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PRESENT S'.l!Affl AND PROSPECTS OF MONITORING RECENT CRUSTAL 

MOVEMENTS 

Pavel Vyskoci+, Research Institute o:f Geodesy, Topography 

and Cartography, Zdiby, Czechoslovakia 

ABSTRACT 

The recent crustal movement studies are one o:f the main 

task,s of present geophysical and geological sciences. lt 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 end volcanic risk 

affected the environment o:f the mankind, the propenties 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 o:f movem.ents. In addition to the temporal Inter­

Union Projects as Upper Mantle Project, Geodynamics Project 

and Lito�phere Project, the studies are coordinated by the 

permanent Commission on Recent Crustal Movements o:f the IAG. 

The mein goal o:f 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 nowt bat f'inally, the resul ts o:f ·both 

aproaches m11st be in agreem-ent. Such a final result will have 
the improtance for earthguake p�ediction and other practical 

applications. The present paper discussed the up to date 

results and main directions for further extension and impro­

-.ement of' recent crustal movement studies with respect to 

modern technique available. 

DOI: https://doi.org/10.2312/zipe.1989.102.03
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INTRODUC'IlON 

o-.f about two thousand years ago Eratosthenes determined 
the approximative va1ue of the Earth's radius by the measure­
ment of' the geocentrical angle and surf'ace distance between 
Aswan and Alexandria at the territory of present Egypt. 
In spite of the low accuracy, his idea and work could be 
eonsidered aa the f'und'amental s tone of the building crelled 
GEODESY. Maey centuries la ter was the same value determined 
more exact, but not enough for preseht requirements. It was 
estabJ.ished the branch of geodesy aim.ed to the studies of 
present dimensions and sl!mpe of the Earth' s body. It was 
diseovered the polar motion and the present studies are 
aimed to understand the mutual connection between the core 
dynamics. and Earth'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, ertended after the Second World War. Nevertheless, 

· at the 3rd General Assembly of IUGG he1d in Praha, Czecho­
s.lovakia in 1927„ it was reeommended to establish the system
of permanent stat1ons to determine the ehanges of geogra­
phical coordinates, due to the mw,ement of continents.
All these studies were started and are performed with the
aim to understand the global mechanism of Earth's body dyna­
mics.

· After .the catastr°�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 o:f repeated geodetic 
measurements. The significance o:f such studies was appre­
ciated by IA.G in fi:ftieths and the Commi'ssion on Recent 
Cruatal Movements (CRCM) was established in early s.ixtieths. 
We commemorated this furning point in recent crustal movement 
studies at the CRCM International Symposium held in Tallin, 
Est.SSR in 1 986. Wi th respect to the observing technique of 
that time, the Commission started with the main task to 

. .. 
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construct the maps o:f vertical crustal movements with 

additional. studies at the test areas o:f local importance. 
During last 27years the Commission extended its activi\y 
praetical.ly at all eontinents, and, us.ing the more prec.ise 
teehnique improved also its studies. At the present stage, 
the work o:f the CRCM is :focused at the local and regional. 
studies, i.e. at the second part o:f the common research o:f 
the dynamics of ou.r Planet. Nevertheless, each local or 
regional study o:f recent crustal movements is unique, and 
contributes essentially to detail understanding o:f the 
Earth' s dynamics. The history o:f the CRCM" is described in 
more detail in the paper presented by Yu.D. Boulanger and 
P. Vyskocil at the mentioned above CRCM Symposium in Tallin
1 986.

PRESENT STA'l!E OF PROBLEM 

The history o:f recent crustal movement studies during 

last 27 years is directly connected with the work o:f the 
CRCM. It is w.hy; discussing the present stete o:f studies, 
w.e have to use the resul.ts achieved within this Commission 
and by its cooperation with the Inter-Union Projects. 
And moreover, :following the development o:f the CRCM we 
can better understand the presen.t achievements in reeent 
crustal movement research tbroughout the wor1d. 

The first stege o:f the CRCM work 1s rel.ated to the data 
collection and studies of their processing by simple way. 
With respect to the simp1icicy of level1ing and availabilicy 
of its repeated measu.rements, the regional and national maps 
o:f vertical movements were constructed at parts of Europe, 
NorthEµ"n America. as well as Japan. Studies of horizontal 

movements were limi ted at local test areas :for not. accurat.e 

results o:f determination of movements at long distances by 
means of repee·.ted determfna tions- of geographic coordina tes. 

'Jhe uniqae resul. ts were aehieved in Japan, where the horizon­

tal. movements were determined at whole country by the analy-

DOI: https://doi.org/10.2312/zipe.1989.102.03
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sis of repeated triangulation. Du.e to the lack of proper 
repeated geodetic measurements in Afr1ca, Southern Am.erica 
end mos t part of Asia, no inf'orma tion were a va 11a ble from 
tb.ese regions. l'loreover, most countries at these continents 
bad neither proper economical background to support 'financial­
ly the crustal movement studies nor proper know.ledge on the 
importance of such works. From this view point, the exten­
sion of our studies in developing coun.tries is related to 
the education "how can help the in:formation on recent crustal 
movements to their national econo�". tT�ortunately „ the 
predominant source of geodynamiqal. inf'ormation f'rom develo­
ping countries is based on the geological research and gre.vi "t'1 
measurements, foc11Sed me� at oil and gas prospection. 

Continuous improvement o:f r� cent crus tal m.ovement 
studies in sixtieths and se.ventieths is. relatad to impro­
vement o:f measurement instrumentation. as distanee meters„ 
p�ecise absolute and relati.ve gr&vi'Q' meters and spece 
teehnique. The proper proeedures for data proeessing end 
analysis are eleborated simw.taneously with. respect. to 
improvements of measurement instrum:entation end techniqae 
as well as to improvements in construction end eapabiliey 

of computors. Such a way � the :firs t s tage o:f our s tudies, 
characterized by collection o:f data end deseription o:f m.ove. 
ments is chenged in second stage, starting approxima.tively 
at the end of seventieths. This chaJ18e is continuous and 
is aceompanied by more close cooperation among various 
branches of scienee and improvement of' theoretical basis. 
'l!he description of movements is changed in analysis end 
modelling of dynamical phenomena using the in:formation on 
crustal structure and movements et its surf'ace. We started 
to transf'orm the simple movements in the :field of' def'ormations 
as a quelitatively new phenomenon to describe the 4ynamics. 
Such an approach is the first step to :further description 
end def'inition of' driving f'orces in local or regional scale 
ets. Bat only the firs t s tep till now ! 

DOI: https://doi.org/10.2312/zipe.1989.102.03
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From theoretica1 studies w.e understand the mutual 
connec.tion between movements and s:ecular ehanges in gravi -cy 
:r'ielld. Unf'ortunately, wi th exception of some seismoactive 
areas, we did not register the real non tidal gravi-cy chan­
ges. Da.e to the leck of' underground inf'ormation and difficul­
tiea in computations, the geodynamical models are very 
aimp11fied. We achieved some knowledge on relations between 
the surf'ace movememts and deformations and seismiciv, but 
the procedures for earthqooke predietion 1s at the starting 
point. 'mle deve1oping countries are more interested in recent 
crustal movement studiea bat the f'.inancial questions brake 
the extension of w.orka till now. 

In spite of the pesimistic comments given above, we did 
anything and we achieved quali tatively new. resul.ts end 
know.ledge on the dynamical. porperties of the Earth's cruat. 
'l?hese inf'ormation in detail you can learn in Proceedings of 
last CRCM' regional and international symposia as well as 
of symposia o� other bodies of the IUGG. Also the papers 
to be presented here will give ,the evidence on progress in 
our work. rii ad<U t.ion to increase of amount of data s:nd areas 
ander study „ the theoretical basis for f'urther research is 
exten4ed intensively. The resuil.ts of applications o� space 
tachnique geve as the f'irst information on movements of 
continents„ and of'fer us the further achievements as weel as 
possibilities to combine the global and regional or local 
resalts •. FrC!IIll this view point,. the present stage of our 
studies can be characterized as the preparation of' initial 
eondi.Uons for :further stage of complex geodynamical research. 

fflR'.llHEH. 'JrASKS AND DEVELOPMENT 

The mein 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 o-.f their verti­
cal. ecmponents. Unfortunaaly� 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 a t main parts of 

lands o-f' the Earth in near future:. Nevertheless, the rapid 

cleveli.opment of' space and computing t.echnique gives us the 

tool. to follow this tas.Ic more easy and really a t all drylands.. 

It 1s a1so the reason wby the CRCM eatablished the cl.ose 

eontaets with. the IA.G C'ommission No. VIII, responsible for 

the 18pplications of space teehnique in geodynamics. The first 

eommon symposium of both Commissions will be held at the 

rAG General Meating in Edinbu:rg, OK, A.ugust f 989. This. 

cooperation shou1d resul t in more rapid covering of not yet. 

s.tadied eraes and r egions by proper, at the flrst stage 

soottered data on crusta1. movements. in Af'rica, Southern 

America and Asia. 'Ihe close cooperation of both Commissions 

oller also the possibilicy t.o perf'orm. the studies of global 

pl.ate movements. 

Obviously, the applic.a tions of xpace technique in our 

studies. will not replace the local and regional measurements 

'tzy means of terrestrial methods. These warks. will serve for 

impro:vements of complex modelling technique LISing the detail, 

and more dense data. In addition, the construction of maps 

o� vertica1 movements shoul.d be finished in the areas where 

the proper data are available. Simu1taneously, we have to 

follow the projects f'or moni toring the secu;lar gravi cy chan­

ges fn or�er to apply these data to the other inf'orm.ation

on surface movemen.ts. All these works, suppos.ed to be per­

f'o:rmed at proper scientific level should be based at. the 

more: cl.ose international' and interdiscipl.inary cooperation.

'Jhe CRCV 1s good bas is f'or such a cooperation, but all its

possihi1i ties did not ased till now. It concerns especially

the es.tablishment. o-r international projects f'or moni toring

recent cra.stal movements at classical territories as well as

in. d'.eveloping countries. In. order to follow this idea, some

test. area in very active z-one could be chosen as a working

place -ror s.pecialized groups of scientists f'rom varioLIS

countries etc. In addi tion, the actiye p�rticipation at the

projects o� the Commission VIII ia desirable.

DOI: https://doi.org/10.2312/zipe.1989.102.03
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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 :f'ollows: 

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

- to establish the initial epoch o:f' precise gravity
measurements for studies of mutual connections between the 
sur:faee 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 seientific 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. 

CONCLUSTON 

The CRCM during its work achieved valuabie results and 
knowledge on the recent crustal movements a deformations 
at various areas and regions. For processing and analysis 
o:f 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. 

'Jrhe applications of space technique o:ff'er us the unique 
oportunity for rapid extension of the geodynam:ical studies, · 

DOI: https://doi.org/10.2312/zipe.1989.102.03
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especially in areas not studied till now. Iil order to improve 
our works the more close international and interdisciplinary 
eooperation should be established, and focused at the moat 
active areas, especially in developing countries. The 
theoretical studies and geodynamical modelling ahould be 
improved continuously, and testad in accordance with increase 
of amount of data, including real gravity cha.ngea. 

Following the given above topies 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 1rn"owledge on geodynamieal proper­
ties of' our Planet ti11 the -end of present century. It w.:111 
be also our contribution to the understanding of the origin 
of the dynamics of the Earth's crust. 

DOI: https://doi.org/10.2312/zipe.1989.102.03
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Zu einigen method�sch-instrumentellen Fragen bei geodynamischen 
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 instrwnent 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 end-monument stability 
to be a dominant source of noise. 

Zusammenf asaung 

Allgemein werden Neigungsmesser zur Beobachtung von Untergrund­
deformationen im Periodenbereich von Minuten bis Tagen verwandt. 
Lokale laterale Inhomogenitäten in der Umgebung des Beobachtungs­
ortes verfälschen 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. 

+ Akademie der Wissenschaften der DDR, Zentralinstitut für
Physik der Erde, 1561 Potsdam, Telegrafenberg

DOI: https://doi.org/10.2312/zipe.1989.102.03
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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, daß 
longbase-Neigungsmesser vom Michelsontyp anderen Varianten über­
legen sind, wenn die Stabilität der Sensorgefäße beachtet wird. 

1. Problemstellung

Geodynamische Prozesse sind durch komplexe Bewegungsvorgänge in 
unterschiedlichen Maßstabs- und Periodenbereichen gekennzeich­
net, die in der oberen Erdkruste und an der Erdoberfläche geome­
trisch und physikalisch meßbar in Erscheinung treten. Sie stehen 
in enger Beziehung zum Erdschwerefeld. Höhen- und Massenverän­
derungen führen zu Schwereänderungen. Andererseits verursachen 
durch endogene und exogene Kräfte hervorgerufene Variationen des 
Schwerefeldes Massen- und Höhenveränderungen. 
Bewegungen der Erdoberfläche gegenüber den Niveauflächen des Erd­
schwerefeldes stellen sich als vertikale Verschiebungen und Nei­
gungen dar. Ihre Bestimmung erfordert Nivellements sowie Beobach­
tungen des örtlichen und zeitlichen Verhaltens des Schwerevektors. 
Aus der Frage nach der Richtung, d. h. nach dem Neigungsv,erhalten, 
ergibt sich das Problem der Bestimmung der Lotrichtung bzw. der 
Niveaufläche mit Bezug auf die Erdoberfläche. Ein direktes Ver­
fahren besteht in der Bestimmung der Differenz der gezeitenbe-' 
dingten Deformationen der Meeresoberfläche gegenüber denen der 
festen Erdoberfläche. Auswertungen langjähriger Messungen der 
Pegelstände der Meere hauptsächlich durch Darwin und Schweydar 
ermöglichten so erste quantitative Informationen über das globale 
elastische Verhalten der festen Erde/ 1 /. 
Die ersten kontinuierlichen Erdkrustenbeobachtungen hat Kühnen 
zur Feststellung von Neigungen und vertikalen Bewegungen auf dem 
Telegraphenberg bei Potsdam angestellt/ 2 /. Zu diesem Zweck 

DOI: https://doi.org/10.2312/zipe.1989.102.03
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wurde um die Kuppe des Telegraphenberges ein etwa 400 m langes 
hydrostatisches System längs einer Höhenlinie verlegt und an 
4 Stellen Uber 10 Jahre beobachtet. 
In der folgenden Zeit hat das Horizontalpendel allgemeine Ver­
breitung.gefun�en. Es ermöglicht 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
spektruma sowie der 14tägigen und 4wöchigen Mondwelle zu be­
stimmen„ 
Beobachtungen der Gezeiten der festen Erde lassen sich mit Hilfe 
von Spektralfunktionen in der Form 

ST (f) = Lir (f) + ET (f) + Mir (f),

darstellen 

LT (f) - lokaler, stationsbedingter Anteil,

ET (f) - Erdgezei tenanteil,

� (f) - maritimer und meteorologischer Anteil. 

( 1) 

Die einzelnen Glieder werden durch trigonometrische Funktionen 
beschrieben, deren Frequenzen, Amplituden und Phasen entweder 
durch den Quellprozeß vorgegeben sind oder aus den Beobachtungs­
reihen ermittelt werden. Das Horizontalpendelsignal wird we­
sentlich durch den lokalen Term beeinflußt. Häufig zeigt sich, 
daß 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 können; Fehler in den Phasenverschie­
bungen der beobachteten gegenüber den Modellgezeitenwellen bis 

DOI: https://doi.org/10.2312/zipe.1989.102.03
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zu± 20 % sind verbreitet-/ J /. Die anzustrebende repräsentative 

Bandbreite der Lotechwankungssignale umfaßt über den Anteil der 

sektoriellen und tesseralen Gezeiten hinaus Informationen über 

quasiperiodische und saisonale Neigungsvorgänge. Die Unterdrückung 

des hauptsächlich störenden kurzwelligen Signalanteils wird ein­

mal mit Hilfe der üblichen Signalfilterung angestrebt, zum an­

deren auch über mechanisch-konstruktive Lösungen mit gegenüber 

dem Horizontalpendel wesentlich vergrößerten Instrumentenbasen. 

Die Forderung nach wenig aufwendiger Installation an beliebigen 

Orten bei gleichzeitig größerer Repräsentativität des langperio­

dischen Signalanteils führte zu verschiedenen Entwicklungen von 

Bohrlochneigungsmessern, unter denen das Vertikalpendel Bedeutung 

erlangte/ 4 / / 5 /. Eine mehrere Meter lange Beton- oder Metall­

verrohrung des Bohrloches für die,Aufnahme des Instruments ver­

größert die Instrumentenbasis gegenüber der des Horizontalpendels 

um eine Größenordnung und reduziert so die bei unterirdischen 

Observatorien herkömmlicher Art von der Stationsgeometrie abhän­

gigen Hohlraumeffekte/ 6·/. 

Daneben findet das direkte Verfahren der Niveauflächenbeobachtung 

mit hydrostatischen Systemen als Ergänzung zu geometrischen Wie­

derholungsnivellements in Bereichen mit besonderer Krustenmobi­

lität zunehmend Anwendung. Das hydrostatische Niveau bietet grund­

sätzliche Vorteile im Hinblick auf Genauigkeit und Kontinuität 

der Signalgewinnung sowohl als Niveauvariometer für die Neigungs­

bestimmung als auch für Nivellements unter schwierigen Bedingungen 

in Höhennetzen kleiner Ausdehnung/ 7 / / 8 /. 

Für unterschiedliche Aufgaben sind Instrumente mit Basislängen 

von JO m bis zu mehreren hundert Metern in beiden Grundformen 

Schlauchwaage und Langwasserhorizont entstanden. Ent_sprechend den 

Forderungen an die Signalauflösung - 10-
8 ••• 5 .  10-9 rad.,

d. h. 100 nm vertikale Niveauverschiebung bei einer Instrumenten­

basislänge von 100 m - wird eine berührungslose Signalerfassung

angestrebt.
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2. Die hydrostatische Neigungsmessung

Das hydrostatische Niveauvariometer leitet sich aus dem hy­
drostatischen Nivellementesystem und der Präzisionsschlauch­
waage für die Bauwerksüberwachung ab. Die Messung der Neigung 
des mechanischen Sensors, der über seine gesamte Länge fest mit 
dem Untergrund verbunden ist, erfolgt mit Bezug auf die Niveau­
flä�he. Die Neigung ( i.a.;.,c. f = 2 hjl) ergibt sich aus der Instru­
mentenbasislänge und der vertikalen Verschiebung der Wandlerge­
fäße gegenüber den die Niveaufläche repräsentierenden Flüssig­
keitsspiegeln. Das Verfahren ermöglicht die Höhen- .bzw. Neigungs­
bestimmung iwischen beliebigen Punkten in annähernd gleichem 
Niveau. 
FUr die Meßstellen gilt: 

vo (R,'f,A) ::V (R+.AR,<f+L1<f, A+.AA), (2) 

woraus hinreichend genau folgt: 

f)VAR+�A<f+� t,.. A==O (3) 
aR o>Cf aA 

Das bedeutet: Aus der Kenntnis der Breiten- und Längendifferenzen 
zweier Meßstellen ist die Höhendifferenz ihrer Niveaus ableitbar 
(Moul ton) / 9 /. 
Hydrostatische Systeme mit vorwiegend induktiver oder kapazitiver 
Signalwandlung sind für geodynamische Untersuchungen von Hagiwara 
/10/, Yamada /11/, Cook /12/, Kisslinger und Rikitake /13/, 
Kääriäinen /14/, Peters /15/ und Mathey /16/ entwickelt worden. 
Bower beschreibt einen empfindlichen Neigungsmesser, der auf dem 
Prinzip eines von Eato� entwickelten Instruments beruht; die 
Niveauschwankungen werden über Schwimmerbewegungen induktiv er­
faßt /17/, /18/. Hugget et.al. ,versuchen eine Temperaturkompen­
sation unter Verwendung verschiedener Flüssigkeiten mit unter­
schiedlichen Temperaturkoeffizienten /19/. 
In Japan gehören seit dem Japanese Earthquakereeearch Programme 
hydrostatische Systeme (Schlauchwaageprinzip) zur Standar�ausrü-
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stung geodynamischer Observatorien. 
An mehr als 30 Stationen sind hier Niveauvariometer gemeinsam mit 
Extensometern und Gravimetern für kleinregionale Deformationsun­
tersuchungen in mobilen Krustenbereichen installiert, die durch 
gekoppelte 'i'il t-Strain-Deformationen 1ekennzeichnet sind /20/.
Schlauchwaage-Niveaus und Extenaometer sind meist parallel ange­
ordnet, haben gleiche Abmessungen unq gleiche Empfindlichkeit 
/21/ /22/. Die Basislängen betragen zumeist 30 ••• 40 m, die Auf­
lösung der Extensomet er 1 o-9 ( .6 l / l ) und die der Niveaus 1 o-7 •••
10-9 (Ak{ li ). Die hydrostatischen Niveaus sind damit· auch der
Gezeitenproblematik angepaßt, dienen aber in erster Linie der Un­
tersuchung des langzeitigen Neigungsverhaltens, oftmals in Ver­
bindung mit im Stati�nsumfeld durchgeführten Wiederholungsni­
vellements /23/.
Die andere Variante arbeitet mit einem über die gesamte Instru­
mentenlänge freien Flilssigkeitaniveau (Langwasserhorizont). Niveau­
instrumente dieser A�t haben einen kleinen Meßbereich, erfordern
eine präzise Horizontierung und bedingen eine entsprechend auf­
wendige Installation; sie ermöglichen jedo.ch hohe Empfindlichkei­
ten und gestatten vom Prinzip her die Reduzierung äußerer Ein­
flüsse. Während hochauflösende Mesaungen mit Schlauchwaageniveaus
eine unterirdische Installation erforderlich �achen, stellen Ni­
veauva.riometer mit freiem Horizont keine Anforderungen bezüglich
der Temperaturkonstanz an den Meßort. Die neueren Instrumenten­
entwicklungen wurden wesentlich durch diesen Umstand bestimmt.
Der Langwasserhorizont als geodyn6Illiacher Sensor führt sich auf
Michelson und Gale zuriick, denen e• mit teils interferometrischer
Auflösung der Wasserspiegelschwankungen gelang, halb- und ganz­
tägige Gezeitenwellen nachzuwei•en /24/.
Spätere Entwicklungen wurden durch Egedal und Fjeldstad /25/,
Kasahara /26/, .Bower unc Coutier /27 /, Kää;riäinen /28/ und Plumb
et al. /29/ bekannt.
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J. Temperatur- und Luftdruckänderungen, Kapillarität, Eigen-
schwingungen. Orientierung der Instrumente ___ --·• -··-·· 

Abweichungen der rn:enisken von der Wiveaufläche werden hervorge­
rufen durch: Temperatureinflüs■e, 

Luftdruckschw&nlrunt;en, 

den Einf'luß der Kapillarität und 
Anregungen von Schwingungen 

)�--T�m�ratur- und Luftdruck&inf'lüss� 

Statische Veränderungen der Flüssigkeitsstände in einem kommuni-
zierenden Gefäß infolge äußerer Einflüsse, wie durch den Luftdruck 
und die Temperatur, lassen sich •1t Hilfe der Bernoullischen 
Gleichung 

t � v�+ P + �9 h. = c..o1,1,..�t · 

darstellen. 
Hierin sind '? di� Dichte der FlUHigkei t, 

(4) 

v ihre (im allgemeinen örtlich veränderliche) Ge-
schwindigkeit, 

p der Druck, 
9 die Schwerebeschl•unigung und 
k die Vertikalkomponente (Höhe des Sensorgefäßes).. 

Unperiodische bzw. la.ngperiodiache Bewegungsvorgänge der Neigung 
können als Aufeinanderfolge �tatiacher Gleichgewichtszustände be­
trachtet werden. Damit wird v - 0 , und es ergibt sich für das 
Gleichgewicht in einem konununizierenden Gefäß gemäß Abb. 1a 

1 ) 
(5) 

1) bei unterschiedliohen Dichten l◄ , �� und entsprechend unter­
schiedlichen Höhen. IA..

1
, IA.� in den vertikalen Gefäßteilen 
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Aus der Differentiation der. Parameter � , g und g nach � folgen
Luftdruck-, Temperatur- und Schwerekorrektion. 
Aus Gleichung (4) folgt durch Differentiation nach den Parametern 
g und k : cls '3 h, -f g B oLk, = 0 1 

olk = 
- oLg k

$ (6) 

Die Dichte s> ist eine Funktion der Temperatur -'9.. Mit f = g ( ,Q,) 
folgt: 

(7) 

Der Temperatureinfluß ist somit dem vertikalen Anteil des Flüssig­
keitsbehälters (Sensorgefäß), dem Ausdehnungskoeffizienten der 
Flüssigkeit und· der Temperaturdifferenz proportional. Hiernach ist 
die Temperaturstörung durchgehender Niveaus nach dem Prinzip des 
Langwasserhorizonts gleich Null, während Schlauchwaagesysteme 
entsprechend der Höhe des Sensorgefäßes gestört sind. Die Korrek­
tion wegen unterschiedlicher Temperaturen in den Vertikalkompo­
nenten des Flüssigkeitsgefäßes ist bei hydrostatischen Nivellements 
von besonderer Bedeutung/ 7 / / 8 /. 

Luftdruckbedingte Fehler entstehen durch unterschiedlichen Luft-
druck über den Flüssigkeitsständen der Sensorgefäße. Die Druck­
differenz cL�zwischen den Meßstellen führt zu einer Differenz der 
Flüssigkeitsstände olh. von der Größe 

oL k. = - oltc 
SB (8) 

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

:=; g �,� c1. 2)
g FL p. (9)

2> Wurde der Anschaulichkeit halber benutzt; entsprechende
Umrechnungseinheit: -1 h. Pa. = --{ \M..b .

;}& 
oLk-= - -- k. ol"'9. . 

g 
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h - für die vertikalen Teile des Flüssigkeitsbehälters - ist in 
(8) nicht enthalten; d. h. der Einfluß von Luftdruckdifferenzen
ist, unabhängig· von der geometrischen Form des Meßsystems,in
jedem Falle wirksam.
(9) läßt weiterhin erkennen, daß die luftdruokbedingte Menis­
kenverschiebung von der Dichte der Flüssigkeit abhängig ist. Sie
wird mit zunehmender Dichte geringer und erreicht bei Verwendung
von Quecksilber weniger als ein Zehntel des Betrages von Wasser.
Üblicherweise wird Wasser als Füllung benutzt, seltener Äthylal­
kohol o. ä •• Bei einer Luftdruckdifferenz von 1 mm Hg zwischen
den Menisken entstehen bei diesen Fläesigkeiten relative Ver­
schiebungen von etwa 13r6 bzw. 17,0 mm.
Die einfachste Lösung bezüglich horizontaler Luftdruckdifferenzen
ermöglicht wieder der Langwasserhorizont in der seinerzeit von
Michelson und später von Kääriäinen angewendeten Form eines nach
außen abgeschlossenen teilgefüllten Behälters.

3.2. Die Kapillarität 

Die Resultierende der Kohäsionskräfte innerhalb der Flüssigkeit 
und der zwischen den Gefäßwänden und der Flüssigkeit wirkenden 
Adhäsionskräfte bewirkt Höhen- und Formänderungen der Flüssig­
keitsspiegel (Abb. 1b). 
FUr den allgemeinen Fall einer nicht vollständigen Benetzung der 
Gefäßwände entsteht eine Höhenänderung, die sich durch die Be­
ziehung 

(10) 

darstellen läßt, wobei 

,,r der Gefäßradius, 
G' die Oberflächenspannung, 

g die Dichte der Flüssigkeit und
c:9 den Randwinkel zwischen der Gefäßwand und der Tangen­

te der Flüssigkeitsoberfläche in der Kontaktlinie 
bezeichnen. 
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Kapillarascension oder Kapillardepression werden durch das Ver­
hältnis von Adhäsion und Kohäsion zueinander bestimmt und durch 
das Vorzeichen des Faktors cos Q beschrieben. 
Der Kapillarfehler ist hiernach umgekehrt proportional der Ober­
fläche des Meniskus. 

Tektonische Problemstellungen erfordern Instrumente mit erhebli­
chen Basislängen ( 200 m bis zu 1000 m), die bereits mechanisch 
langwelligen Signalen nach Möglichkeit angepaßt sind. Von In­
teresse sind Bewegungsabläufe in der Erdkruste im Kilometerbereich 
mit Perioden von einigen Tagen bis zu einem Jahr und mit Amplitu­
den bis zu 10-5 rad.
Nach Plumb et al. ist für die Erfassung von Straindeformations­
und Neigungsvorläufern im Zusammenhang mit entfernteren Erdbeben 
eine Verminderung des Rauschpegels auf weniger als 10-8 rad not­
wendig, während im langperiodischen tektonischen Signalbereich 
ein Rauschpegel von maximal 10-7 rad als Stabilitätskriterium
anzustreben ist bei einer gleichzeitigen Empfindlichkeit von ca. 
5 x 10-9 rad.
Eine Störpegelamplitude von maximal 10-7 rad erfordert eine ver­
tikale Standfestigkeit der Wandler einer 200 m - 300 m langen An­
lage von 25 /UIIl• Plumb et al. berichten von Messungen unter gün­
stigen Aufstellungsbedingungen, die eine vertikale Langzeitstabi­
lität der Wandler von 20 ,,um relativ zueinander über 6 Monate 
ermöglichten /30/. Die Instrumentenbasislänge betrug 250 m. 
Eine Empfindlichkeit von 10-9 rad einer 100 m langen Anlage er- '
fordert Auflösungen der Niveauschwankungen von 100 nm (entspre­
chend einer Druckänderung von 10-3 Pa).

3.3. Eigenschwingungen 

Aufschluß Uber die seismische Störanfälligkeit eines hydrostati­
schen Systems gibt seine Eigenfrequenz. 
Sie folgt aus der Lösung der Bewegungsdifferentialgleichung einer 
Flüssigkeit in kommunizierenden Gefäßen. Für eine Anlage von etwa 
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200 m Länge und 30 mm Rohrdurchmesser und einem Durchmesser der 
Wandlergefäße (Steigrohre) von 70 mm ergibt sich eine Eigenperio­
de von 50 ••• 60 sek. - laminare Strömung vorausgesetzt. 
Bei geotektonischen Instrumenten großer Basislänge gestaltet sich 
das Signal-Rauschverhältnis noch günstiger. Im Fall der Messung 
mit kurzen Anlagen - die Mehrzahl der japanischen Instrumente ar­
beitet mit Basislängen von ca. 30 m - werden kleine Rohrdurch­
messer bevorzugt, die zu einer aperiodischen Dämpfung führen. 
Die Langwasserhorizonte vom Michelsontyp haben durch entsprechende 
Gefäßgestaltung eine große Eigenperiode. Die Eigenperiode des 
Long-baseline fluid tiltmeters beim u. s. Geological Survey 
(Basislänge 240 m) beträgt 7,5 min; hierdurch wird eine hohe 
Stabilität erreicht. Ein lokales Erdbeben in 7 km Entfernung 
(mag = 2,9) verursachte während des Durchgangs der P-Wellen nur 
einen Versatz eines Interf'erometers um einige Interferenzstrei­
fen /29/ • 

.3..,...A.... .ll.i.e_ Orientierun..ß...J!_er Instrumente_ 

Problematisch ist die Bestimmung der Phase der Gezeitendeformation 
aus Horizontalpendelbeobachtungen infolge des ständig sich än­
dernden Pendelazirrruts. Das Pendelazimut müßte streng für jeden 
.Meßwert bestimmt werden. A.zimutangaben von Horizontalpendeln 
beziehen sich daher auf eine mittlere Lage des Gehänges, um die 
erfahrungsgemäß die Pendelbewegung über längere Zeit erfolgt. 
Darüber 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 � = 'fob� - <f .,.9 J) werden damit erheblich, da � 
nur kleine Werte annehmen kann. Die Erde reagiert gegenüber 

3) lf'ob�: instrumentell ermittelte Gezeitenphase
4' -rs : Gezei tenphase einer starren Modellerde 
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äußeren Kräften insgesamt elastisch. �müßte also gleich O sein.

Real bestehende kleine Phasendifferenzen ( ae. 4: o ) geben somit 

Aufschluß Uber Vorgänge in der Erdkruste einschließlich maritimer 

und meteorologischer Prozesse. Aus geeigneten Modellierungen 

solcher Prozesse folgen Phasenverschiebungen von± 1° ••• 1,5°. 

Das festinstallierte starre hydrostatische Niveau ermöglicht 

eine Genauigkeit in der Richtungsbestimmung der Sensoren von 

1,5 Bogenminuten /28/. 

4. Das Michelson-Niveau

Die Möglichkeiten des Langwasserhorizonts für hochauflösende 

kontinuierliche Beobachtungen der Niveaufläche zeigten zuerst 

Michelson und Gale am Yerkes-Observatorium, Wisoonsin. Es gelang 

hier mit Hilfe einer interferometrischen Auflösung der Meniskus­

schwankungen, gezeitenbedingte Niveauflächenänderungen bei 

gleichzeitig guter Langzeitstabilität nachzuweisen. Die Niveau­

flächenschwankung wurde aus den Differenzen der Menisken jedes 

Rohres ermittelt. Voraussetzung für 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 Länge 

von 153 m und einen Durchmesser von 15 cm. Sie waren bis zur 

Hälfte mit Wasser gefüllt und in den Meßköpfen durch Paraffinöl 

gegen Verdunstung gesichert. Die Untersuchung verdient insofern 

Beachtung, da während der folgenden fünf' Jahrzehnte.in Nordamerika 

keine weiteren Arbeiten zur Bestimmung gezeitenbedingter Lot­

schwankungen angestellt wurden. 

Egedal und Fjeldstad haben mit ähnlichen hydrostatischen Niveaus 

(Prinzip der Kanalwaage, halb mit Wasser gefüllt, 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 Uber Spiegel und Lichtzeiger 

auf Film. Die so gewonnenen Aufzeichnungen ermöglichten die Be-
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stimmung der Amplituden der Hauptgezeitenwellen M2 und o1 /25/.
Über jüngere Ergebnisse von Mes·sungen mit Langwasserhorizonten 
berichten Kasahara, Bower und Coutier /26/ /27/. Weiterführende 
Untersuchungen zum Problem des fennoskandischen Uplifts mittels 
hydrostatischer Niveaus hat Kääriäinen angestellt /28/. 
Mit Blick auf isostatische und gezeitenbedingte Krustenbewegungen 
wurden am Finnischen Geodätischen Institut verschiedene hydro­
statische Anlagen entwickelt. In Finnland treten im Zusammenhang 
mit der postglazialen Landhebung jährlich 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 Zeitabhängigkeit schlug Kukkamäki vor, mit Hilfe eines 
etwa 1 km langen hydrostatischen Nivellements (quecksilbergefüll­
tes Stahlrohr) in einem Gebiet mit extremen Hebungsgradienten or­
thogonal zu den Isobasen kontinuierlich über längere Zeit zu mes­
sen. Die Anlage gestattet schon von der Dimensionierung her ohne 

"/ Schwierigkeit Empfindlichkeiten von 0,2 1mm, so daß inn�rhalb 
einer Woche auftretende Deformationen sichtbar werden /30/. 
Kääriäinen hat gezeitenbedingte und unperiodische Krustendefor­
mationen mit Schlauch- und Kanalwaageniveaus untersucht. E'r ex­
perimentierte zunächst 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 Bodenneigung zum Luftdruck ableiten /14/. Die Signalgewinnung 
erfolgte interferometrisch. Ein später hieraus abgeleitetes 
Michelson-Ni veau hat eine Länge von 177 m. Die Bewegung.en der 
Flüssigkeitsoberfläche werden interferometrisch gemessen und pho­
tographisch registriert. Die Ablesegenauigkeit · beträgt± 0,02 1um.
Das entspricht einer Neigung von + 5 • 1 o-2 ( � 2 ,-4o-7 ra.d) zwischen
2 aufeinanderfolgenden stündlichen Ablesungen. Die Anlage wird 
seit 1977 betrieben. Das Datenmaterial wurde bezüglich des kurz­
periodischen Gezeitenanteils analysiert und mit den Ergebnissen 
von in der Nähe angestellten Horizontalpendelmessungen (Verbaandert­
Melchior) verglichen (Tafel 1a und 1b). Die E'rgebnisse zeigen 
systematische Abweichungen in den Verminderungsfaktoren der Lot-
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richtung i zwischen den Horizontalpendeln und dem Niveauvaxio­

meter. Die '!{-Werte des Niveauvaxiometers sind mit kleineren 

inneren Fehlern behaftet und streuen innerhalb der einzelnen 

Tiden in geringerem Maße als die der Horizontalpendel; beson­

dere Beachtung verdienen dabei die zugrundeliegenden Datenmengen. 

Interessant ist das Driftverhalten beider Instrumente, d. h. 

der Signalanteil nach Abzug des kurzperiodischen Gezeitenbandes. 

Das hydrostatische Niveau hat eine höhere Langzeitstabilität als 

das Horizontalpendel. Besonders deutlich wird dies bei Berück-, 

sichtigung des horizontalen Luftdruckgradienten (Abb. 2 und 3) /34/. 

Die derzeit leistungsfähigste 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 für den Flüssigkeitsbehälter im Hinblick auf das

Signal-Rauschverhalten,

- erreichbare Empfindlichkeit und Langzeitstabilität für Ge­

zeitenbewegungen und nichtperiodische Krustendeformationen,

- Möglichkeiten der Reduzierung äußerer Einflußgrößen,

- Möglichkeiten der Eichung, der Signal�ewinnung und -verarbeitung.

Aus zahlreichen Experimenten entstanden zwei Instrumente mit Ba­

sislängen von 60 m und 240 m; eine kalifornische Variante arbeitet 

mit Basislängen von 535 m /29/ /31/ /32/. 

Mit Blick auf das Signal-Rauschverhalten, probiemlose Skalen­

wertbestimmung und geringe Temperaturanfälligkeit entschieden 

sich Plumb et al. bei dem 240-m-Instrument für ein Michelson­

Niveau mit Laserinterferometern. Die optisch-elektrische Signal­

gewinnung erübrigt eine zusätzliche Eichung und ermöglicht eine 

weitgehende Linearität im gesamten Signalbereich; bei 3 cm Ver­

tikalverschiebung des Flüssigkeitsniveaus beträgt die relative 
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Abweichung von der Linearität des Skalenwerts 10-5•
Die Anlage wird üblicherweise mit Hilfe eines Helium-Neon-Lasers 
betrieben, sie gestattet jedoch a.uc� die Montage eines einfachen 
interferometrischen Wand1.ers mit schwacher inkohärenter Licht­

quelle, die einen größeren optischen Aufwand erforderlich macht 
(einfaches Michelson-Interferometersystem). 

In Anlehnung an das 240-m-Instrument vom Lamont Doherty Geolo­

gical Observatory wurden geotektonische Varianten des Michelson­
Niveaus vom Pinon Flat-Geophysical Observatory in Kalifornien 
entwickelt. Zwei 535 m lange Instrumente wurden oberflächennah 

installiert und zur Stabilisierung mit 30 m tiefen wasserge­

füll ten Bohrungen unterhalb der V1andler verbunden. Es entstehen 
so Michelson-Hiveaus mit extrem großen Wandlergefäßen und einer 
entsprechend günstigen Frequenzcharakteristik. Später wurden 

hier zwei weitere 50-m-Niveaus gemeinsam mit Laserstrainmetern, 
Gravimetern, Bohrlochneigungsmessern etc. eingerichtet /33/. 

Hauptsächlich aus den hier gewonnenen Resultaten ergibt sich 
folgendes Bild: 

Hydrostatische Langbase-Neigungsmesser stellen eine besondere 
Kategorie geodynamischer Neigungsmeßinstrumente dar. Ihre me­
chanische Dimensionierung ermöglicht bereits bei geringer Signal­
vergrößerung extrem hohe Empfindlichkeiten ( 5 .  10-9 rad) bei
gleichzeitig gewährleisteter Langzeitstabilität von ca. 10-7 rad
pro Jahr. Das Langzeitsignal ist offensichtlich nur in geringem 
Maße durch instrumentelle Effekte beeinflußt. Es zeigt sich hier 
eine deutlich bessere Kohärenz mit den Ergebnissen nivellitischer 
Untersuchungen, als zwischen den Langzeit-Neigungssignalen kon­
ventioneller Neigungsmesser und denen von Nivellements. Hydro­
statische Neigungsmesser mit großer Instrumentenbasis nach dem 

Michelson-Prinzip vel'einigen in sich die•Empfindlichkeit von Ge­
zeitenneigungsmessern mit einer hohen regionalen Repräsentati­

vität. Sie können so als das Bindegli-ed zwischen Bohrloch-In­
strumentenarrays und Präzisionsnivellements angesehen werden. 
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Schlußbemerkungen 

Die Untersuchung von Erdkrustendeformationen im Maßstabsbereich 

der terrestrischen Verfahren (0 ••• 100 km) erfordert neben geo­

metrischen Messungen vertikaler und horizontaler Bewegungen der 

Erdoberfläche kontinuierliche Beobachtungen des Strains, der 

Schwerebeachleunigung und der Lotrichtung gegenüber der physi­

schen Erdoberfläche. Für die Messung des zeitlichen Verhaltens 

der Lotrichtung bot sich zunächst das Horizontalpendel wegen 

seiner erreichbaren Empfindlichkeit von etwa 10-3 11

/mm Regi­

strierausschlag an. Die mit diesem Instrument gewonnenen Meß­

reihen haben indessen nur im Bereich der kurzperiodischen Ge­

zeiten diskutable Ergebnisse erbracht. Der lokale Signalanteil 

aus dem Um:feld der Station erreicht beim Horizontalpendel die 

Größenordnung der Gezeitenamplituden. Eine Aussage über lang­

wellige Lot- bzw. Niveauflächenbewegungen gegenüber der phy­

sischen Erdoberfläche erfordert eine größere Kontaktbasis des 

Instruments mit dem Untergrund. Eine Lösung des Problems ist mit 

hydrostatischen Niveaus möglich. Besondere Probleme bei höchst­

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 11
, die auf besser als 1 % bestimmbar sein sollte.

Entsprechende Forderungen sind an die Eichung zu stellen. Ähn­

liche Bedingungen bestehen bei der Messung unperiodiacher Kru­

stenbewegungen; von Bedeutung ist hier die instrumentelle Sta­

bilität - der Nullpunktgang - über längere Zeit ( 5 x 10-2 11

/Jahr),

die mit Hilfe eines unabhängigen Verfahrens bestimmt werden kann. 

Die interferometrische Signalgewinnung ermöglicht eine kontinuier­

liche, sichere Skalenwertpestimmung für jedes gemessene Signal. 

Hydrostatische Niveaurnessungen bieten gegenüber geometrischen Ni­

vellements und trigonometrischen Höhenmessungen den Vorteil der 

kontinuierlichen Signalgewinnung bei gleichzeitig höherer Sig­

nalauflösung. Bei stationären Neigungsmessungen ermöglic�e�•�;�die 
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Eliminierung der kleinmaßstäblichen Neigungs-Deformationssignale. 

Jüngere konstruktive Entwicklungen haben das Verfahren sowohl 

für das Nivellement als auch für die Neigungsmessung verbessert 

und für krustendynamische Untersuchungen vielfältig anwendbar 

gemacht. 

Tabelle 2 enthält einen Vergleich der stationären Verfahren der 

Neigungs- und Lotschwankungsbeobachtung. Hydrostatische Neigungs­

messungen werden zunehmend in Störungszonen mit ausgeprägter 

Mobilität angestellt. Im zirkumpazifischen Bereich werden empfind­

liche Schlauchwaagen mit vorwiegend induktiver oder kapazitativer 

Signalgewinnung eingesetzt. Die Instrumente sind störanfällig 

gegenüber·Temperatureffekten und daher aufwendig unterirdisch 

installiert. 

Eine optimale Lösung des hydrostatischen Verfahrens für geody­

namische Observatoriumsbeobachtungen ist der Langwasserhorizont 

in Form des Michelsonniveaus mit interferometrischer Signal­

gewinnung; er erfüllt in hohem Maße wesentliche Forderungen für 

die Messung von Erdkrustendeformationen gegenüber der Niveau­

fläche in einem großen Periodenbereich: 

1. Der Maßstab (Skalenwert) der Niveauverschiebung ergibt sich

aus dem interferometrisch gewonnenen Signal; damit erübrigt

sich eine Eichung.

2. Die große Instrumentenbasis ermöglicht

- eine hohe mechanische Auflösung und

- eine geringe seismische Störanfälligkeit des Systems auf

Grund großer Eigenperiode.

J. Das Azimut der Anlage ist während der 7·,Tessung unveränderlich

und mit großer Genauigkeit bestimmbar.

4. Das Instrument ist unempfindlich gegenüber Änderungen des

Temperaturgradienten.
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Tafel 1a 

------- ---··------ ------- ----- --- --·--

Station 4) 01

WT 0,710 
(96 Tage) ±. 9 

LO o,698 
(780 Tage) ± 11 

Ai o,679 

(192 Tage) ±. 29 

Amplitudenquotienten 

0,725 

± 6 

0,706 

± 9 

0,701 

± 2 

0,641 

± 3 

0,663 

±. 9 

aus den Messungen an 

0,704 

± 3 

0,665 

± 16 

o,694 

± 9 

0,628 
+ 17

0,680 

+ 42

klinometrischen Stationen (EW-Komponente) 
den skandinavischen 

/34/ 

Tafel 1b 

Station 4) 01

WT - 2,39

±. 0,73

LO + 1,73

± 0,92

Ai + 0,27
+ 2,44

------- ----- -- ----- ·----

P1S1K1 NI2 

- 2,98 - 2,26 - 1, 18
+ 0,25

- 2, 81
± 0,73± 

± 

o, 12

4,71 
1,63 

± 0,12 

- 2,43
± 0,27

5,83 
± 0,73 

- 4,53
± 1,39

- o, 29
± 1,53

- 3,43
± 3,50 

------------- ----------- -·• 

Phasendifferenzen an den skandinavischen klinometrischen 
Stationen (in Grad) 
(EW-Komponente) /34/ 

---------------------- - -- -- -- - . 

---- ------------------- - --- -
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Tafel 2 

Hydrost. 

Niveau­

variometer 

Horizontal­

pendel 

Bohrloch­

vertikal­

pendel 

Extenso­

meter 

co­
Seiamic 

1 X 10-7

5 X 10-9 

X 10-8

Tag Woche 

5 X 10-8 5 X 10-8

- -

X 10-7 1 X 10-7

1 Monat 1 Jahr 

1 X 10-7 2 X 10-7

J X 10-8 2 X 10-7 5 X 10-7 1 X 10-6
- - - -

X 10-7 1 X 10-7 1 X 10-6 5 X 10-6 

5 X 10-8

5 X 10-9 

2 X 10-7 J X 10-7

1 X 10-8 5 X 10-8
2 X 10-7

1 x-10-6

5 Jahre 10 Jahre 

J X 10-7 J X 10-7

5 X 10-6 

5 X 10-7

5 X 10-7

5 X 10-6 

X 10-6 

5; 10-6 

Tafel 2: Abschätzung der synthetischen Zuverlässigkeit verschiedener Instrumententypen 

� 

-------------------
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[ 

j 
Abb. 1 a: 

Zum Gleichgewicht in einem kommunizierenden Gefäß 

Abb. 1b: 

. -- - -­

- --- - ·- ·-- - .. 

. .. .  

Zur Höhen- und Formänderung der Flüssig­
keitsspiegel infolge der Kapillarität 

- .. --- · -
1 =- -
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VH 
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-1+.iö, 

AO,l,. 

Abb. 2: 1) 

."1 V 

.A0,·1-1, . 
1 

l�.�. g1 

Gangverhalten von Horizontalpendel und hydro­
statischem Niveau (VM: Horizontalpendel, 

NV: Hydrostatisches Niveau) 

-1.~ . 
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� 
J 

---1,,H. 

Abb. 3: 1) 

[ z,S" tM-.Sec., 

t 2.0 ,.,,,,.,ba..-r 

�o. ,H. go 

) 2.0 kA-bar-

Beziehung zwischen Instrumentengängen und Luft­
druckgradient (V1� . Horizontalpendel, 

:NV Hydrostatisches Niveau, 
FG Horizontaler Luftdruckgradient) 

1) nach /34/

,,1b,>O, 

[ 3=..sec. 

.-1. ::, , Z~ ,3.1?1 . 
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Müria Oobrzycl<a 
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Institute of Geodesy and CcJrtography 
Warszawa, Poland 

Contribution of Honryk Arctowski Polish Polar Station 
to the Intercosmos Doppler Campaign 

Ä b 5 t r 8 C t 

In Janunry of 1900 the Arctowsl<i Antarctic Polar Station �t tho l<ino 
George Ishnd hoo participntod in the Intorcosmos Doppler Cnmp_nign (ICOOC). 
The observotions wore executed using the Polish Doppler recoivor OOG 3 ahd 
rcduccd by tho singlc point method using a sot of Goodop program vorsion 5, 
wi th \·/GS 72 ellipsoidal parameters. From 311 passes accepted by program 
following co-ordinates of the main geodetic point of Arctowski station were 
obtained1 

LAT -62 °09, l�l". 56 
LON 301 °31,49".99 

H 30,60 m 

:fü<:JiaA IlOJibCl(Oa nOJiiipHoti CTi:l.HJ.U·n-t HMoApLJ,'l'Ol3CKOI'O 

l3 Me�yHapo,ll,uy10 ,IC01mJiep□Bcxy10 1<.aunarnuo 

11Hw.cepr<.ocuoc 11 

PearoMe 

B RHEape l988 ro,u.a SHTO.pI<.TatteCI(a..fI CTamu,m HM. Ap.\­

TODCKOI'O Ha OCTpone Km1r �Opilc ytiaCTl:10DaJia D KcUtmuma )tOil-

rIJiepoaCKl{X :m.i.tiJilO,ll,eHHtt 11 Hl-ITep1<.0CMOC", 

Ha6JIIO,l],e:rnut 6bl"Jlu npOH3DCAem.iI nom,c1mM 'AOrtn.lli:ll)OHCl�liM 

npucü,U-IHI(OM "□DG 3". 3TH HaOJIIO,ll,Bl-m.R: Öb!JIH DWIUCJieim c no­

MOiqblO Me'XO,ll,a.. "single point" C ucnOJib3OD!:llfä0J.t nporpRl,:-!hl 

"GEOOOP" , B1;pcuJI 5, c napo.1,ie-rpa�Ji oJIJIHm.:oH,n,a "WGS 72 11 

113 311 upoxo:ic,4emüt, npHW-IThlX nporpaMMott, n<My�m.JIHCI, 

OJIC�lOlJtK8 1(00:p�HI-tclTW ne1rnao1·0 PYHK':fa CTl:U-I�HI{ ::i:M. Ap�TOUCI,oro � 

\f .. - 62
°
09 li,l, 56

A = 301
°

31 49.99 

lI s: :30.68 r.r. 
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In-�anuary 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 
coITTTion, coherent co-ordinate system, 

ICDOC campaign was.dividet into two fortnightly subcampaigns. The first 
was carried out in the first half Of Oecember, 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), Bamal<o (Mali), Si­
meiz (USSR), Zvenigorod (USSR), Penc · (Hungary), Potsdam (GOR), Borowiec ·(Po-· 

land), Ondrejov (Czechoslovakia), Santiago de Cuba, Nhatrang (Viet-Nam),Ban­
galore (India), Ulhan Bator (Mongolia). Seme of these stations, who do _not 
possess Doppler receivers of their own, were to be·helped by teams from Po� 
land, GOR, Czechoslovakia, USSR and Bulgaria. Whole operation is · oootdina� 
ted by the Hungarian station Penc. 

The results of satelite observations are to be elaborated uaing.,eingle 
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 Arctol'lski station 348 passes of satelites have ceen observed from 
8-th to· 21-st of January 1988, The observations were executed using the Po­
lish Doppler recei ver DOGJ, owned by tt1e Institute of Geodosy and Cartogra­
pl1y. 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 ottier participating in the ICDOC campaign
there is no use using multilocation method.Thus t�e 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 1 561 693.7 m ::':: 1.4 m 
Y -2 545 679.2 m ::':: 1.7 m
Z -5 616 855.9 m ::':: 1.0 m

They correspond to: 
LAT -62° 09'33".31 ::':: 011.05 ,
LON = 301° 31'40".08 + 0".05 

H ,= 35.31 m � i.5 m 
Using conventional geodetic method theso co-ordinates were projected on the 
mein geodetic point of Arctowski station (Fig.l), Its co-ordinates in WGS 72 
systGm 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 

obtainad are: 
LAT = -62° 09'28".9 
LON = 301°32'02",3 

Ouring the same polar expedition in January 1900 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: 

LA T = -62°09'39" ::':: 2" 

LON = 301°31'32" ::':: 3" 
AZ = 3lt 013 '06 11 

::':: 2" 

Azimuth is referred to a very distinctive triangulation marl< on the Ulmen 
peninsula at the Admiralty Bay. 

Literature 
/1/ Jasnorzewski J.: Astronomical observations for determining ••• Polish 

Polar Research, vol.2, No 3-4, 1901. 

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



0 100 m 

38 

ADMIRALTY 

H. Arctowski

Poliih Antorctic Station 

t 
oeriol 
mosts 

' 

Fig. 1 

BAY 

The work was done within the Project CPBP 03.03 granted 

by Polish Academy of Sciences 

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



39 

HOBLIE JlAIIIIhlE O COBPEMEIIIIb!X TEKTOIIWIECKvlX ,1.l]vlJKFr­
HMflX 3J\IlA.LIJ-I Or-1 I{YEbl 

X.JI.J.(MAC /I/ H .D:.A.JIMJivfüHBEPr/2/

PE3iavJE: MCCJ18.I(OBEIH�R no COBp9M0HHOß reo.n:H­
rrnMMK8 3arra.n:Hofr I{y6hl paCCMaTPllfB810TCH, KaK reoMop­
<l)OJIOrn:qecrmR npo6JieMa HaIJ.110HaJI0Horo xapaiTepa, TaK 
III B M6lK,IT,yHapo.1umx HaytIHb!X nporpaMMax. Ha OCHOES 
re OJIOr o-re OMop(poJior:0qec1rnx H C 6MCMiiitJ8CKHX HCC,718-
)� OBaHl1i1, a TamKe noBT opHh!X HIIIB6JlliPOBamrH C HI·IT8p­
BaJiaMI1 IC H 25 Jl8T 6LTJ10 COCT8BJ16HO I8 KOMTIJ16I<CHb!X 
nporlliiIJieti: H I,apTa O OBp8M8HHhTX T8K'rOHM'tJ8CRHX .IJ;l3IDK8-
Hf'!ti, 

CoBp8M0HHaR rG CJJ,HFiaMMRa TeppIIITOPiiIH xapaKT8-
pvisyeTC.R' 0ÖlJ.iI1MiiI I1 perI1GH3,lloHbIMIII 8aI<OHOM8PHOCTJIMH 
B rrpocTpaHCTB8HHO-Bp8M0HHOM 011pe,neJl8JUU1 l1 T8CHOti 
B8fü-IMOCD.ff8o!O C HBJ(BI1rOB0-6JIOlWBbTMI1 Mopr])ocTpyrtTY­
paMiiI pasJI11:quoro T11na, 1mTeropv111 vt nospacTa, ITpeoo­
Jia.u;aeT YM0p6HHa.f.f I1HT8HCl1BHOOTo BBPTIIIlW.Jl'hHl-lX )J;BVI­
)Jt0HM� rrop.rr.zuca rrepBhIX MM/ro.11; vr cJ1a6rur ceijcMMtJUOCTI>. 
Orrpe.n;eJISHO HBCI\OJlbI<O IU1H8M8'fä'9'.6CKHX THITOB B88l1MO­
CB.IT88:M MeiK,IJ;y MOPQ)OCTPYKTypmrMM ysJiaM11 M MHrpauvref;r 
BO B.P8M0HM cettrcMoar,TvlEHO½ SOHN. 

/I/ ViHC'fä'l'Y'r re o:rpaqm11 AH I{y611 

/2/ [· 1HC 1l'J1'ryT ro orpaqu,rn AH CCCP 

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



40 

NEW DATA AB0UT RECENT TEC'l'ON:CC 1'10VEMENTS 0F 
WESTEllN CUDA 

J,L, DIA.Z (1)and D, A, Lll.JJJDNBEUG (2)

AllSTRACT, Rosearohes about Westorn Cuba. reoent 
goodynamios are ana.lyzed into the framework of' 
domestio and :t'oroign soionti:t'ic programs. Ba.sed 
on seismic anct geologic-5aomorphologica.l studios 
a.s well a.s the repea,tod gradua,tion wi th interva,ls 
potween 10 and 25 years, tho map of recent 
movements a.t 1: 500 000 soale and 18 oomplex 
pro:t'iles are boen made, 

General and regiona.l ree;ula.ri ties. o:t' the spa.tio­
tt3mpora,l di:t':ferentia.tio11 of the reoent ß'OOdynamios 
and :l.ts strone; interrela.tion with bloolc-overti1row 
morphostrt.,otures o:t' dif':t'erent ·typas, oa,tegorios 
E1nd ages were deteoted. Through the territory 
a. modera,te intensi ty ot vertiot1,l movements 
raJlßing o:f' tirsts mm/year and a. weak seismioity 
are predominant. lCinema.tio tn>es of morphostruo­
tura.l interrela,tions, morphostruotural lcnots 
E1nd the migrat:lon of' seismoaotive zones i11 timo 
were doto1•111ined. 

(1) Institute of Geogra.phy, Aoademy of
So;l.onoes of' Cul>a .• 

(2) Institute of Geo�raphy. Aoademy of 
Soienoes of' USSH, 
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B CTpyKTJJIIIO-NQAIH8MlllqecKOM IJJl8R8 3ana,JUlU K,yöa ap8JlCTBMR8T 

e.uJ n IIG!l8AIIYZ c61aoftlt CiOTPCBHDil JlYl'I BonlalllHX AHTWUI. CCHOBHH8 

qepn ff Cc;,apellBJIRol ucpflccTJJYKTYpH CJIC.UJIHClt B pe3yJllt'1'8T8 o<SJt.YKQU 

DGUll81181GBGI ay.uaanecxcl Jzyl'I RB Rpafl BaraMCROff WIRTH B c.ncuoro 

ccqnam rq:asOBTuwua ■ B8P'flR8JlltllllX ÖJICKOBYX JlBU8Hd B npouecce 

38B8saeaa pacKJJUTU DnlTaRCKOI BD&JtBHH H8 K80T8KTOffHqeoxoM aTane. B 

DOC,.18,U118 � 3,A8O& du npoeeJl8P 83UMC0Bß3BHHY8 KOMM8KO re0Jl8311'18C­

KP. celo110&Gl'81f8CKJ1X • reMoro-reoMopi,onoreqeoKBx eoo.11e�osu1R, pesy�1,­

Tafll SGTOpa odod•eRH CO88TCKo-KydBHCROR 3KonenRW1811 JIBJUJJOTCII qaoTU> 

aaQUPQIUIGl'O DpG81ff8 KAIII' /I-4/. Ha dase ßOBTOPHHX RRB8JU1pOBOK 38 

a•--� I0-25 .lff I MOJXl)ocTpyKTypRoro 8HMR88 OOC'1'8BJl8HB DJ)8llBBPBT8A­

.. ciea TIWIIIUIR 00Bpe118HHOR reQIUIH&MIIRB H 26 ROMDJ18KOHHX npccJ:tuel, 

B CMI■ C OT01'fCTB88M na Kyde iimtHHOpRJUIH� R HenpepHBHYX YPOBH8M8PRHX 

.IUUlllla,H8UD c1opoc,eR .JiBHUHIR npBBCWITCI! H8 D "adCOJIDTIQfX., a 8 

OftCIOITtalllfX 3R8UHUX /fJO OTHCUl8HSII> R IJYHKTY I'yaRo/. 

B UIOM l(J(SuolCd apuneJSar pa00MBTPBB88T0ft HIMI B xa•eo,1e MOJ)­

tcc'rPYK'J'JPffOl'0 11&ra6.1OJCa, a 3aJl,wru l(yOa - 1 KB'l8CTH MBKp�oa, O'f­
M-WRIIOl'O CIOHNCiA JU181'eH8JlliRYI paapuaoa KaPJtSHao-Kou■oo /2,6/. B ape­

.ceaz 1100.1e.1111ero Bff.ll8JUl8TOII 0O0'f88'fCTB8RJIO Tpll MOptOOTPYJCTYJ)IIQ M880-

CSJIOU, puMJltffHNI per■eHSJIIBJIMI MOpto,alH88M8H1'8111U rtlff9P,-Jlta-Plo, l'a­

.......-111010 1 t-1 XyB8RT)'Jl /{laHoo/. KmuluR 18 RIX ot.111188'011 0fJ8Ql­
tntollN ptOJIIICOM Qc..481. 0'8ptll8HHIIX 88ptlRUIIINX naeffld, D fflllOD­
flOOfllt I t1&npasae1m00na. xapatcrepoee npOIIJIJleffU oeno1111111con. Hane1111 

lllftll0Hff1MI A8UIKUMI /ot. -0,7 40 +2 flll/rr,JV I D OMdott �ptllUII-
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posa11110CTblO xapai-:·repH3Y8TCn o-n Xyn011T_y.n. Me30ÖJJOI< TI�1Hap-AeJJ1>-P110 BU:­

AeJI,AeTCJ'! yMepeHHCW reo1{HH!.ll.1Hl<O� /OT -2 JlO +2,5 MM/rcW, npli 3TOM B nc­

JIJ:!X coepeMeHHHX .1tms:.;;e1-m� npcRBJlfl;QTCP. B nepBJ'IO ottepe,ni, npoJtOJlbHl,18 MOp­

q>OCTpyRTYPl-l, a nonepettmrn HCCRT HaJI0?.0Hlll-li\ xaipaJ(Tep, llJtR M630ÖJIOK8 

fä.!3cllla-MaT8HC8C xapnnTepHa Hl:Ul60JiblDaR l1HT8HCliBHOCTb /oT -2, 5 no +IO 

MM/ro.1t H 60JJee/, pe3KaR l<OHTpaCTHOCTb � 6JICKOBa.R r,1e,:,awrnccn BepTHKaJlb­

HblX ItBWKemi«. B nCJI.Rx ccnpeMeHHo'1 reo.1rnHaM11K11 npc.RBJJJIIOTCR npe!!Ute Beere 

n onApettHC-.IU18rotta.nbHH8 Mq'.Xi)OCTPYl<Typl-l. 

13 U8JJOM .ll.llfT 3ananHoli l<Y6l-l C,TtI8TJil1BC rrpcRBJJ.F.8TCR T8H.1{8Hlll11l Hapac­

TaHHJl HHT8HCl1DHCCTH H KCHTpUCTHCCTH COBPBMBHHYX JtnH•eHHß C sanana Ha 

BOCTOK, 0 TUKJIC8 o6umtl ff81{JIOH MCpq>OC'l'PYKTypHoro M8KpC6JJOKa C c1rnepa H8 

ior, COOTH8TCTBYiOlllH� T8H.lt811Ul1!1 T81(T0Hlit.J8CI<Oro pa3BHTHR 11 tJ8TD8PTl1tJH08 

l-1 roJICU8HOB08 BP8MR /2,5/. Bruttto� 38KOHOMClpHCCT:&IO RBJJR8TCR YC'l'8HCB.ne­

mte ÖJJOl<OBcro xapnKTepa npcRBJ1€Hl1R COBpeMBHHCU reoiurnaMHKH. Ha BC8X 

l{QMTIJI8KCHHX npoqil1JU1X l<Pl1Bf.le crrnpocTe� ,umrneHHf.i HMSIOT c·ryneHtJaToe CTP<r. 

emrn. fpaHHJJ.H CCITp.ruKBf{ßß ÖJIOJ<O'ß BI-Ipru!t8HH BHCCJ<OrprutH8HTHHMH yttaCTKaMH. 

Pa3Mepw MCP\P()CTPYKTYPHHX ÖJIOKOB KCJI86JJRTCS1 OT H8CJ<OJlbl<liX KHJIC�eTpOB 

�o IC0-150 I<M. BuueJI.RßTCß 60.11:&mce pa3HOOÖp83H8 1mHeMaTHtteCKliX g,cpM 

COBP8 MCHl!HX CM8lU8HHt1 110 p03JJOM8M, <pHKCHpyeMHX noBTOPHHMH HHB8JlßpOB-

irnMH, TTpe c6JirutU10T n_pOCTbl8 cpopMH C ·pn3HOHanpaBJJ8HfülMH CMOtl10HlUlMH l<PblJI:&-

0 D 1 111ll1KaMH" llOJtHIITH� HJIH onycK8HH'1, D T8K.l:e CJIOJKHH8 CTYll8HtI8TH8 4>cp-

MU npH HclJIHGHH M8JIKOÖJICKCBOro ,11,po6J18HHJ'!. Ho nce COBp8M81!HH8 .11e4>opMa­

UIH1 OÖblt{IIO JlOK8JJ113YIOTCS1 B Y3KQI\ 3CH8 ca1v1cro pa3JIOMa. 

r.J!ABHOil MOP<P(XlTpy1cTypHo-reo,11,H11aM11t18Cl(C� OCbk> CTlrnAp-,lleJlb-PHO 

Jf.8111l8'tCJl nnua�1rnl', TpauccpopMHHit mon. POJlblDHHCTBOM r110JJoroa OH OC'.il,fl.lHC 

C'f11TA0TOJ! OTMOp!UIH,1 8 IIJll10U811-tf8TBC,PTHtfll08 Bp8MR. O.ItHaI<0 aapo1<0CMHttec-

1rne Mare PHOJIH, a11an113 pyc,11om1X q>opM 11 noeropmrn mrne;rnponiu, no1<a31rnam 
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aro 3H8'1aTeJU»ttYIO BKT�NICCTl, Ha C0'8p8M8liHCM 3Tane. I'parrnellTH CM81118HHtl 

Ha OT]t8JlbHNX y-qnCTKllX l<OJie6Jil!'.I'Cil OT 0, I - 0,.2 11a 38fla,1{8 JlO o, 5 -r, 5

MM/ro.IVKM - Ha DOCTOlrn. KpoMe Tcro, :JTO rJISBHa,R ce�cMoreHH8R 3C,H8 :a­

na.ztHOi:t Ky6w. ßa.JKHylO reoru,rnawitrecJ<y!O pc.m, 11rpaeT T3!<)1{8 ncnepetrnc-m11aro­

HaJ1bHN� C.IU!Hr CW!-ltilero, KOTCPLI� pa3�8JIR8T OCSBYIO ropHy� CHCT8MY fya� 

HwtryattHKO Ha :naa pa3HCfiPiHlCllHßT!JX ÖJIOKa: Jloc-OpraHOC /-0, 5 + +I, C � 

rOJJ/ B Pocapao /+I + +i,6 WN/roJl./. Ha CeBepttcR rumapcKcR paamrne cH 

pa3rpaHBqffBa8T 3Qn8.IUiblA +I + +2 MM/roJl./ ff BOCTC,qHHn /-I + -2,5 MM/ran/ 

6JIOKI ; ruta.norrnHO Ha Kllmo� 011Hapo1rnU paBHHH8 T8l(llt8 - 3f3nflnHHl1 /c H81tT­

PaJlbHblMI .ztBM0HMMH H CJISÖLJMJ onycKamrnMM/ H ISOCToqmili /0 + +2 rlNi/roJJ./ 

ÖJIOQ. TaKHM cöpa30M, npoTffBOCTCßUUf8 "1DP<f)oCTPYI<TYPHH8 ÖJIOKH Ceaepttc� 

Pl IOmoA paBHlffl H8XO.JlRTCß !<BK 61» 13 llPOTHB04a3ax COBP8M8HHNX B8J)Tl1K8Jlb­

Hb1X .namir:eaaJ1, a pas.1teJ1RKl1UHe HX ropbl ryam1ryammo 11 mrnapc1rnti Tpa11ccpopM­

fraij mos urpaIOT WßpHHPHYIO po.nt,. TTpff 3'1'0M 'conpR>KfJHHhl8 B8pTHK8Jll>HH8 nepe­

MemeHM MOpq>OCTPYKTYPHUX Ö�OKOB ropHO� CHCT8Mbl fyaHHryaHl1KO no CTHcme­

ffHI) K IOKßoR rIHttapcKoil paBHHH8, CT.neJieHHO� OT Hl1X TI111-1apc1rnM lffBOM, c6pa-

3Y�T KJiaBHWHyR> CKCTeMy: dJJOJ< KattTa.nopec-Ka6pac KCnllTHBaeT H8ATp8Jl&HH8 

.nBKlR8HB11, Bmt&ßJl80 - CJJae5He nC,"4HR'1'HR /0,5-�,0 MM/roJJ./, Pocapvio - YMB-1 

P8Hffll8 onycJ<BHHff /JJ..o I-6 MM/roll/, B03BJIUl8HHOCTH ,MapHeJll, - yMepeHHt.i8 nOJt­

H.RTHR /I-2 MM/rcll/. 

rcpbl ryaHHryaHHKO 01'Jll1qa!()TCSl CJI860� HHTSHCHEHCCT&R> COBpeMeHHllX 

ß8PT111(8JlbHblX llB�8HHA 1 'ITO, BO�MC>KHO, oCSyCJIOBJl8HO HX noKpOBH0-118.LtBHro­

BOA CTPYl<Typoff I J<or.na 3HaqHT8Jil,HaR qacTb B8pTHl<8JlbH0U C0CTBBJ1.fll01118f'. nc.n­

HRTHM S H3B8CTHC� Mepe l<OMnCHCHpycTCR ropH30HT8JlLHO� COCT8Fl.1UIIOUl8A /! ,3/, 

H8t(OTCP"f8 <JlPOHT8JlbHH8 J'lf8CTt<H no,cp�lTl-lX flJIOCTHH P!Hor.na ,ABIOT CTyneHqaTue 

neperK6Y .'tC 0,5 - I,O PtN/rOJt Im rpacf>liKBX. CJ(QpOCTell .ll.&P!Jf:OHHi,\. 3TO Mc:.:eT 
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CFIRiteTCJll>CTTI0BRTI>, 4TO ::rnoxa ropH3011Ta.nt,Hb1X nepeMeW€Hl1� He K0HttHJlacr,, 

KUK C'IHTaeTCR,B 301l8He, 8 BPSl.ll8 CJIYlH:18B nponOJJ»:aeTCfl 11 11a cospePt.eHH0M 

3Taae. 8 JlOK8Jll>HliX D0JIJIX reo�1111aM�KH 0T4€TJll1B0 nponBJIP.IOTCR OT�eJibHl,18 

ropcToswe nom11t'fffll, paaHHHH-rpa6em�, ceTI, npo.1toJ!l,HblX 11 ncnepetJHHX pa3-

JloMoB. 

UcKCJlbHrut CeBepHrut fwrnapc1<rut paBHl1Ha BH'.l(8JIR8TC.R Ha1160Jiee 11!8JlKCf:t 

dJlOICOBOn .!Ui4l'P6 p6HUH8Wlfi C OBper.feHH!lX B6 PTlmaJILHblX .llB�H'1�. M0H0KJl11HrJU,­

HaR JOMttrut pe.BHHHa 6cJiee MCH0J!l1TH8 110 xnpaHTepy reo.:mHaMHI<l1; TOJlbK0 tta 

Ytf8CTl<8 I'yatte H n-ne I'yaHaaKa6P16ec .ItBWt€HH.fi np1106pCT1llOT p83l<Yl0 l<(,HTpaCT­

HOC'l'li. 

rcpcTOBli8 H rcpcT-8HTHKJlHH8JlbHH8 B03Bl!IU8HHCCTH ranatta-Marrancac 

PICIIHTUB810T 0<511lß8 OTHOCHT8JlbHH8 PI a6contoTfüJ8 CO'Rp8M8HH1i8 l1CJtHP.TPIJl no 

4-8 MM/rCJt. Ha 3TCM cpoHe rpaöeH-Cl1HKJIHHa.1JbHHe n�aTo TanacTe, Arya1<aTe 

OTCT8IOT B nC.IUt.f:TPl.f!X /2-4 MM/rc.n/ • T. e. , B11CTynaW)T !<SI( 6JIOJ<PI OTHCCHT8Jll,­

Hb1X onycKatte�. fPMHBHTli CMe�eHe� no pa3JIOMSM COCTaaM�'f 0,5-1,0 MY/rCJt/ 

J<M, M8CTSMH �CCTHrM BeCbMa aHC0KHX 3HaqeHHU nopß)'(K8 I-3 w.\lrQIVJ<M. Or­

qeTJIHBO npocJie�KBalOTCR JlHHeAHY8 30HH nporH6aHHtt RlOJlo nonepeqHO-.IlHarc­

H8JloHHX MOpqlOJIHHeaMeHTOB Oaxn«-3Jlb-ra6pH3Jlh, XapyKo-KaMSqo, MapH8Jl!>-Ea­

Ta6auo. 

Bal!UlyXl por110HaJtbHYKl MOpqJ0CTPYl<Tj'pHo-rec�HH3MHtf8CKym pono HrpaeT 

Jll'IH88M8HT XapyI<0-1\aMS\lO, K BCCTCI<Y CT KCTC�crc CCBp8M8HHH8 nc.IlHll'fM C'l'Y­

neHeoöpo3HO pe3KO B03p8CTam'. TaK, CeaepHaR PBBHHHa raBSHU KCilblTMB88T 

CJ186!le CTH0CHT8JlbHH8 cnyc,caHHß, .nccTHI'Ul01ItK8 MSKCHMYMa -2,5 MW/rOJi B pnff­

OH8 6yxT" rasaHH, npe11cTaT1J!JliOll18A rpoOeH paCTJOlt8HHß, a CeaepHaJ! paBHHH8 

MaTOHcaca K DOCTOl<Y OT Ca11Tn-!(pyC-,l(OJlb-l-lop-re H ){apy1<0 !3TSTHYT8 B H8p8CT81>­

utH8 RHT8IICHDH!l8 CTynel!ttBTC-ÖJlOl<CP.118 ncnHATHß JtO 6-8 MM/ran, nccTeranaiae 

tt npuenax pa01111Hbl Xnp1tc:rnnc-MoprH IO-I2 MM/rOJt H 6CJ1ee, ltTc JJBJlJ!eTcn 

M8KCHMf.1Jl1,HhlM JVlIJ 3anaJtHC� Ky61,1 11 MOlKeT (S&rTb conCCT0I:Jl8HO JtmDb C HaHdQJlee 
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Mc6HJ!'bHHMH pa�oHawt toro-ßccTcttHc� Ky6u. �Hafl par.tt�rna ranatta-MaTattcac 

K 3ßn� OT yRasaHHr,I'Q lilOpqlOJU1Hear.1eHT8 nxcn11T D o6JiaCTb CJI8Öli1X CTHO­

CHT8Jll>Hc:X nO.IlHflTH:I /0-2 MM/ro.zr/, 8 R BCCTOKY 11HT8HC"1BHOCTI, CODp8M8HHllX 

ßOJUUITIIM H8PßCT88T .ztc 4-6 M.'.1/rc.n. HA 3TCM cpoHe B I<8tt9CTB8 301-fH CTHCCH­

TBJlbHHX caycI<aHHH /oTCTaRaHHn B nc...aHRTfülX/ 11PCIIBJIJ18TCR cyCIMepHJUiCHaJII,­

HaJI p8BHBff8 l<CJlOH-XCD8JlbßHOC, npellCT8BJIRIO!UaJI MoprpOCTPYKTYPHYIJ rpafHtLlY 

c UenTpeJU,HOt\ Ky6oit. 3a60JlCttBHHM rpa6e11-c11H1<JIHHa.nbHBJi paaHHHa 3aaa.n­

Ha.Jl Canara HCIDlTUBa8T caycKaHHß .nc -2 MM/rall. 

3anamuui Ky6a CTHCCHTCII K cer.tCMC.81<Tl1BHb'M T8PJ)l1TCPH.RM AHTMl,CKCR 

OCTPOBHO� JtYrH, XOTII 3�8CI, apec6JI8Jl8�T CJia6�e H cpelU{H8 38MJl8TPIIC8HHII. 

3a ßOCJ18.IUIH8 300 AeT /I6?8-I983 r.r./ 3nec1, 38�11RCl1PDB8HO OKCnc 70 38M­

Jl8TPffC8Jfflß C HHT8HC.HBHCCTl>IO 111-YI 68JIJIOB, B T'OM ttl1CJI8 - OltHO pa3 PYWHT8Jll,­

H08 /I=YUJ, M=6,3/ - Catt-Kp11cTo6an1,, I8BO r. !6/. ·s Hx .ztHHaMHKe HaMe'lfa­

eTcn BCTOPH'lf8CKH HanpaBJ:8HHaR T8H,It8HllHß H3paCT8HHß ceUCMH'lf8CKOU BKTHB­

HOCTH B npccTpaHCTB8 H Bp8M8HH, C pacnpocTpatte1111eM CT ceeepa raBaHH­

MaTattCaca Ha rumap-.zteJ11>-PHo K J<CHuY XIX B •. H Ha BCK> 3aII8JlHYIO I<y6y BO 

B·rcpoß ßOJlOBHHe XX B. MCl!UfO B!Hl8JIHTI, Tpl1 rJl8DHHX MCp(pCOTPYRTypHo-rec­

.ItHHaMßll8CK0X THna M8CT BC3HHJ<HOB8HHR 38MJ18Tpr!CBHH�. Ha.H6CJl88 CJlCi«HI-IM 

ßBJ111:0TC11 MCpf;CCTPYl<T,YpR!.8 Y3Jlll CCCTllKOBKH 6JICKOB pa3Hcro reH83_Hca, BC3• 

pacTa H pattra. npHMepoM MCllt8T CJJY>7.HTE» 6yxTa-rpa6eH paCTSD!t8HHR rasaml, 

M8J1KOOJICKCBC8 .npc6J18HH8 l<CTCpo'f HElXC.lliiT Op.RMC8 CTp81':8�{H8 B ITJ18ltCTOU8H-

r DJ10U8HCBOM pem,ecJ>e H coapeMeHHHX .llBli;!t9Hi1IIX. Jlpyrott THO o6pa3ylOT JIHHe�­

HH8 CO�CMcrettepHpy1011lM8 3CHH. flpI<liM npHMepcM RDJ1J18TCR fürnapc1mß TpDJIC­

�CPMHNß pR3JICM, B�CJlEi KCTcpcro cccpeAOToqeHo OKOJIO OCJIOBHH� C'lfarceHX 

3 CH 3anaJtHO� l(y6H. OHH rpynm1py!0TC1! n)tOJt'f, man, HO He B Mcpf CCTPYRTYPHllX 

yaJiaX, a- B M8CTllX nepecoqeHHß ero ttaCTHlJM� pa3.llcr!.APAH \, npcnBHBWHMH 8R• 
\ 

THJlflOOT'Ei no .italltll,IM ncB'l'OpHoro mrne.1J�PCBBHHß ff x·1paRT1:!pij3Y'OntHMHCß nc.nu-
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1a:lllblr,UI rpa;tHeUTQMH .llBil.1!teHHi4. Hanpm.1ep, H30Cei1cTn Y1it OaJJJIOB ::iett.1113TpRce­

HIU1 CaH-t<pRCT068JU» TTOIJTH TOIJHO OKOHTYPHBa8T 6J101< ccapeMeHHHX no.nHnTHß 

AO 2-2,5 r�wrc�, pacnCJI��eHH�� Ha rpaHHUe eo Coeppc�-.nen&-PccapHo, Hc­

mmi1oa1011leil JIOK8Jl'f>HYIO HHB8pcHIO .ll'BH--«eim'4, T.e. Ha CTl,ll<6 p83HCf{anpaDJl8HHllX 

Jl&HlK8HHA. JIHH8�Hoi\ ce�CMoreHHCA 30HOit BH!t6JIJl8TCR T8i<iX8 JlßH8BM8HT 'l.aTaH­

cac-M�pyra-BaTa6aHo. TpeT&HM THTTOM JlB.'IJJIOTCJl .ItH3'b!OHKTHJ3HH8 Y3JIU B M8C­

TaX nepeceqeHHR pa3H00pHeHTHpcnaHHHX pa3JIOMOB ff JlHHBaMeHTOD. 

HBKCTCpue cqaroa�e 30Hll Ha.JCCJtßTCR B onpe.ItOJI8HHOA �HHaMKqec1<ctt 

131lHMCCBß3H H BKTH8ff�ffPY!OTO.ll noc.11encIJaT8.%HO, MHrpHpy!i B.Itc..Jlb 30fll-l pa3-

Jl0MOB .,'Catt KpHCTc6a.111>-raaatta/ H CBMereJioCTBYR o6 HX pacKpblTHH. 

B UBJJCM npcßBJIBHH8 KBK M8JtJI8HHUX nepTHKaJlbJUJX, Tal< H 6!iCTpUX 

/ce�cr-,mqecKJIV coaprMeHH�x .nnwienHß 3ananttoij Ky6u o6Hapy�HBaeT qeTKYJl 

B38�MCCB.fl3b 0 MCJ)lpCCTPYKTYPHOij .llH�p8HIU1auHe� AHTHJlbCKOß OCTpCBHO� 'JJ,3-

rH. 8ffRBJl8ffHN8 3,ll8Cb npocTpBHCT88ttHO-BpeM8HH�8 3ßKOHOM6PHOCTl1 CCBP8M8ff­

Hoet t"00lU1ffEU,fflKH HCCflT, no-BM�MOMY, He TCJll:iKO perl1ClillJlbHlJ", HC H 6uiee 

OÖU{H" xapaKTep, OOCKOJlbKY Cffff conccTBU"!Ml-l O atta.ncrw.JHblMH 31:lKCHOMepHOCT.FJ­

MH JartaJUIC,-'fHXCCl(88HOKHX OCTPCBH�X .nyr /ffncHHß, CaxaJ11rn/, 

�HCTHTYT recrpa�HH Al<a,l\8MHH H8YK CCCP, McCKBB 

rfHCTHTYT re crpacJ>�rn AK8.lt8MßH HayK !{ydw I ranaHa 

U.11T11PYOMllR ,JlHTeparypa: 

I. J1..A.J[HJIH8HÖepr. Coaper,,eHHU8 .!lBQ8HWI 38MHC� I<CpH /TeopHSI, M8TC.llli, 

nporH03. M.:ttayKa, 1880a. 2. n.A.lHJIKeH6epr, Cc&peMeH • .!lßHJ:eHHfl 38M­

HO� KOPU /MeTOJlHi<B H p83YJlbTaTH 11cc.11en. !CHes: ilayK • .lcyMKB, I9AC8. 

3 • .II. A.l.11Jll18H6opr, X.Jl • ..QMac, l<.nncK,VllJlb 11 .np • .UcKJJ. Ar! CCCP, Hl7?, 

T. 234, J; 4. 4. Jl.A. JIHJIH8H6epr, M.�.Mnp1<ec. �CBP8M8HHH8 .ltBmP:8ffßl{ 

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



47 

Ha reCll.Httaw1qcc1rnx ncJ1i.1rcttax. !JeTpcnaRJICDCK-;\aM•rnT.: Yl'D !(Bfl!l i\H 

CCCP, 198! r. s. x •• �.J'..Hac, :,icpfocTpyKTypu H CCBP8M81111f18 JtBHl!t8HKJt 

3aila.ItHC!I Kydi:i. ABTcpe�;. KSHJt • .n:icc.' '.-1!: i'iI' All CC:CP, !986. 6. T. 
ChuJ, &. Gonzalez. Jnvestisaciones si1molog1cas en C�ba. lGA, 
ACC, 1,eo, Ho. l. 

Cae.n:eHHR c6 aaTcpax: 

I. J!iIAC MAC XOPXE' JIY11C - 3aM.,IU1pe1<Tcpa nc aayKe YIHCTHTYTa recrpn(J,.nr

AH KyCSu, Kaff.lt. recrp. any�., Hayqff!JP. CCTPY..'.lHHK. A.npco: Celle 11 
Ho. 5l� entre OJ e. Vedado. La Habana 4. CU»A. 

2 • .nwn-1EITT>EPr .aMWTPHA AHATOJJbEBWi - JlaypeaT rccy,rtapCTB9HH elf npewnr 

CCPP, Ka1i.n:. recrp. HayK, ae..!tf�HR HayqHl:i" o�TPY!lttZK HHCTHTYTB rcopra­

faa AH CCCP. AJtpeo ltCMBlnHZlt: MCKCml !03062, nc,[tccceHCKHt! nep. I3, 

KB.5, Ten • .ztcM 297-66-15, CJ!yl!t. 237-03-60 

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



48 

GAUSSIAN CURVATURK OF POSTGLACIAL REBOUND 

AND THE DISCOVERY OF CAVES CREATED BY 

MAJOR EARTHQUAKES IN FENNOSCANDIA 

Abstract 

MARTIN EKMAN 

National Land Survey 
Division of Geodetic Research 

s - 801 82 Gävle, Sweden 

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 Sjöberg 

(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 

produyts are found on the floors of the caves. Sjöberg 

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. Mörner (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 appl� 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 

n 

L L 

n = O m= O 

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

given by 

Zn TT 

a 
� f f U(�, )._) P (sin �) CDs � cDs mA d�d).. nm nm 

0 0 

ZTT TT 

b 4TT f nm f U(�, )._) P (sin nm �) CDS � sin m).. d�d)..

0 0 

( 1) 

(2) 

Here � denotes latitude, A longitude, and Pnm 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

tiqns - 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 o� 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). 

(a CDS mA + b sin mA) p (sin ~) nm nm nm 
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A formula for the Gaussian postglacial curvature has been 

derived, starting form (1), by Ekman (1985): 

K 1 N n 
E E (a CDS mA+ E sin mA) 

R
4 

n=O m=O nm nm 

[(- n(n + 1) + (n + 1) tan2\P + --?) Pnm(sin (p)
CDS (p 

/( 2 n + 1 ) ( n + m + 1 ) ( n - m + 1 ) s i n (p -
] 

-------------------- p
n

+1,m(sin (p)
� CDS

2(p 

N n 
E E (a CDS mA+ b sin mA) 

n= O m= O nm nm 

/( 2 n + 1 ) ( n + m + 1 ) ( n - m + 1 ) s i n \P -
] 

_;_ ___________________ p
n +1,m(sin (p)

�CDS
2

(l) 

[- ( n 

sin mA - E" nm 

+ 2)m sin q, p (sin q,) 2 nm 
CDS qJ 

Ji2n + 1)(n + m + 1)(n - m + 

� CDs
2q, 
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pn•1,m (sin 

(3) 

2 
[( - (n + 1) tan 2<P - ~) Pnm( s in <Pl 

CDS (j) 

2 
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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 c�­

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 �eights 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 (Mörner, 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 (Björck, 1987), and the rise öf the 

sea approximately from 6500 B.C. to 5500 B.C., c. 10 m 

(Mörner, 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 rn 

(Mörner, 1980). 
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Figure 1. Absolute uplift of Fennoscandia in mm/year at 
about 6000 B.C. 
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ApplyiRg 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° latitude x 2° longitude). 

Using these values the coefficients a0m and b0m 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 1
°

. 

To examine the stability of the solutions for various values 

of N some computations of K for 180 � N � 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 · l0-27 mm-2.

Now, Figure 2 shows the situation at about 6000 B.C. when 

the ice did no langer exist. However, the peak rate of land 

uplift here was probably reached about 2000 years earlier, 

before the ice had disappeared completely (Mörner, 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 (Mörner, 

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: 10-27 mm-2. Dots denote large
boulder caves. 
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Figure 3. Estimated Gaussian curvature K of the postglacial 
uplift of Fennoscandia at about aoog B.C. (N = 150). Unit 
of K for one century of uplift: 10- 7 mm-2. Dots denote 
large boulder caves. 
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rnap of the uplift since the early Litorina Sea, and a geodetic 

rnap of the present uplift. Assurning that this process had 

started not later than 8000 B.C. the area with large � 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 Sjöberg (1987) 

the accumulation of boulders forrning 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 accurnulations 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 comrnon area. They are,rnarked 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 

rnaxirnurn. In Figure 3, representing .the rnore realistic 8000 

B.C., we find the large boulder caves alrnost coinciding 

with the Gaussian curvature rnaxirnum. We must, however, bear 

in rnind that the extrapolation rnakes 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 sorne correlation 

between the Gaussian curvature and the srnall 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

rnatical rnethod fails to explain this. 
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Finally we note that the maximum Gaussian curvature of one 

century of postglacial rebound amounts to K = 10-25 
mm-

2 
or 

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 109 times the 

tidal curvature, i.e. the secular postglacial strain may be 

roughly estimated to 10
4 

- 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 lang postglacial fault in northernmost 

Sweden, the Pärvie fault (Lundqvist & Lagerbäck, 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 hand 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 O.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-tenn, slow patterns in the 

displacements. It was pointed out that, if the effect of ob­

servation epoch were confinned by. extensive statistical mate­

rial, then levelling data and gage meas�rements would have 

to be reduced to the same observation epoch (Matskova,1963; 

Sinyagina, 1 96 5) • 

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 inte�iors (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. 

rhese waves are associated with the fonnation of geologic 

structures and vary in amplitude within structures (Kozlov-

3ky,1965). Same geologtcal, 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 platfonns and mountain regions reveals com­

mon wavelengths for the same type of area. The values for 

the platfonns 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 is smoother for the plat­

fonns (Kalashnikova, 1968). A spectral analysis of recent 

crustal movements along great-circle arcs (Helsinki-Tash­

kent, Ljubljana-Chardjou, Stockholm-Dubrovino, 0hrid-Pechora) 

yields the spatial dimensions of areas of recent vertical 

crustal movements having the same sign and constituting a 
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hierarchical system of three ranks: I for platfonn areas 

~ 1,500-2,000 km, for folded areas ~1,000 km with average 

ampli tudes of 7 and 5-6 mm/yr; II ~ .300 km wi th an average 

amplitude of .3 mm/yr; III ~100-150 km (Golovkov and Nannir­

zaev,1985). 

Yu.A.Meshcheryakov wrote as e�rly as 1965 that secular 

crustal movements are complicated by short-period oscilla­

tions of di,fferent origins which are li ttle 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 (Meshcherya.kov,196J). 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 rtumber of si tes in 30-year periods (Matskova, 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 5_9-80 km. Thlit velocity of the micropulsa­

tion waves is greater and the wavelength 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, 

198J). 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, 

Yurc�enko, Surovtsev, and Unnantsev,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

sov, 1987). Tyapkin and Bondaruk (198J) present compelling 

evidence that there is an annual componentwi.tli an amplitude 

·reaching JO mm/yr in recent vertical crustaih movements. These

authora recommend to incorporate the component into the rate

of movements, whatever ia the cause of the component. These

fonn a basia on which a rotational hypothesis of feature for­

mation in the earth's crust is being developed. V.I.Volkov

(198J) hypothesized a systematic influence of upper-crustal
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thermoelastic oscillations due to seasonal temperature waves 

on recent vertical crustal movements. An an�lysis of long­

,continued geodimeter observations in the Maricope area along 

the San Andreas Fault zone has revealed cyclic def'ormations 

of 6.5-9-year period and 1.5,10-6 arnplitude (Greensfelder

and Bennett, 1�73). 

Measurements of deformation in Japan and Western Cor­

dillera reveal displacements of defonnations 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 earthqu�ke (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 

seismicity)(Delsemme and Smith,1979). Vilkovich, Gubennan and 

Keilis-Borok(1974) have examined the spatio-temporal stru.c­

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 

association with earthquakes with M 6.5. 

A study of changes in various seismological parameters 

in the Gann 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 displacements 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 forrns a complex tectonic process. Same 

possible causes for the migration of deformation waves have 

been suggested. 

The Gann 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 

km2 • First geodetic works (levelling, microtriangulation) 

started along Runou Brook in 1948, precise levelling being 

conducted along the Gann 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 Gann 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 Gann 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). fhe 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

na et al.,1978) and become as low as 1-2·10-6 at a distance

of 100 m. 

V.A.Matskova(196J) 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(196J) 

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 defonnation 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=±0-0.15 mm/yr. The initial

displacement rates C were also detennined for eaoh 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 4ifferent in origin. Superposed on these are 

the deformation processes controlled by the rate C. 

J<'igure 2, a shows plots of V and C for benchmarks in the 

se@Tlent 3040-1248 on the right bank of the Surkhob River 

(the Gissar side of the Garm circle) where V QOes not exceed 

0.1 mm/yr. The length of the se@Tlent is 4 km, the direction 

from west to east. The se@Tlent has 20 benchmarks, at inter­

vals of 200 m on an average. Observations in the sections 

3040-34JJ-3179 have been conducted since 1957, those at close­

ly spaced benchmarks since 1�72. The curves of V and C are 

different in character. The plot of C (mCmean=±0.08 mm/yr)

shows a regular deformation curve of maximum amplitude 2.6 mm 

at site 5J, J.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 � 1, km, �� 5 mm. Other waves are probably 

superposed on this defonnation, ones of lesser wavelength 

and amplit�de. There is also a similar regular variation in 

C from west to east for benchmarks lying in the fro�tal part 

of the Thrust on the left bank of the Surkhob River (the Pe­

ter the Fj_rst, 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 J.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). 0ne can see a jwnp 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 diff�rence 

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 fonn for identifying characteris­

tic hannonic components in the observational series was 

thought to be an analysis of amplitude (An> and phase „
A.

spectra obtained by expanding the basic data into the Fourier 

series: 

where an, bn are Fourier coefficients

z. 2. 1/..i 
) l A"/ = {a" t I,, } i '1t = -ta.11-1 { t,, /11„ 

00 

/(f)-:. 0. S ~ + r. {<l,._ G0S &1111 f + 1,., Si1t.tJ„ t) 
11sf 
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The number of tenns in the Fourier series was chosen to be 

40 for levelling data and 20 for geodimeter observations; 

this is detennined 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: 

5 {:x)-= Ql .,. t'i {-x- Xi--,)+ c, {x-:xz�J 2 t-d; {:r-�_�J3 

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 ban.k of the Surkhob, sections J040-J4JJ, J4JJ-J179, 

3179-1248) are T � 1J, 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 1248-16)56) are T � 4, 2, 1 year 

with amplitudes 0.J-0.5 mm. 

- When one crosses the frontal line of the Thrust (section

16)56-829), the characteristic periods 4, 2, 1 year have

greater amplitudes An� 1-2 mm compared with the other sec­

tions. 

- A poorly defined spectrum is recorded for section 829-J1b7

in the frontal part of the Thrust, the mean amplitude maximum 

being about 0.J 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 defonnation 

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, 3179-830

(the Gissar side of the network, the most quiet tectonically) 

is T s= 4-4.5 years with amplitude An� 2-2.5 mm.

-For the line 24-829 on the Thrust, we have T� 2, 1 year,

A
n

� 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; An� 3.5-

5 mm for T � 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 

hannonic 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 di splacements 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, (J) the Sari­

Pul geodimeter network, (4) Vakhsh Thrust line 

Figure 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 hi:ghly mobile one (the

initial measurement of 1969) 

Figure J. Variation of the rates V and C along the lines 

Runou (a) and Chogdabion (b). 

Figure 4. Variation of elevation in time between benchmarks 

J040-J4JJ (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) J179-8JO, the quiet Gissar side of the network

(b) 24-50, 24-8JO, the lines traverse the frontal line of

the Thrust 

(c) 24-829, this line is in the frontal part of the Thrust

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



7
9

 

\
-

" 45'2.,: 
I 

I 

;s-65" ,, 

"i 6o64' 
' ' 

lli.a-1 

•--.. --1 

/ 

rJ,fcca. pCJ(.i.,tlA 

u;ssar 

e 6 e 

: J nge 

5D~S,o 

-~--1 '1_· . ., 82? 

(1 e f fJ~ 
r1ef'e,oro 

qreat i,Mf-

,f.. r· pe-,reJ' 

ili, - 2. ili-3 /-1! 

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



a 

'b 

0 

.:r 
0 

1-, 
o­

�-

2- 1 
0 

M'½t 

fO: 
8 -
-

6 -
-

� - a-. 
-o 

1:� 
0 -

-2 -

.:Lf: 
-6-

;: 
II 

--✓---, 

... ... 

... _

80 

........... , ... ✓----,....._ C 
1 ---,.-, ,.--' 
2 3 v � kM 

V 

..,, 
� 

---
--- - - - - - - --- - • C

I 
1.c---_ 

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



81 

lloroa6uoH.. 
Cho9 da hi on

111�yr 

2.. ,, ,,
� ., 

0 

- 2. -
-1! -
� 6 -

-8 : 1 1 1 

- 0 2. 3 -� 

...... ,...:, - - - - - - -- - - - - - - - - -- C 
1 1 1 1 

2. 3 11 5" 

km 

·tfl\,

' 

6 

~ : ... 
_o 

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



82 

2 

1 

a, -1 

• .r 

-2 

-3 

5 :15 

:l 

.. 

. ··• 

. . · .. -,., . 
1,· - :l ·•... ......... ..•�=-�· ��:·:�.--. · ..

, 
-2 

,. 

-.4 

:l.5� 

Fig. 4 

' 
'!, 

,!I!, ,. .. 

.
. 

-·­
....

... 

� ■ � .. , 

2�:- T ye(.JrS 

::::.:5 T ye.ar s 

0 

0 
·•,, 

·•·. 

5 

:1.0 

:1.0 

. -

1 

20 

..····. 
t •. 

( 

20 

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



7 

F 

5 

4 

2 

:1 

0 r:::: ,-· 
4· 

:1 

. 
·• ..... j 

!!'. 

t. 
. . : 

':_ � � ,• ......... 

\l \/" ··�
2,S' 

:11:::1 :15 

r-•,...'\ _i ·: 
. 

/� 
·. _:'\:

83 

�••..-...,.�•
._,.

..-i{
...-ii;

••.,...-... ,, _....,.r·"I, .,I"'-., .. 
�,i .,. ..,,..,·· T yea rs 

21:.:1 2s :::::(:1 ··=:c::: 4i:::i ··w 

;. . }\'\/\ . ..._..,-..,",.�-�,.,.__/\�·
Ei i�i_n .... _,

o

_�-,-----_1 .... \::1__.t�t ..... �-,---
;;:__ 

.... , 1_--1--=
:::

-· !:=-, --=:::: .... : i:-=--.1--=:::=.�: �=-,. --,-+4 1�; c:J
ars 

Fig. -5 

Cl 

Ar.mm 
-J.f-1 

·=~ 

3 

E1f(-t;2'--7,_5"~;.~,--'----- --->------~ 

A 111111 

:: 

3 

2 ,; 

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



C 

7 
6 
5 
4 ·"·� 
�: �H.o 

-+-L....L 

0,6 

d. 4 

::.:

2 

:1 

1::1 

' !"  

., ... 
�-

�\ 

84 

� ,:''f\,, \ ,.-� ..... •-�,/",, •. ,,/"•·
i.i. 

rl/\_ .l'f'lo1 ·:..i' .. \i , ... / ':,'>l..1/,,.....:,,"1..,;.,..--,\._ 

1.� T; :· years 
:t (:Ö:1 :15 2 (:Ö:1 :::: 5 :::: i-:::1 :::: �;. ,41.:.1 U) 

.. ... 

8 

0 

5 

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



CL 

5 

2,s 

5 

(\. l', 
�: \/ ': 
\/ 

•H,O H-

24�5o 

.
i
l ·,,; 

���,o n
�.:.1 5 

85 

b 

0 

i•3 , 

0 

/ ·_ 

' ; 
i 

l 
r 

1 

\.._ ,-..._-~,T ye«s ....... ,.,,.. ....... ,/ 3 ,3 . W 

--1·c;5; ,2€1 

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



5. 

-4 

,·'!' 

.. /: 

1 b' ::: 

2 

1 

'-::1 • H,O l,7 

A MM 

2,0 ,/
.,,''•,

.,

/' ': 

C 

5 

(::1 . ■60 

86 

21i- 8�0 

\ /'\ .
... /'., . ;'\ 

.. '-i ',/ ··�------.... , ......
..

...................
... 

,,,, ... ...._ 
U 

........ ·•----=-:..T ... y,wrs
5 11:::1 :t'.:, 21:=:1 25 :_:::\:.1 w 

... 

·�_.// \,,.
�-

Tt.-·,ye.ars 
15 25 :;::l:.1W 

A'I\ 111111 

0 

1,0 

~ !'-.. .·"·. ~ :: /'t., ; '111 14 i 
~ .. : ... •.~·•' : .. . : : ·,✓ '\,/ - . , ....... /'---............ _/ \./ \,,,' 

'/ . 
~.o 

EI 5 20 

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



87 

GEHEUL REGULillI�IES .AND REGION.lL SPECIFICS UNDER 

CONDI�IOHS OP' LJ.SER LOCATION OF .lRTIFICIAL B!R!B'S 

SATELLI!BS FOR GEODYNAMIC INVESTIGJ.TIOHS ACCORDING 

!O THE PROGRAMME OP' !BE IHE1UUUONJ.L PROJEC! IDBJ.L

H.IT. Gaorgiev and Iv. N. !ot.omanov

Bulgarian .A.cademy of Sciencu - Central Laboratory 

for (}eodeay, Block No. 1, 11113 Sofia 

J\bst.ract. Th• fundamental scienti!ic and the. applied

objectives, the !irst results and prospects � the proj­

ect IDEAL (Investigationa on tha Dynam:ics of the. European 

-J\sian Lithosphere) are outlined. The model argumentation

o! the in.tercontinental re-gional geodetic network o! 

ground stations of INllRCOSMOS and arti:ticial satellite-s 

o! ciroular orbits tracked by laser range.tin.ders o! an 

accuracy of nearly 25 cm is presented. Estimates are 

obtained, separately for the Carpatho-Ba.tk.ar\ and the 

Ponto-Caspian regfons o! the: J\lpo-Himalayan orogen, !or 

the op:timum parameters he-ight and inclination o.f the 

sat&111te orbits which provide a root mean square error 

o! 3-4 cm in the length and o;rientation components o:f 

geocentric vectors and chord ge.okinemat-ic vectors. 

Concluaions are drawn whioh could be summarised in 

th� !ollowing: 

a) tha laser range!inders available allow a reliable­

ge-odetic veri!ication o! the meridian-oriented subduction 

processes, and 

b) the accuracy of the laser tracking and the con-
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figurat.ton. of tha n.etwork of space g&odetic observatories 

are no-t aatiafactory with regard 'to the determination of 

the parallel-orien.ted slip-collision interpl_ate geodynam­

io processes within the region stu.died. 

!he paper entitled "Compar.ative analysia of satellite 

laaer positioning within Carpatho-Balkan alld Ponto-Caapian 

regions according -to the programme of tb.e international 

project !DRA.L" is published iD. C0111Pt•• rendua de l'Acad­

,mi• bulgara dea Soiences, tome 41,, No. 4, pp. 33-35. 
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DETERMINATION OF THE TECTONIC PLATID PARAMETERS 

FROM POINT COORDINATID SHIFTS 

V.M.Gorban'

Ukrainian Academy of Sciences, Gravimetrical Observator;y, 

Pol tava, USSR. 

SUMMARY. A method for determ.ining ot the kinematics of plate

tectonics from point positioning measurements is described.Fortran 

program �OT was developed to realize the algorithm. Some results 

of classical,Dopler,and VLBI data processing are presented. 

1. Modern observation techniques like VLBI,SLR,LLR and Gl?S

provide in:f:ormation 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 one can obtain "absolute" point position 

changes - cartesian COID:Ponents (range measurements) or spherical 

components (angle measurements) of the point radius vector in some 

terrestrial reference frame. 

Radius vector of a site 
� 

si

�

ed 

&J

ate 

Baseline 

a plate 

l<-1t-::: _,' �;J 
ve ctor f:i;om a si te f · at a plate � to 

Pt 

lt� 

z.. -:: _,, <=-> 

(1) 

(2)
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Here and downward the tirst column vector contains cartesian com­

ponents, the second one contains spherical components. One can obtain 

such data sets ( a dot denotes time derivatives) : , t) 
{ · , •" ' Ir} . { " 'i' ' u

· �� 7 . [ /,': z, J :/i .- z, I LJ ';)!t',/ I �Je',// L3 :2,J· J I t,._I 
{ y/, )/:} ✓- { At] ß

1 

tj=T,17J· /, t =/; h' 

Spherical distance between two points J:· and Jj can be expressed
,t t 'J 1< 1t 

by y;. I �- I /l; I .I\✓- • 

2. AIJ:y motion o! a rigid body (a tectonic plate) on sur!aae o!

a sphere (Earth's sur!ace) can be described as a rotation around 

an instantaneous geocentrical a.xis with 

[St:� Qk 
� J2: <-/ 

-
52; 

the rotation vector: 

[�:] 
'lll.e vector components are kinematic plate parameters. One may 

regard a relative rotational vector between two plates: 

(3) 

or one plate m.ay be kept !ixed with respect to the other. On the 

basis o! the geopbysical in!ormation can be obtain relative plate 

parameters only. Set o! such parameters tor some plates form kine­

matic plate model {,51,k�} (!or example RM1 and RM2 [5,6] ).

Fixing the terrestrial system one may obtain "absolute" kinematic 

plate model { Jt1<} • For example the model AM1-2 is based on the 

coordinate system fixed with respect to hot spots in the Earth's

mantle [5,6] • 
.3. The rate of a. ra.dial (vertical) displacement is: 

lt • k' 
R,· ·!<'° 

-=-----:---
{!</( 

(5)
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Radius vector of a point on the earth's surface and plate param.e­
ters in some terrestrial re!erence !rame are connected by relation: 

• I< /? . := n X /< _I< 
_t �/( -' 

The baseline change rate is scalar triple 

The angle between )/ and .f ./ 

, kt' (f?:� �.i� /11d)

ß. · = I "' /}� I".I /(/ X l'<i 

(6) 

(7) 

(8) 

One may express the vector relationship (6) - (8) both in cartesian 
and in spherical �orm. 

4. Choosing an appropriate relationsb.ip for available data set
and worki�g out observation equations one can obtain estimates 
of the plate parameters J2 k or !J,1te by standard least squares
adjustmen.t techiques. { • k 4 ft I t.-)

For example let us consider the case of set 7i 1 !f,·
1 

2,j which 
contains highest possible information and accept following model: 

' lt "'o " •k • 

Rt' = /l -1- R T --1-j}_ � -+ ßt. + g_ (10) 

Where /<. 
0 

denotes the relative shift of the observational point 
network with respect to reference system; 

/Ir - the plate tectonic shi!t (horizontal); 
f<" - any regional and loca.l motions o! the crust (horizontal); 
..E_/ - radial ( vertical) displa.cement; 
E - observational "noise11

• 

Let Nstations are located at M plates. When 

(10a) 

product: 

1./~ ~ ____:;z.::::..__.:_I ~-· b-,:-:-•.,...r-
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(10b) 

o-.;::-AUJ 
- --- T [ ' " II/( "K ' "] • 

where {r - 3m-column vector, .f!" -:: .::i".t' 1 - • • �1111 f.t 1 • • • ZM / 

W r = [Jl:, J2/,J2/]
- vector of unknown parameters.

Design matrix (3m X 3) : .,. 
{J 

{) 
A . " 

- Z,

{} 

m - number of points at the plate /J lf • , , 

(11) 

n cJ/ D,.k For other types o! data set the quantities t< J-• are undefined
As regards the local displacement ,Jl 1,, i t is a part of "noise ". 

5. The auther developed the program P.LAMOT (PLAte iv10'l'ion) to
realize the !oregoing algorithm.. The program processes all types 
o:t: input data set. SVD (singular value decomposition) �ethod C2,4] 
is applied to inversion of design matrix. '.rhe program output 
contains ca.rtesian and spherical plate tectonic parameters (abso­
lute and/or relative) and the station shift rates. :For given 
sites and/or pair o! the sites with its initial coordinates at 
initial epoch the program computercorrections to site coordinates 
and/or pair baselines at given epoch. 

6. Following data set was at our disposal: 
a) classical time and latitude observations [3] =i�·��/}

: ! �-� i-"} b) Dopler satellite observations

c) VLBI measurements trom NASA crustal dynamics project [7j
( • lt i, k- > 117,;,lP/ I 7 / I "z?: )"\ 

r1oc ) 
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There is considerable evidence for North American and Eurasian 
plates only. The data in Table 1,2 suggest rather strongly that 
plate tectonic motion exist. But the estimations of the plate 
param.eters must be regarded as tentative until more extensive 
data are available. 

Table 1. 
Radial point rates (cm/yea.r) from VLBI data. 

HRAS085 1.72 ± 1.36 
NRA0140 �.11 0.68 

ONSALA60 -1.02 2.07 

OVR0130 2.07 ± 1.06 
MOJAVE12 8.48 4.22 
EF&sBERG 4.61 10.77 

Table 2. 
Relative spherical plate kinematic pa.rameters. 

1 - model Rl\42; 2 - Dopler data; 3 - VLBI data; 4 - classic8:,l data. 

-------------------------------------,----------------·

l J2 {J) 1 

AE 
deg/My degree I degree 

------------- ---------------- ----------------i-----------------

N.America - 11 0.231 ± 0.016 -65.84 ± 13.55 312.48 ± 8.31 
Eurpia 2 0.254 .201 -61.44 64.1 317.1 152.8 

3 OS)7 .918 l 19.05 389.0 340.73 55.92 
4 2o34 e87 1 51.96 27.8 41.8 34.5 

------------- ----------------�---------------- ------------------

India - 1 0.698 
Eurasia 2 1.39 

.015 

.65 
----------------

Pacific - 1 0.977 .022 
Eurasia 2 o.a11 .219 
------------

N.America - 1 o.a5
P

a
cific 2 0.89 

-------------- -------

19.71 .56 
-12.42 13.0

----------------

-60.64 3.57 
-65.85 13.7

--------

48.8 

66.3 13.5 

----------

38.45 
37.74 

1. 58
12.7

------------------

101.07 1.30 
158.0 61.6 

286.1 
331.6 50.0 

---------------

1 
1 
1 
1 

1 

1 
1" 
1 
1 
1 
1 
1 
1 

1 

1 
1 

1 

l 
------1-----

1 ______ .J __ 
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RECENT CRUSTAL MOVEMENTS AND SEISMICITY OF THE 

RUSSIAN PLATFORM 

Grachev A.F., Kalashnil<.ova I.V., Magnitsl<.y V.A. 

Insitute of Physics of the Earth, Academy of Sciences, 

USSR, Moscow 

Abstract 

The compar1son of earthqual<.es•s epicentres locations 

with recent crustal and neotectonic deformations is g1ven. 

The deformations mode is presented by mean curvatures of 

vertical displacements surface. The main conclusion lhal can 

be done is an existence of the close relation of epicentres 

clusters with the regions of max1mum curvatures. 

11POBe/J,eH 

COBpeMeHHhIX 

Pe3IOMe 

cpaBHHTe.nhHh!H aHa.n11s ceHCMH'iHOCTH 

n.naT$0PMhl. ne$OPMaUHH seMHOH IlOBePXHOCTH npencTaB.neHhl B BH/J,e 

KPHBH3H COBPeMeHHh!X H HOBeHffiHX BePTHF<a.nhHbIX /J,BmKeHHH. Cne.naH 

BhlBO/J,, 'ITO 3IlHUeHTPhI seM.neTPHCeHHH IlPHYPO'ieHhl K pa11:0HaM 

MaF<CHMaJlbHh!X 3Ha'!eHHH F<PHBH3H. 

The idea of the relationship between the earthqual<.e 

origin and the deformations of the Earth's crust and 

lithosphere is well l<.nown. The principal difficulty of its 

application using for the study of earthqal<.es and their 

prediction consists in the absence of a reliable information 

on the recent crustal movements. As g matter of fact one can 

get sometimes 1nformation dealing with deformation of the 

H 

H HOBeHlllHX neiopMaUHH 3eMHOH KOPhl PYCCKOH 
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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 

intervals. 

of geodetic measurements after some time 

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 platforrn 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 its mean 

curvatures H given by the equation: 

H 1 /2 ( K1 + K2 ) ,

where K1 and K2 are maximum arid minimum curvatures in any

point of the surface. 

Sometirnes one employs also Gaussian curvatures 

K = JK1 •IC2

( EKman, 198!:i, ) . 
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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. lt is easy to construct the 

model where area of maximal tilts would correspond to zero 

stresses. 

Vertical displacements used in this worK must be 

corrected for the influence of changes of the gravity field 

due the deformation of the Earth ( HecK, Halzer, 1983 }. 

Unfortunately it was impossible to maKe 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, Halzer, 1983 }, especially 

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 0.5 ° xt 0
• 

Hence obtained curvatures given in Fig.1 are not qf 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 in fig.2. The last figure shows the d1stribut1on of 

epicenters of tectonic earthquaKes in the same region 

(Ananyin. et al., 1973 ) . 
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It is 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 earthquakes taken place 

long ago in areas with sparse distribution. 

The results obtained in this paper are strongly 

supported by comparison of data in Fig.2 and curvatures of 

neotectonic deformations. These 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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30 lt.O 

Fig.I Mean curvatures. ( H) of recent deformation• ot th• 

cruet'• surface.: of the Rusaian plattorm. Solid linew 

- positive valuesr daeh linea - negative onea ( arbi­

trary uni ta ) •.

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



101 

• Hoaoov

Pig •. 2. Location or epicentera of tectonic earthquake.a 

on the. Rusaian platrorm 
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Fig. 3 Mean curYature11 ( R ) of neotectonic movement11 ot the. 
Ruseian platform. Ieoline• are tb� saMe aa in Fig.I. 
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Establishing a Doppler Network in the Astrogeodetic 

Network of the GDR 

Ihde, J.; Rausch, E. 

VEB Kombinat Geodäsie llnd Kartographie 

Research Centre 

Further development of basic networks with the help of 

precise, effective geodetic measurement �echniques is 

an important task of geodesy. In the last decade the 

Doppler measurement technique using the Navy Navigation 

Satelli te 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 consists in exten­

sively controlling this network with a technique inde­

pendent from the terrestrial measurement techniques. 

The Doppler network in the Astrogeodetic Network (AGN) of 

the GDR consis ts of 5 points wi th spacings of 150 lan 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 SAD0SA from Hungary. The obtained accuracies of the 

coordinates with reference to Potsdam with an average of 

± 0.2 rn come up to the objective of the project. The com­

parison of Doppler coordinates with the AGN coordinates 

shows after a 7-parameters similarity transforrnation a 

rnean 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 significant deviations compared to the terrestrially 

determined heights. In fu ture e.valua tions are planned wi th 

the orbit program P0TSDAM-5. 
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1. Configuration of the Doppler Network

The AGN of the GDR 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

sidered 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 tbe GDR the 

final points of former terrestrial calculation bases are 

suitable for that. The Doppler translocation network con­

si.sts of 5 AGN points with the point Potsdam as central 

point. 

Between the Doppl�r points there are distances of 150 lan 

to 390 lan (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 bad been used. In 1986 one campaign 

was carrie d out wi th a Jl\lIR-4A and two MX 1504 as we 11 as 

a CMA 601 from Bulgaria in the multilocation mode. In 

1987 measurements were carried out again wi th two JMR-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 J campaigns all relations were determined, except 

one relation because of instrument failure. 

Table 1 gives a review of �istribution of the quantity 

of observations in the campaigns, which were utilizable 

for evaluation. 

J. 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 th,an 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 7-parameters 

similarity transformation. The known )-dimensional 

Cartesian transformation 

(XJ
1 

(X\I (u.) to c.,-y) (X-X0
) (X-X0) Y = Y }' + v + <b o e ':/ -.Y,, + m Y -y O (1)

Z Z w y-e, o Z-Z0 Z-Zo 
is the basis for that. 

To enable a better interpretation, an ellipsoidic 

form was chosen: 

(; r-(� )\ F {aa,acx,u,v,w,rq,9'", e, rn ) (2J 
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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

astrogravimetric 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 
-6of 1•10 in the scope of distanee of the Doppler points,

the precisions depicted in Table 2 are confirmed with the

residual deviations. Hence follows a mean residual devia­

tion of ± 0.23 min 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 residual 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 o:tlly 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 orb.it 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

sites 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 obscrvations of the Doppler 

campaigns 1983-1987 

(Number of passes used for positioning) 

Translolrntion 1983 - 1985, 2 receiver, 267 passe::, 

station receiver P0m1 A B C D 

P0DM J;.rn 141 28 27 42 lt4 

A JUR 28 83 55 - -

D :,mR 27 55 153 - 71 

C Jf.IR 42 - - 42 -

D JrHl ltlt - 71 - 115 

Multilokation 1986, Lt receivcr, 154 pasnes 

station rcceiver P0DM A B C D. 

PODM cru 135 52 60 51 106 

A MX 52 63 30 22 49 

B JHR 60 30 68 - 60 

C Jf.!R 51 22 - 58 34 

D MX 106 lt9 60 34 120 

Translokation 1987, 2 receiver, 297 passes 

station receiver P0DM A B C D 

P0DM JMR 297 86 1 08 62 41 

A JMR 86 86 - - -

B JMR 108 - 108 - -

C JMR 62 - - 62 -

D JMR 41 - - - lt1 
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Table 2 

Precision of determination of coordinates with reference 

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

SAD0SA 

campaign number of Coordinate error with reference 

degrees of to Potsdam 

freedom f station S
B 

s
1 

S
H 

Sp 

1983-85 P0DM - - - -

1 n = 13177 A 14 22 16 31 

u = 3219 B 13 19 14 26 

f = 9958 C 14 21 1 6 30 

D 13 18 14 26 

1986 P0DM - - - -

n = 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 P0DM - - - -

n = 12612 A 1 3 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 

Co�parison of Doppler network with the AGN of the GDR 

(Residual deviations after 7-parameters transformation in cm) 

1983 - 85 1986 1987 

V
B 

V
L 

V
H 

V
B 

V
L 

V
H 

V
B 

V
L 

V
H 

PODI-1 -25 + 4 + 1 -17 70 28 -15 - 6 -17

A -33 + 9 +50 4 -29 27 - 8 5 39

B +31 +26 -51 -22 -20 -41 -13 -38 -33

C -16 -25 -38 19 -42 -29 53 -49 -25

D +44 -10 +37 14 20 15 -20 85 36

mean 

residual 31 17 40 16 41 29 27 47 31 

deviation 
31 30 36 

weighted (mean) 

V
B 

V
L 

-19::!: 3 17±22 
-15::!:11 -5::!:12

1 ::!:16 -9::!:20
B::!:19 -36± 7

22::!:15 14::!:19 

15 19 
' 

23 

V
H 

2+12 

39± 6 
-41::!: 5
-32± 4

27± 8

31 

... 

... 
... 
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INFLUENCE OF THE PERIDDICAL VARIATIONS IN SUN 

D I STURB ING POTENT! Al,, __ Q _r:,I THE EA_RT� SEI S1'1 I C ACTI V ITY 

I.B.Ivanov, V.A.Karagiozov, D.P.Dimitrov 
Institute of Mathematics with Comp. Center BAS 

"Acad. G.Bontchev" 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 an its shape is 
investigated. The strain--stress state of a dense elastic 
sphere (an abstract model of the Earth) subjected to 
periodical (with periods of one year and 26000 years) forces 
of tidal type has been analyzed. lt 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 large 
earthquakes Cwith 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 years and the triggering of the large earthquakes 
is discussed. 

1. INTRODUCTIDN 

A large number of phenomena and facts has been established in 

investigation of the global geological process. Same 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 

strengest earthquakes with magnitude M�7.0 is analyzed and the 

periodicity in distribution of number of streng earthquakes 

per month is established. This variation is in accordance with 

the annual variations of Sun�arth radius vector. A similar 

dependence concerning earthquakes with magnitude 5.0<M<7.0 

(Ref.[2]) and volcano eruptions for last 3447 years (Ref. [3]) 

are obtained. The reasonable explanation of all these global 
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phenomena from an uniform point of view is given in Ref. [1] 

and Ref.[4] - Ref.[8]. 

lt is the purpose of this article to pr.esent further 

theoretical results confirming the hypothesis an Sun gravity 

influence an Earth and more particular the influence of long­

periodical Sun tidal force on Earth's shape. The statistics 

analysis of earthquakes time and space locations is extended 

in comparison with Ref.[1], 

sources. 

including new data from various 

2� THE TIDAL FORCE 

The Sun tidal force in any given point L of the Earth, which 

belongs to the main tidal meridian 

vector expression (see Fig. 1) 

where 
G•M

0 
F( 

--2--•----, 

R
L 1i(1 

f
LL ' , = f

L - f
L . 

<MTM> is defined by the 

(2) 

The distribution of force TLL ' for epoch t1 =T+O, t2=T+6500 and 

t::s=T+13000 years is shown in Fig.2. Time moment t1 is 

associated with Perihelien Earth location on its orbit around 

the Sun, and t::s with Aphelien. In Fig.2(b) the force 

distribution in Equinox location is drawn. At this moment t2 

the distribution of Sun tidal force is symmetric relative to 

Earth equator. The distribUtion of the force in Fig.2(a) 

(Perihelien) is asymmetric relative to equator - a dislocation 

towards South hemisphere is observed. By analogy the 

distribution of the force in Fig.2<c> (Aphelien> shows a 

certain dislocation towards North hemisphere. The values of 

these forces have the order of 10- CNJ appr0>:imatel y. The 

asymmetry in distribution of tidal force may be explained with 

the obliquity of the ecliptic in respect to equator plane. Th� 

period of moving the terrestrial axis on precession cone is 

26000 years approximately. So the acting forces an the Earth 

have periodical character (with period of 26000 years or one 

year) and therefore the induced stresses, strains and 

< l > 

~ = -L 

i='._ - i='._. 
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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.[4], [5] and tBJ. 

3. STRESS-STRAIN STATE OF THE OENSE 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 (3) 

The static equations of elasticity in displacements with the 

elastic displacement potential (Ref.[9]) � and potential of 

external forces taken into consideration are expressed as: 

ü 
(4) 

i,j = 1,2,3 

where U - displacements, X - external forces, comma signify 

differentiation in respect to appropriate coordinate. 

In assumption of axisymmetric in relation to e coordinate the 

stress-strain state of the sphere is characterized by the 

following components: 

displacements 

strains 

stresses 

e.""' e. •• , f.ee, e.R• 

�""' s •• , 6ee, 6R• 

The problem of defining the stress-strain state of the Earth 

(sphere> 

equation: 

is reduced to the solving of non-homogeneous 

(5) 

1,2,3 

JJ•U:1.,..J..:1 + <"-+JJ>•U.J„J:t + 9•W„a. 

u,., , u„ 
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with conditions an the boundary R Re 

s .... = 6, S""cp = 0 1 R = Re 
(6) 

which are equivalent t□ a free of radial s .... and tangential 

S„cp stresses Earth surface. 

The partial s□luti□n (functi an !l•> of the non-h□m□geneous 

equati□n (5)-(6) may be expressed in the form 

m 
(11 = SUM [ Bn •R"•2 •Pn (sin•P>] 

n=2 
(7) 

and the displacement, strain and stress c□mp□nents fr□m the 

partial s□lution, den□ted by symbol ..... bec□me 

,Rn+1 

B"d� cos•pP;, (si nq>) 

""(n) , 1 R" [ 
&.,..., = B"�i°d" <n+2>Pn + c□s2q>P;; - sinq,P;_] 

A(n) 1 Bn R" 
[ 

· 

- ' ] 
S

cpcp
=--•--•- (2yn+n+2y+2) Pn+< 1-2\>) (cos21PPn -sinq>F'n> 

1--V d d" 

where 

B" 

B� = 

:,..+2).1 

1 9GMe• 
4n+6 

•Pn<s1n&) 

s>GMe •--1--•Pn (sin&> :>..+2JJ 4n+6 

E( 1-y) 
< 1+\>) < 1-2\>) , 

(�] m 

[ m ] 

E 
)J 2( 1+\>) 

(8)

A(n) ,1 Rn , A(n) ,1 Rn , 
i:,. .. =Bn;t dn (n+1 l COS'l'Pn (sin<p), e =Bnd• d" (4n+6 ) Pn (si n•p) 

A(n) 
s: • ._ = ~(~1~-~2~V'-'-l~n_2_+_(~3:;_-~2~V~)_n~+_2..c....;(~1_+_v;.c._> Bn Rn 

1---\> ·-d-· dn •Pn 

A(n) 1 Bn R"[ ·,] 
See = --•--•- C2Vn+n+2V+2lPn+ C 1-2Vl sin'l'Pnl 

1---\> d dn 
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The general solution [SJ of the homogeneous equation is 
expressed according to Ref.[10] and equation (5)-(6): 

where 

c� 

[ S ] "" ��� [ [ C� ] + [ D� ] ] ( 9)

1Cn> 

u,.. Cn n Rn-1 Pn <si n'4-1)
1<n> 

u.,. Cn cosq, Rn-1 P�(sinq>)
1 <n > 

t,,..""' = Cn COS14-1 R"--2 Pn<sinf9) 
1 <n> 

e.,..,. = - Cn R"--2 
[ n:z Pn (sin•p> - sinq> P;. (sinq>) ]

1<n> 

�•ee = Cn R"--2 [ n P" (sin14-1) - sin'4-1 P� (sin•9> ] 

1<n, 1<n> 

e.""'.,. = Cn <n-1) cosq> R"--2 Pn Csin'4-1), e 0 

1<n> 1<n> 

"'"""' = 2µ f.\Rft, s ...... = 2µ e. .... 

1Cn) 1<n> 

'bee = 2µ Bee 6""'"' 2µ f.\R,_ 

2 <n > 

U,.. Dn <n+l > (n-2+4\>) Rn+i Pn (sin'4-1) 
2<n> 

U.,. Dn Cn+5-4\>) R" ... 1 cosq, P" (sint.p) 
:Z<n> 

e.,..""' = Dn (n+1> 2 <n-2+4\>) R" Pn<sint.p) 
:ZCn> 

e..,..,. = - D" R"(<n+l) (n2+4n-4\>+2-4\>n> Pn 

- <n+5-4\>) sinq> P�]

2<n> 

Bee = Dn R" [<n+l) (n-2+4\>) Pn-Cn+5-4\>)sinq> P�] 

2Cn> 

e.,..,. = Dn R" (n2+2n-1+2\>) cost.p P� 
2<n> 

e Dn R" 2 (2\>-1) (2n+3) (n+l) Pn 

2<n> 

�""'""' = 2µ Dn R" <n+l) (n2--n-2-2\>) Pn 

:ZCn) 

s.,..,.=-2µDnR"(<n+1) (n2+4n+2+2\>)Pn-<n+5-4\>)sinq,P;_] 
::ZCn> 

See= 2µDnR"[<n+1)(n-2\>-2-4nV>Pn-<n+5-4\>)sint.pP�] 
::ZCn> 

s,..,.= 2µDnR" (n2+2n-1+2\>) cost.p p;_ 

( 10a) 

(!Ob> 
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Two sets of arbitrary constants C" (10a) and Dn (10b) we can 

define by satisfaction of the bounoary conditions 

.,.,.cn> S <n> :Z<n> 

e:"q> + '=>A.., + e:Rq> 

The obtained partial and 

0 R = Ra .

general solut ions 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 e>:pressions 

sinö cosv•sinE,, V 2srt 

C + e •cosv 
(2f( 

,r (11) 

- e:2 V = + 
13000

)t 

where t has dimension of the year. 

4. C0NCLUSIQN.$ 

The displacements of MTM points due to third mode of Legendre 

series (n=3) for epoch t1 =T+0, 

years are shown in Fig.3(a)-3(c). The intermediate state 

(Fig.3(b )) corresponds to Earth location in Equinox and the 

smallest deviations from the initial spheroidal form are 

observed. Comparing Fig.3(a)-3(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 See 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.[4J. 

The distribution of streng earthquakes with various depth for 

the period from 1900 till 1978 year is shown in Fig.5.1 andin 

Fig.5.2 for the shallow shocks. The earthquake data set 

consi st 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 

d 
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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 an Earth is of principle 

importanse in view of its unity. 

G 
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Pn 

(tl 

8 

;)., JJ 

R, ff, 

ff 

8 

S' 

Ro 

\> 

E 

e 

V 

6 

[ 1]. 

e 

NOTATION 

gravity constant 

Sun mass 

radius vectors Sun-points L and E <Fig.1) 

distance between Sun arbitrary Earth point 

time 

degree of Legendre polynomial 

Legendre polynomial 

elastic displacement potential, see Ref.[9] 

angel defined in Fig.1 

Lame coefficients 

spherical coordinates 

latitude 

longitude 

density of material 

mean Earth radius 

Poisson"s coefficient 

Young's modulus 

terrestrial eccentric 

defined in equation (11) 

angel of precession 
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INVESTIGATION OF RECENT SURFACE MOVEMENTS 
IN THE COUNTRY OF HUNGARY AND IN THE CARPATHO-BALKAN REGION 

I. Jo6 Dr. Sc.

/: College for Surveying and County-planning 
of the Unversity of Forestry and Timber Industry 
H-8000 Szekesfehervar, Pirosalma u. 1-J. 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 inves�igations 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 

M6r, at the area of the earthquake of 1985 (Berhida-Peremarton). 

In these local investigations both the vertical and the 

vertical and horizontal impacts 6f the movements aie studied. 

The paper gives information on the aim of these investigations 

with their present stage and probable results. 
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INTR0DUCTION 

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 c6llective and well co-ordinated work, 

the first map containing the vertical crustal movements 

in Eastern-Europe was compiled in 1971 D, 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 [JJ . This map was introduced at Canberra 

in 1979 [ 4 ] . 

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 �tage, an

improved map on the vertical movements in the CBR was 

compiled [5, 6] and i t 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 0F THE CRUSTAL M0VEMENTS 

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 addition 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 �ap of movements 

was based. 

All 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 �very levelling section. Geologie and seiz­

mologic informations are added and a system of horizontal 

gradients along the lines oomes into existe�ce. (On the · 

method oup investigation there will a paper be delivered 

at the poster sess�on [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. 

REGENT STUDIES ON VERTICAL MOVEMENTS IN HUNGARY 

Following institutions take part in the works in Hungary. 

Hungarian Institute of Geodesy and Remote Sensing (Buda­

pe�t), College for Surveying and County-planning of the 

University for Forestry and Timber Industry (Szekesfehervar). 

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 tne 

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 �he 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 M6r and its surroundings. 

The investigations have in v�ew 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 followini works has been carried out: 
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- a standardization base line of high accuracy

was completed, measured with MEK0METER three

times (lenght 1536 m). The reliability is ±0,J mm 

for half of the lenght and ±0.8 mm for the total 

lenght, respectively. 

- A micro-net was developed for Inota-Cs6r fault

line. It was measured two time (by means of precise 

measurement of directions and distance measurement,

respectively). The average distance is 400 m, 

mi = +0.4" and mdistance = ±1.5 mm. 

Till the end of 1991 the trench of M6r 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 M6r and surroundings.

b.) 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] . 

c.) The Geodetic and Geophysical Research Institute of the 

Hungarian Academy of Sciences (Sopran) carries out 

investigation on movements at the area of the Paks Atomic 

Power Plants. 

d.) 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. 

e.) The Military Geodetic Service gives valuable assistence 

in developing the presentation of gradient values on 

maps. 
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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 

Summary 

I.Joo, Dr.Sc (1) 

A.Czobor,Zs.Nemeth,M.Gazso (2) 

At the present state of the investigations a new possibility 

has been applied. In the previous maps of RCM in the Carpatho­

Balkan Region CCBR) 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 i�vestigation 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 mm,year. 

lt 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. 

TheJ 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 

�epeated 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 [2,31 , where an example is given 

too, for the construction of the gradient maps. 

The gradients are computed from the height 

the section, AH1,AH2 in the epochs T1 and T2 

grad V 
6H 

-xr-

Li 
.p["/yearJ 

where 6H=AH1-AH2.summation is made. from a 

next one.Thurm [2) determined rrom the 

propagation the confidence range which can 

differences 

junction to 

law or 

be used for 

qualif'ication of these gradients. According to him, 

gradient is significant if 

1 grad V 1 > 2.0 x mgr�d V · 

and strongly signif'icant if 

1 grad V 1 > 2.6 x mgrad v •

of 

the 

error 

the 

the 

The gradients themselves are insuf'ficient for an analysis of 

the movements.Further parameters have to be introduced. 

( 1) College f or Surveying and County-planning
of the University of Forestry end Timber Industry 

(2) Satellite Geodetic Observatory,Penc 

- 2 -
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3. Local rield survev 

In t.he rirst step ,t.he det.ailed dat.a syst.em or CBR II. has been 

put. int.o a dat.a base Fig.2. 

1[1 1[2 1[3 1 1 1 [
n 

1

� / 

1 D B AS E
1 

l 1
In sit.u 

survery T 
Interact.iv updating 

PLOT 

Fig. 2. 

A curve as that shown in Fig.3 has been drawn for all lines. 

The graph cont.ains the longitudinal sect.ion or the line, t.�e 

int.egrat.ed curve of t.he raw relative velocit.ies or t.he 

sect.ions C Ldv l and the curve or t.he horizontal gradient.s 

deduced from these velocit.ies grad Ldv l. The prepared 

mat.erial has been supplement.ed by an in sit.u survey. 

The benchmarks have been phot.ographed and t.he charact.er or t.he 

movement.s at. t.he point.s has been t.ent.at.ively det.ermined .The 

immediate vicinit.y of t.he benchmarks has been 

morphologically and t.ect.onically. 

described 

The charact.er of t.he visible surface and the geological 

struct.ure have been described for each sect.ion. Geological, 

t.ect.onic and morphologic informat.ion is summarizingly 

3 -

- - ------------------
- - - -----------------
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idenlified wilh lhe poinls wilhin lhe seclion [ Fig.4 1. 

,. Stralegy of the evalualion 

Local anomalies in the raw data are filtered out during lhe in 

situ survey. 

Gradient curves are generalised: 

a. Useing mathemalical regression, 

b. based on morphotectonic characlerization. 

The generalized values contain significanlly more information 

then gra�ients for single points as lhey show lhe deformation 

trends free of measurement noises. Discontinuilies of lhe 

gradienl curves indicaling differences in lhe vertical 

movem�nls between certain points hinl at crossings of lhe 

lectonic ruplure zones at lhese sites. 

In case of lines where lhe movemenls change continuous�y bul 

are of changing sign, lhe origin of lhe movemenls can be 

delermined useing morphologic paramelers. These changes may he 

of a lechnogene origin [ e.g. produclion of greater oil or 

waler quanlilies l, bul lines wilh a similar patlern resulL Jf 

the deformalion is due lo an accumulation of slresses in lhe 

area crossed. 

It is evidenl lhal such an inlerprelalion of single lines means 

rough firsl approximalion as only lhe projeclion of lhe 

deformalions an a line is seen. 

An areal inlerprelalion is made possible by a common 

interprelalion of Lhe complele polygonial when geophysical and 

tectonic informalion is also lo be included. 

The slralegy for lhe inlerprelalion is based lherefore an 

preliminary geophysical - lechlonic model. The morpholeclonic 

characterizalion of lhe lines Csee Appendix A.) can be used in 

digital form as delimilers for the regression. If the trend of 

the surveying data from repealed levellings confirm lhe trend 

- 4 -
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expect,ed !'rom geophysical dat,a, t,hen numerical valuP.,c; 

are obt,ained f'or t,hese t,rend!SI. In t,he oppo1S1it,e case a Tl'c'lf 

prilaminary model is t,o be const,r·uct..P.d. ln hot,h 

addit,iona 1 ini'ormat,ion is obt,ained i'rom • t,he int..er·pret,d.t,.1.or1. 

The new gradient, map t,o be produced is expect.ed t..o cont,ain ne" 

ini'ormat,ion in spit,e ot· t,hat, it.. iSI based on t,hf:' mat..erir.1.l c,i· 

t,he previous CIJR map; t,he new in1'01·mat,ion will be uset'ul not.. 

only in i;-eodesy, but. in geophysics, t,oo. 

The gradient, map ot· t,he t,est, line is shown on Fig . .  J. 
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t.Joo,l.at, al:Explanat,ory descript,ion t,o t,he Mapof' Recent, 
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2. Thurm, H. Ableit,ung- von Gradient,en rezent,er vert,ikaler 
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Kit,t.. 115.J� 1971. 

Pet,ermanns Geogr. 

3 TT Bt,u..:KO'-lMn, OnpeAeneHHe rpaAHE!HTOB CKOpOCTF.!H ABHJIU:'HHM. i.t none 

Ae4lopMaQHM no AaHHl>IM re□Ae;'H('-lF.!CKHX Ha6mOAF.!HHM. ·t (JfJ5 
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Appendix A. 

HORPHOTECTONIC CHAR.ACTERIZATION OF THE LINE K - 13 

KISKUNDOROZSMA - BONYHAD 

1 . Lower Tisza-region 

The whole of the lower Tisza valley is an old structural 

�raben. Its parts sank rythmically during the PleisLocene wiLh

dirrerenL rates. 

The western boundary is in the area or line K-13 sharp:it 

is in the line Felgyö-Csanytelek-Baks-Sandort'alva-Röszke. 

Generally the flood·area below a hight ot' 85 m above sea level 

is counted to this region;taking this into account, t'urther 

that Lake Nagyszeks6s near M6rahalom is considered as being at 

the boundary or the table between Danube and Tisza in Lhe 

following: DT-tableJ,the eastern part or Lhis line 

Domaszek is considered as belonging to this region. 

till 

2. Line K - 13 continues from Domaszek till the county boundary

- i.e. öttömös -Kelebia - an the area of the DT-table. 

The DT - table is a remainder or the big alluvial ran or the 

Pleistocene river Danube. 

The material of the alluvial ran is a trough-like depression 

elongated towards NW-SE which opens in a runnel-shaped form and 

deepens La t00-800 m in the direction 

Vecses-Nagykörös-Kecskemet Kiskunfelegyhaza-Szeged. It 

continues without a sharp boundary in the loess table Bacska. 

3. Line K-13 continoues from the ranch centre öttömös lying 

at the bound�ry between counties Csongrad and Bacs an the 

area or loess lable Bacska.The DT-table is bordered to the 

south at the line Csaszartöltes-Janoshalma-Kiskunhalas-Kelebia 

by Lhe Bacska loess table; a sharp morphologic boundary is 

- 6 -
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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 Alföld [Great Hungarian Plain] 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 Sükösd - Janashalma. 

The present line K-13 lies between these two chains. 

The marphatectonic unit can be divided inta twa subregions: 

a. Sand table af Narthern Bacska,

b. oess table af Northern Bacska. 

The line lies generally till Felsöszentivan-Csavoly an 

subregian a., then till the Danube valley at Baja an subregian 

b. 

,. The line leaves at Baja the loess table Bacska and crasses 

the Alföld Danube valley. The next section af K-13 is called 

till Bataszek "Sarköz",being a morphatectanic unit 

- with a western baundary at the hilly caunty af Talna

Baranya, 

- with an eastern boundary at the laess table Bacska

specially at the high bank of Kecel-Baja. 

The depression Kalacsa-Sarköz is a yaunger part af the Alföld 

sectian of the Danube valley having develaped along NE-SW 

striking fractures. 

An analysis of the river sediments has shown that due to a 

recent sinking a filling at an alluvial fan character continues 

ta develop.Characteristic morphotectanic elements af the area 

are: 

- görönd or garand Hungarian name for early Halacene 

terrace area without any inondatian, 

- gyur :Hungarian name far abandoned backwater of a depth of 

- 7 -
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2 to 3 m, terraces of a width of 1-2 km and relative 

of 3 to 5 m or 9 to 11 m at the edge of the block 

Pannonian table between Szekszard and Bataszek. 

heigths 

of the 

5.Line K-13 continoues from Bataszek to Bonyhad between the 

hilly counties Geresd and Szekszard, the latter being buill of 

Neogene sediments over a granitic basemenl disrupled by late 

Pleistocene movements and which rase in a block-like form 

following the valley of the brook Lajver.The hilly counly of 

Geresd is an ancient granatic block covered by a loess 

sheet.Line K-13 ends in thee depressional valley of lhe brook 

Völgysegi which developed in lhree steps during Pleistocene 

limes near Bonyhad, al lhe easlern edge of the Bonyhad high 

basin. 

The valley of the brook Lajver consists of a slring of circular 

widenings with diamelers of 200 to 300 m between lhe lwo hilly 

counties having similar basements but different covers. 

Before Bonyhad the valley turns lo NE and line K-13 crosses a 

high walershed then descends to valley of the brook Rak which 

lends to lhe depression of the brook Völgysegi splilting lhe 

Börzsöny- Kakasd loess lable from l�e Szekszard hills. 

- 8 -
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ON THE RELATIONSHIP BETWEEN GEODYNAMIC Arm 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. lt 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 eroundwater level or pressure produce 

a significant gravity effect. This is particul�rly large for 

the considerable chanees in free-flow water level associated 

with human activities. Thus, for example, gravity changes 

caused a groundwa ter level rise of o. 2-0. 3 m Gal in the Ash­

khabad Geodynamic Test Area (Kirsta, 1986). 

Recent crustal movements have been found to extent a 

considerab.le 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 exam�les of relationships between 
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geodynamic processes and gi•oundwater behaviour, Combined 

geodynamic and hydrogeologic observations are specially need­

ed in areas of high seismicity, pronounced recent crustal 

movements or intensive human activity, 

PesJOMe 

PaccMa'rpirnaeTcR MeTo,mrna rrpem1sH0Hmu rn.n:poreOJiorw:i:ec­

Kl1X HaO�ID,Il;8HHi )J)IR perueHHR reo.n;nHa™1�8CKl1X sa.na�. MsBecrHo, 

�TO l13M8H8HHR .n;aBJI8Hl1R B rropax l1 Tp8UU1HB.X WIH ypoBHR rro,n-

38MHHX EO.II: rrpMBO,Il;RT K rrepepacnpe.n;e�eH11ro Hanpi-OK8Hl1ll B HB.Cli­

meHHOi! TMme 11 ee ,necpopMarm.RM, KOTOplie ,Il;OJIJKHH �Wl'!,lBB.T!:iCR 

rrpl1 BHCOKOTO�HHX reo,nes11�eCKMX l13M8peHHRX. 

�3M8H8HHR ypoBHR WIM ,naMBHHR TIO,II;38MH�X BO,n ,naIDT cy­

mecTB0HHhlii rpa.B11TaUl10HHwt S(!Xp8KT. Oco6eHHO B8�HK STOT 844)6KT 

rrpl1 3H8�ßT8�!:iHHX l13M8H8Hl1R.X ypOBHR 083Hanop�x BO,Il;, CBR38.H­

HHX C ,neRT8�hHOCThID �e�oBeI<a. HanpHMep, Ha Awxaoa.n;cKOM reo­

.II:HHaW1�8CKOM rro�nroHe H3M8H8Hl1R CMH T.fDK8CTl1, oOyMOM8HHHe 

rro.n�eMOM YPOBHR rpyHTOBHX EO.II:, ,Il;OCTßI'aIOT 0,2-0,3 MI'M (KHpc­

Ta, I986). 

YcTB.HOBJ18H..--O, �TO COBpeM8HHH8 ,Il;EID!t8HßR 38MHOli KOpli .MO­

ryT OI<a3HBaT!:, cymecTB8HH08 B1IHRHH8 Ha pe�HM ITO,Il;38MHHX EO.II:, 

Ha �PYH38HCKOM reo.n;HH8.MH�8CKOM ITMHI'OHe(KnprH3HR), OOHapy­

�eHa xopoma.,q Koppe�rumR Me�.n;y BHCOKOB.MITJIHTY.II:Hl™ß KO�e6aHl1R­

Mli ypoBHR Il0.II:38MHHX BO.II: l1 ßHT8HCßBHw.IB BepTRKMhHUWi ,nBID!te­

HßRMH 30MHO� KOp�(Kissin, Orolbaev' I988). TipH onpe.n;MBHHlil 

yc�OBHRX HaO�ID.II:8HRR sa ypoBHeM TIO.II:38MHHX BO.II: MOryT My,lHT!:i 

xoponmM .nonOJIH8HH8M K reo.n;e3H�8CKHM M8TO,nB.M l13�8HHR COBpe­

M8HHliX ,Il;BIDK8HHa 38MHOtt KOpli. 3TH HB.MID,Il;8HHR .II:aIOT B03MO�HOCT!:i 

peI'ßCTpHpOBaTh aqxte�TH OTHOCHT8�hHO OHCTpliX .II:BID!t8HM 38MHOa 
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KOpH. �MeDTCH �pyrHe npHMepH BSaHMHoro B1IßRHHH reo�Ha.Mliqec­

KßX nporreccoB H pe�nMa rro�aeMHHX Bo�. CoBMemeHHHe reo�nHa­

Ml'lqecIWe H rH,llporeOJiorHqecime Ha6JI10�eHHH oco6eHHO aKTYaJibHH 

B paffoHax C BHCOKO! celcMßqHQCTbD, aKTHBHHMM COBpeMeHHHMH 

�Bnemt.RMH 3eMHoi KOpH WIH ßHTeHCHBHHM pa3BHTHeM �eRTeJib­

HOCTH. 

Introduction 

Ground water, as well as other fluids (oil, 

gas) that fill por.es 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 r_ecent 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 

a 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 beoome a sepa­

rate branch of geophysical research. Groundwater regime is 

controlled by two principal factorss changes in groundwater 

reoharge and disoharge due to weather, hydrologic or man­

made processes; changes in the capaci ty of pores and craclcs 

due to geodynamio (strain) processea, natural or man-made 

ones. 

Time cLangea in groundwater parameters (pressure,filtra­
capaci ty, 

tionYchemioal oomposition) affect virtually all geophysical 

processes. As to geodynarnioal 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, seasonal, 11-year solar ones 

etc. are well enough known, mostly for gra.vity groundwater 

(the shallowest aquifer). Earth-tide water-level fluotua­

tions are periodic too. 
level 

The dominant amplitudes of ground wate.rVör pressure 

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

Aquifer 

free-flow water 

artesian �ter 

Conditions 

natural 

10-1n � 10 °n 
10-1 • 

man-made 

10 n 
10 n 

* We do not consider the change·s in the chemical composi tion

of fluide which too may be related to geodynamioal prooesses. 

However, this relation is much more di!ficult to identify 

than !or 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 + 1O 2
n,

m in the influence zone of hydrotechnical facilities, parti­

cularly in mountainous regions. The depressions of waterbed 

pressure frequently reach 10
2
n + 10 3n, m in oil or gas fields.

The Effect 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 apecific areas frequently neglects the 

influence of fhtids. 

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-d�namic compaction occurs more fre-

quently and on a wider scale than density decreaae. 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 

1974). 

sets in (Mironenko and Shestakov, 

The degree of compaction increase depends on rock compre­

ssibility, porosity and filtration capaqity. 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 ordere greater for 

man-induced !aotors than for natural ones, there is a oo­

rresponding difference in rock compaction. 

Land su9sidences associated with withdrawal of water, 

oil and gas, and rock compaotion are well known (Kanaplya.n­

tsev and Yartseva-Papova, 1983), The rate of subsidence 

reaches some tens of centimetres or even 1-2 metres per 

ycar. 'l'he deforrnations due to the natural compaction of 

thick clay sequences are much slower, This kind of oompac­

tion occurs when water is removed from the clay and is an 

impartant factor of neotectonic crus��l movemants. Recent 

negative movements may have considerable rates in young 

depressions where compaction continues. �1or example, the 

rate of these movements reached 10-15 mm/yr in the sub­

Caucasian area and in the Terek-Kumy Depression (Levinson 

and Weshcheryakov, 1951). 

Changes in pore and crack pressure exert a significant 

influence on rock faulting. The inorease in water pressure 

is known to lower rock strength, This e.ffect of water an the 

evalution of earthquake sources has been corraborated by 

nu.merous cases of induced earthquakes (Kiasin, 1972; Gupta, 

and Rastogi, 1976) and is incorporated irt the mecha.nios of 

earthqualce aauroes (Hice, 1980), The influence af pore and 

orack pressure an aaeismic movements an faulte is still 

little knawn, Such mavements ca.n apparently be aotivated 

dur;Lng peniads of signifioant pressure inci·ease. 

In order ta enhanoe the preoision af gravity obse�va-
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tiona, one must i2:corpo:ca.te 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 ma€',nitude ot· 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 (Kirsta, 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 

�han that for�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 

fluctu�tions and sometimes residual displacements in_the 
groundwater level which are observed at great distances 
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trom the epicentre, Recently, atudies have- been developed 

of hydrogeodynamio earthquake precuraors which manifest 

themselves as changes in the growidwater level, pressure 

and output, and changes in the eil and gaa output (Kisain, 

1984). 

In spite of the fact that studies of hydrogeodynamic 

effects o! aseismic crustal movements are yet at a beginning, 

there are data. which conrirm the good prospects of using 

hydrogeo:J.ogical indices as indicatora 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 Geodynamio Test Area in Kirgizia (Kissin 

and 0rolpaev, 1988). For this comparison pairs o! 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 

faotors. Therefore, one could consider the regime of these 

horizons to ba la.rgely controlled by the influence of 

changes in the stress-atrain 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 ordere greater than that of benchmark movements. · 

As seen !rom Fig, 1, recent crustal movements (rate, direc­

tion) and groundwater level changee are signifioantly dif!e­

rent in character for different sites. The differences de­

pend an the structural poaitions ot observation aites. The 

greatest benohmark subsidenoe 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 c 

Quite the contrary, one would think the fluid dynamics to 

be controlled by pr8sent-day tectonic processes there. 

Observations in another region of Kirgizia (Kochkor 

Depression) show sharp drops of 5 cm to 1 m in arnplitude 

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 ( o.5-2.0 km)aquifers 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. J). 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 i,luctuations 

are not associated with meteorological conditions and man­

induced factors. Since the wave-like fluctuations are con­

sistent with seismicity migration, it has been hypothesized 

that tl1ey are cau.sed by the propagation of fronts (waves) 

of.strain. The fluctuations were disturbed in 1981-1982 
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when tectonic regime began· to change in the area. 

The above examples serv� to illustrate large-amplitu­

de hydrogeologic effects of recent crustal movements.'There 

is another oategory of these effects only manifesting them­

selves in charges in the paramet�rs of certain fluotuations 

of groundwater level or other hydrogeologio indioes. These 

include anomalous chane;es in the .fluctuations due to diatur­

ban�es such as variations of air pressure, tidal forcos and 

some other faotors. Recent crustal movements affeot the 

state of stress and strain in the crust and accordingly the 

response of the medium to these disturbanoes. 

The observations in the Leninabad Test Area in North 

Tadjikistan revealed changes in barometric effectivity co­

efficient which determines the influence af atmoapherio 

pressure an groundwater table within -0.079 to -0.174 cm/G?a 

(Kiasin et al., 1984). There sawtooth fluctuations of ground­

water ·1evel were aiso found - a slow rise and a. rapid sub­

sidenoe with 1+2.5 mm amplitude. The period of theae oscilla­

tiona in one of the well.a amounted to 20t40 min., however, 

before an earthqualce of magni tude 4. 4 at a distance of J0 m 

and during several days after tha shock, the pariod incre�ded 

to as much as 68-t-98 min. 

Further atudies in hydrogeo�ogical effects of reoent 

crustal movements will probably parmit a method to be deve­

loped for recording rapid movements, whioh is difficult with 

geodetic methods. Besides, hydrogeologio effeots reflecting 

the deformatton of a water-saturated sequence in some caaea 

provide some oluea 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 IIydrogeological Study to Salve the Problems 

of Geodynamics 

As already mentioned, two directions of study in the 
geo 

border of hydrt<l.ogy and geodynamics exist: the role of ground-

water in geodynamic procesues and the use of hydrogeologic 

indices as indicators of these processes. Methodological 

approaches to solve the problerus in each direction are essen­

tially different; however, all of them ne·ed combined hydro­

geological and gex�.ynamic observations. 

Fluid-dynamic motions are generated by s1.;,fficiently 

great changes in groundwater level a.nd pressure. The evolu­

tion of these motions ca.n 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 reg,ime 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-arnplitude seasonal fluctuations of ground­

water level. All these considerations equally apply to hy­

drogeological observations during precise gravity measurments. 

Hydrogeologie 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 technique which includes precise 
l�el 

measurements of ground water continuously or at a high enough

rate of sampling and data processing that eliminates noise

and identifies the wanted sißllal.

At present, the principles of observational methodology 

are available for use in inves·tignting hy'Ll.::i:ogeodynamic earth­

quake precursors (Kissin and Savin, 1.986). Its rnain posi tions 

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. ensuro an auto­

matic continuous or discrete recordings of water level flu­

ctuations with amplitudes between 1 mm and 10 m and 3.S high 

frequencies as 2 -30 Hz. In some cases it is sufficient to 

.neasure groundwater level fluctuations in the range 1 cm-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 presaure 

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. t.ach 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 

de-frmine what is the effect of recent crustal movernents on 

these. 
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Figure Captions 

for the paper "On the relationship between geodyne.mic and 

hydrogeologic processes" by I.G.Kissin 

Figure 1. Changes in groundwater level in relation to the in­

tensity and direction of recent vertical rnovements in the 

Frunze Geodynamic Test Area. 

(1) groundwater level (H); (2) change in benchmark ele­

vation ( ll 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 J. Changes in groundwater ·level .... �ecorded 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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AKBA8Ml/JH HBYK YCCP

IIOJITABCKAfi rPAB�METPW!ECKAR OICEPBATOH1fi 

11.HCTlifTYTA IEOiRY13l1K11 l/JM. C .M. CYEBOT.v!HA 

M.B. Jly6KOB 

JIOKAJibHHE TEPMOYIIPYrME 11.EiOPMAUvrn: 

3EMHOH IIOBEPXHOCTM 

PesiiMe 

0:CCJI8,l(OB8HB TpexMepHaR M8TeM8TH'-10CK8R MO,l(0Jlb He pBBHOMepHOI'O 

HBI'P3Ba 30NHOiii n oBepXHOCTllJ, Ha OCHOBe TepMoynpyr oH 38,D;a'4H O JIOKBJU,­

HOM n epHO;I(H'-feCKOM HarpeBe Kpyra Ha rpatrnue o,nttopo,n Hor o noJiynpocTpa­

HCTBa. IIoJiy"leHbl 8H8JU1TH"18CKVl8 BblpalKeHHß B KBB)J;plTypax .D:JIR HBnpHJte­

HHi.t, HBKJIOHOB llJ CMemeHHH, onpe,neJißl>utHe TepMOHBnp.mK8HH08 COCTO.HHHe 

n oJiynpocTpBHCTBa BCJIS,ll;CTBile HepaBHOMe pHoro HarpeBB er o nDBepxHOCTH 

H Y"IVITblBBllutH8 pB3M8pbl Heo,zrnopo,nHOCTH 0TOrO HBrpeBa. B K8'tf8CTB8 llJJI­

JIIOCTpau1,u1 npllJB8,IJ;8Hbl rpa<l)HKH TeMnepa Ty pHblX HBKJIOHOB, noJiy\feHHble '-IMC­

Jl8H!lliM HHTerpHpOBBHHeM no M8TO,ny CßMDCOHa, npß't{eM norpemHOCTl, 0TOI'O 

M8TO,l1.8 He nJ:eBbllll88T fülTOI'O nop,mKB MBJIOCT11. füil"IHCJI8HH3 q>yHKUliti.t. 

EecceJI.a, np1-1cyTCTBYllli01X B n O,ZJ;l-tHTe rpBJibHblX Bbl pBl!Ce HH.RX ocymeCTBJI.RJI 001, 

'-H1CJ10HHO no CTaH,napTHOi1 nporpaMMe. 

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



160 

BB8.D.8Hlr18 

}J.acpopMBI.ll,Hi 38MH0i'l noBepxHOCTH, Bb13B8HHbl8 rp8BHT8Ltlr10HHYN BOS­

.nettcTBHeM JlyHbl H COJIHI.t8, H3Y'181)TC11 Ha npOTffiK8HHH MROrHX JieT. IlOJiy­

\f88M811 3,ne·c b HHq!OpMBUH.R B8lKH8 .II.JUi �rnytteHWI f80q>li3M'-18CltHX npoueccoB, 

npOHCXO}.Vfll\ßX BHYTPH 3eMJIH. P11.n no60'!HliX oqq>eKTOB cyuteCTBeHHO BJIHR­

eT H8 TO\fHOCTb perMCTpau1rn 38MHblX npwrnBOB, cpe,llH KOTOpYX BBMHO Bbl• 

.Il.8JIHTb BJIHRHß8 TeNnepaTypHblX .necpopN8QHA 98MHOA ßOBepxHOCTH, BYSBBH� 

HHX cyTO'IHblM BpauteHßeM 3eMm1. AMnJIHTy,1u� T0NJ18 PBTYPHLIX KBB3JmepHOAH• 

'18CKHX HBKJIOHOB H HBnpRllteHHM MOij'T B .Il.8011TKH H 6oJiee pas npeBumBTh 

3H8\J8HMH npHJlHBHblX ocp!leKTOB. 

Ilpo6JieMe TeMnepaTypHHX .ne(f>opMBUHI 98MH0A noBepxHOCTH ß00Bfflll8H 

p,r.D. pa6oT [5-9] • Ho, HeCNOTp.R H8 .D.0CTHJ!t8Hle xopomero ßORHNBHKB KB• 

\f8CTB8HHOI'O Mexa HtIBMB Te pMoynpyrM>C np oueccoB, npOHCXOA.fflllHX B 58NHOI 

no:eepxHOCTH, Boapoo np81tTWl8CKOrO npHMeH8HHB 3TOI HH<J)OpN8UHH OCT88T4!1> 

CB OTKPHTblM. 3TO CB1198HO npeir.zte BCero C TeN, 'ITO T0Nn8J!lT YPHH8 Jl8• ·, 

<J)opNBI.tHH 38MHOfit no:eepXHOCTH HOC.ßT cyry6o JlOKB.nbHldl xapBKT8p, T.e. 

cHJihHO 3 8BHC.RT OT H8p8BHOM8J)HOro HBrpeBa noBepXHOCTH • .ÄBYN8PHY8 MO• 

,1t8JlH 1 HCCJl8)J.OB8HHY8 B pa60T8X �-8} 1 H8 B COCTORHHH TO'IHO )"IH'l'YB8Th 

o6JlacTH Jl OK8JlH3 OB8HH oro HBrpeBa n.o:eepxHOCTH, O HH NOryT )t8B8'fh. TOJih• 

ltO npu6JUQt0HHY8 oneHKH napaNeTpOB, y'IHTYBBl>IIIHX t13paBHON8pHHI aarpeB. 

·,aJI.R Y'18T8 TBKOro p�a H8rpeB8 He06XO,JtHNO pacCM BTJMBB'l'h Tp0XN8PHYI> 

TepMoynpy rym MO,Jt8Jlh C nepHO,JtH'l0CKHN .Jl OK8.nbHlilM H8 rpeBOM o6JIBCTH HB 

rp8HHI.t8 noJiynpocTpBHCTB&. UeJi b H8CTOmnett paCSOTY COCTOHl' B :p38JlH38-

I.U61 H83B8 HH OH Bblme n po6JI8Mlifii 0TN8THN T8D8, 'IT O ,Jt8HH8.ff M O'A8JII> M0ll8T 

61:iTh HCß OJi b3 OB8HB .ztJl.R y'leTa H3M8 H8HBff YP OBHJI n o:ee pXH 00TH 38NJIII 

BCJI8)J.CTBHH cyTD'IHOro X O)J.B T8MnepaTypY. 
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§ I. nocTaHDBK& sa,nat1H. Paspema111101e _ypaBHeHHH

Ynpy !9.fl HS M'ponHBH o.nH opo.naa.11 cpe,na, san DJIHffllll{8R n oJiynpocT-

pBHCTBO c � o , MMeeT HB\IBJihHYll TeMnepaTypy T � D � B NDNeHT 

t = () KpyroBBß o6JI8C'l'h pa,llHyca "l = � HB noBepxHOOTH � = 0 

H8I'p8B88TCR no nepHD,nH\leCKOMy SBKOHy;- '7; t!.DJ- o,:Jt , OCT8JlhH8ff 

-qacTb noBepxHOCTH c oxpaH.R8T T8MnepaTypy T = o � no HCTet1eHHHH He-

KOToporo npoMeMyTK8 BpeN8HH npoueoo yoT8HBBJIH B88TOff H nepexOAHYA 

npoueco NO)KHO H8 paCCM8TpHB8Tb. Ey.neM p8CCN8TpHB8Tb nepHO,llff'l80KHlt 

npouecc H8I'p8B8 npH OTCYTCTBID1 HB CB060;nHOft nOB8pXHOCTH noJ1ynpOCT• 

pBHCTBB BHemael HBrpysKH. Onpe;neJI8HHe TeMnepaTypHoro nOJUI noJiynpOCT• 

p8HOTB8 CBO,nHTCB K pememu, yp8BH8HH.R T0nJ10npOBO,ltHOCTHI, 

n_pu rp8HINHOM YCJIOBHH H8 noBepXHOCTH 

T-{ T0 toJ, t.KJ-f:. ; l c:. 6
-

D �1->-� 
(I.2) 

r:zt8 a. - K03q>q>HQW:3HT T8MnepaTypoopoBO,D.HOCTH. 

Hanpßlll:8HHO•,D.8q>DptrnpoBBHH08 C OCTOmtH8 onpe;n8Jijt0T0.R 0Tat'Htl8CKHMH 

ypaBH8HßJIMH T8 pMOynpyrOOTH ( 00 .c::: c {) 

(,,( ,1 de _ z(-t+./J ;;;&, TJ
Al.). - z-z + .1-z.Jt � - 1-z./r. cJ z 

-1 J e _ z r -t +./() d (dT T J ,i.3) 

c:1U + 1-zi/t t:J� - -1-z.fi o-?=-

3'11AQJ, e. =;) 0- + .J6__ + J 1AJ - ,1(HJl8T81U,UI,- t)'t z.. �-2-
fi • K03riil>HLtHBHT IlyaccoHa, cfT • K03<I><l>HUH8H'l' JlHH81tHOI'O pac11H-

pe111u1. 

C yqeTOM r}9HH'IHHX YCJIOBHI, BYPB•BlllQHX M'CYTCTBH8 HOpM8JlbHblX H 

'1'8HI'8BUH8JlbHYX Kanp.Hlt8HHI KB noBepxKOCTH i_2 .:::: Ö 

(I.I) 
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§ 2. Onpe,neJI8tiH8 Te pM Oti8Ilpmt(8HHOro C OCTOHlfflR
n OJiynp OCTpaHCTBB 

(I.4) 

l1ccJie.l1.yeN nepHD.llWtecKHI npoQecc (3a,l1.aqy paccMaTpHBae M 6es Ha ... 
lfBJibHblX ycJI OBHI) • Te1,me paTy py M OJKHO npe,nCTBBHTb B Bl\148 

1 ,,,_ T fr: e
;_v:>

-t.

rpaH:r.NH00 ycJI OBH9 (1.2) npe,llOT8Bmf ,lJ.JI.R y.no6oTBa B BH,lle 

'T. e c.·v:>-t · z -=::. � 
T -{ - 0 � 'L>-� 

(2.I) 

(2.2) 

YpaBHeH:He (ltl) c yqeTOM (2,1) npHBO,llRTCR K ypaBHea111l llyaoooHa, KOe 

T0P08 pa3peruaeTOR npH noMOlllH npeo6pasOBBHHR XaHK8JUI 

T 1\: Tc ( J > J !) < p i) e - v >� z. + i:.::' -c ol J3

'tj'HKlUUI (.' ( ß) e OCipe,Zl8Jl.R8TCR HS rpBHH'HiDrO YOJI OBI,UI (2.2) • 

TeMnepaTypa noJiynpoOT:[BHOTBa BHpaSH'l'CR 

IlepenHme M ypaBH8lffl8 (I.3) B ,ll8KBpTOBOA CH0T8M8 KOO�HHBT 

,, " . ,( ;; e - z (-1 -t-PJ > (d-T T) 
LJ.. (A • -t- ,,f-Z.,f<- t3Xi. - 1- Z.,/4 ,J X� 

.) cp
IlO,llOTBBMB B ypaBH8HR:3 (2,5) i.A � �

,,>X( 

ZU-/ J _L_(Llep)::: ZC/+-.,,/4) ,:HcrT Tl
1- z fi ;;; x; 1-z /C- c xi. 

-. n OJiyqHN 

3)1.80!, qJ • T8pMoynpy� Il0'1'8HUff8Jl nep8M811l8Hßlt.

(2,4) 

(2.5) 

J1HT8I'pHpyJI /-t o x·, M npHpBBHHB&R HYJII> np0H3BOJlbHYll cpyHKQHII, 

no�yqeHHYI> np� HHT8rpHpOB8HHK, ßM88M 

(2.:J) 
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rn f-t./< T 
LL 'r = -1 . , cl-, -v'< 

KOMilOHeHTli Hanp.R:1K6HH)l: BhlpruKaXJTC.R 1.:1epe3 Cf) 

J z.Q) 
6�r- :: zc;{cJ X,�X K - L1 cpJirJ 

{2;7) 

n O qJ O pMy JIS [ 2]

(2.8) 

H Yl.:!HTNBBH, l.:!TO :JT = Ct.,d T 
n OJIYl.:!HM 

ItiHTe rp111pOBBHJt1e ypaBHe HH.R (2.9) n pHB O)J;l,1T K SBBHCßM 00TH
-t 

<p-=- :�� dT 0( / To/-f + <fo +{ {J), 

IloCKOJihKY paccMaTpHBaeTCH nepirn,n,Hqec1011 npouecc, TO HenepH0,1tH"l8CKYI> 

qacTl:, noTeHUHaJia neP3M81ll8HHR <f) MC.liO OTÖpOCHTb \ q>, ',:;. 0 ). I1oc­

JI8 n 0,l(CTBH OBIW Bhlp82K8Hß.R (2.4) B (2.10) H H HTe rpHp OBaHHH no BpeNeHH 

n OJiyq 111M n OT8HU1118JI nepeM811l8HHJt Cf) B fü1,Zl8: 

I .,/4' tf,-rr ,_-w-t --
<p =- /:7 c:J-T

l
()(

w 
I. e JJ, (f f)Jo (ß zJe--ir-p_,_ L;: r d,ß (2.11) 

c,l-T O{ tTo e �- <,Q-1_ 

i 1/V 

ne µmHweM BhlpWK8HHe (2.11) B BM,n8: 

(2.12) 

McXD)l..ll H3 qiopMyJI (2.8) H (2.12), on:pe,zr;eJIHM KOMDOH8HTtii Hanpffllt8HHOro 

C OCT ORHHR B UHJIHH,ll;pHl.:!eCKOH. C HCT8M0 KOOFJl.l-iHBT: 

bu = zc ll )Y.(yt7)( J;:f 2
) e-

3
;� ?-J'J (ßz)i2e-

0
)clj5

6 � f<? -=- - Z C Q_ jj,( ß if) ( 
7

) f i> e -
6 )3 2 

+ JrJ)3 z) e -

3 
e (_::! ) c/ p

,,.._ 0 
6 r c :::: 7 C o..=p,r J3 '?f J J O ( JS z) e - ( � f -z. n/ ,Js
- 0 

6 u- =- 2 c rtJ), c yt:J J, ( }3J�) (ß e - t-r o/ß. c2.n) 

(2„9) 

(2.10) 

0 

(j) = {) ) } , ()l() ] 0 ( /? Z) (?- ~ 'i' o/ ß 

' 

0 
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HanpmKeHHOe COCT0.RHH8 (2.lJ) lie y.n;°oBJI8TBOp.R8T rpaHH'IHUM ycJIOBHRM 

(I.4), K HeMy H80ÖXO)J.HMO ,noc58BHTb H6KOTOp08 OC0CHMNeTpltNeCKD9 HBDPß• 

ll(8H,H 08 C OCTO.RHH81 onpe,n8JI.R8M08 MeTO)].OM Jl.RB8 [ J] l 

0KOH\f8T8JlbHO TepMOH8np.RllC8HH08 c OCTO.RHHe n OJiynpocTp8HCTB8 onpe,ll8JI.R­

eTC11 CJie)J.yiHIIHMH cpopMyJI8MH: 

6u =- (V{lc; o/JJß<fHJ;s(:,) ß
2

e-"f>c_J0Cßt_)t 2e-"li�]ol/ +

+ f� � .Jt je- flr! [ lt, ()3 Z) ( A (Z /< )3 z+ ß :2 
- /> Jt.)- f3 ,ß 

3

)-;J�(Pt>(1+(J,t+l)+-ß,s)J1ß} 

6 </<t = µ {-lC rZjJ:Cß<f)(Jßc�zJ ß
t
e-t�+'lo(ßz)ie<..w e-H)o/ß +

+ 1��
./t

ye-ßtJ,()3z)(ll(ß-/ 2 c)- ßp
L
)+J.()3z}-A 2/cß z.

] o/)3} 

6�� =�{zca�(JJ(?)J.(ß2-Je-t�ß 2 olß + (z.1LI) 

+ /-�v4 Te-ß,!J:,(ßt)[A(ß
z
+cß�- z/<.ß ... )+ ß,,P

3
]dJ3}

6 2r- = /Gz { z c Q 0. c ß t > J, C ß 7.. > i ß e - ( e d ß +

ropH30HT8JlbHH8 H BepTHK8Jib_Hhl8 CM81118HWI HM81>T BWl

U = /le {- :-: > d-r� � e ·' wt: ( }3- 6) Y1 ( ß -t) e' - 6 � ß ol ß +

+ _/2.,fafJ1 cfizJ�-ß,1-(A(ß-ß
z
-,!/-BJ

2
)olß} (Z./5") 

0 

4-+/' cf. a rr: e it,.J� - '6-e-
w = � {- T-7' r: z (1..) I J, ( )3 t)} � c ,.ß 2 i e ö J,, + 

c,-.0 -rc{ , ) ß ;? 2-z.Jt (.A ß)ß zjclß} 
+ J .7 _,'c 1� z) e Ar? ß --.:z ß + ? - 1- z _,,/< 

c. + 

0 

0 

1) 

=-0 

-t- 1~~.fi 5e-r~:;1:(,1H)[A(-cß~-z./CJ3 2 )+ BJ1JJdß.} 
0 
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HaKJ1 OHl:i B ttanpaBJietun1 X H 'I HMeK>T HHP. 

, 11 o _ {. f + ./< cJ ci tT · e ,· 0 t� - t-e , 
'f/y,'I =ru. (-/f r ,-� SJ:(ßt)},(J,z)e 'tj>Of,ß + X 

+";;; r J3 zJ e-)S "' { �.::: ff :J (II e-+ 13)} '-A (t-)3z _ c: ßl - /3 ß'if J;s}{ v
-,--

�-...... =Y��� ( Z. ,f(�) 
" � 

4>yHKLU1H A H 8 onpe.u.eJJRK>TCR H3 rpatt14'1Hb1X. ycJIOBHtt (I.4) 

A _ 1 -1 +/t f u- z .lt/ </-T o-. tT. e iv:>t L<.J...t1 ( v p z+ �---=-H-- � i0 ß 

8 _ (f+/<)(1-zAJ (Acx€�e�wt Jt (ßt')(V�(z_./4_-_l)-;;,!:-�/2•17)- ,{-,/<- ,�G\) y,z 
§ J. 4:1:1cJieHHbllt pac'leT H 06cy1K.zr.eHHe JXa3YJlhT8TOB

B § 2 6b1JIH noJiy'leHbl 8H8JIHTHl.feCKH0 Bblp8)1{6HWI (2 ,14,15,16), 

DilHCl:iB8Xllll1rE T6 PM OHanpRJt8HH08 C OCT O.RHr.t9 n OJiynpocTpBHCTBa. lliITe rp1r1p0-

B8HJrE 3TM1X Bblp8llt6Hldi npOH3BO,ll.HJIOCb Ha OCHDBe \IHCJI8HHOI'O MeTO,Zl.8 1,rn­

rerp11tpOB8HH.ß no Cmmcotty, npH'leM norpaWHOCTb 3TOro MeTO,ZJ.a He IJP3-

Bb1WBJ18 n.RTOI'O n opRP.Ka MaJI OCTHe Bi:il.fHCJie HHe qiyHKQHM .EecceJI.R OCYll\8CT­

BJI.RJl 0Cb no CTaHP.apTHOii nporpaMMB „ ß ES

ß OJITBBCK oro HHllt8H8 pHO...CTpOHTeJlhHOro HHCTl-iTyTa. 

B K8\18CTB8 np:1:1Me pa n p:HBe)J.eM J83JJihT8Tbl, n OJiyqe HHble )l.JI.R 

ttBKJIOHOB </z (2.16) HB OCHOBe HCXO)J.HliX ,llBHHblX ( /l-= o, z ;T.. = (O�C. 
W-== O,Z6·i/-tCXj!/zo.c ;oLr

= fz.·(0-6 i/•<..? ; CX = 0,:1 )I.A 1/z.o.c).
Ilpe,I1.CT8BJI8HHbl8 KpHBble )J.8MOHCTp:1:1py11T n OB0P.8HH8 HBKJIOHOB C rny61,rn0� 

B qamcttpoBaHHbltt N0M8HT BpeMeHM ( I - t = Zc;J..1-< , ·1- = l°c:JP ;

II -rf =C/°:}.A, z =ZOJ.,fl) KaK BH.nHO H3 rpaqiHKOB, ttaKJioHu cy­

mecTBeHH O 38BHC.R'l' 0T paP.Hyoa Ha rpeBB8NOjt o6JI8CTH, lr-1HTepecH O TBIOKe 

OTN8THTb, qT O B H8\18JI8 npOHCX 0,2U4T YB0JIH'l8H:He BNilJIHTy.nu HBKJI OHB 

BnJIOTb AO H8KOToporo MBKCHNBJibHDrO 9H9qeHH.ß, a 38T8M n�aBHblM cnaA.

IlOJ1y\leHH!ll8 8HBJIWTH'l0CKH8 BblpallteHHff �2 ,14 ,15,16) nOJIHOCTbll on­

pe.neJIRllT T8pNOHanp.RJ[eHH0e CDCTORHHe noJiynpocTpBHCTBB BCJI8.l{CTBM8 He­

p8BHONepHoro HBrpeBa ero noBepXHOCTH, Y'IHTblBBllT pa3M8pl:,I H00.l{HOp0,lt• 

BW~HC~HT8RbHOro Q8HTpa 
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HOCTH 3TOro HarpeBa H MOryT CJIY*MTb 3�cp8KTJ,D3Hb1M opy,n;HeM npM HCCJI8,ll;O­

B8HHH TepMoynpyrv1x ,n;eqiopMBUHH 3eMHOfi noBepXH0C TH. 

Jlv1Te paTypa 

I. rpei1 3., M3T b103 r.E. tyHKI..nui EecceJI.R M MX nptllOX<SHH.fi K �H3HK8 H

M8X8Hmte.-M.:ß3,ll;-BO HHOCTp.JIHT.,1953.-24O C.

2. CTapKyC f. HeyCT8H0BHBWH9C.R T8MnepaTypHb19 H8Ilp.R*8HH.fi.- M.:•fß3MBT­

rM3,l963.-3I0 c.

3. MeJIBH 3., flapKyC r. TepMoynp ynie HBOprotceHHH, Bb13blB88Mb18 CT8Uß0-

HBpHb1Mß TeMnepaTypHblMß TTOJI.RMH.-M.:iH3MBTrH3,I958.-220 c.

4. nonoB B.B. 0 TeMnepaTypHb!X ,n;ecpopMBUH.RX 39MHO� noBepXHOCTH.�ß3B .

AH CCCP. Cep1rn feO<pH3HKB.-l960.-Jf 7.-C.3-12.

5� Berger J. A note on 'rherruoelas.tic s·t;rains and Tilts.-J·. oi' Geo­

physical Research.-1975.-BO,N 2.-P.21-;>0, 

6. Jobert G. Perturbations des ,i1arees terrestres. -J. of Annales de

Gaoph�sique.-16.-1960,-P.3-56.

7. !'i.1elchior P. The tictes oi the planet Earth.-PERGAI'iiON ?RESS.-1978.-

782 p.

8. Nakano S. She �fi'ect 01· Surface Teiliperature on the Crustal Deior­

mations.Dü;aste:c Prevention Research Institute Bulletin.-1963.­

N 60.- 52 .fl•

9. Muller G. Therilloelastic DeI'orrnations of HalI-Space-A Green' s Fun­

ction. -J. of Geophysics. -19'77. -45. -P. 52-68.
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s. Meier
Technical University Dresden

Stochastic differential geometry versus frectel geometry of 
the Ea rth • s su rf ece 

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 besed on the HAUSDORFF
measure,

ii) by stochestic 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 end area estimations, seem to be prevailing here. 

The second concept offers both theoretical end empirical esti­
mation procedures which are consistent with geodetic require­
ments in the plane end on the sphere, end in the domein 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 planer and spherical case. 

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

UND DEFORMATIONEN 

Georgi Milev, Prof. Dr.-Ing., Bulgarische Akademie der Wissen­

schaften, Laboratorium fÜr Geotechnik, Bulgarien, Sofia 1113, 

Akad. G. Bontachev Str. Bl. 24 

Abgeleitet sind die zusammenhänge 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 GrÖssen ausge­

drÜckt worden. Damit werden die Ausgleichung, Analyse und Inter­

pretation vereinigt und das Endziel,die mathematisch-geometri­

sche Interpretation realiaierto 

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, deformationa and streeses 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 elemente. The re­

lations may be used for reepective 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 • AL LGEMEINES 

Infolge des Einflusses verschiedener Faktoren z.B. von Kräften 

(Belastung, Grundwasser u.a.) treten in den Ingenieur- und ande­

ren Objekten Veränderungen ein. Im allgemeinen werden sie durch 

Spannungen, Translationen, Rotationen, Verformungen u.a. Erschei­

nungen ausgedrückt. Die mathematischenBeziehungenzwischen eini­

gen dergenanntenGrÖeaen sind in der Elaetizitätstheorie vorhan­

den /9/. 

Großes Interesse ruft die Rolle der Geodäsie bei der Festlegung 

dieser GrÖssen und Zusammenhe.nge hervor. Besondere dann, wenn von 

der Tatsache ausgegangen wird, dass ein Teil dieser Elemente -

die Verschiebungen, im Ergebnis der Auswertung der geodätische n 

Messungen erhalten wird. 

In /6/ werden die zusammenhänge zwischen den geodätisch 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 Elastizitäts­

theorie gelöst und zwar als Prozess in der Zeit. Das entspricht 

der Wirklichkeit, ist naturgemäss und notwendig für die Abschät­

zung der Stabilität der Objekte. 

In /2/, /4/ und /3/ wird die mehrmalige nichtlineare Regression 

zwischen den geodätisch bestimmten Verschiebungen, der Zeit und 

den Veränderungen 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 Geodäsie geschaffen. 

2. BESTIMMUNG DER REGRESSIONSKOEFFIZIENTEN

Die Lage der Punkte mit der Anzahl n des untersuchten Objekte 
wird in einem gegebenen Koordinatensystem (O,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 t entsprechend /2/ 
Lj = Lj1tj' Tj, Pj' qj' ••• ) (1) 
definiert. 
FÜr den Zeitpunkt t

0 
gilt 

Lo = Lo(to, To, Po' qo, ••• ). (2) 
Die Lage L

0
, b.z.w. L1 der Punkte wird aufgrund geodätischer 

Messungen durch Ausgleichung als freies Netz bestimmt. Die Fak­
toren werden bei der Ausgleichung als unverändert aufgenommen. 
Ihr Zustand wird auch durch Messungen bestimmt. Unter der Vora�s­
setzung, dass die Funktionen (1) ununterbrochen und differen­
ziert ist und die Veränderungen klein sind, kann sie in der Nähe 
der Ausgangslage O der Punkte in eine Taylor-Reihe entwickelt 
werden. Mit der Begrenzung der zu den Gliedern zweiter Potenz und 
mit der Ein!Übrung der in / 4/ gegebenen Bezeichnungen kann ge­
schrieben werden 

� 
0 

z, 

Yi 
0 

Y1 

z� 0 z, 
+

xj 0 

� 
yj 

0 

n Yn 

zj 0 

n 
Z
n 

ol j ßj rj 
0 0 0 

sj o 
0 

0 0 0 0 0 0 0 

0 0 0 0 

0 0 0 0 

�j ßj /j öj 
0 0 0 0 

0 0 0 0 

0 0 0 0 

�j ßj rj 0j 0 
0 0 0 0 

0 0 0 

0 0 0 

0 0 0 

ol j 
0 ß� ri 

0 0 0 

0 

0 

cl j ßj rj sj 
0 0 0 0 

0 0 0 0 

öj 0 
0 

0 0 0 

0 cij pj / 8j 
0 0 0 0 

u
x 

1 

u
2 

u
x 

3 + 
X U4 

uY
1 

uY
2 (3) 

uY

3 

uY
4 

u
z 

1 

u
z 

2 

u
z 

3 

u
z 

4 

X 

n 
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Hier bezeichnen d.,, ,ß, f, 8 die 'Änderungen der Faktoren 
entsprechend den Anf ang_sbeo bac htungszei tpunkten ux , uY und uz 

sind die ersten Ableitungen der Funktion, und wx , wY, wz , gx, 
f!!, 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 

+ 
olj 

2 

d,j
n

bj + 1/2
0 

FÜr das ganze Objekt gilt 

Lj L
0 

+ olj b� + 1/2 ßj

Jn1 
oder 

3n1 Jn12 121 

L
0 

+ olj
Jn1 3n42 

JnJO 

(5) 

b�. 

(6) 

(7) 

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

L
0 

+ olj b3 +t 

Unter der Bedingung_ 

E., j Q oL c j => min 

(8) 

(9) 

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

p ' -1 -1 ' -1 c 

b
j d., jQol cij) 

r1. jQoL 
oLj = Dj (10) 

Die Absolutglieder Lj werden bestimmt, wie bereits, durch 
eine Ausgleichung als freies Netz, gezeigt wurde, einzeln nach 
den e1.nzelnen Beobachtungszeitpunkten(u:nter der Voraussetzung, 
dass (wenn nötig) die unveränderlichen Punkte dieses Netzes 
identifiziert und genutzt worden sind) und Bildung der Unter­
schiede in den Koordinaten oder aber unmittelbar durch die 

L~ Lo 
1 cl1 /3~ 

Lj 
2 ~ /3~ 

14 Lo 
n ß~ 

b1 = L0 + [oej 
1/2 ßj][ :~] 

301 

Lj b~. 

Jn1 421 
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gemeinsame Ausgleichung der Beobachtungsunterschiede /3/, mit 
einerentsprechendenKovarianzmatrix, das heisst 

( 11) 

Hier sind A und die entsprechenden Matrizen der Konfi-
gurations - und Kovarianzmatrix der Beobachtungsunterschiede 1, 
die gewöhnlich in'der Ausgleichung genutzt werden. Durch + ist 
die Pseucbi.nverse Matrix bezeichnet.Durch Ersetzen von (11) in 
(10), durch die EinfÜhrung entsprechender KÜrzungen folgt 

p '-1 )-1 '-1 '-1 )+ -1 bj = (d, Q0Lj clj cljQo'Lj
(A Qo1/ A'Qoljolj = Dj Cj lj (12)

421 423n )1Jn Jn 1 
Dadurch werden die Trendparameter direkt durch Beobachtungen 
ausgedrückt. 

Die Gültigkeit der einzelnen Regressionskoeffizienten kann 
Überprüft werden, indem man der Lösung in (4) folgt. 

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

Wie bereits hervorgehoben, wir� 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. 

J. 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 Körper betrachtet wird (entspre-
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chend den angenommenen Voraussetzungen in der Elastizitätstheo­
rie /9/, /6/� kÖnnen als Verschiebungen auf den Koordinatenach­
sen u

0
, v

0
, w

0 
eines Näherungsp"UIµCtes O und einer Verechiebungs­

anomalie dargestellt werden. Wenn der Punkt O im Schwerpunkt der 
untersuchten Punkte angenommen ist und der Voraussetzungen, die 
in /6/ angenommen worden sind, die eich auf alle Punktei des 
Objektes beziehen, kann man für die Verschiebungen u1, v

1
, w

1 

(die nach (11) auf den Koordinatenachsen bestimmt sind und bei 
Beschrän�ung bis zu linearen Gliedern der Entwicklung /9/, /8/, 
/2/, /1/) folgendes schreiben 

1 dx1 dy1 dz1 0 0 0 0 0 0 0 0 uo . u, au 
0 0 0 0 1 d:x:1 dy1 dz1 0 0 0 0 äi v, 

1 dx1 dy1 dz1 
�u 

0 0 0 0 0 0 0 0 ay 
.... ,

0 0 0 0 
au 

1 dJSi dyn dzn 0 0 0 0 az un 

0 0 0 0 1 dJSi dyn dzn 0 0 0 0 v
o vn 

1 d� dyn dzn av 
(13) 

"'n 0 0 0 0 0 0 0 0 äi 

av 

cz 

11'0 

a:x: 
a'II' 

az 

Hier sind dxi, dy1, dzi die Veränderungen der reduzierten
Koordinaten der Punkte i gegenüber O /6/, die durch die Koordi­
naten der Punkte bestimmt sind. Die Elemente des Unbekanntenvek-
tors sind die Verschiebungen des Punktes O (u0, v

0
, w

0
) und die

ersten Einze�ableitungen (Feldparameter der Verschiebungevek­
toren) oder 
5Lj Fj 

Jn1 Jn12 

b�
J

121 
( 14) 

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

(F' Q-1 F )-1 -1 j ÖL j 
F j Q öL

12Jn3n3n)n1212Jn3nJn1 
( 15)

= Hj oLj 

123n Jn1 
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Durch das Ersetzen von (11) in (15) folgt 
1 -1 -1 -1 ( ' -1 )+ 1 -1 r 

= (F jQ Fj) FjQ SL A Q0L A A jQ 61 ulj= HjCj8l
j8Lj j j j 

Den Zusammenhang zwischen den Verschiebungen der Punkte 

( 16) 

(13) auf den Koordinatenachsen und den Verschiebungen des Nähe -
rungspunktes O und den entsprechenden Verschiebungsanomalien /1/, 

kann man auch folgendermassen darstellen 

au au -3U 0 0 0 d:x1 u, uo aiayTz 
av av av 0 0 0 dy1 v, vo aiäyäz 

avr aw avr 0 0 0 dz1 w, "o aiäyäz• ( 17) 
+ 

0 0 0 au au au d� "'ri uo aiäyäz 

V 0 0 0 av av av dyn n vo ax äy az 

0 0 0 aw aw aw dzn 
wn "o aiäyäz 

aj 6L�
0 

+ Tj dj. 

Jn1 Jn1 JnJn Jn1 
(18) 

Entsprechend /6/ und /9/ kann der Tensor T, unter den Üb­
lichen Voraussetzungen fÜr das untersuchte Objekt, als Summe von 
einem antisymmetrischen Tw und einem symmetrischen Tensor Tct 
zerlegt werden, oder 

'", • nlo • T�dj • 'i'' . Ho,, ,a] l :J (19) 

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

J?ie Elements aus ( 18) - 8 Lt
0 

und Tj , beziehungsweise Tl 
und Ta aus (19) folgen aus (16). Zu diesem Zweck, w:ieauch bei 
/6/, mit RÜcksicht auf eine Erleichterung durch EDV-Technik wer­
den im voraus zusätzliche Beziehungen, Matrizen und Vektoren 
eingefÜhrt. Zuerst bestimmt m� den �erformungsvektor Cj und den 
Rotationsvektor Wj, danach T� und T� fÜr die einzelnen Punkte. 

Festgel�gt werden die Spannungsvektoren 6j und die Spannungsten­
soren T � bei den einzelnen Punkten unter den traditionellen Vor-
·ausset zungen der Elastizitätstheorie.

Die Rotations-, Verformungs- und Spannungsterisoren, ents-
j j j / .. prechend T
w_, Td und TH' des untersuchten Objektes kennen als
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Ganzes bestimmt werden, indem man die entsprechenden Tensoren 
der einzelnen Punkte des Objektes vereinigt, d.h. 

(20) 
T� 

FÜr die AusfÜhrung dieser Vereinigung durch EDV-Technik 
müssen zuerst die Rotations, Dehnungs- und Spannungstensoren 
der einzelnen Punkte bestimmt werden, d.h. 

t 

" 
t 

a 

aH 

B14 

Tu> 
Td
TH 

man 

[T W1 T w2 •

[T d1 T d2 

[T H1 T H2 • 

EingefÜhrt wird auch 

r ·. -� 0 1 0 
. . 

0 0 1 

T wn] 

T dn]

T Hll]

die Matrix B14 

"Dann bekommt man die Tensoren aus (20) 

B14a 
B14ad 
B14aH • 

Entsprechend dem Translationsvektor to

bei der EinfÜhrung des Vektors t
0 

und der 

(21) 

(22) 

(23) 

aus (19) bekommt 
Matrix B15, 
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' 

=[ 
uovowo] t

0 

r
0 0 l 0 0 • 1 0 

� 

0 0 0 • 0 1 
B15 = (24) 

cSLj 
'

00 ·t 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 

(25) 

Entsprechend /4/ erfolgt der Zusammenhang zwischen dem 
Verformungsvektor und dem Spannungsvektor aus 

E) = T c5i

lx 

6y 

tz

{xy 

{yz 

fzx 

1 
= -

E 

-? - ?'

- JA -f

- JA - f1

0 0 0 

0 0 0 

0 0 0 

0 0 0 <5x 

0 0 0 ciy 

0 0 0 6z (26) 
2( 1+ fl ) 0 0 

Txy 

0 2 ( 1+ � ) 0 fyz 
0 0 2(1+.JA) r zx 

Entsprechend dem Dehnungstensor gilt ffu- einen kleinen 
Raum, dargestellt durch den Punkt i (i=1, •• n) und durch EinfÜh­
rung der Matrix B5, B6, B7, B8, B9, B10, �ie aus O und 1� oder 
0 und 1/2 bestehen, we bei /6/, 

Tt = f, 10 + f, 20 + E 30 = B5 c jBa + B6 t: jB9 + B7 t )B10 (27)

oder durch den Spannungsvektor ausgedrückt 

T� 1 = B5T� 15 jB8 + B6T� + 6 iB9 + B7T� 15 i B10 • (28) 
Indem man (21) und (23) in Betracht zieht, so folgt für T 
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Tj j B 1 Tj B14ad d 
1 

T� 

T�n 
Tj j B14R 

Wenn wir (29) in 

B14 

178 

d 6 j d 6 j Td 6 j B B5Te 1Bs+B6Te 1B9+B7 e 1 10

d 6 � d (3 j d g jB B5Te Ba+B6Te 2B9+B7Te 2 10

. . 1 

B T
d 6 jB +B T d r.5 jB +B T

d 6 jB e n 8 6 e n 9 7 e n 10 

(29) 
(25) ersetzen, entstehen die zusammenhänge

(30) 

Mit (25) und (JO) wird eine Verallgemeinerung und eine di­
rekte Lösung der Hauptaufgabe der Elastizitätstheorie gegeben, 
indem man die Zeitzwischen �vei Beobachtungszeitpunkten in Be-

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

trachtet, besonders das "statische" Modell /5/. Es muss hervor­
gehoben werden, dass, auch wenn diese Fälle nicht mit den er­
wähnten Begriffen genannt werden, für sie bereits prinzipielle 
Lösungen bereitstehen /2/. In /2/ wird auch eine dreidimensio­
nale Lösung mit entsprechenden Formeln vorgeschlagen. 

Die weitere Verallgemeinerung der hier abgeleiteten zusam­
menhänge, wie bereits am Aufang erwähnt wurde, findet seinen 
Ausdruck in ihrer Aufnahme in eine gemeinsame Ausgleichung ei­
niger Beobachtungszeitpunkte in Obereinstimmung mit dem in /4/ 
und /6/ vorgenommenen. 

Die abgeleiteten zusammenhänge erlauben, eine Prognose für· 
eine kurze Zeitspanne, z.B. der Verschiebungen oder Trendpara­
meter in Abhängigkeit vom Spannungs- und Verformungszustand 
oder anderer Varianten zusammenzustellen. 
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O.M.OcTaq, ].IT.IleJLJ'illHeH

UHIDIT AnK I'YTK CCCP 

MOCitBa, CCCP 

HEKOTOPl:IB PE3YJThTATH l1CCJIE,ll0BAHIB1 ,UE<I>OPMAI.l}Il1 

3EMHOM KOPI:1 HA IBO,m1HAMI11IBCIDU IIOJil.ffOHAX I'YrK CCCP 

Pe3IOMe 

IlpRBe�eHu H rrpOKOMM8HT:Hp0BaHU HeKOTOpHe pe3yJ.I:bTaTH a.Ha.Jrn-
3a �eqiopMauHH 38MHOH KOPH, IlOJiyqeHHH8 Ha OCHOB8 1)_8_!'YJI.fII)HhIX reo­
,Il;83liqecKHX Ha6mo,n;emrn, Bl:llIO.JIHHeMHX reo,n;e3HCTaMH I'YI'K CCCP Ha 
CI18IJJiaJihHO C03,IJ;a.HHHX reO,n;llHa.MHqecKHX ITOJIHroHax ( I')]JI) • TaKHe 
I')]JI pa3MemeHu B T8KTOID1qecKH aKTliBHhIX 06.rra.CTHX, xapaKTepH3yJO­
mmccR IT0Bhllll8HH0li C8HCMHqHOCTbID HJlli aKTID3HUM BYJIKaHl13MOM. IlepBO­
oqepe�HM ue�b npOBO,Il;MMlfX Ha6mo,n;eHH� COCTOHT B Bl:ffiBJI8HIDI H ,n;e­
TaJ.I:bHOM R3yqemi:H pa3BliTM BO BpeMeHH pa3JIH't!HhIX aHOMaJibHhIX �e�op­
MauHfi 38MHOH KOpu, rrpe,n;BapHIDII{IDC 38MJI9TPRC9HIDI H H3Bep�e:mur BY�­
KaHOB. 113yqemuo ITO,n.J18JKa.T H ITOCTceiicMHqecKHe ,n;eqiopMarnm, TaK 
KaK OHH H8CyT U8HeyIO liHqlOPMaUIDO O M8Xa.HR3Ma.X oqarOB 38MJI8TpR­
C8HHtt. 

IIpliBO,!J,liMUe rrpRMepu Har�HO HJIJIIOCTPHPYJOT pe3y�bTaTRBHOCTb 
reo,n;e3HqecKoro MeTo,n;a :a3yqeHru1 TeKTOHHqecKruc rrpoueccoB. 0.n;HaKO 
Hrui:6o�ee 110.JIHUe ,IJ;aHHHe MOryT 6HTb Il0�8HH TOJ.I:bKO C rrpHMeHeIDleM 
HOBUX cpe,n;CTB KOCMHqecKOtt reo,n;e3HH, 6ucTpOe COBeprneHCTBOBaHlie 
KOTOphIX rrpHBe,n;eT B 6.JIIDKa.llillee BP8MR K IlillPOKOMY pa3Mrucy reO,n;llHa­
M0:qecKHX liCCAS,IJ;OBaHliä. 

Abstract 
O.M.Ostach, 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. Ue.7ll:'I H 3a,na'C!H HCcJie,noBrum:2. Ha r.rm

Ilo Mepe B03pacTaHruI TOtIHOCTH H orrepaTHBHOCTH reo,ne3Hqec­

KIDC H3MepeHHn paCII!HpH8TCH Kpyr rrpo6JieM, B peme1me KOTOpblX cy­

mecTBeHHHH BKJia,IJ; MO�eT BH8CTH COBpeMeHHM reo,ne3RJI. 0,nHOtt H3 

Ta.K.HX rrpo6JieM HBJIJI8TCH n3yqeHHe ,neg)OpM8.U;'ili 38MHOi KOPH H H3-

M9H8HHH BHeIIIHero rpaBRTauHOHHOro IlOJIH 3eM.Jm. 3Ta rrpo6JI9Ma reo­

,IUIHa.MHKH HMeeT Herrocpe,ncTB8HH09 OTHOllieHHe K HCCJie,nOBaHIDO rrpo-. 

uecCOB pa3B�TRH 38MHOH KOPH H BepXHeß. MaHTHR, OTpaJta.IOIUID(CH B 

,nB�eIDUIX KOHTHHeHTa.JThHIDC IIJIBT H BHYTPlill.JillTOBIDC ,neqx>pMaWIHX, 

R3Y1J.8HIDO H rrporH03HJ)OBaJIBID 38MJI8TPHC8HHH H li3B8p,K8HID1: ByJIKa­

HOB, a TaIDKe C9HCMOT8KTOHHqecKOMY pai1:0HHPOBaIUUO OT,neJibHHX Tep­

PHTOpHH, Ba.JKHIDC C SKOHOMHqecKOtt TO-q:KR 3P9HIDI. PerneHRe YKa3aH­

HOro Kpyra sa,naq Tpe6yeT rrpOBe,neHHH crre�aJThHO IlOCTaBJI8HHh1X 

BHCOKOTOtIHl:DC reo,n;esHqecKRX H3MepeHHH Ha 06lllliPHHX TeppHTOprurx, 

npHqeM 3TH H3MepeHHH ,n;o�HU Blli!OJIH.HTbCH C orrpe,n;eJieHHO� peryJI.Sip­

HOCTbID. IlocTaHOBKa TaKOll pa60TH B03M02KHa TOJibKO Ha OCHOBe HO­

B8ID!illX cpe,nCTB Ha6JIIO,neHHtt, IlO�XCH cettqac B apc�HaJie KOC­

MHqecKOil reo,n;esHH. TaKHM o6pasoM, sTo ,neJio ca.Moro 6�ero 
6y�ero. 

naJiee Mll 6y,neM rOBOpHTb O M8H98 MaCWTa6HI:DC, HO y-JK8 B9.JJY­

lllHXCH B CCCP pa6oTax reO,nHHa.ME:qecKott HaIIpaBJISHHOCTH, KOTOpue 

BWIOJIH.fIIOTCH rJiaBHUM yrrpaBJieHHeM reo,neslffl H KapTorpaqiHH rrpH 

CoBeTe MHHRCTPOB CCCP (I'YI'K CCCP) c ueJibID H3yqeHfüI ,neqx>pMauHOH­
HI:DC rrpoueccoB, rrpe,nBapmomruc H corrpoBOJK,IJ;ax:m:tHx seMJieTpHceHIDI, a 

T�e BH3HBaeMIDC TeXHoreHHHMH IlPH'C!HHaMR. 3TH pa60TH HBJIJIIOTCH 
qacTbD ÖOJiee o6nrnpHI:DC HCCJie,D;OBaHHH rro H3yqeHHID H rrporH03HJ)OBa­

HHID seMJieTpHceHHtt, rrpoBO.IUIMIDC coBMecTHO c ARa.neMHeR HaYK CCCP. 
B ,naHHOM CJiyqae ITOBTOPHlie reo,ne3HqeCKHe Ha6JIIO,n9HRH Be,nyTCH Ha 

OrpaHHqeHHl:DC TeppRTOpHHX�ITJIOma,nbID rrOpJULKa HeCKOJibKRX THCHq 
KB. RMOM8TpüB, BH6Hl)aeMl:lX C yqeTOM crre�cf?mtH pemaeMOH 3a,I:(a'C!H. 

Trurn:e cne�aJibHO BH6pa.HHH8 TeppHTOpHH,. Ha KOTOPHX 003,naHH KOH­

Tp0.71l-lpyKmurn reo,n;e3H"tl8CKRe IIOCTpOeHruI 'H Be,neTCH peryJIHpHHR KOM­

IlJISKC BHCOKOTOlflillX reo,n;esnqecKHX Ha6JIIO,D;8HHH, Ha3BaHH reo,n;HHa­
MHqecKID.m rromrrOHaMR (r,nrr). B 3aBHCHMOCTH OT KOHKpeTHHX pemae­

MblX 3a,na-q r.IUI H8CROJibKO pa3JIHqaDTCH MeJK,IJy co6ott. 
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reo,rrJrnawrqecmrn TIOJllli'OHH, cos,n;a.HHHe B cei-1.cMOa.KTHBHl:DC paä­

OHax CTPaHH, OplieHTH})OBaHH B nepByro oqepe.n;n Ha BlliIBJI8HHe H ,n;e­
TaJII,HOe H3yqeHHe pa3BHTHH BO BpeMeHll pa3Jil1'9:HOro Bll,Il;a 8.HOMaJib­
HHX ,n;eq,opMa.1.J;H11 38MHOH IIOBepXHOCTH, npe,n;BapmoI.qMX 38MJieTpJIC8Hl!UI. 

Tru<He .n;eq,opMa.n;ru,i KBaJlliWHI.J;IfpyroTcH Ka.K KHHeMaTnqecKHe rrpe,IU3ecT­
mmn 38MJI8TpJIC8HliM, 

3HaqeHHe reo.n;esHqecKHx H3MepeIIBH B perneIIBH rrpo6JieMH npor­
H03a 38MJieTpJicemrft OCHOBHBaeTCJI Ha B8CbMa rrpaB,n;OTIO,IJ;OöHOM rrpe.n;­
IIOJIO�eHHH O TOM, qTO CTOJib rpaH,n;H03HOe JIBJieHHe Ka.K 38MJI8TpJice­
HHe, nplIBOMil!l88 B pesy.m,TaTe K oqeBll,Il;HblM CMemellliHM 38MHOli no­
BepXHOCTH, H8 MOJKeT IIO,n;I'OTa.B�BaTbCJI 083 Ka.KHX-JIBOO OOHapy,KH­
BaeMHX C0Bp8M8HHHMH li3MepHT8Jll,HHMll cpe,n;CTBaJ,IB .n;eq,opMan;RH, 3TH 
.n;e(1)0pMa,nIDI B KaJK,IJ;!:lll ,IJ;a.HHHM MOMeHT MaJIO 3aM8THH, Ta.K Ka.K npo�ecc 
Ha.KOITJieHruI HaTiproKeHHM H,n;eT .IVIBT8Jll,HOe BpeMJI, H3MepJI8MOe ro.n;mvm 
H ,IJ;8CJITIDI8TllfiMH, HO CaMO HX cymecTBOBa.ID!:8 B rrepno.n; rro,n;rOTOBKli 

3eMJieTpJIC8HHli He BH3HBaeT COMH8HHH. 3a,n;aqa, TaKHM oopa30M, coc­
TOHT B HCCJI8,IJ;OBaHHH xapru<Tepa IDC npOJIBJieIDUI. 

BalK.HOli COCTaBHOM qacTbID rrpornocTHqecKRX HCCJI8,IJ;0Ba.HHH fil3-
Jlff8TCJI H3y-I8Hli8 CMe�eHHß 38MHO� ITOBepXHOCTH, B03lllIKaIDUWX B pe­
sy.m,TaTe CMbHl:DC 38MJieTpJIC8HH�. Ta.KHe ,IJ;a.HHH8 cymeCTB8HHO ,IJ;OIIOJI­

IDIDT HH(1)0PM8.UliID, Heooxo.n;RMyID ceücMonora.M .rr,JlH rrocTpOeHHH MO,n;e­
Jieii: o'i::iarOB 38MJI8TpJIC8Hllli, 083 qero H8B03MOJKHO npo,n;BIDKeHHe :i:,ne­
pe,n; B IIOHHMaHHH rrpiipO,Il;H 8THX HBJiemm:. 

HecKOJibKO HHOe HasHaqeHHe HMeIDT r.urr, cos.n;a.:saeMHe B pafioHax 
paCIIOJIOJK8HIDI KpyIIHHX rH,Iij)0.3neKTpOCTa.HD;Hll C BHCOTHHMH IIJIOTHHa.Mli. 
Ilpe,n;MeTOM HsyqeHHH 3,Il;8Cb fil3JIHIDTCJI .n;ewopMa.n;ru,i 38MHOH IlOBepXHOC­
TH, npOHCXOMil!lHe rro.n; .n;eücTBHeM ,n;orro.mrn:TeJibHOli Hfil'PY3KH öOnblllliX 
Macc BO,n;H, H3MeIDIIOmei1CJI K TOMY �e BO Bp8M8HH (Ka.K' rrpH 3aIIOJIHe­
lllili BO,IJ;Oxpa.IIB.Jrnma, Ta.K H B rrepno,n; 8KCIIJiyaTa,wiH r3c). ¼3B8CTHHe 
B MHl)OBOll Ilpa.KTHK8 HBJI8HM Ta.K Ha31IB8.8M0li 11HaB9,IJ;8HHOll C8HCWfq­
HOCTH" npH.n;aIDT 3THM Ha0JIIO,IJ;8HHHM H nporHOCTHqecKHii CMHCn. 

B MSCTax HHTSHCHBHO� ,IJ;00H1:!li H8WTH H rasa HCCJie.nyeTCJI pea.K­
u;IDI 39.MHOH ITOBepXHOCTH Ha OTKa't!Ky y-Ka38.HHl:DC q_)JIIOH,IJ;OB. C03,IJ;8.HHH8 
TaM IlOJilll'OHH Ha3BaHH TeXHOreHHHMH. 

M3J1I8HH9 .IJ:8W0PM�ll 38MH0li KOpH 1™88T Ta.KJKe OOJibillOe 3Ha­
qelme .rr,J1H onpe,n;eJieHruI o6�efi Harrpa.BJISHHOCTH MSAJISHHO rrpOHCXO,n;JI-
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I.UHX T8KTOHHqecKIDC ABIDK8Fllill KPIDIITOBOrO xapa.KTepa, qTO B8CoMa 

cymeCTB8HHO rrpH C8HCMOT8KTOHHqecKOM pai10H.llp0B8Jllili OTA8.JibHHX 

TeppliTOpHit, rrepcrreKTHBHHX AJI.ff B03Be,neIDUI KpynHJ:DC HH.JKeHepHHX 

COOpY)K.8HHH, 

Ha6JIIO,neHH.H Ha cos,naHHHX r)UI, KaK rrpaBHAO, BhlilOJIHmOTCH 

crreI.J;i;IaJllicTru.m rrpoHsBo,ncTBeHHl:lX rrpe.nrrpMTHit I'YIB CCCP. HaY'ffiO­

MeTo,n;HqecRoe PJKOBO,nCTBO pa60Ta.Mli ocymecTBJUieT 1UMI1I'AHK, KO­

TOpI:rn paspa6aTIIBaeT Ta.K2K8 M8TO.n;HKY o6pa60TKR li a.Ha.Jlli3a pesyn­

TaTOB. Herrocpe,ncTJ8HHM o6pa60TKa pesynTaTOB Bh!Il0JIHR8TCR KaK 

B rrpe.n;rrprurTIDIX, TaK l!I B WM½I'Al1K. 

Pa60TH Ha r,I]JI RM8IOT CBOIO crreumpirn:y, He II03BOJimOmyIO ÖHCTpO 

rro.nyqaTo RHTepecYKJIU-ie Hac pesynTaTH. TaK KaK HccAe,noBaillilO 

IIO.JJ.J[eJKaT pa3BHBaIO[!U18CH BO BpeMeHH rrpoueccH, TO e,nIDICTB8HHHM 

cpe,nCTBOM WHKCau;IDI liX COCTOmrn:M RBJIJilOTCH rrepHo.n;aqecKH ITOBTO­

PR8MHe I.J;xiY.JIH H3MepeHH�. )lJr.H Taro qT06H OOHapYJKHTo xapaKTepHHe 

oco6eHHocTH Hsy�eMoro rrpouecca, Tpe6yeTcR KaK MH.HHMYM 3-4 

IJ;lIB.Jla Ta.KIDC H3MepeHH�, KOTOpHe saTeM AO.JDKHH OHTh rrpo,noJL�8HH 

C �eTOM rro.nyqeHHHX pesyAoTaTOB. Y'tllITHBM 3Ha�T8AhHYJO CTOH­

MOCTo BHCOKOTOq}{bIX reo,nesHqecKliX paOOT, a Ta.KJKe T0qH0CTHH8 

xapaKTepHCTRKH :0M810II(HXCH y Hac cpe,ncTB H3MepeHHit, IT0AHH8 IIOB­

TOPHHe uaKJ!H Ha OOAhlllliHCTBe r)UI BIDIOJI.HfilJTCR c HHTepBMOM 3-5 

AeT. nM ajxpeKTlIBHOrO peweIDUI rrpOrH03HHX sa,naq H800XO).l)iMH, O,n­

HaKO, OOAee qacTHe Ha6.mo,neflli.,I, qTO 8KcrrepIDJieHTMhHO rro,nTBep�­

,neHO y,Ke rro.nyqemH,IMli pesy.JibTaTaMH. TI08TOMY Ha H8CKOAhKHX r)UI, 

KOTOpHe BWJ;8A8HH ce}l:qac KaK accAe,nOBaTe.JibCKHe ( I',IUTI1), 6HA C01{pa­

lI{8H liHTepBM M8JKJJY ITOBTOpHHMH Ufil{Jia.MH H3MepeHHil: .no .ru,yx A8T, 

a TaroKe C03AaHH Ha llliX AOKa.7ThHH8 ITOCTpOeH.IDI, r.ne HaO.mo,neHHH 

BHIIOAHRJOTCR C HHTepBMOM B H8CKOAoKO M8C}{U8B. TaKOBHMH ceijqac 

.ffBJUIIOTCR AAMa-ATHHCKHH, <I>epraHCKHH (BKAJOqM paHOH TaIIIKeHTa), 

IleTpOITa.BJIOBCK-KaMqaTCKHli li Arnxa6a,ncKHM r)UM; KpOMe Toro, AO­

Ka.Jll,HH8 ITOCTp08HliR C ITOBHlll8HHOli nepHO,IUiqHOCThIO H3MepeI-IBli cy­

lI{8CTBYIOT Ha rJ]JI illeKH-KIOp,nru.,mp B 3aKaBKa3h8, a TaroKe Ha r.IlJI 

rac. B rroc�e,nHeM c.nyqae Ha6.mo,neHHH B rrepHO.Il:H sarroAtteHHH Bo,no­

xpaHHJllilll BHIIO�HHIOTCH e�ero,nHO. 

PesynTaTH paOOT Ha OTA8.JibHbIX r.urr rro Mepe Hal{OIIJI8HIDI Ha6-

JIIO,ne1:mii o6pa6aTl:IBaIOTCH li a.H�3HPYJOTCH. B KOHIJ,8 1985 ro.na B 
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pa.MKax coBMecTHOH pa6oTu rrpe.rmpMTHH I'YIB CCCP H l.l}Il1}ITAHK no� 
HaY1ffiO-M8TO.Il,l1qecKHM pyKOBO�CTBOM nocAe,IJ.Hero 6wm: rro 8.Il,l1HOH rrpor­
paMMe o6o6meHH HaKOM8HHHe K 3TOMJ BpeMeirn MaTepHaJIH HaOJIIO�e­
I-IBH H BHIIOJIHeH a.Ha.Jrn3 �eq>apMa.u;IDi Ha Tex r)]JI, r�e MH pacnoJiara­
Jlli H80ÖXO�HMHM o6�eMOM ITOBTOPHIDC H3Mepe:mm. 

B 3TOM �OKJia,n;e KpaTKO coo6maeTCR O HeKOTOpIDC rro.nyqeHHIDC 
pesyJII,TaTax. 

2. HeKOTOpHe pesy�hTaTH aHaJil13a �eq>apMau;Rtt
38MHOH IlOBepXHOCTH Ha r,ILII 

KaM�aTKa. 3TOT ITOAyOCTpOB JIBJIReTCR YJIBKMbHHM o6�eKTOM 
reO.IJ:}l.HaMHqecKHX RCCA8�0Ba.ID'Ill. Ero IlOAO�eI-rne BÖ.Jlli3H 30HH cy6-
.nyK[(ID'I EBpIT3HHCKOH H T:rucooKea.HCKOH TeKTO:imqeCKHX Il.JlliT o6ycAO­
BH�O BHCOKYJO ByJIKairn:qeCKYJO H CeHCMHqecKyro aKTHBHOCTb. B 3TOM 
perHOH8 npOHCXO�T OKOAO 80% Bcex CHJThHHX 38MJI8TPHC8Hlm B CCCP. 
CKa3a.HHOe orrpe�e�o C03�a.IDie 3�8Cb H8CKOAbKIDC r)]JI, HaueAeHHIDC 
Ha HsyqeI-rne �e�OPMa.uHli 38MHOfi KOPH, o6yc�OM8HHHX rrpoueccaNrn 
ByJIKaHH3Ma, a TaJOKe aKKYMYJIJm;a8H TeKTOI-rnqecKHX HarrpmK8ID1li B 
soHe KOHTaKTa TeRTOHHqecKHx Il.JlliT. 3TH r,n:rr cos�a.HH IYIB CCCP 
rro rrpe,nJio�eHIDIM 11HcTHTyTa BYJIKa.HOAOrHM JJl3HU AH CCCP. 

B KaqecTBe rrpHMepa npIIBe�eM pesyAbTaTH onpeAe�eHIDI Aeq>ap­
Mauafi 38MHOH ITOBepXHOCTH, no�qeHHH9 Ha KapHMCKOM r,n:rr, C03AaH­
HOM B paiioHe By�a KapHMCRHil. EhlJ.Ia IlOCTa.BJieHa sa,n;aqa H3J1lliTb 
3a.KOHOMepHOCTH yKa3a.HHHX A8WOPMauHil B rrpOAOJJ.1KeHHH no�Horo spyrr� 
THBHOro n;mura BYJIKa.Ha, KOTOpiru rro AaHHHM ByJIKaHOAOrOB COCTaBJIJI­
eT I0-12 �eT. CpaBHHT8�bHO HeOO�blliM IlPOAOJDiillT8�bHOCTb 3TOro 
UKK,Jia Il03BO�a C xoporneH ·AeTMbHOCTbID OXBaTHTb ero H3Mepe1-m.mvm. 
�8THJ)9 BHIIOJIH9HHHX 3�8Cb }lHKJia reo�esHqecKIDC H3MepeHHR (1975, 
1977, 1981, 1983 r.r.) OXBaTI:IBaIDT rrepHOA, BKJIIOqaIOUUili aKTIIBH3a­
u:aro BYJIKaHa, ero H3Bep�eI-IBe (1976 r.) H rrocTeneHHOe saTyxrurne 
ByJIKa.IDIIqecKOfi �8HT8�bHOCTH BMOTb �o ee IlOJIHOro npeKpameHH.H. 
Ha OCHOBe a.Ha.JIB3a HM8IDllu,IXCH H3MepeHHH ycTaHOM9HO, qTO rrepHOA 
Ha.HÖOAhlliefi aKTHBHOCTR BYJIKaHa corrpOBO}K)J;aeTCH HHT8HCHBHHM pac­
TmK8HH9M TeppHTOpHH rJUI. 3oHa Ma.KCHMaJihHIDC �e�OPMaußli, �OCTR­
raIOII(HX B9.Jlli"tJHH (+37 ±,2,5)•10-6 (��aTaUIDI), CM81I{8Ha OTHOCHT8fil­
HO KOeyca BYJIKaHa H COBna,naeT C Y1IaCTKOM Ha.HOOfilmefi ceilcMHqec­
KOtt aKTHBHOCTR (cM.pHc.I). ITpeKpameHH8 aKTIIBHOH ByJIKaHHqecKOM 
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A0HT0JlhHOCTll rrpHBO,Il;liT K odpaTHOMY rrpoueccy, HO C ropa3AO MeH:o-

11.lliMH CKOpOCTHMH A0q>OpMau;Hil. 3TOT rrpouecc e,n;Ba HaMeTHJICH B liH­

TepBaJie Me,imy TpeTbHM ll qeTBepThIM J..OiRJlaMl'I ll3MepeHHH H TOJIBKO 
IlOCJie.IJYl()IIU1:e Ha6JIIOA8HIDI MOryT IlOKa3aTh, KaK OH dyneT pa3BHBaT:o­
CR naJiee. Ilo�qeHHue AaHHHe rrpencTa.BJIIDOT qpe3BHqa.fu.nm HHTepec, 
CTaBH PM BOIIpOCOB, OTBeT Ha KOTOpHe BYJIKaHOJIOraM eme rrpencTOHT 

HaMTH. OdllllipHOCTh Ha6JIIOnaeMHX A0q>OPMa.Ul'Ili O,IUIOro 3HaKa roBOpHT 0 
3HalJHT8JlbHllX r�61rnax H pasMepax HCTOT.UrnRa neq>OpMaWfli. IIo Kpa.M­

Heil Mepe HX H8Jffi3H o6�HCHHTh na.BJieHHeM B Y3KOM BepTliKa.JlbHOM 
Ka.HaJie ByJIKa.Ha, 't!TO MOrJIO 6u rrpencTa.BJIHThCH ecTeCTBeHHHM. 

CJie.nyeT nonqepKHyTb, 't!TO CTOJio neTa.JlbHH8 KOJIBqecTBeHHHe 
na.HHHe o neq>0pMaIJ;0:0HHHX npoueccax B pailoHe neilcTByromero BYJIRaHa 
MOrJrn 61:ITb ilOJIYt!8HH TOJibKO Ha OCHOBe crreU}IaJibHO IIOCTa.BJI8HHllX 
BHCOKOTOlllillX Ha6moneHHil. 

CpeIIHe-Asxi:aTcKHfi pernoH. YKasaHHHil perHOH 6HJI nepBHM, rne 

Ha.qa.n:H cosnaBaThCH .I'JUI )VI.H H3yqeHWI neqiopMa.IJ;Hli 38MHOH KOPH B 
CBH3H C rrpodJieMOtt rrporHO3a 3eMJieTpHC8HHM. ÜH OTJrnqaeTCH BHCO­
KOH C8MCMHllliOCTbD,rrpOmIBBlli8MCR B IlOCJI8.I(H88 CTOJieTHe B WOPMS 
HeCKOJlhKHX KaTaCTpOWHqecKHx 38MJieTpHC8HHM. B CBR3H C TeM, 't!TO 

B STOM perHOHe paCITOJIOZeHH KpynHH8 a,n;wnmcTpaTHBHHe ll rrpOMHll1JI8H­

HHe U8HTPH C dOJihillOß Iw1OTHOCTnD HaCeJieHIDI, Ha Hero odpameHO 
ocodoe BHHMamrn. 3necn cosna.HH Ha.H6oJiee · aKTlIBHO WyHKUHOHMpyromxi:e 

r.urr: AJIMa-ATHHCKH:ä, <I?epraHcKnii, il>PYH3eHcKH:ä, rasJIBilcruirii:, )Lyma.H-
6HHcKH:ä li HSKOTOpHe .DJ)yrHe, a TaKJKe r.urr TOKTOryJIBCKOli, �apBaK­
CKOM li HypeKCKOli I'3C. 

KaK �e roBopMOCb BHllle, BruKHefuneil sa_naqefi reonnHa.MHqec­
KHX HCCJienOB8.lillli HBJUI8TCH IlOHCK H H3yqeHHe pa3BHTHR BO BpeMeHH 
KHH8MaTlil!8CKHX rrpenBeCTHHKOB 38MJI8TPRC8HHH, T.e. aHOMaJihHllX 
newopMaUHil, KOTOpue rrpenBapmoT BO3IDIBHOB8HH8 ceilcMJiqeCKHX 
TOJI�OB. Ta.KM 3a_naqa MO�eT pernaThCR TOJlbKO Ha OCHOBe Ma.KCH­
MaJihHO TOlllibIX H nocTaTOllliO qacTllX ITOBTOpHllX Ha6.moneIDii1. B Hac­

TOJIIne.e BpeMJI MH pacrroJiaraeM naHHHMH, IlO3BOJI.ffiOl.llHMH C�TaTb, qTQ 
npe,lU3eCTIDIBOBH8 newopMawm WHKCHpyroTCH, rro KpailHett Mepe, B pe-
3YJinTaTax BHCOKOTOllliOro HHBe.JllipOBaHIDI. ITpocTpa.HCTBSHHO-BpeMeH­
�He rpaqiHKH B8pTHKa.JlbHllX CM81.ll8HHM rro JIBH:0:RM Ha AJIMa-ATliHCKOM 

( pnc. 2) n <I?epraHCKOM ( PHC. 3) r.un c Ha.HeceHHhIMll Ha STH rpa.qimrn 
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MOM0HTaMH npoHcrne�!IfilX 30MJI8TPHC8rillll �OBO�bHO Har.JIMHO ITOKa3H­
BaIOT 8TO. O�a.KO He06XO)UiMO eo Bceß onpe,ne�eHHOCTbID rro,nqepK­
HyTb, qTo Ha.Meqe1rnaq eme �.A.Me�epm<OBb!M cxeMa npe�ecTIDIKOBI:DC 
,neqiopM�� pea;rnsyeTCR He Bcer,na H IlOTpeOyJOTCH .norro�T8�bHH0 
rrpo,nOJDilliT0�HH8 H KPOilOTJlliBH8 Ha0JI!0�8HHR, KOTOpue IT03BOMT 
ycTaHOBHTb ee CTaTHCTllqecKyro 3Ha1lliMOCTb H BH0CTH Heo6xo.n.m,rue 
KOppeKTHBl.il. 

KpacHOp8tßIBHM npHMepOM Ha,n:e�HOli (!JHKCawrn M8,Il,JI9HHHX TeKTO­
I-rnqecKHX ,neqiopMa.:wi:fi JIBJUIIDTCH cxeMH (pHc.4), IlOKa3I:IBaIOmli8 ,nM 
.AJIMa-ATHHCKOI'O r)llJ pa3BllTll0 Ta.KllX .neq>OpMan;11H. ÜHH 38.qlID<CHpOBaHH 
�YMH rrapa.MH H03aBHCllM!:DC :o;mtJIOB H3Meperrntt. Har.IDI,1UIO Bll.nHO cxo.n­
CTBO xapaKTepa ,neqiopMa.I.J;v!M (3B8HO ceBepO-BOCTOllliOI'O rrpOCTllpa.Hllil). 

BWIBJieHHoe H3MepeIIB.ffivll1 o6�ee CiKa.Tlle B �arrpaBJieHIDi ceBepo­
sarra.n: - roro-BOCTOK xopomo cor�acyeTcH c rrpe,ncTaBJieIDUIMR TeKTO­
HRKH ITJIBT O xapaKTepe ,neqiopMaUHH B Cpe�e-AsHaTCKOM perHOHe 
(pnc.5). 

�pe3BWiaHH0 IDiTepeCHH8 ll BruKHH8 pesy�bTaTH ITOJ!Y'l8HH rrpll 
ß3y,Iemm pacrrpe�e�eHH.H: ,neqiopMau;Hii 38MHOH KOPH, RBMBIIIHXCR c�e.n­
CTBR8M H3B0CTH!:DC ra.3.Jlli�CmiX 38MJI8TpHC8IIBn 1976 R 1984 r. r. 
Bc�e.ncTBRe TOro, qTO 8TH 38MJI8TPRC8HRR rrpüll30I!lJIB B pafiOHe, r,ne 
pa.Hee OHJI C03,naH reO,IUIHa.MHqecKHii IlO�OH, y,naJIOCI:, IIOJIYqHTI:, 
,neT�HylO KapTmzy pacnpe.ne�elllUI KaK BepTm<aJibH!:DC, TaK H ropH-
30HTaJII,HJ:lX ,neqiopMaI.Offi. CxeMhl TaKKX �eqiopMa�H (pHc.6) Y)Ke 
ony6JmROBa.HH B cTaTbe B.A.IlncKy.JlliHa n A.Il.Pai1:3MaHa "0 ,neqiopMa­
u;rurx 30MHO:t1 IIOBepXHOCTH B pafiOHe ra3Jrn" ("reo,ne3IDI li KapTorpa­
<pIDI", 1985 , j 9, c • 53-57) • rro�eHHHe ,na.HHHe irurmoTCR Ha,ne}R.HOM: 
SKCIIepHMeHT�HOll OCHOBOtt ,Il,JlR li3y,I8HID! M8Xa.HH3Ma oqarOB nponc­
me,IUIJHX 38MJI9TpRC8HHH. ÜIDI Har�HO IlOKa3l:ffia.IOT TaIDK8 MHrpau;mo 
oqarOB B sarra,n:HOM HaITpaB�emm, .naBM OCHOBaHIDI .D)UI rrporH03HpO­
Ba.HlliI M0CT 6y,lJJ1.IUU{ TO�qKOB. C�e.zzyeT OTM8TllTb, qTO noc�e 38MJI8-
TPRC8HIDI 1984 r. reo,nesHqecKHe ,na.HHH0 owrn rrepBHMM, IT03BO�fill­
IllliMR CllCT8MaTH3llpOBaTb pa3p03H8HHH8 I'00(!lH3HqecKll8 HaOJIIO,neHHR. 

KaBKas n KaprraTH. c TOqKH spe™ nsyqeHHH pasBHTIDI Mo�o­
.nmc CKJia,nqaTI:DC CTpyKTyp rrokasaTe�bHH pesy�bTaTH, rro.rryqeHHHe 
Ha r)]JI illeKH-Krop,na.MHp, cos,naHHOM B I98I r. B Asepoafu:r)Ka.He B 
rrpewop:r,mc r�BHOI'O KaBKa3CKOro xpe6Ta. 3,neCb Ha JilIHHH rrpHMepHO 
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Mepli,nHOHa.JinHOro HaIIpa.BA8llliR )J,JlliHOH OKO�O 40 KM IlOCTaB.JI8HH pe­
J!GiMHHe HaOJIIO.n;eHIDI c lffiTepBMOM Me,it,ny UlIBJ!a.MR 2-3 Mecm..r,a. Bl:I­

IlOJIH8HHbl8 .n;o cepe,IUiHbl 1986 r. 20 n;KKJIOB IlOBTOpHoro Hlffi8.7lliPO­

BaHIDI ÖbtJ'lli o6pa60TaHH COBMeCTHO C nemro onpe.n;e�eHRR Ha.JJ;8lKHHX 
3Haqe1rntt CKOpüCTefi BepTHKa.JibHH.X CMeme.HHH 38MH0ll IlOBepXHOCTH 
(pHc.7). IlOJIY'I8HHHe pesy�TaTH eo BC8H onpe.n;eAeHHOCTbID yKa3H­
Ba.Jm Ha Harrp8BJieHHl::rn H ycTOH'IllBHH xapaKTep IlpOHCXO.n;m.qIDC �ecpop­
MaIJ;Hfi, COOTB8TCTBYJOmID( KaK öy.n;TO OH li30CTaTHqecKOMJ Bl:ij)aBHH­

BaI-rnJ() TeppHTOpIDi. ÜOHapY)KeHa TeCHM 00p8THM KOppeJI.fill;KfI CKOpoc­
Teii BepTHKa.JI:OHHX .JJ;BIDK8llliH H O'l'KJIOH8HHH BHCOT rrpocpHAA Jmlllili OT 
IlPHMO�. IlpHMeqe.HHe reo�orHqecKHX .JJ;aHHHX Il03BOAA8T 3a.K.JIIO'Il1Th, 
qTQ yxa3aHHHli rrponecc qeTKO OTpaJKeH H B .n;ecpJpMaJJ;IDIX CA08B rop­
HhIX rropo.n;. Ilpo.rr,OJDKe.HHe Ha6JIIO.JJ;8lllili .n;a.rro' O.n;HaKO' COBepmeHHO 
HSOJlill.JJ;a.HHble pesym,TaTu: rroc�e.rr.YIDrnH9 IIBT:O I.J;liKJIOB H3Mepelllifi sa­
<I>ru<c.apoB� pe3K08 ß3MeHeHHe HarrpaMeHHOCTH .n;BIDK8llliR. Ha6.mo­
.n;aeM08 sa 9TOT rrep.ao.rr. CMemeHR8 IlOJIHOCT:OID KOMII8HCHPOBMO HaKO­
IIBBmeecR sa rrpe.n;�fi nepHo.n; (4,5 ro.n;a) H .n;aJKe rrpeB30ll.LJIO ero, 
BHOBn 0Tpa3HB ocoOeHHOCTH rrpOCTlipa.HHR C�08M ropHHX nopo.n;. 

B Ka,qecTBe H.7I.1IIOCTpawm .n;ecpopMB.Ul!ß 38MHO� KOPH B pattoHe 
IlpHKapnaT:OR rrpHBe.n;eM pesy�TaTH aHa.Jm3a .n;Byx u;m<JIOB H3MepeHHH 
Ha KMnillH8BCKOM I'Jlll. 3TH HSMepeIDIR Bill!OJIHeHH B 1982-1984 r.r. 

BWIBA8HHH8 ropH30HTM:OHH8 CMemeIDIR nyHKTOB JmH8liHO-yr�o­
BOH 08TH .JJ;OBO�:OHO orrpe.n;e�eHHO pacna.n;aroTCR Ha TPH rpyrnrn, qTO_, 
IlO-BH.n;HMOMy, CBH3aHO C rrpHHaJJ,JI8>KHOCT:OID 3THX rpynrr rryHKTOB K 
pa3.JIB{!HWJI T8RTOHHqecKHM 6AOKaM (pHc.8). YKa3aHHHH cettcMOAOraMR 
T8KTOHHqecRHfi pa3�0M xopomo BilHCHBaeTCR B no;zy-qeHHyro RapTHHY, 

lITO, KOH8{!HO, ITOBbIIIIaeT ee .JJ;OCTOBepHOCT:O. Eo�ee'orrpe.n;eAeHHH8 
BblBO.JJ;l:I MOiHO 6y.n;eT c.rr.e�aTn ITOCA9 aHa..Jm3a Ha6JIIO.n;eHRM TpeT:oero 
IJ;IIBJI.a, KOTOPl:lli BHITO�H.HJICR B TeK�eM ro;rry. 

I'filI I'3C. MsyqeH xapaKTep .n;eq>Opwq)OBaHIDI 38MHOH ITOBepXHOC­
TH B paHOHax r3C C BHCOTHHMR Il�OTliHa.Mli. K HaCTOHm8MY BpeMeIDI 

KOHKpeTHHe 'Il1C�0Bbl8 .n;amme rro�eHH )VI.H panOHOB llHrypH, 'C!lipKeii­
CKO:ä, 1IapBaKCKOii, HypeKCKOH H TOKTOry�:OCKOli f'3C. Ha,n;eJKHO cpHK­
CHpye�rcR CfüI3:0 M8JK.IJY li3M8H8HID!Mli ypOBIDI BO,!.O:l B BO.n;oxp�e 
H li3MBH8Hli8M BHCOTHOI'O rro�o�eHIDI perrepOB. Ha cpOHe li3M8H8Irnli, 
OÖ�RCHJI8MHX ynpyron OT.n;aqett, Ha6JIIO.JJ;aIDTCR H OT.IJ.8�:0HH8 aHOMa.mm:. 
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Ilpm.mpOM IlOCJie;:urax .R:BJlflIOTCR HHTeHCHBHl:le .necI>OPMB.UIDI B 30He 
TaJJJiaco-4>epraHCKOro r.Jiy6RHHOro pa3JIOMa Ha r.ror TOKTOryJinCKOH 

I'3C (pHc.9 n IO). 3TH .necI>OPMaUIDf pa3BHBarDTCR Ha yqacTKe npOTR­
ZeliliOCThID 15 KM. CKOpOCTR BepTHKaJI.bHbIX ,nBIDKSHHH perrepOB 3TOro 
rracTKa .nocTHra.IOT B OT,neJinHHe nepRO,IUl, a HMSHHO rrpli MaKCHMaJTh­
HOM ypOBHe BO,IUl B BO,nOxpa.HHJIHme, 20 MM/ro.n. Han6oJiee .neqiopMH­
pyeMM qacTI> yqaCTKa 6.JIB3Ka K TaJIJiaco4epraHCKOMY pa3JIOMY, KaK 
OH HaMeqeH IlO TeKTOHnqecKHM CX8MaM, HO TOqHO He COB�aeT C 
HHM. Hy,K.HO no,nqepKHyTb, llTO B corJiaCOBaHHOM ,nBIUtemm yqaCTBy­
IDT He OT,n8JII,HH8 penepa, a 3HallliT8JlbHH8 TOJDJUi BepXHIDC CJI08B 
39MHO:ß KOpH. 

Te:XIrnreHHHe rro.1mroHH. B KaqecTBe np�epa pasBRTIDI TeXHo­
remua .ne(I>OpMan;liH npnBe.neHa cxeMa CKOpOCT8R BepTHKa.JlnHHX CMe­
meliltli 38MHOR IlOB8pXHOCTH Ha AmnepOHCKOM IlOJiyOCTpOBe, r.ne yig.e 
MHOro JIST Be,neTCR pa3pa60TKa H9WT.8HHX M8CTOpOJK,IJ;8H.Hli. 3TH pe-
3YJII,TaTH IlOJiyqeHH R3 COBM9CTH0li o6pa60TKH H9CKOJII,KHX Ufil<,JIOB 
HHB9JIHI)0Ba.HIDI, BHilOJIHemm:x: HalfflHM C 1949 r. (pnc.11). 

CymecTB0lili00 M9CTO B HaIIIHX pa6oTax 6wro OTBe.neHO COB8P­
meHCTBOBamuo M9TO,nOB o6pa60TKH Ha6.JIIQitelillli, BI:m0JIHR9MHX C neJlhID 
onpe,neJieHrur .necI>OPMa.nHii 38MHOtt KOpu. B HTOre 6J;LJIO pa3pa60TaHO 
H B I985 r. orry6JmKoBaHO MSTO,Il;lfqecKoe noco6ne "reo,ne3HqecKHe 
MeTo.nu H3yq8HIDI .necI>OPMaUHH 38MHOR KOPl:l Ha reO,nHHaMHllSCKliX 
IIOJIHrOHax". ÜHO co.nep]IG!T li3JIO.lK8HH9 cymecT:sa paspa60TalilibIX K 
HaCTOBlll9MY BP9M0HH M9TO,nOB aHaJrn3a .necI>OpMa.I.J,fH Ha 0CHOB8 IlOBTOp­
HHX reo,ne3lill8CKHX H3MepeHH�. Ero OCHOBHl:l8 pesyJinTaTu opneHTßPO­
BaHH Ha Henocpe,ncTB8HHOe npaKTHll8CK09 liCITOJib30BaHR8. ÜHO RBH­

JIOCb OCHOBOß ,n.,I.H aHaJIB3a .ne(I>OpMaJ..trlH, 0 KOTOpOM rOBOpHJIOCb 
Bblllle. 

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



189 

CXFMA ,LtllilATAU}ll /j_ HA KAFUMCKOM r,nn (nepHO,IJ, 1983-1975) 

H3onHJ-1HH npoBe,IJ,eHY qepe3 5.10-6
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CXEMA BlliTOPOB c� HA AJIMA-A'rnHCKOM r.nn 
( I 979-I 972, ) 
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KAPrA BEPrillWlhHHX AFM)PMAUID\ 3EMHO� KOPcl 
B sn�eHTp8JlbHOR 30He raaJIHRCKHX 38MJieTpßC8HHR 

CD- H30JIHHHH paBHblX BepT • .IJ.8!pOpMB.4HR, npoae,IJ.eHHble qepea

IO CM (I984 r.);

@- To J1te (I976 r.); 

@- xapaKTepH'bl1t nyHKT HHB8JIHpOB8.HHR, ero HOMep H OTHOCH-

T8JibHOe H3M8H8HH8 BblCOTbl, MMj 

@-\ 

8 anpen,1 1976 r. 

@- 3IlHJ..\8HTpbl 30MJieTpRC8HHR l? MM 1976 r. 

@- · 20 Mapira 1984 r • 

. (J) - p8.3JIOM!l B 38MHOß KOpe. 

PHC, 6 
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FAULTING J:N: 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

Abstract 

Faulting in the lithosphere obeys physical laws of defor­
mation and destruction of viscoelastic bodies. It is establi­
shed that arnplitudes of displacements along faults are func- , 
tionally related with the fault length. The width of the zone 
of dynarnic effect of the fault depends on the thiclrness of 
the deformed layer, its rheology and the state of stress. It 
is shown that the distribution of movements in such zones is 
irregular_. Other relationships between main pararneters oont­
roling the systematic fault net are discussed. It is under­
lined that it is reasonable to consider the factors, which 
"disturb" the crust movements near ·1arge faul ts. 

PA3BMTI1E PA3JIOMJB KOHT.HHEHTAJibHOß JU1TOC!l>EPH I1 ,l],BI1JKEHI1.H 

B IIPI1PA3JIO MHHX 30 HAX 

C.I1.llIEPMAH

llilcTwTyT 3eMHoi% Kop1:,1 Cwowpc.Koro oT,IJ,eJieHWR AK8ill,eMww ttayK CCCP

l1pKyTCK, CCCP

AHHOTB.qHR 

PasBWTWS pa3JIOMOB B JIWTOCg>epe no.n.qwHRSTCR saKOHaM p8.3pyrne­

HWR ynpyro-BR3KWX TSJI. YcTaHOBJISHO, qTo 8.MilJIHTy,IJ,hl CMe�eHHH no 

p8.3JIOM8.M qJYHK4HOHaJibHO CBR3aHhl C HX WJHHO�, mwpHHa 30HI:,I ,IJ,HHa­

MwqecKoro BJIHRHHR pa3JIOMOB saBHCHT OT TOJI�Hhl CJIOR .n.ecpopMHpo� 

BaHWH, ero peOJIOrHH w y9JIOBH� Harpy,KSHHH, Ilo.KasaH ,IJ,HCKpeTH�� 

xapaKTep pacnpe,IJ,SJISHHR ,IJ,BIDKSHH� B 30Hax ,IJ,HHaMHqecKoro BJIWRHHR 

pasJIOMOB, ,IJ,aHhl .n.pyrwe aaBWCHMOCTW, onpe,IJ,SJIRID�e peryJIRpHOCTb 

CSTKH pa3JIOMOB 38MHO� KOphl, AK4eHTWpOBaHo BHHMaHHS Ha 4eJieco-

06pa3HOCTM yqeTa cpaKTopoB' 11 HCK8JKaID� 11 Haomo.n.aeMI:,IS ,IJ,BIDKSHWR

KOpbI OKOJIO OOJibWHX pa3JIOMOB. 

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



201 

Movements of the Earth's crust are most pronowiced in 

fault zones. Irrespective of their age end morphogenetic 

type, faults are easily subjected to activation even in per­

manent stress fields end have considerable amplitudes of 

vertical and horizontal movements. Moreover, faults have the 

zones of their dynamic erfect, movements of the crust within 

which are of complex and ambiguously interpreted pattern. 

They differ from orust movements associ�ted 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 deform�tion end destruction in Maxwell 
viscoelastic body. Mapping shows that the continental fault 
net is systematic in directions, intervals between faulte, 

their lengths, end in other factors. The exception is 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 

systematic faulting in the continental crust that should be 

taken into accowit in geodynamic investigations, including 

the analysis of recent crust movements. 
To describe physical peculiarities of faulting, quantita­

tive criteria are used, that are paramBters 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-dimension�l body surrowiding the-fault 

where plastic and fracture or elastic deformations res.ult 

from fault development and displacements along the fault 

plane (Sherman et al., 1983). In plane it is an ellipsoid 

a,rea 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 

reve.al its dependence on other parameters of faul ts. Struot�ral 

and other geological criteria affecting the width of this zone 

are studied by physical modeling (Sherman et al., 1983). This 

method allowed us to estimate ratios between the width of the 

zone of dynarnic effect and the above-mentioned parameters of 

faul ts (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 is important to know the real values of displacements 

and their relations with other parameters. Investigations of 

peculiarities of the Earth 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 end 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 maxirnum 
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value in its centre. Statistical analysis of the data 

reveals the oorrelation between the length of shear faults 

and the amplitude of displaoement given by 

a = 0.08 L o.
77

where a is the amplitude of displacement in cm, L is the 

length of. the fault in cm. The amplitude of displaoement is 

1-8 % of the fault length. This equation is applioable to the

faults with the length up to tens of kilometerso

�t is more diffioult to obtain a similar ratio for langer 

faults, beoause they generally evolve over a significant 

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 these difficulties a.nd probable ambiquity of results, we 

a.nalyzed the parameters of a number of great faults. The ratio 

of the amplitude of displacement a.nd the length of the faults 

over 75-100 km appeares to inorease signifioa.ntly. This tenden­
cy is rather stable. 

We discuss this ratio on three examples of great faults. 

The Main Saya.n fault evolving since the early Proterozoic is 

one of the largest faults in the East Siberia. It has 1000 km 

length a.nd the amplitude of horizontal displaoement from 40 to 
80 1an or 4-8 % of the fault length. The amplitudes of displace­

ment are 10-25 % of the length of the Sikhote-Alin (L = 500 km; 

a = 120-140 lon) a.nd the Fudzino-Iman (L = 200-400 km, a = 40 

lon) faults (Pushcharovsky, 1972). Figure 3 shows the increase 

of the ratio a/L :for higher values of the fault length and 

time of thair development. 

Faults of the late Cenozoic 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, a.nd Hindu-Kush 

(Nowroozi, 1971) shows that the ratio a /L is about 0.0001-

0.0007 or 0.01-0.07 %. 

Comparison of the above-mentioned data and the analysis of 

the curves (see Fig. J) 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 predom:1,-nate, brittle destruction occurs and the ratio 

a /L has small values. Slow a.nd long-t�rm realization of 

tectonic stresses induce processes of quasi-plastic deformation 

and even ductile flow. In this case, the contribution of 

b�ittle 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 displaoement given by

a = kLb 

.where k and b va:ry within the ranges 0.01-0.os and 0.8-1.2 

respectively. 
Thus, there is a correlation between displacement along 

strike-slip faul ts 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 Ea:rth crust movements and 
control ·ing measurement sites along great strike-slip faulte, 

one should take into account irregula:r 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 amplitudes of displacements, for instance
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horizontal ones, we clearly observe that across the strike of 
this zone, amplitudes of displacement· grow ,rrom zero at the
ends of the zone to a maximum value at the fault axis. Their 
distribution is not regular. 

Let us discuss some other peculiarities of the Earth orust 
destruction, that are not so olosely connected with orust· move­
ments. 

In practical terms, among the parameters of a systematio 
net of faults the most important one is the interval or mean 
distance between subparallel faults of oommensurable lengt�s. 
For a number of regions of the world, empirioal relations 
between the interval and the length of faulte were obtained 
(Fig. 5). In different regions, these analytioal relationships 
slightly differ in values of coeffioients of proportionality. 
For the whole Eurasia, this relationship is given by 

M = 4.5 1° •45 (in km)
with the coefficient of correlation r = 0.7 ± 0.1. 161 measu­
rements were used for 50< L< 650 lon. 

The interval between faults of the sam.e range of length 
depends on the distribution of stress fields and the thiclmess 
of deformed layers. Without examining the physios of the pro­
cess of deformation, we suggest the general relationship bet­
ween the interval M and the fault length L given by the 
follow:lng equation s 

M = kLc 

where k and c are the ooefficients of proportionality that 
Va't'y within the ranges O,J-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 orust movements. 

General pattern of faulting is strongly affeoted by the 
relation between the length and the number of faults (She.nnan, 
1977)(Table 1), as well as the distribution of the Earth orust 
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 activatiön of faults takes place in lang 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 gener�l regional pattern of the­

crust movements depend an the scale of faults, the stage of 

development of the deformation cycle, and other factors 

associated with physical laws of destruction of elastic and 

viscoelastic bodies. Geologie 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. Modem 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. 
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Table 1 
RELATIONSHIPS BETWEEN MAIN P.ARAMEURS OF FAUIJ.rS IN THE EARTH CRUST 

Main parameters 

Width of the zone of dynamic effect 
of faults M in m for strike-slip 
faults (1), normal faults (2), and 
thrusts (3) 

Amplitude of displacement a in km 
with respect to the fault length 
L in km 

Interval min km between faults o� 
a given length L in km 

, 

Length L and nurnber of faults N in 
the regions with similar geotectonic 
regirnes 

Relations between them 

M aH + b lg t + c lg V

a = kLb 

rn = kLc 

L a / Nb 

Coefficients of 
proport ionali ty 

a
1

,,...,, 1.0-1.5 

a2 = 0.9-1.0 
a3 = 1 .o 

b1,2,3 = 0.004-0.009
01,2,3 = 0.003-0.009 

k = 0.01-0.os 
b = o.s-1.2 

k "-" 0.3-0.5 
c,....,.o.s-0.95 

a-depends on length of
faults

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

Fig. 1. Morphogenetic types of faults and zones of dynamic 
effect of strike-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 th_e model thickness H,m(1), its viscosity 
in Pa•s (2), and defonnation rate V in ms-1 (3)
for strike-slip faulte (type I) (I), thrusts (II), 
normal faults (III), and strike-slip faulte (type 
II) (IV).

Fig. 3. Relations between length of strike-slip faul ts and 
amplitudes of displacements along shear joints and 
strike-slips (1) and seismically active wrench 
faul t·s (2) • 

Fig� 4. Distribution of amplitudes of displacements along 
faulte 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). 

Fig. 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 vlsus time (b). 
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l1CCJIEJPBAIME _nE�PMAl.lviOH.HliX IIPOUECCOB 

BF:Jll13l1 BPAINECKOß OW"'OBOU 30Hbl 

BblCOIDTOllliWv111 HAKJIOIDMEPAMI1 

* *"" 

illJI.RXOBhrn B.Il. , qepHhl� B.l1. 

0 � A.E. 111111 
· CTpOBCKTtfVJ 

C !983 r. IlOA lwlfil1H6BOM Ha rny6TtfH8 75 M A8HCTByeT HSKJIOHO­

MepHa.R CT8HI.µi.R ce�cMonporHOCTHqecKon HanpaBJI8HHOCTW. Ha6JIIDA8HH.R 

BbIIIOJIHHIDTC.R BhlCOKOTOl:JHblMM H8KJIOHOMepaMM. l1cCJie,II.YIOTC.R: 38MHhl8 

npHJIHBhl, cneKTphl B AP06HocyT01JHbDC AW8Il830H8X, H8KJIOHhl - npeA­

B8CTHHKH BpaH1J8CKHX 38MJieTp.RG0HMH. 

IlpH coepeMeHHbIX reo�H3Hl:J8CKHX HCCJI8AOB8HH.RX, CBß38HHhlX C 

H3Y1J8HH€M A8�0pMSI.µiOHHhlX npo�eccoB Ha 38MHO� Il0B8pXHOCTW, B8*­

HOe M8CTO 38HHM8IDT HSKJIOHOMepHhle H3MepeHH.R. ÜHH mupOKO HCilOJib3y­

IDTC.R npH HCCJI€AOB8HH.RX 38MHOilpHJIHBHhlX .RBJI8HHH, pe30H8HCHhlX 3�­

�eKTOB BHyTp8HHero .RAPS 3eMJIH, 6JIOKOBO� CTPYRTYPhl 38MHO� KOphl 

Ttf B8pXHe� M8HTHH H np. Ü1J8Hb B8*HOe 3H81J8HH8 3TOT M8TOA npuo6-

peTaeT B CB.R3H C ycHJIHBWeßc.R B IlOCJI8AH€8 BpeM.R paspa60TKO� Hayq­

HhIX H npaKTH1J8CKHX eonpocOB npo6JieMbl nporH038 38MJieTp.RC8HH�. 

CB.R38HO 3TO C TeM, 1:JTO no ceoe� npHpOAe HSKJIOHOMepHhle H3MepeHHß 

OTHOC.RTC.R K KJiaccy ge�opMa�HOHHhIX M8TO,D,OB H3Y1:J8HHR reo�H3Hl:J8CKHX 

.RBJI8HHn, a, K8K CJI€AY9T H3 JIHTepaTypHhIX ASHHhlX [ I], WM8HHO 

� 
IloJIT8BCK8ß rpaBWM8TPH1JeCK8.R o6cepBaTOpH.R l1HcTHTyTa reo�H3W-

KH HM. C.l1. Cy66oTHHa AH YCCP •

. Jttf MoJI,u,ascKa.R OilblTHO-MeTO,D,HqecKaß napTW.R l1HcTHTyTa reo�H3HKH 

H reonorwu AH MCCP. 

��* l1HcTHTyT wwsHKH 3eMJIH HM. O.D. lllMw,u,Ta AH CCCP. 
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ge�opMaIJ;HOHHble MSTOghl HM8IDT Ha116onbWYJO HH�OpMaTWBHOCTb H H8A8)K­

HOCTb no OTHOill8HHID K npegBeCTHWKOBblM .RBneHH.RM, reHep11pyeMbIX 8HO­

ManhHblM HanpIDKeHHO-ge�opMHpyeMbIM C0CTOßHH8M rny6HHHbIX nopOA O'tla­

roBbIX 30H. EcT8CTB8HHO, Ha6nro,D,8HH.ff HaKnOHOB 38MHO� IlOBepxHOCTH 

Hap.R,Il,Y C APyrHMM BhlCOKOTO'tlHblMM 113MepeHH.ffMH COCTaBnHIDT H80T'&eMne­

MYJO 'tl8CTb nro6o� peanbHOt\ nporpaMMhI ITOMCKa npegBeCTHMROB 38Mne­

Tp.RC8HHt\. Cet\'tlac T8KH8 Ha6nro,D,eHH.ff npoBO,Il,ßTCR npaKTH'tl8CKH BO BC8X 

ce�CM08KT11BHbIX 30Hax MMpa. IlpH'tleM, ecn0 paHbill8 H80RIDA8HH.ff B8RHCb 

Ha 8,Il,HHl1"CllibIX HaKnOHOMepHbIX IlyHKTax, TO cefii'tlac B K8*,Il,OM cet\cMO­

nporHOCTH'tl8CKOM perHOHe gon*HO rrpegycMaTpHB8TbC.ff
, 

C03A8HH8 ceTefii 

Ta1rnx cTattu;11i1. 

IOro-sarraAH8.ff qa CTb TeppHTOpHH YKpaMHhI 11 Mon,rr,aBMH, np11Mb!K8ID­

ll\H8 K BpaH'tl8CKOi1 cet\cMoreHHO� O't18rOBOfii 30He, OTHOC.RTC.ff K Op,HHM 

MS Ha06onee cefiicMoonacHbIX perHOHOB eBporrefiicKofii 'tlacTM CCCP. IlosTo­

My npo6neMa nporH03Hp0B8HH.ff 38Mn8Tp.RC8HHt\ 3A8Cb l1M88T B8*H08 3H8-

'tl8HM8 H ,D,n.R ee perneHH.ff paspa6oTaHa 11 OCY!l\8CTBRR8TC.ff HayqHa.R npo­

rpaMMa. ß paMKax STO� nporpaMMhl npeAYCMOTpeHO p83BMTH8 lliMpOKOM 

C8TM KOMI1JI8KCHblX CT8Hlll1H pemMMHbIX H80RID,Il,8HH� 38 IlOB8A8Hl18M pas­

RH'tlHhIX reo�H3H'tl8CKHX none�, BapHau;ww KOTOpb!X MOryT cny,KHTb 

npe,Il,B8CTHHK8MM 38MneTp.RC8HHt\. IlpoB8A8HHe BblCOKOTO'tlHbIX HaKnOHO­

MepHbDC Ha6nIDA8HHi1 - B8*H8.ff COCT8BH8.ff 't18CTb STOt\ nporpaMMbI, B CB.ff-

311 C 'tl8M H8't18TO C03,Il,8HH8 ceTH HaKnOHOMepm,rx IlyHKTOB. 

CTaHIJ;Hß "füUllHH8B 11

' BB8,Il,8HH8.ff B ,rr,ei1cTBVl8 B I<Ottu;e 1983 r.' 

ßBTI.R8TC.ff nepBhlM IlyHKTOM TaKOi1 ceTM. OpraHH30B8H8 OHa COBM8CTHO 

IlonTaBcKot\ rpaa0MeTpM'tlecKoi1 06cepaaTop11et\ AH YCCP 11 MongaBcKo� 

omrTHO-MeTo,rr,0qecKoi1 napT11ei1 MIT AH MCCP. CTaHu;H.R ocHail\eHa coBpe­

MeHHh!MM Bb!COKOTO�Hb!MH Ha�nOHOMepaMH aBTOKOMileHca�HOHHOro THna, 

paspa6oTaHHhlMH B nro AH YCCP •• qyBcTB:vtTenbHa.R K HaKJIOHaM anrrapa­

Typa ycTaHOBneHa Ha rny611He CBhlllie 75 M OT ,D,HeBHO� TIOBepxHOCTH B 
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TymllWBOM IUTpeKe IIIaXTbl no ,n.o6bille M3B8C'l'HSiKa. 3,n.ecb t:1M8IOTCSi ,Il,O­

CT8TO�HO CT8ÖHJibHbl8 BH8IUHH8 yCJIOBHSi, �TO o6ecne�HJIO BhlCOKY!() 

IlOM8X038�M�8HHOCTb W3MepHT8JlbHHX KaHaJIOB. B Hac H8T B03MO*HOC­

TM OCT8H8BJIHB8ThCR Ha OilHCaHHH yCJIOBM� H80JIIO,Il,8HMM W WCilOJib3ye­

MOro H8KJIOHOM8pHoro o6opy,n.oBaHHß. aTH Bonpochl OTP8*�Hbl B pa6o­

T8X [ 2,3 J . 3aM8TMM TOJibKO, qTo, MCKJIIOqag ycTaHOBO�Hblt% nepM-

0,Il, 11 pe,n.Kwe cn�a�Hhle c6oM B pa6oTe HaKJioHoMepoa no opraHMsa­

QMOHHo-TeXHMqecKWM npwq11HaM, B8Cb M3M8pHT8JlbHhl� KO�IlJI8KC o6ec­

neqMB88T BhlCOKOKa�eCTB8HHY!() perwcTpaQMIO HaKJIOHOB 38MHO� IlOBepx­

HOCTM. MMeeTCR B03MO*HOCTb ,Il,8JlhHetnnero yn�eHMR KaqecTBa H8-

6JIIO,Il,8T8JlbHOro MaTep11ana: ecn11 ceMqac ,n.ocTWrHyTo paspeweHHe ,n.o 

O,I MC. (no ,n,e�OpMaQM.RM 3TO COOTB8TCTByeT ro-10), TO B He,n.a­

JI8KOM 6y�eM qyBCTBMT8JlbHOCTb per11cTpaq1111 6y,n.eT yaeJIM�eHa e�e 

Ha 0,5 nopR,Il,Ka M OOJiee. C MOM8HTa BBO,Il,a cTaHQMM ceijqac y,i<e Ha­

KOilJl8H 3H8qMTeJibHhl� o6�eM 3KcnepMM8HT8JlbHOro MaTepwana npwro,n.­

HOro ,IJ.JIR l13�8HWß reo�03HqecKMX 3��8KTOB ,n.e�OpMaQMOHHOro THila. 

Ifu*e npe,Il,CT8BJI8Hhl pe3yJlbT8Thl MCCJ18,Il,OB8HH� 38MHhlX npHJIMBOB, 

Cil8KTp8JibHOro COCT8B8 HaKJIOHOB B ,Il,pOOHOcyToqHOM ,Il,l18Il830He, a 

T8K*8 cnyqaeB aHOM8JlbHOro IlOB8,Il,8HMR H8KJIOHOB-,Il,8�0pMaQW� rrepe,n. 

CMJibHbIMM 3€MJl8TpRC8HMRMH. 

3eMHbl8 I1pMJU1Bbl 

MMeeTCß H8CKOJibKO acneKTOB B HCCJ18,Il,OB8HMRX 38MHbIX rrpMJIM­

BOB no H8KJIOHOM8pHHX H80JIIO,Il,8HMRX. Ü,Il,Ha 113 OCHOBHblX 38,Il,8"4 rrpH 

TaKHX MCCJI8,Il,OB8HHRX 38KJII0"488TCR B ITOJIY"48HHH 3KcnepMM8HT8JlbHhIX 

,n,aHHblX, xapaKT8pH3Y!()�HX pacnpe,n.eneHH8 aMITJIHTY,Il, l1 �83 rnaBHblX 

BOJIH 38MHOrO rrpt:1JIHBa B H8l1CCJ18,Il,OBaHHHX paHee per110Hax 38MHO� 

IlOBepxHOCTH. 3TO il03BOJIR8T HCCJ18AOB8Tb yrrpyr�e CBOHCTBa 3eMJIH 

B perMOHa�bHOM � rno6a�bHOM MaClliTa6ax, a TaK*e B03MO�Hhle BapHa-
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�11 3TWX CBOACTB OT perI1OHa K per:HOHy. He MeHee Ba)KHOtl no 3Ha­

t!'0HHIO sa,11.aqej.l, pewaeMOA IIpH T8KI1X Jr,fCCJie,IJ,OB8Hlr1HX, no HaweMy MHe­

HHIO, ßBJIReTCß H3yt!'8HJr,fe H0JI11H0�HblX 11 Heynpyrwx 3��0KTOB BHyTplr1-

KOpOBOro 1r1 M8HTHtlHOro npOHCXO)K,IJ.0Hlr1R. IlpaKTHqecKOe H HayqHoe 3H8-

t!'8HM8 3THX HCCJl0,IJ.OB8H11tl HCKJIIQtj'Jr,fTeJibHO B8)KHO ,D,nß WH3HKH oqarOBhlX 

3OH 38MJieTpHC8Hlr1A [ 4,51 . IlpI1 3eMHonpmntBHhlX l1CCJ18,IJ.OBaHHHX MO­

ryT TaroKe paccMaTplr1BaTbCß H ,11.pyrHe aKTyaJihHbI8 aa,11.aq11 reO,IJ.HHaMH­

KH. 

IlapaMeTpa�, xapaKTep113YJOII.\l1MH ynpyrocTb 3eMJIH, ßBJißlOTCß 

aMIIJI.lr1TY,Il,HblA q,aKTOp 'y 11 l:P830BOe 38Il83,IJ,blB8H.lr18 � jP . .lvrH HX 

onpe,11.eneHHß ,IJ.aHHble HBKJIOHOMepHbDC H8OJIIO,IJ.8HI1tl ObLJIH pa3Olr1Thl Ha Me­

CHt!'Hhle cepHH H IlO,IJ.BeprHyThl rapMOHHqecKOMy 8H8Jllr13Y M0TO,IJ.OM MaTBe­

�Ba / 6 J . Ilo. IlOJiytl8HHbIM M0Cßt!'HhIM 3H81J0HIIISIM napaMeTpOB t H 

Af/ Bbr41r1CJl0Hhl cpe,II.HeBeKTOpHble Ben1r1q1r1Hhl ,IJ,nß 8 rnaBH8�I1X npH­

JIHBHbDC BOJIH .cyToqHoro H noJiycyTOt!'HOro AH8Il83OHOB. TaKHe Bhlt!'HC­

JI8Hlr1ß noKa npoBe,11.eHhI no MaTep1r1a�aM nepBoro ,IJ.ByxneTHero pH,II.a Ha-

6nn,11.eHHA. AHaJI.lr13 llOJiyt!'0HHbIX pe3yJibT8TOB IlOK83bIBaeT, t!'TO no BCeM 

BOJIH8M llOJiyt!'8HhI ,IJ.OCT8TO'QHO H8,IJ.9'ltHhle 3H8'Q0HHß ynpyrHX napaMeTpoB, 

KOTOphle ,IJ,Jlß O,IJ.HOro JI106oro HanpaBJI8Hlr1ß B38HMHO corJI8COB8Hhl. C

H8HOOJiee BhlCOKOA TO'QHOCThlO ( ---0,5%) OHH onpe,11.eJieHbl AJIH BOJIHbl Mz: 

HanpaBJieHHe B-3 - y • 0,699; '1 f • 5 ,46°, HanpasneHHe C-1) -

/• 0,576; Af -= -!5,33°. KaK BHAHM, ynpyr1r1e napaMeTphl B Ha­

npaaneHHH B-3 COOTB8TCTByioT 8H8JIOr.lr1'tffihIM B8JIHt!'HHaM, IlOJiyt!'8HHblM 

aKcnepHMeHTSJibHO Ha Teppnop1r1M YKpa1r1Hhl { 7} , a TalO!te rnooaJib­

HhIM 3H8t!'0H.lr1ßM STOro napaMeTpa. 3aaqeHHß napaMeTpOB B H8Ilp8BJI0HMH 

C-D Cyill8CTB8HHO OTXHt!'8�TCß OT CBOHX rXOOSJibHbIX 3H8�8HHa. ÜTJIH'QH8

3TO CTORb 3H8'QHTeJibHO, 'QTO HBHO BbtXO,IJ.HT 38 npe,11.exM BO3MO*Hb1X

OlliHOOK. HaXH'QH8 3HaqHTeJibHOa 8HOM8XHH 30MHOilpMXHBHhIX napaMeT-
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poB CBl,1,D,eTeJibCTByeT O aHOM8JihHO OOJibWOH no,II,aTJIJ,iBOCTJ.1 nopop,HOI'O 

MSCCkfBa Ha CT. "füllllMHeB" B HanpaBJI0HWH C-IO. BepOßTHbIMJ,i np.HtnrnaMl-1 

IlOßBJieHHß 3TI,1X 8HOM8JIJ.1� MOI'YT OhlTb CJI8AYl()�He qJBKTOphl: OJil,13Jle)K8-

�e pas.JIOMhI, BJUlßHHe BpaHtJ0CKOH O'lJ8I'OBO� 3OHhl 1,1 34Jql0KT IlOJIOCTH. 

)J.nR BhI.RCHeHHß npMtJMH 8HOM8JIMH TpeoyroTC.H ,Il,OilOJIHJ,iTeJibHhle MCCJI8P,O­

BBHM.H. 

CneKTpaJibHhl� COCTaB HBKJIOHOB MCCJI8,Il,OB8JIC.H npe0M�8CTB8HHO 

C Q8JibIO BbI,D,eJiefü.1.H rapMOHMK Ha HenpMJIMBHbIX tJa CTOTax (HanpMMep, 

H8JII,1H8�HbIX rapMOHMK 3eMHonp11JIMBHOI'O npOMCXO*,Il,eHH.H), a TSR:*8 H3y­

lJ8HH.H xapaKTepa pacnpep,eneHM.H ynpyroH 3HeprMM p,eqiopMaQMH B 

,Il,pOOHOCYTOtJHOM P,Manasotte. )J.n.H 8H8JIM38 M8CCHBhI ,Il,8HHhlX pa3Ok1B8-

JIMCb Ha 6-M8C.HtJHhl8 cep1,1�. Do HHM BbmMCJI.HJIJ,iCb cneKTphl mypbe, a 

38T8M H 3HepreTJ,itJ0CKH8 cneKTphl. ÜHH BbTTJJ,iCJißJIHCb no ,Il,8HHhlM Ha­

OJIIO,Il,8Hlt1� B OOOMX HanpaBJieHH.HX. PeayJibTMPYto�H� 3HepreTMtJ0CK.H� 

cneKTp B HanpaBJI8HHH B-3 npeACT8BJI8H Ha pMc. I. Ms Hero B.H,Il,HO, 

lJTO Ha H8KOTOpb1X y'Q8CTK8X p,po6ttocyTO'QHOI'O ,Il,W8Il83OHa HMSIOTCß 

rapMOHWKW, 38M8THO Bbl,JJ,SJI.HIO�.Hec.H Ha o6�eM qJOHe. B TpeTbCyTOtJHOM 

1,1 6onee BhlCOKOlJ8CTOTHblX ,Il,M8Il83OH8X IlOMHMO 39MHOilpWJIHBHO� BOJIHhl 

M3. 38M8THO Bbl,JJ,8JI.HIOTC.H rapMOHHKit1 HenpMJIJ,iBHOI'O npOHCXO�,Il,9HHß. 

Ha1,160Jiee CHJibHO BbI,JJ,8JI.HIOTC.H KOMITOHSHThl c lJ8CTOT8MH KpaTHpIMH COJI­

HeqHOMy W1KJIY (45,0; 60,0; 75,0 rpa.n/tJac, ••• ).

YK838HHhl8 rapMOHJ,iKM HM0IOT COJIH0lJHOe npOMCXO�,Il,9HHe. IlpHqHHbl MX 

TIO.HBJI8H.H.H ,IJ,OCTOBepHO He ycT8HOBJI8Hhl I,1 Tpe6yt0TC.H ,Il,OITOnHHT8JlbHh18 

HCCJ18,Il,OB8HI,1.H ,II,JI.H J,iX Bhl.HCH8HH.H, XOT.H MO�HO BhlCK838Tb p.H,II, npeg­

nOJIO*eHJ,ii:1 06 STOM [ 4,5,8,9 ]. 
rJiaBHbIM HanpaBJI8HH8M H8KJIOHOM9pHbIX McCJiegOBSHHA B KHmHHe­

Be ßBJI.H8TC.H pemeHHe ce�cMonporHOCT.HqecKHX 38,Il,aq. IlpH H8KJIOHOMep­

HblX Ha6JI�A9HHßX nepe,II, seMJieTp.HceH.H.HMH MOryT perHCTpI,ipOB8TbC8 

H806IJqHhle p,e�opMaQHOHHble npoQeCChl. lJacTb .H3 HHX MO*HO wcno�b30-
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B8Tb B KaqecTBe npe,IJ,B8CTHHROB 38MJI8Tp.RC8ijH�. )J,rr.R ,IJ,OJ1rocpoqHoro 

H cpe,D,HecyTo�Horo nporHosa yJKe HcnoJ1b3YJOTC.R HJIH npep,no.11araeTc.R 

l1CilOJlb3OB8Tb ,Il,8HHhie O XO,IJ,€ M8,II,JI8HHbIX H8KJIOHOB 38MHO� nosepx­

HOCTH, BapHa�H aMITJIHTy,D,HbIX rrapaMeTpOB rJISBHbIX npHJIHBHhIX BOJIH 

H np. )J.rr.R QeJle� onepaTHBHoro nporHO38 npHrO,IJ,Hhl K HCilOJlb3OB8HHID 

KOpOTKOnepHO,IJ,Hhl8 8HOM8JIHH B HSKJIOHax, HMeID�He paa.11wq� xapaK­

Tep, a HMSHHO, 6yxToo6pa3Hhle H WJ1yKTyHpyro�He HaRJIOHhI, aHOMSJIHH 

B ITOB8,Il,8HMH KOMOHHa�HOHHbIX rapMOHHK, OO.R38HHbIX H8JIHH9�HOMY 

B38HMO,IJ,8�CTBHID B 38MHOilpHJIHBHOM CHrHaJle H AP·

TaK K8K BCe nepeqHCJl9HHhl8 npe,D,B8CTHHKOBhl8 3��9KThl HM8IDT 

E8pü.RTHOCTHO-CT8THCTHqecKH� xapaKTep M IlORa He IlO,IJ,TB8p,K,Il,9HbI 

3KcrrepHM9HT8JlbHO, TO OCHOBHO� aap,aqe� nepBoro 3Tana H8CTO.R�HX 

H86JIID,Il,9HHM .RBJI.R8TC.R OOH8pY)K8HH9 H BbI)J,8JI9HH8 HaH60.11ee ,IJ,OCTOBep­

HhIX npe,D,B8CTHHKOBbIX 3��8RTOB, H3�8HHe HX xapaKTepHbIX 0C00€HHOC­

Te�. IloaTOMy npM 8H8JIH38 MaTepHaJIOB Ha6Jiro,IJ,eHH� npwopwTeT 3,IJ,8Cb 

OT,IJ,aH wayqeHHID OTHOCHTeJ!bHO KpaTROcpoqHhIX ,Il,€�0pMa�OHHhlX npoQec­

COB, HM8BlliHX M8CTO B npe,D,eJiaX OT H8CKOJlbKHX qacoB ,Il,O 2X - 3X 

cyTOR nepe,D, 38MJI8Tp.RC€HH.RMH. TaRH9 8HOM8JIHH qacTO o6HapyJKHB8IDT­

C.R nepe,D, MeCTHhlMH (BpaHqecRHMH) 38MJI€Tp.RC8HH.RMH. PerHcTpHpyroT­

C.R 8HOM8JlbHhl8 H8KJ1OHhl B BM,Il,8 Hepery.11.RpHOCTe� Ha 06hlqHo rna,IJ,KO� 

KpHBO� npHJIHBHOro HaKJIOHa. tJ.a�e Beere OHH HM8IDT �JlyKTyHpyro11µ1� 

xapaKTep, 6h!BaeT B BH,Il,8 6yxT H8KJIOHOB, HHOr,IJ,a M TO H ,D,pyroe. 

)J,rr.R M8CTHOro nporHO3a HaH60JlblliH� HHTepec npe,D,cTaBJI.RIDT CJl�aH 

IlO.RBJ18HM.R 8HOM8JIH� nepe,IJ, BpaHqecKHMM 38MJI8Tp.RC8HH.RMH. ÜHH noqTH 

Bcer'Aa HMeroT MecTo nepeg 38MJieTp.RceHH.RMH c M > 5. 3a nepHO,IJ,

C 1984-1986 rr. ycTaHOEJI8HO 4 IlO�TH 6eccnopHbIX C06b!THR 3TOro 

pop,a. AHoManHH Ha6.11rogaJ1MCb nepe,D, 38MJieTp.RC9HH.RM0 npOHClli8,Il,IllHMH: 

I - I 4. 05. 84 r. ( M;, 4, 7) ; Il - I. 08. 85 r. ( M � 5 , 2) ;

l1l - 21.02. 86 r. ( M� 5); IY - 31.08. 86 r. ( /1� 6,9). Ha

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



223 

p:rtc. 3 H 4 npe,rr,cTaBJI9HbI sanMCH )J,Byx Ha.t160Jiee HHTepecHbIX CJiytia­

eB XO)J,8 H8KJIOH8 c aHOMaJIHHMH, 

AHaJIH3HPYR 3TH H ,rr,pyr11e CJiytiaH TIORBJieHHR 8HOM8JIH�, MO)KHO 

OTM9THTb CJ18,II.YIOIJ.\99, AHoMamtH H8KJIOHOB nepe,rr, C.t1JlbHbIMJ1 M9CTHbIMl1 

seMJieTpRceHHRMH xopomo Bbl,Il,9JlßIOTCR Ha �OHe np.t1JIHBHOPO H8KJIOHa. 

Ka*,Il,8R aHOM8JIHß KpOMe 06ll\l1X qepT HMeeT H c�ecTB9HHhle HH,Il,HBH,IJ,y-

8JlbHhI9 oco6eHHOCTH. Ha.t160JibillH� pasMax 3THX aHOMaJIH� He npeBbnIIa­

eT e,rr,HHHQ, B Jiy'4IlleM CJ!y�ae naphl ,Il,9CßTKOB MMJIJ1l1C9KyH,Il,, AocOJIIOT­

.. Bemrr.:nma B HaKJIOHax no COCT8BJlßIO�e� C-IO B H9CKOJibIW pa3 OOJib­

me, �eM B HanpaBJI9Hl1H B-3. ConocT8BJlßß 3TOT �aKT C TeM, �TO B 

3TOM *8 HanpaBJI9HH.t1 o6Hapy,KeHa Cl1JlbHaR.aHOM8JlbHOCTb 38MHOro np.t1-

JIHB8, IlO-BH,Il,HMOMY, CJie,rr,yeT saKJIIOl!HTb, �TO 3TO COBna,rr,eHHe He� 

CJiytia�o: 60Jiblli8ß rro,rr,aTJIHBOCTb 38MHO� KOphl rro C-IO ,Il,OJl*Ha npHBO­

,Il,HTb 3,Il,8Cb K TIOBbllll8HHO� ,rr,e�opMMpyeMOCTH 38MHO� KOphl. 06Hapy,KeH­

H08 COBIT8,IJ,9HHe, 9CJI.t1 OHO B ,Il,8JlbHei1IneM 6y,rr,eT TIO,Il,TB9p)K,Il,9HO rrpo,rr,oJI­

*8IO�HM.t1Cß HSOJIIO,Il,9HHHMH, HM88T C8MCMOrrporHOCT.t1qec1<oe 3H8l!8Hl18 

rrp.t-1 Il0.t1CK9 nporH03HbIX IlyHKTOB. 

B 38KJII0�8Hl18 OTM8THM, l!TO OITbIT BhIITOJIH8HHbIX BhlCOKOTOl!HbIX 

Ha6JIIO,Il,8Hl1� IT03BOJiß8T HSM C,IJ,8JI8Tb HH*8CJl8,D.ylO�He 38M81.!8HHH, 

ijcrrOJib30B8HHe ,Il,8HHbIX H8KJIOHOM8pHbIX Ha6JIIO,Il,8HM� )J,JIH ce�cMonpor­

HOCT.t1�ecK.t1X Q8JI8� MM88T MHOronJiaHOBb� xapaKTep,a ITOT8H�MaJibHhle 

B03MO*HOCTM TaKHX Ha6JIIO,Il,8HH� peaJIH30B8Hhl e�e 01.!8Hb cna6o. qTO­

Ohl C M8KCHMaJibHO� 3W�9KTHBHOCTb� peaJIM30B8Tb 3TH B03MO*HOCTH 

H800XO,Il,HMO rrpHM9HHT9JlbHO K per.t10Hy H MM8IO�MMCH ycJIOBHHM Ha6JIIO­

,Il,8HHn paapa6oTaTb .t1 BHe,rr,pHTb C00TB8TCTBYIO�YIO M8TO,IJ,.t1Ky rrpoBe,rr,e­

HHH BhlCOKOTOl!HblX l13MepeHM� HaKJIOHOB. IlepBOCTeneHHOe BHMMaHHe 

CJie,rr,yeT y,rr,eJIHTb Bhl6opy BhlCOKOTOl!HOro M H8,Il,81KHOrO o6opygoBaHHH, 

cTa6HJIH38�HH ycJIO�M� H80JIIO,Il,8HMM, Bhl6opy M8CTOpacrrono*eHHH Ha­

KJIOHOMepHoro IlyHKTa. Ilpw Ha,IJ,Jiema�eM KaqecTBe rrpH6opoB OCHOBHbIM 
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WSKTOpOM,OrpaHH�HB8IO�M TO�HOCTb HBKJIOHOMepoB, a cnegoBaTeJibHO 

H B03MOJKHOCTH H3ytJ8HHR TOHKHX reo�H3H�8CKHX 3��8KTOB, ecTb no­

M8XH MeTeoponorH�eciwro npOHCXO*A8HHR, JIOKaJIH30BaHHhle BOJIH3H 

CTSH�H. CHHmeHHe BC8B03MOmHhlX IlOMex RBnReTCR 06R38T8JlbHblM ).l,JlH 

KamgoA H8KJIOHOMepHOA CTaH�H, pa60Ta10�e� Ha nporH03. 
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Summary 

The works concerning the establishment of the geo­

dynamical network SAGET /Satellite-Geodetic !raverses/ 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

to.blishe.d 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 Fig. 1. The territory of Poland is also crossed 

by the Teisseyre-Tornquist zone which is well known to geologists 

and those dealing with tectonic.s. 
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ALPS 

Fig. 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 !raverses SAGE� 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 So.uthern 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 moder'n 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 metho.ds of satellite and inertial point

positioning for developing countries,
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7. to reconnaissance the geological structures using satellite re•

mote sensing techniques in the areas covered by the traverses

of the SAGET project,

8. to carry out the complex investigation� 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. Borowa G6ra - Astronomical-Geodetic Observato�y- of the Institu­

te of Geodesy and Cartography, 

2. Borowiec - Astronomical Latitude Observatory of the Polish Aca­

demy of Sciences, 

3. Gryb6w - Branch of the Astronomical Observatory of Warsaw Uni­

versity of Technology, 

4. Jozefos;taw - Astronomical-Geodetic Observatory of Warsaw Uni­

versity of Technology, 

5. Olsztyn - Satellite Observatory of the Academy of Agriculture,

6. �niezka /the Karkonosze Mts / - Meteorological Observatory.

Such stations as Borowiec, Gryb6w and Jozefos;taw 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 G6ra 

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, coristructed in Poland, have been installed 

and work permanently at such stations as Borowa G6ra, Borowiec, 

J6zefos;taw and Olsztyn. Most of the above mentioned basic stati-öns 

are connected wit4 the D�ppler points in other countries /e.g. 

Wettzell, Hannover, Graz, Penc, Metsahovi, Jänhiälä and others/. 
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. Sw.Krzyz 

Fig. 2. The SAGET traverses 
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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 G6ra - Jozefos;!:aw - tlw. Krzyz /The tlwi�to­

krzyskie Mts 1 - Grybow.

2. Gryb6w - The Pieniny Mts. - Upper Silesia /hard coal mine re­

gion/ - Lower Silesia - tlniezka /The Karkonosze Mts, /.

J. Jozefos;!:aw - Belchatew /brown coal mine region/ - tlniezka

/The Karkonosze Mts/.

4. Jozefos;!:aw - 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. 

A� the basic stations of the network satellite Doppler, 

gravimetric and astronomical observations will be made periodical­

ly. At such stations as Borowa Gera, Borowiec, Jezefos;taw and 01-

sztyn Doppler observations are carried out permanently, permanent 

astronomical observations of latitude are also carried out,at Bo­

rowiec and Jozefoslaw. There are plans to carry out and repeat 

periodically absolute gravimetric measurements at some points of 

the network /e.go Borowa Gera, Borowiec, Grybew/. 

Along the traverses of S'AGET 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,

J. astronomical measurements -of astronomical lati tude and lone;i tu­

de at the astronomical points situated at the distancesof about

50-70 km along the traverses,

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

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 establisbment and measurement of tbe whole satellite­

geodetic network i3,S 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 tbe following sections: 

Borowa G6ra - J6zefos;taw - Sw. Krzyz /The �wi�tokrzyskie r1ts/, 

J6zefos;taw - Be;tchat6w, as well as 

Gryb6w - Pieniny Mts. 

The first measurements on tbeses 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 TJ/ 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 Jozefos�aw 

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 Jednosci Robotniczej i 

00-661 Warszawa Warsaw/POLAND 

Phone: 25-85-15 

Telex: 81-33-07 pw pl 

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



238 

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 modal areas, the marginal and 
two-

the joined sampling distributions of thTdlmensional random va-

riable (X,Z) are determined and studied. The statistical and in­

formation relation between X and Z ia demonstrated by means of 
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, an entxopy tae't o! independenee. A close positive and stat.­

istically signi!icant correlation between them is discovered. 

The be.st !i tting mathematical-stochastic polynomial model , 

with its parameters !or the regraseion aquation x • i (z) 

as well as the accuracy o! the r&spective .:!orecast are det­

armina-d. The established space-time. interre.lation between X 

and Z elucidates the regional geodynamics o! the Eastern 

Fore.-Balkan and will contribute: to the earthquake.-reaietent 

building construction within tha region under investigation. 

ITPE}J.OTIPE}J.EJIR�R POJib HEOrEH-qET3EPTyfqHW{ no OTHO!llEHW) 

R COBPEMEHHIIM TERTOHHqECRvlM }J.B»llillHHRM H HEROTOPiiIE ITPY1MEHEID1H 

}J.JI,I UFJIEfi CE�CMOCTOfü.coro CTPOnTFJihCTBA B IIEPEXO}J.HOl\4 

P.JIAT�OPMEHHOM-OPOPEHHOM P�OHE ITOBBPElK.hH 'llEPHOro MOPH� PE��ME. 

l H cospeMeHHHX X sepTHKB.llb-

HWC ,n;mnr.eHHH seMHOYi KOpht H ycTaHCBJieH,'!e CT06HJibHOA HJnt nepe­

MeHHOI CTpyKTYPht CB�3H Me-�y HHMM HMeeT KBK tYH�BMeHT8.llbHOe, 

T8K H HayqHO-npMK.118,Il;HOe 3HBqeHHe ,Il;Jlß o�eHKJ/l celcMIBZeCKOI onac-

HOCTH H ,Il;�ß ceAcMHqecKorc paloHepOBBHHH. B CBH8M C 

.11aHo ,n;eTSJibHOe Hcc.11e,n;oaaHHe saBHCHMOCTH MeE,n;y X 

8THN, 

H z B 

c,JJ;e-

HH-

TeJibHOCTb ßBJIHeTCß KaTaJIH38TCpOM 8CT9CTB9HHOH C8V.CMHQHOCTK • 

HCb HHTerpB.llbHOH q8CTbD KBK nepHil.118T�OpMeHHOI DXHOH rp&HIAHOI 

30H� M�aH�CKOH Il�MTH, T6K H no�BM�Horo oporeHHorc npocTpSHCT-

EB M8lt.1t.Y Hel M �p8KM�CKMM cpe�MHHNM M8CCMBCM. Ha CCHOBe �o-

IlEPff-

TeHCMBHO paaBMTOM npCMLllll~eHHOM H ropHO-~OtiWBSD~eM paioHe qep­

HOMCpcKoro no6epeEhR, r~e B noc~e~HMX ro~ax BHTponoreHHBR ~eH-
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X H 1. H8 12 He88BHCHMHX 

M0,D;eJibHWC o6JI8CTei, onpen;eJI8HU VI HCCJie,IX0BBHH 

0,ll;H0MepHHe H C0BM8CTH0e .IXBYM8pH0e pacnpe,D;eJI8HHff 

BeJIHqHHJil ( X', z) 
MelB:.IXY X H z ,ll;0KB3BHB npH Il0MC�VI 3HTponvrlHoro T8CTB 

H888BHCHMOCTH. IlpH TOM YCT8H0BJI8Ha CH�bHBff IlOJICJIHTe-JibHBJ!' 

H CT8THCTHqecKH 8H8QHMBff KOppe�Jl�HR Me�,D;y HH�H. Onpe,D;eJieHa 

H HBH60Jiee llO.IXXO,ll;ff�BR MBT8M6THKO-CTCXBCTHqecK8ff MO,D;e�& C 

ee napaMeTpaMH ,D;JIR �pasHeHHR perpeccHH H T0q-

H0CTb C00TBeTCTBYD�ero nporHcaa. YcTBHOBJieHHBR npocTpBHCT-

BeHHO-BpeMeHHBJI CBH8b Me:i,n;y X H o6��cH�eT perHo-

R8JI&HYD reO,D;MHBMHKY BocTOqHoro Ilpe,D;68JIKBH8 H BH0CHT 

B ceicMOCTOiKoe CTpCHTeJibCTB0 B HCCJie,D;yeM0M paioHe. 

BK.71'8,lt 

311!Il!lpl!T{ec 101e 

CJ!Jt!B~HO~ 

o CT8Tl!ICTl!ltfeCK8ff M MH}OpM8Ql!IOHH8~ CB~8b 
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1, Introduction 

The modern methods of seismic zoning related to the earth­

quake-resistent building construction (PMaH�4eaKo , 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 rnaximum magnitude Y=(K-4)/1.8 of the 

possible earthquakes with energy E=10k joules where k is the re­

spective maximum energetical class, and b) for the long-term 

source seismici ty and for the fadi.ng law of J related to the in­

creasing distance to the hypocentre. 

When mapping Y versatile geophysical, geologm-geomorphologi­

cal and geodetic information is used (e.g. Boncev et al, 1982; 

r�T�c 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 Mohorovicit, 

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, ••• ). 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 (Totomanmv, 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 to the fundamental researches assigned by the Ministry 

of Culture, Science and Education, concerning the geodetic roethods 

of searcbing earthquake precursors, these elaborations, and the 

first of its kind quantitative investigation (Totomanov, 1988b) 

on tbs 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 zone between two lithospheric plates with 

Precambrian stabilization. These.:are: southwards - the steady 

rising thiok 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 rnafic type) 

Earth's crust of the Ponto-Caspian lithospheric plate (EoHqeB 

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 Pleis�ocene (aged 2-1.5 millions of years) from 
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the Quaternary period of the Cenozoic era; within the Quatern�ry, 

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 de�udation flattening of the dryland, the initial flat­

tening surface - peneplane is formed (reorp8WMH Ha E��rapMH ,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 pby­

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 Bal,ka­

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 (EoaqeB ', 1987). Its structure comprises a 
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Pig. 1. Tectonic structure and vertical Earth's crustal movements in 

Northeastern Bulgaria. Structural zon�s: a -Moesian plat!orm, b „ 

Eastern Balkanide�, c - Shoumen Transitional Zone. Isolines of the 

movements: d - velocity of recent movements (mm.a-
1), e - amplitude

o! neotectonic de!ormations of the initial smoothing eur!ace - 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 scient�fic 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 wJth 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 

3.1� Initial data, model areas and sampling distribution of 
X and Z 

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 <reorpa0HH

Hä E��rapMH , 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 Xis mapped (ToroMaHOB 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 

j_mportant 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, genera:J_ized. locally-.smoothed esti­

mates x1 and z1 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 

stereohystogramrne of the relief of the frequencies n \Cf. of the

realizations of this variable within the respective site (xk
± dx'

z
1

± dz) with a central point (x� , zt) and semi-widths dx =
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Yig. 2. Model area� o! studylng the relatlon between the recent and neo­

tectonic Earth'� crustal movements within the Shoumen Transitionäl Zone. 
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-1 
= 0,5 mm.� and d

t 
= 65 m of the intervals, with numbers in 

sequence k = 1,2, ••• ,nx and 1 = 1,2, ••• ,nz, of data grouping res­

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 n�t 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 objec�ive quantitative corro­

boration on the existence of such a regularity within.the Shoumen 

Transitional Zone will preliminarily be searched for. 

3o2• Entropy test of independence of X and Z 

In order to check this hypotbesis, 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�, zt) and respective probabilities

can ·be considered (e.g. BeHT�e�D , 1964) as a physical system

to which an inner degree of indefinitenese is inberent. This in­

definiteness is measured by the entropy of the syetem given by 

where usually a 

the entropy is 

2. For the separate random variables X and Z
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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 

(3) �(A,B): �(A) + �(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-

babili tie s f
l=- )'?! �='n.� . 

(4) 
pK =(t"

1 
n.Nn= rt�ltt, Pt =(1, ri.JI n�Ji/n., 

Pl(t
::: n, l(l/ n, 

determined by means of the stereohystogramme (Fig. 3) of the joint 

distribution of X and Z, by which the respective table is used 

(Müller et al., 1979). In Tab. 3, for each cell kl are given 

two values: of P�t in the numerator, and the respective com­

ponent -p 1<(!, Li)�<>--Pl(t in the denominator. By such a manner the

following values 

(5) H (X) = 1. 94 8 5

H(X,Z) 

l-l(Z)=2.1243, 
= 2.5524 

for the entropy are calculated, from which 

(6) H(X) + H(Z) � 4.0728
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Table 11. Entropy o! the simple ( one-dimensiona.l) 

physical syatem X (mm.a-1')

InterTal !or 

No. !rom

1 o.oo

2 0„50

3 11.00

4 1,.50

5 
l 

2.00

K-:.5 

X 

to 

0.50 

11.00 

1i.50 

2.00 

2.50 

Sampling i 
probabili ties 1 

pk

0.41i6 667 

0.333 333 

• 0.083 333

o.083 333 

0.083 333

0.999 999 

- pklog2pk

0.5262 

0.5283 

0.2980 

0.2980 

0.2980 

1.9485 

Table 2. Entropy o� the simple (one-dimensional) 

physical system Z (hm) 

InterTal !or z Sampling 

probabili ties - P1log2pl
No,. !rom to 
l 

p
l

1i 3.00 3.65 0.250 000 0.5000 

2 3.65 4.30 0..3:53 333 0.5283 

:5 4.30 4 .95 0.250 000 0.5000 

4 4.95 5.60 0.083 333 0.2980 

5.60 6.25 0.083 333 0.2980 

t-::.5 

0.999 999 2.1243 
f,::.4 

' 

1~ T -
1 

1 r -
k 

1 

1 

1 
1 

-

~ 
1 -

L 1 

""' 

-

~ 

1 1 

' 5 
1 

1 
[ 1 l 
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Ta:ibi.e 3 • .Entropy- of th• composed (bo-dimension&l.) physical syatem (X� Z) 

for 

In'4trY&ls 1''0,. 
k 

t.-oii 

f No;.
� l :t:rom to 

11 3.00 3.65 

2 3.65 4.30 

,u..) 
3 4.:50 4.95 

4 4.95 5,60 

5 5.60 6.25 

��5 

lc1 

X ( m,rri.,. a;' ) 

1i 2 

o.oo 0.50 

0.50 ti.oo 

0,166 667 0�083 333
0.4312 .2980 

062� 000 00083 �33
• öö .298 

3 

1.00 

11.50 

0 
0 

0 
7r 

0 
0 

001166 667 0.083 333 
,431i2 0,2980 

4 

1i.50 

2.00 

0 
0 

0 
7r 

0 
0 

0 0 0 o�oa-,_ �33
er 0 0 .298 

0 0 ....Q_ 0 
7> 0 0 7r 

5 

2.00 

2.50 

0 
0 

0 
7r 

0 
0 

0 

0-

Ot83 �33
.298 

0
5

416 667 o.,,, ,,2 o,oa3 333 o,oa3333· o,os3333
.93f� ,.0212 0.2980 0.2980 0.2980 

.C:5 

1(-:: 1 

0.220 000 
0.1292 

o,,,, 2,, 
0.7980 

012�0 000 
0.7292 

01oa3 �33
· . 0.298 

0.083 �33 
0.298 

.0.222 2�2
2.8524 

1\) 
cn 
1\) 

• 

1 1 1 l 
' 

1 1 
-

- l. 
' -1 1 

!' 1 1 
~ 

- - - ---

·( - - -- - - - -
- - - - -

- - - - - -
, - -

1 
~ 

1 --, -
1 2. 1- - - -
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is obtained. 

From (5)

(7) H(Z) > �(X) 
follows which designatea 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 general population (X,Z) demon­

strate convincingly the verity of the checked hypothesis on the 

exiatence 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.

J.J. Intensity, significance and type of correlation between

X and Z 

As was already emphasized, the stereohystogramme (Fig. J) of 

the sampling distribution of (X,Z) 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�upon the type of the distribu­

tion of (X, Z), and in particular - upon the d,egree 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 - 888 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. BeHTUenD , 1964 

too) provided only if the two correlation Pearson's ratios 'G 
numerically are equal to the corr8lation coefficient betw8en the 

two random variables of which the two dimensional random variable

is composed. 

Making use of the data for the sampling frequencies tl�t ac­

cording to the hystogramme (Fig. 3), the correlation coefficient 

(9) 

between X and Z is calculated as follows 

l<=Yl,c. l='rl 

Px/ ( I, �. 'n,"t x.. rJ tl - Q" Cl,) / 5� s
., 

+ 

( 1 - 0
2. ) / � n. - 1 

J.xi 
= 0.738 + 0. �09

where the sampling initial moments (mean values) 

IC-=-n.x 

Q� = ( �� 11
K 
xJ / n = O.T91 57 mm. u,-\ 

( 10)
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standard deviations 

S
,c 

= � [ r tl� ( X, - Qx y- ] / ( \1-1 ) = 0. 655 69 nurui 1
, 

S
i 

= h ��· l'l t ( l\ - a} 1 / ( n. - i) = 0. 806 0 T lun
of the marginal distributions of ,X and Z are designated. 

( 12) 

The Pearson's correlation ratios 

12�,z ='1Et11/it- Q,J1/(n.-1) / s
x 

+ 

(1-12:/l);f� =034)!Ü.Ü)), 

il = ✓ ff\i, ( l - Qf 1 / ( n. - 1) / s, +
li/x 1<:1 I< " z:; 

(1- n 2. )/ ✓ ii - 1 � 0.8T5 + 0.071
·c '1-/X

are determined similarly by which the interval mean value5 

l<=-'Ylx. 

XL 
= (I l\t XK ) / \1e, 1 

( 13) K :1 

t::ll t-
z� = ( l. 11 ?:. t ) / \lKL::� 1<t 

and th� marginal frequencies nk and n1 (4) ar� used.

The sampling marginal distributions of X and Z_, toge ther

with the calculations for ix/'l and 
li./X 

are given in Tabs

4 and 5. Based on the comparison of eqs (9) and (12), the fol-

lowing deductions are drawn: 
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!able 4. Saapling cUavibu"tion -o� X aad computaUons ror the c.o.rrelation 

raUo t•1x 

Ill�ervai 

No. 

Je 

11 

2 

., 

4 

5 

Precpency 
nKxl( 

�I( 
middle X 

1'l,K (fun,) 1( 

(mm.a-11)

0.25 5 1i.25 3.715 

0.75 4 ,.oo 4 .1i'38 

11.25 1i 11.25 4.625 

t.75 1 1.75 5.275 

2.25 1 2.25 5.925 

":.5 

1a 9.50 23.678 
��• 

Q., .. 9.50 / � • o. 791 67 mm.a-1 ,
:X, 

!"- Q,� 

- 0.530 83

- o. 1;07 83

0.:,79 17

1.029 17

1i.679 117

2.448 85

1.,r- � 5 .477 98 / t,t, / 0.806 07 • 0.875 4.7 

C " 'n,
K t;K.-Q,t) 

1i.408 90 

0.046 5t 

ö.t43 77 

1i.059 19 

2.819 61: 

5.477 98 

1\) 
(J1 
0) 

-

l. 
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!abl.e 5. Sampling diatribution or Z and computationa ror the correlation

ratio 
i "i/Z

Interval 

Frequency 
No. midclle i

f, \ t-Q, 
k •)1 

(ha) 
L 

11 3.325 3 9.975 
2 3.975 4 15 .900 

3 4.625 3 113 .875 

4 5.2.75 11 5 .2.15 

5 5.925 1 5.925 

(:::5 
I. tt 500950 

t=-f Q • 50.950 / 12 • 4.2'45 83 hll 
2-

Xl 
htm.o.: 1 

0.4117 

0.375 

0.917 
11. 750

2.250 

5.709 J 

X-Q 
t :)(.. 

- 0.374 67
- 0.4116 61

o. t25 33
0.958 33
11.458 33

11.750 65 � 

Li/z • �-... -.-20 _7_8_4_/_11_11_ / o.655 69 - 0.943 21 

'hl c �l. -Q,J

0.421. 13 

o.694 46
0.047 1i2
0.9-18 40

2.ta.6 7'

4.207 84 

1\) 
C1I ... 

,._ 
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i�/]; and t�/X are determined with a rela-

tive root mean square error J.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 fxi�0.8 and 'Yl � 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 modal can be applied, at least as a

first approximation, for the regression equations. 

lt 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

one s for Cl,
oc. 

o.,,1 and =0,987) in this study differ 

from the estimates calculated in the present paper which is based 

on the processing of the data 

intervals of grouping. 

'X, and 
I{ 

for the respective 

c. Although not quite considerable, a difference between

the values both of O , on the one hand, and of 'Y) and 
J xi vr:i.h-

1i!X 
- on the other hand (together with their dispersions) is

established. 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 f 
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and i 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 (Xij' Zij) of samples at 

j=1,2, ••• ,m; 

- from these samples the respective estimates p
j ! are determined;

(j)and 
i7x/l' 

- these estimates are treated as samples from general popu-

lations of normal distributions Nf (o I S 
2
) , J{

)JX. 
(1) /' S�;-, ) ,

H (� r,J 1 J (,, G1x: l- X /;; 

J� 'l]} � I./X J \;x) with paramete rs determine d by the use of the

respective samples; 

- the statistical hypothesis on the equality of ,;the mathema-
is checked 

tical expectations of these general populations,Vsimiiarly 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 � , 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 

'n ll) 
l.,'i)X 
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line, c - by means o:t a best !itting 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 (x\(,zf

- frequencies �
Kl 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 modal. 

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 

wi th this very aim the sampling polygons ', (Xi, z1) of the reg-

re ssions 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

dal 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 modal complication. 

3.4. Mathematical modal of the regression of X with 

respect to Z 

The regression equation x x(z) which determines the mean 

values x for X by mean� of given values z for Z is the quanti-
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�abie 6. Co&!:ticient ot' the approximating power polynomials aimed to aodal 

the de-,pendence o! X upon Z 

Po,wer o:t CG>8!t'icients !r !or r 

the poly-

nomial 

)i 
0 1i 2 3 4-

0 o,. 737 500 - - - -

1 - 1i. 788 698 0,591 846 - -· -

2 2 .536 45 t1 - 11.403 485 0,221; 657 - -

3 10.82t 990 - 7 .169 514 1i.524 292 - 0.095 552 -

.f. - 29.941 428 31.374 083 11!.882 61.8 1.937 504 - o.01i3 4118

1\) 
O> 
w 
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tative expression of the established regular dependence of the 

recent kinematics upon the Neogene-Quaternary regional vertical 

Earth's crustal one. Apriori useful information on the mathema­

tical model of this equation is not available, however, because 

of the absence of any experience and resalts 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 

't=}. 

(14) x = I i z ri

t=O j H, 

where "li and f are unknown. With the aim to determine the 

best fitting polynomiali similarly to TOTOM8HOB (1978) and 

Totomanov (1984, 1985b), some indices depending on ]\ 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
1

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 foliowing values 

are determined : 

quadratic form 

(15) 

sampling standard deviation 
----------

f � = { 'f J ( rt -(, -1l( 16)
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and the following criteria for the conditioning of the matrices 

N� of the coefficients before the unknowns in the systems of 

normal equations: the determinant of N� , the Turing's (1948) 

M-number

<n> M
?i 

=- M(N).M(N; 1
)/(j\ +1)

and the Totomanov' s ( 1984b). f- number 

( 18) 

Hera the M-norms (�B�eeB & �a�eeBa, 1960) 

(19) 

M CN � = II Q.. 11 ) = ( A + 1 ) ffi(tX, 1 CL .. 1 , 
/1 

� 
� 

� 

M ( N: 1 = 11 ß ,·. 11 ) = ( j\ + 1 ) m CLX I ß l .. 1,. "J lj J 
of the re spective matrices, and the eigen-value s r of the matrix

N� are introduced. The Yule's coefficient R. ,
,. • • )1 t=='\1.. 

t., .. ')t - 2. 

R
2

"'/1 
(20) 

= 1 -· u / n, � L = 1 - I V.
2 

/ rd r ( X. - X) 1/ nJ =
� e i•:.i <-� l-.:� 1, 

-t'Yll- - l i�'tt 1 t='n. 2. 

1 - f1 ( Xi - xi) I f
i 
( Xi - n t� XJ

for the modal determination (Yule & Kendall, 1950) is calculated 

too. Hera this coefficient is described, in the spirit and let­

ter of the original cited, by the corrections 1f, 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) 
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fab1� 7. Criteria �or selecting the most approprlate degree ) 

approximating th� regression equation i = i' ( z ) 

o� the polynomial

/1 4\ 7J€.) r� 

0 3.6114 11i 0.573 

11 0.101 1'0 0.266. 

2 0.358 9 0.1199 

3 0.3115 8 0.1198 

.. 0.286. , 7 0.202 

. . . 

de. 'tJ. X-) 
f) 

12.000 112.000 

99.592 9,980 

706.490 8.906 

3 29Z.221 7.575 

7.688.930 5.987 

M) 

11.0 

1i 038.6 

834 380.7 

830 1198 822.4 
986 004 995 570.a 

M ( N
)
) 

112.000 

453.847 

1i4 9t2.437 

497 277.6511 

117 304 549.900 

R� 

0,000 

o.897

0.949 

0.95-5 
0.960 

M ( 1i-1i ) 
. /1 

0.083 

4.577 

1167 .856 

6 677 .950 

284 987 .514 

. . .

1\) 
O> 
O> 
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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 

(for det N� - in ln det N
� 

, and for M
�

- in log M�), these

data are plotted in Fig. 6. 

The analysis of Tab. 7 and Fig. 6 allow to draw the following 

more important conclusions for the degrae) of the polynomial 

approximating the regression equation i x(z): 

a. The criteria det N, f and M in the prasent study (in con­

trast to other similar elaborations - see Totomanov, 1984b, for 

instance) manifest a low informativity. With a view to f and

M, the transit from the linear to a quadratic modal is of low 

efficiency compared to the transit both from the point to a li­

near and from the quadratic to a cubic and to a biquadratic modal� 

With a view to det N, the increasing of � to 3 is connected with 

an uniform decreasing of the stability (conditioning) of the nu­

merical solutions, and the further modal complication surprising-
risk 

ly impede the davelopment of the effect of thi"'sY:r'actor. 

According to the complex of thesa three criteria, the li­

near model is quite satisfactory; this model is argued, by the 

use of other means, and successfully applied in tha first express 

study rnentioned (Totomanov, 1988 b) on the relation between X and 

z. 

b. The criteria � , r 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 f )

is quite wall grounded; a further increasing of ft , however, 

practically has not any positive effect. 

According to these three criteria, the quadratic modal is 

the best fitting one. 
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c. The joint consideration of the behaviour of all 6 criteria

studied convincingly demonstrate the admissibility of the linear 

and the optimum type of the quadratic modal 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 eguation and accuracy of the forecast of recent

vertical Earth's crustal movements by means of Neogene-Quaternary 

� 

On the basis of these final studies, according to Tab. 6 and 

the established optimum degree J,. =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) i = 2.536 1'..404z + 0.222 z2 

at a root me�n square error � for x determined by the formula

mg_ 
X 

0.2 24 5:J 2.009 ao z + o.677 67 z2 -

(23) 
o.too 90 z3 + 0.005 60 z4 •

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 

(24) 'X - t m_
'( X 

< X -r t \11,-
"° X, 
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relatad to the standard confidence probabilitias 

<
2

5) P(l'x -il < t m
j

) = Ya
f( q,) 1' 

ara plotted in Fig. 7. Hera � 99,7%, '{'L = 95,4% and '(3=68;% 
• 11 II 

according to the rule of im
;:,

, at q = 1,�3 for sufficiently

great samples from normal general populations. 

In tha examined case, however, the volume n = 12 of tha 

sample studied is small, and by means of tha Student's t-distri­

bution, at 'f
it., 

and the number of tha degraes of freedom � =n-m= 

=12-3=9 (hare m is the numbar of the parametars astimated in the 

modal adopted of the ragrassion equation), by means of the ras-

pective tables, the values t
�ÜJ 

=4,0211 ( Epott111Tela & CeMeH;n;ffeB,

1986), \
�
"
(2.) 

=2,330 (HHKO, 1961) and t,(3) 
= 1,058 (XpiliCTOB,

1965) are determined. With these valuas, according to aq. (24), 

13 confidence intervals related to each one from the thrae stan­

dard probabilities mentionad are calculatad, and the respectiva 

confidence araas of tha quadratic approximating polynomial (24) 

for the regression equation i = i(z) are plottad. 

Aimed to compara with the rasults of tha new study, the 

graph of the same regression equation but for a linear model 

(Totomanov, 1988b) is plotted too, with its confidance araa ra-

lated to the probability � = 99,7%. In this casa, at � = 

= 12-2=10� by the use of the Student's t-distribution, the value 

t
��)

= 3,892 (EposrnrelH & CeMeH;n;ReB ,1986) is determined.

It could be claarly saen in Fig. 7 that the transit from 

a linear to a quadratic mathematical model of the regression 

aquation is not connected with some considerable decreasing of 

the confidenca araa of the prognosis. The comparison of Fig. 7 
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and Fig. 4, however, and making use of the da�a 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 modal 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 Earth'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 

Earth'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 cornparison and discovering of sirnilar particularities 

within other regions of the same typ� in the world. 
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STRESS FIELD IN THE LITHOSPHERE DUE TO TOPOGRAPHY AND DENSITY 
INHOMOGENEITIES 

Jiri Tresl 
Geophysical Institute Czechosl.Acad.Sci., 
Bocni II, Sporilov, CS - 141 31 Praha 4 

S_u·m_m_a_r_y: 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. Calou­
lations performed along the Carpathian profile KP III show the 
maximum horizontal stress 70 MPa in this region. 

P_e_a_ID M_e: Mcc�e,zryIDTCH no�H HanpHEeHHH H Ae�opMaUHH c rroMonu:,D 
MOAeJIH HeC�HMaeMO� ynpyroA n�TN Ha EHAKOM OCH0B8HHH. MCTOqHHK8MH
aanpsuceHH� HB�HeTCR COBMeCTHOe B�HHHHe HarpyaoK OT pe�be�a MeCT­
HOCTH H OT n�OTHOCTHNX HeOAHOPOAHOCTeH aeMHOff KOpN. BNBeAeHN BNpa­
EeHHH A�H KOMnOHeHT ABYMepHoro HanpH�eHHH H CMe�eHHH. Ma pacqeTOB 
Ha KapnaTCKOM Tpasepcy KIT 3 BNTeKaeT, qTO ropH80HT8�bHNe HanpH�e­
HHR s aToH o6�acTH AOCTHraIOT aHaqe�HA 70 MIIa. 

1._INTRODUCTION 

One of the most important tasks of geophysics to-day is the 
determination of stress and strain fields in the lithosphere. 
In prinoiple, 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 oan be treated as an 
elastic layer in geological time scale; in the lower part the 
stress relaxatton probably occurs due to solid body creep [2]. 

The purpose of this paper is to study the stress field gene­
rated by the topography and crustal density inhornogeneities. 
The influence of topography itself was investigated by several 
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authors [3] , [ 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 crustal 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 ?

f
><? (Fig.1). The plate density may be written 

z 

Fig.1 

topography x 

elastic plate 

fluid z=H 

where <(0 is initial density and �1 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 equatimls of static equilibrium are[6] 

( 1) :: 0 

(2) 'J6
)f,
� / dX + d�':l2 

/ d2 + <?J) g ::: 0
where 6>tx , �-zz , 6)(� are components of the total perturbation 
stress and g is the gravity acceleration, which is eupposed to 
be constant. The stress-strain relations for an incompressible 
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medium are [ 6 ] 

(J) 

(4) 

(5) 

== _ p + 2 tt 
du /ehe:

= -p + '2
f,

<lw/dz 
= t!" ( dt;t/82 + dw/'dx) 

Here u,w are the displacement vector components, p the unknown 
pressure and � Larne's elastic constant. The equilibrium equa-. 
tions in displacernents become 

C6> - dp/;Jx + t;A- 6t.f = 0 

<1> -dp/a'2+�6.w+<?-1� =O
Further, the incornpressibility condition 

es> au/dx + 'dw/ch: � 0 

provides the third equation for the determination of three un­
knowns u, w, p. We may express the displacernents in te:rms of

a potential o/ 

( 9) u = - c)'f /02
and, after elimination of pressure terms we arrive at 

c1 o> AA l/1 = - ( g-1 t4-) Q� lax
On the other hand, eliminating displacements terms, we obtain 

c11> Ap:: g 'a'?1 l;Jz,
Now, we shall suppose crustal density inhomogeneities are 

generalized with the help of a layered rnodel. The perturbation 
density s>

1 
is supposed to be independent of z-coordinate within 

each layer. We shall solve Eqs.(10),(11) for a harmonic density 
perturbations ·L

o l�X 

c12> S\ = �'.., e 
keeping in mind the fact, each real density perturbation may be 
expressed as a superposition of harmonic terms. The general so­
lutions of Eqs.(10),(11) are then 

k k k k2 . 0
° -1,-3) ik)(

c13> 4"; (Ae -a:+ Be- �-l-Cze �Dwze- -1-�.l1t4' K e 

( 
kz D -k2J . ikx 

c14> p :: 2 e,k Ce .,.. e ,e 
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where A,B,C,D are arbitrary constants for each layer. From Eqs. 

(J),(4),(5),(9) we obtain final expressions for the stress ten­

sor components 

k d ) -bJ ik>t
( � .::: -[aek�be-"2+ c(2+kz:Je i!+ (2-kz e e 15) o>t>t 

k 1c kz d'- -fu:J ik>t
( ) � [ae � - he- z + c k z e - � z e e 

16 07� :: 

f ae"'2:+ be-k� + c(1+kz)e1cz __ d(1-k�)e~b:: +
(17) �>c• = ] kw ' -,. q,,,0 gk_,, ie' " 
and for the displacement vector components 

1 k h b d I. k ) -hJ. i kx
c1s>u=(2fkf [ae�-be- +c(1tk1:Je + \1- �e ,e 

(19) w::: (2 JAkf1 
[ alz+ bek�_,.. ckzek�+ Jk�ke - kz: +

l 
+ 2 � -1� g k - "1 e' x

New constants a,b,c,d are connected with old ones as 

c20> ( a,b):: 2 i�k2(A,&) lc,d) == 2 it;t k.(C,D) 
We must determine altogether 4n unknown constants i! we emp­

loy n layers in our model. The boundary conditions at the upper 

surface read 

c21) 6.n ( )(' o) = '<'? w(x, o) - � �h (x) 
(22) 6

x7
(x,o) : 0

The physical meaning of the first condition is the vertical 

stress balances surface load due to topography h(x) and the 

weight of displaced elastic plate. 

The boundary conditions at the lower surface are 

( 2 J) 622 (XI H) :: - ( '? l - 'f) '?" w (XI H)
c24> 6>t-z ( 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 displacements at internal layer boundaries demands 

(j)( ) ,L(if1)( ) 
(25) 67z: x,7; ::: o�7 x, z; 

,L Ci) ( . ) == 6ti+1}(" 2-)
0 )(, "Z, X? "' I 

)(7 
(26)
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( 27) U i ( X, 2;) = U i ·+1 ( x, Z;) 

(28) w; (x,-z;) = w.-+1 (-x,2,-)

280 

The boundary conditions (21)-(28) represents altogether 4n line­
ar algebraic equations for the 4n unknovm constants. 

3. THE_STRESS_FIEL�_AL0NG_THE_PR0FILE_KP_III
ZAKOPANE_-_SALG6TARJAN

The overall length of the profile was 400km (-150km�x�250km),
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 0 km�x�120km .The following reference densities were adopted: 

P0LAND 

:x:=-150km 

HUNGARY. 

Fig.2 

�" = 2700 kg/m3 for 0 km < z < 10 km 

X= 

�\ = 2800 kg/m3 for 10 km< z <20 km , 
�3 = 3000 kg/m3 for 20 km < z "< 30 km , 
�

-f 
= 3200 kg/m3 for z > 30 km • 

The elastic layer thickness H=30km and � =3 x 1 o4MPa [ 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,

5, ••• 25,JOkm.All 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 

inhomogeneitiea. 
The basic results may be formulated in this manner: 

1 / Along the profile given_,_ the elastic li thosphere behaves 
like "thin plate".It means that the horizontal stress component 
6�"' is dominant. For gi ven x, �

>f>r 
is me.ximum e. t the upper and 

bottom bounde.ry of the plate, but with opposite direction. 
2/ The hor_izontal stress component 6

>f>t 
at z=O along the pro­

file KP III is illustrated in Fig.J. In the A-variant, comprea­
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). 

J/ 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-v,.­
riant, the maximum deflection reduces to 270m and is practically 
unshifted. The maximum uplift 140m is generated for x=2JOkm. 

[1] 

[2] 
[J] 
(4] 
(5] 

[6] 
(7) 
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REGENT CRUST.AL MOV.EMN�'l'S IN THE LIGHT OF 

EARTH EXP A.l'l"SION THIDRY 

Klaus Vogel, G9belsbergerstraße 27, Werdau GDR-9820 

Abstract 

The theory of Earth expansion is starting from the assumption 
that Pangaea covered completely the surface of a smaller Earth 
tfll 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 tbe modern Eartb to compare the 
starting positions with the present situation. It is visible 
tbat 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 1s shrinking 
or widening by some cm per year. 

Zusammenfassung 

Die Theorie der Erdexpansion geht davon aus, d�ß die Pangaea 
bis zum Mesozoikum die kleinere ·Erde völlig 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 geöffneter Ozeane mit 75 % des heu­
tigen Erddurchmessers dargestellt. Zum Vergleich mit dem 
Jetztzustand wurden diese Globen zentral in die durchsichtige 
heutige Erde eingefügt. Hierbei erscheinen die Kontinente auf 
ihrem Substrat fixiert, so daß sie ihre Lage zueinander weit­
gehend beibehalten haben. Die rezenten Krustenbewegungen sind 
hauptsächlich durch das strahlenförmige Herausheben der Kon­
tinente gekennzeichnet. Dazwischen entsteht durch Seafloor­
spreading neue Kruste. Eine Fotoserie zeigt dies im Überblick. 

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 �hrumpft 
oder sich jährlich 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 cover�d with

continental crust. In consequence o� 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 wi th in,creasing 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 colliponents which both are caused by the 
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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 1s estimated that the annual growth of 

the South Atlantic 1s 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 1s 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 �o 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 dist·ribution 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) betwe.en 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 
radfus increase of 2,8 ± 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 1s 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 expectatio� 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 Vyskocil, Research Institute of Geodesy, Topogra.phy 

and Cartography, Zdiby, Czechoslovakia 

.ABSTRACT 

One of the seismoactiv� zone of Czecboslovakia is the 

aree. Cheb-Kraslice, at the western border wi th GDR and 

FRG. The occurence of ea1·thquake swarrr.B is typical there, 

and the last swarrn. occured in the winter 1985/86. 

Conseque&cee of some main sbocks affected buildings in the 

Cheb vicinity and the quakes were registered also in central 

pa1·t of Bohemia. No special geodetic measnrements we-r:e 

performed before the swarm, but the available data of trinR­

gulation can serve for analysis of the d:y-namical prope·rties 

of the area ur1der stud:y. In present paper the three repeated 

trj_angula.tions pe:rfornH�d in 1870, 1930 and 194 7 are analyzed 

at the background of the map of vertical movements, based 

on the levelli.ngs from 1930-1950 and 1975-1984. The derived. 

field of horizontal deformations as well a.s the isolines 

of vertical movements are in good a.greement wi th the geologj_­

cal structure and si tuation of the. sei smoacti ve faul ts. 

füi, addj_tion, the extremal u.plift of the e.rea under stud:y 

oould be considerf!d as the p:re-seismic deformation. In o:rde:r 

to support this assumption, the new :repeated measurements 

e.re in progress. 
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INTRODUCTION 

The seismoactive area of Cheb-Kraslice is situated at 

the crossing of the Jachymov-Marianske Lazne fa.ult system 

in NW direction, and Podkrusnohorsky fault zone in NE 

direction. All �eismic events - ea-rthq"uake swaTms - are 

shallow ( of about 10 km or less) and the epicenters of 

main sbocks occure ei tber at the ter:ri tory of Czecboslovakia 

or at tbe terri tory of GDR. The earthquake swa·rm of 1985/86 

was rela.tively strong wi tb damages at buildings and sounds 

similar-to thunder (Procbazkova, 1986). Two workshops were 

organized to tbis swarm during 1986 (Proceedings, 1986a, 

1986b) and tbe scientific interest was focusec. at this area. 

In addition to seismolcgical and otber geopbysical studies, 

the resul ts of repeated geodetic mea.surements were a.nalyzed 

wi th respect to the occurence of the swarm. The fj_rst resul ts 

were pL1blished a.t mentioned above worksbops (Vyskocil, P., 

1986a, 1986b). Th_e following presentation could be considered 

as the continuation of previous work, summarizing all 

a.vailable data in one analysis.

The properties of horizontal component are given in tbe 

field of deformation determined for the epocbs 1870-1930 and 

1930-194 7 separa.tely. The annual velocj. ties of vertical 

movements are gi ven by the isolines wi tb tbe inte:rval 0.1mm/a 

and cover tbe epoch 1945 - 1980. 

VERTICAL M0VEMENTS 

Tbe data on vertical movements a.re deri ved using repee.ted 

levellings perform.ed in years 1939-1950 (average 1945) and 

1975-1984 (average 1980), at whole territory of Czecboslovakia. 

Afte1· tbe careful chioce of proper benchmarks, tbe network 

was adjusted and values of annual velocities of vertical 

movements were determined relatively to tbe Fundamental 
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Levelling Bench]Ilark Zelesice, situated in tbe stnuctures 
of the Bohemian Massif southern from Brno in tbe central 
part of Czecboslovak terrj_tory (Vanko, J., Vyskocil, P., 
1987). The a.djusted values in very dense network served 
,for compilation of the map of annual relative veloci ties 
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 vertice.l movements in the e.rea under study (Fig. 
1.). In compa.rison with the ma.p constructed ea:rly (Vysko­
cil, P., Kopecky, A., 1974) for p:revious epoch, tbe e.rea 
under study tends to st:rong uplifts for last years before 
the earthquake swarm. This uplift is distinct especially 
in the a-rea of Kre.slice and can be considered· as the p:r·e­
seismic movement. 

In ord.er to separate the main trends of ve-rtical mov�T 
ments and their residuals, the second order pclynomian 
approxirr,ation was applied. The trend · of vertical moveme_nts 
is. given in· Fig. 2 and demonst:ra.te the systematical _ til t 
from NW to SE with the ma:x.imum values 1. 5 mrn/a at NW bo:rder 
and 0.4 mm/a at tbe SE bo:rder of the area� The :residuals 
e.:re gi ven in Fig. 3. The uplift of a:rea Kre.slice by NW 
border is evident with the strong tendencies 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 tbe direction of the 
Podkrusnohorsky fault zqne interrupted by uplift between 
Kre.slice vicinity and Doupovske hory Mts. (+O. 5 mm/a). 
Following the SE continuaticn of seismoactive zones, the 
subsidences in Marianske Lazne fe.ul t are evident •. Wi th 
respect to the fact that the map of this part is based on 
relevellings from 1984, we can suppose the whole picture 
as the p:reseismic movements in tbe vertical direction. 
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HORIZONTAL DEFORMATIONS 

As bas been stated early, tbe results of tbree 
repeated triangulations were used for our present analysis. 
Tbe network used fo1� tbe epocb 193f0-194 7 is more dense in 
tbe area under study tban tbe for tbe epoch 1870-1930. It 
is wby tbe area covered by our results for epoch 1870-1930 
is broader. By tbe initial processing tbe single trie.n�uls.­
tions were adjusted separately as tbe free networks. Applying 
tbe Eelmert's tre.nsformation tbe coordinates of 1930 were 
tra.nsformed into tbe system 1870, end tbe coordinates of 194 7 
into the system 1930. The average accuracy in determination 
of coordinate differences for tbe epocb 1870-1930 is given 
by tbe value mx � my = 4.5 mm/a and for tbe epocb 1930-1947 
mx � m = 3.8 mm/a. Tbe average lateral displecement for tbe 

• y
epocb 1870-1930 is given by tbe value of dx � dy = 6.9 mm/a 
and fo:r tbe epoch 1930-1947 dx ,;, dy = 10.7 mm/a. The 
presented accuracy gives tbe evidence tbat tbe dete:rmined 
coo:rdirate differences can be consider as horizontal move­
ments. 

By the furtber processing of availe.ble data, tbe horizon­
tal movements for tbe e:pocb 1870-1930 were trasfo:rmed in 
areal field of horizontal deforma.tions using tbird orde:r 
polynomie.n app:roximation. The field of deformations, i. e. 
tbe main axis of compression and/or extension and sbear 
defo:rma.tion, were computed in tbe grid 10x1Ö km. The a:rea 
covered by compntations was extended especie.lly soutbward 
in comparison with tbe data set used by Vyskocil (1986b). 
The :resul ts of compntations s.re gi ven in Fig. 1. at the 
background of tbe map of e.nnual veloci ties of ve:rtical m.ove­
ments. It must be point out tbat the orientation of sbear 
deforma.tions in Cheb e.ree. is in tbe direction of seismoacti ve 
fau.l t system a.S' well as in the direction of crossing Pod­
kru�noborskj fault zone. 

Tbe main parruneters of deformn.tion for the epoch 
1930-194 7 were determined wi thin sepB.:re.te trj.angles only. 
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The :resul ts a·re gi ven in Fig. 4, also a.t the background . of 

the pe.:rt of i;be map of annual velocHies of ve1·tica.l move­

ments. The orientation of the sbear defo:rmation in tbe e.r.ea. 

under study is similar to tbe defo�ma.tions given for tbe 

epcch 1870-1930 in Fig. 1. 

DISCUSSI0N OF RESULTS 

Comparing the results of analysis in botb borj_zontal 

and vertica.l directions of movements o:r deformations we 

can find tbe common features. Especially, it is the evidence 

of seismoacti ve fault s:y-stem in NW direction resul ting f:rom 

orientation _of j_solines of ve:rtical movements residuals e.nd 

orientation of sbear deformations in tbe same directions 

in both epccb of retrümgul€.tion. B:y tbe same v,ay a:re 

evident the vertical movements and horizontal deformations 

along the part of tbe Podk:rusnoborsky fault zone in NE 

direction. The inter:ru.ption of deformation and movernents 

at this fault zone towa1·ds 1TE is also evident. This prcbabl:y 

connected to the presence of neovulcanits in Doupovske hory 

Mts. area. 

As conce:rns the vertical co:r.1ponent of movements it 

should be point out the extremal uplift in the area of 

Kraslice and the large gradient across tbe seismoactive 

faul ts system. The le-v:elUng measurements were performed 

in this part in 1984 and ca.n be accompanied to -the stage 

of preparation of eartbquake swarm. Some detail analysis 

a.long separate levelling lines are in agreement wi th this
assumption and were published ea:rlie1· (Vyskocil, P., 1986a). 

This prelirninary �tatement should be tested at further 

repeated levellir1gs perforrr.ed or planned after the swarm 
1985/86.

In comparj_son wi.th the vertical component, the horj_zon­

tal deforma.tion are not re1ated to the ea.rthquake swarm 

under study. Moreover, during tbe large time interval 

1870-1930 occured there the otber swarrns, compe.re.ble wi.th 

the last oneC 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 tbe field of deforrnations gi ven ei th·er in 

Fig. 1. or in Fig. 4. reflect� only tbe main tendencies 

of horizontal deforme.tions in the area under study. From 

tbis viewpoint it is important the agreement in the direction 

of tbe shea:r deformations in both epochs. But, comparing 

the main axes of deformation we can recognize the tendencies 

to compressj_on in 1870-1930 and for extension in 1930-194 7. 

This difference can be considered as not identical number 

and intensity of swarms occured in both epocbs. In addition, 

it can be supposed tbe connection of tbese differences and 

variations of tbe state of stress in various stages of 

seismic activity. The answer on this open question can be 

gi ven also by detail studies of horizohtal deforme.tions. 

The mee,surements focused at tbis problem are. planned for 

tbe next year. 

The mecbanism �f tbe .eartbquakes in tbe stage of tbeir 

p:repartion is difficult to discuss now. Nevertheless, it 

can be supposed tbai; tbe deforinations dete:rrnined at tbe a·rea 

under study a:re the result of main compressional pressure 

from tbe Alps, affecting especially tbe central part of 

the border witb FRG towards NE (Vyskocil, P. 1988). Tbis maj.n 

force is then distributed by sepe.re.te blocks of tbe Bobemian 

Massif incllldi.ng tbe blocks of the area under study. Tbe 

direction of deformations tban can varried with respect to 

the orientation of borders of sepe.rate cruste,l blocks. 

CONCLUSION 

The resul ts of analysis of vertical moirem€•nts as well as 

bo·rizontal �eformations in tbe 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 at seismoactive faults system nnd tbe occurence 

of the ea.rthquake swarm 1985/86. The mentiohed e._bove pheno-
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mena can lle consicle:red as the p·rp,-cej.smic movements due 
to the st:ress accumulation in shallow parts of the crtrnt. 
The horizontal defornm.tions ft.1•e also jn good El.gnrnment 
wi th tbe geolcgicnl st:ructu:re of the m�ea unde:r stud:y, and 
:reflects the diffe:rence in orientation of seismoact1ve 
fe,ul ts s:ystem Emd Podk:ru.snoho:rsky fe.ul t zone. Due to otbe1· 
time j,nte11vals, the hor:i.�rnntE:J.l öefo'J:•ma�ions themselfs E.n·e 
not ·rela.ted to p:resent ea1·thque.ko swurm. Neve1·thelNrn, 
tbe variation · in dilatation and simiJ a:ri ties in shea·r 
öefo·rmat�ons al J.ov, us to suppose tbe mutual c.ormection 
betwe�n the seismic activit:y and variations ot straee 
in tbe crt-Ü�t. 

Wi th :rfispeot to the importance of the vidni t:y of 
the sej,smic a.rfla. undar f'.tucl:y (mine-re.i wate1·i::, mj:ning 
aotivit:y etc.) tbe d·etaU studÜs of ti,s seü1rid.cit:y is 

. 
. 

ver:y desi·rable. It is wh:y the s:ystem of levelling Uries 
and trigonomet:ric stations was established the�e in 1987 
and 1988 in ora.er i:o ir1c·rease the numbe:r cf new date · 
on the vertinal and horjzontal movements before the next 
ea:rtbquake swa:rm. In trds direction i t cotllö. be also 
reoommm1ded to connect the pl'esent network in Cheb-Kraslice 
e:rea to the netwo:rk in test a:ree Vogtla.rid in the DDR 
(E,'rgebnisse, 1985). Theae wo:.rks and stua.ies can essentiaJ.1:y· 
contrihute to the unde:rstandü1g of the mechanj_sm of 
erthquake swarms in tbe stage of i,he:i j; prf:1pe.1'a.tton and 
.occur.ence, 
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ABSTRACT 

Aswan lalce 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 nround the fault in that area. 

Local geodetic network of 16 points was established in 198J 

around Kalabsha fault for monitoring vertical end lateral 

movements. Five repeated horizontal end two repeated levelling 

measurements were performed since 1984. The analysis of these 

measurements revealed remarkable horizontal a.nd vertical chnnges. 

INTRODUCTION 

On November 14, 1981 a moderate eartbquake vlith a local 

magnitude of 5.6 occured at the unpopuJated area of Kalabsha, 

along tbe Kalabsha fault, 70 km southwest of Aswan City (Kebeasy 

et al., 1982 , Kebeasy et al._, 1987). Tbis earthquake was 

considered as a very important event as it is located not far 

from the Aswan High Dam. Due to its possible associntion with 

tbe impoGndment of Lake Nasser, especially tbe water activity 

in and around this lake, and as the Aswan High Dam is the single 

dant which affects the wbole country, several progra.mms, such as 

monitoring seismicity, underground water behaviour, streng 

motion effects on important structures and crustal deformation 

by means o:f 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 

seismic statione (fig.1) were established around tbe 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 tbe Regional Seismological Center at Aswan. 

Eigbt strong motion accelerographs were install�d on the 

Aswan High Dam, old dam and free fields in order to record the 

acceleration due significant earthquakes and to study soil and 

structural response. 

A network of 6 piezorneters (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 bydro­

logical regime of underground water and the earthquake aotivity 

in and around the lake. Tbis investigation is to assess the 

underground water level a.nd its role in the pore-pressure changes 

in tbe 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 tbe 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 progra.m 

was planned (Kebeasy et al.,1984 , Vyskocil and Tealeb,1985, 

Vyskocil et al.,1987). This progre.nun includes establisbments 

and measurements of local and regional geodetic networks around 

potential faul ts. The first local geod.etic network (Knlabsha 

network) was established nround an active part of tbe Kalabsba 

fault in November 1983 ( fig. 1). The m?twork consist- of 16 

geodetic points for horizontal measurements and two levelling 

lines (fig.2). The initial measurements were ca.rried 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 o.rea using the precise geodetic measurements. 
The work includes short notes about the geology, structure and 
seisrnicity of the area to the south of Aswan and around Lake 
Nasser. The preliminary results of adjustments and interpretations 
of tbe geodetic measurements are also discussed. The aim of the 
whole studies ca.rried in the area is a better �nderstanding _a.bout 
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 

S_TRUCTURES OF THE AREA SOUTH OF ASWAN 

1. Aswan La�e (Lake Nasser): Throughout history of Egypt, the
River Nile bave ever been the source of gift. Floods of tbe River
Nile were known in some years, while in the other years drought
has prevailed. The water income to the Nile is irregular, i.e.
its yield varies daily, rnonthly, seasonly and annually. Tbe idea
of constructing a High �am at Aswan for high level storage was
brought up in 1952. Such a dam would guarantie supplying Egypt
with the required arnount of water for agricultural expansion ·and
protecting the country frorn the periods of high floods. Besides,
tbe dam would also provid:e tbe coantry·by clean bydroelectric
power essential for industry, agriculture and national development.

Tbe Aswa.n High Dam is considered as a unique structure arnong 
all the large irregation and electric power projects in the world. 
It is rockfill and concrete type structure, 110 rn height. It is 
located above the first cataract of the Nile, 15 Ion south of Aswa.n 
City. Tbe dam impounds the second largeat man-made reservoir in 
the world extending about 500 km in southern Egypt and northern 
Sudan, 350 km of thern extends in the Egyptian teritories along 
the main course of the River.Nile. Tbe reservoir, over most of 
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its lengtb, bas a width of about 10 kms. Tbe only major exptions 

to this is the embayments to the v,est of Wadi Kurkur and Wadi 
Kalabsha (fig.1). The reservoir began to be filled early in 1964 
and the level rose gradually with annunl 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 tbe east, the 
lake overlies mainly Pre-Cambrian rocks and contacts mainly Pre­
Cambrian granits and metamorphJics. To the west, the lake covers 
tbe Nubian sandstone formations� 

In the area to tbe northwest of Lake Nasser a sequenc'e of 
sedimentary rock units, consists mainly of the Nubian formations, 
rangirig 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 
end siltstone intercalations. The information from 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 end regional uplift of 
the basement rocks (Isso.wi, 1968, 1971, 1978). These sets are tbe 

north-south o.nd tbe east-west fault systems (fig.1). The Kalabsha 
fault is located on tbe 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 witb en-enchelon 
folds. Its total lengtb is approximately 300 kms. Geologie, 
seismologic o.nd geomorphic evidences indicate that the fault is 
a right-slip fault. The Seiyal fault is located approximately 12 
lan north of the Kalabsha fault. It is also right-slip fault. The 
north-trending fault., system o.ffect the Nubian formation and 
includes the Gebel el-Barqa, Kurkur, Khor el-Ramla, Gazelle and 
Abu-Dirwa faulte (fig.1). 
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PREVIOUS AND RECENT STUDIES 

IN THE AREA SOUTH OF ASWAN 

1. Seisrnicity: Until recently no significant ea.rthquakes were
reported to have ta.ke 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 Ka.labsha area is the most recently active area. It lies 
on a large vrestern embayment of Lake Nasser. Earthqua.kes were 
estimated to bave occurred near the epicentre of tbe main 
earthquake of 1981. Ea.rthquake activity in the area is continuing 
at a low level till now. The 14 November 1981 earthqua.ke was 
occurred in Kalabsha area along the Kalabsha fault near Gebel 
Mnrevm, 70 _km southwest of Aswan City. Extensive grounci craking 
were occurred in the desert within tbe epicentra.l area.. This 
ea.rthquake was preceded by three foreschockes.on November 9 
(magnitude J.6 and 4.2) and on November 11 (magnitude 4.5), and 
followed by a tremendous number of afterschocks. The 14 November 
1981 ea.rthquake is the most significant signa.l earthquake in the 
region because of its proximit:v to the Aswan and High Dams and 
because of its possiblc association with the reservoir induced 
seismicit:y. 

The a.ctivity is believed tobe triggered by the lake (Kebeasy

et a.1.,1982) because: there is no significant eartbquake has been 
located in the lake area throughout history, the epicenter of 
this earthquake is located near a considerably wide area of the 
lake, 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, shov,s that tbe seismici ty clusters are in 
three mnin zones (fig.1). The first- and most active zone extends 
WSW-ENE for about 14 kms along the Kalabsba fault approximately 
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beneath Gebel Maravm. The hypocenters are concentrated at two 

depth intervals: from 14 to 22 km, and frorn 4 to 7 km. The second 

zone extends for 8 km along anotber segment of Kalabsba fault 

wbich is closer to tbe old stree.m of the Nile. In this zone, .the 

activity is confined to depths frorn 4 to 6 km. Regarded the foci 

distribution in tbeae 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 o:f 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 lan. 

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 exp·ected 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 rnay cbange the total 

stresses on the sur:face of the area under investigation. Tberefore, 

the water level in the reservoir and the nurnber of earthquakes as 

well as their magnitudes, whicb 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 a.l., 

1988). From these data, it is noticed that the increase of 

earthquake activity in the area follov,s a high rate of change in 

the water level of the lake. This pbenomenon is clear in the 

increased seismici ty of : February 1983, December 1983- January· 

1984 and Junc 1987. 

�. 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 le.ke and the underground water level around the lake 

for a long period, whereas for tbe short periods (montbly, 

seasona1ly end nnnunlly) there is no rernarkable relotion. 
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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 a high rate of change in tbe 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 e.nd earthquake activity in Kalabsba area. 
This may be due to tbe existance of various north-soutb and east­
west trending sets of faults which could act as barries. This 
conclusion leads to a fact tbat, the relationship between the 
underground water regime and tbe water level in the lake as well 
a.s tbe earthquake activity still needs more studies. 

RECEUT CRUSTAL MOVEMENT STUDIES 

The recent crustal movement study in the northwestern nrea 
of Lake Nasser contributes successiful example for the studies of 
seismo-active a.reas in Africa. The aim of these studies are the 
mapping of tbe tectonic elements presented within the area, to 
understand the geodynamics of tbe region and to have a bett.er 
understanding nbout the cause of the earthquake occurence and its 
origin. The scientific use of the informations and results of 
the a.bove mentioned studies contribute a good base in earthquake 
prediction in order to diminsh the seismic risk within the a�ea of 
Aswan and the safet:y of the Aswan High Drun and its economic 
resources. 

The monumentation of the geodetic points in the desert 
condition is not so easy acco:rding to the problem of trnnsportation 
in the desert. Tbe benchmarkes we:re prepared from concrete fixed 
to a depth rea.ching the consolidated hard rocks (Vyslcocil, 1984 a, 
Vyskocil and Tee.leb, 1985). The marks for the horizontal a.nd 
vertical measurements were installed at the top of tbe concrete. 
Ca.rriying out the geodetic measurements in the desert conditions 
as at Aswan region, wbere the measurements are taken, is also 
not easy. Tbe geodetic field works are laborious and slow. The 
one-second theodolite Kern DKM-2A and the electro-optical 
diatancemeter Kern DM 503 with an accuracy of ± J mm were used 

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



308 

for tbe precise angles and dista.nce measurements. The precise 
automatic level Kern GK 2A, invar rodes of J m length and heavy 

footplates were used for monitoring the v.ertical movements. 

The Kalabsha network (fig.2), 16 points for horizontn. 

measurements and two levelling lines crossing the fault, was 

establisbed early in 198J. The initial rneasurements was performed 

in December 1984 and the measurements were repeated in Pcbruary 

1986, January 1987, September 1987 and January 1988. For 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 

levelling 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 verticnl 

movement between the different benchmarks of the levelling 

profiles were determined considering the benchmark No. 1J as an 

initial level (fig.5). High rate of subsidence in Kalabsha area 

was recorded in the southwestern part of the network as 

represented by the areal projection 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 

tbe 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 elevat-ion changes are 

also clear along the profile extends from point No. 52 to point 
No. 1J crossing the Kalabsha. fault (fig.7). 

The trend of cbanges in elevations at severo.l points were 

studied. In figure 8, the trend of height cbanges for the time 

interval from Jo.nuary 1986 to Januo.ry 1988, at the mid point 

between 52 and 12 was represented. Annual heigbt cbange of 

- 1.7 mm was recorded at this point.
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Horizontal Movements : Processing of four horizontal measurements 
(distnnces 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.
Tbe results Öf adjustments of the horizontal measurements of tbe
the different epochs show a high accuracy of measurements
(Vyskocil et al. 1987 , Mahmoud, 1988).
2) tbe 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 (Vyskoöil, 1984 b).
The re-adjustments of the Kalabsha network improved the accuracy
of measurements (Vyskocil et al., 1987, Mahmoud, 1988).
J) the evaluation of the resul ts of adjustment a.nd transformation,
using the error criteria given by Vyskoöil (1984 a), (mean square
error and confidence interval).
Tbe displacement vectors of the Kalabsha local network were
cemputed from tbe ·coordinate o·banges ccensidering 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 und 
1987 II are represented in figures 9, 10 and 11 respectively. 
Considering tbe 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 were computed from the 
horizontal distances which determined in the different epochs. 
In figure 12, the rate of annual deformation in millimeter nre 
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 

po:l.nts 52 e.nd 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 fe.ult show a. rela.tively sma.11 values of annual 

rate of displacement. Two examples for the main pronounced 

tendency in case of extension and compression (sbortening) 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, wbereas the northern pa.rt 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 ve:rtical 

1no-vement which in turn shows a high rate of subsidence in the area 

to the south of thc nctwork and a relatively small rates of 

subsidence in t-he rnirth-crn 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 tbe 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. 

Tbe analysis of tbe interpolated displacements of tbe 

horizontal movements in the different epochs show n general trend 

of regular pattern of movement. The points nearly to the soutb 

of Kalabsha fault, have an easterly motion, whereaa the points to 

the north of the fault, ho.ve approximo.tely westwards movements. 

In general, the area of Knlnbsha network seems to move anticlock� 

wise with a small component of rotation. The difference betwecn 

the displacements from the epoch ·1987 I to the epoch 1987 II could 

be according to nccumulation of energy in tbe subsurface preceded 

the earthquake activity of June 1987 (fig.4). The values of 
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strain parameters (figures 18, 19 and 20) indicat� that, the 
area of the Knlabsha network got strained from one epoch to 
another o.nd to rotate approximately anticlockwise. 

The o.nalysis of informa:tion from geology, seismici ty, vmter 
level in the lnke, underground water table and geophysice.l study 
with the results of deformations should be carried out e.fter the 
performance of severe.1 geodetic measurements. 

CONCLUSIONS 

Monitoring of recent crustal movements (horizontal and 
verti•c·al) wns ce.rried out a.t one· of the most seismo-e.cti ve area 
a.long the n_orthvrnstern part of Lake Nasser (Kalabsha. a.rea) south 
of Asv,an City in Egypt. This work was begon after the occurance 
of n moderate earthquake, with a magnitude of 5.6, on November 
14, 1981 in the area along the Kalabsba fault 70 km southwest of 
the city of As\'!an. A local network of 16 geodetic bencbmarks end 
two levelling lines crossing the fault was established on a po.rt 
of the Kalabsha fault early in 1983. The initfal 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 
considered time interval. The preliminary analysis of the first 
four measurements show the following results : 
1) The vertical movements indico.tes a maximum rate of subsidence
at the southern part of the network and a minimum rate of
subsidence in its northern par!.
2) High rate of subsidence in Kalabsba area was recorded in the
southwestern part of the network.
J) Zone of maximal grndient of elevntion changes was determined,
which could be correlated with the well-known trace of the fault.
4) rnaxirnum trend of horizontal movements was deterrnined in the
southern part of the network.
5) Minimum trend of horizontal movements was recorded relo.tively
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in the northern part of the net\'10rk and close to the trace of 
the fault. 
6) The most of the area of the Kalabsha network, bas got strnined
from one epoch to another o.nd seems to rotate approximately
anticlockwise.
7) The results of tbe vertical movements are in a. good agreement
with those of the horizontal movements.

In order to make it clear, the relation between these 
rnovements and the cbange of the water level in the le.ke, the 
Underground water table as well as the seismicit:y of the area, it 

is planned to continue tbe precise geodetic measurements. Also, 
it was decided to extend stepwise tbe s:ystem of geodetic network 
containing some other local networks situated at the other faults 
and connected them by regional network to cover tbe whole area 
of the northern part of the lake. Tbe study of the problem of 
geodetic re�raction for tbis part of the Egyptian desert is in 
ste.ge of data analysis. Detailed geophysical studies of the whole 
area includes gravit:y and ma.gnetic surveys as wcll as seismic 
refraction and electric sounding o.long vnrious profiles are also 
planned. 
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