio-temporal earth-
quake sequences repeat themselves on each fault (Nikonov,
1977). The rates of seismic migration yield the following
velocities of the deformation front: 80 km/yr from east to
west for the Anatolian Fault (Mogi,1968), 50 km/yr westwards
and 10 km/yr eastwards of 39° meridian for the northern Ana-
tolian Fault (Dewey,1976), 110 km/yr from west to east for
the epicentral area of the Haicheng earthquake (Scholz,1977),
3.5 km/yr in Central California (San Andreas Fault System)
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(Wood and Allen,1973), 95 km/yr for South America (by an ap-
plication of the analysis of variance to the distribution of
seigmicity) (Delsemme and Smith,1979). Vilkovich, Guberman and
Keilis-Borok(1974) have examined the spatio-temporal struc-
ture of the seismic field for California, Chile, Panama to
discover propagation of tectonic deformation waves along
major north-south faults at a velocity of 34-86 km/yr in
agsociation with earthquakes with M 6.5.

A study of changes in various seismological parameters
in the Garm area has shown a spatial migration of deforma-
tion from southeast to northwest at a velocity of 33%7 km/yr.
A number of seismological parameters indicate sinusoidal
variations of 2.75 year period (Lukk and Nersesov,1982).

An analysis of the investigations quoted shows that land
surface disgsplacements involve periodic patterns of oscilla-
tions with periods from a year to hundreds or thousands of
years, different amplitudes of velocities of propagation
whose superposition forms a complex tectonic process. Some
possible causes for the migration of deformation waves have
been suggested.

The Garm Geodynamic Test Area is one of the oldest of its
kind in the USSR. It lies in the basins of the Surkhob and
Obi-Khingou Rivers and their mountain margin (Southern Tien-
Shan, Northern Pamir) and occupies an area of about 14,000
m?. Pirst geodetic works (levelling, microtriangulation)
started along Runou Brook in 1948, precise levelling being
conducted along the Garm circle and in the Nimichi area

since 1957. The geodetic network was later made more dense
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and extended. Repeated geodetic observations are concentra-
ted in some individual areas of special study traversing the
frontal part of the Vakhsh Thrust. More than 100 repeated
measurements have been made in some areas (the Garm circle).
Since 1972 geodimeter measurements have been conducted in the
Test Area for networks of different ranks with sides ranging
between 0.5-1 and 30 km.

Geodetic work has identified, on the left bank of the
Surkhob River, the frontal part of the Vakhsh Thrust where
the rocks of the Tadjik Depression creep northwards. There
is a ridge of the Thrust in the frontal part in the Garm area
with a maximum vertical amplitude of +14.6 mm/yr relative to
the quiet right bank of the Surkhob River where the rates
of displacement do not exceed 0.1 mm/yr. The thrust ampli-
tude decreases on both sides. It is ~10 mm/yr at a distance
of 2 km and ~4 mm/yr at 4 km. As one moves away from the fron-
tal part of the Thrust, the displacement amplitude decreases,
being at the minimum at a distance of 0.7-0.9 km from the
ridge crest. Two more thrust plates occur over a distance of
9 km into the Peter the First Range.

The rates of horizontal displacements derived from geodi-
meter measurements of the Sari-Pul deformation network ac-
ross the frontal part of the Thrust during the period 1972-
1984 are 9-16 mm/yr over different lines of 0.4-1.9 km length,
the measurement sites in the Thrust move nearly from south
to north (A=350°)(Guseva,1986). The deformation rapidly de-

creases within the frontal part of the Thrust (as inferred
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from strain measurements in the Sari-pul tunnel, see Latyni-

6 at a distance

na et al.,1978) and become as low as 1-2-10"
of 100 m.

V.A.Matskova(1963) in an attempt to evaluate the period
of recent vertical crustal movements from levelling measure-
ments came to the conclusion that the movements retain their
direction and rate within 50 years. Yu.A.Meshcheryakov(1963)
thinks that an interval of 20-25 years between measurements
is long enough for the effects of short-period oscillations
and measurement errors to be compensated or suppressed by
secular movements. With trend movements present in geodetic
data and assuming that the rate of slow movements persist
through observation periods of 10-40 years, one could hope
to eliminate trend displacements from the observed results.
This paper deals with regular patterns of movements super-
imposed on the slow trend.

Regression and spectral analyses have been carried out
for a long series of geodetic measurements in the Garm part
of the geodynamic test area (Figure 1). The displacement
rates were obtained from the results of repeated measurements
along individual sections in the levelling and in the lines
of the deformation network based on the regression equation’
Y=C+VX. The rates of slow vertical crustal movements V were
determined for a period of 10-27 years with repetitions
10-100 in number. The accuracy of the resulting rates is
characterized by the values mv=i0-0.15 mm/yr. The initial
displacement rates C were also detemined for each bench-

mark on the initial date of measurement. An attempt to de=-
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tect a relationship between V and C for individual lines
has not established any correlation, showing the two displa-
cements were different in origin. Superposed on these are
the deformation processes controlled by the rate C.

Figure 2,a shows plots of V and C for benchmarks in the
segnent 3040-1248 on the right bank of the Surkhob River
(the Gissar side of the Garm circle) where V does not exceed
0.1 mm/yr. The length of the segnent is 4 km, the direction
from west to east. The segment has 20 benchmarks, at inter-
vals of 200 m on an average. Observations in the sections
3040-3433-3179 have been conducted since 1957, those at close-
ly spaced benchmarks since 1972. The curves of V and C are

different in character. The plot of C (m =%0.08 mm/yr)

Cmean
shows a regular deformation curve of maximum amplitude 2.6 mm
at site 53, 3.3 km of the initial benchmark 3040. If we as-
sume this to be 1/4 of the wavelength, then the full wave-
length is A =013 kn, A*n” 5 mm. Other waves are probably
superposed on this deformation, ones of lesser wavelength
and amplitude. There is also a similar regular variation in

' ¢ from west to east for benchmarks lying in the frontal part
of the Thrust on the left bank of the Surkhob River (the Pe-
ter the First, mobile side of the run), the maximum ampli-
tude being 2.5 times greater, Figure 2,b. It seems impossible
to identify such patterns from the large displacements across
the frontal part of the Thrust with so few measurement sites.

Figure 3 shows plots of C for the lines Runou and Chogdabion.

The rate C varies smoothly. The maximum amplitudes are 3.5
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and 0.6 mm/yr, respectively. The difference is probably due
to the different directions of the lines (nearly perpendicu-
lar to each other) and initial dates of measurement (1970,
1974). One can see a jump in C of 3 mm/yr for the line Chog-
dabion where the seconf thrust plate comes to the surface
(fault zone).

Calculation of polynomials of degree 2 to 6 for two lines
about 1.7 km in length, 3040-3433 and 3433-3179 on the Gissar
side of the Test Area shows identical coefficients and beha-
viour of the curves, indicating the same nature of oscilla-
tory movements along these sections, Figure 4. The coeffi-
cients for both lines retain the same sign, the difference
in value being below 20-30 percent. The displacement in
phase approximately characterizes the velocity of wave pro-
pagation ~ 3.5-4 km/yr from west to east.

A spectral analysis has been carried out to identify
high-frequency components in land movements superposed on the
trend. The most convenient form for identifying characteris-
tic harmmonic components in the observational series was
thought to be an analysis of amplitude (An) and phase ’3;
spectra obtained by expanding the basic data into the Fourier

series:
m .
ft)=05a,+ L (a, cos ot + 6, sinw, t)
=]
where a, bn are Fourier coefficients

M,,/={a:+€:)%; ¢, = tan? (6n/2n)
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The number of terms in the Fourier series was chosen to be
40 for levelling data and 20 for geodimeter observations;
this is determined by the measurement sampling rate and fol=-
lows from the Nyquist theorem giving the main frequency range
of a discretized functim.As the time series under study

are not uniform, the data were interpolated using piecewise

polynomial functions after eliminating the linear trend:

S(x)=a, + & (x-% ), (x-x, ) +d; (x-2,)°

£ .
xX,_, %9 £

Typical periodograms obtained for levelling and geodime-
ter observation series are given in Figure 5, 6. An analysis
of the periodograms along the levelling line reveals the fol-
lowing features:

- The characteristic periods along the quiet portion (the
right bank of the Surkhob, sections 3040-3433, 3433-3179,
3179-1248) are T ~ 13, 4, 1.2 years with amplitudes of the
order An ~ 0.2-1.0 mm.

- The characteristic periods across the Surkhob valley, as
far as the Thrust (section 1248-16356) are T = 4, 2, 1 year
with amplitudes 0.3-0.5 mm.

- When one crosses the frontal line of the Thrust (section
16356-829), the characteristic periods 4, 2, 1 year have
greater amplitudes An 2 1-2 mm compared with the other sec-~
tions.

- A poorly defined spectrum is recorded for section 329-3167
in the frontal part of the Thrust, the mean amplitude maximum

being about 0.3 mm within 10 to 2 years.
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A similar analysis of periodograms was carried out for
geodimeter observation series of the Sari-Pul deformation
network. The following can be noted for the most representa-
tive, sufficiently well sampled and uniform series:
= The characteristic period for the lines 50-3179, 3179-530
(the Gissar side of the network, the most quiet tectonically)
is T & 4-4.5 years with amplitude An% 2-2.5 mm.
=For the line 24-829 on the Thrust, we have T2 2, 1 year,

A =2, 1.5 mm.

= The characteristic periods for the lines 24-50, 24-830
which traverse the Thrust line are T =4, 1.5 year, but the
amplitude is greater than that in the other lines; Anx 3.5=
5 mm for T x5 4.

A comparison of the results from the spectral analysis
of vertical and linear observation series has revealed a
number of features in the character of oscillatory crustal
movements:

(1) Presence of characteristic periodic components with simi-
lar periods 4, 2, 1 year for vertical and linear observa-
tion series.

(2) An identical distribution of amplitudes in the harmonics
of vertical and horizontal crustal movements: the maximum
amplitudes are recorded on lines traversing tectonically ac-
tive zones (the Vakhsh Thrust). However, the amplitudes of
harmonic components in the geodimeter observation series

are about twice as great as those of levelling data.
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Figure Captions
for the paper"Periodic patterns in land displacements based
on geodetic data" by S.V.Enman and O.E.Popov
Figure 1. The part of the Garm Test Area where regression and
spectral analyses of geodetic data were carried out. The in-
set shows the Sari-Pul geodimeter network. (1) levelling
benchmarks, (2) sites of the geodimeter network, (3) the Sari-
Pul geodimeter network, (4) Vakhsh Thrust line
Pigure 2. Variation of the rates V and C along the Garm cir-
cle
(a) the Gissar side of the network, the tectonically quiet
one (the initial measurement of 1972)
(b) the Peter the First side, the highly mobile one (the
initial measurement of 1969)
Figure 3. Variation of the rates ¥ and C along the 1lines
Runou (a) and Chogdabion (b).
Figure 4. Variation of elevation in time between benchmarks
3040-3433 (a), 3433-3179 (b). The curved line indicates ver-
tical crustal movements fitted by a polynomial of degree 6.
Figure 5. Periodograms for sections of the levelling work:
(a) 3433-3179, a quiet segment, V € 0.1 mm/yr
(b) 1248-16356, across the Surkhob valley, as far as the
Thrust line
(c) 16356-829, the section traverses the frontal line of the
Thrust
(d) 829-3187, this section in the frontal part of the Thrust

Figure 6. Periodograms for lines of the geodimeter network:
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(a) 3179-830, the quiet Gissar side of the network
(b) 24-50, 24-830, the lines traverse the frontal line of
the Thrust

(c) 24-829, this line is in the frontal part of the Thrust
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GENERAL REGULARITIES AND REGIONAL SPECIFICS UNDER

CONDITIONS OF LASER LOCATION OF ARTIFICIAL EARTH'S
SATELLITES FOR GEODYNAMIC INVESTIGATIONS ACCORDING
P0 THE PROGRAMME OF THE INTERNATIONAL PROJECT IDEAL

N.Iv. Georgiev and Iv. N. Totomanov
Bulgarian Academy of Sciences - Central Laboratory
for Geodesy, Block No. 1,1113 Sofia

Abstract. The fundamental scientific and the applied
objectives, the first results and prospects of the proj-
ect IDEAL (Investigations on the Dynamics of the European
-Asian Lithosphere) are outlined. The model argumentation
of the intercontinental regional geodetic network of
ground stations of INTERCOSMOS and artificial satellites
of circular orbits tracked by laser rangefinders of an
accuracy of nearly 25 cm is presented. Estimates are
obtained, separately for the Carpatho-Ballkan and the
Ponto-Caspian regions of the Alpo-Himalayan orogem, for
the optimum parameters height and inclination of the
satellite orbits which provide a root mean square error
of 3-4 cm in the length and orientation components of
geocentric vectors and chord geokinematic vectors.

Conclusions are drawn which could be summarized in
the following:

a) the laser rangefinders available allow a reliable
geodetic verification of the meridian-oriented subduction
processes, anrd

b) the accuracy of the laser tracking and the comn-
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figuration of the network of space geodetic observatories
are not satisfactory with regard to the determination of
the parallel-oriented slip-collision interplate geodynam-
ic processes within the region studied.

The paper entitled "Comparative analysis of satellite
laser positioning within Carpatho-Balkan and Ponto-Caspian
regions aceording to the programme of the international
project IDEAL" is published in Comptes rendus de 1l'Acad-
émie bulgare des Sciences, tome 41, No. 4, pp. 33=35.
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DETERMINATION OF THE TECTONIC PLATE PARAMETERS
FROM POINT COORDINATE SHIFTS

V.M.Gorban”

Ukrainian Academy of Sciences, Gravimetrical Observatory,
Poltava, USSR.

SUMMARY. A method for determining of the kinematics of plate
tectonics from point positioning measurements is described.Fortran
program PLAMOT was developed to realize the algorithm. Same results
of classical,Dopler,and VLBI data processing gre presented.

1e Modern observation techniques like VLBI,SIR,LLR and GFS
provide information about time derivatives of angles between plumb
lines of two points (direction measurements) or distances between
points (range measurements) in a time scale of one or two years.
In output of data analyses ome can obtain "absolute" point position
changes - cartesian components (range measurements) or spherical
components (angle measurements) of the point radius vector in some
terrestrial reference frame.
Radius vector of a site 5'; situated at a plate /0;» ]
[0 4] &
0= o] => fo «
S Al
U ‘

Baseline vector from a site S': at a plate /ﬁk to a site-(‘j at

a plate /0! B ™ # r .f!
- ALy 1{‘ ke
h 74 ‘
o |as| = v @
he
..A Z"‘, L‘)""‘.J
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Here and downward the first column vector contalns cartesian com-
ponents, the second one contains spherical components. One can obtain
such data set§ ( a dot dﬁpotes t}me deriyatives) : I

{'Z.i‘) _7‘.«’, Z('I} 7 {d a"".‘/'(’ 4.7;/[, 4 Z:f / [{‘J}

{6, 353 {B]Y. ij-7 W h2-07.
Spherical distance between two points J} and 5} can be expressed

4 4 e ¢
by }ﬂf/ }f J 2;'1/’1/"

2. Any motion of a rigid body (a tectonlc plate) on surface of
a sphere (Earth’s surface) can be described as a rotation around

an instantaneous geocentrical axis with the rotation wvector:
2L J2
y I'4
§
! ?é = .12, <:_____;;>> 694‘
_— z
JZ& fqi

The vector components are kinematic plate parameters. One may

)

regard a relative rotational vector between two plates:

Soue = Je -$24 )
or one plate A;; be kept fixed with respect to the other. On the
basis of the geophysicgl information can be obtaln relative plate
parameters only. Set of such parameters for some plates form kine-
matic plate model {}2*‘} (for example RM1 and RM2 [5,6] e
Fixing the terrestrial system one may obtain "absolute" kinematic
plate model {qzk} « For example the model AM1-2 is based on the
coordinate system fixed with respect to hot spots in the Earth’s
nantle [‘5,6] .

%s The rate of a radial (vertical) displacement is:

., ek

P = —:l—@:;(——— (5)
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Radius vector of a point on the earth’s surface and plate parame-
ters in some terrestrial reference frame are connected by relation:

. A k
— 6
_47{. = Qk x g{‘ (6)
The baseline change rate is scalar triple product:
. ’ “ 74
% V4 [ VA fZﬁf) /é(_ Z -—-2 @)
ce T “l i &y “<
¢y {—2—’[/_ I {Z’(’/
The angle between S’[’ and 57_,' change with rate:
z “ 4
74 / v -/21(1) \ JE‘”,,M @)
________—-—-———-__ Re, T
s 1,4 xﬂ , : “/ lﬁ: XI/ /

One may express the vector relgtionship (6) - (8) both in cartesian
and in spherical form.

4, Choosing an appropriate relationship for agvailable data set
and working out observation equations one can obtain estimates
of the plate parameters Qk or _J_Z/,g by standard least squares
adjustment techiques,

For example let us consider the case of set /5(" ,y,,Z]whlch
contains highest possible information and accept following model:

&kzzo—f-gr"ﬁik"'gb +_£'_ (10)

o
Where _ﬂ_ denotes the relative shift of the observational point
network with respect to reference system;
_@r - the plate tectonic shift (horizontal);

MA4 — any regional and local motions of the crust (horizontal);
ﬁ,’ - radial (vertical) displacement;
£ - observational '"noise".

Let N stations are located at M plates. When

(10a)

‘”_:_i /4.4 ‘é
B-7 2 g
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.
. 2 $ z <
‘_p‘;/(: /ﬂg‘.«j‘.u%"y,’-ﬁz"’zﬂ//zfﬂ +(7‘y *{2‘9/ (10b)

é_ ’_/4W 10¢)
- - » l” 14 <4 .
where 0~ - 3m-column vector, & =[5 .. Zm, Yi, - Z,.,]/

;_;}_rz [ﬂ”“, LL, ﬂ‘z] - vector of unknown parameters.
Design matrix (3m x 3) 7

24 -4
0 Z:ﬂ ’%4'
-/—4 o ‘!Z.lll--.a-..,..zla;l (11)
_.-l(. . ;}. .
™ =Xy ﬂJ

m - number of points at the plate ﬂ .
For other types of data set the quantities ﬁ _/'): are undefined
As regards the local displacement _/f,, it is a part of 'noise".

5. The auther developed the program PLAMOT (PLite ulCTion) to
realize the foregoing algorithm. The program processes all types
of input data set. SVD (singular value decomposition) :ethod f:e,uJ
is applied to imversion of design matrix. The program output
contains cartesian and spherical plate tectonic parameters (abso-
lute and/or relative) and the station shift rates. ror given
sites and/or pair of the sites with its initial coordinates at
initial epoch the program computes corrections to site coordinates
and/or pair baselines at given epoch.

6. Following data set was at our disposal: O
a) classical time and latitude observations [3:{ : Z /,t A,‘ }

L4
¢ /4
b) Dopler satellite observations [—2_] : Z%t /‘t}

c) VLBI measurements from NASA crustal dynamics project [VJ 2

/yai ,%é/ Z‘I\k}\
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There is comsiderable evidence for North American and Burasian
plates only. The data in Table 1,2 suggest rather strongly that
plate tectonic motion exist. But the estimations of the plate
parameters must be regarded as tentative until more extensive
data are available.

Radial point rates (cm/year) from VLBI data.

HRASO85

RRAO1M40  -0.11

ONSALAGO

Relative spherical plate kinematic parameters.

1472 + 1436
0.68
-1.02  2.07

1 - model RM2; 2 - Dopler d;ta;

Table 1.
OVRO130 2,07 + 1.06
MOJAVE12  8.48 4,22
EFSSBERG 4461 10.77
Table 2.

3 - VLBI data; 4 - classicgl data.

J? @ e
deg/My degree degree
N.Americg = 11 0.231 + 0.016 ~65¢84 + 13455 312.48 + 8431
Eurgsia 21 0e.254 «201 =61.44  64.1 3171 152.8
37 06507 «918 19.05 389.0 240.73 55.92
41 2.34 .87 51.96 27.8 41.8 24.5
India - 1! 0.698 «015 19.71 «56 28445 1.58
Eurasia 27 1.39 «65 -12.42 13.0 37674 12.7
Pacific - 1} 0.977 022 =60 .64 3657 101.07 130
Eurasia 21 0.8M1 «219 ~65.85 13.7 158.0 61.6
NeAmericy = 11 0.85 4848 28641
Pycific 2! 0.89 663 1345 331.6 50.0
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RECENT CRUSTAL MOVEMENTS AND SEISMICITY OF THE

RUSSIAN PLATFORM

Grachev A.F., Kalashnikova I.V., Magnitsky V.A.

Insitute of Physics of the Earth, Academy of Sciences,

USSR, Moscow

Abstract
The comparison of earthquakes's epicentres locations

with recent crustal and neotectonic deformations is given.
The deformations mode is presented by mean curvatures of
vertical displacements surface. The main conclusion that can
be done is an existence of the close relation of epicentres

clusters with the regions of maximum curvatures.

Peaiome
NMpoBeneH CPaBHUTENbHHM aHanM3 CEeMCMMYHOCTH i
COBPEMEeHHHX ¥ HoBeyuMx pedopMalMM 3eMHOM KOPH Pycckon
nnaTdopMmul. JlebopMalMM 3E€MHOM IIOBEPXHOCTM NpefcTaBJeHH B BuUae
KPVMBM3H COBPEMEHHHX M HOBEVNMX BEePTHUKAJNbHHX OBUXEeHUN. CaesnaH
BHBOZ, ¥YTO 3NUUEHTPH 3eMIEeTPsACEeHUN NPUYPOYEeHH K DpaNoHaM

MaKCHMaJibHBIX 3HAYeHUM KPUBMU3H.

The 1idea of the relationship between the earthquake
origin and the deformations of the Earth's crust and
lithosphere is well Known. The principal difficulty of its
application using for the study of earthgakes and their
prediction consists in the absence of a reliable information
on the recent crustal movements. As a matter of fact one can

get sometimes information dealing with deformation of the
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Earth’s surface. But such information is usual insufficient
to obtain data on the deformations and stresses in the crust
and lithosphere.

The information of that Kind is obtained as a result of
repeatition of geodetic measurements after some time
intervals.

In this paper we discuss only the results of
measurements of the vertical displacements of the Earth’'s
surface points.We have chosen the western part of the
Russian platform as the object of our investigation. The
reasons for such a choice are as follows.

The Russian platform is the vast territory of a very
low seismicity of tectonic origin. It is covered by a net of
repeated precise relevellings with time intervals up to
30-70 years and there are available maps of vertical
displacements velocities of the Earth's surface. These
values could be expectded being only slightly distored by
short period movements of nontectonic origin.

For the present study the map of vertical crustal
movements has been chosen compiled with regard to stability
of bench-marKs ( Mescherikov, 1973; Magnitsky et al., 1985).

To characterize the deformation of the surface of the
crust it was decided to employ the values of 1its mean
curvatures H given by the equation:

H = 1/2 ( Ky + Kp ),
where Ky and Kp are maximum and minimum curvatures in any
point of the surface.

Sometimes one employs also Gaussian curvatures

K:JK“K—a
( EKman, 1985 ).
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For the same purpose attempts have been made also to
use tilts or horizontal gradients of the deformations of the
surface’'s crust ( Gzovsky, 1963 ). But unfortunately the
relationship between the tilts of the surface and
deformations and stresses in the crust is not so favourable
as in the case of curvatures. It is easy to construct the
model where area of maximal tilts would correspond to zero
stresses.

Vertical displacements used 1in this worK must be
corrected for the influence of changes of the gravity field
due the deformation of the Earth ( Heck, Malzer, 1983 ).
Unfortunately 1t was impossible to makKe these calculations
due to the lack of necessery data. There were no reasons to
utilize any approximate method based on any Kind of
hypothesis ( EKman, 1985; Heck, Malzer, 1983 ), especlially
taking into account that the effect of those corrections on
curvatures is supposed to be slight.

Therefore calculations of mean curvatures were carried
out without any corrections. Procedure adopted was a
standard one with averaging data over squares O0.5°xt°.

Hence obtained curvatures given in Fig.!1 are not of a
local character and can give the picture of the distribution
of regions with intensive curvatures as compared with those
of low curvatures.

Nevertheless such an approach being the first step is
Justified as one can see comparing data in Fig.1 with those
given 1n fig.2. The last figure shows the distribution of
epicenters of tectonic earthquakes in the same region

(Ananyin et al., 1973 ).
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It 1s easy to see visually the correlation of regions
of intensive curvatures in Fig.1 and regions with clusters
of epicenters in Fig.2. As an example one can see the region
stretching to the north from the Azov sea, the region near
the Baltic sea and also those to the east from Kiev and
Ljvov.

Of course there are some discrepeances. Some places
with sufficient values of curvatures in Fig.1 have no
corresponding epicentral clusters in Fig.2. The reasons
could be different. For example there are difficulties in
obtaining information concerning earthquakKkes takKken place
long ago in areas with sparse distribution.

The results obtained 1in this paper are strongly
supported by comparison of data in Fig.2 and curvatures of
neotectonic deformations. Those calculations were also
carried out by the same method with the map of neotectonics
( Nikolaev, 1977 ), presented in Fig.3 and the similarity of
data in Fig.1 and 3 is quite obvious.

The extension of the method under consideration of high
seismicity regions is connected with more reliable data for

recent crustal movements.
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Black Sea
30 40

Fig.l Meun curvatures ( H) of recent deformations of the
crust's surface of the Russian platform. Solid lines

~ positive values, dash lines - negative ones ( arbi-
trary unita ).
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30 ®
Fig.2 Location of epicentera of tectonic earthquakes
on the Russian platfora
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60

Black Sea
20 40

Fige3 Mean curvatures ( H ) of neotectonic movements of the

Russian pletform. Isolines are the same as in Fig.I,
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Establishing a Doppler Network in the Astrogeodetic
Ne twork of the GDR

Ihde, J.; Rausch, E.

VEB Kombinat Geod&sie und Kartographie
Research Centre

Further development of basic networks with the help of
precise, effective geodetic measurement techniques is
an important task of geodesy. In the last decade the
Doppler measurement technique using the Navy Navigation
Satellite System (NNSS) has been used world-wide for
this task. The aim of the Doppler network in the Astro-
geodetic Network (AGN) of the GDR consigts in externi-
gively controlling this network with a technique inde-
pendent from the terrestrial measurement techniques.

The Doppler network in the Astrogeodetic Network (AGN) of
the GDR consists of 5 points with spacings of 150 km to
390 km. Since 1983 several observation campaigns were car-
ried out in translocation and multilocation mode in order
to determine the relations between the points. The first
available evaluation results were obtained with the pro-
gram SADOSA from Hungary. The obtained accuracies of the
coordinates with reference to Potsdam with an average of
+ 0.2 m come up to the objective of the project. The com-
parison of Doppler coordinates with the AGI coordinates
shows after a T-parameters similarity transformation a
mean residual deviation in the coordinates of + 0.23 m.
The heights determined in the various Doppler campaigns
are in better agreement than the position coordinates and
show gignificant deviations compared to the terrestrially
determined heights. In future evaluations are planned with
the orbit program POTSDAM=5.
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1. Configuration of the Doppler Network

The AGN of the GIR has a precision of 2-10_6 between ad-

joining points; the precision between points of the about
150 km apart situated terrestrial bases is 1-10'6.

By the efficiency of NNSS Doppler measurements in the
multilocation mode in connection with efficient short arc
evaluation programs a precision for coordinate differen-
ces in the scope of 0.2 m to 0.5 m can be expected, which
is nearly independent from distance.

To achieve an adequate precision between the Doppler net-
work and the AGN, an appropriate distance between the
Doppler points of 300 km follows.

In projecting the Doppler network, other aspects were con-
gidered too.

To create the prerequisites for further research, exten-
sive precise astronomic observations should be available
on the points. The choice of points was also influenced
by the conditions for receiving Doppler signals and the
local prerequisites for establishing a measurement sta-
tion.

Corresponding to the situation in the AGN of the GDR the
final points of former terrestrial calculation bases are
suitable for that. The Doppler translocation network con-
gists of 5 AGN points with the point Potsdam as central
point.

Between the Doppler points there are distances of 150 km
to 390 km (Figure 1).

2. Measurement campaigns

In the period 1983 to 1985 single relations were measured
with 2 receivers respectively, which partially were inte-
grated into superior measurement campaigns. In addition
to the 2 JMR-4A receivers available in the GDR, one
JMR-1A from Hungary had been used. In 1986 one campaign
was carried out with a JMR-4A and two IX 1504 as well as
a ClA 601 from Bulgaria in the multilocation mode. In
1987 measurements were carried out again with two JKMR-4A
as part of a superior campaign.
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On an average, measurements had been carried out on the
stations for 10 days in every campaign. As a result of
the 3 campaigns all relations were determined, except
one relation because of instrument failure.

Table 1 gives a review of distribution of the quantity
of observations in the campaigns, which were utilizable
for evaluation.

3. Evaluation results

All observation campaigns were evaluated with the pro-

gram system SADOSA, which was developed in Hungary.

Table 2 shows obtained precisions of the three cam-

paigns for the coordinates of Doppler points with re-

ference to Potsdam.

Thereby it appeared that

- the longitude is determined less accurately than the
two other components,

- in 1986 point C and in 1987 points C and D are deter-
mined with comparatively lower precision (reasons un-
known) ,

- the obtained precisions come up to the objective and
that a comparison with the AGN is useful for control
purposes.

The comparison with the AGN is done by a T-parameters

gsimilarity transformation. The known 3-dimensional

Cartesian transformation

X\ /XY ) o wy) (X=X, XX,

.Y=.7)+v+w0€ y—.YQ +m y—YO (1,
z| \Z w/ \y-¢ o/ \Z-Z, Z-2Z,

is the basis for that.
To enable a better interpretation, an ellipsoidic
form was chosen:
AL 1
B\ (8 .
L)=(L]+ Flaaaxuvwwy, €m) )
H H
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The terrestrial ellipsoidic heights H were formed out

of normal heights Hn and height anomalies f :

H = Hn + f . The height anomalies are the result of the
agstrogravimetric levelling according to Molodenskij on
the territory of the GDR.

Table 3 shows the residual deviations between Doppler
network and AGN of the GDR after the 7-parameters trans-
formation. Considering an estimated precision of the AGN
of 1o10'6 in the scope of distance of the Doppler points,
the precisions depicted in Table 2 are confirmed with the
regidual deviations. Hence follows a mean residual devia-
tion of + 0.23 m in the coordinates. The Doppler heights
are in much better agreement between the campaigns, but
they significantly deviate from the terrestrial heights.
This fact suggests systematic distortions in the geode-
tic heights. The reasons are still under investigation.

The last column of Table 3 shows the regidual devia-
tions after a preliminary summary of the three measure-
ment campaigns with the weighted mean. In contrast to
the heights, significant deviations between the terre-
strial and Doppler coordinates show ohly in two cases
in the position coordinates. Herewith the precision of
the AGN of the GDR of 1-‘10"6 in the scope of distance
of 150 km is confirmed.

4. Prospects

The measurement campaign of 1987 will be additionally
evaluated with the orbit program POTSDAM-5. A gradual
increase in precision is expected. Then the Doppler
measurement technique is exhausted in its precision
potential.

First results of a dynamical adjustment of the Doppler
network with the AGN showed an increase in precision
in the identical points of about 20 %. The test com-
putations will be continued.
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In future special interest has to be devoted to the
determination of precise gravimetric geoid or quasi-
geoid heights respectively, to create the prerequi-
gites for the use of still more precise satellite
observations.
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Figure 1

The Doppler Network in the Astrogeodetic Network of the GDR
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Table 1
Distribution of synchronous observations of the Doppler
campaigns 1983-1987

(Number of passes used for positioning)

Translokation 1983 - 1985, 2 receiver, 267 passes

station | receiver PODM A B C D
PODM JMR 141 28 27 42 44
A JHR 28 3 55 - -

B MR 27 55 153 - "
C JUR 42 - - 42 -
D JiR Ly - 71 - 115

Multilokation 1986, 4 receiver, 154 passes

station receiver PODMU A B C D
POD CHA 135 52 60 51 106
A MX 52 63 30 22 49
B JHUR 60 30 68 - 60
C JMR 51 22 - 58 34
D MX 106 49 60 34 120

Translokation 19837, 2 receiver, 297 passes

station receiver PODM A B [ D
PODI JUR 297 86 108 62 41
A JUR 86 86 - - -

B JMR 108 S 108 - -
C JMR 62 - - 62 -
D JiR 41 - - - 41
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Precision of determination of coordinates with reference

to Potsdam (in cm) as result of evaluation with the program

SADOSA
campaign number of Coordinate error with reference
degrees of to Potsdam
freedom f station Sg S1, Sy Sp
1983-85 PODM - - - -
n = 13177 A 14 22 16 31
= 3219 B 13 19 14 26
= 9958 C 14 21 16 30
D 13 18 14 26
1986 PODM - - - -
= 10026 A 14 18 14 27
u = 2265 B 15 22 15 31
f = 7761 C 18 31 20 41
D 10 15 11 21
1987 PODH - - - -
= 12612 A 13 19 14 27
u = 3579 B 12 19 13 26
f = 9033 C 23 35 24 48
D 22 42 24 53
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Table 3

Comparison of Doppler network with the AGN of the GDR

(Residual deviations after 7-parameters transformation in cm)

)

1983 - 85 1986 1987 weighted (mean)
'B L. VH '3 Y, VH V3 Y1, VH VB 0 VH
POD:I 25 +4 +1 | 17 70 28 15 -6 -17 ~19+ 3 17+22 2412
A S5 + 9 +50 4 -29 27 -8 5 39 -15+11 -5+12 39+ 6
B +31 +26  -51 =22 -20 -4 -13 -38 -33 1416 -9+20 -4+ 5
c 16 -25 -38 19 -42 =29 53 -49 =25 8419 =36+ 7  -32+ 4
D +44 -10 +37 14 20 15 -20 85 36 22+15 14+19 27+ 8
mean
residual 31 147 40 16 41 29 27 47 31 15 19 31
deviation]
31 30 36 23

DOI: https://doi.org/10.2312/zipe.1989.102.03

1113



112

INFLUENCE OF THE PERIODICAL VARIATIONS IN SUN
DISTUREING POTENTIAL ON _THE EARTH SEISMIC ACTIVITY

I.E.Ivanov, V.A.Karagiozov, D.P.Dimitrov
Institute of Mathematics with Comp. Center — EAS
"Acad. G.EBontchev" str. bl.8
SOFIA 1113, BULGARIA

Summary — Based on the developed mathematical model of the
Sun tidal force on the Earth, the influence of the long—
periodical tides in the Earth body on its shape is
investigated. The strain—stress state of a dense elastic
sphere (an abstract model of the Earth) subliected to
periodical (with periods of one year and 26000 years) forces
of tidal type has been analyzed. It is shown that the
initial undisturbed spherical shape is being transformed in
a pear—like one and vary with the period of the acting
forces.

A statistical analysis of the distribution of the 1large
earthquakes (with magnitudes = 7) since 1900 till 1978 year
has been done and a possible connection between the mass
transport through the Equator plane with periods of one year
and 26000 vyears and the triggering of the large earthquakes
is discussed.

1. INTRODUCTION
A large number of phenomena and facts has been estaﬁiished in
investigation of the global geological process. Some of these
phenomena and facts, for example the problem of dislocations
of crustal zones, nature of the appearing and developing of
Earth® s planetary cracks, the periodicity of the global
volcano and seismic activities, attract the attention with the
incompleteness and unsatisfactory explanations of the causes
of their origin. In Ref. [1] a possible connection between the
Earth*s seismic activity and the annual change in the Sun—
Earth radius vector is discussed. A large set of data for
strongest earthquakes with magnitude M27.0 is analyzed and the
periodicity in distribution of number of strong earthquakes
per month is established. This variation is in accordance with
the annual variations of Sun—farth radius vector. A similar
dependence concerning earthquakes with magnitude S.0<{M<7.0
(Ref.C[21) and volcano eruptions for last 3447 years (Ref. [31)

are obtained. The reasonable explanation of all these global

DOI: https://doi.org/10.2312/zipe.1989.102.03



113

phenomena from an uniform point of view is given in Ref. [11]
and Ref.[4] — Ref.(8].

It is the purpose of this article to present further
theoretical results confirming the hypothesis on Sun gravity
influence on Earth and more particular the influence of long—
periodical Sun tidal force on Earth’s shape. The statistics
analysis of earthquakes time and space lbcations is extended
in comparison with Ref.[11], including new data from various

sources.

2. THE TIDAL FORCE
The Sun tidal force in any given point L of the Earth, which

belongs to the main tidal meridian (MTM) is defined by the

vector expression (see Fig. 1)

T = Fo — Pe (n
where
6 M, R 6:M, R_
E’L = — —2 _ ?E = — —2—'—
RS IR RS IR 2)

T = T_~-T.. = P —-F..
The distribution of force Tu.’ for epoch t.=T+@®, t==T+6500 and
ts=T+13000 years is shown in Fig.2. Time moment t, is
associated with Perihelion Earth location on its orbit around
the Sun, and t= with Aphelion. In Fig.2(b) the force
distribution in Equinox location 1is drawn. At this moment t=
the distribution of Sun tidal force is symmetric relative to
Earth equator. The distribution of the force in Fig.2(a)
(Perihelion) is asymmetric relative to equator — a dislocation
towards South hemisphere is observed. Ry analogy the
distribution of the force 1in Fig.2(c) (Aphelion) shows a
certain dislocation towards North hemisphere. The values of
these forces have the order of 10— [N]l approximately. The
asymmetry in distribution of tidal force may be explained with
the obliquity of the ecliptic in respect to equator plane. The
period of moving the terrestrial axis on precession cone is
Z6000 years approximately. So the acting forces on the Earth
have periodical character (with period of 26000 years or one

year) and therefore the induced stresses, strains and
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displacements in the Earth must have a periodical character
too. The asymmetry in distribution of these forces relative to
equator must reflect in asymmetry of the displacements,
strains and stresses in the Earth’s body. Theoretical
validation of this assumption will give a good argument to
the hypothesis on the periodical variations in Earth shape due

to the influence of Sun tidal forces in Ref.[41, [S] and [81].

Z. STRESS—STRAIN STATE OF THE DENSE ELASTIC
SPHERE IN A TIDAL FORCE POTENTIAL FIELD

The abstract model of the Earth as a dense homogeneous elastic

sphere in a potential field of body tidal forces is under

consideration. The potential of the force W is:

@®
W= - Gdﬂeun [ '; ‘Pr(sind) *Fn(sing) ] (3)

~
n=2

The static equations of elasticity in displacements with the
elastic displacement potential (Ref.[91) ® and potential of

external forces taken into consideration are expressed as:

Us = M, 4, Xa = @+W, 4, i, = 1,2,3

MeUs 55 + (A+p) *Uy, 41 + @*W,, = 0O “
igi =1,2,3
where U — displacements, X — external forces, comma signify

differentiation in respect to appropriate coordinate.
In assumption of axisymmetric in relation to 6 coordinate the
stress—strain state of the sphere is characterized by the

following components:

displacements — Um, Us
strains — fmm; Bow; Beey Ere
stresses — €mmy, Epwy ooy, Ere

The problem o+ defining the stress—strain state of the Earth
(sphere) is reduced to the solving of non—homogeneous

equation:

oW
vEe = —A+2.”
(S)
& .28 1 & _ -
VT wmE TR R TR 9%
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with conditions on the boundary R = Rg *

Emm = O, Ere = Q R = Ro (6)
which are equivalent to a free of radial emm and tangential
6me Stresses Earth surface.

The partial solution (function @) of the non—homogeneous

equation (5)—(6) may be expressed in the form
o
@ = SUM[ Ba+R™*=.P.(sin®) ] 7
n=2
and the displacement, strain and stress components from the

partial solution, denoted by symbol ~ become

~(n) wROTE ~(n) LR+
U, =

n = Bao S (n+2)Pn(sing),  Ue = B coswPl(sin®)

~n)_ .1 R°
Ean = Bnéogx(n+2)(n+1)Pn(sinw)

~(n) -1 R ~ X -
B = B...a--a:-[(n+2)F',.. + CosZ¢P, — slr\‘PF'n]

A(n)_ _.1 R™ _—
Boo = Bage=[(n+2)P, — siner?] (8)
PRLLIET L IR e aing), o =prt A aneer Py
=B,—*+— s =B,,—+— +, e ind
e 3 ar n cosyl sing), e a'ar n (sing)
S L B R e 2ye2) Pt (1-29) (COS= PR —singPy
we=T a am P n COS=®PFPr—sin@PFn)

A(n) _ (1-29)n2+(3-29)n+2(149) B, R°
we - 1= d dm

*Pr

~(n) 1 B, R™ .
o ——[(29n+n+2v+2)Pn+(1~29)siann)]

See = 15'd an

~(n)_ 1 —29 Ba R .

Eme = 1 —v'd 'a= (n+1)cosyPn

where
- 1 i N
Bn = S’GMQ'—“———H!'P"(EInG) [-m—
- _ _86Mo | 1, .
Bn = Tat2n ANt Pn(sind) [ m ]

_ E(1—) E

M2 = —Trwr (12w A TS FT)
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The general solution [S]l of the homogeneous equation is
expressed according to Ref.[10]1 and equation (S)—(&):

[s]-= sum [ [cx ]+ [ox] ] (9

n=2

where

i 2 <M
Ure = Ch n R P,L(sin®g)
1¢m> -
Ue = Chn cos® R P, (sing)
1N
&mr = Chn cos® R™2 P, (siny)
14N> -

Bwe = — Cn k"2 [ nZ P, (sin®) — sin® P.(sing) ]
Ca 1 ¢ (10a)
foo = Cn k"= [ n Pa(sin®) — sin® P;(sin)

14N> 1 <N
8re = Cn (N—1) cos® R P,(siny), e =0
1<) 12 <N
Smm = 2N Erems Eww = 20 Bow
1<n) A<M

| feoe = 21 feoeo Eme = 2 Bre
2Cn)
Ur = D, (n+1) (n—2+4y) R"** P, (sin®)
2N
Ue = D, (n+5—49) R™*2 cos® Pn (sin®)
2
tmm = Dn (N+1)2 (n—2+49) K" P.(sin®)
2¢rn?
Bee = — Dn R™[(N+1) (N2+4n—49+2—49n) Pn —

— (n+5—3y) sine PA ]
2N rd
Boo = Dn R™ [(n+1) (n—2+49) Pn—(n+S—49)sin® P ]
2¢n) o
Eme = Dn R™ (N2+2n—1+29) cos® Pa
Da : 2> (10b)

e = Dn R™ 2 (29—1) (2n+3) (n+1) Pn
2¢n)>
6mrmr = 20 Dn R™ (n+1) (Nn2-—N-2-29) P,
2<¢n) -
Ewe=—2uD,R" [(n+1) (N2+4n+2+29)P,—(n+5—4y) si n(PP...]
2¢n)> rd
Coo~ 2pDnR"[(n+1)(n—29—2—4nv)Pn—(n+5—49)sin¢Pn]
2N -

| €me= 2uMDnR™ (N242n—1+29) cos¢ P,
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Two sets of arbitrary constants C,. (10a) and D (10b) we can

define by satisfaction of the boundary conditions

PRI 1eny  Zino

Emnr + €rr *+ Err = O

AN 12 <N 2N

Eme + Ere + Ere = 0 , R = Ro .

The obtained partial and general solutions give the
possibility to define the stress—strain state in an arbitrary
point on the Earth and inside it.

Time dependence is defined by the expressions

sind = cosv+sing, v = 29t
€ _ 1 + escosv - o (11
T 1 —e= ° V.= @1+ =000t

where t has dimension of the year.

4. CONCLUSIONS

The displacements of MTM points due to third mode of Legendre
series (n=3) for epoch t.=T+0, t==T+6500 and ts=T+13000
years are shown in Fig.3(a)—3(c). The intermediate state
(Fig.Z(b)) corresponds to Earth 1location in Equinox and the
smallest deviations from the initial spheroidal form are
observed. Comparing Fig.3(a)—=(c) with Fig.2(a)-2(c) the
correspondence of both distributions (this of tidal force and
displacement distribution) is obvious. So the asymmetry in
force distribution relative to equator plane reflects in
asymmetry of the displacements and leads to pear-like
variations of the Earth figure. Similarly, the distributions
of some other stress—strain characteristics — normal stresses
S and cee shown in Fig.4.1 and Fig.4.2, corroborate the
hypothesis on the periodical variations in Earth shape due to
the influence of Sun tidal forces in Ref.[4].

The distribution of strong =earthquakes with various depth for
the period from 1900 till 1978 year is shown in Fig.S.1 and in
Fig.5.2 for the shallow shocks. The earthgquake data set
consist of 1248 records with space and time locations of the
registered earthquakes. The number of earthquakes in North
hemisphere is 687 while in South hemisphere it is 561,

i.e. the exceeding of North hemisphere locations in respect to
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the South one is more than 10 percents the total number of
earthquakes.

The approach of interpreting the periodicity in earthquake
appearance as an element of the global geological process with
the influence of Sun gravity field on Earth is of principle

importance in view of its unity.
NOTATION

G gravity constant

Mo Sun mass

Res Re radius vectors Sun-points L and E (Fig.1)
d distance between Sun arbitrary Earth point
t time

n degree of Legendre polynomial

Pr L egendre polynomial

1] elastic displacement potential, see Ref.[?]
) angel defined in Fig.1

Ay, M Lame coefficients

R, v, & spherical coordinates

¢ latitude

o longi tude

o] density of material

Ro mean Earth radius

9 Foisson’s coefficient

E Young®s modulus

e terrestrial eccentric

v defined in equation (11)

2] angel of precession
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ig.2. Radial component of Sun
tidal force:
a) — t=T+0 year
b) — t=T+6500 (0.25) years
SP c) — t=T+13000 (0.5) years

@ S

+ Fig.3. Deviations from Earth’s

shape:

a) — t=T+0 year

b) — t—T+6500 (0.25) years
c) — t=T+13000 (0.5) years
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Fig.4.2 Sigmaff — stress along meridium. Mode=3.
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INVESTIGATION OF RECENT SURFACE MOVEMENTS
IN THE COUNTRY OF HUNGARY AND IN THE CARPATHO-BALKAN REGION

I. Joé Dr. Sc.

/: College for Surveying and County-planning
of the Unversity of Forestry and Timber Industry
H-8000 Székesfehérvdr, Pirosalma u. 1-3. Hungary :/

SUMMARY

Intensive investigation of recent vertical movements is

going on in the country of Hungary and in the Carpatho-Balkan
Region (CBR). The newer map on the recent vertical movements
in CBR was completed in 1985 and demonstrated at the IAG
symposium held in Budapest. The map serves well not for

only the complex investigation of the earth’s crust, but for
determining places of special technical objects. The aim of
the newer investigations is to gain ‘more complex informations
from the repeated precise levellings in the CBR. In this
investigation the horizontal gradients of vertical velocities
along the lines are derived and supplied in a map completed
with detailed geologic and seizmic information. The gradient
maps of CBR are to be completed by 1990 and they are to be
published in Hungary. Moreover geodynamical investigations
have started at various places in Hungary: at the trench of
Mér, at the area of the earthquake of 1985 (Berhida-Peremarton).
In these local investigations both the vertical and the
vertical and horizontal impacts of the movements are studied.
The paper gives information on the aim of these investigations

with their present stage and probable results.
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INTRODUCTION

For long decades the vertical movements of the Earth’s
crust has been investigated. These examinations have
.become very intensive since the second half of the
sixties. The geophisical co-operation organization of.
Academies of Sciences of the socialist countries (KAPG)
and the geodetic services took up to their programmes
the investigation of recent crustal movements at that
time.

As a result of collective and well co-ordinated work,
the first map containing the vertical crustal movements
in Eastern-Europe was compiled in 1971 (1, 2] . Later
more detailed investigations started in the Carpatho-
-Balkan Region (CBR) and a ‘map on the vertical crustal
movements in the CBR was compiled with Hungarian
co-ordination [3] . This map was introduced at Canberra
in 1979 [41 .

Investigation of vertical movements contiuned both for
Eastern-Europe and for the CBR employing the data obtained
from newer precise levellings on the one hand, and many
geologic and seizmologic informations on the other. As a
result of the work carried out in this second stage, an
improved map on the vertical movements in the CBR was
compiled [5, 6] and it was introduced at an IAG Symposium
held at Budapest in 1985.

In a short time an improved map on crustal movements in
Easter—-Europe was compiled, first at a scale of 1:10 000 000,
later at a scale of 1:2 500 000 [7].

RECENT STUDYING OF THE CRUSTAL MOVEMENTS

The repeated investigations of the vertical movements of
the Earth’s crust namely the surface of the Earth, carried.
out so far show that need arose for applying other methods
in éddition to deriving the vertical velocities for more
detailed understanding the tendencies of movements.
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Therefore deriving the horizontal gradients of the vertical
velocities was taken up to the program. Co-ordination of
this work within the CBR is carried out by the Hungarian
Geodetic Service in the future too, while the Geodetic
Service of the Soviet Union carriers out the co-ordination

of work in Eastern-Europe.

As a first stage the Research Institute of the Bohemian
Geodetic Service (P.Vyskocil) derived the horizontal
gradients, employing the velocity data of the available
map of crustal movements. An advantage of this method is
that it yields the gradients in areal sense, on the other
hand it did not employ newer, more ample informations
than those ones on which the original map of movements
was based.

A1l those institutions who were active in compiling the
original map of movement, take part in the detailed study of
gradients of the vertical velocities [10].

A great advantage of the method of the investigation is
that the total information content of the data of the
geodetic measurements can be derived for the lines of
investigation as the horizontal gradient elements are
derived for every levelling section. Geologic and seiz-
mologic informations are added and a system of horizontal
gradients along the lines comes into existence. (On the
method our investigation there will a paper.be delivered

at the poster session [12]

In accordance with the program of CBR investigations, the
countries participating hand over the national materials
to the co-ordinating country at the end of 1988. For this
reason the Hungarian Geodetic Service has already sent
the guiding principle of deriving and descripting the
gradients on the one hand, and the cartographic base of
the future gradient map at a scale of 1:1 000 000, on

the other hand.
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In 1989 the national materials will be checked up and
preparatory works will be made for publishing the CBR
map. According to the plans of the Hungarian Geodetic
Service, the map on horizontal gradients will be
published in 1990. In accordance with the standpoint

of the co-operation of the geodetic services of socialist
countries, a version of the horizontal gradient map made
by the Chechoslovakian Geodetic Service, will be printed
in 1990, too.

RECENT STUDIES ON VERTICAL MOVEMENTS IN HUNGARY

Following institutions take part in the works in Hungary.
Hungarian Institute of Geodesy and Remote Sensing (Buda-
pest), College for Surveying and County-planning of the
University for Forestry and Timber Industry {(Székesfehérvar).
Investigations are made at special fields by the following
institutions: Geodetic and Geophysical Research Institute

of the Academy of Sciences of Hungary (Sopron), Department
of Geodesy of Technical University of Budapest and the

Military Geodetic Service.
The main fields of the works in Hungary are as follows:

— deriving the gradients along the line and co-ordinating

the investigations on the gradients in CBR [8, 9],

— methodological problems of deriving the gradients and

their representation in maps,

- detailed investigations of important areas by means of

new measurements.

Among the Hungarian investigation areas the following ones

could be mentioned separately:

a.) Geodynamic investigations at Mér and its surroundings.
The investigations have in view the examination both
the vertical and horizontal movements. The Hungarian
Geodetic Service assisted in establishing the works
with constructing measuring towers of reinforced
concrete at he fundamental points of investigation.

So far the following works has been carried out:
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- a standardization base line of high accuracy
was completed, measured with MEKOMETER three
times (lenght 1536 m). The reliability is +0.3 mm
for half of the lenght and +0.8 mm for the total
lengnt, respectively.

- A micro-net was developed for Inota-Csdér fault
line. It was measured two time (by means of precise
measurement of directions and distance measurement,
respectively). The average distance is 400 m,

mg o= +0.4" and m = +1.5 mm.

distance
Till the end of 1991 the trench of Mér will be
tranversally intersected by means of precise levelling,
employing the special aid of the Hungarian Academy

of Sciences. In this way recent tendencies of the
movements can be examined by means of the newer
measurements. We also insist on the earliest precise
measuring the distances among the six fundamental

points of the investigation net at Mdér and surroundings.

Around Berhida-Peremarton as a prosecuton of impacts of
the arthquake in 1985 the precise levellings are repeated
and horizontal investigations are in preparation (also

with the aid of MTA) [11] .

The Geodetic and Geophysical Research Institute of the
Hungarian Academy of Sciences (Sopron) carries out
investigation on movements at the area of the Paks Atomic

Power Plants.

The Institute of Geodesy of the Technical University of
Budapest establishes an investigation network close to
Budapest (at the southern part of the Budai-mountain).

It is developed and measured countinously.

The Military Geodetic Service gives valuable assistence
in developing the presentation of gradient values on

maps.

DOI: https://doi.org/10.2312/zipe.1989.102.03



128

FUTURE PROSPECTS

Deriving and presenting in maps the horizontal gradients
of vertical velocities will assist in better cognition and
understanding of processes taking place on the surface of
the Earth and in the crust.

As the derivation of horizontal gradients along the lines
employs all the informations given by the repeated precise
levellings, it is obvious that the maps containing the
vertical velocities in CBR and Eastern—-Europe should be
refined employing the newer informations collected in

investigations on gradients.

It sum it can be stated that more and more intensive inves-
tigations are in progress in the area of the CBR and
Hungary or they are in preparation. These investigations
will make the simultaneous and synchronised use of geodetic,

geologic and seizmologic informations possible.
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RCM Investigation by horizontal

velocity—gradients

I.Joo, Dr.Sc (1)
A.Czobor,Zs.Nemeth,M.Gazso (2)

Suinmary

At the present state of the investigations a new possibility
has been applied. In the previous maps of RCM in the Carpatho-
Balkan Region (CBRY the adjusted absolute velocity values have
been used to construct isolines. These maps are strongly
effected by assumtion of linearity between the fundamental
benchmarks. More detailed evaluation can be carried out by
horizontal gradients of the raw velocity values. The regression
lines together with morphotectonic information provide new
possibilities for the interpretation.The paper discusses the

present work in detail.

1. Introduction

The basis for the investigation carried out in CBR and also
for the maps of movements produced from them is a system of
poligonials constructed from national levelling networks.The
hights of the junction points have been found from repeated
levellings by common adjustment for a selected epoch and the
absolute velocities of the points were also determined in units
of mmsyear.

It has been supposed in each case that the change between
the junction points is linear. This supposition is incorporated
into the isoline velocity maps [1979,1985; see Fig.1 tool.

The - detailed information of the sections between the
Junctions have been smoothed by the integration and the
smoothing has been further increased by the construction of the
isolines.

The data enable, however, much more detailed investigations,
too. The aim of a recent study in CBR is to get maximum

information from the available material.

(1), (2) see page 132
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2. Horizontal gradients of vertical movements

Repeated levellings enable us to determine the gradients of
vertical movements , i.e. the derivatives of the functions
of relative velocity. Theoretical considerations about this
problem were published in [2,3] , where an example is given
too, for the construction of the gradient maps.

The gradients are computed from the height differences of

the section, AHI,AH2 in the epochs T1 and T2 :

s SH
grad V = — AT .pl"syear]
i

where 6H=AH1—AH2.Summation is made from a Jjunction to the
next one.Thurm ([2]1 determined from the law of error
propagation the confidence range which can be used for the
qualification of these gradients. According to him, the

gradient is significant if

| grad Vv | >2'0xmgradV'

and strongly significant if

| grad V | >2‘6xmgradV'

The gradients themselves are insufficient for an analysis of

the movements.Further parameters have to be introduced.

(1) College for Surveying and County-planning
of the University of Forestry and Timber Industry
(R) Satellite Geodetic Observatory,Penc

-2 -
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3. Local field survey

In the first step ,the detailed data system of CBR 1I. has been
put into a data base [ Fig.2. 1

[Llleltsl E . 7 . f ‘ y . N i l l ]Eh]
N e

In situ GRAFIT | STATGRAF I

survery

A 4

T—‘ Interactiv updating Ii

PLOT

Fig. 2.

A curve as that shown in Fig.3 has been drawn for all lines.
The graph contains the longitudinal section of the line, tpe
integrated curve of the raw relative velocities of the
sections [ Zdv 1 and the curve of the horizontal gradients
deduced from these velocities [ grad Zdv 1. The prepared
material has been supplemented by an in situ survey.

The benchmarks have been photographed and the character of the
movements at the points has been tentatively determined .The
immediate vicinity of the benchmarks has been described
morphologically and tectonically.

The character of the visible surface and the geological
structure have been described for each section. Geological,

tectonic and morphologic information is summarizingly
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identified with the points within the section [ Fig.4 1.

4. Strategy of the evaluation

Local anomalies in the raw data are filtered out during the in
situ survey.
Gradient curves are generalised:

a. Useing mathematical regression,

b. based on morphotectonic characterization.
The generalized values contain significantly more information
then gradients for single points as they show the deformation
trends free of measurement noises. Discontinuities of the
gradient curves indicating differences in the vertical
movements between certain points hint at crossings of the
tectonic rupture zones at these sites.
In case of lines where the movements change continuously but
are of changing sign, the origin of the movements can be
determined useing morphologic parameters. These changes may be
of a technogene origin [ e.g. production of greater o0il or
water quantities 1, but lines with a similar pattern reéult it
the deformation is due to an accumulation of stresses in the
area crossed.
It is evident that such an interpretation of single lines means
rough first approximation as only the projection of the
deformations on a line is seen.
An areal interpretation 1is made possible by a common
interpretation of the complete polygonial when geophysical and
tectonic information is also to be included.
The strategy for the interpretation 1is based therefore on
preliminary geophysical - techtonic model. The morphotectonic
characterization of the lines (see Appendix A.)> can be used in
digital form as delimiters for the regression. If the trend of

the surveying data from repeated levellings confirm the trend
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expected from geophysical data, t.hen  numerical valurs

are obtained for these trends. In the opposite case a new
prilaminary model is to be constructed. In both CASES
addit.ional informat.ion is obtained from- the interpretation.
The new gradient. map to be produced is expected to contain new
informat.ion in spite of that. it. is based on the material ot
t.he previous CBR map; the new informat.ion will be useful not.

only in geodesy, but. in geophysics, too.

]

The gradient. map of the test line is shown on Fig.
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Appendix A.

MORPHOTECTONIC CHARACTERIZATION OF THE LINE K - 13
KISKUNDOROZSMA — BONYHAD

1 . Lower Tisza-region
The whole of the 1lower Tisza valley is an old structural
graben. Its parts sank rythmically during the Pleistocene with
different rates.
The western boundary is = in the area of line K-13 - sharp:it
is in the line FelgyS-Csanytelek-Baks—-Sandorfalva—-Roszke.
Generally the flood area below a hight of 85 m above sea level
is counted to this region;taking this into account, further
that Lake Nagyszéksds near Morahalom is considered as being at
the boundary of the table between Danube and Tisza [ in the
following: DT-tablel,the eastern part of this 1line till

Domaszék is considered as belonging to this region.

2. Line K - 13 continues from Domaszék till the county boundary
- i.e. O0ttdmds —Kelebia - on the area of the DT-table.

The DT — table is a remainder of the big alluvial fan of the
Pleistocene river Danube.

The material of the alluvial fan is a trough-like depression
elongated towards NW-SE which opens in a funnel-shaped form and
deepens to 400-800 m in the direction
Vecsés—-NagykOrios—Kecskemét - Kiskunfélegyhaza-Szeged. It

continues without a sharp boundary in the loess table Bacska.

3. Line K-13 continoues from the ranch centre 6ttémés - 1lying
at the boundary between counties Csongrdd and Bacs - on the
area of loess table Bacska.The DT-table is bordered to the
south at the line Csdszartdltés—Janoshalma-Kiskunhalas—-Kelebia

by the Bacska loess table; a sharp morphologic boundary is
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found only towards the river Danube, it was the fan of the
Transdanubian Central Mts and of the Baranya Insular Mts
towards the edge of Alféld (Great Hungarian Plainl which
continued till the depression of the Danube valley to the south
of Kalocsa.Later its western edge rose assymmetrically.
In its basement there are two chains of blocks striking NE-SW:

a. The block chain Madaras-Tompa and

b. The block chain Sikésd - Janoshalma.
The present line K-13 lies between these two chains.
The morphotectonic unit can be divided into two subregions:

a. Sand table of Northern Bacska,

b. oess table of Northern Bacska.
The 1line lies generally till Fels8szentivan—-Csavoly on
subregion a., then till the Danube valley at Baja on subregion
b.
4. The line leaves at Baja the loess table Bacska and crosses
the Alf6l1d Danube valley. The next section of K-13 is called
till Bataszék 'Sarkoéz',being a morphotectonic unit

- with a western boundary at the hilly county of Tolna -
Baranya,

- with an eastern boundary at the loess table Bacska
specially at the high bank of Kecel-Baja.
The depression Kalocsa-Sarkodz is a younger part of the Alfdld
section of the Danube valley having developed along NE-SV¥
striking fractures.
An analysis of the river sediments has shown that due to ‘a
recent sinking a filling of an alluvial fan character continues
to develop.Characteristic morphotectonic elements of the area
are:

- gbérénd or gorond : Hungarian name for early Holocene

terrace area without any inondation,

- gyidr :Hungarian name for abandoned backwater of a depth of
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2 to 3 m, terraces of a width of 1-2 km and relative heigths
of 3 to 5 mor 9 to 11 m at the edge of the block of the

Pannonian table between Szekszard and Bataszék.

5.Line K-13 continoues from Bataszék to Bonyhad between the
hilly counties Geresd and Szekszard, the latter being built of
Neogene sediments over a granitic basement disrupted by late
Pleistocene movements and which rose in a block-like form
following the valley of the brook Lajvér.The hilly county of
Geresd is an ancient granatic block covered by a loess
sheet.Line K-13 ends in thee depressional valley of the brook
Vblgységi which developed in three steps during Pleistocene
times near Bonyhad, at the eastern edge of the Bonyhad high
basin.

The valley of the brook Lajvér consists of a string of circular
widenings with diameters of 200 to 300 m between the two hilly
counties having similar basements but different covers.

Before Bonyhad the valley turns to NE and line K-13 crosses a
high watershed then descends to valley of the brook Rak which
tends to the depression of the brook Vélgységi splitting the

Bo6rzsony- Kakasd loess table from the Szekszard hills.
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ON THE RELATIONSHIP BETWEEN GEODYNAMIC AND HYDROGEOLOGIC
PROCESSES

Kissin I,G.

Institute of Physics of the Earth, USSR Academy of Sciences,

Moscow

Abstract

This paper presents a technique for precision hydro-
geologic observations to solve geodynamic problems, It is
known that changes in pore and crack pressure or in water
level cause a re-distribution of stresses in the saturated
rock mass and deformations which should be taken into account
in precise geodetic measurements,

The changes in groundwater level or pressure produce
a significant gravity effect, This is particularly large for
the considerable changes in free-flow water level associated
with human activities, Thus, for example, gravity changes
caused a groundwater level rise of 0,2-0.,3 m Gal in the Ash-
khabad Geodynamic Test Area (Kirsta, 1986).

Recent crustal movements have been found to extent a
considerable influence on groundwater regime, A good correla-
tion has been found in the Frunze Geodynamic Test Area
(Kirghizia) between high-amplitude fluctuations in ground-
water level and intensive vertical crustal movements (Kissin,
Orolbaev, 1988), Under certain conditions groundwater level
observations can very well complement the geodetic methods
for studying recent crustal movements, These observations

can record effects due to comparatively rapid crustal move=-

ments, There are other examples of relationships between
DOI: https://doi.org/10.2312/zipe.1989.102.03
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geodynamic processes and groundwater behaviour, Combined
geodynamic and hydrogeologic observations are specially need-
ed in areas of high seismicity, pronounced recent crustal

movements or intensive human activity.

Pesiome
PaccmarTpuBaeTcA METOLMKA MPELM3UOHHHX TUIPOTEOJNOTHYEC-
KNX HadmomeHuUt nns pemeHMs TeomMHaMU4YEeCKMX 3amad. V/3BECTHO,
YTO USMEHEHUA NARIEHWA B [10PaX X TpelMHAX WIX YPOBHA MNOA-
3EMHHX BOJ NPUBOIAT K IlepepaclpeleIeHNi0 HanpskeHUii B HACH-
meHHoR} Tonme # ee medopMalUaM, KOTOPHE IOIRHH YUUTHBATHCH
P! BHCOKOTOYHHX TEOME3MUECKUX U3MEDPEHUAX,

/laMeHeHUA YPOBHA WId NaRIeHUA [OA3EMHHX BOI HAKT Cy-
ecTBeHHNE rpaBATAalMOHHHA 3ddeKT. OCOGEHHO BEJIMK 5TOT adpeKT
[PA 3HAYATEJNBHHX W3MEHEHUAX YPOBHA GE3HANOPHHX BOX, CBA3&H-
HHX C JIeATeJBbHOCTBK 4eJoBeKa. Hanpumep, Ha AuxadalckoM Teo-
IVHAMUYECKOM IMOJUTOHE U3MEHEHUS CWIH THKECTH, OCYCJIORIEHHHE
ION'LEMOM YPOBHA TPYHTOBHX Box, xocturanr 0,2-0,3 mTan (Kupe-
ra, I1986).

YcTaHORIEH.-0, YTO COBPEMEHHHE IBAXEHMA 3EeMHO KOpH MO-
TYT OKA3HBATH CYWMECTBEHHOE BIUAHUE Ha pEXUM NOI3EMHHX BOX.
Ha ®pyH3eHCKOM reomyHAMAYECKOM nNosuToHe (Knprusmsa), odHapy-
KEHa Xopollag KOPPEeJAIMA MexIy BHCOKOAMILIATYIHHMU KoNeGaHUd-
M YPOBHA NOIN3EMHHX BON ¥ UHTEHCUBHHMA BEDPTAKAJIBHEMY IBARE-
Hiuavy 3eMHolt KopH( Kissin, Orolbaev , 1988)., IIpM ompeleseHHHX
YCJIOBUAX HAGNWIEHMA 3a YPOBHEM MON3EMHHX BOI MOTYT CIYRUTEH
XOpOWUM HOMONHEHUEM K TeOofe3U4YeCKUM MEeTOIaM U3YUEHUR COBpe-
MEHHHX IBUKEHUt 3eMHO! KOpPH., ITH HaGIlIEHHA ITanT BOSMOKHOCTD

PEerncTpUpOBATh 3PPEKTH OTHOCUTENBHO GHCTPHX NBWREHMH 3eMHOM
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KOpH, JIMENTCA IpYyTHe MpUMEpPH B3aMMHOT'O RIUAHUA I'€ONMHAMUIEC—
KHAX IIpOIleCcCOB M pexnMa MOJ3E€MHHX BOX. CormelleHHHE I'eOonuHa-
MAYECKUE M THIpPOTeIOTHYECKAe HaGJOmeHUA OCOGEHHO AKTYaJIbHH
B paﬁonax C BHCOKOZ ceflcMUYHOCTBHK, AKTHUBHHMHU COBPEMEHHHMI
IBAXEHAAMH 3eMHOR KODH WIA HHTEHCHBHHM Da3BATHUEM IEATEJNb—
HOCTH.
Introduction

Ground water, as well as other fluids (oil,
gas) that f£ill pores and cracks in the crust are a powerful
factor in the evolution of geodynamic processes. Fluid-relat-
ed crustal movements occur on a partucularly great scale in
areas where the natural fluid behaviour has been drastically
altered by drawing ground water, oil or gas, by mining or
reclamation activities. Recent geodynamic processes have a
strong effect on ground water. The hydrogeologic effects of
these processes have been established. A wider study of the-
se effects can provide conditions where they will be used
as indicators of recent crustal movements, in particular,
relatively rapid movements that cannot be recorded by geo-
detic methods. An appropriate observation technique should
be developed to accomodate the mutual influence of geodyna-

mic and hydrogeologic processes,

Ground Water Regime and its Features that Are Important for
Earth Dynamics
Groundwater regime (time changes of its parameters) has
e long history of study primarily conducted to provide for:
the needs of water supply, reclamation, mining. The study

of grounwater regime for the needs of geophysics began as
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late as the last fifteen years and by now has become a sepa-
rate branch of geophysical research, Groundwater regime is
controlled by two principal factors: changes in groundwater
recharge and discharge due to weather, hydrologic cr man-
made processesj changes in the capacity of pores and cracks
due to geodynamic (strain) processea, natural or man-made
ones,

Time clanges in groundwater parameters (pressure,filtra-
tigggggiZ%ical composition) affect virtually all geophysical
processes, As to geodynamical processes, the main factors
are the variations of pressure or groundwater level.*These
variations may have a natural or man-made origin, Periodic
natural water-level changes, seagonal, 11-year solar ones
etc. are well enough known, mostly for gravity groundwater
(the shallowest aquifer). Earth-tide water-level fluctua-
tions are periodic too.

lggpl
The dominant amplitudes of ground water™or pressure

fluctuations are of the order (in metres of water column):

Aquifer Conditions

natural __nan-made
free-flow water 10" Tn = 10%% 10 n
artesian water 107" 10 n

* We do not consider the changes in the chemical composition
of fluids which too may be related to geodynamical processes.
However, this relation is much more difficult to identify

than for the case of fluid pressure
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Here n varies between 1 and 10. The amplitude of water

level fluctuations may reach as large values as 10 n + 102n,
m in the influence zone of hydrotechnical facilities, parti-
cularly in mountainous regions. The depressions of waterbed

pressure frequently reach 102n - 103n, m in oil or gas fields.

The Z&ffect of Ground Water on Geodynamic Processes

The conditions arising in the deformation of fluid-sa-
turated rocks are sufficiently well known (Nikolaevsky, 1984
and other works). A fluid-dynamic type of recent crustal
movements has been identified (Nikonov, 1977). However, geo-
dynamic research in s3pecific areas frequently neglects the
influence of fluids.

Changes in water pressure (and in that of other fluids)
lead to a redistribution of stresses and are accompanied by
density increase (or decrease) in the rocks and sometimes
by faulting. Fluid-dynamic compaction occurs more fre-
quently and on a wider scale than density decreasme. This is
facilitated by the influence of gravity,and by the unila-
teral man-made effects. When excess water pressure has been
dissipated in rocks that possess rheologic properties, a
secondary compaction sets in (iMironenko and Shestakov,
1974) .

The degree of compaction increase depends on rock compre-
sgibility, porosity and filtration capacity. Clays and other
fine-grained loose rocks are greatly compacted

with decreasing water pressure, The presence of sand
interbedding in clays helps remove the water and facilitates

compaction,
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Rock compaction is also controlled by the amount the
fluid pressure has decreased. Since, as pointed out in the
Table, this quantity may be one or two orders greater for
man-induced factors than for natural ones, there is a co-
rresponding difference in rock compaction.

Land su%idences associated with withdrawal of water,
oil and gas, and rock compaction are well known (Konoplyan-
tsev eand Yartseva-Popova, 1983)., The rate of subsidence
reaches some tens of centimetres or even 1-2 metres per
year, The deformations due to the natural compaction of
thick clay sequences are much slower, This kind of compac-
tion occurs when water is removed from the clay and is an
important factor of neotectonic crustal movements. Rgcent
negative movements may have considerable rates in young
depressions where compaction continues. For example, the
rate of these movements reached 10-15 mm/yr in the sub-
Caucasian aree and in the Terek-Kumy Depression (Levinson
and leshcheryskov, 1951),

Changes in pore and crack pressure exert a significant
influence on rock faulting. The increase in water pressure
is known to lower rock strength, This effect of water on the
evolution of earthquake sources has been corroborated by
numerous cases of induced earthquakes (Kissin, 1972; Gupta,
and Rastogi, 1976) and is incorporated in the mechanics of
earthqualke sources (Rice, 1980), The influence of pore and
crack pressure on aseismic movements on faults is still
little known., Such movements can apparently be activated
during pexdods of significant pressure increase.

In order to enhance the precision of gravity observa-
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tiona, one must incorporete the changes in water contained
in rocks. The most significant gravity effects are asso-
ciated with the drying or saturation of pore and crack space.
The magnitude of these effects is proportional to the capa-
city of pores and cracks and to the amplitude of water table
fluctuations. The effects of groundwater table fluctuations
on gravity was studied in the Ashkhabad Geodynamic Test
Area (XKirsta, 1986). It has been found that the gravity
effect of groundwater table seasonal fluctuations did not
exceed 0,010 - 0,015 mGal, while gravity increased by

0.34 mGal on the bank of the Kara-Kum canal where ground-
water table rose by more than 30 m. Special studies are
needed to investigate gravity effects caused by pressure
changes in head aquifers. In cases where such horizons are
not partly dried, the effect in question must be smaller
than that foﬁ?ree-flow waters.As to long-continued, very
slow changes in gravity, they may be related to compaction
and consolidation of clayed sequences and the associated
re-distribution of water masses. When undercompacted rocks
with excess water overlie denser rocks, convective defor-

mation may arise (Artyushkov, 1965).

Hydrogeological Indicators of Geodynamic Processes

Among hydrogeological effects of recent crustal
movements, the effects caused by large earthquakes are re-
latively well known. These include changes in hydrogeolo-
.gic situation in the maximum intensity region, periodic
fluctuations and sometimes residual displacements in the

groundwater level which are observed at great distances
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from the epicentre, Recently, studies have been developed
of hydrogeodynamic earthquake precursors which manifest
themselves as changes in the groundwater level, pressure
and output, and changes in the oil and gas output (Kissin,
1984) .

In spite of the fact that studies of hydrogeodynamic
effects of aseismic crustal movements are yet at a beginning,
there are data which confirm the good prospects of using
hydrogenlogical indices as indicators of these movements.,

Data on recent vertical crustal movements and ground-
water table variations were compared for the 1980-1984 pe-
riod on the Frunze Geodynamic Test Area in Kirgizia (Kissin
and Orolbaev, 1988)., For this comparison pairs of observa-
tion sites were used, i,e. a well and a multiple levelling
benchmark situated nearby. The wells went through aquifers
that were free of influences of meteorological and man-made
factors., Therefore, one could consider the regime of these
horizons to be largely controlled by the influence of
changes in the s$tress-strain state of water-saturated rocks.

A good correlation was found between the variations of
groundwater level and the displacements of the relevant
benchmarks, The level fluctuated in opposite phase to the
vertical movements (Fig., 1). The rate of level change is
about two orders greater than that of benchmark movements,
As seen from Fig, 1, recent crustal movements (rate, direc-
tion) and groundwater level changes are significantly diffe-
rent in character for different sites, The differences de-
pend on the structural positions of observation sites. The

greatest benchmark subsidence rates (10 mm/yr) and ground-
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water rise (about 2 m/yr) were recorded at sites near the
fault-flexural zone.

The out-of-phase groundwater level changes and recent
crustal movements indicate that these movements are not
associated with fluid dynamics in the Frunze Test Area.
Quite the contrary, one would think the fluid dynamics to
be controlled by present-day tectonic processes there.

Observations in another region of Kirgizia (Kochkor
Depression) show sharp drops of 5 cm to 1 m in amplitude
occurring upon the background of a long-continued ground-
water rise (Fig. 2). An analysis of hydrogeological condi-
tions has demonstrated that this behavior does not depend
on meteorological or man-caused factors there. The ground-
water regime obviously reflects the influence of aseismic
motions on faults. Such motions are well knoun in the Koch-
kor Depression.

Fluctuations of groundwater level having a quasi-2-yr
periodicity have been reve-aled on the basis of long-conti-
nued observations of deep ( 0,5-2,0 km)aguifers in Turk-
menia, in the zone of the Frontal Kopet-Dag Fault ( Baraba-
nov et al., 1988). The amplitude of the fluctuations reach-
ed values of 1-3 m (Fig. 3). They propagated as wave motion
along the fault zone towards the west-northwest at a velo-
city of 49+ 8 km/yr. These groundwater level fluctuations
are not associated with meteorological conditions and man-
induced factors. Since the wave-~like fluctuations are con-
sistent with seismieity migration, it has been hypothesized
that tiey are caitsed by the propagation of fronts (waves)
of.gtrain. The fluctuations were disturbed in 1981-1982
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when tectonic regime began to change in the area,

The above examples serve to illustrate large-amplitu-
de hydrogeologic effects of recent crustal movements,’There
1s another category of these effects only manifesting them-
selves in charges in the parametirs of certain fluctuations
of groundwater level or other hydrogeologic indices. These
include anomalous changes in the fluctuations due to distur-
bances such as variations of air pressure, tidal forcos and
some other factors. Recent crustal movements affect the
state of stress and strain in the crust and accordingly the
response of the medium to these disturbances,

The observations in the Leninabad Test Area in North
Tadjikistan revealed changes in barometric effectivity co-
efficient which determines the influence of atmospheric
pressure on groundwater table within -0.079 to -0.174 cm/GPa
(Kissin et al., 1984). There sawtooth fluctuations of ground-
water level were also found - a slow rise and & rapid sub-
sidence with 1+2.,5 mm amplitude., The period of these oscilla-
tions in one of the wells amounted to 20440 min., however,
before an earthiqualke of magnitude 4.4 at a distance of 30 m
and during several days after the ghock, the period increased
to as much as 68498 min,

Further studies in hydrogeological effects of recent
crustal movements will probably permit a method to be deve-~
loped for recording rapid movements, which is difficult with
geodetic methods, Besides, hydrogeologic effects reflecting
the deformation of a water-saturated sequence in some cases
provide some clues to the mechanism of recent crustal move-

ments,
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The large-amplitude changes in groundwater level (pre-
ssure) which are caused by geodynamic processes indicate the
necessity of taking account of these processes as a factor
influencing the resources and quality of groundwater that is

used in regions of intensive recent crustal movements.

Principles of lIydrogeological 3tudy to Solve the Problems

of Geodynamics

As already mentioned, two directions of study in the
border of hydﬁ%gggy and geodynamics exist: the role of ground-
water in geodynamic procesces and the use of hydrogeologic
indices as indicators of these processes. Methodological
approaches to solve the problems in each direction are essen-
tially different; however, all of them need combined hydro-
geological and ge>fynamic observations.

Fluid-dynamic motions are generated by sufficiently
great changes in groundwater level and pressure. The evolu-
tion of these motions can be predicted using hydrogeological
data and rock characteristics (Mironenko and Shestakov, 1974).
When groundwater (oil) level or pressure was lowered, the
land. subsidence reached 0,001 to 0.005, and in a single case
as much as 0,005 of the lowering (Nikonov, 1977). This means
that the monitoring of fluid-dynamic movements does not re-
quire precise hydrogeologic measurements. It is sufficient to
conduct conventional observations of groundwater regime usual
in hydrogeology. The important thing is that such observations
sampled areas where fluid-dynamic movements are to be evalu-~
ated, When precise monitoring of land surface in the sites

of critical facilities is needed, one may require to include
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relatively small-amplitude seasonal fluctuations of ground-
water level, All these considerations equally apply to hy-
drogeological observations during precise gravity measurments.
Hydrogeologic effects of geodynamic processes can ma-
nifest themselves in a wide rang of amplitude and frequency
characteristics of the relevant indices., Such effects must

be studied by a special technigue which includes precise

level
measurements of ground watefvbontinuously or at a high enough

rate of sampling and data processing that eliminates noise
and identifies the wanted signal,

At present, the principles of observational methodology
are available for use in investigating hydiogeodynamic earth-
quake precursors (Kissin and Savin, 1986)., Its main positions
also apply to hydrogeological monitoring of other geodynamic
processes and are as follows,

Observation sites are chosen so as to eliminate the
significant influence of the noise associated with hydro-
meteorological and man-induced factors (infiltration of atmo-
spheric precipitation, pumping etc.). The instruments that
are used to observe groundwater level are to ensure an auto-
matic continuous or discrete recordings of water level flu-
ctuations with amplitudes between 1 mm and 10 m and as high
frequencies as 2 -3¢ Hz, In some cases it is sufficient to
.neasure groundwater level fluctuations in the range 1cm=1 m
at a sampling rate of 1 hour to 1 day.

Computer processing of data is performed by a program
that is to eliminate (identify) the component of the obser-
vation series associated with the influence of air pressure

variations, slow changes of the groundwater level (trends)
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of different origins, tidal (or other) fluctuations with a
period of less than 24 hours. rach of these components in
the groundwater level fluctuations can be regarded as the
wanted signal. One can then analyse the overall behaviour
of groundwater level, the baromatric or tidal efficiency to
det¥mine what is the effect of recent crustal movements on

these.
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Figure Captions
for the paper "On the relationship between geodynemic and

hydrogeologic processes" by I.G.Kissin

Figure 1. Changes in groundwater level in relation to the in-
tensity and direction of recent vertical movements in the
Frunze Geodynamic Test Area.

(1) groundwater level (H); (2) change in benchmark ele-
vation (A h); (3) East-Chuya flexure-faulted zone; (4)

observation borehole; (5) benchmark.

Figure 2., Changes in groundwater level in borehole 1254, Koch-

kor Depression.

Figure 3. Changes in groundwater level rfecorded in boreholes,
Ashkhabad Geodynamic Test Area. The dash-and-dot line
shows the coincidence of the lows of quasi-2-yr ground-

water level fluctuations (Barabanov et al., 1988).
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AxagzeMus uayx YCCP
[TOJTABCKAA T'PABUMETPUYECKAfl OBCEPBATOPMA
WHCTUTYTA TEORIBVKY wm. C.J. CYBBOTIHHA

M.B. Jly6kom

JIOKAJbHHE TEPMOYIIPYTUE IE$OPMALINH
3EMHO# NOBEPXHOC TU

Pesome

ViccnenopaHa TpexmepHas MaTeMaTH4eCKasf MOZENb He pABHOME PHOI'0
HaIpeBa 3eMHOA 110OBeDPXHOCTH, HA OCHOBE TePMOYNPyTroOi 3afayM O JOKaNb-
HOM NEepPUOXMYECKOM HArpeBe Kpyra Ha TrpaHuue OXHOLOAHOIO MOXYNPOCTEA-
HCTBA. [loayyeHd aHANMTMYECKUe BHWpPaXeHMs B KBAJL PATYpax ANA Ham paxe-
HUt, HAKJIOHOB M CMEWEeHW#, Onpelel]sDUME TePMOHAN PIKEHHOE COCTOsSHUE
MOJyNn pOCTPAHCTBA BCJEACTBME HE PABHOME [HOI'0 HAIDEBA €0 N0BE PXHOCTH
U yYUTHBAOUME paA3Me [H HeOZHOPOLHOCTM ITOTD HArpeBa. B kayecTse ui-
JWCTpauuu npuBefieRH rpaduk¥ TeMmnepaTy PHHX HAKJIOHOB, MNONYYEHHHE YHC-
JEHHWM WMHTErpUpPOBAHMEM MO MeTony CuMMICOHA, MpuUdeM MOTrPEemHOCTH BT OID
METOAA He MpeBHWAET NATOrO MOPAAKA MAaJOCTH. BuuucireHuo OyHKumit
Beccess, NMEuCyTCTBYOUMX B N OXMHTE FPAJbHHX BH PBXEHMAX OCYmECTBJANOCH

YUCIEHHO N0 CTAHZAPTHO! NporpaMme.
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BBezeHune

Jedopvauuy 3eMHON I10OBEPXHOCTH, BH3BAHHHE TPABUTALMOHHHN B 03~
ZetictBueM Jiyuu u ConHus, M3yvyanTCA HA NMPOTAKEHUU MHOTHMX JeT. [loaye
YaeMmasa 31ecChb MH)OpMALUMUS BAKHA ANA M3YyUEeHMT I 0PU3MYEeCKMX N poueccoB,
NpOUCX OXANMKX BHYTEM 3eMie PAX mo6ouHuXx s¢dPexToB cymecTBEHHO BaMA-
€T H8 TOYHOCTh pPEeTMCTpAUMH 36MHHX NPUWINBOB, CPeX¥ KOTOPHX BAXHO BH=

ZIeNMTh BIMsAHWE TENNepaTypHuX Ze(dOPNBIME SeMHO} I10BEPXHOCTH, BHIBAH=
HHX CYTOYHHM BpameHueM 3eMiMe AMMIMTYZH T MIePaTYPHHX KBA3MUIE PYOf M
YOCKNX HAKJIOHOB ¥ HAMNPSAXEHMA MOTYT B NeCATKM M Gojee pa3 NpeBHEATD
3HAYEHW A NMPUINBHEX 3PJOKT 0B,

[Ipo6remMe Tewmne paTypHux JAedopMauui 3eMHOR N OBEPXHOCTH I0CBAUSH
psA pador [5-9} « Ho, HECMOTDA HA AOCTUXGHVE XOPONETOD M OAMNAHAA KAe
YEeCTBEHHOr'0 MEXBHM3MA T€PMOYNpyriux NpouUEeCCOB, NPOMCXOXANMX B 36 MHOM
NOBEPXHOCTH, BONPOC NPAKTMYECKOr0 NpMMEHSHUA 3TOi MHHOpPMALMM OCTEETe
CA OTKPHTHM. JTO CBASABHO NpeXfie BCEIrd C T8M, YTO TENNe PATY DHHE Ae=
dopmaumu 3eMHOR MOBEPXHOCTH HOCAT CYyryG0 JOKANbHHA XBPAKTO P, TeOe
CUJABHO 38BUCAT OT HEPABHOME PHOI'0 HATPOBA I10BEPXHOCTHs JBYNOPHHE MO«
Jles , MCCJe7 0BAHHHe B paGoTaX ['_5-8] , H8 B COCTOAHMA TOYHO YYWTHBATD
o6nacTH JOKBJM30BAHHOID HATPEBA MOBEPXHOCTH, OHM NOTYT JBBATH TOJbe
X0 NpulimKeHHHe ONEHKW NApPAMETPOB, yYMTHBADEUX HE PABHOMEPHHE HATpOB.
Ans yyeTa TAKOrO0 POXA HAIPOBA HO OGXOLAMO PACCMATIMBATL TPEXMEPHYD
TOPMOYNLYIyw MOAGAb C NepPUOAUYECKMM X OKAAbHHN HATPeBON OGAACTH HA
TpaHuLe NonynpocTpaHCTBA, Leab HACTOAWEH# PAGOTH COCTOMT B POANM3AE-
U HA3BAHHOA Bume npoGreNds OTNETHN TAKES, YTO ZAHHAA MOZENbL MOMET
GHTb MCIOJb30BAHA ANA y4eTA W3MEHOHWA YPOBHA IOBEPXHOCTH 3EMAR

BCJIGACTBHY CYTOYHOI'0 X048 TEMIGPATY PHe

DOI: https://doi.org/10.2312/zipe.1989.102.03



161

§ I. MocranoBka 3azaun. Paspemanmue y [ABHE HHA

Ynpyres usorponHas OLHOPOAHAS CPOA&, 3BMOJIHADWASN I OJYNPOCT-
pAHCTBO Z = 0 » UMEOT HAYAJBHYD TEMNEPATYPY | = O o B NOMOHT
¢ =0 xpyropas o6nracT pamiyca 7 = & na noBe pxHocTH & = O

HATPeBAGTCA MO NePUOTMIEeCKOMY 3aKOHY / C0%5 0T | ocranbHas

4aCTh NMOBEPXHOCTH COXPAHABT TeMNepATYPY 7 = 0 o Il0 ucTeYeHmMM Hee
KOTOPOr'0 NMpOMEXYTKA BPENEHM I [OLECC YCTEHABAMBAGTCA M MNe PeXOAHH}
Npouece NOKHO He pacCMATPuBATbe DyJieM pacCNaTPMBATDL Me PUOMA4eCK uit
npouecc HarpeBa NP OTCYTCTBUM HA CBOGOAHOM INOBEPXHOCTH MOXYNPOCT
paHcTBA BHemHeidl Harpyskus OnpejeneHue TemnepaTypHOIo NOXA MOAYNpPoOCTe

paHcTBa CBOAMTCA K peme HUD ypaBHEHUA TeMNJonpoBOAHOCT s

4 2T
) 23‘" = J¢ (1.1)

npy IPAHMYHOM YCAOBMM HA I10OBE PXHOCTH

T, cos wt | 2= 6
T:{ ; e (1.2)

me & - K03DPULMBHT TeMne PaTy pon poB oA HOCTHe
HanpsxeHHO=Ze HOPMUPOBAHH 0O COCTOSHHE ONpeZeNfeTCsA CTETUYECKUMK
YPABHEGHUAMA Te PMOYNDYrooTH (O =< 4) ¢

w /4 28 _ Z(45) 2 T)
AR = =Y T2 K 9z ~7-24 92

4 2€ _2({+5) 2(T) (1.3)
AU T TmF Rk oF ST 2R o2

SU K o
3zecy € =57 +7Z *53 - auraTauus,
/4 e xoapduumeHr llyaccous, o+t = KO3PPULMEHT NMHORHOTO pACHH~
peHEs.
C y4eToM IPAHMYHHX ycxoBME, BHPAXANIKX OTCYTCTBHE HOPMAJBHHX M

TOHTOHUMAABHHX HANPARGHMR HA NMoBepxHocTH = = O

DOI: https://doi.org/10.2312/zipe.1989.102.03



162

(I.4)
§ 2. Onpezeseune TepMOHANPAXEHHOTD COCTOAHUSA

I OJIyNp OCT pAHC TBA

Hccnenyen ne MoZudeckuit npouecc (3agavyy paccMaTpuBaeM Oes Ha=

4aJbHWX YCJZOBMN). TeMnepaTypy MOXHO NpPEACTABUTb B BULe
— K Lt
T=T"e (2.1)
Ipaimyroe ycaoBwe (Ja2) npeZcTaBwM AR yA0GCTBA B BUZe
GCT 2= ¢

_ T.e
‘ :{ ) R 4 (2:2)

]
Ypasueune (Isl) ¢ yverow (2¢1) npuBomurcs x yraBHeamo [lyaccoHa, Koe

TOP0S DA3PelAETCs N [H I1OMOMMA I1pe 06pas3 0BAHMA XaHKeNA
(s —ipre o
e JC(p)J.(Bz)é PIE 2ofp (2.3)
[ ]

gyukuma ¢ (B) e onpeneaseTcs U3 rpaHmHoro yonosua (2.2).

TevnepaTy pa NoJyNpOCTAHCTBA BHPAsUTCs
s P St _ - Vﬁ 2
T=&T, e So(peraipzye 7% %o/p )

MepenumeM ypaBuetme (I»3) B ZexapTOBOK CMOTEME KOOAMHAT

/ 28 _ 24+ D(t, T)

AU ¥ T % =72 DX+ (2.5)
) 20
Moncrasys B ypashenwe (25) 0o = S~ » TONYYUM
2(+-/) > _ 20t t) 2 (T
For A Sy (0= ZLhgl e (2:6)
3gecp ¢ = TEPMOYNpY MMt NOTEHLMAN MepPeNemeH e
HTe TDUDPY R /o0 X ¥ NPUPABHMBAA HYJD NpPOM3BOABHYD (QYHKLMD,

MOXYYSHHYD NPK UHTOIPUPOBAHMA, MMEEN
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’/‘?"/(( 77
4 - (27
KOMIIOHEHTH HanpAXeHUF BHpaxawTcA Yepes ¢ no ¢opmyxe [2]
20 .
bees2e (- a05:) (2:8)
Indde peruupya ypabuenue (2s7) /co t U YYUTHBASA, 4YTO g;:cu?’
I10RY YUM
A i(ﬁ %aogAT (249)
WHTe rpupoBaHue ypanuemn (249) npuBOAMT K SaBUCHMOCTU
P- /T/(o‘ A /To/{ + P+ P, (2410)

[Tockonbky pAcCMAaTLUBAETCA e pUOAMYECKME MNpouecc, TO Here pUOZUUECKYN
yacTs norenyuana nepevemenmt P moxwo orépocurs ( P, =0 ). Moo=
€ noacTaHoBkM BupaxeHus (2.4) B (2.10) ¥ MHTE rPUPOBAHUA N0 BPENEHH

noNyYuM NoTeHyuuan nepemeueHuH (p B Buie:

= _ét;? Oﬂém{%l (B€)Jo (2 e P2 Z4 B (2.11)
BBoas o6o3Hadenne () = ’/*/‘ drffﬁ e ;
Y=V ne pernuen supaxetme (2.11) B Bute:
P= Q5 pe) Trz)e PEolp (2.12)

Hexoma us GopMyn (2.8) u (2.12), onpeliensM KOMIIOHEHTH HAINDPAKEHH OTD

COCTOAHMA B LIV(JlMHJIpM"!eCKDﬁ cucTevMe KOOQIMHAT:
¥2 >

ber =26 0 (7 (&) (22 o7 (282 ol

By = -2 }J(}gﬁp}(z(ﬁm €257, s ipaye” ”(“’)o//z
622 aa;;,u;éuo(}x)f 12 5 ofp

6eazze Q%:(}’G’JJ(bZ\JPr? 20k (2.13)
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Hanpssentoe cocrosuue (2.13) He yAOBIETBOPAET TIPAHUYHHN YCHOBUAM
(I.4), X Hewy HeOGXOAMMO 7 0GABUTH HEKOTOPOS OCECUNMETPHIECKD8 HAMPsH=
WeHHOe COCTOAHMe, onpeleaseMos MeroXow Nspa [3] &

OKOHYBTENbHO TEPMOHENPAXEHHO08 C OCTOAHME N ONYNPOCTPAHCTBE ONpeAeN s
eTcs caeZynmuMyu Gopuysrama:

b”"/@{“a [7. 086V (2420 pie™ ¥ gy (pe)ye™ "% yolp +

7-2A L) (A np s pre)- BpY-ZLED e8I AE)

Oyy = ﬁd{ ¢ a)J(pexl(ﬁ‘)Be B Tp2) SR e ¥ Yolp +

()éz:/Zé{zcaoff,(}fo”)Ja(,BZ)é’_XZ/Bzd,B+ (2.14)

+ J e " (BlAE+ 2P 248 )+ BT p}

Xz

OZs:/iJ?{ZCQT;(,Bg)ZUSI) XRE "B+

e € A bl Az k) e B Tel]

FDPMSDHTEJIBHHG n Bep'rmcanbﬂue cMemeHudA ¥MENT BUR

U= ,Qe{ 11/ ocag’/Ze 51:(}55)7;(“)5"“/30//31»
+ Lz [r v e PR p 2] - 5%) I p) (z.15)
20 = Kﬁ{' 1+ e g’rfe‘wij 8178 (pe) - ¥z 2 yolg+
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Haknous B vanpaBiennu X u Y  uMmeoT BUX
- S T A P s s - ¥z
Yyy = b{”/ ag] SJ(pe’)J (saye  Xpdp+

¢ w
+/J(pz)€ P 22 (e B)E Ala 2 pl - 5/3}%‘/F}{u_(z 16)
t+yl

&yuxum A u B onpesemswrcs u3 rpanMyHux ycuobuit (I.4)

PIRNELYTIEE E /NN Y 4 et J.mé V)s 2 - x)

B = (1+/) (41-2.0) OL-,—O‘g?; < JAM)(szJ, W (2 fh—{)-2F)
- 4- N Y] I

(2.1I7)

§ 3. Yncneuunt pacyeT ¥ OGCyxAEHME Pe3yJbTATOB

B § 2 Gunu nomyvenu auanurmyeckue Bupaxenua (2,14,15,16),
ONUCHBANM WS TE PMOHANpPSXEHHOEe COCTOSHWO MOJNYN[OCTpPAHCTBAe JHTE FPUPO~
BAHME OTUX BHPAXEHUN MPOM3BOZMIOCH HA OCHOBE YMCAEHHOTD METOAA MH-=
qe 'pupoBaHuA no CUMICOHY, MEUYEM MOTPEULHOCTDL 3TOr0 METOLA HE Npe-—
phIaja MATOrO NOpAAKa MajoCTHe BuuMcieHue @yHkuuy Bocceas ocymecT~
BAAAOCh MO CTaHZapTHOX nporpaMMe B ES ' BHYMCJMTEJNLHOTO LEHTPA
[ToATABCK Or0 MHMKEHE PHO-C TPOUTEJ BHOI'D MHCTUTYTa,

B kayecTBe npuMepa npuBeieM De3yJbTaTH, I OJNyuYeHHHE AJA

p— °
yakioHos ¥, (2.16) Ha ocuose mcxozuux mauumx (A =0,2 [.=70¢
W =026 -l/—zcy/zae,'obvz/l/D"’ 7/ | o0 = 0,9 g4 S ae).
[lpencTaBieHHHe KEuBHEe AEMOHCTPMUPYRT I 0BeleHWe HAKJIOHOB C IuyOu HOM

p OuKcmpoBaHHuK MoMeHT BpeMenu (I - &= Zogm , T= /0//( :

m —g:f/zy% 4 =ZO/9'./1) Kak BuOHO u3 rpadukoB, HakJOHH Cy-

WeCTBEHHO 38BUCAT OT pajuMyca HarpeBaeNO) OCNACTH, MHTEPECHO TaKxe

OTNETUTb, YTO B HAYaJe NMEOUCXOZUT yBeAMYEHUe ANMIMTYAH HAaKJ OHA

BMJOTH A0 HEKOTOPOr0 MAKCHMBNbHOI'O SHAYEHMA, a 3aTeM NNaBHH}{ chaZke
NlonyyeHHwe aHaauTM¥eckue BupaxeHus (2 ,14,15,16) noaHocTho on-

pelelsAnT T PNOHANpAXEHHOE COCTOAHME I OJYNEOCTPAHCTBA BCJEACTBUE HE=

pBBHONEPHOI'0 HAarpesa ero NnoOBEpPXHOCTH, YYMTHBADT pa3MEfPH HE OAHOPOA~
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HOCTH BTOr0 HarpeBa ¥ MOTYT CAY¥UTb sdPEeKTUBHNM OpyAMEM Npyu uccien o-

BaHMM TEpPMOYyNpyrux ZedopMauwi 3eMHOW N OBE PXHOCTH.
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S, Meier
Technical University Dresden

Stochastic differential geometry versus fractal geometry of
the Earth*'s surface

The qualities of rough surfaces, e, g. of the Earth's surface,
can be treated in two ways,

i) by means of the so-called fractals based on the HAUSDORFF
measure,

ii) by stochastic differential relations based on two-dimen-
sional random processes,

The first concept, essentially developed by MANDELBROT, may

be successfully applied to the domain of microstructures, say
in geological sciences, Empirical elements, e, g. formulas for
length and area estimations, seem to be prevailing here,

The second concept offers both theoretical and empirical esti=-
mation procedures which are consistent with geodetic require=-
ments in the plane and on the sphere, and in the domain of
band-limited structures, e, g. estimation of roughness para-
meters,area estimation, linear filtering of terrain models

etc, - As an example of the profitable stochastic differential
method, area estimation functions devel,oped by density function
transformations (including numerical problems) have been dis-
cussed for the planar and spherical case.

The complete theory will be published in the periodical
GERLANDS BEITRAEGE ZUR GEOPHYSIK, Leipzig.
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VERALLGEMEINERTE DYNAMISCHE MODELLE MIT SPANNUNGEN
UND DEFORMATIONEN

Georgi Milev, Prof. Dr.-Ing., Bulgarische Akademie der Wissen-
schaften, Laboratorium fur Geotechnik, Bulgarien, Sofia 1113,
Akad. G. Bontschev Str. Bl. 24

Abgeleitet sind die Zusammenhange zwischen den Trendparametern
(Regressionskoeffizienten) oder Faktoren und darauf verursach-
ten Translation, Rotation, Verformungen und Spannungen der un-
tersuchten Objekte in der Zeit. Die gesuchten Parameter sind
direkt durch die Koordinaten oder gemessenen Grossen ausge-
druckt worden. Damit werden die Ausgleichung, Analyse und Inter-
pretation vereinigt und das Endziel,die mathematisch-~geometri-
sche Interpretation realisiert.

GENERALIZED DYNAMIC MODEL WITH STRESSES AND DEFORMATIONS

Georgi Kostov Milev, Prof. Dr. Eng., Bulgarian Akademy of
Sciences, Geotechnical Laboratory, Bulgaria, Sofia 1113

Acad. G. Bontchev Srr. Bl. 24

Relationships between trend parameters (regression coefficients),
i.e. the factors (loading, underground waters, etc.), and the
resulting translations, rotations, deformations and stresses in
a given area have been derived. The parameters are expressed
directly through the coordinates of the investigated points in
the area, their differences or the measured elements. The re-
lations may be used for respective short time forecasts. Fur-
ther, the steps of equalization, analysis and interpretation
are combined and the final aim of deformation studies - mathe-
matical - geometric interpretation - is directly achieved.
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‘1. ALLGEMEINES

Infolge des Einflusses verschiedener Faktoren z.B. von Kraften
(Belastung, Grundwasser u.a.) treten in den Ingenieur- und ande-
ren Objekten Veranderungen ein, Im allgemeinen werden sie durch
Spannungen, Translationen, Rotationen, Verformungen u.a. Erschei-
nungen ausgedriickt, Die mathematischenBeziehungen zwischen eini-~
gen dergenannten Grossen sind in der Elastizitatstheorie vorhan-
den /9/.

GroBes Interesse ruft die Rolle der Geodasie bei der Festlegung
dieser Grossen und Zusammenhﬁnge hervor. Besonders dann, wenn von
der Tatsache ausgegangen wird, dass ein Teil dieser Elemente -
die Verschiebungen, im Ergebnis der Auswertung der geodatischen
Messungen erhalten wird,

In /6/ werden die Zusammenhange zwischen den geodatisch bestimm-
ten Verschiebungen und Spannungen, Verformungen, Translation und
Rotation abgeleitet. Dabei wird durch die gemeinsame Ausgleich-
ung mehrerer Beobachtungszeiten indirekt auch die Zeit einge-~
schaltet, Somit wird praktisch die Hauptafgabe der Elastizitats-
theorie gelost und zwar als Prozess in der Zeit. Das entspricht
der Wirklichkeit, ist naturgemass und notwendig fur die Abschat-
zung der Stabilitat der Objekte.

In /2/, /4/ und /3/ wird die mehrmalige nichtlineare Regression
zwischen den geodatisch bestimmten Verschiebungen, der Zeit und
den Veranderungen einiger Hauptfaktoren (Parameter), die Ver-
schiebungen verursachen, abgeleitet (eine polynomiale Regressi-
on ist vorausgesetzt).

Hier wird der Zusammenhang zwischen den Regressionskoeffizienten
(Trendparameter), der Translation, Rotation, den Verformungen
und den Spannungen der untersuchten Objekte und der Zeit abge-
leitet, Damit wird der allgemeinste Fall (das Modell) der Defor-
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mationsuntersuchungen mit Beteiligung der Geodasie geschaffen.
2., BESTIMMUNG DER REGRESSIONSKOEFFIZIENTEN

Die Lage der Punkte mit der Anzahl n des untersuchten Objekts
wird in einem gegebenen Koordinatensystem (0,x,y,z), betrachtet
in der Zeit t und unter der Voraussetzung, dass diese Lage von
dem Einfluss einer Reihe von Faktoren in einem Beobachtungszeit-
punkt 1:'z entsprechend /2/

L, =1 tj, Ty Pys 9y ofele)) (1
definiert.

Fur den Zeitpunkt t o Bilt

LO = LO(tO’ TO’ po, q°, oon)o (2)

Die Lage Lo’ bezeWe I"l der Punkte wird aufgrund geodatischer
Messungen durch Ausgleichung als freies Netz bestimmt., Die Fak-
toren werden bei der Ausgleichung alsunverédndert aufgenommen,

Ihr Zustand wird auch durch Messungen bestimmt., Unter der Voraus-
setzung, dass die Funktionen (1) ununterbrochen und differen-
ziert ist und die Veranderungen klein sind, kenn sie in der Nahe
der Ausgangslage O der Punkte in eine Taylor-Reihe entwickelt
werden, Mit der Begrenzung der zu den Gliedern zweiter Potenz und
mit der Einfuhrung der in /4/ gegebenen Bezeichnungen kann ge-
schrieben werden

x) 9 ocg/agfgesgoooooooo--u’{1
yd ¥S 000 o0dlplpdelo o o o v}
218 z§’+ 000000 0 o0d)pdrdsd u§+
xg 2 Dogpg/%ggoooooooo uf
il |2 000 o0 dpAslo oo o]l
2) 20 ooooooooocg/gg/ggg uj
L] L=] L o
&
:
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Hier bezeichnen i,/Oq[,s die XAnderungen der Faktoren
entsprechend den Anf angsbeobac htungszei tpunkten ux, w und u?
sind die ersten Ableitungen der Funktion, und wx, wy, wz, gx,
gy, gz sind die zweiten getrennten und gemischten Ableitungen
/4/.

Der Zusammenhang (4), allgemeiner durch ein Symbol bezeich-
net, das die drei Koordinaten des Punktes i einschliesse, wird

= o1 o _
i[5 « £
) || || | Iy ()
E = E + E bo + 1/2 E b1.
BRI A
Fur das ganze Objekt gilt
L = Lo+ o3 0] w12 pd o] =1 + [« 172 pY] bg 6)
3n1 3n1 3n12 121 3n30 301 by
oder
- p
T T )

3n1  3n1 3n42 421

Indem man die Losung (2) verfolgt und den Zusammenhang (7)
als stochastischen Prozess mit einem determinierten und stochas-
tischen Teil £ betrachtet, folgt

Ly =Ly + o bg +€ (8)
Unter der Bedingung
E'jQ SL 63 > min (9)

Durch die Ausgleichung nach vermittelnden (parametriscnen)
Beobachtungen (siehe z. B/3) werden die Regressionskoeffizienten
(Trendparameter) bestimmt

o) = oLydg @y *'JQEL 6Ly = Dy 8Ly (10)
Die Absolutglieder L, werden bestimmt, wie bereits, durch
eine Ausgleichung als freies Netz, gezeigt wurde, einzeln nach
den einzelnen Beobachtungszeitpunkten(uater der Voraussetzung,
dass (wenn notig) die unveranderlichen Punkte dieses Netzes

identifiziert und genutzt worden sind) und Bildung der Unter-
schiede in den Koordinaten oder aber unmittelbar durch die
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gemeinsame Ausgleichung der Beobachtungsunterschiede /3/, mit
einerentsprechendenKovarianzmatrix, das heisst

SLj = Lj - Lo = %5 - x| = Szj
yj - Jo Syj
2y - 2, Lé‘z (11)
B [ + L B '
5Lj = (AQ SLA) + A Q SL 6Lj = Q 5L.A %l Slj

= +
Q 81, QI‘:) L,

Hier sind A und die entsprechenden Matrizen der Konfi-
gurations - und Kovarianzmatrix der Beobachtungsunterschiede 1,
die gewohnlich in der Ausgleichung genutzt werden. Durch + ist
die Pseudinverse Matrix bezeichnet,Durch Ersetzen von (11) in
(10), durch die T~‘infiihrung entsprechender Kurzungen folgt

bf = (oC'QE:E'J on)_1 d: Q50 j(A Q; A)*A'lejalj =Dy ¢y 1 (12)
421 423n 3n3n 3n1
Dadurch werden die Trendparameter direkt durch Beobachtungen
ausgedrickt.

Die Gultigkeit der einzelnen Regressionskoeffizienten kann
Uberpruft werden, indem man der Losung in (4) folgt.

Die hier angebotene Losung fur die Bestimmung von bP, un-
terscheidet sich von dieser Losung, die in /4/ gegeben wird
praktisch nur durch die Zusammenhange (4). In /4/ waren diese
Zusammenhange durch die Gruppierung von Koordinaten definiert
(an einer Stelle x - Koordinaten aller Punkte, an einem anderen
¥, beziehungsweise z), und hier ist es nach Punkten i (gemein-
sam mit x, ¥y, z). Das ist erforderlich wegen der Festlegung der
Zusammenhahge zwischen den Trendparametern (Krafte, Faktoren),
Verformungen u.a.

Wie bereits hervorgehoben, wird bei der Bestimmung von Lj
aus (11)vorausgesetzt,dass die tatsachlichen Verschiebungen
genutzt werden, d.h., dass sie aufgrund der festgelegten stabi-
len Punkte des Netzes /3/, /2/ bestimmt sind.

3. Bestimmung der Feldparameter, der Verschiebungsvektoren,
der Verformungs- und Spannungstensoren und der anderen
Funktionalen

Die Verschiebungen der Punkte i eines gegebenen untersuch-
ten Objektes, das als starrer Korper betrachtet wird (entspre-
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chend den angenommenen Voraussetzungen in der Elastizitatstheo-
rie /9/, /6/) konnen als Verschiebungen auf den Koordinatenach-
sen ug , Vg, W, eines Naherungspunktes O und einer Verschiebungs-
anomalie dargestellt werden. Wenn der Punkt O im Schwerpunkt der
untersuchten Punkte angenommen ist und der Voraussetzungen, die
in /6/ angenommen worden sind, die sich auf alle Punkte i des
Objektes beziehen, kann man fiir die Verschiebungen Uy, Vg, Wy
(die nach (11) auf den Koordinatenachsen bestimmt sind und bei

Beschrankung bis zu linearen Gliedern der Entwicklung /9/, /8/,
/2/, /1/) folgendes schreiben

i I oo o o |[u
Uy 1 dx, dy, dz, o 0 0o 0o aa
vy o 0 0 0 1dx1dy1dz100 0o 0 53

2u
w, 0 O (0] 0o 0 0 [o] o 1dx1 dy.l dz1 7
= . . . . i U4 . .
. 2u
o] 0O 0 O o (] -
uy 1.dx, dy, dzno 0 £
u 0o 0 0o [o] 1dxndyndzn0 0 o] 0 Yo
av
w o o0 (0] 0o 0 O o o 1dxudyndzn =5 (13)

L n_ L - 21
3y
v
Yo
m
Ep3
aw
+y
am

D

Hier sind dxi, dyi, dzi die Veranderungen der reduzierten
Koordinaten der Punkte i gegenliber O /6/, die durch die Koordi-

naten der Punkte bestimmt sind. Die Elemente des Unbekanmntenvek-

tors sind die Verschiebungen des Punktes O (uo, Voo wo) und die

ersten Einzelableitungen (Feldparameter der Verschiebungsvek-
toren) oder

L. = F, bd
oL 3 ] (14)
3n1 3n12 121

Wenn man das Problem auch hier stochastisch betrachtet, wie
bei Punkt 2 und in /6/, so folgt mittels einer Ausgleichung nach
vermittelnden Beobachtungen fur b,

d o _ -1 -1 -1  §L., = H, 6L,
by = (F'3Q5; F)7 Py Q@ g °7 33 (15)
121 123n3n3n3n12123n3n3n1 123n 3n1
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Durch das Ersetzen von (11) in (15) folgt
d v B T LR I |
= = H.C.B :
vy (F 59 éLij) F4Q SLj“‘ QSLJA) A 4Q 513 <51:J 5C5015 (16)
Den Zusammenhang zwischen den Verschiebungen der Punkte
(13) auf den Koordinatenachsen und den Verschiebungen des Nahe -
rungspunktes O und den entsprechenden Verschiebungsanomalien /1/,

kann man auch folgendermassen darstellen

N 'u; “% LH... 00 6| dx;’

v, o :—‘; :—;% ... 0 0O dy,

] "o RagE-ms 000 dz4 (17)
. = 2 + - - T . :

\ln u, 0 0 Oimiiss %Z—;Z—‘z‘ dx

" v 00 0...55T| |dy

i .OJ Lo 0o zmmaw | g,

§Ly = s, + 7y 4y (18)
3n1 3n1  3n3n 3ni

Entsprechend /6/ und /9/ kann der Tensor T, unter den ub-
lichen Voraussetzungen fliir das untersuchte Objekt, als Summe von
einem antisymmetrischen T und einem symmetrischen Tensor T4
zerlegt werden, oder
s1y = s1d, + ndad 4 i) - [aLgOTJ Tg] 2| = oo (19)

dJ

i

(19) definiert die Zerlegung der Verschiebungen als Summe der
Translation, Rotation und Verformung des untersuchten Objekts.

Die Elements aus (18) - L)  und Ty, beziehungsweise T,
und T(]j aus (19) folgen aus (16). Zu diesem Zweck, wie auch bei
/6/, mit Rucksicht auf eine Erleichterung durch EDV-Technik wer-
den im voraus zusatzliche Beziehungen, Matrizen und Vektoren
eingefilhrt. Zuerst bestimmt man den Verformungsvektor €j und den
Rotationsvektor wj , danach T} und T fiir die einzelnen Punkte.
Festgelegt werden die Spannungsvektoren 6j und die Spannungsten-
goren T,}1 bei den einzelnen Punkten unter den traditionellen Vor-
-aussetzungen der Elastizitatstheorie.

Die Rotations-, Verformungs- und Spannungstensoren, ents-
prechend Tz’. A Tg und TE', des untersuchten Objektes konnen als
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Ganzes bestimmt werden, indem man die entsprechenden Tensoren

der einzelnen Punkte des Objektes vereinigt, d.h.

= _

T,y 0 .40

o T, 0

o= . "
o o .-

(g, © 0

0 Ty o

- . g
o o T
— pus

w 0 s% 0

0 Ty ... 0

SR . ‘
o o .« Tl

(20)

Fur die Ausfihrung dieser Vereinigung durch EDV-Technik
missen zuerst die Rotations, Dehnungs- und Spannungstensoren

der einzelnen Punkte bestimmt werden, d.h.

% % [¢w1 TR ..Twn]
a' = [T a1 T a2 T dn]
ay = [T H1 T oo e o T Hn]
Eingefiihrt wird auch die Matrix By,
170...0
Byy = |01...0

e o & = o o

00, « -1
Dann bekommt man die Tensoren aus (20)

T = B148.

]
a
I

= Bqy8a
TH = B14BH .

Entsprechend dem Translationsvektor
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L
t S =[ uovowc)]

1T00100...100
0100170. ., .+,010
Byg= [+ o v v v e v ne e (24)
Jo_ 4!
5Loo =% oB15'

4. Zusammenhang zuischen den Trendparametern, dem Trans-
lationsvektor und den Rotations-, Dehnungs- und Span-

nungstensoren
Wenn man in (10) Lj aus (19) ersetzt, so entsteht der Zu-
sammenhang
w2 = D, (8ud 4+ 1 g3 + 2l ad) = prdad. (25)
j 3 0o © d ! J oo

Entsprechend /4/ erfolgt der Zusammenhang zw ischen dem
Verformungsvektor und dem Spannungsvektor aus
ed =1 g

£ 1T -4 =-p 0 0 g 6x
£y - M1 - M 0 0 0 Gy
- = 1 0 0 0 G
EZ _ .1_ /A /.A e (26)
f| E 0o o0 0 2(1+p4) O 0 Txy
e 0 o 0 0 2(1+pM) O Tyz
Lo 0o o 0 0 0 2(1+M) TZXJ

_Entsprechend dem Dehnungstensor gilt fir einen kleinen
Raum, dargestellt durch den Punkt i (i=1,..n) und durch Einfuh-
rung der latrix BS’ B6’ B7, BB’ Bg, B1O’ die aus 0 und 1, oder
0 und 1/2 bestehen, we bei /6/, Y

) - J J J
M= €9+ Eop+ E3p=Bgé Bg + Bg £9Bg + By €9By, 27)
oder durch den Spannungsvektor ausgedruckt

o d d j d J -
1, = BTS 69Bg + BT + 6 §Bg + ByTY 6 §Bqg (28)

Indem man (21) und (23) in Betracht zieht, so folgt fur T
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j J J J
) = 8,8l = By, Tﬂ = By, | BsTC 6 Bg+Bg1g 6 JBg+ByTg 6 4B,
a)

- 69 J
) B ’l‘ @%BB+B6T B9+B7T96 9B,
: . . .
) dgd dgd dgd
b2 B TeﬁnBa+B6Te6nt+B7TednB1o
™ = B, R
g 14 (29)
Wenn wir (29) in (25) ersetzen, entstehen die Zusammenhange
j j 43 Jgdy - Jgd
b = Dy ( §13, + 13aY + By,RIa)) = DyTYaT. (30)

Mit (25) und (30) wird eine Verallgemeinerung und eine di-
rekte Losung der Hauptaufgabe der Elastizitatstheorie gegeben,
indem man die Zeitzwischen zwei Beobachtungszeitpunkten in Be-

tracht zieht. Parallel dazu sind die hier festgestellten Zusam-
menhange verallgemeinert, sie stellen praktisch den Allgemein-
fall (das Modell) der Untersuchung des Spannungs- und Verfor-
mungszustands der Korper dar. Er beinhaltet als Sonderfalle
die in den letzten Jahren lancierten /1/, /7/, /8/ Begriffe
"gstatisches", "kinematisches" und "dynamisches" Modell, von de-
nen der Autor einige als nicht genug begrundet und korrekt be=-

trachtet, besonders das "statische" Modell /5/. Es muss hervor-
gehoben werden, dass, auch wenn diese Falle nicht mit den er-
wahnten Begriffen genannt werden, fur sie bereits prinzipielle
Losungen bereitstehen /2/. In /2/ wird auch eine dreidimensio-
nale Losung mit entsprechenden Formeln vorgeschlagen.

Die weitere Verallgemeinerung der hier abgeleiteten Zusam-
menhange, wiebereits am Aufang erwahnt wurde, findet seinen
Ausdruck in ihrer Aufnahme in eine gemeinsame Ausgleichung ei-
niger Beobachtungszeitpunkte in Ubereinstimmung mit dem in /4/
und /6/ vorgenommenen.

Die abgeleiteten Zusammenhange erlauben, eine Prognose fir
eine kurze Zeitspanne, z+.Be der Verschiebungen oder Trendpara-
meter in Abhﬁngigkeit vom Spannungs- und Verformungszustand
oder anderer Varianten zusammenzustellen.
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0.M.Octag, IJ.II.lleJumHeH
[HTARK IYTK CCCP
Mockma, CCCP

HEKOTOPHE PE3VJIBLTATH MCCJIEIOBAHUA IECOPMALVEA
SEMHO/! KOPH HA TEOVMHAMAYECKMX I[IOJMIOHAX IVIK CCCP

Pesime

[IpBeIeHH ¥ NPOKOMMEHTHDOBAHH HEKOTODHE pe3yJbTAaTH aHa M-
3a pefopMalMit 3eMHO# KODH, HDOJyJYeHHHe Ha OCHOBE P§§K HHX I'eO-
Ie3UdeCcKUX HaGJmomeHMil, BHIOJHASMHX IeOle3UCTaMi CCCP Ha
CIeIMANBHO CO3IAHHHX TeoqvHamuyeckux moJmroHax (IMMI). Taxue
TIIl pasmelleHH B TEKTOHMYECKM AKTHMBHHX O0JACTAX, XapaKTeph3yi—
IXCA MOBHIEHHO! CefCMUYHOCTHKN MM AKTUBHHM BYJIKAHU3MOM. [lepBO-
ovepelHas LeJb OPOBOIMMHX HAGJoOeHM# COCTOMUT B BHABICHUM U Ie-
TAIbHOM HM3yYeHUM Da3BUTAS BO BPEMEHM Da3JIMYHHX QHOMAJBHHX Iedop-
MalMif 3eMHO# KODH, NpeIBapsouMX 3eMIETDACEHUA ¥ U3BEeDReHUA BYJ-
KaHOB. lI3yueHuo NOmJIeXAT M HOCTCeiicMIdecKue Iedfopmarmyu, Tak
KaK %HH HeCyT LIEHHY MHPOPMAIDM0 O MEXaHM3MaX OYar'oB 3eMleTpsa-
CeHuii.

[IpMBOT¥MHE IIDMMEDH HATVIANHO WUINCTPUPYWT De3yJIbTATHBHOCTH
Teone3uYecKOro MeTOoNa M3Yy9eHAd TeKTOHUYeCKUX MIpoueccoB. OXHAKO
Hauoosee IOJHHE NAHHHE MOTYT OHTBH IOJYYEeHH TOJBKO C IPMMEHEeHMEM
HOBHX CPEICTB KOCMMYECKO}t Ieomesuu, CHCTPOe COBEpIEHCTBOBAHHUE
KOTODHX NIPUBeJleT B OJMRAajilee BpeMA K IMPOKOMY DasMaxy IeOIMHa-
MUYECKUX HCcJenoBaHui.

Abstract
0.M.0Ostach, L.P.Pellinen

SOME RESULTS OF INVESTIGATIONS ON THE EARTH CRUST DEFORMATIONS
IN GEODYNAMIC TEST AREAS OF THE MAIN GEODESY AND CARTOGRAPHY
ADMINISTRATION OF THE USSR COUNCIL OF MINISTERS (GUGK)

Some results of analysis of the crustal deformations determi-
ned in course of regular geodetic observations carried out by
geodesists of the GUGK in special geodynamic test areas are
presented and commented upon. Such test areas are layed out at
tectonically active regions characterized by increased seismi-
city or availability of volcanic phenomena. The primary task
of observations carried out consists in discovering and detai-
led studying of the temporal changes of various crustal defor-
mations that take place prior to earthquakes and volcanic
eruptions. Postseismic deformations must also be studied be-
cause they provide valuable information about the mechanisms
of the earthquake focuses.

The examples presented in the paper illustrate clearly the
fact that geodetic methods can be efficiently employed for
tectonic process studies., At the same time further extension
of our knowledge is only possible by employment of modern
space geodetic techniques. Rapid improvement of these techni-
ques will bring forth greater scope of geodynamic studies.
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I. lesu ¥ 3amaw ucclenoBaHKit Ha IYII

IIo Mepe BO3pacTaHMA TOYHOCTH M OIEPATUBHOCTH Teofes3nyec-
KUX U3MEepeHUj{i pacmupgeTcA KpyT' OpoljieM, B pelleHHe KOTOPHX Cy-
eCTBEHHHH BKJAN MOXET BHECTH COBpDeMeHHasa Ieone3Ma. OmHOH u3
Taxux IPoCJeM ABNAETCA U3yyeHUMe Oedopmaryit 3eMHOR KODH ¥ HU3-
MeHeHHU{l BHemHer'O0 I'PaBUTAIMOHHOTO NOJA 3eMmd. JdTa HpoliemMa I'eo-
IMHAMVKY MMeeT HeOOCDeICTBEHHOe OTHOMEeHHMe K UCCJeNOBAHMD IIPO-
LIeCCOB Da3BUTHUA 3eMHO}# KODH M BepxHeil MaHTHUH, OTDARAMUMXCA B
IBUREHUAX KOHTMHEHTANIbHHX IJMT ¥ BHYTPUIUMTOBHX Iedopmaimsax,
N3y9YeHNn ¥ NIPOTHO3MPOBAHMK 3eMIEeTPACEHMH ¥ U3BEeDREeHUN BYJIKa-
HOB, a TakXe CeiCMOTEKTOHMYECKOMY DajiOHMPOBAHMK OTHEJBHHX Tep-
DUTODMil, BAXHHX C SKOHOMMUYECKOf TOUKE 3peHMdA. PelleHMe yxkaszaH-
HOTO Kpyra 3amady TpeldyeT NPOBENEHUA CIEIMAJBLHO NMOCTABIEHHHX
BHCOKOTOUHHX TI'eOLe3MYeCKMX U3MepeHUit Ha OGUMPHHX TePpUTOPHAX,
IIpUYeM 3T M3MEeDEeHHMs IOJIRHH BHIIOJHATHECA C ONpelejieHHO# peryadp-
HOCTBW. [IOCTaHOBKa TakOj paCOTH BO3MOXHA TOJBKO Ha OCHOBE HO-
BeillMX cpelcTB Hal/moNeHU#, NOARIIAUMXCA ceffidac B apceHale KOC-
MUYEeCKO# reoleamm. Takid o6pa3oM, 3TO HeJO CaMmoro GJULRAimero
GyIymero.

Ilanee MH Gymem TOBODUTH O MeHee MacuwTalHHX, HO yRe Bely-
mxca B CCCP padoTax reomuHamidecKO# HAMPaBJEHHOCTH, KOTODHE
BHIIOJIHAOTCA TJIaBHHM yIpaBjileHMeM IeOle3rM ¥ Kaprorpaduu Ipu
Copere MummcTpoB CCCP (IVIK CCCP) c ueJsblo u3ydYeHAA IedOpMAIMOH-
HHX IPOLIECCOB, IPENBAPSIOMAX M CONPOBOXRIAKIMX 3eMIeTDPACEHHA, a
TaKKe BH3HBAEMHX TEeXHOTeHHHMH NPUWIHAMA. ITH PaCOTH ABIOTCSA
gacTho GoJiee OGIMPHHX HCCJIENOBAHMH MO U3Yy4YeHM0 M IPOTHO3MPOBa-
HUP 3eMIeTpACEeHUuit, MPOBOIVMMHX COBMECTHO ¢ Akamemueir Hayk CCCP.
B maHHOM cuoy4ae NOBTODHHe I'eOfe3MUeCKie HaG/OIeHEA BeIyTcA Ha
OTPAHMYEHHHX TEPPUTOPUAX ILIOWANBIO IOPANKA HECKOJBKAX THCAY
KB. KWIOMETDOB, BHOMpaeMHX C y49eTOM CIelM{MKHM Dewaemoit 3aqadd.
Takie creuManbHO BHODaHHHe TEePPUTODHMM, HA KOTODHX CO3IAaHH KOH-
TPOJMPYKIEe TeOfe3WdecKue NOCTPOSHUA ¥ BeleTCA DeTryJAPHHE KOM—
ILTEKC BHCOKOTOYHHX T'eOle3UYeCKUX HalimIeHuit, Ha3BaHH I'eOIMHa-
muyeckuvy gosmroHamz (ITI). B 3aBMCHMOCTM OT KOHKDETHHX pellae-
MHEX 3anad [l HEeCKOJBKO Da3/MdYanTCA MeXIy COOOii.
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TeomMEaMiYeCKHE IIOJMIOHH, CO3IAHHHE B CEMCMOAKTMBHHX paii-
OHaX CTpPaHH, OPMEHTHMPOBAHH B IIePByl OuYepenb Ha BHABJIEHUE ¥ Je-
TaJlbHOe HU3y4YeHHe Pa3BUTUA BO BPEeMEHN Da3/MYHOI'0 BUIA aHOMAJb—
HHX Jedopmalmii 3eMHOil NOBEPXHOCTH, IpeIBapANIMX 3eMIeTPACEHUS.
Taxne medopmap KBA/MPUIMPYOTCA KaKk KUHeMaTHYeCKUe IperBecT-
HUKM 3eMIeTDSACEeHUik.

3HaueHNe TeONe3UYeCKUX U3MepeHuil B pemeHUM NIPOCJEMH IpOr-
HO3a 3eMJeTPACEeHUi OCHOBHBAaeTCA HA BeChMa NPaBIONOINOCHOM Ipel-
NIOJIOREHMM O TOM, YTO CTOJb I'DAHIMO3HOE fABJIEHHME KaK 3emiIeTpsace-—
Hie, NPUBOLAUEe B pe3yJbTaTe K OUEBUIHHM CMEWleHUAM 3eMHO# I10-
BEDXHOCTH, He MOXeT IONIOTaB/MBATHCA 0e3 KaKkmX-Juo0 OCHapyku-
BAQeMHX COBDEMEHHHMM W3MEDUTeJbHHMA CpeICcTBamu Oedopmalmii. ITH
IefopMalyd B KaROHH NAHHH{ MOMEHT MaJO 3aMeTHH, TaK Kak Ipoliecc
HaKOIJICHIs HalpsAReH:it umeT LMTeJbHOe BpeMs, H3MepsgeMoe IOINaMu
1 JeCATWIETHAMU, HO CaMO UX CyWEeCTBOBaHWe B MEPUOT MONTOTOBKU
3eMIeTpsACEHU# He BH3WBAeT COMHEHHMil. 3allaya, TakuM 06pa3oM, COC-
TOMT B MCCJIETOBAHMM XapaKTepa MX IPOABJEHNA.

BaxHoit cocTaBHO#t 9ACTHI MPOTHOCTUYECKUX MCCJIEIOBAHME AB—
JeTCA U3ydeHMe CMemeHMt 3eMHO# MOBEPXHOCTH, BO3HMKAUWKX B pPe-
3yJbTaTe CWIHHHX 3emleTpsaceHmit. Takue NaHHHE CYWECTBEHHO MIONIOJI-
HART MHPODMAlM, HeOOXOIUMYD ceficMosoraM IJIA IOCTPOEHUA MOme-—
Jeli 09arOB 3eMICTPACEHM{i, Ge3 Yer0 HEeBO3MOXHO NPOIBUREHME BIe—
Pell B NOHMMAHUM NPHMPOIH 3TUX ABJICHMH.

Heckoabko mMHOe HasHaueHue uMelT I, co3nmaBaeMue B paitoHax
PaclOJIOReHNA KDYOHHEX TUOPOSJEKTPOCTAHIMii ¢ BHCOTHHMM HJIOTMHAMH .
[lpemMe TOM ¥M3y4YeHUd 3M1eCh ABLIOTCA AedopMaly 3eMHO# IIOBEpPXHOC—
TH, IPOUCXONaUNMEe IION NeHCTBUEM LONOJHMTENILHOR HATPY3KM GOJBUMX
MacCc BOMH, M3MeHAoWeiicd K TOMy Xe BO BpeMeHM (Kak DK 3alojHe-
HUM BONOXDAHWIILA, TaK X B [epHoj sKcmiIyaTaimu I'3C). M3BecTHHe
B MHPOBOif IpakTHKe ABJIEHUA TaK HA3HWBAeMO# "HaBeleHHOR ceiicMuu-
HOCTH" IPUIAKT STUM HAOJIONEHUAM ¥ IPOTHOCTUYECKMHE CMHCJI.

B MecTax MHTeHCUBHO# NOOHYM HedTM ¥ rasa HCCJIENyeTCA peak—
L{A 3eMHOZ MOBEDXHOCTM Ha OTKAYKYy yKa3aHHHX QUUOMIOB. CO3TaHHHE
TaM NOJMI'OHH HA3BaHH TEXHOTEHHHMH.

lI3yuenne mepopmaimii 3eMHO#t KODH MMeeT Takke COJbIOE 3Ha-
YeHHe IJIA OompelneJieHWd odweil HalpaBJeHHOCTH MeIJIeHHO IPOUCXONsi-
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WX TeKTOHMYECKUX NBUXEHMII KDMIIIOBOT'O XapakTepa, 4YTO BeChMa
CYUWeCTBEHHO P CeiCMOTEKTOHWUYECKOM DalOHADOBAHUM OTIEJBHHX
TepPUTODHif, NEePCHEeKTUBHHX IJA BO3BeIEHMA KDYUIHHX HHESHEDHHX
COODYXEeHUH.

Hadmomenua Ha co3maHHHX INJI, Kak mpaBUJIO, BHIIOJHANTCS
clelMaymcTaMil IIPOU3BONCTBeHHHX npelupuaTuit [YITK CCCP. HayuHo-
MeTOIMMYeCcKOe DPYKOEOINCTBO padoTaMu ocyllecTmideT [[HMTAuK, ko-
TOPHi#i pa3padaTHBAeT TaKke MeTOMIKYy OCpaCOTKU U aHam3a De3yJb-
TaTOB. HemocpencTBeHHas o6padOTKa pe3yJIbTaTOB BHIOJHAETCA Kak
B NPeINpRATHAAX, Tak # B [[HITAuK.

Padorn Ha TJJI mMenT CBOK CHEIMPULY, He HO3BOJLIOUYH CHCTPO
oJiyyaTh UHTepecywIMe Hac pe3yJbTaTH. Tak KakK UCCJeIOBIHUI
NMoIIexaT Dpa3BUBAUMECS BO BPEMEHM IPOLECCH, TO eIUHCTBEHHHM
CPeICTBOM (uKCAIMM UX COCTOSHUI ABIANTCA OePUOTHYECKU IIOBTO-
DAEMHe IMKJH U3Meperu#. IJ1a TOoro 4TOOH OCHADYRUTH XapaKTeDHHe
OCOGEHHOCTH ¥3ydYaeMoTro Ipolecca, TpedyeTcd Kak MUHMMyM 3-4
IMKIa TaKMX U3MEPEHHil, KOTOpDHEe 3aTeM IOJEHH OHThH IPOLCJIXEHH
C Y4YeTOM MOJyYeHHHX Pe3yJbTATOB. YUUTHBASA 3HAYATEJBHYD CTOU-
MOCTBH BHCOKOTOUYHHX I'eOne3¥4ecKuXx padoT, a Takke TOTHOCTHHE
XapakTepPUCTHKY FMEIUMXCSA y Hac CPeINCTB U3MepeHMit, IIOJHHEe HOB-
TODHHe IMKJIH Ha GousbumHCTBe IIII BHOOJHADTCA C MHTEDBAIOM 3-5
JaeT. g 3@deKTUBHOI'O pemeHMs HPOTHO3HHX 3a1ad HeOOXOIMMH, Ol-
HaKoO, 60Jee 4YacTHe HAGONeHUd, YTO SKCIEePDUMEHTANBHO IOLTBEDX-
IEeHO yXe INOJy4YeHHHMU De3yJbTaTami. [[09TOMy Ha Heckoapkux IT'II,
KOTODHe BHIEJEHH cefiyac Kak uccJemopaTedbckue (ITIM), OHI coxpa-
mMeH MHTeDBaJ MeXIy IIOBTODHHMA IJIKIAMY M3MEePeHHf#t IO IBYX JeT,

a Takxe CO3IAHH Ha HUX JIOKATbHHE IIOCTPOeHHA, TIIe HalJIofeHuA
BHIIOJIHAKNTCA C UHTEDBAJIOM B HECKOJBKO MecdlleB. TakOBHMK ceifyac
ABIAOTCA AMMa-ATUHCKHI, ®epraHckuil (BKJoYas paiton Tamkexrta),
[lerponarmoBck-KamyaTckuit ¥ Awxadamckuit TIIH. Kpome Toro, Jo-
KaJbHHE IIOCTPOEHUA C IIOBHIIEHHOX NEepUONUYHOCTHI U3MepeHuit cy-
mecTByT Ha TII lleku-Kopmamup B 3akaBkasbe, a Takke Ha I
T3C. B mocaenneM ciayyae HaGJmoIeHUS B IEPUOIH 3aMOJHEHUA BOIO-
XPaHUJ BHITOJHAIOTCA EXeTOIHO.

PesysbTaTH padoT Ha oTHeJbHHX TNl 1O Mepe HaKOILIEHUA Hal-
JoneHuit ofpadaTHBATCA ¥ aHauM3upyTcsa. B koHue 1985 roma B
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pamMkax COBMECTHO# padoTH mpemnpaaTui IVIK CCCP u [HIMTAMK mox
HAYYHO~-METOIMYECKMM DYKOBOICTBOM IIOCJENHET0 OWIM IO eIMHO#| Ipor-
pamMe OGOOlEHH HaKOIJIEHHHEe K 3TOMy BPEMeHM MaTepHasH Hadumone-
HU}i ¥ BHIIOJHEH aHam3 Hedopmaumit Ha Tex IMJI, I'le MH pacrnoJara-
J1 HeOOXOOUMHM O0BEMOM IOBTODHHX W3MEepeHMiA.

B sTOM mOKIame KpaTKO coodwaeTcs O HEeKOTODHX IOJy49eHHHX
pesyJibpTaTax.

2. HexoropHne pesyJbTaTH aHamM3a Tedopmarmit
3eMHO# NOBepXHocTH Ha Il

KamyaTka. 3TOT MOJYOCTPOB ABNAETCA YHUKAJIBHEHM OOCBEKTOM
TeOIMHAMIYECKUX HccJenoBaHuii. Ero mojiogkeHMe BOJM3M 30HH cyO-—
IyKIMA EBpnauiickoif ¥ TUXOOKeaHCKO# TeKTOHMYECKUX IIUT O0yCJIO-
BUJIO BHCOKYX BYJIKAHMYECKYH M CEHCMUUYECKYl aKTUBHOCTEL. B 3TOM
peruoHe MPOMCXOIMT OKOJO 80% BCeX CWILHHX 3emleTpaceHuit B CCCP.
Cka3aHHOEe OmpeleJsouUIO co3mamyMe 31ech HecKOJbkUX INJI, HaueJeHHHX
Ha u3yueHue Hedopmaiyii 3eMHO#t KODH, OGYCJOBJIEHHHX HIPOLECCaMi
BYJIKQHU3Ma, a TaKke aKKyMyJAIMEe# TEeKTOHUYeCKHX HAUDSReHUR B
30HEe KOHTaKTa TeKTOHMYeCKUX WmMT. 3TH I cosmaruw IVIK CCCP
no npernjioxeHusM MHcTUTyTa ByskaHosoryw [JBHI AH CCCP.

B KavecTBe mpuMepa OpMBEIeM De3yJbTATH OmpeneJieHud Iedop-
Malit 3eMHO# IIOBEepXHOCTM, IOJydeHHHe Ha KapumckoMm I, co3maH-
HOM B paiioHe ByJKaHa KapuMmckuit. Brja nocramileHa 3ajavya U3YIUTh
33KOHOMEPHOCTH yKa3aHHHX IedopMaiMii B ITPOIOJIKEHMM HOJIHOT'O 3pym-
TUBHOTO [MKJIA ByJKAaHa, KOTODH} IIO IAHHHM BYJKAHOJOI'OB COCTAaBJI-
eT I0-I2 JjeT. CpaBHUTEJBHO HEGOJBIAS HPOINOJKATEJNBHOCTH 3TOTO
IMKJIA [IO3BOJIUIA C XOpouejl TeTalbHOCTBN OXBATUTH €0 M3MeDeHMAMM.
UeTnpe BHIOJHEHHHX 3IeCh IMKJIA T'eOne3WdYecKUX u3MepeHuit (1975,
1977, I98I, 1983 r.r.) OXBATHBAWT MEPHUON, BKJIOYAKIMA aAKTHBH3a-
IM0 ByJKaHa, ero u3Bepxerue (I976 T.) ¥ NOCTeleHHOe 3aTyXaHue
BYJIKAHMYECKOft NeATEJBHOCTM BILUIOTH IO ee IIOJHOTO IpeKpaleHus.
Ha ocHOBe aHa/M3a UMeUMXCA M3MeDeHU# YCTAHOBJIEHO, YTO IIEePHOT
Hauoosblleit aKTUBHOCTH BYJIKAHA COIPOBORIAETCA MHTEHCUBHHM pac-
TAXeHMeM Tepputopuy I'IMI. 30HA MAKCHMAILHHX Iedopmaimit, NOCTH-
raoumx BeJMuuH (+37 12,5)-10’6 (muraTamua), cMelleHa OTHOCHTEJb-
HO KOHyca ByJIKQHa M COBIQTaeT C y4acTKOM HamdoJbmeil celficMuyec—
Ko# akTtupHOCTH (cM.puc.Il). IIpekpailleHMe aKTMBHOj} BYJKaHMYECKOii
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IeATeJPHOCT! IPUBONAT K OCpaTHOMY Ipoleccy, HO ¢ ropasfo MeHb-
UMM CKOPOCTAMM HedopMaiii, ITOT NPOLECC elBa HaMeTHJICH B MH-
TepBaJle MERIY TPeThVM ¥ YeTBEDTHM IMKJIAME U3MepeHult ¥ TOJBKO
nocJjelyoue HalJIoNeHMA MOTYT mOKas3aTh, Kak OH OyIneT pa3BUBATb-
cA nanee. IlosydeHHHe IaHHHE [PelCTARLIOT YPe3BHYAMHHWA HHTepec,
CTaBAd pAIl BOMPOCOB, OTBET Ha KOTODHE BYJIKAHOJOTAM eme HOpeNCcTOUT
HaiiTA. OGIMPHOCTH HaluaomaeMuX HedopMalii OIZHOT'O 3HaKa T'OBODUT O
3HAYMTeJbHHX IVIyOMHAX ¥ pasMepax UCTOTMKa Iedopmaimit. [Io kpai-
Heil Mepe UX HeJB3d OOBACHUTH INABJIEHUEM B Y3KOM BEDTHUKAJBLHOM
KaHaJle BYJIKAHA, UTO MOTVIO OH IPENCTABRIATLCS €CTECTBEHHHM.

CyeyeT NIONYEPKHYTH, 4YTO CTOJH NEeTaJbHHE KOJMYeCTBEHHHE
IaHHHe O Ie@OpPMalMOHHHX IIpOIleccax B pailoHe HeiicTBYyWEr'o BYJKaHa
MOIVIM OHTH NOJYYEeHH TOJNBKO Ha OCHOBE CIeIMaNbHO TOCTaBJEHHHX
BHCOKOTOYHHX HaCJIONEHUH .

CDelHe—-A3MATCKUY DEeTWOH., YKa3aHHH{ peTHOH OWJI IePBHM, IIe
Hayam cosnasaThesa IO Lia u3ydyeHdAsa Iedopmaimit 3eMHO# KOpH B
CBA3K C IpOGJeMOft MporHO3a 3emileTpsceHuit. OH OTJMMYaeTCsa BHCO-
KOll ceifcMUYHOCTEHD,IPOABUBICiiCA B mOCJeTHEe CTOJeTHe B dopme
HECKOJIBKMX KaTacTpOfUYecKUX 3emleTpsacemMit. B cBA3X ¢ TeM, d9TO
B 9TOM DeTMOHe DACIOJIOXEeHH KDYIIHHE AIMUHMCTDATUBHHE U IPOMHUVIEH-
HHe LEHTPH C CoJpmofl ILIOTHOCTHO HaceJeHUs, Ha Hero olpaieHo
0oco60e BHMMaHMe. 3Iech CO3LaHH HamboJee aKTUBHO (YHKIMOHMpYHIME
TIII: Amva-ATmHCKuit, DepraHckuii, OpyH3eHcKmit, Iasimiickmit, Lywan-
OMHCKMiI ¥ HEKOTOpHe mpyrue, a Takke IIII TokToryibckoft, JapBak-—
ckoit ¥ Hypekckoit I'oC.

Kakx y®e rOBODWIOCH BHIle, BaXHelmei#l 3amayeit reommHamuyec-
KUX UCCJIeIOBAHMI ABJIAETCA NOMCK U U3yYeHUe Da3BUTUA BO BDEMEHH
KUHeMaTAYeCKUX NPeNBECTHUKOB 3eMJeTPACEeHu#t, T.e. QHOMAIBHHX
Iedopmaimii, KOTODHE NIpPenBapsioT BO3HUKHOBEHUE CEeUCMMUYECKUX
TOJUKOB. Takasa 3alaya MOXeT pemaThCAd TOJBKO Ha OCHOBE MaKCh-
MaJbHO TOYHHX M NOCTATOYHO YaCcTHX [IOBTODHHX HalJlomeHWit. B Hac-
TOSmEe BpPEMA MH pacloJiaraeM IaHHHMU, OO3BOJIAOLVMY CYATATh, YTO
IpeIBeCTHMKOBHE Iedopmaipm (MKCUDYWTCH, IO KpaitHeit mMepe, B pe-
3yJbTaTaX BHCOKOTOYHOT'O HUBEJIPOBaHMA. [[POCTPaHCTBEHHO-BPEMEH-
HHe TpapuKy BepPTUKAJLHHX CMelUleHUil IO JMHUAM Ha AMa—-ATHHCKOM
(puc.2) u depranckom (puc.3) T ¢ HAHECEHHHMU HA 9TH TPAPUKU
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MOMEHTaMM I[IPOMCUeNIMX 3eMIeTDACEHHH NOBOJBHO HAIVIANHO NOKAa3H-
BanT 3TOo. OOHAKO HEO6XOmuMO CO Bcejt ompeneJleHHOCTBHI MONYepK-—
HyTBh, 4YTO HaMedeHHad elle [.A.MewepsAKOBHM cxema IIpeIBeCTHUKOBHX
Iedopmaimit peaM3yeTcs He Bcerna X NOTPeSyOTCA IONOJHMTEJBHHE
OPONOAUTEJNbHHEe ¥ KPOIOTJMBHE HAGJIONEHUsS, KOTODHE IIO3BOJAT
JCTAQHOBUTH €€ CTATUCTUYECKYH 3HAWIMOCTEH U BHECTH HEOGXOIVMHE
KODPEKTHBH.

KpacHOpeWMBHM IOPHMMEPOM HAIERHOU (uxcaimyi MeIJISeHHHX TeKTO-
HUYeCKUX NedOopMAIMi ABIAOTCHA cXemd (puc.4), NOKA3HBAWLME IJIA
Amva-AtuHckoro Il pas3BuTHe Tarux Jefopmarmit. OHM 3afMKCUPOBAHH
IByMA ODapaMid HE3aBHCHMHX IMKJIOB U3MeDeHuit. HaryiqmHo BUIHO CXOn-
CTBO XapakTepa Iegopmalyif (3BeHO CeBepO-BOCTOYHOIO IPOCTMDAHNMA).

BusRIeHHOE U3MepeHWsMM Ofljee CRATUe B HaAIpPABJIEHUH CeBepo-
3anal - Kro-BOCTOK XOPOWO COTJIACyeTCH C IPeNCTaBJIEHUsME TEeKTO-
HUKA [UIAT O XapakTepe ne@opmalmii B CpemHe-A3MaTCKOM DEeTHOHe
(puc.5).

Upe3BHYAHO MHTEPECHHEe ¥ BaXHHE De3yJbTATH MOJIy4YeHH IIpH
W3yJeHmM pacOpeneJieHAA IefopMmaimit 3eMHO#t KODH, ABUBIUXCHA CJel-
CTBHEeM M3BeCTHHX l'assuiicxux semneTpacerust 1976 = 1984 r.r.
BeaencTBEe TOTO, YTO 3TH 3eMJIETDPACEHHs OPOU3OIUIM B DajioHe, Iie
padee OHJI CO3NaH T'eONMHAMUYECKHUii IOJMIOH, JOAJNOCH IOJYUUTH
IeTalbHyl0 KapTHHY DaclnpellesleHAsA KaK BePTUKAJBHHX, TaK U TOpH-
30HTAJNBHEX Jedopmaimii. CXeMd Takux nedopmarmii (puc.6) yxe
ony6/mMKOBaHH B cTaThe B.A.lluckyymua # A.ll.Paiiamana "O megopma-
IMAX 3eMHOJ IOBEpXHOCTH B paitoHe Tazm" ("Teomesus ¥ KapTorpa-
fua", 1985, % 9, ¢.53-57). IloryYeHHHe NAHHHE ABIAKNTCA HANEKHOR
9KCIEePMMEHTANBHO! OCHOBOI IJIg W3ydeHAA MeXaHW3Ma 0YaroB IIPOKC—
MeIMMX 3emiIeTpsiceHMit. OHE HATVIAMHO NOKA3HBAWT TaKXe MUTDAIHI0
09aroB B 3allaNHOM HalpaBJeHWH, IaBasd OCHOBAHUA IJIA ITPOTHO3UPO-
BaEMA MeCT OyIyumX TOJUYKOB. CJleqyeT OTMETUTH, 9TO IIOCJEe 3emiIe-
TpsAceHus 1984 r. reomesmdecKue NagHHEe OWIM IEPBHMHA, I1O3BOJIUB-
MMMA CUCTEMATH3MPOBATEH DPa3pPO3HEHHHe TIeo{U3KMdecKue HaCJoNeHu:.

Kapkas ¥ KapgaTH. C TOYKM 3DeHNWd M3Y4eHUsa DAa3BUTUA MOJIO-
IOHX CKJIANYATHX CTPYKTYD NOKA3aTeJbHH De3yJbTATH, IIOJyUYEeHHHEe
Ha Tl lexu-Kopmamup, coznaHHoM B 1981 r. B A3epdaiimraHe B
openropeax IynaBHoro KaBkasckoro xpedTa. 3meCh Ha JIMHUAM IIDUMEDHO
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MEDUIMOHAJBHOTO HANpaBJeHUA LMHOR OKOJO 40 KM IOCTaBIEHH pe-
MAMHHe HaG/IONEeHUA C MHTEDBAJIOM MeRIy IMKJIAMA 2-3 Mecsla. Bh-
NIOJIHeHHHe 1O cepenHH 1986 r. 20 IMKJIOB NOBTODHOT'O HUBEJMPO-
BaHMA OWIM 00paCOTAHH COBMECTHO C LeJbD ONpeNeJieHNs HAJeKHHX
3HaueHn{t cKOpocTe#l BeDPTUKANBHHX CMemeHMii 3eMHO# IOBEDXHOCTH
(puc.7). Ilomy4eHHHE DE3YJBTATH CO BCEe# ONPEeNeJeHHOCTHD yKa3H—
BaJM Ha HANpPaBJIEHHHY M YCTOWYMBHII XapaKTep HPOUCXOILIUMX Iedop-
Maipi#t, COOTBETCTBYWUMX Kak GyITO OH U30CTATHYECKOMY BHDABHU-
BaHMi0 TeppuTOpMH. OCHApyXeHa TecHasg OOpaTHAsA KODPDEJAIMA CKOPOC—
Te#t BepTHKAJBHHX IBIKCHMI ¥ OTKJIOHEHMH BHCOT NPOPHUJIA JIMHUU OT
npsmofi. [IpuBJIeyeHNe TeOJOTHYECKMX IAHHHX NO3BOJAET 3aKJI0ITH,
9TO yKa3aHHH{l MpOoIecCc 4eTKO OTpaxeH ¥ B mefopMalMax CJOeB I'Op—
HHX IOPOX. [IpomoJoreHUe HaG/mONeHUE IaJo, ONHAKO, COBEPmEHHO
HEORMIAHHHE pe3yJbTAaTH: INOcJelyluye IAThH LMKIOB U3MEeDeHuit 3a-
duKCHPOBAM Pe3KOe M3MeHeHMe HaMpaBIeHHOCTH IBWReHMi. Hadumo-
JaeMoe 3a 3TOT IIePHON CMelleHRAe HOJNHOCTBI KOMIEHCHPOBAJIO HAKO-
ImMBmeecd 3a DPeIHIyupit mepuoxm (4,5 roma) ¥ make MpeB3OWIO ero,
BHOBb OTpa3UB OCOGEHHOCTM NPOCTUPAHMA CJOeM TODHHX IOpOJ.

B kagecTBe WumocTpaIipM IedopMmalmii 3eMHOK KODH B pajtoHe
[IprkapnaThd OpMBeNEeM De3yJbTaTH aHam3a OBYX OMKJIOB M3MepeHuit
Ha KumuneBckoM TIMI. OTM M3MepeHHMA BHOOJHeHH B 1982-1984 r.r.

BuABJIeHHHE TOPU3OHTANBHHE CMeWeHWs NYHKTOB JIHe#HO-yTJIo-
BOit ceTH NOBOJBHO ONpeleJIeHHO pacHamanTcsA Ha TPU TPYIIH, dTO,
NO-BUAMMOMY, CBA34HO C NPUHAIIEXHOCTBN 3TUX DY NYHKTOB K
DPa3MYHEM TeKTOHMYeCKMM OJIOKam (pHc.8). YKasaHHHi ceficMoJoramu
TeKTOHMYECKH# Da3joM XOpOmoO BOUCHBAETCA B IOJy49eHHYIO KapTUHY,
YTO, KOHEYHO, IIOBHIAeT ee NOCTOBEpPHOCTh. boJee OmpelneJseHHHe
BHBOIH MOXHO OyIeT cIeJaTh IIOcJe aHam3a HAGJOIEHA} TPeThero
IMK%a, KOTODH}t BHIIOJHSJICA B TeKyuUeM TOLY.

LI I'SC. MsydeH xapaxkTep HeoOpMUPOBAHMA 3EMHOH IOBEDPXHOC-
TH B pajioHax I'3C ¢ BHCOTHHMA IJIOTMHaMM. K HacTOsmeMy BpeMeHN
KOHKDETHHE WACJOBHE NAHHHE IIOJYYeHH IJiApaioHoB UHrypu, IMpKeii-
ckoit, Yapmakckoii, Hypexckoit u ToxToryinesckoit I'dC. HamexHO @MK-
CUpyeTCsa CBA3b MEXIy M3MEeHeHWAMd YDPOBHEA BOYH B BOIOXpaHIULMLE
U M3MeHeHHeM BHCOTHOT'O IIOJIOKEHHMd peldepoB. Ha (oHe usMeHeHui,
O0BACHAEMHX YODPYyTO# oTmadei#f, HAGMONATCA X OTIEJbHHE AHOMAJIUM.
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[IpumMepoM MOCJNENHUX ABJIANTCA MHTEHCHBHHE IedopMawyM B 30HE
Tawtaco-Pepraickoro IyCMHHOTO pasfioma Ha INI TOKTOTYJBCKO#
T3¢ (puc.9 m I0). 3T medopmalpM DA3BMBAWTCA HA Yy9ACTKE MOPOTHA-
XEeHHOCTBD 15 KM. CKODOCTH BePTHKAJBLHHX IBMREHMiH DelepOB 3TOTO
ydacTka ODOCTUTawT B OTHEJbHHEe NEPHONH, a VMEHHO IPU MaKCHMAJb-
HOM ypOBHe BOOH B Bomoxpamamame, 20 mm/Tox. HamGosnee medopmm-
pyemad 49acThb yyacTka Oym3ka K Tallaco-depraHCKOMy pasJjioMy, Kak
OH HaMeYeH IO TEeKTOHMYECKNM CXeMaM, HO TOYHO He COBIANaeT C
WM. Hy®HO NONYEpPKHYTH, 4YTO B COIVIACOBAHHOM IBUEEHMN y49acTBY-
BT He OTHeJbHHE Denepa, a 3HATUTEJHHHE TOJIIM BEPXHUX CJOEB
3eMHO# KODH.

TeXHoTeHEHe HOJMIOHH. B kadecTBe IpmMepa pa3BHTUA TeXHO-
TeHHHX JedopMalMii MpEBeleHa cXeMa CKOpPOCTe#l BepPTUKAJIBHHX CMe-
MeHAR 3eMHOft MOBEPXHOCTH Ha AMUEPOHCKOM NOJIyOCTDOBe, Ie YXRe
MHOTO JeT BeleTcA pa3padoTka HedTAHHX MeCTODOXIEeHHi. ITH pe-
3yJBTATH NMOJYydeHH M3 COBMECTHO# OGpaCOTKE HECKOJBKIX LMKIOB
HVBeJIMPOBAHAA, BHOOJHEHHHX HaumHadg ¢ 1949 r. (pmc.II).

CymecTBeHHOE MeCTO B HAIMX padoTax OWIO OTBENEHO COBep-
[eHCTBOBAHHI MeTOIOB OCpaCOTKM HaGJMIEHM, BHIOJHJEMHX C HEJbH
ompeneJieEMa nefopmarMit 3eMHOZ KOpH. B HMTOre OwIO0 pa3paloTaHO
x B I985 r. omyG/mKOBaHO MeTOmMYeCKOe Iocolme "Teonesudveckue
MeTONH M3ydeHHMs INedopmaimit 3eMHOE KODH Ha I'eOJMHAMUAUYECKUX
noymroHax". OHO cOnepxUT U3JNOKEHME CymecTBa pa3paCOTaHHHX K
HacToAmeMy BPeMeHH MeTOIOB aHaym3a NedopMaryii Ha OCHOBe MOBTOD-
HHX T'eOme3UYeCKUX U3Mepenui#t. ETO OCHOBHHe pPe3yJbTaTH OPHEHTHPO-
BaHH Ha HENOCPeNCTBeHHOEe MpaKTHdYeCKOe HUCIOJb30BaHMe. OHO ABH-
JIOCh OCHOBOf#l 1A aHaymM3a IedopMaipit, O KOTODOM I'OBOPWIOCH
BHIIE .
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CXENA JJUIATAIA A HA KAPHMCKOM T4l (nepuog I983-1975)
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FAULTING IN THE CONTINENTAL LITHOSPHERE AND MOVEMENTS

IN THE NEAR-FAULT ZONES

S.I.SHERMAN

Institute of the Earth Crust, Siberian Branch of the USSR
Academy of Sciences

Irkutsk, USSR

Abgtract

Faulting in the lithosphere obeys physical laws of defor-
mation and destruction of viscoelastic bodles. It is establi-
shed that amplitudes of displacements along faults are func-
tionally related with the fault length. The width of the zone
of dynamic effect of the fault depends on the thiclkmess of
the deformed layer, its rheology and the state of stress. It
1s shown that the distribution of movements in such zones is
irregular. Other relationships between main parameters cont-
roling the systematic fault net are discussed. It is under-
lined that it 1s reasonable to consider the factors, which
"digturb" the crust movements near large faults.

PA3BUTVE PA3JIOMOB KOHTVHEHTAJIEHOA JIMTOCZEPH U JBVHEHMS

B [PYPA3JIOMHEX 30HAX

C.J.IUEPMAH

MHeTutyT 3eMHoit kopw Cubupckoro oTpenenua Axagemunm Hayk CCCP
Mpxyrck, CCCP

AHHOTaIMA

PasBuTie pasiomoB B JMTocfepe MOQUMHAETCA 34KOHaM paspyue-
HUA yOpyro-BA3KMX Tejl. YCTAHOBJIEHO, UTO aMIIMTYLH CMeLeHUit Io
pasnomMaM yHKLMOHANBHO CBA3&HH C MX IJIMHON, WMPUHA 30HH JAUHA-
MUUECKOT'O BJIMSHUS PA3JIOMOB 3aBUCUT OT TOJUWMHH cJofA AedopMMpo-
BaHUg, €ro peoJOTMM M ycioBuit HarpykeHus. [lokasaH HMCKpETHHH
XapaKTep paclnpejeseHUs OBUKEHU)A B B0HAX IMHAMUUECKOI'O BIMAHUA
pasjyioMoB, HOaHH OpyrMe 3aBMCUMOCTH, ONpelelfAvljie PeryiapHOCTb
CEeTKM Pas’oMOB 3€MHO} KOpPH. AKLEHTMPOBAHO BHUMaHWe Ha LieJeco-
o6pasHOCTH yueTa (fakTopoB, '"MCKakaouux" HabJONaeMHe IBUKEHUA
KOPH OKOJIO GOJIBIMX pPasjioMOB.
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Movements of the Earth's crust are most pronounced in
fault zones. Irrespective of their age and morphogenetic
type, faults are easily subjected to activation even in per-
manent stress fields and have considerable amplitudes of
vertical and horizontal movements. Moreover, faults have the
zones of thelr dynamic etrfect, movements of the crust within
which are of complex and ambiguously interpreted pattern.
They differ from crust movements associgted with the geotec-
tonic regime of the whole region.

Studying current crust movements by geodetic methods and
interpreting recent geodynamic data, one should consider
peculiarities of faulting and displacements within the limits
of fault zones.

Undoubtedly, faulting in the continental lithosphere
obeys physical laws of deformation end destruction in Maxwell
viscoelastic body. Mapping shows that the continental fault
net 1s systematic in directions, intervals between faults,
their lengths, and in other factors. The exception 1s few
global faults with the lengths over several thousands of
kilometers. They are not always coordinated with the general
orientation of lineaments, and their parameters sometimes
disagree with those of other faults.

In this paper, I discuss the quantitative expression of
gystematic faulting in the continental crust that should be
taken into account in geodynamic investigations, including
the analysis of recent crust movements.

To describe physical peculiarities of faulting, quantita-
tive criteria are used, that are parameters of faults, such
as length, depth of penetration, amplitude of displacement,
interval between parallel faults of commensurable length,
width of the zone of their dynamic effect,and others.

The less studied and most important for the discussed
problem is the parameter of the zone of dynamic effect of
faults. It is a three-dimensional body surrounding the fault
where plastic and fracture or elastic deformations result
from fault development and displacements along the fault
plane (Sherman et al., 1983). In plane it is an ellipsoid
grea within which the field of stress and deformation
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changes due to dynamic effect of the fault. The width of this
zone depends on the morphogenetic type of the fault, the thick-
ness of the layer or layers involved in deformation, the rate
of deformation, rheology, and some other factors (Fig. 1).

Direct geologic methods generally give ambiguous values of
the width of the zone of dynamic effect of the fault and do not
reveal 1ts dependence on other parameters of faults. Structural
and other geological criteria affecting the width of this zone
are studied by physical modeling (Shermean et al., 1983). This
method allowed us to estimate ratios between the width of the
zone of dynemic effect and the above-mentioned parameters of
faults (Fig. 2). We extrapolated the obtained values on real
geologic situations using the theory of similarity. We suggest
that in the near-fault zone there are certain additional defor-
mations,"disturbing" the general pattern of crust movements in
the region: The width of the near-fault zone is suggested
several tens or hundreds of meters for local faults and tens
or a hundred of kilometers for global faults. Diagrams in
Figure 2 show the principal factors regulating the width of
the zone of dynamic effect of the fault.

It 1s important to know the real values of displacements
and their relations with other parameters. Investigations of
peculiarities of the Barth crust destruction show the existance
of systematic relationships between parameters of faults, that
are relatively uniform within large regions and most probably
depend on geotectonic regimes.

The relationship between the length of faults and the
amplitude of strike-slip displacement seems particularly inte~
resting. Figure 3 shows the relationships between these para-
meters after V.V.Ruzhich and S.I.Sherman (1978). The diagrams
are based on the results of structural mapping of metamorphic
and igneous rocks, diverse in composition and age, in the Pri-
baikalje and Zabaikalje regions. Fault slips of several centi-
meters and hundreds of meters which are well fixed in the out-
crops were measured, as well as the local and regional faults
of some tens of kilometers, formed by tangential stress. It
was established that amplitudes of displacement along the
fault strike range from zero at the fault ends to a maximum
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value in its centre. Statistical analysis of the data
reveals the correlation between the length of shear faults
and the amplitude of displacement given by

a = 0.,08L 977
where a is the amplitude of displacement in cm, L is the
length of the fault in cm. The amplitude of displacement is
1-8 % of the fault length. This equation is applicable to the
faults with the length up to tens of kilometers.

Jt is more difficult to obtain a similar ratio for longer
faults, because they generally evolve over a gignificant
period of time, during which the direction of displacement
may have changed. Total displacement along great faults is a
summary result of movements during several tectonic periods,
when slip in the opposite direction was possible. With respect
of thesge difficulties and probable ambiquity of results, we
analyzed the parameters of a number of great faults. The ratio
of the amplitude of displacement and the length of the faults
over 75-100 km appeares to increase significantly. This tenden-
cy 1s rather stable.

We discuss this ratio on three examples of great faults.
The Maln Sayan fault evolving since the early Proterozoic is
one of the largest faults in the Bast Siberia. It has 1000 km
length end the amplitude of horizontal displacement from 40 to
80 km or 4-8 % of the fault length. The emplitudes of displace-
ment are 10-25 % of the length of the Sikhote-Alin (L = 500 km,
a = 120-140 km) and the Fudzino-Imen (L = 200-400 km, a = 40
¥m) faults (Pushcharovsky, 1972). Figure 3 shows the increase
of the ratio a/L for higher values of the fault length and
time of their development.

Faults of the late Cenozolc activation associated with
great earthquakes are characterized by the other ratio a /L.
The analysis of the data on the Gobi-Altai 1957 earthquake
(Gobi-Altaiskoe ..., 1971), Anotolia, Caucasus, and Hindu-Kush
(Nowroozi, 1971) shows that the ratio a /L is about 0.0001-
0.0007 or 0.01-0,07 %.

Comparigson of the above-mentioned data and the analysis of
the curves (see Fig. 3) reveals that faulting is strongly de-
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pendent on the deformation rate. If tectonic stress is re=~
leased quickly, i.e. by earthquakes, elastic properties of
rocks predominate, brittle destruction occurs and the ratio
a /L has small values. Slow and long-term realization of
tectonic stresses induce processes of quasi-plastic deformation
and even ductile flow. In this case, the contribution of
brittle destruction in total displacement is considerably smal-
ler. The ratio a /L increases.

On the whole, irrespective of ,ectonic development of the
region, there appeares to be a general correlation between
the length of faults and the amplitude of displacement given by

a = KLP

where k and b vary within the ranges 0.01=0.08 and 0.8-1,2
respectively.

Thus, there is a correlation between displacement along
strike-slip faults and their length and degree of their acti-
vation. Along the fault strike, the values of displacement
change from a maximum in the centre to a minimum at the fault
ends. However, this change is not uniform. Basing on physical
experiments, V.A.Sanjkov and K.Zh.Seminsky (1988) reveal. the
distribution of amplitudes of displacement along faults in
the elastic and viscoelastic models and compare it with the
field observations (Fig. 4). The general statistic tendency
of a maximum amplitude of displacement to the centre of the
fault is well proved. At the same time, the discrete pattern
of distribution of amplitudes along the fault strike is
clearly observed.

Therefore, when studying the Earth crust movements and
control Ing measurement sites along great strike-slip faults,
one should take into account irregular changes of absolute
values of horizontal displacements, so that not to interpret
them as specific properties of the crust movements. Conside-
ring crust movements a precursor of great earthquakes, we
should locate an observation net in zones of dynamic effect of
faults.

Going back to the zone of dynamic effect of the fault and
the distribution of aemplitudes of displacements, for instance
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horizontal ones, we clearly observe that across the strike of
this zone, amplitudes of displacement grow from zero at the
ends of the zone to a maximum velue at the fault axis. Their
distribution is not regular.

Let us discuss some other peculiarities of the Earth crust
destruction, that are not so closely connected with crust move-
ments.

In practical terms, among the parameters of a systematic
net of faults the most important one is the interval or mean
distence between subparallel faults of commensurable lengths.
For a number of regions of the world, empirical relations
between the interval and the length of faults were obtained
(Fig. 5). In different regions, these analytical relationships
slightly differ in values of coefficients of proportionality.
For the whole Eurasia, this relationship is given by

M= 4.5 104 (in 1am)
with the coefficient of correlation r = 0.7 ¥ 0.3. 161 measu~
rements were used for 50< L< 650 km,

The interval between faults of the same range of length
depends on the distribution of stress fields and the thickness
of deformed layers. Without examining the physics of the pro-
cess of deformation, we suggest the general relationship bet-
ween the Interval M and the fault length L given by the
following equation 3

M = kLC®
where k and c are the coefficients of proportionality that
vary within the ranges 0,3-0.5 and 0.5-0.95 respectively.
These data should be taken into account for location of statio-
nary nets for observation of the Earth crust movements.

Generel pattern of faulting is strongly affected by the
relation between the length and the number of faults (Shexnen,
1977) (Table 1), as well as the distribution of the Earth crust
blocks according to their size (Sadovsky et al., 1987). Speci-
al attention should be given to recent studies of faulting in
permanent stress fields. A.N.Adamovich (1988) presents a
theoretical model of this process and proves the above-
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mentioned suggestion of irregular time~pattern of development
of seismogenic faults In a permanent stress field (Fig. 6).
The obtained data show that even in weak permanent stress
fields, dynamic equilibrium of environment is periodically
disturbed and activation of faults takes place in long time
intervals. Rate of activation, its increase, and the release
of tension itself are not regular in time,

Thus, zones of dynamic effect of faults are characterized
by the ununiform distribution of horizontal and vertical dis-
placements in time and space. Values of these displacements
and their deviations. from a general regional pattern of the:
crust movements depend on the scalé of faults, the stage of
development of the deformation cycle, and other factors
aggsoclated with physical laws of destruction of elastic and
viscoelastic bodies. Geologic formations and peculiarities of
geologic situations in the region are of minor importance.
They determine the state of the substance and sources of
deformation.

Movements of the Earth crust and the whole lithosphere
are one of the principal criteria of recent geodynamics of
the lithosphere. It is natural that analysis of the crust
movements and establishement of their relations with a comp-
lex of other geological processes and structures are given
much attention. Amplitudes and rates of displacements are
indices of activity of recent crust movements which characte~
rize current geodynamic situation.

Absolute values of the crust movements increase or de-
crease, depending on the zone of dynamic effect of the fault
and other quantitative factors of faults. With respect of
aims of investigations, one should exclude the zones of
dynamic effect of the faults from the analysis or study them
for a more precise evaluation of processes, for example,
displacements before earthquakes.

Now it seems possible to eliminate some errors in evalua-
tion of amplitudes and rates of displacements because of pe-
culiarities of the crust movements in the zones of dynamic
effect of faults. Modern tectonophysical concepts of
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faulting in the continental lithosphere and kinematics of
movements along faults should be considered for correct
interpretation of displacements in the near-fault zones and
other processes.

Literature

Ademovich A.N. Matematicheskoe modelirovanie tektonicheskoj
aktivnosti razlomov. Irkutsk, Institute of the Earth Crust,
1988, 17 p. (in Russian).

Gobi-Altaiskoe zemletryasenie. Moskva, Izdatelstvo Akademii
nauk SSSR, 1963, 391 p. (in Russian).

Nowroozi A.A. Seismotectonics of Persian Plateau, Eastern
Turkey, Caucasus and Hindu-Kush regions. Bull. Seismol.
Soc. Amer., 1971, v. 61, No. 2, pp. 317-343.

Pushcharovsky Yu.M. Vvedenie k tektonike Tikhookeanskogo
gegmenta Zemli. Moskva, Nauka, 1972, 222 p. (in Russian).

Ruzhich V.V, and Sherman S.I. Otsenka svyazi mezhdu dlinoj
i amplitudoj razryvnykh narushenij. In : Dinamika zemnoj
kory Vostochnoj Sibiri. Novosibirsk, Nauka, 1978, pp. 52~
57 (in Russian).

Sadovsky M.A., Bolkhovitinov L.G. and Pisarenko V.F. Defor-
mirovanie geofizicheskoj sredy i seismicheskij protsess.
Moskva, Nauka, 1987, 100 p. (in Russian).

Sanjkov V.A., and Seminsky K.Zh. Analiz smeshchenij po. razry-
vam v zone formiruyushchegosya transformnogo razloma. Geo-
logiya i razvedka, 1988, No. 4, pp. 10-18 (in Russian).

Sherman S.I. Fizicheskie zakonomernosti razvitiya razlomov
zemnoj kory. Novosibirsk, Nauka, 1977, 101 p. (in Russian).

Sherman S.I., Bornyakov S.A. and Buddo V.Yu. Oblasti dinami-
cheskogo vliyaniya razlomov. Novosibirsk, Nauka, 1983, 111
p. (in Russian).

Sieh K.E. Slip along the San Andreas fault associated with
the great 1857 earthquake. Bull. Seismol. Soc. Amer.,
1978, v.68, No. 5, pp. 1421-1448.

DOI: https://doi.org/10.2312/zipe.1989.102.03



Table 1

RELATIQNSHIPS BETWEEN MAIN PARAMETERS OF FAULTS IN THE EARTH CRUST

Main parameters

Relations between them

Coefficients of
proportionality

Width of the zone of dynamic effect
of faults M in m for strike-slip
faults (1), normal faults (2), and

thrusts (3) P

M=aH+blgVL+clgV

a, ™~ 1.0-1.5

a, = 0.9-1.0

a3 = 1.0

b1’2’3 = 0.004-0,009
01’2’3 = 0.,003-0.009

Amplitude of displacement a in km

k = 0.01-0,08
with respect to the fault length a = kLb b = 0.8-1.2
L in km
Interval m in km between faults of A k ~ 0.3=0.5
& given length L in km mAsNIel ¢~ 045-0.95
Length L and number of faults N in a-depends on length of
the regions with similar geotectonic L=a/ N‘D faults

regimes

b~ 0.4
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FIGURE CAPTIONS
S.I.Sherman. Faulting in the continental lithosphere and
movements in the near-fault zones

Fig. 1. Morphogenetic types of faults and zones of dynamic
effect of gtrike-slip faults (type I) (a), normal
faults (b), strike-slip faults (type II) (c), and
thrusts (d).

Fig. 2. Width of the zone of dynamic effect of faults M
versus the model thickness Hm(1), its viscosity
in Paes (2), and deformation rate V in mg™1 (3)
for strike-slip faults (type I) (I), thrusts (II),
normal faults (III), and strike-slip faults (type
II) (IV).

Fig. 3. Relations between length of strike-slip faults and
amplitudes of displacements along shear joints and
strike-slips (1) and seismically active wrench
faults (2).

Pig, 4. Distribution of amplitudes of displacements along
faults in the elastic (1) and viscoelastic (2,3,4)
models (after V.A.Sanjkov and K.Zh.Seminsky, 1988 )
and along the San Andreas fault, 1857 earthquake
(after K.E.Sieh, 1978) (5).

Fig. 5. Interval between faults versus fault length in the
Baikal rift zone (a), Altai-Sayan folded region (b),
East African rift zone (c), and Eurasian plate (d).

FPig. 6. The model of fault development in a permanent stress
field (after A.N.,Adamovich, 1988). Nondimentional
curves show time-dependent depth of penetration of
the fault (a) and rate of increase of penetration
depth vesus time (b).
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UCQIEIOBAHAE JEQOPMALMOHHEX [TPOLECCOB
BBII3M BPAHUECKOH OYAI'OBO# 30HH
BHCOHOTOYHEM HAKJIOHOMEPAMA

Wi axoBnri B.H.*, YepHHiit -

OcrpoBcrnit AE. ¥

C I983 r. mnop HuwyHeBOM Ha IuIyO6MHe 75 M JieiicTByeT HAKJIOHO-
MEepHas CTAHUMA CelicMOMPOrHOCTHuecKo# HanpasileHHocTH. HaGmopeHus
BHIIOJIHANT CA BHICOKOTOUHBMMA HakJoHoMepamu. MccerefywoTcA: 3eMHHe
NpPUINUBH, CIEKTPH B [POGHOCYTOUHHIX [Ualia3OHaX, HAKIOHH - Iped-

BEeCTHWKM BpaHueckux semieTpaceHuit.

[lpy coBpeMmeHHEX I'eofM3NUECKUMX MCCIENOBAHUAX, CBABAHHEX C
U3yueHueM [efopMalMOHHEX NpOLIECCOB HA 3EMHON IIOBEPXHOCTHM, BaK-
HOEe MECTO 3aHUMAaNT HAKJIOHOMEpHHE W3MepeHMA. OHM mUPOKO MCIONB3Y-
0TCH NpPU MCCIEeNOBaHNAX 3EMHONPUINBHEX ABJEHUH!, PE30OHaHCHEX a@-
¢exTOB BHyTpeHHero snpa 3emid, CIOKOBON CTPYKTYPH 3EMHON KOpH
¥ BepxHeit MaHTMM M np. OueHb BaXHOe 3HaueHMe 3TOT METOL NpPUOG-
peTaeT B CBA3M C yCUIMBUEHCA B NMOCIefHee BpeMmsa pa3paGOTKON Hayu-
HHX Y NpaKTUUEeCKUX BOMPOCOB NpPOGNEMH IPOrHO3a 3EMIETPACEHMH.
CBA3aHO 3TO C TeM, UTO IO CBOER NMPUPOLE HAKIOHOMEpHHE U3MEPEHUS
OTHOCATCA K KJIaccy RefopMalMOHHHX METOfIOB M3YUEHUS reofuanuecKux

ABJIEHU#, 8, KAk ClefyeT U3 JIUTEPaTYypPHHX HaHHEX [.I ] » UMEHHO

* Ionrasckas rpaBuMeTpuueckaf oGceppaTopua HHcruTyTa reodusu-
ku uM. C.U. Cyc6oruna AH YCCP.
?“ MonpaBckas OMHTHO-MeTopMueckad napTUf MHcTuTyTa reoduaukm
1 reonorun AH MCCP.
X% Yucruryr gusuku 3emmu um. 0.0, limumra AH CCCP.
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nedopMalMOHHEE METOAH KMMenT HauGoibmyn MHPOpPMATUMBHOCTD U HaLeX-
HOCTb MO OTHOWEHM K NpENBECTHHKOBHM SBIEHUAM, I'€HEpUPYEMHX &HO-
MaJIbHEM HaNpsxeHHO-LedOpMAPYEMbIM COCTOAHMEM TNIYOMHHHX IOpOf oua-
rOBEX 30H. EcTecTBeHHO, HabmWAEHUA HAKJIOHOB 3EMHOR NMOBEPXHOCTH
HapARYy C LPYTMMM BEICOKOTOUHBMM M3MEPEHMAMU COCTABIANT HEOTBEMIE-
Myl uacTb NGO/ pealbHO! MpOrpamMbl TONCKA NpPeLBECTHUKOB 3eMmie-
TpsAcenuit. Ceituac Taxkue HaOMOAEHUA MPOBOLATCA MpPAKTUUYECKNM BO BCEX
ceffcMOaKTMBHBIX 30HaX Mmupa. I[lpyueM, eciu paHblle HaGIWAEHUA BelUCb
Ha EeIMHUUHHX HAKJIOHOMEpHHX IIyHKTax, TO ceifuac B KaxIoOM cejtcMo-
NPOI'HOCTUUECKOM PErvOHe [OJKHO NpelycMaTpUBaTbCA CO3JaHUE ceTeil
TaKuX CTaHLUi.

Pro-sanapgHag uacTb TeppuTopuM Ykpauus u MonpaBumM, MpUMEXan-—
uue K BpaHueckoit celicMOreHHO#t ouaroBojt 30He, OTHOCATCH K OJHUM
U3 Haubolnee ceiicMOOMACHHX pErvoHOB eBpomeiickoit yact CCCP. Iloaro-
My npo6iema NMpPOrHO3UPOBAHMA 3eMIETPACEHUH 3ecb VMeeT BaxHOe 3Ha-
YeHWe M [1JIA ee pelleHUA pa3paboTaHa Y OCyWecTBIAETCA HayuHas IIpo-—
rpamva. B paMkax 9To# Mporpammu NpeLycMOTPEHO pasBUTHE WHPOKOH
CeTM KOMILUIEKCHBIX CTaHIWJ DPEXUMHHIX HaOlofeHuit 3a IOBeleHHEM pas-
JIMUHEX reou3uuecKuUx Ioieit, BapualMy KOTOPHX MOT'YT CIYKHUTb
npefBecTHUKaMU 3emieTpsAceHuit. [IpoBefleHne BHCOKOTOUHBIX HAKJIOHO-
MEpHBX HalNl[eHMit - BakHaA cOCTaBHAf uacTb BTOJ MpPOrpamMil, B CBA-
31 C UEM HAuaTO CO3JaHME CeTH HAKIOHOMEDPHHX MYHKTOB.

Cranuua "HuwmuHeB", BBemeHHas B pelicTBue B koHue 1983 r.,
ABNAETCA NepBbM IIYHKTOM TakKoi ceTd. OpraHM30BaH& OHA COBMECTHO
[lonraBckoit rpaBumerpuueckoit o6cepparopueit AH YCCP u MonpaBckoit
onuTHO-MeTonuueckoit naprueir MIT AH MCCP. CraHuua ocHameHa coBpe-
MEHHhMJ BHCOKOTOUHEMH HAXJIOHOMEpamy aBTOKOMIIEHCAIMOHHOI'O THUIa,
paspa6oTansemu B [0 AH YCCP. UyBcTBMTENbHas K HakJOHaM amnmapa-

Typa yCTaHOBJNEHa Ha TIyOGWHe CBHUle 75 M OT JHEBHOJ TOBEPXHOCTH B
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TYIIMKOBOM WTpPeKe WaxXTH MO LOOHUE M3BECTHAKA. 3Lecb UMEWTCA 10—
CTaTOUHO CTabWJIbHEE BHEUWHWE YCIOBUA, UTO O6ECHEUMIO BHCOKYD
IIOMEX03allMlleHHOCTb U3MEepUTENbHLX KaHaloB. B Hac HET BO3MOXHOC-
TU OCTaHaBIMBATbLCA HA ONUCAHUM YCIOBUR HaOlwjeHUt U Uclonbaye-
MOT'O HaKJIOHOMEPHOI'O 0GOpYLOB&HUA. JTH BONPOCH OTPaXEHH B paco-
Tax [ 2,3_] . 3aMeTuM TOJbKO, UTO, MCKJIoUaf yCTAaHOBOUHHY Nepu-
0], ¥ pefkye ciryuaiHHe cO60M B pab0Te HAaKJIOHOMEDPOB IO OpraHu3a-
LIMOHHO-TEXHUUECKUM NIPUUMHEM, BEeCb UBMEPUTENbHH KOMIUIEKC ofec-
NeuyBaeT BHCOKOKQUECTBEHHY pPerMcTpalltio HaKIOHOB 3EMHOjt IOBepX-
HOCTU. lIMeeTcs BO3MOXHOCTb JalbHelero yiayumeHUA KauecTBa Ha-
6M0aTeNbHOr0 MaTepuala: ecly ceifuac AOCTUI'HYTO paspeumeHue Lo
0,I mc. (no pefopmanuam 3TO COOTBETCTBYET IO'IO), TO B Heja-
JexoM OyAylieM UyBCTBUTENBHOCTb perucrpauuy OyLeT yBeluueHa elle
Ha 0,5 nopagka u Gonee. C MOMEHTa BBOJA CTaHIMM celfuac yke Ha-
KOIUIEH 3HAUUTENbHH) O6BEM 3KCIEpPHMEHTANbHOI'0 MaTepualla NpUrog-
HOTO LI u3yueHusa reofusauvueckux sddexToB nefopMallMOHHOrO THUIA.
Hnxe npepcraBieHH pe3ynbTaTH UCCIEAOBAHMI 3EMHHIX NIPUIUBOB,
CIIEKTPaJbHOI'O cocTaBa HAKJIOHOB B LPOGHOCYTOUHOM JuarnasoHe, &
TaKKe ClIyuaeB aHOMaJbHOI'O I[IOBEfeHUA HakJIOHOB-jedopmalyit nepep

CUJIIbHEMW 3EMIETPACEHUAMNU .

3€eMHble TIPUIUBH

IMeeTcss HECKONBKO ACHEKTOB B UCCIELOBAHUAX 3EMHBIX IIPWIN-
BOB 110 HaKJIOHOMEpHHX HabilwfeHUAx. ONHa ¥3 OCHOBHHX 3afau IIpH
TaKNX MCCIENOBAHKAX 38KIOUAETCS B IONYUEHUM BKClIepUMEHTAIbHbIX
LAHHHX, XapaKTepuayolux paclpefeleHue amILIMTyl ¥ a3 riaBHEX
BOJH 3EMHOI'0 IPWIMBA B HEUCCIELOBAHHEX paHEe PEernoHax 3eMHON
[IOBEPXHOCTH. OTO I103BOJAET MCCIEfOBATb YIpyrne CBORCTBA 3EMIH

B pEervoHalbHOM ¥ TINI0GajbHOM MacuTabax, a Takke BO3MOKHHE Bapua-
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LMY OTUX CBOMCTB OT peruoHa K peruoHy. He meHee BaxHOI no 3Ha-
ueHMi0 3ajaueil, pemaeMoit NpU TaKUX UCCIELOBAHMAX, IO HalleMy MHe-
HUD, ABIAETCA U3yUeHWe HEeNMHeHHHX U Heynpyrux 3¢JexToB BHyTpH-
KOpOBOI'O ¥ MaHTUIHOI'O NMpOMCXOxpeHudA. [lpakTUueckoe M HayuHOe 3HA-
UEHWE 9TUX UCCIELOBAHMI MCKIOUUTENbHO BaXHO I (U3MKM OuarOBHIX
30H 3emiIeTpaceHUi [.4,5] . Ilpy 3eMHONpPUIMBHEX HCCIEeNOBaHUAX MO-
IyT TakKe paccMaTpMBaTbCA M Ipyrue aKTyalbHHEe 3a84auld IeOfUHaMU—
KHU.

[lapameTpamit, xapaKTepusywLMMi YIPYTOCTb 3€MIU, SBIAOTCA
aMILITYAHER §akTop }} 1 ¢asoBoe 3amas3fHBaHUE 13}0 . s ux
OIlpefelleHUA [aHHHEe HaKJIOHOMEpHHX HaOlofeHult OIY pasOUTH Ha Me-
CAYHHE CepUM U TOJABEpPrHyTH I'apMOHWUECKOMy aHajiu3y meTonom MaTBe-
eBa [.6]. [lo nomyueHHHM MeCAUHHM 3HAUEHWAM NapaMeTpOB )‘ |
13’0 BHUKCIEHH CpEeJHEBEKTOpHHE BENWUMHH LA 8 IiaBHeMINMX Ipu-
JIUBHHX BOJH CYTOUHOI'O M IOJNYCYTOUHOI'O [UaMa3oHOB. Takue BHUUC-
JIEHUf IOKAa NpPOBEJEHH 10 MaTepHanaM IIepBOr'o ABYXJIETHEr'o pana Ha-
GnofieHu#t. AHaMU3 MNOMYUeHHHX pe3yJbTaTOB MOKA3HBAET, UTO IO BCEM
BOJIHAM TOJYUEHH [OCTATOYHO HAJEeXHHE 3HAUEHUA YNpyrux NapameTpoB,
KOTOpHE A OJHOr'O JHGOro HanpaBJIEHMA B3aWMHO coruacoBaHH. G
Haubojlee BHCOKO} TouHocTbi ( ~ 0,5%) OHM omnpefeNeHH s BOJHH My:
Hanpabienue B-3 - Y = 0,699; A= 5,46°, nanpapnenne C-D -

YL- 0,576; A}ﬂ = -15,33°. Kakx BugMM, ynpyrde napaMeTpH B Ha-
npaBieHUH B-3 coOTBETCTBYOT aHaNlOTMUHHM BENIWUMHAM, OJYUEHHHM
9KCIIEepUMEHTANbHO Ha TEeppUTOPMH YKDaUHH /:7], a Takxe rino6aib-
HEM 3HAUEHMAM DTOr'0 NapaMeTpa. 3HAUEHUA NapaMeTpOB B HANpaBIEHHUH
C-D cymecTBeHHO OTIMUAKWTCA OT CBOMX IJIOGANbHHX 3HaueHMi. OTanumne
9TO CTONb 3HAUUTENbHO, UTO ABHO BEXOLUT 3a IpefieNH BO3MOKHAEX

ounGox. Hamuume sHaUUTENbHO! aHOMANMM 3EMHONPUIMBHEX NapameT-
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POB CBMIETEIbCTBYEeT O aHOMAJbHO GOJIbWONA MOJATIMBOCTH MOPOJHOIO
maccuba Ha cT. "Humunes" B nampapineHud C-K. BepoATHEMM MpuuliHamMy
[IOABJIIEHUA BTUX aHOMAJH{t MOU'YT OHTb clefyowue GaxTopu: Oiu3jiexa-
liMe pas3noMH, BINfHUe BpaHueckoit ovaroBoff 30HH ¥ 3dfeKT MONOCTH.
[ BHACHEHWSA MpPUUMH aHOMaNUi TpeOywTcA LONONHUTENbHHE UCClIeno-
BaHUA.
CnexTpallbHHI COCTAB HAKJIOHOB MCCIELOBAJICA NpPEUMYLECTBEHHO

C Llesibip BHIENEHNA PAapMOHMK Ha HENpPUIMBHEX uacToTax (Hampumep,
HEeIUHEAHHX [apMOHUK 3EMHONpPUINBHOTO NPOUCXOKIEHUA), a Takke U3y-
UEHUA XapaKTepa paclpeleNeHus ynpyroi sHeprum nedopmanmit B
IpPOGHOCYTOUHOM fuanasaoHe. 1A aHanumsa MacCUBH LaHHBX pa3CUBa-
Juchb Ha 6-MecaunbHe cepud. [lo HUM BHUMCIANUCH creKTpH Pypbe, a
3aTeM M @HepreTHueckue crekTpH. OHM BHUMCIMIMCH IO OAHHEM Ha-
GmofeHuit B 060MX HanpaBleHWsAX. PeaynbTupyowuit aHepreTHuecKui
CeXTp B HampaBieHUd B-3 mpencrasneH Ha puc. I. U3 Hero BugHo,
YTO Ha HEKOTOpPHX yuacTKax ApPOCHOCYTOUHOI'O AuanasoHa MMEenTcs
rapMOHMKM, 3aMETHO BHIeXAnlidecA Ha oblieM foHe. B TpeThbcyTouHOoM
1 Gollee BHICOKOUACTOTHHX [MaNa3oHaX NOMAMO 3EMHONPUINBHON BOJHH
M3. 38MEeTHO BHIENANTCA MapMOHWKA HENpUIMBHOIO IPOXCXOXIEHUS .
HauGonee cUIbHO BHLENAOTCA KOMIIOHEHTH C UAaCTOTAMW KPaTHRMM COJ-
HeuHoMy gy (45,0; 60,0; 75,0 rpag/uac,...).
YxasaHHHe NapMOHMKM MMeWT CONHeuHOoe NpoucxompgeHue. I[IpUuMHH ux
NIOABJIEHUA JOCTOBEPHO HE YCTAHOBJEHH ¥ TPeGYOTCA LOMONHUTENbHHE
MCCIleJOBAHUA [JIA UX BHACHEHWA, XOTA MOKHO BHCKasaTb DAL Npen-
MOJIOXEHU# 06 STOM [4,5,8,9].

I'naBHEM HanpaBleHWEM HAKIOHOMEpHHX MccilefoBaHuit B Kumune-
Be AIBIAETCA pelleHWe cejicMoONnporHocTuueckux 3apau. Ilpu HaxioHOMep-
HEX HaOJlofleHUsAX IepeJ]] 3eMIeTPACEHUAMU MOI'YT pPerdCcTpMpOBATHCA

HeoOHuHHe fedopMalliOHHEE INpoleccH. YACTb U3 HUX MOKHO UCHONb30-
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BaTb B KauecTBe IpefBECTHUKOB 3emieTpsceHuit. 1A JOJAroCcpouHoro
U CpefHecyTOUHOI'O IpOr'HO3a yKe MCIIONb3YoTCA WIM IpefroaaraeTch
MCroNb30BaTh AAHHHE O XOJ4e MEeIJEeHHHX HaKJIOHOB 3EMHO} MOoBepX-
HOCTM, BapyalMy aMIUIMTYOHHX [1apaMeTpOB I'IABHHX ITPUIMBHEX BOJH
u np. Ina neneit olepaTMBHOI'O IIPOTHO3& INPUI'OJHE K MCIOJIb30BaHMIO
KOPOTKONEpUOAHEle aHOMaNNM B HAKJIOHAX, MMebljde pasiuHHl xapak-
Tep, a MMEHHO, GyxToo6pasHHe U (IYKTyUpyolLUe HaKJIOHB, aHOMATIUM
B NOBELEHNM KOMOMHALMOHHEX I'apMOHUMK, OGA38HHEX HelWHelRHOMY
B3aUMOZENCTBUI0 B 3EMHOIIPUIMBHOM CUI'Hale X AP-

Tak Kak Bce nepeuncleHHHe NpefBeCTHUKOBHE BPJEKTH UMENT
BEPOATHOCTHO-CTAaTUCTUUECKUIl XapaKTep ¥ IIOKa He NOATBEPHLEHH
9KCIIEpUMEHTAaNbHO, TO OCHOBHO} 3ajaueil nepBOro 9Tana HacTOAULUX
HablwieHUli ABIAeTcA OOHapyXeHWe U BhHIeleHUe Haubolee LOCTOBEp-
HBX NpefiBeCTHUKOBHX OfdexToB, U3yueHWEe HUX XapaKTEpHHX OCOGEHHOC-
reit. [loaTomy npy aHanuse maTepuanoB HaGNWAEHW NMPUOPUTET 3Hech
OTJ8H M3YUEHM OTHOCUTENbHO KpPAaTKOCPOUHBX LedopMalMOHHEX NpoLec—
COB, MMEBUMX MECTO B Ipefelax OF HecKONIbkux uacoB mo X - 3X
CYTOK Iepej, 3emlIeTpsceHUAMU. Takue aHOMAIUM uacTO OGHAPYKUBAKLT-
ca nepep MecTHoMy (BpaHueckumu) 3emieTpACEHUAMU. PerucTpupyioT-
cA aHOMaJbHble HAKJIOHH B BUMEe HeperylfpHOCTelt Ha OGHUHO Iiafkoi
KpPUBOIl NPUIMBHOI'O HakjioHa. Yame Bcero OHM UMeNT QUIYKTyMpyoLMi
xapaxkTep, OuBaeT B BUAe OyXT HAKJIOHOB, MHOTLA M TO M Apyroe.
JUtA MecTHOr0 NPOrHo3a HauOOJbLMit UHTepec NpefCTaBIANT ClIyuau
NOABJNEHNA aHOMaluit neper, BpaHueckumy seminerpscenusMud. OHM IOUTH
BCErZa MMenT MEecTO Iepel, 3eMIETPACEHUAMM C /N7.> 5. 3a nepuopg
c 1984-1986 rr. ycTaHOBIEHO 4 MOUTU GECCIOPHHX COCHTUS ITOrO
pona. AHomanuu HabmoLaiuchb Nepefd 3eMIeTPACEHWAMHA ITPOMCHeUUMHY :
I-14.05. 84r. (M»a,7); 1-1.08. &r. (Mx>5,2);

Wi - 2I.02. 86 r. (M>,5); 1y - 3I1.08. 86 r. (M26,9). Ha
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puc. 3 ¥ 4 mpefcTaBleHH 3amMMCH [ByX Hanbojee MHTEpecHHX clyuda-
€B XOJja HaKJIOHA C aHOMAJMUAMH.

AHanuaWpysa B9TH M Opyrde ciyuay IOABIEHHA aHOMAJIMU@, MOXHO
OTMETUTH clleAyioljee. AHOMAIWM HAKJIOHOB Ilepel CUIbHHMMA MeCTHHMH
BEMIETPACEHNAMN XOPOMO BHAENANTCA Ha §OHe MPUIMBHOT'O HAKJIOHA.
Kaxpas aHomaluag KpoMe OOWMX UYepT MMEeT U CymeCTBEHHHEe MHAUBUAY-
albHHe oco6eHHOcTU. HauGonbmuit pasMax 3THUX aHOMaNU} He NpeBblIa-
eT @IUHWI, B JyulleM clyuae Naph LECATKOB MWIIXCEKYHHA. AGcounT-
HAR BeJlXUMHa B HAKIOHAX N0 cocrabidApueir C-0 B Heckonbko pas 6oib-
me, ueM B HanpabieHuu B-3. Conocramisas sToT ¢akT c Tem, UTO B
9TOM XKe HalpaBleHUM oCHapyXeHa CUIbHaA 8HOMANbHOCTb 3EMHOT'O IpYU-—
JUBa, MO-BUAUMOMY, ClefyeT 3aKINUUTb, UTO BTO COBNAJEHUE He-
ciyuyaitHo: Gojbmasf MofaTIMBOCTb 3eMHON kopH no C-D pmomxHa MpuBO-
OUTb 3Jecb K IOBHUEHHO! pedopMupyeMocTH 3eMHOR Koph. O6HapymeH-
HOe COBTI@fleHUe, €eclX OHO B JalbHeifleM GyfeT NOATBEPKLEHO IPOLOJI-
XaoWyUMyca HabloLEeHUAMY, UMEET CelicMOIPOrHOCTHUECKOE 3HaueHue
IIpy MOUCKE NPOTUHO3HEX IIYHKTOB.

B sakmoueHue OTMETHMM, UTO OIHT BEUTOJHEHHHX BHICOKOTOUHBIX
HaOMNLEHN] II03BOJIAET HaM ChellaTh HUKecHefywoljye 3aMeuaHus.
HcnonbsoBaHWe [JaHHHX HaKJIOHOMEPHBX HabloLeHUit Ona ceitcmonpor-
HOCTHUUECKUX IleJieit UMeeT MHOT'OIUIAHOBHIY XapaKTep, a I10TEeHIUalbHhe
BO3MOXHOCTM TaKMX HaOJOLEHUIt pealu3OBaHH elle oueHb cirabo. Yro-
6H C MaKcUMalbHO! S@feKTUBHOCTbI pealu30BaTb BTH BO3MOXHOCTH
HEeOoOXONUMO NPUMEHUTENIbHO K DEruoHy ¥ UMEWMMCH YCIOBMAM Habio-
JleHu#t paspaGoTaTb U BHEADUTH COOTBETCTBYOLY METOLUKY MpOBepe-
HUA BHCOKOTOUHEX M3MEpEHM#t HaKJIOHOB. llepBocTeneHHOe BHUMaHME
cllelyeT yLeluTb BHOOPY BHCOKOTOUHOI'O M HALEXHOIO 060pYyLOBaHMUA,
CTaCUIN38LMM yCIOBUIt HAGM0AEeHU, BHOOPY MECTOpaCIONOKEeHNA Ha-

KIIOHOMEpHOI'0 NyHKTa. Ilpy HapjjlexaleM kauecTBe NPUGOPOB OCHOBHbM
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anwopom,orpanmuuaamunm TOUHOCTB HAKJIOHOMEPOB, a cCienoBaTeJbHO

¥ BO3MOXHOCTM M3yueHMs TOHKUX reofusuueckux sffexToB, ecTb IMO-

MeX® MeTeOpOJIOI'MUecKOro IPOUCXOXILEHUA, JOKalW30BaHHHE BOIU3U

CTaHLUH . CHuxeHMe BCEeBO3MOXHEX IOMEX fABJfeTcA 06A3aTeNbHbM LA

Kax[oii HaKJIOHOMepHO) cTaHLMM, paboTawlielt Ha NPOrHO3.
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SATELLITE-GEODETIC TRAVERSES SAGET
IN CENTRAL AND SOUTHERN POLAND

Summary

The works concerning the establishment of the geo-
dynamical network SAGET /§gtellite-ggodetic gpaverses/ in
Central and Southern Poland initiated in 1986 at the Insti-
tute of Higher Geodesy and Geodetical Astronomy of the War-
saw University of Technology have been shortly presented in
the paper. The network of SAGET join geodetic stations of
three main tectonic units of Central Europe which meet on
the territory of Poland i.e. East European Platform, Paleo-
zoic Platform of Central and Western Europe and Alpine Oro-
geny. Scientific programme of geodetic and geodynamical in-
vestigations is briefly pointed out. Project of SAGET is
planned as a long term work. Geodetic, astronomic, satellite
and gravimetric observations will be carried out permanent-
ly or periodically. First points of the traverses were es-

tablished and first measurements were made in 1988,
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In 1986 the Institute of Higher Geodesy and Geodetical
Astronomy of Warsaw University of Technology took up works aimed
at establishing geodynamical traverses in the Central and Southern
Poland. The works have been planned for several years and are spon=
sored by the Space Research Center of the Polish Academy of Scien=
ces.,

The position of Poland is very interesting concerning
the tectonic processes which occur on the European continent. On
the territory of Poland the boundaries of three great tectonic
units of various age meet, i.e. the East European Precambrian Plat~
form, Paleozoic Platform of the Central and Western Europe and
South~European Alpine Orogeny. The location of these units have
been presented in Tig, 1. The territory of Poland is also crossed
by the Teisseyre-Tornquist zone which is well known to geologists

and those dealing with tectonics.

DOI: https://doi.org/10.2312/zipe.1989.102.03



231

ALPS

Fige. 1. Territory of Poland and major tectonic units

of Central Europe.
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Considering the geological situation of Poland, in 1986
a multifunctional project of a geodynamical network including the
points situated on all the geological structures was worked out.
SAtellite-GEodetic Traverses SAGET crossing all the interesting
boundaries between the geological zones will be basic elements of

this network.

The aims of establishing such a multifunctional geodetic
network in the Central and Southern Poland are as follows:

1. to obtain a frame for long term experimental geodynamical in-
vestigations and investigations of the deep tectonic structures,

2. to investigate the geoidal heights by applying classical methods
and modern satellite techniques; to compare the effectiveness
of various methods of determining the geoidal heights and their
time variations, .

3. to investigate the relationship between the local natural coor-
dinate systems and the global reference frame for the needs of
establishing the national first order control networks and for
the needs of geodynamical investigations,

4. to test the scale of the horizontal control network by means
of classical and satellite methods,

5« to obtain an accurate test field and test traverses for testing
and developing the technologies for the establishment and densi=-
fication of networks under special conditions, e.g. establish-
ment of networks by classical and satellite methods in the areas
with lack of dense gravity field data. The test field will be
also used for testing the measuring technologies of absolute
and relative point positioning,

6. to investigate the new methnds of satellite and inertial point

positioning for developing countries,
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to reconnaissance the geological structures using satellite re=
mote sensing techniques in the areas covered by the traverses
of the SAGET project,

to carry out the complex investigations of the recent vertical
movements of the Earth’s crust along the selected sections of

the SAGET traverses.

The satellite geodetic network SAGET will consist of the

following basic stations:

1.

2.

3.

4,

Borowa Géra - Astronomical-Geodetic Observatory- of the Institu-
te of Geodesy and Cartography,

Borowiec - Astronomical Latitude Observatory of the Polish Aca=
demy of Sciences,

Grybdw - Branch of the Astronomical Observatory of Warsaw Uni-
versity of Technology,

Jézefostaw - Astronomical-Geodetic Observatory of Warsaw Uni-
versity of Technology,

Olsztyn - Satellite Observatory of the Academy of Agriculture,

S8niezka /the Karkonosze Mts / = Meteorological Observatory.

Such stations as Borowiec, Grybdéw and Jézefostaw are the

points of the International West-East European Doppler Network

WEDOC. The coordinates of these stations will be also determined

in the system of Doppler precise ephemeris. The station Borowa Géra

is the reference point of the national astronomical-geodetic con-

trol network and it is included in the network of points at which

Doppler observations are carried out within MERIT campaign. Doppler

station receivers DOG-3, constructed in Poland, have been installed

and work permanently at such stations as Borowa Gdra, Borowiec,

Jézefostaw and Olsztyn. Most of the above mentioned basic statidns-:

are connected with the Doppler points in other countries /e.g.

Wettzell, Hannover, Graz, Penc, Metsahovi, JdnhiHl¥ and others/.
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Olsztyn

,Borowa Géra
1 Jozefostaw

Borowiec

Betchatow

' Sw. Krzyz

Grybow

Pieniny

Fige 2« The SAGET traverses

DOI: https://doi.org/10.2312/zipe.1989.102.03




235

Further international Doppler connections of these points are

being planned.

The network will consist of the following basic traver-
ses /Fig. 2/:
1. Olsztyn - Borowa Géra - Jézefostaw - Sw. Krzyz /The Swieto-
krzyskie Mts / - Grybdw.
2. Grybéw - The Pieniny Mts. - Upper Silesia /hard coal mine re-
gion/ - Lower Silesia - Sniezka /The Karkonosze Mts. /.
3. Jézefostaw - Betchatdw /brown coal mine region/ - Sniezka
/The Karkonosze Mts/.
4, Jézefoskaw - Borowiec,
5. Sniezka /The Karkonosze Mts/ - Lubin /copper ore mine region/ -

Borowiec - Olsztyn.

In the SAGET network satellite, geodetic /linear-angular
and levelling/, astronomical and gravimetric observations will be

carried out permanently or periodically.

At the basic stations of the network satellite Doppler,
gra&imetric and astronomical observations will be made periodical-~
ly. At such stations as Borowa Géra,lBorowiec, Jézefostaw and Ol=-
sztyn Doppler observations are carried out permanently, permanent
astronomical observations of latitude are also carried out at Bo=
rowiec and Jézefostaw., There are plans to carry out and repeat
periodically absolute gravimetric measurements at some points of

the network /e.g. Borowa Gdéra, Borowiec, Grybdw/.

Along the traverses of SAGET periodical measurements will
be performed. The frequency of these measurements will depend on
the kind of measurements and the needs of collecting observational

data for the analysis and interpretation.
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The emphasis will be particularly put on the following
measurements:

1. geodetic linear-angular measurements /a laser/microwave distan-
cemeter/,

2. gravimetric measurements along the traverses and their surroun=-
dings,

3. astronomical measurements of astronomical latitude and longitu-
de at the astronomical points situated at the distances of about
50=70 km along the traverses,

4. Doppler satellite measurements at the points mentioned in p. 3,

5. satellite GPS measurements along the traverses,

6. measurements of high precision levelling aimed at connecting
the points of the traverses to the existing vertical precise
control network,

7. inertial measurements on the selected sections of the traverses

and in their surroundings.

The establishment and measurement of the whole satellite-
geodetic network as presented in Fig. 2 are planned as a programme
for several years. Till now /August, 1988/ the points of the tra-
verses have been established on the following sections:

Borowa Géra - Jézefostaw - Sw. Krzyz /The Swietokrzyskie Mts/,
Jézefostaw - BeXchatdéw, as well as

Grybdéw - Pieniny Mts.

The first measurements on theses sections were carried out alrea=-
dy in 1988, among them: Doppler measurements /6 points/, astrono-
mical observations /4 points/, linear-angular measurements of the
traverses /a distancemeter AGA6 and Wild T3/ and a gravimetric

measurement which was carried out twice.
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There are also plans to carry out a geodetic satellite
GPS measurement between the stations of Borowiec and Jézefosxaw
this year. This measurement will be performed in cooperation with

the foreign research institutions.

The aim of this paper is to provide some information on
the works undertaken and their range. The Institute of Higher Geo-
desy and Geodetical Astronomy of the Warsaw University of Techno-
logy wishes to invite all those who are interested in our pro-
gramme to come into cooperation with the Institute in all aspects
of our programme. All those who are interested in the cooperation

are kindly requested to contact the Institute.

Address:

Warsaw University of Technology
Institute of Higher Geodesy

and Geodetical Astronomy

Plac Jedno$ci Robotniczej &
00-661 Warszawa  Warsaw/POLAND
Phone: 25-85-15

Telex: 81=33-07 pw pl
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THE PREDESTINATION ROLE OF NEOGENE-QUATERNARY WITH RESPECT
TO RECENT TECTONIC MOVEMENTS AND SOME APPLICATIONS TO THE
EARTHQUAKE-RESISTENT BUILDING CONSTRUCTION IN THE
TRANSITIONAL PERIPLATFORM~OROGENETIC REGION OF
THE BLACK SEA COAST

Ivan Nik. Totomanov

Bulgarian Academy of Sciences - Central Laboratory
for Geodesy, Block No 1, 1113 Sofia

Abstract. The study of the neotectonic Z and the recent X
vertical Earth's crustal movements and the establishment of a
stable or variable structure of the relation between them are
both of fundamental and scientific-applied significance to the
assessment of the earthquake hazard and to the microseismic zon-
ing. With respect to this, a detailed investigation on the depen-
dence between X and Z is carried out for an intensively developed
industrial and mineral-deposit exploitation region of the Black
Sea coast where, in recent years, the antropogenetic activity
plays the role of a catalyzer to the natural seismicity. This re-
gion is of considerable scientific interest, too, being an inte-
gral part both of the periplatform southern edge of the Moesian
plate, and of the mobile orogenetic space between the latter and
the Thrace Median Massif. Based on locally-smoothed estimates of
X and Z related to 12 independent modeltsggas, the marginal and
the joined sampling distributions of the dimensional random va-
riable (X,Z) are determined and studied. The statistical and in-

formation relation between X and Z is demonstrated by means of
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an entropy test of independence. A close positive and stat-
istically significant correlation between them is discovered.
The best fitting mathematical-stochastic polynomial model ,
with its parameters for the regression equation x = X (3) ,
as well as the accuracy of the respective forecast are det-
ermined. The established space-time interrelation between X
and Z elucidates the regional geodynamics of the Bastern
Fore-Balkan and will contribute to the earthquake-resistent

building construction within the region under investigation.

TNIPENCIIPELNENAQLAA POJlb HEOI'EH-UETSEPTMUHHX II0 OTHOLIEHMA
K COBPEMEHHHM TEKTOHUMYECK)M IBMLEHMAM ¥ HEKOTOPHE IIPMMEHEHUSA
INA UEMEN CEXCMOCTO/KOrO CTPOMTENLCTBA B IEPEXOINHOM  ITEFU-
IUIATHOPMEHHOM-OPOI'EHHOM PAJIOHE IIOBBPEXbS UYEPHOI'O MOPS. PEGIME.
HMayueHue HECTEKTOHUYECKMUX Z u cospeueuuuxlx BepTUKaIb-
HHX IBU¥EHMIl 3eMHO} KOpDH M YCTaHCBJEHME CTabuJbHOR MAM mnepe-
MEeHHO{I CTPYKTYPH CBS3M MEXIy HMMM MMeeT kak QyHIaMEHT8JbHOE,
TEK X HAYYHO-NIDUKJIANHOE B3HAUEHME IAA OuneHku celicMmyeckoll onmac-
HOCTM M RIaf celicMuueckorc pajioHepoBaHus. B cBasu c oTuM, cre-
J8HO LEeTaJbHOE MCCJAeNOBAHME S38BUCUMOCTM MEELY ‘X n Z B MH-
TEHCUBHO Da3BUTOM NPCMHOVIEHHCM ¥ T'OpHO-ZoBHBabilleM paiioHe Yep-
HOMCDCKCTO No6epe¥bsi, IZe B OOCAEIHUX POZ8X QHTPONOTSHHAN Lef-
TeJbHOCTb SBJAAETCH KATAJU3ZTCPOM €CTECTBEHHON CeliCMHIHOCTHE .
dToT paflom npencTaBASeT M SHAYMTEIbHHI HayuHH! WHTepec, ABIS~
#Ch MHTErpaJbHO} wacTbD Kak nepumniarjopmenHoldl DaHON rpaHuuHOR
30HH Muauickoli NANTH, T&K M NMOABUKHOTO OPOTEHHOTC MPOCTPaHCT-

ea Mexay Helt m Dpakuiickum cpenuHHEM MaccuBcM. Ha ccHoBe Jo=-
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Ka8JIbHO-U3TTANCHHNX OLEHOK IJa X " Z u3 12 HesaBUCHUMHEX
MomesbHHX oOnacTeil, onpemeseHH ¥ MCCARETOBAHH MU pUIECKNE
OIHOMEpHHE ¥ COBMECTHOE IBYMEpHOEe paclnpefeseHus cayuyaiinoit
BeJMUMHE (>(.Z) . CraTucruueckas u uMHHOpMaUUCHHEE CBS3b
Me Iy X un Z nokasaHa Npu momcmy 3HTponukHOro TecTa
HEe38BUCUMOCTH. [IpM TOM YCTEHOBJIEHS CUIbBHES NMOJCRUTEIbHAS
M CTaTUCTUYECKM 3HAYMMES KODpeXALus Mexny Humu. OnpegneseHa
U HauboJee NONXOAAleR MaTEM&TUKO-CTCXACTHUYECKas MOLexb c
ee nmapaMeTpaMu IJS ypaBHEHMS perpeccunm 5i= 55(3) M TOoy=-
HOCTh COOTBETCTBYKIIEr0 NpPOTrHCa8&. YCTAHOBJEHHAS NpPOCTPAHCT-
BeHHO-BDEMEHHAA CBA3b MEeXIy X un Z 06BACHRET peruo-
HaXBHYD reomuHaMurky Bocrounoro IIpenfankeana u BHOCUT BKNAR

B celicMocTolikoe cTpCHMTENBCTBO B uccaenyemom palicHe,
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1, Introduction

The modern methods of seismic zoning related to the earth-
quake-resistent building construction (Pueuuuenko , 1979) which
are based on the assumption for a stationary character of the
processes generating and accompanying a determined earthquake
regime, assess the long-term mean seismic hazard with its proba-
bility measure - the sheakability B=B(J) where by J a suitably
defined parameter-intensity is designated. To this end two types
of data are used: a) for the maximum magnitude Y=(K-4)/1.8 of the
possible earthquakes with energy E=1Ok joules where k is the re-
spective maximum energetical clasé, and b) for the long-term
source seismicity and for the fading law of J related to the in-
creasing distance to the hypocentre.

When mapping Y versatile geophysical, geologtb-geomorphologi-
cal and geodetic information is used (e.g. Boniev et al, 1982;
C'uruc et al., 1982): geostructure position, type of contact bet-
ween the geotectonic structures, geotectonic inhomogeneities,
active faults, nodes of fault-crossing, neotectonic vertical de-
formation Z of the peneplain, contrast of the relief of Z, verti-
cal velocity X of the recent Earth's crustal movements, depth of
the seismoactive layer, depth of the boundary of Mohoroviéié,
Bouguer gravity anomalies, etc. At this X and Z prove to be among
the most informative parameters of the forecasting function Y=
= Y(X, Z, ¢ee)e The study of the dependence of Y upon its para-
meters, and of the weight gradation of the respective initial
data is quite important with regard to the determination of an
adequate mathematical model and to the application of this func-

tion (Totomanov, 1985a). The dependence of Y upon X has been
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object of a number of investigations (Totomanov, 1984a, 1984b,
1985b, 1985c, etc.) of a regional character. By the present work,
with regard tc the fundamental researches assigned by the Ministry
of Culture, Science and Education, concerning the geodetic methods
of searching earthquake precursors, these elaborations, and the
first of its kind quantitative investigation (Totomanov, 1988D)

on the relation between X and Z, are carried on and extended.

2. Balkanide orogen, Moesian platform, and the Shoumen

Transitional Zone between them

The nowadays Balkanides are the northern branch of the Alpo
~-Himalayan orogen within the eastern part of the Balkan peninsula,
within the so called Balkanide Mobile Space. The latter is situ-
ated in the collision 2zone between two lithospheric plates with
Precambrian stabilization. These.:are: southwards - the steady
rising thiock but light (of sial type) Earth's crust of the Pan-
nono-Thrace~Anatolian plate, and northwards - the steady sinking
Moesian platform with a considerably heavier (of mafic type)
Earth's crust of the Ponto-Caspian lithospheric plate (BouueB ,
1987) By the process of isostasy, together with its movement
against, and with the quasisubduction of the platform beneath
the Thrace Mediane Massif, the Balkanide Fold Belt is developed,
as a reflection of the lineament bundle, of the same name, which
marks a deep breaking of the lithosphere. From the multiple geo-
syncline development of this bundle, only the final neotectonic
epizode of the late phase of the Alpian stage is noted here. The
epizode embraces the Neogene (initiating about the Middle Myo-
cene, with an absolute age of nearly 15 millions of years), the
Pliocene (aged about 5-10 millions of years) from the Terciar
period, and the Pleistocene (aged 2-1.5 millions of years) from
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the Quaternary period of the Cenozoic era; within the Quaterngry,
following immediately the Pleistocene, is the recent epoch, ac-
cording to the geochronological scale,

Between the Middle and the Upper Myocene, resulting from a
general denudation flattening of the dryland, the initial flat-
tening surface - peneplane is formed (I'eorpagus Ha Bbarapus ,1982).
In the beginning of the Quaternary, caused by a new tectonic acti-
vation with intensive vertical crustal movements Z, rise the now-
adays Balkanide, Sredna-Gora and other orogenetic systems, with
deep new depressions within the interstitial zones., In this way
the continuous development of the Bulgarian land completes, as
a result of which the present relief, and the related to it phy-
sical-geographical and structure appearance of this country, are
created. It is evident that the recent X vertical movements (du-
ring the last century) are a manifestation, only in the final
moment, of the 10-15 millions of years development of the neo-
tectonic (Neogene-Quaternary) Z-dynamics of these lands. It is
this very aspect which determines the considerable scientific
and applied interest of discovering regularities in the interra-
lation between X and Z.

According to the modern genetic point of view, the Balka-
nides comprise Stara Planina (the Balkan), southwards, and the
Fore-Balkan, northwards. The latter lengthwise is divided into
two structural zones: the Proper Fore-Balkan (neighbouring
the Balkan), and the Transitional Zone situated between it and
the Moesian platform (Fig. 1). The present work deals with the
Transitional Zone of the Eastern Fore-Balkan, known as Shoumen

Transitional Zone (BodueB ', 1987). Its structure comprises a
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Fig. 1. Tectonic structure and vertical Earth's crustal movements in
Northeastern Bulgaria. Structural zones: a - Moesian platform, b =
Eastern Balkanides, ¢ -« Shoumen Transitional Zone. Isolines of the
movements: d - velocity of recent movements (mm.a“1), e - amplitude
of neotectonic deformations of the initial smoothing surface - pene-
plane (m).
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number of wide and shallow synclines and anticlinal swells on the
northern coast and its continuation to east within the shelf-aqua-
tory of the Black Sea. This zone is of an unique periplatform-
orogenetic character: it is an integral part both of the Moesian
platform and of the northern strip of the Fore-Balkan which makes
it quite interesting for fundamental scientific investigations,
The intensively developed chemical, mineral-deposit and other in-
dustry in the regions of the towns of Varna, Devnya (the ancient
Marcianopolis), Provadiya and Shoumen, endue the geodynamic stu-
dies with a considerable practical actuality concerning a future
and more refined seismic zoning of this territory. This is con-
nected, too, with the interesting and disturbing fact that, in
recent years, the anthropogenetic activity within this zone mani-
fests itself as an intensifying catalyzer of the natural seismi-
city. Owing to all these reasons, together with the prospects of
a long-term and considerable development and extension of the
economic basement, and with the necessity of a reliable earth-
quake-resistent building construction, and a damage-protected ex-
ploitation of the available and future industrial eneterprises
and great engineering structures and complexes, the present geo-
dynamic investigations about X and Z within the Shoumen Transi-

tional Zone are undertaken.

3. Statistical relation between neotectonic Z and recent X

vertical kinematics of the Shoumen Transitional Zone

341, Initial data, model areas and sampling distribution of
X and 2

The neotectonic movements are determined by means of geo-
logo-geomorphological studies and mapping of the summary ampli-
tude Z of the vertical deformation of the peneplane (Peorpamma

tis Bbarapus , 1982; Vapcarov et al., 1974). The recent move-
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ments are studied by means of instrumental geodetic (precise geo-
metric levelling) and oceanographic methods and measurements by
which the vertical velocity X is mapped (ToromMaHoB et al., 1978;
Joo et al., 1979). A fragment of these maps, with isolines for X
and Z within Northeastern Bulgaria, is shown in Fig. 1, the vi-
sual analysis of which makes possible to draw the following more
important conclusions:

1. The geodynamic development of the Shoumen Transitional
Zone manifests the features a) of the Moesian platform - for the
neotectonic phase, and b) of the Balkanide space - for the nowa-
days phase.

2. Lengthwise the Shoumen Transitional Zone, in the east-
west direction, a general quantitative particularity of the X-
and Z~fields is present: a systematic decreasing of their values,

The second deduction can be connected with a hypothesis on
the existence of a regional measurable regular relation between
the neotectonic and the recent kinematics of the studied region.
In order to check and, if corroborated as true, to put into prac-
tice this hypothesis, the zone is divided into n=12 independent
trapezium-shaped model areas i=1,2,...,n of dimensions 20x21 km
lengthwise the meridian and the parallel, respectively (Fig. 2).
For these areas, by means of two sets of 105 symmetric independe
ent readings on the two maps, generalized.locally-smoothed esti-
mates Xi and Zi are determined (Totomanov, 1988 b); these very
estimates are the variants of the sampling distribution of the
two-dimensional random variable (X,Z). In Fig. 3 is plotted the
stereohystogramme of the relief of the frequencies n,o of the
realizations of this variable within the respective site (xkt dx’

+ . . . B
zl- dz) with a central point (xw )y 2y ) and semi-widths dx =
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tectonic Earth's crustal movements within the Shoumen Transitiondl Zone.
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Fig. 3. Stereohyatogramme of the Joint differential distribution of the

recent X and neotectonic 2 vertical Earth's crug'tal movements within the
Shoumen Transitional Zone,
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=H0ONS mm.a!."1 and dl = 65 m of the intervals, with numbers in

sequence k = 1,2,...,n  and l=1,2,40eyn of data grouping res-

2°
pectively for X and Z.

The visual analysis of the stereohystogramme, with its dis-
tinctly expressed ridge (from the joint minimum towards the joint
maximum of X and Y) in the relief of nut is a convincing corro-~
boration of the hypothesis on the existence of a regular relation
between X and Z, and gives grounds to search a positive correla-
tion between them. However, a more objective quantitative corro-
boration on the existence of such a regularity within the Shoumen
Transitional Zone will preliminarily be searched for.

3.2. Bntropy test of independence of X and 2

In order to check this hypothesis, here is applied the new
quantitative approach (Totomanov, 1988 a) suggested to assess
both the general statistical and the information relation among
the components of the initial data of the seismic zoning.

The two-dimensional random variable (X,Z) with possible

states (x zq ) and respective probabilities PKL = P(xK ’ZL)

K *
can be considered (e.g. BEHTUEAB | 1964) as a physical system
to which an inner degree of indefiniteness is inherent. This in-

definiteness is measured by the entropy of the system given by

o HHD-- TS b

where usually a = 2. For the separate random variables X and Z

the entropy is
L=m,

o H0O= -2 plgep, . HD--3 p, logp.
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At this, the entropy numerically is equal to the information quan-
tity which is necessary for an exhausted study of the respective
physical system, From eqs. (1) and (2) besides a number of other
useful properties, the additivity of the entropy

&) HAB) = H(A) + H(B)

follows when creating, by means of two simple independent sys-
tems A and B, of a composed system (A,B).

If for (X,Z) eq. (3) is valid, the checked hypothesis on
the the existence of some relation between X and Z within the
Shoumen Transitional Zone should be rejected as contradictory to
the data (x , z ) of the sample studied, and vice-versa.

The calculations for the entropy within the region under
examination are given in Tabs 1-3 according to the sampling pro-
babilities

b, - g A/ nnh g, =3 n )/ e,

P = R/ R

determined by means of the stereohystogramme (Fig. 3) of the joint

(4)

distribution of X and Z, by which the respective table is used
(Miller et al., 1979). In Tab. 3, for each cell k1l are given
two values: of Pk% in the numerator, and the respective com-
ponent 'Px@tU%uPut in the denominator. By such a manner the

following values

(5) H(X) = 19485 | HI(Z)=2.1243
H(X,Z) = .05k

for the entropy are calculated, from which

(6) H(X) + H(Z) - 40728
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Table 1. Entropy of the simple (one-dimensional)

physical system X (mm.a~ "y

Interval for X Sampling
No. from to probabilities | - pklogzpk
k Py
1 0.00 | 0,50 0.416 667 0,5262
2 0,50 | 1,00 0.333 333 0.5283
3 1,00 | 1.50 + 0,083 333 0.2980
4 1.50 | 2.00 0.083 333 0.2980
5 2.00 2,50 0.083 333 0.2980
K5
%__l 0.999 999 1.9485
Table 2. Entropy of the simple (one-dimensionall}
physical system 2 (hm)
Interval for 2 Sampling
- from to probabilities | - pllogzpl
1 51
1i 3.00 | 3.65 0.250 000 0.5000
2 3.65 | 4.30 04333 333 0.5283
3 4.30 | 4.95 0.250 000 0.5000
4 4.95 | 5.60 0.083 333 0.2980
5 5.60 | 6.25 0.083 333 0.2980
L=5
0.999 999 2.1243
=1
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Table 3. Entropy of the composed (two-dimensional) physical system (X, 32)

2se

for X (mm.a")
Intervals | 3o 7 2 3 4 5 Kis
from 0.00 0.50 1.00 | 1.50 2.00 k=1
£ |No,
a["%*| trom | to 0.50 .00 1.50 | 2.00 2.50
*
0,166 667 0,08 0 0 0 0,250 000
1 [3.00 | 3,65 | 93105881 04082 22 0 o o B:7292
2 |3.65| 4.30| 0,256 000 0,083 333 0 0 0 0
7 265285022 25%5%a%° B 0 0.7980
|3 |4.30]4.95 0 0,166 667 0,08 0 0 0,250 _000
(hw) 0 5,432 h o".292'a':022 0 0 o‘;_. 252
4 |4.95(5.60 0 0o _0_ 0,08 0 0,083 _
<o 0 0 3‘.2L%2298 0 | %8%855522
5 |5.60 | 6.25 0 0 0 0 04083 0,083 333
0 0 0 0 .2923%22 0.29
L5
}_‘_ 0,416 66T 0. 3 0,08 0,083333 0,08 .0,999 999
= 0.9572  8.0272 ~ 0.2980  0.2980 0.2980 | 2.8524
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is obtained.
From (5)

) H(Z) > H(X)

follows which designates that the quantity of information neces-
sary for an exhausted study of Z is greater than the respective
quantity for X.

The comparison of (5) and (6) results in

(8) H(X,Z) << H(X) + H(Z)

which contradicts the null-hypothesis in eq. (3). This means
that the sampling data for the gemeral population (X,Z) demgn-
strate convincingly the verity of the checked hypothesis on the
existence of a statistical relation between X and Z within the
region under investigation.

The results of this study are a new firm information-statis-
tical argument for the first express study (Totomanov, 1988b)
and for the following quantitative geodynamic researches on X
and Z in the present work,

3.3, Intensity, significance and type of correlation between
X and 2

As was already emphasized, the stereohystogramme (Fig. 3) of
the sampling distribution of (X,2) gives grounds to search a po-
sitive correlation between X and Z. The assessment of the close-
ness of this relation by means of some appropriate measure for
its intensity depends essential]supon the type of the distribu-~
tion of (X,2), and in particular - upon the degree of the devi-
ation of this distribution from the normal one. The acceptance,
or the rejecting, of the assertion on the normality of the dis-

tribution of a two-dimensional random variable is, however, con-
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nected with checking of a great number (at least four - see To-
tomanov, 1985 b) statistical hypothesis and, due to the restrict-
ed volume and the purposes of the present investigation, here an
approximate but quite efficient approach of the correlation ana-
lysis is adopted; the results of the application of this approach
are corroborated in the following, when modelling the regression
of X with respect to Z.

The well-known by the theory (e.g. Paradine & Rivett, 1962)
statement that the regression is linear (i.e. that the respective
two-dimensional distribution is normal - see e.g. BeHTUeNr , 1964
too) provided only if the two correlation Pearson's ratios 1&
numerically are equal to the correlation coefficient between the
two random variables of which the two dimensional random variabie
is composed.

Making use of the data for the sampling frequencies R“t ac-
cording to the hystogramme (Fig. 3), the correlation coefficient

9Xi between X and Z is calculated as follows

{in‘t:“z
- B +
(9) sz— (}_.‘ (Z‘. n’ktxv\zt /I’l va(lz> /5-; S, &

(1 -9;)/%@-4 = 0798 + 0409

where the sampling initial moments (mean values)

a, = (gxmack)/\z =0.791 67 mm.a™,
10 L=,
=T e ) n = 0245 83 hm
= tt
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and standard deviations

oo VL5 (-, B 1/ 1) =065 69 !

(11)

L=,

S, =\[[Z R, (2, -0,) 1/ {n-1) -0.806 07 hn

of the marginal distributions of X and Z are designated.

The Pearson's correlation ratios

}2:2/2 [Zl’l(x a, l/(\’l/l /5 +

e=1

(1= )/ V=1 = 0983 £ 0.033,
QE/X=\f[§ (- o) l/ n-1)/ s, t
f-p2 W/ Vr -1 = 085 + 0074

are determined similarly by which the interval mean values

K=,
X, =2 ngx,)/n,,

(13) K=1

E:m%
= (2 nyz )/ n,

(12)

and the marginal frequencies n, and ny (4) are used.
The sampling marginal distributions of X and Z, toge ther
with the calculations for and are given in Tabs
Usn Ta/x &
4 and 5. Based on the comparison of eqs (9) and (12), the fol-

lowing deductions are drawn:
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Tsble 4. Smmpling distribution of X and computations for the correlation

ratio 7} /X

Interval ..i
Fregquency K = = 2
Fo. | middlex| T Xy -0, My (B~ Qy)
k 1 K (hm)
(mm.s" ")
1 0.25 5 .25 3,715 | - 0.530 83 $.408 90
2 0.75 4 3,00 4.138 | - 0.107 83 0.046 51
3 1.25 1 1.25 4.625 0.379 17 0.143 17
4 1.75 1 1.75 5.275 1.029 17 $.059 19
K=5§5
12 9,50 | 23.678 2.448 85 5.477 98
k=14
Q= 9.50 / 12 = 0.791 67 ma.a~" ,
25/1' ‘1 5.477 98 / ¥ / 0.806 0T = 0.875 47
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Table 5. Sampling distribution of 2 and computations for the correlation

ratio ”'z/ /3
Interval —_
Tame 3 | Comensy ) x - % —a
No. e = -
k L mm.
(hm}
1 3,325 3 9.975 0.417 - 0.374 67 | 0.421 13
2 3.975 4 15 .900 0.375 = 0.416 67 | 0,694 46
3 4.625 3 13.875 0.917 0.125 33 | 0.047 12
4 5.275 1 5.215 1,750 0.958 33 | 0,918 40
5 5.925 1 5.925 2.250 1.458 33 | 2.126 73
t=5
12 50,950 5.709 1,750 651 4.207 84

taa- 50.950 / 12

= 4,245 83 hm

ls/z= \4.207 84/ 10/ 0.655 69 = 0.943 27
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a. fxl p ?/iJZ and I?E/X are determined with a rela-
tive root mean square error 3.5-13.7% which is an indication for
the reliability of these estimates., Their statistical signifi-
cance can be corroborated by means of checking some statistical
hypotheses.

b. A closeness of the estimates yxZ’R’,O.B and ’yz/;:/_, 0.9
is established which testifies on the validity of the assertion
(Totomanov, 1988 b) that the distribution of (X,Z) within the
Shoumen Transitional Zone is close to the normal one. Based on
this statement, the conclusions follow that,

~ the correlation coefficient can be accepted as a measure

for the intensity of the statistical relation between X and Z;

- a linear mathematical model can be applied, at least as a
first approximation, for the regression equations.

It should be emphasized that these two consequences are
exercised by the first express study (Totomanov, 1988 b) in which
all the calculations are made directly by the original data Xi
and Zi‘ On that account the estimates determined (including the

o 2
from the estimates calculated in the present paper which is based

ones for Q@ , @ and PKE =0,987) in this study differ

on the processing of the data x% and EE for the respective
intervals of grouping.

c. Although not quite considerable, a difference between
the values both of 9“_ , on the one hand, and of ?/E/Z and
'2_/x - on the other hand (together with their dispersions) is
est:blished. This very difference determines the approximate
character of the deduction of point "b" in the preceding text.
A reliable solution of the problem treated for the normality of

the distribution of (X,Z) by means of a comparison of g
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and ’2 requires additional elaborations. With regard to this
the following procedure with checking of statistical hypotheses
is suggested here:

- the sample (Xi, Zi) is distributed, according to some

(real or formal) sign, to a quantity (Xi Zij) of samples at

12
J=1525000,m; ()
~ from these samples the respective estimates . and ?}
P 85 ®/2
'2_ are determined;
/X
- these estimates are treated as samples from general popu-
N ~ ~2 N e ~2
lations of normal distributions 9, S ) s x.'Q , 5_/Z ),
N ~ ~2 f /?, '3:/2 x
'Q__ S ) with parameters determined by the use of the
me \ (el Ja/x
respective samples;
~ the statistical hypothesis on the equality of .the mathema-
is checked,
tical expectations of these general populations,Vsimilarly to the
study (Totomanov et al., 1987) on the module of the horizontal
gradient of X. The rejecting of this hypothesis, at a level of
significance o/ , will repudate in the same time the normality
of (X,Z) with a probability P=1- & and, therefore, will indicate
a rejection of the linear model for the regression equations;
and vice versa.

The realization of this new statistical solution of the
problem for the normality of a two-dimensional distribution can-
not be included in the present work. On that account here a tra-
ditional approach will be used once again, and additional data
for the solution of the problem mentioned, in the case of the
random variable (X,Z) studied, will be obtained.

The type of the regression is expressed more clearly by an

appropriate generalization (smoothing or grouping) of the ini-

tial data, especially when it concerns the processing of great
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Pig. 4. Regression of X (mm.a~") with respect to 2 (hm).

a = sampling polygon of the variants (Xi, Zi)‘ related to
the model areas with mumbers i = 1, 2,..., 12 (see FPig. 2}.
Graphical approximation of the equation aimed to forecast
mean values X = X(z2): b - by means cf a best fitting curve
line, ¢ = by means of a best fitting straight line.
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Pig. 5. Regression of 2 (hm) with respect to X (mm.a~ ).

a - sampling polygon of the variants (Xi, Zi) related to
the model areas of numbers i = 1, 2,..., 12 (see Fig. 2).
Graphical approximation of the equation aimed to forecast
mean values 2 = 2(X): b - by means of a best fitting curve
line, ¢ - by means of a beat fitting straight line.
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samples in which the multiple random and some systematic unknown
great deviations frequently disguise the manifestation even of
determined, close to or practically functional regularities. In
the case examined, the joint smoothing and grouping of the ori-
ginal 2 x 105 cartometric readings into a 5 x 5 -~ table of (XK’Ze
~ frequencies RK[ for the distribution of X and Z, by the use
of which frequencies the stereohystogram in Fig. 3 is plotted,
gives grounds for the statement, and later on ~ for the corrobora-
tion of the hypothesis on the existence of a strength positive
correlation between X and Z in the studied region. This genera-
lization, however, with the used till now traditional apparatus,
seems to be quite synthetizing, with a view to a more detailed
determination of the type of the regression mathematical model,
On that account it is appropriate to study the regression over
again directly by means of the sample itself (Xi,zi) of the smo~-
othed 2 x 12 original estimates for the model areas i. Exactly
with this very aim the sampling polygons“ (Xi’ Zi) of the reg-
ressions between X and Z are plotted in Figs. 4 ‘and 5, according
to the data of the respective table (Totomanov, 1988b). The two
figures corroborate the admissibility of the use of a linear mo-
del for the regression, but at the same time gives grounds to
check non-linear mathematical models, too (in particular - qua-
dratic, and for Fig. 5 - even cubic and biquadratic ones). The
next section of the present work deals with investigations on

the efficiency of such a mathematical model complication.

3.4, Mathematical model of the regression of X with
respect to 2

The regression equation X = X(z) which determines the mean

values X for X by means of given values z for Z is the quanti-
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Table 6. Coefficient of the approximating

the dependence of X upon 2

powser polynomials aimed to model
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Power of Coefficients fr for r
the poly-
nomial
A 0 1 2 3 4
0 0,737 500 - - - -
1 - 1,788 698 0,591 846 - - -
2 2.536 451 | = 1,403 485 0,221 657 - -
3 10.821 990 | = 7.169 514 1.524 292 |- 0,095 552 -
4 - 29.941 428 31,374 083 11..882 618 1.937 504 | = 0,013 418
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tative expression of the established regular dependence of the

recent kinematics upon the Neogene-~Quaternary regional vertical
Barth's crustal one. A priori useful information on the mathema-
tical model of this equation is not available, however, because

of the absence of any experience and results of similar investi-
gations both in other regions in the world and for the territory
examined, On that account, the searched for relation will be ap-

proximated by a power polynomial

(14) X = tZD gnz"‘

where ) and S are unknown, With the aim to determine the
best fitting polynomial; similarly to ToToMauoB (1978) and
Totomanov (1984, 1985b), some indices depending on A have been
studied. To this end the respective f are calculated by means of
an adjustment by the method of least squares, of the data (xizi)
according to the sample (Totomanov, 1988 b) of the general popu-
lation (X,Z). These data are treated as measurements, and the
respective correction equations for Xi are formed and solved. The
results of these calculations are presented in Tab 6. In the same
time, or based on the polynomial obtained, the following values
are determined:

quadratic form

(15) Y. = H (ho& L - X.)z,
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and the following criteria for the conditioning of the matrices
Nl of the coefficients before the unknowns in the systems of
normal equations: the determinant of .N) , the Turing's (1948)

an M, = MO MINGYD /(a0 +1)

and the Totomanov's (1984b) 3)- number

(18) P, =M{/(iet NA =M{[§)4 oo Paut -

Here the M-norms ($3Z6eB g daneeBa, 1960)
MCN, = I 1) =(a+1) max ol ,
Y
(19) =
M =1b,1) = (A +1) max | {7)%.|
m
of the respective matrices, and the eigen—éalues S) of the matrix

N) are introduced. The Yule's coefflclent R.l

R, <1 -U,/not=1-3 vi/nl z<x X)7nl=
(20)
-5 00-x,/ S -8

iz i< TL i=1

for the model determination (Yule & Kendall, 1950) is calculated
too., Here this coefficient is described, in the spirit and let-
ter of the original cited, by the corrections V', and the fore~
casted values x for X. With a view to the symbolics adopted here

from eqs (14), (15) and (19) the expression

(21) Rl =\” - W)/WO
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Pable 7. Criteria for selecting the most appropriate degree ) of the polynomial

x=x(z)

approximating the regression equation
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I
: | M (N =1
A v, | %, /m’ deti N, f,) ( )) .M(N) )
0 [3.61T4 [ 11 | 0,573 12,000 | 12.000 12.000 0.083
10,707 | 10 | 0.266 99.592 | 9.980 453,847 4.577
2 | 0.358 0.199 706.490 | 8,906 14 912,437 167.856
3 [0.315| 8 | 0.198 | 3 292.221| 7.575 497 277.651 6 677.950
4 10,2861 7 |0.202! 7,688,930 5.987 | 17 304 549.900 | 284 987.614
e e M) R’
1.0 0.000
1 038.6 0,897
834 380.7 0.949
830 198 822.4 0.955
986 004 995 570.8 0.960
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FPig. 6. Criteria of selecting the degree X of the best fitt-
ing polynomial approximating the sampling dependence of X upon 2
(see the text): a - quadratic form lP.A s b = standard deviation
}L) s ¢ -transformed determinant of the matrix K, of coeffic-
ients before unknowns in the syatem of normal equations, d - ei=
genvalue ( -number for N"A , € = transformed Turing's M-number
for N) s T = Yule's coefficient of model determination.
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follows which is used in the present work.
Some of the essential interim and final results of all these
calculations are given in Tab. 7. Partially suitably transformed

A
data are plotted in Fig. 6.

(for det N - in 1n det N} , and for M? ~ in log MZ)’ these

The analysis of Tab. 7 and Fig. 6 allow to draw the following
more important conclusions for the degree A of the polynomial
approximating the regression equation X = %(2z):

a. The criteria det N, f and M in the present study (in con-
trast to other similar elaborations - see Totomanov, 1984b, for
instance) manifest a low informativity. With a view to ? and
M, the transit from the linear to a quadratic model is of low
efficiency compared to the transit both from the point to a 1li-
near and from the quadratic to a cubic and to a biquadratic model.,
With a view to det N, the increasing of A to 3 is connected with
an uniform decreasing of the stability (conditioning) of the nu-
merical solutions, and the further model complication surprising-
ly impede the development of the effect of thig%%éétor.

According to the complex of these three criteria, the 1li-
near model is quite satisfactory; this model is argued, by the
use of other means, and successfully applied in the first express
study mentioned (Totomanov, 1988 b) on the relation between X and
Ze

b. The criteria %} ,)A and R manifest a very high informa-
tivity in the present study. It is evident that the transit from
the linear to a quadratic model (especially with regard to }L )
is quite well grounded; a further increasing of A , however,
practically has not any positive effect.

According to these three criteria, the quadratic model is

the best fitting one.
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c. The joint consideration of the behaviour of all 6 criteria
studied convincingly demonstrate the admisesibility of the linear
and the optimum type of the quadratic model as well as the fol-
lowing, from the latter conclusion, actually curvilinear, but

quite close to a normal one, correlation between X and Z.

4. Regression equation and accuracy of the forecast of recent

vertical Earth's crustal movements by means of Neogene-Quaternary
one s

On the basis of these final studies, according to Tab. 6 and
the established optimum degree A =2, it can already be ascer-
tained that the best fitting the sampling data polynomial prog-
nosticating mean values X (mm.a—1) for X, by means of given va-
lues z(hm) for Z, within the Shoumen Transitional Zone is

(22) % = 2,536 - 1.404z + 0,222 z°

at a root mean square error Dz for X determined by the formula

2

me = 0,224 53 - 2,009 80 z + 0.677 67 z° =

La oM

(23) 0.100 90 z° + 0.005 60 z* .

Equations (22) and (23) are namely the searched for quantitative
expression of the directly demonstrated for the first time here
regular dependence of the recent X upon the neotectonic Z Earth's
crustal movements,

The graph of the new quadratic equation (22), together with

the confidence areas

ey X -t.om, <X <X+t mg

DOI: https://doi.org/10.2312/zipe.1989.102.03



270

related to the standard confidence probabilities

e POIX -Xl<t m,) =Y
r(q) v

are plotted in Fig. 7. Here ¥, = 99,7%, ¥, = 95,4% and ¥,=683%
according to the "rule of qymi" » at ¢ = 1,33 for sufficiently
great samples from normal general populations.

In the examined case, however, the volume n = 12 of the
sample studied is small, and by means of the Student's t-distri-
bution, at Tﬁ, and the number of the degrees of freedom 2 =n-m=
=12=3=9 (here m is the number of the parameters estimated in the
model adopted of the regression equation), by means of the res-
pective tables, the values t =4,0211 ( BpoHwreil # & CeM eH ZfeB .

¥(9) t
1986), t =2,330 ( fluko , 1961) and ),(3) = 1,058 ( XpucroB ,

1965) are ngtermined. With these values, according to eq. (24),
13 confidence intervals related to each one from the three stan-
dard probabilities mentioned are calculated, and the respective
confidence areas of the quadratic approximating polynomial (24)
for the regression equation X = X(z) are plotted.

Aimed to compare with the results of the new study, the
graph of the same regression equation but for a linear model
(Totomanov, 1988b) is plotted too, with its confidence area re-
lated to the probability \5; = 99,7%. In this case, at @ =
= 12-2=10, by the use of the Student's t-distribution, the value
t8(1)= 3,892 (BpormTeil B & CeM eH aseB ,1986) is determined.

It could be clearly seen in Fig. 7 that the transit from
a linear to a quadratic mathematical model of the regression

equation is not connected with some considerable decreasing of

the confidence area of the prognosis. The comparison of Fig. 7
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Pig. 7. Best prognosis of mean values X (nrz.a'1) of the recent
Eiarth's crustal movements, by neans of given values z (hm} of
the neotectonic ones, witnin the Shoumen Transitional Zone. Ad-
missible linear model: b = grapk of the equation; border lines
0of the confidence area at probability 99.7 ¥: 4 - upper, S5 =
lower. Optimum curvilinear model: a - graph of the equationj
border lines of the confidence area of the prognosis at: 1 -
probability 99.7 %, 2 - probability 95.4 ¥, 3 - probability 68.3%%
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and Fig. 4, however, and making use of the data in Tab. 7, by
taking into consideration Fig. 6, demonstrates the considerably
better characteristics of the quadratic approximation.of the sam-
pling data compared to the linear one. This analysis elucidates
the meaning of the conclusions made in the preceding text on the
satisfactory effect of the linear, and the optimum effect of the
quadratic model for the regression of X with respect to Z.
Finally it should be emphasized that the established close
positive correlation between X and Z together with the reliable
forecast of X by means of Z really are the first quantitative as-
sessment of the degree of predestination of the recent by the Neo-
gene-Quaternary vertical kinematics of the Shoumen Transitional
Zone., This predestination is manifested by a regular maintenance
during the nowadays epoch, too, of the main neotectonic tenden-
cies of the geodynamic development during the final 10-15 millions
of years, of the Barth's crust within the region under examina-
tion., On the other hand, the results obtained for this periplat-
form-orogenetic zone, demonstrate the necessity of a territorial
extension of the investigations. It is appropriate, in particu-
lar, to study the relation between the Neogene-Quaternary and the
recent dynamics of the neighbouring to this zone regions of the
Moesian platform and of the Eastern Balkanides, with the aim to
elucidate the specific role which the two respective types of
Barth's crust play in the tectonic processes of the northern
Black-Sea coast. This will contribute both to the fundamental
scientific elaborations related to the region studied, and to an
establishment of more general regularities of planetary character,
by means of comparison and discovering of similar particularities

within other regions of the same fype  in the world.
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STRESS FIELD IN THE LITHOSPHERE DUE TO TOPOGRAPHY AND DENSITY
INHOMOGENEITIES

Ji¥{ Tresl
Geophysical Institute Czechosl.Acad.Sci.,
Bodéni II, Sporilov, CS = 141 31 Praha 4

S umma ry: Stress and strain fields in the incompressible
elastic plate floating at the fluid basement are investigated.
It is assumed the stress sources are terrain topography and
crustal density inhomogeneities. The expressions are derived
for two-dimensional stress and displacement components. Calcu-
lations performed along the Carpathian profile KP III show the
maximum horizontal stress 70 MPa in this region.

P e 3 o M e: MccaenynTcs nmoas HanpaxeHuit u nedopmaunit ¢ nomommn
MONeJM HecEMMaeMoi ynpyro# niuMTH Ha XMIOKOM OCHOBAHMM. MCTOUHMKEMM
HanpsaxeHuit ABAAETCA COBMECTHOE BJIMAHME HATDY30K OT peabeda MecT-
HOCTM ¥ OT MJIOTHOCTHHX HEOLHOpOAHOCTelt semHoft xopw. BuBenenn Bwpa-
XEHMA IJs KOMIOHEHT IOBYMEPHOr'O HampsAReHuMs M CMeweHusA. JMa pacuyeTos
Ha KapnarckoM TpaBepcy K 3 Burekaer, uro FOPU3OHTAJEHNE Hanpsaxe-
HUS B 3TOit obsacTu mocrTurapT aHaueHuit 70 Mla.

1. INTRODUCTION

One of the most important tasks of geophysics to~day is the
determination of stress and strain fields in the lithosphere.
In principle, the lithospheric stress field may be generated
either due to various forces acting at the upper and bottom
boundary or as a result of body forces in the interior [1] .
Only the upper part of the lithosphere can be treated as an
elastic layer in geological time scale; in the lower part the
stress relaxation probably occurs due to solid body creep [2] 5

The purpose of this paper is to study the stress field gene-
rated by the topography and crustal density inhomogeneities.
The influence of topography itself was investigated by several
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authors [3] 5 [4] ’ [5] . The results obtained are only weakly
dependent on the compressibility and an incompressible model
may be used for the load wavelengths up to several hundreds ki-
lometres. On the other hand, the distribution of crustel densi-
ty inhomogeneities can strongly influence the primary stress
field generated by terrain topography and cannot be neglected.

2. MATHEMATICAL ANALYSIS

We shall study two-dimensional deformation of an incompress-
ible elastic plate with density ? floating at a fluid basement
with density ?;) ? (Fig.1). The plate density may be written

,Z,Z, Z; ; jl topography X

z=0

—_— T — oA — — — — — T Z=Zy
m density inhomogeneity

elastic plate

fluid

Fig.1

Q(x,z) =G, + 4 (,2)

where ?Q is initial density and ?4 the density perturbation re-
sulting from crustal inhomogeneities. Initially, the plate is
in the state of hydrostatic equilibrium. The state of deforma-
tion under this initial stress is taken as the reference state.
The additional stress and displacement fields are measured from
this reference state. The equatibmns of static equilibrium are[6]

(1) 96,/ 9x + 96,/ 9z = 0
(2) 96,,/9x + /2 +%g =0

where 6,,,,, 622 ’ 6,,2 are components of the total perturbation
stress and g is the gravity acceleration, which is supposed to

n

be constant. The stress-strain relationas for an incompressible
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medium are [6]

]

5y 6 = “P * chgu/ax

4) 6oz = -P F Qé&gw/az
(5) 6., ° &(9(4/92 + Ow/dx)

xZ

Here u,w are the displacement vector components, p the unknown
pressure and ot Lame s elastic constant. The equilibrium equa-
tions in displacements become

(6) = 09p/Ix +mBuU =0
(1 -9plaz +mAaw +Shg =0

Further, the incompressibility condition

(8) u/dx + Iw/dz =0

provides the third equation for the determination of three un-
kmowns u, w, p. We may express the displacements in terms of
a potential b 4

(9) u = -90Y¥Y/oz w = 0¥/ dx

end, after elimination of pressure terms we arrive at
(o AAY = - (g/m) 95, /9x
On the other hand, eliminating displacements terms, we obtain
(11) AP = ga?1/92

Now, we shall suppose crustal density inhomogeneities are
generalized with the help of a layered model. The perturbation
density 9% is supposed to be independent of z-coordinate within

each layer. We shall solve Eqs.(10),(11) for a harmonic density
perturbations S
rhex

(12) ?., = ?:e

keeping in mind the fact, each real density perturbation may be
expressed as & superposition of harmonic terms. The general so-
lutions of Egs.(10),(11) are then

z - —kz - % =1=-3) ik
an W = (A Be F*4Cze"%4 Dze "2 1gf, )e

w0 p - 24k (Ce™+DEH)ie™

"

u
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where A,B,C,D are arbitrary constants for each layer. From Egs.
(3),(4),(5),(9) we obtain final expressions for the stress ten-
sor components

(15) €y = ~[2€" b7 c(0+kz)e**+ d(2-kz)e *]e

(16) €z = [a€ ke_ Lok, ckze*?- dkze kz]e

[a€*+ be kz, o (M+kz)e**- d('f kz)e
+ 9, gk"’]:e' x

and for the displacement vector components

(18) U = (Q(uk) 1[86 -be & C('H-kz)e % d(1- fvz)e e

(19) W= (Q(Ak) [ae +bekz+ckzekitdk'z'§ ke,
+ 2?93 k ]EE

New constants a,b,c,d are connected w1th old ones as
20y (a,b) = 2iuk*(A,B) (c,d)=2iuk(C.D)

We must determine altogether 4n unknown constents if we emp-

vk

—kz
m 6xz

ikx

loy n layers in our model. The boundary conditions at the upper

surface read :
(21)  622(x,0) ?gW(x,O)-?gh(x)
0

(22)  6,5(x,0)

The physical meaning of the first condition is the verticel
stress balances surface load due to topography h(x) and the
weight of displaced elastic plate.

The boundary conditions at the lower surface are

(23) 6y (,H) = ~(€p-8) gw(x,H)
(24) 6x2(x,H)= o

Here the vertical stress balances the buoyancy force at the bot-
tom side of the elastic plate. Finally, the continuity of stres-
ses and dlsplacements at 1nternal layer boundaries demands

(25)  Gan (x,2;) = 61" (x,2;)
(26) éi'; (>r.'2;) = 6,‘{;”(&2;)
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(27) u.' (x:z,') = U;.,,,(x,z;)
(28)  w(x,2;) = wy,, (x2;)

The boundary conditions (21)-(28) represents altogether 4n line-
ar algebraic equations for the 4n unknown constants.

3, THE STRESS FIEL) ALONG THE PROFILE KP III
ZAKOPANE - SALGOTARJAN

The overall length of the profile was 400km (~150km€x4250km),
of which 150km are on the territory of Poland, 120km on the ter-
ritory of Czechoslovakia and 130km on the territory of Hungary
(Fig.2). The Czechoslovakian section of this profile is bounded
by O km€x<€120km ,The following reference densities were adopted:

POLAND

x=~150km

CZECHOSLOVAKTA

x= 250

Fig.2
@, = 2700 xg/m’ for O km < z<10 km ,
Q, = 2800 kg/m’ for 10 km < z<20 km ,
Q3 = 3000 kg/m’ for 20 km < 2<30 km ,
Q¢ = 3200 kg/m> for 2>30 km .

The elastic layer thickness H=30km andcu,:} b4 10*MPa [2] .
Approximation rectangles with a constant base 10km and vari-
able height equal to the mean sea elevation of the terrain were
established for computing the effect of the terrain topography.
The elastic plate was divided into 6 layers with uniform thick-
nesses 5km. In each layer, generalized density inhomogeneities
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were created from actual ones taken from [7] .

Surface loads and generalized density inhomogeneities were
expressed by Fourier series using interval length L=2000km,much
lomger than the profile lengfh. Stress and displacement fields
have been computed for x = -150,-140,.,..240,250km and for z = O,
590.025,30km. A1l computations were performed in two variants:

A/ The source of stress field is only topography,

B/ The source of stress field is topography and crustal density
inhomogeneities.

The basic results may be formulated in this manner:

1/ Along the profile given, the elastic lithosphere behaves
like "thin plate".It means that the horizontal stress component
d;x is dominant. For given x, 6;*is maximum at the upper and
bottom boundary of the plate, but with opposite direction.

2/ The horizontal stress component 6,, at z=0 along the pro-
file KP III is illustrated in Fig.3., In the A-variant, compres-
sible horizontal stress reaches maximum value 140 MPa at the
boundary between Czechoslovakia and Poland (the High Tatras),
whereas tensional stresses with maximum value 42 MPa are gene-
rated at Hungary. In the B-variant, maximum compressible stress
is reduced to 72 MPa and shifted to x=55km (Vepor deep-fault).
On the contrary, maximum tensional stress is increased to 74 MPa
for x=200km (Balaton lineament).

3/ The vertical displacement of the bottom boundary is shown
in Fig.4. In the A-variant, the maximum deflection 570m occurs”
at the boundary between Czechoslovakia and Poland. In the B-va-
riant, the maximum deflection reduces to 270m and is practically
unshifted. The maximum uplift 140m is generated for x=230km.
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RECENT CRUSTAL MOVEMENTS IN THE LIGHT OF
EARTH EXPANSION THEORY

Klaus Vogel, GabelsbvergerstraBe 27, Werdau GDR-9820

Abstract

The theory of Earth expansion is starting from thes assumption
that Pangaea covered completely the surface of a smaller Earth
till Mesozoic. By growing volume of the Earth due to endogenic
processes this crust broke to pieces and the continual wide-
ning gaps developed to the oceans of today.

A reconstruction of this crust is represented at a globe
with 60 % and the stage of the half opened oceans with 75 %
of the present Earth diameter. These globes are enclosed with-
in transparent spheres of the modern Earth to compare the
starting positions with the present situation. It is visible
that the continents in general seem to be fixed at the sub-
stratum, retaining their positions to each other. Herewith
the recent crustal movements are mainly determined by radial
outward pressing of the continents and filling the growing
gaps by new oceanic crust accordimg to seafloor spreading.

A series of photos gives a survey of this development.

The question arises whether this process will be detectable
by modern methods of intercontinental measurements in a fore-
seeable future, especially whether the Pacific is shrinking
or widening by some cm per year.

Zusammenfassung

Die Theorie der Erdexpansion geht davon aus, daB die Pangaea
bis zum Mesozoikum die kleinere Erde villig bedeckte. Durch
Wachsen des Erdvolumens wurde diese Kruste von innen heraus
zerrissen und die sich weitenden Bruchspalten entwickelten
sich zu den heutigen Ozeanen.

Eine Rekonstruktion dieser Urkruste ist auf einer Kugel mit
60 % und das Stadium halb gedffneter Ozeane mit 75 % des heu-
tigen Erddurchmessers dargestellt. Zum Vergleich mit dem
Jetztzustand wurden diese Globen zentral in die durchsichtige
heutige Erde eingefiigt. Hierbei erscheinen die Kontinente auf
ihrem Substrat fixiert, so daB sie ihre Lage zueinander weit-
gehend beibehalten haben., Die rezenten Krustenbewegungen sind
hauptsédchlich durch das strahlenfdrmige Herausheben der Kon-
tinente gekennzeichnet. Dazwischen entsteht durch Seafloor-
spreading neue Kruste. Eine Fotoserie zeigt dies im Uberblick.

Es erhebt sich die Frage, ob dieser Vorgang durch die moder-
nen Methoden der interkontinentalen Messungen in absehbarer
Zeit nachweisbar ist, vor allem, ob der Pazifik schrumpft
oder sich jdhrlich um einige cm ausweitet.
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The aim of this contribution is to point to the possibility
of the expanding Earth as an alternative model to the plate
tectonics theory and its implications to recent crustal move-
ments. The Earth expansion theory is starting from the as-
sumption that the archaic Earth had only about half of its
present diameter and the surface was completely covered with
continental crust. In consequence of a slow growth origi-
nated from the core, this crust became disrupted and the wid-
ening gaps were filled with new crust from still continental
components. During the Mesozoic with more than 60 % of the
present diameter due to the accelerating rate of expansion,
the fragments of continental crust separated, by roughly re-
maining constant in their shape and size. Between the frag-
ments new oceanic crust originated, representing now the be-
ginning of seafloor spreading. The axes of the midoceanic
ridges essentially followed the old fracturelines and are to-
day the main expansion joints of the expanding Earth. No
surplus oceanic crust is formed which demands a subduction

at other places.

On global models with increasing diameters the fit of the
continets and the development of the oceans are represented,
showing the accordance of the growing surface and the pat-
tern of seafloor spreading. These globes are enclosed within
transparent plastic globes of the modern Earth for compari-
son of the starting positions with the present distribution
of the continents. It is visible that the kinematics of the
crustal fragments is mainly determined by radial outward
movements during expansion. Simultaneously the distances of
the continental fragments at the surface are increasing, but
their arrangement to each other remains nearly unchanged.
Hereby the recent crustal movements are resulting from hori-
zontal and vertical components which both are caused by the

DOI: https://doi.org/10.2312/zipe.1989.102.03



286

expansion of the Earth. Based on these models the direction
and magnitude of the movements supposed today can be esti-
mated for the diffenrent regions of the crust. This is espe-
cially clear on the southern hemisphere with the dismember-
ment of Gondwana. It is estimated that the annual growth of
the South Atlantic is 2 cm, of the Indic is 3 cm and the
South Pacific is 7 cm. That means that the growth of the cir-
cumference in about 30 degrees southern latitude is 12 cm,if
no subduction of ocean floor takes place. Calculated for the
equator it is adequate to an annual radius increase of 2 -
2,5 cm. According to this the circumference of the circles
of longitude must increase as well. This mainly takes place
in the circumantarctic systems of rifts extending the south-
ern oceans parallel to the latitudes. This is one reason for
the asymmetric distribution of continents and oceans.

Because of this the surface of the southern hemisphere is
more expanding than the northern hemisphere. Therefore at the
latter the circles of latitude are migrating to the south.

In addition compensating movements by horizontal shifting and
opening of wedgeshaped gaps result from geometrical reasons.
They are also influenced by different strength of the litho-
sphere, the interactions between stress and strain and the
magnitude of friction between the crust and mantle within
the asthenosphere. Important examples of these movements are
the shearing of West- and East Antarctica or the huge par-
allel shifting (megashear) between the westcoast of North
America and the northcoast of Asia in connection with the
forming of the Pacific. The San Andreas fault of California
today may be an aftereffect of this displacement.

Starting from the estimate that the Earth radius increased
by 2500 km during the last 200 million years the average
annual increase is 1,25 cm. We must suppose that during
this period the rate of expansion accelerated. Therefore the
above mentioned amount of 2 - 2,5 cm may be convenient
for today.
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Recently Dr. W.D. Parkinson calculated with the help of val-
ues of intercontinental measuerements by the NASA an annual
radjus increase of 2,8 t 0,8 cm (Carey 1988). This corre-
sponds very well with the two values estimated beforehand.

The fit of the continents on a smaller globe and from
there the development of the oceans according the pattern of
seafloor spreading demonstrate a high degree of probability
for a considerably expanding Earth, regardless of some more
supporting arguments from other fields. On the other hand
there are also strong objections against an expansion in the
magnitude postulated above mainly from physical viewpoints.
They concentrade on questions of gravitation, length of the
day, celestial mechanics or the suggested increase of mass
of the Earth parallel to its expansion.

Summarized it is very important whether in the course of
the next years the continuation of the intercontinental
measurements will confirm the trend of Dr. Parkinson's cal-
culation. The deciding question is whether in accordance with
the expectation of the plate tectonics the Pacific diminishes
by some cm per year or whether instead of this an increase in
the sense of the Earth expansion theory will be demonstrated.
Especially the distance between Australia respectively New
Zealand and South America is of uppermost interest.

THE GLOBAL MODELS

The presented global models show two different stages of the

expanding Earth:

- The fit of the continents to a closed crust on the surface
with a diameter of roughly 60 % of today (before Trias).

- The partly opened oceans on the planet with a diameter of
75 % (Cretaceous).

- These globes enclosed within a transparent modern Earth
showing the development of the oceans and the outward
movement of the continents to their present positions
caused by expansion.
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CRUSTAL MOVEMENTS AT SEISMOACTIVE AREA OF CHEB - WESTERN
BOHEMIA

Pavel Vyskodil, Research Institute of Geodesy, Topography
and Cartography, Zdiby, Czechoslovakia

ABSTRACT

One of the seismoactive zone of Czechoslovakia is the
ares Cheb-Kraslice, at the western border with GDR and
FRG. The occurence of earthquake swarms is typical there,
and the last swarm occured in the winter 1985/86.
Consequernces of some main shocks affected buildings in the
Cheb vicinity and the quakes were registered also in central
part of Bohemia. No special geodetic measurements were
perfcrmed before the swarm, but the available data of trima-
gulation can serve for analysis of the dynamical properties
of the area under study. In present paper the three repeated
triangulaticns performed in 1870, 1930 and 1947 are analyzed
at the background of the map of vertical movements, based
on the levellings from 1938-1950 and 1975-1984. The derived
field of horizontal deformations as well as the isbdlines
of vertical movements are in good egreement with the geologi-
cal structure end situation of the seismoactive faults.
In addition, the extremal vuplift of the esrea under study
could be considered as the pre-seismic deformation. In order
to support this assumption, the new repeated measurements
ere in progress.
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INTRODUCTION

The seismoactive area of Cheb-Kraslice is situated at
the crossing of the Jdchymov-Maridnské Lazné fesult system
in NW direction, and Podkrusnohorsky fault zone in NE
direction. All seismic events - earthquake swarms - are
shallow ( of about 10 km or less) and the epicenters of
main shocks occure either at the territory of Czechoslovakia
or at the territory of GDR. The earthquake swarm of 1985/86
was reletively strong with demages at buildings and sounds
gimilar to thunder (Prochdzkovd, 1986). Two workshops were
organized to this swarm during 1986 (Proceedings, 1986a,
1986b) and the scientific interest was focused@ at this area.
In addition to seismolcgical and other geophysical studies,
the results of repeated geodetic measurements were snalyzed
with respect to the occurence of the swarm. The first results
were published ot mentioned above workshops (Vyskodil, P.,
1986a, 1986b). The following presentation could be considered
as the continuation of previous work, summarizing all
available data in one analysis.

The properties of horizontal component are given in the
field of deformation determined for the epochs 1870-1930 and
1930-1947 separstely. The annual velocities of vertical
movements are given by the isolines with the interval 0.1mm/a
and cover the epoch 1945 -~ 1980.

VERTICAL MOVEMENTS

The data on vertical movements are derived using repesated
levellings performed in years 1939-1950 (average 1945) and
1975-1984 (average 1980), at whole territory of Czechoslovakia.
After the careful chioce of proper benchmarks, the network
was adjusted and values of annual velocities of vertical
movements were determined relatively to the Fundemental
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Levelling Benchmark Zeledice, situated in the structures
of the Bohemian Massif southern from Brno in the central
part of Czechoslovak territory (Vanko, J., Vyskodil, P.,
1987). The adjusted values in very dense network served
for compilation of the map of annual relative velocities
of vertical movements, constructed orginally in the scale
1:200 000. For isolines was chosen the interval 0.1 mm/a.
The western part of this map is the basis for present ana-
lysis of verticel movements in the srea under study (Fig.
1.). In comparison with the map constructed early (Vysko-
g8il, P., Kopecky, A., 1974) for previous epoch, the area
under study tends to strong uplifts for last years before
the earthquake swarm. This uplift is distinct especially
in the area of Kreslice and can be considered-as the pre-
geismic movement.

In order to separate the main trends of vertical move~
ments end their residuals, the second order pclynomian
approximation was applied. The trend of vertical movenents
is given in Fig. 2 and demonstrate the systematical tilt
frem W to SE with the maxzimum values 1.5 mm/a at NW border
and 0.4 mm/a at the SE border of the area. The residuals
are given in Fig. 3. The uplift of area Kraslice by NW
border is evident with the strong terdencies to subsidences
towards SW, where the isolines fcllow the seismoactive fault
zones by Cheb, where the main quakes of the swarm 1985/86
took place. At SE side follow isolines the direction of the
Podkrudnohorsky fault zone interrupted by uplifi between
Kreslice vicinity and Doupovské hory Mts. (+0.5 mm/a).
Following the SE continuaticn of seismoactive zones, the
subsiderces in Marianské Ldzn& feult are evident. With
respect to the fact that the map of this part is based on
relevellings from 1984, we can suppose the whole picture
as the preseismic movements in the vertical direction.
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The trend of annual velocities of vertical
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Pig. 3. The residuals in the trend analysis od annual
velocities of vertical movements. Full lines
uplifts, Dashed lines subsidences. Isolines
given in the interval 0.1 mm/a.
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HORIZONTAL DEFORMATIONS

As has been stated early, the results of three
repeated triangulaticns were used for our present analysis.
The network used for the epoch 1930-1947 is more dense in
the area under study than the for the epoch 1870-1930. It
is why the area covered by our results for epoch 1870-1930
is broader. By the initial processing the single triesngule-
tions were adjusted separstely as the free networks. Applying
the Helmert s trensformation the coordinates of 1930 were
trensformed into the system 1870, and the coordinates of 1947
into the system 1930. The average accuracy in determination
of coordinate differences for the epoch 1870-1930 is given
by the value m 2 m_ = 4.5 mm/a and for the epoch 1930-1947
m, 2 m_ = 3.8 mm/a. The sverage lateral displscement for the
epoch 1870-1930 is given by the value of dx £ dy = 6.9 mm/a
and for the epoch 1930-1947 dx = dy = 10.7 mm/a. The
presented accuracy gives the evidence that the determined
coordirate differences can be consider as horizontal move-
ments.

By the further processing of availeble data, the horizon-
tel movements for the epoch 1870-1930 were trasformed in
areal field of horizontal deformetions using third order
polynomien approximation. The field of deformations, i.e.
the main axis of compression and/or extension and shear
deformation, were computed in the grid 10x10 km. The area
covered by computations was extended especielly southward
in comparison with the data set used by Vyskodil (1986b).

The results of computations are given in Fig. 1. at the
background of the map of ennual velccities of vertical move-
ments. It must be point out that the orientation of shear
deformations in Cheb eres is in the direction of seismoactive
favlt system as well as in the direction of crossing Pod-
kru$nobhorsky fault zone.

The main parameters of deformstion for the epoch
1930-1947 were determined within sepsrste triangles only.
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The results are given in Fig. 4, also st the background of
the part of the map of annual velocilies of verticel move-
ments. The orientation of the shear deformation in the area
under study is similar to the deformetions given for the
epcch 1870-1930 in Fig. 1.

DISCUSSION OF RESULTS

Comparing the results of analysis in both horizontal
and verticel directions of movements or deformations we
can find the common features. Especially, it is the evidence
of seismoactive fault system in NW direction resulting from
orientation of isolines of vertical movements residuals asnd
orientation of shear deformations in the same directions
in both epcch of retrisnguleticn. By the seme way are
evident the vertical movements eand horizontal deformations
along the part of the Podkrusnohorsky fault zone in NE
direction. The interrupticn of deformation and movements
at this fault zone towards NE is also ewvident. This prcbably
connected to the presence of neovalcanits in Doupovské hory
Mts. area.

As concerns the vertical component of movements it
should be point out the extremal uplift in the area of
Kraslice and the large gradient across the seismoactive
faults system. The levelling measurements were performed
in this pert in 1984 and cen be accompanied to the stage
of preparation of earthquake swarm. Some detail analysis
along separate levelling lines are in agreement with this
assumption and were published earlier (Vyskod&il, P., 1986a).
This preliminary statement should be tested at further
repeated levellings performed or planned after the swarm
1985/86.

In comparison with the vertical component, the horizon-
tal deformation are rot related to the earthquake swarm
under study. Moreover, during the large time interval
1870-1930 occured there the other swarms, comperable with
the last one( 1897, 1900, 1903, 1908, 1911, 1929). In the
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epoch 1930-1947 occured only two small swarms (1930 and 1936).
It means that the field of deformations given either in

Fig. 1. or in Fig. 4. reflects only the main tendencies

of horizontal deformations in the area under study. From
this viewpoint it is important the agreement in the direction
of the shesr deformations in both epochs. But, comparing

the main axes of deformation we can recognize the tendencies
to compression in 1870-1930 and for extension in 1930-1947.
This difference can be considered as not identical number
and intensity of swarms occured in both epochs. In addition,
it can be supposed the connection of these differences and
variations of the state of stress in various stages of
geismic activity. The answer on this open question can be
given also by detail studies of horizontal deformetions.

The messurements focused at this problem are planned for

the next year.

The mechanism of the earthquakes in the stage of their
prepartion is difficﬁlt to discuss now. Nevertheless, it
can be supposed that the deformations determined at the area
under study ere the result of main compressional pressure
from the Alps, affecting especially the central part of
the border with FRG towards NE (Vyskodil, P. 1988). This main
force is then distributed by separate blocks of the Bohemian
Massif including the blocks of the area under study. The
direction of deformations than can varried with respect to
the orientation of borders of sepsrete crustel blocks.

CONCLUSION

The results of analysis of vertical movements as well as
horizontal deformations in the area of Cheb-Kraslice are
presented. The results of the analysis of vertical movements
allow us to suppose the connection between the uplifts and
strong gradients al seismcactive faults system end the occurence
of the earthqueke swarm 1985/86. The mentioned sbove pheno-
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mena can be considered as the pre-geismic movements due

to the stress accumulation in shallow parts of the crust.
The horizontal deformntions ere also in good agreenment
with the geolcgical structure of the area under study, snd
reflects the difference in orientation of seismcacti've
feults system and PodkruBnohorsky feult zone. Due to other
time intervals, the horizontsl deformstions themselfs sre
not related to present earthquake swuarm. Nevertheless,

the variation in dilatation and similarities in shear
deformations allow ug to suppose the mutual connection
between the seismic activity and variations of stress

in the crust.

With respeot to the importance of the vicinity of
the seismic eres under study (minerai waters, mining
aotivity etc.) the detail studies of iis geisnicity is
very desirable. It is why the system of levelling lines
and trigonometric stetions was establighed there in 1987
and 1988 in order to increase the number cf new date
on the vertical and horlzontal movements before the next
earthquake swarm, In this direction it could be also
recommended o connect the present network in Cheb-Kraslice
area to the network in test ares Vogtlend in the DDR
(Ergebnisgse, 1985)., These works and stiudies carn essentially
contribute to the understanding of the mechanism of
erthquake swarms in the stage of 1heir preperation and
occurence.
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THE PRESENT STATE OF CRUSTAL MOVEMENT
STUDIES AT KALABSHA AREA,ASWAN, EGYPT

P. Vyskoéil

International Centre On Recent Crustal
Movements, Zdiby, Prague, Czechoslovakia,

R.M. Kebeasy , A. Tealeb and S.M. Mahmoud

National Research Institute of Astronomy and
Geophysics, Helwan, Cairo, Egypt

ABSTRACT

Aswan lake is the second largest man-made reservoir in the
world. Its filling started 1964 and earthquake of magnitude 5.6
took place in 1981 at Kalabsha fault area. Since then, seismicity
continuous to occur around the fault in that area.

Local geodetic network of 16 points was established in 1983
around Kalabsha fault for monitoring vertical and lateral
movements. Five repeated horizontal and two repeated levelling
measurements were performed since 1984. The analysis of these
measurements revealed remarkable horizontal and vertical changes.

INTRODUCTION

On November 14, 1981 a moderate earthquake with a local
magnitude of 5.6 occured at the unpopulated area of Kalabsha,
along the Kalabsha fault, 70 km southwest of Aswan City (Kebeasy
et al.,1982 , Kebeasy et al.,1987). This earthquake was
considered as a very important event as it is located not far
from the Aswan High Dam. Due to its possible association with
the impomndment of Lake Nasser, especially the water activity
in and around this lake, and as the Aswan High Dam is the single
dam which affects the whole country, several progremms, such as
monitoring seismicity, underground water behaviour, strong
motion effects on important structures and crustal deformation
by means of geodetic methods were initiated.
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In order to monitor continuously the earthquake activity
around the lake and to investigate its relationship with water
activity in and around the lake, a radio-telemetry network of 13

gseismic stations (£1g.1) were established around the northern
part of the lake and has operated since July 1982 (Kebeasy et al.,
1987 , Simpson et al.,1987). The seismic events are recorded
telemetry at the Regional Seismological Center at Aswan.

Eight strong motion accelerographs were installed on the
Aswen High Dam, old dam and free fields in order to record the
acceleration due significant earthquakes and to study soil and
gtructural response.

A network of 6 piezometers (fig.1) constructed in 1983 and
1985 around the northern part of the lake. The purpose of this
network is to investigate the relationship between the hydro-
logical regime of underground water and the earthquake activity
in and around the lake. This investigation is to assess the
underground water level and its role in the pore-pressure changes
in the Nubian formation. The data from the six piezometers (water
level, temperature and pressure of underground water) are
transmitted telemetry into the Regional Seismological Center at
Aswan.

In order to monitor horizontal and vertical crustal
movements, using geodetic methods, around the northern part of
Lake Nesser to investigate their possible association with the
eerthquake activity and the water loading in the lake and to
understand the geodynamics of the area, a long term study program
was planned (Kebeasy et al.,1984 , Vyskocil and Tealeb,1985 ,
Vyskodil et al.,1987). This progremm includes establishments
and measurements of local and regional geodetic networks around
potential faults. The first local geodetic network (RKalabsha
network) was established around an active part of the Kalabsha
fault in November 1983 (fig.1). The network consist of 16
geodetic points for horizontal measurements and two levelling
lines (fig.2). The initial measurements were carried out in
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December 1984. The measurements were repeated in February 1986,
January 1987, September 1987 and January 1988.

This paper focuses on the present state of crustal movement
studies at Kalabsha area using the precise geodetic measurements.
The work includes short notes about the geology, structure and
seismicity of the area to the south of Aswan and around Lake
Nasser. The preliminary results of adjustments and interpretations
of the geodetic measurements are also discussed. The aim of the
whole studies carried in the area is a better understanding about
the cause of the earthquake occurance and its origin and also
earthquake prediction in order to diminish the seismic risk within
the area of Aswan as well as the safety of the Aswan High Dam
and its economic resources.

HISTORICAL VIEW , GENERAL GEOLOGY AND
STRUCTURES OF THE AREA SOUTH OF ASWAN

1. Aswan Lake (Lake Nasser): Throughout history of Egypt, the
River Nile have ever been the source of gift. Floods of the River
Nile were known in some years, while in the other years drought
has preveiled. The water income to the Nile is irregular, i.e.
its yield varies daily, monthly, seasonly and annually. The idea
of constructing a High Dam at Aswan for high level storage was
brought up in 1952, Such a dam would guarantie supplying Egypt
with the required amount of water for agricultural expansion and
protecting the country from the periods of high floods. Besides,
the dam would also provide the coantry by clean hydroelectric
power essential for industry, agriculture and national development.

The Aswan High Dam is considered as a unique structure among
all the large irregation and electric power projects in the world.
It is rockfill and concrete type structure, 110 m height. It is
located above the first cataract of the Nile, 15 lkm south of Aswan
City. The dam impounds the second largest man-made reservoir in
the world extending about 500 kmn in southern Egypt and northern
Sudan, 350 km of them extends in the Egyptian teritories along
the main course of the River Nile. The reservoir, over most of
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its length, has a width of about 10 kms. The only major exptions
to this is the embayments to the west of Wadi Kurkur and Wadi
Kalabsha (fig.1). The reservoir began to be filled early in 1964
and the level rose gradually with annual irrigation cycles and
reached a maximum level of 177.48 m in November 1978,

2. General Geology and Structures : The area of southern Egypt

is belong to the so-called Arabio-Nubian Massif., To the east, the
leke overlies mainly Pre-Cambrian rocks and contacts mainly Pre-

Cambrian granits and metamorphyics. To the west, the lake covers

the Nubian sandstone formations.

In the area to the northwest of Lake Nasser a sequence of
sedimentary rock units, consists mainly of the Nubian formations,
ranging in age from late Cretaceous to Eocene unconformably
overlies Pre-Cambrian basement rocks. The Nubian formation is
composed of fine- to course-grained sandstone with some shale
and siltstone intercalations. The information freom boreholes
indicates that the Nubian formation is approximately 500 m thick.

The tectonic setting of the area is characterized by the
presence of two main sets of fault system and regional uplift of
the basement rocks (Issawi, 1968, 1971, 1978). These sets are the
north-south and the east-west fault systems (fig.1). The Kalabsha
fault is located on the western side of the River Nile and was
identified as the source of the 14 November 1981 earthquake
(Kebeasy et al.,1982 , Kebeasy et al.,1987). This fault is well-
expressed on aerial photographs and associated with en-enchelon
folds. Its total length is approximately 300 kms. Geologic,
seismologic and geomorphic evidences indicate that the fault is
a right-slip fault. The Seiyal fault is located approximately 12
km north of the Kalabsha fault. It is also right-slip fault. The
north-trending fault system affect the Nubian formation and
includes the Gebel el-Barga, Kurkur, Khor el-Ramla, Gazelle and
Abu-Dirwa faults (fig.1).
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PREVIOUS AND RECENT STUDIES
IN THE AREA SOUTH OF ASWAN

1. Seismicity: Until recently no significant earthquakes were
reported to have take place around the Lake Nasser. Moreover, the
lake area was regarded as aseismic area (Gutenberg and Richter,
1954). Microearthquake survey carried out around Abu-Simbel in
1981 (Gibowicz et al., 1982) shows that all the microearthquakes
originated either directly under or close to the reservoir.

The Kalabsha area is the most recently active area. It lies
on a large western embaymént of Lake Nasser. Earthquakes were
estimated to have occurred near the epicentre of the main
earthquake of 1981. Earthquake activity in the area is continuing
at a low level till now. The 14 November 1981 earthquake was
occurred in Kalabsha area along the Kalabsha fault near Gebel
Marewa, T0 m southwest of Aswan City. Extensive ground craking
were occurred in the desert within the epicentral area. This
earthquake was preceded by three foreschockes,on November 9
(magnitude 3.6 and 4.2) and on November 11 (magnitude 4.5), and
followed by a tremendous number of afterschocks. The 14 November
1981 earthquake is the most significant signal earthquake in the
region because of its proximity to the Aswan and High Dams and
because of its possible association with the reservoir induced
seismicity.

The activity is believed to be triggered by the lake (Kebeasy
et al.,1982) because: there is no significant earthquake has been
located in the lake area throughout history, the epicenter of
this earthquake is located near a considerably wide area of the
leke, water penetration in the fractured near-surface rocks and
the increased pore-pressure and the lake is very large and
relatively deep.

Analysis and interpretation of seismograms, recorded by the
telemetry network, shows that the seismicity clusters are in
three main zones (fig.1). The first- and most active zone extends
WSW-ENE for about 14 lms along the Kalabsha fault approximately

DOI: https://doi.org/10.2312/zipe.1989.102.03



306

beneath Gebel Larawa. The hypocenters are concentrated at two
depth intervals: from 14 to 22 km, and from 4 to 7 km. The second
zone extends for 8 km along another segment of Kalabsha fault
which is closer to the o0ld stream of the Nile. In this zone, the
activity is confined to depths from 4 to 6 km. Regarded the foci
distribution in these two zones, a gradual decrease in depths
from west to east is observed. The third zone is located at Wadi
Kurkur in the northwestern part of the lake and about 15 km south
of the Aswan High Dam. This zone is characterized by low
seismicity (Kijko et al., 1985) and shallower events at a depth
of about 12 km.

The predominat focal mechanism of the activity at Kalabsha
is a right-lateral strike slip faulting on an east-west fault
plane. The epicentral distributions of earthquakes, occurred in
the Kalabsha area from July, 1982 to December, 1987 are given in
figure 3 (Kebeasy et al., 1987).

It is expected that the filling of Lake Nasser will alter
the distribution of stresses in the subsurface beneath the lake
and its vicinity. Also, the load of the water may change the total
stresses on the surface of the area under investigation. Therefore,
the water level in the reservoir and the number of earthqueakes as
well as their magnitudes, which occurred in the area, are
continuosly recorded. An example of these data for the period from
July, 1982 to March, 1988 are given in figure 4 (Kebeasy et al.,
1988). From these data, it is noticed that the increase of
earthquake activity in the area follows a high rate of change in
the water level of the lake. This phenomenon is clear in the
increased seismicity of : February 1983, December 1983- January
1984 and June 1987.

2. Hydrological Regime : Analysis of the data from the piezometers
(water level, temperature and pressure of underground water) show

that there is a relationship between the change of the water

level in the leke and the underground water level around the lake

for a long period, whereas for the short periods (monthly,

seasongjly end annuelly) there is no remarkable relation.
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The increase of the earthquake activity in Kalabsha area in
Febraury 1983, December 1983 - January 1984 and June 1987 were
followed & high rate of change in the water level in the lake,
while the underground water level does not show remarkable change.
Therefore, no clear conclusion could be drawn between the under-
ground water regime end earthquake activity in Kalabsha area.
This may be due to the existance of various north-south and east-
west trending sets of faults which could act as barries. This
conclusion leads to a fact that, the relationship between the
underground water regime and the water level in the lake as well
as the earthquake activity still needs more studies.

RECENT CRUSTAL MOVEMENT STUDIES

The recent crustal movement study in the northwestern area
of Lake Nasser contributes successiful example for the studies of
seismo-active areas in Africa. The aim of these studies are the
mapping of the tectonic elements presented within the area, to
understand the geodynamics of the region and to have a better
understanding about the cause of the earthquake occurence and its
origin. The scientific use of the informations and results of
the above mentioned studies contribute a good base in earthquake
prediction in order to diminsh the seismic risk within the area of
Aswan and the safety of the Aswan High Dam and its economic
resources.

The monumentation of the geodetic points in the desert
condition is not so easy according to the problem of transportation
in the desert. The benchmarkes were prepared from concrete fixed
to a depth reaching the consolidated hard rocks (Vyskoéil, 1984 a,
Vyskocil and Tealeb, 1985). The marks for the horizontal and
vertical measurements were installed at the top of the concrete.
Carriying out the geodetic measurements in the desert conditions
as at Aswan region, where the measurements are taken, is also
not easy. The geodetic field works are laborious and slow. The
one-second theodolite Kern DKM-2A and the electro-optical
distancemeter Kern DM 503 with an accuracy of + 3 mm were used
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for the precise angles and distance measurements. The precise
automatic level Kern GK 2A, invar rodes of 3 m length and heavy
footplates were used for monitoring the vertical movements.

The Kalabsha network (fig.2), 16 points for horizonta.
measurements and two levelling lines crossing the fault, was
established ecarly in 1983. The initial measurecments was performed
in December 1984 and the measurements were repecated in February
1986, January 1987, September 1987 and January 1988. Tor the
purpose of adjustment of the horizontal movements in the
different epochs, the Kalabsha local network was considered as
a free network.

Vertical Movements : The initial levelling measurements along the
Tevelling lines (fig. 2 and 5) were carried out during January

1986. Repeated levelling measurements were performed in October
1987 and January 1988. The levelling measurements in the different
epochs show a high accuracy of measurements. The relative vertical
movement between the different benchmarks of the levelling
profiles were determined considering the benchmark No. 13 as an
initial level (fig.5). High rate of subsidence in Kalabsha areca
was recorded in the southwestern part of the network as
represented by the areal projJection of the vertical movement in
figure 6.

In figure (5), the division of the network into two areas
with different mean values of height changes in millimeter for
the time interval from January 1986 to January 1988 and zone of
maximal gradient of elevation changes are shwon. The elevation
changes and the zone of maximal gradient of elevation changes are
also clear along the profile extends from point No. 52 to point
No. 13 crossing the Kalabsha fault (fig.T7).

The trend of changes in elevations at severel points were
studied. In figure 8, the trend of height changes for the time
interval from January 1986 to January 1988, at the mid point
between 52 and 12 was represented. Annual height change of
- 1.7 mm was recorded at this point.
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Horizontal Movements : Processing of four horizontal measurements
Tdistances and angles) were performed in 1987. The processing
includes :

1) the separate adjustment of the horizontal measurements of
1984, 1986, 1987 I,and 1987 II as a free network.

The results of adjustments of the horizontal measurements of the
the different epochs show a high accuracy of measurements
(Vyskocil et al. 1987 , Mahmoud, 1988).

2) the transformation of coordinates of the different epochs,
1986, 1987 I and 1987 II into the system of coordinates of 1984
using the Helmert®’ s transformation (Vyskoéil, 1984 b).

The re-adjustments of the Kalabsha network improved the accuracy
of measurcments (Vysko¢il et al., 1987 , Mahmoud, 1988).

3) the evaluation of the results of adjustment and transformation,
using the error criteria given by Vyskoéil (1984 a), (mean square
error and confidence interval).

The displacement vectors of the Kalabsha local network were
compitted from the coordinate changes comsidering the usual
assumption that the changes of coordinates after the transformation
give the information on the displacements of the geodetic points
during the considered time interval.

The displacement vectors for the epochs 1986, 1987 I and
1987 II are represented in figures 9, 10 and 11 respectively.
Congidering the confidence limit, most of these displacements
vectors can be attributed mainly as the movement occured within
the considered area in the different epochs of measurements.

The horizontal distances between each two points of the
Kalabsha network were determined and the tendencies of horizontal
movements within the considered network vere computed from the
horizontal disteances which determined in the different epochs.

In figure 12, the rate of annual deformation in millimeter are
represented at each side of the different triangles of Kalabsha
network, Different annual rates of displacements (extension and
compression) were recorded. From this figure, the distance between
points 52 and 51 shows a higher value of the annual rate of
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displacement (extension). The distances between the points which
are close to the fsult show a relatively smell values of annual
rate of displacement. Two examples for the main pronounced
tendency in case of extension and compression (shortening) are
given in figures 13 and 14 respectively.

Considering the results of tendencies of distance changes in
time, the southern part of the Kalabsha network show a maximum
trend of horizontal changes, whereas the northern part of the
network and distances close to the trace of the fault show a
relatively minimum trend of horizontal changes (fig.12). These
results are in good agreement with the results of the vertical
movement which in turn shows a high rate of subsidence in the area
to the south of the network and a relatively small rates of
subgidence in the worthern part of the network (fig.5).

The initial information for the original displacements at
the points of the network for the different epochs shown in
figures 9, 10 and 11 were used for the determination of the
displacements in grid of 1x1 km. The interpolated displacements
of horizontal movements for the epochs 1986, 1987 I and 1987 II
are given in figures 15, 16 and 17 respectively. These displacements
were also used for the determination of the main axis of horizontal
deformation ficlds (extensions and compressions) in the same grid.
Results of these analysis are shown in figures 18, 19 and 20,
where the main axis of horizontal deformation feilds for the epochs
1986, 1987 I and 1987 II are given respectively.

The analysis of the interpolated displacements of the
horizontal movements in the different epochs show a general trend
of regular pattern of movement. The points nearly to the south
of Kalabsha fault, have an easterly motion, whereas the points to
the north of the fault, have approximately westwards movements.

In general, the area of Kelabsha network seems to move anticlock=
wise with a small component of rotation. The difference between
the displacements from the epoch 1987 I to the epoch 1987 II could
be according to accumulation of energy in the subsurface preceded
the earthquake activity of June 1987 (fig.4). The values of
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strain parameters (figures 18, 19 and 20) indicate that, the
area of the Kalabsha network got strained from one epoch to
enother and to rotate approximately anticlockwise.

The analysis of information from geology, seismicity, water
level in the lake, underground water table and geophysical study
with the results of deformations should be carried out after the
performance of several geodetic measurements.

CONCLUSIONS

Monitoring of recent crustal movements (horizontal and
vertical) was carried out at one of the most seismo-active area
along the northwestern part of Lake Nasser (Kalabsha area) south
of Aswan City in Egypt. This work was begon after the occurance
of a moderate earthqguake, with a magnitude of 5.6, on November
14, 1981 in the arca along the Kalabsha fault 70 km southwest of
the city of Aswan. A local network of 16 geodetic benchmarks and
two levelling lines crossing the fault was established on a part
of the Kalabsha fault early in 1983. The initial measurements
were carried out in December 1984. The measurements were repeated
in February 1986, January 1987, September 1987 and January 1988.

Although the period of the field observatlons is relatively
short, the analysis of the obtained data indicated a significant
evidence of both horizontal and vertical movements during the
congidered time interval. The preliminary analysis of the first
four measurements show the following results :

1) The vertical movements indicates a maximum rete of subsidence
at the southern part of the network and a minimum rate of
subgidence in its northern part.

2) High rate of subsidence in Kalabsha area was recorded in the
southwestern part of the network.

3) Zone of maximal gradient of elevetion changes was determined,
which could be correlated with the well-known trace of the fault.
4) Maximum trend of horizontal movements was determined in the
southern part of the network.

5) Minimum trend of horizontal movements wes recorded relatively
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in the northern part of the network and close to the trace of

the fault.

6) The most of the area of the Kalabsha network, has got strained
from one epoch to another and seems to rotate approximately
anticlockwise.

7) The results of the vertical movements are in a good agreement
with those of the horizontal movements.

In order to make it clear, the relation between these
movements and the change of the water level in the leke, the
underground water table as well as the seismicity of the area, it
is planned to continue the precise geodetic measurements. Also,
it was decided to extend stepwise the system of geodetic network
containing some other local networks situated at the other faults
and connected them by regional network to cover the whole area
of the northern part of the lake. The study of the problem of
geodetic refraction for this part of the Egyptian desert is in
stage of data analysis. Detailed geophysical studies of the whole
area includes gravity and magnetic surveys as well as seismic
refraction and electric sounding along various profiles are also
planned.
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Fig.(6) An areal projection of vertical movements at

Kalabsha network .

DOI: https://doi.org/10.2312/zipe.1989.102.03




(mm)

24 -
s 7
ER:
e
1 38
i3
e
0 - B,
s2 12 _-==""""13 (Km)
Prmmmm - ----
/
-1
05 0 05 Km

Fig.(7) Changes of elevations on the profile 13-52
(crossing the fault ) in mm for the interval

from January 1986 to January 1988 -

DOI: https://doi.org/10.2312/zipe.1989.102.03

ozce



321

0 5 10 15 20 25 TIME/MONTH
0 "
-1
E 7 -
£ NG 0.99
-2 7y
°
F
(3
v- 3
c
4
& 4
o 4 4
£
(&)

Fig.(8) The trend of height changes in time at

mid- point between 52 and 12 .

DOI: https://doi.org/10.2312/zipe.1989.102.03




X N
km I
KALABSHA
28 = . local Network
- ‘Q Omm
N
2 - bl
. \u
i “~
-
e
20 - "
.
l’ o fﬂ-/
el
19 -
“ ’5\‘ \
12
9 L4 L L] L] LS L]
W n 12 13 14 15 km Y
Fig.(9) Displacement vectors of coordinates changes(ax , ay ) for
the epoch from December 1984 to February 1986 at stationsof the
network.

DOI: https://doi.org/10.2312/zipe.1989.102.03

[44%



km
KALABSHA
24 - L2Y Local Netwesk
2] = q/, 10mm
32
22 - o
| X‘
21 -\ —w
20 - /n *u
L
n /fﬂ
19 =
-5
33
1w - (/////‘ \\
ol s \
17
0 Ll L] L L L L]
° u 12 13 14 15 km Y

Fig.(10) Displacement vectors of coordinates changes ( aX ,aY ) for the
epoch from December1984 to January 1987 at stations of the
network.

g, 2

€2€

DOI: https://doi.org/10.2312/zipe.1989.102.03



X
i KALABSHA
28 - . Llocal Network
10mm
2] - L1
o3
22 - I [ﬁ
"
AN
N n
21 -
e,
20 - oll
\n N
19 «
82
ad) _ \
18 -
°52 A
/u \
]1 Al v T L | § T k ‘
w0 M 2 v 16 15 m
Fig.(11) Displacement vectors of coordinates changes ( aX , aY )for
8 the epoch from December1984 to September 1987 .

DOI: https://doi.org/10.2312/zipe.1989.102.03

vee



325

km KALABSHA

local Network

Fig.(12) Tendencies of horizontal movements at
different triangles of the network for the.epoch

from December 1984 to January 1988 .
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3) Tendency of distance changes in time
( in case of extension ) for the distance

between .41 - 42 in the epoch fromDecember

1984 to January 1988
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Fig.(1%) Tendency of distance changes in time
( in case of compression ) for the distance
between 13 - 32 in the epoch from December

1984 to January 1988
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Fig.(15) Horizontal movements of the network for the
epoch from December 1984 to February 1986 ,

computed on a grid 1 x 1 Km .
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Fig.(16) Horizontal movements of the network for the
epoch from December 1984 to January 1987,

computed on a grid 1 x1 Km
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Fig.(17) Horizontal movements of the network for the
epoch from December 1984 to September 1987,

computed on a grid 1 x 1 km .
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Fig.(iB) Main axis of horizontal deformation fields

( compression ; extension ) for the epoch
from December 1984 to February 1586 , computed

on a grid 1 x 1 km
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Fig.(19) Main axis of horizontal deformation fields
( compression ; extension ) for the epoch
from December 1984 to January 1987, computed

on a grid 1x 1 km .
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Fig.(20) Main axis of horizontal deformation fields
( compression ; extension ) for the epoch
from December 1984 to September 1987,

computed on a grid 1 x 1 km .
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