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Vorwort 

Zum 70, Geburtstag von Geheimrat Prof, Dr, Adolf Schmidt, am 23, Juli 1930, wurden 
bei Niemegk, Kreis Belzig, die neu errichteten Anlegen des 1889 in Potsdam gegrOn
deten Magnetischen Observatoriums im damaligen Preußischen Meteorologiechen Institut 
offiziell ihrer Bestimmung Obergeben und erhielt diese Einrichtung den Namen 
•Adolf-Schmidt-Observatorium für Erdmagnetismus in Niemegk•, Des Symposium
•Aktuelle Probleme der geomegnetischen Forschung•, des vom Zentrelinetitut fOr
Physik der Erde der Akademie der Wissenschaften der DDR vom 2, bis 6, Juni 1980 in
Belzig-Wenddoche und Niemegk veraneteltst wurde, wer dem 50, Jahrestag dieses Ereig
nisses gewidmet,

Zum Symposium konnten die Veranstalter neben rund 30 Teilnehmern aus der DDR nahezu 
70 Gäste sua weiteren 11 Ländern, dabei Ober 30 eua der UdSSR, begrüßen. 

Zur Eröffnungeverenateltung waren neben den Teilnehmern des wissenschaftlichen 
Symposiums der 1, Sekretär der Kreisleitung Belzig der Sozialistischen Einheits-
partei Deutschlands und der Vorsitzende des Rates des Kreises Belzig sowie weitere

Vertreter von Staatsorganen und geeellecheftlichen Organisationen des Bezirkes 
Potsdam, des Kreises Belzig und der Stadt Niemegk erschienen, In ihren Grußadressen 
würdigten der 1. Sekretär der SED-Kreisleitung, Genosse Schuster, und der Vorsitzende 
des Rates des Kreises, Genosse Dreese, die Tätigkeit der Miterbeiter.des Adolf-Schmidt
Obeervatoriume und ihre Wirksamkeit im geistig-kulturellen Leben der Stadt Niemegk 
und des Kreises Belzig, Im Namen ihrer Delegation und aller ausländischen Teilnehmer 
überbrachten Frau Prof, Dr, Benkova vom Institut fOr Erdmagnetismus, Ionosphäre und 
Wellenausbreitung der Akademie der Wieeenechaften der UdSSR�· Frau Pr�f. Dr, Petrova 
vom Institut für Physik der Erde der sowjetischen Akademie, Dr, Gelkin vom Sibirischen 
Institut für Erdmagnetismus, Ionosphäre und Wellenausbreitung Irku�sk, Prof, Dr, Voppel 
vom Deutschen Hydrographischen Institut eue der Bundesrepublik Deutschland und Dr, Kataja

vom Geophysikalischen Observatorium SodankylA eue Finnland den Mitarbeitern des Adolf
Schmidt-Obeervetoriums Niemegk zu ihrem Jubiläum die besten Grüße und Glückwünsche ver
bunden mit freundlichen Würdigungen der im vergangenen halben Jahrhundert in Niemegk 
erreichten wissenschaftlichen Leistungen, 
Ihnen allen sei ebenso wie den Gästen, die den Mitarbeitern dee Obe\rvatoriume zu ande
rer Zeit und Gelegenheit gratuliert heben, auch an dieser Stelle sehr herzlich gedenkt, 

Mit besonderer Freude begrüßten elle Anwesenden die Teilnahme von Prof, em, Dr, phil, 
habil, Gerhard Feneelau, des hochverehrten Nestors der geomagnetiechen Forschung in 
Potsdam und Niemegk, Prof, Dr, Faneelau nahm 1928 seine Tätigkeit im damaligen 
Megntetiechen Observatorium Potsd�m auf, Er wer maßgeblich an dar Einrichtung des

Observatoriums in Niemegk beteiligt, Initiator des Wiederaufbaus des Observatoriums 
nach Kriegsende und esin Leiter seit 1945 sowie Direktor des Geomagnetiachen Institute 
Potsdam-Niemegk von 1950 an bis zu seiner Emeritierung wenige Monate nach Eingliederung 
dieses Institute in des Zentralinstitut für Physik der Erde der Akademie der Wissen
schaften der DDR im Jahre 1969, Prof, Feneelau hat ele unmittelbarer Schüler von 
Geheimrat Adolf Schmidt das wissenschaftliche Profil der geomegnetiechen Forschung 
in Potsdam und Niemegk entscheidend geprägt, All� Wieeenechaftlar der DDR, die auf 
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dem Gebiet dea Geomagnetiamue geerbeitet heben und noch arbeiten, bringen 

Prof, Dr, Fenseleu ihren tiefempfundenen Denk entgegen. 

WAhrend des Sympoeiums wurden rund 60 wissenschaftliche Vorträge gehalten, von 

denen im vorliegenden Heft der Veröffentlichungen dee Zentrslinetituts fOr Physik 

der Erde 48 publiziert werden, Die Reihenfolge im Druck entspricht im wesentlichen 

dem zeitlichen Ablauf der Veranstaltung, Die weitaus Oberwiegende Zehl der Beitr!ge 

ist, wie eue dem Inhaltsverzeichnis ersichtlich, aktuellen Fragen der geomegnetftchen 

Forechung gewidmet, Im Eröffnungsvortreg wird eine Obersicht Ober die in Potsdam und 

Niemegk im Verlauf von neun Jahrzehnten, d,h, seit Gründung des Magnetischen Obaer

vetoriume in Potsdam, durchgeführten wissenschaftlichen Arbeiten gegeben • 

. Die Veröffentlichung schließt mit dem interessanten Beitrag von Prof, Dr, Kertz 

von der Technischen Universit!t Braunschweig, Bundesrepublik Deutschland, zum Stand 

der Geophysik zum Zeitpunkt der Eröffnung des Adolf-Schmidt-Observatoriums in Niemegk, 

Heinz Keutzleben 
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H. Kautzleben, Potsdam

50 Jahre Adolf-Schmidt-Observatorium 

für Erdmagnetismus in Niemegk -

90 Jahre 9eomagnetische Forschung in Potsdam 

Zusammenfassung, Es wird ein Oberblick über die Entwicklung 

des Adolf-Schmidt-Observatoriums für Erdmagnetismus in Niemegk 

7 

und seiner Vorgänger in Potsdam und Seddin gegeben. Zu den 

traditionellen Aufgaben dieser Einrichtungen gehören seit ihrer 

Gründung neben der Unterhaltung des Observatoriumsbetriebes die 

Entwicklung der erforderlichen Meßtechnik, regelmäßige Vergleichs

messungen mit anderen Observatorien, die Durchführung von ma

gnetischen Landesvermessungen und von geomagnetischen Tiefenson

dierungen sowie Untersuchungen zur Auswertung des Beobachtungs

materials. Das Observatorium gehört seit 1969 zum Zentralinstitut 

für Physik der Erde. 

Summarys We give an outline of the development of the Adolf

Schmidt-Observatory for Geomagnetism in Niemegk and ite pre

decessore in Potsdam end Seddin. Since their foundation the 

traditional functions of these institutions have not only been 

the cafrying-�ut of the regular observatory tasks but also 

development of the necessary measurement technology, continuous 

comparis�n measurements with other observatories, carrying-out 

of geodetic magnetic surveyings and of geomagnetic deep soundings 

end inveetigations on evaluation of the observation material. 

Since 1969 the observatory has been a part of the Central Earth 

Phyeics Institute. 

PesroMe: AoR�a.n; ooAep�MT o6sop pasBMTIUI reoMarHMTHOM 06oepBaTop1rn 

IDA. MO.Jll>Wa illM.M,n.Ta B lliiMerRe M ee rrpe.mnecTB8HHMKOB B IlOTOAaMe M 

3eMMH0 • G OCHOBaHI!J.H B COCTaB T,Pa,II;IID;MOHHbIX 3a,II;a't! 3TMX yqpe1M8Hlffi 

BXO,IlJIT He TO�bRO rrpoBeAeHMe o-qepeAH�X 3a,II;a't! o6cepBaTOpID!, HO li 

pa3BMTM8 HeOOXOAMMOH M3MepMT8�bHOM T8XHJIBM, ITOOTORHHH8 OpaBHM

T8Jll>Hhle M3MepeHM C Apyr:m,,m o6cepBaTOp:llilMM, rrpOB0A8HMe MarHMTHhlX 

reOA831N8CRMX li3MepeHd, reOMarHHTHhlX r.7IY6MHHhlX 30HAMPOBaHMM M 

MC9�eAOBaHIDI no o6pa60TR8 .Ma.TepHan:a Ha6�IO.n8HMM� G 1969 r. o6cep

BaTop:wr .HBJIR:8TO.H -qaOTbID UeHTpaJI.oHoro HH:OTHTyTa �H31IBM 3eMJIM. 
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1. Die Eigenschaften des Erdmagnetismus und die Aufgaben eines

geomagnetischen Observatoriums

Die Stellung der geomagnetischen Observatorien im Rahmen der 
Geowissenschaften wird durch die grundlegenden Eigenschaften 

des Erdmagnetismus und die daraus folgenden Besonderheiten der 

geomagnetischen Forschung bestimmt. Das Magnetfeld der Erde ist 

bekanntlich eine recht komplizierte physikalische Erscheinung. 
Im Vergleich zum Schwerefeld, das auch in geologischen Zeitmaß

stäben gesehen zeitlich praktisch konstant ist und sich auch von 

Ort zu Ort nur sehr wenig ändert, weist das Erdmagnetfeld räumlich 

und zeitlich beachtliche Änderungen auf. Dementsprechend sind 
vielfältige meßtechnische Maßnahmen erforderlich, um die Struktur 

des Erdmagnetfeldes in Raum und Zeit erfassen zu können. Direkte 

Messungen des �rdmagnetfeldes giQt es erst seit einem halben Jahr

tausend, mit ausreichender Präzision und Kontinuität jedoch erst 

seit etwa 100 Jahren. 

Im Erdmagnetfeld wirken sich im wesentlichen drei unterschiedliche 

physikalische Vorgänge aus. Der weitaus überwiegende Teil wird 

durch physikalische Vorgänge im äußeren Kern der Erde verursacht. 

Dieser Teil, das Hauptfeld, ist über Jahre hinweg praktisch konstant. 
Im Maßstab von Tausenden bzw. Zehntau.senden von Jahren ist das 

Hauptfeld starken Veränderungen bis zur völligen Umkehr der Feld

richtung unterworfen. Der Nachweis der räumlichen und zeitlichen 
Struktur dieser Langzeit-Änderungen kann nur mit Hilfe von paläo

magnetischen Methoden erfolgen, bei denen das "magnetische Gedächt

nis" der Gesteine ausgenutzt wird. Über kurze Zeiträume hinweg hat 

das Hauptfeld eine recht einfache räumliche Struktur; es kann sehr 
gut bereits durch einen Dipol im geometrischen LUttelpunkt der 

Erde beschrieben werden; wenn man dem noch einige wenige Multipole 

im Erdmittelpunkt hinzufügt, genügt die Beschreibung allen Anfor

derungen. Die Struktur des Hauptfeldes in der Nähe der Erdoberfläche 

zu einer bestimmten Zeitepoche wird durch eine weltweite Vermessung 

des Erdmagnetfeldes bestimmt, wobei heute künstliche Erdsatelliten al, 

Träger der Meßinstrumente eine über-ragende Bedeutung gewonnen haben. 

Dem Hauptfeld ist ein zeitlich konstanter Anteil überlagert, der 

durch den Magnetismus der Gesteine der Erdkr-uste verursacht wird. 

Änderungen dieses Anteils können nur durch geologische Prozesse 
verursacht werden, welche die Gesteine der Kruste selbst verändern. 

DOI: https://doi.org/10.2312/zipe.1981.070.01



Dieser Anteil ist örtlich stark veränderlich; er stellt sich 

demnach als lokale biw. regionale Anomalien dar und gibt wichtige 

Indikationen für die Lösung geologischer Fragen bis hin zur Suche 

von Lagerstätten. 
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Mit wachsender Entfernung von der Erdoberfläche schwindet der 
Einfluß der Anomalien in der Struktur des Erdmagnetfeldes sehr 

schnell. Im Abstand einiger Erdradien dominiert der Anteil des 

Dipols. Allerdings wird die Struktur des Dipolfeldes mit weiter 
wachsender Entfernung durch den Einfluß des ständig von der Sonne 

ausgehenden Stromes elektrisch geladener Teilchen vollständig ver

ändert. Die· Begrenzung des Bereiches, der vom Erdmagnetfeld noch 

beeinflußt wird, erhält dadurch die Form eines Tropfens mit einer 

Stoßfront auf der der Sonne zugewandten Seite und dem Schweif auf 
der abgewandten Seite. Diese Form ist zeitlich nicht konstant, 
sondern ändert sich im Rhythmus der Schwankungen des Sonnenwind�, 

Der dritte, zeitlich stark veränderliche Anteil am Erdmagnetfelci 

resultiert aus den physikalischen Vorgängen in der Hochatmosphäre, 
der Magnetosphäre und an der Grenze zum Weltraum unter dem Einfluß 

der Sonne. Dieser Anteil ist die auffälligste Erscheinung in den 

Registrierungen an den magnetischen Observatorien. Er kann in qua
litativer Form meßtechnisch recht einfach erfaßt werden. Die sau

bere Trennung von den beiden bereits genannten permanenten Anteilen 

erweist sich jedoch als eine äußerst anspruchsvolle wissenschaft
lich-technische Aufgabe und erfordert vielfältige Maßnahmen und 

beharrliche Anstrengungen der Observatoren und ihrer Mitarbeiter. 
Das kurzperiodische Ende im Spektrum der Variationen, die dem 

geomagnetischen Feld zugerechnet werden, wird konventionell bei 
10 Hz bestimmt. Damit sind die Fluktuationen des natürlichen elek

tromagnetischen Feldes jenseits der Pulsationen nicht mehr Gegen

stand der geomagnetischen Forschung. 

Da der Erdkörper einschließlich der Gewässer elektrisch leitend 

ist, enthalten die zeitlichen Änderungen des Erdmagnetfeldes 

neben ihrem primären, durch die Vorgänge im Außenraum der Erde 

verursachten Anteil nöch einen sekundären Teil, der du�ch die 
�lektromagnetische Induktion der Variationen im Erdkörper bedingt 
wird. Dieser sekundäre Anteii wird außer durch die räumliche 

DOI: https://doi.org/10.2312/zipe.1981.070.01
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und zeitliche Struktur der Quellen im Außenraum auch durch die 

räumliche Verteilung der elektrischen Leitfähigkeit im Erdkörper 

bestimmt. Die Trennung des primären und sekundären Anteils ist 

deshalb theoretisch und praktisch sehr kompliziert; sie ermög-

licht jedoch wichtige Aussagen über die Erdkruste und die Lithosphä

re und hat großes wissenschaftliches Interesse. Die erforderlichen 

Meßdaten werden durch die geomagnetischen Tiefensondierungen be

schafft. 

zusammenfassend läßt· sich also sagen, daß die magnetischen Obser

vatorien eine zentrale Stellung bei der Erforschung des Erdmagne

tismus einnehmen. An den Observat�rien erfolgt die ständige Über

wachung der Schwankunge� des Erdmagnetfeldes. Die Observatorien 

bilden die Basis und die Bezugspunkte für die flächenhafte Vermessung 

sowohl des permanenten Magnetfeldes wie auch des Variationsfeldes� 

An den Observatorien oder in enger Verbindung mit ihnen werden 

häufig auch gesteins- und paläomagnetische Untersuchungen zum Lang

zeitverhalten des Erdmagnetfeldes und von damit verknüpften geolo

gischen, z.B. stratigraphischen bzw. tektonischen, Fragen durchge

führt. 

Die magnetischen Observatorien befinden sich stets an sorgfältig 

ausgesuchten Standorten, die weitgehend frei von Störungen der 

natürlichen Verhältnisse durch Industrie, Verkehr, Siedlungen u.ä. 

sind. Sie verfügen über eine hochentwickelte Technik für höchst

präzise Messung�n des natürlichen elektromagnetischen Feldes und 

betreiben häufig selbst den dazu erforderlichen Gerätebau. 

Die Observatorien werden deshalb in allen Ländern auch für magne

tische Präzisionsmessungen mit verschiedensten Zielstellungen ge

nutzt. 

Das unmittelbare Ergebnis der Arbeit eines jeden magnetischen 

Observatoriums ist die Bereitstellung zuverlässiger, mehr oder 

weniger vollständiger Meßdaten über die zeitliche und die räum

liche Struktur des Erdmagnetfeldes. Die wissenschaftliche Analyse 

dieser Daten, ihre Verknüpfung mit weiteren Informationen und die 

Ausführung theoretischer Untersuchungen über die Ursachen des Erd

magnetfeldes erfolgt manchmal an den Observatorien selbst, zumeist 

jedoch an großen Forschungseinrichtungen, an welche die Observa-
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torien gewöhnlich angeschlossen sind. In dieser Hinsicht ent
sprechen die Arbeitsweise und die organisatorische Stellung des 
Adolf-Schmidt-Observatoriums-für Erdmagnetismus völlig der inter
nationalen Norm. Sie haben sich über 90 Jahre hinweg als effek�iv 
erwiesen und werden sich auch in Zukunft nicht ändern. 

2. Geschichte und Vorgeschichte des Adolf-Schmidt-Observatoriums

Das Adolf-Schmidt-Observatorium für Erdmagnetismus in Niemegk ist 
die unmitte!bare Nachfolgeeinrichtung der Magnetischen Abteilung 

11 

des Meteorologisch-Magnetischen Observatoriums, das am 1. 1. 1890 
als Bestandteil des Preußischen Meteorologischen Instituts Berlin 
mit regelmäßigen magnetischen Registrierungen auf dem Telegrafenberg 
in Potsdam begonnen hat. Als erster Leiter der Magnetischen Abtei
lung wurde Dr. Max Eschenhagen berufen; gleichzeitig wurde er zum 
Professor ernannt. 
Nach dem frühen Tode Eschenhagens wurde 1902 zum Leiter der Magne
tischen Abteilung und zugleich zum Direktor des Meteorologisch
Magnetischen Observatoriums in Potsd�m der Gymnasialprofessor 

Dr. Adolf Schmidt berufen. Mit ihm übernahm ein äußerst befähigter 
und vielseitig begabter Wissenschaftler die Leitung, der in den 
folgenden 26 Jahren das Profil und den internationalen Ruf der 
geomagnetischen Forschung in Potsdam entscheidend bestimmt hat. 
Auf die Arbeiten und Anregungen von Adolf Schmidt gehen vielfältige 
Tradjtionen zurück, die heute noch im Observatorium Niemegk 1 das 
mit vollem Recht seinen Namen trägt, gepflegt werden. 
Adolf Schmidt wurde im Jahre 1929 zum korrespondierenden Mitglied 
der Berliner Akademie der Wissenschaften gewählt. 
Adolf Schmidt hatte zweimal die äußerst schwierige Aufgabe zu 
erfüllen, das magnetische Observatorium durch Verlegung an einen 
neuen Standort vor industriellen Störungen zu sichern: 

Im Jahre 1907 wurden die Registrierungen vom Telegrafenberg in 
den Forst von Seddin verlegt - zur Ausschaltung der Störungen 
durch den elektrischen Treidelbetrieb auf dem Teltow-Kanal. 
1929/30 mußte wegen der Elektrifizierung der Berliner S-Bahn 
auch dieser Standort aufgegeben werden. Als· neuer Standort wurde 
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von Adolf Schmidt ein Waldstück am Rande von Niemegk/ Kreis Belzig 

ausgewählt, auf dem bis heute das Adolf-Schmidt-Observatorium 

für Erdmagnetismus nur m�t der Unterbrechung infolge von Kriegs

einwirkungen störungsfrei arbeiten konnte. 

Die 1890 geschaffene Organisationsform hat die geomagnetische 

Forschungseinrichtung in Potsdam bis zum Jahre 1934 beibehalten. 

In diesem Jahr wurde das Preußische Meteorologische Institut in 

den neugebildeten Reichswetterdienst des faschistischen Deutsch

lands eingegliedert. Die Magnetische Abteilung wurde gemeinsam 

mit dem Adolf-Schmidt-Observatorium aus dem Meteorologischen 

Institut ausgegliedert und zu einer selbständigen Einrichtung, zum 

Magnetischen Observatorium der Universität Berlin, umgewandelt. 

Die Leitung des Magnetischen Observatoriums wurde Alfred Nippoldt 

übertragen, der 1928 als Nachfolger von A. Schmidt zum Leiter der 

Magnetischen Abteilung berufen worden war. 

Die Organisationsform eines Instituts erhielt die geomagnetische 

Forschungsstätte im Jahre 1936 anläßlich der Berufung von Prof. 

Dr. JUlius Bartels zum neuen Direktor nach dem Tod von Alfred 

Nippoldt. Die Forschungsstätte wurde in Geophysikalisches Institut 

Potsdam umbenannt und dem Preußischen Kultusministerium unterstellt. 

JUlius Bartels wurde 1939 zum Ordentlichen Mitglied der Berliner 

Akademie der Wissenschaften gewählt. Er hatte die Leitung des 

Instituts bis zum Kriegsende 1945 inne. 

Die Entwicklung in den ersten Jahren nach dem Zusammenbruch des 

faschistischen Reiches ist gl�ichbedeutend mit dem Neuaufbau der 

geomagnetischen Forschungsstätte. Der Institutsteil in Potsdam 

wurde unter Leitung von Prof. Dr. Richard Bock mit der Bezeichnung 

Geophysikalisches Institut der Geologischen Landesanstalt Berlin 

zugeordnet. Das Adolf-Schmidt-Observatorium in Niemegk, das noch 

in den letzten Kriegstagen erhebliche Zerstörungen erlitten hatte, 

wurde unter Leitung von Dr. Gerhard Fanselau Teil des Meteorolo

gischen Dienstes. Seide Einrichtungen wurden nach dem Ausscheiden 

von Richard Bock im Jahre 1949 unter der Lei�ung von Prof. Dr. 

Fanselau zum Geomagnetischen Institut und Observatorium Potsdam

Niemegk im Meteorologischen Dienst der DDR vereinigt. Diese Ein-

richtung wurde ab 1. 1. 1957 von der Berliner Akademie der Wiseen

schaften als Geomagnetisches Institut übernommen. Der größte Teil 
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des Geomagnetischen Instituts, darunter vollständig das Adolf
Scbmidt-Observato�ium in Niemegk, ist am 1. 2. 1969 im damals 

neugebildeten Zentralinstitut für Physik der Erde der Akademie 
aufgegangen und nimmt sAitdem an der Entwicklung dieses Zen

tralinstituts teil. Gerhard Fanselau wurde nach 42 Jahren 

äußerst fruchtbarer Tätigkeit im April 1969 emeritiert. 
Wenn wir heute die Einrichtung des Adolf-Schmidt-Observatoriums 

in Niemegk vor 50 Jahren wü.r·digen, so würdigen wir zugleich die 

Eröffnung des Magnetischen Observatoriums und den Beginn der 

Registrierungen in Potsdam vor über 90 Jahren. Ungeachtet aller 
organisatorischen Veränderungen und trotz der beiden Verlegun� 

gen ist es den Leitern und Mitarbeitern im magnetischen Obser
vatorium Pptsdam-Seddin-Niemegk gelungen, eine weitgehend 

lückenlos� homogene Beobachtungsreihe für einen Zeitraum von 

90 Jahren zu gewinnen. Wir danken heute allen Mitarbeitern, 

die in diesem langen Zeitraum mit wissenschaftlicher Akribie 

und zäher Beharrlichkeit den Betrieb des Observatoriums ge

sichert haben. Die Entstehungsgeschichte des Magnetischen Ob
servatoriu.ms in Potsdam zeigt, daß für seine Gründung zwei 

Zielstellungen maßgebend waren, die in jenen Jahr·en in Preußen 

herangereift waren. Das Observatorium sollte zur Erfassung des 

Einflusses der Sonne auf die Erde bei tragen und zugleich a_ls 

Stützpunkt �ür die magnetische Landesaufnahme in Preußen die
nen. Sehr bald nach der Entdeckung der Spektralanalyse durch 

Kirchhoff, bereits Anfang der sechziger Jahre des·vorigen 

Jahrhunderts, war in den Wissenschaftler-Kreisen Berlins der, 

Gedanke aufgetaucht, in oder bei Berlin ein Observatorium 

einzurichten, das speziell zur Erforschung der physikalischen 

Erscheinungen auf der Sonne bestimmt sein sollte. Die vom 
Direktor der Berliner Sternwarte, Prof. Dr. Wilhelm Förster, 

angefertigte Denkschrift vom 30. 9. 1871 sah vor, daß in der 

Nähe Berlips eine solche Sonnenwarte errichtet werden sollte; 

Hauptstatioq fungieren. 
Die Gutachten der Berliner Akademie der Wissenschaften von 

1872 und 1874 lehnten diesen Vorschlag jedoch ab und befür-
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werteten dagegen die Errichtung eines astrophysikalischen Obser-
vatoriums, an dem auch regelmäßige erdmagnetische Beobachtungen 
durchgeführt werden könnten. Realisiert wurde lediglich der Bau 

des astrophysikalischen Observatoriums Potsdam, das im Herbst 1878 

eröffnet werden konnte. Die Einrichtung eines magnetischen Obser
vatoriums blieb dem bereits 1847 gegründeten Preußischen Meteorolo

gischen Institut überlassen. Maßgebend hierfür war, daß sich die 

magnetischen Beobachtungen in der Art und Weise ihrer Ausführung 

eng an die meteorologischen anschließen lassen und deshalb ein 
gemeinsamer Betrieb leicht zu ermöglichen ist und daß man anderer

seits einen Zusammenhang z�ischen beiden Gruppen von Erscheinungen 

vermutete. 

Die Pläne zur Reorganisation des Meteorologischen Instituts und zur 
Errichtung eines meteorologisch�magnetischen Observatoriums bei 

Berlin wurden von der preußischen Regierung jedoch erst 1885 ge

billigt. 

Auf dem Gebiet des Erdmagnetismus war in Preußen bisher praktisch 
nicht gearbeitet worden. Lediglich Alexander von Humboldt hatte 
in den 20er und 30er Jahren in Berlin zeitweilig ein privates 
magnetisches Observatorium betr�eben. Eine magnetische Landesauf

nahme unter Einbeziehung preußischer Gebiete hatte John Lamont 

um die .Mitte des 19. Jahrhunderts von München aus durchgeführt. 

Diese Aufnahme mußte am Ende des Jahrhunderts wegen der säkularen 
Änderung unbedingt erneuert werden. Ausgelöst durch die Forderungen 
der Seefahrt befaßten sich die 1867 gegründete Deutsche Seewarte 

in Hamburg mit magnetischen Beobachtunge� sowie mit magnetischen 

Vermessungen im Küstenbereich. Eine Ausdehnung auf das gesamte 
Staatsgebiet Preußens erforder�je�och unbedingt ein ausreichend 
leistungsfähiges, zentral gelegenes magnetisches Observatorium. 

Unmittelbar nachdem der laufende Betrieb im neuen Observatorium 

in Potsdam gesichert worden war, begannen dann auch die Arbeiten 

zur Landesaufnahme. 
Soviel zur Ent�tehungsgeschichte des Magnetischen Observatoriums 

in Potsdam. Sie ist über das historische Interesse hinaus insofern 
interessant, als daß die damals bereits verfolgten Zielstellungen 
die gesamte weitere Entwicklung unserer geomagnetischen Forschungs

einrichtung maßgeblich bestimmt haben. 
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3. Die wissenschaftlichen Arbeiten

Während der gesamten, nunmehr 90 Jahre umfassenden Entwicklung 

des Observatoriums Potsdam-Seddin-Niemegk haben alle verantwort

lichen Observatoren und Institutsleiter diese Forschungsstätte 

stets als geomagnetisches Stanoardobservatorium verstanden. Von 

Beginn an war die Aufmerksamkeit darauf gerichtet, das geomagne

tische Feld vor allem�am Standort des Observatoriums meßtechnisch 

exakt zu erfassen. Nach dem Vorbild von Gauß und Weber wurden 

hierfür kontinuierliche Registrierungen der zeitlichen Änderungen 
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in allen drei Elamenten mit normalem Papiervorschub und in gew�s

sen Abständen Absolutbestimmungen von D, I und H vorgenommen. 

Eschenhagen hat in späteren Jahren auch Registrierungen mit grö

ßerer Geschwindigkeit begonnen· und dabei die vo� ihm "Elementar

wellen'' genannten Pulsationen entdeckt. Mit eingehenden Untersu

chungen dieser kurzperiodischen Änderungen des geomagnetischen 

Feldes befaßte sich �n Niemegk erstmals Horst Wiese unter Verwen

dung einer großen Induktionsspule. Diese Arbeiten sind in der Folge

zeit auch in Niemegk stark ausgeb�ut worden. 

Untersuchungen des geoelektrischen Feldes wurden in Potsdam im 

zweiten Jahrzehnt nach der Gründung des Observatoriums und dann 

erst wieder nach Einrichtung des Observatoriums in Niemegk aufge

nommen. Sie mußten in Potsdam wegen indust�ieller Störungen, in 

Niemegk wegen instrumenteller Schwierigkeiten wieder eingestellt 

werden. Erst nach 1949 konnte in Niemegk die kontinuierliche Re

gistrierung auch der geoelektrischen Variationen aufgenommen 

werden. Das Observatorium in Niemegk und Potsdrun dient mehrf'ach als

Basis für magnetische Landesaufnahmen in klassischem Sinne. 

Ab 1947 wurde das Adolf-Schmidt-Observ�torium 0 auch zum Ausgangs

und Stützpunkt für die geomagnetischen Tiefensondierunge�, die 

eigentlich eine Kartierung der räumlichen Unterschiede im geo

magnetischen Variationsfeld im Periodenbereich der Normalregistrie

rungen sind. 
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Es ist niemals versucht worden, das geomagnetische Observatorium 

durch Einbeziehung weiterer Parameter zu einem geophysikalischen 

Observatorium bzw. zu einem Observatorium für solar-terrestrische 

Physik auszubauen. 

Wie.ein roter Faden ziehen sich durch die gesamte Geschichte 

des Observatoriums die Arbeiten zur Entwicklung und Weiter

entwicklung der erforderlichen magnetischen Meß- und Registrier

geräte. Von Beginn an bis in die 60er Jahre waren die Arbeiten 

auf die instrumentell-technische Realisierung der klassischen 

magnetometrischen Meßprinzipien konzentriert, die bereits von 

C. F. Gauß und E. W. Weber ausgearbeitet wurden. Für die Erst

ausstattung des neuen Observatoriums in Potsdam erwies es sich

als außerordentlich vorteilhaft, daß in Potsdam einige feinme

chanische Werkstätten bestanden, die auf die Fertigung geodäti

scher Geräte eingestellt weren und sich ebenfalls der Fertigung

magnetometrischer Geräte nach den Angaben der Wissenschaftler des

Observatoriums annahmen. Die Qualität der auf diese Weise entstan

denen Geräte war ausgezeichnet. Viele geomagnetische Observatorien

in aller Welt sind auch heute noch mit magnetischen Instrumenten

dieser Potsdamer Firmen ausgestattet.

Bereits 1888 wurden von der Firma Wanschaff na�h den Entwürfen 

von Eschenhagen ein Registrierapparat mit vier Walzen und ein 

magnetischer Theodolit gefertigt. Diese Instrumente gehörten ab 

1890 zur Grundausrüstung des Observatoriums. Oie!:feinmechanische 

Werksta�t von G. Schulze in Potsdam baute nach den Angaben von 

Eschenhagen einen Erdinduktor, der hohe Meßgenauigkeit und Ein

stellsicherheit aufwies und größere Meßgeschwindigkeiten zuließ. 

Bereits im Jahre 1912 waren mehr als zwanzig dieser Geräte in 

ausländischen Observatorien im Einsatz. Von Eschenhagen wurden 

auch die ersten brauchbaren Unifilar-Magnetometer entwickelt 

und eingesetzt. 

Für die magnetische Landesaufnahme baute die Firma Töpfer zwei 

Tesdorfsche Reisetneodoliten nach Plän�n von Eschenhagen um. 

Nach den Plänen von Nippoldt fertigte die Firma Schulze einen 

neuen Reisetheodoliten. Diese Aufzählung könnte fortgeführt 

werden. 
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Die von Eschenhagen begründete Tradition, daß sich die Leiter 

des Magnetischen Observatoriums intensiv mit der Entwicklung der 

magnetischen Meßtechnik, zu befassen haben, ist von allen seinen 

Nachfolgern im Amte des Observators gepflegt worden. Zur größten 

Überraschung der Fachwelt erwies sich auch Adolf Schmidt, der als 

Theoretiker bekannt war, als glänzender Experimentator und Ent

wickler von magnetischen Geräten hoher Leistungsfähigkeit. Er 

entwickelte u.@. eine optische Anordnung zum Regi�trieren mit 
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zwei verschiedenen Empfindlichkeiten und eine photographische 

Registriereinrichtung mit weiter Zeitskala bei sparsamem Papier

verbrauch. Einen bedeutenden Fortschritt brachte sein magnetischer 

Normaltheodolit. Dieses Gerät wurde von deri Askania-Werken in 

Berlin-Friedenau in größerer Zahl gebaut. Ein solcher Normaltheo

dolit ist auch heute noch im Observatorium in Niemegk im Meßeinsatz: 

er war das wichtigste Gerät .bei der absoluten Neubestimmung der 

erdmagnetischen Feldgrößen in Niemegk in den Jahren 1950 bis 1952. 

Der Name Adolf Schmidts ist ebenfalls untrennbar mit der geomag

netischen Feldwaage verknüpft, die von ihm 1914/15 aus einem Vario

meter für den Prospektionseinsatz entwickelt wurde. Diese Feld

waage wurde industriell gefertigt und weltweit eingesetzt. Sie �st 

später mehrfach konstruktiv weiterentwickelt worden. 

Die bedeutendsten Verbesserungen stammen von Fanselau, der in den 

Jahren nach 1945 u. a, die Schneidenlagerung des Magneten durch 

eine Fadenaufhängung ersetzte. Die Fadenwaage ist in weit über 

1000 Exemplaren gefertigt und in alle Welt ausgeführt worden.

Gerhard Fanselau, der das Amt des Observators kurz nach der Er

richtung des neuen Observatoriums in Niemegk übernahm, verdanken 

wir zahlreiche neue Ehtwicklungen. Er hat besondere Sorgfalt auf 

die zweckmäßige Gestaltung der Registrier- und Mel�räume und deren 

Sicherung gegen äußere Störungen verwendet. Von Fanselau stammen 

weiter u. a. Spulensysteme für die Erzeugung weitgehend homogener 

Magnetfelder, eine Apparatur zur automatischen Schwingungsmessung 

und die von ihm entwickelte magnetische Feldregistrierstation. 
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Darüberhinaus gab Fanselau zahlreiche Anregungen für weitere 

gerätetechnische Arbeiten an seine Mitarbeiter: z. s. für die 

Entwicklung eines elektrodynamischen Theodoliten, vor allem für 

die Aufnahme von Untersuchungen zur Verwendung neuartiger physi

kalischer Prinzipien zur Messung des Erdmaghetfeldes, von denen 

sich das Flux-gate-Prinzip und die freie Kernpräzession durchge

setzt haben. Von den heute verantwortlichen Observatoren sind 

besondere Anst�engungen u. a. zur Einführung der Prozeßrechentech

nik in den Observatoriumsbetrieb unternommen worden. 

Die Leitung und die Mitarbeiter des Observatoriums in Potsdam, 

Seddin und Niemegk waren stets an einer engen Kooperation mit 

den Fachkollegen in anderen magnetischen Observatorien, besonders 

mit denen in den europäischen Staaten, interessiert. Ein beredtes 

Zeugnis hiervon legen die zahlreichen Vergleichsmessungen ab, um 

das Bezugsniveau in allen Observatorien auf eine einheitliche 

experimentell gesicherte Basis zu bringen. In den Tagen, da unser 

Symposium stattfindet, werden wiederum mehrere Anschlußmessungen 

durch Teilnehmer des Symposiums in Niemegk ausgeführt. Eine weitere 

bemerkenswerte internationale Gemeinschaftsarbeit mit großem all

seitigen Nutzen ist der regelmäßige Austausch von Momentanwerten 

zwischen den benachbarten europäischen Observatorien. Dieser Aus

tausch wurde vor 2� Jahren von den Observatoren von Niemegk, Wingst, 

Fürstenfeldbruck und Wien-Auhof begonnen. Heute beteiligen sich 

daran über 20 geomagnet�sche Ob�ervatorien in Europa. 

An unserem Observatorium sind mehrfach die Teilnehmer von Expe

ditionen ausgebildet und ausgerüstet worden, die in fernen Ländern, 

in der Arktis und in der Antarktis geomagnetische Beobachtungen 

durchführen sollten. Mitarbeiter des Observatoriums Niemegk waren 

1958 und 1964 in Spitzbergen tätig. Seit 1973 werden in Niemegk 

die DDR-Teilnehmer an den Sowjetischen Antarktisexpeditionen vor

bereitet, die den kontinuierlichen magnetischen Beobachtungsbe

trieb in der DDR-Basis bei der sowjetischen Station Neulasarew 

unterhalten. 
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Wenr
l man heute die 9 Jahrzehnte Forschungsarbeit in Potsdam, 

Seddin und Niemegk überblickt, so kann1man mehrerd Tradit�ons

linien feststellen, die zu allen Zeiten von den Mitarbeitern des 

Observatoriums gepflegt worden sind. Neben der bereits behandelten 

Weiterentwicklung der Gerätetechnik gehört hierzu auch das ständige 

Bemühen um· di� zweckmäßigste Aufbereitung des Beobachtungsmaterials. 

Zum Observatorium Potsdam-Seddin-Niemegk gehört seit jeher das aus

sagekräftige Jahrbuch mit verschiedenartigen Tabellen, graphischen 

Darstellungen aber auch mit wissenschaftlichen Artikeln. Heute 

werden die Tabellen im Jahrbuch mit Hilfe unserer eigenen Rechner

anlage automatisch berechnet. 

Eine weitere traditionelle Aufgabe ist die Schätzung der geomag

netischen Akrivität und die Entwicklung dafür geeigneter Kenn

ziffern. Hierbei sind besonders die Namen Eschenhagen, Schmidt, 

Bartels, Fanselau zu nennen. Die von Schmidt eingeführten Charak

terzahlen werden ebenso wie die von Bartels entwickelten geomag

netischen Kennziffern K 1 noch heute von den Observatorien in�ller 

Welt verwendet. Weit verbreitet sind ebenfalls die von Fanselau 

entwickelten Kennziffern K 2. Die mit der Schätzung der Aktivität 

verknüpften Probleme sind in Potsdam und Niemegk eingehend unter

sucht worden� Hierzu gehört z� B. die Unterscheidung von besonders 

ruhigen und besonders gestörten Tagen. Das umfangreiche Beobach

tungsmaterial ist von verschiedenen Mitarbeitern für eingehende 

statistische Untersuchungen der Aktivität genutzt worden. Schmidt 

gelang dabei der Nachweis des sogenannten Ringstromes Ost mit 

Hilfe der sog. interdiurnen Veränderlichkeit. Fanselau hat sich 

eingehend mit der Feinstruktur der Variationen befaßt. Weitere 

Arbeiten betrafen z. B. die Bay-Störungen, die Solar-Flare

Effekte und die regulären Variationen. 

Alle Potsdamer und Niemegker Observatoren haben, wie bereits 

erwähnt wurde, sehr eng mit ihren Kollegen an den benachbarten 

geomagnetischen Observatori�n zusammengearbeitet. Die vielfältigen 

Instrumentenvergleiche haben zur Qualitätssteigerung aller betei

ligten Observatorien beigetragen •• Einige Male sind bei solchen 

Vergleichen neue Phänomene entdeckt worden. Die größte Bedeutung 

hat die Entdeckung der Auswirkungen von Leitfähigkeitsdifferenzen 
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in der Lithosphäre in den geomagnetischen Variat�onen gewonnen. 

Nach Vorarbeiten, die bis in das Jahr 1907 zurückreichen, war 

der unmittelbare Anlaß der Austausch der Registrierkurven zwischen 

den Observatorien Niemegk und Wingst im Jahre 1948. Die damals 

sensationelle Entdeckung, daß die Baystörung in den Vertikalkom

ponenten an diesen Observatorien entgegengesetzt gerichtet ist, 

wurde in Wingst von Otto Meyer und in Niemegk von Horst Wiese 

im genannten Sinne gedeutet und löste intensive Arbeiten sowohl 

ih der BRD als auch in der DDR aus.FUr die erfolgreiche Weiter

führung der Tiefensondierungen von Niemegk aus war das Vorhanden

sein der von Fanselau entwickelten Feldregistrierstationen günstig. 

In der DDR wurden erstmals planmäßig und umfangreich die Variations

anomalien untersucht in einer Form wie sie später in zahlreichen 

weiteren Ländern üblich wurde. Später wurden sie von den Niemegker 

Mitarbeitern in mehreren Ländern in Mittel- und Südosteuropa durch

geführt. Heute sind diese Untersuchungen ein wichtiger Bestandteil 

der Erforschung der Tiefenstruktur der Erdkruste. Dabei' hat sich 

als sehr zweckmäßig eine äußerst anschauliche Darstellung erwiesen, 

die von Wiese eingeführt wurde und heute als Parkinson-Wiese

Induktionspfeil bezeichnet wird. Theoretische Untersuchungen zur 

Deutung der geomagnetischen Tiefensondierungen sind in Niemegk 

von Wiese, Fanselau u. a. ausgeführt worden. Die Leistungen auf 

dem Gebiet der geomagnetischen Tiefensondierungen reihen sich 

würdig in die besten Arbeiten ein, die im Observatorium Potsdam

Seddin-Niemegk durchgeführt worden sind. 

Das Observatorium in Potsdam war der Bezugspunkt für die Landes

aufnahme von Preußen durch Eschenhagen und Edler von 1898 bis 

1903. Es wurde an 265 Punkten gemessen, was dem damals üblichen 

Punktabstand von 40 bis 50 km entsprach. Diese Aufnahme wurde in 

vorbildlicher Weise von Schmidt bearbeitet. Das Observatorium in 

Niemegk war die Basisstation für die sog. Magnetische Reichsauf

nahme in den Jahren 1930 bis 1939 unter der Leit�ng von Bock, 

Burmeister und Errulat, die auch die Bearbeitung durchgefuhrt 

haben. Hierbei wurde angestrebt, möglichst an denselben Meßpunkten 
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wie zur Landaufnahme von 1898 bis 1903 zu messen. Gegenüber dieser 

Aufnahme wurde vor allem die Meßgenauigkeit in Z verbessert. 

Das Adolf-Schmidt-Observatorium war auch der Bezugspunkt für die 

Landesaufnahme der DDR von 1950 bis 1961. Durch den Einsatz der 

magnetischen Fadenwaagen sowie des Quarzfadenmagnetometers konnten 

die Meßgenauigkeit beträchtlich erhöht und die Meßgeechwindigkeit 

vergrößert werden. Der Punktabstand betrug im Mittel 9 km. 

Die sehr eingehende Bearbeitung war Ausgangspunkt für wissenschaft

liche Untersuthungen zur magnetischen Kartographie. Bei der ein

heitlichen Bearbeitung aller drei Landesaufnahmen ergaben sich 

Hinweise auf regionale Anomalien des Säkulargebietes der DDR, die 

bereits lange vermutet worden waren. Zur Prüfung dessen wurden 

weitere Säkularpunkte eingerichtet, an denen seit 1965 regelmäßig 

beobachtet wird. 

Eine vierte Landesaufnahme im Gebiet der DDR mit dem Observato

rium Niemegk als Hauptbezugspunkt ist z.z. im Gange •• Hierbei 

kommen auch die neuen Meßgeräte zum Einsatz, und natürlich werden 

alle wissenschaftlich-methodischen Erkenntnisse genutzt. 

In Verbindung mit den Arbeiten zur magnetischen Landesaufnahme 

stehen die Untersuchungen zum geomagnetischen Normalfeld, die im 

Observatorium und Institut ebenfalls Tradition besitzen, 

An dieser Stelle sei auch auf die traditionellen Untersuchungen 

zur Berechnung des geomagnetischen Potentials verwiesen, die von 

den Potsdamer Wissenschaftlern durchgeführt worden sind. Zu nennen 

sind hier auch weitere theoretische Untersuchungen zum Hauptfeld 

und Arbeiten zur geologisch-geophysikalischen Interpretation geo

physikalischer Anomalien. Sie stehen nicht unmittelbar mit den 

Aufgaben des Observatoriums in Verbindung und sollen deshalb hier 

nicht weiter erläutert werden. Aus dem gleichen Grund sei auch 

nur kurz auf die umfang- und ergebnisreichen Untersuchungen ver

wiesen, die im Geomagnatiscf1en Institut in Potsdam auf dem Gebiet 

des Gesteins- und Paläomagnetismus hauptsächlich in den beiden 

Jahrzehnten von 1950 bis 1970 durchgeführt worden sind. Paläomag

netische Untersuchungen werden heutein Potsdam mit geologischer 

Zielstellung durchgeführt. 
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4. Schlußbemerkung

Dieser kurze überblick über die Entwicklung unseres magnetischen 
Observatoriums und die von den Mitarbeitern des Observatoriums 
ausgeführten Forschungsarbeiten ist natürlich unvollständig. 

Mir kam es darauf an, die hohe Kontinuität un�8ie lebenskräftigen 

Traditionslinien in der wechselvollen Geschichte unserer For
schungsstätte seit ihrer Gründung in Potsdam zu verdeutlichen. 

Wir würdigen mit unserem Symposium die Eröffnung des Adolf-Schmidt

Observ�toriums in Niemegk vor einem halben Jahrhundert. Damit 
zollen wir zuglejch hohe Anerkennung dem Lebenswerk unseres ver
ehrten Nestors 0rof. Dr. Fanselau, der das Observatorium in 
Niemegk zu dem gemacht hat, was es heute in der Fachwelt bedeutet. 
Wir müssen dabei stets daran denken, daß der vielversprechende 

Beginn in der Tätigkeit des Observatoriums in Niemegk durch den 
faschistischen Krieg bereits nach einigen Jahren beendet wurde 
und das Erbe des Krieges eine weitgehend zerstörte Forschungs
einrichtung war. Dank dem aufopferungsvollen Einsatz einiger 
weniger Mitarbeiter des Observatoriums, an deren Spitze Gerhard 
Fanselau stand, gelang es mit Unterstützung der sowjetischen Mili

tärverwaltung und der örtlichen Behörden innerhalb weniger Monate 
das Observatorium wieder in Gang zu setzen. Und nicht nur das! 
Nach dem schwierigen Wiederbeginn konnte der Aufbau und Ausbau 

kontinuierlich fortgesetzt werden. Es wurden neue Mitarbei�er ein
gesetzt, die Ausrüstungen wurden erweitert, neue Gebäude wurden 
errichtet. Die Bilanz der seit dem vergangenen 35 Jahre ist gut. 
Das �ahr 1969 markiert den Beginn einer neuen Etappe in der Ent

wicklung des Adolf-Schmidt-Observatoriums in Niemegk. In diesem 
Jahr erfolgten wesentliche organisatorische Maßnahmen im Rahmen 
der Umgestaltung der 5erliner Akademie der Wissenschaften zur 
Forschungsakademie der sozialistischen Gesellschaft in der DDR. 
Am 1. Februir 1969 wurde das Zentralinstitut für Physik der Erde 

gebildet, in dem das Adolf-Schmidt-Observatorium in Niemegk und 
alle auf die Erforschung des Erdkörpers gerichteten Abteilungen 
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des bisherigen Geomagnetischen Instituts aufgegangen sind. Die 

Abteilung zur Erforschung geomagnetischer Phänomene in den solar

terrestrischen Beziehungen wurde in das zur gleichen Zeit gebildete 

Zentralinstitut für solar-terrestrische Physik der Akademie einge

gliedert. Diese Entscheidung entsprach dem erreichten· Stand in der 

geomagnetischen Forschung selbst und den herangereiften Forderungen 

nach der komplexen Erforschung des Erdkörpers auf der einen Seite 

und der solar-terrestrischen Beziehungen andererseits. 

Besondere Anstrengungen wurden seitdem unternommen, um das geomag

netische Observatorium auf einem hohen Niveau zu betreiben. Das 

betrifft vor allem die durchgehende Einführung der elektronisch�n 

Datenverarbeitung im Observatorium, wo wir seit einigen Jahren 

einen auch international beachtlichen Stand erreicht haben. Unser 

Ziel besteht jetzt vorrangig darin, diese technischen Möglichkeiten 

in jeder Hinsicht zu nutzen. 
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Die Entwicklung der geomagnetischen Forschung in den letzten Jahrzehn

ten zeigt, daß über das phänomenologische Bild des Erdmagnetfeldes 

hinausgehende Erkenntnisse vor allem bei einer interdisziplinären 

Erforschung der Ursachen des Erdmagnetfeldes zu erreichen sind. 

In der Akademie der Wissenschaften der DDR besitzen wir in Form 

der beiden genannt�n Zentralinstitute für Physik der Erde bzw. 

solar-terrestrischen Physik hierfür gute Voraussetzungen. Damit 

setzen wir die Traditionen unserer vor etwa einem Jahrhundert 

gegründeten Vorgängerinstitutionen fort und ergänzen sie durch 

Arbeiten zur Lösung der aktuellen Fragen der Gegenwart in der DDR. 
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ADOLF SCHMIDT 
zum 120. Geburtstag 

Von G. Fanselau +) 

Das 50jährige Bestehen des Adolf-Schmidt-Observatoriums ist 
Anlaß dafür, derer zu gedenken, die mit ihrer Forschungs
arbeit die Voraussetzungen für die nachfolgende Entwicklung 
geschaffen haben. Hier sei vor allem an ADOLF SCHMIDT erin
nert, nach dessen Plänen und weitsichtigen Vorbereitungen 
das Observatorium errichtet wurde, in die die jahrzehnte
lange•Erfahrung dieses großen Gelehrten einfließen konnte. 
Ihm zu Ehren wurde das Observatorium zu seinem 70. Geburts
tag eröffnet, so daß das 50jährige Jubiläum mit seinem 120. 
Geburtstag zusammenf'ällt. 

ADOLF SCHMIDT wurde am 23. Juli 1860 im damaligen Breslau, 
dem heutigen W::röcl.a.w (VR Polen) geboren. Sein Vater war In
genieur in einer Fabrik in Breslau. Nach Ablegung der Reife
prüfung an einer Breslauer Oberrealschule bezog er die Uni� 
versität seiner Vaterstadt, um Mathematik und Physik, aber 
auch die neueren Sprachen, Englisch und Französisch, zu studie
ren. Schon mit 22 Jahren promovierte er summa cum laude mit 
einer mathematischen Dissertation zum Doktor der Philosophie. 
Er erlangte außerdem die Lehrbefähigung für die Oberstufe an 
höheren Lehranstalten filr Mathematik, Physik, Englisch und 
Französisch. Nach Abschluß der üblichen Vorbereitungszeit nahm 
er 1885 am Gymnasium Ernestinum in Gotha seine Tätigkeit als 
Oberlehrer auf. 

+)Prof. Dr. phil.habil. GERHARD FANSELAU, Zentralinstitut 
für Physik der Erde der Akademie der Wissenschaften der DDR, 
15 Potsdam, Telegrafenberg. 
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War der junge Student schon während des 1. Internationalen 

Polarjahres 1882/83 mit der geophysikalischen Wissenschaft 
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in Berührung gekommen, als er sich an der Auswertung geomag

netischen Beobachtungsmaterials beteiligte, so bot sich ihm 

in Gotha willkommene Gelegenheit, diese Studien fortzusetzen. 

Nicht zuletzt trug die Verlagsanstalt von Justus Perthes da

zu bei, sein Interesse an den Geowissenschaften zu vertiefen 

und ihn zu selbständiger Forschungsarbeit, besonders auf dem 

Gebiet des Geomagnetismus, anzuregen. So entstanden in Gotha 

zwei seiner wichtigsten Arbeiten, die sich mit der Neuberech

nung des geomagnetischen Potentials zur Epoche 1885 L1_7, 
L-2_7 befaßten. Diese heute noch grundlegenden Veröffentli

chungen trugen wesentlich zur Steigerung seines internatio

nalen Ansehens bei und hatten zur Folge, daß er eine Einla

dung zur Teilnahme an der "International Conference on Terre

strial Magnetism and Atmospheric Electricity of the British

Association for the Advancement of Science" im Jahre 1898 in 

Bristol erhielt. Diesen wichtigen Forschungsergebnissen ver

dankt er auch seine vorzeitige Ernennung zum Professor. 

Sein internationaler Huf hatte sich während seiner Gothaer 

Jahre so gefestigt, daß er 1902 zum Leiter des Geomagneti

schen Observatoriums in Potsdam berufen wurde. Dort trat er 

die Nachfolge von Eschenhagen an, der das Magnetische Obser

vatorium im Jahre 1889, also vor mehr als 90 Jahren, gegrUn

det hatte. Es galt, manche Rückstände aufzuarbeiten und das 

gewonnene Beobachtungsmaterial statistisch und theoretisch 

auszuwerten. 

Auch auf dem instrumentell-technischen Gebiet sah sich ADOLF 

SCHMIDT wichtigen Aufgaben gegenüber, die er in vollkommener 

Weise löste. In Potsdam entwickelte sich der bisher als her

vorragender Theoretiker bekannte Forscher zum bedeutenden 

und recht geschickten Experimentator. Es seien hier nur zwei 

seiner wichtigsten experimentellen Forschungsarbeiten erwähnt, 

die Schmidtsche Methode zur Bestimmung der Parameter von 

Magneten C3J und die Konstruktion der geomagnetischen Feld

waage L-4_7, die es dem Praktiker ermöglicht, die geomagneti-
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sehen Methoden in der Lagerstättenkunde erfolgreich einzu

setzen. Im Jahre 1907 wurde er zum Honorarprofessor mit einem 

Lehrauftrag für Geophysik an der Berliner Universität ernannt. 

Leider zerschlug eich durch den 1. Weltkrieg die Berufung auf 

einen Lehrstuhl für Geophysik. Alle Pläne zur Errichtung eines 

Geophysikalischen Instituts an der Berliner Universität wurden 

zunichte gemacht und konnten auch in den Nachkriegsjahren nicht 

realisiert werden. 

Auf Grund seiner hervorragenden Leistungen wurde ADOLF SOl'IIDT 

eine große Zahl von Ehrungen zuteil: Er wurde Ehrenm�tglied 

der Deutschen Geophysikalischen Gesellschaft sowie Mitglied der 

wissenschaftlichen Akademien in Berlin, Göttingen und Christi

ania, dem heutigen Oslo. Die Technische Hochschule in Berlin

Charlottenburg hatte ihm die Würde eines Dr.-Ing. e.h. verlie

hen. Außerdem erhielt er mehrere Orden und Ehrenzeichen. 

Kurz vor seinem Übertritt in den Ruhestand am 1. Oktober 1928 

hatte Geheimrat SCHMIDT noch eine wichtige Aufgabe zu erfüllen, 

nämlich die Verlegung des gesamten geomagnetischen Beobach

tungsdienstes von Potsdam nach Niemegk. Die Elektrifizierung 

der Berliner Vorortbahn mit 800 V Gleichstrom hatte so starke 

vagabundierende Erdströme zur :F'olge, daß der magnetische Stör

pegel in Potsdam erheblich anstieg und Präzisionsmessungen 

völlig ausschloß. Auf seine Anregung hin wurde für das neue 

Observatorium ein Platz in der Nähe des Städtchens Niemegk: am 

Fu.ße des Flämings gewählt, wo das nach ihm benannte una heute 

über 50 Jahre bestehende Adolf-Schmidt-Observatorium für Erd;_ 

magnetismus errichtet wurde. 

Noch 16 Jahre seines Ruhestandes verbrachte ADOLF SCHMIDT zu

sammen mit Geschwistern im Kreise seiner alten Freunde in Gotha. 

Sein Lebensabend wurde durch die turbulenten Jahre vor und 

während des 2. Weltkrieges getrilbt; er hatte sich von den poli

tischen Zielen dieser Zeit distanziert und dafür manche Unan

nehmlichkeiten erfahren. Am 17. Oktober 1944 starb ADOLF SCHMIDT 

in Gotha und wurde dort beigesetzt. 
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Drei Eigenschaften bestimmten Adolf Schmidts Leben: Klugheit, 

Bescheidenheit und Aufrichtigkeit. Seine Klugheit machte ihm 

das Leben leicht, während die beiden letztgenannten Eigen

schaften ihm manche Nachteile brachten. Seine universelle Be

gabung und sein großes Interesse filr das Geistesschaffen der 

Menschheit ließen ihn nicht nur auf dem Sektor der Mathematik 

und Naturwissenschaften, sondern auch auf dem Gebiet der Spra

chen tätig sein. Lebhaft war er au den klassischen und slawi-
; . 

sehen Sprachen sowie an Esperanto interessiert. Auch auf dem 

Gebiet der Philosophie, ja sogar der Musikwissenschaft - "Zur 

zahlenmäßigen Darstellung der musikalischen Intervalle" - hat 

sein reger Geist wichtige Ergebnisse erarbeitet. 

Mögen sein rastloser Fleiß und sein nie ermüdender Eifer, seine 

Klugheit und sein Wissen für die Geophysiker ein leuchtendes 

Beispiel für alle Zeiten bleiben. Sein ehrenwerter Charakter 

macht ihn zum Vorbild fUr die jüngere Generation. Es ist kaum 

möglich, über ADOLF SCHMIDTs Leben ein besseres Motiv zu 

setzen als den Spruch, den er bei der Einweihung des Adolf

Schmidt-Observatoriums in Niemegk am 23. Juli 1930 an seinem 

70. Geburtstag in das Gästebuch eintrug:

"Stets vortrefflich zu sein und hervor sich zu tun vor 

den anderen" . 
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AUSTER, V., LENGNING, K., MUNDT, W., SCHMIDT, H. 

Die ständigen Beobachtungen des magnetischen Feldes der 

Erde, dargestellt an den Tätigkeiten des Adolf-Scbmidt
Observatoriwns (gekürzte Fassung) 

In den letzten drei Jahrzehnten ist eine Veränderung in der 

Grundaufgabenstellung der geomagnetischen Observatorien zu 
verzeichnen gewesen. Wie bisher werden zwar Ii'.iessungen und 

Registrierungen der zeitlichen Änderung des Vektors des geo

magnetischen Feldes an einem Or·t fUr das gesamte Perioden

spektrwn durchgeführt, jedoch ist die Bedeutung derartiger 

Meßergebnisse nicht mehr als regional aufzufassen. So genügt 

z. B. als Bezugspunkt für- geomagnetische I'iiessungen im Rahmen

der angewandten Geophysik für das gesamte Gebiet der DDR

nicht mehr ein zentral gelegenes Observatoriwn, da neben der

regionalen auch die lokale Struktur des geomagnetischen Va
riationsfeldes zu berücksichtigen ist (magneto-tellurischer

Effekt, lokale Anomalien der Säkularvar·iation). Damit ver

bunden führt heute die Notwendigkeit, auch in der allgemeinen

geomagnetischen Forschung neben der regionalen verstärkt auch

die lokale Struktur des Variationsfeldes zu untersuchen zu

einer Annäherung der· gerätetechnischen tmd methodischen Ent

wicklungen dieses Spezialgebietes und der Magnetik in der

angewandten Geophysik.

Dieser Tendenz Rechnung tragend wurde und wird in der DDR

versucht, Geräteentwicklungen mit Systemcharakter dur·chzu

führen. Dabei werden stets die folgenden Gerätevarianten

nach der jeweiligen Spezialanwendung unterschieden:

a) Stationsbetrieb

b) Außenstationseinsatz

c) Geländeanwendung
d) erschwerte Einsatzbedingungen (Antarktis, submarin).

29 

Weitere Kennzeichen der Gerätesysteme sind ferner die Grenz

empfindlichkeit, der Periodenbereich sowie die Form der Aus

gangsdaten. Ausgehend hiervon versteht man gegenwärtig unter 
einem geomagnetischen Observatorium etwa eine Meßstation, die 

mehrere Meßsysteme für das gesamte Periodenspektrum der geo

magnetischen Variationen umfaßt und über die Möglichkeit verfügt, 

DOI: https://doi.org/10.2312/zipe.1981.070.01



30 

die Primärauswertung off-line oder on-line mit entsprechenden 

Rechenautomaten vorzunehmen. Bei den feldeinsatzfähigen Ein
zelsystemen für einen speziellen eingeschränkten Periodenbe

reich mit besonderer Aufgabenstellung verzichtet man allgemein 

doch noch au.f' eine Primärauswertung und begnügt sich mit einer 

analogen oder digitalen Registrierung der Meßdaten. 

Der gegenwärtige Stand der gerätetechnischen Observatoriwns

ausrüstung (Niemegk) besteht aus einer Mischung sogenannter 

klassischer geomagnetischer Geräte und moderneren Meßgeräten. 

In der Entwicklungs- und Erprobungsphase befinden sich neue 

Gerätesysteme: für den lang- und mittelperiodischen Bereich 

ein Protonenmagnetometer mit Zusatz zur Komponentemaessu� 

und für den mittel- und ):curzperiodischen Bereich eine spezielle 

Form des Ferrosonden - Magnetometers·. Fµr den kurzperiodischen 

Bereich wird auch noch eine Entwicklung für ein Induktions

stab - Variometer weitergeführt. Dies wird besonders dann 

wichtig, wenn man den allgemeinen Trend zu einer Erweiterung 

des kurzperiodischen Gebietes unter 0,1 s berücksichtigen 

will. 

Für die geomagnetischen Absolutmessungen (langperiodischer 

Bereich) wurde ein Universaltheodolit mit Protonenmagneto
metenneßeinrichtung entwickelt. Als Zusatzfeldspule findet 

eine speziell berechnete und nach einer besonderen Technologie 

gefertigte Zylinderspule Vervrendung. Diese ist mit einer ent

spr·echend präzise gefertigten mechanischen Anor·dnung um ihre 

eigene Achse und um eine senkrecht dazu angeordnete drehbar 

gelagert. Ferner kann die Spulenachse durch entsprechend justier
te Fernrohre parallel zu einer geodätisch bestimmten Richtung 

orientiert werden. Das Gerät gestattet Messungen der Kompo

nenten F, Z, Y, aus denen sich alle anderen üblichen Kompo

nentensätze berechnen lassen. Es wird eine Genauigkeit bei 

der Absolutmessung v.on 1 nT erreicht. Das Gerät hat wie ein 

normales Protonenmagnetometer digitale Datenanzeige und ist 

im Gelände einsetzbar. Aus Gründen der Meßmethodik ist ein 

Beobachter erforderlich. Um den Geländeeinsatz universeller 
gestalten zu können, kann das Gerät in Kombination mit einem 

Kreiselkompaß eingesetzt werden. 
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Für den Bereich mittlerer Perioden wurde ein auf dem Proto

nenmagnetometer basierendes Variometersystem entwickelt, das 

eine mechanisch vereinfachte Variante des beschriebenen Uni

versaltheodoliten darstellt. Die Meßwerte der zeitlichen Va

riation für F, z, Y können automatisch direkt im Minuten

rhythmus registriert und digital z. B„ auf Lochstreifen ge

speichert werden. Das Gerät ist im Gelände einsetzbar in 

Verbindung mit einer speziellen fotografischen Registrier

einrichtung. Aus dem Gesamtsystem sind ferner Geräte zur 

Messung von F im Gelände mit 0,1 nT Empfindlichkeit und ge

ringer Leistungsaufnalune hervorgegangen. In der Entwicklung 

befinden sich noch spezielle Versionen zur Messung in inho

mogenen Felder·n und für marine Anwendung. Für den kurz- und 

raittelper-iodischen Bereich wurde ein Dreikomponenten - Ferro

sondenmagnetomete:r· entwickelt; das eine Empfindlichkeit von 

0,5 nT aufweist. Diese kann durch magnetostatische Flußver

stär-kung (I1unipermstäbe von O, 5 m Länge) noch um eine Größen

ordnung gesteigert werden. Die Registrierung der kurzper·io

dischen geomagnetischen Variationen erfolgt dann über elek

tronische Differenzierverstärker„ Dieses Gerätesystem, das 

durch geringe Abmessungen und geringe elektrische Leistungs

au.fnahme gekennzeichnet ist , wurde besonders in Hinsicht auf 

Geländemessungen und Sonderanwendungen entwickelt. 

Aus der Analyse des internationalen Trends kann abgeleitet 

werden, daß die Entwicklung der- geomagnetischen Obser-vato

riumsmeßtechnik in der DDR durchaus positiv zu beurteilen 

ist und daß teilweise neue Wege mit Erfolg beschritten wurden. 

Die Einführung der modernen Meßmethoden und Geräte in den 

Routinedienst der Observatorien geht im allgemeinen weitaus 

langsamer vor sich, als das bei der Magnetik der angewandten 

Geophysik der Fall ist. Hierbei spielen Befürchtungen, lang

jährige solide Meßreihen durch den unbedachten Einsatz neuer 

Geräte zu verschlechtern, und zweifellos auch subjektive 

Gründe die Hauptrolle. Als Übergangslösung wird allgemein 

ein längerer Parallelbetrieb alter und neuer Meßgeräte ange

strebt. Der Schwerpunkt der bei uns betriebenen Geräteent

wicklungen wird in der Perspektive zunächst wie oben be

schrieben erhalten bleiben. Die Bemühllllgen werden weiter 

konzentriert auf eine fachspezifisch gegründe-te Konzeption 
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der Gerätesysteme, die Erarbeitung der erforderlichen physi

kalischen Grundlagen sowie a uf die Aneignung bestimmter Her

stellungstechnologien. Uberlegungen zur weiteren Erhöhung 

der Meßempfindlichkeit im Rahmen der geomagnetischen Mes

sungen werden gegenwärtig zurückzustellen sein zugunsten 

der Interpretation und feineren Modellierurig für die Pro

zesse, die Quellen für die bereits beobachtbaren Effekte 

sind. Der Bau von Geräten und Kleinserien wird auch zukünf

tig auf Institutsebene selbst durchzuführen sein, soweit 

es sich um die spezielle geomagnetische Meßtechnik handelt. 

Bei Fragen der Datenregistrierung, Speicherung, Primärverar

bei tung und automatischer- Über.,,,vachung, die zweifellos techni

sche Probleme aller geophysikalischen Fachrichtungen sind, 

bestehen noch Reserven durch eine bessere Zusammenarbeit der 

einzelnen Institute untereinander· oder auch im Idealfall mit 

der einschlägigen volkseigenen Industrie. 
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Regionale und lokale Anomalien der geomagnetischen Säkular
variation in Mitteleuropa 

Regional and local anomalies of the geomagnetic secular va
riation in Central Europe 

von W. MUNDT X 

Zusammenfassung 
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Auf der Grundlage von Sakularvariationsdaten europäischer 
Observatorien und Säkularpunkten der DDR wurden großregionale 
und lokale Anomalien der Säkularvariation abgeleitet. Als Me
thode dient die Approximation der Datenverteilung mittels 
Polynomen verschiedener Ordnung. Eine quellenmäßige Deutung 
der Anomalien steht noch aus. Korrelationen zu Wärmeflußano
malien und rezenten horizontalen Krustenbewegungen im loka
len Bereich sowie zu einer Mantelleitfähigkeitsanomalie im 
großregionalen Bereich deuten sich an. 

Summary 

On the basis of secular variation data of European observato
ries and at repeat stations on the.territory of the GDR 
regional and local anomalies of the secular variation have 
been calculated. For this purpose the data were approximated 
by polynomials of different degree. An interpretation of the 
physical sources of these anomalies has not yet been done. 
There seam to be relationships to heat flow anomalies and 
recent horizontal crustal movements in the local area as 
well as to electrical conductivity anomalies situated in the 
upper mantle, in the continental area. 

x) Prof. Dr. Wolfgang Mundt, Central Earth Physics Insti

tute, GDR-15 Potsdam, Telegrafenberg
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PesroMe 

Ha OCHOB6 ,naHHHX B8KOBHX BapMar(:mi eBponefiCKIDC o6cepBaTOpYI0: 

:r,r IIOBTOpMT8JI'.blThIX TO"tl8R B T.TI.P übIJI:vI B:brtlliCJieHLI per:VIOI·IaJI!:>I-Thle M 

JIORaJil>Hiiie aHOMaJIIDI B8ROBOfi Bap:vran1rn. Ilp:vi:6JIID!tem,re ,Il;a.HHbIX C 

IIOMOll{F,IO IWJIIDIOMOB pasmrx IIOP,f!,II;I<OB CJIY)KMJIO .MeTO,Il;OM ,If,JlFI 8'roro • 

:VhITeprrpeTanIDI (pM3lfCI0CKHX . HCTO'G:HMKOB 8T:vIX aHOMaJII.ffl: eme He 

ocymeOTBJieHa. CymeOTBYIOT' IIO-B�HMOMY, OTHOllieHM R aHO:MaJIIIBM 

T0IIJIOBOro IIOTORa :r,r OOBpeMeHHHM rop:vI3OH'l'aJII,H:bIM ,Il;Bli.D!�eHHID/1 

30MHO:fil: KOp:bI B JIOKaJI!:>HOM o6JiaOTI1 KaK M R aHOMaJUIJil\1 rrpOBO,II;M

MOCT:VI MaHTMH B KOHTHH8HTaJII>HOli o6JiaOTI1. 

1. Introduction

The geomagnetic field is characterized by its space-time 
structure. The space structure of the field of the inner 
sources is world-wide well known as a result of magnetic 
land surveys and aeromagnetic measurements over lana and 
sea or by ship or sateliite measurements. Compared to it 
the registration of the time structure of the magnetic 
field requires much more observations because ot the 
12 orders of magnitude (10-�-10

10s) of the magnetic time 
spectrum. These observations are carried out mainly at the 
magnetic observations and to a smaller part at the repeat 
stations of the different countries. 
For analyzing continental and large-regional'structures a 
dense network of magnetic observatories with uniform data 
series for some decades of years are necessary. lt is a 
suppqsition that these data are of high accuraca with only 
small variations in the accuracy. For analyzing regional 
end local anomalies one needs additionally a network of 
stabilized repeat stations or secular variation profiles 
with accurate data for longer time intervals. Measurements 
of different time epochs at identical stations of magnetic 
surveys can be used, too. These conditions are fulfilled 
for Europa in a !arge-regional scale while for the terri-
tory of the GOR in a local scale. 
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2. Methods of analyses

In order to describe the !arge-regional structures of 
the secular variation in Europa as well as the regional 
and local anomalies on the territory of the GOR polyno
mials of different degrees in the following form were

used: 

{1) 

The corresponding coefficients a. 
j j 

are calculated by
1.- • 

least squares fitting to the observed data Em. 

N v -i . . . 2 

- ) [ } \ '(-, 3' J 
. 

<2 > Q-L Em -L.Lai-jj(�'f)m (.6il)ni �M/11. 
m=1 i=o 1„o 

1 

L1r,Ll). denote the coordinate differences as referred to 
a central point, Em stands tor the secular variation at

the observatories or Stations and lem denotes the errors
of observation. 

ßy calculating the differences 

(3 ) �Em = E - E
m 

the following conclusions can be drawn: 

0 � LlEm 6 cf Em: Complete desc ription ot the local
structure of the secular variation 
by polynomials of corresponding degree • 

.6E > J'e Significant secular variation anomalies. 
m m: 

At first one has to look for the complete approximation of 
the observation aata. After that the normal trend of the SV 
has to be defined by calculating polynomials of decreasing 
degree. 
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3. Observation data

With the above-mentioned method, the observatory data in 

Europe as well as the SV-data in the territory of the GOR· 

have been analyzed: From a statistical analysis of the 

shortperiodic variations of the annual means at the European 

observatories it follows that five-year averages of the 

secular variation are sufficient ['1 J. For that purpose the 

correlation coefficients for the annual means at the European 

observatories in respect to the Niemegk Observatory have been 

calculated. 

The high correlation of these variations refered to a 

"westdrift-trend" in the. Central European area indicates 

that they have low amplitude levels and do not show any 

irregular regional distribution. 

As a result of this analysis the adjustments were based on 

five-year averages for the declination O, the horizontal 

intensity H, the yertical intensity z and the total inten

sity T, respe ctively, at 44 European observatories for the 

5 epochs 1952,5; 1957,5; 196� 1 5; 1967,5 and 1972,5. 

For the territory of the GOR, three magnetic land surveys 

are available for the epochs 1�01, 1935 and 1957. For 

supplementing these data, the declination D and the horizontal 

intensity H at 50 Stations ot the 1957 survey have been 

re-measured for the 1�76 epoch f 6 J. 

These data had the highest weights at the analyses. 

Altogether a network with an average point-to-point distance 

of about 40 - 50 km was available. However, the real basis 

for the investigation of the local structure of the secular 

variation in the territory of the GOR is formed by the network 

of 11 repeat stations with the Niemegk observatory as a central 

point. 

4. Results

For the European data the analysis of the differences 

from a polynomial of degree 3 led to the results shown 

in Table 1. From this table it is observed that the mean 

differences are definitely within the error range for 
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the .annual mean values which must be assumed for most 

of the magnetic observatories in Europe. After that 

the magnetic secular variation can be completely described 

by a polynomial ot degree 3. 

Table 1 

Differences 

Element or 

component 

D 

H 

z 

T 

E
rn 

relative to a 3 rd degree polynomial 

Mean Differences Dispersion 

E m

+ 
0,2• 

-1
- a

+ 

0,1 to 
+ 

0,4' 
-1

- - a 

+ 
2 nTa -1 1 to 

+ 
-1 + -

nTa -

+ 
2 nTa 

-1 + 

1 to 
+ 

4 nTa -1
- -

+ 
1 nTa -1 + 

0,1 to 
+ 

4 nTa -1
-

Nevertheless, the regional distribution of the differences 

is interesting. Becßuse of tne low significance of the 

individual differences, tnis analysis was carried oui in a 

qualitative form f5J. Fig. 1 shows as an example the 

result tor the declination. White circles indicate a 

prevalence of the positive sign at the respective station, 

wnile shaded circles indicate a prevalence of negative 

aifterences. Large circles indicate a uniform positive or 

negative sign for the 3 epochs, while small circl�s indicate 

a ratio of 2 : 1 of the positive to negative signs. 

From the map it can be observed that the Central European 

region is characterized by a prevalence of 'positive 

"anomalies" of the secular variation. This is the case 

for T, H and z, too. 

37 

This result will be found much more clearly in the differences 

in respect of a 1st degree polynomial. These differences are, 

in most cases, greater than the errors of the annual mean 

values f2J. Furthermore, the differences show a local con

stancy in each component for the 5 time epochs. The boundary 

zone of the !arge-regional secular variation anomaly is 

5 

DOI: https://doi.org/10.2312/zipe.1981.070.01



Fig. 1 
positive SV-anomalies

} AD 
negative SV-anomalies 
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Fig. 2 8 ( llZ) for epoch ---1952. 5 
-----1957. 5 
----··-1962. 5
-----·-1967. 5
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observed, however, most clearly in the z-component f2J. 

A corresponding analysis ot IGRF-data tor the 1965 epoch 

also shows negative anomalies of secular variation in the 

eastern and western part of Europa and positive data in 

Cent ral Europa f 3 J. 

On the territory of the GOR three local anomalies of the 

secular variation have been found in D, H and T. Because of 

the great importance of the normal trends tor the calculation 

of anomalies, two different trends were utilized. The tirst 

trend is a 1st degree approximation of the data at the repeat 

stations, the second one a 3rd degree approximation of the 

surrounding observatories. The anomalies are situated near 

Usedom in the northeastern part of the GOR, in the Thuringian 

basin andin the western Erzgebirge. Fig. 3 shows the anomalies 

tor the total intensity. 

5. Interpretation

Up to now we are in the interpretation of the sources of the 

large-regional and local SV-anomalies on!y at the beginning. 

There are in particular no definite results conserning the 

aepths of the sources. The eastern boundary zone, lying 

between a region of reduced SV in the east and one of 

enhanced SV in Central Europe, could be identified with 

the west border of the Eastern European platform, thus 

representing the boundary between the old Eastern European 

stable region and the mobile region in Central Europe as a 

range of the geologically young orogenies. If there is a 

causal connection between the boundary zone and the geo

tectonically North Sea-Dobrudsha lineament cannot be 

decided exactly up to now. 

For the interpretation, there are different possibilities: 

a) The sources are situated in the uppermost parts of the

Earth crust, where the tectonic processes are taking

place.

DOI: https://doi.org/10.2312/zipe.1981.070.01



10° 110 12° 13° ,.. 15° 10° 110 120 13° 1,0 
,s

o

•
0

� 1 a, * 1 \ 1 / ,�1 1 t5• 40t 1 1-!•c:� 1 1 �- ! 

� -

\ 
�

o

, 

II / 

1 a� 1 1 1( 1 � 
1 /1 , 1 u LI I rf I l

&b 

1 

s1o

i-:-Jru--. \.. . J,..✓/ 11 / 1 J 1 � /1 1s10 

Fio. 3 Secular variation anomalies 8 "-F CnT yr-11
Trend: 3. degree polynomial t European observatories) 

• 

GOR 

5101 Jri I II "'.7�w\ - II x:7. /1 i5r>

10° 110 12° 130 14° 15•· 

Fig. 4 Main strain and component of rotation in the area of secular
v aria tion anomaly l after Thurm J 

� ertension, -++- compression, t) rotation 
�-'

11° 

- - ---- - -

12° 

8 J O 25 50 75· 100km 
1 6 . 6 

. -----

v 

.. 

DOI: https://doi.org/10.2312/zipe.1981.070.01



42 

b) If one takes into account the aspects of plate tecto

nics, the sources of the SV-anomalies could reach up to

the lowest boundary of the lithosperic plates.

c) In a paper of Mundt and Porstendorfer /4./ there was shown

the possibility ot interpreting these anomalies by a

rising ot high conducting material of the earth mantle

from aeeper than 2000 km up to about 500 km,

A complete interpretation of the local SV-anomalies in the 

territory of the GOR is impossible, too, but some interesting 

correlations with other geodetic and geophysical phenomena 

can be described, Especially a comparison of the SV-anomaly 

,map with the maps of heat flow and recent movements of the 

earth crust shows interesting co�respondences, lt is ooserveo 

that obviously positive anomalies of the SV for T are 

correlated with positive anomalies ot the heat flow, even 

�f all of tne possible 1naccur9c1es are taken into account, 

Concerning the recent horizontal crustal movements, we have 

a lot of information tor the SV-anomaly in the western Erz

gebirge, Fig. 4 shows the movements in a great detail. 

Extension 1s tound to occur throughout the core of the 

anomaly, whereas compression zones are encountered at the 

north-west and east boundaries. Moreover, rotational movements 

occur in the region of the anomaly, That•s why magnetomechanic 

phenomena could play a role, 

If thi� assumption in true, this Single SV-anomaly has been 

found only randomly because of the block structure of the 

recent crustal movements in the southern �art ot the GOR, 

(Fig. 5) In several cases the boundaries coincide with 

geological fault zones, where obviously a higher mobility 

nas been preserved due to the reversals of movement directions 

occuring there (Elbe zone, Central Saxonian lineament, Flöha 

zone, Vogtland cross zone). 

For analyzing this problem, secular variation profiles were 

establisned. The first profile along which measurements were 

carried out for the first time in 1�7tl, extends in an 

NE-SW-direction in the southernmost part of the GOR. lt is 
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about 170 km long, crossing the alreading discussed struc tures 

almest normally. The average point-to-point distance is 10 km. 

In both years the measurements were carried out in October. 

From . the differences ot the T-values for 1978 and 1979, 

L0.T = T79 - T78 fnTa-1J, one observes some interesting

features in the secular varia tion at the profile. Negative 

peaks seem to be correlated with tectonic boundaries of areas 

with different amounts of recent horizontal crustal movements. 

However, the exact de termination of the anomalies will be 

possible only after several years. Even using precise 

instruments as proton magnetometers, the geomagne tic secular 

variation remains a longterm phenomenon. 

~ 
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Krutikhovskaya Z.A., Pashkevich I.K., Karataev G.I., Apirubite R.A., 

Dankevich r.v., Orlyuk M.I. (USSR) 

THE INVESTIGATIOH OF REGIONAL MAGNETIC ANOiViALIES IN 

THE SOUTH-WEST OF THE EAST-EUROPEAN PLATFORW 

SU1V1..1V!ARY 

The regional coiaponent of the anomalous magnetic f'ield in 

the south-west of the East-European Platform waB obtained by in

tagral smoothing with a radius of about 50 km. The regional maGne

tic anomalies are due mainly to the f"ollowing causes: 1) the rocks 

filagnetized all over the custul thickness, 2) variation of the cru

stal thickness .and t-::enetically cormected lateral variation in the 

lower crust rn.agnetization. 

PE3IOIVIE 
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PerMoHaJil>H8.fI ROMIIOH8HT8 aaoMaJibHOro MaraMTI-IOro IIOJ.UI 10ro-sarra,I1JIOH 

'q8CTI1 BoCTQ't-]lIO-EBporreti:cKOM ITJI8Tcl_}opME IIOJIJ.rqeaa ITYT8M MHTer_paJII,Horo 

crJiaMB3HM C pa,n;MycoM 50 RM. PerMOH8Jil>Hh10 MarHßTHbl0 8HOM8JII1l1 o6yc

JIOBJI8HbI rJiaBHhIM oopasoM cJie.nyiom.0MM rr_pnq1rnarvrn: I) rropo.n;aM.0., aaMara.0.qea

HL1Ml1 BO BC8M paspese 30MHOii KOPhl l1 2)ß3M8H0Hl18M MOll.\HOCT.li KOPH ß reae

T.0.qemrn CBB:38HHhIM C HL™ ß3M8H0H.0.8M HaMarm1tI0HHOCTß HßiKHeiii qacT.0. KO.Pb! IIO 

JiaTepaJI.0.. •

ZUSAMMENFASSUNG 

Die regionale Komponente des anomalen I,�agnetfeldes des südwest

lichen Teils der osteuropäischen Tafel v-.urde <.lurch Intogralglättung 

mit dera Radius 50 km. erhalten. Die regionalen mae;netischen Anomalien 

werden hauptsächlich durch folgende Ursacben bedingt: 1. durch die 

Gesteine, clie im ganzen Erdkrustenschnitt magnetisiert sind, 

2. durch die Veränclerunr: der StJrke der Erdkruste und der damit ge

netisch verbundenen Veränderung der L�agnetisierung des unteren Teils

der Erdkruste in lateraler Richtung.
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The spectral and correlation analyses of the anomalous magnetic 

field in the south-west of the East-European Platform have shown that 

the field is composed of, at least, two components - the local and 

regional one - with wavelengths ranging from a few kilometers to a hun

dredskilometers, respectively. It is the regional component that is 

studied here. 

The area considered includes the following tectonic units (Fig.I): 

the western part of the Ukrainian Shield, Volyn-Podolsk Plate, Pod

lyask-Brest Depression, Pripyat Trough, Byelorussian Anteclise and 

Baltic Syneclise. The regions listed differ in the Precambrian base

ment depth which is dozens of meters under the shield, 0.3-0.9 km in 

the plate, 0.7-3.5 km in the depression, I.0-4.5 km in the trough, a 

few hundreds of meter� in the anteclise and r.0-2.0 km in the stneclise. 

Since it is the Precambrian formations that are responsible for the 

supressed local anomalies, the variation of the depth to the Precam

brian basement complicates significantly the separating of the regio-
• 

nal component. 

We believe that the best method of recognizing the regional ano

malies is the field reduction technique involving a succesive substrac

tion of the local source effects. However, the application of this 

technique in the region in consideration encounters many difficulties 

since, here, the basement geology and magnetic properties of the base

ment composing rocks are generally poorly studied. In this connection, 

in separating the regional anomalies we adopt the following approach. 
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Fig. 1 Regional component of the magnetic anomaly field in 
the southwest of the East-Eu.ropean Platform obtained 
by integral smoothing 

I - isolines ( A T)
8

, nanoteslas
2 - border of the East-European Platform 
3. - borders of depressions and troughs
4 - borders of Ukrainian Shield and Byelorussian Anteclise
5 - DSS lines

Circled numbers are tectonic elements: 

I Ukrainian Shield 4 
2 - Vol.Jn-Podolsk .Plate 5 
3 - Podlyassk-Brest Depression 6 

Byelorussian Anteclise 
Baltic Syneclise 
Prypyat Trough 

1-d - 3 

-
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It is concluded from the joint analyses of the observed magnetic 

field, geologic and deep structure data and the previous results the 

regional anomaly interpretation in the Ukrainian Shield (Krutikhovskay�

Pashkevich, 1979) that the sources of regional anomalies can be distri

buted over the etire crust, practically, from the basement surface to 

the Moho discontinuity. Magnetic inhomogeneities in the lower crust of 

a high magnetization (4 - 6Axm-1)can produce regional anomalies of

wavelengths more than IOO km. 

Proceeding from this conclusion and taking into account possible 

dimensions of regional anomalies, a filter is built with a weight fun

ction corresponding to this kind of the source distribution. The fil

ter provides integral parabolic smoothing with a radius of about 50 km. 

With the aid of such filter we have obtained regional magnetic compo

nent over the territory studied (Fig.I). 

Furthermore, a smoothing of various modifications and upward con

tinuation of the field have been tested. Comparison of these results 

with the separated regional anomalies shows that the latter are close 

to the anomalies obtained by means of the integral parabolic smoothing. 

In the course of comparing, it is established that, strictly speeking, 

each regional anomaly should be separated with different smoothing 

radius. 

Therefore, at the present stage of study, the ascertaining of the 

nature of regional anomalies using the same filter parameters yields 

only qualitative results.The quantitative interpretation of regional 

anomalies will make the next stage of our studies. 

The method of an elimination of the effect of the upper crust ho

rizons (to a depth of IO km) is applied to DSS lines III (Fig.2) and 

YIII with the aime of obtaining the evidence on the existence 

of the regional magnetic component and estimating its intensity. For 
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these profiles the effect of the upper prust sources is calculated 

with the account of the available data on the magnetization of the 

Precambrian rocke in the Ukrainian Shield (Krutikhovskaya, Silina, 

Bondareva, Podolyanko, I979) and the Riphean effusive covers. The 

sources of local magnetic anomalies are approximated by vertical layers 

(Fig.2 ). As seen in these pictures, part of the anomalous magnetic 

field to 250 - 350 nT on DSS line III and to 500 nT on DSS line YIII 

cannot accounted for by superposition of local anomalies and should 

be interpreted as due to magnetized bodies which are not exposed at 

the Precambrian surface. The depth estimates for the upper edges of 

regional anomaly sources derived from the energy spectrum of the mag

netic field along the DSS profiles point to the existance of -a deep 

magnetic stage (Fig.2 ). 

The correlations of the regional magnetic field vnth tectonic 

features, crystalline basement structure, Moho surface topography and 

thermal conditions of the crust and upper mantle have been analysed. 

The analysis is based on the published Tectonic maps (Suveidzis,I979, 

Tectonics of the Byelorussia, I976), DSS data on the International 

DSS lines I,III and YIII (Guterch et al., I980; Posgay et al., I980; 

Militzer et al., I980), as well as on the depth calculations of the 

Curie magnetite isothermal surface (Kutas, I976; Buryanov et al.,I980). 

Let us have another lock at the map of the regional component 

(Fig.I). The large morphological tectonic units of the East-European 

Platform (Ukrainian Shield, Byelorussian Anteclise, Baltic Syneclise 

etc.) are not marked by specific feature of the regional magnetic 

field. The regional anomalies extend from the exposed part of the Shield 

into its slopes, or from Baltic Syneclise into Byelorussian Anteclise 

without essential variance of their intensity or morphology. 
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As previously shonn for the Ukrainian Shield, the anomalies of wave

+engths from 60 to 300 km are mostly restricted to the seeond order 

i,recambrian bloks but, sometimes, they continue into adjacent regions. 

Anomalies of a "through" extention have also been reported. 

Comparison of the regional magnetic anomalies with the gravity 

field and large-block structure studied on the basis of petrography

-density analysis leads to the conclusion that there are several 

types of correlation between these fields. 

A direct correlation between the two types of the field is ob

served over large basement structures but is not always fully due to 

their effect. 

The inverse correlation is generally found when regional magne

tic anomalies mark large Precambrian granitic blocke. 

So far unexplained is a correlation between a gravity high and 

the magnetic high and low occuring simultaneously. 

There is also a certain "mixed" type of gravity-to-regional mag

netic anomalies correlation. This type of correlation is often found 

over the "through" structures mentioned above. 

Consideration of the field correlations leads to the following 

conclusions: 

I) some regional magnetic and gravity anomalies can be due, comp

letely or partially, to the composition and structure of the upper 

crust; 

2) among the regional magnetic lows over granitoid massives there

are some accompanied by gravity highs characteristic of a"heavy" crust. 

In such cases, the Precambrian basement, probably, has a two-stage 

structure. The lower crust can be built by nonmagnetic formations of 

high density; 
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3) the 11through" features of the fields can mark the zones where

the earth's crust has been reworked to a great depth in different pe

riods of tectonic evolution; 

4) using the correlation between the Precambrian subsurface stru

cture and the features of the regional magnetic and gravity fields 

one can distinguish between crustal areas of essentially different 

petrophysical characteristics and accordingly different composition 

(femic, sialic or intermediate) through the entire crustal section. 

The blocke of a femic composition can be divided in their lower part 

into "magnetic" and 11nonmagnetic11 onea. 

Since heat flow data have been studied irregularly and interpre

ted ambiguously, the data on the lithospheric temperatures cannot be 

reliably used in explaining the regional magne·�ic field. In Fig .2 two 

results of the heat flow data interpretation are shown. However, the 

depth estimates available for the Curie magnetite surface prove, in 

spite of possible errors, that the thermal conditions within the earth's 

crust under platforms admit the existance of magnetized formations in 

the lower crust. 

The analysis of the regional magnetic component-to-deep structure 

correlation (Fig.2,3) shows that this component has a -clear inverse 

correlation with the Moho topography. The correlation coefficient of 

the regional magnetic field to the Earth crust thickness is 0.87 for 

the DSS line YIII and is 0.92 for the eastern part of DSS line III 

(Ukrainian Shield). This confirms the similar correlation obtained in 

the Ukrainian Shield and other Precambrian Shields (Krutikhovskaya, 

I976). This correlation suggests high magnetization of the lower part 

of a thick crust and, inversely, a lower magnetization in a thin crust. 

In ihe folded areas (Fig.2, the Carpathian region) the correlation 
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the East-European Platform with the Epipaleozoic Plat
form and Carpathian region. M-surface contours by V.B.Sollogub, 
Hr. Dachev, Iv. Petcov et al., 1980 

1 - ( T)a isolines, nanoteslas; 5 - East-European Platform 
border 2 - M-contour lines 

3 - deep lineaments 
4 - deap faults 

Numbers in the circles: 
II - Epipaleozoio Platform 

6 - DSS lines 

I - East-European Platform 
III - Carpathian region 
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between regional magnetic component and crust thickness breaks. 

In the zone of conjunction between the Precambrian East-European 

Platform and Epipaleozoic Platform (Fig.J) the correlation holde. 

So, as the crustal thickness on the Epipaleozoic Platform decreases 

by IO-I5 km, as compared with the Precambrian Platform, the intensity 

of the regional magnetic field decreases considerably. Thus, we believe 

that the regional magnetic anomalies are due mainly to the following 

three causes: 

I) The rocke magnetized all over the crustal section and compo

sing the tectonic block� comparable in the lateral dimentions with 

the crustal thickness. Such anomalies are well studied in the Ukrai

nian Shield. 

2) The crustal thickness variation and genetically connected va

riation in the lower crust magnetization. The sizes of the anomalies 

are,evidently, several times as great as crustal thickness, the inten

si ty being lower than that in the anomalie.s due to cause (I). 

3) Large lateral variations in the crust magnetization and thick

ness variations over hundreds of kilometers. The geolovical analog of 

these sources of regional anomalies is the conjunction zone of large 

tectonic structures, such as the Precambrian East-European Platform 

and Epipaleozoic Platform. 

The last two tipes of anomalies may correlate and the first anomaly 

type may superimpose the second and the third. 

Because there are several sour·ces of regional magnetic anomalies 

the specific method of their separation is chosen depending on the anoma, 

ly wavelength. 

A tipical feature the regional magnetic anomalies due to cause 

(I) is that these anomalies produce a "monolitic" effect on the obser

ved field to create a thouroughly positive field almost whithou-1 local 

, 
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The regional magnetic anomalies due to cause (2) can be obtained, 

to our notion, by constructing an envelope curve over the observed 

magnetic lows with account of the previously separated regional anoma

lies due to cause (I). 

As to the regional anornalies due to cause (3), they can be isolated 

at the next stage of the construction of the lows envelope and require 

a special analysis of the reference field used. 

Quantitative interpretation of the anomalies due to the any of 

these three causes would require a field separation with accuracy gi

ven in advance depending on the model chosen for distribution of the 

field sources within the crust and on the reliability of the model 

construction. 

The analysis and interpretation of the regional magnetic anomaliea, 

thus, involves the following procedure: 

- The magnetic field anomalies are classified according the sou

rce depth on the basis the spectral and correlation analysis using the 

field reduction by means of a succesive substraction of the local 

source effects and by the use of the relevant geologic and geophysical 

data. 

- The individual filter and its parameters are chosen for each.

regional anomaly or for the class of anomalies and the error of the 

field separation into components is estimated. 

- The most probable modele for the source distribution in the

earth's crust are substantiated and equivalent solutions of the in -

verse problems are obtained in terms of the model selected. 

- At last, a magnetic model for the earth's crust is const�ucted.

It is only the first stage of this work that has so far been com-
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pleted. The sdudy of regional magnetic anomalies in the south-west 

Eaat-European Platform leads to the optimistic conclusion that magne

tic anomalies provide powerful tools for the deep crustal structure 

study in platform areas. 
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N.M.Rotanova, N.E.Papitashvili, G.I.Kolomijtseva,IA.N.Pushkovj

SPECTRAL AlID TEMPORAL ANALYSIS OF THE GEOM.AGiillTIC 
FIELD AND ITS .APPLICATION FOR THE SOLUTION 

OF SOME GEOPHYSICAL PROBLEMS 

Summary 

.A spectral and a spectral-temporal analysis of stationary 
time series of average annual values of the field in the 
world observatory net has been carried out • .A 6O-year 
var·iation for which ampli tudes and phases are determined 
and polar-ization vectors ar-e constructed has been selected. 
On the base of the covariant structur·e a prognosis for 5 
years of the field and its secular variations has been 
worked out. 

Zusammenfassung 

Es wurden eine Spektr·al- und eine Spektral-Zeit-Analyse von 
Zeitreihen der Jahresmittelwerte des Feldes im Welt-Observa
toriumsnetz durchgeführt. Die 6O-jährige Variation wurde aus
gesondert, Amplituden und Phasen für sie bestimmt und Pola
risationsvektoren erstellt. Auf der Basis der kovarianten 
Struktur wurde eine Prognose für 5 Jahre des Feldes und seiner 
Säkularvariationen erar·beitet. 

Pe3IOMe 

BHIT0.7IH8H- CII8KTpaJibHhIM H crreKTpaJIIiHO-BpeMeHI-mii aHaJIII3 Bpm.rnH' J!X 
p.H,I!;OB cpe;rr;Hero.rr.oBLIX 3Ha'lieIUIÜ TIOJIH TIO MIIpoBon C8TJ:i: oocepBaTC Jß:Ü. 

TipoBe;nerm BI:J,TI:eJiemrn , 6C-:1reTHefi Baprmrv�H, .JJ)IJI YOTopoii onpe.n.eJreH1r 
a:.:run:Ty,n;H, (::asu, nocTpoem1 BeKTope. n:o.JIHpr-rnaru-rE. 

E.c'l. OCSOBC IWBapnaI.l;JIOirnot CTl)YJCTYfE C,JJ,CJI8.E IIp0rI-I03 Ha 5 JI8T ITO.IDI 
E ero B8ROBL!X Bap!m.IJ.HÜ • 
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Introduction, The magnetic field variations obser-ved at the 

Earth's surface may be due both to external and internal sources. 

The latter contain information about the source itself and the 

electric properties of the medium. There are about 150 magnetic 

observatories all over the world, some of which have been carrying 

out continuous registrations for 90-120 years. Two approaches have 

outlined to the analysis of this infor·mation. The first may be 

called a time-amplitude or a time-space analysis L1]. The second 
approach is a spectral one [2-3] • The advantages of the spectral 

and temporal analysis allowing us to deter·mine the main spectr·al 

characteristics of the process and estllnate their va.riations over 

a given time interval. 

Determination of the tr·end
1 

As seen fr·om the liter·ature, the 

time rows of the annual means contain variations a) with a period 

more than 100 years that over short time intervals look as a trend; 

b) with characteristic periods of about 60 years and less that

will be treated her-e, and probably c) random noise-like var·iations.

0nce deter·mined as a variation with characteristic period of more

than 100 years, is trend that it may be app�oximated by the polyno

mial
2. 'K 

�(t) -=.f>o+ ß>1t +-jb2.t + · · · -+ f->"K · t > (i) 

with coefficients estimated by the method of least squares. Now 

the main problem is to detcrmine the power of the polynomial. The 

problem has been solved by two methods: by the method of finite 

differ·ences and by field expansion is orthogonal polynomials wi th 

subsequent analysis of unbiased dispersion estimates. The results 
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ha,ve shown that at a time row of the order of 90-120 years long, 

even the second-power polynomial leads to distortions in the 

60-year variation. The trend elimination with the help of a first

power polynomial is enough for correct determination of correlation

functions and the spectral density.

Spectral analysis. The simplest WaY to discover the periodi

city in the residual field (the time row after the trend being 

eliminated) is determinating the correlation functions. For most 

European observatories, the autocorrelation function of each compo

nent JDaY be approximated by: 

-�ltl
R ( t) = e CDS Y,'t (2) 

Rather essential in this case is a small damping ( ti, � 0) and a 

large (with respect to the given time interval) oscillation 

period (T = 2.; ) • 

However the results are much better even compared to the 

usual spectral analysis, if a more complicated of ma:ximum entropy 

method (MEM) is applied. The advantages of the method bave been 

shown by a number of authors using both the models [4] and the 

real time rows [5]. Nevertheless, its application to geomagnetic 

field Variations having a specific spectral composition needs 

additional approbation. 

The parameter M characterizing the length of the filter seems 

to be most important both to the MEM and to other methods used 

for spectral density calculations [4-5]• If M is too small, it

leads to an oversmoothed spectrum, if it 1s too large, the spectrum 

becomes unstable. We bave considered a model example: 

.• 

11=2.oo- sin. 2Jrh 
4- 20 sin 2.JTtH+ m 2Hh+ e:5 <,) 

ö bO 20 H >
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(where G' is the white noise) for the case of N=130, i.e. an 

example close to geomagnetic field Variations as given by observa

tory data. Taking different values of M (from 2 to N/2), we have 

found N/3 to be closest to the optimum. 

The application of MEM to real time rows of observatory data 

has allowed us to return to the question of power of the trend

approximating polynomial. When determining the spectrum of resi

dual fields obtained after elimination of the trend approximated 

by different-power polynomials, we have found out tbat as the po

lynomial power grows, the spectral maximum cbaracterizing the 

60-year variation decreases in power and shifts towards the high

frequency edge.

The results of application of the method can be illustrated 

by different examples of field Variation from observatories 

Niemegk, Witteveen, Rude Skov, Shambou,Foret, Durb (fig 1). In all 

cases one can see pronounced pickes around the years 60-?0, 

i.e. the so called 60-year variation. The analysis of field Vari

ation data over the world magnetic network has shown the variations

in the vertical component to have larger period than in horizontal

ones. If the 60-year Variation is reliably determined, a detailed

study of the higher frequencies having smaller amplitudes is

possible only after its elimination [6] •

The amplitude and phase of the 60-year Variation have been 

estimated by the method of least squares. Since at short sets the 

method of maximum entropy may give a bias in estimates, the calcu

lations were made for several periods around tbat determined by 

MEM. The quality of determination and elimination of the 60-year 

variations has been checked by calculating the rms of the resi-
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duals. The repeat applic�tion of MEM after elimination of the 

main 60-year period usually showed its absence. 

To begin the study of spatial structure, we have determined 

the distribution of polarization in the horizontal oomponent by 

estimating the polarization ellips Parameters. For the European 

area, where the majority of observatories with long time rows 

are situated, such representation allows us to reveal the particu

lar features of polarization distribution, to find the stations witb 

practically linear polarization (Rude-Skov, Niemegk, Sodank;yla) 

and those with obviously distorted polarization (Dusheti, Valencia, 

Coimbre) [7] • 

Spectral-time analysis. Different sources may give Variations 

with close characteristic times. In tbis case, the spectral ana

lyeis alone may be inefficient. The determination can be realized 

using the spectral-time analysis that makes it possible not only 

to plot the spectrum, but also to follow its time variation [8] • 

Since it 1s the first time that the method bas been applied to the 

secular variation, lev us give its brief description. The first 

stage consists in estimating the spectral density� 

F(w lt )= T �·. 1Jj exp'-i 2,�Kj ] > K=O.L„ N-! 1 (4) 
J=O L 

where 11 j is the initial information determined by N discrete va-

lues 

lJj = 1J ( T + jh)
) 

j;O.L .. N--\. 

The values of r' (wM) are calculated for discrete frequencies 

w
i
: 2:J'f • Then the F(w

K
) set of data is multiplied by the frequen

cy characteristic of the filter. For a frequency "window" one 

may use the Guassian filter with the frequency characteristic of 
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(5) 

where i is the filter number, Wi is the central frequency 

of the filter, c(i is the quality factor of the filter. For the 

filtered out set Cl>= { H lw) · F( w)) , we calculate the phase 

and modulus of the envelope by means of a single reverse Fourier 

tra.nsformation for which the simultaneously obtained real and 

imaginary parts are used. 

As a result of thi·s procedure, we obtain the matrix of the 

modulus and argument values of S(wK, t) function, where 

S(L,JK- , l) =- � iflK • e�p [i 2.JriK J, 
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the totality of which for all wx gives a plane representation of 

t, w • 

The most interesting result of STA application is the possi

bility to establish the variation law for the dispersion of initial 

realization frequencies, tJ(�. This possibility is based on the 

fact tbat the response of the Gaussian filt�r depends on the input 

signal, being maximum at th:e time of the stationary phase which 

corresponds to the maxima of the envelopes. Thus, the time sequen

ce of the maxima of envelopes at corresponding frequencies can be 

expressed as the time dependence of instantaneous frequency [8] 

The magnetic field variations at a given point are composed 

of field variations from at least two sources: internal, situated 

at the core-mantle boundary, a.nd external, located at the magne

tosphere-ionosphere interface. We shall consider here the possi

bilities based on the above spectral and temporal analysis. This 

analysis has discovered a number of facts useful for such discri

mination, namelya 

1. A deep minimum observed in the spectrum between 20- and
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11-year maxima and the ratio of their amplitudes suggest that

the bounda.ry should pass between these maxima. 

2 . The azimuth variations of the major axis of polarization 

ellips plotted as a function of the period show a sbarp change 

of the former in the vicinity of the 20-year period. 

3. The structure of the envelope is the same within�5�20

years. But maximum delay falls on different moments for G0-;-20 

years. 

As a result, it ms::, be suggested that the variations with 

a period less than -v 20 years are due to external sources, whereas 

the internal ones are responsible for longer variations. 

Co-variation structure and prediction of geomagnetic fields' 

elements. Co-variation structure of time series was investigated 

at magnetic observatories. Using this structure could be compiled 

an integrated model of antoregression-running mean. 

Joint solution of equations, which connect auto-correlation func

tion with autoregression parameters, allows to define these para

meters and to apply the mod.el to time series prediction with the 

minimal mean square error. The investigation of time series at 

some magnetic observatories (San Juan, Hartland, Tucson, Niemegk)(�} 

has led to a conclusion on sufficiency to consider the order of 

autoregression and running mean within 3. In this case the residual 

dispersion will be within 5-13nT,2, 2-8nT2, 9-100nT2 for X,Y andZ 

components respectively: Thus the prognosis for 5 years can be 

carried out with the mean square error not exceeding ?nT in field 

and 4nT in its SV. 

In fig. 2 a graph is given of predicted values for a elements up 

to 1985 (dots) at Niemegk observatory. 
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The dots in fig.2 show two versions of the autoregression-running 

mean integrated models (a) tbat for X and Z components of the 

initial curves of the secular Variation from the Niemegk obser

vatory and- (b) the other one for the secular variation curves 

averaged using a 5-year smoothing. The points beyond the limits of 

solid (initial) curves display the epignoses up to 1886 and the 

forecasts up to 1985• 
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Spectral analysis of the annual mean values of the 
geomagnetic observatories 

by 

K. Kis
Dept. of Geopyhsics 
L. Eötvös University

1083 Budapest
Kun Bela ter 2. Hungary 

Summary 

The cycles of the secular variation can be obtained from 
the spectral analysis of the annual mean values of the 
geomagnetic observatories. The application of the fast 
1!1ourier transform (FFT) and the maximum entropy method (IvIEM:) 
has yielded effective estimations of the power spectra of 
the geomagnetic element data. The application of these 
procedures is illustrated by the calculations of the power 
spectra of the Niemegk and Tihany geomagnetic observatmries. 

Zusammenfassung 

Die Zyklen der sekulären Variation können durch die 

Spektralanalyse der jährlichen Mittelwerte der erdmagnetischen 
Observatorien erhalten werden. Die Anwendung der "schnellen 
Fourier-Transformation" ( F:B1T - fast Fourier transform) und 
der Methode der maximalen Entropie (MElvl) lieferte effektive 
Abschätzungen der Leistungspektren der vVerte der erdmagne
tischen Elemente. Die Anwendung dieser Methoden wird durch 
Berechnung der Leistungspektren der erdmagnetischen Observa
torien von Niemegk und Tihany demonstriert. 
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PesroMe 

IlepHO�H BeKOBOro H3M8H8HH.fl MarHHTHoro TIOJI.H MOryT 6HTb 

onpe�e�eHH H3 �aHHhIX MarHHTHhIX o6cepBaTop:IDi:. B �OMa�e no

Ka3aHa B03MO�HOCTb Hcno�b30BaHH.fl 6HcTpOH TpaHcwopMB.UHH �y

pbe ( FFT ) H MeTo�a MaKCMMYMa GHTPOTIID'I ( MEM) ;rr,Jifl aHa

�3a �aHHhIX MarHHTHHX o6cepBaTOpHH. 8WW8KTHBHOCTb M8TO�OB 

IlpOMJIIOCTp:t-ij)OBaHa Ha npHMepe cneKTpaJibHOro aHaJIH3a �aHHhlX 

HHM8KCKOH H THXaHbCKOH MarHHTHhlX o6cepBaTOPHH. 

Introduction 

69 

The geomagnetic secular variation can be obtained from 

the records of the geomagnetic observatories. A number of 

authors have published interesting investigations based on 

different methods. The methods for deriving the geomagnetic 

secular variation can be devided into two large categories: 

first, we can analyse the time variation of the spherical 

harmonic coefficients, second, we may also use directly the 

time series formed by the annual mean values of the 

geomagnetic observatories. 
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The spherioal harmonic analysis of the geomagnetio field 

was proposed by C.F. Gauss in 1835. Several versions of the 

determination of harmonic coeffioients have been published. 

They refer to different epoohs and they are based on different 

data and methods (Malin, S.R.C., 1969; Yukutake, T., 1979; 

Yukutake, T., Cain, J.C., 1979). B.R. Barraohlough summarised 

in a review paper a total of 91 models which refer to epochs 

extending from 1650 to 1975 (Barrachlough, B.R., 1974; 197h). 

Now we do not go into more details of the determination of the 

spherical harmonic coefficients we remember only Adolf Schmidt, 

whose the name bears the J\Tiemegk Geomagnetic Observat,ory, who 

proposed a method for determining the Gauss coefficients 

normalized by the g� value. 

This kind of analysis can reveal the character of the 

global geomagnetic seoular variation such as the time 

variation of the central dipole, its moment and the position 

of its direction. The secular variation of the non-dipol 

field can be derived.from the higher harmonics. 

The spectral estimation often forma the basis of the 

time series' analysis. For a long time the Fourier spectrum 

analysis was the single tool of the spectral estimation. 

During the past decade a totally different non-Fourier 

spectral estimation technique has emerged the maximum entropy 

spectrum analysis. In the followings this method will be 

summarized or rather before it the Fourier analysis will be 
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depioted by the help of the FFT algorithm. 

Disorete Fourier transform 

The disorete Fourier transforrn of time-series data 

xi, i = o, •.• ,m is

X(kf
0

) = [ x1exp(-j23tkf0i),
i=O 

where f
0 

= 1/(m+l) is the frequenoy spacing and k is 

an integer. The estimation of the disorete power density 

speotrum is 

S(kfk) = -=-1 X(kf ) 1 2

m+l o 

71 

In the speotrwn only those harrnonios oan be distinguished 

whose frequenoy spaoing is approximately equal or greater 

than the reoiprooal of the observation window width. The 

former estimation of the power density spectra assumes that 

implioit oondition that the data are oyclic with the period 

(m+l) outside the observation window. This effect may occour 

when only a fraction of a cycle is recorded. The additional 

disturbing effeot is the "leakage" phenomenon. This oooours 

when the integer multiple of the frequency spacing is not 

equal to the frequenoy of the aotual data series. 

m 
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The power density spectra of the annual mean values of 

D, H and Z components measured in Niemegk and Tihany 

gemagnetic observatories were determined by the application 

of the fast Fourier transform algorithm. As it is well known 

this technique, suggested first by Cooley and Tukey in 1965, 

reduces the number of the arithmetic operations necessary to 

perform the discrete Fourier transform and the computations 

can be done substantially rnore econornically (Cooley, J.W., 

Tukey, J.W., 1965; Singleton, R.C., 1967). 

Maximum Entropy Method 

The spectrum estimation can also be based on the 

principle of rnaxirnum entropy as it has been shown by J.P. �urg 

in 1967. This procedure has also met with considerable success 

(Lacoss, R.T., 19.71; McDonough, R.N., 1974; Ulrich, rri.J., Bishop, 

T.N., 1975; Ulrich, T.J., Clayton, R.W., 1976).

Since it is perhaps less familiar than the application 

of the discrete Fourier transform let us summarise the main 

ideas of the rnaximum entropy processing. 

Some linear random processes may be represented by 

finite order autoregressive processes which are described 

by the relationship 
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where oc 1, ••• , ocM are the coeffioients of the differenoe

equation, zt is a white-noise scries with zero-mean and

varienoe o-;. The zt is usually oalled the innovation of

the autoregreasive prooess (Box, G.E.P., Jenkins, G.M., 1970). 

The power speotrum estimation of an autoregressive 

.prooess of order M 

S(f) = 

is given by 

M 2 

I -1 - I e< 

ex r (- j t 1r f k ) j 
k..--1 k 

A. van den Bos showed that the previous estimation of the

power density speotrum of an autoregressive process is

equivalent to the estimation of the power density speotrum

of a stacionary Gaussian process given by

S(f) = 

where PM+l is a constant, the 'J"' ks are the predi tion

error coefficients, fu is the Nyquist frequency (van den 

Bos, A., 1971). This estimation is a result of a variational 

procedure in whioh the entropy of a distribution is maximized. 

It follows from these equations that the autoregressive 

coeffioients are this the ooeffioients of an M-point 

prediotion error filter. The aim is the determination the 
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coefficients of an autoregressive process which is to be 

fitted to the data. 

The length of the M-point prediction error filter was 

proposed by J.G. Berryman (Berryman, J.G., 1978). The length 

of the filter: M = 2N/ln2N, where N is the number of the 

data samples. 

Let us review now the resu:lts and their interpretation 

obtained by the maximum entropy analysis. R.G. Currie 

presented the spectral analysis of 49 geomagnetic observatories 

(Currie, R.G., 1973). The annual mean values of the B and 

Z components were used as input data for the calculations. 

The detelcted two periods at 21.4±2.4 year and at 10.5±0.47 

year correspond to the double solar cycle and the solar 

cycle respectively. The local maximum of the cluster at 6.07 

year can indicate the free modes of the electromagnetically 

compled core-mantle Earth system which has an oscillation 

period of about 6.7 year. This period was calcuiated by 

T. Yukutake. The cluster at 2.15 year may be correlated with

some other oscillations e.g. the variation in cosmic ray

data, the oscillation in stratospheric temperature or quasi

-biennial variation in the geomagnetic field. R.G. Currie

found the 60 year spectral line too. In his interpretation

that line probably represents the spectral analogue of the

variable motion of the eccentric dipole.

V.E. Courtillot and J.L. LeMouel analysed the annual

. 
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mean values of 38 geomagnetic observatories in the interval 

between 1947 and 1972 (Courtillot, V.E., LeMouel, J.L., 1976). 

They also used the maximum entropy spectral analysis and 

found significant peaks at 11, 5.5 and 3.66 year in contrast 

with the results obtained by R.G. Currie. 

In the paper of R.S. Jin and D.M. Thomas, published in 

1977, the time series of the geomagnetic dipole moment were 

analysed also by the maximum entropy method and the length 

of day fluctuations was investigated in the time interval 
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between 1901-1969 in the same manner (Jin, R.S., Thomas, D.M., 

1977). The values of the geomagnetic dipole field were detennined 

from the Gauss-Schmidt ooeffioients of the spherioal harmonic 

analysis. The peaks oorresponding to the periods of 66 and 

13 years were observed in both power speotra. The higher 

harmonics with periods 22, 17, 13, 11 and 9 years.were also 

detected in both speotra of the length of day fluctuations 

and the geomagnetic field. They thought that the ?.2 and 11 

year spectral lines were not attributed to the solar cyolee 

unambiguously they are the higher hannonios of the 66 year 

period. The similarity of the previous speotra related to the 

motion inside the fluid core of the Earth. 
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Power spectra of the Niemegk and Tihany geomagnetic observatories 

The calculated power density speotra of the annual 

mean values of D, H, Z oomponents measured in Niemegk and 

Tihany will be depioted as illustrations of the above 

mentioned methods. First the results obtained by the fast 

Fourier transform will be disoussed. The annual mean values 

of D, H and Z oomponents recorded in Niemegk between 

1890 and 1977 (N = 88) can be seen in the Figure 1. Figure 2 

depicts the power density spectra of the D, H, Z components 

respectively calculated from the Niemegk data. The frequency 

spacing has been 1/128 years. This involves that the resolving 

in the low frequency range is rather poor. Some of the first 

periods which appear in the spectra are 128, 64, 42,7, �2, 

25.6 years etc. The energy of harmonic components with periods 

between these values leaks through to other components in 

their neighbourhood. The second half of the power spectra 

which contains the periods less then 4 years is dominated by 

random noise. The limitations of the Fourier analysis do not 

allow us to obtain but rough estimates of the significant 

components. 

Figure 3 shows the maximum entropy spectra of the same 

three oomponents. The oyole about 10 years has emerged in 

every power density speotrum. This peak oould express the 

effeot of the solar cyole. The additional cyoles in the 
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component D are 6,13 years, 7, 10, 14, 30, 78 years in 
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the component H, and 4, 11, 20, 44 years in the component 

z. The significant peaks corresponding to longer periods

about 70 years in the components D and H can be considered 

very interesting. The source of the long period component 

is not quite clear and it is the object of intensive resea.rch. 

Similar results were obtained from the analysis of the 

magnetic components measured in Tihany. Figure 4 shows the 

variation of the annual mean values of the magnetic elements 

recorded in Tihany N = 106. The results of Fourier and 

maximum entropy spectral analysis, shown in the following 

two figures Figure 5 and Figure 6, depict the same character 

as we have seen in the case of the J.Uemegk Observatory. .• 
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A remark on the influence of a differential rotation of the 

Earth's core on the degree of axisyrnmetry of the magnetic field 

Abstract 

85 

The processes generating the Earth's magnetic field considerably 

depend onwhether or not a differential rotation takes place in the 

Earth's core, or in the core-mantle boundary layer. A differential 

rotation influences the axisyrnmetric and the non-axisymmetric part 

of the magnetic field in different wayso Compared with the axi

symmetric part the non-axisymmetric part is subjected to an 

enhanced dissipation. Thus the deviation of a field from 

axisymmetry is reduced. By means of a simple model an estimate 

is given of this effect of differential rotation, and some conse

quences for the Earth's magnetic field are discussed. 

Zusammenfass:mg 

Die für das Magnetfeld der Erde verantwortlichen Vorgänge hängen 

stark davon ab, ob der Erdkern oder die Kern-Mantel-Grenzschicht 

eine differentielle Rotation aufweisen. Eine solche differentielle 

Rotation beeinflußt den zur Rotationsachse symmetrischen Anteil 

eines Feldes in anderer Weise als den nicht-symmetrischen. Ver

glichen mit dem symmetrischen, wird der nicht-symmetrische einer 

stärkeren Dissipation ausgesetzt. Damit wird die Abwe1chung des 

Feldes von der Symmetrie bezüglich der Rotationsachse verringert. 

Anhand eines einfachen Modells wird eine Abschätzung für diese 

Wirkung einer differentiellen Rotation gegeben, und es werden 

einl,ge Folgerungen für das Magnetfeld der Erde diskutiert. 

Pe3IDMe am Ende der Arbeit 
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1 • 

When looking for processes in the Earth's interior, which could 
be responsible for the Earth's magnetic field, we encounter the 

question whether or not the core, or the core-mantle boundary layer, 

shows a differential rotation. No satisfactory answer to this 

question has been given up to now. In this paper we suppose a 

differential rotation to exist and discuss how it influences the 

degree of axisymrnetry of the magnetic field. When speaking of 

axisymmetry we refer, of course, to the axis of rotation. 

2. 
As far as axisymmetric field3are concerned, the effect of 

differential rotation can easily be followed up. In the example 

depicted in fig. 1a we start from an axisymmetric dipole field 

which penetrates a sphere of electrically conducting fluid and 

continues in the free space outside. We suppose that the inner 

parts of the flu.id rotate in the indicated way whereas the 

surface is at rest. This differential rotation leads to a 

winding-up of the field-lines. The resulting configuration may 

be understood as superposition of the original dipole field and 

two field belts with opposite orieritation in the two hemispheres. 

The effect of differential rotation thus consists only in the gene

ration of these field belts inside the sphere. In particular, the 

field outside remains unaffected. 

With non-axisymmetric fields the influence of differential rotation 

is more complex. In the example depicted in fig. 1b we start from 

a dipole field the axis of which lies in the equatorial plane of 

the rotating sphere. The winding-up of the field lines provides a 

field pattern in which lines with opposite orientation lie closely 

together. In this way, of course, the dissipation of the field 

inside the sphere is enhanced, and then also the field in outer 

space is influenced. Supposed there is only a radial but no 

latitudinal shear of the fluid,this field retains its dipolar 

structure; of course, the field pattern will rotate in the sense 

of the fluid motion.· Contrary to the axisymmetric case, however, 

the magnitude of this field is diminished by differential rotation. 

Let us now assume that there is initially a dipole field with an 
axis showing some inclination against the axis of rotation. Decompos 
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this field in two fields of the types considered before, we may 
easily study the influence of differential rotation. 
The latter results in a reduction of the non-axisymmetric part 
of the field, i o eo there is a tendency towards axisymmetry. If 
again only a radial shear is considered, the field in outer space 
retains its dipolar structure. However, the inclination of the 
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dipole axis becomes smaller. Furthermore, the magnitude of this field 
is diminished. 
The statement that differential rotation reduces the deviation of 
a magnetic field from axisymmetry holds not only for dipole fields 
but can also be established for fields corresponding to higher 
multipoles. 

2. 

In order t6 give an estimate of the discussed effects of 
differential rotation on a magnetic field, some results for a 
simple model are presented. (For details see RÄDLER and ELSTNER [1]) 
We again consider a sphere of electrically conducting fluid which 
carries out a differential rotation, and suppose all surrounding of 
it to be free space. In a certain inner layer of this sphere a 
electromotive force is assumed such that, in absence of rotational 
shear, currents would be driven which produce a dipole field. 
The inclination of the axis of this field against the �xis of rota
tion is denoted by 'fo. As for the differential rotation a radial
shear is assumed, i.e. the angular velocity, w , increases or de
creases with the radial coordinate, r. Then, of course, the field 
inside the sphere generally shows a complex pattern. Outside, 
however, it continues as a dipole field. We restrict our attention 
to the steady state. The inclination of the axis of this dipole 
field outside the sphere against the axis of rotation, denoted by <p,
depends on the angle fo and on the magnetic Reynolds number Rm. 
The la tter is defined by Rm = f- G" A<c>R2 , where � and G""' are magnetic
permeability of free space and electrical conductivity of the fluid, 
Awis the difference of the angular velocitjes of the inner and the 
other parts of the sphere, and R is the radius of the sphere. 
In fig. 2 sqme results are depicted for the case in which the 
electromotive force is concentrated in the layer o.4 � r/R � o.6,

and the rotational shear takes place in the layer 0.7 6 r/R /: 0.9. 
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The magnitude of the dipole field outside the sphere may be described 
by the magnitude of the dipole moment. This quantity, scaled by its 
value in the case of vanishing rotational shear, is denoted by m. 
Then m = 1 for all <(0,if Rm = O. In general, m again depends on 
both 'fo and Rm. For all 'fo , it decreases with increasing Rm, 
and i t tends to cos 'fo , as Rm � 00• 

3. 

Let us discuss the implications of these results for the Earth's 
magnetic field. 
We imagine the sphere of conducting fluid considered so far to be 
the Earth's coreo For ah estimate of Rm,... we put ,-= 1"-vapu

� = 

47f•10-7Hm-1, � = 3•105 -1m-1 ,L.\w 
= e degrees/year, R = 3•10 m, thu.s 

obtaining Rm � 2• 1 o3 • e., • It seems reasonable to assume that the diffe• 
rence of angular velocities of the inner and the outer parts of the 
core is comparable with the westward drift rate of the magnetic field0 

Putting ö= 0.05 ••• 0. 2, which corresponds to this drift rate, we 
obtain Rm � 100 ••• 400. 

As is well known a magnetic field due to a dynamo mechanism in the 
Earth's core can never be purely axisymmetric. It is at least worth 
discuss�ng the possibility that the field strongly deviates from axi
symmetry inside the core, and that its higher degree of symmetry out
side the core is only due to a differential rotation in the outer 
layers of the core. Suppose, e.g., that the dynamo mechanism in 
absence of differential rotation generates a dipole field the axis 
of which shows an inclination of 45 ° against the axis of rotationo

Even a differential rotation with Rm = 100 should be able to reduce 
the inclination outside the core to about 10°. 

On the basis of mean-field theory several dynamo mechanisms for the 
Earth has been discussed. It may be of interest in this context 
that i'.n the case of the c< 2-mechanism not only axisymmetric but also 
non-axisymmetric mean fields are possible (see, e.g., KRAUSE and 
RÄDIE R [ 2] ) • Even under condi tions favouring the genera tion of 
non-axisymmetric mean fields inside the core, the differential rotatioI 
in an outer layer of the core may lead to a nearly axisymmetric 
field outsideo 
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The interpretation of paleomagnetic observations within the frame 
of plate tectonics is usually based on the assumption that the mag_ 
netic field of the Earth has always been of dipole type and that the 
dipole axis has always been nearly parallel to the axis of rotation. 
This assumption, however, is not imperative. It is noteworthy that 
each argument in favour of a differential rotation in the Earth's 
core supports this assumption. 

The ideas presented are of interest not only for the Earth but 
also for other cosmical objects. There are a number of stars, 
the magnetic stars,with streng magnetic fields considerably 
deviating from symmetry with respect to the axis of rotation. 
This deviation must be interpreted as a hint that the outer layers 
of these stars possess no streng differential rotation. 
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PesJOMe 

Ilponeoou, nopOJ:,D;aJODUle reoMarHHTHOe IlOJie, CYJ.IteCTBeHHO 3aBHCHT OT 

Ha.JIHqRff JiJJIB OTOYTOTBEH 'AH(fxI>epeHiniaJD:,HOro BpameH:r.m B MPe 3eMJm. 

OcecHMMeTplftlHWI H H8Cl1MM8TPWIH8.SI 'tla.CTH Ma.I'HHTHoro IlOJIH H3M8HmOTCH 

'Aß@>epemnia.m,HHM BpB.IllemrnM paaJilirniHM o6pasoM. HecZMMeTpKllllaJI 

�aCTD Il0'ABepraeTCH 60JII,ID8li ,IUICCHnanHH,HemeJra CßMMeTpK'IHM. 

TaimM o6pasoM,peayJII,THPYIDmee noJie npH6JIH.1KaeTca R ocecHMMeTp�H0MY. 

IlPOCTa.Jl MO'AeJII, HCilOJII,SyeTCH )J)Ul 'ASMOHCTpa.IUm CßMMeTpH8MpymIItero 

'AeicTBIDI 'AHqq>epeHUHaJIDHoro Bpamemm. O6oys;na.IOTCH noOJie'ACTBWI 'Aamioro 

aqxpeRTa ;u,.JIJI reoMB.rHHTHoro nOJm. 
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ON THE ROCENI' (1956-78) �IC SECUIAR VARIATION 

H. Nevanlinna
University of Helsinki, Department of Geophysics,
Vironkatu 7 B, SF-00170 Helsinki 17, Finland 

Abstraat *) 

Features of global geanagnetic secular variation for 12 epochs between 

1956 and 1978 were studied using a four-dipole rnodel corresponding in 
accuracy to a 5th degree spherical hanronic rnodel. According to the 

rnodel, the secular variation accelerated fran 1956 to about 1970 and 
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has subsequently slowed down. The variation was rnost rapid in Eurasia, 

where the positive Z focus near the Caspian Sea disappeared in about 1960 
and a negative focus fonned in southeast Asi� and began dcifting northeast. 

In about 1976 a positive Z focus was again forming near the Caspian Sea, 

indicating a cyclic variation in the isoporic patterns in Eurasia. 

The areas of negative i in the northern hauisphere and positive Z in 

the southern grew during 1956-70, and this was seen as an acceleration 

in the rate of decrease of the main axial dipole (g�). This decrease is 

predicted tobe slower in the near future. 

;,. Introduation 

Yearly secular variations of the X, Y and Z canponents for 12 epochs be

tween 1956 and 1978 fran 43 to 76 geanagnetic observatories throughout the 
world were fitted into a rnodel consisting of four radial and eccentric 
magnetic dipoles at a constant distance of 0.25R fran the geocentre. 
The secular variation data used in the analysis were taken fran cata-
logues published by FISHER (1976) and PUSHKOV and IVCHE.'NKO (1979). 

Six parameters were needed to characterize each dipole. Thus, the 

four-<lipole m_ydel consisted of 24 coefficients (for details, see 

NE.VANLINNA, 1980a, 1980b). The isoporic charts calculated fran the rnodel 

had a mean vector nns error ( = ✓(o� + o� -t· o!)/3) of 9nT/y corresponding 

in accuracy to charts calculated fran a 5th degree spherical hanronic 

analysis. 

*) "Zusar!rr�e::�:f.,rnsu..'11.g" and "Pe3IOMe" at the end of the paper

e 
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The purpose of this paper is to demonstrate saue typical features 

of the global and regional secular variation obtained frau isoporic 

charts based on the four-dipole model. 

2. Isoporio field of i

In order tostudy the features and trends in the recent geomagnetic secular 

variation, isoporic charts of X, Y and z were calculated for alternate 
years between 1956 and 1978. As an exa,iple, Fig. 1 shows isoporic charts 

of Z for the epochs 1856.0, 1968.0 and 1978.0. The typical features in 

these charts are the rapid intensification of the large Atlantic negative 

Z cell and the remarkable disappearance of the well-known Caspian positive 

Z cell. The shape of the isolines of the Atlantic cell has been rather 

stable, whereas in Asia and Australia there have been large changes in 

the isoporic lines. 

Fig. 1 also shows that secular change in Eurasia has been cyclic 

with a period of about 20 years: in the 1nid-fifties and late seventies z 

was positive over Asia, wheras in the Inid-sixties it was negative, with 

a negative Z cell in central Asia, 

In the northern hemisphere Z has developed towards negative values 

and in the southern towards positive ones. Using the terms of spberical 

hannonic analysis, this trend can thus be interpreted as an acceleration 

in the rate of decrease of·the rnain axial dipole (g�). Fig. 2 shows this 

in a more quantitative way. It depicts g� for 1956-78 as derived frorn the 

coefficients of the four-dipole rrodel. It can be seen that g� increased 

fran its long-term average value (NAGATA, 1965) of 15nT/y to 22nT/y in 

12 years. By means of quadratic trend analysis of the calculated g�, the 

rate of g� is predicted to slow down and the predicted value of g� for 

1980 is 2lnT/y. 

3. Isoporio field of X and j

As shown in the previous chapter, the largest changes in the isoporic lines 

of Z were concentrated in central Asia. Thus the horizontal canponents, X 

and Y, can also be expected to change rapidly at sane distance around the 

Asian z focus. In general, there is a negative Y cell about 40° west of a 

negative z focus and a positive X cell about 40° north (�'EVANLINNA, 1980a). 

The decreasing trend of'Y and increasing trend of X observed in Europe and 
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ig. 1. The yearly secular variation of Z (with a contour interval of 

20 n·r/y) for the epochs 1956.0 (up), 1968,0 (mid) and 1978.0 

(below) as calculated from the four-dipole modal, 

Solid lines: Z 0 

Dotted lines: z o� 
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•O Fig. 2, g1 (solid circles) as calculated fran the four-dipole model.
The open circles denote g� obtained fran spherical hanronic (SH) models 

by .MALIN (1969) for 1955.0 and 1960.0, .MALIN and CLARK (1974) for 1965.0, 

HURWITZ et al. (1974) for 1970.0 and by PEDDIE and FABIAID (1976) for 
1975,0. '

westem Asia during 1956-70 were thus connected with the negative z cell 

in central Asia. The present increasing trend of Y and decreasing trend 

of X indicate a positive Z cell in central Asia. As can be seen in Fig. 1, 

a new positive Z cell is forming near India, 

The changes in X and Y were also studied by plotting the zero isopores 
for altemate years between 1956-78 in the charts shown in Fig, 3. The 

figure shows that the zero line of Y drifted westwards fran 1956 to about 

·1970. The total drift was about 60° . This period of westward drift corres
ponds to the change of Z fran positive to negative in central Asia.

After 1970 the drift was eastv.ards ·, oorresponding to a change of Z fran
negative to positive in Asia, In X there was a northward drift up to

1970, after which the drift was southwards, The positions of the X and

Y zero isolines are now rooghly the same as they were in 1956, indicating

a cyclic variation in the horizontal field, too, with a period of roughly
20 years.

The correlation between the changes in X and Y in Europe can be seen
in Fig. 4, which depicts the yearly variation of X and Y recorded at the

geanagnetic observatory Niemegk (GDR), It can be seen that Y > 0 indicates

X< 0, and vice versa, It can also be seen that the variations in the ho-
rizontal canponents have a period of roughly 60 years. Thus the 20-year

period found here may be only a subhanronic of the 60-year periodicity.
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Fig. 4. Secular variation of X and Y at the Nienegk observatory (GDR) 

and its predecessors Seddin and Potsdam. 

4. Discussion.

• 

The global secular variation during the last 25 yea:r.:s is typified by a 

rapid intensification, as measured by the spherical harrnonic terrn g�. 
Another typical feature was the cyclic variation of X, Y and Z isolines 

in Eurasia with a period of about 20 years, 

Based on the isoporic charts, sane qualitative predictions can be made 

about the trends of the geanagnetic field in the near future. Globally, 

the rate of decrease of the main axial dipole (g�l. is slowing down, The

predicted value of g� for 1980 is 2lnT/y. 

In Europe: Y > 0 and Y > 0 

X< 0 and X< 0 in northern Europe 

X~ 0 and X< 0 in central and southern Europe 

Z > 0 and Z c 0 

A new positive z focus is fonning near the Caspian Sea (40°N, 45°El with 

a predicted focal intensity for 1980 of 60nT/y, 
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Zusammenfassung 

Untersucht wurden Grundzüge der globalen geomagnetischen 
Säkularv3riation (SV) von 12 Epochen von 1956 bis 1978, wobei 
ein 4-Dipol-Modell verwendet wurde, das in der Genauigkeit 
einem Kugelfunktionsmodell 5. Ordnung entspricht. Danach 
beschleunigte sich die SV von 1956 bis ca. 1970 und wurde 
dann langsamer. Die Variation v,ar am sehne 11s ten in Eurasien, 
wo der positive Z-Quellpunkt am Kaspischen Meer etwa 1960 
verschwand und ein negativer Quellpunkt in Südostasien ent
stand und nordöstlich zu driften begann. Ungefähr 1976 bil
dete sich am Kaspischen Iv�eer erneut ein positiver Z-Quell
punkt und bestätigte somit eine zyklische Variation in den 
Isoporen in Eurasien. 

Die Gebiete von Z-negativ in der Nord- und Z-positiv in der 
Südherilisphäre nahmen ,,.,-on 1956 bis 1970 zu, und dies vmrde 
als Beschleunigung der Abnahmerate des Hauptachsendipo�s 
(g�) ancesehen. Diese Abnahme soll in der nahen Zukunft 
langsamer werden. 

• 
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Ms�elThl ,n,eTaJIM rJio6aJI:oHOM reoMarHMTHOß B8R0B0H Bap1r.arzyrn 12 

arrox o 1956 .n.o 1978 rr., rrp1fä1eHJUI 4-,n;:r,moJr:&Ha.H r.m,n,eJI:o, 1<0Toprur 

II0 T0't!H00TH C00TB8T0TByeT ccJ}ep1,rqecRoi1: rapMomrqeo1wtt M0,IJ.eJIH 

5-ofi CTerreHM. CorJiaOHO M0,Il,eJrn, B8K0BM Bapr,iau:vm yc1wpru1a C l956r.

,Il,0 npn6JIE3HT8JI:OH0 l970r. H II0CJie 8T0ro 3a!.18.JJ)IBJI8.0b. BapnauIDI

6b!Jla CI<opee Bcex B EBpa3IDf, r.n.e II0JIOJKHT8JlbHhIII z --g}0Ryo y

Kacm1iic1wro M0p.H UC't!83aJI rrpM0JIVi3!-m!8JI:OH0 B 1960 ro.n.y PI

HeraTMBHHfi q)OKYC, 00pa30B8.HHhlfi B KJr0-BOOTO't!HOfi Asm,r, HaqaJI

,Il,p8RWOB8.Tb B C8B8p0-B0CT0't!H08 H8.IIpaBJI8HHe. IlpH6JIVi3HT8JlbH0

B 1976 ro;rry y KacmritcRoro M0p.H 0H0Ba o6pa30BaJI0.ff IIOJIQ}KMT8Jll:,Hlill1

.z -(vo1<yc n II0,Il,TBep,n,RJI TaRMM o6pa30M Il;I,IBJI!-rtI8CRYIO Bap1-m.n;mo B 

1rnorropax B EBpa3Hn. 

• 
• 

06JiaCTH HeraTlIBH0r0 z Ha ceBepHOfi H Il0JIQ}KMT8Jll:,H0ro z

Ha lillKHefi reMnccpepax yBeJIH't!JtrnaJI.nc:i, c 1956 .n.o 1970 rr. , a aTo 

rrpHHUMa.JI0Cb 38. yci<opeHHe B 0TH0ll18Hl1IT YM8H:OIII8HM rJiaBHoro 

oceBoro .n.:mI0JI.ff / t �/. IIpe,n,cRa3liB8.8TC.ff, 1IT0 YM8H:OIII8Hl18 B

0JIIDr.B.I1ll{8e 0y.n.yillee 38.M8,Il,JI.ff8TC.ff. 

AHIIOT@JIB 
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w. Webers+) , Potsdam

On spectral analyzing the time series of the geomagnetic 
field 

Summa,:Z 

The time variations of the geomagnetic field are to be attributed 
partly to external and partly to inner sources. The investigation 
of periodic constituents of the internal geomagnetic field has a 
great importance for studying and characterizing the physical 
process in the core-mantle region of the Earth. 
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Especially spectral-analytic methods as f.i. the maximum-entropy
method are qualified for determining harmonic constituents of more 
or less extended records beset by certain errors when in a first 
approximation the time series of the observed geomagnetic components 
can be supposed to be a realization of a stationary linear random 
process. There arises the problem of the significance of the deter
mined periodicities and this has become a very essential one. 
Applying the different well-known spectral-analytic estimation 
methods to the geomagnetic time series resul.t in variant behaviour 
of the corresponding spectra. The stability of the peaks in the 
different spectra and in relation to the used calculus as well as 
against the data interval could be used as an effective significance 
creterion. Methods for approximating and eliminating the about 60 
year periodicity of high amplitude are essentially helpful for 
finding out the significant peaks. 

Zusammenfassung 

Die zeitlichen Variationen des geomagnetischen Feldes sind wie be
kannt z.T. äußeren und z.T. inneren Quellen zuzuordnen. Dabei hat 
die Untersuchung der periodischen Anteile des geomagnetischen Innen
feldes große Bedeutung für die Erforschung und die Charakterisierung 
der physikalischen Prozesse im Kern-Mantel-Bereich der Erde. 

+)central Earth Physics Institute, Academy of Sciences of the GDR
DDR-1500 Potsdam, Telegrafenberg 

DOI: https://doi.org/10.2312/zipe.1981.070.01



100 

Insbesondere spektralanalytische Verfahren wie die Maximum

Entropie-Methode eignen sich zur Ermittlung harmonischer Kon

stituenten von mehr oder weniger langen, mit gewissen Fehlern 

behafteten Registrierungen, wenn die Zeitreihe der magnetischen 

Elemente in erster Näherung als Realisierung eines stationären 

linearen Zufallsprozesses aufgefaßt werden kann. Es zeigt sich, 

daß bei der Bestimmung der in der Zeitreihe enthaltenen Perio

dizitäten die Aussage über deren Signifikanz eine entscheidende 

Problematik darstellt. Die Anwendung der verschiedenen gebräuch

lichen Spektralschätzverfahren auf die geomagnetische Zeitreihe 

ergibt ein unterschiedliches Verhalten der einzelnen Spektren. 

Die Stabilität der Peaks in den Spektren sowie gegenüber den 

Parametern des Kalküls und bei Veränderungen des Datenintervalls 

konnten als empirische Kriterien zur Beurteilung der Signifikanz 

der Peaks herangezogen werden. Methoden zur Erfassung und Eli

minierung der mit prozentual großer Amplitude enthaltenen ca, 60-

jährigen Periode tragen wesentlich zur Auffindung der signifi

kanten Peaks bei, 

1. Introduction

Investigating the internal geomagnetic field as obtained from 

observatory data for time periodic constituents has a great 

importance for the investigation and characterization of the 

physical processes in the core mantle region of the Earth. 

Gaining knowledge of this field is an essential prerequisite 

for a further development of the theory of the hydromagnetic 

dynamo. 

There are already several papers dealing with the investigation 

by spectral analysis of the geomagnetic field f. i. publications 

by CURRIE, 1973, 1974; COURTILLOT and LE MOUEL, 1976; COURTILLOT, 

LE MOUEL and MAYAUD, 1977; RADOSKI, FOUGERE and ZAWALIOK, 1975, 

1976; ALLDREDGE, 1977; PAPITASHVILI and ROTANOVA, 1979. The 

results show that in many cases the calculated spectra do not 

allow an unambiguous decision as to which of· the peaks can be 

associated to significant periodicities, Furthermore the obser

vatory data contain both the external and the internal field 

and the contributions of them cannot reliably be separated, 
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Therefore the well-known solar cycle is represented in the spectrum 

as an essential time periodic constituent. 

Certainly the data material as well as the methods and their 

algorithms applied by the individual authors are not always 

identical. Therefore, for making a contribution to the decision 

concerning the significance of the peak_s in the spectrum, several 

methods were used simultaneously for a carefully selected data 

material, and different time series were compared for the obser

vatories considered. 

2. On the methods used

In a statistical sense, to a first approximation it is possible 

to consider the time series of the geomagnetic field to be a 

stationary linear random process, i. e. the mean value and the 

variance are assumed to be time-independent. According to 

World's decomposition theorem, a stationary linear random process 

is understood to be a superposition of a non-deterrninstic basic 

process and a deterrninistic process containing the harrnonic 

components to be deterrnined. 

Accordingly the spectrum consists of the continuous spectrum 

of the basic process and the discrete line spectrum of the 

harmonic components, for the identification of which the methods 

of estimating power spectra are the suitable ones. The practical 

calculation of the power spectra of a stationary random process 

can be carried out by means of a Fourier transform of the auto

covariance function. Since there is only a single realization 

of the process, according to the ergodicity principle the 

ensemble mean value taken over all of the possible realizations 

is replaced by the time average taken over a single realization 

of sufficient length. Since this realization has only a finite 

length, there arises the problem to estimate the spectral represen

tation of the overall process as accurately as possible. By a 

finite number of discrete data points of the stationary time 

series one estimates the autocovariance function, which is 

unbiased but inconsistent. A smoothing operation in the time 

range which uses a window function yields a weakly consistent 

estimate. 
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The Bartlett spectral istimation and the Maximum - Likelihood 

spectral estimation make use of a window function, the first of 

them of a triangular window function, where there are not 

objectively justifiable criteria for optimally determining the 

cut-off point, at which the window function becomes zero. 

When calculating the maximum - likelihood spectral estimation, 

the time series is decomposed into individual sections and 

thereafter multiplied by a time-dependent window function. The 

quality of fitting the maximum - likelihood estimation to the 

data to be evaluated depends on the constancy of the model para

meters contained. Especially time variations in the amplitude, 

phase and frequency may result in erroneous estimations. 

For eliminating the influence of the error introduced by rigid 

window functions and using data-adaptive optimization criteria, 

the Maximum-Entropy-Method utilized the principle of maximum 

entropy in the sense of Shannon's information measure. An 

arbitrary but fixed number of data points of the autocovariance 

function is assumed to be exactly known, the remaining values 
being implicitly extrapolated in the sense of maximal entropy 

density. By way of example, the recursive solution of the Yule
Walker set of equations can be obtained by means of the corre

lation matrix. In this case the ME spectral estimate is obtained 

as the reciprocal amplitude spectrum of the first column of the 
correlation matrix. 

With the use of the autoregressive modelling of the stationary 
random process, the autoregressive spectral estimation likewise 

leads to the Yule-Walker set of equations, being obtained in its 
generalized form as a -reciprocal summary spectrum of all columns 

of the inverse correlation matrix. For each of the four spectral 

estimation methods applied, it is necessary to optimize the choice 

of the arbitrary but fixed number of data points, and hence of 

the length of the autocovariance function, being identical with 

the order of the autoregressive model. 
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3. Data

The geomagnetic time series of the Niemegk observatory and 

of other European observatories were analyzed. For Niemegk 

semiannual, quaterly, and monthly means were used in addition 

to the annual means, so that it was possible to modify the 

frequency range from which conclusions are possible. Generally 

the available observatory data with high standard quality cover 

the interval from about the end of the last century to the 

present time, for Niemegk the time series started form 1890. 
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All of the time series had to be trend-corrected before applying 

the procedure. 

The magnetic elements are the components of a vector field for 

which a potential is supposed to exist. Therefore principially 

all the magnetic elements contain the same set of information 

about the sources of the internal field. Nevertheless the spectra 

were calculated for several components because there are influences 

being different to the field components e.g. measurement error, 

noise, constituents of the external field. 

Since the signal contained in the time series is relatively 

weak the spectral-analytic methods and especially the ME-method 

are subject to considerable numerical instability in1 dependence 

6f the condition of the corresponding system of equations. Further

more the algorithm for solving this system of equations is sus

ceptible to numerical influences. Consequently up to now there 

exist some algorithms and in the literature a lot of aspects 

are discussed by which the accuracy and the reliability of 

statements from ME method are influenced . (cf. SAIT0, 1978; 

KANE, 1979; CHEN and STEGEN, 1974). 

All the spectral analytic methods refered here demand stationarity 

of the process and of all its constituents as a necessity but 

this condition certainly is satisfied only to a first approximation 

or in a very limited way. Supposed long-p�riodic variations with 

a periodicity length of some hundreds of years had to be eliminated 

but because of the short time series this is impossible. 

A very distinctly marked period of approximately 60 years with a 

relatively large amplitude in relation to all of the other 

periodicities is contained in the time series with about one 

period length. It was advantageous to eliminate it as much as 
possible. 
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A piecewise linear trend correction as a first very rough 

approximation was useful, the break points •were empirically 

determined from the curve of the time series. Forming empirically 

a time function with a period of about 60 years and subtracting 

it proved to be more convenient. 

4. Results

The following figures illustrate some characteristical results 

by exarnple for the X component taken from the set of calculated 

spectra. Period and frequency units are indicated on the abscissa. 

The frequency scale refers to the reciprocal value of the length 

of the scanning step of the time series. The ordinate shows a 

logarithmic amplitude scale. It should be noted that for the 

data adaptive spectra (ME and AR) there do not exist any arnplitude 

relations being comparable with each-other. It is the distribution 

of the peaks from which conclusions are possible. However the area 

covered by the peaks represents some measure for the amplitude 

intensity. 

Fig. 1 shows a comparison of the four calculated spectra for 

the time series of the yearly means for Niemegk, 1890-1978, X. 

You can suppose peaks for 9.5; 3.6 and 2.8 years besides the 

clear one for about 60 years. 

Fig. 2 gives the same, being piecewise trend-corrected with 

wellobservable peaks at the sarne values 9.5; 3.6 and 2.8 years. 

Fig. 3 shows the results for the time series of the semiannual 

means for Niemegk, 1890 - 1978, X, also piecewise trend-corrected 

and also containing these peaks. 

Fig. 4 is referred to the time series of the quaterly means for 

Niemegk, 1890-1978, X, being piecewise, trend-corrected. The peaks 

occuring at a period of 1.0 year stands out markedly, especially 

in the ME-spectrum, 
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Fig. 5 shows the results for the time series of the monthly means 

for Niemegk, X and compares the interval 1890-1978 with a 

uniform trend correction and 1947-1973 with a piecewice trend

correction. The peaks at 1.0 and 0.5 years stand out much more 

significantly in the last case. 

Generally the information content of the ME and the .AR spectra 

is much higher than that of the other two spectra used. 

From the great number of analysis, or even from the examples 

presented here results that the appearance of the spectra, 

especially of the ME-spectrum, and hence the significance of 

the peaks critically depend on the choise of the length of the 

autocovariance function and on the order, respectively, of the 

autoregressive model in relation to the length of the time 

series. 

Fig. 6 illustrates the role of this parameter very clearly. 

Criteria proposed in the literature for the choise of the length 

of the autocovariance function, like those of, say, .AKAIKE (1970) 

which do not work anyway, for short lengths of the time series 

ranging between 20 and 40 values, fail here. Therefore the 

stability of the peaks was tested by comparing the different 

spectra and when varying the length of the autocovariance function, 

by investigating the time series for different scanning steps which 

vary the information - containing frequency range, and by investi

gating different time intervals, and this stability was used as 

a criterion of significance. The obtained optimal length of the 

autocovariance function in relation to the length of the time 

series rather well agrees to the values resulting from a formula 

derived empirically by BERRYMAN (1978). 

On the otherband it turned out that the assumption of the 

stationarity of the process, being an essential one in all of 

the inv.estigations, certainly is satisfied only to a first 

approximation or in a very limited way. As the case may be, 

this should not equally hold for all periodicities contained 

in the process. 
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Tab. 1 compares the peaks öccuring in the ME spectrum when the 

calculation is based on the data series for Niemegk, 1890-1978, 

or 1978-1890 and carried out by the Levinson-algorithm and by 

the Maxen-algorithm. The influences of the used algorithms and 

of the accurary of measurement data are evident. Since the ME 

method extrapolates the last part of the time series on the 

basis of the first M values and their information content changes 

in the accuracy of data have to be taken into consideration. 

Furthermore by table 1 the necessity is emphasized for evaluating 

the peaks in the calculated spectrum for their significance. 

The peaks occuring in the spectra had been assessed for signi

ficance by their stability behaviour with respect to the following 

aspects: 

- different spectral-analytic estimation methods

- variation of the• length of the used autocovariance function,

i.e. the order of the autoregressive model

- displacement of the time series -interval

- applicationaf different trend corrections (uniform or piecewise

linear trend function, parabolic trend)

- variation of the scanning step of the time series the calculations

are based on (yearly, half yearly, quaterly and monthly means,

respectively)

- orientation of the time series direction

- numerical algorithm

- rough elimination of the about 60-year periodicity.

Taking into account the mathematical assumptions used in the 

method and the method-specific problems described here, from our 

point of view the probable values for periodicities of the geo

magnetic time series are given for 5 European observatories listed 

in table 2. 

Since stationarity is only a first approximation for the real process 

the periodicity values can only be mean values. There is·the necessity 

to estimate the deviation from stationarity. At present it is not 

possible to make any reliable statements about the range of errors 

for the presented periodicity values. 
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Table 1: Niemegk, X, YM, peaks in the ME - spectrum 

Levinson-alg. Maxen-alg. 

1890-1978 1978-1890 1890-1978 

60.3 64.3 
85.3 
64.0 

14.2 10.0 
9.2 

6.1 7.9

4.7 4.9 4.8 
4.1 4.1 
3.6 3.5 3.8 
3.2 
2.8 2.8 2.7 

1. 9
1. 0

Table 2: Probable periods /y/ for 5 Europ�an observatories 

(X component) 

Observatory periods /y./ 

Sodankylae 11. 1 4.4 3.6 2.8 

Eskdalemuir 10.6 4.0 3.4 2.6 

Witteveen 10.3 4.7 4.0 2.9 

Niemegk 10.0 4.5 3.5 2.8 

Chambon-la-For@t 9.8 5.6 4.3 3.6 2.8 
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Pe310Me 

Metod maksimal'noi �ntropii i ego primenenie k analizuvremennych rjadov geomagnitnogo polja.
Geomagnetism i a��ronomija 19 Kg 3, 543-550

BpeMeHHoie Bapllia.IUm reoMarHMTHoro IIOJI.ff IIO.IJ."l!MIDieMH OT"l!aOTM BH6IIIHHM 
M OTtiaCTM BflYTpeHHHM HCTOtIHHKaM. IlpM 3TOM M3y,.IeHHe rrepHO,IJ,M't!eCK0X 
.IJ.OJI8H reoMarHllTHoro BflYTpeHHero TIOJl.fi MMeeT 60.7II>lliOe 3Ha"l!eHMe .IJ;Jm 
MCOJie,IJ,OBaHIDI M xapaKTepM3aI.l;:IiIT1 �M31lrti80KIDC rrponeccoB B M8PHO
MaHTID1HOM 06.JiaCTM 3eMJIM. OcooeaHo CII8RTpaJIDH0-aHaJIMTl{t!80KMe Me� 
TO.ILH, KaK M8TO,IJ, Ma.KCHMJM SHTpOirnM, BHrO.IJ.HH ,IJ,.Jlff orrpe,neJieHM rap
MOHMti8CKI!IX COCTa.BHHX -qacTeM 60.Jiee MJIM MeHee MMHHh1X perMCTpa:o;HM 
C orrpe,neJieHHHMM OWM6Ka.rvm:, Kor.na BpeMeHHOH PM MarHllITHHX 8.JieMeH
TOB B rrepBOM arrnpoKCIDvJa.nMM rrpMHMMa0TOH 3a peaJII,I3aI.fillO CTB.UMOHap
Horo JIMHeMHoro cJiy-qaNHoro rrponecca. 0Ka3EBaeTcH, tiTo rrpM onpe
,neJieHMM CO.IJ.8piKa.HHbIX BO BpeMeHHOM .PJI,II.Y rrepMO.IJ.1'ftIHOCT0� BHCKa3E
BaHMe O ero 3Hati}IMOCTM rrpe,IJ,CTaB.JlffeT 3Ha"l!Ifl8JibHYIO rrpo6JI8M'J. IlpM
M8H8HMe pa3HHX ynoTpe6MT8JihHhlX crreKTpaJihHhlX orrpe,IJ,eJl.fII<mIDC MeTO.IJ.OB 
Ha reoMarHMTHHM BpeMeHHOM PM ycTaHOBMJIO pa8H08 IlOBe,IJ,eHMe 
CIT8KTPOB. CTa6MJibHOCTb :r:rn:KOB B crreKTpax M rro OTHOill8HMIO K rrapa
M8Tpa.M BbI"l!MCJiemm M rrpM M8M8H8HRHM MHTepBaJia ,IJ,aHHEX MOJKHO 6hIJIO 
11:crroJIDSOBaT:o KaK srvnni:p11:crncmrn KpMTepIDI .IJ.JIB orrpe;n;e.Tiem,m 3Ha'tIM
MOCTil IDIBOB. MeTO.IJ.hI rro c6opy 11: 8JI1'IMIIBaIJ;füi 60-JieTHero rrep110.na 
C 60.JibillOH ru,,'II1JIMTY.IJ.OH 3Ha'tlßT8JILHO co.nefiCTBYIDT B HaxOJK,D;eHMH SHa

't!IDßhIX IrnKOB.
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B. Ve!-acha, Ljubljana

Die Sonnenaktivität (R) und ihr Einfluß auf' die geomagnetische 
Alftivität (A

K
) auf' Grund der Jahresmittelwerte im Zeitabschnitt 

Zusammenfassung 

1891 1975 

Im Durchschnitt ist die geomagnetische Aktivität im elfjähr·igen 
Fleckenzyklus dauernd, aber mäßig durch 8 Jahre spürbar, die 
restlichen 3 Jahre ist sie aber minimal. 

Diese verlängerte geomagnetische Aktivität verursacht aber bei 
Ausführung der Bussolenmessungen mit Magnetnadeln der praktischen 
Empfindlichkeit± 2'keine wesentlichen Schwierigkeiten; für ihre 
Ausführung müssen wir nur das passendste Zeitintervall auswählen, 
so daß Vormittags- und Nachmittagsverlauf der Deklinationskurve 
mit einer- Geraden approximierbar ist. 

Die Analyse des Risikos solcher Bussolenmessu.ngen betrifft die 
sechs Monate dauernde Sommersaison von April bis September in den 
mittleren Breiten der Nordhalbkugel. 

PesroMe 

B cpe,n;HeM reoMarHUTHM aRTIIBHOCTI, B II-JieTH8MUIIBJI8 "tiaCTOTHOC'fll 

COJIH8"t!HHX TIJITeH IIOCTOJIHHO, HO yMepeHHO 3aMeTHa B T8't!8HIIB 8-n JI8T, 

a sa OCTaJil>HHe TPM ro.ua OHa I.-IHH1!Ma.JII,Ha. 

Ü.UHal<O, STa y,wurn:eHHM re01.1arHHTHaJI aKTKBHOCTI, He BH3HBaeT rrpR 

TIPOB8.U8HI1II KOMIIaCIIli!X 1rnuepemrn: MarHMTHliU.IB lU'JlaJ..lli rrpaKTP.0ISCKOll 'llJTB

CTBllT8Jll>HOCTil ± 2, mmam-nc oco6eHHHX Tpy.UHOCT81I, ecJIIl TOJII,RO .UJIJI JIX

npOB8.U8HHJI BH6paTl> rro;n:xo.u�IIlI rrpoMe�TOK Bper.mm.1, Ror.ua -qacTn .U8R.i�.t.c

HauHOHHO}I Kpl'!BOM rrepBOÜ H BTOpoR ITOJIOBIDI .UHJI MO)KHO rrpn6JIU3HT8Jil,HO 

orrpe.ueJIMTI> rrpm.mfi • 

.AHaJIIl3 pHCRa rrpOB8.U8HHhlX TaKIB:1 crroco6oM Km.rnaciruX Il3Mepemm OT

HOCITTO.ff R lll8CTUM80.ff"t!HO!,W JI8TH8M:Y C830HJ' C arrpe.rm rro C8HTR6pl> Ha 

cpe,n;HHX reorpa�HtiecRIIX urnpoTa.x oe:sepHoro rro.Jiy1..1.Iap1m. 

Prof. Dr. sc. techn. Branko Varacha, Edvard Kardelj Universität 
Ljubljana, Krekov tr-g 1, p.p.486. Jugoslawien 
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On the nverage the geouac;netic activity within a 11-yoar cycle of 
the sunspots frequency is perceptable permanently although modera
tely during 8 years while being minimal during 3 other yearn. 

-

This prolonged geomagnetic activity does, however, not entail any 
particular difficulties when compass measurements are carried out 
by means of magnetic needles possessing a praotical sensetivity 
of ± 2', if for this purpose a suitable time interval·is chosen 
when the forenoon and the afternoon part of the deolination ourve 
may be approximated with a straight line. 

The analysis of th� risk of compass measurements oarried out in this 
way refers to the six mohths summer season from April to September 
on middle geographic latitudes of the northern hemisphere. 

Bei der Darstellung der Sonnenaktivität beruf'en wir uns nur auf 
_die Häufigkeit der Sonnen.flecken, da ja bei Erforschung der 
Naturerscheinungen gut organisierte und langfristige Beobach� 
tungen von größter Bedeutung sind. Aus Veröffentlichungen der 
Eidgenössischen Sternwarte Zürich-Schweitzerland stehen uns die 
tadellos lückenfreie Daten über Jahresmittelwerte der Wolfsehen 
Sonnenflecken-Relativzahlen R schon ab 1849 weiter zur Ver -
fügung. 

Aus dem Verlauf der Jahresmittelwerte aer Relativzahlen R ist 
grob die zeitliche Periodizität des elfjährigen ?Jklus der Son
nenflecken und dadurch im überwiegenden Maße auch die Sonnen -
aktivität zu ersehen. 

Die Fleckenzyklen sind mit laufenden Nummern gekennzeichnet und 
schließen den Verlauf' zwischen zwei Minima ein; W.ie aus der Ta
belle 1 zu ersehen ist, die elfjährige Periodizität ist nicht 
streng und sie dauert grob genommen von 9 bis 14 Jahre mit 
einem Durchschnittwert cca 11 Jahre. 

Die geomagnetische Aktivität drückt man auf Grund der Potsdamer
Kennziffern K1 als Jahresmittelwert der maximalen Amplituden
Schwankungen AK der geomagnetis9hen Störungen aus. Diese Jah
resmittelwerte AK sind von 1956 bis 1975 aus alljährlichen Be
richten des Adolf-Schmidt-Observatoriums für Erdmagnetismus in 
Niemegk, DDR berecme.t; für den Zeitabschnitt 1891-1955 wurden 
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Tabelle 1 
Jahre zYklen Dauer Jahre 

Rmin der Nummer eines zYkl us der Rmax 
Minima in Jahren Maxima 

9,6 1755 
1 11 1761 85,9 

11,4 1766 
2 9 1769 106,1 

7,0 1775 
3 9 1778 154,4 

10,2 1784 
4 14 1787 132,0 

4,1 1798 
5 12 1804 47,5 

o,o 1810 
6 13 1816 45,8 

1,8 1823 
7 10 1830 71,0 

8,5 1833 
8 10 1837 138,3 

10,7 1843 
9 13 1 1848 ' 124,3 

1 

4,3 1856 i ! 
j 

10 11 ! 1860 1 95,7 l 

7,3 1867 
1 

11 11 1870
1 

139,1 
3,4 1�78 ' 

12 11 
1 

1883 1 63,7 
6,3 1889 1 i 

i 
l 

13 12 
1 

1893 84,9 
2,7 1901 14 12 1905 63,5 
1,4 1913 

15 10 1917 103,9 
5,8 1923 

16 10 1928 77,8 
5,7 1933 

1 17 11 1937 114,4 
9,6 1944 1 18 10 1947 151,6 

l 

4,4 1954 1 
l 

19 10 1 1957 190,2 
10,2 1964 20 12 1968 105,5 
12,6 1976 

221 

aber die Jahresmittelwerte AK auf Grund der 11 trockenen" drei -
stündliche� Pot�d�mmer-Kennziffern K

1 
veröffentlichten in 

Tätigkeits-Publikationen der erdmagnetischen Observatorien 
Potsdam, Seddin und Niemegk unter der Berücksichtigung des 
lokalen Schlüssels von Niemegk !ilr die Größe der Amplitude aK

2 

1 

1 
1 

! 
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vom Autor dieses Beitrages nachgerechnet: Tabelle 2 1 

Jahresmittelwerte AK

Jahr AK Jahr AK Jahr AK Jahr 

1 

L 1891 10,0 1916 12,1 1941 14,6 1966 ! 

2 13,9 7 11,1 ! 2 13,4 7 i 

! 
•/; 3 10,5 ! 8 13,6 3 16,0 8 

' 1 
4 13,1 i 9 14,2 i 4 11,0 9 

95 11,5 1920 11,3 i 1945 - 1970
:1 

6 11,2 ! 1 11,1 !1 1946 - 1
'1 

7 8' .3 2 11,7 
' 7 14,6 2 

8 9 .• 1 .3 7,0 8 1.3,9 3 
1 

9 7,9 4 6,9 1 9 12,9 4 
1 

1900 4,6 25 8,4 ! 1950 14,9 1975 

1 .3' 7 6 12,9 1 17,4 

2 3,7 7 11,1 2 16,9 

3 6,5 8 12, 1 .3 1.3,6 

4 6,5 9 12,4 4 10,5 

05 8,0 1930 17,$ 55 10,9 

6 7, 1 1 11,1 6 14,8 

7 9,4 2 11,8 7 16,4 

8 

1 

11,0 3 10,4 8 16,3 

9 10,5 4 8, 1 9 18,1 

1910 ! 11,0 35 9,5 1960 19,0 

1 1 10,2 6 8,3 1 12,9 !
2 5,5 7 10,0 2 12,4 

3 5,0 8 13,0 3 11,9 

4 6,9 9 13,6 4 10,.3 

1915 9,7 1940 12,6 1965 8,6 
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Tabelle 2 

AK 1 
1 

10,2 i; 

li 12,3 I' 
1 

12,6 

10,3 

10,4 
1 

10,6 
1 

11, 0 
1 

14,2 ! 
16,4 

12,5 

1 

1 
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Die beiden Aktivitäten sind graphisch dargestellt. Es fehlen nur 

die Jahre 1945 und 1946, denn die Registrierungen der geo -

magnetischen Aktivität wurden am Ende des zweiten Weltkrieges 

Anfang April 1945 unterbrochen und Ende Februar 1946 wieder 

aufgenommen, da die Standard-Magnete 11verlorengegangen 11 sind. 

Der graphische Vergleich der geomagnetischen 

Aktivität A mit der Sonnenaktivität R 
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Aus dem·graphischen Vergleich der beiden Aktivitäten in den letz

ten acht elfjährigen ?zy-klen ist zu ersehen, daß die geomagnetische 

Aktivit�t immer rückständig ist, was eine verspätete Reaktion auf 

der Erde bedeutet: Tabelle 3 ! 

Im Durchschnitt verzögern sich die Maxima der geomagnetischen 

Aktivität um 3 bis 4 Jahre gegenüber den Maxima der Sonnen -

aktivität, andererseits fallen die Minima hauptsächlich zusammen. 

Das bedeutet, daß der Sonnenwind als korpuskulare Strahlung auch 

bei nachlassender Sonnenaktivität noch immer anwesend ist. 
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1 Jahre Jahre Jahre Jahre Dauer 

11 9 

Tabelle 3 
der 

der der der der geomag./ minimaler 1 Zyklen 
1 Maxima Minima Minima Aktivität Maxima ,6min 

A
JSnax

b. max A Nummer 
l\nax �in ISnin in Jahren 

13 1893 1892 - 1
1901 1901 0 3 

14 1905 1910 + 5 9 
1913 1913 0 3 

15 1917 1919 + 2 8 

1923 1924 + 1 3 
16 1928 1930 + 2 8 

1933 1934 + 1 3 
17 1937 1943 + 6 7 

1944 -- - -

18 1947 1951 + 4 7 
1954 1954 0 2 

19 1957 1960 + 3 8 

1964 1965 + 1 3 
20 1968 1974 + 6 9 

1 
+27:8�3,4 65:8�8 

1 
17:6;3 

So ist im Durchschnitt auf einen elfjährigen Zv7'klus die geomagne
tische Aktivität dauernd, aber mäßig durch 8 Jahre spürbar, die 
restlichen 3 Jahre ist sie aber minimal. 

Diese verlängerte geomagnetische Aktivität verursa�ht aber bei 
Ausführung der Bussolenmessungen mit modernen Magnetnadeln der 
praktischen Empfindlichkeit : 2' keine wesentlichen Schwierig
keiten. Solche zwei Bussoleninstrumente der laboratorischen Emp
findlichkeit � 1' sind: Bussolen Theodolit Wild TO, Heerbrugg, 
Schweitzerland und die neueste Orientierungsbussole VEB Carl Zeiss 
JENA, des Erfinders DroA.Grafe von dem Adolf-Schmidt-Observatqrium 
für Erdmagnetismus in Niemegk, DDR. 

Für die Ausführung solcher Bussolenmessungen der erhöhten Genauig
keit müssen wir in sechs Monate dauernden Sommersaison vom April 
bis September in den mittleren &eiten der Nordhalbkugel nur das 
passendste Zeitintervall im bezug auf die tägliche periodische Sq
Variation und zwar vormittags zwischen 9 und 13 Uhr und nach
mittags zwischen 15 �d 18 Uhr nach Ortszeit auswählen! 

9 
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Dadurch weichen wir den beiden Sommerextremen des Verlaufs der 
magnetischen Deklinationskurve aus und stellen uns in den Zeit
ab3chnitt mehr oder weniger gleichmäßiger Änderung, wo wir in 
überwiegender Mehrheit der Fälle den Vormittagsteil und den 
Nachmittagsteil der Deklinationskurve im Verhältnis zur prakti
schen Empfindlichkeit der Magnetnadel ohne weiteres mit einer 
Gerade approximieren können. 

So kommen wir in Grenzen der praktischen Genauigkeit der Magnet
nadel viel näher dem Verlauf der Deklinationskurve, als mit Monats
oder sogar mit Saisonkurve. 

Für die Ausführung von praktischen Bu.ssolenmessungen ist die aus
geglichene Kurve nicht �aßgebend, sondern ihr tatsächlicher Ta -
gesverlauf, dem sich die Beobachtungen am meisten anpassen. 

Dabei können uns nur die täglichen aperiodischen Variationen der 

magnetischen Deklination stören. Diese zerstören in kleinerem 
oder größerem Maße de� ruhigen Verlauf der Sq-Variation und sind

vorwiegend von der Sonnenaktivität abhängig. Und in diesen aperio
dischen Variationen der magnetischen Deklination steckt hauptsäch
lich das Risiko solcher Bussolenmessungen. 

Auf Grund des Archivs ausgezeichnet gut erhaltenen Deklinations -
magnetogramme der Observatorien Potsdam, Seddin und Niemegk habe 
ich den täglichen Verlauf der Sq-Variation in beiden für die Busso
lenmessungen passendsten Zeitintervallen für den Zeitabschnitt von 
85 Jahren (1891 - 1975) annalysiert und auf Grund der 31 110 Da
ten habe ich schließlich das gesamte Bild des Risikos festgestellt: 

Auf Zeitabschnitt von 85 Jahren (1891 - 1975) kommen in sechs 
Saisonmonaten vom April bis September vormittags im vierstündigen 
Zeitintervall im Durchschnitt nur je drei (3) Totalstörungen.vor 
oder eine (1) Totalstörung auf zwei Monate, nachmittags aber im 
di?-eistürtdigen Zeitintervall im Durchschnitt sechs (6) Totalstörun
gen vor oder eine (1) Totalstörung auf Monat; in diesen Fällen 
sind wir gezwungen die Bussolenmessungen wegzuwerfen. 

Solcher Störungen, die uns die Bussolenmessungen wegen der Lang
samkeit.des Verlaufs der Änderung zwar nicht umwerfen, wir müssen 
uns aber hinsichtlich ihrer Berücksichtigung an die Magnetogramme 

.. 
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des nächststehenden Observatoriums anlehnen, faD..s wir aber von 

dem allzuviel entfernt sind, an die selbst organisierte Be�lei

tung der Momentanwerte des Verlaufs der magnetischen Deklination 

mit einem stationierten modernen Bussolen-Theodolit, sind vormit

tags im vierstündigen Zeitintervall im Durchschnitt fünf (5) und 

nachmittags im dreistündigen Zeitintervall im Durchschnitt vier 

(4) in einem Saisonmonat. Hier gibt es keinen wesentlichen Unter

schied in der Häufigkeit zwischen Vormittags- und Nachmittags -

störungen, wann die Deklinationskurve mit einer Gerade nicht

approximierbar ist.

In allen anderen Halbtagen kommt aber in 83% ( 25 766 unter -

suchten Fällen) in Betracht die Approximation des Verlaufs der 

Deklinationskurve mit einer Gerade, was beweist, daß das vorge -

schlagene Ve�fahren der Korrigierung genug berechtigt ist. Dieses 

Verfahren der Reduktion der magnetischen Azimute in die orien -

tierten verlangt nebst schon bei dem Theodolitenpolygon üblichen 

Koordinaten- und Richtungsanschluß nur noch protokollarisches 

Notie:an auf Minute genau der ausgeführten Beobachtung nebst Datum. 

Für die praktischen Messungen sind noch zwei Daten außer Durch -

schnitt interessant. 

Im Zeitabschnitt von 85 Jahren haben wir vormittags im vierstila

digen Zeitintervall : 

� Jahre ohne Totalstörungen, 

20 Jahre mit je einer Totalstörung, 

10 Jahre mit je zwei Totalstörungen und 

7 Jahre mit je drei Totalstörungen, 

also zusammen 52 Jahre, die in Durchschnitt bis drei (3) Total

störungen pro Saison fallen. 

Im Zeitabschnitt von 85 Jahren haben wir nachmittags im dreistün

digen Zeitintervall : 

5 Jahre ohne �otalstörung, 

5 Jahre mit je einer Totalstörung, 

10 Jahre mit je zwei Totalstörungen, 

11 Jahre mit je drei Totalstörungen, 
8 Jahre mit je vier Totalstörungen, 

4 Jahre mit je fünf Totalstörungen und 

11 Jahre mit je sechs Totalstörungen, 

.. 
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also zusammen 54 Jahre, die in Durchschnitt bis sechs (6) Total
störungen pro Saison fallen. 

Das alles spricht wiederholt für Trennen der Ausführung der 
Bussolenmessungen an Vormittag und Nachmittag. 

Die größte Häufigkeit 17 Totalstörungen pro Saison tritt vor -
mittags einmal (i.J. 1930.), je 20 Totalstörungen pro Saison 
aber dreimal (i.J. 1930., 1951. und 1952.) an. 

E� drängt sich noch die Frage auf, tretten die Totalstörungen 
pro Saison auch paar Tage hintereinander auf? 

je zwei (2) Tage hintereinander elfmal, 
je drei- (3) Tage hintereinander viermal, 
je vier (4) Tage hintereinander einmal und 
je f� (5) Tage hintereinander einmal.

Petrova G.N., Moskau� 

Summary 

SECULAR VARIA.TI0NS AT STATI0NARY FIELD AND 
DURING REVERSALS 

The detail investigations of Matuyama-Jaramillo reversal show 

the presence of 600-year secular variation. The amplitude of 

these SV changes sharply du.ring the reversal. It seems that the 

VGP shelf during the reversal is connected with these SV. 

TO't!HbI8 ßCCJI8,UOBamm o6_p8.ll.{8HIDI MaTy.HMa-HpaMMJIJIO IIOKa3lffia.IDT 

cymeCTBOBaHMe 600-JieTH€M BeKOBOM Ba_pIID.IJ;lili. RrulteTC.H, 't!TO 

meJID� BO B_peMH o6_p8.ll.{emm CB.H3aH C 3TJIIMllI B€KOBhIMI1: Ba_pna.nmnvrn. 

� Inst. Fiziki Zemli, Moskau D-242, Bolschaya Gruzinskaya 10 

Peame 
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Zusammenfassung 

Detaillierte Untersuchungen der Matuyama-Jaramillo-Umkehrung 
zeigen das Vorhandensein einer 600-jährigen Säkularvariation. 
Es wird vermutet, daß das VGP-Schelf während der Umkehrung 
mit diesen Säkularvariationen verbunden ist. 
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Secular variations of geomagnetic field can be divided into 

four groups differing by their physical nature [1]. The shortest SV 

, with the periods less than 30 years are referred to torsion varia

tions. Variations of 60 till 3000 years refer to the second class. 

The report is devoted to the latest. 

Then there is revealed variation with the period of 8,5-10 th. 

years, representing dynamo-mechanism own oscillation. In such a way 

it is considered theoretically. As the variation period is limited 

for the processes in the core variations with the period of more 

than 10 th.years are referred to the fourth class, more reliably knoi 

the variation of the order of 200 th.years. The causes of such va

riations are to be searched outside the core. Possibly, it is the 

influence of processes in the mantle on dynamo-mechanism work; cha

racteristic time of 105 years allows such a supposition. Another 

variant is possible - the influence of outer Earth processes, con

nected with Earth movements and Solar activity. 

Spectrum of the second class variation is discrete and includes 

the variations of 60, 360, 600, 900, 1200, 1800 aild 3000 years. These 

variations are considered either as MAC-w�ves, i.e. inalientable 

part of hydromagnetic dynamo or as a result of interaction of con-
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vective flows and inhomogenitites of core-mantle boundary. However 

characteristics of separate variations of this group are different 

and it is quite possible that their nature is different too. 

For example, variation of 3000 years is observed at direction 

of geomagnetic field but variation of about 1800 is mainly observed 

in the changes of intensity, variation of the same period is ob

served in paleoclimatic phenomena. 

Variations of 600 and 900 years are not met in the same region 

but each of them can be together with variation of 1200 years. 

Variation of 600 years can be considered as the basic one, 

for it is present almost at all the regions and during the whole 

time interval under consideration. 

Variations of 60, 360, 600 and 900 years can be considered 

as a result of interaction of convective motions with core-mantle 

inhomogenities. Firstly, the centres of arising of such variations 

are tied to the mantle; for the variations of 600 years - to the 

centres of world anomalies. Secondly, west ward drift is revealed 

clearly, especially for variation of 600 years. 

At different sides of the centre of world magnetic anomalies 

(namely East-Asian anomaly) the velocity and even the direction of 

west-ward drift are different. It can be supposed that superposi

tion of two processes takes plac�: 0ne of these processes is west

ward drift itself that is different rotation velocities of mantle 

and upper layers of the core. The second process is spreading of 

the flows from some obstacle on their way, namely core-mantle boun

dary inhomogenities. Such a supposition allows to divide these two 

phenomena and to estimate the motion velocity in each of them. 

It should be noticed that the region of world anomaly centre is 

the only region, where ne.ither SV of 600 years nor of 900 years 

)* fig. 1 
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Fig. 1 The change of westward drift of geomagnetic field at 

the centre of world magnetic anomaly 

down - The drift of the last maximum of 600-year secular va

riation. on absciss axis - longitudes, on ordinate 

axis - the year when the inclination maxima was ob

served at this very longitude. The figures point the 

places of collecting according to the map. Crosses 

show places, where maxima 7 and 8 should be observed, 

if only westward drift (without spreading) took place. 

� Geomagnetic world anomalies. -The collection places

are shown by figures. 

DOI: https://doi.org/10.2312/zipe.1981.070.01



126 

exist, but SV of 1200 years is distinctly seen (fig. 2). 

All this evidences in the favour of different nature of va

riations with the period of 60 till 900 years and variation of 

1200 years and of the connection of the first ones with the proces

ses caused by core-mantle inhomogenities. By the way, parameters 

in magr.etohydrodynamic equations give the periods of MAC-waves in 

diapason of 1-3 thousand years and hardly allow to refer variations 

of 600-900 years to MAC-waves. 

Variation of 1200 years at wor1� data treatment upon inclina

tion does not show any connection with west ward drift. It reveales 

as synphase in global scale, what points sooner to magnetic centre 

displacement than to small scale turbulence in upper layers of 

liquid core [1]. 

Till nowdays we have known nothing about variations during 

reversals, though this information is very important for under

standing of reversal mechanism. 

Gurary collected in Turkmenia a rare collection, in which 

transitional zone is �epresented with 800 samples and each of them 

scopes the time of 25-30 years. Analysis of this collection allowed 

to check up the knowledge of the field character during reversals 

which were obtained before at less detailed collections. and re

ceive new data. In this reversal as well as in others the field 

intensity is sharply decreased. The paleointensities of geomagne

tic field were obtained by H8 methcxi (fi.g3).The smoothed curve shows 

the intensity variations with the period of about 9 th.years, that 

is own oscillation of dynamo mechanism, which is revealed in other 

reversals though less reliably and is known from archaeomagnetic 

data. Upon the change of geomagnetic field direction transitional 

zone can be divided into parts corresponding to two regimes: more 

quiet or quasistationary regime, when VGP displacements have the 
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Fig.2. The inclination variations during 2 th.years in places

pointed in fig.1 (according to S.P.Burlatskaya). 
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Fig.3. The VGP displacement during Matuyama-Jaramillo reversal. 

On absciss axis - the age in arbitrary units (the nurnbers 

of samples). On ordinate axis - the latitude of VGP posi

tion. 
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character and value of SV in stationary field and disturbed one, 

when VGP displacements are so great, that the field direction 

during this regime cannot be characterized from usual points of 

view. 
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The following phenomena seem to be most interesting. Firstly, 

during the whole reversal both at quasistationary and disturbed 

regimes direction changes with characteristic time about 600 years 

are distinctly seen. At quasistationary regime these changes look 

like variations with amplitude of about 15°, that is are anologi

cal to 600 years secular variation in stationary field. At dis

turbed regime the time of about 600 years is the characteristic 

time of existence of some mean direction of geomagnetic field: 

during 600 years mean position of VGP remains on definite place, 

though some fluctuations from this position may be very large -

sometimes till 120-150°. Then mean VGP position occupies a new 

place. The amplitude of displacement from one mean posj_tion to 

another co.n vacy from 30° till 120° [2], fig. 4. 

Secondly, at seeming chaotic character of displacements there 

exist definite mean directions or definite stable positions of 

VGP, where VGP remains for a long time (about 3000 years) at quasi

stationar regime and where it returns - riot always - at disturbed 
the 

regime. VGP displacement to other hemisphere takes place during 

disturbed regime. 

The connection is observed between different characteristics 

of ma.gnetic field during reversals: large amplitudes of variations, 

great disturbance, i.e. sharp declination from mean position corres

ponds to low field intensity. At the same time, besides 600 year 

variation there appear shorter ones of about 300 years. As it had 

already been said, just -at that time unreversable displacement of 

VGP to the other hemisphere occurs,[2], fig. 5. 
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Fig. 4 The change of different geomagnetic field characteristics 

during Matuyama-Jaramillo reversal 

a) paleointensity change (---: data upon H6 -method,

� : running average of 5 points), 

b) average position of VGP upon latitude (curve 1) and longi

tude ( curve 2),

c) changes of periods and aruplitudes of variations (sketch of

fig.3),

d) periods öf variations,

e) amplitudes of variations shovm schematically in fig.c-curve 1;

geomagnetic field activity, that is the distance between two

neighbourint:; VGP positions, if they are less than 60° (with

out "excursions11
) - curve 2; geomagnetic field disturbance,

that is the distances between two neighbouring VGP positi

ons with any amplitude - curve 3. The main "excursions11

are shown by vertical dotted lines.
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Thus SV of 600-year takes a special place both at stationary 

field and at transitional regime. 600 years is, possibly, not 

a period, but characteristic time, namely the life time of small 

scale whirl. The places of these whirls arising are determined 

both at stationary and transitional field. At stationary field they 

are the centres of world lllB.gnetic anomalies, during reversals 

they are some other places, being stable but different for diffe

rent reversals, [3] • 

All this allows to consider that 600-year variation is caused 

by interaction of convective motions with core-mantle boundary in

homogenities. 

The mechanism of VGP displacement during a reversal is the 

same as for 600-year variations. It is likely that a reversal can 

occur, if a certain critical part of the volume of liquid core 

turns to be occupied by small scale turbulence. 

I. IleTpoBa r .H. , EypJrar.J;E-;:aH C .II. CoBpeMeanHe rrpe;�c'l'aBJIGmm o BeR

IWBHX BapHaIJ;nruc. C6op1u,n-;: "IIpoOJI8iVIbI :r,13;y,rnm1.F.I: rran:eOBGIWBbIX Bap11a

wrtr MaPHI1THoro TIOJI.F.[ SeMJIH 11
• B.n:MMBOC'l'OK, 1979.

Petrova G.N., Burlatskaya S.P. Modern views of secular varia

tiohs. Col-lection "The problems of investigation of geomagnetic

secular variations, Vladivostok, 1979. �Russian).

2. IleTpOBa r .H. , r�oapMil r. 8. , PaccaHOBa r .B. BeIWBbie Bap:vrar.urn B

mmepc:vrn: iviaTyJIMa-XapaMHJr:&o. Cdopmm "Pememrn reo()Hs:vfl!ec1rnx sa

.n;a"C! reoMarimTHbIMH MeTo.n;arvrvr", Hii3 AII CCCP, 1980.

Petrova G.N., Gurary G.Z., Rassanova G.V. Secular variations
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geophysical problems by geomagnetic methods", Moscow, 1980.

(Russian) 

DOI: https://doi.org/10.2312/zipe.1981.070.01



133' 

3. Ba.IU\OBCKMM B .H. , rypap11:lil r. 3. , Mmv11nWHhHH M .P. Aaamrn rrpou;ecca

cMeHH 3HaKa reoMarHMTHoro rro�H. M3B. ,Ai.q CCCP, �H31IKa 3eM.mr,
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D.P. Pv!Billi

.n,ECHTIDIETffi1E BAPHAUIDI rE0MAIIDITHoro II0JI.H rEHEPHPYEMHE 

BHYTPl13EMHHM MCTO4lU1K0M 

AHH0TAUIDI 

H3 a.HaJIH3a 'AeCHTHneTHHX BapH�H� reoMarHHTHOro nona, no.nyqeHHbIX 

pa3HblMH aBTOpaMH, C'AeRaH BNBO'A O cy�eCTBOBBHHH 'ABYX HCTO'tffiHKOB 

TaKHX BapH�Hß. Ü'AHH HCTOQHHK HOOCO'AHTCH B MarHHTOC<pepe, BTOpO� -

B �ß'AKO� �aCTH ff'Apa 3eMJIH. 

ZUSAMMENFASSUNG 

Anhand der Analyse der zehnjährigen Variationen des erdmagne

tischen Feldes, die von verschiedenen Autoren erhalten wurden, 

wurde der Schluß über zwei Quellen solcher Variationen gezogen. 

Eine Quelle befindet sich in der Magnetosphäre, die zweite im 

flüssigen Teil des Erdkernes. 
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ABSTRACT 

Analysing ten-year variations of the geomagnetic field ob

tainad by different authors it is concluded, that there exist 

two sourcas of such variations. One of them is located in the 

magnetosphero, the other one in the liquid part of the terre

strial core. 

BBe,11ea111e 

nepBM IlOilHTKa B�8JI8HHH �8CßTHJI8THHX aapHB.QHä :reoMarHHTHO:ro 

IlOJIH TV , KaK H3B8CTHO, npe�pHHHTa MycoM ( rv'loos , 1910). A ilIMHAT 

(Sc.�miclt ' 1916) 8.HaJIOrHtmblM M8TOAOM B�8JIHJI A8CßTHJI8THH8 aapHB.QHH 

B IloTCAa.Me H CeAAHHe. C Tex nop qKcJio _pa6oT B 3TOM HanpaaneHHH c 

KaJK,IJ.bIM :rOAOM yaeJIHqHBaeTCß. 

Myc cqHTaJI, qTo A8CHTHJI8THH8 aapHB.QHH o6ycnoaneHhl B03A8�CTBH8M 

Ha :reoMarHHTHOe rrone QHKJIHqecKH H3M8Hßro�e�Cß COJIHeqaoR aKTHBHOCTH. 

�o H8AaBHe:ro Bp8M8HH STO npeAJIOmeHH8 Myca He IlOABep:raJIOCb COMH8HHro. 

ÜAHaKo, B IlOCJI8AHH8 :rOAhl B pesyJibTaTe 6onee T�aTeJibHO:ro HCCJI8AOBa

HHH npocTp8.HCTB8HHO-Bp8M8HHHX CBO�CTB A8CßTHJI8THHX aapHaQHR OKasa

JIOCb B03MOmHblM,CA8JiaTb saR�qeHHe O ÖOJiee CJIOmHOM HX COCTase. BYßC

HHJIOCb, qTo, HapSJ,Dy C aapHB.QHHMH COJIHeqaoro npoHCXOmA8HHH, cy�eCTBY

IDT A8CHTHJI8THH8 aapH�HH HHO� npHpO.IJ.bI. 

)J.JIH TO:ro, qTo6hl rroRasaTb 3TO, pacCMOTpHM caaqaJia OCHOBHbl8 CBO�CT

sa A8CßTHJI8TH8� aapHaQHH KOppeJIHpyro�e� C qHCJia.MH .Bo�b�a, KOTOpyro, 

co:rJiaCHO Vesün.e et ae. ( 1948), 6yAeM o6oaHaqaTb RV • 

ÜCHOBHb18 CBOHCTBa BapHatlHH KOppeJIHpyrome� C qJ1CJI8MH BOJibcpa. 

B nepSOM np1116JIHmeHHH 3Ta BapHaQHH MomeT 6YTb rrpeACTaBJieHa B BHA8 

R V lt, r) = il (t ;r-) cos (21it/ 10.3) 

:rAe t , t"' xapaKTepHayroT H3M8H8HH8 napa.MeTpa BO Bp8M8HH H npocT-

pa�CT Be (PHBHH, 1979). 
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0 npHp0,1\8 BapKB.QK�, ,I\OJDKHhl xopomo KOppen111poaaTb C 1!13M8H0Hl!I.RMH 8.MTIJIH

TY,I\bl QIIIKJIOB 'lfflC8JI BoJib�a W 3a 3TOT �e nepllIO,I\. IlocKOJibKY B MarHHT

HOM noJie BbJ)J.8JIR8TCH Y3KOilOJIOCHbl� npoQecc, 8CT8CTB8HHO, qTQ COOTB8TCT

BYIO�K� ysKOTIOJIOCHhl� npOQ8CC ,I\OJDKeH 6MTb CHaqaJia Bhl,I\0JI0H B 1!13M8H8HIIIRX 

COJIH0qff0� aKTKBHOCTH (KOTopyIO MOJKHO cq111TäTb reHepaTopoM), ,I\JIH qero 

HCTIOJib3YIOTCß M0TO,I\hl Y3KOilOJIOCHO� �IIIJibTpaQIIIIII. IlonyqeHHhle nocJie Y3KO

IlOJIOCHOro �HJibTpa ,I\Jlß KHTepaa.na 1934-1961 rr. qHcJia BoJib� np11IB0,I\0Hhl 

BHH3Y pHc. 1 • Ms paccMOTpeHIIIß IIIX Ha 60Jibill9M HHTepaane 1113B8CT� 

Ho, qTo y qHceJI BoJib�a aMnJIIIITY.I\a MO,IJyJIHpoBaHa 80-JieTHeH q>JIYKTYB.QHeH. 

IlpHqeM oT MIIIHHMYMa (Haqano ttamero aeKa) K MaKCIIIMYMY (KOHeQ 50-blX 

T'O,I\OB) B pesyJibTaTe MO,DyJIHQIIIIII 8MilJIIIITY,I\a q111ceJI BoJib�a BOspacTaeT npllI

MepHO B I,5 pasa. TaKOe III3M0H0HIII0 aMilJIIIITYAhl, CJI0AOBaTeJibHO, AOJDICHO 

6MTb III y COOTB8TCTBYIO�HX reoMarHKTHbIX BapHaQIIIH, XOTH CaMO COOTHOme

HKe aMilJIHTYA QIIIKJIOB B MarHIIITHOM IlOJie MOMeT 6@Tb III M0Hbme. 

RV no TpeM KOMilOH0HTaM, BbJ)J.eJieHHbie aBTOpOM, npHB8A0HbI TaKMe Ha 

p11c. l ( B Q8HTpe) ( P11a111H, 19?9). KaK cJie,eyeT 113 conocTaBJieHIIIH STIIIX 

KpllIBbIX C q111cJiaMIII BOJib�a, BhlCKa3a.HHOe MycoM npeAITOJ10*8HIIIe qacTJIIqHQ 

onpaBAhlBaeTCH: B MarHIIITHOM none A8HCTBIIIT8JlbHO cy�eCTBYIOT aap11IaQ11IIII, 

BpeMeHHhle III3M0H0HIIIH KOTOpbIX aHaJIOT'IIItnihl III3M8H8H11HM QIIIKJIOB COJIHetIHOH 

aKTIIIBHOCTIII. Ha p111c. l KpllIBaH X-KOMilOH8HThl YMHO*eHa Ha MIIIttyC OAIIIH. 

Ha Ca.MOM A0Jie TaKIIIe aap11IaQ11IIII B X-KOMITOH8HTe npOXOAHT B rrpOTIIIBO�ase 

K KpllIBOM q111ceJI BoJib�a. 

Pacn��J1eH111e R 
_
_ B_rr.:g_gcTQ_a.IiQ.TBe 111ccJ1eAOBaHO Ve�tLn.e et o.E.

(194.7), Yu.cuta,ke (1965), PIIIBIIIHbIM (19?5,19?9), Hu:n.uood etae. (19?9). 

IloKa3a.HO' qTQ OHO B nepBOM np1116JIIDK8HHIII MO*eT 6bITb OTIIIICaHO nepBOH 

soHaJihHOH rapMOHIIIKO� c�ep111qecKoro rapMOHJIIqecKoro pMa �� (p111c.2). 

• 
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,I(JIR 6oJiee TOt,IHOJ'IO OTIJ.1CaHI1.A'. H8O6XO,D.HMO yqHTbIBaTb TaKJKe ,r,.pyrHe KO3q>

cpHQI18HTbI nepBbIX ,D.Byx rapMOHHK. TaKoiii yqeT npHBO,D.HT K BhI,D.8JI8HvUO B 

pacnpe,r,.eJieHVIM a.MIIJIHTY,D.hl ,IJ.OJirOTHbIX H8O,D.HOpO,IJ.HOCTeM, HaHOOJiee 3HatlH

T8JibHa.R M3 KOTOpbIX HaXO,D.HTC.A'. B THXOM OKeaHe. 0,r,.HaKO, CJie,nyeT no,rr.

qepKHYTb, qTo npH 3TOM nepBa.R 3OHaJib�� rapMOHHKa npeo6Jia,r,.aeT no 

ao COJII0THO ti: B8JIV1qV1H8 Ha,IJ. ,rr.py J'IJ.1Ml1 KO3qxp1-1QI18HT8.Mtil. 

KaK cne,nyeT 113 p1-1c. I, a.MnmiTY ,rr.a X-KOMITOHeHTbI R V 6oJibIIIe, treM 

aMITJIVITy,rr.a ,rr.pyr11x KOMTIOHeHT. Cpe,r,.tt11iii rrep1-1O,rr. RV Ha paccMaTpti1Bae

MOM VIHT8pBaJI8 paBeH I0,3 ro,r,.a.M, 'llTO xopOIIIO cornacyeTC.A'. eo cpe,D.HHM 

rrepV!O,IJ.OM ,D.8CBTMJI8THVIX BapV!a�vrti: COJIH8tlHOM aKTVIBHOCTH, KOTOphlM Ha TOM 

JKe MHTepBaJie paBeH I0,4 ± 0,3 ro,rr.a. 

Ms rrpoBe,r,.eHHOro aHaJH13a OCHOBHbIX CBOMCTB npocTpaHCTB8HHO-BpeMeH

HOM CTPYKTYPhl omwaHHhIX BapV1a�11ti: MOJKHO c,rr.eJiaTb BhIBO,IJ., qTo 3Tt1 Bap11a

�HM o6ycJIOBJI8HbI M3M8H8Hl1.A'.Ml1 B �l1KJI8 COJIHetrnoi1 aKTMBHOCTl1 OCHOBHbIX 

rrapaMeTpoB cyMMbI rronei1 ,r,.Byx TOKOBhIX c11cTeM 'DCF -+ :DR • B sToi1 

cyMMe no B8JII1q11He rrpeo6JiaJJ,aeT J.13M8H8Hl1e ITOJI.A'. DR , 'llTO 11 OTpaJKaeTC.A'. 

Ha no Be,r,.etti1i1 R V • 

ITocJie Toro, KaIC Mbl paccMOTpeJIM OCHOBHbI8 CBOMCTBa R. V , IIOIIhlTaeM

Cfl: Bbl.ftCHl1Tb - Bce JI11 3KCI18pl1M8HTaJibHble cpaKTbl y,r,.oBJI8TBOpSUOT 3TOH MO,rr.e.-. 

CpaBH8HHe MOAeJivr RV c sKcnep11MeHTaJibHh1MH AaHHhIMH. 

ßepHeMc.R K pvic. 2, KOTOpbiiii rronyt1eH Yuc.utu,1<e ( 1965). Ha 3TOM 

3TOM p11cyHK8 ,rr.11crrepCH.A'. a.MTTJIVITY,IJ., OC068HHO ,IJ.JIH Z -KOMIIOH8HTbl, oqeHb 

BeJIVIKa, qTo, C O,Il.HOM CTOpOHhl, MOJK8T CBJ.1,Il.8T8JlbCTBOBaTb O 60JiblllMX nor

peIIIHOCTRX Bbl,IJ.8JI8HJ.1.A'. ,IJ.8CRTHJI8THviX sapv1au;11iii B 3TOH KOMIIOH8HT8 B0 MHO

r11x o6cepBaTOpHHX, a C ,r,.pyroi1 CTOpOHbl - o H8KOTOpOM HeyqTeHHOM 

m-t? 
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aqxpeKTe npH Bbl,IJ,8JleHHH BapHa��. 

Ha pHC. 3 npHB9,IJ,eHbI ,IJ,9C.RTHJ19THJII8 BapHB.QJIIH B H-KOMTIOHeHTe. ÜHH 

nonyqeHbI B � et aR,. ( I9?I) • HaH60J1ee rrpo,IJ,OJDKHTeJibHa H HHTepec-

Ha 3,IJ,9Cb Kp11aa;r A.rr116ara. Otta ,IJ,O rnecTHMQaToro QI1KJ1a q11ceJ1 BoJibWa 

11,IJ,eT B npoT11aoc'pase K Hl1M, wro corJiacyeTc.R c MO,IJ,eJibIO RV • IlocJie 

CeMHa,IJ,QaTOrO Q11KJia WS3a STOß KpHBOH MeH.ReTCH Ha TipOTMBOIIOJIO*HYIO• 

TaKoe 113M9H9H11e cpa3bI Tpy,IJ,Ho CB.R3aTb C Ollll16Ka.MH Ha6JIIO,IJ,9HHH. KaK IIOKa

sam1 Yacoß et a.e. (!969)' 3TO 113M0H9HHe wasbl H8Jlb3H 001>.RCHHTb BJIH

.RH119M TOKOBoi1 c11cTeMbl, OTBeTCTBeHHOM sa Sey -aapvtaQ1110. 

Ha p11c. 4 npHBe,IJ,eH 3HepreT11Q0CKHM cneKTp ,IJ,0CHT11JI8THHX aapHaQHH 

OcJIO rro ,IJ,a.HHbIM Bh{vtqa:vn, et ae. ( 1970). B 3TOM cneKTpe a.MIIJIHTy,IJ,a 

Z -KOMilOHeHTbI OOJibill9, qeM a.MIIJI11TY,IJ,a ropH3OHTaJibHbIX KOMilOH9HT.

Ecn11 3TO He .RBJI.ReTCH JIOKaJihHbIM sqxpeKTOM, TO TaKoe COOTHOilleHHe a.MTIJl11-

TY,IJ, KoMnoHeHT OcJ10 He cooTBeTcTayeT MO,IJ,eJ111 RV .

Ha p11c. 5a np11ae,IJ,eHbl AeCHTHJieTH11e aapHaQHH B KOMIIOHeHTax X,Y,'Z , 

rroJiyqeHHbie B pesyJibTaTe cneQHaJibHOH Y3KOnonocttoß WHJibTpaQ1111 ,IJ,a.HHbIX 

,IJ,BYX CTapei1m11x 06cepaaTop11i1 EBpOilbI (XapTJieH,IJ, 11 illa.M60H-JIH-�Ope). �e

CHT11J19THHe Bap118.QJIIH B K�O� H3 KOMqOH8HT, BbI,IJ,eJieHHbI8 B pa3HbIX 06cep

BaTop11.RX, ,IJ,OBOJibHO xopomo COBil�aJOT M9*,IJ,Y co6o�, QTO Il03BOJIH9T rOBO

pHTb 06 MX H�8*HOM Bbl,IJ,eJieHH11. ÜCHOBHM ocooeHHOCTh sToro rprupHKa 

B TOM, QTO Ha JIIHTepaane !890-1935 rr. aMilJIHTy,IJ,a B z -KOMilOH9HT8 

3Ha'tU1T9JI_bHO OOJibille aMITJIHTY,IJ,bI B ropH30HTaJibHblX KOMITOHeHTax X, y. Bos

HHKHOBSHHe B STOM JIIHTepBane B Z -KOMIIOHeHTe HHT0HCHBHbIX ,IJ,8CHTHJ18T

HHX BapHaQHH conpOBO*,IJ,a9TCH IlO.RBJ19HH9M COOTB9TCTBYIO�HX sapHaQHH B 

X,Y - KOMnotteHTax. 

AHanor11t1Hyro KapTHHY MO*HO Ha6Jiro,IJ,aTb Ha p11c. 5a ,IJ,JI.R Tpex H113KO

mHpOTHbTX oocepeaTop11ß (CaH-XyaH, roHoJiyny, AnHa) e 6oJiee nos,IJ,H11e 

ro,IJ,bl. 3,IJ,8Cb Oil.RTb ,IJ,eC.RTHJ18TH11e eapHaQH11 B Z -KOMIIOHeHTe OOJiee 

HHT9HCHBHbI, qeM B X 11 Y; O,IJ,HOBp9M9HHble KOJie6aHHß OTMeQaJOTCß B KBJK

,IJ,O� 113 Tpex KOMilOHeHT. 

J 
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TipHtraHa HeOOJibmoro C'ABHra �8.3N A8CßTHJI8THHX BapHa.QH� B Z -KOMTIO

H8HT8 o6cepBaTopHR 3aIIa.,D.Horo H aocTotrnoro no.nymapH� 6yAeT o6cy)K'AeHa 

HHJKe. 

TipOTHBOpeqHe nepeqHcJieHHbIX CBOHCTB A0CßTHJ18THHX BapH8.QH� CBOHCT-

B8.M MO,Di8JIH RV npHB0JIO K BhlBO,ny, qTo A8CHTHJ10THH0 BapH8.QHH reoMar-

HHTHOro IlOJIH HBJIHIOTCH cynepnO3HQH8H IlOJieH H8CKOJlhKHX HCTOtrnHKOB, 

MMero�MX oqeHb 6JIH3KH0 xapaKTepHhle BpeMeHa H3M0H8HH� (PHBHH, 1976). 

BpeMeHHhle PHAhl o6cepBaTopcKHX Ha6JIIDA8HHH He npHcnocooJieHbl AJIH 

pa3A0JI0HHß BapHaQHM C oqeHb OJIH3KHMH nepHOAa.MH npH TIOMO�H qacTOTHOH 

�HJibTpaQHH. HaH6onee TIOAXO�HM AJIH 3TOM Q8JIH OKasaJICß annapaT pas

JIO�eHHH Ha 8CT8CTB0HHhl9 OpTOrOHaJihHhle �YHKQHH, onHCaHHhlM, B qacTHOC

TH' ( \Pa�H6epr, 1975). )J;rn: pa3JIOJK8HH.fr 6bIJIH BbIOpRHhl PHAhl OAHOBpeMeHHbIX 

tta6JIIDA9HHM A8CRTHJieTHHX BapHaQHH B X,Y,Z -KOMnoHeHTax ABB.AQaTH 

mecTM o6cepsaTOpHR B HHTepBaJie 1932-1958 rr. Pa3JIOJK8HHe KaJKAO� KOM

IlOHSHThl rrpOH3B8A8HO H83aBHCMMO. BepHSMCR K pHC. l, qTOOhl o6CYAMTb 

pesyJibTaThl pa3JIOJK8HHR. 

TiepBhlM pesyJihTaT, KOTOphlM CJie,nyeT OTM8THTh, - 3TO TO, qTo npH 

pa3JIOJK8HHH B KaJKAOH H3 KOMIIOH8HT BblA8JIMJIOCb TOJlbKO no AB8 3HaqHMbl8 

BO - �YHKQHH. 

B KaJK,nyID 80 -�YHKQHID B@A8JIHJIOCb AOBOJlbHO corJiaCOBa.HHhle KpHBhle

KoMTioHeHT. �sMeHeHHH a.MIIJIMTY�hl nepaoH H BTopoH EO -�YHKQH� BO

BpeMeHH pa3JIHqaJOTCH. 

KaK yJKe OTMeqaJIOCb, H3M0H0HH0 aMIIJIHTYAhl KOMilOHSHT BTOpOH 

EO - �YHKQHH AOBOJihHO xopowo KoppenHpyeT c qHcJia.MH .BoJib�a 

(pHC. l). �X nepHOA OJIH3OK K cpeAH8MY nepuo,ny quceJI BoJib�a Ha 3TOM 

HHTepaane. COOTHOllleHHe aMflJUITYA H pacnpeAeJieHHe HX B npocTpa.HCTBe 

corJiacyroTcH c MOAeJibID RV . B Ta.6JIHQe npHBeAeHhl cooTBeTCTBYID�He 

nepHOAhJ H AHCnepcHH EO -<t>YHKQHI no KOMilOH8HTaM. 
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Y npoQecca, Bhr,rr.eJI:11rnmerocR B rrepByro EO -rpyHRQI1IO, v1sMettett11:e 

8.MITJII1TY,IJ,bl BO BpeMeHM He corJiacoBaHO C ql,fCJI8.MH BoJibcpa; aMTIJII1Ty,rr.a 
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Z -KOMTIOH8HTbl 60Jibill8 aMITJIMTY,IJ.hI ,rr.pyr11:x ROMITOH8HT; BeJiv1q1,rna cpe,rr.

Hero rrep110,rr.a 6oJibme cpe,rr.Hero nep110,rr.a RV M cpe,rr.ttero rrepv10,rr.a 

COJIHeqHoro QMKJia Ha 3TOM HHTepBaJie; pOJib rrepBO½ 30HaJibHOM rapMOHMKM 

npM OITMCa.Hl1:H pacrrpe,rr.eJieHMH 8.MTIJIMTY,IJ. B npocTpa.HCTBe OKa3@BaeTCH oqeHb 

Ma.JIOM, rrpeo6Jia,rr.aroT 6onee cTapmv1e qJieHbI ccpep11qecKoro rapMOHMqecKoro 

pR,D.a; OTHOill8HH8 BttyTp8HH8½ qacTM TIOT8HQMaJia M BH8IllH8H ,IJ.JIH 3TOro 

rrpoQecca, orrpe,rr.enettttoe no KosqxpvtQHSHTa.M ccpepv1qecKoro rapMott11qecRoro 

aHaJivrna, oKashrnaeTCH 6onhrne e,rr.vtHHQhI (PMBvtH, I979). CoBoRyrrttocTb 

TaRMX CBOMCTB BapHaQHH TI03B0JIH8T 3aKJIIQql1:Th, qTQ B�8JI8HHHH B nepByro 

EO - cpyHRQHIO npoQecc o6ycJIOBJieH MCTOqttHROM, KOTOp�� HaxO,IJ.MTCH BH 

BHYTPM 3eMJIH. By,rr.eM o6osttaqaTb B ,IJ.aJibHettmeM 3TH BapHaQHH RaR ITV . 

BosBpall\aRCb K pHc. 5a, MO*Ho OTMeTHTh, qTo,Bo-rrepBhlX, ITV B 

EBpone H paMOHe 3KBaTopa npHXO,IJ.MTCH Ha pa3HOe BpeMH, a, BO-BTOpblX, 

He60JiblllOH C,IJ.BHr cpa3bl KpHBbIX Ha pHC. 5B MO*eT 6bITb 061>HCHeH pa3JIH-
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qßeM cynepnO3HQHH noJie� 'ABYX HCTO'tlHHKOB B paaHnIX TOqKax 30MHOro mapa. 

0TH coo6pameHHß 6NJIH ony6JIHKOBa.HbI H0CKOJibKO JI0T H8.38JJ, (PHBHH, 

1976). C Tex nop TIOßBHJICß e�e PH'A pa6oT no 8TO� TeMaTHKe. � XOTß 

aBTOphl pa6oT npH HHTepnpeTaQHH Bbl,ß,8JI8HHbIX 'A8CHTHJI8THHX aapHaQHH oc

TaBaJIHCb Ha TOqKe speHHß Myca, CaM 8KCnepHM9HTaJibHhlH MaTepHaJI CO'ASP

mHT �aKThl, KOTOpNe He cornacyIOTCß C HX HHTepnpeTa.QHSH. 

Ha pHc. 6 npHB9'A9Hhl 'A9CßTHJI0THHe BapHaQHlii B Z -KOMilOH9HT9 B 

PR'A8 o6cepBaTOpHH B�9Jl9HHhl8 ÜJI�H)])KSM. MO,IJYJIRQHH 8.MDJIHTY'Ahl KpHBbIX 

B roHonyny H AnHa 3'A9Cb TaKM me, KaK pattee Ha pHc. 5a, qTo He co

OTBeTcTayeT MO,IJYJIRQHH QHKJIOB KpHBO� COJIH8mIOH aKTHBHOCTH. 

Ha pHc. 7 npHB9'A8Ha rHCTorpaMMa pacnp9'A9Jl8HHR nepliiO'AOB, noJiyqeHHhD< 

M8TO'AOM MaKCHMaJlbHOH 8HTpOnHH B cneKTpax X,� - KOMilOH9HT 38 06-

cepaaTOpHH Ha HHTepaane 1947-1972 rr. (�etai,. , 1976).

KaK CJI9,Dy9T ß3 rliiCTOrpaMMbI, MaKCliiMYMhl B X lii 'l COOTB9TCTBYIOT pa3HhlM 

rrepHO'AaM- HaH6onee BepO.RTHblH nep110'A B 'l - KOMilOH9HT9 rro aoCOJJIOTHOH 

B9JIHqHHe OOJibme 'A9CRTH JieT, B H-KOMilOH9HTe - tzyTb M9Hbllie. 3TO �OBOJib

HO HSilJIOXO COOTBSTCTByeT 'AaHHhlM TaOJIHQbI. 

Ha pHC. 8 npHB8'A9Hbl 'A8CßTHJI0THHe BapHaQHH B Z - KOMITOH9HTe, 

rroJiyqeHHhle ( Hut'WOOd et a.e. , I 977) • ABTOpbI o6p�aIOT BHßMaHlil:9 Ha 

aHOMaJlbHOe IlOB9'A0HH9 KpHBhlX B roHOJIYJIY H AnHa H rrpHXO'AHT K BhlBO,IJ..Y 

0 BttyTpH39MHOH npHpO'A8 3THX BapHa.QHß. TaKOH BhlBO'A COOTB9TCTByeT 

BhlCK8.3aHHOMY npe'ATIOJiomeHHIO O CJIOmHOH npHpO'A9 'A9C.RTHJI0THHX aapHaQHH. 

K comaJieHHIO, KpHBhle 'A0CRTHJI9THHX aapHaQHH B paooTe Hutw--ood et ae. 

OCJIOmHSHbI 'ABa'AQaTHJI8TH9� aapHaQHSH, qTQ CHHmaeT 'AOCTOB9pHOCTb OCHOBhl 

'AJlR BhlBO'Aa aBTOpOB. 

.. 
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3aKnroqeHHe 

O6Hapy*eH PRA CBO�CTB A9CHTHneTHHX sapHa�H�, KOTOphle He MOryT 

OhlTb OO�HCHeHhl B paMKax MOAenH OAHOro HCTOqttHKa, CBH3aHHOro C qHcna

MH Bonb�a. �nn HX o6�HCHeHHH npHXOAHTCH npeATIORO*HTb, qTQ HCTOqttH

KOB H9CKORbKO. MeTOA pasno�eHHR Ha go -�YHK�HH IlOKa3hlBaeT, qTQ 

cy�eCTByeT ABa BHAa 'A8CRTHR8THHX BapH�HM CO 3HaqHMbJMH B8RHQHHaMH 

8.MTinHTYA H pasnHQHbIMH npocTpaHCTB9HHO�BpeMeHHbIMH xapaKTepHCTHKaMH. 

�eCHTHneTHMe BapHa�HH BHeIITHero npOHCXO*A8HHH, KaK OTMeqanocb, oe

sycnoBHO rno6anbHhl. 0 AeCHTHneTHHX sapMa�HRX BttyTpH3eMHOro npoHCXO*

A8HHR Hs-sa HeAOCTaTOqttOCTH AaHHhlX, noKa MO*HO CKasaTb, QTO OHM HnH 

rno6anbHhl, HRH KpynHoperHOHMbHhl. 

QqeHb BaJKHbIM HBnHeTCH BhlBOA O TOM, qTo HCToqHHK qacTH AeCHTHneT

HHX BapHaQHM pacnono*eH BttyTpM 3eMnH. QqeBMAHO, TIOCKORbKY 8TO AHHa

MHqecKHM npoQecc, HCTOlIBHK ero He MO*8T OhlTb B Ma.HTMH, a HaxOAHTCH 

B *HAKOM HApe. Mo*HO H�eHTbCH, qTo nocneAYID�ee YTOQH8HM8 CBOMCTB 

A8CHTHR8THHX sapHaQHM BHYTPH38MHoro npOMCXO)K,lJ,eHMH IlO3BORHT nonyqHTb 

6onblli8 HH�OpM�HH O CaMOM HCTOQHHKe H OKPY*aID�ett ero cpeAe. 
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Il„Hol!CapoB, l/l.E'.bt1BapoB, K.KOCTOB· III M.tJoJiaKOB 

AECOJIIOTHAH MArHI/ITHAfl C'.&EMKA EOJirAPMitl 3A IIEPMOZ{ 1978 - 1980 r.

PesroMe: 

B 1978 III 1979 ro;n;hl 6hlJia npoBe;n;eHa a6COJIIDTHaH MarHIIITHaH C'.beMKa 

Ha TeppIIITOpIIIIII Eonrap111111. EhlJIIII c;n;eJiaHhl 38.Mephl B 473 MarHil1THhlX nyHKTax, 

426 III3 KOTOPWC Ha TpJIIaHryJIH�JIIOHHWC nyHKTax, a 47 6hlJIJII Bhl6paHhl npo11a

BOJlbHhlM o6paaOM 6ea CTa6JllJ1JII3aUJIIJII. Ha Kallt;n;OM nyHKTe JII3M0pHJIOC» CKJIO

HeHIIIe - J) , ropH3OHTaJ1:0HaH COCTaBJIHIDmaH - +t- l1 IlOJIHhlli BeKTOP -

F aeMHoro MarHHTHoro noJIH. Op111eaTaUI11H MarHil1THhlX cTaHUH� c;n;eJiaHa 

np11 n0Mom111 llt11po-Teo;n;on1.1Ta q t - ßZ,. III reo;n;eaJ1Iqec1i'l1M cnoco6oM. Ilpll

Be;n;emrn IlOJ10BhIX JII3Mepemü1- H-3-3a cyToqHhlX Bap11ar�v1n MarHI11THoro IlOJIH 

c;n;�JiaHo no aanJ1IcaM MarHHTHO� 06cepBaTopJ11111 IlaHarrop111me 111 no aan111ca.M 

rrepeHOCil1MOt1: TpeXKOMITOH0HTHOM MarHJ11TOBapJ1IaUJ11OHHOM CTaHu111111, KOTOpaff pa

OOTaJia B OKpeCTHOCTflX ropo;n;OB MMxatiiJIOBrpa;n;' Tapr01rnme' 06aop J/1 Emco

BO. B�1980 r. 6y'lJST c;n;enaHhl KOHTpOJII>Hhle 1113M8p6Hil1H Ha C8Til1 BeKOBWC 

nyHKTax:. MarHil1THhl8 J/13MepeHil1H B 1978 111 1979 ro;n;hl 6y;n;yT npJ1IBe;n;eHhl K eno

xe 1980.0. Ey;n;yT c;n;eJiaHhl KapThl MarHil1THoro IlOJIH 111 aHaJIJ/13 Ha 9BM ;n;JIH 

IlOJIY't!8HJIIH KapT "HopMaJibHOro" III "aHOMaJI»HOro" noneiii.

Zusammenfassung: 

In den Jahren 1978 und 1979 v,urden absolute magnetische

bessungen auf dem Territorium Bulgariens durchgefü.h...rt. Es wurden 

473 magnetische Stationen e;ern.essen. 426 von diesen sind Punkte

des geodätischen Uetzes. In jedem Punkt wurde die Deklination D, 

die horizontale Komponente Hund die totale Intensität F des geo

magnetischen Feldes gemessen. Die Orientierung der seomagneti

schen Stationen wurde mit Hilfe des Girotheodoliten Gi-B2 und mit 

geodätischen Verfahren realisiert. Die v10 0en der täglichen Varia

tionen des magnetischen Feldes erforderliche Reduktion der Feld-
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messungen wurcle mit Hilfe dor Re[.!;ist1�ierungen des magnetischen 

Observatoriums in Panagjurischte und der Registrierllllßen der 

transportablen r.iagnetischen Dreikomponenten-Variationsstation 

vom Typ "Bobrov", die in der Umgebung der Stüdte l,'.iihailovgrad, 

Targovischte, Obsor und Elhovo auf geste 11 t rmrde, durchgeführt. 

Im Jahre 1980 v,erden Ko11trollr.1essuncen des Netzes von Säkular

stationen und magnetischer Stationen "erster IQasse" vorgenom-

1.Ilen. Alle Iüessungen vrnrden auf clie Epoche 1960.0 reduziert. Es 

werden Karten des magnetischen Feldes konstruiert und mit Con

puter Analysen zur Gevlinnung der Yi..arten des "nornalen" und des 

"anomalen" Feldes angefertigt. 

Summary� 

147 

The absolute magnetic measurements in 1978 and 1979 were

carried out on the territory of Bulgaria. 473 magnetic points: 

426 on the geodetic network and 47 free, without stabilisation, 

were measured. The declination - D, the horizontal component - H 

and the total intensity - F of the Earth magnetic field were mea

sured on every point. The magnetic stations were orientated by 

giro-theodolite and geodetic way. The reduction of the measure

ments of the diurnal geamagnetic variations was done on the re

gistrations of Magnetic observatory in the town of Panagjuriste 

and the portable tree-channel-tnagnetic-variation-station, situated 

in the suburbs of the towns of Mihailovgrad, Targoviste, 0bsor 

and Elhovo. In 1980 control measurements on the secular and firstc 

class magnetic stations will be carried out. All magnetic measu

rements will be reduced to the epoch 1980. Maps of the components 

of general, "normal" and "anomal" geomagnetic fields will be made. 
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;uo cmc nop B EoJirap1,11,1, no Bcen Tepp11Top1,11-1 cTpaHbI, TPM pa3a c,11;e

JiaHhl a6COJIIDTHhle c�eMKH reoMarHHTHoro IlOJifl. 

IIepBbie 3aMepbI c,11;eJiaJI rrpoqi. K.IlonoB B rrep1-1o;n; c 1917 no 1920 r.r. 

B 76 rryHKTax, 45 J.13 KOTOphlX HaxO�flTCH B rrpe;n;eJiax TeppMTOpMI.1 EonrapHH, 

3aMepeHbI cKJIOHeHHe D , ropM30HTaJIDHafl cocTaBJIHIDll(afl f+ 1,1 HaKJIOHe

HMe I . Bce 3aMepbI rrpHBe;n;eHhI K snoxe 1921.0. CJie;n;yroll(He HaMepeHMfi 

c;n;eJiaHbI B nepHo;n; 1937 - 1947 r.r. X.KaJiillHHbIM B 750 nyHKTax. 3aMepeHbI 

Te me Ca.Mhle reoMarHMTHhie sJieMeHThI - D , H 11 l . 3aMephl rrpMBe• 

;n;eHbI K anoxe 1940.0. 

IIocJie;n;Hafl reoMarHHTHafl c�eMKa c;n;eJiaHa K.KOCTOBhIM B nepHo;n; 

1958 - 1961 r. r. B 450 nyHKTax OITflTD 6hIJrn aaMepeHhl 9JI0M0HThI :D , .\-l 

H 1 ' a cnennaJIDHO CKJIOH0HHe 1) 6hIJIO H3MepeHO no 6oJiee cryll(eHHOH 

ceTM - Bcero OKOJIO 2000 nyHKTax. Ha OCHOBe STIDC 113MepeHMM 6h!JI11 Bhlpa

OOTaHhl KapThl Oüll(ero xo;n;a reoMarHMTHoro IlOJifl ß BhflH1CJieHO "HOpMaJIDHOe11

IlOJie B EoJirapHM np1,1 IlOMOll(H anrrpoKCMMan1111 TIOJIMHOMOM BTOpow CTeTieHM. 

TerrepD (1978 - 1980 r.r.) rrpOBO;n;MTCff HOBafl reoMarHMTHaff c�eM

Ka B EonrapHM. OcHOBHafl IlpI,1qJ,1Ha, pa;n;H KOTOpOM rrpMIIIJIOCb rrpoBeCTH STY 

c�eMKY, COCTOflJia B TOM, 'tlTO BCe reoMarHHTHhle c�eMKH ;n;o CHX rrop 6bIJIH 

c;n;eJiaHhl C M0HDlli0H TQqHQCTDID rro OTHOllieHMID K HalliMM TerrepeillHbIM B03MO�

HOCTflM M 'tlTO H3MepeHMfl He ObIJIH pacnoJiomeHhI paBHOMepHO KaK no TeppI.1-

TOpMM CTpaHhl, TaK H BO BpeMeHH. B 06ll(eM neJib HOBOH a6COJIIDTHOH reo

MarHl1THOi1. c�eMKH 6blJia CJie;n;yroll(afl: 

1. onpe;neJIMTD 06m11ii xapaKTep pacrrpe;n;eJieHvifl sJieMeHTOB reoMar

HMTHoro IlOJifl Ha TeppvITOPHM Eonrapv11,1 C ;n;ocTaTO'tlHOH BhICOKOH TQqHOCT»ID 

;n;Jlfl 3IlOXH 1980.0 npv1 xopOlliOM Marm1THOM ypoBHe MarHMTHOH 06cepBaTop1m 

IlaHarropHll(e; 

2. Bhl'tlli1CJH1Tb 11HOpMaJIDHOe 11 H Bhl;ZJ;0JIHTl> "aHOMaJil>HOe11 reoMarHHT

Hhie IlOJIH ,11;Jlfl TOM me 3ITOXH; 
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3. 061>e;n;J1IHJIITl:, BCe a6COJilOTHhle reoMarHJ/ITHhle It13MepeHJIIfl, npoBeAeH

Hhle ;n;o CJ/IX nop, It1 cÄeJiaT» COOTBeTCTBy10m11e BhlBO;ll;hl O TQqHQCTJII It13MepeHJ/It 

B rrpornJioM 11 nyqrne rrpocne;n;11T:1:, BeKoBot:i xo;n; aJieMeHTOB reoMarHHTHoro rro

JIH Ha Tep'pvITOplrn EoJirap1t1l1 sa IlOCJI6;zJ;HhlX 50 JieT; 

4. l13M6Pffff HeROTOphle H3 6a3HCHhlX nyHKTOB 6oJirapcxoro "Ilpe;n;rrp11-

ffTHff reOWl13Ji1qeCROM pa3B0;zJ;RH It1 reOJIOrlt1H11
, BhlflBHTl:, BO3MOmHOCT» O6'.o6ÄH

H6Hl'lff B o;n;aoM �enoM (o6maa arroxa H e;n;IIIHHhlii ypoBeH») Bcex Äo Cll!X nop 

c,11;eJiaHHblX JIORaJil:,HbIX reoMarHHTHblX C'.oeMRax C pa3B6,1l;OBaTeJIJ:,HOi1 �eJI»lO l1 

TaKvIM o6pasoM co3,11;aT:1:, xopornyro ocHOBY l];JIH 6y;n;ymHX aaseMHhix· 11 aepo pas

Be;n;oBaT0JI:1:,HhlX pa6oT. 

ÜCHOBHaff qaCTl:, l13MepeHl1ff 6hlJia rrpoBe,11;eHa B 1978 It1 1979 r.r� B 

473 rryHRTax, rro;n;xo;n;HmHM o6paaoM pacrronomeHHhlX rro Bcel Tepp11Top11H cTpa-

HhI, 3aMepeHbl CKJIOHeHHe ']) , ro.p11180HTaJI:1:,Haff COCTaBJlfllOII{afl µ. l1 IlOJI-

HhlM BeKTOP reoMarHHTHoro IlOJiff f . Ws Bcex MarHHTHhlX 3aMepoB 90 %

c;n;eJiaHbl B TIYHKTax reo,11;e8M'l!6CKOM ceTM. TaR Ra:K lO)KHee llivlpOTbl 'f = 42°40, 

reoMarHMTHOe IlOJie 6onee H0O,11;HOpO,11;HOe, TO rycTOTa l18Mep11TeJIJ:,HOM C6Tl1 

Bhl6paHa 60JIJ:,llie. KpoMe Taro 6hlJia c;n;eJiaHa TIOTihlTRa OXBaTHTl:, B Bhl6paHH�i1 

C0Tl:,10 KaR MOZHO 60J1J:,file 113 Bcex ;n;ocTyITHhlX celqac TIYHRTOB M3MepeHIIIH 

rrpe;n;hl;n;ym11x a6COJ1IOTHhlX MarHIIITHhlX· C'.o0MOK I1 60JI:brnyIO qaCTl:, 1113 6a311CHbIX 

rryHKTOB 6onrapc1wro "Ilpe;n;rrp:m1TI11ff reo(lJH3YI'l!ecKoi1 paaBe;n;R11 11 reonorm-1:11 ,

KOTOphle OHO ;n;eJiaJIO rrp11 npoBe;n;eHl'lff CBOHX pasBe;n;oqHhlX pa6oT, B qlllhlX 

OKpeCTHOCTffX He HaCTYTIYIJ!JII Il13MeHeHHff cpe;n;hl, Bhl3I11BaromI11e HCCKYCTBeHHOe 

H3MeHeH111e MarHl1THOro IlOJIH 36MJII1. 

nyHKThl: 

1. 113 reoMarHIIITHOM C'.o6MKl1

2. 113 reoMarHIIITHOM C'.o0MRJ& 

Eb!Jrn aaMe peHhl cne;n;yrom11e II cTaphle 11 

1987 1947 r.r. - 20 nyHKTOB; 

1958 - 1961 r.r. - 120 IlYHKTOB; 

3. H3 6a3l1CHhlX nyHKTOB 6oJirapcKoro "Ilpe;n;rrp1t1HTl1ff reo(lJJ/I3I1tJ:eCKOH

pasBe;zJ;KJ/I H reOJIOrlt1JII11 - 24 IIYHKTOB; 

4. 16 B0KOBhlX 1'1 16 TaK Ha3hlMaeMhIX "rrepBOKJiaCHhlX11 TIYHKTOB ( 8TH

rryHKT� np1t1Ba;n;JiemaT reo;n;ea11qecxoi1 ceTH Eonrap1t1H; nyHKThl ;n;na ycTaHo-
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BJiemrn B0KOBOro xo;n.a ITOJI.H l13MepmoTCfl KfüK,1J.hl0 5 JieT' a"rrepBOKJiaCHhie" 

rryHRThl - K8JK,1(hle 10 JI6T). 

KpoMe B STl1X II CTapbIX11 rryHKTax, MarHl1THhl0 SJI6M6HThl 6hIJil1 3aMepe

Hbl eme B 277 11HOBbIX11 rryHRTax. OHitl 6blJIItl BU6paHbl Taii, qTo BCfl C6T!, 113-

MepeHitlfl 6blna 6onee paBHOMepHofii, HO Bce TaK11 ryme ro�Hee 'f' = 42° 40'. 

rycTOTa ceTl1, rrp11 111 000 RM2 TeppHTOPl1l1 CTpaHu, 1 nyHKT Ha 235 KM2
,

KOTOpoe OTBeqaeT cpe;n.HeMy paccTOflHitlID OKOJIO 16 KM Mem;n.y rryHKTaMH 113-

Mepemi�. 

B 1980 r0"/1.Y 6YAYT c;n.enaHhI onHTl> aaMephl Ha Bcex BeIWBhIX 11 "nep

BOKJiaCHblX11 rryHKTax. 9Tß ITOBTOpHhle 38.M0pb1 6y"/J.,yT C,1(0JiaHb1 OIIHT!, TaKH

TOJI:E,KO B TaRl1X rryHRTax, B ORpeCTHOCTflX KOTOphIX He HaCTYITMJiß ß3MeH0Hlifl 

cpe;n.�, Bhl3hIBarom11e ItlCRyCTBeHHOe l13M6H6Hl1e MarHMTHoro ITOJifl 3eMJiß aa 

TpexneTHhlH nep11o;n. rrpoBe;n.eHHH c�eMKitl. 

Torrorpaw11qecKafl KapTa, KOTOpOfii ITOJI:E,3OBaJIHC:E, BO BpeMfl C�6MKl1 -

M 1: 100 000. 

CocTaB rrapT1111, rrpOB0,1(H�efii c�eMRH, 6b1JI CJI6,1(yrom11H: 2 MarHHTOJiora, 

1 re0,1(03 l1 2 B0,1J.ßT6JIH aBTOMalliMH. Pacnonarana OHa ,1(BYMfl aBTOMalliHHaMM C 

ITOBblill0HHOM rrpOXO,1(l1MOCT:E,ID. IlpwMeHHJiaC:E, CJie,1(yromaH anrrapaTypa: 

1. MarHitlTHhlfii Te0,1(0JlßT "illynu�e" - IlOJieBaH M0,1(6Jl!, C TOqHQCT!,ID

ropl130HTaJI:E,HOrO JIIDt6a 0. 2 MHH.; 

2. TPH KBap�eBhIX U- - MarH!IITOMeTpa ( Q UH - 1, 2 11 57);

3. ,1(Ba npoTOHHhIX MarHHTOMeTpa non1,cKoro rrpo11sBo;n.cTBa PHP-2A;

4. r0poTe0,1J.OJißT Gt, - %2- C ,7J.BYMH r11po6JIOKaM11.

KpoMe STOrO rrapTMfl MMeJia B pacrropHmeHHH BCe Heo6XO"/J.,l1Mhl0 BCilO

MaraTeJI:E,Hhle rrp116ophl: xpoHoMeTphl, rnrpoMeTphl, 6apoMeTphl, pa;n.11orrp11eM

H11K11 Itl T .;n..

Ha JIID60M nyHKTe MarHHTHhle l13MepeHHfl rrpoBO"/].,ßJIItlC!, B cne;n.yrome� 

l10CJI0"/J.,OBaTeJI:E,HOCTitl: 

1. rrpltl IlOMOmltl rrpOTOHHOro MarHßTOMeTpa ßCCJie,1J.OBaJIOC!, Ha 0,1J.HO

p0,1J.HOCT!, MarHHTHOe none BOKpyr ;n.aHHoro rryHKTa Ha6JIID"/J.,6HitlH; 
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2. 1,1aMepanoc:o MHaqem,rn nonttoro BeicTopa nonfl F ;
3. 1,1aMepanoc:o sHaqett1,1e CKJIOH0Hlt1H D ; ·

4. J,13MepHJIOC:O 3HaqeH1,1e ropH3OHTaJII:iHOM COCTaBJIHIDil.l0M TIOJIH W

TpeMH KBapueBhlMJ,1 - MarHMTOMeTp8.M1,1;

5. onaT:& 1,1sMepanoc1> atta11ett1,1e CKJIOHemrn D ;

6. OilHT:& J,13M0PHJIOCI> 3HaqeHMe IlOJIHoro BeKTopa F •

151 

Ha "nepBOICJiaCHhlX11 nyHICTax ,n;eJiaJIJ,1CI:i ,n;Be cep.t1M aaMepoB rro Bhlllle

orr1,1caHHO� M0TO,Il;J,1K0, a Ha BeKOBhlX rryHKTax - TPM, ;n;ByMH Ha6n10;n;aTeJIHM.t1 

HesaBJ,1CJ,1MO ,n;pyr OT ,n;pyra. 

B 60JI:&illJ,1HCTBe cny11aeB ITYHKThl a,a6n10,n;eHJ,1fl cop1,1eHT!,1pOBaJIMCI:i ;z.t;By

Mfl CIIO CO 68.MI,1: C ITOMOil.l:010 r1,1p0Teo,n;OJII1Ta 6, l - 'ß:Z., 11 IlpMBH3KOM IC reo

,n;e31,1qeCICO� ceTM. MaMepeHJ,1fl C IlOMOll{:OID r1,1pöTeo,n;oJI1,1Ta BhlilOJIHHJIMCI:i Ha 

paCCTOHHJ,10 OKOJIO 200 M OT rryHICTa MarHMTHhlX Ha6Jiro;n;ett11i1. Tip1,1MeHHJICH 

MeT0,11; o6paTHoro aaMMyTa. 3aMephl OQhiqHO ,n;eJiaJil1Cl> c ITOMOil.l:OIO ,n;ByX llrnpo

OJIOICOB. ToqHOCTI:i IlpMBHBKH OKOJIO 0.05' - 0.10' 

Pe;n;yKUMH MarHMTHhlX J,13MepeHMli C Bap1,1au1,1ß MarHHTHOro ITOJIH ,n;o 

cIDC rrop c;n;eJiaHa rro aan1,1cHM MarHHTHOß 06cepBaTop1,11,1 IlaHar�pHll{e. KpoMe 

Taro BO BpeMH MarHMTHOß C�6MICH B 4 ITyHICTax, ICaIC yKaaaHO Ha WMr. 1, 

6hIJia ycTaHOBJieHa ITOJieBafl TpexKaHaJI:&HfüI Bap11aUI1IOHHafl CTaHUßfl Tl1IIa 

"Eo6poB" - B pattoHax ropo;n;oB MIDCai1:JioBrpa,n;, TaproB11me, 06aop 1,1 EnxoBo. 

0Ha 6hlJia pa8M0Il.l0Ha B 30MJIHHKax Ha rny61,1He rrpI!l6JIJ,131,1T0Jll>HO 1 M. TaKJ,1M 

o6paaoM aMrrn1,1Ty;n;a cyToqttoro xo;n;a TeMrrepaTyphl 6hlJia MeH:&me 1
° 

C. �JIH 

per1,1cTpau1,11,1 TeMrrepaTyphl BHYTPM CTaHUJ,11,1 ;n;o BapMOMeTpOB 6hlJia ITOCTaBJie

Ha TepMorrapa, KOTOpaH rrp1,1 ITOMOll{M O;z_t;Hl,1M 1,13 aalq1,1ICOB CKJIOH0HJ,1H, aarrMChl

BaJia ee It13M0H6HJMI Ha TOli lKe CaMOli 6yMar:v.i, Ha ICOTopot:i aam.1ChIBaJIMC:& 

3JI0M0HThl f00MarHMTHOro ITOJIH. 8T1,1 per1,1cTpaum1 TO me 6y,n;yT J,1CilOJI:&3yBa

Hl,1 np1,1 pe;n;yu1,1pOB8HJ,1H Jil3MepeH1,1ß. 

Ha w1,1r. 1 yKaaaHhl eme Te Tepp1,1Top1,11,1, r;n;e pa6oTana rrapTHH B 

1978 1,1 1979 r.r. 1'1 ceT:& B0KOBhIX III "nepBOKJiaCHhlX11 MarHMTHhlX 1'13Mep1'l

�eJI:&H�X nyHKTOB. 
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TaoJiv1u;a 1 

1977 KPACHAfl IIAXPA - CCCE 1978 HWMErK - rnP 

DKRA - DpAG = - 0,6 
,

HKRA - HpAG = + 1,2 nT

FKRA - FPAG = - 1,0 nT

DNGK - DPAG = - 0,0G 
,

liwGK - HpAG = + 1, 1 nT

ZNGK - ZPAG = O, O nT

CYPJJAP11 - PYMblHulH FNGK - FPAG = + 0,3 nT

,

DsuA - DPAG = � 1,1 1979 

HSUA - HpAG = +11, 1 nT

ZSUA - ZPAG = + 4, 1 nT

FSUA - FPAG = - 0 ,2 nT

rPOUKA - �rocJIABWR 

TL 0,0,DGCK - -p.AG = 

HGCK - HpAG = +20 ,0 nT

FGCK - FPAG = - 1,2 nT

KPACHAH IlXXPA - CCCP 
, 

D
KRA - DpAG = - 0,7

HKRA - HpAG = + 0,8 nT 

FKRA - FPAG = + 1,1 nT 

rPOUKA - i0rOCJIABfül 

DGCK - DPAG = o,o'

HGCK - HpAG = +18,0 nT 

FGCK - FPAG = + 0,9 nT 
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Ba BpeMH rrpoBeÄeHMH c�eMKM BCe rrpM6üphl, npHHMMaID�Me yqacT11e B 

H3MepeHHH, rrpoBepHJIMCb B MarHMTHOM o6cepBaTOpMH Ilattarrop11�e. KpoMe TO

ro B TO ze caMOe Bp8MH M TBMM �e caMhlMH rrpw6opaMM OhlJIH c.n;enaHhl cpaB

H:VIT8JibHbie MarIUITHbIB HSMe pemrn: B CJie.n;yID�lt!X MarHHTHb!X ooce pBaTop1rnx: 

Hl1MerR - rJ(P, KpacttaH Tiaxpa - CCCP, rpou;1m - YJrocnaB1rn 11 CypJiapn -

PyMhlHHH. PesyJibTaThl 3TMX MSMepeHH� .n;aHhl Ha Ta6JIHU0 1. MOEHO eme AO

oaBHT:O, qTo aa ITOCJI8.ZJ;H110 20 JIBT ypOBBHb �arHHTHOä o6cepBaTOpHB ITaHa

rrop11me rrpaRTHqeCKH He paaJI11qaJICH OT ypOBHfl MarHHTHOtt oocepBaTOpHH 

AAOJI:Oql liIMH.ZJ;T B fü1MerKe' KaR 3TO Ob!JIO JtI np111 Ha6JIIO.ZJ;6Hv!RX B 1977 -

1979 r.r. 

0 rrorpe1IIHOCT11 l13MepeHHM IIO rrpe.n;BapvrTeJI:OHbIM rro.11;cqeTaM MOY.CHO 

CKaaaT:o, qTo JtIX BH01I1Hafl HaOJIIO.ZJ;aTeJI:oHafl OIIIHOKa OJICM.ZJ;aeTCH B cne.11;yromMX 

rrpe;z.(enax: 

1. ,11;JIH

2. ;zvrn

3. ;&JIH

. 
' ' 

CKJIOHBHHfl - 0.5 - 0.6 ; 

ropH30HTaJI:OHO� COCTaBJIHromeß 

rroJIHO� c�now BeKTopa nonH -

- 4 - 5 n.T;

4 - 5 n,T;. 

DOI: https://doi.org/10.2312/zipe.1981.070.01



154 

V.I.Kolesova, L.S.Lysenko, A.A.Petrova, L.A.Privalova,
M.A .Ef endie va, Leningrad *

ANALYSIS OF THE MAGNETIC KNOWLEDGE OF � WORLD OCEAN FOR 

SOLUTION OF CARTOGHAPHIC AND GEOLOGIC-GEOPHYSICAL PROBLEMS 

Ab s t r a c t

The characteristic of kn.owledge of the World.Ocean covered 
by geomagnetic surveys made by Soviet and foreign research during 
1953-1979 1s presented. On the basis of the magnetic data analysis 
the schemes of the World Ocean coverage by component and modulus 
surveys are prepared, regionalization of the water area according 
to the rate of survey coverage is made and evaluation of the 
knowledge on different pegions is given for solving some carto
graphic and geologic-geophysical problems. 

P e a 1> 11 e 

B pa6oTe Ä8Ha xapaKTepHC!HKa nayqeHHOCTH MHpo»oro OKeaHa 
reouarHlffHHUH C�8UK8MH, npoBeÄeHHHUH oo»e!OKHMB H sapy6eEHSMH 
HCCneÄo»aHHßYH c !953 no !979 r�r. Ha OCHO!e 8HaJIHaa uarHHTBOä 
HayqeHHOCTH nocTpöeHH cxeus aaCHßTOCTH MmpoBoro OKeaHa KOMßOHeHT
HWH H MOÄYJil',HHUH c�eYKaMH, npo»eÄeHO paßOHHPOB8HH8 anaTopmn 
no CT8ß8HH aaCHßTOCTH H ÄaHa oueHKa uayqeHHOCTH pa3XHtUII:ilX perB

OHO� Ällfl pemeuza nexo,opmc KapTorpa�uqeoKmc H reoxoro-reo�nauqec

KHX aaÄaq. 

Z u s a m m e nfa s s u n g

In der Arbeit wird eine Charakeristik zur .Erforschbarkeit 
des Weltmeeres durch erdmagnetische Vermessungen, die von aus
ländischen und sowje�ischen Wissenschaftlern im Zeitraum 1953 

bis 1979 durchgeführt wurden, gegeben. Auf der Grundlage der 
Analyse der magnetischen Forschungen wurden Vermessungsschema·ta 
des Weltmeeres durch .-Komponenten- und-Modulvermessungen ange-

*LO IZMIRAN, 199053 Leningrad, 2-ND Linija, USSR
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fertigt, eine Rayonierung der Wasserfläche entsprechend dem Ver

messungsgrad durchgeführt und die Erforschbarkeit verschiedener 

Regionen zur Lösung einiger kartographischer und geologisch

geophysikalischer Aufgaben eingeschätzt. 

Systematic research of the geomagnetic fields of oceans 

was initiated in 1957 according to World Magnetic Su.rvey Project. 

Since that time the components and the total force are measured 

in the World Ocean on the water surface and at the elevation of 

2-7 km as well as modulus measu.rements are made from satellites.

Information on the geomagnetic field is traditionally collect

ed at the Leningrad Branch of IZMIRAN, operational schemes are 

prepared for component and modulus surveys of the World Ocean by 

Soviet and foreign scientists. At present schemes have been pre

pared in the scale of 1:20,000,000 generalizing the surveys rnade 

from 1958 to 1979. 

The major portion of three-component and modulus measurernents 

on the water surface has been made by Soviet non-magnetic ship 

"Zarja" L 1_/o Another type of component measurements in the ocean 

is presented by airborne measurernents at the elevation of 2-7 Ion, 

made by the US Naval Oceanographic Office according to "MAGNET" 

Project, by Dominion Observatory (Canada), by Hydrographie Office 

of Japan. The USSR makes systematic component measu.rements in 

the Arctic from drifting stations "North·Pole". The generalized 

scheme of the World Ocean coverage by component surveys is given 

in Figo 1, where the total number of tracks ie given for every 

10° x 10° of area. 

Du.ring 1960'a the measurements of the total force of the 

magnetic field by a towed from the ship rnagnetometer were widely 
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spread. In the USA much work hae been done by Larnont-Doherty 

Geological Observatory, by the Environ�ental Science Service 

Administration, National Oceanic and Atmospheric Administration, 

Scripps Institution of Oceanog.raphy, University of Hawaii, Woods 

Hole Oceanographic Institution. Hydromagnetic modulus surveys 

are also made by Cana.da, England, France, Holland, Federal Re

public of Germany, Italy, German Democratic Republic, Japan and 

by New Zealand. In the USSR much work has been done by the Ins

titutes of the Academy of Sciences of the USSR. 

The error of the observed values during modulus measurements 

eq_uals 20-50 gammas, which is in general explained by the error 

of coordinating, since the instrumental error makes the first 

ga..·nmas, while the error of determining the ship location ranges 

from Reveral hundred meters near the shore to 2-3 miles in the 

open ocean. During recent years coordinating was made by satellite 

navigation system and this provided the increase of accuracy in 

determining ship location in the open ocean up to several hundred 

meters. 

The generalized scheme of the World Ocean coverage by modulus 

surveys is given in Fig. 2, where the total number of tracks is 

given for every 10° x 10° of area. Horizontal dashing shows areas 

for which maps of T or (Ll, T)a have been compiled, vertical dash

ing and dots indicate areas where areal surveys have been made 

by foreign and Soviet ships respectively. The total amount of 

modulus surveys given in the scheme makes about 15,000,000 lin6ar 

kilometers. 

Satellite surveys are of the utmost importance for the study 

of the global field characteristics and its time changes. 
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Proceeding from the scheme of the World Ocean coverage by 

component and modulus measurements an analysis of the magnetic 

knowledge of the oceans has been made for a solution of carto

graphic and geologic-geophysical problems. The rate of coverage 

was estimated by the available information required to make a 

more precise space-time model of the main geomagnetic field, to 

select global and base reference fields, to detect regional ano

malies and typical features in the structure of the anomalous 

field of different oceans. 

Proceeding from the appropriate rate of survey coverage 

required for solving the major research problems on the space-time 

structure of the geomagnetic field a regionalization of the water 

area was made to fit every problem. The major portion of the 

World Ocean, in particular, the Atlantic, most of the Pacific 

and Indian oceans may fit for construction and precision of ana

lytical modele of the main geomagnetic field using hydro- and 

aeromagnetic measurements. These problems may be solved if 2 or 

3 tracks more than 500 km long are available in the area of 

10° x 10° . Therefore, even poorly surveyed areas of the Arctic 

Ocean and the southern part of the World Ocean may ensure the 

solution of those problems if satellite surveys and "MAGNET" air

borne survey are applied. 

The study of the spectral structure of the geomagnetic 

field shows that besides the main rninimum of the spectrum within 

the periods from 300 to 4,000 lan there exist several regional 

minima within the range :from 60 up to 1,000 lan L 3, 4_/, in par

ticular, in the periods of 60-100 lan, 300-450 lan and 800-1,000 km. 

The availability of those minima provide a detection of appropri

ate baae reference levels in order to aelect regional anomalies 

, 
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and to malte maps of those anomalies in the World 0cean area. 

To determine base reference levels within 300-400 lan a 

dense survey is required: 5-10 interactions of the 10° x 10°

areas over more than 500 lan are essential. The Atlantic 0cean 

(except south�rn area), the Pacific 0cean (except 1. = 130° -240°, 

'f = 20°-40° and the southern area), the Indian 0cean (except 

1 = 
- ,..

40°-130° , 'f = -30° - -70°) are covered with su);'Veys most
- � -

densely. In the Arctic 0cean only the east area of the American 

Basin is studied quite sufficiently. 

The stu�y of the spectral structure of the geomagnetic field 

within the range from 50 lan to 300 km makes it possible to obtain 

mid-wave levels to detect anomalies with the periods less than 

50 km. Besides, these levels may be used as reference fields to 

complete ·a map for a restricted water area. 

In order to solve this problem a higher rate of surve� 

coverage is required, i.e. no lass than 10-40 evenly distributed 

intersections of 10° x 10° area. Such regions occupy only ,1% of 

the World 0cean area. These are central, north, south-west and 

south-east parts of the Atlantic, north and east parts of the 

Indian 0cean; south-west·aod Antarctic areas of the Pacific. 

The sl:iudy of shorter-wave anomalies ( 5 km·< T < 50 km ) 

is possible only in regions where areal survey is made (Fig. 2). 

Numerous intersections of the tracks of different years may 

be applied to investigate long-period time changes of the geo-
and 

magnetic field. The construction d precision of the secular va-

riation modal requires the surveys of different years made along 

the same track which is most suitable. The regions of repeated 

tracks mainly pass at the shelf of Africa and in the east part 
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of the North America, north part of the Indian Ocean, west coast 

of Alaska, shelf of the west Australia, Hawaii Islands and shelf 

of the Antarctica. Not all those areas, however, are suitable for 

secular variations study. Near the Islands of Hawaii and New Gui

nea where the anomalous field is highly differentiated, a high 

accuracy of space coincidence of tracks is required. In the zones 

of a more quiet field it is possible to use the repeated surveys 

of the usual accuracy, e.g., in the areas of abyssal plains of 

the west side of Australia and Antarctica. The areas of the ocean 

bottom are poorly studied from the point of view of secular varia

tion properties. 

The analysis of the World Ocean coverage by componant and 

modulus surveys close to the Earth's surface and at the elevations 

of satellite flights makes it possible to expand the scope of 

cartographic problems which may be solved. A combined use of 

hydro- and airborne magnetic measurements provide a precision 

of the model of the main geomagnetic field and the study of re

gional and mid-wave anomalies distribution to detect non-homogene

ity in the structure of the lithosphere of different ocean parts. 
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i gravitatsionnogo polei na primere territorii SSSR i Kuby 

(Methods for a combined analysis of the structure of magnetic 

and gravitational fields illustrated by the territories of the 

USSR and Cuba). Geophyso set of papers, AN UkSSR,Kiev (present

ed at the International Symposium of KAPG Working Group 1.6) 

in Kiev, November 1979). 
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area). 
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Kuznetsova V.G., Lvov* 

METHODS AND RESULTS OF THE GEOMAGNETIC FIELD 

SECULAR ANOMALIES INVESTIGATION IN THE CARPATHIAN REGION 

Abstract 

The investigation results of the secular variations of tha 

geomagnetic field on the territory of Carpathian geodynamic po

lygon are considered. Two types of local variations in time of 

the geomagnetic field are found. The linear, of the Carpathian 

stretching anomalous region, possibly of current nature and 

the small in dimensions isometric anoinalies are supposed to be 

of tectonomagnetic origin. The extension of geomagnetic inve

stigations for search of earthquake precursors in the seismo

active Trans-Carpathian trough is proposed. 

PesIDMe 

PaccMOTpeHbI pe3ynbTaT� H3ytieHHH BeKOBhlX BapH�HH reoMarHHT

Horo nonH Ha TeppHTopHH KapnaTcKoro reOAHHaMHtJecKoro nonHroHa. 

BNHM8HO ABa THna ROKaJlbHbIX BpeMeHHbIX H3MeHeHH� reoMarHHTHOro 

nonH. lHHeMHB.H, KapnaTCKOrO npoCTHpaHHß aHOMMbH8.H o6naCTb, BO3-

MOllHO TOKOBOH npHpOAb] ß He6onbmHe no pa3MepaM, H3OM8Tp1NHb18 aHO

MMHH ßP0AilORO�HT8RbHO T8RTOHOMarHHTHOro npOHCXOJK,D.eHHH.PeKOM0H.IJ30T

Cß pacmHpeHHe reoMarHHTHhIX HCCR0AOBaHHR Anfi IlOHCKa npeAB8CTHHKOB 

38MneTpHCeHH� B ceACMOaKTHBHOM 3aKapnaTCKOM nporH6e. 

Zusammenfassung 

Es werden Ergebnisse der Untersuchung der Säkularvariatio

nen des geomagnetischen Feldes im Gebiet des Karpaten-Geodyna

mik-Polygons betrachtet. Zwei Typen von lokalen, zeitlichen 

Variationen des Erdmagnetfeldes wurden festgestellt: ein 

*USSR, Lvov, Institute of Mechanics and Mathamatics Applied
Problems, Academy of Science, Ukr.SSR
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lineares (der Karpaten-Erstreckung folgendes), anomales Ge

biet, mit möglicherweise Strom-Eigenschaften, und in der Aus

dehnung kleine, isometrische Anomalien vermutlich tektonoma

gnetischen Ursprungs. Die Ausdehnung geomagnetischer Unter

suchungen im Hinblick au:f' die Suche nach Erdbeben-Vorläufern 

in der seismisch aktiven Transkarpetensenke wird empfohlen. 

The sysiematic investigation of the local anomal geomag

netic field variations caused by earth crust structure pecu

liari ties and i t' s deep processe.s, is carried throughout 10 

years, on the south-western slope of the Carpathians on the 

Carpathian geodynamio polygen territory. 

163 

'llle investigation is based on the principle of repeated 

modulus T-survey (accuracy is 0,7 - 0,9 nT) With the methods 

of twice a year simultaneous observation (June, October) on 

the network of more of 100 secular points. Tb.e matter of the 

methods used i9 to measure the modulus value T onbase and 

series points, the feild gradient 6 T is calculated between 

base and series points. ET value time variation i.e. �Ll T 

value will charac1l.terize the local time variations of the geo

magnetic field. 

THe measurementa on points are carried out with the help 

of proton magnetometers from USA (Geomagnetic.Pattern 816) and 

Soviet (T-VP) the proton magnitometers. Qva.rz variometers placed 

in the the:c.--mostating room are used as base point ... 

The terri tory investigated contains the Trans-Carpathian 

deep fault along which extends the zone of deep electroconduc

tion being source of region geomagnetic variation anomaly. The 

bay-shaped disturbances with the period from 15 do 150 min (1) 
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are the most intensive manifestation of anomaly. 

Recently the sq-variations of the space field structure

was note in the same zone. 

In connection with such regional pecularities of space

time structure of the variable geomagnetic field, arised the 

necessity of caref'ul investigation, registration and complete 

exclusion of the outer source field influence from the obser

veaja.ata series in order to receive the local changes of the 

constant geomagnetic field related directly to different pro

cesses within the crust. 

From the investigation methods on polygen provide the 

u.ninterrupted 4 component measurements of geomagnetic field 

on one of base points what allows to exclude the investigations 

connected in the time wi th bay-passage from series of them. lfo

reo.Ker over some days we make the modulus measurements wi th 

period 5 to 10 minuts paralleled to that of base in a zone of 

largest gradient of regional conduction anomaly. A lang series 

of investigations average, and the mean number L'. Ll T charac-

terise in the satisfied reliable order, t.b.e difference between 

the intensity field values in base and series points in a 

time-interval. Such methodic approaches exclude, vr.Lth satis

fied surety, the uuter field variations f'rom investigation 

resul ts [3].

f3ystem.atic long-period investigations on polygen allow 

to study the space-time field peculia.rities of secular varia

tions.Accord�rig to measurements resuls was made a set of dd T 

anomaly maps representing the different time intervals, year 

field va.riations(the survey carried out the same months of 
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current yenr), and t:E.tat of season representing the difference 

between two measurement stages of a year. On the basis of these 

maps detail 1:::.. t:. T field analysis was carried out together wi th 

the data about tectonic trough, magmatism, rock crust composi

tion and its pecularities ets. As an example we adduce t>.� T 

maps for 2 time-period measurements, 1976-1977 and 1977-1978

years (fig. 1,2). 

In the result of analysis the follow:Lng b. 6. T field pe

culari ties were revealed. He distingush 2 tYJ.)es of local ano-
nmalous chages of the field. �Phese are a linear zone of b. t:. 'l 

anomalous values and local, isometric in plan, small in their 

area anomalies •. 

The rmgion of lineäly-extended anomaly of the Carpathian 

s trech is situated somewhat to the north from the Trans-Carpat

hian trough and Folded Carpathians boundary. It's pasition and 

extension correspond to the Trans-Carpathian deep fault and 

Carpathian conduction anomaly which is connected and control 

this foult. The anomaly f'rom south by zero t>.t>.T isoline and 

f'rom north has no exit to normal field because of points absence 

in Carpathiah·mountainpart„ It is characterized by large values 

of annual field variations achieving -7, -8 n T at a series of 

points„ On the whole apart from some local positive anomalies 

isometric in plan the geomagnetic field has the general tenden

cy to decrease every year. '.l.1he maxir!n.lill negative 1'icld values 

(to - 10 nT) during two yoo:rz (1976-1978) nre received in the 

south easiern part of this zone. 

Tb.e anomaly zone is arranged for the region separating 

different as to st--ructure and properties elements of the Car-
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20· 

Fig. 1 Yearly magnetic field change (anomalies L)t.T) over 

the period from July 1976 to Jul.y 1977 

1 - Vigorlat-Gutinskaya volcanic ridge, 

24' 

2 - volcanogenic rocks of the acid composition and their tuffs, 

3 - horizons of the nankovsk tuffs, 

4 - boundaries of volcanogenic formations, 

5 - zone of the Trans-Carpathian deep �ault, 

6 - the axis of the Carpathian anomaly of electroconductivity, 

7 - the point of geomagnetic observation, 

8 - isolines T: a - positive, b - negative, c - zero, 

9 - epicentres of local earthquakes: A - 24.09.1977 

B - 13.07.1978, 
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pathian region (i. e. Trans-Carpathian inner trough and Folded 

Carpathians) and for one of anomaly conduction traced all the 

way alämg the outer and Inner Garpa.thian boundary. 

This fact underlines the important role of this structure 

uni-'c in the history of the Carpathians formation. Let us remind 

that the inner zohe Trans-Carpathian deep-faul t structure is 

characterized by variety and. structure com1üexi ty [ 4]. 

First of all beginning from trias and to neogen inclusive 

the fault zone was a k.ind of boundary, on either sides of which 

conditions and sedimental accUIID.1lation nature were essentialy 

different. The deep faul nature is corroborated by magmatism 

because Vigorlat-Gutinskaya ridge is arranged for this zone. 
to 

The periodicily of oti.tpourings along the fault. testifies the 

repeated tectonic activity renewal in this region and its ac

tual tectonic ac ti vi ty i s confirmed by g_ui te high seismici ty. 

The stretch of the anomalous zone fully repeats the Carpathian 

anomaly axis position what testifies to those geophysic phenome-

na unig_ue nature„ The anomaly electroconduction axis along its 
to 

stretch is moved to north-east in respect deep fault position 

according to geophysical data Probably it is connected with the 

fact that both the fault plane and the deep conduction zone 

are sloped under the Folded Carpathians to north-east. 

Most likely that ß.b.T linear anomaly zone is of current 

nature and is the result of substance conduction change in com-

mection with termodynaroical condition variation in activ.e fault 

zone. Small v:alues of local AßT maximums and minimums perio

dically arisingwith the linear zone reflect rather parameter 

�nvironment Variations on small u.n.d undeep areas of active zone. 

h 

• 
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Apart from above mentioned linear Carpathian stretch ano

maly a series of local isometric in plan positive and negative 

T anomalies is revealed on the Trans-Carpathian inner 

trough territory. These anomalies have ·probably undeep sources 

because their area values do not exceed 10-30 kilometers. 'lliey 

are not stable, vary in time their intensity and location. 

On the whole it turned out that the discovered anomalies 

as a rule are arranged for the volcanogenous rocks, wn.i:.ch are 

represented by andesites, andesite-basaNlts, lava and piroclast 

andesites, tuffs. 

Magnetic properties of volcaifgenic rocks in TransTcrar

pathian are rather different. Nonmagnetic rocks within volca

ngenic formations are practically seldom. The assumption is 

arising about the tectonomagnetic nature of anomalies 6 4 T 

a.ppearing on the polygon. Our assumptions are testified to

some degree by duta. about seisin?-city over the period of the

geomagnetic field meaturements. So, according to yearly mea

surements of the geomagnetic field from july 1976 to july

1977 a series of anomaiies �6T (fig. 1) is revea1ed� early des

cribed •. After carrying the measurements three local earthiuakes 

of magnitude 4 (e�icenters are indicated on fig. 2) took place. 

The further cycle of field measurements was ca.rried out in july 

1)78, and in distribution of anomalous values in the f'urther

period, i.e. from july 1977 to july 1978 the anomalies a.re al

mest disappea.red or turned in iuite small ones in area. It

seems, the accumulation and detent of elastic stresses in 

the the earth's cruct trough were the cause of the change 

in character of the anomalous field Ll Ll T. Moreover, the field 

map ö 6T, presented on fig. 2, cha.racterizes the iuiet field

of tectonic stresses. On it are seen linear anomalies of the 
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current nature in the zone of Trans-Carpathian deep fault and 

separate residual tectonomagnetic anomalies appearing in one 

or two points which indicate that the detent of the stres

sed state took place not fully or a new accumulation period 

of .M elastic stresses\in the earth's crust of the trough is 

initiated. 

Some connection of temporal changes of the geomagnetic 

field with trough structure is also outlined. So, on fig. 2· 

three zones of Carpathian stretching (devided by zerons izo

lines) are isolated which are distinguished in sign of the 

temporal geomagnetic field changes. The first (northern) 

is positive, the second (central) is negative, the third 

(southern) is positive. Such field peculiarities /j A T are 

observed at small, near to normal, values A AT which really 

serve as a background, the normal field for local temporal 

anomalies. It is possible that �uch longitudinal zonality 

of tempo�al geomagnetic field changes of the Cappathian 

stretching teflects peculiarities of the earth's. cruct struc

ture of the trough and processes in it. By the wa:y, nowadays 

some geologists /4/ assume that for the Trans-Carpathian 

trough is characteristic first of all the longitudinal zona

lity of structural elements. Transverse structures are more 

young and appeared as a re$ult of up-and down-motions along 

the discrete dislocations mainly of the transverse. 

The result given indicate that bodees of volcanic rocks 

and layer intrusions containing the ferromagnetic minerals 

are an original indicator of stressed state chattges of rocks 

in Trans-Carpathian trough. Accordine;ly ,it is possible to use 
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result of geomagnetic investigations for search of earthquake 

precursors in 1'rans-Carpathian conditions. 

The perspectivity of study of the earth's crust structure 

and dynamics of processes within the earth according geomag-

netic investigations is proved by numerons physical experi

I:J.ents, experiments with explosions, works on the geodynamic 

polygons in the USSR and abroad. Apparently, the possibilities 

of the magnetometric method are not fully eY.hausted and its 

informativity will be higher in conne€tion with f'u.rther im

provement of the investigation procedure and development of 

new observation systems. 
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Kolesova V.I., Petrova A.A., Leningrad* 

STUDY OF SPECTRAL CHARAGTERISTI.CS OF THE GEOM.AGNETIC FIELD OF 

REGIONS WITH DIFFERENT TYPES OF THE EARTH 1 S CRUST 

Pea1>11e 

B pa6oTe npm:eeAeHH pesyn»TaTH cneKTpan�Ho-npo�WIDHoro 
SH8JIHaa (CilAH) reouarHHTHOro ßOJift ÄJlß perHOHOB C KOHTHH6HT8lll>Hmf 
H OK88HHqecRHM THil8UJd KOPH, a Tane nepexoÄHHX BOB. XapaKT8PHH8 

ococ5eHHOCTH cneKTpaJI»HOi CTPYKTYPH noneä B CP8AH8BOJ1HO:BOII ( IO <
T > 200 K11) H ;zu)HHHOBOJIHOBOII ( 200 KV < T :=::. 600 m.t) ÄzanaaoHax 

noxaaaHH ÄJlff aK:eaTopHä Ha npm1epe ATiiaHTJßlleCKoro, 'Tmcoro, RHAHl-\o

Koro H Ce:eepHoro !eÄO:BHTOro OK88HOB, a AJiß YaTepHKOB - Ha npm,epe 
PyooKoä H BooTO�Ho�-CH6HpCKOä ßJiaT�OpUH H 3anaAHO-CH6HpCKOA ßJIHTH. 

A b s t r a c t

The results of spectral-profile analysis (SPAN) of the 

geomagnetic field are given for the areas with continental and 

oceanic crust types as well as fo.r transient zones. The pecu.lia

rities of the spectral structure of fields with medium- ( 10< 

T >·200 km) and long-wave ( 200 km < T > 600 km) ranges are 

shown for the water areas illustrated by the Atlantic, Pacific, 

Indian and Arctic Oceans and for land areas, illustrated by 

Russian and East-Siberia Platforms and West-Siberia Plate. 

Z u s amm e n f a s s u n g

Die Ergebnisse der Spektral-Profilanalyse des geomagneti

schen Feldes (SPAN) für Regionen mit kontinentälem und ozeani

schem Krustencharakter und für die Übergangsbereiche werden 

dargestellt. Charakteristische Besonderheiten der Spektral

struktur der Felder im l'.'iittel- (10 < T > 200 km) und im Lang

wellenbereich (200-< T > 600 km) werden für die l.ieeresgebiete 

*LO IZMIRAN, 19905.3 Leningrad , 2nd Linija, USSR
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an Beispielen des Atlantischen, Stillen und Indischen Ozeans und 

des Nördlichen Eismeeres und für das Festland an Beispielen der 

Russischen und Ostsibirischan Tafel und der Westsibirischen 

Platte gezeigt. 

To study spectral characteristics of the geomagnetic field 

of regions with different types of the Earth's crust the structure 

of the field has been analyzed from the hydromagnetic measurements 

data, from airborne surveys at the elevations of 0.5 km and 2-7 km 

and from satellite data of POGO and "Kosmos-321" L 9_1. 

The studies of the continental type of the crust are illust

rated by the USSR territory, while the studies of the oceanic type 

of the crust are illustrated by the Pacific, Atlantic, Indian and 

Arctic Oceans water areas L 1 - 5_1. The analyeis of the fields 

structure in the zones of transition from oceanic crust to conti

nental crust has been made for the central part of the Atlantic. 

The tracks of the component airborne magnetic surveys "MAGNET" in 

the Pacific have been used as extended profiles crossing the areas 

with different types of the crust. 

Besides, a combined analysis of the structure of gravitational 

and magnetic fields has been made to study non-homogeneities of the 

li thosphere of the above regions and this provide.d to detect zones 

with homogeneous structure, to determine their spectral characte

ristics and to establish the coordinated minima in the spectrums 

of those fields. The results of the combined analysis made it pos

sible to follow the peculiarities of the geomagnetic and gravita

tional fields of the zones connecting regions with continental and 

oceanic types of the crust. 

To discover the main peculiarities of the structure of the 

geomagnetic and gravitational fields the method of the spectrum-
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profile analysis (SPAN) has been used L 1_/. The SPAN method 1s 

based on a successive linear filtration of the initial field spec

trum with a set of narrow-banded filters with a subsequent recove

ry of the field by means of the inverse Fourier transform within 

the specified range of periods. The results of the analysis are 

presented in the form of an amplitude diagramme where periods 

are plotted on the vertical axis and the distance along the profile 

is plotted on the horizontal axis. The maxima of different inten

sities at appropriate periods and profile reaches (Fig. 1) detect 

individual components Of the anomalous field in the diagramme. 

This provides a quantitative characteristic of the field struc

ture, establishment of peculiarities of its changes along the 

profile, a discovery of dispersion and space properties of the 

anomalous fields of various regions. Thus the SPAN method provides 

a quantitative basis for discovery of t�e rate of differences 

and similarities in the field structure in the particular areas 

of the Earth's crust. A visual presentation of the magnetic field 

structure in the form of an amplitude diagramme makes it possible 

to follow the reflection of the tectonic elements of different 

order in the observed fields and to compare 'the areas of different 

anomalies propagation with the location of seismic boundaries and 

other geophysical data. This opens wider opportunities to inter

pret anomalies and to make geologic-geophysical models of the 

lithosphere. 

The study of the geomagnetic field structure in different 

areas of the world emphasizes, on the one hand, the availability 

of peculiar featuros of the anomalous field in individual regions, 

and on the other hand the availability of some general laws of 

its structure for geological formations of different age and 
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structure. 

Long-wave anomalies with the periods from 100 km to 1,500 km 

are of principal interest for a study of large peculiarities 1� the 

structure of the lithosphere of continents and oceans. 

The study of the structure of the magnetic and gravitational 

fields of the regions with the continental type of the crust was 

made for the Russian and East-Siberian Platforms and West-Siberian 

Plate. A combined analysis of both fields has been made along the 

systems of the extended latitudinal profiles crossing the entire 

USSR territory ( ({' = 55°-61° N) L 2_/. The main characteristics 

cf the spectral structure of the fields for the Russian and East

Siberian Platforms, for West-Siberian Plate and the Urals are given 

in Table 1. The anomalies with the periods of 40-80 km, 100-150 km, 

200 km and 500-600 km are most typical of the Russian and East-Si

berian Platforms (Fig. 1). 

The pecu.liarities of the structure of individual geologic

geophysical regions in the USSR territory are displayed through a 

non-stationarity of the components with the periods less than 

400 km. A long-wave component with the periods of 500-600 km

is most stable. It is typical of most regions in the USSR terri

to�y. The West-Siberian Plate is an exception, here magnetic and 

gravitational anomalies ,nth Tj = 500-600 km have the amplitude

less than 200 gammas and 20 mGal. But they attain 300-500 gammas 

and 60-100 mGal in the Russian and East-Siberian Platforms close 

to the Earth's surface. 

Large peculiarities of the magnetic 'field structure are 

proved by measurements made by POGO and ttKosmos-321" satellites 

L 9_/. Anomalies with the periods of 500-600 km at the elevation 
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of 450 km. have the intensity ranging from 4 to 6 gammas. Thus, 

the fields of continental regions are characterized by a compli

cated structure, caused by an overlapping of intensive anomalies 

of different classes. Regional anomalies, reflecting, probably, an 

existance of non-homogeneities of the lithosphere of those forma

tions make one of the peculiarities.of the ancient platforms. 

The structural peculiarities of the magnetio and gravitational 

fields of different basins in the World Ocean are considered in 

the extended trans-oceanic profiles crossing the main geological 

structures of the Atlantic, Pacific, Arctic and Indian Oceans. 

The comparison of fields in different oceans shows that the 

zones of all the studied mid-oceanic ridges are similar in their 

structure which differs by the availability of short-period and 

mid-wave magnetic anomalies with the periods from 10 to 50-70 km. 

At the same time the hollows of different basins differ greatly in 

some parts of the World Ocean. For example, the analysis of gravi� 

tational and magnetic fields in the Atlantic showed that the North

American and Canary hollows contain anomalies with the periods of 

25-60 km, 70-90 km and 100-200 km L 3_1. Long-wave anomalies with 

T = 200-300 km and T:500 km are observed in the gravitational field 

only; this, probably, testifies to a shallow depth of Curie's 

surface extension. This field structure is typical of the major 

part of the bottom in the Atlantic. 1.rhe areas with long-wave mag

netic anomalies are the exceptiona, For example, magnetic zones are 

loce.tea. to the north from the Antilles Islands and in the West-Eu

ropean Hollow; the components with T = 500-600 km are typical of 

those zones L 4_/. Surveys made at the elevation of 260-280 km 

from "Kosmos-321" satellite proved positive regional anomalies 

available in those regions L 9_1. 
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-Thus, the structure of the magnetio field of the Atlantic

hollow, except some areas, is characterized by the anomalies with 

T < 200 km.. The similar structure is characteristic of the hollows 

in the west of the Indian Ocean L 4_/. 

Unlike the Atlantic Ocean, the major part of the water area 

in the Pacific is occupied by the regions characterized by long

wave anomalies with the periods exceeding 200 km. For example, 

the analysis of the gravitational and geomagnetio fields in the 

north-west of the Pacific resulted not only in the discovery of 

components with the periods of 30-70 km, 100-140 km but also 200-

350 km, 500-600 km (Fig. 2) L 5_/. In the central and south parts 

of the Pacific the regional anomalies with T > 200 km have been 

detected by Japanese scientists L 6_/. The analysis of component 

and modulus measurements at the elevation of 2-7 km ( 0MAGNET" 

survey) prove the availability of large regional anomalies with 

T = 500-600 km. 

The mid�ridge zone, as well as in other basins, does not 

contain long-wave components and is characterized by the anoma

lies with T < 70 km. A zone with similar structure 1s also exten

ded northward the Pacific upraise along the west coast of the 

North America. 

Thus, the water area of the Pacific has a heterogeneous 

structure of the magnetic field. A certain trend is observed, 

however, in the change of the spectral structure. For example, 

a successive crossing along (f = 49° N of different aged areas 

of the ocean showed that younger east areas, i.e. you.nger than 

50,000,000 years, are characterized by the anomalies with T = 

30-70 km, 100-140 km (Fig. 2). In west areas, older than
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?0,000,000 years, regional anomalies with T = 200-350 km and 

500-GOC kl!l ai·e observed. In the zone of transi tion from one area 

to the other at the distance of 300-400 km a great disturbance 

of all the components of the gravitational and magnetic fields 

is observed. 

Thus, the spectral structure of the magnetic field in the 

aast and west of the Pacific has different characteristics 

which are subject to changes, probably, 'because of the age of the 

ocean bottom. 

Two different basins are located in the water area of the 

Arctic Ocdan, i.e. Eurasian Basin (EB) and Amerasian Basin (AB) 

L ?_/. The magnetic field studies along the extended profiles, 

crossing the entire Arctic basin of the Arctrc Ocean showed that 

the structure of the EB and AB fields differed greatly L 8_/. EB 

is characterized by weak-intensive linear anomalies with T < 50 km, 

while the longitudinal zonality of AB is displayed by intensive 

anomalies with T < 130 km. Moreover, the anomalies with T > 50 km 

are absent in the EB field whi le AB field is characterized by 
V 

regional anomalies with T = 200-300 km and T = 400-450 km with 

the intensity up to 300-500 gammas. The analysis of component 

and modulus measurements made by "MAGNET" survey is in agreement 

with the data obtained from POGO satellite surveys. A positive 

anomaly with the intensity up to? gammas is observed in the AB 

area at the elevation of 450 km. 

In a line-form transitional zone from AB to EB at Lomonoaov 

Ridge the magnetic field structure is fundamentally rearranged. 

According to SPAN results the transitional zone between two 

provinces is observed all over the distance of AB and EB, being 
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wider from the Asian part and na.rrower to Greenland. 

Thus, two magnebic provinces are observed in the Arctic Ocean, 

as well as in the Pacific, which differ by the structure of geo

physical fields significantly. 

The transitional zones from oceanic basins to continents as 

well as the transitional zones between different-aged oceanio 

basins in the Pacific and Are tio Oceans a.re of.' a certain interest. 

A disturbance of structure in the magnetic and gravitational fields 

is observed in these zones; this disturbance affects all the 

components, regional components with the periods of 500-600 km 

included. It may appear, that these boundary zones are the areas 

with a specific crust type, referring neigher to continental type, 

nor to oceanic. 

The comparison of regions with continental and oceanic types 

of crust show that despite great differences between ancient and 

young oceanic basins the ocean field is characterized by greater 

homogeneity and less complexity of the field structure compared 

with the continents. Moreover, the space structure of continents 

and ocdans fields have some com.mon properties, probably explained 

by similar features in the structure of the lower magnetic-active 

layer of the lithosphere of the Earth. In particula.r, the stable 

minimum available in the spectrum at T = 300-500 km and still 

deeper and more stable minimum available within 800-1,000 km is 

one of those features. These minima may be used as levels of 

field reference in different parts of the world. 
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ON GEOMAGNETIC FIELD LOCAL VARIATIONS RELATION TO 

THE CARPATHIAN REGION TECTONICS AND SEISMICITY 

Abstract 
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The questions of the geomagnetic field local variations re

lations to the Trans-Carpathian trough tectonics and seismici

ty are considered in the paper. It is established that the 

Trans-Carpathians seismicity is not connected with the neigh

bouring territory activity, it is determined by its own earth

quakes. Facts are given about the trough recent activity. The 

questions of P:r;e-Carpathians seismotectonics are treated briefly. 

Zusammenf'assung 

Betrachtet werden Fragen der Wechselbeziehungen zwischen lo

kalen Magnetfeldänderungen und Tektonik und Seismizität von 

Transkarpatensenke. Es wird festgestellt, daß die Seismizität 

von Transkarpatien nicht mit der Aktivität der angrenzenden Ter

ritorien verbunden ist, sondern durch eigene Erdbeben bestimmt 

wird. Daten der rezenten Aktivität werden angeführt und Fragen 

der Seismotektonik des Vorkarpaten-Gebietes kurz behandelt. 

Pes10Me 

PaccMOTpeHbI BOnpOCN B3al-lMOCBH3H noKaJibHhlX H3M0H0HHM reoMar

:tmTHOro nonH C T8KTOHHKOM H ce�CMHqHOCTbD 3aKapnaTCKOPO nporH6a. 

�USSR, Lvov, Institute for Iiechanics and h.athematics Applied 
Problems, Academy of Science, Ukr. SSR 
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YcTaHOBJieHO, 'l!TO ceficr,.m-qHocTI> 3a.KaprraTI:>H He 3BJI3aHa C aKTirn
HOCTI,ID rrpMeraIOO\lDC TeppHTOpMM, a orrpe�eJIBeTCH co6CTBeHHbIMH 
3eMJieTpHC0HHHMH. IlpMBe�eHhl �amwe O COBpeMeHHO:H_ aKTlffiHOCTß rrpo
rH6a. KpaTKO paccMoTpeHH Borrpo01:1 ceiicMoTeHTomnn-1 Ilpe�KaprraTI>H. 

Tb.e Carpathian region belongs�o moderate seismicity, which 

is determined both by l.ocal and by the Romani an ( the Vrancha 

Mountains region), Chechos.iovakian and Hungarian earthquakes. 

Tb..e macroseismic effect, produced by these earthquakes (of mag

nitude 5-7), is the same as the local earthg_uake intensity. 

Three regions: the Pre-Carpathians, Buckovina and the 

Trans-Carpathians single out within the Carpathian region (2]. 

The questio� of the Carpathian region seismicity relation 

to tectonics and physical was treated by many authors [1 - 5]. 

At first there was the opinion that the Trans-Carpath.ian 

seismici ty is determined by the Romanian earthquakes, what is 

presented in details in [1 J. 

Further inestigations showed that the Trans-Carpathian 

earthqua.kes are not connected v.d. th the Vrancha Mountains region 

activity, what is testified by the direct geological relation

ship absence between the compared regions [1]. 

Tb.e Carpathian earthquake tectonic nature is recognized by 

the majori ty of authors D - 5). In a nurnber of papers on the 

question it is noted that the earthquakes are connected with 

the displacement along the main fault zones and, specifically, 

for the Trans-Car:pathian trough: 

- the '.I"Tans-8arpathian fault zone,

the Pre-Pannonian fault zone.
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The Trans-Carpathian seismicity is.caused, first of all,

by the history peculiareties of the region goelogical develop-

ment and is determined by own earthquakes. 'l'his 

principle was of great importance for establis...,hment of the 

fact of exist'enee, wi then the Soviet c·arpathiau region, the 

recent t'ectonic activity, which is being testified by geophysi

cal �ata now. 

So, -the equilibrium disturbance of the Carpathian region 

crust large blocks is testified by the gravity isostatic anoma

lies distribution nature. 

For the folded Carpathians earth crust equilibrium at its 

55 km power and the relief average height about 1 km 1 it is 

necessary to increase the relief height to 3 km. The geological 

and repeated levelling data testify to steady elevation of the 

Carpathians at 2 mm/year speed, begjnning from Neogen and up 

to now , what, evidently, is cormected with isostatic force 

ac·tivity. 

Quite different is with the Trans--Carpathian trough. At 

the ea.rth crust 25 km power to heep isostatic equilibrium con

ditions, the earth surfaee must have marks about 1,7 km while 

the recent relief average height makes average 200 .1n. 

If we take into co nsideration only isostatic forces, 

the trough must he descending now. In. reality, beginniug from 

the holocene, the trough is raiseng i •. e.it_s earth crust will

deviate more and more from the equilibrium state at the speed 

about 1 mm/year [ 3 J. Such directivi ty variety of the crust re

cent movements and isostatic force actions is explained perhaps, 

by the tectonic force influence, caused by the deep processes. 

· The recent trough activity is testified by its geother-
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mal regime. 1he geomagnetic field repeated observation data, as 

a result of which two regions of anomalous secular movement of 

small intensity and size were 

the activation zones too. 

discovered, test:ii f:Y to · 

The first anomaly was fixed near the zalooge village and 

is dependent on the Borzhav.sk:y and Latoritsk;y faults intersection 

with the Bereghovo strip of the horst elevations and the 

Bereghovo-Mukachevo Quarternary disturbance. Tb.e second anomaly 

is dependent an the active zone of the Dolghoye village, which 

is formed by the Borshavsky and Trans-Carpathian faults inter

section with the Gutinskaya ridge transv.erse tectonic seam. The 

above anomalous regions heep their position, but change their 

sign and size wi th the time. Small anomaly sizes 

poin.t at their source small depth, what agrees with the Trans

Carpathian earthquake hypocentre depths. That's \'1hy it is c;_uite 

possible that anomalies are caused by the rock magnetisation 

variatio:q. due to variable elastic stresses [ 4 ]. 

THe repeated levelling data show that withein the Trans...:carpat

hian deep fault the differential vertical movements are absent 

and, at the same time, quite appreciable and usually repeating 

earthquakes are dependet on i t. However, in spi te of the llmi

ted data on the triangulation poin.t displacement it is still 

possible to make some suppositions about the deformation nature 

in the fault zone [ 5 }. ·so, on the Perechin-Dolghoye section in

teract four blocks with opposite motion directions, formling 

in the Dolghoye village region a stressed knot • Hence, on 

the Perechin-Dolghoye section the Trans-Carpathian fault is the 

extension zone. On the section from the Dolghoye v:i.llage and 
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When analyzing the earth crust block horisontal motion 

nature of the fault an(); of the folded Carpathians we see that 

in the soulth-western part of the Chop-Mukachevo trough the 

compression zones are formed and in the south of the Solot

vinsk depression the extension zone is formed. As a result 

of such movement nature observed withen the trough, the Pre

Pannonian foult is under the influence of the compression 

forces on one section, and on the other-under the influence 

of the entension ones. The earthquakes with the hy:pocentres 

at the depth of 5 km order are arranged for it. 

To compare the seismicity with the trough tectonics ele

ments, with the geophysical fields morphology and their vari

atione, and with after geologo-geophysical data we made the 

scheme of the Trans-Carpathian trough earthquake epicenters 

according to macroseismic and instrumental data, the scheme 

of diserete disturbances and block tectonics elements (Fig.2). 

The epicenter scheme shows that the ear.thquakes develop on the 

whole trough territory and also beyong its limits. 

Considering the epicenter spatial distribution nature and 

the 1Tans-Carpathian fault zone tectonic situation, it may be 

takcn as the '.Cl:'ans-Carpathians main seismotec
.v

tonic line. 

·.'ihat concerns the earthquake epicenter totali ty, singles

out the second large Central seismotectonic line, arranged 

for the fault longitudinal zone, extending from Uzhorod tlfough 

J.'.ukachevo, Khust, Tyachev to Siget. The ear:- thquak.es of magni tu.de 

5-7 are connected with this zone of faults.

Alone; the TransTCarpathian trough southern edge, the 
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Fig. 1. The Tran�-,;c.rpathian trouc;h earth crust deformation 

zones. 1 - Pannonian-Volinsk;y depression South-Eas

tern fault; 2 - I're-J>annonian fault; 3 - discrete 

disturbances; 4 - Trans-Carpathian deep fault; 5 -t.iu

.hachevo (r,) and Borzhavsky (B) faults; 6 -Peninsky 

rocks zone; 7)- Marmaroshsky rocks zone; 8 - Chop 

Velikiy Bichkov Deep--.S0ismo-:3oundine; (DSS) profile; 

9 - e;eomaßlletic field secttlar variation anomaly con

tours, 10 - compression zone; 11 - extex,sion zone; 

12 - linear displacement vectors of the triangulation 

points; 13 - Earth electromagnetic fiel� induetion 

vectors; 14 - earth crust large block horisontal 

displaeome.Qt direction; 15 - Pannonian depression; 

16 - Vigorlat-Gutinskaya volcanic ridge., ; 17 - r,;u

kaehevo-Solotvinsk zone; 18 - Chop-Vinogradovo zone. 
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J � 41Zl 50 ki-:::;i-1 7[2j 

0 

Fig. 2. Tllc TI:·tms-Carpo.tliian trough seismotectonics scheme. 

1 - earthquake energetic class,; 2 � intensity mag

netude; 3 - seismotectonic lines: 1-1 - Tr3D.3--Car

pathian dcep fault; 2-2 - Central (Uzhghorod -Tiatchev 

zone of not deeply la.ying faults), 3-3 - P L'e-l'annoniun 

deep fault,; 4 - tra.osversc faults (figu.res in circles): 

1 - Chop fault, 2 - Latoritsa (Mukachevo) fault, 3 -

·3ho.lanno-Irshava fault, 4 - Borznava fault• 5 -Vinog

rac.ovo fLmlt, 6 - Tereblinsky fault, ? - Hovoselitsky 

fault, 8 - Dubovo-!Irushevsky fault, 9 - Kobiletsko

Poliansky fault; 

5 - submeridial direction discrete disturbances, 6 -

Vigorlat-Gutinskcya volcanic ridge,? - ridge discrete 

disturbances. 
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miocene zone of faults and buried volcanoes is observed 1 the 

earthq_uakes of magnitude 5-6 are connected with it and accor

ding to their totality it may be ascribed to the third Pre-Pan

nonian seismotectonic line (Fig.2). Besides the longitudinal 

seismotectonic zones, closely connected with the longitudinal. 

structure, the transverse seismotectonic zonality is outlined 

to9, but it is less obvious. Now we shall give a brief analysis 

of the Pre-Carpathian seismotectonics (Fig.J). So, within the 

Pre-Carpathian trough, its Inner zone, in the Dolina region a 

set of appreciable earthquaker was fixed. The Dolina region coin

cides wi th the Carpathian region gravi ty ·l;he largest depression, 

what testifies to a rather weakened zone, connected not only with 

the rocl� mass defects„ but also wi th the trough development long 

history. The Dolina region is dependent on the Outer-Carpathian 

deep fault, separating the folded Carpathians and the Pre-Carpat

hian trough Inner zone. 

The earthquakes, observed eaclier and recently in the region 

of Velikiye Mosty, Ternopol, 7aleschiky and ;3to:i::ozhynets
1 

are 

situated within the Volino-Podolsky and of the East-European plat

form and are arranged for i ts various structural elements. 'l'he re

gion seismöcity is determin.ed both by local and by the H.omanian 

earthquakes. 80, the Velfild.ye Mosty region earthquakes situated 

within the Lvov· Paleozoic trough (of magnitude 6, the hypocentre 

at 20 km depth), was felt in Zaleschiky and Uhernovtsy. 

The complicated tectonic situation is observed in the rrernopol 

region, where in 1963 the earthquake ·t;oop place •. ·l'ernopol is si

tueted wi thin the South-Western slope of the Dkrainian crystalli

ne shield. Here a set of longitudinally limited faults of longi

tudinal and transverse stretch forming an active tectonic knot,is 

developed. 
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Fig. 3 The Pre - Carpathian seismotectonics eloments 

1. Pannonian - Volinsky transverse depression deep faults:

I - Balaton-Koshitse-PeremiGhel fault, II - Shopurkino

Nadvoriansko-Monastiriysky fault (according to eeophys. data)

2. deep faults:

1-1 Outer-Carpatllian (Cnrpathian) fault, 2-2 Pre-Carpathian

fault, 3-3 Yavorow-Calushsky fault, 4-4 Radekhivsky fault, 

3. Bereghovo approach line

4. faults (figures in circles):

1 - Novovolinsky fault, 2 - Chervonogradsky fault,

3 - Veliko-Mostovsky fault, 4 - Novo-Yarichevsky fault,

5 - Striysko-Peremishliansky fault, 6 - Cremenetsky fault,

7 - Ternopolsicy fault, 8 - Dorokhovsky fault,

9 - Zabolotov - Harodenkovsky fault

5. Buckovina transverse elevation:

I - folded Carpathians, II - Pre-Carpathian trougb inner zone,

III - trough outer zone, IV - Volino-Podolsk and of the East

European platform.
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A .similar phenomenon is also observed in the earthquake 

manifestation in the Zales·chiky and Storozhinets regions, si

tuated within the Buckovinsky transverse elevatiou, which is 

on the Soviet and Romani an Ca.rpathians boundary. 

The joint analysis of the geophysical data, tectonics, and 

seismicity of the Carpathian region showed that the faults 

of different category and their intersection knots and also 

interfaul t structures are the crust stressrl. state discharge 

zones in the form of earthquakes. 

Hence, on the received data basis, the close connection 

of seismic processes with the Carpathian region tectonics is 

observed, and the earthquake epicenter distribution nonuniform 

density depends both on total tectonophysical situation on the 

whole and on individual typical geologo-geophysical peculiarities 
1 

of its structural elements. 
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Some G&pects of geomagnetic field modelling 

for past epochs 

Abstract 
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The magnetic centre parameters are discussed on the base of 
spherical Harmonical analysis of the paleomagnetic and ar
cheomagnetic data. The test calculations demonstrated that the 
irregular distribution of the inital data do not distort the 
conclusion about steady longitudinal field asymmetr-y in geolo
gical and ancient historical epochs. 

Zusammenfassung 

Aus den sphärisch-harmonischen Analysen de� paläomagnetischen 

und archäomagnetischen Daten wurden die Parameter der magneti
schen Zentren diskutiert. Die Ergebnisse zeigen, daß tr-otz 

einer irregulären Verteilung der Ausgangsdaten Aussagen über 
den stetigen Feldverlauf in geologischen und prähistorischen 
Epochen möglich sind. 

PesroMe 

PaccMoTpeHH napa.MeTpu Ma.r'HHTHoro neHTpa no pesy�DTaTa.M 

cwepß't!eCREX rapMOirn-IeCRHX aHMß30B ITMeOMarHHTHIDC H apxeo
MaI'HHTHHX .IJ;aHHbIX. TeCTOBHMH pac'tleTa.MH IlORa3aHO, 't!TO H°epaBHO
MepHOCTD pacnpe.n;e�eHRF.r Hcxo;rumx )];a.HHHX He HORruKaeT B.btBO.IJ;a 

06 YCTOi[qHBott )];OJ!I'OTHOM acllMMeTpHH IlOJIH B reo�orH'tleCRHe H 

IlpOIIIJibie HCTOpH'tleCRHe anoXH. 

The one of the most important results of geomagnetic spherical 
harmonic analysis (SHA) is definition of the Earth's magnetic 
center distribution (MC) and, as a consequence, a possibility 

of the investigation the geomagnetic field asymmetry. The im
portance of MC investigation is confirmed by the following: 

* IZMIRAN, p/o Troizk, Mosc.Obl. 142092, USSR
BWDC-B2, Molodezhnaya 3, Moscow 117296, USSR
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1. The field models based on SHA of historical, archaeomagnetic
and palaeomagnetic data allow to compute the MC parameters
and their variation for different hiatorical epochs and
geological times.

2. There is an evident similiarity in the magnetic fields of
different planets, the Earth and Jupitier reveal equal (in
fraction of radius) shift of their magnetic centers from
the geometrical ones 11] what shows to the principal sig
nificance of the field asymmetry for theories of the field
generation.

3. G. Barta [2) connected the geomagnetic field eccentricity
with eccentric location of the Earth's inner solid core.
The MC location within one longitudinal region could be
interpreted as an evidence to that suggestion.

The main difficulties arising before SHA of the past epochs 
are: 

a) Scarcity of experimental data, their low accuracy and poor
distribution over the Earth's surface.

b) :rJ.easlll.'ements of angular values (D, I of the both) only, more
seldom the field intensity module.

However a comparison between model and experimental values re
vealed .that the results of rough SHA of past epochs contain 
errors comparable with those of the experimental data. 
Theoretical estimations of the errors of module and angular SHA 
confirmed thet statement [3, 4] • 
.An effect of irregular data distribution has been investigated 
by the authors using analytical field model for the epoch of 
1965 [5] • Two problems were discussed: 

A) An effect of the data distribution, providing the data do
not contain any large errors.

B) A probability of occur-ence of the false MC shift, as a

result of combination of gr-eat random errors and poor data
distr·ibution.

The following conclusions are obtained (see tables 1 and 2) 
1. The MC longitudes ( Ä c) are stable enough and are maintained

• 
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within 1J0° - 1700, 148° being the true value for 1965. 
2. Variation in MC latitude ( 'fc) and geocentrical distance (,;;)

are larger and depend mainly on geometry of the mapped area,
not on its dimensions. Data distribution symmetrical relathre
to the equator is the most favourable: data located within
two narrow latitudinal bands ± (60° - ao

0 ), only 12 % of the
Earth's surface, provide better MC coordinates than the data
distributed over the whole hemisphere.

3. If tha analysed field is a field of central inclined dipole
or dipole �hifted along the rotation axis and involves a
great enough random errors, an occurence of the false MC
depends on the data distribution. If the data are symmetri
cal relative to equator, the initial model is reproduced
well enough and the false shift off the geometrical center

Table 1 

In-put Number Area, Magnetic centre Geomag. 

data of % ·to pole 
points Earth <j,Kw, 'f c "C 7c,km (j) A 

The Earth +80°
... 

612 100 0 17° 148° 457 79° 290°

Latitudes :!:30° 252 51 59 19 150 404 80 293 
;t(30°-6o0) 288 40 9 17 147 453 78 294 
;t(6o0-8o0) 216 12 13 18 149 460 ?8 295 

North. hemisphere 324 50 126 9 156 544 ?8 296 
South. hemisphere 324 50 110 8 144 369 ?8 293 
Latitudes ;t(30°-6o0

) 144 19 243 9 152 685 80 303 
+(30°-60°) 144 19 15? 4 164 434 ?8 284 

Seetor 0°-110° 204 28 121 28 143 3?3 ?6 300 
o0

- 60° 119 17 183 25 132 560 ?8 332
70°-120° 119 17 370 46 161 108 74 316 

130°-180° 119 17 294 -10 172 499 ?3 311
190°-240° 119 17 455 -12 144 864 ?5 315
200°-300° 119 17 121 17 158 355 81 30? 
310°--360° 119 1? 276 18 176 590 81 340 

East. hemisphere 324 50 23 19 148 442 ?8 290 
West. hemisphere 324 50 35 16 149 423 ?9 288 

d: MC shift off the "true" one acoording to test "The Earth" 
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will be of few tens of kilometers. If the data distribution 
is latitudinally asymmetrical, the false shift may be great, 
but its direction is random and depends on the configu.ration 
of the area, being covered by these data. In case of the 
longitudinal asymmetry the MC reveais a tendency to move in 
direction, which is perpendicular to the mean sector longitu
de (see table 2). 

Thus, the longitudinally asymmetrical data location leads to 
great errors in the MC coordinates; the latitudinally asymmet
rical location leads to a smoothing of the North-South asyrnme
try, decrease of rc and more uncertain values of MC latitude. 

All said above is of importance for discussion on the rough SHA 
of the Past epochs. Table 2 

In-put 
data 

I The Earth 
Latitudes 

Seetor 

II The Earth 
Latitude 

Seetor 

:!: ao0

+ (.30°-60° )
+ (.30°-60° )

0°-110°

+80°

-

+(.30° -60° ) 
-

0 +(.30° -60 ) 
0°-110°

Magne tic Centre Geomag. 

6km lf'c J.c 'fc, km cp 
14 88° 87° 184 89,8°

.31 81 186 186 89,7 
164 .36 156 181 88,3 
186 42 ,328 244 86,0 

15 45 80 15 78,8 
30 12 72 ,30 78,5 

225 -35 100 225 76,.3 
186 4 ,310 186 79,8 

Pole 

A 

-

-

274 
290 

290,7 
289,2 
281,1 
287,3 

I Axis-symmetrical model: r
0

�171 km, G"H=2000nT, 6'z=4000nT
II Central inclined dipole model:r

0
=0 km, SH=2000nT, G' z=4000nT

A review of the palaeomagnetic SHA is given in [6, 7]. 
The palaeomagnetic data are presented mainly by D and I values 
and are located rather uniformly in both hemispheres (see 
table 3), .Among the palaeomagnetic SHA the analyses for the 
quaternary period and Bruhnes epoch are the most reliable, 
because of better experimental information and presence of 
data on the world liquatories. There are 10 SHA (see table 4) 
for these times carried out using different methods and 
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Epoch Number Element 
of 

points 

Bruhnes 31 S 59 N D, I

lvlatuyama 14 S 36 N D, I

Cretaceous 25 s 56 N D, I

Jurassio 21 S 28 N D, I

Triassic 27 s 41 N I 

Early Triassic 11 S 54 N I 

Permian 17 s 36 N I 

Carboniferous 34 S 51 N D, I 

Magnetic Center 

fc; Ac � I k11t

40° 154° 208 
32 4 343 

-18 135 736 
-39 193 1096 

-9 154 1000 
4 186 873 

11 158 1000 
-14 157 600 

197 

Table 3 

Geomag. 
pole . 

<p A 

88,5° 40°

87 203 
84 228 
75 222 
87 154 
87 333 
82 32 
81 97 

different data combinations. In table 4 the result of recently 
published SHA of Bruhnes epoch [7]is given at the bottom of the 
table by a sparate line because in [8)is given only the range of 
the MC coordinates changes. The authors made an attempt to re
veal time-variations o� the MC movements during Bruhnes epoch 
and carried out a series of 7 analyses. Projections of the MC 
locations onto the Earth's surface are given in fig. 1. Content 
of table 3 is taken from [61 the Bruhnes epoch from [7]. 

In spite .of significant changes in �c,'Pc and Tc the magnetic cen-
ter for. all the epochs (tables 3 and 4), independently of their 
polarity, is located within the middle and low latitudes and in 
a single meridional sector, the shift from the Earth's center is 
varying from 200 up to 1 000 km. It means, that the effective 
magnetic dipole was maintained within one region inside the 
Earth's core. An exception is :Matuyama epoch - an epoch of re
versed polari ty, when MC was shifted in dir·ection of Africa. 
In [6) it is suggested that this might be connected with sharp 
pertu.rbution of Matuyama epoch (the tlper part), what allows to 
consider the whole interval as a single prolonged ·1nversion. 
This might lead to an increase of poloidal field symmetry. and a 
decrease of its submission to the core asymL1etry. Practically, 
such a situation is observed in Matuyama epoch. There are 4 analy
tical archaeomagnetic models for- the time-interval 0-2000 years. 
Two of them are offered by Kolomiitzeva-Pushkov (K-P models) [9, 
10] and two by Braginski-Burlatzkay (B-models) [11, 12].
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Table 4 

Eumber of Magne tic Center References Epoch 
points, 

l/c �c 'fc,km element n 

32, I 2 33 133 242 16 Bruhnes 

32, I 3 48 133 182 2 " 

* 90, I, 20,D 4 43 �136 141 7
II 

�90,I, 20,D 4 55 180 194 7
II 

90, I 4 35 189 275 7 " 

The mean 40° 154° 208 

80, D-I 2 17 187 206 17 Quarternary 

20, D-I 2 45 166 206 17 " 

32, I 2 50 137 196 16 11 

32, I 3 43 171 215 16 lt 

25, I 2 31 143 454 6 11 

The mean 37°
161

° 255 

9, D-I 3 +20° 80°-160° 200 8 Bruhnes 

*Different correlation of weights of D and I.

Nwnber of the in-put points is different in different models, 
but not exceed 20, number of elements used is-of an order of 10. 
The standard deviations between computed and experimental values 
for all the models are, practically, the same and approach to 
errors of the experimental data [13]. 
Our further estimations are based on B-model [11] mainly.
In fig. 1 the MC path from O up to. XVII century is given after 
[ 11), the last centuries from 1700 up to 1975 after !14] and
[ 15] • The :i,lC motion has a. loop-like character, in different
time different directions of the motion are prevailing, but
dur·ing all the 2dh century MC remains wi thin the middle-lati tu
dinal part of the Pacific, where it was located accörding to
palaeomagnetic data (triangles in fig. 1). The changes in
longi tude and 1c var·iations are given in the ins et of fig. 1'.

Changes in longitude may be presented by a cycle with time
length of about 1200 years. The cycle contains the western and
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the eastern branches. In the current epoch the MC longitude is 
approaching its western extremal value, that is con:firmed by 
the fact that between the years 19.65 aiid 1975 the lVIC longi tude 
remained nearly constant. The 1c variations are presented by 
well-outlined osciilations of 500-600 year duration; their 
amplitudes lie within 200-500 1on. The maximal r

c 
values coin

cide in time with the extremal western or eastern MC longitudes. 
It allows us to suggest their common nature. The K-P model 10 
demonstrates a different pattern of the MC movement. The most 
characteristic feature of this niovement is the westward drift, 
but the drift rate varies significantly over all the time
interval. However, if the MC locations v1hen 1c, < 200 lon are rej
ected - in these cases definations of 'fand Ä

c 
may be less relia-

� 
ble - the K-P and B-model don't contradict one another. The 
understating of 1i: in the K-P modal may be due to the SHA pro
cedure. 

To estimate a contribution of the MC movements to the geomagne
tic westward drift, the rate of quadropole field drift was 
computed for the western (1500-2000) and the eastern .(1000-15000) 
br-anches of the MC motion using a well-known expression 'iJ�/a�i/;J; 
The r-ates were computed separately for each phase-angle oCf'-.

1
} , 

A(A!),.J-('l
2,

.i ) ,: /" , I /\ , where phase-angle �. represents 

the :MC longitude, and for summary change o:f all these phase-angles 
( o1-,. (3 ,.. i ) . In the both cases (western or easter-n MC motion) 
the rate ß ( �t ) . does not practically affect the quadr-opole
field dr·ift f'-•f.,+f) within the latitudes + 30° (see fig. 2). The 

. - . 

summary drift depends on combination of drift rates of all three

har-monics. 
It seems possible to offer the following conclusions: 

1. The geomagnetic field asymmetry can be followed back on the
geological time scale; the asymmetry.character being stable
enough. The MC location mainly in the western Pacific can be
considered as manif'estation of this stability.

2. The MC coordinates are changing with characteristic times of
600 and 1200 years; in different epochs different directions
of the movement are prevailing. A possibility could not be
excluded that 600 and 1200-year oscillations are a manifesta
tion of a single proccess.

• 
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Fig. 2 
1 1 2 

The drift rates oC( A 1), ß ( A 2) and '!( � 2) of the quadropole

field. The rates are averaged over latitudinal circles·. 

3 • .An effect of the MC longitudinal motion on the western or 

eastern dr-ift of the quadropole field depends on geogr·aphical 

latitude: the effect is rather great at the middle and high 

latitudes and decreases sharply within latitude band+ 30°. 

It allows us to suggest that the westward drift at low la

titudes is defined mainly by the nonquadropole field drift 

(drift of the world anomalies), which has probably, different 

origin. During the last 500 year, when the data of direct 

measurements are available, the western drift of equatorial 

anomalies can be traced back quite evidently. 

In conclusion we should like to emphasize onc� more the per

manent value of Gauss-Sclmlid t method of spherical har·monic 

analysis for geophysical and geomagnetic investigations. 

0ffered more than 150 year ago, this method remains the most 

perfect one to study the Earth's magnetic field as well as the 

fields of other planet. 

DOI: https://doi.org/10.2312/zipe.1981.070.01



202 

References 

I. }loJirnHOB 111.lll. IIperrpßHT, 15 (I58), 1976, AH CCCP, l13MMPAH,

MoCirna, .31-32.

2. Barta G.: Separata de Geomagnetica, publica9';'.;'.o coillemorativa do
50 aniversario do Observatorio Magnetico des. Miguel, .A9ores.
Servi90 Meteorol6gico Nacional, Lisboa, 1962

3. A,naM J.r;B., EeH:E>RoBa H.II., "IIITorH HayKH H Texmmn", reoMarHeTH3M

H BHCORHe CJIOß aTMoc©epH, BMHIITM, 1976, 3, 88-122.

4. EeH:E>ROBa H.II., IIynIKoB A.H. "IIITorH HayI<H H Texmurn", reo�.mrHeTM3M

H BHCORHe CJIOH aTMOCW8PhI, BMHMTM, 1980, (B rre�aTH).

5. EeH:E>ROBa H.rr.,roJIOBKOB B.II., tfepeBKO T.H. reoMarHeTH3M H Aspo

HOMIDI, 1979, 19, m 5, 898-903.

6. EeH:E>ROBa H.II., IIeTpoBa r.H., XpaMOB A.H., tfepeBRO T.H., C6.

"IIpocTpaH. BpeMeHHM CTpy-RTypa reoMarHHTHoro ITOJIB", 1976, M.,

"Hay-Ra", 59-64.

7. EeHI,KOBa H. II. , roJioBKOB R. II. , KyJiamrn H. B. , tfepeBiw T. H.

C6. "AJiropHT.Mbl H pesyJr:oTaTbI o6pa6oTRH B M:UJl" , M. , 1978, 34-43.

8. KoJiomneBa r .M., IIyruROB A.H., iI>mnrnrroB C.B. C6. "ITpo6JI8MbI

H3yq8Hllii TI8JI80B8ROBhIX Bapnanmi MarHHTHOro IIOJUI 3eMJU'I 11 

' I979'

BJia�HBOCTOK, 16-22.

9. KoJioMHtineBa r .M., TiymIWB A.H. C6. "ITpocTpaH. BpeMeHHM c•rpyKTypa

reoMarHHTHoro rro.JIJI", 1975, M., "HayKa", 72-BI.
IO. KoJio�neBa r.lll., IlytIIKoB A.H. C6. "ITpocTpaH. BpeMeHHaJI CTPYKTypa 

reoMarHHTHOro IIOJUI", 1976, M., "HayKa", 52-58. 

II. EparHHCKHß C.M. reoMarH8TH3M H AspoHOMMH. 1974, I4, R 3, 522.

I2. EparHHCKHM C.M., EypJian;Kaq c.rr. "WHSHRa 3eMJUI", 1979, J,� 12,59-66.

I3. EeH:E>KOBa H.II., EypJian;RM c.rr., trepeBRO T.H. "<I>H3HRa 3eMJIH",

I979, i 3, ?6-88. 

I4. EeH:r,KoBa H.II., KoJio.M1mneBa r.M. "reoMarHeTH3M H AspoHOMHH", I974, 

I4, M 5, 881-887. 

15. Harwood J .M., Malin' S.R.C., "Nature", 1976, 25, 5543, 469-471_.
16. Georgi D.T. "Geoph.ys. J. Roy. astron. Soc"., 1974, 39, 71-86.
17. Creer K. M. et al. "Geophys. J. Roy. astron. Soc •. ", 1973, 33.

245-332.

DOI: https://doi.org/10.2312/zipe.1981.070.01



203 

N.P. Mikhailova, Kiev 

NEW PALEOMAGNETIC RESULTS 
ON THE PRECAMBRIAN OF THE UKRAINIAN SHIELD 

Summary 

Some features of the Precambrian geomagnetic field are discus
sed on the basis of the study of more than 150 dikes in the 
Ukrainian Shield. The age of these is within,2700 to 900 mln y. 
the composition ranges from quartz porphyre to gabbro diabase. 

A prominent feature of the VGP pattern as derived from the Pre
cambrian rocks of the Ukrainian Shield is their concentration 
in the north of the Pacific somewhat east of the known Phanero
zoic polar wandering curve relative to Europa, in the area bet
ween 160°E - 160°W longitudes and o

0
- 50°N latitudes.Two

groups of the poles are :·:,«':Jcognized: one of the age of 1300 -
1800 mln y at 30-50°N latitudes, the other older than 2300-2600 
mln y near the equator. 

The experimental results show that the poles have been calcula
ted from the primary magnetization of the rocks bearing no in 
dication of a remagnetization by the later geomagnetic field. 

The data obtained confirm the reversed nature of the Precam
brian geomagnetic field, the normal field being characteristic 
of the time span 1200-1800 mln y and the reversed one of 2300-
2600 mln y. It is suggested, that the VGP from the Ukrainian 
Shield moved northward away from the equator within the time 
span of 2600-1800 mln y, whereas 1200-700 mln y ago it took 
the opposite direction. 

Zusammenfassung 

Au.f' Grund der Untersuchung von mehr als 150 Proben des Ukrai
nischen Schildes von 2700 bis 900 .iv:ill. J"ahren, deren Zusammen
setzung von Quarzporphyren bis Gabbro-Diabas reicht, werden ei
nige Charakterzüge des geomagnetischen Feldes des Präkambriums 
besprochen. 

Die wichtigste Besonderheit der Verteilung der virtuellen geo
magnetischen Pole (VGP) des Präkambriums des Ukrainischen 
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Schildes ist ihre Konzentration im Nordpazifik, etwas östlich 

der bekannten VGP-Migrationskurve im Phanerozoikum relativ zu 

Europa - in dem Gebiet 160°ö.L. - 160°w.L. und o
0-50°n.B. Da

bei stellt man 2 Gruppen von Polen fest: mit einem Alter von 

1300-1800 Mill. Jahren in Breiten von 30-50°n.B. und mit ei

nem Alter von mehr als 2300-2600 Mill. Jahren in der Nähe des 

Äquators. 

Es wird experimentell festge�tellt, daß die Pole nact der pri

mären Magnetisierw1g der Gesteine berechnet .sind und keine An

zeichen von Einflüssen des späteren Erdmagnetfeldes tragen. 

Die gewonnenen Daten bestätigen die entgegengesetzten Eigen

Echaften des präkambrischen rtiagnetfeldes. Das normale Feld ist 

für den Zeitraum 1200-1800 Mill. Jahre charakteristisch und 

für den Zeitraum 2300-2600 Mill. Jahre das entgegengesetzte. 

Es wird vermutet, daß sich der VGP vom Ukrainischen Schild im 

Zeitraum 2600-1800 l\üll. Jahre vom Äquator nach Norden und von

1200-700 Mill. Jahren in der entgegengesetzten Richtung bewegte. 

PesroMe 

Ha OCHOBam,n,r M3�8H�.JI 6oJiee '!8M I5O .naeR YRpaMHCRoro IllMTa B 
BO3paCTHOM ,UJIIaITa3OH8 OT 2700 .no 900 IVIJIH •. JI8T' COCTa.B ROTOpbIX 
H3M8Hff8TCH OT KBapueBmc rropcpHpOB .no ra66po-.nMa6a3OB, o6cy}KJ];aIOTCH 
H8ROTOpble -qepThl reOMa.I'HMTHOro ITOJIH ,noReM6p1,m. 

BruKHefurrM oco6eHHOCTD pacnpe,neJieHMH BMPTYaJinHhIX reoMarHMTHhIX 
IIOJIIOCOB ,n:0KeM6pID1CRMX rropo.n YRpmrncRoro IllMTa - MX ROHU8HTpauIDI 
B ceBepHOM '!aCTM TMxoro OKeaHa, H8CROJIDKO BOCTO'!Hee M3B8CTHOM 
RpMBOM MMrpaIJ;IiI:M Brll B WaHep0308 OTHOCJIIT8JIDH0 E:spOIThl, B o6JiaCTM, 
orpaHM'!eHHOM ROOp,UMHaTaMJII: I60°B • .n:. - I60°s.,n:. M o

O-5oOc.m. IlpH
"CJ8M Bbl,n8JIH8TCß ;n::se rpyrrrrbl ITOJIIOCOB: 0 BO3paCTOM 1300-1800 MJIH. 
JieT, THroTerouiHX K mMpOTaM 30-50°0.m., M c BO3pacToM .npeBHee 
2300-2600 MJIH. JieT, npMypO'!8HHhIX K rrpM8KBaTOpHaJIDHOH o6JiaCTM. 

3RcrrepMM8HTaJIDHO TIORa3aHO, '!TO ITOJIIOCa paO"CJMTaHbl IIO rrepBI1:'!HOM Ha
MarHM'!8HHOCTH rropo.n:, He HM8100\8M rrpM3HaKOB BJIJIIBHMH 6oJiee IT03,UHero 
MarHHTHoro ITOJIH 3eMJIH. 

Ilo�emme .n:amrne rro,n:-qepRMBaI0T MHBepcHOHHOCTD reoMarHHTHOro ITOJIH 
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;n;oReM6pM. Ilp:vrqeM ,IT,JIH BpeMeHHOro ;n;:tiraIIa3oHa I200-I800 MJIH� JieT 
6oJiee xapa.RTepHO noJie Ilp.HMOtt IlOJIJipHOCTH, a ,IT,JIH HHTepBaJia 2300 -

2600 MJIH. JieT o6paTHOH. Ilpe;n;rroJiaraeTCR, �TO BQ BpeMeHHOM HHTep
BaJie 2600-1800 MJIH. JieT TIOJIIOC ;n;BMraJIOR B OTHOlli8HHH YKpaHHOKoro 
m:tirTa oT aRBaTopa K ceBepy, a B ID:ITepBaJie 1200-900 MJIH. JieT B 
npOTI!IBOIIOJIO�HOM HaIIpaBJieHIDI. 
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The paleomagnetic study of the Precambrian, the longest 

an�oorest studied period of the Earth's evolution, is impor

tant for underetanding geomagnetism and geology. The convincing 

evidenc�f the dipole character of the geomagnetic field in the 

Precambrian, knowledge of the frequency and duration of the 

field reversals, establishment of the morphological features would 

contribute greatly to the theory of the geomagnetic field. The 

paleomagnetic study is no less important in treatihg the prob

lems of plate tectonics and geochronology, for it can assess the 

reality of the continental drift at the earliest stages of the 

evolution of the Earth and synchronous magmatic events on the 

regional a.nd global scale in the paleotectonic reconstructions 

of horizontal and vertical deformations,etc. 

Meanwhile, in studying the Precambrian paleomagnetism ma

ny difficulties are encountered related both to methodical prob

lems and to the core of "the problem of the Precambrian paleo

magnetism". These difficulties are to be overcome as soon as 

possible. One of the most important and complicated problems is 

that of separation of the primary magnetization aquired when 

the rock was formed. This problem is common for rocks of any 

age and composition, but it is especially urgent for the Precam

brian crystalline rocks which have generally undergone a few 
iz 

. stages of metamorphism and tectono-magmatic activation and have

a complex natural magnetization which is the sum of several 

DOI: https://doi.org/10.2312/zipe.1981.070.01



206 

components of similar or different stability dependent on the 

comiPsition and structure of the ferromagnetic minerals in which 

magnetization is concentrated. 

The problem can be solved by a set of experimental tests 

whose techique is being intensively developed at laboratories 

all around the world, but still is not quite good. Therefore, 

the selection of the object for study is of prime importance 

nowadays, especially where crystalline rocks are concerned. 

The first studies of the Precambrian paleomagnetism in 

the Ukrainian Shield were carried out at the beginning,of 60 1 s 

( Kruglyakova, I961; Mikhailova, Glevasskaya, I965 ). Later, the 

work was continued by B.Ya.Savenko, who obtained the paleomagne

tic. characteristics of granitoids. But the main goal of the work 

during that period was selection of basic rocks suitable for 

paleomagnetic studies ( Mikhailova, Karzanova, 1975; Mikhailova 

e�al., 1976; Kravchenko, Mikhailova, 1978; Glevasskaya Kravche

ko, 1979 ).

As a result of these investigations in the Ukrainian Shield, 

the rocke have been recognized whose magnetization is of pri

mary origin. These are mostly igneous rocks, such as diallagoid 

pyroxenite, anorthosite, monzonite,granite, some varieties of 

diabase and lamprophyre. The NRM of these rocks is stable to 

the demagnetizing effect of the alternating field up to I00O Oe 
* 

and a temperature to 500-550° 0. The In(T) curves for these rocke
of one - component magnetization 

genere.lly have a "knee" characterist1cVöf a 1'erromagnetic wi th 

Tc= 500-550°0. The contribution of other magnetizations is not

large and can be neglected ( Fig.I ). 

Such magnetically stable rocke are characterized by.the 
-----

*In= N'RM

, 
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Fig. 1 Typioal results of alternating field and temperature 

demagnetization of dike rocks in the Ukrainian Shield 

a peri-Azovian diabase 

b diabase from Middle Dnieper area (Bazavluk river) 

c and d - gabbro-diabase from north-west of the shield (village 

of Gorodnitsa) 

1 - In-veotor position after alternating field demagnetization,

big triangel denotes several stages of demagnetization 

2 same after heating, big circle - at different temperatures 

3 Curie point spectra 
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presence of fine-dispersed inclusions of the ferromagnetic, ge-

nerally represented by titanomagnetite with a low titanium con

tent and Tc= 550 °C or by magnetite, in the constituent minerals 

( pyroxene and plagioclase, aofuetimes mica and quartz) ( Mi

khailova, Glevasskaya, I965; Glevasskaya, Kravchenko, !979 ). 

This mineraiogical feature .should be considered aspertain cri

terion of the suitability of the rock for paleomagnetic study. 

The use of this criterion i�ery helpful in studying crystalline 

rocke. 

Among igneous rocks, dikes are most promising objects for 
paleomagnetic 
v'study thanks to their origin and geologic position, particular-

ly, their location in the zones of the earth 1 s extension, where 

they indicate the stage of tectono-magmatic activization. Thus, 

the paleomagnetic characteristic of dikes not only provides 
magnetic 

information about the ancient field of the Earth, but is also 

of interest in recoristructing the history of hypabissal meta

morphism in shields and platforms. 

In the Ukrainian Shield, dikes are found everywhere, but 

their highest concentration is observed in the eastern ( peri

-Azovian Massif ), central ( Middle-Dnieper area) and north

west part of the shield; here, they are grouped in belts of dif

ferent width, extension and strike ( Akhmetshina,I975; Krutikov

skaya, et al., I976 ). 

The study of I50 dikes of various composition and age, 

sampled in the regions mentioned ( Fig.2 ) has shown, that the 

greatest information capacity is characteristic of quartz por

phyre, lamprophyre and diabase, that have one-component ancient 

remanent magnetization formed, as mineralogy shows, at the time 

of the rock formation. Such rocks generally have a high Qn ra-

tio and well-grouped directions of ancient magnetization from 
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Fig.2 Paleomagnetic study of dike rocke in the Ukrainian Shield. 

Geologo-tectonic mapping by Z.A.Krutikhovekaya,et al., I976 

I - borders of Ukrainian Shield, 2 - first order fau.lts, 

J - other faults, 4 - borders of dike belts, 5 - Zvizdal

Zalessky dike, 6 - BJ/tyehsky depreseion, 7 - East peri

Azovian granosienite complex rocke, 8 - gabbroid, 9 -

gabbro-anorthosite, IO - rapakivi granite, II - granitoid 

from Novoukrainsky Massif, I2 - rocks of Krivoy Rog- and 

Konsk-Verkhovtsevsky series, IJ - intrageoeyncline faults 

of Great Krivoy Rog, I4 - Sampling sitee for paleomagne� 

tic studiee; circles are for the author's collection, 

triangles - collection of N.N.Shatalov, 15 - East-European 

Platformi 16 - Ukrainian (U) and Baltic (B) Shields. 

Circled Roman nwnbers designate large blocks of Ukrainian 

Shield: IB-Podolsky, II - Bela Tserkov-Odessa zone, III -

Kirovogradsky, IV - Great Krivoy Rog, IVa- Quter West

InguJ.sky zone, IVB - Orekhovo-Pvlogradsky parageosyncline, 

V - peri-Azovian Block.

Circled Arabic numerals show nwnbers of dike belts, 

Arabic nwnbers in double circles point to regione of paleo

magnetic sampling: 1 - dike from Khmelnik region, 2 - area 

of v.Gorodnitsa, 3 - r.Ingul basin, 5 - r.Bazavluk basin, 6 -

basin of r-s Berda and Obitochna, 7 - basin of r-s Kalchik and 

Karatysh, 8 - basins of r-s Kalmius, Gruzsky Elanchik. 

Enclosed is position of the Ukrainian and Baltic Shield. in 

the structure of the East-European Plat�onn. 
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a dike or a group of dikes, that diverge from the present ge-

omagnetic field at the sampling site ( Fig.1 ) • 

The natural magnetio. parameters of dikes vary widely not 

only with composition but also in the same rock. Magnetic and 

non-magnetic varieties are encountered among mafic rocks of 

diabase and gabbro-diabase composition as well as among acidic 

rocks (orthophyre and quartz porphyre ). In diabase, the In

intensi ty ch�,mges from a few thousand t01-ro-6 ämu, Magnetic

susoeptibility also varies in a wide range, but it drops no 

lower than 60xI0-6 emu, evidently, due to the contribution of

paramagnetic constituent minerals in the rock magnetization. 

The In variability exibits a ·certain dependence on the

tectonic evolution of the rock: in the rocks of the same compo

sition the variation is better pronounced in tectonically active 

regions, the secondary superimposed components, here, affecting 

prirnary magnetization stronger. 

Multimethod laboratory studies involving progressive tem

perature and alternating field demagnetization, detennination 

of Curie points, coercitivity spectra, saturation parameters and 

rnicroscopic examination of ferromagnetic minerals, have revealed 

a stable magnetization component for part of the Precambrian 

rocks; the origin of this component and, in some cases, its 

contemporaneity with the rock fonnation have been established. 

Virtual geomagnetic poles (VGP) are calculated from the pri

mary magnetization for the time span 1.0 to 2.7 mlrd y (fig.3, 

table 1 ;Mikhailova 1976;Paleomagn.Directions a.Pa].eom.Poles, '79). 

The prominent feature of the VGP pattern derived from dikes 

and other Precambrian rocks in the Ukrainian Shield is the poles 

DOI: https://doi.org/10.2312/zipe.1981.070.01



212 

3 Q· 

Precambrian Paleoraagnetic Poles from ti1e Ukrainian Shield 

o· B

□• 1

� � 2

L1 � 3

(!X§)4 
◊ ♦ 5

1 - poles from Baltic Shield rocks (solid figures are poles pro
jected on Pacific Ocean /arbitrarily normal/; white figures 
are poles projected on .Atlantic Ocean /arbitrarily reversed 
polarity/) 

2 - same from rocks of Great Britain 

3 - same from Czechoslovakian rocks 

4 - same from dikes in Ukrainian Shield with confidence circle 
of 0.95; stippled confidence circles are for poles from 
Bazavluk dike belt (num.ber II in fig.2); 

5 - other crystallina rocks of Ukrainian Shield: A - anorthosite, 
- granite, H - gneiss, - pyroxenite; nwnbers by poles

are K-Ar age of paleomagnetically studied samples; 

Curves: 1 - Phanerozoic VGP apparent wandering curve by Creer, 
1970; 2 - same from Khramov, 1974; 3 - same in Precambrian 
according to Pooter, 1975; 

• 
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concentration in the northern part of the Pacific, a little 

east of the apparent polar wandering for the Eurasian Phanero

zoic ( Khramov, 1974; Creer 1970 ). This implies in the first 

place that the rocks studied have been remagnetized by the Late 

Paleozoic magnetic field of the Earth. However,the implication 

is not supported by the experimental rnaterials derived frorn the 

study of dikes and other Precarnbrian rocks of various cornposition 

and age ( Mikhailova, 1976; Mikhailova et al., 1976; Kravchenko, 

Mikhailova, 1978 ). 

The poles presented in Fig.3 are calculated from the rocks 

ranging in composition with all the features indicating a stable,
often one-component magnetization , or with a stable component 

separated by the T- and A:F- cleaning. For this reason and taking 

into account the microscopic exarn.:inatio.-a. yesul ts showing the 

primary nature of the magnetization bearing ferrornagnetic, the 

assumption of the Precarnbrian rocks being remagnetizecl by the 

later geomagnetic field is to be rejected and the poles derived 

should be considered characteristics of the Precarnbrian rnagne

tic field of the Earth (Fig. 3, Table i). 

One of the feature of the Precarnbrian geomagnetic field 

is its reversals. To ernphasize the difference in the rocks 

polarity all the poles in Fig.J are shown in the eastern hemi

sphere, the poles in the northern hemisphere ( the Pacific 

Ocean) being attributed to the normal field and those in the 

southern hemisphere ( the Atlantic Ocean and Indian Ocean) -

to the reversed field. Although we analyse discrete fragments 

of the geomagnetic field pattern, one can see in the figure 

that in the time span of I.2-I.8 rnlrd y the field was rnostJy 
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normal, while it was mostly reversed during J.J-3.6 mlrd y. 

Fig.3 also shows that the VGP's derived fall in a swarm 

extended between I60°E and I60°W longitude and from the equator 

to 50°N latitude. Only few poles fall out of this zone for the 

reason that, so far, has not been explained unambiguously. In 

the northern portion of the swarm, there is a compact group 

of poles characteristic of the normal polarity field. These are 

derived from relatively young dikes in the Middle-Dnieper area, 

whose K-Ar age is I.6-I.8 mlrd y, and from other rocks in dif

ferent regions of the shield ( anorthosite, pyroxenite, granite) 

of about the same age. 

The northern poles of the peri-Azovian area dated I.2-I.Jmlrd 

y also belong to this group. 

The VGP's located near the equator are also based on rocks 

ranging in composition ( granite, gneiss, diabase ). Their age 

is more than 2.0 mlrd y; most of the rocks have reversed magneti

zation. 

On the whole, the poles obtained from the Precambrian rocks 

of the Ukrainian Shield are in satisfactory agreement with the 

contemporaneous poles relative to Europe ( mainly, the Baltic 

Shield outside the USSR ), which also concentrate in the north

eastern part of the Pacific. However, the Ukrainian poles dis

agree with the apparent polar wandering for the Precambrian re

lative to Europe ( Pooter, !975 ). This may result from scanti

ness of the information available to the author as well as to 

Pooter. In his analysis the latter used 26 pole determinations, 

I3 of which had been obtained in 60's and , to the author's mind, 

are of doubtful value. Besides, there are no rocks younger than 

r.o mlrd y in our collection, whereas Pooter's equatorial loop
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was derived from younger rocks. 

Generally speaking, only rough determination of the Pre

cambrian polar movement relative to Europa can be obtained now 

using the data available. One can just suggest with care, that 

within the time span of 2.6-I.Bmrld y, the VGP derived frop the 

Ukrainian Shield, moved northward away from the equator. This 

is supported by the results from diabase in the Bazavluk and 

Bobrinetsk dike belt ( Fig.2 ), where paleomagnetically and ra

diometrically dated rocks show a regular northwarddisplacement 

of VGP conformable with the strike of the dikes (Fig.J, pole 

positions are stippled and marked by Roman numbers ). Their 

track bends about 300 mln y ago ( Mikhailova, I979 ). Hence, 

it is not improbable that the pole positions I2OO-IJOO mln y 

ago on the upper branch of Pooter's curve are part of the 

track characterizing the other half-branch with the movement 

from high latitudes to the equator. 

lt shouiti oe noted in conclusion, that the results obtained 

do not claim to be indisputable. This is but the first experience 

in systemetizing the data on the Precambrian rocks according 

to their paleomagnetic characteristics. These data are promising 

not only in deriving information on the ancient magnetic field 

of the Earth, but also in solving the problems of synchroniza

tion of magmatic events in shields, stratification of hypabissal 

rccks sequenc0s and paleomagnetic reconstruction. 
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Rook uid .8uapl1Dg Ag• ot Coordinates Pal&OJ1&8118tiO data 
ana rook of eamplillg Prl.Joary magnetiu-

mln,year■ area Uon direction 
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s. Yu. Brodskaja, Moskau

Summary: 

THE ROLE OF PYRRHOTITE MAGNETIC PROPERTIES 

IN THE STUDY OF THE FORMING OF ROCKS 

219 

There was offered a method of·determination of repeated 

heating of rock upon pyrrhotite magnetic properties. 

As an example the results of study of rocks of two sections 

were considered. It has been shown that the study of pyrrhotite 

magnetic properties allows to determine: succession magnetic of 

intrusions, to determine whether the rock is useful for paleo

magnetic investigation etc. 

Zusammenfassung; 

Es wird eine Methode zur Bestimmung wiederholter Erhitzung 

von Gestein auf magnetische Eigenschaften vo� Pyrrothin vorge

stellt. 
Als Beispiel werden die Ergebnisse von Gesteinsunters uchungen 

an zwei Profilen betrachtet. Ee stellte sich heraus, daß die 

Untersuchung magnetischer Eigenschaften von �rothin die Be

stimmung einer magnetischen Folge von Intrusionen zuläßt, und 

auch die Bestimmung, ob das Gestein für paleomagnetische Un

tersuchungen nützlich ist usw. 

PesIOMe: 

Ilpe�CT8.BJJ.H8TCH MeTO� orrpe�e�eHH.H IlOBTOpHoro HarpeBaHH.H ropHOH 

rropo,II,b! 0 MarHHTHHX CBOHCTBax IlHppOTHHa. RaK rrpIDJiep paocMOTp8Hhl 

pesy�bTaTH HCC�e�OBaHHH Ha �Byx TIPOWHJLJIX• IloKa3aJIOCb, �TO HC

C�e�OBaHHe MarHHTHHX CBOMCTB rrnppOTHHa �orrycKaeT orrpe�e�eHHe 

MarHHTHOH CBHTH ID!Tpys:mi, H orrpe�e�eHHe rrpHrO�HOCTH � rraJieo

MarHHTHHX HCC�e�oBaHHH H T. �-
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The study of condition of formation of rocks includes the 

determination of physical and chemical conditions where the rock 

was during its evolution. Determination of·the rock's temperature 

regime and, namely, the processes of ore occurence is of great 

interest. As iron sulphides are widely spread at ore deposits, 

they were tried to be used for determination of metamorphic pro

cesses temperatures. So, the presence of association of cubanite, 

petlandite and cobaltine points to temperature occurences of the 

order of 300°0 (1}. Solid solution of halko�pyrrite-cubanite takes 

place at 250-300°0 [2]. Hexagonal pyrrhotite occurs at the tempe

rature of·more than 320°0[3]. 

It was considered that monoclinic pyrrhotite occurs at lower 

temperatures than hexagonal one. However lately it has been shown 

that monoclinic pyrrhotite can be synthezied at temperatures of 

325-415°0 [4]and 400 �t0.c: 700°0 [5]. Thus the presence of monocli

nic pyrrhotite cannot show low temperature process. P.Arnold [6]ob

tained the dependence of pyrrhotite composition on the temperature

of the mineral forming but this "thermometer" cannot be used at

temperature region lower than 300°0.

In rock magnetism there were made attempts to determine tem

perature of ferromagnetic minerals magnetization. All offered me

thods were based on the study of natural remanent magnetization, 

determination of its kind, characteristics of -stability and coer

cive spectrum. None of the above methods allows to distinguish 

the primary and secondary heatings of a rock, though identifica-
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tion of secondary heating is principle in many cases. Hereby the 

methods connected with laboratory heating excluded using the rocks 

in which mineralogical changes develop during the experiment. On

the contrary the study of mineralogi_cal changes dur:ing heating 

was the basis of our method. From this point of view pyrrhotite 

proved to be very useful mineral thanks to it characteristic changes 

at definite temperatures [7,8]. In our paper [9] the advised method 

is described. 

In fig. 1-3 the curves of changes of saturation parameters 

of Is, Irs and Hcs at succesive heatings are represented. Hereby 

definite temperatural prehistory was given to each sample (see the 

captures). It may be considered that the rock containing pyrrhotite 

suffered the secondary heating, if: 1) at curve Is/Iso (t0
) there 

are observed a weak "peak" or "step" at temperature region of 210-

26000 (case of J\ -pyrrhotite) and a bend of about 325°c (T
0

) (fig.1), 

2) curves of the changes of saturation parameters of Irs and He�

during heating differ of similar curves of the initial sample (fig.

2-3). It is enough to identificate a repeated heating in order to

solve the following problems: succession magmatic and metamorphic

processes, succession of intrusions [10], to determine whether

the rock is useful for paleomagnetic investigation etc. The tempe

rature of the repeated heating allows to approach to the determi

nation of the tempercture metamor-phic pr·ocesses [10] • 

As an exarnple, we shall consider two sections including con

tacts of metamorphic rocks (metamorphic sediments with pyrrhotite 

mineralization) with peridotites and gabbroids. 

In fig.4 there are Is/Iso(t0
) curves collected from country 

rocks on the.boundary with peridotite body. As it is seen, pyrrho-

tite signific�tly changes approaching the body (thickness 120 m). 

I 

.. 
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Obviously the baked contact takes place here, and, this perido-

tite body is younger than pyrrhotite mineralization. 

In .fig.5 in schematic form there are represented the results 

of the study of pyrrhotite magnetic properties on the contact with 

gabbroide intrusion (thickness 124 m). As can be seen from the 

.figure, pyrrhotite both higher and lower than the bodmy in question 

does not change while approaching it. Pyrrhotite does not carry 

any .features o.f heating (instensity of .A -peak does not change). 

So, pyrrhotite was not heated by intrusive body, hence, pyrrhotite 

mineralisation is younger than this body. 

Thus the fact that pyrrhotite magnetic properties significantly 

change during heating allows to determine: succession magmatic and 

metamorphic processes, succession of intrusions, to determine, 

whether the rock is useful for paleomagnetic investigation etc. 

The temperature of the repeated heating allows to approach to the 

determination of the temper·ature of metamorphic processes. 
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Fig.1. 'l'he curves oL Is/Iso(t0
) in dependence on different tem-

perature prehistory: 

1) initial sample,

2) atter heating till 250°0,

J) atter heating till 450°0.
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G.F.Zagniy 

THE PATTERN OF THE ARCHAEOSECULAR VARIATIONS 

OF THE GEOMAGNETIC FIELD FOR THE LAST 5500 YEARS 

SUMMARY 

The variation curves for the strength, inclination and dec

lination of the geomagnetic field in the Ukraine and Moldavi'{i for 

the last 5500 years,are shown. The I200-yr. period is the main 

one for and caused by eastward precession excentric dipole. 500-

600-yr. variations are generated by stationary sources of the non

dipole field. 

PE3IOME 

IlpßBe�eHH RPßBHe ß3M0H8HM aanp.BJKeHHOCTß, HaRROHeHM ß CERO

HeHAA reoMarH.0.THoro IlOJiff Ha YRpaime .0. B MOJI,IJ;8B}U1 38 IlOCJl8,IlIDle 5500 

R8T. IloRasaao, �TO 1200- R8TH.0.TI nep.0.0� HBJI.H:0TOH OCHOBHblM nep.0.0ÄOM .0. 

.0.3M8H0H.0.H Bcex ROMIIOH8HT ß o6yOROM0H npe�ecc.0.eil 8RO�0HTpßqaoro 

;nßIIOJm B BooToqaoM aanpaMett.0..0.. 500-600-ReTHße Bap.0.a� reaepMpy

;DTCH CTa�oaapHbIMl-1 .0.CToqHßR3llll1. He,IU1.ITOJThHOro IlOJIH. 

ZUSAMMENFASSUNG 

Im vorgelegten Vortrag werden die Kurven der Veränderung 

der Intensität, der Inklination und der Deklination des geo

magnetischen Feldes während der letzten 5500 Jahre in der 

Ukraine und der Moldauischen SSR demonstriert. Es wurde gezeigt, 

daß die 1200-jährige feriode die Hauptperiode der Veränderung 

aller Komponenten ist. Diese Periode wird durch die Präzes

sion des exzentrischen Dipols nach Osten bedingt. Die 500 -

600-jährigen Variationen werden durch stationäre Quellen des

n1chtdipolaren Feldes generiert. 

s.I.Subbotin Institute of Geophysics, Ac. Sc. UkSSR, Kiev.
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By the present. time, a large body of faotual information 

on variations in inolination and strength of the geomagnetio 

field in the past have been aocumulated in oertain regions of 

the globe. However, the results obtained are not suffioient for 

solving the problem of the main period of the field variations 

and their separation into components of different duration. 

Practically no information is available concerning variations 

in aeclination , the study of whioh, even in the regions involved 

in a thorough archaeomagnetic study, oould gain more information 

and lead to essentially new results on the geomagnetic field be

haviour in time and the mechanism of this behaviour. 

In this connection, this archaeomagnetic study is aimed 

at obtaining new results on variations in the geomagnetic field 

components. 

To determine inclination and declination in the past, mea

suremants were made on more than JOOO oriented semples oovering 

a time span of 5500 years.

The directions of the mean vectors of remanent magnetization 

for each object have been derived with high accuracy:�95 
does

not exceed 2 ° for 7I% of dete:rminations and is no more than 8° 

for 96%.
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The strength variation curve for the time epan under conside

ration is constructed on the basis of 985 independent determina -

.tions .of the coefficient K (F a/F 
0

) by different t echniques.

Since the field components are dependent not only on time, 

but also on geographic coordinates, all the results on declination 

( D) and inclina�ion ( I) determinations are reduced to the refe

rence point ( Kiev) using the virtual geomagnetic dipole technique. 

The reduced archaeomagnetic data have been grouped ffithin 

IOO-years intervals and mean values of the field parameters, as well

as their errors, calculated for each interval. 

Fig. I shows the variation curves for the strength ( a ), 

inclination ( b) and declination ( c) of the geomagnetic field 

over the last 5500 years. 

During this period of time K ( Fa/F
0

) changes noticeably from

0.85 to 2.r. The I-value varies widely from 51° in the 35-th 

century B.C. to ?6.5° in the 20-th century B.c. Both the inclina

tiort and strength mean values grow as the present time is approached 

while the variation amplitudes somewhat decrease. 

The D-value changes from 20°w to I8°E, except for the abnor -

mally high value of 5I0 in the 8-th century B.C. 

Comparison between the variation curves for strength and inc

lination of the geomagnetic field shows not only synchronism in 

wave-like fluctuations of these components, but also the general 

trend of their variation. The similarity of the curves cannot resu1t 

from caus.al factors but is due to reasons of the genetic nature. 

The apectral analysis of the sec·ular variation curves for 

the geomagnetic field components over the time span of 5500 
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yeare hae made it possible to reoognize the main period of their 

variation to be 1200 yr. Thie period ie common for all the compo -

nente of the geomagnetic field ( atrength, inclination and decli

nation ). 

As aeen in Fig. I, the main period shown in a dotted line ie 

overlapped by short-living fluctuations lasting for 500-600 yeara. 

These are nonperiodical variations in the form of one-act outbursts 

reoccuring about every 1200 yr. 

Thus, the variations of the geomagnetic field components in the 

Ukraine and Moldavia for the last 5500 yr. include the main 1200 -

year period, trend and short-time 500-600-year cycles. 

To finµ out whether the geomagnetic field pattern for the iast 

5500 years is due to global or regional effects and to construct a 

model for the source of its variations one should analyse informa -

tion from the whole Earth. 

To begin with, let us consider the evidence on the past beha -

viour of the field that can elucidate its ·apatial spectrum. The 

study of secular variations during the Late Pleistocene from the 

Ob' river alluvium has established a 1200-yr. period for fluctua

tions of the geomagnetic field elements / 1 /.

The same period resulted from studying the Narita sediments 

in Japan/ 9 /. The spectral analysis of the global I-curve irrespec-l
tive of the above results produced a clearly pronounced component 

of about 1200 years / 5 /. 

Thus, at least four independent sets of data from the regions 

rather far from each other evidence on the fluctuation of the field 

components with a period of 1200 yr. lt implies that the 1200-year 

period is a global feature of the geomagnetic field. 
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The problem of the 600-year period variation is more diffi

cult to solve. Nevertheles�, the fact that no such variation is. :r•s. 

revealed for the last two thousand years over the vast territory 

of Mongolia and Middle Asia / I, 4 / suggests, that 600-year period 

fluctuations are of a regional nature. 

This conclusion is supported by the analysis of the virtual 

geomagnetic pole ( VGP) wandering paths calculated for the Ukraine� 

Moldavia and Japan. According to our data, VGP moves by loop-like 

curves in opposite directions ( Fig.2 �- It moves clockwise only 

when 500-600-year period variations appear on the inclination and 

declination curves, the duration of the clockwise movement and the 

loop radius depending on how good are these cycles on the D-curve. 

The data from Japan also show, that VGP moves both clockwise and 

anticlockwise / 6 /, the time of the switch in direction and 

dimensions of the clockwise loops disagreeing with our data. This 

proves the existence of the short cycle sources restricted in space 

and operating independently from each other. 

On leaving the 500-600-year cycles out of the curves derived 

and then recalculating the VGP coordinates one finds, that for the 

time span in consideration VGP moved only anticlockwise. Taking 

into account the Rancorn rule by which the VGP wandering direction 

corresponds l'fith that of the source drift in the core, we believe 

that the dipole axis is precessing eastward at a speed of 0.3 °/yr. 

The shortening of the long axes of closed loops, eastward displa

cement of theireenteres andthe presence of a trend are indicative 

of the north- and eastward shift of the main dipole, i.e. of its 

eccentricity. 

The eastward precession of the eccentric dipole on the 
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Pig. 2. Virtual Geomagnetic Pole Poaitiona ot the Ukraine and 

Koldavia tor Every IOO years. The Data is Shown in 

Rundrede ot Years B.c. ( A, B) and A.D. ( C ). 

t 
'1...--------------------

0 100· tiso• 

l'ig. ). Illustration ot the Ea8't Drift of Dipole Field Accor

ding to Archaeomagnetic Data. 

acr 
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Earth's su.rface shows in the dependence of the appearance time 

for an extremum value on longitude: the farther east the observa

tion point, the later the appearance of a certain feature of the 

I - curve. The analysis of the phenomenon involved the archaeomag

netic measurements of inclination and declination in widely separa

ted regions ( England, the Ukraine and Japan/ 2 / ). 

Fig. 3 shows, that there is linear dependence the inclination 

global component and longitude of the observation site. This con

firms the fact of the eastward precession of the main dipole. 

The author has tried to determine the epicentre of the latest 

600-year variation using direct measurements at the observatories

of London, Paris and Rome / 3, 8 / as well as archaeomagnetic re -

sults on inclination reported by other investigatc�s / 2 /. All the 

information is displayed in Fig. 4. As seen, the maxima of all the 

curves occur about A.D. I700 within the accuracy of the dating and 

I - determination. The deviation of the observed field from that 

of the axial dipole is measured in arbitrary units on all the sites. 

The region of maximum d�st6rtion of the axial dipole field points 

to the epicentre of the source of a 600 -year cycle. 

The fact, that the limit I -value is achieved simultaneously 

over a vast territöry, points out that the source of shorttime 

cycles is immobile. 

The stationary sources of the nondipole field are, evidently, 

located at the core - mantle boundary and go through the stages 

of origin , evolution and disintegration. These sources cause 

global anomalies. They ars manifested on the I - curves as 

bellshaped variations lasting 500-600 years. They can be more or 
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Inclination Data by Bauer, !899; Vestine et al.,I94?; 

Bucur, !967; Tarhov,!965; Kovacheva, !968; Burlatskaya et 

al.,!970; Tchelidze, I97I / 2, 3, 8 /. 

lese pronounced on the field strength ourve as well, depending 

on the intensity of the global anomaly. At this time, the D-va

lue is controlled by the relative positions of the main and ra

dial dipoles. According to the archaeomagnetic data fo� the last 

5500 yr in Europe, the global anomaly made its appearance and 

disappearance four times at minimwn. Its life time was 500-600 yr. 
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Thus, the geomagnetic field variations for the last 5500 

yr, studied archaeomagnetically, oan be described in terms of 

the following model. Within the Earth, there is the main eccen

tric dipole precessing eastward at a speed of 0.3 °/yr to 

cause variations with �eriod of I200 yr. Without changing the 

precession amplitude and frequency, the main dipole moves north

eastward forming the trend. At certain points of the core-mantle 

boundary, stationary sources of the nondipole field ( of the glo

bal anomalies) origin, whose life-tirne is 500-600 yr. These 

variations are superimposed on the main 1200-year period in the 

form of separate cycles. 

In terms of stationary sources of the nondipole field, the 

drift of the global anomaly centers can be considered a parti

cular case of interaction between the field from the stationary 

sources and that frorn the eccentric dipole drifting eastward 

at a rate of 0.3 °/yr. 

The drift direction depends on the phase relationship be

tween the fields from the dipole and nondipole sources: the west

ward drift is observed when the sources are out of phase - the 

European and East-Siberian anomalies - and the drift is east

ward when they are in phase - the North-American anomaly-, the 

rate of the drift being different in any specific case.
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Die besondere geologische, geographische, klimatische und biogeo

graphische Situation der Gegenwart ist das offensichtliche 
Ergebnis des Zusammenwirkens krustendynamischer, geologischer 

und paläoklimatisch_er Prozesse unserer jüngsten geologischen

Vergangenheit, des höheren Känozoikums. Einer teilweise recht 

detaillierten Kenntnis der besonderen geologischen, paläogeo

graphischen, paläoklimatischen und paläontologischen Verhält

nisse dieses bis in die Gegenwart reichenden Zeitabschnitts, 

die auf einer mehr als 100jährigen intensiven interdisziplinären 

internationalen Forschung fußt, steht jedoch ein höchst lücken

hafter Einblick in die verursachenden Prozesse und ihre zu ver

mutenden Wirkungszusammenhänge gegenüber. Solange diese Wirk

prinzipien nicht erkannt, in ihren zusammenhängen analysiert 

und in ihrer Wirkung abschätzbar sind, muß uns mithin unsere 

geologische Gegenwart letztlich unverständlich bleiben. 

Eine Grundvoraussetzung hierfür ist die Rekonstruktion des Er

eignisablaufs, der Ereignisfolge zur Bestimmung der zeitlichen 

Zusammenhänge von Ursachen und Wirkungen, von möglichen Re

laxationen und ihren Bedingungen. Aber gerade die für diese 

Rekonstruktion nötige Ereignisdatierung der geologischen, paläo

klimatischen und paläontologischen Zeitreihe bereitet für das 

höhere Känozoikum, für das Quartär wegen der stark eingeschränkten 

Anwendbarkeit physikalischer Datierungsverfahren (14c, K/Ar)

große Schwierigkeiten. Die zyklische Wiederholung der andere 

Geoprozesse beherrschenden oder mit ihnen gekoppelten Klima

schwankungen bedingt wegen der Ähnlichkeit der mit einer Periode 

von etwa 100x10 3J aufeinanderfolgenden Ereignisse, daß diese oft

nicht mehr unterschieden werden können, so daß selbst die Be
stimmung der Anzahl der Ereignisse (z.B. Warmzeiten) bisher nicht 

eindeutig möglich war. So gehen bis heute die Auffassungen über 

Gleichzeitigkeit� Anzahl und Intensität der Klimaschwankungen im 
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höheren Känozoikum auseinander, .ist ein Vergleich der nordischen 

und alpinen Vereisungen noch immer unsicher. 

Erste Möglichkeiten für einen überregionalen Vergleich und für 

die Aufstellung eines fundierten globalen Korrelationsschemas 

für das höhere Känozoikum zeichneten sich ab, als nach der An

wendung des paläomagnetischen Datierungsverfahrens auf Tiefsee

Sedimente auch in kontinentalen feinkörnigen Sedimentserien die 

Identifizierbarkeit absolut datierter Polaritätsgrenzen erwartet 

werden konnte. 

In wenigen Jahren konnten durch gezielte Untersuchungen von rasch 

sedimentierten Lößserien und limnischen Abfolgen auf dieser Basis 

neue wesentliche Erkenntnisse über den zeitlichen Rahmen und die 

Frequenz der Klimaschwankungen im höheren Känozoikum gewonnen 

werden, wobei sich die internationale Zusammenarbeit innerhalb 

des IGCP Projektes "Quartäre Vereisungen der Nordhalbkugel" und 

im Rahmen der KAPG der Akademien sozialistischer Länder als sehr 

nützlich erwies. 

Gleichzeitig wurden neue Beiträge zur Feinstruktur des Paläomag

netfeldes (PSV und Exkursionen) geliefert. 

Vor dem Hintergrund dieser Entwicklung wurde auch am ZIPE 1975 

mit der systematischen Untersuchung jungkänozoischer Lockersedi

mente im Gebiet der DDR und - auf der Grundlage von Akademiever

einbarungen - in der VR Bulgarien begonnen. 

D amit wurden Voraussetzungen möglich, das auf dem Boden der DDR 

aufgestellte klassische Gliederungsschema der nordischen Ver

eisungen in einen weiteren überregionalen und globalen Rahmen zu 

stellen. Diese Untersuchungen wurden gleichfalls im Hinblick auf 

die weitere Präzisierung der paläomagnetischen Zeitskala und der 

Analyse ihres Periodenspektrums durchgeführt. 

Die Ergebnisse dieser Untersuchungen können wie folgt zusammen

gefaßt werden: 

1. Ein großer Teil der bisher untersuchten etwa 30 Profile ließ

sich anhand magnetostratigraphischer Charakteristika strati

graphisch genauer einstufen bzw. in das D atierungsraster

der Polaritätsskala einordnen.

2. Wichtige Abschnitte des regionalen stratigraphischen Schemas

des höheren Känozoikums der DDR können auf der Basis der bis

her registrierten magnetostratigraphischen Kriterien global

korreliert werden.
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3. Die Untersuchungen ergaben eine in Abhängigkeit von der petro

graphischen Beschaffenheit,von den Sedimentationsbedingungen

und von der postsedimentären Gesteinsgeschichte unterschied

lichen Schärfe der stratigraphischen Aussage der bearbeiteten

Ablagerungen. In zahlreichen Profilen ist die primäre Remanenz

durch Verwitterung und Bodenbildungen sekundär überprägt

worden. Die paläomagnetischen Daten enthalten in diesen Fällen

Informationen über die Zeit der sekundären Veränderungen und

das einwirkende Milieu, deren Nutzung jedoch die Erweiterung

des bisher angewandten Methodenspektrums erfordert.

Im einzelnen können die untersuchten Profile auf der Grundlage 

der verfügbaren stratigraphischen Information nach paläomagne

tischen Kriterien wie folgt eingestuft werden: 

1. Pliopleistozäne Schotter bzw. Dolinenfüllungen der Vorrhön

(Haselbach, Kaltensundheim, Sülzfeld) mit wechselnder bzw.

positiver Polarität sind der mittleren bzw. höheren Gauss

Epoche zuzuordnen und etwa zwischen 3 bis 2,4 x 10
6 

J alt.

2. Präglaziale Zersatzkiese (Bittstedt), Zersatzgrobschotter

und Terrassenablagerungen des südwestlichen Thüringer Waldes

und des Werratales (Gerstungen, Breitungen, Sehwallungen)

bzw. des Elbesystems (Klotzsche, Kleingießhübel, Wehlen)

lassen sich anhand der paläomagnetischen Charakteristika

nicht in allen Fällen stratigraphisch sicher einordnen.

Die fraglichen Sedimente sind z. T. stark verwittert und

meist positiv polarisiert. Die normale Polarität könnte

sowohl während der Gauss-, der Brunhes-Epoche oder während

der positiven Events der Matuyama-Epoche entstanden sein.

Einzelne negative Proben mit hoher Stabilität und anomales

Verhalten bei der Abmagnetisierung lassen darauf schließen,

daß das Material mit großer Wahrscheinlichkeit primär negativ

polarisiert war und po·stgenetisch unter Einwirkung eines

positiven Magnetfeldes verwitterte.

3. Für die oberpliozänen Zersatzkiese (Bittstedt) muß danach

eine primär positive, für die hangenden Zersatzgrobschotter

eine primär negative Polarität angenommen werden.

Unter Einbeziehung anderer stratigraphischer Kriterien müßten

die Zersatzkiese dann der Gauss-, die Zersatzgrobschotter,
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wie die Schotter des Jüngeren Senftenberger Elbelaufs, bereits 

der Matuyama-Epoche zuzurechnen sein. 

Mit dieser Interpretation steht die Einstufung der Zersatz

kiese ins Prätegelen und der Zersatzgrobschotter in das Eburon 

im Einklang. Doch bleiben für die Zersatzgrobschotter noch 

die Alternativen Tegelen B oder C4c, wenn nicht gar das obere 

Prätegelen offen. 

4. Die Ablagerungen des.Bautzener Elbelaufs bei Kleingießhübel

sind insgesamt inhomogen unten wechselnd, oben positiv pola

risiert, was einer Einstufung nach terrassenstratigraphischen

Gesichtspunlcten (WOLF, 1978) iYJ.s Tegelen B nicht wiederspricht.

5. Die neue Großsäugerfundstätte Meiningen (Werraschotter) ist

basal negativ, im mittleren und hangenden Teil positiv pola

risiert.

Da nach Kleinsäugerfunden ein präcromerzeitliches Alter an

genommen werden muß, dürfte der registrierte Polaritätswechsel

der unteren Grenze des Jaramillo-Events entsprechen.

6. Der wichtigste magnetostratigraphische Leithorizont des Plei

stozäns, die Grenze zwischen der paläomagnetischen Matuyama

und des Brunhes-Epoche (M/B-Grenze, 7oox10 3 J) wurde bisher

in den Richtprofilen Voigtstedt und Mahlis registriert. Ihr

Nachweis ermöglichte unter Berücksichtigung des geologisch

paläontologischen Inventars eine Präzisierung der Gliederung

des Cromer-Komplexes. Die Lage der M/B-Grenze innerhalb der

beiden Profile bestätigt die nach geologischen Befunden in

England und den Niederlanden vermutete Aufgliederung dieses

Komplexes in 4 selbständige Warmzeit/Kaltzeit-Folgen. Damit

konnte das im Mittelpleistozän bestehende Defizit zwischen der

Anzahl der Klimazyklen in kontinentalen und marinen Ablage

rungen ausgeglichen werden.

7. Ih Geschiebemergeln der Elster-, Saale- und Weichselkaltzeit

wurden Zonen anomaler Polarität registriert, die einerseits

auf Anomalien des Magnetfeldes z.Z. der Moränenbildung, ande

rerseits auf den Sedimentationsprozeß während des Austauens

der Moräne aus dem Gletscher zurückgeführt werden könnten.

Für die erste Annahme spricht der Nachweis anomaler Magneti

sierung auch im Schlepp (Eisstausee-Schluffe) der Saale-I

Moräne. Dagegen zeigten die unmittelbar vor den Elster-Moränen

ab&elagerten Bändertone kein ausgeprägt anomales Verhalten,

während die Moränen i.a. geringere und negative Inklinations-
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werte·aufweisen. Die Klärung dieses Problems erfordert die 

Bearbeitung weiterer geeigneter Profile. 

8. Untersuchungen nordbulgarischer Lößserien ergab, daß offen

bar die gesamte Lößfolge einschließlich des cromerzeitlichen

Fossilbodens FB
7

- bis auf einzelne kurze Events und Exkur

sionen - positiv polarisiert ist. Im Profil Kosar Belene

könnte sich im basalen Teil des ältesten Bodens der Übergang

zur Matuyama-Epoche abzeichnen. Daraus kann abgeleitet werden,

daß in Südosteuropa die Lößsedimentation erst mit Beginn der

Brunhes-Epoche, d.h. etwa 1 Mio J. später einsetzte als in

Zentraleuropa.

9. In jungen Lößen der VR Bulgarien konnte weiter bei Russe und

Silsitra das Blake-Event (114 - 108 x 103J) nachgewiesen wer

den, aus dessen Position auf der Basis der Sedimentations

rate das Alter der hangenden und liegenden Fossilböden abge

schätzt werden konnte, die danach mit den letztinterglazialen

Meeresspiegelhochständen der Barbados-Terrassen III und II

korreliert sind, Hierdurch wird die globale Koinzidenz paläo

klimatischer Ereignisse 1. Ordnung dokumentiert.

10. In Kooperation mit dem ZGI Berlin und dem VEB Geophysik Leipzig

wurden zwei Tiefsee-Kerne bearbeitet. Ein Kern aus dem Azoren

becken wurde magnetostratigraphisch interpretiert. Die regi

strierten Zeitmarken erlaubten wichtige Aussagen zur Sedi

mentation.

Damit haben sich die Voraussetzungen für den Vergleich der geo

logischen, paläoklimatischen und paläontologischen Zeitreihe im 

regionalen und globalen Maßstab erheblich verbessert und erweitert. 

Auf der Basis solcher Datierungen konnte nunmehr mit der quanti

tativen Analyse der die quartäre Entwicklung bestimmenden Pro

zesse begonnen werden. Das betrifft sowohl die Periodizität der 

Klimaschwankungen wie ihre zeitliche Kopplung mit der Variation 

der Sedimentation in kontinentaler und mariner Fazies oder die 

Frequenz der Faunenwellen und die Evolutionsrate. Insbesondere 

machte der globale Vergleich enge Beziehungen zwischen der Ände

rung der paläogeographischen Bedingungen (Drift, Spreading, 

I!ieeresströmung), der progressiven und episodichen Abkühlung 

der V/eltmeere, dem Aufbau der antarktischen Eiskalotte, der 

wachsenden Aridität und der Beschleunigung der Evolutionsrate 
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deutlich. Damit führt die Frage nach den die globale Situation 
im Quartär bestimmenden Wirkprinzipien 1. Ordnung weit in das 
Tertiär hinein. Es zeichnet-sich ab, daß enge zusammenhänge 
zwischen Änderungen des Konvektionsregimes in der Kruste und im 
oberen Mantel,Plattentektonik, Riftaktivität, Tektogenese, Oroge
nes�, Paläogeographie, Paläoökologie und Evolution best�hen, 
woraus neue methodische Ansätze für die Untersuchung der Antriebs
mechanismen der planetaren Entwicklung.hergeleitet werden können. 
Für eine detaillierte Untersuchung dieser zusammenhänge ist eine 
Ausdehnung der paläomagnetischen Korrelations- und Datierungsver
fahren auf das gesamte Tertiär dabei unumgänglich. 

Zusammenfassung 

Für die Analyse der die geologische Entwicklung sensu lato be
stimmenden geophysikalischen und geologischen Wirkprinzipien ist 
die Datierung der regionalen geologischen, paläoklimatischen 
und paläontologischen Zeitreihe eine Grundvoraussetzung. Der glo
bale Vergleich solcher Ereignisfolgen ermöglicht, zeitliche zu
sammenhänge und damit Kausalbeziehungen zwischen geologischen, 
paläogeographischen, paläoklimatischen und paläontologischen Pro
zessen zu untersuchen. Es wird ein Überblick über den Stand der 
diese Zielstellung verfolgenden magnetostratigraphischen Arbei
ten im höheren Känozoikum der DDR gegeben. Von mehr als 30 unter
suchten Profilen konnte der überwiegende Teil durch die Bestimmung 
magnetostratigraphischer Merkmale zeitlich genauer gefaßt werden. 
Durch die Identifizierung der Brunhes/Matuyama-Polaritätsgrenze 
in zwei Richtprofilen kann das Korrelationsschema des höheren 
Känozoikums der DDR mit der globalen Entwicklung verglichen wer
den. Es ergibt sich weitgehende Übereinstimmung hinsichtlich der 
Anzahl und Intensität der klimastratigraphischen Merkmale ver
gleichbarer Zeitabschnitte. 
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Abstract 

For analysis of geophysical and geological principles influenc

ing the geologic development not strictly speaking, dating of 

the regional geologic, paleoclimatic and paleontologic time se

ries is a basic asswnption. By means of a global comparison of 

such series of events it is possible to investigate temporal 

relations and therewith causal relations among geologic, paleo

geographic, paleoclimatic and paleontologic processes. There is 

given a survey on the level reached. of magnetostratigraphic works 

in higher Caenozoic of the GDR concerning tilrlis aim. The vast ma

jority of more than 30 profiles investigated could be seized 

temporarily more exactly by determination of magnetostratigra

phic aigns. By identification of the Brunhes/Matuyama polarity 

border in two· directional profiles the correlation scheme of 

hi�her caenozoic of the GDR can be compared with the global de-
o 

velopment. There is resulting a vast correspondence with respect 

to number and intensity of climastratigraphic characteristics of 

comparable periods. 

Pe3IOMe 

)I,Jr.H aHa.JI:r.rna onpe.ueJI.HromMX reoJiorTR-Iemwe pa3Bl'.ITHe reo(l)ll3lfCiecKr,rx IiI 
reoJior:wqecKIDC npliIHIJ;llil0B .1l8HCTBIDI B lliliip0K0M CR�ICJie, .uaTHpOBa.Hlle 
per:0:oHaJII:>Horo reoJior:wqec:rwro, rraneoKJIIl'.iMaT1ftiecKoro 11 rraneoHT0Jio
r1-ftiec1wro BpeMeHHbIX P.ff.ll0B RBJI.ff8TC.ff OCHOBHOtr rrpe.urroChIJIR0f!. fJio-
0aJI1H08 cpaBH8HMe TaF.IDC ITOCJI8.UOBaTeJI1HOCT8ll OOÖbITllli paspemaeT 
J'!0CJI8)J;0BaT:b Bp8M8HHH8 B3aMr,103aBil!CliIM0CT1'I MTaK rrpJ1'lI,IHHble CB.ff3M 
Me}KJI,y reoJior:vrcreCKvilVIItI, naneorpagiWieCIUIMH, IlaJI80F.JII1M8.Tl1'!8CKI1:M0: M 
IIaJI80HT0JI0rWieCRliI1VIIJI rrpou;eccarvm • .TI,aeTOH o6sop 00 ypoBH8 MarHMT0-
CTpaTwrpamTiqecKMX pa00T B BHClli8M R8.TIH030HCROH spe rnP, 3aHI™arom
liXCH 8TOM D;8JI1IO. Bo.JI:brnyIO tiaCT1 6oJiee 30 HCCJI8,Il;0BaHHbIX rrpo1pHJieH 
M0)KH0 ÖbTJI0 0XBaTHBaTI:, BpeMeHH0 T011H88 orrpe.ueJI8HlieM MarHMT0CTpa
Tlirpa(fiJrqecKIDC rrpitI3HaK0B. IIpH IT0M0ii{ItI M.I(8HT:VIQ1MKaIUrn rpamu.u,I ITOJI
HpH0CTli'f EpyHsc/MaTyHMa. B ,UByx rrpoiprurmc H8.IIpaBJI8HIDI cxeMa RoppeJI
.m.u,n1 BECII1811 Ka11H030ÜCKOM 8pbI M0XtH0 cpaBHHT:b C rJIO0aJI:bHbil\11 pa3Bl1T

:HeM. 0Ka3hlBa8TCH 3HatIHT8JI1H08 C00TB8TCTBH8 0TH0CitIT.8JI1H0 'tIJ.ICJia 

l1 MHT8HCHBH0CTH IOiliIMaCTpaTMrpa�IBieCRI-DC rrpW3HaK0B cpaBHYIBaeMbIX 

nep:r,m,uoB. 

/ 
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Pospalova G. A., Novosibirsk 

EXCURSIONS OF THE GEOMAGNETIC FIELD DURING BRUNHES EPOCH 

Abstract 

As a result of detailed paleomagnetic investigations of 

pliocene-quartern.ary sediments of some regions of the USSR it 

has been stated that during Brunhes epoch thera existed short

term inversions that did not take place - excursions of the 

geomagnetic field. In the summary paleomagnatic section of 

Brunhas epoch one can distinguish as many as 12 excursions, 

the I:J.ost sur.ely stated of them are the last four ones: ,_,12, 

rv 25, ,...,, 43 and "'100 thousand of years ago. Discovered are 

some general and characteristic features of excursions, those 

features served as a basis for the assumption concerning the 

nature of excursions. 

Pes10Me 

B pesy.m,TaTe 71.eT8JibH0ro. naJie0M8rfü1TH0ro :i;13yqem1:H IlJIM0l(eH

qeTBepTJ,PIHblX 0TJI0J[ emiß HeCK0JiblrnX paii0H0B CCCP ycTa.H0BJieH0 ,. tIT0 

13 anoxy EpDHeo cymecTB0B8.JIM KpaTK0Bpe M8HHble HeC0CT0HBIIUl8CH ßH

Bep Cß¾ - 8K0I<ypc� re0M8I'HßTH0ro Il0JIH. B CB071.H0M naJie0MaI'HRTH0M 

paspese anoxß BpDHeo Bbl�eJIReTcH ao I2 aK01<ypcoB, HSMO.oJiee H&

;u.extao ycT 8H0BJI8HHblMß 113 :KOTOpl:lx MO){{HO Ql{I.1T8TI,, noc.ne;u.HHe 'tleTHpe: 

""I2, ~ 25, ~ 4'.3 R ~ IOO Tt:»on•-1 JieT T0MY Hasa,n;. BbIHBJieHbl HeI<o

Topbie o6mRe H xapaKT8pHHe qepTbl SRCI<Yl)C0B, Ha 0CH0BaHHl1 -qero, 

c�eJiaHö npeanoJioMeH�e o HX np�po�e. 

Zusammenfassung 

Als Resultat detaillierter paläomagnetischer Untersuchun

gen der Pliozän - Quartär - Ablagerungen in einigen Gebieten 

der UdSSR wurde festgestellt, daß in der Brtmhesepoche kurz-

" 
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fristige nichtrealisierte Inversionen - Exkursionen des geo

magnetischen Feldes existiert haben. Im pal'oomagnetischen Sam

melprofil der Brunhesepoche lassen sich 12 Exkursionen nach

weisen, von denen die letzten vier, vor~12, ~25,,..., 43 und rv

100 Tausend Jahren, als die gesichertsten bestimmt wurden. Es 

wurden einige allgemeine und charakteristische Z\!tge der Exkur

sionen feetgestell t, auf Grund derer Vermutungen· 'nber ihre Na

tur getroffen wurden. 

Lately a new branoh has been quickly developing in paleomagne

tism - the study of a finer space-time structure of an ancient 

geomegnetio field, of secular variations, the study of the process 

of reversals and short-term aborted reversale - excuraions. New 

paleomagnetic data are an effective aource of information about 

processes taking place in the external part of the core; they sup

ply us with information necees�ry to develop the theory of hydro

magnetic dynamo. They are no lese important for prti.etioal goals 

of stratigraphy and geoohronology, and they are particularly im

portant for dismemberment and correlation of quaternary sediments. 

To study excursione of the geomagnetic field during Brunhee 

epoch, detailed paleomagnetic investigations of quaternary conti

nental eedimerite and bottom eilte in several regions of the USSR 

have been performed. The investigations have been conducted in 

both one sedimentary environment on parallel sections and on ex

posures which are very distant from one another: in the C arpathi

ans ( 4 sections> (Adamenko, Pospelova, Gladilin et al., 1980), 

in the Middle Dnieeter ( 2 sections) lKulikova, 1980), in Western 

Siberia ( 8 sections) (Pospelova, 1971; Poepelova, Gnibidenko, Ada

menko, 1976; Kulikova, Pospelova, 1979), in the eouthern part of 

the Okhotsk See. { 5 cores) (Pospelova et al., 1976). Spots investi-
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gated are located near latitude 50° North but are distent by longi

tude for 124° which makes ,.., 13000 kilometers. 

Some of inveetigated eections (Molodova V, Korman IV in the 

Middle Dniester, Kargapolovo and Belovo in Western Siberia) have 

no lese than two dated horizons with the absolute age being defined 

by radiocarbon end thermoluminescence methods. In the rest of the 

expoeures there are no definitions of the absolute age. But in 

bottom cores of the Okhotsk Sea inicropaleontologic and palynologic 

analyees allowed us to securely estimate the time interval under 

study. In sections of the Carpathiens end Western Siberia on the 

baeis of complex geologic, paleontologic, archaeologic and paleo

magnetic data dismemberment end correlation of sections have been 

performed end the age of sediments hae been approximately defined. 

The main part of rocke under study, bottom eilte of the Okbotsk 

Sea and �lluvial sediments of the Ob' discovered by Kargapolovo 

exposure excluded, ie preeented by loessial loams and · clays separ

ated by fossil soils. S ome of sections have been continuously 

tested with the step 3+3.5 cm, others - with the step 15 cm, still 

othere - with the step JO cm. On the whole, nearly 6000of oriented 

sample rocke have been selected and investigated. 

In general the investigated rocke are weakly magnetic. Magne

tic eusceptibility ( �) in the average is 10+40 x 10-6 e.m.u.,

natur$l remanent magnetization (In) does not exceed 40 x 10-6 e.m.u.

wi th the exception of parts wi th hightened values � and In which

are timed, as a rule, to horizons of fossil soils, and of rock of 

the Kargapolovo section whose �
ag 

is ·150 x ,o-
6 e.m.u., Inacr -

80 >< 10-6 e.m.u. Some of seetions are rather homogeneous by ecalar

mgfpletic parameters (F igs. 1, 2) , others have a wider range of 

changing magnetic parameters (Pigs . .3, 4). Values of K·onigsberger 

.. 
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Fig. J. Lithology and magnetic characterietica of rocke 

of aome part of the summary seotion Kargapolovo. 

1 - humussial loam, 2 - eparse�ness of magnetic parame

tera on a stratigraphic level. 

Fig. 4. Lithology, magnetic characteristics and paleo

magnetic section of the exposure Elunino I. 

1 - compact loam, 2 - zone of revereal polarity. 
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factor (Q) vary from 0.1 to 6. 5. Tbe maximal valuee of Q are, in 

general, typical of fossil soils. Viecous remanent magnetization 

(Ir) of the moet part of the rocks makes 5 -:-1� of In rocke,

that of a smaller numm r of rocke is 4<Y' of In. T o single out the

primary remanent magnetization (I�) from the general vector In,

neceseary laboratory magnetic cleanings of rocke have been used: 

all aamples of the collections underwent time magnetic cleaning 

('Z:'), 70 % of samples underwent tbe cleaning by the alternating 

m&gnetic field (H) and temperature (T). 

Both by the first measurements of the vector In and after

magnetic cleanings having been performed, the character of the 

change of the direction of In in sections has been in general pre

oerved. In ·all the sections marked are two regimes of behaviour 

of the direction of the vector In• Against the background of small

oscillations of declinbtion and inclination values, thin horizone 

representing paleomagnetic anomalies are fixed. As paleomagnetic 

anomalies we took the horizons of rocke whose data showed the vir

tual geomagnetic pole (VGP) to be to the south of latitude 45°. 

In the sections of the Middle Dniester,two paleomagnetic anomaliee 
for each, have been marked (Fig. ·2), 4 paleomagnetic anomalies 

have been noticed in the Carpathians in the summary section Ber�

govo, 5 anomalies in Koroljevo, 6 - in Nizhny Koropetz (Fig. 5). 

Altogether 9 paleomagnetic anomalies in the Ukrainian sections 

have been marked, some of them, poeitively marked in two or more 

sections, can be said to be stated for eure, others demanding 

further confirmance. 2 anomalies have been found out in tbe cores 

of the Okhotsk Sea (Fig. 6), 1 anomaly - in the Kargapolovo sec

tion (Fig. )) , as many as 8 paleomsgnetic anomalies - in the sec-
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tions of near-Ob' plateau of Western S _iberia, 7 of them being dis

covered in the same section (Fig. 4). Separated and correlated at 

a. large area of the near-Ob' plateau (more than 10000 1an2) paleo

magnetic anomalies have different reliability degree. Mostly po

sitively stated are considered to be 2 anomalies in the time inter

val of 100+200 thousand years ago. 

T o stca.te the nature of p&leomagnetic anomalies special expedi

tionary end laboratory investigations have been done. As a result 

it was stated that there are no mechanical and physico-chemical 

cauees for paleomagnetic anomalies to appear. The dependence of 

horizons with anomalous magnetization on the lithology of rocke 

was not discovered. Anomalously magnetized horizons have been 

traced both in eoil horizone and in the beds o _f loam and clay. 

Rocks with normal magnetization In and with the anomti.l.ous direction

of In do not differ by the structure end size of magnetic minerale

investigated by mineragraphic, X-ray structural and magnetic ana

lyses. Differencee in the nature of In confirmed by experiments

on laboratory resedimentation in both the rocke are also lacking. 

On the other hand, one 'Call observe accordance of time and strati-

graphic position of anomaliee in parallel and distant sections. 

All that allows us to interpret the abovementioned paleomagnetic 

anomalics as a real geophysical phenomenon conditioned by changes 

of the geomagnetic field. 

Thus we may draw a conclusion that excureions of the geomagne

tic field did ex:Lst during Brunhes epoch. In the summary paleomag

netic section of Brunhes epoch 12 excursions have been eingled 

out (Table 1). The last four of themi r-.J 12, - 25, -- 43 and - 100 

thousand years ago - can be considered the most surely stated ones; 

the excursion of,..,,,, 200 thousand years ago and the first one after 
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the Matuyama-Brunhes reversal are said to be the lest positively 

stated. That is, during Brunhes epoch there ocoured no lese than 

at least 10 excursions of the geomagnetic field, the greater part 

of them being traced in different spots•of the Barth remoted for 

thousands of kilometers. C omparison of the obtained data wi th 

those of literature in general_confirms the glob&l character of 

the excursione' revealing (Svytoch et al.-, 1978; Tretyak, Volok, 

1976; Bucha, 1976;N·oel, T arling, 1975; Smi th, F oster, 1969; Vero

sub, B anerj ee, 1977; Wiegank, 1979 and me.ny others) • During the 

last.700 000 years the frequency of excursions' revealing does not 

satisfy the periodicity law and makes in the averc:ige 105-104 years. 

Tbe analysis of tbe excursions stated on natural exposures 

and boreholes shows that each of the excureione is, at least 

short-term, complete reversal of the geomagnetic field; before 

and after tbis reversal one may observe perturbatione of the fi

eld wi tb great variations of declination and inclination (T able 2) • 

The duration of excursions on the basie of their age being pre

ci sely determined, end on a rough approximate estimation ( judging 

by tbe thicknese of paleomagnetic anomalies) makes from 700 to 

6 000 years. The main part of excureione has the duration of ,.., 

2 000 years ( T able 2) • The duration of excursions of about 10 3

years is close to the duration of reversal procese in the transi

tion of the geomagnetic field from one polarity to the other. 

The fact that excursions take pl�ce againet the background of 

lowered values of In• Q, of the reeedimentation coefficient P,

laboratory field He for which IrI"I� (Fig. 7), ie an interesting

peculiarity of excursions. However, such a behaviour is not fixed 

on all the sections etudied. In the cases when an excursion 1s 
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studied on large actual material, one cen easily see that just at 

the moment of a short-term complete reversal field sharp decrease 

of In• Q, P ( see Figs. 2, )) takes place. That 1s, perturbations

in the direction of the field are also accompanied by sharp per

turbationo in the geomegnetic field inteneity characterized by its 

decrease during the excureion with the preceding and following 

increaee (T able 2). 

Open so far is the question of characteristic features of each 

excursion. The difficulty is that the impresivenese of the mate

rial at band is different for different sectione. One may get an 

impression that an excursion of the same age discovered in diffe

rent spots of the Earth has common featurea in the character of 

VGP path. For example, du.ring the excursion of rv 25 000 years ago 

the path of VGP has the directed transition from the region of 

the Arctic Ocean to Africa end backwarde, wi th the sharp jump to 

the South Pole, according to tbe data of both the Dniester, the 

C arpathians end the Okbotsk S ea (F ig. 8). As for excursions of 

different age, they differ in tbe type of VGP path with some modi

fication. We could only give the final answer after additional 

investigations. According to the data of the Kargapolovo excursi

on · which has been more thoroughly investigated, tbe average velo

ci iiY of VGP during the excursion is rather high, more than 50 Ion 

per year. 

To explain the mechanism of excursiona' formation, different 

modele have been proposed (Barbetti, M�lhinny, 1976; Verosub, 

Banerjee, 1977; Petrova, 1980 etc.). From the aforementioned materi

al one can see that the singled out peculiarities in the behaviour 

of the geomagnetic field during an excursion, in principle, well 
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agree with eome characteristic features of the field during re

versals (Burakov, Gurary, Khramov et al., 1976; Petrova, 1977 

and others). Possible is the aseumption of the same nature of 

phenomene. taking place in the dynamo mechanism. The role of the 

trigger mechanism is performed by secular variatione conditioned 

by the processes on the core-mantle boundary. 
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Guskova E.G., Leningrad* 

THE ROLE OF STONY METEORITES IN THE STUDY OF EXTRATERRESTRIAL 

MAGNETISM 

A b s t r a c t 

Data on statistical analysis of natural remanent magnetiza
tion In and magnetic susceptibility 83 for 400 samples of stony
meteorites of Land H types and of samples of meteorite shower 
Pultusk are given. The results sbow that In is quite stable and
1s of an extraterreetrial origin. The comparison of eummary dis
tribution of Qn = I

n
/0.5 83 value for stony meteorites, lunar

rocks and earthen basalts showed that the magnetization of stony 
meteorites 1s lese susceptible to other influences than lunar 
rocke. 

P e a1>�e 

IlpzBOÄHTCR ÄaHHHe OT8THCTW'18CKOI o6pa60TKB aHaqeazl ecTeCTBeB
BOI OCTaToqaon aauarBH118HHOCTH In B MarHHTBOA BOCßPHffllqHBOCTHcB 
ÄJIH 400 o6paa®B KaMeBHHX MeTeopHTO:& L H H TBilOli M o6paa�OB ue
TeopHTHOro ÄO�fi Pultusk • Peay.nI>TSTl,I no1Caa1,1:ea10T, 11TO In 0'18Hll 
CTa6WILHa m m,eeT BHeaeuaoe npoRCXOJQeHJde. CpaBHeHHe CBOÄBoro 
pacnpeÄeJieBHff BeJIH'IHBY Qn = In/0.5 ae ÄJIH KaM8HHYX ueTeOpHTOB,
JIYHHYX nopoÄ H aeUH:WC 6aaam,TO�llB14Ä8TeJIJ,OTByeT O TOM, qfo sauar� 
uzqeuHOOTll KaYeHHHX MeTeopHTOB ueuee noi:eepzeH8 BHemBHM B08Äel
CfBHßll, qeu JiyBBhlX nopo1.

Z u s a m m e n f a s s u n g 

Die Daten der statistischen Analyse der natürlichen Rest
magnetisierung In und der magnetischen Suszeptibilität cE wer
den für 400 Proben der Steinmeteoriten-Typen L und Hund für 
Proben des Meteoritenregens Pultusk vorgestellt. Die Ergebnisse 
zeigen, daß In sehr stabil und extraterrestrischen Ursprungs
ist. Vergleiche der Summenverteilungen von�= In/0.5 für
s·teinmeteoriten, Mondgestein und irdischen Basalt zeugen davon1

�LO IZMIRAN, 199053 Leningrad, 2� Linija, USSR 
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Magnetic properties of stony meteorites of different types 

(1-3) received the most serious study. The results obtained con

firm that such studies may be conducted on the basis of the me

thod of investigation the magnetic properties for paleomagnetic 

research. 

Some additional data about the magnetic properties of stony 

meteorites can be obtained from the study of distribution of 

values Qn = Ir/0•5 ae, where In - natural remanent magnetization,

ae - magnetic susceptibility of the sample of meteorite. It is 

known, that Qn is the characteristic value in the rock magnetism.

Distribution of Qn values is presented for 193 samples of

meteorites type L (contain of kamacite is to 12 wt %), for 92 

samples of meteorites type H (contain of kamacite is to 25 wt.%) 

and 120 samples of meteorites of meteorite shower Pultusk (type H), 

there are the samples of one meteorite body, size of which is 

?Ox?Ox70 cm3 according to the quantity of material gathered on 

the Earth. The distribution of Qn 1s presented in fig. 1; as can

be seen from fig. 1, the curves are practically identical� 

To compare the kind of the distribution the statistical 

characteristics of Qn distribution for each of these types were

calculated. As the distribution differs from normal distribution 

alid the number of samples is vast 4 statistical characteristics, 

i.e. Qn - average value, dispersion s, asymmetry A and excess E,

. are calculated by the "method of classified data" wi th the help 

of us·ua1 form.ulae of mathematical statistics (4). The data are 

presented in Table 1; the characteristics are identical for all 
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types of meteorites - that is the distribution of magnetization 

for meteorites of type Land H fallen on the Earth in different 

places at different periods of time is similar to that of one me

teorite body. Such a similarity is likely to confirm the uniform 

nature of magnetization In and its extraterrestrial origin.

Type 

L 

H 

Table 1 

Statistical Characteristics of Qn Value Distribution

for Stony Meteorites of Different Types 

Number of samples Qn s A E 

193 0.22 0.17 1.0 o.6

92 0.27 0.18 1.0 0.9 

Pultusk 120 0.22 0.15 1.4 2.9 

( type H) 

C arbonaceo us chondri tes C are too few in number to provide 

any reliable statistics. As each of the samples is unique it is 

very important the date of the mnvestigation of magnetic propez

ties of the samples of carbonaceous chondrites from different 

collections. The values of magnetic properties of carbonaceous 

chondrites we obtained and those from literature when compared 

prove to be next to identical - the dispersion of values does 

not exceed 1 order. Such similarity_of In values for samples

preserved in the different collections of the world and measured 

in different laboratories is the sign of high stability of I 
n

and the uniform nature of it. In other words the magnetization 

In might appear at the time when all the samples of one carbona-
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ceous chondri te had been the parts of one intact meteori te body 

which means before it a�rived on the Earth. 

For ordinary chondrites such comparison is not easy to con

duct due to the variability of meteorites in collections. The 

cpmparison for some particular samples gives the identical values 

of magnetization In•

In the process of investigation some of the samples of stony 

meteorites were cut into some oriented parts to compare the distri

bution of the direction of In vector along the sample. The data

are presented in Table 2. 

Type 

Table 2 

Qn Values and Direction of In for the �arts of one

Stone Meteorite 

Name and number Qn Inclination, Declination, 
J 0 

' 
D o
' 

C III Allende 1 2.3 30 89 

Allende 2 2.0 35 79 

Allende 3 3.5 20 95 

L Farmington 1 0.14 -39 135 

Farmington 2 0.15 -24 168 

Farmington 3 0.13 -21 148 

L Kunashak 1 o.60 8 350 

Kunashak 2 0.54 16 3 

H Hessle 1 0.11 10 265 

Hessle 2 0.03 30 290 

In spite of the fact that the shapes of samples abe not iso

metrical and the angular values of inclination J and declination D 
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are similar for the parts of one meteorite. For lunar rocks the 

data did not show the uniform distribution of In along the sample.

That can be accounted by unusual conditions on the surface of the 

Moon (6, 7). Table 2 does not give the data for the rocks as it 

is obvious that the follow the same pattern as that of meteorites. 

Summary distributions of Qn value for stony meteorites were

compared to those for lunar rocks (8-10) and rocks-basalts (11). 

Such comparison shows a sharp increase of the distribution of Q
0

for stony meteorites. 

Having summarised the data about magnetic properties of meteo

rites of all types together with the results of statistic analysis 

we come to the conclusion that the natural remanent magnetization 

In is quite stable and has extraterrestrial origin. Unlike lunar

rocks, whose magnetization is changing under the influence of spe

cific Moon conditions, the magnetization of stony meteorites is 

lass susceptible to outer influences. The results obtained in the 

study of magnetism of stony meteorites help us to understand the 

physical conditions at the time of its origin and make it possible 

to evaluate the ancient magnetic field using paleomagnetic research 

methods. 
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Gapaev A.K., Pechersky D.M., Sharonova Z.V., Moskau* 

TITANOMAGNETITE OXIDATION AND MAGNETISM OF DCEANIC 

BASALTS 

Abstract 

269 

Magnetic properties of oceanic basalts from Atlantic and 

Pacific are due to titanomagnetites and the products of their 

oxidation, both if these products have only one phase and several 

phases. The composition of primary titanomagnetites determined 

by microprobe and thermomagnetic analyses is homogeneous for ba

salts under thermotreatment .(T=1000°C) in neutral medium. Hereby 

Fe is ca:bried out from titanomagnetites. Such a process is possible 

in nature at low temperature oxidation. 

Pesroue 
ImrHHTHble CBOffCTBa OKea.HWieCRIDC 6a88JII,TOB ATJiaHTlfCieCKOro OKeaHa 
n TMXoro OReaHa 6asnpyroT Ha THTaHOMarHeTHTax n nx npo.nyKTOB OKUC-
Jiemm, KOr,II,a 8TH npO,n;yRTliI liIM0IOT H TOJII,IW O,II,Ha cpasa H HeKOTOplite 
q)8.3IiI. COCTaB nepB�HbIX Tl-!TaHOMarHeTßTOB, onpe,II,eJieHHI:iiff MHRpO3OH,IJ;H
poBaHM8M ß TepMOM8.I'HHTHLIMII aHaJilfüar,m, ,nJIH 6a3aJII,TOB D;O.IC T0IIJIOBOfi 
o6pa60TKOii / T = IQQQOC/ B.HefiTpaJil>HOi1 cpe,ne O,II,HOpO,II,0H. Fe 
OTBe,II,eH OT TßTaHOMaI'H8THTOB • TaKoi-� nponecc BO8MOJKeH B rrpnpo.ne rrpH 
ORßCJieHIDIX IIO,II, HH3RllJ\lli TeMrrepaTypru,m. 

Zusammenfassung 

Die magnetischen Eigenschaften ozeanischer Basalte aus dem 
Atlantik und dem Pazifik sind zurückzuführen auf Titanomagne
tite und ihre Oxydationsprodukte, wenn diese Produkte nur eine 
oder auch verschiedene Phasen haben. Die Zusammensetzung pri
märer Titanomagnetite, die durch �ikrosondierungen und tbermo-

*Inst. Fiz. Zemli, Moskau D-242, Bol. Gruzinskaya 10
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magnetische Analysen bestimmt wurde, ist für Basalte unter 

Hitzebehandlung (T=1000°C) im neutralen Medium homogen. Hierbei 

ist Fe von Titanomagnetiten abgeleitet. Solch ein Prozeß ist in 

der Natur bei Oxidationen bei niedrigen Temperaturen möglich. 

It is known that primary titanornagnetites in oceanice basalts 

are considerable altered. In most cases it is low temperature 

oxidation process leading to arising of titanomaghemites, more 

rarely - it is unmixing. 

Our investigations have shown that the degree of these alte

rationsespecially singlephase oxidation depends on alterations of 

basalts as a whole. Strongly developed processes of oxidation on the. 

final stage lead to unreversible alteration of composition of pri

mary TM grains because of more active removal of iron ions from 

TM grains in the process of their alteration. 

Investigation of basalts altered in different degree and ti

tanomagnetites from these basalts was carried out on a collection 

of basalts of different ages, obtained by drilling and dredging in 

different parts of Atlantic and Pacific. One of the methods for 

determination of composition of TM in basalts was their high tem

perature treatment in neutral media or vacuum. The conditions of 

treatment were as follows: T= 1000°
0, time duration 15-30 minutes. 

Curie points were measured before and after temperature treatment. 

Besides the magnetic parameters reflecting concentration and coer

civity of magnetic grains were measured. For pilot samples altera

tions in TM grains were studied with the help of raster-type elect

ron microscope and X-ray phase analysis. The composition and homo

genities of grains were determined, besides thermomagnetic analysis 

by electron microprobe "Camebax". 

• 
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According to magnetic characteristics before and after high 
<la.f€e). 

temperature treatment all the samples were divided into four � 

The first group samples are the petrographically fresh basalts, 

usually completely crystallized, containing large homogeneous 

grains of titanomagnetite (more than 40. fm). Their Curie points are 

110-150°. They correspond to Curie points calculated upon micro-
(taiee)

probe d� are c.lose to the middle Curie point calculated for

oceanic basalts according to world data which is 130°0. The ther

momagnetic curves are reversible. Curie points do not change after

thermotreatment. Magnetic parameters reflecting structural peculia

rities of grains are typical for multidomain grains. The sa.mples of

the second group are usually petrologically fresh and well crystai-
measured

lized basalts. But in distinction from the first group the Curie

points of these basalts differ from the calculated ones. In pro

cess of high temperature treatment the homogenization occurs, as

a result of which calculated and measured Curie points drow toge

ther ( table).

According to electron microscopic and magnetic data the se

cond group can be divided into two subgroups. 

Subgroup IIa contains grains of titanomagnetite which are 

highly homogeneous upon microprobe and electron microscope data. 

Measured Tc are usually less than 250°c, thermomagnetic curves are 

close to reversible, the samples are magnetic soft. Calculated Tc 

are lower than the measured one. This fact coupled with grains 

hanogeneity point to singlephase oxidation. In 0' Reilly and Read-

man•s diagram intersection of isolines of Tc and lattice pa-

rameters sb.ow that the oxidation degree does not exceed 0.4. 

Curie points of subgroup IIb are higher than 250
°

. Thermo

magnetic curves are close to the reversible ones. Many grains 
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Table 

Typical characteristics of samples of oceanic basalts before 
and after thermotreatment 

Group Sample Curie point, Tc, 0
c Ihom.

s 

Ist Irs
calculated measured measured af- Iinit. Iinit. rin!t. 
initial initial ter treatm. s s s 

I 412-78 135 150 140 0,5 0,95 0,09 

IIa 407-8 125 210 110 0,51 1,06 0,11 

IIb 418A-465 160 350 130 0,5 0,84 0,03 

III 41?D-94 160 280 350 0,6 1,5 0,2 

41?D-122 90 350 500 0,8 1,3 0,12 

IV 1028 -20 320 575 13,6 ?,0 0,3 

r!nit. - saturation magnetization initial; �om. - saturation magnetization after high
temperature treatment in argon or vacuum (T::1000°C, T= 15-30min.). 

0,1 

0,35 

0,1 

0,45 

0,8 

0,9 

Ist - saturation magnetization after thermomagnetic analysis (heating in air to 600°c,;
Irs - remanence initial; Z - singlephase oxidation parameter.

z 
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have unmixing structure what can be seen distinctly with the 

help of elec tron microscope (fig.1) . Upon O'Reilzy and Re ad.man dia-

gram the degree of their oxidation i s very low, less than 0.1. 

This fact allows to suppose that unmixing and singlephase oxi

dation do not coexist in the same grain. 

After thermotreatment Curie points in both subgroups de

crease to 100-180° and become close to the calculated ones and 

to Curie points of I group (table).It means th at both rather low 

singlephase oxidation and unmixing do not disturb the composi

tion of primary titanomagnetites grains and do not prevent the 

reconstruction of primary titanomagnetites by homogenization 

processes. 

The fourth group includes basalts with features of high 

alterations. As a rule, they are pillow-basalts with very fine 
��� sceleton grains and many thin fractures( Their magnetic charac-

teristics are very typical for pillow-lavas with strong single

phase oxidation: a) magnetization is lower than for I group; 
(Ji9 3' 

b) thermomagnetic curves are of P-Neel-type charac�s for

I and II groups. It means that all these curves have maxima, 

but :for I and II groups maxima are in the temperature intervals 

lower than 20°c, while for Dl group the samples maxima are in 

the interval of 100-200°C; c) usually T are 300-400°, but 
C 

thermomagnetic curves are irreversible and after heating till 

600° a mineral appears with Curie point exceeding 500°c, that 

is magnetite. Saturation magnetization increases hereby 3-10 

times; d) the samples of this group are magnetically harder 

than of the others ones; e) there are no unmixing features. 
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The degree of singlephase oxidation exceeds 0.8; f) calculated 

Curie points are lower than for the other groups (table). 

By thermotreatment magnetic minerals of these basalts 

are being destroyed. Instead of homogenization arising of mag

netite takes place and magnetization increases 3-10 times. As 

it can be seen under electron microscope titanomagnetite grains 

become coroded and are of h1ghly inhomogeneous structure (fig.4i 

There are also samples which characteristics are inter

mediate between the second and fourth groups. It is the third 

group in the table. 

Thus we can see that the composition of primary titanomag

netites in oceanic basalts�ighly homogeneous comparing with 

continental and volcanic basalts. Tc of oceanic basalts are 

always close to 150
°
c, for the others Tc varies in wide limits . 

As a rule increasing of Ti-contents in titanomagnetite grains 

reflected in decreasing of calculated Tc is connected with the 

removal of Fe-ions from titanomagnetic grains.This process is 

developing parallelly with singlephase oxidation of titanomag

netiteo Till oxidation degree 0.4 the removal of Fe from grains 

is unsignificant.It is confirmed by similarity of titanomagne� 

tite composition of samples from I and II groups. Higher 

than 0.4 degree of oxidation is coupled with significant alte

rations of rock as a whole and titanomagnetite composition. 

In this case thermotreatment does not cause homogenization of 

titanomagnetites, and titanomagnetite grains became 

unmixing instead of homogeneous. 

Two peculiarities were noticed while investigating the 

range of basalts by thermotreatment: calculated T0 and measu-
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red I6 a.:fter thermotreatment are lower then the ones before treatment, 

this difference �or Tc reaches B0°C, for 1 8 exeeded twice and more.

In order to clear up the above regularities the behaviour of Fe and 

Ti at the contact of titanomagnetite and silicate grains was studied, 

by electron microprobe (fig. 5 ) • The following two variants were ana

lyzed. 1) Ti02 content in titanomagnetite after thermotreatment does

not change (sample 428A-4-1-13);2) Ti02 content in titanomagnetite in

creasies (sample 418A-465).In the second case there is distinctly seen 

that Fe and Ti are carried out off titanomagnetite (fig.5 ). That is 

why titanomagnetite grain is relatively enriching.by Ti( Ti is carried 

out le sser than Fe, fig. 5 ) • 

Besides, there was experimentally estimated the removal of the sub

stance through gas phase outside the sample. For this purpose the con

tent of sediment at the ampule walls a.:fter treatment of basalt samples 

was investigated. Small crystalls of iron oxides were watched on the 

ampule walls. Upon the data of atomic adsorption analysis the content 

of Fe carried out through gas phase is less than 0,1 mg (the samples 

weight are 200-500 mg). 

Thus, decreasing of Tc and I8 is due to preferable removal of Fe

from titanomagnetite into two ways: 1) diffusion of Fe from titanomag-

netite into surrounding silicate grains and 2) removal of Fe 

through gas phase from the sample. 

The income of the first process is significant more than the se

cond one. Obviously, similar processes happen in the nature during 

low-temperature alteration of rocks. Laboratory thermotreatment can 

be considered as a model of the latter. Evidently, increased content 

of Ti in titanomagnetites from basalts of IV group is � result of 

such processes. 
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Fig. 1. 

The hemoilmenite Iamellae in titanomagnetile grain 
(electron-microscope photo, sample 418 A-465). 

Fig. 2. 

Skeletal tilanomagnetite with many cracks 
(electron-microscope photo, sample 1011). 

Fig. 4. 

Development of small areas of low titanium magnetite 
(light) in titanomagnetite grain during thermotreatment 
(electron microscope photo, sample 1436). 
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