Comptes Rendus N° 14

CONSEIL INTERNATIONAL DES UNIONS SCIENTIFIQUES

UNION GEODESIQUE ET GEOPHYSIQUE

INTERNATIONALE

ASSOCIATION DE SEISMOLOGIE

ET DE

PHYSIQUE DE L'INTERIEUR DE LA TERRE

COMPTES RENDUS
DES

SEANCES DE LA TREIZIEME CONFERENCE

REUNIE A BERKELEY DU 19 AOUT AU 31 AOUT 1963

Rédigés par le Secrétaire Général Associé J. Cl. De BREMAECKER
et Publiés par le Secrétaire Général J. P. ROTHE

Société Nouvelle d'Impression
MUH-LE ROUX - Strasbourg
1964






Comptes Rendus N° 14

CONSEIL INTERNATIONAL DES UNIONS SCIENTIFIQUES

Union GEODESIQUE ET GEOPHYSIQUE

INTERNATIONALE

ASSOCIATION DE SEISMOLOGIE

ET DE

PHYSIQUE DE LINTERIEUR DE LA TERRE

COMPTES RENDUS
DES

SEANCES DE LA TREIZIEME CONFERENCE

REUNIE A BERKELEY DU 19 AOUT AU 31 AOUT 1963

Rédigés par le Secrétaire  Général Associé J. Cl. De BREMAECKER
et Publiés par le Secrétaire Général J. P. ROTHE

Société Nouvelle d'Impression
MUH-LE ROUX - Strasbourg
1964






INTERNATIONAL UNION OF GEODESY AND GEOPHYSICS

INTERNATIONAL ASSOCIATION
OF SEISMOLOGY
AND THE PHYSICS OF THE EARTH'S INTERIOR

BUREAU (1964-1966)

PRESIDENT :
Dr. J. H. Hodgson, Dominion Observatory, Department of
Mines and Technical Survey, Ottawa (Ontario) Canada.
VICE-PRESIDENTS :

Miss I. Lehmann, Kastelvej 26, Copenhague (Danemark).

Ing. V. Karnik, Geofysikalni Ustav CSAV, Bocni II, Praha 4 -~
Sporilov (Tchécoslovaquie).

SECRETAIRE GENERAL:
Professeur J. P. Rothé, Institut de Physique du Globe, 38, Bou-
levard d’Anvers, Strasbourg (France).

SECRETAIRE GENERAL ASSOCIE :

Professeur J. Cl. De Bremaecker, Department of Geology, Rice
University, Houston 1, Texas (U.S.A.).

EXECUTIVE COMMITTEE (1964-1966)

Dr. Bruce A. Bolt, Seismographic Station, University of Cali-
fornia, Berkeley 4, California (U.S.A.).

Professeur P. Caloi, Istituto Nazionale di Geofisica, Citta
Universitaria, Roma (Italie).

Professeur G. Demetrescu, Observatoire Astronomique de
Bucarest, 5, rue Cuticul de Argint, Bucarest (Roumanie).

5



Professeur H. Honda, Geophysical Institute, Faculty of Scien-
ces, Tokyo University, Tokyo (Japon)

Professeur J. Jaeger, Department of Geophysics, The Austra-
lian National University, Canberra A.C.T. (Australie).

Professeur E. Savarensky, Institut de Physique de la Terre,
Académie des Sciences de I'U.R.S.S., 10 B. Gruzinskaya,
Moscou D - 56 (U.R.S.S.).

COMMITTEE
FOR THE INTERNATIONAL SEISMOLOGICAL SUMMARY

CHAIRMAN :

Dr. R. Stoneley, F.R.S., 16, Millington Road, Cambridge,
(England).

MEMBERS :

Professeur K. E. Bullen, F.R.S., University of Sydney, Depart-
ment of Applied Mathematics, Sydney, N.S.W., (Australia).

Professeur T. Hirono, Japan Meteorological Agency, Ote-mati,
Tiyoda-ku, Tokyo, (Japon).

Dr. J. H. Hodgson, Dominion Observatory, Department of
Mines and Technical Survey, Ottawa, Ontario (Canada).

Sir Harold Jeffreys, F.R.S., 160 Huntingdon Road, Cambridge
(England).

Ing. V. Karnik, Geofysikalni Ustav CSAV, Bocni II, Praha 4 -
Sporilov (Tchécoslovaquie).

Dr. N. V. Kondorskaya, Institut de Physique de la Terre, Aca-
démie des Sciences de I'UR.S.$., 10 B. Gruzinskaya,
Moscou - D 56 (U.R.S.S.).

Miss I. Lehmann, Kastelvej 26, Copenhague (Danemark).

Dr. L. M. Murphy, Seismology Branch, U.S. Coast and
Geodetic Survey, Washington 25, D.C. (U.S.A.).

Dr. J. Oliver, Lamont Geological Observatory of Colombia
University, Palisades N.Y. (U.S.A)).
Ex-Officio :
Professeur J. P. Rothé, Institut de Physique du Globe, 38, Bou-
levard d’Anvers, Strasbourg (France).

Dr. M. Badth, Seismological Laboratory, University, Uppsala,
Sweden.

COMMITTEE
FOR THE PHYSICS OF THE EARTH’S INTERIOR
REPORTERS :
Tectonophysics :

Prof. V. V. Beloussov, Institute of the Earth’s Physics,
10 B. Gruzinskaya, Moscow D-56, U.S.S.R.



Prof. F. A. Vening Meinesz, Potgieterlaan 5, Amersfoort, The
Netherlands.
Gravimetric Interpretations :
Professeur J. Goguel, 100, rue du Bac, Paris 7¢, France.

Geochronology, Radioactivity and Geothermal Problems :

Sir Edward Bullard, F.R.S., Department of Geodesy and Geo-
physics, Madingley Rise, Madingley Road, Cambridge,
England.

Professeur J. T. Wilson, Geophysics Laboratory, 49 St. George
Street, Toronto, Ontario, Canada.
Elasticity and Plasticity :

Sir Harold Jeffreys, F.R.S., 160, Huntingdon Road, Cambridge,
England.

Dr. R. Stoneley, F.R.S., 16, Millington Road, Cambridge,
England.

COMMITTEE ON MAGNITUDES

Dr. M. Bdth, Seismological Laboratory, Uppsala, Sweden.

Ing. V. Karnik, Geofysikalni Ustav CSAV, Bocni II, Praha 4 -
Sporilov (Tchécoslovaquie).

Mrs. Dr. N. V. Kondorskaya, Institute of the Earth’s Physics,
10 B. Gruzinskaya, Moscow D-56, U.S.S.R.

Ing. E. Peterschmitt, Institut de Physique du Globe, 38, Boule-
vard d’Anvers, Strasbourg, France.

Professeur C. F. Richter, Seismological Laboratory, 220 North
San Rafael Avenue, Pasadena, California, U.S.A.

Dr. N. V. Shebalin, Institute of the Earth’s Physics, 10 B. Gru-
zinskaya, Moscow D-56, U.S.S.R.

Professeur C. Tsuboi, Geophysical Institute, Faculty of Science,
Tokyo University, Hongo, Tokyo, Japan.

Professeur K. Wadati, Japan Meteorological Agency, Ote-mati,
Tiyoda-ku, Tokyo, Japan.

Professeur A. Zdtopek, Institute of Geophysics, Charles Uni-
versity, Ke Karlovu 3, Praha 2, Czechoslovakia.

COMMITTEE ON MICROSEISMS

Dr. M. Bdth, Seismological Laboratory, University, Uppsala,
Sweden.

Dr. J. Darbyshire, National Institute of Oceanography, Worm-
ley, Godalming, Surrey, England.



Dr. W. L. Donn, Department of Geology, Brooklyn College,
Brooklyn 10, New York, U.S.A.

Mr. H. Jensen, Geodetic Institute, Rigsdagsgarden 7, Copen-
hagen K, Denmark.

Dr. F. 1. Monakhov, Institute of the Earth’s Physics, 10 B.
Gruzinskaya, Moscow D-56, U.S.S.R.

D. L. N. Rykunov, Moscow State University, Leninskye gory,
Moscow B-234, U.S.S.R.

Dr. R. Stoneley, F.R.S., 16, Millington Road, Cambridge,
England.

Professeur K. Wadati, Japan Meteorological Agency, Ote-mati,
Tiyoda-ku, Tokyo, Japan.

Professeur A. Zdtopek, Institute of Geophysics, Charles Uni-
versity, Ke Karlovu 3, Praha 2, Czechoslovakia.

COMMITTEE FOR BASIC RESEARCH AND WARNING
OF TSUNAMIS

CHAIRMAN :
Dr. R. Takahasi, Earthquake Research Institute, Tokyo Uni-
versity, Bunkyo-ku, Tokyo, Japan.
VICE-PRESIDENT :

Dr. E. F. Savarensky, O. Schmidt Institute of the Earth’s
Physics, Academy of Sciences of U.S.S.R., B. Gruzinskaya
10, Moscow D-56, U.S.S.R.

SECRETARY :

Dr. D. C. Coz, AGO, University of Hawaii, Honolulu, Hawaii,
U.S.A.

MEMBERS :

Dr. J. W. Brodie, Director, N.Z. Oceanographic Institute,
D.S.I.R., P.O. Box 8009, Wellington, N.Z.

Dr. C. Lomnitz, Instituto de Geofisica y Sismologia, Univer-
sidad de Chile, Casilla 2777, Santiago, Chile.

Dr. W. H. Munk, Institute of Geophysics and Planetary Phy-
sics, La Jolla Laboratories, La Jolla, California.

Mr. L. M. Murphy, Chief, Seismology Branch, U.S. Coast and
Geodetic Survey, Washington 25, D.C., U.S.A.

Dr. G. L. Pickard, Institute of Oceanography, University of
British Columbia, Vancouver, B.C. Canada.

Dr. W. G. Van Dorn, Scripps Institution of Oceanography,
La Jolla, California.

Dr. K. Wadati, National Scientific and Technological Center
for Disaster Prevention, Ginza-Higashi 6, Chuo-ku,
Tokyo, Japan.

Mr. Bernard D. Zetler, U.S. Coast and Geodetic Survey,
Washington, 25 D.C. U.S.A.



INTERNATIONAL COMMITTEE OF HEAT FLOW

CHAIRMAN : Dr. F. Birch (U.S.A)).
VICE-PRESIDENT : Dr. H. A. Lubimova (U.R.S.S.).
SECRETARY : Dr. W. Lee (US.A.).
ASSOCIATE-SECRETARY : Dr. G. Simmons (U.S.A)).

MEMBERS : Dr. C. J. Banwell (Nouvelle Zélande).
Dr. A. E. Beck (Canada).
Dr. G. Bodvarsson (Islande).
Dr. T. Boldizsar (Hongrie).
Dr. E. C. Bullard (Grande-Bretagne).
Dr. J. C. Jaeger (Australie).
Dr. A. M. Jessop (Canada).
Dr. M. G. Lanseth (US.A.)
Dr. G. Lomnitz (Chile).
Dr. V. A. Magnitzky (U.R.S.S.).
Dr. L. Stegina (Hongrie).
Dr. G. B. Udintsev (U.R.S.8.).
Dr. S. Uyeda (Japon).
Dr. R. P. von Herzen (U.S.A)).

ex-officio : Secretary, UGGI.
Secretary, AISPIT.
Secretary, AIV.
Secretary, AIPO.
Secretary, International Upper Mantle
[Project.

EUROPEAN SEISMOLOGICAL COMMISSION (1963)

PRESIDENT :

Professeur A. Zdtopek, Institute of Geophysics, Charles Uni-
versity, Ke Karlovu 3, Praha, 2, Czechoslovakia.

VICE PRESIDENTS :

Professeur E. F. Savarensky, Institute of the Earth’s Physics,
10 B. Gruzinskaya, Moscow D-56, U.S.S.R.

Professeur E. Vesanen, Kaivokatu 10 B. 702, Helsinki, Finlande.

SECRETARY :

Ing. E. Peterschmitt, Institut de Physique du Globe, 38, Bou-
levard d’Anvers, Strasbourg, France.

MEMBERS :

Dr. M. Bdth, Seismological Laboratory, Uppsala, Sweden.

Ing. J. Bonelli-Rubio, Servicio Nacional de Sismologia del
Instituto Geografico y Cadastral, Calle General Ibanez 3,
Madrid, Espagne.



10

Professeur P. Caloi, Istituto Nazionale di Geofisica, Citta
Universitaria, Roma, Italie.

Professeur Dr. L. Egyed, Institut Géophysique de 1'Université,
Muzeum krt 4/A, Budapest, Hongrie.
Professeur K. Ergin, Université Technique, Istanbul, Turquie.

Professeur H. A. Ferreira, Servieio Meteorologico Nacional,
Largo de Santa Isabel, Lisboa, Portugal.

Professeur A. Galanopoulos, Observatoire National d’Athénes,
Université, 4, rue Massalias, Athénes, Gréce.

Professeur F. Gassmann, Geophysikalisches Institut der Eid-
gendss. Technischen Hochschule, Zurich, Suisse.

Mr. S. M. Van Gils, Observatoire Royal de Belgique, 3, Avenue
Circulaire, Bruxelles 18.

Mademoiselle Grandjean, Institut de Météorologie et de Phy-
siqgue du Globe, Université d’Alger, Alger, Algérie.

Professeur W. Hiller, Landes Erdbebendienst Baden-Wiirttem-
berg Richard Wagner-Strasse 44, Stuttgart-O., Alle-
magne B.R.

R. P. Dr. Ingram, 35 Lower Leeson Sfreet, Dublin 2, Irlande.

Dr. H. Jensen, Geodaetisk Institut, Seismic Afdeling, NR
Farimagsge 1, Copenhague, Danemark.

Dr. A. Kvale, Jordskjelvstajonen, Joach. Frieles gt. 1, Bergen,
Norvége.

R. P. Kogoj, Observatoire, Ksara par Zahlé, République
Libanaise.

Professeur G. Petrescu, Section de Séismologie, Observatoire
de Bucarest, 5, rue Cuticul de Argint, Bucarest, Roumanie.

Professeur J. C. Scholte, V. Alpenstraat 12, Utrecht, Pays-Bas.

Dr. W. Sponheuer, Institut fiir Erdbebenforschung und Bo-
dendynamik, Burgweg 11, Jena, Allemagne D.D.R.

Professeur R. M. Teysseyre, Observatorium Sejsmologiazne
Zaklad Geofisyki, Polskirj Akademii Nauk, ul. Nowy
Swiat 72, Warszawa, Pologne.

Dr. E. Tillotson, 3 Bleach Mill Lane, Menston-in-Wharfedale,
Yorkshire, Grande-Bretagne.

Professeur Dr. M. Toperczer, Zentralanstalt fiir Meteorologie
und Geodynamik, Hohe Warte 38, Wien XIX, Autriche.

Professeur Trajic, Institut Séismologique Tasmadjan, Box 351,
Belgrade, Yougoslavie.

Dr. E. Tryggvason, Vedurstofan, Reykjavik, Islande.



GENERAL ASSEMBLY AT BERKELEY

(August 19 - August 31, 1963)

PROCEEDINGS OF THE SESSIONS

FOREWORD

An effort has been made to simplify the writing and editing of
the Proceedings by using only the names of all participants without
their titles. For the same reason the author presenting a paper written
in collaboration is simply marked with an asterisk.

It is hoped that these minor changes will be approved by all
concerned.

It has not been possible to reproduce the detailed list of parti-
cipants at the sessions of the Assembly. More than 400 scientists took
part actively in the work of the Association.

1st SESSION
MONDAY, AUGUST 19 (Morning)

ADMINISTRATIVE MEETING
The meeting is opened by President Byerly.

1. — Nécrologie.

A la demande du professeur Byerly le Secrétaire Général rappelle
la biographie des membres décédés depuis la derniére Assemblée Géné-
rale. L’assemblée observe une minute de silence en signe de deuil.

Madame A. HEE (1894-1962) était entrée comme assistante a I'Ins-
titut de Physique du Globe de Strasbourg en 1919. Eléve du professeur
Edmond Rothé, elle avait effectué de nombreux travaux de recherches
d’abord dans le domaine de la Séismologie, puis dans celui de la Radio-
activité. Madame Hée avait publié plusieurs études sur la séismicité de
I’Algérie et la fréquence des séismes en Algérie. En radioactivité elle
avait pu, au cours de ses derniéres recherches, déterminer 1’Age de
quelques granites vosgiens, apportant ainsi aux géologues de nouvelles
données pour la réinterprétation de la mise en place des massifs gra-
nitiques hercyniens. Elle était depuis 1945 professeur a la Faculté des
Sciences de Strasbourg.
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Monsieur Jean DEBRACH (1905-1963) était le chef du service de
Physique du Globe et de Météorologie du Maroc. Les 30 derniéres
années de sa vie ont été consacrées a la géophysique marocaine. Il
fit paraitre dans le domaine de la séismologie plusieurs notes impor-
tantes sur la séismicité du Maroc et sur le séisme d’Agadir. Il étudia
également les raz-de-marée de la cote marocaine et installa au voisi-
nage de Casablanca une station destinée & la mesure de l’agitation
microséismique en relation avec la houle.

M. Debrach a apporté dans tous ses travaux un sens profond de
l'exactitude et de la précision. Il était secrétaire général du Comité
marocain de Géodésie et de Géophysique, Vice-Président de la Société
des Sciences Naturelles du Maroc et membre du comité marocain
d’océanographie et d’étude des cotes.

Le Professeur P. L. MERCANTON (1876-1963) s’est éteint & Lau-
sanne le 25 février 1963 a I’age de quatre-vingt-sept ans. Dées 1904, il
avait été nommé professeur extraordinaire a la Faculté des Sciences
de Lausanne dont il sera le Doyen de 1926 & 1928. De 1911 & 1941 il
dirige le Service Météorologique du Champ de I’Air ou il crée la pre-
miére station émettrice de radio. En 1934 il prend la direction de la
station centrale suisse de Météorologie & Zurich. A c6té de ses nom-
breux travaux de météorologie, de géophysique et d’électricité appli-
quée, le professeur Mercanton s’était passionné pour la glaciologie
quwil étudia au Greenland dés 1912 et en Suisse ou il appliqua la
méthode de prospection séismique & la mesure de l’épaisseur des
glaciers.

Il occupa de 1936 a 1949 la vice-présidence de I’Association inter-
nationale de Séismologie et avait participé a de nombreuses assemblées
générales de I'U.G.G.I.

2. — Rapport du Secrétaire Général.

Le Professeur Rothé, Secrétaire Général, présente son rapport :

Il y a trois ans j’avais pu vous dire que I’Année Géophysique Inter-
nationale et I’Année de Coopération Géophysique Internationale
avaient marqué un développement important de notre science séismo-
logique. Ce développement s’est poursuivi pendant les 3 années qui
viennent de s’écouler. Dans de nombreux pays des appareillages mo-
dernes ont été installés, des stations nouvelles ont été créées; les
recherches théoriques et pratiques se sont intensifiées, e nombre consi-
dérable de communications que nous avons au programme de cette
Assemblée Générale en est le témoignage. Ainsi des documents de plus
en plus nombreux sont rassemblés. Le travail du Secrétariat de 1’Asso-
ciation et plus particuliérement du Bureau central a donc continué
de s’accroitre.

Le Secrétariat de I’Association a préparé le volume des Comptes
Rendus de I’Assemblée d’Helsinki. Comme pour le volume correspon-
dant & I’Assemblée de Toronto, c’est notre Secrétaire Général associé
le Professeur Markus Bath qui en a rédigé le manuscrit. La mise au
point définitive et l'impression ont été faites comme d’habitude a
Strasbourg ou avaient été rassemblés les exemplaires des rapports
nationaux imprimés dans le format de nos Comptes Rendus par les
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soins des comités nationaux. Pour des raisons d’économie nous n’avons
pas cette fois publié la liste des membres des comités nationaux de
séismologie ni celle des autres personnalités intéressées a notre
science. Ces listes présentaient trés peu de modifications par rapport
4 celles qui ont été publiées dans les Comptes Rendus n° 12 (Assemblée
de Toronto). Le prix de cette publication a dépassé légérement 2.000
dollars (10.760 francs). Les exemplaires ont été distribués gratuitement
aux comités nationaux et aux principaux instituts séismologiques.

Conformément aux décisions prises & Helsinki le Bureau central
a assuré dans la collection des Travaux Scientifiques la publication
de deux volumes, le premier consacré a la propagation des ondes séis-
miques et le second au symposium sur la structure de la crofite ter-
restre sous les océans et les continents.

Le fascicule 21 contient 125 pages avec le texte de 9 mémoires ;
le fascicule 22, 167 pages correspondant a 14 mémoires.

Ces deux volumes n’ont pas été distribués mais ils ont été mis en
vente par l'intermédiaire du Secrétariat Général de 'UGGI a raison
de 2 dollars pour le fascicule 21 et 3 dollars pour le fascicule 22.

Le prix de ces publications a atteint 1.260 dollars pour le fascicule
21 et 1.886 dollars pour le fascicule 22.

Grace a la propagande effectuée par les soins du Secrétariat de
I'UGGI de nombreuses bibliothéques et organismes qui n’étaient pas
inscrits dans nos fiches ont acheté ces publications. Par contre je dois
constater quun nombre important de nos anciens destinataires n’ont
pas souscrit, ignorant sans doute la décision prise & Helsinki et espé-
rant recevoir comme d’habitude ces publications & titre gratuit. De
nombreux exemplaires des fascicules 21 et 22 sont encore disponibles.
Par contre par suite des achats effectués par I'intermédiaire du Secré-
tariat de 'UGGI plusieurs numéros précédents de nos Travaux Scien-
tifiques sont maintenant épuisés.

La vente de nos publications par les soins de 'UGGI a atteint
1.070 dollars; les ventes effectuées directement par notre secrétariat se
chiffrent & 315 dollars. On notera que nous n’avons par recu de sub-
vention de 'UNESCO pour nos publications pendant la période 1960-
1962.

Le bilan de nos frais de publications s’établit ainsi :

Subvention totale de 'UGGI 1960-1962 ................ 9.983 dollars
Impression : Comptes Rendus n° 13 .... 2.200
Fascicule 21 ................ 1.285
Fascicule 22 ................ 1.886
5.371
Vente ... i 1.385 dollars
Reste a la charge de I’Association ...... 3.986 dollars

Le chapitre publications représente donc environ 26 % des dépenses
totales de I’Association (15.296 dollars pour la période 1960-1962).

Aux publications faites par notre secrétariat il faut ajouter celles
qui ont été faites par les soins de YUGGI. 1l s’agit des numéros des
monographies consacrés a des sujets séismologiques.

13



Monographie n° 1 Seismicity of Europe (rapport par M. Bath)
publiée en janvier 1960.

Monographie n° 6 Réunion de la Commission Séismologique Euro-
péenne, Alicante 1959, publiée en juin 1960.

Monographie n° 9 Seismicity of Europe, Part II, (rapport par
V. Karnik) publiée en mars 1961.

Monographie n° 14 Report of the meeting of the International
Seismological Summary, July 1961, publiée en
décembre 1961.

Monographie n° 15 Report of the UNESCO Seismological Survey
Mission to South East Asia, 1961, publiée en
janvier 1962.

Monographie n° 17 Report of the UNESCO Seismological Survey
Mission to South America, 1961, publiée en
aolt 1962.

Monographie n° 18 Report of the UNESCO Seismological Survey
Mission to the Mediterranean and Middle East,
publiée en octobre 196Z.

Monographie n° 22 Investigations of the Earth’s Crust, Paris,
March 1962, publiée en février 1963.

Une subvention de 226 dollars a été accordée par 'UNESCO pour
la monographie n° 14. Les frais d’impression, déduction faite des
ventes et de cette subvention, s’élévent & 868 dollars.

Dans ce total I'impression des 3 rapports des missions de 'UNESCO
intervient pour 737 dollars et j'espére que cette somme pourra étre
couverte par une subvention spéciale de 'UNESCO ou de 'UGGI.

Enfin nous mentionnerons que dans la collection des Annales de
’Année Géophysique Internationale le volume consacré a la Séismo-
logie (vol. 29) est actuellement sous presse, les épreuves ayant été
relues par les auteurs des diférents articles.

Afin de préparer le symposium de Berkeley sur le Manteau Supé-
rieur le Secrétariat a adressé le 15 mai 1961 aux membres du Bureau
et des Commissions de I’Association ainsi qu’aux représentants natio-
naux une circulaire concernant la question du Manteau Supérieur et
de son influence sur le développement de la croiute terrestre.

Les réponses recues de MM. Sponheuer (R.D.A.), Bullen (Australie),
Uffen (Canada), Miss Lehmann (Danemark), M. Bonelli (Espagne),
Mme Labrouste, MM. Goguel et Rothé (France), Bullard et Stoneley
(Grande-Bretagne), Egyed (Hongrie), Caloi (Italie), Kvale (Norvége),
Vening-Meinesz (Pays-Bas), Zatopek et Karnik (Tchécoslovaquie),
Hales (Union Sud-Africaine), Shebalin (U.R.S.8.), Byerly et Press
(U.S.A) ont été rassemblées dans un document qui a été diffusé le
16 aolit 1961.

Le Bulletin mensuel du Bureau Central

Le Bureau central international de Séismologie (B C.I.S.) fonc-
tionne & Strasbourg depuis 1904 & c6té du secrétariat de ’Association
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Internationale de Séismologie et de Physique de I’Intérieur de la Terre.
Le B.C.L.S. publie depuis de nombreuses années un bulletin mensuel
destiné & permettre un échange des données séismologiques recueillies
dans les différentes stations. Ce bulletin paraissant aussi rapidement
que possible était initialement surtout destiné a renseigner les stations
sur 1’origine des séismes inscrits dans ces stations et devait permettre
a ces stations de revoir leurs inscriptions et de préciser leur dépouille-
ment pour la rédaction de leurs bulletins ou annuaires définitifs.

Jusqu’en juin 1953, le Bulletin était ronéotypé ; a partir de juillet
1953, il a été imprimé sur une machine Vari-Typer de la Faculté des
Sciences de Strasbourg.

Les données publiées sont devenues de plus en plus nombreuses
ainsi qu’en témoigne le nombre de pages des bulletins successifs :

juillet-décembre 1953 .........c..cci i, 343
janvier-juin 1954 ....... ... .. i e 348
juillet-décembre 1954 ...........oiiiiiiininan... 372
janvier-juin 1955 ....... ... i e 429
juillet-décembre 1955 ...........ccoiiiiiiinann., 369
janvier-juin 1956 ........... . . . i i 438
juillet-décembre 1956 ............. ..o 468
janvier-juin 1957 ....... . .. .. 815
juillet-décembre 1957 ....... ...t 989
janvier-juin 1958 .......... .. . i 1.100
juillet-décembre 1958 ..........c..iiiiiiiiinnnn, 1.228
janvier-juin 1959 ....... .. .. .. i i 1.218
juillet-décembre 1959 ............. .. ... i, 1.344
janvier-juin 1960 ............ ... it 1.194
juillet-décembre 1960 ............c..covviiiiiennnn. 962
janvier-juin 1961 ........ ... .. .. .o il 1.048
juillet-septembre 1962 .............ccoiiiiiiian.. 820 (trois mois)

Il me plait de souligner que la préparation du Bulletin a été faci-
litée par les déterminations préliminaires effectuées par plusieurs
services séismologiques. Les déterminations électroniques d’épicentres
diffusées par 'USCGS sont devenues de plus en plus nombreuses et
constituent une premiére documentation rapide de grande valeur:
le bulletin préliminaire du service séismologique central de 1'Union
soviétique contient également de nombreuses déterminations. Un
Bulletin mensuel provisoire est désormais diffusé par Péking. Les
données de plus de 300 stations parviennent réguliérement au Bureau
cenfral.

Année Géophysique Internationale (A.G.1.) et Année de Coopération
Géophysique Internationale (C.G.I).

Pendant la période de 30 mois (1°" juillet 1957-31 décembre 1959)
qui a correspondu a ’A.G.I. et & la C.G.I, le bulletin mensuel contient
toutes les données recues au Centre Mondial C de Strasbourg. Le
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classement et la. publication de ces données représentent par consé-
quent une participation importante au travail de 'A.G.I. et de la
C.G.I. I’étude du Bulletin fournit immédiatement un apergu précis
de l'activité séismique en chaque point du globe ; cette activité séis-
mique se rapporte non seulement aux séismes les plus importants,
mais encore aux séismes plus faibles inscrits isolément ou dans deux
ou trois stations seulement.

Pour l'année 1959 le nombre des données publiées s’est élevé a
125.602, correspondant a 34.633 séismes différents. C’est la premiére
fois qu'une telle documentation séismologique est publice.

La statistique suivante qui compléte celle déja publiée dans mon
précédent rapport indique par semestre le nombre de données regues
classées en fonction du nombre de stations ayant enregistré un séisme
déterminé.

Tableau I

NOMBRE DE SEISMES

Nombre de 1957 1958 1958 1959 1959 Total
Stations ayant VII-XII I-VI VII-XII I-VI VII-XII
inscrit le séisme

D N 9.440 11.613 11.493 11.796 14.174  58.516

2a 5 .......... 2.049 2.136 2.583 2.663 3.167 12.598
6a10 .......... 423 420 499 489 579 2.410
11420 .......... 294 276 364 324 333 1.591
213230 .......... 133 142 167 156 192 790
312440 .......... 88 74 97 89 94 442
> 40 ........ .. 255 276 288 291 286 1.396
Total ........... 12.682 14.937 15.491 15.808 18.825  7T77.743

Tableau II

NOMBRE DE DONNEES

Nombre de 1957 1958 1958 1959 1959 Total

Stations ayant VII-XII I-vI  VII-XII I-VI VII-XII
inscrit le séisme

1 ..., 9.440 11613 11493 11.796 14.174 58516

24 5 ... 5.713 5.774 7.166 7.194 8.435  34.282
6310 .......... 3.240 3.187 3.782 3.751 4345 18.305
11220 .......... 4.362 4.124 5.353 4.738 4963  23.540
21230 .......... 3.353 3.583 4.156 3.933 4.747  19.772
31240 .......... 3.105 2.610 3.461 3.122 3.268  15.566
> 40 ..., 21.107 24433 24247 24.619 26517 120.923
Total .......... 50.320 55.324  59.658  59.153  66.449 290.904



On remarquera le nombre important de séismes inscrits en une
seule station (pourcentage moyen voisin de 75 %) ce qui montre que
le nombre des stations séismologiques permanentes est encore insuf-
fisant pour ’étude détaillée des faibles séismes et en particulier pour
en déterminer les épicentres ; or, les récentes recherches montrent
que cette étude peut présenter un grand intérét pour le probléme de
la prévision des grands séismes.

Pendant 'A.G.I. et la C.G.I, si de trés nombreux séismes n’ont
été inscrits que par une seule station, par contre prés de la moitié
des données publiées (136.489 sur un total de 290.940 données) se
rapportent aux séismes inscrits dans plus de 30 stations (1.838 séismes).

Le tableau III permet de comparer, semestre par semestre, les
pourcentages de données recueillies en fonction du nombre de stations
ayant enregistré un séisme déterminé. On constatera que ces pourcen-

tages sont restés relativement tres constants pendant les cing semes-
tres considérés.

Tableau III

Pourcentages des données recueillies en fonction du nombre
des stations ayant inscrit un séisme déterminé

Nombre de 1957 1958 1958 1959 1959 Moy-

Stations ayant VII-XII I-VI VII-XII I-VI VII-XII enne
inscrit le séisme

1o, 18,6 21,0 19,2 19,9 21,3 20,1
24 5 ........ 113 10,4 12,0 12,1 12,7 11,8
6210 ........ 6,4 58 6,4 6,3 6,5 6,3

11220 ........ 8,6 74 9,0 8,0 75 8,1

21430 ........ 6,6 6,5 7.0 6,6 71 6,8

31240 ........ 6,1 4,7 5,8 5,3 49 5,3
> 40 ..., 42,4 44,2 40,6 41,8 40,0 41,6

Total ........ 100,0 100,0 100,0 100,0 100,0 100,0

Depuis la fin de ’Année de Coopération Géophysique Interna-
tionale les données isolées sont encore mises sur fiches et reportées
sur le manuscrit du Bulletin mais elles n’ont pas été publiées pour les
années 1960 et 1961 ; il en est résulté une diminution du nombre de
pages a imprimer.

Cependant pour le second semestre de 'année 1962, nous avons
repris la publication de l’ensemble des données afin que le lecteur
puisse trouver un nouvel exemple d’étude aussi compléte que possible
de l'activité séismique.

C’est ainsi que pour le mois d’aofit 1962 14.407 données ont été
publiées correspondant & 5.030 séismes différents (ce qui donnerait
environ 60.000 séismes pour l’ensemble de l’année). Sur ces 5.030
séismes, 4.309 ont éteé inscrits par une seule station; 431 ont fait
l'objet d’'une détermination d’épicentre.

Le bulletin est actuellement tiré a 350 exemplaires et diffusé
auprés de tous les observatoires séismologiques auxquels il fournit
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un document de base pour le travail définitif des stations (établisse-
ment des bulletins soit locaux, soit nationaux, études de séismes parti-
culiers, statistiques séismiques, études de séismicité régionale, etc...).

Le personnel affecté a la préparation du Bulletin comprend :
3 personnes a temps complet payées par le Bureau,

1 secrétaire 4 demi-temps payée par I'Université de Strasbourg,

1 employé de bureau a temps complet (tirage et expédition du bul-
letin) payé par 'Université de Strasbourg.

Le cofit de la publication s’établit ainsi :

année 1960 ............ ...t 30.000 F, soit 6.000 dollars
année 1961 ........... ... i, 31.000 F, soit 6.200 dollars
année 1962 ........ ... .. .. ciieiiieenn, 36.000 F, soit 7.200 dollars

Pour les quelques personnes qui désirent recevoir ce bulletin a
titre privé le prix de I’abonnement est de 30 F (6 dollars).

Grace aux efforts du Secrétaire Général de I'Union, M. Laclavére,
auquel nous devons de vifs remerciements, la Fédération des Services
Permanents (F.A.G.S.) a accordé au Bureau central pour la prépara-
tion du Bulletin 4.750 dollars en 1960, 4.500 dollars en 1961 et 5.500
dollars en 1962. Il est donc resté a la charge de I’Association une
dépense d’environ 4.650 dollars. s

Utilisation des procédés mécanographiques pour la préparation du
Bulletin et calcul électronique des épicentres.

Nous avons étudié la possibilité de mettre sur fiches perforées
Tensemble des données figurant dans les bulletins.

Cette méthode implique d’utiliser une carte par séisme et par
station, et par conséquent de perforer environ 12.000 cartes par mois.

En utilisant ces cartes, un classement par jour, heures, minutes
et secondes peut étre réalisé trés rapidement au moyen d’une machine
trieuse.

Les fiches, une fois classées, peuvent étre listées sur une tabula-
trice et le manuscrit du Bulletin, y compris les données se rapportant
a des séismes isolés, pourra se présenter sous forme d’une liste direc-
tement établie par la machine.

Sur ce document, I’assistant devra reconnaitre et séparer les don-
nées qui appartiennent a un méme séisme, éliminer éventuellement
les données correspondant aux séismes inscrits seulement par une ou
deux stations, ajouter les renseignements concernant les magnitudes,
les épicentres provisoires, les observations macroséismiques.

La méthode de détermination électronique des épicentres a été
expérimentée par le Centre de Calcul de la Faculté des Sciences de
Strasbourg.

La machine utilisée est un calculateur & cartes perforées BULL
GAMMA-ET. Cette machine & programme enregistré est dotée d’un
tambour magnétique de 8.192 mots, de 12 positions décimales et de
64 mémoires rapides.
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La méthode employée est celle préconisée par B.A. Bolt (The
Revision of Earthquake Epicentres, Focal Depths and Origin-Times
using a High-Speed Computer, Geophysical Journal, vol. 3, 1960, pp.
433-440).

Le programme enregistré occupe le quart des mémoires du tam-
bour ; les tables Jeffreys-Bullen & double entrée (profondeur, distance)
relatives aux ondes P,S, pP, PKP utilisées pour la détermination du
systeme des moindres carrés, sont introduites par carte a raison de
2 termes par mémoire et occupent un quart du tambour. La moitié
restante est utilisée pour l'introduction des données des différentes
stations et aux résultats obtenus en fin de calcul (heure, latitude,
longitude, profondeur du séisme ; azimuth, distance, poids, résidus de
chaque station). 500 observations peuvent étre traitées pour l’'étude
d’'un méme séisme.

Un programme préalable fournit les cosinus directeurs de chaque
station a partir de leur longitude et de leur latitude. I1 a été utilisé
pour la création d’un fichier de cartes qu’il suffit de compléter avec
Theure d’observation de la phase P (ou, éventuellement, des autres
phases) pour avoir des données relatives a ’exploitation.

En utilisant les données de 50 stations la durée d’une itération
est d’environ 4 minutes ; aprés deux ou trois itérations on obtient
généralement des précisions convenables sur la position de I’épicentre
(longitude et latitude).

Par contre, la nature du probléme ne semble généralement pas
permettre une bonne dissociation entre les inconnues temps et pro-
fondeur. Il en résulte que l'incertitude sur la profondeur du foyer
est souvent considérable (plusieurs dizaines de kilomeétres). 11 serait,
par conséquent, imprudent de vouloir tirer des conclusions séismo-
tectoniques des profondeurs ainsi calculées.

Une variante du programme permet d’imposer a la profondeur
une valeur donnée. Le probléme est alors a 3 inconnues et le coeffi-
cient d’incertitude sur la détermination du temps est amélioré.

Etudes séismotectoniques.

Pour faciliter le classement des épicentres par zones tectonigues
les données d’environ 1.000 séismes par an sont reportées sur fiches
cartonnées ; ces fiches sont établies en clair et comportent les coor-
données de I’épicentre, la région intéressée, la date, I’heure origine,
la profondeur, la magnitude indiquée par les différentes stations, les
renseignements macroséismiques recueillis et le nombre de stations
ayant inscrit le séisme. Le Bureau a également commencé a établir
un fichier d’épicentres par cartes perforées en utilisant un code mis
au point aprés un échange de vues avec plusieurs collégues.

Ces données parues dans le Bulletin mensuel (épicentres, pro-
fondeur, magnitude, nombre de stations par séisme) et reportées sur
fiches sont réguliérement utilisées pour la rédaction par J. P. Rothé de
la Chronique Séismologique publiée dans la Revue pour UEtude des
Calamités (Bulletin de I'Union Internationale de Secours, Genéve).

Cette chronique est basée sur l'analyse d’environ 400 séismes par
an ; ces séismes sont choisis soit en raison de leur magnitude (tous
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les séismes de magnitude supérieure & 6 figurent dans les listes) soit
parce qu’ils permettent de préciser la séismicité de certaines régions.
Les épicentres sont classés par zones séismo-tectoniques. L’ensemble
de ces articles constitue un tableau aussi complet que possible de la
séismicité du globe pendant la période 1943-1960. Une bibliographie
compléte chaque article et contient les références des publications
de séismicité régionale recues au Bureau Central.

On trouvera ci-dessous les références de ces chroniques.

N° de la Revue Pages Années étudiées

Ne 23 119-144 1943-1944
N° 26-27 3- 32 1945-1946
N° 28-29 19- 46 1947-1948
N° 30-31 20- 51 1949-1950
N° 32 83-116 1951-1952
N° 33 8- 41 1953-1954
N° 34-35 3- 35 1955-1956
N° 36 3- 37 1957

N° 37 (décembre 1961) 31- 69 1958-1959
Ne° 38 (décembre 1962) 21- 56 1960

Réle du B.C.IS. comme centre régional.

Le Bureau Central de Strasbourg est chargé depuis plusieurs
années de la détermination rapide des épicentres des séismes se pro-
duisant dans un rayon de l'ordre de 5.000 km : Europe, Atlantique
Nord, Bassin Méditerranéen, Afrique du Nord, Moyen Orient, Iran.

Les données recues par télégrammes ou lettres-avions sont immé-
diatement exploitées a la fois par procédés graphiques et par calcul
électronique. Pour chaque séisme un épicentre est déterminé (coor-
données, heure origine). Ces données accompagnées éventuellement
de renseignements macroséismiques sont immédiatement diffusées a
une soixantaine de stations européennes, africaines et du Moyen
Orient ainsi quaux services centraux de I'USCGS et de I'U.R.S.S.
Cette diffusion est faite dans un délai qui n’excéde pas une semaine.

Pour effectuer ces déterminations le B.C.I.S. dispose :

1° de montages de cartes géographiques spéciales a 1:1.000.000
couvrant l’ensemble de I’Europe, cartes sur lesquelles sont faites les
constructions graphiques ;

2° de la calculatrice électronique du Centre de Calcul électro-
nique de la Faculté des Sciences de Strasbourg.

Il convient d’améliorer les résultats obtenus par I'emploi de cette
calculatrice afin d’obtenir sur les coordonnées épicentrales une préci-
sion permettant de rechercher les relations qui peuvent exister entre
les accidents tectoniques et la position des foyers séismiques.

Le B.CI.S. a mis a l'essai l'utilisation des tables mises au point
a la suite des expériences de Haslach (Forét-Noire). Ces tables ont été
décrites dans la publication suivante : J. P. Rothé, Quelques expé-
riences sur la structure de la crofite terrestre en Europe Occidentale,
Contributions in Geophysics (in honor of Beno Gutenberg), Pergamon
Press, 1958, pp. 135-151).
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Les premiers essais effectués montrent que I’emploi de ces tables
doit permettre d’obtenir de meilleurs résultats dans la détermination
des épicentres des séismes européens.

Le nombre des déterminations diffusées s’est accru d’année en
année : 36 en 1960, 53 en 1961, 68 en 1962, 46 pour le premier semestre
1963. Une documentation précise concernant la séismicité de I’Europe
et du Bassin Méditerranéen se constitue ainsi rapidement.

Réunions spéciales,

Le développement de la Séismologie au cours des derniéres années,
Paugmentation du nombre de données, la modernisation des appareil-
lages, les nombreuses mesures effectuées dans différents pays pour
étudier la structure de la crolite terrestre ont rendu nécessaire la
réunion de plusieurs -commissions de notre Association.

En exécution d’une décision prise & Helsinki la Commission de
I'International Seismological Summary s’est réunie a Paris au siége
de 'UNESCO du 3 au 7 juillet 1961 ; les comptes rendus de cette
réunion ont été publiés dans la monographie n° 14. Les importantes
résolutions prises au cours de cette réunion doivent faire I'objet d’une
discussion spéciale au cours de cette Assemblée Générale.

Afin de remédier au manque d’uniformité dans l'instrumentation
et aux divergences d’opinions qui existent dans l’interprétation des
mesures concernant la crolte terrestre et la partie supérieure du
manteau, un groupe de travail s’est réuni au siége de 'UNESCO a
Paris du 19 au 22 mars 1962 sous la présidence du Professeur Bath.

Un compte rendu de cette réunion (Investigations of the Earth’s
Crust) a été publié dans les Monographies de 'UGGI (n° 22). Les
méthodes utilisées par les différents chercheurs pour l’étude d’une
part de la crolite continentale et d’autre part de la crofite océanique
ont été longuement comparées et discutées : réfraction et réflexion
séismique, ondes superficielles, recherches de laboratoire, séismes
proches, méthodes gravimétrique, électrique, géothermique, sondages
profonds. Quelques recommandations générales ont été adoptées.

La Commission Séismologique Européenne s’est réunie a Iéna
du 24 au 30 septembre 1962. Le nouveau Bureau est constitué par le
Professeur A. Zatopek (président), MM. Savarensky et Vesanen (vice-
présidents), Peterschmitt (secrétaire).

54 communications scientifiques ont été présentées ; 24 d’entre
elles étaient consacrées a 1’étude de ’écorce terrestre en Europe. Plu-
sieurs résolutions ont été adoptées concernant les sujets suivants:
recherches sur la structure des Alpes par grandes explosions, avan-
cement des travaux pour ’établissement des cartes de séismicité de
I’Europe, étude de la région carpathique, établissement d’une carte
séismotectonique, mouvements récents de la crolite terrestre, structure
du Manteau Supérieur (constitution d’un groupe de travail), étude
des raz de marée, publications.

La prochaine réunion de la C.S.E. aura lieu & Budapest en 1964.
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Enfin le Docteur P. L. Willmore a réuni du 12 au 15 mars 1963,
cette fois encore au siége de 'UNESCO a Paris, une commission qui
avait été constituée par notre président le Professeur Byerly. Cette
Commission a étudié la standardisation des séismographes. Aprés une
revue de l’état actuel des appareillages dans les différents pays la
commission a pris un certain nombre de recommandations concernant
les caractéristiques que doivent présenter les nouveaux appareils, les
méthodes d’étalonnage, les procédés d’enregistrements, les échanges
de séismogrammes. D’autre part la Commission a chargé quelques-
uns de nos collégues de la rédaction d’'un manuel pratique d’instruc-
tions séismologiques dont la publication était vivement souhaitée par
I'UNESCO ; ce manuel doit contenir des conseils pratiques pour 'ins-
tallation et le fonctionnement d’une station séismologique ainsi que
pour le dépouillement des enregistrements.

LES MISSIONS DE L'UNESCO

Dans mon précédent rapport j’avais signalé qu’a la suite des
catastrophes séismiques qui venaient de frapper tour a tour I’Algérie,
le Maroc, 'Iran et le Chili, faisant au total plus de 15.000 victimes,
PUNESCO avait pensé que la protection des populations contre le
danger séismique devait constituer l'un de ses sujets de préoccupa-
tions.

Le tragique bilan des séismes de 1960 incombe en grande partie a
la mauvaise qualité des constructions. Tel était le titre que j’avais pu
donner a l'une de mes récentes publications, et ce titre dicte en
guelque sorte notre conduite : dans tous les pays menacés par les
séismes la nécessité de réaliser aussi bien dans les villes que dans les
villages, des batiments capables de résister aux tremblements de terre,
s’impose inéluctablement.

La connaissance aussi précise que possible de la séismicité de
chaque région et, par conséquent, le développement des recherches
séismologiques théoriques et pratiques devient nécessaire au moment
ou les villes s’accroissent rapidement et ol se multiplient les ouvrages
d’art : digues, grands barrages, ponts routiers, centrales nucléaires.

Il est aujourd’hui inconcevable de construire des maisons ou des
ouvrages d’art sans que soit évalué le risque séismique et sans que
soient prises les précautions nécessaires. En l’absence de tout rensei-
gnement précis, I'ingénieur est amené a envisager les conditions les
plus défavorables et par conséquent les plus cofiteuses. Le dévelop-
pement des recherches séismologiques doit permettre d’évaluer aussi
exactement que possible le risque séismique et de réduire au minimum
les dépenses supplémentaires imposées par la prise en considération
de ce risque.

Dans 'ceuvre de longue haleine entreprise par 'UNESCO il s’agis-
sait d’abord de faire le point des recherches séismologiques. L'UNESCO
a donc décidé 'envoi de quatre missions dans les régions plus parti-
culiérement menacées par les séismes : le sud-est asiatique, I’Amé-
rique du Sud, le Bassin méditerranéen et le Moyen-Orient, I’Afrique
Centrale. Ces missions ont été placées sous la direction générale du
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Professeur Beloussov, Président de 'UGGI, qui en a dirigé personnelle-
ment trois ; j’ai eu moi-méme la téche de conduire celle qui a visité
le Bassin méditerranéen et le Proche-Orient. Le Pére Linehan a
rempli les fonctions de rapporteur général pour I’ensemble des quatre
missions. Nos collégues Bath, Bonelli, Eiby, Hodgson, Karous ont éga-
lement participé a I'une ou l'autre de ces missions qui ont été renfor-
cées par des spécialistes du génie antiséismique, MM. Clough, Hudson,
Minami, Takeyama.

La téache principale des missions consistait & recueillir et & ana-
lyser des informations sur les points suivants :

a) l'état actuel des réseaux d’observatoires séismologiques en ce
qui concerne leur équipement, leur personnel et les facilités dont ils
disposent pour la communication de leurs observations,

b) les progrés réalisés dans la localisation des zones d’activité
séismique et dans la préparation des cartes de séismicité et de séismo-
tectonique & 1’échelle nationale ou régionale,

¢) l’existence de réglements spéciaux sur la construction et leur
application dans les régions d’activité séismique afin de minimiser
les dégats et la mortalité dus aux tremblements de terre,

d) les facilités existantes pour la formation de spécialistes en
séismologie, séismo-tectonique et génie anti-séismique.

Avant le départ des missions PUNESCO avait demandé au secré-
tariat général de 'UGGI d’établir une documentation sur I’état et les
besoins de la Séismologie. Le secrétariat de notre Association a parti-
cipé a ce travail en rédigeant des fiches concernant les stations séis-
mologiques en fonctionnement dans les régions visitées. En utilisant
la chronique séismologique que je fais paraitre réguliérement dans la
Revue pour I'Etude des Calamités et également l’ouvrage classique de
Gutenberg et Richter, j’ai d’autre part rassemblé une documentation
aussi récente que possible sur la séismicité des régions visitées.

Le réseau des stations séismologiques.

Les recherches séismologiques théoriques et pratiques — qu’il
s’agisse de comprendre le mécanisme au foyer d’'un tremblement de
terre, de délimiter les zones dangereuses et, peut-étre, de s’acheminer
sur la voie de la prévision des séismes — reposent sur la documentation
fournie par le dépouillement des enregistrements obtenus dans les
stations séismologiques. Or, le réseau des observatoires est encore trés
incomplet : en Afrique, en Moyen-Orient, en Amérique du Sud, le
nombre des stations est trés faible. Lorsqu’on consulte le bulletin
mensuel publié par le Bureau Central International de Séismologie,
on constate que, par exemple, pour le mois d’aofit 1962 13.807 données
ont été recueillies correspondant a 4.430 séismes différents : parmi ces
séismes 3.709 ont été inscrits par une seule station. Ces chiffres
cignifient clairement que le nombre de ces stations est encore trés
insuffisant pour permettre une étude compléte de la séismicité tenant
compte des faibles secousses.

Dans de nombreuses régions le matériel a besoin d’étre modernisé.
Cette modernisation peut cependant facilement s’accomplir grice aux
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progrés qui ont été réalisés dans les appareillages, conséquence inat-
tendue de la course a l'armement nucléaire: le séismographe est
actuellement le seul instrument capable de détecter une explosion
nucléaire souterraine. Dans plusieurs pays, des appareils grandissant
un million de fois le mouvement du sol ont été mis en service : ces
appareils apportent une contribution précieuse aux recherches séismo-
logiques ; un grand nombre de petits séismes qui autrefois passaient
inapercus sont aujourd’hui inscrits et leurs épicentres peuvent sou-
vent étre déterminés.:

L’installation de deux types de stations est recommandée confor-
mément aux conclusions de la réunion de la commission de I'LS.S.

a) les stations téléséismiques destinées a l’enregistrement des
séismes éloignés

Ces stations doivent étre munies d’appareils a4 courte période
propre — environ 1 s. — et & haute sensibilité, permettant de lire
avec la précision du dixiéme de seconde ’arrivée des premiéres ondes
séismiques; des appareils & moyenne et a4 grande période propre,
enregistrant les ondes superficielles, doivent compléter I'équipement.
De telles stations ne peuvent étre installées que sur un sol convenable
(socle granitique, par exemple) et doivent étre éloignées de toute
cause de perturbation (villes, routes, etc...).

Un réseau mondial téléséismique dont les stations seraient espa-
cées de 1.000 km les unes des autres parait convenable pour les buts
recherchés : détermination précise des épicentres, délimitation des
zones de forte séismicité, détermination de la structure de la crofite
terrestre, étude de la nature de l'intérieur de la Terre, fonctionne-
ment du systéme d’alerte aux raz de marée.

La réalisation d’'un tel réseau implique, pour couvrir les vastes
étendues océaniques, la mise au point de stations automatiques pou-
vant fonctionner au fond des mers.

b) les stations régionales.

Ces stations doivent former des réseaux a maille serrée (200 &
300 km, par exemple) dans les régions de forte séismicité. Elles doivent
étre munies d’un appareil 4 courte période (1s. environ) enregistrant
la composante verticale du mouvement de la Terre et éventuellement
d’appareils — également a courte période — enregistrant les compo-
santes horizontales. Grace a ces réseaux on doit pouvoir étudier en
détail les caractéristiques de la séismicité régionale et ses relations
avec la structure géologique, rechercher la nature du mécanisme au
foyer du séisme. La mesure précise de la «magnitude» des diffé-
rents chocs doit permettre d’évaluer ’énergie libérée dans chaque choc
et de suivre ainsi quantitativement I’évolution de 'activité séismique
d’une région, I’'une des voies qui peuvent conduire & la prévision des
séismes destructeurs.

Les cartes de zones séismiques.

Lorsqu’il s’agit d’essayer de protéger les populations contre les
séismes, I'un des premiers problémes qui se posent est de délimiter
— sur des cartes — les zones d’activité séismique plus ou moins
grande. Ces cartes doivent indiquer les régions ou des séismes d’une
certaine intensité maximum risquent de se produire. Ce sont ces
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cartes qui doivent servir de base au travail des architectes et des
ingénieurs.
Les renseignements a rassembler sont de trois sortes:

a) les séismologues doivent envisager la position des foyers (coor-
données et si possible profondeur), I’énergie de chagque secousse, la
fréquence des chocs de chaque magnitude, ou au moins, 'énergie
maxima libérée dans un seul séisme ; les caractéristiques dynamiques
aux foyers (types de dislocations).

I1 faut souligner ici l'intérét des recherches historiques et des
renseignements macroséismiques (observations faites par ’homme).
Il suffit de se rappeler qu’avant le séisme d’Agadir de 1960 on ne
connaissait dans cette région qu'une seule secousse grave, celle de
1731. Par contre, il n’y a plus eu de grands séismes destructeurs a
Bale depuis 1356 et pourtant rien ne permet d’affirmer qu’il ne s’en
produira plus. Skopje avait déja été détruite en 518.

La compilation de ces divers renseignements conduit a partir
de catalogues détaillés, & la construction de cartes d’épicentres, de
cartes d’isoséistes pour les séismes les plus importants et de cartes
de fréquence se rapportant & des séismes d’énergie donnée.

b) les géologues, de leur coté, essaient de retracer histoire tecto-
nique de la région ; les séismes se produisent souvent au contact entre
des blocs tectoniques dont I’histoire géologique est différente ; ’exis-
tence de mouvements verticaux, mis en évidence par exemple par des
variations d’épaisseur ou de faciés des sédiments doit faire l’objet
d’une attention particuliére.

La ol la terre a tremblé, elle tremblera, écrivait il y a 50 ans le
séismologue franeais Montessus de Ballore. Cette notion sommaire
peut étre étendue au concept de zones tectoniques caractérisées, par
exemple, par lexistence de mouvements récents: si certains
séismes d’intensité maxima donnée se sont produits dans une telle
zone, on peut penser qu'un jour des séismes de méme intensité se
produiront & nouveau en un point quelconque de cette zone.

Les données géophysiques régionales (gravimétriques, magnéti-
ques) sont utiles pour aider a délimiter les zones tectoniques ; les
zones d’activité séismique coincident souvent avec les régions de
grands gradients du champ de pesanteur. Le géologue devra égale-
ment porter son attention sur la nature des sols superficiels et sur
ses propriétés mécaniques.

¢) L’étude des récents mouvements du sol (la «néotectonique »)
devra s’appuyer sur la combinaison des méthodes géodésiques (nivel-
lement, triangulation) et morphologiques (études des coudes et cap-
tures des riviéres, tracé des lignes de failles récentes, etc..). Un
exemple caractéristique des relations qui peuvent exister entre acci-
dents tectoniques, morphologie fluviale et activité séismique peut étre
trouvé en France : les épicentres indiquent une instabilité durable du
détroit du Poitou, instabilité qui se traduit par les anomalies du
réseau hydrographique et en particulier du cours tourmenté de la
Charente.

Ainsi les cartes séismotectoniques ne peuvent étre établies que par
une collaboration étroite entre séismologues, géologues et géographes.
L’effort de synthése est délicat et n’a guére jusqu’ici été entrepris
que par nos collégues russes.
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Réle du génie antiséismique.

Dans les zones dangereuses définies par les cartes séismiques il
est nécessaire de construire des batiments qui puissent résister a des
tremblements de terre d’intensité maximale donnée. Si on met a part
certains ouvrages qu’il faut pouvoir maintenir colite que cofite (bar-
rages, usines électriques, centrales nucléaires, etc...) le but n’est pas
d’empécher tout dégat dit & des tremblements de terre ; les frais de
constructions deviendraient alors prohibitifs. Il s’agit plutdét d’abord
d’éviter les pertes de vies humaines et ensuite de rechercher un équi-
libre entre la majoration de prix entrainée par les mesures de précau-
tion antiséismique et le colit probable des réparations quentrainerait
une forte secousse, compte tenu de la durée supposée de la cons-
truction.

Je n’entrerai pas ici dans le détail des recherches que poursuivent
actuellement nos collégues ingénieurs pour étudier la réaction des
batiments aux tremblements de terre et pour établir des codes de
construction qui puissent étre facilement appliqués par les architectes.
Les recherches dans ce domaine se sont développées au point que s’est
imposée la création d’une Association internationale de génie anti-
séismique. Nous saluons la naissance de cette jeune association placée
sous la présidence du Professeur Muto et avec laquelle il est bien
évident que nous aurons a collaborer aussi étroitement que possible.

Je mentionnerai ici seulement l'intérét qu’il y aurait & multiplier
dans les régions sujettes a des séismes destructeurs linstallation
d’accélérographes ou «strong motion seismographs ».

Les missions de 'UNESCO ont insisté sur la nécessité d’édicter
dans chacun des pays menacés des codes de constructions antiséis-
miques ayant force de loi et d’établir des systémes d’inspection per-
mettant de s’assurer que les prescriptions contenues dans ces codes
sont respectées.

Les rapports des missions ont été publiés dans la collection des
monographies de 'UGGI :
premiére mission, monographie n° 15
deuxiéme mission, monographie n° 17
troisiéme mission, monographie n° 18
Le rapport de la 4° mission est sous presse.

La mission séismologique dans le Bassin méditerranéen. .

Puisque j’ai eu la tache de la diriger je donnerai ici a titre
d’exemple quelques détails sur le travail de la mission qui a enquété
successivement au Maroc, en Espagne, en Tunisie, en Gréce, en Tur-
quie, en Iran, en Yougoslavie et en Italie.

Pourquoi cette mission en Méditerranée et en Moyen-Orient ?
C’est que le pourtour du bassin méditerranéen peuplé depuis des mil-
lénaires et ou villes et villages sont souvent malheureusement de
construction ancienne et précaire est sans doute la région du monde
olt les séismes sont le plus fréquemment destructeurs. Le role des
séismologues est de rappeler a ceux qui pourraient I’avoir oublié le
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bilan particuliérement lourd des 80 derniéres années. Le pourtour
de la Méditerranée Occidentale a été frappé successivement en Anda-~
lousie (25 décembre 1884, 745 morts), Ligurie (23 février 1887, 640
morts), Calabre (8 septembre 1905, 533 morts), & Messine et Reggio
(28 décembre 1908, 83.000 morts), 4 Avezzano (13 janvier 1915, 29.978
morts), a Ariano (23 juillet 1930, 1.425 morts), dans le Hodna (12 fé-
vrier 1946, 246 morts), a Orléansville (9 septembre 1954, 1.200 morts),
a Agadir (29 février 1960, 15.000 morts).

En Gréce les trois séismes qui se sont produits dans les iles
ioniennes du 9 au 12 aolt 1953 ont fait 455 morts, 912 blessés graves
et entrainé la destruction de 30.000 maisons sur un total de 33.300.
En Turquie les cing séismes, tous de magnitude supérieure a 7, qui
ont jalonné entre 1939 et 1953 la longue ligne tectonique appelée
« cicatrice nord-anatolienne » ont fait plus de 50.000 morts et détruit
plus de 100.000 maisons. En Iran, le séisme de Farsinaj (13 décembre
1957) a fait 2.000 victimes, celui de Lar (24 avril 1960) 450 morts et
2.000 blessés. La catastrophe du 1°f septembre 1962 avec ses 15.000
victimes dans la région de Kavzin, celle de Skopje le 26 juillet 1963
viennent d’accroitre encore ce douloureux bilan.

Les pays visités par la mission appartiennent tous au domaine
de la Mésogée, berceau de la chaine alpine. La principale zone séis-
mique coincide partout avec 'axe du plissement alpin. En allant de
’Ouest vers I'Est, les épicentres jalonnent les cordilléres bétique et
subbétique en Espagne, le Rif, ’Atlas tellien et I’Atlas saharien en
Afrique du Nord, les Apennins en Italie, les Dinarides en Yougos-
lavie, puis dessinent un arc qui comprend les iles ioniennes, I’'ouest
du Péloponése, la Créte, les iles de Karpathos et de Rhodes ; le Tau-
rus, le Taurus Cilicien et I’Anti-Taurus en Turquie, les Iranides en
pbordure du Golfe Persique constituent la prolongation vers I'Est de
’axe séismotectonique alpin.

Dans ce grandiose bouleversement, le long de cette immense
chaine qui se plisse, bouge et casse depuis des millions d’années, les
séismes sont d’autant plus fréquents que l'effort orogénique est plus
récent. Le role des fractures ne doit pas étre méconnu : la Mer Egée
et les cotes occidentales de la Turquie, la «cicatrice nord-anato-
lienne », la ligne de « grabens» qui, en Asie (Mer Morte, Bekaa, Ana-
tolie sud-orientale), prolonge le «Rift» des grands lacs africains,
sont des régions particuliérement séismiques.

L’activité volcanique n’est pas non plus négligeable ; en Italie le
Vésuve, le Stromboli, ’Etna, sont probablement en relation avec les
foyers séismiques «intermédiaires» qui existent entre 100 et 300 kilo-
metres de profondeur sous la Mer Tyrrhénienne ; le volcan de Santo-
rin dans la Mer Egée, celui de Demavend dans I'Elborz en Iran ont
manifesté une activité récente.

Les recherches séismologiques dans certains des pays visités
(Espagne, Italie, Gréce, Turquie) sont déja anciennes: plusieurs
stations séismologiques ont été établies dés le début du siécle: le
réseau des stations téléséismiques est actuellement présque satisfai-
sant ; pour le compléter, la mission a recommandé l'installation de
nouvelles stations & Agadir, dans le Sud de la Tunisie (aux environs
de Gafsa) et en Turquie a Elazig.

27



Au contraire, le réseau des stations régionales est trés souvent
déficient ; il n’existe qu’une seule station au Maroc, en Tunisie, en
Greéce, deux seulement en Turquie et en Iran. Au moins 36 nouvelles
stations régionales devraient étre installées pour qu’on puisse obtenir
rapidement des renseighements sur la séismicité des différentes
contrées. .

Dans la plupart des pays des catalogues de séismes ont été publiés,
des cartes d’épicentres ou de zones séismiques ont été tracées ; elles
demandent a étre perfectionnées et standardisées. Dans quelques pays,
I'Iran par exemple, un gros effort reste a faire.

Dans le domaine du génie antiséismique, aucun accélérographe ne
fonctionne encore dans le Bassin méditerranéen et si des codes de
constructions aséismiques ont déja fait ’objet de lois en Italie, en
Gréce et en Turquie, ces codes devront étre modernisés en tenant
compte des recherches récentes des ingénieurs et des architectes. Dans
les autres pays, des codes doivent étre établis d’urgence, en Iran en
premier lieu et des mesures devront étre prises pour faire respecter
ces codes.

La reconstruction en Gréce et en Iran.

Les membres de la mission ont pu, grace a l'aide généreuse qu’ils
ont regue de la part des autorités gouvernementales, visiter plusieurs
des sites de tremblements de terre récents et examiner sur place un
effort souvent magnifique pour reconstruire et effacer les traces des
désastres.

I’exemple de l'ile de Céphalonie, en Gréce, est particuliérement
impressionnant ; toutes les constructions avaient été rasées par les
séismes de 1953 et sa population avait di étre évacuée. Avec l’aide du
gouvernement et des ingénieurs, le peuple grec a fait renaitre la vie
alors que la mort croyait avoir définitivement triomphé. Villes et vil-
lages aux larges rues et a l'architecture moderne et pimpante se
dressent aujourd’hui & c6té des ruines de 1953.

En Iran, ’absence de prescriptions réglementaires explique le
manque d’uniformité dans la construction antiséismique ; on constate
avec stupeur que nombreux sont les batiments récents qui ne com-
portent aucune garantie contre les tremblements de terre ; on éléve
actuellement & Téhéran des édifices de plus de cing étages, construits
en maconnerie non renforcée. Cependant la Banque de la Construc-
tion a réalisé beaucoup de constructions nouvelles congues pour résis-
ter aux séismes ; des experts japonais contrblent la résistance des
constructions. Il est évident que la promulgation d’un code s’impose
de facon urgente.

L’effort que fournit inlassablement la Société de Secours du Lion
et du Soleil Rouge — que préside la princesse Shams, sccur de ’Em-
pereur — mérite d’étre souligné : sous ses auspices un nouveau Lar
a été construit sur un emplacement choisi 4 4 km de I’ancienne ville
endommagée par plusieurs séismes en avril et mai 1960.
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Protection des habitations rurales.

En Iran, comme dans la plupart des pays méditerranéens et du
Moyen-Orient, la protection des habitations rurales construites avec
des matériaux de qualité médiocre constitue un probléme angoissant.
Tant que les modes de construction n’auront pas été améliorés, tant
que les maisons déja existantes n’auront pas été renforcées, le bilan
des futurs séismes restera trés lourd. Plusieurs experts envoyés en
Iran aprés la catastrophe de 1962, ont proposé des solutions de for-
tune : contreforts & ajouter aux constructions en coupoles, renforce-
ment du haut des murs par quelques rangées de briques afin de mieux
soutenir les toits, chainage des maisons par des bandes ou des fils
d’acier. Il faut aussi entreprendre 1’éducation des artisans de village
et suivre l'’exemple donné par le gouvernement turc, qui, il y a
quelques années, fit placarder dans les hameaux des régions menacées
des affiches montrant par des images souvent naives mais frappantes,
comment les habitants peuvent eux-mémes et avec leurs matériaux
habituels réaliser des constructions capables de résister aux séismes.

Un gros effort reste a faire aussi bien a la ville qu’a la cam-
pagne. Les missions de 'UNESCO ont du moins fourni l'occasion de
rencontres fructueuses entre séismologues, géologues et architectes :
dans bien des pays de telles rencontres constituaient une nouveauté.
Les séismologues, trop souvent, croient que leur travail consiste uni-
guement a dépouiller des graphiques dans le calme de leurs observa-
toires ou & étudier la propagation théorique d’ondes aux trajectoires
de plus en plus compliquées ; ils oublient quw’ils doivent sentir vivre la
Terre et penser aux autres hommes que la nature souvent menace.
Les architectes, de leur coté, ignorent parfois qu’ils ont & construire
dans des régions dangereuses et risquent ainsi de porter une lourde
responsabilité vis-a-vis des générations futures. La collaboration des
uns et des autres doit permettre, en assurant une meilleure protection
contre les séismes, de sauvegarder bien des vies humaines.
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ANNEXE

ASSOCIATION INTERNATIONALE DE SEISMOLOGIE
ET DE PHYSIQUE DE L’INTERIEUR DE LA TERRE

Rapport financier pour la période du 1° janvier 1960-31 décembre 1962
Amounts in U.S.A. dollars: 1 dollar = 4,90 F.

16

Exchange rate : 1 livre — 2,8 dollars.

RECEIPTS

IUGG allocation ......................
2 UNESCO v oivietie it iiniieiiananaanns
3 Other grants .............. ..ot
4 Contracts with Unesco, ete. ..........
5 Sales of publications ................
6 Miscellaneous ............civinnn..

T Total receipts .......... ...t
8 Cash on hand and in banks
Jan. 1, 1960 ............ .. ... ... ......

10 TOTAL ... e

EXPENDITURES

11

12

13

14

15

ADMINISTRATION

11. 1 Personal .........ccviviennnnnnann.
11. 2 Quarters (rents and services) ....
11. 3 Supplies and Equipment ..........
11. 4 Communiecations .................
11. 5 Travel (Administrative only) .
11. 6 Miscellaneous ....................

PUBLICATIONS

12. 1 C.R. Assemblies ..................
12. 2 CR. Symposia ............cvven...
12. 3 Periodicals ..............oonnn.
12. 4 Others . ........................ ..

ASSEMBLIES
13. 1 Organization .....................
13. 2 Travel . ... iiiienen

SYMPOSIA

14. 1 Organization ......................
14 2 Travel ...

SCIENTIFIC MEETINGS ..............

17 GRANTS (Perman. Services, etc.) ......

18

CONTRACTS WITH UNESCO, etc. ......

19 MISCELLANEOUS .............ovviin..
20 Total Expenditures ....................

21

23

30

Cash on hand and in banks

Dec. 31, 1962 ........... ...

TOTAL ... ... ...

IUGG
9.983

322
520

10.825

9.287

Grants and
contracts

14.750

20.112

1.609

292
670

63

2.200

3.171

232

7.015
14
15.296

4.816

20.112



Discussion.

Stoneley speaking for the I.S.S. states that the volume of matter
has greatly increased creating a serious financial problem and that
the U.S. National Science Foundation has given a substantial grant.
A further I.S.S. report is to be given later

3 — Financial Committee.

A Financial Committee consisting of Dr. Meisner, Hodgson and
Peoples, is then appointed to examine the accounts. This Committee
later met and approved the accounts.

4. — Reorganization of the Union.

The President discusses the question of the reorganization of the
Union which has been suggested by some members of the Bureau of
the Union. Some of the causes for this proposal are the proliferation
of committees which are able to get financial support, possibly at
the expense of the parent Union, and the fact that the Union’s orga-
nization has been unchanged since 1919. Finally the interdisciplinary
nature of many problems might make a new organization desirable.
The Bureau proposes to abolish the Associations and transform them
into sections. These sections would cover fields which would not be
the same as those of the present Associations. Among other things
this would result in putting the Crust and the Mantle of the earth
in one section, and the Core of the earth in another one. It was also
proposed that the sections meet separately, in which case it might
be necessary to attend two meetings in order to cover the subjects
now covered in one meeting.An ad hoc committee will be appointed
during the assembly. It will consist of one member for each Associa-
tion plus seven others. It is not clear whether or not this committee
will dissolve after the general assembly. The President appoints
Pekeris to serve on this committee and notes that he himself strongly
opposes the proposed changes.

Bullen : 1 have been asked to offer opinions on this proposal.
While reorganization may be necessary in the Union, it does not
appear to be necessary in the ILA.S.P.EI The Association should
probably not take a final stand and should not jeopardize its auto-
nomy.

Stoneley : I agree with President Byerly. I doubt that there is
any real need for reorganization. We have existed on this basis since
1919 and this, in my view, is more a reason for continuing on this
proven basis than for changing it. The British Committee feels that
the ad hoc committee should not discuss what changes should be
made but whether changes are necessary.

Byerly : I abstained from voting on the creation of the committee.

Peoples : From some experience in laboratories and in the Jour-
nal of Geophysical Research I feel that there cannot be any neat divi-
sion. The American Geophysical Union has looked into the matter
of reorganization but does not feel that we should rush into changes.
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Press : I quite agree with the previous position but I suggest that
a positive approach be taken. The physics of the earth’s interior
might be emphasized. We might invite papers in gravity, magnetism,
convection mechanisms, and so on. We should also try to emphasize
the importance of planetary geophysics. In this way we would pre-
serve swvhat is good in the present organization and also build for the
future.

Slichter : I agree with the previous opinions especially with that
of Press.

Rothé : 1 am happy of the present unanimity of views. Certainly
the Association should be preserved. It would be particularly unfor-
tunate to disband our association, now that the International Asso-
ciation of Earthquake Engineering has been created. I would like
however to point out that one reason for this regrouping is the
difficulty of organizing General Assemblies, which are becoming
increasingly large. The answer might be to have inter-association
meetings. These might cover for instance geodesy, seismology, physics
of the earth’s interior and volcanology on one hand, and on the
other hydrology, meteorology and part of atmospheric physics per-
haps. It would thus appear to me that the argument presented in
favor of the change is invalid. Press’s idea is quite correct — indeed
this was the idea in Brussels when the Association was expanded
to include the physics of the earth’s interior under Veining-Mein-
sez’s stewardship. We even have rapporteurs in various areas — such
as geothermy, gravimetry, and so on. The proposed reorganization
is thus not necessary.

Pekeris : I am happy to see that all opinions are in agreement.
I wonder whether an alternate member might not be selected and
I suggest the name of Frank Press. (After some discussion this pro-
posal was not adopted.)

Pomeroy : Do we have any recourse against an unfavorable vote in
the committee ?

Byerly : The recourse is that the Associations are created by the
member nations and that the matter will eventually have to be acted
upon by the member nations.

2nd SESSION
TUESDAY, AUGUST 20 (afternoon)
PRESIDENTIAL ADDRESS
In the presence of a large number of auditors President P. Byerly

gave his presidential address on « The Earth’s Mantle in the Early
Days». The complete text of the presidential address is given below.

THE EARTH’S MANTLE IN THE EARLY DAYS
by Prof. P. Byerly

Since the «Upper Mantles is a special object of study at this
time I thought that a good topic for a presidential address would
be the mantle in the early days—up through 1936.
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Reading very many early papers has been fascinating. One sees
that the language barrier has always existed and that a certain
amount of prejudice has been present. For example, my professor,
Father Macelwane, although born in this country felt so very Irish
that he taught me all about the early German literature in seismo-
logy, almost to the exclusion of the English works.

In such literature search it became clear that one should publish
his papers in a journal devoted to his subject. For example, a paper
on a geophysical subject should not go into the journal of some
academy devoted largely to biological subjects. For instance, the first
paper I shall mention is that of A. Schmidt, published in Wurtemberg.
Rudski’s early papers on transverse anisotropy were almost lost by
being published in the Bulletin of the Cracow Academy, and my own
in the American Journal of Science. Many later quoted Schmidt with
indications that they had not seen the paper.

The old adage that there is nothing new under the sun is quite
sound. For example, I have found where certain of my own ideas
came from.

It is interesting to find many early writers insisting that the
outer crust of the earth is too complicated in structure to allow even
the separation of P and S, and suggesting that travel times are useless
for determining earth structure unless the epicentral distance is
greater than 800 to 1000 kilometers.

Then there came a period when we considered the crust a series
of flat lying layers and thought that if we could observe travel time
to one tenth of a second or even better, the thickness of these layers
could be computed to the gnat’s eyebrow.

A. Schmidt’s paper in 1888 decided that the speeds of body waves
increased with depth in the earth and assumed spherical wave fronts.

I remember that when I visited Beno Gutenberg in Darmstadt in
1929 I remarked to him about Schmidt’s work. When he did not seem
to know about it, I said that I had obtained the reference from one
of Gutenberg’s papers. Beno said, ”You don’t think, do you, that I
have read all the papers that I cite ?”.

Rev. Osmond Fisher in 1889 demanded convection currents in the
mantle in order to explain the complexities of the crust. Of course he
demanded that the rock be liguid and fought the identification of
S waves through the mantle. Now we are quite content to have S waves
in a convective medium. (I wonder how soon we shall accept nega-
tive depths of foci of earthquakes when electronic computers give
them to us.) Fisher says the convection idea is as old as Humboldt.
The currents rise under ocans and descend under mountains. They
cause compression under continents to produce folding and faulting.

Wiechert in 1897, from density considerations and abundance of
elements, concluded that the earth has an iron core and a rock
mantle 1500 km. thick. It will keep this depth for some time.

In 1898 Rudski wrote a beautiful paper. He writes the equations
of a ray in integral form. He quotes von Reuber Paschwitz’s praise
of Schmidt’s 1888 paper and notes that the circular wave fronts assu-
med by Schmidt mean a law of increase of speed with depth of v =
A - Brz,
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Rudski suggested that speeds may increase with depth and then
decrease with a sinuous path. He notes that the velocity we observe
at the surface is “apparent”. He sees that the travel time curve will
have a point of inflexion where the horizontal ray from the focus

r sin i
emerges, and that the parameter of a ray is — = constant.

He assumes that speed increases with depth. There is no mention
of a core and no travel time curve presented. He mentions the com-
plexity of the crust and suggesis anisotropy below the crust. His
papers on transverse anisotropy will not appear until 1911 and 1912.

In 1900 Oldham says it is probable that the central core of the
earth is metallic, composed principally of iron surrounded by an outer
shell of “magma” which would be stony or glassy in a cooled and soli-
dified form. He says one would expect a sudden change in velocity
as waves leave the outer shell and enter the core. He concludes that
the core has a radius of about 0.55 of that of the earth as a whole.

The ray grazing this core should emerge at an epicentral distance
of about 90°.

He notes that the speed of surface waves depends on their “size”,
the larger ones travelling faster. This puzzles Oldham. The maximum
wave of a shock travels at a speed of 2.9 km/sec, but the speed may
rise to 4 km/sec for the «“long low waves which outstrip the prin-
cipal ones.”

(One wonders just how seismology might have developed if the
first seismographs built had had the constants of a Benioff short
period. All the talk of maximum phase and its long low precursors
would not have occurred).

(When Gutenberg and Richter, with the new short period instru-
ments which practically ignored the surface waves, became concerned
that large earthquakes at certain epicentral distances always had
aftershocks some forty minutes after the main shock, they identified
these as P’ P’. Then I looked on my longer period Bosch-Omori
records. There was P’ P7 as a little rider on the long surface waves.
I had blamed such on spiders in the station.)

John Milne in 1903 was still thinking of approximately chord
paths for P. He recognized a crust of the earth and opined it was 40
miles thick ; below it was a shell composed of magma caused by high
temperature. This shell was 200 miles thick. Then came the core,
perhaps composed of “gaseous iron” differing vastly from gas as we
know it, due to extreme pressure. The speed of P increased rapidly
in the shell but continuously from the speed in the crust to that in
the core. In the core it was constant, 10 km/sec. He objected to
Wiechert’s solid iron core and also to its depth (1500 km). He thought
that the surface waves travelled in the shell (mantle) and that the
crust was lifted bodily by their passage. In the shell, P waves had
speeds up to 9 km/sec.

Also in 1903 Schliiter used the (apparent) angle of emergence to
prove curvature of P paths. He said “as an approximation I use
arcs of circles” to describe the paths.
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Hans Benndorf, in two papers published in 1905 and 1906 wrote
that the travel time curves will tell us of the structure of the earth’s
interior. He doubts the travel times at distances less than 1000 km
because he is worried about the complexity of crustal structure. He
draws the curves of T, and T, out to 18,000, identifies T, with P, and
opines T, is S. He says that the curves are doubtful beyond 14,000 km.
He fits a polynomial to the travel time curves. He uses Schliiter’s
angles of emergence to check his travel time curves and discovers
«Benndorf’s Law.” He notes that low velocity layers may produce
shadow zones. He gets the relationship — {[i}\'; < N (\ == %; o = :4)

14 4 [

as the criterion for a ray “bottoming”. He gets a velocity for P from

15 1% km/sec from ri = 0.4 to 0; then the velocity vs depth curve
0
drops to 14 km/sec at :— = 4.6 and 13 at i]?j = 3.8. There is a sudden

0 0
bend at IL = 0.9 ca. The velocity at the surface is about 5.5.

0
A great “break-through” came in Oldham’s paper in 1906. I have
been told that Oldham was a fairly violent man in his opinions, but
reading his papers tends to show he was rather afraid of Rev.
Osmond Fisher. The latter, as written above, wanted a liquid below
the crust and therefore was opposed to the second preliminary waves
being shear waves.

Oldham draws travel time curves for P and S. The P curve is
continuous out to 180° epicentral distance but it has an irregularity
at 130°. Here it bends upward and then continues with more or less
the same slope as just before 130°. His S curve stops at 130° but he
draws another branch beginning four minutes later from 130° to 180°.
He says that P and S and L may not be separated until epicentral
distance of 10° in Europe although they may in Japan where the
crust is thinner. He says that travel times from Japan to Europe are
different from those from America to Europe !

Oldham says the crust cannot be thicker than about a score of
miles. He suggests that the increase of speed in the mantle is not
due to a change in composition but is due to temperature and pres-
sure. He finds a central core where the speed of S drops markedly
and of very different composition than the mantle. He rejects the
idea that S does not go through the core. He wants the change at
the core boundary to be gradual. Oldham says he does not want to
theorize, but then suggests an iron core with a stony mantle. He
concludes that the core does not extend beyond 0.4 of the earth’s
radius.

Then in 1907 began the series of papers «“Uber Erdbebenwellen”
from the geophysical institute in Gottingen. The first consisted of
two parts, theoretical by Wiechert and experimental by Zoeppritz.
Wiechert’s paper aroused some bitterness because of the cavalier
way in which he treated earlier writers. He named them but not
their real contributions ; e.g. he quotes Oldham’s geological doubts
about mathematical computations re the earth’s interior but does
not tell about his core and mantle.
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Wiechert had developped a method of drawing earthquake rays.
He divided the earth into shells in each of which the portion of the
ray is the arc of a circle. He requires that there be no sudden change
in angle of incidence at the boundary between shells. The assumption
of increase of velocity with depth is made here as usual. He holds
by his earlier (1897) idea that the earth consists of an iron core and
a rock mantle. He neglects the crust. He thinks that the ray emerging
at 6000 km has grazed the core and gets for the depth 1500 km by
one method and 1600 by the other. In a footnote he says that speeds
decrease in the core. He finds no reflection at the boundary of his
core so concludes a gradual change. He requires a magma shell (low
rigidity or weak layer) just under the crust to explain what we now
call Love waves. (Love’s theory came later.) He considers the vibration
in their passage to have loops at the surface of the earth and at the
interface between the rigid crust and the weak layer, with a node
between. From this and what he considers the predominant period
he gets 30 km for the thickness of the crust in Goéttingen. Wiechert
points out that assuming constant velocities in mantle and in core
that what we later called P would have two branches. The paper
is very long, and various parts must have been written at various
times for footnotes occur changing his opinions. It is interesting to
note today that he says that very few foci are deeper than 100 km
and that most shocks are caused by faults. Zoeppritz in the second
part of the paper presents the travel time curve which he and
Wiechert had used.

Three months later in 1907 Herglotz published his famous trans-
form. Hereon hangs a tale told me by a man trained in Gottingen.

Young mathematician Herglotz came to Gottingen after being
trained in Graz where Benndorf was. He felt strongly that Wiechert
had not given Benndorf enough credit. (It was said that Benndorf
was angry at his name being attached to a matter so trivial as that
which we now call “Benndorf’s Law”.) Herglotz wished to expose
Wiechert and knew he would have to do it before the geophysical
institute, so he asked Wiechert for a problem. It was ready for him.
Seismology had its equation for time along rays. But behind the
integral was speed as a function of depth (unknown) and outside
it what could be observed. It needed to be transformed so that under
the integral sign would be the knowns and this could be graphically
integrated. The transform amounts to changing integration along
a ray to integration along the travel time curve. Herglotz solved it
using an equation of Abel and presented it before the institute. Now
comes the point of the story. Herglotz arose, drew a circle on the
board, representing the earth, and a ray path convex down. Then
he said, «This is a seismic ray. It begins at Graz and ends at Got-
tingen.” When he published the transform it was entitled “On the
Benndorf problem of the velocity of propagation of earthquake rays.”
Benndorf was mentioned frequently, but not Wiechert.

In 1909 appeared another paper in the ”Ueber Erdbebenwellen«
series. This was by Zoeppritz and Geiger. They now have Zoeppritz
travel time curves for P and S out to 118°. They use the earlier
Wiechert method (rays arcs of circles in layers). They find two
shells are enough. Shell 1 for P is 760 km thick. (Remember these
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were not thought of as physical change.) The depth of the core
was 1519 km for P. Now they use S and get core depth at 1151 km.
The velocity of P increases about linearly with depth from 7.2 to
12.8 at 1520, then remains constant to the center of the earth. The
velocity of S is linear from 4 km/sec to 6.8 at depth 1150 and then
constant to the center of the earth.

Then came Wiechert and Geiger in 1910. Wiechert here puts
the Herglotz equation in the handy inverse hyperbolic cosine form.
He discusses various early travel time curves. Then Geiger using
the Wiechert-Zoeppritz travel time curves (out to 13,000 km) and
the new transforms gets a steady increase of speed of P down to
about 1500 km-then constant (12.7 km/sec) down to depth 3300 km.
Then he does the same for Oldham’s curve. This gives an increase
of 9 km/sec to 10.5 km/sec at depth 2800 km. Note that no longer
is speed computed to the earth’s center.

In 1910 appeared A. Mohorovicic’s historic paper. Its contribu-
tion to ideas about the mantle is that its top is at 50 km depth where
the speed of P is about 7.45 km/sec.

In 1912 Geiger and Gutenberg studied the amplitudes of P and
S and their reflections, computed theoretical curves and made
observations. They got three second order discontinuities :

Depth (km) Ve Vg
1193+ 50 11.80 6.59
1712+ 100 12.22 6.86
2454+ 100 13.29 7.32

Also in 1912 Rudolph and Szirtes draw travel time curves for
the great earthquake of 1906 in Colombia. They use the Herglotz
transform and get speed of P increasing steadily (from 7 to 12.7)
at depth about 1700 km. It remains constant to depth 3200, then
decreases to about 11.3 at 4600. S behaves in a similar fashion, i.e.
they got it to depth 4600.

As for the nature of the top of the mantle and current ideas,
I wish to note that in 1914 Fermor suggests the existence of a
highly garnetiferous shell of rock at a depth where pressure becomes
the dominant factor in mineral transformations, the accompanying
high temperatures ensuring a sufficient degree of molecular mobility.
Thus slight changes in pressure may produce changes in phase and
therefore volume with resulting strain in the cooler rock above.

Also in 1914 Gutenberg presented new travel time curves from
80° to 180° including waves through the core. He carries his P curve
to 114°. It begins much later at 143° with two branches (P’). The
P curve has a strong bend at 103°. The S curve is uncertain but
stops at 114° and does not begin again. It is not clear to me if he
used the Herglotz transform. He says one can get the depth of the
bottom of the ray by the Wiechert-Herglotz method. The 2900 km
depth of the core is first here given. He also uses ratios of amplitudes
of direct P to reflected PP. His core is 3500 km in radius. He lists
the higher second order discontinuities at 1200, 1700, 2450 kms
(speed drops a little here for P, not for S). However, in his final
table he gives the speeds of S in the core!
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In 1916 S. Mohorovicic applied the Wiechert-Herglotz trans-
form to his father’s travel time curve ”reduced to standard focal
depth”, and got six discontinuities in the mantle: 120 km, 400
(sharp), 1200, 1740, 2000, 2500. The discontinuity at 400 km depth
was to become a hone of contention.

Next we come to Knott in 1918-19. He uses Bateman’s (1910)
transform which does not differ from the Herglotz. He uses the
old I.8.S. tables' (from Wiechert and Geiger). His velocity for P
is about 7.25 near the surface. It increases nearly linearly to about
1600 km where it is 12.8 km/sec, then it drops very slightly to about
depth 2800 km. Knott draws rays and wave fronts. On the whole
the rays are concave upward to a depth of about 0.3 of the earth’s
radius, then tend to be straight and then a bit convex correspon-
ding to a drop in speed of a few tenths of a km/sec. He can’t get
below about 0.6 of the earth’s radius.

In 1919 Galitzine used the angles of emergence to get ”three
new critical surfaces« at depths 106, 232 and 492 km. He also gets
the 7old« one at 1200 km. He concludes that the thickness of the
rock crust is probably 1200 km.

In 1922 A. Mohorovicic presented new travel times of P waves.
Although he gaves times for P, from epicentral distances of 200 km
to 14,000 km, he also gave tables for waves which preceded it.

P, begins at 1700 km, 3.5 sec. earlier than Pn. (See here the
father of the «“twenty degree discontinuity”.) P, is plotted to 13,500
km. P, begins at 1400 km where it is 6 sec. before P and runs
to 14,500 km. P; begins at 9000 km where it is 24 sec. before Pp
and runs to 14,000 km. P, begins at 11,000 km where it is 31 sec.
before Pn and goes to 14,000 km. P; begins at 11,000 km where it
is 39 sec. before Pn and runs to 13,500 km.

Thus A. Mohorovicic carries on in the trail he started with P
and Pn. He advocates locating epicenters by use of P times at
stations with epicentral distances of less than 1700 km.

I find in my files extensive notes which I took while I was
studying this paper in 1925. He gave his observations and I plot-
ted them and could not see how he drew his curves through such
scattered data. I think that he (and Gutenberg too) must have
decided on some limits of error, due to clock corrections and drum
rates perhaps, and when he found a scatter greater than error
would account for, drew another curve.

Gutenberg writes about the core at depth 2900 km in 1923. He
still questions the matter of S through the core but he can’t find
it for any reasonable Poisson’s ratio. He says it was in «Uber Erd-
bebenwellen VII” (1914) that he got the depth of 2900 km. But
there is no VII in the Goéttingen Nachrichten for 1914 — only VII A.
In VII A Gutenberg refers to the earlier VII.

In 1925 S. Mohorovicic wrote a review paper. He quotes Wiechert
having suggested that at depth in the earth small changes in
conditions might cause the rock to change its crystalline form and
therefore its volume. Mohorovicic now presents an earth with an
outer shell of thickness 60 km, a mantle 2500 km thick, and a core
of radius 3800 km.
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In 1925 Gutenberg presented travel time curves in which P’
did not have two branches with a cusp.

In 1926 Gutenberg poses the question as to the depth in the
earth at which the material ceases to be crystalline. He points out
that the speed of earthquakes waves will drop at this depth. He
says that we know that such is the case at depth 2900 km. At depth
2450 km the speed of P drops from 13.25 to 13 km/sec. The speed
of S drops in a similar fashion. He notes that S. Mohorovicic found
a siight drop at 400 km but discounts it. Gutenberg was an unal-
terable foe of that discontinuity. Then he investigates the ampli-
tude of P from epicentral distance of 200 km to 3000 km. He
decides that they decrease from 200 km to 1650 km, then suddenly
increase to slowly decrease out to 3000 km epicentral distance. He then
gives velocity as a function of depth. He says this was as determined
by the Wiechert-Herglotz method but gives no reference. In his
larger graph there is no decrease of speed in the upper mantle
although the increase is slow from 60 km to 100 km. He says
»from depth 57 km to 70 km the velocity is almost constant«. In
an inset in the larger graph, he draws a velocity depth curve from
depth 57 to 90 km. It has a small drop in speed (about 0.003 km/sec)
around depth 70 km. He says the curve is qualitative not quanti-
tative. He says such a drop could be explained by a normal increase
in density or a small decrease in rigidity — one cannot tell which.
He adds, «“Apparently such a drop of velocity at depth 70 km does
not exist from our data”. Gutenberg’s conclusions were then (1926),
«We find that in the mantle of the earth there is no discontinuous
decrease in rigidity down to 1200 km, that there is no discontinuity
at 400 from depth, that near depth 70 km the rigidity appears to
be nearly constant, that at depth 57 km in Europe the speed
increases discontinuously. As for the boundary between crystalline
and amorphous material, it is either at depth 2450 or at 2900 km.”

S. Mohorovicic comes forward with another paper. The mantle
now has changes in material at depths 120 km, 400, 1200, 1740, 2000,
2500 and 2900. The crust has a change at 40 with its lower surface
at 60. He presents a drawing of the interior of the earth and one of
the interior of the moon which he says he drew for Henry Ford’s
paper, “The Dearborn Independent”. On looking at these figures
I have formulated an argument for spending more money in
drilling “Moholes” and less on going to the moon. For according
to them, the very center of the core of the earth is composed of
platinum and gold, whereas the center of the moon has none.

In 1925 I studied a Montana earthquake. I located the epicenter
using three stations within 14° of the epicenter, as advised by A.
Mohorovicic, and his Pp curves. The resulting travel times were
fitted by three straight lines with bends joining them at epicentral
distances of 20° and 65°. According to Geiger and Gutenberg the
wave emerging at 20° had penetrated to a depth of 400 km and
that emerging at 65° had penetrated to a depth of 1700 km. I
inferred discontinuities at these depths.

Repetti in 1930 used the St. Louis travel time tables which were
based on those of the Mohorovicics. Repetti used the Wiechert-
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Herglotz transform. He got discontinuities at 973 km, 1140, 1570 (?),
1860, 2100. He pointed out that discontinuities at 120 km and 400
did not appear. He says the depths 973 and 1860 are new. He thought
he detected reflections from the 973 interface. (I do not agree).

In 1931 Jeffreys revised the I.S.S. tables using the Montana
earthquake data and those of Macelwane’s South Pacific earth-
quake. Using the new curve he finds that the ray emerging at 20°-
has gone to a depth of 270 km so he puts the discontinuity there.

Witte in 1932 used the Wiechert-Herglotz method on Jeffrey’s
1932 curves. He gets second order surfaces between 900 and 1000 km
and between 2600 and 2700 km. He goes no deeper. He says, “We
can divide the mantle into two parts, the first down to 950-1200, and
the second down to 2600 to 2700.”

Lehmann in 1934, using an Iceland shock and one from the
Azores, says the surface corresponding to the quick change of slope
of the travel time curve at 19° is at depth between 250 and 350 km.

Dahm in 1936 decides that from depth 2730 the speed of P
decreases a little. Neither he nor Witte get the second order changes
at about 1250 and 2200 which Gutenberg found.

Also in 1936 Jeffreys discussed the 20° discontinuity. He quotes
Lehmann and debates the nature of the discontinuity. He says,
«“The evidence is at present favorable to a true discontinuity”, and
states its depth is not accurately known. He computes again to
get about 480 km.

I am concluding my review of the mantle in the old days at
1936 for two reasons : 1) the magnitude of the task was greater than
I expected ; and 2) if I went much further I would get into a period
when too many of my audience would feel slighted at omissions
which I would make inadvertently. I started with Rev. Osmond
Fisher because Oldham’s continual references to him forced me
back that far.

Today there still is a Mohorovicic discontinuity with varying
depths and still a core of unvarying depth.

Perry Byerly
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2nd SESSION (Second Part)

5. — L.S.S. Committee Report.

Stoneley, President of the 1.S.S. Committee states that the present
situation with respect to the I1.S.S. originated at Helsinki. The situa-
tion was first examined there, and it was recommended that a com-
mittee of 9 meet in Paris to discuss the nature and the future of
the I.8.S. This meeting was held in July 1961. It was decided that the
increase of data just for the calculation of epicenters would result
in at least a ten-fold increase in expenditure. The organization and
place of the new 1.S.S. was left undecided. The President then appoint-
ed a committee to find a solution to the remaining problem. This
«Byerly Committee” recommended that the center be set up in
Edinburgh. The problem of finances was solved by an appropriate
grant from the U. S. National Science Foundation.

Willmore then expresses his views on the matter. It appears that
for routine data-processing we are at a dividing point. It appears
clear that the handling and publication of the material cannot be
handled as before. The U.S.C.G.S. is now able to locate epicenters of
shocks sometimes as small as 3.5 M. This high sensitivity indicates
that approximately 30,000 epicenters will have to be determined every
year. The data also appears to be adequate for determination of local
shocks. Indeed there should be a 2-way flow of data. The proposed
World Center should not make a critical interpretation. This should
be left to the individual scientist. The center should also be able to
answer specific questions from individuals.

Regarding the nature of the data flow it should be noted that
the transcription of the data is tedious and time-consuming. The
proposal is thus to obtain data in a form suitable for mechanical
processing e.g. mark-sensing cards. A small experiment conducted
by the I1.8.S. was more or less successful, partly because of poorly
marked cards. The question then is whether the center should get
data from all over the world and whether all the stations should have
card punches or tape punches. It will also be important to determine
whether the final determination of epicenters is superior to the preli-
minary determination. If so, the stations will thus give preliminary
data, obtain preliminary epicenters from the U.S.C.G.S., reread their
seismograms, and send their new data to the center, which will then
determine the revised epicenters. It would seem that this procedure
is indeed the most favorable one considering that’ it is essentially
followed at present, but we will examine whether this assumption is
justified. If it is not, then it will be necessary to read the seismo-
grams only once. The only difference remaining will then be in the
speed of determination since the U.S.C.G.S. obtains a large number
of its data from telegraphic communications. Finally, because of the
amplitude variation with distance a good distant station might be
better for determining fairly small shocks than a poor local station.
The amount of work required on a fast computer should not exceed
a few minutes a day.
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It should be pointed out that the present 1.S.S. format cannot be
maintained because of the very great increase in volume. We might
consider distributing only catalogs of epicenters. Individuals might
then ask for information and this might be given to them in the form
of a punched tape rather than a print-out.

Regional centers will continue to play important roles in main-
taining regional stations in good operating conditions and in inter-
preting the data received from the World Center.

In the subsequent discussion the President remarks that it appears
that only Edinburgh will make the necessary expansion possible and
that Strasbourg might of course either submit another proposal or
continue as a regional center.

Bullen wonders whether the present 1.S.S. Center will cease to
function.

Willmore remarks that the station bulletins in their old format
essentially gave data and that their value is relatively small. The
1.S.S. gave more or less the same information plus a summary of
epicenters. It would appear that the center could store and send on
microfilm some information which is not often needed, such presen-
tation would be advantageous from a financial standpoint.

Pekeris remarks that the “Byerly Committee” had made some
definite recommendations. There is no doubt that everybody is
interested, and Edinburgh has been chosen as a site because of its
computer facilities and the existence of an active research program.
Now that funds are available the question arises whether an imme-
diate decision should not be made.

Bullen wonders whether the I1.8.S. Committee might not wish to
take a second look at the present situation during this assembly.

Bdth : Concerning the question of the regional centers I wish
to remark that out of 73 people which we have contacted, 47 %
replied and expressed an interest in the matter. We can perhaps
not make a decision now but might certainly make suggestions. A
report on this matter has been prepared and will be published by
the I.U.G.G. I wish to remark that we need to define the terms more
precisely. Overorganization should be avoided and local differences
are necessary. In large countries 4 or 5 regional centers with dif-
ferent specialties might be established. In groups of smaller countries
these centers could be split between the countries. The primary
function of these regional centers is not the transmission of data
but lies rather in research, studies of local seismicity and in the
coordination of effort toward some common goals. Our report pro-
poses the creation of 15 regions.

Howell emphasizes the importance of speedy action on the
matter of the World Center.

Savarensky suggests that the details of the World Center organi-
zation might best be left to a small group of interested people.
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Hodgson supports the idea of Pekeris and feels that a decision
should be made now, and that there is no point in further discussion
if a decision cannot be reached.

Rothé then reviews the work which has been done at Strasbourg
e.g. the use of an electronic computer, the maps of local and regional
seismicity and the expansion in the new building now being erected.

After a good deal of discussion and of clarification of various
points, the meeting eventually accepts the proposed move of the
1.S.S. to Edinburgh.

APPENDICES TO THE REPORT BY THE HON. DIRECTOR
OF THE I.S.S.

I. — REPORT FOR THE YEAR 1960

This report is in continuation of the report for 1959. A report
covering the triennium 1957-1960 was submitted to the International
Association for Seismology and the Physics of the Earth’s Interior
at the Helsinki General Assembly of the U.G.G.I. in 1960.

STAFF

There has been no change in the personnel of the Staff of the
1.S.S. during the present year. The uncertainties of finance have
made it impracticable to engage additional members as was hoped.
I wish to express my thanks to the Director General of the British
Meteorological Office and to the Director of Kew Observatory for
providing free office accomodation for the I1.8.S. as well as help
with the financial administration of the Staff. Once again I wish
to acknowledge the loyal service of Mr Hughes and the other mem-
bers of the Staff. We have heard with regret of the death on 1960
December 7 of Miss E.F.B. Bellamy at the age of 80. The L.S.S. owes
a lasting debt to her for the many years of devoted service from
the earliest days of the project.

PUBLICATIONS

During the year the four quarterly parts of the 1952 volume
have been printed. Judged by the number of quarterly parts issued
this appears a disappointing result, but in terms of the printed
results it represents a slight increase in work actually done. The
amount of material received has continued to increase, and although
in the 1952 volume there has been a marked saving of time and
printing through the omission of «Additional Readings” and of
data not leading to definite epicentres (see Report for 1959), the
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number of pages is still about the same as for 1952. The comparative
figures illustrating the rise in content are

Year: 1945 1946 1947 1948 1949 1950 1951
Pages: 422 602 560 710 800 1081 1121

The 1952 figures are, as indicated, not comparable.

The longer lists of station readings for well-determined earth-
quakes should render the I.S.S. a better instrument of research than
was formerly the case.

Following a decision (not entirely welcome to the Committee)
made at a meeting of the 1.S.S. Committee in Helsinki in 1960, it
has been agreed for the future not to work out the epicentres of
shocks of magnitude less that about 5; it has been left to the
discretion of the Assistant Director (Mr J. S. Hughes) to decide
which earthquakes justify inclusion in the programme. References
will be given in the I.S.S. to published epicentres of regional groups
of shocks, as suggested in last year’s report.

Financial statement for the year ended 31st October 1960

1958/59 Receipts
Grants
H. M. Treasury (per Royal
© 2,000 — — Society) 2,000 — —
International Council of
1,607 2 10 Scientific Unions 3,600 14 4
367 19 7 Government of Canada 366 — 3
International Association
for Seismology and the
Physics of the Earth’s
800 — — Interior — — — 6,026 14 7
210 19 2 Sales of Literature 412 8 5
7 6 9 Deposit Account Interest 15 19 6
4993 8 4 Total Receipts 6,455 2 6
Cash at Bankers and in Hand
1,496 19 5 31st October 1959 839 13 2
£6,490 7 9 £7294 15 8
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1958759

3,539

225
133

1,567

79
1

19

69

15

5,650

1,004
165

£ 6,490

18

19

15

14

7

11

10

9

Payments
Salaries and Allowances (less
Staff Superannuation Con-
tributions) 3,728 13 3
Superannuation
Contributions 225 6 —
National Insurance 148 13 — 4,102

Printing 2,303
Stationery and Postage

(including typing) 112
Bank Charges and Cheque Books 15
Maintenance of Calculating

Machines 13
Purchase of New Calculating

Machine —
Accountancy Charges

(two years) 8
Miscellaneous and Travelling

Expenses 60

Total Payments 6,615

Cash at Bankers 31st October 1960 :

Deposit Account 3 6
Current Account 677 1 5 677

Petty Cash in Hand 31st October 1960 :

London 1 12 7
Cambridge 1 11 1

£ 7,294

12

18

16

14

15

11

8
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II. — REPORT FOR THE YEAR ENDED DECEMBER 31ST 1961

The Honorary Director begs to report as follows :

STAFF

No changes of professional staff have been made during the
present year. I am, however, spending a year working with the United
States Coast and Geodetic Survey and Dr P. L. Willmore has kindly
agreed to act as Deputy Director during my absence. The project is
still housed at Kew Observatory.

Preparation and issue of the I.S.S.

The volume of data received from the stations continues to
increase, as emphasised in previous reports, and it has become clear
that, with preparation along the old lines, there would be little hope
of overtaking arrears.

Fortunately, Dr Willmore and Dr B. A. Bolt, who was spending
six months at the Department of Geodesy and Geophysics, Cam-
bridge, took in hand the problem of changing over from the desk-
type computer. For this purpose Dr Bolt modified the programme
already published by him for least squares determination of epi-
centres, and put in a considerable amount of time in preparing
for the change-over to automatic computer, which took place during
the summer of 1961. The I.S.S. is greatly indebted to the Director
of the Atomic Weapons Research Establishment, Aldermaston, for
the allocation of free machine-time for the experimental stage. The
I.B.M. cards are punched at Kew and sent to Aldermaston for proces-
sing ; a research grant of £ 200 was made by the British Association
Seismological Committee towards the cost of the experiment. It is
hoped that, in due course, the sheets printed by the computer will
be used for direct offset printing of the I.S.S., thus obviating the
errors of type-setting and the burden of proof-reading.

Thanks to the change over, and to a generous grant from the
U.S. National Science Foundation, it has been possible to make some
progress towards overtaking arrears of compilation and publication.
The following quarterly numbers have been issued during the pre-
sent year :

Number Pages No. of Epicentres
1952 IV 424 434
1953 1 184 104
II 201 111
I1I 206 97
v 225 102
1954 I 186 93

Epicentres have been computed, and MS prepared, up to nearly
the end of 1954. As mentioned in last year’s report, small shocks are
no longer included.
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The Mark-sensing card experiment

Now that computation and reproduction can be done auto-
matically, the main burden on the professional staff is the trans-
cription of data from station bulletins on to machine cards, and it
is clear that the elimination of this step is the outstanding requisite
for improving efficiency. As an experiment in this direction, LB.M.
mark-sensing cards and special pencils are being sent to about 35
stations, selected for the quality of their instruments and their
distribution around the globe. The operators are being asked to enter
the times of certain phases on the cards, and it will then be possible
to transcribe the data by machine to the main computer input. It is
already clear that the use of these cards is quite inexpensive and
will impose very little burden on the station operators. The main
cost will lie in the printing and distribution of the results, but the
necessary decisions on the scale of publication can be deferred until
we know the volume of data which will be available.

Finance

A review of the financial situation made it clear that no great
increase of the subventions from international sources could be
expected of sufficient magnitude to cope with the increasing volume
of observations and at the same time to overhaul the arrears of
publication at the rate now asked for by seismologists. In these
circumstances, an appeal was made to the U.S. National Science
Foundation, with the sympathetic advice of Dr L. M. Murphy, U.S.
Coast and Geodetic Survey. The response was speedy, and it is
pleasant to record that the sum of 50,000 dollars, spread over a
period of 5 years, has been allocated by the N.S.F. for the express
purpose of clearing off the arrears of publication within 5 years,
on the assumption that support from other sources would be conti-
nued at least at its present level. The first annual installment of
10,000 dollars was paid over immediately, so that there is no longer
any need to slow up printing and publication for lack of funds.

The juture of the LS.S.

The present rapid increase in the number of stations and the
need for early publication of definitive epicentres will necessitate
a radical change in the mode of collecting data and speeding up
still more the computation of epicentres. This matter was discus-
sed in two long sessions of the IS.S. Committee at the meeting
of the U.G.G.I. in Helsinki in 1960, and Colonel Laclavére courte-
ously undertook the arrangements for a five-day meeting of the
1.S.8. Committee to be held in Paris in July 1961. The conclusions
of the Committee were far-reaching, and a full report is being
published by the U.G.G.I. The President of the International Asso-
ciation of Seismology and the Physics of the Earth’s Interior, Prof.
P. Byerly, has been asked to set up a small committee to make
recommendations concerning the future preparation and location of
the I.S.S. The report of the I1.S8.S. (which envisages setting up a
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comprehensive international centre for seismology) together with
the recommendations of the Byerly Committee, will be presented
to LLAS.P.EI at the meeting of the U.G.G.I. in 1963. Meantime, the
production of the I.8.S. will continue at Kew until the I1.S.S. is
merged into a larger project.

Acknowledgements

The thanks of the I.8.S. Committee are due to F.A.G.S. for their
continued support in face of the increasing demands on international
funds, and, in particular to Colonel Laclavére, for his help and
advice : to the British Treasury for their annual subvention : to
[LASPEIL and Prof. J. P. Rothé: to the Director of the Royal
Meteorological Office and to the Director of Kew Observatory for
housing the project and providing administrative assistance: to
the U.S. National Science Foundation for their generous subvention
towards the cost of overtaking arrears of publication : to the British
Association Seismological Committee for their research grant, and
to the Atomic Weapons Research Establishment for the valuable
facilities they have afforded.

As already mentioned it was through the considerable efforts of
Dr Bolt and Dr Willmore that the change over to electronic
computer was effected in such a short time. I am personally indebted
to Dr Willmore for the extremely active interest he is taking in
the development of the I.S.S. during my absence in the U.S.A.

R. Stoneley
Financial Statement for the year ended 31st Octlober, 1961.
1959/60 Receipts
Grants :
H. M. Treasury (Per Royal
2,000 Society) 2000 0 O
International Council of
3,661 Scientific Unions 2,321 8 8
366 Government of Canada _ = —
United States National
— Science Foundation 3579 14 O

British Association Seismo-
logical Committee

— (Research Grant) 200 0 O
International Association of
— Seismology 400 0 O 8,501 2 8
412 Sales of Literature 317 9 7
16 Deposit Account Interest _ — —
6,455 Total Receipts 8,818 12 3
840 Cash at Bankers and in
Hand 31st October 1960 678 19 5
£7,295 £9,497 11 8
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1959/60 Payments

Salaries and Allowances
(less Staff Superannuation

3,729 Contributions) 3,779 18 9
Superannuation Contribu-
225 tions 225 6 0

Employers National Insu-
rance and Graduated
Pension Scheme contribu-

149 butions 165 11 0 4,17 15 9
2,303 Printing 2970 3 4
112 Stationery and Postage (In-
cluding typing) 188 17 10
15 Bank Charges and Cheque
Books 6 8 5
14 Maintenance of Calculating
Machine 23 15 0
— Cumputer Supplies (expend-
ed out of Research Grant) 109 4 2
8 Accountancy Charges (two
years) _ — —
61 Miscellaneous and Travel-
ling Expenses 37 19 4
6,616 Total Payments 7507 3 10
Cash at Bankers 31st Octo-
ber 1961 :
Deposit Account 3 6

677 Current Account 1,983 16 4 1,983 19 10

Petty Cash in Hand 31st October 1961 :

2 London 6 6 0
Cambridge 2 0 6 8 0

£7,295 £9497 11 8

Auditors’ Certificate

We have prepared the foregoing Financial Statement from the
books and vouchers and certify the same to be correct in accordance
therewith.

Norwich Union Buildings, (Signed) Peters, Elworthy and Moore
Downing Street, Chartered Accountants
Cambridge 19th December, 1961
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III. - REPORT OF THE ISS FOR 1962

STAFF

During the year Mr. Muir has left, and has been replaced by
Mr. P. J. Kitts. Dr. P. L. Willmore acted as Deputy Director during
my absence in U.S.A. from October 1961 to October 1962 ; the I.8.S.
is greatly indebted to him for his help and guidance during the
present period of transition. He has kindly undertaken to look after
the I.S.S. during the first nine months of 1963.

PREPARATION AND ISSUE OF THE I.S.S.

The change-over from computation by desk-type machine to the
use of an automatic computer was described in last year’s Report,
and the routine is now well established. Progress has been made in
overtaking arrears, and the time is not far distant when the delay
in receiving readings from some of the stations will begin to affect
the computation of epicentres. The most time-consuming part of the
work is still the copying of the readings from the station bulletins ;
an experiment with mark-sensing cards to obviate this step is giving
promising results, and the stations selected for the experiment have
willingly co-operated.

Seven quarterly numbers of the Bulletin went to press during
the year, and five of them (up to June 1955) have been distributed.
Computations are complete up to June 1956. Delivery of the automatic
typewriter, by means of which it is hoped to produce photo-offset
copy direct from machine cards, is expected in March 1963.

FINANCE

For many years it has been emphasised in these annual reports
that it is hopeless to attempt to overtake arrears of production unless
the 1.S.S. has a working balance large enough to cope with the fluc-
tuations of expenditure that in the past have at times left the I1.S.S.
with an unsecured bank overdraft. Last year and this year, thanks
largely to the annual grant of $10,000 from the U.S. National Science
Foundation, this anxiety has been avoided, with a corresponding
increase in the rate of output.

In the present state of uncertainty concerning the future of the
I1.S.S., no comment is made here on plans for further development.
It is assumed, of course, that until the 1.S.S. is brought as nearly
up-to-date as the existing scheme of collection of readings permits,
the preparation of the I.S.S. will be continued in its present form.

ACKNOWLEDGEMENTS

The thanks of the I1.8.S. Committee are due to F.A.G.S. and
especially to Colonel Laclavére for their continued support in face
of the increasing demands on international funds, to the British
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Treasury for their annual subvention : to LA.S.P.EI and Prof. J. P.
Rothé : to the Director of the Royal Meteorological Office and to the
Director of Kew Observatory for housing the project and providing
administrative assistance: to the U.S. National Science Foundation
for their generous subvention towards the cost of overtaking arrears
of publication ; and to the Atomic Weapons Research Establishment
for the valuable facilities they have afforded.

R. Stoneley.

Financial Statement for the year ended 31st October, 1962

1960/61 Receipts
Grants !
H. M. Treasury (Per Royal

2,000 Society) 2000 — —
International Council of

2,321 Scientific Unions 2500 — 1
United States National

3,580 Science Foundation 3548 13 11

British Association Seismo-
logical Committee (Re-

200 search Grant)
International Association of
400 Seismology 400 — — 8,448 14 —
318 Sales of Literature 416 3 8
— Deposit Account Interest 8 11 4
8,819 Total Receipts 8873 9 —

Cash at Bankers and in Hand
679 31st October, 1961 1,990 7 10

£9,498 £ 10,863 16 10
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1960/61

3,780

225

166

2,970
189

24

109

38

7,507

1,984

£ 9,498

therewith.

-

Payments

Salaries and Allowances (less
Staff Superannuation Con-
tributions)

Superannuation Contribu-
tions including earlier
years

Employers National Insu-
rance and Graduated Pen-
sion Scheme Contributions

Honorarium

Printing

Stationery and Postage (in-
cluding typing)

Bank Charges and Cheque
Books

Maintenance of Calculating
Machine

Hire and Maintenance of
Computer (including ma-
chine supplies)

Accountancy Charges
Miscellaneous and Travel-
ling Expenses

Total Payments

Cash at Bankers 31st Octo-
ber, 1962 :

Deposit Account

Current Account

Petty Cash in Hand 31st Oc-
tober, 1962 :

London

Cambridge

4079 4 8
412 6 —
171 10 — 4663 — 8
50 — —
2,651 17 11
139 13 7
1 — — 2792 11 6
34 12 6
282 — 5 316 12 11
10 10 —
83 9 —
7916 4 1
2121 14 6
822 13 7 2944 8 1
3 2 8
2 — 3 4 8
£ 10,863 16 10

Auditors’ Report
We have prepared the foregoing Financial Statement from the
books and vouchers and certify the same to be correct in accordance

Norwich Union Buildings,

Downing Street,

Cambridge.

Chartered Accountants

12th January, 1963.
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3rd SESSION
ADMINISTRATIVE MEETING

WEDNESDAY AUGUST 21, (morning)

6. — The future of the L.S.S.

R. Stoneley first defines the work and scope of the I.S.S. Com-
mittee. He then emphasizes the point that the B.C.I.S. does not only
mean the “Bulletins Mensuels” but that the B.C.I.S. also has many
other functions. It is very clear that there is no desire on anybody’s
part to abolish the B.C.I.S. The report of the meeting held in Paris
in. 1961 hopefully clarifies these points.

J. Hodgson then defines some terms. 1) The I.S.S. has only one
function i.e. to publish a bulletin, 2) the I.S.S. Committee advises the
director of the 1.8.S.,, 3) the B.C.L.S. has many functions, among others
to publish a bulletin. At the General Assembly of the IL.U.G.G. in
Helsinki a World Center was decided upon, and the I.S.S. Committee
was charged with looking into the matter, 4) the World Center is the
proposed organization which will replace the I.S.S.

It is recalled that the meeting in Paris felt that bulletins were
inefficient and that modern techniques were desirable. We think
that the following data should be sent to the World Center :

1) reading for P and such other phases as might be decided upon
later by the director of the World Center,

2) amplitudes and periods of certain phases or magnitudes,

3) first motion data,

4) microfilm copies of all seismograms in a 10 to 1 reduction,

5) copies of all publications or at least bibliographic references the-
reto, and notices thereof.

On the other hand, the World Center should make available the
following data, some of which should be published, and some of which
should be available on request :

1) epicenters, focal depths and magnitudes (to be published),
2) data sent by individual stations,

3) fault plane solutions where possible,

1) copies of seismograms,

5) a bibliography of seismology (to be published).

The World Center might also undertake regional and statistical
studies either on its own initiative or on request. It should also provide

facilities for visiting scientists. It is true that the functions of the
World Center will create some conflicts during a certain period but
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it is clear that the transition period in which some functions are
duplicated is necessary.

Bullen remarks that the recommendations of Willmore differ
somewhat from these agreed upon in Paris. He also thinks that if
the 1.S.S. is discontinued this will be an appreciable loss. A publication
is needed to show which seisms are worthy of further study for scien-
tific and statistical purposes. A simple list of epicenters is insufficient
for this purpose.

Jeffreys remarks that the question of selection of shocks is impor-
tant for further improvement of the travel times of P and presumably
of S. It is true that from the data given by the World Center some
selection will be possible, but because of foreshocks and aftershocks
many large earthquakes turn out to be useless. The World Center
should give the standard deviation of the epicentral time ; if this
quantity is small enough further statistical studies will be warranted.

Kondorskaya agrees with Jeffreys and Bullen.

Hodgson states that it was the intention to have the World
Center publish standard deviations for all shocks.

Murphy states that the U.S.C.G.S. is in complete agreement and
delighted at the proposed change. While the U.S.C.G.S. is at present
expanding, it is realized that its program might have to be curtailed
in the future. The present plans call for a direct hookup of the tele-
types into the computer. The U.S.C.G.S. tries to give an indication
of the accuracy of its determinations. At present the standard deviat-
ion is given. It would appear that stations farther than 25° give a
better epicentral determination than stations between 15° and 20°.
This is probably due to changes in the upper mantle. The depth
determination is still a difficulty. Either pP or stations located very
close to the epicenter are used.

Stoneley remarks that it was agreed with Rothé that the bulletins
of the B.C.LS. and the I.S.S. will continue until the end of 1966, that
the World Center plans to begin its operation approximately in 1964,
and that a comparison of the results from Strasbourg and the World
Center will thus be possible. Starting in 1958 the I1.8.S. was published
by photo-offset. The B.C.1.S. will continue in operation and will take
on new duties such as archives of the association, lists of catastro-
phies, macroseismic data, European Center for Seismology, regional
and local center, theoretical studies and organization of meetings.
This will be an important program which will receive the cooperation
of all seismologists.

Rothé then repeats in French the statement agreed upon with
Stoneley.

Stoneley further remarks that it is not up to this meeting to

indicate what the B.C.I.S. should do — this is a decision which should
be made by the director of the B.C.IS.
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Willmore further reviews the history of the World Center. He
also remarks that the bulletin of the World Center could not be
published in foto, because of sheer physical size. The requirements
of Bullen can be met either by applying for a complete print-out or
for a print-out of some shocks depending on their region, their
magnitude, and so on.

Kondorskaya then remarks that the U.S.S.R. supports the organi-
zation of the World Center in Edinburgh, but would like some prob-
lems to be clarified, e.g. the U.S.S.R. has approximately 100 seismo-
graphic stations ; it is quite clear that key stations should send their
data to the World Center, but it is not clear what the other stations
should do. Another point which is in doubt is the connection between
the World Center and the regional centers. A last point concerns the
method of determination of epicenters. In the U.S.S.R. this is now
done by computer. It is thought that programs should be harmonized
and magnitudes should be unified. To accomplish these various pur-
poses a Commission of the World Center might be necessary. Finally
a revised list of existing stations giving the address, coordinates,
instrumentation (with their characteristics) and other relevant data
should be published.

Bullen emphasizes the point that a list of readings from selected
stations of the approximate size of the present I.8.S. is useful.

De Bremaecker then suggests that the 1.S.S. Committee might
well advise the director of the World Center.

Lynch, speaking for the Jesuit Seismological Association, expresses
some doubts about the wisdom of concentrating almost all of the
functions, which are presently divided between many organizations,
since in case of catastrophies (war) all the records might be des-
troyed. He further doubts that the World Center’s bibliographical
service could really be superior to the present bibliography published
in Ottawa. He also hopes that the U.S.C.G.S. will not discontinue its
rapid determination of epicenters.

Stoneley expresses the opinion that the situation will become
clearer during the transition period.

Hodgson remarks that the bibliography in Ottawa is getting
increasingly less adequate because of the volume and the language
problem. Ottawa plans to continue this project until it becomes clear
that it can advantageously be taken over by the World Center.

In response to a previous question Willmore remarks that the
World Center may or may not replace the U.S.C.G.S. present service.

As a result of further discussion it is decided that the I.S.S.
Committee will write a final resolution which will then come before
the association for approval.

Some further discussion on the exact role of regional centers
takes place. Savarensky emphasizes the necessity of agreeing on
magnitude determinations and other points previously mentioned.
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UPPER MANTLE SYMPOSIUM
AUGUST 21, 22, 23

These three days were devoted to the Upper Mantle. The procee-
dings of these meetings will be published separately.

SCIENTIFIC MEETINGS

When the paper has more than one author, the author presenting
the paper is marked by an asterisk.

SATURDAY, AUGUST 24, (morning)

A) Earth’s Crust (General)

Bl — Leon Knopoff: The Statistics of Refraction Seismology.

The passing of linear or other segmented curves through a num-
ber of data points on travel-time relationships can be demonstrated
to obey a non-gaussian statistics. The problem is most simply stated
in terms of the determination of the probability that a given seismic
event lies on one or another segment of a hypothetical fit to the data.
The optimization can be performed on electronic computational appa-
ratus. Statistical criteria can be established for the existence or non-
existance of intermediate layers. The result gives the statistical
weights to thicknesses of layers, velocities, curvature of travel-time
curves, etc.

The final manuscript for this paper will be submitted to the
Bulletin of the Seismological Society of America for publication.

Pakiser : The machine does an excellent job of selecting straight
lines, and the method should lead to more reliable interpretations
under any set assumptions. The point should be made, however, that
each straight line need not necessarly be associated with a horizontal
boundary. In regions where seismic lines traverse diverse geology,
the changes in apparent velocity, especially small changes, can often
be readily explained by lateral changes in the velocity of layers or
the dip of boundaries, that is by structural complexities along the
line.

Steinhart : Did you continue the analysis of error to assess the
uncertainties of the computed crustal layer thicknesses ?

Reply : Yes. I forgot to mention that. The probable error for
individual layers was about = 2 Km. for most cases. The probable
error for the total crustal thickness was generally less than + 1 Km.

Raitt : T would like to compliment Knopoff for his progress on

this problem and am gratified to see the extent of agreement with
Press’s solution. I have one question. It is not clear to me that the
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program takes full account of the fact that first arrivals are observed.
It seemed to me that the layer 2, in the 3 layer case, predicted first
arrivals significantly early even though the fit to points was good.
Does the program consider this effect ?

Dorman : It would be interesting to know the probability product
which could be computed for Press’s solution according to the method
of this paper. Comparison of this with the figures obtained for the
machine statistical solutions would be useful in the published paper.

Healy : Does your method apply to the decision on the number
of lines needed to fit the travel time plot ?

B2 — John S. Steinhart : Limitations on Crustal Structure from
Detailed Explosion Measurements.

Using data from the Maine seismic experiment as an example,
two extreme and two intermediate crustal models are examined which
fit the data. These are a single-layered crust, a two-layered crust, a
gradient crust with an M discontinuity and a model with no disconti-
nuities whatever. The first one may be ruled out on amplitude and
apparent velocity data. The others fall within a region of + 3 km.
Considering only the scatter of points about the fitted models the
uncertainty of the M depth is about + 1 km if the correct model is
known precisely. Modest perturbations of the velocity-depth function
are considered corresponding to modest heterogeneity in the velocity-
depth function. These are shown to introduce great difficulty into
observation and interpretation especially because of Bullen’s (1960)
cusp amplitudes.

Finally, the apparent velocity data suggest from scattered evi-
dence that constant velocity layers are not a correct model for this
region.

From these measurements requirements for better apparent velo-
city measurements may be defined. For example, minimum spread
length to measure Pp apparent velocity is about 8 Km.

Healy : What was the length of spread used to measure apparent
velocities and do any of the velocity depth functions without “sharp”
transition zones fit the high amplitude secondary arrivals ?

Reply : Approximately 10 Km.

Bullen : T am interested in the amplitudes near cusps in the
travel-time curves displayed by Steinhart. For most of the models,
there seemed to be relatively large amplitudes in the vicinity of nearer
cusps, and no sign of large amplitudes at the further cusps. In the
light of these observations, would Steinhart agree that his analysis
strongly suggests that there are seismically significant discontinuities
in the velocity v or in dv/dr inside the crust, but that a sharp change
in d2v/dr2 alone is not sufficient to account for his observations ?

Reply  Yes, I agree, althought there are some regions where we
have found suggestions in the data of high cusp amplitudes at long
ranges. It is very difficult to be certain about high amplitude cusps
at long ranges.
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Willmore : 1t seems as though the concept of horizontal layering
is still dominating the theory to an unrealistic degree. The develop-
ment of multiple cusps requires layers extending over a horizontal
distance comparable to the entire range of observation. The suggestion
that a fixed array of stations recording a line of shots is equivalent
to a reversed profile depends on the assumption that the layers below
the stations are identical to those under the shots.

Reply : It is true that it is unrealistic to neglect horizontal velo-
city variation, however, both the true reverse profile technique and
the fixed array moving shot point suffer equally from this difficulty.
The fixed array moving shot point technique does not require hori-
zontal layers — only that the layers be continuous over the length of
the profile.

B3 — Y. Nakamura and B. F. Howell, Jr.* ;: Model Experiments
on Refraction Arrivals from a Linear Transition Zone.

Ultrasonic model experiments were performed to examine the
effect of a transition zone on the frequency spectra of refraction
arrivals. Two-dimensional, layered structures with transition zones
constructed from polystyrene and plexiglass sheets served as the mo-
dels. The materials were chosen to simulate the relation between the
crust and the mantle. A pulsed sinusoidal wave with variable fre-
quency was used. The amplitude of the refraction arrival showed a
rapid decrease with increasing frequency starting at a frequency
fo, = 1.7 k, where k is the velocity gradient. The result together with
those of the frequency analyses of the field data obtained in Maine
(1961) enabled an estimate of the minimum possible velocity gradient
at the Mohorovicéic discontinuity to be made. On the assumption of
a linear velocity transition at the boundary, the minimum possible
velocity gradient was found to be 4 (km/sec)/km, or the maximum
possible thickness of the transition zone to be 1/2 km.

This paper is condensed from two papers accepted for publication
in Bulletin of the Seismological Society of America :

1) Nakamura Y. Model experiment on refraction arrivals from
a linear transition layer.

2) Nakamura Y. and B. F. Howell, Jr., Main seismic experiment :
Frequency spectra of refraction arrivals and the nature of the Moho-
rovicic discontinuity.

O’Brien : Am I correct in saying that you have not discrimi-
nated between the effects of thickness and the effects of velocity
gradient ? It seems to me that in your model you vary both para-
meters at once and therefore you should not express your cut-off
frequency in terms of velocity gradient alone.

Reply : In our models this is true. Thickness and velocity gra-
dient are inversely proportional to one another. Both are limited
by the velocities of the overlying and underlying layers. This is true
in the earth also.

Bullen : It would be interesting to apply your model of a transi-
tion zone at the Mohorovidic discontinuity to checking the reality
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of published apparent observations of reflections from the disconti-
nuity. Have you looked at the possibility of there being some fre-
quency selection in these observations ?

Reply : No, nor do I recall any discussions of this in the literature.

Slichter : This study interests me very much — I suppose that
Howell will now be able to determine the optimum frequency band
for use in the search for reflections from the Moho.

Reply : The basic theory on which this depends is reasonably
complete. It should be possible to do this either based on theory or
through the use of models. I have never seen what I recognized as
reflections in either field seismograms or my model seismograms of
the Moho.

Steinhart : Did you try to correct the observed data with a
constant Q or some equivalent absorption assumption to see what
effect this would have on the shape of your observed curves ?

Reply : No. Examination of the direct or of the refracted waves
as a group does not reveal any evidence of absorption. Since the
data presented are averages of records taken at several distances,
no absorption coefficient can be calculated for these curves.

B7 — R. P. Meyer * and F. Novachek : The Identification, Charac-
terization, and Correlation of Seismic Events Using Two Linear Arrays
(This paper was given slightly out of order.)

Important advantages in the analysis of crustal seismic profiles
are available through the application of an «identifying” array con-
sisting of either a special fixed linear array of seismometers, coupled
with a conventional moving shot point, or a special fixed linear
array of shot points, coupled with a conventional moving seismometer
station. The method used multiple shot points and multiple seismo-
meter stations, with each shot point recorded at each seismometer
station. The essential element is the relatively short special «fixed”
array or “identifying” array.

The advantages derived are :

1) With sufficiently close spacing of elements in the “identifying”
array, events are identifiable through cross correlation and control
over the velocity-frequency aliasing is achieved,

2) With sufficient length in the <«identifying” array, charac-
terization of an event by its apparent velocity, as well as by its
travel times, is achieved,

3) Quantitative error estimates on arrival time and velocity can
be made for secondary as well as primary arrivals,

4) Objective correlation of arrivals traversing similar paths
is possible through velocity.

To date, six determinations of crustal thickness have been made
using this technique.

Kuo : Instrumental phase shift generally introduces a time
delay. I am wondering if this time delay has been taken into account,
as it is critical in determining the intercept time for an array of
receivers with «identical” (?) instruments.
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Reply : This correction has not been made.

B4 - Keith McCamy* and Robert P. Meyer : Velocity-Frequency
Methods for Analysis of Crustal Profiles.

A completely digital method of detailed velocity correlation has
been developed which helps resolve many of the special difficulties
of crustal refraction. A standard correlation of the form,

XXy
e , Selected from several possible ones, is evaluated

22y 12
(X x7 57 /

through a small window for two velocity filtered traces. Successive
iteration over small increments in window position and velocity
virtually exhausts the velocity information on the seismograms and
gives good time resolution. The addition of frequency analysis and
subsequent numerical filtering prior to correlation helps avoid
ambiguities due to velocity aliasing. This method, when applied to
a crustal refraction profile, yields a plot of velocity vectors vs. time
and range where the length of each vector indicated the strength of
the statistical «pick” at that point. This method, although best
applied to profiles containing several fixed elements, is also valuable
in the interpretation of single element profiles since events need
not have a discrete onset to correlate well.

Shimshoni ; I suggest to add stations 1-2 and 3-4 and correlate
between these two sums. The new matrix should be compared to
original one (obtained by correlating 1-3 with 2-4) and make the
identification of the true velocity easier.

Reply : Thank you. This is an excellent suggestion which had
not occurred to me.

B6 - A S. Alecseev and J. L. Nersesov : Theoretical and Expe-
rimental Study of the Wave Amplitudes in the Deep Seismic Sounding
and Seismology in Connection with the Investigation of the Earth
Crust and Mantle (This paper was presented by Kosminskaya.)

The purpose of the investigations carried out by the authors
since 1956 is the determination of the physical nature of the body
waves recorded in the earth crust and the mantle.

The methods used for the determination of the nature of the
waves are based on the analysis of the dynamic charateristics
(amplitudes, frequencies, the law of attenuation) and the kinematic
characteristics of the waves.

Experimental measurements of the dynamic characteristics of
the waves in the deep seismic sounding and in seismology are
carried out in a number of regions of the central and western parts
of the Middle Asia. Theoretical researches of the properties of
the body waves for the basic models of the structure of the earth
crust and the mantle accepted in seismology and in deep seismic
sounding are carried out.

On the basis of the comparison of theoretical and experimental
results some general wave phenomena in the earth crust and the
mantle are treated : the loss of the first arrival in the deep seismic
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sounding ; the influence of the dynamical properties of the waves
on the kinematic characteristics of the wave generations in the
group correlation ; the comparison of the results received in the
deep seismic sounding and in seismology ; the complex character
of the wave Pn. The nature of the waves P and P* after the inter-
ference zone is studied.

B26 - Keith McCamy* and Robert P. Meyer : Crustal Results
of Fixed Multiple Shots in the Mississippi Embayment.

A crustal profile using five fixed shot points in the Mississippi
River near Cape Girardeau, Missouri, was shot in the summer of
1962. Recordings were made along a line to Little Rock, Arkansas,
with dense spacing out to 250 km and a maximum range of 420 km.
Shots from all five of the fixed shot points were recorded at each
site, permitting »fixed array* analysis of the profile. The simplest
interpretation gives a major crustal layer having a compressional
velocity of 6.2 km/sec, and a thinner 7.6 km/sec layer overlying
an 8.1 km/sec mantle. There is a suggestion of an approximately
linear velocity increase with depth in the 6.2 layer. The propa-
gation (or possibly generation) of shear waves was unexpectedly
good in this region giving a crustal shear velocity of 3.8 km/sec,
and an Sp of 4.8 km/sec.

Cumming : Do you have any information regarding the sedi-
mentary section along the profile ?

Reply - Two magnetic flight lines were made along the profile
which should help determine basement structure when they are
analysed. They have not been, as yet.

B8 - R. P. Meyer*, J. S. Steinhart, W. E. Bonini, B. F. Howell,
Jr., D. E. Willis and F. Novachek : North Carolina Seismic Experi-
ment : Initial Crustal Results from Land Arrays.

A cooperative experiment in crustal explosion seismology has
examined the North Carolina coastal plain and adjacent continental
shelf and slope. Observation of arrivals on land from a line of
explosions extending 400 kms to sea were made along a 150 km
colinear extension on the coastal plain. Fourteen multiple seismo-
meter recording stations formed the land array.

The simplest layered interpretation from the initial study of
the land data yields the following model ; from the surface down-
ward, 0.6 km at 2.2 km/s, 32 kms at 6.2 km/s and 8.3 km/s. Arrivals
were received by the land stations from shots to a range of 170
kms from the shore. The last shot recorded was fired at 800
fathoms depth. Seaward of this range, arrivals were not received
by the land stations. Two ship-borne recording parties from Woods
Hole Oceanographic and from the Lamont Geological Observatory
recorded off-shore.

B9 - R. Lauterbach : Einige Moglichkeiten der Fortfiihrung seis-
mologischer Erdkrustenforschung durch weitere geologisch-geophysi-
kalische Untersuchungsmethoden.

En l’absence de son auteur cette communication n’a pu étre dis-
cutée ; elle est imprimée dans les Publications du Bureau Central
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séismologique international, Série A, Travaux Scientifiques, Fasc.
23, 1964, pp. 131-140.

B) Microseisms

B14 - Robert A. Page, Jr.: Further Studies on the Relationship
Between Long and Ultra-Long Period Microseims.

Long period microseism studies at Lamont Geological Obser-
vatory have recently been focused on individual long period micro-
seism storms of unique character. Oliver has reported on a world-
wide microseism storm with microseism periods of about 27 seconds.
Oliver and Page have presented data which relate microseism
with periods of 7 to 9 seconds to longer period microseisms of 14
to 18 seconds.

In this paper, the relationship between long and ultra-long
period microseisms is further investigated for microseism storms
whose origins are known to be associated with specific meteorolo-
gical disturbances. Seismic and ocean swell data are presented and
analyzed. The data analysis has incorporated techniques of spectral
analysis facilitated by magnetic tape recording of seismic informa-
tion.

In particular, the microseism level at several seismograph stations
across the United States is investigated for periods of December
1962 and February 1963 during which exceptionally strong ocean
swell was recorded along the coast of Southern California.

This material will be included in a future publication.

Zatopek : Storms in the North Atlantic form great pressure
systems with a marked low near the center. Statistical studies con-
ducted in Czechoslovakia and covering data from 1938 to 1963 show
that such large systems always produce microseims. It is interesting
that long period microseisms are never observed in Central Europe ;
instead one observes there periods of 6-7 secs. It is thus possible
that different periods may be generated at the same time. Further-
more, the velocity of the center of the storm is important.

Kisslinger : Is the parallel change which was mentioned an
average one or a beat-by-beat comparison ?

Reply : The comparison is an average one.

Discussion : The beat frequency is then discussed but no further
conclusions are reached.

Kisslinger : Is there a systematic change in period with the
path and/or weather conditions ?

Reply : In general not.

Nuttli : How frequently do these ultra-long microseisms occur ?
Reply : They apparently are fairly frequent.

Nuttli : What is the amplitude decrease with distance ?

Reply : The law of amplitude decrease is not clear.
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Kawasumi: In Japan, Omori observed these. microseisms 30
years ago with undamped instruments. Nevertheless their existence
was still in doubt as it was thought that they might have been
due to convection currents in the case of the instrument.

Scholte : What is the source of these microseims ? It seems to
me that the mechanism is not well understood ; certainly the swell
is important. Since the maximum corresponds with the maximum
atmospheric disturbance an atmospheric source appears rather likely.

Zatopek : The periods and amplitudes are determined by hand
after enlargement of the record. The direction of particle motion
has been determined and corresponds with the source in the ocean.

I wish to point out that the instrumentation in use in Central
Europe is adequate for these periods.

Savarensky : I would like to know what the period ratio is due
to. The fundamental is smaller than the overtone. The reason for
this phenomenon is unclear to me.

Oliver : The problem is not an instrumental one. The harmonics
are not generated in the instrument.

Zapotek : Long-period microseisms were studied also at the
Prague seismological station situated in the center of Europe during
the period 1948-63 by using statistical methods and combining them
with a detailed analysis of individual cases by all accessible methods.
The occurrence of long periods appears statistically connected with
the presence of widely extended pressure systems at the marked low
centers ; the amplitudes observed reflect both the effects of the
source mechanism and those of the propagation of microseisms
through various geological structures. Therefore e.g. the strong micro-
seisms originating between Greenland and Labrador, as shown in
the communication by Page, are not observed in central Europe, but
if the source proceeds into the region of Iceland, microseisms appear.
The resulting form is connected with the evolution and movement
of the extended pressure system : in general with a stormy evolution
of the cyclonic system a microseismic storm occurs ; while with a
stationary or quasi-stationary development of the pressure system
no amplitude increase is observed, or at most a very weak one, while
a great increase of periods is observed.

This can be demonstrated by some slides, representing the deve-
lopment of periods of microseisms, as observed in Prague and Warsaw,
during two microseismically relatively quiet intervals 25 to 28 Febru-
ary 1963 and 1 to 5 March 1963 respectively. (The slides are projected.)
Two period ranges can be distinguished, the shortperiod one is
connected with the »common® microseisms; the long period one
(7-9 sec.) is obviously in correlation with the development of the
cyclonic systems in both of the intervals considered, during which
a dominant anti-cyclonic system was spread over the whole Euro-
pean continent ; no other physically plausible cause except the
marked cyclones at the western end can be observed. Modern instru-
ments sometimes allow a detailed analysis also in more complicated
cases, where two or more period bands are clearly observed.
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B20 - E. J. Douze : Earth Noise as a Function of Depth in Deep
Wells.

The information was obtained using a variable-reluctance seis-
mometer with a peak response at 1 cps operating at different depths
up to 10,000 feet. A surface instrument of approximately the same
response was used for comparison. The data obtained were spectrum
analyzed and the theoretical Rayleigh wave amplitude decay with
depth was compared with the results obtained from the deep-well
seismometer. This first two Rayleigh wave modes (M,; and M) are
present in the noise. The predominant noise is the first higher mode
Rayleigh wave. Means were devised to investigate the well noise.
Signal-to-noise ratios at different depths were obtained and com-
pared to the surface signal-to-noise ratios.

This paper has been submitted for publication to Geophysics,
published by the Society of Exploration geophysicists.

De Bremaecker : Is it legitimate to speak of reflections and so
on in a medium composed of thin layers ?

Kisslinger : We certainly could see reflections very clearly in
a well, so that the identifications in this case also appears quite
certain.

Page : How do you correlate a truck moving on the highway
with the 2 cps noise ?

Reply : We saw that trucks passing by produced such noise.

Carder : Do you think that part of the microseisms are due to
body waves ?

Reply : This is unlikely because of the attenuation with depth.

Kisslinger : Do you really think that body waves do not play an
important role ?

Discussion : In answer to another question Douze points out
that there is little difference between the day and the night as far
as improvement in signal-to-noise ratio is concerned. He also men-
tions the importance of the column wave.

Kawasumi : We are also making observations in wells but with
lightweight instruments.

Kisslinger : 1t would be of great interest to do the same work
simultaneously in many wells in a given area so as to be able to
identify the waves.

Savarensky : This problem is also of importance for mines
located in seismically active regions : the safety of miners is of great
concern to us.

B22 - Hugh Bradner* and James G. Dodds: Seismic Noise on
the Ocean Bottom.

Recordings of the seismic noise background have been made on
the Pacific Ocean bottom at a depth of 5 km, with self-rising,
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internally recording, single-component, and three-component seis-
mometers. Simultaneous recordings have been made at a land station
on Hawaii, 150 km away. Digital analyses of the noise spectrum
records in the frequency band between 0.1 and 10 cycles per second
will be described. Direction of Rayleigh wave propagation is inferred
by looking at phase shift between two distant records, or by looking
at relative energy distribution between orthogonal components of
a three-component seismometer record. Ocean-bottom records of
local earthquakes also will be shown.

Preliminary results indicate that the ocean-bottom noise spec-
trum has a shape qualitatively similar to the land noise spectrum,
but greater in magnitude.

Discussion : In response to an inquiry about the consistency of
the frequency spectrum in time, the authors point out that the
largest peak is always at 7 sec, that the weather is always good
during the observations, and that the general characteristics of the
frequency spectrum do not change during the length of the obser-
vations.

Bl11 - V. N. Tabulevich and E. F. Savarensky* : On the Compo-
sition of Microseismic Vibrations and Some Observations of Their
Sources.

A theory of amplitude-distance dependence of microseisms is
developed based on the assumption, that microseismic vibrations are
due not to surface waves only, but to various types of volume waves
also. An analogy between explosions, earthquakes with shallow
sources and the mechanism of microseismic excitation is considered.
The exponent in the amplitude-distance dependence of microseisms
is shown theoretically to vary from -2 at small distances to %%
at large distances, which confirms earlier empirical data obtained
from analysis of microseismic storms in the Caspian area, as well
as in Atlantic and Pacific Oceans. These speculations are thought
to be a proof of an Amplitude Location Method used by the authors
in a recent work for determining microseismic sources involving
routine records of seismic stations.

Sea roughness and microseisms in the Caspian area are statis-
tically compared. The creation of microseisms during interaction
of sea swell and an oppositely directed wind is demonstrated. A
treatment of this process in terms of oppositely directed wave group
in the wave spectra seems to be in favour of the Longuet-Higgins’
theory.

The paper will appear in Publications du Bureau Séismologique
International, Série A, Travaux Scientifiques, Fasc. 23, 1964, pp.
141-158.

Press: I wonder whether in general a formula containing the
term 1/r is not preferable to one containing a term 1/r:.

De Bremaecker : Since the observations were made fairly close
to the source the term 1/r? may be preferable.

Reply : We are well aware that this formula is only a first
approximation. Moreover, we have not yet determined the relative
energy in surface waves and body waves.
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Kawasumi: What is the distance between the source and the
receiver ?

Reply : A few hundreds of kilometers. The location of the source
is determined by Wadati’s method.

Kisslinger : 1 wish to remark that the source has a certain
areal extent.

Savarensky then summarizes papers B10, B12 and BIi3.

B10 - T. A. Proskurjakova : About the Sources of the Micro-
seisms.

From the records of the Pulkovo, Viborg and Simferopol tripartite
microseismic stations the sources of the microseisms were determined.
The lateral refraction of the waves was taken into account. The
rear part of the cyclone and the region of the cold front are the
sources of the microseisms. It is shown, that from some regions of
the Atlantic Ocean the microseismic oscillations are not registered.
(microseismic shadow)

B12 - L. N. Rykunov and V. V. Sedov : The Wave Structure of
the Microseisms and the Peculiarities of their Propagation Over
the Continental Path.

The study of the polarisation of the microseisms from single
sources have shown that there are two types of surface waves (Ray-
leigh and Love types) approximately in egual proportion in the
contents of the microseisms (for intercontinental stations.)

The velocities of the wave’s components of the microseisms which
were obtained by the correlation method confirmed the above point
of view.

It was obtained, that the proportion between the Rayleigh and
Love components of the microseisms depends on the path of propa-
gation.

B13 - F. I. Monakhov : The Use of the Long-Period Microseisms
for Tracking of Sea Storms.

During five months of 1962-1963, 18-second microseisms have
been recorded near Moscow.

These microseisms have been very well correlated with the storms
in the North Atlantic.

B19 - E. F. Savarensky*, C. A. Fedorov, B. V. Gogichaishvili :
The True Soil Flow and Its Spectrum on Seismograms of Different
Seismographs.

The analysis of soil flow spectrum (energy spectrum) and of
its true movements requires an. analytical equalizing of the fre-
quency characteristics of seismographs in the interval of periods
which we are interested in. The evaluation of the reliability of such
“true” spectrum was made by comparing the spectrum of the P
wave of one and the same earthquake, recorded at the seismic
station «“Moscow” by three seismographs /BCX-M-21, CBK-;KY1l,
CBK (A) - M-21-/3/ with sufficiently different frequency charac-
teristics.
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The comparative analysis showed, that part of the divergence
of the spectral curves casts doubt on the reliability of the frequency
characteristic in the range of periods which exceed the period of
the seismic detector several times or more. Therefore it is necessary
to register seismic phenomena in a wider range of periods, with the
help of a set of seismographs with mutually overlapping frequency
characteristics.

Kisslinger : The long period event does not appear in the syn-
thetic seismogram. .

Reply : May be it was too weak fto be distinguishable.

Suyehiro : What is the cause of the differences between the
theoretical curves and the observed ones?

Reply : The instrumental constants are not determined accu-
rately enough.

SUNDAY, AUGUST 25 (morning)

Committee Meeting

The Nominating Committee of the IASPEI met in Room 383,
Earth Sciences Building, University of California, Berkeley, at 10 A.M.
on August 25, 1963.

Present were Byerly, Jeffreys, Keilis-Borok, Stoneley and Wadati.
The following officers and members of the Executive Committee
were nominated :

President : J. Hodgson, Canada

Vice President : V. Karnik, Czechoslovakia

Vice President: I. Lehmann, Denmark
Secretary : J. Rothé, France

Associate Secretary: J. Cl. De Bremaecker, U.S.A.

Additional members : B. Bolt, U.S.A. ; P. Caloi, Italy ; G. Deme-
trescu, Roumania ; H. Honda, Japan ; J. Jaeger, Australia ; E. Sava-
rensky, U.S.S.R.

MONDAY, AUGUST 26 (morning)

Earth’s Crust (Explosions, Continent and Shelf)

B 23 - J. H. Hodgson : Etudes de la Crolite Terrestre exécutées
par le Ministére des Mines et des Relevés techniques.

Trois groupes différents au sein du Ministére des Mines et des
Relevés techniques se partagent 1’étude de la croiite terrestre.

A I’'Observatoire d’Astrophysique de Victoria, M. W. R. H. White
a étudié la crolite suivant une ligne tirée entre l'ile Vancouver et
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la terre ferme. Il a découvert une couche supérieure de roches vol-
caniques et granitiques, d’une épaisseur moyenne de moins de
5 km ou la vitesse des P varie entre 5.6 et 6.0 km/sec. suivant
T’endroit. Cette couche repose sur une deuxiéme couche qui a une
profondeur moyenne de 46 km, ou la vitesse de P est de 6.7 km/sec.
La vitesse sous la discontinuité de Mohorovici¢ est de 7.7 km/sec.

C. W. Sander et A. Overton, du groupe d’étude du plateau con-
tinental polaire, poursuivent présentement une étude de la croiute
dans le bassin Sverdrup (portion canadienne de I’Arctique). Un pro-
fil de réfraction non renversé, complété en 1962, démontre que la
crolite est constituée de deux sphéres concentriques. Dans la pre-
miére, épaisse de 13.5 km *+ 1.5 km, la vitesse des P est de 5.9 km/
sec. La deuxiéme couche, ou la vitesse des P est de 6.5 km/sec.,
s’étend jusqu’a la discontinuité de Mohorovici¢ ; elle atteint une
profondeur de 30 km =+ 3. La vitesse sous la discontinuité de M est
de 8.2 km/sec. G.G.R. Buchbinder a étudié les vitesses de phase des
ondes de Rayleigh entre Alert et Resolute, ligne qui couvre la méme
région, et il ne peut expliquer sa courbe de dispersion en termes de
réfraction. Ce désaccord disparaitra peut-étre lorsque le profil de
réfraction sera renversé au cours de la saison 1963.

A M. Bancroft, de 1I’Observatoire Fédéral d’Ottawa, a mis au
point certains instruments de réfraction reliés par radio a un point
central d’enregistrement sur ruban magnétique. Ces instruments ont
été utilisés dans le voisinage de Schefferville, au Québec, durant 1’été
1962, mais les résultats structuraux définitifs ne sont pas encore
disponibles.

Pakiser : It would thus appear that the structure near Van-
couver B. C. is almost identical to the one under the Snake River
Plain.

Bullen ; What is the maximum distance at which you have
recorded arrivals ?

Reply : On our short profiles this is 300 Km ; we have gone as
far as 1,000 Km on the long profiles.

Stoneley ;: Do you find any characteristic velocity in the sedi-
mentary layer ?

Reply : The velocity in this layer was not distinguishable from
the velocity in granite; I understand that Buchbinder found a
velocity of 4 km/sec. in the area.

Pakiser : Your very low frequency instruments are, I believe,
analogous to the ones used by the U.S.G.S. Did you install any of
them on the ice ?

Reply : The spreads on the ice were too noisy. A land location
gives much better results.

B24 - G. L. Cuming* et G. D. Garland : Etude de la Crolte Ter-
restre en Alberta & I'Aide d’Explosions.

Des mesures de ’épaisseur de la crolite par voie de réfraction
séismologique ont été exécutées dans le sud des plaines intérieures
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de 1'Ouest canadien, a l'aide d’explosions de produits chimiques.
La discontinuité de Mohorovicié a pu étre située 4 une profondeur
moyenne de 48 km, ou l'altitude atteint 850 meétres. La vitesse dans
la crofite varie de 6.1 a 7.3 km/sec., et les preuves de discontinuité
de la vitesse sont nombreuses. Nous avons lieu de croire que la
discontinuité de Mohorovici¢ concorde avec la cambrure marquée
de la base précambrienne connue sous le nom de voute de Sweet-
grass. La vitesse observée dans le manteau était de 8.25 km/sec.

B25 - D. M. Barrett, M. Berry. J. E. Blanchard, M. J. Keen et
R. E. McAllister : Etudes de la Crofite Terrestre du Littoral de I'Est
Canadien. 1. Plateau de la Nouvelle-Ecosse.

Une expérience de réfraction séismique en vue de déterminer
les propriétés de la portion supérieure du manteau et de la croite
terrestre a été menée le long du littoral de la Nouvelle-Ecosse au
cours de l'été de 1962, Le profil était d’une longueur de 370 km.
Des explosions furent produites par I’électricité au fond de l’océan
en 40 endroits différents, et I’énergie séismique a été enregistrée
sur terre par trois stations a canal multiple.

Les premiéres ondes de compression avaient des vitesses de 5.4,
6.1 et 8.1 km/sec. On n’a pas noté de secondes ondes a des vitesses
estimées entre 6.1 et 8.1 km/sec. Les vitesses correspondantes des
ondes transversales étaient de 3.1, 3.7 et approximativement 4.8 km/
sec. Les réflexions des ondes de compression et des ondes transver-
sales ont été observées & partir de la discontinuité de Mohorovicié
a des angles supérieurs & l’angle critique.

La durée du trajet des ondes de compression a permis d’établir
que la crolite a une épaisseur de 31 & 34 km. Les ondes transversales
ont donné une profondeur de 1 km de moins que les ondes de
compression.

The paper will appear in Publications du Bureau Séismologique
International, Série A, Travaux Scientifiques, Fasc. 23, pp. 99-102.

Bullen : Is the identification of S; certain in the cases where
Pn was not recorded ?

Reply : It appears to be so in one case but not in the other
one.

B5 - E. Shima and R. P. Meyer : Field Calibration of Explosion
(Crustal) Seismograph Systems.

A field calibration method which makes use of a modified
Maxwell impedance bridge has been developed for a seismograph
system used in explosion seismology. The bridge method is not new
for it has been used by many seismologists for lower frequency
systems. In the Willmore bridge, the equivalent circuit of the seis-
mometer’s coil is expressed as the series connection of a resistance
and an inductance. Espinosa, on the other hand, used the Wheatstone
bridge because the inductive reactance of the coil is so small that
it can be neglected with respect to the resistance of the coil at the
low frequencies. However in the frequency range from 1 to 40
c.p.s., these bridges are not applicable because the losses caused by
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the hysteresis and eddy currents which must be taken into consi-
deration in the design of the bridge if balance is to be achieved.
A practical approach can be made experimentally by the intro-
duction of equivalent resistance in parallel with the inductance
of the seismometer’s coil. Taking this into consideration, a modified
Maxwell impedance bridge was designed and found satisfactory.

In the field application, transient input is applied to the seis-
mograph and ratios between the input and output spectral densities
are used to give the frequency characteristics of the system. Results
using the modified bridge compared favorably with those derived
from the usual mass lift experiment and demonstrate the validity
of the modified bridge.

Bdth : Can the ground factor also be taken into account by
this method ?

Reply : No, it cannot, but the method is very useful when
using an array.

Discussion : In the ensuing discussion Willmore points out some
frequent misunderstandings and some details concerning the equi-
valent circuit.

B27 - John H. Healy*, Jerry P. Eaton, and Wayne H. Jackson :
The Nature of Prominent Seismic Phases between 0 and 1000 Kilo-
meters.

Seismograms recorded at 300 different locations from 63 nuclear
sources and seismograms recorded along 14 reversed seismic-refraction
profiles from high-explosive sources illustrate the nature of prominent
phases between 0 and 1000 km. Amplitude measurements show that
the phase, Pg, recorded between 10 and 100 km is not continuous with
the phase, P, recorded beyond 200 km. The oscillatory character of the
amplitude-distance plot and phase velocities up to 6.4 km/sec sug-
gest that P is a phase composed of multiple reflections from an inter-
mediate crustal layer. A prominent event in the distance range
80 to 160 km is identified as P+ P, a reflection from the Mohorivicié
discontinuity. The amplitudes, spectral characteristics, and phase
velocities of the phases Pg, P, Pn, P*, and PyP are described. These
data are used to determine a velocity-depth function for the earth’s
crust and to evaluate various methods for epicenter location and
depth of focus determination.

Irregularities in crustal boundaries and the geologic environment
of the recording site can distort the character of first motion, but
the average character of the first motion does not change signifi-
cantly with distance or with mode of propagation in the range 50
to 600 km. For shots in the same medium the period of the first
cycle scales approximately as charge size to the 0.11 power. The feasi-
bility of detecting first motion is analyzed as a function of the source,
the geologic environment, and the distance from source to recorder.

Bdth : I believe that if you were able to use amplitudes this
would result in a further improvement of your results.

Reply : We hope to do this in the near future.



Meyer : What is the scale factor ?

Reply : It is very close to 1.78 but this is a purely empirical
determination. I might add that we still hope to improve the velocity
determination by using the techniques developed by Meyer and his

group.
Hale : Is P possibly a wide angle reflection on the Moho ?

Reply : No, this is not possible because of the presence of the
intermediate layer.

B28 - Jerry P. Eaton* and John H. Healy : The Root of the Sierra
Nevada as Determined from Seismic Evidence.

Seismic-refraction profiles traversing the Sierra Nevada from
chemical explosions at San Francisco, San Luis Obispo, Santa Monica,
China Lake, Mono Lake, and Shasta Lake, California, and Fallon,
Nevada, and from nuclear explosions at the Nevada Test Site near
Las Vegas, Nevada, have provided new evidence on the nature and
extent of the root of the mountains. Regions of abnormal velocities
and interruptions in Pp arrivals along the flanks of the range outline
the root, and delays in Pp arrivals emerging from beneath the
mountains provide a measure of its thickness.

Beneath the high central Sierra the crust appears to be at least
50 km thick, about twice as thick as that west of the mountains
and 15 to 20 km thicker than that in the Basin and Range Province
east of the Sierra. From west to east, the crust begins to thicken
beneath the eastern part of the Central Valley of California ; and the
abnormally thick Sierran crust extends as far as 50 km inte the
Basin and Range Province east of the mountains.

Bath @ It would appear to me that the separation between the
various arrivals is smaller than the errors which you quote.

Reply : This is essentially correct but we are able to follow an
arrival from one record to the other.

B29-B30 - I. P. Kosminskaya*, S. M. Sverev, P. S. Weizman, Y. V.
Tulina : Results of Crustal Deep Seismic Sounding in Transition
Zone from Asian Continent to Pacific During IGY (The papers B29
and B30 were combined).

From the data of deep seismic sounding schematic relief maps
are drawn for the top and bottom of the consolidated crust and the
sediment thickness of the Okhotsk sea and the Kuril-Kamchatka
zone of the Pacific.

The transition from continent to ocean is characterized by the
alteration of big structures of the first order with the crust of
continental, sub-oceanic, sub-continental and oceanic types.

The continental type crust is found on the continent, in the
northern and central parts of the Okhotsk sea and in the Pacific
between the southern and northern parts of the Kuril insular arc
and the axis of the deep trough. The sub-oceanic crust is found in
the southern part of the Okhotsk sea and in the central part of the
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insular arc; the subcontinental crust in the region of the South-
Kuril islands ; the oceanic crust — in the ocean to the east of the
deep trough axis.

In areas of the continental, oceanic and sub-oceanic crust
structures of second and third order are distinguished.

The sharpest change of crustal structure is observed at the
junction of the continental and oceanic crust areas close to the
deep trough axis, as well as of the sub-continental and oceanic
crust areas, which is situated in the shore zone of the ocean near
the Southern and Northern islands of the Kuril arc.

The study of some peculiarities of the crustal structure suggests
that within the investigated region both process of developing of
oceanic crust and that of developing of continental crust may occur
in different areas.

B30 - I. P. Kosminskaya*, S. M. Sverev, P. S. Weizmann, Y. V. Tu-
lina, A. G. Gainanov, O. N. Soloviev: Some Results of Complex
Interpretation of Observed Geophysical Data in Okhotsk Sea and the
Kuril-Kamchatka Zone of Pacific.

The comparison of the aeromagnetic and gravitational survey
data with the deep seismic sounding data permits us to draw some
conclusions about the nature of the magnetic and gravitational ano-
malies in the investigated region.

The sources of magnetic anomalies in different structures of the
Okhotsk sea are associated with the upper part of the <«granitic”
layer and the bottom of this layer or with the upper part of the
“basalt” layer. In the Pacific close to the shores of the Kuril Islands
the anomalies are associated with the uppermost part of the crustal
cross-section to the east of the deep trough axis — with the «basalt”
layer and probably with the upper part of the subcrustal layer.

The comparison of the gravitational field with the crustal cross-
sections obtained by deep seismic sounding permits to distinguish
the regions with anomalously small density of the subcrustal material.

Bdth : It appears that both the seismic and the magnetic work
give very different results in the northern part of the Kurile Islands
arc on one hand and in the southern part on the other. Is there any
corresponding difference in the seismicity of the region ?

Reply : Yes — the seismicity also shows a marked division bet-
ween these two parts of the arc.

Press : What was the technique used in the Kurile Kamchatka
arc ?

Reply - We hope to use recording both on land and at sea.

Trygvasson : Is the velocity of 8.9 km/sec. which you observed
really correct ?

Reply : This observation is very accurate but is restricted in area.

Discussion : During a subsequent discussion it was brought out
that the profiles are perpendicular to the structure. Press expressed
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a view that the great relief of the structure might be responsible
for the very high velocity observed.

Mueller then presents the following paper :

B31 - The German Research Group for Explosion Seismology :
Crustal Structure in Western Germany.

Within the past five years the structure of the earth’s crust in
Western Germany has been investigated systematically by German
geophysical institutes, state geological surveys and geophysical pros-
pecting companies. These investigations which utilize large explo-
sions, are supported by the « Deutsche Forschungsgemeinschaft» wit-
hin the frame of the research programme “Determination of Crustal
Structure in Central Europe”. The results given were obtained from
measurements in the Federal Republic of Germany. Details of exten-
sive investigations carried out in the Alps in cooperation with other
European countries have already been published.

The explosions in Germany were almost exclusively commercial
quarry blasts. Since 1958 a total of 37 explosions with charges bet-
ween 2 and 19.5 metric tons were recorded. About 700 seismic refrac-
tion stations at distances up to 300 km were occupied. The favourable
position of some quarries made it possible to reverse 5 profiles. In
many regions good signal quality has demonstrated the existence
of the Mohorovicié discontinuity and the Conrad discontinuity. Later
arrivals which could be correlated were also used in the interpreta-
tion. The results presented are a first attempt to combine the existing
profiles and to draw a map of the deep discontinuities of the earth’s
crust in Western Germany.

J. Coulomb presents the following paper :

B32 - M. A. Choudhury : Sur la Structure Générale de la Crofite
Terrestre.

Les données de 5 séismes d’Europe occidentale enregistrés a plu-
sieurs stations aux distances inférieures a4 600 km permettent de
définir, d’'une part, le rapport moyen ) des vitesses des ondes Pc et Sc
4 P'intérieur de la croiite et, d’autre part, le rapport , des vitesses des
ondes Pc et Pn.

On trouve ) = 1,66 et , = 0,705.

La valeur de )\ dans la partie profonde de la crofite est plus faible
que celle qu’on trouve en général dans la partie supérieure (A > 1,70).

En admettant 8,15 km/s comme vitesse des ondes Pn en Europe
occidentale on a Vc = 5,75 km/s.

Les résultats des expériences des Alpes montrent que, dans des
régions cristallines ou plissées, la vitesse augmente en fonction de la
profondeur et atteint un maximum de 6,15 km/s environ. On peut
en déduire qu’a partir de la surface la vitesse augmente jusqu’a un
maximum et puis décroit.

La profondeur correspondant a la vitesse maximum dans les
Alpes est de 6 km environ. La précision des données ne permet pas
de dire s’il existe un minimum de vitesse dans la crotte.
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B34 - John C. Behrendt: Crustal Structure of the Antarctic
Peninsula.

Surface elevation and ice thickness measurements of the Antarctic
Peninsula Traverse have shown that if the ice were removed a subsea
level channel would connect the Ross and Weddell Seas. The Antarctic
Peninsula is in reality an island with the general bedrock elevation
in excess of 1500 m south of George VI Sound covered by about 1000
m of ice. The free air anomaly averages -+ 75 mgal for a large area
and the Bouguer anomaly averages about — 45 mgal. The gravity
results have been integrated with shallow seismic refraction measure-
ments, magnetic data, and limited surface geology in an attempt
to present a unified interpretation of the tectonic relationships at
the base of the Antarctic Peninsula.

De Bremaecker : Is the remanent magnetization which you found
compatible with what is observed in sedimentary rocks?

Reply : We do not yet know but hope to do more work on the
subject.

B35 - D. H. Griffiths : Geophysical Investigations in Antarctica.

During the past few seasons the geophysics section of the Depart-
ment of Geology at Birmingham University, in collaboration with
the British Antarctic Survey, has been carrying out geophysical work
in Graham Land, on the islands of the Scotia Arc, and across the
Scotia Sea. On land a network of gravity stations has been measured
and this network has been connected to Buenos Aires by way of the
Falkland Islands.

In all about 150 stations have been measured and these have
proved to be sufficient to establish the main outlines of the Bouguer
anomaly in northern Graham Land and in the South Shetland
Islands.

Well over 10,000 miles of total field magnetic profile have been
measured in the Scotia Sea. Traverses are never close enough for
correlation of individual features to be possible, but a technique
has been devised by means of which a comparison of the general
characteristics of groups of features on adjacent tracks can be made
and similarities recognised. Using this technique it has been possible
to divide certain regions into areas of different magnetic type and
to deduce structural trends.

With the assistance of H.M.S. Protector a series of 10 reversed
seismic refraction lines have been shot along a traverse across the
Scotia Sea from the South Orkneys to South Georgia, and from this
data the general structure of the main crustal layers has been worked
out. A further 5 short lines have also been surveyed in the region of
the Bransfield Strait.

This paper has not been submitted for publication.

Guidroz : Is there a correlation between the magnetic data and
the gravimetric data ?
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Reply : Yes — definitely so.

B36 - H. Kutschale, E. Thiel, D. D’Andrea, K. Hunkins, and
N. Ostenso: A Long Refraction Profile on the Arctic Continental
Shelf.

During the summer of 1961, a 425 km reversed refraction pro-
file was completed along the edge of the continental shelf northwest
of Pt. Barrow, Alaska. The maximum water depth along the profile
was about 0.4 km. Recording stations were at Pt. Barrow, on ice
island Arlis II, 425 km from Pt. Barrow, and on Fletcher’s Ice Island
(T-3), 115 km from Pt. Barrow. Shots were fired at intermediate
shot points from the ice breaker U.S.S. Staten Island. A maximum
compressional wave velocity of 7.4 £ 1 km/sec. was measured corres-
ponding to a depth of about 34 km at Pt. Barrow and a depth of
about 25 km at Arlis II. Although charge sizes up to 1500 Ibs.
of TNT were used, no faster waves were observed. This low
velocity may mean that a transition zone exists between crust
and mantle rather than a sharp discontinuity. Low mantle velo-
cities have been observed near the continental margin of eastern
North America where velocities in the oceanic layer and mantle
approach each other as the continent is approached. The over-
lying velocity structure and corresponding depths in the present
profile are approximately 6.7 km/sec. at 19 km, 6.2 km/sec. at 13 km,
and 5.0 km/sec. at 1 km at Pt. Barrow and at 6 km at Arlis II. Above
the 5 km/sec. layer is a layer of average velocity about 3 km/sec.
Dispersion of water waves and ground waves recorded at Arlis II
indicated that a layer of velocity about 1.7 km/sec. several hundred
meters thick beneath the ocean floor overlies the 3 km/sec. interface.
A short reversed refraction profile near Pt. Barrow showed a 2.5 km/
sec. layer extending to a depth of 0.35 km beneath a thin 3.4 km/sec.
permafrost layer. The next layer was 0.72 km thick, dipped 1°50’ to
the northwest and had a velocity of 3.1 km/sec. At a depth of 1.07 km
was a 4.8 km/sec. layer dipping 2°40’ to the northwest. These results
are in general agreement with the long profile. From the measure-
ments reported here combined with seismic measurements made by
United Geophysical Company on the emerged coastal plain south-
ward from Pt. Barrow, it appears that the basement interface (5 km/
sec. interface) dips downward in all directions from the Pt. Barrow
basement high and that a thick accumulation of sediments exists
both seaward and landward from Pt. Barrow. The structure under
the continental shelf in this area appears to be similar to that infer-
red to underlie the continental shelf of eastern North America where
many detailed geophysical measurements have been made.

Landisman : Are there any results based on the gravity data ?

Reply : Yes — but the observations were made too close to the
continent for a good interpretation to be possible ; a fairly shallow
depth is indicated for the source of the anomalies.
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MONDAY, AUGUST 26, (afternoon)
UPPER MANTLE SYMPOSIUM
Reports of the Associations

At this meeting the various Associations gave their reports and

a Bureau was elected. The proceedings will be published elsewhere.

TUESDAY, AUGUST 27, (morning)
ADMINISTRATIVE MEETING

In a brief meeting preceding the scientific meeting the following

resolutions were presented and approved :

1) Resolution on heat flow

a) “Noting the extremely uneven distribution of measurements
of the heat flow from the interior of the earth and the large
areas from which there are no measurements, the International
Association of Seismology and Physics of the Earth’s Interior
(IASPEI) recommends that measurements be made wherever the
present coverage is inadequate and especially in South America,
Asia, Africa north of 10° S, the Antarctic and the N.W. Pacific.
Measurements are also desirable on shields, in areas of contrasting
tectonic types and in areas of abnormally high seismic absorption
or electrical conductivity.”

This resolution was later approved by the IUGG Bureau.

b) «“That the IASPEI should establish a working group on geo-
thermal problems which should arrange comparisons of the
techniques of different experimenters, particularly in the measu~
rement of thermal conductivity, organize a symposium at the
next General Assembly, and collect and summarize the obser-
vational data. The committee should arrange for adequate liaison
with the International Association of Volcanology (IAV) and
with the Upper Mantle Committee.”

Following the approval of the second resolution, Dr. Perry Byerly,

President of the IASPEI appointed the International Heat Flow
Committee which he subsequently reconstituted and revised as

follows :

Chairman : F. Birch (U.S.A)

Vice Chairman : H. A. Lubimova (U.S.8S.R.)
Secretary : W. Lee (U.S.A)

Deputy Secretary : G. Simmons (U.S.A))
Members : C. J. Banwell (New Zealand)
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A. E. Beck (Canada)

G. Bodvarsson (Iceland)

T. Boldizsar (Hungary)

E. C. Bullard (Great Britain)
J. C. Jaeger (Australia)



A. M. Jessop (Canada)

M. G. Langseth (U.S.A.)
C. Lomnitz (Chile)

V. A. Magnitsky (U.S.S.R.)
L. Stegina (Hungary)

S. Uyeda (Japan)

R. P. Von Herzen (U.S.A.)

Members Ex Officio : Secretary, IUGG
Secretary, IASPEI
Secretary, IAV
Secretary, IAPO
Secretary, International Upper Mantle Project

2) Resolution on the L.S.S.

This resolution was the subject of much discussion. The final
text of the resolution as approved by IASPEI appears on the procee-
dings of the meeting of August 30, 1963.

The members of the 1.S.S. Committee are :

K. E. Bullen J. H. Hodgson H. Jeffreys
V. Karnik N. V. Kondorskaya I. Lehmann
L. M. Murphy J. Oliver R. Stoneley (Chairman)

One additional member may be appointed by the Chairman.

SCIENTIFIC MEETING
A) Earth’s Crust (Explosions, Oceans)

B33 - R. M. Demenitskaya, A. M. Karasik, Y. G. Kiseler, V. I. Ro- ‘
senberg : Crustal Structure in the Arctic and Antarctic. (This paper
was read by Udintzev in place of paper B38).

1. Crustal structure studies are based on seismic, aeromagnetic
and bathymetric investigations carried out by Soviet and foreign
scientists, particularly in recent years.

2. The former ideas of crustal structure in the Arctic arise from
the concept of a single ocean basin in the northern part of the planet,
divided by a submarine ridge in the center. Accordingly the Earth’s
crust in the Arctic was assumed to be oceanic and to have a thickness
of the order of 5-7 km with some crustal thickening under the Lomo-
nosov Ridge. The Antarctic seemed to be a great continent with
considerable rock surface elevations buried under a dome-shaped
ice-cap and was characterized by rather uniform continental crust
with thickness of about 35 km.

3. Seismic evidence indicates the extensive development of a
two-layered structure of sedimentary complex and an abrupt change
of thickness of deposits in the Arctic Basin, that suggest recent
intensive tectonic movements.
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4. Aeromagnetic data support the concept of submarine ridge
in the center of the Nansen Basin that is mostly a prolongation of
the Mid-Atlantic Ridge. A new map of submarine ridge axes is
presented, showing the position of the new ridge and other possible
rises of the Arctic Ocean floor as determined from geophysical and
bathymetric evidence. An irregular bottom topography is noted to
have no analogy in the bottom topography of any other oceans in
the world.

5. Crustal thickness determinations were made from Deme-
nitskaya’s and Woollard’s curves using gravity field and rock surface
relief. A comparison with seismological data was made. Maps of
crustal thickness in the Arctic and in the Antarctic are presented.
The Earth’s crust in the Arctic is predominantly oceanic and inter-
mediate and is characterized by considerable change of thickness.
The Earth’s crust in the Antarctic is predominantly continental and
is characterized by a significant change of thickness.

A distinctive block and antisymmetrical crustal structure of polar
antipodal regions of our planet suggests a differential kind of mantle
structure.

B39 - Maurice Ewing, John I. Ewing, and Manik Talwani* : Sedi-
ment Distribution in the Oceans — The Mid-Atlantic Ridge.

Three crossings of the Mid-Atlantic Ridge with the seismic pro-
filer between Capetown, Buenos Aires, Dakar, and Halifax have shown
several important features of the sediment distribution. The total
accumulation is remarkably small, averaging 100 to 200 m. On the
northern and middle crossings, the sediments are mainly collected
in pockets, and the areas between are almost or entirely bare. A
large percentage of the pockets have almost level surfaces. These
facts suggest that here the sediments deposited on the ridge flow
easily after reaching bottom. Where impounded, the ridge sediments
apparently develop cohesiveness and will not flow easily if subse-
quently tilted. The sediments are unstratified and remarkably trans-
parent acoustically. Certain areas, particulariy on the lower flanks of
the ridge, contain distorted sedimentary bodies which aprarently
Indicate post-depositional tectonic activity. The basement surface
on which the sediments rest 1s uniformly rough from the crest of
the ridge out to the lower flanks and continues so underneath the
vasin sediments. It is the upper surface of the intermediate layer
(seismic velocity about 5 km/sec) which constitutes the upper 1 to
3 km of the oceanic crust.

On the southern crossing the sediment layer tends toward uni-
form thickness across most of the section. This is evidence that the
ridge sediments here are mainly pelagic, and that the amount of
sediment seen on the record represents the total deposited.

Sediment cores and ocean bottom photographs provide additional
information about sediment composition and distribution, where the
sediment cover is too thin to be measured by the profiler. The photo-
graphs also provide information about the presence of currents
capable of altering sediment distribution.
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These results suggest that the total accumulation in the oceans
is small compared to that which would be inferred from any of the
currently accepted estimates of Cenozoic rates of deposition, but that
the relative amounts of carbonate and red clay conform to the accep-
ted ratio of their respective rates.

This paper is submitted for publication in Bulletin of the Geolo-
gical Society of America.

Griffiths, D. H.: Is there any correlation between the subsediment
topography as determined by the seismic profiler and the form of
the magnetic anomalies.

Reply : Some preliminary studies show that there is indeed in
certain areas some correlation between topography of basement and
magnetic anomalies. However in other areas there seems to be no

correlation. We are making a study to examine this problem more
closely.

B41 - B. K. Balavadze, P. Sh. Mindeli : The Earth’s Crust Struc-
ture of the Black Sea Basin from Geophysical Data (This paper was
presented by Tshakaya.)

A quantitative interpretation of the gravity anomaly of the Black
Sea water area and the surrounding continental crust with due
account of the data provided both by deep seismic sounding, recor-
dings of the Lg and Rg surface waves of near earthquakes and by
geology, has led these writers to the following conclusions :

1. The granitic layer of a thickness of the order of 15 to 20 km
round the Black Sea thins out towards its deep sea part, where it
is absent. The basaltic layer shows but little change of thickness
from 15 to 23 km. However, its surface in the deep-sea part rises to
within 12 to 14 km below sea level, while in the coastal margin it
drops 20 to 22 km below sea level. The thickness of the sedimentary
complex fluctuates from 5 to 13 km. The total thickness of the crust
in the water area under discussion ranges from 28 to 45 km.

2. The deep-sea structure of the water area in question approa-
ches the continental crust type in point of presence of thick layers
of basalt and sedimentary complex, while in point of absence of the
granitic layer it approaches the oceanic crust type. Obviously, this
type of crust structure is characteristic of interior as well as of
some fringing seas, and its origin was, in all probability conditioned,
in these regions, by a corresponding composition and physical state
of the mantle substance at the time of the separation of the crust
from the mantle.

B42 - W. J. Ludwig*, J. I. Ewing, and M. Ewing . Seismic-Refrac-
tion Measurements in the Magellan Straits.

A number of reversed seismic-refraction profiles recorded in
the north-south portion of the Magellan Straits, (Bahia Witsand to
Peninsula Brecknock to the southern end of Canal Magdalena) Bahia
Inutil, the Segunda Angostura, and BRahia San Felipe show a regional
south-north dip on all horizons measured. A 6.5-km thick sequence
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of Tertiary and Cretaceous sediments and Jurassic andesites (Serie
Porfirica) at Bahia Whitsand pinches out at Peninsula Brecknock.
A regional low, perhaps the axis of the Magellan basin, lies west of
Bahia Whitsand and trends from the straits to the northwest.

A velocity of 6.70 km/sec was measured for an intermediate layer
below basement. The M-discontinuity was observed to dip north-
south toward the Andes Mountains from 29.7 km near Bahia Whit-
sand to 34.7 km at Peninsula Brecknock.

B43 - Manik Talwani* and J. Lamar Worzel : Gravity Measu-
rements and Crustal Structure in the Southwest Pacific.

More than 250 gravity pendulum measurements, made aboard
U.S. Submarines Capitaine and Bergall, and H. M. Submarine Tele-
machus, in the Southwest Pacific have been supplemented by conti-
nuous gravity measurements made by the Graf-Askania sea gravi-
meter aboard R. V. Vema in July 1962.

Measurements over ridges in this area which include measure-
ments over Tonga-Kermadec Ridge, Lord Howe Rise and Norfolk
Ridge indicate positive free-air anomalies and Bouguer anomaly
values which are intermediate between typical continental and
oceanic Bouguer anomaly values. This is interpreted to indicate
that (1) the ridge areas are somewhat «heavier” than demanded
by conditions of isostatic equilibrium and (2) the ridge crust is
different from either typical continental or oceanic crusts.

Both the free-air and Bouguer gravity anomalies, over the deep
basins in this area which include the Tasman Basin, Coral Sea,
and South Fiji Basin, are on the other hand, despite their limited
size, quite typical of anomalies over ocean basins. It can be infer-
red that the structure of these basins is of the typical oceanic type.

Large free-air negative anomalies are found over the deep sea
trenches. These include the Tonga-Kermadec Trench and the trench
east of New Guinea. A detailed interpretation of trench as well as
ridge structures is made with the help of available seismic refraction,
reflection and surface wave dispersion data.

D. C. Krause: The paper presents an alternative solution to
that of Officer and Raitt. I feel that geophysical work elsewhere is
still on the side of the earlier interpretation.

Reply : The interpretation based on gravity data has a multi-
tude of solutions and I do not see that the data give a unique
solution.

Bolt: Do you know of any recent seismic refraction work in
the Coral Sea ?

Reply : No. I should think it dangerous to extrapolate from
our work to the East.

B44 - J. Lamar Worzel* and Manik Talwani: A Summary of
Continuous Gravity Measurement Results Obtained on Cruise 18
of R. V. Vema.

During Cruise 18 of R. V. Vema, continuous gravity measure-
ments were made in the Pacific, Atlantic, and Indian Oceans.
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Among the geologic features over which measurements were
made are the Mid-Atlantic and Mid-Indian Ridges, the Easter
Island Rise, the Middle America, Peru-Chile, and the Kermadec
deep sea Trenches and the continental margins of North America,
South America, South Africa, and Australia. The measurements are
described and some preliminary interpretations are made.

Loncarevic : The rather large scatter of gravity values shown
in Slide 2 (?) might be due to the fact that the Vema is a relatively
small ship. Previous work on British ships RRS Discovery II and
HMS Owen indicates that the cross-over scatter is more typically
10 mgal. Examples confirming this view are available from a Mid-
Atlantic Ridge Survey (Radar-buoy navigation), British Sea Gravity
Calibration line (Decca navigation) and the Indian Ocean.

Peter Dehlinger : It may be mentioned in regard to errors in
gravity of intersections (described by the speaker) that both in the
Gulf of Mexico and in the Pacific Ocean off Oregon, we obtained
much lower errors with a La Coste-Romberg surface ship meter
at intersections at Browne corrections of 300 or less mgal, but as
large or even larger discrepancies at Browne corrections of 600
mgal or more.

J. Tuzo Wilson : The bathymetric chart shown by J. P. Neprot-
chnov in his paper agrees with your interpretation of the Mid-
Indian Ocean Ridge and the first of Worzel’'s two narrow ridges,
but in the region of the second Neprotchnov only shows a few large
seamounts. Could your second ridge be in fact a seamount ?

Reply : It could be, but only if the seamount was large and
elongated.

B45 - Raoul Vajk : Correction of Gravity Anomalies at Sea for
Submarine Topography.

It is suggested that the correction of sea gravity data for
submarine topography be computed for a datum surface coinciding
with the surface of the standard oceanic crust, and with the surface
of a <«standard type»” continental margin. A definition for the
“standard type” continental margin is given in the paper. Sea
gravity anomalies reduced in the above manner are the gravity
effects of the deviations of the actual crust from the standard
crust, thus the interpretation of the sea gravity data is simplified.

B46 - C. Bowin . Gravity Anomaly Maps of the Puerto Rico
Trench Region from New Continuous Measurements.

A sea gravity survey covering about 100,000 square miles in the
region north of Puerto Rico was conducted in October-November,
1962 during cruise 34 of the R/V Chain. A newly developed auto-
matic real time sea gravity system utilizing a digital computer
made available free air and cea Bouguer gravity anomaly values
while the survey was in progress.

The free air values are all negative except over a portion of
the outer ridge and close to the islands of Hispaniola, Puerto Rico,
and the Virgin Islands. Topography is clearly reflected in the free
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air anormaly map ; an area of low gravity relief occurs over the
Nares abyssal plain, an axis of positive anomaly parallels the crest
of the outer ridge, an axis of gravity minimum occurs along the center
of the Puerto Rico trench, and a negative anomaly is associated
with Mona Canyon. Slightly positive free air values occur where the
outer ridge trends east-west, but these values become increasingly
negative to the northwest where the ridge parallels the trend of
the Bahama Islands. Two distinct minima were found within the
trench zone. One is north of Puerto Rico (—380 mgls) and the other
is close to the position of the reported Milwaukee Depth (—330
mgls).

From the sea Bouguer anomaly map estimates can be made of
the regional structures of the area. (1) Rather uniform depths to
mantle are indicated under the Nares abyssal plain in the north-
west portion of the mapped region. (2) The mantle rises in an
elongate dome beneath the outer ridge north of Puerto Rico. (3)
The outer ridge as a structure does not show on the sea Bouguer
map. (4) South and southwest of the outer ridge the mantle deepens
under the Puerto Rico trench-island arc complex and under the
Bahama Islands respectively.

This paper is not yet submitted for publication.

Worzel : It is doubtful that the currents will account for the
remaining spread of the gravity data at track crossings. Recent
measurements in another location at a similar margin indicate that
the currents change rapidly and radically.

B) Instruments, Model Seismology, Planetary Seismology

B48 - Y. Labrouste, G. Kunetz, H. Richard*:@ Réduction des
Distorsions Instrumentales sur les Séismogrammes.

Les caractéristiques des appareils utilisés en séismologie dif-
férent souvent d’un constructeur & un autre. Il en résulte certaines
difficultés de comparaison entre les enregistrements obtenus avec
divers types d’instruments. i

Les techniques d’antifiltrage ou déconvolution, bien connues
en prospection, devraient donc étre appliquées a la séismologie,
par exemple, aux études de la crolite faites avec plusieurs labora-
toires, & Voccasion de grandes explosions. Ces techniques permettent,
en effet, de réduire les distorsions instrumentales. Il suffit de
connaitre la réponse impulsionnelle de chaque chaine : sismographe,
ligne, amplificateur, galvanomeétre.

L’expérience démontre quaux effets de l'appareillage se super-
posent des effets de filtrages locaux. Ceux-ci, liés aux conditions de
surface et d’implantation des sismographes, sont également variables
mais difficiles- & analyser.

En conclusion, pour étudier plus facilement les séismogrammes
et plus particuliérement les corrélations & distance, il convient de
prendre un certain nombre de précautions opératoires et de procéder,
au besoin, & des déconvolutions qui ne tiennent pas uniquement
compte des différences d’appareillages.
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Le mémoire complet doit étre publié dans les Annales de Géo-
physique.

B50 - S. Miyamura and K. Aki: Observation by a Seismometer
Array for the Study of the Seismicity of Small Earthquakes.

Delayed trigger magnetic tape recording with an endless tape
device has been effectively used for the wave correlational observa-
tion by a seismometer array, consisting of three or more pick-ups
separated one kilometer or a little less from each other. Multi-channel
radio tele-recording seismographs and a special portable equipment
are used for the observation.

The phase differences among the seismic channels are less than
five degrees for the frequency range from 0.2 to 20 cps and the
maximum magnification level is of the order of 10> - 10 at 10 - 20
cps without any appreciable differences among the channels.

Using the reproduced record by ink-writing oscillograph with a
paper speed of 120 mm/sec, it is easy to determine the direction
of approach and the apparent velocity of P wave with accuracies
better than a few degrees in azimuth and a few per cent in
velocity.

By a simultaneous operation of two or more seismometer array
stations and/or ordinary seismological stations which cover the
whole epicentral area studied, we are able to check the location
of epicenters determined by a single multi-seismometer station on
the assumption of a certain crustal model around the station. A
systematic error of location may give us information to correct the
assumed crustal model and thus, in turn, we can locate the epicen-
ters more correctly by the single station without using data from
other stations.

The method was very useful for the study of seismicity of very
small earthquakes around a station. Results of several temporary
operations will be reported.

This paper is not yet submitted for publication. However a part
of the content of the paper was published in the following papers :

S. Miyamura et al.: Observation of Aftershocks of the Kita
Mino Earthquake, Aug. 19, 1961, Bull. Earthq. Research, Inst., Vol.
39, 1961, pp. 895-908.

K. Aki: Study of Earthquake Waves by a Seismometer Array
Bull. Earthq. Res. Inst., Vol. 40, 1962, pp. 371-389.

S. Miyamura et al. : Simultaneous Operation of Two Seismometer
array Stations in a Study of Micro-Earthquakes in the Kanto and
Chubu Region. Bull. Earthq. Res. Inst.,, Vol. 40, 1962, pp. 885-897.

K. Aki and H. Matumoto : Study of Earthquake Waves by Means
of a Seismometer Array. Part 2. Bull. Earthq. Res. Inst., Vol. 41,
1963, pp. 279-292.

Willmore : The source of the trouble lies probably in the variation
of crustal structure.

B52 - Joseph M. Whalen : Instrumentation Noise of Long-Period
Seismographs.
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The most common forms of system noise observed on high-
magnification long-period seismograms are the effects of wind
noise, atmospheric pressure changes, ambient temperature changes,
and temperature gradients inside the seismometer case. Evidence is
given to show that these changes in environnent are coupled
directly to the seismometer. Other sources of system noise are long
lines between the seismometer and the amplifier, seismic galvano-
meters, spurious vibrations in the seismometer elements, tilt, etc.
Methods of system installation and operation are given that make
it possible to operate amplified systems at magnifications of 50,000
or greater at periods of 20 to 40 seconds.

This paper will be submitted for publication in the Bulletin
of the Seismological Society of America.

De Bremaecker : We have observed a strong correlation between
the atmospheric pressure variations and the long period noise
on the horizontal seismometers. I would also like to remark that if
you can correct for tilt you ipso facto reduce the long period res-
ponse of the instrument.

Reply : It is not the tilt effect itself which we are trying to
reduce but the parasitic influence of the hinge.

Peoples : It appears to me imperative that somebody operate
seismometers in vacuo in order to eliminate all these parasitic
effects.

Jobert : In France we have recently started operating in vacuo
tiltmeters made of fused quartz and this has resuited in a very
great improvement in the long-period noise.

B53 - Paul W. Pomeroy : A Magnetic Tape Seismograph Network.

Slow-speed magnetic tape recorders have been added to exis-
ting instrumentation at five stations operating long period seismo-
graphs under a cooperative program with the Lamont Observatory.
The tape recorders, which utilize frequency modulation techniques
with a 108 cps carrier, operate at .06 ips and record three-compo-
nent long-period signals at two gain levels on half-inch 1 mil base
tape. The recording speed allows two weeks of data to be recorded
on a single 14-inch reel of tape and gives a data bandwidth of
D. C. to 20 cps. Chopper stabilized preamplifiers used have a data
bandwidth of D. C. to 4 cps with optional pre-and post-filtering
available. The signal to noise ratio over D. C. to 20 cps is approxi-
mately 52 db and over a limited D. C. to 1 cps bandwidth is about
65 db.

The recording of seismometer signals on analog magnetic tape
permits the rapid and efficient performance of a wide variety of
analyses. These include among others the determination of Fourier,
power and amplitude spectra, rotation of instrumental axes, phase
identification and determination of angle of emergence. Examples
of these techniques show some of the advantages of the use of this
medium as a supplemental recording technique. The analog magnetic
tape may be digitized at slow or high speed for subsequent digital
analysis.
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A part of the material that was presented has been previously
published in the article: G. Sutton and P. W. Pomeroy, Analog
Analysis of Seismograms recorded on Magnetic Tape, J. Geophysical
Research, vol. 68, n° 9, 1963, pp. 2791-2815.

Kisslinger : What would happen if you had transverse motion
in the P waves ?

Reply : Sometimes it appears that the arrivals come from else-
where.

Levin : What type of computer do you use?

Reply : We. use an Electronic Associates TR 10, with 20 ampli-
fiers 20 potentiometers and 10 integrators. There are dynamic
range problems in this computer.

Dean : When you speak of 65 dbs. does this refer to both traces ?

Reply : No - this refers to the high gain trace. I would also
like to point out that the examples shown are rather good. Finally
it appears that the integrated energy is a good method of deter-
mining the magnitude of the shock.

B54 - Francis S. Riley : An Automatic Recording Liquid-Level
Tiltmeter.

A continuous electromechanical recording system has been applied
to a portable liquid-level tiltmeter. The basic tiltmeter comprises
two identical cylindrical pots partially filled with liquid and con-
nected by about 100 feet of hose. Minute changes in the relative
elevations of the pots are determined by reference to the common
liquid level, and appear as reciprocal variations in the heights of
the liquid columns in the pots. A float-actuated differential trans-
former in each pot converts the position of the liquid level above
or below an adjustable arbitrary datum to an analogous electrical
signal. After amplification and rectification the signals from both
pots are fed to a dual-coil, center-zero, recording milliameter ; the
connections are made so that differential water-level changes result-
ing from ground tilting are additive, whereas parallel fluctuations
due to temperature-induced volume changes are self-cancelling.
Thus, the strip chart trace constitutes a continuous record of the
changes in elevation of one pot with respect to the other. Sensiti-
vity is adjustable to a maximum of 25 millimicrons/millimeter of
pen displacement. Tilt-angle sensitivity and frequency response are
functions of pot spacing, and may conveniently range up to 0.1
millisecond/millimeter and 2 cycles/minute, respectively. Tempera-
ture compensating and insulating techniques permit operation des-
pite large fluctuations in ambient temperature.

De Bremaecker: I wonder whether you do not have friction
between the washer and the tube.

Reply : We were worried about this but this effect does not ap-
pear to show up.

Discussion :
It was later brought out that the AC current used may reduce
the friction to a negligible amount.
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B56 - H. Berckheimer*, J. Ansorge: Wave Front Investigations
in Model Seismology.

Hitherto model seismic experiments had generally been res-
tricted to observations along the surface of the medium in analogy
to seismological problems. A method is described which allow to
study the wave fronts “inside” the medium. Some results of pulse
propagation in an elastic half space and in layered media are dis-
cussed.

This work is in press in “Geophysical Prospecting”.

Discussion : It appears that the long period content increases
with the depth of focus for the surface wave but not for the P
wave.

B57 - Robert L. Kovach*, Frank Press and Francis Lehner :
Platenary Seismology — Some Methods and Techniques.

Passive and active seismic experiments will ultimately be em-
ployed on the moon and planets to aid in deciphering their thermal
and tectonic history. The initial passive seismic experiment carried
aboard Ranger Flights 3, 4, and 5 was designed for hard landing a
short period, single axis seismometer on the lunar surface and
telemetering any seismic data to earth through the system const-
raints of the pass band of the telemetry, the restricted dynamic
of the transmitter, and the lifetime of the experiment. More sophis-
ticated three component seismometers have now been designed and
constructed to provide longer period response and enhance the
possible recording of seismic surface-wave and free-oscillation data.
Experimentation for active lunar and planetary seismic measure-
ments has proceeded along the lines of developing techniques for
remotely deploying an array of seismometers and explosive charges
and the testing and recording of various types of surface detonated
explosives. The possibilities of each of these techniques for revealing
the structure of the moon’s outer layers and deep interior is discussed.

This paper should not been published for the moment.

B58 - G. V. Latham: A Remotely Operated Long and Short Period
Lunar Seismograph System.

A seismograph system intended for operation on the lunar sur-
face, or at other remote sites, has been developed at the Lamont
Geological Observatory. The primary elements of the system include :

1. A matched set of three long period seismometers (To = 15
seconds) equipped with capacitance type transducers to provide maxi-
mum magnification of one million and minimum detectable signal of
one millimicron. \

2. One short period vertical seismometer (Tp = 1.3 seconds)
equipped with a moving coil transducer and associated amplifier with
minimum detectable signal of 0.3 millimicrons (p-p) at 1 cps.

3. Servosystems for leveling the instrument to within 10 seconds
of vertical and for coarse centering of the long period vertical com-
ponent.
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4, Feedback control circuitry to compensate long-term drift of
the long period components. Gravity and tilt information is provided
by monitoring feedback signal.

The complete system weighs 16 kilograms and requires 0.66 watts
continuous power. Protection against vibration and shock during
transit is provided by means of a pneumatically actuated caging
device. Internal adjustment and calibration will proceed in automatic
mode or can be performed by command.

B59 - P. L. Willmore* and R. Parks: The Use of Seismograph
Arrays for the Study of Teleseisms.

The Royal Observatory, Edinburgh, is establishing a system for
the rapid digitisation of multi-channel seismic records on magnetic
tape which are now being obtained from the seismograph arrays of
the British Atomic Energy Authority. In parallel with this develop-
ment mobile field recorders are being constructed to produce compa-
tible records and these field stations may be set up to form arrays
without the restriction of linear scale which is customary in the
established systems.

It seems that seismograph arrays will constitute a powerful tool
for the study of body waves, particularly in separating phases which
overlap in complicated parts of the travel time curve. Examples of
these applications will be discussed.

C) Isotopic problems

This meeting was held with the International Association of
Volcanology ; the proceedings will be published separately.

TUESDAY, AUGUST 27, (Afternoon)

A) Earth’s Crust (Surface Wave Methods)

B60 - Sh. S. Ragimov : To the Question of Crustal Structure Study
on Group and Phase Velocities of Surface Waves (This paper was
given by Savarensky.)

In the paper the groups of Rayleigh waves, following one after
another are unmasked. On the basis of the comparison of theoretical
dispersion curves with experimental dispersion curves of group velo-
cities of Rayleigh waves, it seems that maybe the second group is
related to the granitic layer.

It appears that the method of phase velocities of surface waves
which is used at present for the crustal structure study can distort
the real picture. This occurs because during the determination of
crustal structure we do not take into account the differences in crustal
structure on the lines between the epicentres and the station out-
side of the area of the stations ; it is necessary to take this into
account and to specify the base formulae for the calculation of phase
velocities, but this is very difficult. Therefore, in order to escape
inaccuracies in the interpretation of the crustal structure in the
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region of the stations, the use of the phase velocity method is expe-
dient only when the stations and the epicentre are on line. The expe-
rimental dispersion curve, which is obtained on a line, may be taken
as the basis for unmasking the crustal structure in other directions.

Kuo: The wave fronts of surface waves are not necessarily
perpendicular to the great circle path mainly because of <«lateral
refraction”. Thus, the phase velocity determined by using two stations,
which lie in a common great circle path, would not necessarily yield
the actual phase velocity between these two stations.

Tryggvason : In Fennoscandia the angle between the wavefront
and the perpendicular to the great circle through the epicenter was
found to be as large as 20° and the wave front was definitely curved.

Jeffreys : A good many years ago I had a station practically
north of the epicenter, and the direction of P was about 20° away
from the great circle. If that sort of thing can happen to P, it seems
to me that we need not be surprised at much worse ones happening
to surface waves.

B64 - Markus Bdth : Dispersion of Surface Waves - Recent Studies
at Uppsala.

In a series of investigations of the earth’s crust by all possible
seismic means, started in 1957 at the Seismological Institute, Uppsala,
studies of surface wave dispersion has played an important role. Up
to now, the dispersion of fundamental-mode Love and Rayleigh waves
has been studied, but a program for study of higher-mode surface
waves has recently been started. The more recent studies include the
following items :

1) Determination of crustal thickness in Fennoscandia from phase
velocities of Rayleigh waves,

2) Crustal structure of the Iceland region and Northern Atlantic,
3) Attenuation and dispersion of G waves,

4) Dispersion from Uppsala records over a very large number of
paths, including practically all continents and oceans,

5) Dispersion over Pacific paths from Pasadena and Huancayo
records.

The investigations have been carried out by E. Tryggvason,
A. Lopez-Arroyo, T. Santo and M. Bath.

References :

Bdith M. & Lopez-Arroyo A., Attenuation and dispersion of G waves,
Journ. Geophys. Res., Vol. 67, pp. 1933-1942, 1962. Also in Spanish
translation : Atenuacion y dispersion de ondas G, Rev. Geofis,,
Vol. 21, pp. 147-167, 1962.

Santé T. A. Dispersion of surface waves along various paths to
Uppsala, Sweden. Part I - Continental paths, Ann. di Geofisica,
Vol. 15, pp. 245-276, 1962.
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Santé T. A. Dispersion of surface waves along various paths to
Uppsala, Sweden. Part. II - Arctic and Atlantic Oceans, Ann. di
Geofisica, Vol. 15, pp. 277-298, 1962.

Santé T. A. & Bdth M., Crustal structure of the Pacific Ocean area
from dispersion of Rayleigh waves, Bull. Seism. Soc. Amer., Vol. 53,
pp. 151-165, 1963.

Tryggvason E., Crustal thickness in Fennoscandia from phase velo-
cities of Rayleigh waves, Ann. di Geofisica, Vol. 14, pp. 267-293,
1961.

Tryggvason E., Crustal structure of the Iceland region from dispersion
of surface waves, Bull. Seism. Soc. Amer., Vol. 52, pp. 359-388, 1962.

Savarensky : It may be that we are determining only an apparent
thickness of the crust when the group velocity is measured ; that is,
the solution is not unique.

Don Anderson : I wonder if a small section of non-sediment
covered ocean bottom would cut out this mode ?

Reply : No.

B69 - Lynn R. Sykes : The Propagation of 5 to 10 Second Seismic
Surface Waves Across Oceanic Areas.

Surface waves with periods of approximately 5 to 10 seconds are
commonly observed for oceanic paths. These waves, which correspond
to propagation in the first Love and first shear (first higher Rayleigh)
modes, exhibit nearly identical dispersion on all three components
of the seismogram. These short-period surface waves are very sensitive
to the shear velocity and thickness of the low-rigidity sedimentary
layer. When this layer is present, theory predicts that two quite dif-
ferent types of modes are possible. Modes similar to the fundamental
Rayleigh mode correspond to P waves multiply reflected in the water
plus sedimentary layers. The first shear and first Love modes corres-
pond to SV and SH waves multiply reflected in the sedimentary layer.
For the normally dispersed portions of the Rayleigh and shear modes,
P to SV conversion is very small. These conclusions have been verified,
using dispersion calculations, energy transmission and reflection coef-
ficients at the sedimentary interfaces, and particie amplitude-depth
profiles. Dispersion data for the Rayleigh, first shear and first Love
modes have been used to derive the thickness and shear velocity of
the sediments. At the water-sediment interface the ratio of horizontal
to vertical motion for the first shear mode is large and retrograde, as
required by the theoretical calculations. For earthquakes near Easter
Island, oceanic paths are available to various seismograph stations.
Whereas Rayleigh waves are recorded at all of these stations, short-
period surface waves are strikingly absent on some of the seismo-
grams. Low-rigidity sediments seem to be present along many, if
not all, of the oceanic paths for which 5 fto 10 second surface
waves are observed.

This paper will be submitted for publication in Bulletin of the
Seismological Society of America.
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Tryggvason : In Iceland surface waves of 3-8 sec. period from
earthquakes at less than 1000 km distance have been identified as
fundamental mode Rayleigh waves. These high frequency Rayleigh
waves are not recorded on the European continent.

B) Computer Applications

B71 - I. 1. Pjatetzki-Shapiro, T. S. Gelankina, V. I. Keilis-Borok,
N. V. Kondorskaya*, L. G. Pavlova ;: Determination of the Earthquake
Elements on Electronic Computer.

1. The epicentre is determined as the minimum point of stan-
dard deviation between observed and calculated arrival times of
P and PKP;. The method of finding this minimum is applicable,
when the first approximation of epicentre is unknown.

2. The depth of the source is determined using pP-P and sP-P
times, simultaneously with identification of pP and sP among the
first five arrivals.

3. The observed arrivals are identified, using the principle to
form from observed and calculated arrival times a maximum number
of close couples.

B72 - S. Gershanik ;: Useful Elements for the Location of Earth-
quake Focus Obtainable with Electronic Computers.

The problem of the location of the focus of an earthquake
based on the arrival time to different stations is reviewed, and it
1s shown that the time that it takes to find its solution could be
considerably shortened if tables giving travel times from different
places of the earth to all the stations surrounding them were pre-
pared. This time can be shortened further by preparing tables based
on the difference between the arrival times to different station Ei,
and the arrival time to a reference station E,. These tables 1ma,
be arranged in such a way as to give: a) Yjp as a runction of
Y" 0 and the epicentral distance A, to E,; and b) the coordinates
¢,\ as a function of the same arguments. From such tables ¢, \ and
also the depth h may be obtained by simple interpolation. Con-
ditions for the arrival times to be consistent with one another
are indicated. The way of calculating the table is also shown. As a
great amount of work would be involved if done by classical means
a suggestion is made that the tables be produced with the use
of electronic computers. The convenience of having tables for groups
of stations properly covering different areas of the earth is pointed
out.

The author expected to publish this paper in one of the next
numbers of Geofisica pura e applicata.

Bolt : Are you proposing this method for teleseismic determina-
tions ?

Reply : Yes.
Bolt: Does the expansion, that is Geiger’s method, not break
down for small distances ?
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Reply : Yes, we propose to use the method only for distances
greater than 1000 kilometers.

B73 - John Nordquist* and John Gardner : Use of Electronic
Data Processing in Earthquake Seismology.

Electronic data processing is currently being used routinely by
the Seismological Laboratory at Pasadena for determining foci and
corigin times of local earthquakes, based on arrival times of P and
S phases at the local stations, and occasionally for determining
foci and origin times of teleseisms based on times of P at a maximum
of 49 stations, using standard travel times. Expanded programs for
computing travel times based on arbitrary crustal structures are
in preparation.

A catalog of all well-located earthquakes in the Southern Cali-
fornia area is maintained on IBM punch cards, and routines for
choosing those within specified ranges of geographic location, focal
depth, time, and magnitude are available for statistical purposes.

This paper is a progress report on : John M. Nordquist, A Special-
Purpose Program for Earthquake Location with an Electric Com-
" puter, Bulletin of the Seismological Society of America, Vol. 52, n° 2,
1962, pp. 431-437.

Carder : What was the accuracy in 1932 ?
Reply : For strain release we accepted the old data.

Rothé : What is the precision of the epicentral determination ?
Have you compared the instrumental determinations with macro-
seismic data ?

Reply - Very few shocks gave adequate macroseismic data. Our
chief test of precision is to use large quarry blasts. In that case
the precision is better than 1 kilometer in space and about 0.1 or
0.2 sec in time.

Rothé : In Strasbourg we use the Haslach tables but we do not
obtain the precision which you get. Our precision, comparing with
macroseismic data, appears to be of the order of 5 to 10 kilometers.
This is better than by using the Jeffreys-Bullen tables.

Reply : We use the velocities as determined by Press.

B74 - A. J. Wickens*, A. E. Stevens, J. H. Hodgson . Application
d’'une Calculatrice a I'Etude du Mécanisme des Tremblements de
Terre.

La production graphique des solutions P-nodal dans I’étude du
mécanisme d’'un séisme est ardue et manque d’objectivité scienti-
fique parce qu’elle ne permet pas la comparaison des solutions pos-
sibles.

En 1962 Kasahara a élaboré un programme pour I'LB.M. 1620,
placant la paire de plans qui se conviennent le mieux dans le voi-
sinage d'une solution expérimentale (Bull. Seism. Soc. Am., 52, 1-13,
1963). Un programme qui donne a la fois une solution approxima-
tive et 1’épuration des données brutes a maintenant été mis au
point. La calculatrice choisit les dix solutions les plus rapprochées

93



de la perfection parmi une série symétriquement distribuée de plans
orthogonaux et scrute le voisinage de chacune afin de découvrir
la position qui présente le minimum d’incompatibilités. Le pro-
gramme est actuellement vérifié et comparé a toutes les solutions
visuelles publiées plus tot par I'Observatoire. Cela fournira en plus
une évaluation des solutions en cause.

Nous avons également envisagé la question fondamentale du
genre de mécanisme. A l’aide des données de l’onde S, nous avons
dérivé une équation générale dans le but de déterminer l'orienta-
tion d’'un systéme de forces triaxiales dans le foyer.

L’ILB.M. 1620 a été programmée en vue de résoudre l'équation
de deux cas spéciaux d’'un couple simple (Type I de Honda) et d’un
double dipdle (Type II de Honda).

Les données publiées par Stauder au sujet des angles de polari-
sation S ont été employées pour vérifier le programme. Les vérifi-
cations démontrent quun systéme & force unique peut étre choisi
pour chaque tremblement de terre si les systémes de forces fondés
sur les données S sont comparés a celles qui sont dérivées des ondes P.

L’Observatoire fédéral a I'intention d’étendre ses études réguliéres -
du mécanisme par le traitement & la machine a calculer des don-
nées P et S.

Ce travail n’a pas encore fait ’objet d’une publication d’ensemble.

Stauder : Did you use models involving a single or a double
couple ?

Reply : We used models which were in agreement with your
data.

Discussion : It was pointed out that in scanning through all
the possible values it might be desirable to select nodal planes
which are possible and impossible.

B75 - Wm. C. Dean : Seismological Applications of Laguerre
Expansions.

If we establish a set of orthogonal functions with resonant and
decay characteristics quite similar to those of seismic signals, then
a few, or at most a few dozen, terms of the series may match
significant phases of seismic events. A few hundred terms of a
Fourier series might be required for an equivalent match of these
same events. One such set of orthogonal functions are those based
on Laguerre polynomials.

This paper describes the Laguerre theory which leads to better
Fourier transforms (spectra). Laguerre functions are defined over
all time, and their frequency responses are known over all frequencies.
Therefore, if the Laguerre series converges quickly, then only a few
points in time determine the spectra over the entire frequency
range. Conversely, a few points in frequency can determine a tran-
sient response over all time.

One application is the transient calibration of seismometers
yielding magnifications and phase responses over all frequencies.
Another is the automatic Laguerre analysis of Rayleigh waves by an
Analog Computer. Examples will be shown describing the Laguerre
convergence properties and illustrating these seismic applications.
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This paper is available in report form from the author ; the
manuscript has been approved for publication in the Bulletin of
the Seismological Society of America.

Smith : Do you obtain the same results from the Fourier and
the Laguerre spectra ?

Reply - No, because there is a sin x/x function which maps
one into the other.

B77 - Stewart W. Smith : Applications of a Direct Digital Record-
ing Seismograph.

The output of a matched three-component set of Press-Ewing
long period seismometers is sampled 10 times per second and recorded
in digital form on magnetic tape. The broad frequency range (.02
to 5 cps) and great dynamic range (86 db) of the system plus the
ability for a digital computer to have direct access to the data
makes it possible to use a number of new techniques in the ana-
lysis of seismograms. The apparent angle of polarization of body
waves is measured as a function of time and frequency by digital
filtering and least square line fitting in the vertical and horizontal
planes. Seismograms are displayed as a set of parameters which
are functions of time and frequency such as major axis, angle of
inclination, and eccentricity of elliptical particle orbits. These tech-
niques make it possible to identify body wave phases that have
undergone a number of conversions along the path of propagation
and to separate various surface wave modes. This information is
used to determine crustal structure and seismic energy flux.

B78 - J. Cl. De Bremaecker*, S. K. Rusk, T. C. Schutz, and G.
A. Sitton : The Rice Digital Seismograph System.

The system consists of three long period seismometers and one
microbarograph. Capacitive transducers and direct frequency modula-
tion are used. The characteristics of the seismographs are : Sensiti-
vity : 1 my, short term noise: < 1 my, electronic drift < 100
mﬂ/hour, dynamic range : from + 1 to * 50,000 my at 1 m g resolu-
tion. Feedback is normally used to reduce drift. A pulse counter
provides an analog output. A reduction of aliasing is obtained by
using the analog output to drive, through a high-pass filter, a
voltage variable capacitor connected in parallel with one transducer.

Digitization is accomplished by using a buffered binary counter
for each instrument. Sampling is done 20 times/sec. Results are
stored on a %*%» magnetic tape (speed 0.4 inch/sec.). This tape
can be used directly on a digital computer.

Simple filters give responses ranging from those of a very
short period instrument to that of a tidal gravimeter. Results
will be presented.

Programs for searching, editing, filtering, and computing various
kinds of spectra have been written. The instrument is primarily
suited for research rather than for routine work.
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Reference :

J. Cl. De Bremaecker, G. A. Sitton, S. K. Rusk, M. H. Graham
and T. C. Schutz, The Rice Digital Seismograph System, J. Geophy-
sical Research, Vol. 68, 1963, pp. 5029-5034.

Smith : Keilis-Borok has described the use of linear predictors
in earthquake seismology. By using first differences you are effec-
tively using a one-point linear predictor. Would it not be mole
advantageous to use a more sophisticated method ?

Reply : Yes, we are aware of the possibilities of these methods
but the limitations due to increased machine time have prompted
us to try the simplest method first to see whether it is satisfactory.

BT79 - G. H. Sutton : Analyses of Magnetic Tape Seismograms.

Various types of automatic analyses are applied to long and
short period magnetic tape seismograms of earthquakes and explo-
sions recorded at Palisades, New York. and other stations around
the world.

Emphasis is placed on detailed studies of body-wave surface
particle motion from events at various distances, azimuths and focal
depths in an attempt to separate near-source, near-station, and
propagation-path effects. Running spectra of different types are
related to wave type and source energy spectrum in an attempt to
obtain a better measure of earthquake energy release.

C) Isotopic problems

This meeting was held with the International Association of
Volcanology ; the proceedings will be published separately.

WEDNESDAY, AUGUST 28 (morning)

A) Focal Mechanism, Strain Release

B80 - V. I. Keilis-Borok, L. N. Malinovskaja : One Regularity in
the Occurrence of Strong Earthquake.

1. A simple characteristic of the process, which leads to the
strong earthquake, — a “moving sum” X, of preceding earthquakes
- is found. This “moving sum” includes earthquakes with energy
E in the interval E > E =1 10-A, E being a strong earthquake ener-
gy, A ~ 3.

Each included earthquake is taken with the weight, which is
proportional to log E. The sum is taken along a moving time-interval
and along some region ; the value of interval and the dimension
of region depend on E.

2. The following regularity is found for earthquakes of Pamir,
Hindukush and Tien Shan (M=5 1/2 — 7 3/4) as well as for the
following strong earthquakes : Assam (August, 15,50 ; M=8.6), Aegean
sea (June, 26,26 ; M-7.9, H-100 km), Kermadec (February, 27,55,
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M-T7 3/4) : before the strong earthquake the moving sum increases
rapidly and reaches the value, roughly corresponding to the weight
of this earthquake.

3. The time of occurrence of this earthquake can be then
roughly predicted, using a law obtained empirically.

4. The occurrence of strong earthquake is connected with pre-
ceding earthquakes in a comparatively large region (for example,
the whole Himalayas for the Assam earthquakes). It is in agreement
with the preceding estimations of the dimension of the faults.

5. For strongly elongated seismic belts (Chilean) the mentioned
regularities were not confirmed.

The maximal energy of the possible earthquakes in most seismic
belts of the world is connected with the linear dimensions of
the belts.

Ben-Menahem : I would like to comment on the use of magni-
tudes for a study of this kind. We found that magnitudes, especially
those of major earthquakes, may be uncertain up to 2 magnitude
units. In fact one may get an approximate radiation pattern of a
great earthquake by plotting magnitude residuals versus azimuths.
Your method may be sound, but unless you can measure energies
with a reasonable accuracy, I do not see any significance in your
conclusions. Besides, you must also take into consideration the
spectral distribution of the energy. For example, you have used
short period records of the Assam earthquake, and neglected com-
pletely the energy content of intermediate and long periods. You
have also tacitly assumed that the energy content of the different
earthquakes is independent of the magnitude of the shock. We
know from recent studies at Pasadena that the spectral peak of
the energy spectra moves toward the longer periods as the magni-
tude of the earthquake increases. I am sure that if the factors
which I have just mentioned could be taken into account, your
method should render interesting and significant results.

Constantinescu : A hint has been given as to the significance
of the notion of area of preparation. What would be a more precise
definition thereof ?

Reply : The definition is an experimental one : the epicenters
of the earthquake are plotted on the map and the area estimated
within which an increased trend is obvious. This area is considered
to be the «area of preparation”. ’

B90 bis - V. I. Keilis-Borok : Some New Results in Investigation
of Earthquakes Energy and Mechanism. (This paper was given
slightly out of sequence.)

1. The correlation between the energy and spectrum of earth-
quakes is introduced, as the quantitative characteristics of stress-
strain field in seismic region.

2. The method of determination of earthquake mechanism on
electronic computer is described.

Press : It may be possible that the energy density is roughly
constant and that energy release depends on source dimension.
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This seems to be supported by the experience that the predominant
period increases with magnitude.

B81 - J. H. Pfluke* and B. F. Howell, Jr.: Model Studies of First
Motions Produced by an Actual Fault.

An attempt has been made to duplicate earthquake source
conditions as closely as possible in two-dimensional models. Sudden
mechanical displacements are induced along pre-existing faults.
Observations of the amplitudes and directions of first motion of
P and S waves can be explained by a double-couple-type mecha-
nism. The results are independent of the length of the fault or the
pressure across the fault surface. Attempts to reproduce a single-
couple-type source were unsuccessful.

This paper will be published in J. of Geophysical Research.

Benioff : Isn’t it correct that Knopoff’s solution refers primarily
to initial motion which is the slope of the initial motion on the
seismogram ?

B82 - William Stauder, S. J.: Interpretation of Fault Plane
Solutions of the Circum-Pacific.

The geometric properties of groups of fault plane solutions are
examined for each tectonic region around the borders of the
Pacific with a view to discovering the element of symmetry common
to all solutions in a given region. The results appear to imply a
difference in interpretation depending on the data available to indi-
vidual investigators in determining the fault plane solutions. As
far as possible fault plane solutions from P wave data are compared
for coherence with the other data available, especially the data
from S waves. No evidence is found which requires a rotation of the
Pacific basin.

The work reported in this paper is being prepared for publi-
cation and will be submitted to the Bulletin of the Seismological
Society of America.

Hodgson : We in Ottawa have been examining our own old
solutions by the computer program of Wickens. To the end of
1954 we find about 80 % reliability.

We are also attempting to find some way of expressing the
reliability of the solutions and the possible variations. I suggest
that those authors producing a large number of fault plane solutions
should get together and agree on some technique of expressing the
accuracy.

Ben-Menahem :
1) What magnitude range was used ?

2) In your abstract you stated that no evidence was found
which required a rotation of the Pacific Ocean. Is it not possible
that this statement is a result of incorporating results from high
magnitude shocks together with weak shocks ?

Reply :
1) The magnitude range is 61 — 7%.
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2) This is true. I had a comment to this effect in the latter
part of my paper but time did not allow me to bring this out. Almost
all the data from fault plane solutions refer to earthquakes in the
magnitude range 6% — T7%. These are often in aftershock sequences
in which the strain release may differ from that of the major
shock. Further, the number of fault plane solutions for large
shocks (M X~ 8) is only a small fraction o the total number of
fault plane solutions ; statistical studies of groups of fault plane
solutions necessarily represent activity in the intermediate earth-
quakes, not those of M = 8.

Keilis-Borok : Many fault-plane solutions — hundred or more
— are necessary to analyze the general pattern (x* criterion of
Pearson).

B83 - A. V. Vvedenskaya, E. 1. Shirokova, I. M. Balakina : The
Predominant Directions of Stresses in the Earthquakes Foci of the
Asia-Mediterranean and Pacific Seismic Zones.

The directions of the principal stresses and possible movement
in the earthquakes foci of Pacific and the part of Asia-Mediter-
ranean (the Asia Minor, the Caucasus, the Mediterranean, Pribai-
kalye, the Carpathians) seismic zones were determined.

It was found out that the directions of the principal stresses
in earthquakes foci of investigated regions observed the following
regularity :

For the great part of investigated regions (with the exception
of Pribaikalye and the Mediterranean) the axes of maximum pres-
sure are directed almost horizontally and perpendicularly to the
strike of the main surface structures.

Two other principal stresses — minimum and intermediate pres-
sure — in these regions are also linked in most cases to two
definite directions, one of which is nearly horizontal and is parallel
to the strike of the tectonic structures, the other is nearly vertical.

As a rule in the earthquakes foci of the Caucasus and the
Middle Asia and in the most part of the Pacific seismic zone the
direction of minimum pressure is nearly vertical, while the direction
of intermediate pressure is orientated along the main structures.
Though, in the earthquakes foci of the Pacific seismic zone and
the Carpathians sometimes minimum pressure are orientated along
the main structures, but the directions of intermediate pressure
are near the vertical line.

For the regions of Pribaikalye and the Mediterranean it is
characteristic that the minimum pressure in Pribaikalye is almost
vertical, but in the Mediterranean it dips at various angles.

It may be supposed that the regularities found in the main
stress directions in earthquakes foci express the main features of
the stress state in the crust and in the upper mantle of the regions
under investigation.

(The above paper was read by Shebalin.)

B85 - Tosimatu Matumoto : Some Properties of P-Waves Obser-
ved in the Chilean Earthquakes of May 22, 1960.
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Clear diffracted P-waves were observed at several stations from
the great Chilean Earthquakes of May 22, 1960. Amplitudes, arrival
times, and periods were analyzed and compared with the theoretical
and experimental results given by Knopoff, Scholte and Rykunov.
The existence of a “sharp” boundary between the mantle and the
core is not in contradiction with these data. It is concluded that
the diffraction theory given by B. Gutenberg and H. Jeffreys is
in complete agreement with the observed data.

The time function by which the change of the stress at the
origin is defined was studied for some minor Chilean shocks (May
21 10h 02m, May 22 10h 02m, and May 22 10h 32m). The method
employed in this study is as follows :

(1) The Fourier transform of the initial motion was computed.

(2) The effect of the instrumental characteristics was corrected
in the frequency domain.

(3) The spectrum of the time function was obtained under the
assumption that the spatial distribution of the stress was
given by a double couple of forces.

(4) The time function was composed by a numerical integration.
The synthesized time function consists of a single peak and
a single trough with an apparent period of about 30 sec.

Ben-Menahem : It should be mentioned that the solution for
the time function is not unique since you have made an arbitrary
choice of the force system. I would like also to point out that the
absorption coefficient of long period P waves is not very well known.

Toksoz : What was the period range used in the Fourier syn-
thesis ?

Reply : 2 sec. to 200 sec. This is not enough, because in some
theoretical examples, the theoretical function and the synthesized
function showed some discrepancy.

Benioff : Recordings of two 600 Km deep Peruvian earthquakes
made with the Nafia (Peru) strain seismograph have indicated that
the time function of the source is a step function vertically applied.

B87 - M. Bdth : Oscillation Patterns of Strain Release.

Strain release in different seismic areas is closely related, which
is especially clear in case of adjacent areas. An increased activity
in one area is usually accompanied by a decrease of strain release
in an adjacent area. Frequently, an oscillation of the strain release
between adjacent areas is observed. This is most clearly found in
elongated seismic belts, which exhibit a concentration of seismic
activity towards both extremities of the area with a minimum bet-
ween. Very clear oscillation patterns of seismic activity between
the ends of the fault zone were observed for the aftershocks in
the Aleutians after March 9, 1957, also in Chile after May 22, 1960,
and in some California sequences. In an aftershock sequence the
oscillation period increases with time. It reached around 300 days
both for the Aleutians and the Chile sequences after an interval of
about 3 years after the main shock. These and related studies were
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started at the Seismological Institute, Uppsala, in 1960, and have
been mainly conducted by S. J. Duda.

References :

Bath M. & Duda S. J., Strain release in relation to focal depth,
Geofisica pura e appl. (in press).

Duda S. J.,, Phianomenologische Untersuchung einer Nachbeben-
serie im Gebiet der Aléuten-Inseln, Freiberger Forschungshefte, C 132,
pp. 5-90, 1962. Also.in abbreviated form : Zeitschr. f. Geophysik, Vol.
27, pp. 207-214, 1961.

Duda S. J., Strain release in the circum-Pacific belt : Chile 1960,
Journ. Geophys. Res., Vol. 68, pp. 5531-5544, 1963.

Duda S. J. & Bath M., Strain release in the circum-Pacific belt :
Kern County 1952, Desert Hot Springs 1948, San Francisco 1957,
Geophys. Journ., Vol. 7, pp. 554-570, 1963.

Ben-Menahem : We have found that the fault-length, as obtained
by spectral analysis is in agreement with aftershock distribution
for a short period after the main shock.

S. W. Smith : The interesting spatial distribution of aftershocks
of the Chilean earthquake in which a region in the center of the
pattern showed no shocks suggests that this region may represent
the location and extent of the initial fault break. This region may
be so fractured and weakened that it cannot support much strain
energy. The majority of aftershocks would then be located in the
vicinity of the ends of this region much like what would be expected
for a finite crack or free surface in a strained body.

Lomnitz :

1) The question is whether the observed break in slope of
strain release in the Kurile series could be due to incomplete data
before 1925.

2) Is the observed 300 - day period in aftershock sequences
found in the number of shocks, the strain release or both ?

Reply :

1) This possibility is excluded, as we used only shocks of magni-
tude 7.0 and over. Even if a few shocks of such magnitude should
be missing, the picture is not essentially changed.

2) In the strain release. Numbers have generally not been
investigated.

B90 - Ari Ben-Menahem* and M. Nafi Toksoz : Source Mechanism
from Spectra of Long Period Surface Waves.

Source mechanism is deduced from spectra of mantle Rayleigh
and Love waves of major earthquakes recorded at Pasadena, Cali-
fornia on the Benioff linear-strain and the Press-Ewing seismo-
graph systems. Past results from record analysis of the Chile
earthquake of May 22, 1960 and the Mongolia earthquake of Decem-
ber 4, 1957 revealed a mechanism of a moving source with a speed
of 3 — 3-1/2 km/sec over distances of 1000 km and 500 km
respectively.
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In a recent study additional large earthquakes have been studied.
Both Rayleigh and Love waves from the Alaska shock of July 10,
1958, the Sanriku shock of March 2, 1933 and the Kamchatka shock
of November 4, 1952 were analysed. It was found that in these cases
the source was moving over distances varying from 300 — 700 km
with a rupture speed of 3 — 3-1/2 km/sec, depending on the
magnitude of the earthquake in question. The information extracted
from the amplitudes checks well with that of the phases. Finally,
the time function at the source is recovered from the initial phases.
Thus it was found, for example, that the Kamchatka earthquake
of November 4, 1952 was a right lateral double-couple moving in
the direction N 146° W over a distance of 700 km with a speed of
3 km/sec. The time dependence of this earthquake was close to
the unit step function.

References :

The material included in this paper has been published in the
following journals :

1. Journal of Geophysical Research, Vol. 67, n° 5, May 1962, pp.
1943-1955.

2. Journal of Geophysical Research, Vol. 68, n° 18, September
1963, pp. 5207-5222.

3. Bulletin of the Seismological Society of America, Vol. 53, n° 4,
July 1963 ,pp. 741-764.

Keilis-Borok : How do you determine the focal depth from Ray-
leigh-waves ?

Reply : We have not done it yet in the aforementioned studies.
In the future we hope to derive the depth from spectral ratios of
fundamental to higher modes, based upon a comparison with theo-
retical seismograms. It is also possible to observe a change in phase
at a critical wavelength of a spectral component of the radial motion
from the horizontal component of the force system.

The following two papers were added to the ones planned
beforehand :

L. Constantinescu : Fault Plane Solutions for Some Rumanian
Earthquakes and Their Seismological Implications.

H. Berkhemer and G. Schneider, Near earthquakes‘recorded with
long period seismographs.

It has been observed that long-period seismographs respond to
near earthquakes in an unexpected manner. In order to explain this
phenomenon true ground motion has been computed by multiple
integration of the seismograph equation using an electric analog
computer. It can be shown that after transit of the S-phase a
permanent ground displacement (in order of magnitude 104,) and
true tilt (order of magnitude 10-?”) occur. Synthetic seismograms
support these results.

These phenomena could be caused only by the <“near-field”
(amplitude decreasing according to r?) and not by the “wave-fied”.
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Vertical seismometers are less suited to such studies. The helical
spring of these instruments can be excited to almost undamped
transverse oscillations which cause a second order of disturbance.

Benioff : It is difficult to differentiate this effect from a change
in the adjustment of the seismometer setting.

Aki > Two vertical long period seismometers are operated at the
same place in Tokyo. Both showed long period motion, but they are
in the opposite direction. Since short period waves show the same
sense on both instruments, we are sure that the instrument polarities
are correct. This result shows that the long period waves due to
near earthquakes are spurious.

Willmore : In Britain we have been very conscious of the effect
of parasitics, and are now manufacturing a vertical seismometer in
which the coil spring is replaced by a leaf spring. The leaf spring
is much lighter and stiffer than the equivalent coil, and permits
the attainment of vertical periods up to 30 seconds with no para-
sitic periods above 1/100 sec.

Stauder : This same type of long period motion is recorded on
Galitzin-Wilip and on the Press-Ewing seismographs at St. Louis
at distances of 200 km from the source. These displacements in
some instances are recorded on only one of the horizontal instru-
ments, not on the other. In these cases I find it hard to believe that
the effect is not instrumental.

B) Wave Propagation (Body Waves)
B91 - Robert A. Phinney : Polarization of the P-Wave.

Observed variations of polarization of distant P-waves with fre-
quency are due to the effect of crustal structure on the P-wave
packet. Haskell’s analysis of harmonic plane waves in a multi-layered
medium can be easily realized numerically. Since the method involves
a mathematical summation of all possible rays within the structure,
there is some doubt that it adequately describes a pulse consisting
of only a finite number of ray arrivals. Computations have been per-
formed using both transient and harmonic techniques and the results
expressed in terms of realistic methods of filtering a transient. When
an event has undergone distorsion along its entire path, in the man-
ner of a refraction arrival, one is forced to use either a ray or partial-
ray analysis to describe the effect.

Kisslinger : Would deep shocks be better suited for such a study ?

Reply : Yes — but we do not have enough large deep shocks to
make such a study possible.
B92 -~ Z. Alterman : Propagation of a Seismic Pulse in a Sphere.

As a step in the solution of the problem of propagation of seismic
waves in the spherical earth, we consider the effect of a pulse from
a point source inside a uniform compressible fluid sphere. We have
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obtained the surface velocity as a function of time, taking into
consideration the sum of all mulfiple reflected rays.

Results have been obtained for sources at various depths, start-
ing with the relatively simple case of a source located near the center
up to sources near the surface, where convergence problems and heavy
numerical analysis had to be tackled. For each source, complete seis-
mograms are given for various angular distances from the source.
In addition to the general variation with time, the arrival time of
each reflected ray and its shape at arrival are clearly seen. The latter
agree with results obtained by geometrical optic approximation.

This paper will be published in “Geophysics”.

B93 - W. J. Hannon : The Angle of Incidence of Transient Body
Waves.

In recent papers, the transmission coefficients for the steady
state transmission of body waves through a layered medium have
been presented by various authors. In this paper, the variation of the
apparent angle of incidence for the first arrival from a pulse at
the base of the layering is examined. In particular, the effects of
variations in the angle of incidence at the base of the layering, pulse
width and shape, and layer thickness are considered.

Smith : Do your transmission coefficients refer to amplitude only?

Reply : Yes — we also computed the phases but I did not show
these results.

BY94 - E. P. Arnold, H. Jeffreys, M. Shimshoni : S in three European
Earthquakes.

The JB 1940 tables give an average di/dA for S of 24.89 s/1°
from 2° to 13°. In various studies since 1950 Jeffreys has found that
dt/dA for P in Europe needs a reduction of about 0.5 s/1° at short
distances, and since the epicentres have mostly been determined
from P this might have introduced a systematic error into S. An
analysis of six earthquakes with apparently good series of S readings
in the I.S.S. showed that this was so. The corrected average from 2°
to 13° was 24.28 s * 0.15 s/1°; mean surface velocity 4.576 + 0.028
km/sec. Beyond 13° there were signs of three possible branches, but
the data were too scanty to give much confidence about how obser-
vations at different distances should be connected up.

The present paper is a special study. It uses two Italian earth-
quakes from the paper just mentioned. 1950 Sept 5 was one of those
used by Miss Lehmann. 1951 May 15 in the Po valley, appeared some-
what anomalous and an explanation seemed needed. In addition Miss
Lehmann called our attention to a Dalmatian earthquake of 1962
Jan. 7, which had been well observed in Finland. Our main object was
to try to trace S in the difficult range from 10° or so to 20°. Miss Leh-
mann visited us in June 1962 and gave us much help.

The 1950 earthquake gave a series consistent with the new S times
up to 10°, but the residuals look as if there was a discontinuous jump
there of about 3 s.
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The 1951 May one was interesting because S was a few seconds
early in comparison with P at short distances, and P at large distances
was also early. The differences were apparently a little too great to
be- attributed to focal depth within the upper layers. On the other
hand several stations had reported Pg and Sg, implying an upper
layer focus. This seemed anomalous. When we made our own readings,
however, most of the near P times were about 2s early in comparison
with the solution based on the 1.8.S. If they are to be trusted, and
we think they are, the time of origin must be taken 2s earlier and the
data are consistent with a focus near the base of the upper layers.
There were no S reading between 10° and 20° and the earthquake
gave us no new information about S.

The most striking results were for 1962 Jan. 7. There were many
S readings between 10° and 25°, mostly from Russia, Finland and
Sweden. Comparison has been made with the J.B. table of 1940 and
with Jeffrey’s revised times for S from a surface focus.
tp = 7.7 4 13.66 A/1° (up to 15°)
ts = 13.3 + 2428 A/1°

There is no systematic departure from the S formula up to about
19°. The standard deviation of one observation is 2.4s, which is better
than had usually been found for S. The focus was apparently very
shallow. The 1940 times are systematically late up to 18°.

This simple result was totally unexpected. Gutenberg in particular
has claimed to detect various anomalies in both P and S between 10°
and 20°. These have not been confirmed for P in Europe; the times
are practically linear up to 15°, where a curvature begins. But Miss
Lehmann also has found anomalies in S and we were surprised to
find a linear formula fitting to 19°. If the velocity was actually
uniform, so that the rays are straight, they would penetrate to a
depth of about 100 km and a linear formula would fit to less than a
second.

If we try to fit a cubic formula to the data the term in As has a
slightly positive coefficient, probably due to the difficulty in detect-
ing the very beginning of the movement. This can be seen from the
Simferopol records. Our readings gave travel times of 5 m 13 s, 16 s
and 23 s on the NS, EW and vertical components. In the table we
took the earliest, which is clear. There might be something at this
time on the EW, but it could not be read with any confidence. Either
of the previous two swings on the vertical might be S. This is in
agreement with usual experience, since the azimuth is nearly easterly
and SH is usually clearer than SV.

We looked for other phases near S, but as before there was no
coherence enabling us to trace anything from one distance to another.

The complete paper has been published in the Geophysical Jour-
nal of the Royal Astronomical Society, vol. 8.

Lehmann @ It has been known for a long time that the S wave
travels faster and is less attenuated towards Sweden and Finland
than towards the west. This is probably a regional difference.

Bullen : The linear formula shows that the ray emerging at
15° reaches a maximum depth of 100 kilometers. Could you put a
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lower limit on the depth of the apex in view of your observations ?

Reply : Considering that a uniform velocity results only in a
difference of .5 seconds this would not be wise.

B95 - D. 8. Carder*, J. N. Jordan and D. W. Gordon : Improved
Seismic-Wave Travel Times from Surface Foci.

A large amount of seismic-wave travel-time data from widely
separated nuclear and large chemical explosions are now available.
A generalized time-distance curve applicable to longitudinal waves
from surface foci has been prepared. However, in the distance range
up to 25 degrees, residuals in many cases are high, with a strong
dependence on the location of the source area and consequently
on local and regional geology between the source area and the
station. Upper-mantle seismic-wave speeds across the United States
cordillera are somewhat variable, apparently from 7.4 to 8.1 km/sec,
the lesser speeds more apparent in the central cordillera. Upper-
mantle speeds across more stable areas such as the central United
States, Sahara, Australia, the central Pacific and northern Europe
are somewhat higher than this and residuals in these areas are
relatively low. Travel times out to 18° or 19° in these areas can be
represented by a nearly straight line indicating speeds of 8.2 to 8.4
km/sec. Indications of a regional shadow in these areas are not as
apparent as in the U. S. cordillera in which area the idea had its
origin. Travel times beyond 20° to 25° roughly parallel the J-B
(1948) and the Gutenberg (1953) curves, but are from 1.0 to 3.5
sec early with an indication of dependance on distance. Travel times
and associated amplitudes of these controlled events permit a re-
evaluation of Crustal and Mantle conditions.

Jeffreys : In other regions which I have investigated it appears
difficult to find a unique travel time curve. We tried to find travel
time curves for North America from earthquake data. This was
difficult because of the distribution of the stations. Nuclear explo-
sions are very useful for this purpose.

B96. - H. Jeffreys, C. Sells : SH from a source in the lower layer.

A crust is considered consisting of a layer of finite depth with
a semi-infinite region below it where the velocity of S exceeds
that in the upper layer. A pulse of SH type is generated in the lower
layer.

The analysis follows the same lines as that for an SH pulse
in the upper layer, but there are substantial differences on account
of imaginary factors, which make the problem much more diffi-
cult. The normal S and its reflexions turn out to be given by
Bessel functions of order O, thus each starting with an impulse
at the theoretical time, but they contain h, the depth of the focus
below the interface, as a factor. This arises from the loss of energy
by reflexion at the interface. There are also movements containing
Bessel function of order 1 that do not contain this factor, each
beginning gradually at the time of a corresponding reflexion. Super-
position of successive waves of the latter type leads to Love waves,
the duration of the first swing increasing like the cube root of the
distance. The amplitude of the first swing is not much affected
by focal depth, but those of later swings are.
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It should be noticed that the ordinary approximation to the
theory of surface waves by relating group-velocity to period, breaks
down totally for the first swing, since the duration of this is not
a period within the meaning of the theory. All results based on
periods of 60s or more are probably invalid for this reason.

In addition the stress over the interface near the focus gives
rise to a diffracted movement travelling with the velocity of Sg. The
beginning contains a factor exp.)-fH(wih) % /T% where ® is the dis-
tance, T the thickness of the upper layer and B a moderate constant,
so that it will be inappreciable at large distances if A is small of
the same order as T. This is relevant to some recent earthquakes
reputed in the I1.8.S., which gives focal depths of order of 0,005 asso-
ciated with readmgs of Pg and Sg.

The complete paper has been published in the Geophysical Jour-
nal of the Royal Astronomical Society, vol. 7.

B98 - D. I .Sikharulidze : On Some Properties of Waves Lg and
Rg by Observations of Thilisi’s Seismic Station (This paper was given
by a colleague of the author.)

Some data on the Earth’s crust structure by waves Lg and Rg
revealed on seismograms of Thilisi’s seismic station are adduced in
the paper.

The nature of observed waves can be explained by some properties
of dispersion curves of higher modes. In particular, with a crustal
model of two layers, the higher modes of Loves waves have points
of extremum on the dispersion curves of group velocity. It takes place
on condition that O < H;/H < 0.5, where H, is the thickness of
the continental layer and H is the thickness of the Earth’s crust.
Intensive vibrations forming sharp arrivals on a seismogram corres-
pond to the extremum points. The velocities corresponding to these
extremum points are in agreement with that of the waves Lg,, Lg,,
and Rg.

About 60 seismograms of Thilisi’s seismic station for earthquakes
which occurred to the east, west and south of Tbilisi were analysed.
It was discovered that the waves Lg and Rg either are not observed
at all or are observed very faintly when earthquakes waves pass
under the southern part of the Black Sea and under the two
southern thirds of the Caspian Sea.

The phenomenon shows the difference between the structure of
the Farth’s crust under the Black and Caspian Seas and under the
continents.

Kisslinger : Has the deep seismic sounding method already been
used in the Caspian Sea and in the Black Sea ?

Reply : No — the work has just begun.

B99 - R. Cabré, S. J.: Les Ondes Séismiques Li et Lg enregistrées
a La Paz.

On étudie les ondes Li et Lg enregistrées a La Paz, provenant du
N et NNW (les autres foyers séismiques, ou bien sont séparés de
La Paz par un trajet océanique ou par un trajet montagneux absor-
bant toutes les ondes a courte période, ou bien sont trop preés de
La Paz pour qu’on puisse distinguer les ondes Li et Lg des ondes Sg).
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Les principales caractéristiques de ces ondes sont : période trés
voisine d’une seconde avec dispersion nulle ou presque nulle, début
peu remarquable, au contraire amplitude importante, méme lors-
que le foyer est en-dessous de 100 kms.

B103 - V. L. Belotelov and N. V. Kondorskaya* : The Spectra of
Body Waves of Kamchatka’s Earthquakes.

The spectra of body waves obtained by an electronic computer
for earthquakes in Kamchatka, recorded at a considerable distance
from the epicenter (A = 30°—70°), are analyzed here.

A special device for the transformation of the ordinates on the
record into numbers was used.

The absence of an obvious dependence of the character of the
spectrum upon distance and position of the station is pointed out.

A suggestion that the spectrum at great distances shows the
character of the source is put forward.

Wadati : How did you estimate the energy ?

Reply : We used the magnitudes and Gutenberg’s relation bet-
ween the magnitude and the energy sometimes with a correction.

Discussion : In reply to a question the author states that she
used stations at distances between 30° and 40° to determine the
spectrum but used all available stations to determine the epicenter.
The epicenter was determined with the help of a computer.

B105 - J. Kane and J. E. Spence . Mode-Conversion at Wedge-
Shaped Discontinuities.

The boundary-value problems that arise when considering wave
aropagation in an elastic wedge seldom yield a rigorous mathema-
tical solution. We introduce a procedure in this report that allows
us to calculate explicit, if approximate, parameters such as reflection,
iransmission, and conversion coefficients in a simple and direct
fashion. In particular, we can solve for the transmission coefficient
of the scattered Rayleigh wave excited by a unit Rayleigh wave
incident upon a wedge’s vertex. Let @ denote the angle between
the faces of the wedge which is measured within the elastic solid.
Then, for 160° << @ = 360°, our calculated values are in excellent.
agreement with those measured experimentally by Knopoff and Gangi
(Geophysics, 25, No. 6, 1960). Since geophysical discontinuities would
have wedge angles of the order 180° * §, where § is small, our
procedure is useful for estimating the effects on propagation by
such obstacles. Our method, is applicable to more complex wedge-
shaped structures than the homogeneous isotropic wedge, as for
example a wedge whose faces are loaded by layers of other elastic
media. For these configurations, we can calculate the conversion
coefficients, i.e., the ratio of the amplitude of a scattered mode to
that of the incident mode. Our approach is based upon the obser-
vation that the incident and transmitted/converted surface waves
can be specified as the residue fields of poles whose location is known
a priori in the complex k—plane. The transmission/conversion coeffi-~
cients are the relative amplitudes of these two residue coefficients,
and the problem becomes one of determining this ratio. Our proce-
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dure consists of calculating this ratio by substituting the incident

and transmitted fields into the appropriate boundary conditions.
The paper will appear in Publications du Bureau Séismologique

International, Série A, Travaux Scientifiques, Fasc. 23, pp. 7-24.

B107 - N. K. Karapetian : On the determination of the energy of
an earthquake from the spectrum of seismic vibration.

En Yabsence de son auteur cette communication n’a pu étre
discutée ; elle est imprimée dans les Publications du Bureau Central
séismologique international, Série A, Travaux Scientifiques, Fasc.
23, 1964, pp. 55-62.

WEDNESDAY, AUGUST 28, (Afternoon)

A) Earthquake Energy, Magnitude and Intensity
B111 - Markus Bdth : Magnitude Determination ; a Proposal for
a World-Wide Standardized System.

Several problems remain to be solved concerning magnitude
determinations of earthquakes, especially the following :

1 — Agreement on international standards and methods for
determination of the magnitude.
2 — TUse of a homogeneous network of stations for magnitude

determinations. The present paper deals with the second of these
problems. Only a limited number of seismograph stations, say 15-20, is
required for magnitude determinations on a world-wide scale.
These stations should be well equipped but also evenly distributed
over the globe. A homogeneous net with equal spacing between
stations will give equal possibilities for determination of magnitudes
for any epicenter, irrespective of where it is located. A proposal is
given for a network for magnitude determinations.

This paper is not yet published.

Shebalin : 1 have three questions : 1) What seismic instrument
must be used ? 2) Should the magnitude determination be based
only on the P-waves ? 3) What should be done with the small earth-
guakes with magnitude less than 3, which cannot be recorded with
the proposed 15-20 stations ?

Reply : For 1) and 2) we have now only a general point of view,
which may be developed for different waves and different types
of seismographs. For 3) determination of magnitude of small earth-
quakes should be based on the local seismic networks.

Oliver : In the actual design of such a network I feel that two
additional factors must be taken into account. These are (1) the
noise level at the site which has a strong bearing on the perfor-
mance of the station and (2) the known distribution of seismic
belts. As earthquakes are not distributed randomly over the earth
I think there is probably a more favorable distribution of seismic
stations than that of a network with regular spacing.

Reply : What I have sketched is to be considered as a first
approximation to a homogeneous network with an even coverage of
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the earth. In a second approximation, several factors have to be
considered, among them the noise level. The network, I described,
is a world-wide network to guarantee homogeneous data above some
magnitude limit, irrespective of the location of the event. In addition,
we naturally need local networks, especially in seismic areas.

B112 - V. Karnik*, J. Vaneck, A. Zapotek, N. V. Kondorskaye,
Ju. V. Riznitchenko, E. Th. Savarensky, N. V. Shebalin, S. L. Soloviev :
Nouvelle Echelle Unifiée de Magnitude.

Shebalin : For the determination of magnitude, many versions
of the magnitude scale were used during the last few years, e. g.
original Pasadena scale, many scales for separate stations based
on the Pasadena scale, first USSR scale and others. The differences
between these scales are not very great and that is why the proposed
scale may be approved : the differences between this scale and
another scale will be less than 0.2-0.3, and no changes in statistical
study of earthquakes magnitude and similar study will be necessary.
If we approve the proposed scale as a standard, we will be able to
study with great accuracy the station correction on the base of
only one scale and- using a large homogeneous material. It appears
that the new scale may be approved as an international scale, or
may be recommended for comparative use at all the seismic sta-
tions. If it is then found that this scale is good one, it may be
approved in the future as the international scale.

Kondorskaya : I want to remark that in the Soviet Union the
standard scales of magnitude indicated in the Karnik report are
used now in compiling the seismological bulletins of the seismic
stations of the USSR. Some difficulties occur in connection with the
comparison of our results of magnitude determinations with data
of other individual bulletins (Pasadena, B.C.I1.S. and so on). The
problem is thus to establish an international scale of magnitude,
which would be adopted in routine work.

Toksoz : The radiation of surface waves from a given earth-
quake has an azimuthal variation depending on the source mechanism
(which might be a couple, double-couple, etc.) Therefore, magni-
tudes determined from stations along different azimuths would
vary due to the radiation pattern. Also, for this reason, magnitude
for each station could vary considerably from the mean. An example
of this would be a station along the nodal line of the radiation
pattern.

Bath remarks that average magnitudes from a homogeneous
network would to a large extent eliminate this effect.

Luis M. Hernandez : The station correction in the magnitude
determination from body waves could be dependent on the period
of wave used for the computation.

Also there appears to be some azimuth dependence, in the short
period (1 sec.) body waves.

Bdth indicates. that different station corrections are used for
short period P and long period P at Uppsala and Kiruna.
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Peterschmitt : Comment les faibles profondeurs hypocentrales
ont-elles été obtenues ?

Reply : From the macroseismic data, by using Sponheuer’s
curves.

Rothé : Quelle est la précision des profondeurs ?
Reply : About 50 %.

The following two papers were combined and given by V. Kar-
nik.

B113 - S. W. Medwedew : Soil Vibrations in a Strong Earthquake.

Bl114 - S. Medwedew, V. Karnik et W. Sponheuer : Nouvelle
Echelle Macroséismique Standardisée.

B115 - W. Sponheuer:@ Remarques sur une Echelle Séismique
Modifiée.

Le projet d’une échelle séismique modifiée présenté par Med-
vedev, Karnik et Sponheuer a I’Assemblée de la C.S.E. en automne
1962 a Jena a été remanié ultérieurement en tenant compte des
suggestions et compléments apportés par les séismologues intéressés.
Les trois auteurs préparent en outre un questionnaire adapté a
T’échelle et destiné aux observations macroséismiques. (Voir I'annexe,
pages 147-154).

Willmore : On page 6 of the paper, the movement of the centre
of gravity is mentioned. Is this a specified pendulum, or the equi-
valent simple pendulum ?

Reply : It is a specified pendulum in a seismoscope.

Rothé : Je voudrais souligner la clarté de la présentation de
I’échelle d’intensité qui nous est soumise. En utilisant ce texte, il
est trés facile d’attribuer une intensité en un point donné sans
risque d’erreur.

Cependant je ferai une remarque d’ordre général et historique.
Autrefois on utilisait 1’échelle de Rossi-Forel a 10 degrés. Cette
échelle était trop peu détaillée pour les fortes intensités et on a
établi une échelle & 12 degrés, I’échelle Mercalli, en étalant vers
le haut la gradation des dommages.

Dans l’échelle présentée on a tendance a réduire vers le bas
les intensités observées et pratiquement les degrés 11 et 12 ne seront
jamais employés.

Il est a craindre que des confusions ne s’établissent entre les
données présentées dans I’échelle Mercalli-Sieberg et dans la nouvelle
échelle.

Je voudrais savoir aussi si une relation simple a été établie entre
I'intensité et I’accélération.

Reply : For the high degrees of intensity the present scales
have been used with minor changes. The general study of the
suggested intensity scales is left for the discussion of our colleagues.
The relations between intensity and acceleration will be given in
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the annexed table. These relations will be deduced from acceleration
measurements made in the USSR and in the USA.

Silgado : I wonder if the European investigators have been
able to find some new correlation among the earthquake intensity,
the focal depth and the radius of perceptibility of the felt areas.

Reply : I have found the mean formula
Ip — In = 4.5 log (Dn/h)
which is valid for European earthquakes.

Wadati : The intensity scale is very important especially in
Japan since very many earthquakes there are felt but not recorded.
The intensity scale is used for rapid communication of earthquake
information, and also for engineering purposes. We hope, of course,
that the same intensity scale would be used for both purposes. We
are now using our own intensity scale of 7 grades in Japan, but if
the international standard intensity scale is adopted in the future, we
will endeavor to use it. I would like to remark that a detailed and
cautious investigation needs to be undertaken before determining
this standard scale.

Hjelme : Intensity is considered in two ways, as a continuous
function. and as 12 different degrees of damage. This brings up some
confusion which should be avoided.

Shebalin : It seems to me that the macroseismic data are very
useful not only for engineering seismology. We are now developing
very strongly the study of wave propagation but we often forget the
earthquake itself. We can see in a paper presented before (Karnik)
the importance of macroseismic data for studying the seismicity
of Europe. These data are very useful for determination of focal
depth, of focal size, maybe for absorption on large areas, etc.

The new « Guide for World Data Center », for seismology which
has now been approved by the Comité International de Géophysique
includes the collection of macroseismic data. These data in the
next years will be collected by the WDC’s and in this case it is very
important to have such a scale, which may be used by many scien-
tists, not only by a few specialists. It seems that the proposed version
of the international intensity scale which has more exactly deter-
mined conditions for each degree of intensity scale may be such an
international scale.

Ambraseys asked whether, in deriving the proposed intensity
scale, the authors considered earthquake effects such as, the dura-
tion of the shock and the natural frequency characteristics of the
ground movements, as well as the compliance of the man-made
structures damaged by such movements.

He also pointed out that there is no reason to believe that a
unique correlation between intensity and ground acceleration should
exist. The ground acceleration alone is not sufficient to describe
the nature of the ground movement. In assessing the corresponding
intensity, the duration and frequency spectrum of these movements
chould be considered.
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Finally, he would like to know whether the conversion of the
intensity grades into equivalent accelerations, as shown in Table I,
can be used for the earthquake-resistant design of engineering
structures. Ambraseys believes that for such a design, in the
absence of spectral data, the acceleration shown in Table I should
be used with great caution. They represent grossly empirical and
rudimentary quantities.

B) Wave Propagation (Surface Waves)

B117 - Robert Stoneley : The Propagation of Surface Waves in an
Elastic Medium with Orthorhombic Symmetry.

A medium with orthorhombic symmetry is characterized by
9 elastic constants. The geophysical interest of a discussion of the
surface waves on such a medium is that olivine crystallizes in this
system, and any considerable departure from isotropy in the material
of the upper mantle might be detected by a study of surface elastic
waves of long-period in various azimuths. Equally, anisotropy might
show up in a study of body waves.

An earlier investigation for a medium with cubic symmetry
shows that surface waves of Rayleigh and Love types are asso-
ciated only with principal planes of symmetry ; the present work,
accordingly, deals with the six possible Rayleigh waves propagated in
principal directions on free surfaces that are principal planes. The
corresponding waves velocities have been calculated for a sample of
olivine, the elastic constant of which were measured by R. K. Verma.
Some representative examples too, were computed to show the varia-
tion of the three types of body waves with direction. The particular
crystal used by Verma was of rather extreme composition, mainly
forsterite, and experimental work on a wider range of composition
is desirable.

The range of variation in the velocity of both body-waves and
surface-waves in this specimen is much greater than is met with
in seismological investigations, and in the absence of further evidence
suggests that the upper mantle behaves like an aggregate of crystals
in random orientation.

This paper will be published in the Geophysical Journal

De Bremaecker : Are these waves pure Rayleigh waves ?

Reply : Yes — but these exist only in the principal planes.
The range of velocities for body waves in forsterite is between appro-
ximately 4.5 and 7.9 kilometers per second. It should, however, be
emphasized that in such a case there is no distinction between
shear waves and compressional waves.

B118 - Paul Lieber* and K. T. Yen: On the Propagation, Dis-
persion and Attenuation of Rayleigh Waves for a Maxwell Body.

This paper presents a theory for the propagation of Rayleigh
waves in a Maxwell material. We limit ourselves to the case when the
Maxwell material occupies a half-space, i. e, in Cartesian coordinates
extending from the plane x;, = O to infinity in the positive x,
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direction. The effects of sphericity of the earth are not included. We
consider the effects of the viscosity and elastic elements as they
are arranged in a Maxwell material and their material constants
upon the speed of propagation, spatial and temporal attenuation, and
dispersion of surface waves which correspond in the limiting case to
Rayleigh waves when the body is perfectly elastic. Thus, in addition
to dispersion, we find that temporal as well as spatial attenuation
will occur in the propagation of Rayleigh Waves in a Maxwell Body.

The paper will appear in Publications du Bureau Séismologique
International, Série A, Travaux Scientifiques, Fasc. 23, pp. 25-44.

De Bremaecker : Could you show us some numerical results ?

Reply : Yes — we have some results. Some periods are inad-
missible for Love waves; for Rayleigh waves the dispersion equation is
modified. The wave number depends on Q.

B119 - Yasuo Sato and Mark Landisman* : Spectrum, Phase and
Group Velocities of the Theoretical Seismograms and the Idea of
the Equivalent Surface Source of Disturbance.

Analyses are made of theoretical seismograms of torsional
oscillation caused by a localized surface source for a homogeneous
sphere and a homogeneous mantle with a liquid core. Special care is
paid to the effect of parameters on the accuracy of analysis and
the limitation of the applicability of various methods. At first, simple
description is given about the assumptions under which the theoretical
seismograms were computed (I). Next, the spectrum analysis of
the seismograms is carried on by the usual method of Fourier
transform, giving useful information about how to employ the
method. This analysis corroborates recent similar analyses of the
Chilean shock of May 1960 (II). Group and phase velocities calcu-
lated by methods ordinarily employed show good agreement with
theory. Calculations of initial phase also agree well with theory,
giving confidence to similar studies using waves from earthquakes
and explosions (III). The idea of an equivalent surface source is
proposed relative to the problem of the depth of the source within
the earth (IV).

B120 - David G. Harkrider : Theoretical Love and Rayleigh
Waves from a Vertical Strike-Slip Fault Model at Depth in a Multi-
layered Half Space.

Up to now theoretical seismograms for Love and Rayleigh waves
were synthesized using only the phase distortion for layered media
except for the simplest of cases such as a half space or one layer
over a half space. For more complicated layering, the amplitude
spectrum if considered at all was calculated only for the instrument,
the source time fonction, and the finiteness of source and rupture
velocity. In this paper we will present theoretical seismograms of
continental Love and Rayleigh waves for different distances and
azimuths generated by a vertical strike slip fault model. These
seismograms will contain the effect of source finiteness and depth
and the vertical layering of the earth together with the effect of
the seismographs.
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The calculation of amplitude spectra due to layering is accom-
plished by a modification of previously written computer programs
which calculated the dispersion alone. This modification and the
program used for Fourier synthesis of these spectra with different
source time functions will be described.

B121 - C. B. Archambeau and Don L. Anderson* : Inversion of
Surface Wave Dispersion Data.

An almost completely analytical method for directly determining
earth structure from dispersion data for any mode on a spherical
earth has been developed. Two methods have been devised, both
based, in part, on Rayleigh’s principle and Haskell’'s exact matrix
formulation of the direct problem. The first method requires that
the Lagrangian of the system vanish, and using this condition a
structure is obtained that satisfies the observed dispersion data to
any desired degree of accuracy.

The second method uses analytical partial derivatives to solve
for structure parameters in a least-squares sense. Both methods
need only one pass through the computer to obtain all information
necessary to correct the test structure and are extremely fast.
In addition, partial-derivative graphs are presented which can be
used to make rapid and accurate modifications of a test structure
on a desk computer.

The paper will appear in Publications du Bureau Séismologique
International, Série A, Travaux Scientifiques, Fasc. 23, pp. 45-54.

B122 - Takashi Kizawa : Low Velocity Surface Waves Giving
Maximum Amplitudes in Seismograms.

In the current procedures for determination of the magnitudes
and energy of earthquakes of near origin, the maximum amplitudes
on the seismograms are used on the premises that these maximum
amplitudes are due to the bodily S waves. But the writer wants to
present some examples of M phases, that is, the 3rd phases in the
figure, which were observed at very short distances (from some
10 to 200 km) and were propagated with velocities from 0.2 to
2 km/sec.

These waves seem to be some kinds of Airy phase in the surface
waves influenced by some superficial sedimentary layers.

Earthquakes which have so far been found to show such pecu-
liarities are as follows :

Earthquakes swarms : Sakurajima (1910, 1939, 1946 ; A = 10 km,
VM = 04 km/sec), Kwanto, 1930, 1931 ; A = 40 ~ 130 km, VM
= 1.2 km/sec) (after T. Matsuzawa), Usu (1943 ~ 1945 ; A = 54 km,
VM = 0.6 km/sec), Nishisaitama (1931 ; A = 60 km, VM = 1.1 km/sec),
Imaichi ( 1949 ~ 1950 ; A = 114 km, VM = 0.5 km/sec), Niijima (1960 ;
A = 155 km, VM = 1.1 km/sec), Miyakejima (1962 ; A = 177 km,
VM = 1.1 km/sec).

These peculiar waves give very clear characteristic types to
seismograms of earthquakes originating at various localities as
observed at the respective stations. These characteristics are infallibly
used for instant determination at a glance of the epicentre of
such a seismogram type.
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The writer therefore wishes to call the reader’s attention to this
fact and asks him to pay due precaution in the determination of
earthquake energy even in the study of near earthquakes.

The paper will appear in Publications du Bureau Séismologique
International, Série A, Travaux Scientifiques, Fasc. 23, pp. 63-76.

BR123 - Leon Knopoff and John A. Hudson* : Love Waves in a
Tapering Crust.

The effect of a change in crustal thickness on the propagation
of Love waves has been studied. The reflection and transmission
coefficients for an incident Love wave, and the proportion of
energy reflected in body waves, are computed under the assumption
that the thickness of the crust changes suddenly at some
point. Only normally incident Love waves are considered.

A solution to the problem can be found by replacing everything
which lies on one side of the vertical plane in which the change
in surface level takes place by a line of sources, lying in the
plane. If the strengths of the virtual sources are chosen suitably,
the solution may. be made exact. An approximate solution has been
obtained by making physically reasonable estimates of the source
distribution. A number of examples are provided.

B124 - Takehito Takahashi: Transmission of Love Waves in a
Half-Space with a Surface Layer whose Thickness Varies Hyperboli-
cally.

The propagation of Love waves in a layer over a half-space is
theoretically studied for cases where the upper or lower boundary of
the layer can be represented by a hyperbola.

Curvilinear coordinates are wused. Approximate solutions of
various modes exist. Among the component plane waves of a mode,
we can specify the representative one for each given position. This
explains the position dependency of phase velocity. The condition of
transmission and reflection of Love waves for this model and the
case in which one-half of the hyperbola is replaced by a straight
line are discussed.

B125 - Ziro Suzuki: Effects of a Sloping Boundary on the Pro-
pagation of Surface Waves.

When a layer is superimposed on the basement with a sloping
boundary, the dispersion of surface waves shows a quite different
nature from that in a horizontally stratified case. This is proved
in field and model experiments. The velocities, even the phase
velocity, differ according to the direction of wave propagation.
This means that the dispersive nature is decided not only by the
structure just beneath the observation point, but affected by the
structure through which the waves have travelled. This effect is
more conspicuous in the down-dip than in the up-dip case. Moreover,
the effect is rather obvious even when the slope is as gentle as 5°.
The amplitude variation is also studied.

B126 - W. L. Baker : Effect of Source Depth on Rayleigh Waves.

The waveform of Rayleigh motion resulting from a point com-
pressional source in a layered model is investigated with emphasis
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on the variation in waveform as a function of source depth and of
receiver depth. Solutions are obtained for the radial and vertical
components of displacement. The method used is to compute the
amplitude spectrum for each normal mode and to then sum the
individual modes to obtain the spectrum of the total motion. The
quantities which can be varied -in the program are: elastic para-
meters of the model ; layer thickness ; source depth ; receiver depth ;
and distance between source and receiver.

B127 - V. I Keilis~-Borok, A. L. Levschin, M. G. Neigaus, T. M.
Sabitova : Surface Wave-Spectra and the Depth of the Crustal
Earthquakes.

The high frequency part of spectrum of surface waves can be
used for estimation of depth of the source in the earth’s crust.

B128 - James Dorman : Spectral Characteristics of Seismic
Surface Waves on a Layered Earth.

While the velocity characteristics of seismic surface waves on
a layered medium are determined only by the description of the
layering, other properties of the wave train such as phase and
amplitude spectra, and partition of energy among modes depend on the
source properties and the source-receiver distance as well. The
method of Haskell matrices which provides a simple way of calculat-
ing the surface-wave velocity characteristic in cases of complex layer-
ing, can also be used conveniently to calculate all of the above
properties for the surface-wave displacements caused by certain
simple types of buried point sources. The displacement is written as
an integral in which the integrand is represented by matrix
expressions. The contributions of the poles of the integrand which
are identified with the surface wave disturbance can be evaluated
numerically using the residue theorem after deforming the contour
of integration by Cauchy’s theorem.

Theoretical spectra for buried sources with typical continental
and oceanic layered models may be compared with observed spectra
of earthquakes recorded over continental and oceanic paths.
Important, well-known features of observed spectra can be explained
in terms of source-depth and layering properties. It is inferred
that scattering, continental margin effects, and source complexity
which is not represented in the present theory may account for
some other observed spectral features. Calculations of theoretical
spectra according to this theory are useful in inferring the proper-
ties of a simple source model in which the layered structure along
the wave path is known.

B129 - James Brune*, Alvaro Espinosa, and Jack Oliver : Excita-
tion of Surface Waves by Earthquakes in the California-Nevada
Region.

A study was made of the relative excitation of long-period and
short-period seismic waves by earthquakes in the California-Nevada
region. The Richter magnitude, M, which is based on the amplitudes
of short-period waves recorded at sites less than 600 km from the
evicenter (Richter, 1935) is used as a measure of short-period waves.
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A new parameter, AR — the sum of the areas of the envelopes of the
surface waves on certain 3-component long period instruments — is
defined and used as a measure of the long-period waves. The surface-
wave parameter was determined from long-period seismograph
records from Pasadena, Berkeley, Ruth, Reno, and Palisades. The
four West Coast stations provided good azimuthal sampling of most
of the events studied. Surface waves recorded at Palisades from the
Fallon-Stillwater, Fairview Peak-Dixie Valley aftershock sequences
are also studied.

There is a wide range in the excitation of surface waves for a
given Richter magnitude. For any given earthquake there may also
be a wide range in the excitation of surface waves as a function of
azimuth, an indication of asymetrical radiation pattern.

A comparison of the relative excitation of surface waves in
different regions indicates a very large regional variation. Shocks
off the coast of northern California generate relatively large surface
waves whereas shocks near Laguna Salada, in Baja California, often
generate very small surface waves.

An empirical curve is derived for the variation of the surface
wave parameter AR as a function of distance. It is suggested that
the parameter AR may be used to estimate the surface wave magni-
tude M and a formula is derived for doing this.

Reference: J. Brune, A. Espinosa and J. Oliver: Relative
excitation of surface waves by earthquakes and underground explo-
sions in the California-Nevada Region. Journal of Geophysical Re-
search, vol. 68, n° 11, June 1, 1963, pp. 3501-3513.

THURSDAY, AUGUST 29 (morning)

A) Seismicity and Tectonics

B129 bis. C. Blot : Origine profonde des séismes superficiels et des
éruptions volcaniques.

The detailed study of seismicity in the region of the New-
Hebrides in particular, and in the Southwestern Pacific in general,
has shown a correlation between deep, intermediate, shallow earth-
quakes, and volcanic eruptions.

The intervals between deep earthquakes and shallow phenomena
(earthquakes and volcanic eruptions), on the order of several months
(and years), are functions of the depth of the foreshocks, of their
magnitude and of their distance in relation to shallow earthquakes
and volcanoes.

The laws for the Southwestern Pacific seem verified for other
regions of the globe where intermediate and deep foci exist:
America, Japan, Indonesia, Hindu-Kush...

The earthquakes of very great magnitude are preceded by deep
earthquakes of a magnitude superior to 7, or by several deep earth-
quakes of a lesser magnitude.
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Le texte complet de cette communication est imprimé dans
les Publications du Bureau Central Séismologique International,
Série A, Travaux Scientifiques, Fasc. n° 23, 1964, pp. 103-122.

R131 - I. E. Gubin : Earthquakes and Geological Structures.

1. Comparison of tectonic data of the USSR territory with seismic
data, given in the recently published Atlas of earthquakes of the
USSR (1962), helps to understand better space and quantitative
conformity of seismicity to seismogenetic geological structures.

2. Depth of earthquakes foci in large seismogenetic structures
of different types are relatively different: in modern geosynclines
foci are in the upper mantle and in the Earth’s crust ; in alpine belts
— in the Earth’s crust and in some rare places in the upper mantle,
in the faulted platforms — only in the Earth’s crust. Similarly there
is space conformity of foci to the peculiarities of individual seis-
mogenetic geological structures.

3. Differences in magnitudes of earthquakes did conform to
differences in dimensions of seismogenetic structures. Differences in
guantities of earthquakes corresponded to differences in speed of
displacement of structures. The ratio among quantities of weak and
strong earthquakes were unequal in seismogenetic structures of
different types and age, and possibly variable ; this is now under
study.

4. In a lot of regions the magnitudes of earthquakes do not
rise above a certain level. In some cases this may be explained by
the limited seismogenetic capabilities of relative structures, in
others — by the shortness of investigation time.

5. Study of the above-mentioned space and quantitative inter-
relations of seismic and tectonic data is necessary to elaborate the
modern method of seismic regionalization (seismic zoning), based on
the knowledge of seismogenetic capabilities of geological structures
of different types and dimensions, and also to elaborate geophysical
criteria for tectonic classifications.

Karnik : What are your principles in determining the size of
seismogenetic regions ?

Reply : The principles are the same ones that are used in
tectonic regionalization. Seismicity conforms to such a regionaliza-
tion.

Following this paper the new atlas of the seismicity of the USSR
was presented by Savarensky.

B135 - S. A. Fedotov, A. M. Bagdasarova, I. P. Kusin, R. Z. Tara-
kanov (presented by Kondorskaya) : The Seismicity of the South
Kurile Island Arc According to the Detailed Investigation Data.

In 1958-1961 on the South Kurile Islands detailed seismological
investigations were carried out. The apparatus of the network of
stations of the expedition had a maximum magnification of 10 000
at the frequency 2 c. p. s.; the errors in determination of the times
of arrivals were less than + 0,2 sec, while the determinations of the
coordinates of the foci were accurate to + 10 km. It was found out,
that in the region of this typical area of island arc, the earthquake
foci are located more compactly than it had been supposed before.
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Under a deep sea basin and even more in the Earth’s crust under
the islands a few earthquakes occur. The majority of foci are located
under the upper part of the continental slope of deep sea basins at
the depth 0-100 km. The earthquake foci form a distinct focal surface
or zone, stretching under the islands. Earthquakes under the Large
Kurile Islands occur at the depth of 150-180 km. In the region of the
South Kurile Islands earthquakes at the depth of 200 km and more
are almost inexistant.

A focal surface divides a subsiding deep sea basin from islands
rising or remaining at the same level.

At a deep seismic sounding opposite to Iturup Island under the
continental slope of the deep sea basin a crustal block of continental
type, elongated along the island arc was found. A maximum seismic
activity in the region of the South Kurile Islands is observed just in
this place. Apparently the more intensive reconstruction of the Earth’s
crust takes place here.

Almost all the above-water and underwater volcanoes of the
South Kurile Islands are located on the large Kurile Ridge at a
distance about 100 km. from the place of outcrop of the focal zone
on the ocean bottom. The Pacific focal surface or focal zone in the
region of the South Kurile Islands is not a canal, which the magma
is using to rise to the Earth’s surface.

Apparently the earthquakes of the Pacific focal zone have not a
direct connection with volcanic effect, though they are caused by the
same general reasons.

See : R. S. TARAKANOYV, The Upper Mantle velocity section in
a transitive zone from the asia continent to the Pacific Ocean,Publi-
cations du Bureau Central Séismologique International, Série A, Tra-
vaux Scientifiques, Fasc. 23, 1964, pp. 93-98.

B136. - N. P, Kostenko : On neotectonics of Africa in connection
with its seismicity.

En l’absence de son auteur cette communication n’a pu étre
discutée ; elle est imprimée dans les Publications du Bureau Central
Séismologique International, Série A, Travaux Scientifiques, Fasc. 23,
1964, pp. 123-130.

B137 - P. Gouin: The 1961 Earthquakes in Ethiopia and the
General Seismicity of the Ethopian Rift System.

Swarms of earthquakes shook the Wollo Province of Ethiopia from
the end of May to late September 1961, destroyed villages, provoked
land and rock-slides, badly damaged roads and bridges, and opened
a piedmont scarplet (in some places 25 feet deep, 3 feet wide, with
vertical displacement of 6-7 feet) over a distance of 30-40 km along
the Addis Ababa - Asmara highway.

The epicenters were located between 09° 40’ to 10° 50’ North and
39°15’ to 40° 05’ East, on the Western rim of the Rift and at the junc-
tion of the Afar and the Main Ethiopian Rift.

It started on May 29th with shocks of M <5, at the rate of 150
on the first day to 100 on the 4th ; on June 1st, the M increased to
6 % and the total number of shocks reached 350 per day. Four months
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later, about 3 500 shocks had been recorded in Addis Ababa. On the
whole, 2 shocks reached M = 6% - 6% , 3 others were of M >5.5, and
16 were reported by the BCIS and the USCGS.

On October 20, 1938, two quakes of M = 51 - 51 were also
reported from the same area (10° N, 39°5 E).

This particular seismic activity fits very well in the general
picture of the seismicity of Ethiopia. Throughout history, earthquakes
have been reported especially from the Northern Provinces, the
highly volcanic region of Afar, and vicinity of the Gulf of Tadjura.
Since 1900, 12 earthquakes of class C, and 14 of class D, and many
others of smaller M have been reported. The Geophysical Observatory
in Addis Ababa has recorded an average of- 1,000. shocks per quiet
year, and some 5,000 in 1961.

The epicenters for all M > 4.0 since 1900 follow 2 clear distri-
bution patterns:

a) One NNE-SSW, extending the line of epicenters from the Gulf
of Aden deep into Southern Afar up to longitude 41° E;

b) One following externally both major fault lines of the Ethio-
pian Rift System.

Simultaneous volcanic activity has been reported by news agen-
cies: this has to be denied.

Bath: In connection with one of our studies at Uppsala, we used
our records of the Ethiopian earthquakes of June 1 and 2, 1961. We
noticed considerable difference in our records between the two earth-
quakes, which we interpreted as a difference in focal depth. Do you
have any information on this?

Reply: No.

Morelli: Please, have you any information about depths distri-
bution?

Reply : The only information on “h” we have at this moment is
that given either by the BCIS or the USCGS. It must be remembered
that such “h” calculated by IBM computers, is subject to high per-
centage of uncertainty.

K. L. Cook : Did you notice any horizontal movement along the
fault scarp of the 1961 earthquake ?

Reply : We have been looking for horizontal displacements in the
rock, but none were found.

B138 - S. D. Kogan, I. P. Pasechnik, D. D. Sultanov (presented by
Kondorskaya) : Seismic Map of Antarctic.

A catalogue of earthquakes is compiled and the seismic regime
of Antarctic is analysed for 50 years (1910-1960). The Antarctic
seismic belt surrounds the Antarctic continent coinciding with the
ring of the Alpine folding. This seismic belt is connected with the
Pacific, Atlantic and Indian seismic belts.

Thus the main seismic belts of the world appear to be closed and
give an impression as if each of them outlines huge blocks into which
the earth’s crust is divided.
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B138 bis - B. Isacks : Transient and continuous waves recorded in
a deep mine.

Recording of seismic ground motion with frequencies in the range
of 1 to 100 cycles/sec have been obtained in a deep mine in Northern
New Jersey. With instrumental magnifications near 107, several hund-
red hours of recordings during periods of very low background noise
levels have been analyzed to (1) obtain amplitude spectra of the
continuous background disturbance, (2) identify transient signals
of cultural origin, and (3)) identify transient signals of natural origin
such as high frequency body phases from distant earthquakes and
locally occurring microearthquakes. Both P and S phases from West
Indies shocks show an unusual amount of high frequency energy.
Few of any microearthquakes were observed, in contrast to results
reported by others for Japan and New Mexico. The recordings, com-
bined with data on the occurrence of larger shocks over longer periods
of time, are used to give an estimate of the frequency of occurrence
of earthquakes as a function of magnitude for the Northern New
Jersey region. The measure of seismicity thus obtained is related to
similar measurements in more seismically active regions.

Bdth : The coefficient b in the relation log N = a - b M varies
with region, roughly within a range of 0.5 - 1.5.

Nordquist : Determination of the relation of number of earth-
quakes above a given magnitude for the southern California region
indicates an increase by a factor of 10 with a decrease of 1 in the
magnitude.

Karnik : What are the classes for M on your magnitude-frequency
graph ?
Reply : The graph gives the sum of M above a certain limit.

B) Earth’s deep interior (free oscillations)

The original order of the papers in this session was slightly
modified.

B139 - C. L. Pekeris*, Z. Alterman and H. Jarosch : Studies in
Terrestrial Spectroscopy.

The previous investigation on the effect of the rigidity of the
inner core on the free oscillations of the earth, made for model
Bullen B, was extended to the Gutenberg model. It was found that
the Gutenberg model also has a “core” oscillation but of longer
period, which, however, decreases rapidly with the rigidity u of the
inner core, reaching the observed value of 53.9 minutes for n —=
2 at ;= 7/32 x 1012 dyne/cm?2. At this value of us as well as at the
corresponding value of ;,, = 1 X 1012 dyne/cm?2 for model Bullen B,
the core oscillation has become transformed into a regular (R) type
oscillation. In addition to the fundamental core oscillation (FC),
both models have “inner core” oscillations (IC), in which the energy
is confined mainly to the inner core. For the purpose of identifying
the 86 min. gravitationally recorded oscillation which was studied by
Slichter, we have investigated the relative excitation of the regular
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and core oscillations by a P-source and an SV-source situated near
the surface. While the period could be fitted for n = 2 at p >~
0.1 x 1012 dyne/cm2, the amplitude at the surface was found to be
smaller by a factor of 100 than that of the regular oscillations. We
then investigated the spheroidal oscillations of order n = 1. Here
again the surface-amplitude of the mode excited by a near-surface
source remains small until the core oscillation is transformed into a
regular type and the period correspondingly reduced. The regular
spheroidal mode for 7 — 1 has a period of 40.7 min. for the Gutenberg
model and of 41.7 min. for the Bullen B model. At the surface the
displacement is nearly horizontal, to within 10 %, and the gravitatio-
nal perturbation is also smaller than in the case n = 2. It is suggested
that the 42.3 min. oscillation observed on the Isabella strain seis-
mometer may be due to an n = 1 spheroidal oscillation rather than
an n = 2 torsional oscillation.

Takeuchi : One set of observations agrees well with the theory.
I would like to know what happens when the rigidity increases in
the core.

Alsop : We observed both the 40 and the 44 minute wave at
Lamont, but we are not completely sure of the identification of these
waves.

Bullen : T would like to make two remarks : First, I fear that
the so-called «“Bullen models” are not necessarily correct. Among
other things the densities and velocities may not be compatible.
Secondly, it appears that the rigidities which you obtain for the inner
core change with the period that you are examining.

Reply : The second point is correct, but the change is a very
gradual and small one.

B141 - L. E. Alsop : Free Periods Observed at Stations of the
Lamont World-Wide Long-Period Network.

Both spheroidal and torsional free periods of oscillation of the
earth have been observed at many of the long period seismograph
stations set up around the world by the Lamont Geological Observa-
tory during the IGY. The data to be reported on were obtained at
Uppsala, Sweden ; Lwiro, Republic of the Congo ; Mount Tsukuba,
Japan ; Suva, Fiji ; and Hallett, Cape Adare, Antarctica. These data
have been combined with previously reported data, which are mainly
from the North American Continent, to obtain mean values of the
free periods at periods greater than 200 seconds. Phase velocities as
a function of period have been calculated from these values. These
phase velocities have been compared with predicted values for various
models of the earth. In agreement with previous results, the model
with velocities according to Gutenberg and with Bullen’s density
model A is favored. However, there are significant consistent variat-
ions between the phase velocities predicted on the basis of this model
and the observed phase velocities. The observed phase velocities will
be compared with phase velocities measured from surface wave data.

This paper has been expanded and submitted to the editor of the
Bulletin of the Seismological Society of America for publication
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under the title «“Spheroidal Free Periods of the Earth observed at
Eight Stations around the World”.

Press : Is the effect of the difference between the continents and
the oceans to broaden the peaks or to make them different from one
place to the other ?

Reply : It probably makes them change from place to place.

Aki: Did you study the phase relationship between the various
peaks ?

Reply : No ; we confined our attention to the study of amplitudes.

Magnitskii : I wonder whether the distribution of stations was
optimal for this experiment.

Reply : It was not, but on the other hand we did have this data
and it seemed worthwhile to attempt an interpretation.

B142 - M. W. Major : On Elastic Strain of the Earth in the Period
Range 100 Hours to 5 Seconds.

Observations of earth strains have been made covering a wide
spectrum of periods, with a three-component installation located in
a deep mine at Ogdenburg, New Jersey. These include strains due
to storm tides, lasting several days, strains associated with earth tides,
and strains from seismic waves with periods less than one hour.

Analysis of these records contributes to knowledge of the seaward
extent of storm tides, the most probable value of Shida’s number «17,
and the more precise measurement of the phase and group velo-
cities of surface waves beyond 60 seconds.

Considered as long-period seismographs, these instruments are a
marked improvement over the 30-100 inertial instruments now in
widespread use.

Discussion : In answer to an inquiry the author explains that the
upper limit for the secular strain was determined by the slow drift
corresponding to an exponential curve.

B143 - H. Takeuchi*, M. Saito, H. Tsuda and N. Kobayashi : Rigi-
dity of the Earth’s Core and Fundamental Oscillations of the Earth.

Varying parametrically the rigidity of the earth’s core, i.e. , of the
Gutenberg model of the earth, we calculate free periods of spheroidal
and toroidal oscillations of the earth for n — 2. For a fixed w We get
an infinite number of periods for the spheroidal and toroidal modes.
Normalizing their surface oscillations amplitudes, we pick up from
among them an oscillation of the minimum total kinetic energy. This
may be considered to be the most easily excitable oscillation for the
by surface origins. The periods of both spheroidal and toroidal oscil-
lations thus picked up are plotted against the corresponding ., and
from this we may conclude that the maximum rigidity of the earth’s
core compatible with the observations of spheroidal or toroidal oscil-
lations is 1010 or 1012 dynes for n = 2.

References : H. Takeuchi, M. Saito and N. Kobayashi : Rigidity of
the Earth’s Core and Fundamental Oscillations of the Earth. Journal
of Geophysical Research, Vol. 68, n° 3, 1963, pp. 933-936.
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H. Tsuda and H. Takeuchi: Rigidity of the Earth’s Core and
Torsional Oscillation of the Earth, Journal of Seismological Society
of Japan, Second Series, Vol. 16, n° 3, 1963, pp. 101-105.

Magnitskii : As was shown by Prof. Poincaré, if the earth has
a liquid core the possibility of free nutation must exist. Its period
should be approximately 24 hours. Recently Prof. Molodensky has
given a more precise answer to this problem. Dr. Popov using a
20-year series of observations has discovered the existence of such
nutation in full agreement with the calculations of Prof. Molodensky.

Consequently the mere existence of such nutation strongly sup-
ports the idea of a liquid core. Certainly this does not exclude the
possibility that the inner core may be rigid.

Pekeris : I would like to draw attention to the fact that the
value given by Takeuchi (10%) for the rigidity refers to the whole
core. On the other hand my value (also 10v) refers to the inner
core only.

B150 - K. E. Bullen : Estimation of the Degree of Chemical
Inhomogeneity in Regions of the Earth.

Let k, p and g denote the incompressibility, pressure and gravi-
tational intensity at depth z below the surface of an assumed sphe-

rically symmetrical Earth. Let O :5.2—%—52 , Where «. 3 denote

the P and S velocities, and let
dk . do

T dp T8

It is shown that «y represents a useful index of the chemical
inhomogeneity at the depth z; v = 1 where there is homogeneity,
and exceeds unity elsewhere. The index derives practical importance
from the fact that limits can be set to dk/dp, g and d¢/dz in most
parts of the Earth.

The formula will be applied to estimating the degree of inho-
mogeneity in the regions D”, F and G of the Earth.
References :

K. E Bullen, An Index of Degree of chemical Inhomogeneity
in the Earth, Geophys. Journal, Roy. Astr. Soc., London, Vol. 7,
pp. 584-592, 1963.

De Bremaecker : What sort of instability would result from
assuming that Gutenberg’s distribution of velocity prevails ?

Reply : The density would decrease with depth in certain inter-
vals.

Hale: Do you make any assumption concerning Poisson’s ratio
in the inner core ?

Reply : No — we only assume that the shear wave velocity is
0 in the outer core.

B146 - B. A. Bolt : A New Solution for the Velocity Distribution
in the Earth’s core. : '

A new hypothesis for the velocity distribution of longitudinal
elastic waves in the Earth’s core is presented. The hypothesis is
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that the velocity-depth function V (r) for the core has two first-
order discontinuous increases. The ray theory in terms of a single
velocity jump which has been adopted previously does not account
for numerous observations of waves which arrive up to 20 seconds
before the expected refracted waves. Airy’s theory of diffraction at
a caustic excludes diffraction as an explanation.

This paper is approved for publication in the Bulletin of the
Seismological Society of America under the title : The Velocity of
Seismic Waves near the Earth’s Center.

Payo: Have you made any amplitude computation on the
various arrivals ?

Reply : The effect of geometrical spreading is small. I have
not computed all the reflection coefficients.

Pekeris : Your solution depends on the identification of some
arrivals. The complete solution of the problem using a spherical
earth might shed much more light on the whole question. Perhaps
this solution will be available in two or three years.

Reply : Certainly our solution is only valid to the extent that
ray theory is valid. I do not feel that we can wait for the complete
modal solution of the problem.

Landisman : Do you have an explanation for the difference
in frequencies between the various arrivals ?

Reply : 1t appears possible that the instrumental differences
are adequate to explain this phenomenon.

B145 - A. V. Vvedenskaya, L. M. Balakina:@ The Variation of
Elastic Properties and Density of Earth’s Core.

On the base of observations of first displacements in waves
reflected at the Earth’s core and of the theory of wave propagation
in a layered elastic viscous medium it is shown that for small and
short deformations (of the order of seconds) due to the propagation
of seismic waves the mechanical properties of the core near its outer
boundary (like the of the mantle) are those of an elastic medium.
The variations of density and the propagation velocity of trans-
verse waves at this boundary are correspondingly equal to ¢:/ 2 = 0,55
51/82 = 10,6.

The following paper was read by J. Coulomb.

B147 - Nguyen-Hai : Propagation des Ondes Longitudinales dans
le Noyau Terrestre.

La propagation des ondes longitudinales dans le noyau terrestre
a été étudiée d’aprés six séismes profonds de la région des Iles
Fidji, Nouvelles Hébrides et Célébes. Les épicentres ont été déter-
minés par les couples isochrones ; les heures-origines et les pro-
fondeurs ont été également calculées. Les périodes et les amplitudes
relatives de différentes phases en fonction de la distance épicentrale
ont été étudiées pour en déduire les positions des points B (focal),
C et D de la courbe de propagation des PKP. En particulier, les
temps de propagation relatifs & la branche BC de l'onde PKP, ont
été donnés.
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On a essayé de déterminer la distribution de la vitesse des
ondes longitudinales dans le noyau en s’attachant particuliérement
a la région entre les noyaux interne et externe.

Des phases nouvelles ont fait ’'objet d'un essai d’interprétation
et, & cet effet, une hypothése sur la structure en couches du noyau
interne a été proposée.

Bolt : The ray theory is of course only a first approximation
and the changes in velocity tend to make it an increasingly poor
one as they become increasingly large over a certain interval
of depth.

Bl44 - K. E. Bullen : Density in the Earth’s Core.

The density in the Earth’s core is re-examined in the light
of Bolt’s new P velocity distribution for the core. The crucial depen-
dence of the density distribution on values of d¢/dz is emphasized.
It is shown that the Earth’s central density can now be permis-
sibly reduced to the order of 15 g/cms3, though a larger value is not
formally precluded. The possibility of a lower central density is
examined.

Reference :
K. E. Bullen, Earth’s Central Density, Nature, vol. 196, p. 973, 1962.

B145 bis - Payo* and Bdth : Core Phases and Inner Core Boundary.
No abstract is available.

B148 - Robert J. Uffen : Influence du Noyau Terrestre sur 1’Ori-
gine et I’Evolution de la Vie.

Il a généralement été admis que les mutations naturelles pro-
voquées par la radiation n’ont pas joué un role appréciable dans
I’évolution biologique. Cependant, la découverte de bandes encerclant
la terre de particules chargées et géomagnétiquement piégées, d'une
intensité qui peut atteindre 100 roentgens & I’heure, indique la possi-
bilité que la surface de la terre a pu étre exposée dans le passé a
une radiation ionisante beaucoup plus intense que celle qu'on avait
antérieurement envisagée. Les données paléomagnétiques indiquent
que lintensité du champ géomagnétique a diu descendre a 2zéro
durant des milliers d’années. Ces millénaires ne sont que des instants
si nous les considérons a l’échelle des temps géologiques, et cepen-
dant ils ont vu se succéder de nombreuses générations d’organismes
vivants. Durant de tels intervalles, la radiation corpusculaire piégée
a pu se répandre sur la terre, permettant aux vents solaires de
baigner la terre, causant des taux de mutation plusieurs fois supé-
rieurs aux taux spontanés et constituant ainsi un facteur important
de I’évolution compte tenu des facteurs de sélection naturelle des
périodes en cause.

Dans la présente étude, l'auteur soumet un exposé qualitatif
de I’hypothése selon laquelle 'histoire thermique de la terre aurait
déterminé l'origine et le développement de son noyau, lequel, a son
tour, aurait constitué un facteur important de 1’évolution grace a
son contrble du champ géomagnétique principal et, conséquemment,
des particules chargées qui ont pu atteindre la terre.
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Reference :

R. J. Uffen, Influence of the Earth’s Core on the Origin and
Evolution of Life, Nature, vol. 198, n° 4876, 1963, pp. 143-144.

Runcorn : Perhaps the argument would be stronger if one simply
accepts the evidence for reversals of the geomagnetic field during
which time the radiation received by the earth markedly increases.
It seems to me that the ratio of the inner and outer surfaces cf
the convecting core is unlikely to be the controlling factor on the
mode of convection as it is in the mantle. The reason is that the
Coriolis force and the magnetic field are very important terms
in the hydromagnetic equations of the core and are negligible in
the mantle.

Reply : 1t is probably the freezing of the inner core which gives
off heat at the boundary and produces turbulent motion as sug-
gested by Verhoogen, but there is no doubt that the picture as
presented here is greatly simplified.

B149 - L. Egyed : The Rate of Radius Increase of an Expanding
Earth.

It is shown that the validity of Dirac’s Cosmology and the
existence of degenerated phases within the Earth corresponding
to Ramsey’s conception theoretically support an average yearly radius
increase of the Earth amounting to 0,5 to 1,0 mm/year. This is in
accordance with the results derived from paleogeographical data,
and from the extension of continental areas or from the age of
the oldest metamorphic rocks. The compressional and degeneration
energies stored up within the Earth support the expansion and
account also for the energies released in shallow earthquakes as
well as for the molten material ejected in volcanism.

Runcorn : Which paleogeographic maps did you use ?

Reply : I have used the data of Kuenen according to whom the
continental area has greatly increased during the geologic past.

Knopoff : Are meteorites an important factor in this process ?

Reply : They are not.

THURSDAY, AUGUST 29 (afternoon)

A) Explosion generated seismic waves.

B159 - Keiiti Aki: Study of Source Mechanism of Earthquakes
and Explosions by a Combined Use of Love and Rayleigh Waves.

A technique was developed to construct a synthetic wave, of
which the phase spectrum is the difference between those of Love
and Rayleigh waves. In this wave, various factors (finiteness of fault,
initial time function) related to the source are cancelled complet-
ely or partly. Several space factors remain and may be studied.
For instance, it is possible to tell whether the earthquake is a dip
slip or strike slip from a single station record. The method is very
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reliable, if we use waves in a certain period range, for which the
phase time shift of the synthetic wave due to propagation is mini-
mum and nearly constant.

Ritsema : Is it possible to use this procedure also for intermediate
shocks or only for the very shallow ones?

Reply : I think it is not possible, because if the source is deep,
the new model would not be applicable.

B152 - M. A. Choudhury et J. P. Rothé* : Enregistrements Séis-
miques du 1° Mai 1962.

L’explosion nucléaire du 1 mai 1962 a fait I’objet d’études
portant notamment sur les durées de propagation. On discutera
en particulier les résultats obtenus aux environs de 20°. Les données
relatives aux plus grandes distances permettent de définir une
courbe de durées de propagation assez précise. Une discussion sur
la dispersion des durées de propagation sera présentée, d’une part
pour les stations d’Europe, d’Afrique et d’Asie comprises entre 19
et 45° et d’autre part, pour les stations d’Amérique comprises entre
58 et 97°. On notera également l’effet de la Méditerranée occiden-
tale sur la propagation des ondes Lg. Enfin, on trouvera quelques
résultats sur le sens de déviation du premier mouvement.

Cette communication doit étre publiée dans les Annales de
Géophysique, Paris, 1964.

Carder : We noticed that in the case of the recent Libyan
earthquake, somewhat to the NE of the Sahara Explosion, Lg did
not cross the Mediterranean, but reached Pretoria 50 odd degrees
to the South with considerable force.

Bdth - In my studies of Lg waves from earthquakes I found that
these as generally unable to cross the Mediterranean basin, with
exception for some parts of it.

Peterschmitt : Signale une exception a l’absence des ondes Lg
en Europe : les enregistrements de la station de Messine montrent
cette onde. Il y a donc au moins un chenal & caractére continental
dans la Méditerranée.

B153 - Markus Bdth : Seismic Records of Nuclear Explosions ;
Some Characteristic Features.

A study has been made of seismograph records obtained in
Sweden of nuclear explosions, including atmospheric and underwater
near Novaya Zemlya, underground explosions in Siberia, Sahara,
and within U.S.A, and of atmospheric explosions near Christmas
and Johnston Islands in the Pacific. Determinations have been made
in many cases of location, origin time, seismic energy and total
energy. Moreover, special emphasis is laid on the problem of finding
characteristic features in records of explosions, as distinct from
earthquake records. Studies of atmospheric pressure waves and
magnetic waves from nuclear tests are included.
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Reference !

M. Bath, Seismic Records of Explosions, especially Nuclear Explo-
sions, Part III, FOA 4 Rapport, A 4270-4721, 116 pages, 1962.

B153 bis - G. Payo : Atomic Bomb R Waves.
No abstract available.

Kisslinger : To test the question of lateral refraction of the
Rayleigh waves, did you compare the particle motion diagrams
with the azimuth of the great circle path ?

Reply : Yes. The agreement was very good. The departures
were only for the atmospheric pressures.

Press : Such good experimental data deserve better theoretical
dispersion curves than those borrowed from other studies which
are pertinent to other regions. The author should compute theore-
tical curves for his region using whatever auxiliary data are avai-
lable to improve the possibility of unique interpretation. Those of
us with computer programs would be glad to make them available
for regional investigators who need theoretical curves.

Tryggvason : I want to ask if the seismic signal of the air wave
from an atomic explosion is supposed to give reliable information
about the direction of approach of the air wave. There are probably
some unknown factors involved in the generation of these signals.

The following paper was read by Keilis-Borok ; it had been
originally included in another session.

B18 - L. P. Vinnik, G. M. Moltshan, W. F. Pisarenko, N. M.
Proutshkina, N. A. Smirnova : Some Statistical Methods for Detec-
tion of Signals in the Noise.

Present report considers three separate questions: 1. the deter-
mination of the sign of first arrival (up or down) ; 2. an algorithm
for detection of the seismic phenomena in noise ; 3. multiplying
of the seismometers.

1. Two methods for determination of the sign of the first arrival
are proposed ; the method of subtracting the predicted values of the
noise from the real one ; the method of statistical hypotheses testing.
The percentage of correctly interpreted signals against the ratio
signal/noise is tabulated.

2. An algorithm for automatic detection of the seismic
phenomena (an earthquake or an explosion) in noise is described.
It can be realized by analogues or by digital way. The process under
investigation (electrical current or the series of numbers) passes
through band-pass filters. At the output of each filter a threshold
is determined (depending on the level of noise in this filter). If
even in one filter the threshold is exceeded then it is decided, that
the process contains the useful signal. Some results on the experi-
mental test of such algorithm are given ; the filtering was imitated
digitally.

3. Some experimental results on the multiplying of seismometers
are communicated. If the seismometers are spaced approximately
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at 600-1000 m and the frequencies below 2 cps are cut off, then the
multiplying will lead to increasing of ratio signal/noise by a factor
VN (N = the number of seismometers).

Press : The character of your records suggest that noise reduc-
tion by prediction is better for frequencies lower than the signal
frequency. Why not filter these first and then try to predict
residual noise ?

Reply : We tried to. I am afraid to disturb the first signal
arrival.

E. A Flinn: Single-detector prediction tends not to reduce
high-frequency noise, but multiple-detector prediction does.

B154 - C. Kisslinger and I. N. Gupta* : Two-Dimensional Model
Studies of Explosion-Generated Seismic Waves.

The use of two-dimensional models in studying wave propa-
gation in layered systems is well established. However, the custo-
mary use of pulsed crystals as source rules out the investigation of
wave generation processes because the input stress levels are low.
A series of experiments based on the detonation of small charges
in sheets of aluminium, plexiglass, and styrofoam (ductile, brittle,
and crushable materials) has been carried out. Two problems of
seismological interest have been investigated : the azimuthal dis-
tribution of body wave amplitudes around the shot, and the gene-
ration of Rayleigh waves as a function of source depth. An attempt
has been made to relate the observed characteristics of the waves
to the properties of the medium and the observed distribution of
inelastic failure around the source.

This paper is not yet published.

Toksoz : What special advantage is offered by the use of actual
explosives rather than piezoelectric transducers for generating the
seismic signal ?

Reply : In case of crystal transducers, the input stresses are
too low to reveal anything about the wave generating mechanism
in full scale seismic events such as earthquakes or explosions gene-
rally used in seismic work. The use of small explosives in the labo-
ratory simulates actual conditions to a much better degree of
approximation.

B155 - M. Nafi Toks6z*, Ari Ben-Menahem @ Radiation of Surface
Waves from Atmospheric and Underground Nuclear Explosions.

The surface waves from the atmospheric nuclear explosions at
Novaya Zemlya recorded by the Benioff supersensitive seismograph
at Pasadena, Ruth, Albuquerque, and Livermore are Fourier ana-
lyzed. The amplitude and phase spectra of Rayleigh waves from
four explosions are compared with each other at each station and at
different stations. It is found that there is very little difference
between the surface waves recorded at one station from different
explosions with larger explosions generating more longer period
waves. The waves which have traveled over slightly different paths,
however, show pronounced variations indicating that the effects
of the paths are rather strong.
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The Rayleigh waves from surface and underground Nevada
explosions are also studied in regard to source symmetry and mecha-
nism. The seismograms of four stations around the explosions are
used for this purpose. The radiation from these explosions is asym-
metric and the asymmetry depends strongly on the particular explo-
sions and locations. Also, the radiation pattern from the explosion
is different from that of the cavity collapse that follows. These
findings are confirmed by study of the initial phases of these events.

This paper will be published in the Bulletin of the Seismo-
logical Society of America.

Kisslinger : Would you expect a cratering shot, such as Sedan,
to have the same source-time history as a contained shot ?

Reply : A cratering explosion would be expected to have a down-
ward force in space and delta function in time. This would have
approximately the same amplitude ratio as the explosive source
with step function in time.

Kisslinger : But if I understood your results, you found a step
function as the applied force in both cases.

Reply : There is one constraint — the phase compared to cont-
ained explosion. Sedan has the same phase as Haymaker. On this
basis we must conclude that it is closer to an explosive source with
step function in time than it is to a different source function.

B157 - David E. Willis, John De Noyer and James T. Wilson* :
Spectral Differences in Earthquakes and Underground Explosions.

A large number of seismic events were recorded over a wide
geographic distribution using portable recording stations equipped
with short-period seismometers and magnetic tape recorders. These
events include earthquakes, underground nuclear explosions, and
chemical detonations fired underground, above ground, and in water.
Most of the recordings were made at distances less than 1000
kilometers from the source. Detailed frequency analyses were made
of the predominant phases for these events. These results are
presented to show the effects of the following parameters on the
frequency content and amplitude of the seismic waves: type of
source, source size and duration time, source depth, and the geolo-
gical environment at the source and recording station.

Most of the data contained in the paper were taken from two
papers that were published in the Bulletin of the Seismological Socie-
ty of America, Vol. 53, n° 5, October 1963. The titles of these papers
are shown below :

David E. Willis, Comparison of Seismic Waves Generated by
different Types of Source, p. 965-978.

David E. Willis, John De Noyer, and James T. Wilson, Diffe-
rentiation of Earthquakes and Underground Nuclear Explosions on
the Basis of Amplitude Characteristics, p. 979-987.

B158 - Frank Press*, Gilbert pewart, Ralph Gilman : A Study
of Several Diagnostic Techniques for Identifying Earthquakes.
Several diagnostic techniques are examined for identifying earth-

132



quakes as events distinct from possible underground nuclear explo-
sions. It is found that the typical or “mean” earthquake differs in
a statistically significant way from the “mean” explosion for most
of the techniques. Due to the variability of earthquake signatures,
many earthquake parameters fall within the range observed for
explosions. The following numbers refer to the percentage of earth-
quakes which fall entirely outside the range observed for explosions
for the particular techniques: Long period surface wave energy
density — 80 % (10 explosions, 10 quakes) ; Lg/Rg ratios — 50 %
(50 explosions, 50 quakes) ; peak amplitude of Love waves — 40 %
(7 explosions, 24 quakes) ; peak amplitude of Rayleigh waves — 30 %
(11 explosions, 21 quakes) ; excitation of Sg — 30 % (32 explosions,
13 quakes) ; P2/P1 ratio — 20 % (45 explosions, 87 quakes) ; ratio
of spectra of long-period Love and Rayleigh waves — 70 % (4
explosions, 11 quakes) ; prevailing period of Love waves — 100 %
(4 explosions, 3 quakes). Diagnosis on the basis of a combination of
these and other techniques may eventually be possible for a signi-
ficant number of earthquakes.

Long-period surface waves are excited by most events with
magnitude > 4.4. For 3.9 <M. <4.4 only 1/4 of the events generated
surface waves. It is argued on theoretical grounds that the absolute
value and not the shape of the spectra of surface waves depends
on magnitude for earthquakes below a certain magnitude. If this
is s0, the prevailing periods of Rayleigh waves from small magnitude
explosions and earthquakes would not differ.

Reference :

F. Press, G. Dewart, R. Gilman, A Study of several Diagnostic
Techniques for identifying Earthquakes, J. Geophys. Research, vol.
68, n° 10, 1963, pp. 2909-2928.

THURSDAY AUGUST, 29 (Afternoon)

B) Tsunamis

The proceedings of this meeting held jointly with the IAPO
will be published by the Tsunami Committee of the IUGG.

FRIDAY AUGUST, 30 (morning)
Administrative Meeting

7) UNESCO projects

Fournier d’Albe, Program Specialist in Geophysics in the Natural
Science Department of Unesco, explains the present status of the
UNESCO Program. Some of the important points of his report fol-
low :

UNESCO does not engage in scientific work but attempts to
insure international scientific cooperation. It has cooperated closely
with the Bureau of the Association in the organization of 4 missions
(for details on these missions, see the report of the Secretary Gene-
ral). It has also helped organize meetings where subjects of inter-
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national importance in seismology have been discussed, e. g. meetings
of the I.S.S. Committee.

The funds are provided either from the UNESCO budget as voted
by the UNESCO General Conference or by the United Nations
Technical Assistance Board or by the UN Special Fund for which
UNESCO is the administrator. Under the Technical Assistance Pro-
gram UNESCO can send experts to set up observatories or teach
seismology. UNESCO already sends experts after catastrophic earth-
quakes to study the relevant phenomena. In Chile the volcanic
phenomena associated with earthquakes were studied; in Iran
it was the damage and the possibility of protecting the population ;
in Libya the question of relocation of a city, and in Skopje the
problem of seismic engineering. The Special Fund is specially
engaged in large scale projetcs, such as the International Institute
in Tokyo for which it helps provide teachers, fellowships and equip-
ment.

In the immediate future UNESCO will organize an inter-govern-
mental meeting in seismology in April 1964 in Paris. This is to be a
meeting of experts sent by their respective governments.

The agenda which was prepared is very comprehensive. The meet-
ing will decide on what further steps are to be taken in many different
areas and will subdivide in many working groups.

. - preparation of a manual for seismological observatories.
- design of strong motion accelerographs.

- seismic mapping.

. - principles of earthquake-resistant design.

. - design of low cost buildings in seismic areas.

. - Organization of missions after severe shocks.

Murphy (USCGS) then clarifies the last point. He explains that
among the UNESCO staff in Paris there will be one or two people
(permanent mission) who will determine whether or not to send out
a mission after a major earthquake. These missions will be offered
to the government involved. In case a decision is made to send out
a mission a pilot mission will first be sent. It will consist of 2 men
who will attempt to reach the area less than 3 days after the earth-
quake and will stay on the spot less than 2 weeks. They will then
immediately report back to Paris on what should be studied on a
long-term basis. The long-term mission may then consist of what-
ever specialists were suggested, e.g. earthquake engineers, tectonicists,
seismometrists. This mission should be self-financed in the major
part. UNESCO would furnish the transportation and a per diem allo-
wance. This mission will then prepare scientific reports for publication.

= N

Bdth suggests that major shocks which did not result in any loss
of life should also be investigated.

Willmore then remarks that there are already 6 mobile stations
immediately available for local investigations in Edinburgh. He then
states that observation at long-range may be more favorable for
precise epicentral determinations than local stations so that it might
not be necessary to go very near the shock but only to orient an
array by appropriate data processing techniques.

134



De Bremaecker questions the idea previously expressed. He re-
marks that at present local stations are indispensable due to local
variations in seismic velocities.

Tocher agrees with De Bremaecker and suggests that small in-
expensive instruments be used for mobile stations.

Oliver agrees with the two previous speakers and further remarks
that local stations furnish much more information than distant
stations. While it is true that this information cannot be interpreted
at present there is good hope that this will be possible in the near
future. Local stations are thus important.

Nominations to the working groups are then made.

Wadati wonders what the exact scope of the tsumani working
group will be.

Savarensky explains that the tsumanis in Europe are local and
not well-known so that further investigation of them appears war-
ranted.

Peterschmitt explains that Ambraseys will head this working
group and that Galanopoulos is preparing the exact program. The
meeting of the European Seismological Commission in Budapest in
September 1964 is open to the public and visitors will be welcome.

Cloos mentions that the Western Alps Report will come out as
a contribution of France to the IGY and that copies can be ordered
from Madame Labrouste at the Institut de Physique du Globe in Paris.
Furthermore, next year explosions of 5 tons of chemical explosives
will be detonated in Switzerland and international cooperation will
be welcome. This project is of special interest as it will link the work
done in the eastern and in the western Alps.

Reverting to the question of tsumanis in Europe Ambraseys
explains that an early warning system is not necessary or possible in
this area and that the data collection program has already been
started.

During further discussion of the Paris meeting (1964) it is
pointed out that a provisional agenda will be sent out in early October
and that the meeting will last eight working days - that is from
April 21st to April 30th, 1964. The following resolution is then appro-
ved :

Resolution

Resolved that this Association, noting that UNESCO will convene
an Intergovernmental Meeting on Seismology and Its Applications in
April 1964 and convinced of the importance of this meeting for the
future of international cooperation in seismology and earthquake
engineering, urges seismologists and earthquake engineers in each
country to take all necessary action to insure adequate national
representation at the UNESCO meeting.

8. — Commission Séismologique européenne ; rapport d’activité
Le Professeur Zatopek présente le rapport d’activité qu’on trou-

vera en annexe pages 140-146.
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9. — Earthquake in Skopje (1963)

During the remaining time in the morning Ribaric and then
Ambraseys describe the recent catastrophic earthquake in Skopje. It
is particularly noteworthy that in 518 an earthquake had completely
destroyed the existing city which was then moved 2.5 kilometers
south. Further interesting points are the absence of foreshocks, the
construction on river alluvium and the poor design of the buildings
with respect to resistance to horizontal acceleration. So far no fault
has been mapped.

FRIDAY, AUGUST 30 (afternoon)
ADMINISTRATIVE MEETING

Hodgson first reports that the Audit Committee has approved the
accounts of the association.

Speaking for the International Heat Flow Committee, Beck then
introduces the resolutions and gives the names of the members of
the committee: This has already been recorded.

Speaking as Chairman of the I.S.S. Committee, Stoneley then
gives the following report :

10. — Report of the Chairman of the I.S.S. Committee to
LA.S.P.E.L

During the present Assembly three long sessions of the I.S.S. Com-
mittee have been held. They have been concerned mainly with mat-
ters relating to the proposed setting up of an international centre of
seismology at Edinburgh. The Bureau Central de Séismologie should
continue at Strasbourg its functions as heretofore.

Appropriate resolutions have been sent to the President of the
Association for submission to the meeting on August 30, 1963.

Prof. Wadati has resigned from the Committee and Dr. Willmore
has resigned in view of his appointment as Director of the I.S.S. under
its new auspices. Prof. V. Karnik and Prof. J. Oliver have been co-
opted as members of the Committee. I have nominated Dr. T. Hirono
a member of the Committee.

The Committee recommends that it should continue for the next
triennium with the present membership, under the Chairmanship
of Dr. R. Stoneley. The membership is now : —

Bullen, Hirono, Hodgson, Jeffreys, Karnik, Kondorskaya, Lehmann,
Murgphy, Oliver, Stoneley (Ch.).

Stoneley then introduces the following resolution which are approved:

Resolutions

I. Whereas the 1.S.S Committee has been requested to provide stand-
ards for an international seismological centre, and whereas the Com-
mittee appointed by the President of this Association has recom-
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mended that the centre may best be established at the University
of Edinburgh, and whereas the University of Edinburgh has expres-
sed willingness to undertake this responsibility, therefore, be it
resolved thas this Association recognise the University of Edinburgh
as the seat of the new international seismological centre, accept in
principle the standards recommended by the I.S.S. Committee as set
out in the LU.G.G. Monograph 14 (December 1961) and bespeak the
cooperation of all seismologists of the world in the establishment of
this centre.

Be it further resolved that the I.S.S. Committee continue in
operation with the responsibility of securing the fullest cooperation
between the new centre, the B.C.I.S., the I.A.S.P.E.I. and the seismo-
logists of the world.

This Association emphasises that the new centre shall be in every
way truly international.

II. This Association recommends :

1. That Dr. P. L. Willmore shall be the Director of the new inter-
national centre and of the existing I.8.S. under the general surveil-
lance of the I.8.S. Committee.

2. That the income, resources and responsibilities of the I.S.S.
may in due course be combined with those of the new centre.

3. That in the future support be extended to the new interna-
tional centre.

III. This Association recommends that the 1.U.G.G. continue its sup-
port of the Bureau Central International de Séismologie in the future
as in the past.

IV. This Association acknowledges the initiative of the University of
Edinburgh towards the establishment of the international seismolo-
gical centre and the support that the U. S. National Science Foun-
dation has afforded to it. It expresses its gratitude for the steps that
have been taken.

V. This Association recommends that the question of Regional
Centres should receive active consideration from the I.S.S. Com-
mittee.

VI. This Association expresses its appreciation of the staff of the
I.S.S. and of Dr. Stoneley, the retiring Honorary Director.

11.

Report of the Magnitude Committee

Speaking for the Magnitude Committee, Karnik submits the follo-
wing report :

The Committee on Magnitude met on August 28 and discussed
the following items :

1. Letter from J. P. L. Willmore of July 17, 1963. Answer :
The existing procedures of the M — determination are not
well adapted to the use of PV and PH amplitudes with periods
smaller than 0,5 sec. Therefore the short period seismographs
with peak magnification at 0.3 - 0.4 sec. are not suitable.
Magnitudes obtained from short-period Benioff seismographs
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are 0.7 - 0.8 smaller than magnitudes determined using other
types of seismographs. It is not recommended to use the trace
amplitudes on seismograms because it is almost impossible to
guarantee exactly the same constants at all stations.

2. Standard procedure of the M determination for the world
centre in Edinburgh.
It is recommended that all stations forward to the Centre the
periods and maximum amplitudes of as many phases as pos-
sible ; that the Centre will use any existing method and tables
(graphs) which are clearly defined ; that the Centre will
publish the mean values of MLH, Mpd, Mpv. etc. separately,
giving the number of observations and standard deviations ;
that the Centre will study the station corrections and the
variation of amplitudes with distance azimuth, depth and
region.

3. The text of the chapter on the magnitude determination (pre-
pared by V. Karnik ) of the Handbook of Seismological Station
Practice will be distributed to all members of the Committee
for comments.

12. — Macroseismic scale
The following resolution is then adopted.

Resolution : Considering the importance of a general agreed
version of macroseismic scale and of its physical definition it
is recommended to establish a working group under the chair-
manship of D. W. Sponheuer who will invite further experts
for the preparation of the improved version.

The following comment was received from Hirosi Kawasumi :

I have collected data of macroseismic observations by means of
the post card method in almost every destructive earthquake during
these 20 years. The number of earthquakes thus studied amounts now
to 14 in number. The number of post cards collected in each earth-
quake ranges from several hundred to 2000.

Intensity distribution and I-A curves of these earthquakes were
already published by my colleagues, Dr. Y. Sato and others.

Preliminary analysis of the ground factor was made, and a revision
of the intensity scale has also been made about ten years ago. The
resulting intensity scale does not deviate much from the scale
presented by the speaker. But some discrepancies are found. I am
therefore now going to revise again the intensity table using all the
available data by means of the IBM electronic computer.

The macroseismic data reported in the post cards are punched
on the IBM cards with the epicentral distances and soil conditions of
the observing points.

In a few months we hope we can complete the analysis of the
post card data, to get ground factor of enhancement of earthquake
intensity and intensity scale. At present, I have a question whether
the M-M scale of 12 degrees have uniform gradation or not. The Mer-
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calli scale was first made combining the Rossi-Forel scale and the
Omori scale, and I think that the division in the higher degree is too
narrow, or too much subdivided. I therefore think that the accele-
ration value assigned to each intensity above 9 or 10 is too high if
we extrapolate the speaker’s formula.

It is also clear that the earthquake damage of the buildings and
other engineering structures depends on the strength of the structure.
In Japan we have ample material to show that the strength of the
building varies according to the localities. We must also consider that
the strength of the anti-seismic capacity of the building will change
day by day.

I would like strong motion accelerographs to be installed in every
part of the seismic countries. In Japan, at present, about 150 such
instruments have been installed, although geographical distribution
is not good, and too much concentrated in large cities. It is therefore
desirable that a more even and dense distribution be made in every
part of our country and also in other countries, if possible.

I would like, if you agree, to make an international committee
or group to study these problems, and also wish that a post card
inquiry be made after every major earthquake in the world to serve
such an analysis.

I am very happy to say that Dr. Karnik is now coming to Japan
as a professor in the International Institute of Seismology and Earth-
guake Engineering in Tokyo, so that we can collaborate with each
other in these studies. I would like for any other person who is
interested to join us in the present work of revising the Earthquake
Intensity Scale.

See also in Annex II, pp. 150-154 the comment of Dr Sponheuer :
Remarks on a Modified Seismic Scale (MKS - Scale).

13. — Acknowledgements

At the suggestion of Dr Bullen the Association then expresses its
thanks to Bath who for six years has served as Associate General
Secretary.

Closing the meeting Savarensky (Chairman) expresses his thanks
to all participants and hopes that future meetings will make an
increasing amount of scientific discussion possible.
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ANNEXE I

COMMISSION SEISMOLOGIQUE
EUROPEENNE

Rapport d’activité 1960-1963
par A. ZATOPEK

La Commission Séismologique Européenne (CSE) est devenue, au
cours des années, un organisme intervenant de plus en plus dans I’évo-
lution de la recherche séismologique en Europe, & savoir (définition
donnée & la réunion d’Alicante en 1959), dans une région limitée &
I’Ouest par la créte médiane de I’Atlantique au Nord du 30° paralléle,
au Nord par ’Océan Arctique, & 'Est par 1’Oural et les pays cotiers de
la Mer Noire et de la Méditerranée et au Sud, et inclusivement, par
les pays cotiers de la Méditerranée.

Ayant été constituée dans le cadre de 1’Association Internationale
de Séismologie et de Physique de UIntérieur de la Terre (AISPIT) a
Bruxelles en 1951 pour remplacer la Fédération Séismologique Euro-
péenne, créée en 1950 comme une société libre, la CSE s’est proposé
d’organiser plus fréquemment des réunions de séismologues européens
dans le but de favoriser par tous les moyens possibles la solution des
problémes concernant l’étude séismologique de la zone définie plus
haut.

A Yorigine, 13 pays étaient représentés dans la CSE ; aujourd’hui
ce nombre s’éléve a 29, :

Depuis la réunion constituante de Bruxelles, 1a CSE a organisé les
Assemblées suivantes : Stuttgart en 1952, Rome en 1954, Vienne en
1956, Utrecht en 1958, Alicante en 1959, Helsinki en 1960 et Iéna en
1962.

Dés la réunion de Stuttgart, l’objet principal des recherches
futures a été fixé . «La structure séismique du continent européen ».
Dés lors, on a poursuivi I’étude de ce probléme complexe dans plu-
sieurs directions: la séismicité (catalogues séismiques nationaux,
cartes séismiques, détermination des positions des foyers des séismes,
classification énergétique des tremblements et problémes associés),
la tectonique (relations entre la séismicité et la tectonique du con-
tinent européen, carte séismotectonique de I’Europe), I’établissement
de nouvelles stations séismiques et le perfectionnement de l’appareil-
lage séismique (théorie et construction des séismomeétres, homogé-
néisation et uniformisation des appareils et des stations), I’étude des
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couches profondes de 1’écorce terrestre dans des régions particuliére-
ment intéressantes & l'aide de divers moyens (grandes explosions
dans les Alpes, en Belgique, etc.,, étude de la structure complexe
des Carpathes, sondages séismiques profonds et autres méthodes),
I’étude théorigue et expérimentale des ondes séismiques (spéciale-
ment par rapport & la structure de I’Europe) et I’étude des micro-
séismes observés dans les stations européennes.

Au cours de chaque réunion de la CSE, des contributions scien-
tifiques, généralement groupées dans un ou plusieurs symposia
monothématiques selon un programme préparé d’avance, sont pré-
sentées et discutées.

Des questions administratives et personnelles sont naturellement
également traitées. Les résolutions qui sont adoptées vers la fin de
chaque réunion, résolutions qui ne doivent pas s’opposer aux déci-
sions de ’AISPIT, deviennent obligatoires pour tous les pays-membres
de la CSE et leur accomplissement représente une partie substan-
tielle de l’activité de la CSE.

Pour la solution des problémes scientifiques particuliers, plusieurs
Sous-Commissions ont été créées a lintérieur de la CSE. Leur activité
pendant la période 1960-1963 a été la suivante :

1° La Sous-Commission des explosions alpines a continué son tra-
vail sous la présidence du Professeur Closs. A la réunion de Helsinki,
celui-ci a présenté un exposé sur les travaux et un rapport sur les
résultats obtenus au cours des années 1956, 1958, 1960, en utilisant
de grandes explosions dans les Alpes occidentales. Un modéle a trois
dimensions représentant des hodochrones réduites a été construit
a Strasbourg et exposé a Helsinki. Un essai d’interprétation a été
tenté par Mme Labrouste, basé sur l'utilisation des assemblages des
séismogrammes a une échelle commune de temps permettant de
suivre l’allure des phases individuelles le long de profils déterminés.

A partir de 1961, on a procédé a la réalisation de la troisiéme
étape du projet en faisant en méme temps I’analyse commune des
données. A I’Assemblée de la CSE & Iéna, on a présenté deux modéles
de la structure des Alpes occidentales — le modéle «Paris» et le
modéle « Strasbourgs — calculés par les deux groupes de travail
respectifs *. Aprés avoir examiné ces résultats, la CSE a reconnu la
nécessité d’avoir des données complémentaires et a recommandé de
poursuivre les expériences dans les régions qui n’avaient pas été
suffisamment étudiées et de continuer l’analyse des données pour
aboutir & une représentation uniforme.

Les expériences mentionnées ci-dessus ont révélé lexistence
d’une zone d’anomalies (la zone d’Ivrée, caractérisée par des vitesses
élevées et par une anomalie gravimétrique) et ont démontré I’exis-
tence des «racines» des Alpes occidentales. La profondeur maxima
de la surface de Mohorovicic est d’environ 50 km ; elle diminue vers
la limite extérieure du massif alpin.

* Ces deux interprétations ont été publiées de méme que de nombreux
autres travaux dans un volume spécial.
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La Sous-Commission a organisé plusieurs réunions de travail et
a développé une coopération permanente avec d’autres organisations
(Deutsche Forschungsgemeinschaft, Centre National de la Recherche
Scientifique en France, etc.). Quelques séismologues américains ont
méme apporté des contributions a cette recherche.

2° La Sous-Commission pour la Séismicité de I’Europe a été pré-
sidée par M. Karnik. Le Docteur Karnik, continuant I’ceuvre préparée
par le Professeur Bath, a présenté, a la réunion de Helsinki, une
revue des travaux accomplis avec un premier manuscrit du catalogue
des séismes européens et cing cartes d’épicentres. Il a souligné l'im-
portance du catalogue définitif et complet pour la construction des
cartes séismiques. La CSE a décidé de la préparation de catalogues
des tremblements pour l’intervalle 1801-1900 (I, > 7°) et pour la
période précédant l'année 1800 (I, > 9) ; il a été décidé d’établir
une statistique des chocs I, < 6° lorsqu’existent des données homo-
génes, et de commencer la préparation des cartes d’isolignes des
intensités maxima pour lintervalle 1800-1960. Tous les séismologues
européens ont été invités a prendre part a cette ceuvre complexe.
Le Professeur Beloussov a été chargé de préparer, en collaboration
avec M. Karnik, un schéma des unités séismotectoniques pour la
prochaine réunion.

La Sous-Commission a tenu une session particuliére & Iéna précé-
dant l'ouverture de I’Assemblée de la CSE, et on a discuté les pro-
blémes qui se posent en vue du travail prochain. Au cours de ’Assem-
blée de la CSE, M. Kéarnik, dans son rapport sur les progrés des
travaux, a présenté le premier tracé d’'une carte des isolignes des
intensités maxima pour I’'Europe. Les copies de cette carte ont ulté-
rieurement été distribuées par la centrale de Prague aux séismologues
des pays-membres appelés & y apporter des corrections et des com-
pléments.

La CSE a recommandé de présenter les observations macroséis-
miques sous la forme de cartes d’isoséistes et de commencer une
étude coordonnée du mécanisme au foyer de séismes européens
spécialement choisis.

A P'Assemblée de Iéna, MM. Medvedev, Karnik et Sponheuer
ont présenté, pour contribuer & une évaluation plus homogéne des
intensités macroséismiques, une échelle macroséismique modifiée et
complétée. La CSE a décidé de faire distribuer le texte & toutes les
institutions séismologiques en vue de discussion afin que soit pré-
sentée a I’Assemblée générale de IAISPIT (Berkeley 1963) une
deuxiéme version corrigée.

A Iéna, la CSE a aussi pris la décision de créer, dans le cadre
de la Sous-Commission pour la séismicité, un groupe de travail chargé
d’étudier en détail la séismicité du bouclier finno-scandinave.

Le Professeur Beloussov et le Docteur Sorsky ont présenté, & la
réunion de Iéna, le premier tracé de leur carte séismotectonique
de I'Europe qui a été discuté. La CSE a approuvé les principes d’aprés
lesquels la carte avait été construite. Une deuxiéme version, tenant
compte des remarques rassemblées dans les différents pays de I’Eu-
rope et de derniéres données séismologiques doit étre présentée a
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la prochaine Assemblée de la CSE. Des données sur les récents mouve-
ments tectoniques seront incluses dans le contenu de la carte et
on utilisera toutes les données géophysiques et d’autres qui pour-
raient avoir une importance pour les études structurales.

3° La Sous-Commission pour l'élude séismique de la région car-
pathique a été créée a Alicante en 1959. A la réunion de Helsinki,
la CSE a été informée des premiers contacts entre séismologues des
pays intéressés. Il a été décidé de constituer la Sous-Commission
le plus to6t possible et de présenter son programme de travail a la
CSE. Le Professeur Savarensky a préparé la composition de la Sous-
Commission et le Professeur Zatopek a continué le travail d’organi-
sation par correspondance et par des entretiens personnels. A Iéna,
il a présenté un rapport sur l’état des recherches séismologiques
dans la région des Carpathes et des Balkans avec un programme
d’activité de la Sous-Commission. Dans une session particuliére tenue
a Iéna, on a discuté surtout la coordination des travaux futurs. Dans
les résolutions de Iéna concernant cette Sous-Commission on a recom-
mandé de perfectionner l'équipement des stations déja existantes
et d’établir des stations nouvelles, munies d’appareils de haute sensi-
bilité avec des caractéristiques uniformes. En outre on a recommandé
l'utilisation de l’échelle macroséismique de MM. Medvedev, Karnik
et Sponheuer pour aboutir & un matériel macroséismique aussi homo-
géne et exact que possible. Un groupe de coordination a été chargé
d’assurer une meilleure efficience aux sondages séismiques profonds
qui sont en préparation dans la région carpathique. On a enfin
recommandé d’établir des contacts avec les géodésiens et géologues
en vue d’améliorer la connaissance des critéres géologiques et tec-
toniques de la séismicité et de toute la dynamique de la crofite
terrestre. A présent on prépare une collaboration multilatérale qui
devrait se réaliser en 1964-1967 au cours de la campagne de sondages
profonds qui seront exécutés en Tchécoslovaquie.

4° La Sous-Commission pour les publications a examiné les pos-
sibilités de la publication des travaux présentés a la CSE et d’autres
documents concernant son activité. Les discussions ont abouti & une
décision d’assurer, dans la mesure du possible, la publication des tra-
vaux présentés a une Assemblée Générale de la CSE avec des dis-
cussions dans le pays ou ’Assemblée s’est réunie. Dans ce but il a été
proposé de constituer & chaque Assemblée un Bureau d’édition, com-
posé des membres de la Sous-Commission et de membres volontaires.

5° A Iéna, la CSE, considérant que des raz-de-marée peuvent
se produire lors de grands séismes dans la région méditerranéenne
et sur la cote atlantique du Portugal, de I’Espagne et du Maroc, a
décidé de créer une Sous-Commission pour l’étude des raz-de-marée.

La constitution de deux groupes de travail qui a eu lieu & Iéna
doit également étre mentionnée :

a) Un groupe dont l'organisation a été confiée au Professeur
Meisser a pour but d’organiser la collaboration avec les groupes
d’études des mouvements récents de l’écorce terrestre en Europe
orientale et occidentale.

b) Une partie considérable des problémes étudiés dans le cadre
de la CSE se rattachant aux problémes du projet de l’étude du
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manteau supérieur (« Upper Mantle Project»), la CSE a décidé de
la création d’'un groupe de travail consacré aux problémes «du pro-
jet du manteau supérieur et de son influence sur la crofite terrestre »,
groupe qui est présidé par le Professeur Savarensky. Aprés avoir
établi son programme scientifique ce groupe devra organiser un
symposium sur la structure du manteau supérieur et de la croiite
terrestre & la prochaine Assemblée de la CSE & Budapest en 1964.

Il convient de mentionner les travaux de recherches effectuées
dans le cadre de la CSE et de rappeler I'état actuel des études séis-
mologiques en Europe :

Au cours du symposium faisant partie du programme de 1’Assem-
blée de Iéna sur le sujet principal «L’écorce terrestre en Europe»
de nouveaux résultats obtenus par l’étude des grandes explosions,
des séismes proches, de la dispersion des ondes superficielles, des
ondes Lg et analogues, et des microséismes ont été exposés. En
plus on a présenté des contributions sur divers problémes; cette
abondance a souligné la nécessité d’'une meilleure concentration thé-
matique pour les Assemblées prochaines. Tout de méme, on a pu
constater que la séismologie européenne a fait de rapides progreés
dans un nombre considérable de pays-membres.

L’auteur du présent rapport a adressé aux membres de la CSE
une circulaire leur demandant de lui fournir des informations sur
les recherches actuelles et projetées prochainement dans leurs pays.
Le matériel qu’il a reeu et dont il remercie vivement les expéditeurs,
a permis, conjointement avec des informations contenues dans les
périodiques accessibles, de se faire une image générale de I’état de la
séismologie en Europe :

1° Le réseau des stations séismologiques en Europe a été consi-
dérablement amélioré. On a augmenté et modernisé 1’appareillage
de nombreuses stations et établi des stations nouvelles ou des sys-
témes de stations spéciales équipées d’appareils de haute sensibilité.
L’utilisation des systémes homogénes ou standardisés, introduits en
URSS et dans un nombre de stations de I’Europe occidentale, offre
beaucoup d’avantages pour ’étude des amplitudes et de 1’énergie,
et pour linterprétation des microséismes. On prévoit l’augmenta-
tion du nombre de ces stations en particulier dans la région des
Carpathes et des Balkans. La mise en opération de divers instruments
spéciaux (strain-seismometer, microbarographes, etc.) a été réa-
lisée ou est prévue en vue d’études spéciales, par exemple la détec-
tion d’explosions nucléaires.

2° Parmi les méthodes actuelles de mise en valeur des enre-
gistrements, il faut mentionner I'utilisation en URSS d’un calcula-
teur électronique pour une localisation rapide des épicentres ; d’autres
instruments automatiques sont déja en usage en Europe.

Dans le sens de la résolution N° 48 de la XIIéme Assemblée
Générale de 'UGGI a Helsinki en 1960, un groupe composé des séis-
mologues soviétiques et tchécoslovaques a essayé de contribuer & la
standardisation des méthodes de détermination de la magnitude des
séismes en publiant des tableaux pour les diverses ondes utilisées
dans la pratique. La question doit étre discutée a Berkeley par la
Commission des magnitudes de I’AISPIT.
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3° Un nombre trés élevé de travaux se rapporte a la séismicité
du continent européen. En dehors des catalogues nationaux des
séismes, on a publié des mémoires qui, d’'une part, présentent des
caractéristiques régionales, d’autre part traitent de séismes indivi-
duels ou de l'activité séismique d’une région trés limitée, p. ex.
celle de Vrancea en Roumanie. La carte des intensités maxima,
dressée par le Professeur Rothé pour la France et I’Afrique du Nord,
ouvre la série des cartes nationales de ce genre.

4° Le mécanisme au foyer a été étudié par des méthodes théo-
riques et expérimentales dans plusieurs pays (p. ex. 'URSS, Pologne,
Roumanie, Allemagne, etc.). Une attention particuliére a été donnée
au mécanisme dans les foyers profonds prés de Vrancea. Des études
du mécanisme au foyer et des conditions de la naissance des séismes
européens sont prévues 4 une plus grande échelle.

5° Le rayonnement séismique, les problémes des constructions
antiséismiques, l'application de la séismologie dans les mines, les
coups de toit, etc. ont été étudiés dans une grande mesure en URSS,
Tchécoslovaquie, Allemagne, Roumanie, Espagne, France, Yougo-
slavie, etc.

6° Trés nombreux sont aussi les mémoires consacrés aux questions
de la structure de l’écorce terrestre en Europe, aux relations entre
la séismicité et la tectonique, aux problémes séismotectoniques en
général, et & des questions séismiques concernant le manteau
supérieur.

La profondeur de la surface de Mohorovi¢ié a été déterminée en
de nombreux pays par la méthode des sondages séismiques. Quelques
résultats sont donnés ci-apreés :

Allemagne, au nord des Alpes ...........c..covvvvn.. 26-30 km
Finlande (1957-1962) .......... ... iiiiiiininennnnnnnn 33 km
Norvége (1960-1962) .............ccoviiiinnerinnnnnnnn. 28 km
Pologne (1961) ... ... .. it i i s 33 km
Tchécoslovaquie (Bohéme) (1963) .................... 35 km

Des plans pour la continuation de ces expériences ont été mis
au point dans les régions suivantes : Alpes centrales, Allemagne, Car-
pathes, Bohéme, France.

Pour déterminer la structure de 1’écorce en Europe, on a aussi
employé la méthode de la dispersion des ondes séismiques (p. ex. en
Roumanie, en Hongrie, en Espagne, en Allemagne, en Suéde, en Italie,
en URSS, au Danemark et en Tchécoslovaquie).

La plupart des travaux de caractére séismotectonique ont été
effectués en URSS. Des mémoires relatifs a4 ce domaine ont été publiés
en Tchécoslovaquie, Roumanie, Yougoslavie, Gréce, Espagnhe et
Hongrie. .

Dans le cadre du projet du manteau supérieur, ’'URSS, 1a France,
la Tchécoslovaquie, les Pays-Bas, le Danemark et la République Démo-
cratique Allemande ont présenté leurs programmes nationaux, dont
une part comprend des travaux séismiques.

7° Les travaux publiés en Europe sur la propagation de diverses
ondes sont également nombreux pendant l’époque considérée. Il

145

10



s’agit d’études théoriques aussi bien que de travaux expérimentaux
concernant les qualités cinématiques et les parametres dynamiques ;
quelques-uns ont été déja mentionnés. Des études de modéles de
Vécorce ont été effectués en URSS, en Tchécoslovaquie, en Allema-
gne, etc. Des travaux trés intéressants appartenant a ce groupe de
problémes sont projetés en Gréce, Roumanie, Yougoslavie et Irlande.

8° En ce qui concerne les recherches sur les microséismes euro-
péens, les travaux des spécialistes soviétiques sont les plus compré-
hensifs. Le résultat principal est la preuve expérimentale de l’exis-
tence des vibrations microséismiques au fond de la mer, si la sur-
face d’eau n’est pas tranquille. Les mémoires sur les microséismes
publiés dans d’autres pays, ol linvestigation des microséismes est
devenue pour ainsi dire traditionnelle, se rapportent a la nature
physique, 'origine et la propagation des microséismes européens et
a différentes relations entre l'activité microséismique et les facteurs
météorologiques et géologo-tectoniques (Suéde, Tchécoslovaquie, Alle-
magne). Des études spéciales sont prévues en Algérie (tempétes
microséismiques & début brusque), en Roumanie (étude du bruit de
fond des stations séismiques), dans la République Fédérale Alle-
mande (relations entre les microséismes et la structure tectonique).

Ce rapport démontre que ’ensemble des questions auxquelles les
séismologues européens s’efforcent de trouver la réponse comprend
pratiquement toutes les branches de la séismologie moderne. Il appa-
rait qu'une coordination du travail et une certaine tactique et
stratégie paraissent absolument nécessaires. Les méthodes utilisées
pour résoudre les problémes doivent étre adaptées a ’état actuel des
moyens techniques et a l'organisation moderne du travail qui, en
outre, devrait étre aussi économique. Le volume de matériaux et de
données que nous avons & analyser augmente de jour en jour. Les
formules théoriques qui devraient étre représentées sous forme de
graphiques ou de tables numériques sont souvent trés compliquées
et comprennent plusieurs parameétres. Leur représentation numérique
avec un intervalle convenable dans la variation des parameétres néces-
site une énorme quantité de temps, si I'on utilise les types usuels
de machines a calculer. On devrait donc employer systématiquement
des calculatrices électroniques et s’efforcer de mécaniser et automa-
tiser autant que possible les méthodes d’enregistrement et de la mise
en valeur des inscriptions. Dans cette voie, la présente situation
en Europe laisse beaucoup a désirer. On pourrait penser & un centre
numeérique international spécialisé dans les problémes séismologiques.
Il faudra améliorer 'organisation des groupes de travail et penser
a une coordination plus complexe et perspective, faciliter le travail
d’équipes. Dans quelques pays de I’Europe représentés dans la CSE,
de bonnes conditions de travail en équipes sont réalisées depuis long-
temps ou plus récemment, comme en Finlande.

L’organisation de nouvelles formes de travail en séismologie
européenne, sera pour la CSE, une tache trés importante dans un
avenir trés proche.

A. ZATOPEK
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ANNEXE II
INTENSITY SCALE OF EARTHQUAKES

Compiled by S. MEDVEDEV, W. SPONHEUER, V. KARNIK
(Version May 1963)

Classification of the Scale

I. - Types of Structures (buildings)
Structure A: Buildings in field-stone, rural structures, Adobe
houses, clay houses.

B: Ordinary brick buildings, buildings of the large
block and prefabricated type, half timbered struc-
tures, buildings in natural hewn stone.

C: Reinforced buildings, well-built wooden structures.

II. - Definition of quantity
Single, a few : about 5%

Many : > 50%
Most : > %

III. - Classification of damage to buildings

Grg‘de 1: Slight damage : Fine cracks in plaster ; fall of small
pieces of plaster.

Grade 2: Moderate damage : Small cracks in walls ; fall of fairly
large pieces of plaster ;
roofing tiles slide off; cracks in chimneys ; parts of
chimneys fall down.

Grade 3: Heavy damage : Large and deep cracks in walls ; fall of
chimneys.

Grade 4: Destruction : Gaps in walls ; parts of buildings may col-
lapse ; separate parts of the building lose their cohe-
sion ; inner walls collapse.

Grade 5: Total damage : Total collapse of buildings.

IV. - Arrangement of the Scale

a) Persons and surroundings.
b) Structures of all kinds.
¢) Nature.

Intensity Scale

I. - Not noticeable

a) The intensity of the vibration is below the limit of sensibility ;
the tremor is detected and recorded by seismographs only.
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II. - Scarcely noticeable (very slight)

b)

Vibration is felt only by individual people at rest in houses,
especially on upper floors of buildings.

III. - Weak, partially observed only

a)

The earthquake is felt indoors by a few people, outdoors only
in favourable circumstances. The vibration is like that due
to the passing of a light truck. Attentive observers notice a
slight swinging of hanging objects, somewhat more heavily
on upper floors.

IV. - Largerly observed

a)

The earthquake is felt indoors by many people, outdoors by a
few. Here and there people awake, but no one is frightened.
The vibration is like that due to the passing of a heavily
loaded truck. Windows, doors and dishes rattle. Floors and
walls creak. Furniture begins to shake. Hanging objects swing
slightly. Liquids in open vessels are slightly disturbed. In
standing motor cars the shock is noticeable.

V. - Awakening

a)

b)
c)

The earthquake is felt indoors by all, outdoors by many. Many
sleeping people awake. A few run outdoors. Animals become
uneasy. Buildings tremble throughout. Hanging objects swing
considerably. Pictures knock against walls or swing out of
place. Occasionally pendulum clocks stop. Unstable objects
may be overturned or shifted. Open doors and windows are
thrust open and slam back again. Liquids spill in small amounts
from well-filled open containers. The sensation of vibration
is like that due to a heavy object falling inside the building.
Slight damages in buildings of type A are possible.

Sometimes change in flow of springs.

V1. - Frightening

a)

b)

c)

Felt by most indoors and outdoors. Many people in buildings
are frightened and run outdoors. A few persons lose their
balance. Domestic animals run out of their stalls. In a few
instances dishes and glassware may break, books fall down.
Heavy furniture may possibly move and small steeple bells
may ring.

Damage of grade 1 is sustained in single buildings of type B
and in many of type A. Damage in a few buildings of type A
is of grade 2.

In a few cases cracks up to widths of 1 cm possible in wet
ground ; in mountains occasional land-slides ; change in flow
of springs and in level of water in wells are observed.

VII. - Damage to buildings

a)

b)
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Most people are frightened and run outdoors. Many find it
difficult to stand. The vibration is noticed by persons driving
motor cars. Large bells ring.

In many building of type C damage of grade 1 is caused ;
in many buildings of type B damage is of grade 2. Most build-



ings of type A suffer damage of grade 3, few of grade 4. In
single instances land-slides of roadway on steep slopes ; cracks
in roads ; seams of pipe-lines damaged ; cracks in stone walls.

c¢) Waves are formed on water, and water is made turbid by
mud stirred up. Water levels in wells change, and the flow
of springs changes. In few cases dry springs have their flow
restored and existing springs stop flowing. In isolated instan-
ces parts of sandy or gravelly banks slide off.

VIII. - Destruction of buildings

a) Fright and panic; also persons driving motor cars are dis-
turbed. Here and there branches of trees break off. Even
heavy furniture moves and some overturns Hanging lamps
are in part damaged.

b) Most buildings of type C suffer damage of grade 2, few of
grade 3. Most buildings of type B suffer damage of grade 3,
and most buildings of type A suffer damage of grade 4. Many
buildings of type C suffer damage of grade 4. Occasional
breakage of pipe seams. Memorials and monuments move and
twist. Tombstones overturn. Stone walls collapse.

¢) Small land-slides in hollows and on banked roads on steep
slopes ; cracks in ground up to widths of several centimeters.
Water in lakes becomes turbid. New reservoirs come into exi-
stence. Dry wells refill and existing wells become dry. In
many cases changes in flow and level of water.

IX. - General damage to buildings

a) General panic ; considerable damage to furniture. Animals run
to and fro in confusion and cry.

b) Many buildings of type C suffer damage of grade 3, a few of
grade 4. Many buildings of type B show damage of grade 4;
a few of grade 5. Many buildings of type A suffer damage of
grade 5. Monuments and columns fall. Considerable damage
to reservoirs ; underground pipes partly broken. In individual
cases railway lines are bent and roadways damaged.

¢) On flat land overflow of water, sand and mud is often obser-
ved. Ground cracks up to widths of 10 cm, on slopes and
river banks more than 10 cm ; furthermore a large number of
slight cracks in ground ; falls of rock, many landslides and
earth flows; large waves on water. Dry wells renew their
flow and existing wells dry up.

X. - General destruction of buildings

b) Many buildings of type C suffer damage of grade 4, a few of
grade 5. Many buildings of type B show damage of grade 5 ;
most of type A have destruction category 5 ; critical damage
to dams and dykes and severe damage to bridges. Railway
lines are bent slightly. Underground pipes are broken or bent.
Road paving and asphalt show waves.

¢) In ground, cracks up to widths of several dcm, sometimes
up to 1 metre. Parallel to water courses occur broad fissures.
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Loose ground slides from steep slopes. From river banks and
steep coasts considerable landsides are possible. In coastal
areas displacement of sand and mud ; change of water level
in wells ; water from canals, lakes, rivers etc. thrown on land.
New lakes are formed.

XI. - Destruction
b) Severe damage even to well-built buildings, bridges, water
dams and railway lines ; highways become useless; under-
ground pipes destroyed.

¢) Ground considerably distorted by broad cracks and fissures,
as well as by movement in horizontal and vertical directions ;
numerous landslides and falls of rock.
The intensity of the earthquake requires to be investigated
specially.

XII. - Landscape changes

b) Practically all structures above and below ground are greatly
damaged or destroyed.

c¢) The surface of the ground is radically changed. Considerable
ground cracks with extensive vertical and horizontal move-
ments are observed. Falls of rock and slumping of river banks
over wide areas ; lakes are dammed ; waterfalls appear, and
rivers are deflected.
The intensity of the earthquake requires to be investigated
specially.

~

REMARKS ON THE MODIFIED SCALE MKS
by Dr SPONHEUER

In 1961 the Institute of Physics of the Earth of the Soviet
Academy of Sciences in Moscow made the Medvedev Scale used in
the U.S.S.R. a subject for discussion in a circular and asked seismolo-
gists for proposals for the improvement of this scale. This suggestion
was taken up by Karnik (Prague) among others, who in his works
on the seismicity of Europe had experienced the insufficiency of
the scales used up to then, which did not permit a uniform work.
Medveded (Moscow), Karnik (Prague) and Sponheuer (Jena) developed
in collaboration the draft of the improved seismic scale using exist-
ing scales like the Mercalli-Cancani-Sieberg Scale, the Modified
Mercalli Scale by Wood and Neumann, and the Medvedev Scale. The
draft was presented to the Jena meeting of the European Seismo-
logical Commission in 1963. In accordance with the decision of this
meeting the draft was sent to all seismological institutions in German
and English with the request for comments. I want to express my
thanks to Dr. Tillotson for the correction of the English version.
Fortunately quite a number of seismologists answered the circular
and handed in proposals for the improvement of the scale. These
are Mr. Bendefy, Bisztricsany, Csomor, Egyed, Kiss and Simon from
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Budapest (Hungary) ; Buchheim, Meisser and Militzer from Freiberg
and Richter from Halle (G.D.R.) ; Eiby from Wellington (New Zea-
land) ; Fiedler from Caracas (Venezuela) ; Galanopulos from Athens
(Greece) ; Jensen from Copenhagen (Denmark); Dvorak from
Prague (Czechoslovakia) ; Koridalin and Shebalin from Moscow
(U.S8.8.R.) ; Morelli from Trieste (Italy); Munuera from Madrid
(Spain) ; Petkov from Sofia (Bulgaria) ; Petrescu from Bucharest
(Rumania) ; Hirono from Tokyo (Japan).

I want to express my thanks to all who showed their interest
in the problem by their comments and who helped to improve the
scale.

In May 1963 these comments were discussed by Medvedev and
Sponheuer in Moscow and the scale was changed where it seemed
to be necessary. Hereafter the most important comments and the
corresponding alterations in the text of the scale will be quoted, the
sequence of the comments being of no importance. The secretary-
general of the section seismology and physics of the interior of the
earth of the national committee for geodesy and geophysics of
Spain sent a detailed and approving comment on the scale
proposed. He asks to consider whether the stronger or the
weaker types of structures should be placed on top of the scale.
In this question we follow the opinion of our colleagues as it is a
question of habit. Munuera’s proposal to add to the three categories
of types of structures the earthquake resistant buildings deserves
notice. The authors, however, believe that it is not necessary, because
such buildings are only damaged when the intensity calculated as
harmless for them is surpassed. These cases want to be investigated
specially.

Mr. Munuera thinks as well that in nearly all 12-grade scales the
first grade is superfluous, because it does not refer to felt earth-
quakes and that the 11th and 12th grades require special investig-
ation. When the first grade is omitted and the last two grades are
united a ten-grade scale is obtained which is for certain reasons
to be preferred to the 12-grade scale. A similar opinion is expressed
by Prof. Rothé, Strasbourg. The authors, however, think that it
is profitable to keep the 12 grades of the scale as they are defined.

Mr. Eiby, Wellington, sent us a long comment and his 1963 N.Z.
version of a modified Mercalli-Scale. Eiby also proposes four cate-
gories of types of structures. It is noticeable, however, that in his
scale the category A (Buildings designed to resist lateral forces
in terms of the N.Z. Standard Building Code) is mentioned only
once in the 8tk grade «“Masonry A undamaged”. This unique men-
tioning of the category A, in which a negation is expressed, seems
to the authors to be contradicting the demand for a category of
earthquake resisting structures. Further Eiby believes that the
effects of vibrations of the earth are proportional to ground dyna-
mics only within certain ranges and therefore he thinks the defini-
tion of the grades of the scale by values of acceleration to be
unsuitable. The authors, however, think that the establishing of
experimentally determined magnitudes of oscillation for the grades of
the scale secures a larger range of efficiency, e. g. in the engineering
seismology, and that the grades of strength are defined physically.
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For defining the grades of the scale Eiby offers the following
proposals, which refer e.g. to the use of phenomena noticed occasion-
ally near the limit of sensibility as the behaviour of animals and
subjects acting as seicmoscopes. The first grade of the scale shall
be characterized by such features. The 1st grade of the MM Scale
NZ. version 1963 reads as follows: «Not felt by humans, except
under especially favorable circumstances, but birds and animals may
be disturbed. Dizziness or nausea may be experienced. Branches of
trees, chandeliers, doors and other suspended systems of long natural
period may be set into seiche oscillation.” The authors think that
the scale should contain only general characteristics. As the pheno-
mena described can be noticed at the outer edge of the vibration
area only in exceptions they should not be taken into the scale. On
suggestion of Eiby the sentence “Slight waves on standing water”
in the description of the 5th grade is cancelled and in the 6th grade
under ¢ «in few cases” is added, to take into consideration that
generally at this intensity in the 6th grade cracks in ground appear
only under special circumstances.

Galanopulos, Athens, refers to the fact that the definition of
guantity was not used continuously. According to his proposal the
word «“few” is used instead of “some” where necessary (6th, 9t and
10th grades). For classifying the damages Galanopulos proposes to
expand in categories 2 and 3 the description of the cracks by “small”
and “large” by adding <“superficial” and «deep”. The authors think
that it is impossible to notice in narrow cracks whether they are
narrow and superficial or deep, but instead of «“large cracks” “large
deep cracks” should be written. Further according to Galanopulos’
proposal in the 5th grade unter b «Slight damages in buildings of
type A are possible” is added. A further suggestion, to begin the 11th
grade with the sentence “Many buildings of the type C and most
of the type B suffer damages of the category 5” and the 12th grade
with “Most buildings of the type C suffer damages of the category
5”7 is not accepted, because the intensity of the earthquake in these
two grades requires special investigations, as the authors point out.

Further Galanopulos says that the coefficient of the seismic
power in Japan never was greater than 0,3 g and proposes to apply
the following empiric formula for the definition of the ground
acceleration :

a=026—011++ 0,01 I2.

The values of this formula are lower than those of the MKS
Scale and differ from those values especially in higher intensities.
The authors think that the values by Medvedev correspond better
to experimental experiences.

From the contribution of the Hungarian group the following
suggestions were taken: In the 3rd grade of the scale “somewhat
more heavily on upper floors” is added to the last sentence. In
the 5th grade the word <“considerably” is added to the sentence
«Hanging objects swing”. Further the word “open” is put before the
sentence «“Doors and windows are thrust open and slam back again”.
Under letter ¢ the first sentence is cancelled «Slight waves on
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standing water”. The same was proposed by Eiby. The descriptions
of damages in churches should be taken into the scale according
to the opinion of the Hungarian group as these are quite others than
those of damages in dwelling-houses. We think that the variety
of descriptions of damages necessary for that is not helpful for
the scale. :

In the description of the 6ith grade from the sentence “In many
instances dishes and glassware may break, books fall down ..” the
last part «pictures move and unstable objects overturn” is cancel-
led, because this description is given already in the 5th grade. The
proposal of the Hungarian group to develop a questionnaire adapted
to the scale correspond to the necessities. It should, however, be
realized only after the final forming of the scale.

Mr. Fiedler, Caracas, points out that it would be favourable
especially for the situation in South America to take into conside-
ration the special way of building in these regions. Important
features of these buildings are the missing cellars and the large
interruptions of the walls by glass partitions and windows. Fiedler’s
hint should be taken into consideration as soon as sufficient expe-
riences on the seismic behaviour of tropical types of structures are
at hand.

According to Morelli’'s proposal, Trieste, the different ground
and its behaviour during earthquakes should be taken into consi-
deration as a decisive factor in damages. These are questions which
should be investigated especially in engineering seismology.

Jensen, Copenhagen, refers to the inconsistencies in the descrip-
tions of grades 8 and 9 under b. In grade 8 should be said : “Most
buildings of type C suffer damage of grade 2, here and there of
grade 3”. The sentence «Many buildings of type C suffer damage
of grade 4” is cancelled. Under the 7th grade letter b should be
written “In many buildings...” instead of “in buildings of type B
damage is of grade 2”. Jensen thinks it opportune to have the
terminology as simple as possible. It is said, e. g., “Many buildings
show damages”, in another place «suffer damages”. In both cases
the meaning is the same. There is no objection to it, except that
the style of the scale becomes more monotonous.

An interesting contribution was handed in by Buchheim, Frei-
berg. He proposes a new arrangement of the scale in the way of
geomagnetic numbers where subjectively observed appearances are
different from objectively observed effects in buildings, etc... By means
of a five-figure number the letters a and b cover subjective appea-
rances, ¢, d and e objective. The figures have the values 0 to 9.
By means of such a simple algorithm a summary seismic grade of
strength for the place of investigation is got from the figures. This
idea will be studied and wants a longer time for investigation which
was not at hand before the general meeting in Berkeley. If the
proposal proves to be workable its application in the scale should
be united with the introduction of an improved questionnaire.
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An interesting contribution by Dvorak (Prague) could not be
taken into consideration. It deals with the classification of damages
in structures of prefabricated type. Many experiences should be col-
lected concerning this question to take this new and extending way
of building into consideration.

The Council of Seismology of the U.S.S.R. sent us a letter, saying
that there were no serious objections concerning the text of the
improved seismic scale.

Presenting this second improved draft of the scale we think
that it is not yet the last version. However, we should not wait with
the setting up of a binding version. We are interested in getting
suggestions from all over the world now as before because this scale
shall be valid many years and in many countries of the world.
The world-wide use seems, however, not to be guaranteed, as can
be seen from the following letter of the Chief of the Seismological
Section of the Meteorological Agency of Japan, Takuzo Hirono :

«I would like to present our opinion as follows :

1) We have no intention to abandon our present “Intensity Scale
of Earthquakes” promulgated by the Japan Meteorological Agency.
It is especially stipulated for use in Japan, a country of the highest
frequency of earthquakes in the world. Thus we do not think it
is replaceable by any other scales of that sort, as far as we are
concerned.

2) We have no objection to the application of your proposed
scale to the world-wide use. However I should like to confirm that
we preserve the right to decide which scale we should use, even
after your proposed scale has been formulated into a resolution.
We will check the possibility of parallel use of our scale and your
proposed scale in Japan.” Tokyo, 24th May 1963.

In view of the special situation of seismicity in Japan I think
this letter to be sympathetic as it does not exclude the possibility
of a parallel use of the Japanese scale and the one presented here.
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ANNEXE III

LIST OF NATIONAL COMMITTEES

and of Persons Working in Seismology
and Physics of the Earth’s Interior



LIST OF NATIONAL COMMITTEES AND OF PERSONS WORKING
IN SEISMOLOGY AND PHYSICS OF THE EARTH’S INTERIOR

For each country the following informations are given :

A : Name and adress of the organism member of the International
Union of Geodesy and Geophysics.

A1l: Names and addresses of the president and the secretary of the
National Committee of Geodesy and Geophysics.

B : Names and addresses of the members of the National Com-
mittee (or section) of Seismology and Physics of the Earth’s
Interior.

B1: For countries with no National Committee of Seismology : names
and addresses of the members of the National Committee of
Geodesy and Geophysics.

C : Name and address of the person representing the country in the
Association of Seismology and Physics of the Earth’s Interior.

D : Names and addresses of other persons working in Seismology,
whose names have not appeared above.

E : Names and addresses of other persons working in the field of
Physics of the Earth’s Interior, whose names have not appeared
above.

It is requested that the following list be examined by the res-
pective countries and that the Secretary General of our Association be
informed about every information below which is erroneous, incom-
plete, or out-of-date.

AFRIQUE DU SUD
(République Sud Africaine)

A : Council for Scientific and Industrial Research, P.O. Box 395,
Pretoria.

Al: The Head, Science Cooperation Division, C.S.I.R. P.O. Box 395,
Pretoria.

C : The Director, Bernard Price Institute for Geophysical Research,
University of the Witwatersrand, Milner Park, Johannesburg.
D : Geological Survey, Department of Mines, Pretoria.
Republic Observatory, Johannesburg.
Magnetic Observatory, Hermanus.

E : National Physical Research Laboratory, Council for Scientific
and Industrial Research, Pretoria (Geochronology and Radio-
activity).

ALLEMAGNE

A : Deutsche Union fiir Geodéisie und Geophysik.
A1l: Prof. Dr. F. Moller (President) Meteorologisches Institut der Uni-
versitdt, Miinchen 13, Amalienstrasse 52/III.
Prof. Dr. M. Kneissl (Secretary) Geodatisches Institut der Tech-
nischen Hochschule, Miinchen 2, Arcisstrasse 21.
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B : Prof. Dr. G. Angeheister, Institut fiir angewandte Geophysik der
Universitat, Miinchen 2, Richard Wagner Strasse 10.

Prof. Dr. J. Bartels, Geophysikalisches Institut der Universitat
Gottingen, Herzberger Landstrasse 180, Gottingen.

Dr. H. Baule, Hernerstrasse, Bochum

Prof. Dr. H. Berkhemer, Institut fur Meteorologie und Geophy-
sik der Universitdt, Feldbergstrasse 47, Frankfurt a. Main.

Prof. Dr. B. Brockamp, Institut fiir reine und angewandte Geo-
physik der Universitidt, Steinfurter Strasse 107, Miinster i. W.

Prof. Dr. Closs, Bundesanstalt fiir Bodenforschung, Wiesenstrasse
1, Hannover.

Prof. Dr. Hiller, Landeserdbebendienst Baden-Wiirttemberg und
Geophysikalisches Institut der Technischen Hochschule,
Richard Wagner Strasse 44, Stuttgart-O.

Prof. Dr. K. Jung, Institut fiir Geophysik der Universitat, Neue
Universitat, Haus 34, Kiel.

Prof. Dr. H. Menzel, Institut fiir Geophysik der Bergakademie
und Technischen Hochschule, Adolf-Romerstrasse 2A, Claus-
thal-Zellerfeld.

Prof. Dr. Schwarzbach, Geologisches Institut der Universitat und
Erdbebenstation Bensberg, Ziilpicherstrasse 47, Koln.

Doz. Dr. K. Strobach, Geophysikaliches Institut der Universitit,
Hamburg 13, Von-Melle-Park 6.

C : Prof. Dr. W. Hiller, Landeserdbebendienst Baden-Wiirttemberg
und Geophysikalisches Institut der Technischen Hochschule,
Richard-Wagnerstrasse 44, Stuttgart-O.

Prof. Dr. H. Menzel, Institut fiir Geophysik der Bergakademie
und technischen Hochschule, Adolf-Romerstrasse 2A, Claus-
thal-Zellerfeld.

E : Dr. L. Ahorner, Seismologie, Erdbebenstation, Bensberg bei Koln.

Doz. Dr. O. Fortsch, Allgemeine und Angewandte Seismik, Geo-
physikalisches Observatorium, Fiirstenfeldbruck/Bayern.

Doz. Dr. E. Hardtwig, Theoretische Geophysik, Universitdt, Fried-
richstrasse 17, Miinchen.

Dr. St. Miiller, Seismik Geophysikalisches Institut der Techni-
schen Hochschule, Richard Wagner Strasse 44, Stuttgart-O.

Prof. Dr. H. Reich, Angewandte Geophysik, Schlozerweg 11, Got-
tingen.

Dr. G. Schneider, Seismologie, Landeserdbebendienst Baden-Wiirt-
temberg, Richard Wagner Strasse 44, Stuttgart-O.

Prof. Dr. R. Tomaschek, (Gravimetrie) Breithaupt am Chiemsee,
Bayern.

ALLEMAGNE (R.D.A)

A : National Committee for Geodesy and Geophysics, German Aca-
demy of Sciences, Inselstrasse 12, Rerlin C 2.

A1l: Prof. Dr. Ing. H. Peschel (President) Acting Director of the Ins-
titute of Geodesy, German Academy of Sciences, Potsdam,
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Director of the Institute of Geodesy in the Technical Univer-
sity, Dresden.

Prof. Dr. E. A. Lauter (Vice-President) Director of the Observa-
tory for Ionosphere Research, Kiithlungsborn.

Ing. D. Rotter (Secretary) Scientific Secretary in the Mining,

Foundry and Geology Section, German, Academy of Sciences,
Berlin.

. Chairman of the Expert’s Group (Seismology) :

Dr. O. Meisser, Director of the Institute for Applied Geophysics
in the Mining Academy, Freiberg.

ARGENTINE

: Comité Nacional de Geodesia y Geofisica, Cabildo 381, Buenos

Aires.

: Président : Coronel Juan Emilio Monferini Zapiola, Instituto

Geografico Militar, Cabildo 381, Buenos Aires.

. a) Servicio Meteorologico Nacional, Paseo Colon 317, Buenos Aires,

b) Prof. Ing. Gershanik, Observatorio Astronomico, La Plata.

. Ing. Fernando Volponi ; Faculdad de Ingeniera, San Juan.

Ing. Pastor Sierra, Observatorio Astronomico, La Plata.
Sr Enrique Jaschek, Observatorio Astronomico, La Plata.

AUSTRALIA

: The Australian Academy of Sciences, Gordon Street, Canberra

A.CT.

: Secretary of the Australian Committee of Geodesy and Geophy-

sics : Mr. L. S. Prior, Chief Geophysicist, Bureau of Mineral
Resources, Geology and Geophysics, 203 Collins Street, Mel-
bourne, C. 1.

: Sub-Committee of Seismology : Convenor : Dr. O. A. Jones, Depart-

ment of Geology, University of Queensland, Brisbane.

Membres : Professor K. E. Bullen, Department of Applied Mathe-
matics, University of Sydney, Sydney, N.S.W.
Father A. Fynn, Riverview Observatory, Riverview N.S.W.
Mr. R. F. Thyer, Bureau of Mineral Resources, Geology and
Geophysics, M.L.C. Building, London Circuit, Canberra A.C.T.

. Dr. O. A. Jones, Department of Geology, University of Queensland,

Brisbane.

: Dr. J. P. Webb, Department of Geology, University of Queensland,

Brisbane.
Mr. H. A. Doyle, Australian National University, Canberra, A.C.T.

Mr. J. A. Brooks, Geophysical Observatory, Port Moresby, Papua
(New Guinea).

: Professor J. C. Jaeger, Department of Geophysics, Australian

National University Canberra A.C.T. (Heat Flow).

Professor A. E. Ringwood, (High temperature - high pressure
transformations) Department of Geophysics, Australian Na-
tional University, Canberra.



Dr. W. D. Parkinson (geomagnetism) Bureau of Mineral Resour-
ces, Geology and Geophysics, 203 Collins Street, Melbourne CL

AUTRICHE

. Osterreichische Kommission fiir die Internationale Erdmessung,

Technische Hochschule, Wien IV.

. Geophysikalische Kommission bei der Osterreichischen Akademie

der Wissenschaften, Ignaz Seipelplatz 2, Wien I

President : Professor F. Steinhauser, Hohe Warte 38, Wien
XIX.

Secretary : Professor M. Toperczer, Hohe Warte 38, Wien XIX.

: Professeur M. Toperczer, Hohe Warte 38, Wien XIX.
: Professeur M. Toperczer, Hohe Warte 38, Wien XIX.
. Professeur E. Trapp, Hohe Warte 38, Wien XIX.

Professeur F. Steinhauser, Hohe Warte 38, Wien XIX.

BELGIQUE

: Académie Royale de Belgique, 1, rue Ducale, Bruxelles 1.
: Président du Comité National : Professeur J. Van Mieghem, 1, Ave-

nue Circulaire, Bruxelles 18.
Secrétaire : M. A. Massart, 28, rue de ’Aurore, Bruxelles 5.

. Pas de section de Séismologie.
: Personnalité non désignée.
. Professeur I. de Magnée, 72, Avenue de I’Hippodrome, Bruxelles 5.

Dr. P. Melchior, 190 Groeselenberg, Bruxelles 18.

Prof. P. Evrard, Institut de Géologie, Université, Place du XX-Aofit,
Liége.

M. H. Tazieff, 15, Quai de Bourbon, Paris (4°).

: J. M. Van Gils, Observatoire Royal de Belgique, 3, Avenue Cir-

culaire, Bruxelles 18.
M. S. Dopp, Centre de Physique du Globe, Dourbes (par Nismes).

BOLIVIE

: Rev. P. DescoOtes, S. J. Director, Observatorio San Calixto, Apar-

tado 283, La Paz.
Revy. P. Cabré, Observatorio San Calixto, Apartado 283, La Paz.

CANADA

: Associate Committee on Geodesy and Geophysics, National Re-

search Council, 100 Sussex Driye, Ottawa.

: President : Prof. B. W. Currie, University of Saskatchewan, Sas-

katoon, Saskatchewan.
Secretary : Dr. J. M. Roxburgh, 100 Sussex Drive, Ottawa.
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B : A. M. Bancroft, Seismology Division, Dominion Observatory,

Dr.

Dr.

Dr.

Dr.

Dr.

Dr.

Mr.

Ottawa.

A. E. Beck, Department of Geophysics, University of Western
Ontario, London, Ontario.

J. E. Blanchard, Department of Physics, Dalhousie University,
Halifax, N.S.

W. M. Cameron, Director, Marine Sciences Branch, 615 Booth
Street, Ottawa.

. R. H. Carlisle.

G. H. Charlewood, Heath and Sherwood Drilling Co Ltd, Kirk-
land Lake, Ontario.

G. L. Cumming, Department of Geophysics, University of Al-
berta, Edmonton.

W. M. Gray, Physics Section, Mines Branch, 555 Booth Street,
Ottawa Ontario.

T. A. Harwood, Defence Research Board, A Building, 125
Elgin Street, Ottawa.

Prof. D. Hall, Department of Geology, University of Manitoba,

Dr.

Winnipeg, Manitoba.

G. D. Hobson, Geophysics Division, Geological Survey of Ca-
nada, 601 Booth Street, Ottawa, Ontario.

Rev. M. Buist, S. J. Jean-de-Brebeuf College, 3200 Chemin Ste

Dr.

Catherine, Montréal, 26, P. Q.

J. H. Hodgson (President) Seismology Division, Dominion
Observatory, Ottawa (Ontario).

. A. M. Jessop (Secretary Heat Flow) Seismology Division, Do-

minion Observatory, Ottawa, Ontario.

. B. D. Loncarevic, Bedord Institute of Oceanography, P.O. Box

1006, Dartmouth, N.S.

. E. B. Manchee (Secretary) Seismology Division, Dominion Ob-

servatory, Ottawa.

. A. R. Milne, Pacific Naval Laboratories, Department of Na-

tional Defence, Esquimault, B.C.

. W. G. Milne, Department of Geophysics, University of Western

Ontario, London (Ontario).

. V. Saull, Department of Geology, Mc Gill University, Montréal,

P.Q.

. J. C. Savage, Institute of Earth Sciences, University of British

Columbia, Vancouver 8, B.C.

. G. F. West, Department of Geophysics, University of Toronto,

Toronto (Ont.).

CHILI

A : Comite Nacional de la Union Geodesia y Geofisica Internacionale,

Secretaria Instituto Geografico Militar, Castro 354, San-
tiago, Chile.

A1: Président : Coronel Alexandro Forch, Instituto Geografico. Militar,
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A

Secretaire : Mayor Cecilioc Ceballos, Castro 354, Santiago.

: Dr. Cinna Lomnitz, Instituto de Sismologia, Universidad de Chile,

Santiago.

CHINE (TAIWAN)

: President : Professeur Vei-Chow Juan, c/o Academia Sinica, Nan-

kang, Taipei.

Secrétaire : Professeur Big Chingchang, Geological Survey of Tai-
wan, P.O. Box 31, Taipei, Taiwan, China.

: Professeur Biq Chingchang, Geological Survey of Taiwan, P.O. Box

31, Taipei, Taiwan, China.

COLOMBIE

: National Committee of Geodesy and Geophysics, Sr José Ignacio

Ruiz (Président), Instituto Geografico de Colombia «Agustin
Codazzi» Bogota.

D, E: Rev. P. Jesis E. Ramirez, S.J. Instituto Geofisico de los Andes

Al

C:

A

11

Colombianos, Estacion Sismologica, Apartado 270, Bogota.

Dr. Clemente Garavito, Instituto Geografico Militar y Cadastral,
Bogota.

Dr. Ramén Mejia Franco, Granja Experimental de Cafeteros,
Chinchina, Caldas.

Dr. Carlos Gomez Martinez, Seccion Salinas del Banco de la
Republica, Bogota.

José Regner Llano, Estacion Sismolégica de la Granja Experimen-
tal de Cafeteros, Chinchina, Caldas.

Carlos Julio Sepulveda, Jefe de la Estacién Sismografica Galera-
zamba, Salenas maritimas, Galerazamba.

Belisario Ruiz Wilches, Director del Observatorio Astronémico
Nacional, Pogota.

Santiago Garavito, Director del Observatorio Geoflslco de la Uni-
versidad Nacional, Bogota.

Marcos Mora Charon, Instituto Geografico de Colombia « Agustln
Codazzi » Bogota.

Dario Rozo M., Instituto Geografico de Colombia «Agustln Co-
dazzi » Bogota,

COREE

Hyo Seung Lee, Director, National Construction Research In-
stitute, Ministry of Construction, 28 Jeong Dong, Seodaimun-
Ku, Séoul.

Hyo Seung Lee (adresse ci-dessus).

DANEMARK

: Det kongelige danske Videnskabernes Selskab, Dantes Plads 5,

Copenhague 5.
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: President : Professeur Einar Andersen, Geodaetisk Institut, Rigs-

dagsgarden 7, Copenhague V.

: Dr. H. Jensen, Geodaetisk Institut, Rigsdagsgarden 7, Copenha-

gue V.

: Dr. H. Jensen, Geodaetisk Institut, Rigsdagsgarden 7, Copenha-

gue V.

: Mlle I. Lehmann, Kastelvej 26, Copenhague O.

REPUBLIQUE DOMINICAINE

: National Committee for Géodesy and Geophysics, Estacion Sis-

moloégica, Universidad, Santo Domingo.

. Ing. Héctor Ifliguez, Estacién Central Sismolégica, Ciudad Uni-

versitaria, Santo Domingo.

Ing. Oscar Cucurullo, Estacién Central Sismolégica, Ciudad Uni-
versitaria, Santo Domingo.

EL SALVADOR

: Dr. R. Schulz, Seccion de Sismoldgia, Servicio Geolégico Nacional,

San Salvador.

ECUADOR

: Dr. Louis Eduardo Mena, Director, Observatorio Astronémico y

) Meteorolégico, Apartado 165, Quito.
Sr. Lauro Vicente Goémez, Observatorio Astronémico y Meteoro-
logico, Apartado 165, Quito.

Rev. Alberto Semanate, S.J. Convento de Santo Domingo, Quito.

ESPAGNE

: Comision Nacional de Geodesia y Geofisica, Instituto Geografico

y Cadastral, Calle del General Ibanez de Ibero, 3, Madrid 3.

. Vicente Puyal Gil, Alcala 115, Madrid 9 (Président).

Guillermo Sans Huelin, Campoamor 12, Madrid 4 (Secrétaire).

: Juan-Maria Bonelli-Rubio, Ayala 96, 1 (Président).

Juan-Manuel Lopez de Azcona, J. Costa 51, Madrid 6 (Vice-Pré-
sident).

José-Maria Munuera Quinonero, Manuel Uribe 13, Madrid 16
(Secrétaire).

Wenceslao del Castillo Gomez, Alcala 89, Madrid 9.
Nicanor Menendez Garcia, Dr. Esquerdo 64, Madrid 2.
Guillermo Sans Huelin, Campoamor 12, Madrid 4.

Luis de Cifuentes y Rodriguez, Castillo 22, Madrid 10.

Antonio Romana Pujo, S.J. Observatorio del Ebro, Roquetas
(Tarragone).



Antonio Garcia de Arangoa, Residencia de Profesores, 4 C. Uni-
versitaria, Madrid 13.

Luis de Miguel Gonzalez Miranda, Observatorio Geofisico Rey
Pastor, Toledo.

Antonio Ramos Dominguez, José y Fernando Serrano Suner, 4,
Madrid 13.

Alfredo Cabanez Marzal, Padilla 39, Madrid 6.

. Juan-Maria Bonelli Rubio, Ayala 96, Madrid 1.
: Antonio Due Rojo, S.J. Observatorio de la Cartuja, Granada.

Edouardo Fontseré y Riba, Real Academia de Ciencias, Barcelona.
Luis Lozano Calvo, Instituto Nacional de Geofisica, Madrid.

Luis Esteban Carrasco, Escuela Tecnica de Peritos Topografos,
Madrid.

Luis Chacon Alonso, Fransisco Lozano 9, Madrid 8.
Alfonso Lopez Arroyo, Estacién Sismoldgica, Malaga.
Julio Morencos Tevar, Estacion Sismolégica, Alicante.

Angel Garcia Cogollor, Observatorio Geofisico de Moca, Fer-
nando Poo.

José Luis Flores Calderon Alvarez, Fernan Gonzalés, 54, Madrid 9.
Gonzalo Payo Subiza, Observatorio Geofisico Rey Pastor, Toledo.
Tomas de Miguel Lafuente, Observatorio Geofisico, Logrono.

FINLANDE

. Finnish National Committee of Geodesy and Geophysics.
: Erick, Ph. D. Palmen (President), Department of Meteorology,

University of Helsinki, Porthania, Helsinki.

Prof. Kukkamiki, T.J., Finnish Geodetic Institute, Bulevardi 40,
Helsinki.

: Prof. Dr. E. Vesanen (President), Institute of Seismology, Univer-

sity of Helsinki, Et. Hesperiank 4, Helsinki.

Prof. M. T. Porkka, Institute of Seismology, University of Hel-
sinki, Et. Hesperiank 4, Helsinki.

Prof. E. Pentilld, Institute of Seismology, University of Hel-
sinki, Et. Hesperiank 4, Helsinki.

Prof. Talvitie J., Institute of Seismology, University of Hel-
sinki, Et. Hesperiank 4, Helsinki.

Prof. P. Saastamoinen, Institute of Seismology, University of Hel-
sinki, Et. Hesperiank 4, Helsinki.

Prof. U. J. Luosto, Instifute of Seismology, University of Hel-
sinki, Et. Hesperiank 4, Helsinki.

Prof. Teikari P., Institute of Seismology, University of Hel-
sinki, Et. Hesperiank 4, Helsinki.

Prof. J. Riihimaa, Institute of Seismology, University of Hel-
sinki, Et. Hesperiank 4, Helsinki.

: Prof. E. Vesanen, Institute of Seismology, University of Hel-

sinki, Et. Hesperiank 4, Helsinki.
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: Prof. H. Korhonen, Institute of Physics, University of Oulu, Oulu.

Prof. A. Kataja (Mrs) Geophysikal Observatory, Sodankyli.

: Prof. T. G. Sahama (Geology and Volcanology), Institute of Geo-

logy and Mineralogy, University of Helsinki, Snellmamnkatu
4, Helsinki.

Prof. T. Ph. D. Honkasalo (Gravimetry), Finnish Geodetic Insti-
tute, Bulevardi 40, Helsinki.

Prof. V. Marmo (Geology and Geological prospecting), Geological
Survey, Ottakalio B 14, Otaniemi.

Prof. M. Puranem (Geology and Geophysical prospecting), Geo-
logical Survey, Ottakalio B 14, Otaniemi.

Prof. T. Siikarla (Geophysical Prospecting), Geological Survey,
Otakallio B 14, Otaniemi.

Prof. P. Jarviméki (Geophysical Prospecting), Geological Sur-
vey, Ottakalio B 14, Otaniemi.

Prof. A. Metzger (Geology and Geophysical Prospecting) Parais-
ten Kalkki Oy, Parainen.

Prof. B. Oma (Geology and Geophysical Prospecting), Paraisten
Kalkki Oy, Parainen.

FRANCE

. Académie des Sciences, 23, Quai Conti, Paris (6°).
. Président : Prof. J. Coulomb, Président du Centre National

d’Etudes spatiales, 36, rue de la Pérouse, Paris (16°).

Secrétaire Général . Inspecteur Général Loic Cahierre, Institut
Géographique National, 2, Avenue Pasteur, Saint-Mandé
(Seine). :

: Section de Séismologie :

Président : M. L. Migaux, Directeur de la Compagnie Générale de
Géophysique, 50, Rue Fabert, Paris (7°).

Vice-Président : M. Grenet, Institut de Physique du Globe, 191,
Rue Saint-Jacques, Paris (5°).

Secrétaire : Professeur J. P. Rothé, 38, Boulevard d’Anvers, Stras-
bourg.

Membres : Voir la liste publiée dans les Comptes Rendus n° 12,
p. 226-228, avec les additions suivantes :

MM. J. Aubrat, 19, Rue Gambetta, Montreuil-sous-Bois (Seine).

C. Aynard, Compagnie Franeaise des Pétroles, 19, Avenue de
Messine, Paris (8°).

A. Barbreau, Centre Etudes Nucléaires, B.P. n° 6, Fontenay-aux-
Roses (Seine).

G. Blachére, Directeur du Centre scientifique et technique du
batiment, 4, Avenue du Recteur Poincaré, Paris (16°).

C. Blot, Institut Francais d’Océanie, Nouméa (Nouvelle-Caledo-
nie).



R. Bost, Chef des Missions Scientifiques, 27, Rue Oudinot, Paris
(7°).

P. Chapouthier, Inspecteur Général, 63, Boulevard des Invalides,
Paris (7°).

J. Delhaye, Directeur de l’Observatoire, Besangon (Doubs).

M. Donner, Ingénieur, 50, Rue Fabert, Paris (7°).

R. Gaulon, Institut de Physique du Globe, 191, Rue Saint-Jacques,
Paris (5°).

G. Grau, Institut Francais du Pétrole, 115, Boulevard Bessiéres,
Paris (17°).

L. Grinda, Musée Océanographique, Monaco

J. Metzger, Centre Géophysique, M’'Bour, République du Sénégal.

Mlle Crenn, Maitre de Recherches, O.R.S.T.O.M., Service de Géo-
physique, 24, Rue Bayard, Paris (8°).

B. Géze, Professeur de Géologie a I'Institut agronomique, 16, Rue
Claude Bernard, Paris (5°).

J. Lagrula, Directeur de I'Institut de Physique du Globe, B.P.
1296, Alger.

L. Lliboutry, Professeur, Institut Fourrier, Place du Doyen Gosse,
Grenoble.

Y. Rocard, Professeur, Laboratoire de Physique de I’Ecole Nor-
male Supérieure, 24, Rue Lhomond, Paris (5°).

P. Stahl, Station Séismologique, B.P. 66, Chiraz (Iran).

Nota : M. J. Debrach, M. H. Hupner, Mme A. Hée et M. P. Molard
qui figuraient parmi les membres de la Section de Séismo-
logie (Comptes Rendus n° 12, pp. 226-228) sont décédés.

C. J. P. Rothé, Secrétaire Général de I’Association de Séismo-
logie et de Physique de I'Intérieur de la Terre, Directeur de
I'Institut de Physique du Globe de 1'Université de Strasbourg,
38, Boulevard d’Anvers, Strasbourg.

GRANDE-BRETAGNE
Voir United Kingdom

GRECE

: La Commission Géodésique et Géophysique Hellemque Service

Géographique de I’Armée, Athénes.

: G. Xenos (Président), Ingénieur, 38, Rue Polila, Athénes.

Général en retraite E. Arvanitis (Vice-Président), Ancien Direc-
teur du Service Géographique de I’Armée, 72, Rue Patmou,
Athénes.

Général en retraite G. Spiliotopoulos (Secrétaire Général), Ser-
vice Géographique de ’Armée Hellénique, 36a, Rue Vasiléos
Georgiou, Athénes.

Major Général K. Petritis, Directeur du Service Geographlque de
I’Armée Hellénique, 42, Rue Spyrou Mercouri, Athénes.
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Capitaine de Vaisseau H. Kolokythas, Directeur du Service Hydro-
graphique de la Marine, Votanikos, Athénes.

Brigadier E. Vourlakis, Directeur du Service Météorologique du
Ministére de la Défense Nationale, 6, Rue Neofitou Douka,
Athénes.

St. Plakidis, Professeur d’Astronomie a 1'Université d’Athénes, 57,
Rue Solonos, Athénes.

E. Mariolopoulos, Professeur de Météorologie a I’Université d’Atheé-
nes, 5, Rue Visiinou, Athénes.

M. Mitsopoulos, Académicien, Professeur de Géologie a 1’Univer-
sité d’Athénes, 9a, Rue Tositsa, Athénes.

K. Alexopoulos, Académicien, Professeur de Physique de 1'Uni-
versité d’Athénes, 32, Rue Promithéos, Athénes.

Th. Kouyoumjelis, Professeur de Physique a I’Ecole Polytechnique,
55, Rue Asklipiou, Athénes.

M. Anastasiadis, Professeur de Physique & 1'Université d’Athénes,
67, Rue Mavromichali, Athénes.

A. Georgiadis, Professeur de Minéralogie et Pétrologie & 1’Univer-
sité d’Athénes, 11, Rue Thiatiron-N. Smyrni, Athénes.

A. G. Galanopoulos, Professeur de Séismologie a 1’Université
d’Athénes, 12, Rue Odysséos, Athénes.

P. Santorinis, Professeur de Physique a I’Ecole Polytechnique
d’Athénes, 62, Rue Omirou, Athénes.

A. Sokos, Professeur de Photogrammeétrie a I’Ecole Polytechnique,
3, Rue Megistis (807) Athénes.

C. Zachos, Directeur de l'Institut de Géologie et de Recherches
Souterraines, 1, Rue Hiprokratous, Athénes.

J. Catsoulis, Directeur du Service Géochimique et Géotechnolo-
gique du Ministére de I'Industrie, Platia Kaningos, Athénes.

G. Skaloubakas, Directeur du Service Topographique et Cadas-
tral du Ministére des Travaux Publics, Ministére des Tra-
vaux Publics.

B. Kyriazopoulos, Professeur de Météorologie & I'Université de
Salonique, Salonique.

G. Contopoulos, Professeur d’Astronomie & I'Université de Salo-
nique, Salonique.

N. Empirikos, Professeur de Physique a I'Université de Salonique,
Salonique.

J. Xanthakis, Académicien, Professeur d’Astronomie, 47, Rue
Phokionos-Negri, Athénes.

Mme M. Markétou-Pylarinou, Professeur de Physique &4 1'Univer-
sité de Salonique, Salonique.

Maj. Général en retraite N. Pierrakéas, Ancien Directeur du Ser-
vice Géologique de I’Armée Hellénique, Service Géographique
de I’Armée Hellénique, Athénes.

P. Psarianos, Professeur de Géographie Physique a 1’Université
d’Athénes, 4, Rue Massalias, Athénes.

G. Marinos, Professeur de Minéralogie et Pétrologie a 1’Université
de Salonique, Salonique.



P. Kokoros, Professeur de Pétrologie & 1'Université de Salonique,
Salonique.

J. Argyrakos, Professeur d’Astronomie Géodésique a 1’Ecole Poly-
technique, 193, Rue 28 Octobriou, Athénes.

A. Sphikas, Professeur de Géodésie a I'Ecole Polytechnique, 36,
Rue Stournara, Athénes.

: A. G. Galanopoulos, Professeur de Séismologie a !’Université

d’Athénes, 12, Rue Odysseos, Athénes.

. G. Géorgalas, Académicien, Ancien Professeur de Minéralogie et

Pétrologie & 'Université d’Athénes, 119, Rue Patission,
Athénes.

B. Papazachos, Chef des Travaux de I'Institut Séismologique de
I’Observatoire National d’Athénes, 29, Rue Isminis, Athénes.

P. Komninakis, Assistant & I'Institut Séismologique de 1’Observa-
toire National d’Athénes, Observatoire National d’Athénes,
Athénes.

E. Delimbasis, Assistant au Laboratoire Séismologique de 1'Uni-
versité d’Atheénes, 30, Rue Solonos, Kalithéa, Athénes.

: M. Mitsopoulos (Géochronologie et Tectonophysique), Académi-

cien, Professeur de Géologie 4 I’Université d’Athénes, 9a, Rue
Tositsa, Athénes.

A. Georgiadis (Géochronologie) Professeur de Minéralogie et Pé-
trologie a I'Université d’Athénes, 11, Rue Thiatiron - N Smyr-
ni, Athénes.

Th. Kouyoumjelis (Radioactivité) Professeur de Physique a
I’Ecole Polytechnique, 55, Rue Asklipiou, Athénes.

M. Pertesis (Radioactivité et Géothermie), Ancien Directeur du
Ministére de I’'Industrie et du Commerce, Platia Kaningos,
Athénes.

J. Trikkalinos (Géochronologie et Tectonophysique), Académicien,
Ancien Professeur de Géographie Physique & I’Université
d’Athénes, 11, Rue Valtestsiou, Athénes.

HAITI

: M. V. Schneider, Directeur, Observatoire Météorologique du Petit

Séminaire, Collége Saint-Martial, Port-au-Prince, Haiti.

HONGRIE

: Comité National de I'Union Géodésique et Géophysique, Magyar

Tudomanyos Akademia, Budapest, V. Roosevelt tér. 1.

: Président : Dr. A. Tarczy-Hornoch, Académicien, Sopron.

Secrétaire : Dr. L. Egyed, membre de ’Académie, Muzeum krt 4/a.

: Dr. L. Egyed, Université Roland Eotvos, Muzeum kr.t 4/a, Buda-

pest VIIL
Dr. L. Stegena.
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Dr. E. Bisztricsany, Université Roland E§tvos, Muzeum krt 4/a,
Budapest VIIL

: L. Egyed, Université Roland E&6tvos, Muzeum krt 4/a, Budapest

VIII.

: Dr. B. Simon, Geophysical Survey, Damjanich u. 28/b, Budapest
VIIL

Dr. D. Csomor, Geophysical Survey, Damjanich u. 28/b, Buda-
pest VII.

Dr. Z. Kiss, Geophysical Survey, Damjanich u. 28/b, Budapest VII.

: Dr. J. Renner (gravimétrie), Damjanich u. 28/b, Budapest VII.

Dr. P. Salat (géothermie).
Dr. T. Boldizsar (géothermie).

Dr. V. Scheffer (tectonophysique), Hungarian Oil Cy, Szt Istvan
korut 11, Budapest V.

Dr. G. Szénas (tectonophysique).

INDE

: Ministry of Scientific Research and Cultural Affairs, Central

Secretariat, New Delhi, India (Secretary : Shri A. K. Ghosh).

Indian National Committee for Geodesy and Geophysics, Geo-
physics Research Board, c/o National Geophysical Research
Institute, Osmania University Campus, Hyderabad-7 (A.P.).

: Dr. K. R. Ramanathan (President), Director Physical Research

Laboratory, Navrangpura, Ahmedabad-9 (Gujarat).

Dr. M. S. Krishnan (Secretary) c/o0 National Geophysical Re-
search Institute, Osmania University Campus, Hyderabad-7
(AP.).

: No separate committee exists for Seismology.

: Members of the Indian National Committee for Geodesy and

Geophysics :

Dr. K. R. Ramanathan, Director, Physical Research Laboratory,
Ahmedabad-9 (Gujarat).

Dr. M. S. Krishnan, ¢/o0 National Geophysical Research Institute,
Osmania University Campus, Hyderabad-7 (A.P.).

Dr. 8. Hussain Zaheer, Director-General, Scientific and Indus-
trial Research, Rafi Marg, New Delhi-1.
Dr. S. Bhagavantam, Scientific Adviser to the Minister for De-
fence, South PRlock, Central Secretariat, New Delhi-1.
Shri L. N. Kailasam, Chief Geophysicist, Geological Survey of
India, 15 Kyd-Street, Calcutta 16.

Dr. A. N. Tandon, Director (Seismology), India Meteorological
Department, Lodi Road, New . Delhi-3.

Dr. K. N. Rao, Director, Colaba & Alibag Observatories, India
Meteorological Department, Colaba, Bombay-5.



Shri P. R. Krishna Rao, Director General of Observatories, India
Meteorological Department, Lodi-Road, New Delhi-3.

Dr. N. K. Panikker, Secretary, Indian National Committee for
Oceanic Research, CSIR Buildings, Rafi Marg, New Delhi-1.

Dr. B. C. Roy, Director-General, Geological Survey of India, 27
Chowingree Road, Calcutta-13.

Shri B. S. Negi, Director of Geophysics, Oil and Natural Gas
Commission, Rajpur-Road, Dehra-Dun (U.P.).

Dr. B. N. Singh, Deputy, Chief Scientific Officer, Air Headquarters,
New Delhi-11.

Lt Col. K. L. Khosla, Deputy Director, Geodetic and Research
Branch, Survey of India, P. B. No 77, Dehra-Dun (U.P.).

Shri R. C. Shenoy, Director (Hydrology and Statistics), Central
Water & Power Commission, Jamnagar House, New Delhi-11.

Dr. S. S. Srivastana, Director of Scientific Research, Naval Head-
quarters, New Delhi.

Dr. D. Lal, Tata Institute of Fundamental Research, Colaba,
Bombay-5.

Prof. P. K. Bhattacharya, Department of Geophysics, Indian Ins-
titute of Technology, Kharagpur, West Bengal.

Prof. S. Sundara Rama Rao, Head of the Department of Geophy-
sics, Andhra University, Waltair Visakhapatnam-3, A.P.

: Dr. A. N. Tandon, Director, Seismology, Indian Meteorological
Department, Lodi Road, New Delhi-3.

: Prof. S. K. Chakraborty, Department of Mathematics and Geo-
physics, Bengal Engineering College, Howrah, West Bengal
(Seismology).

Dr. H. M. Iyer, Tata Institute of Fundamental Research, Colaba,
Pombay-5, India (Seismology).

Prof. Jai Krishna, Director Earthquake Engineering, University
of Roorkee, Roorkee (U.P.) (Seismology).

Prof. G. S. Pitchamuthu, Department of Geology, Andhra Uni-
versity, Waltair, Visakhapatnam-3 (A.P.) (Tectonophysics).

Dr. D. N. Wadia, Geological Adviser to the Governement of India,
Central Secretariat, New Delhi (Tectonophysics).

Dr. U. Aswathanarayana, Reader in Geology, Andhra University,
Waltair, Visakhapatnam-3 (A.P.) (Geochronology).

Dr. Hari Narayan, Director, Research and Training Directorate,
Oil and Natural Gas Commission, 9-Cross Road, Dehra-Dun
(U.P.) (Crustal Studies by Geophysical Methods).

Dr. Amalendu Roy, Deputy Director, Research and Training
Directorate, Oil and Natural Gas Commission, Dehra-Dun
(U.P).

Dr. Shri 8. N. Sengupta, Superintending Geophysicist, Directo-
rate of Geophysics, Oil and Natural Gas Commission, Rajpur
Road, Dehra-Dun (U.P.) (Crustal Studies by Geophysical
Methods).
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INDONESIE

. « Madjelis Ilmu Pengetahuan Indonesia» (MIPI), Council for

Sciences of Indonesia, Medan, Merdeka Selatan 11, Djakarta.

. Président : Prof. R. Goernaso Dean, Department of Mathematics

and Physics, Institute of Technology Bandung, Bandung.

Secrétaire vacant. Bureau du Secrétaire : MIPI, Medan Merdeka,
Selatan 11, Djakarta.

: Direktorat Meteorologi dan Geofisika, Djalan Geredja Inggris 3,

Djakarta.

IRAN

: National Committee of Geodesy and Geophysics, University of

Teheran, Teheran.
Dr. M. Hesaby, President, Department of Physics, University of
Teheran, Teheran.

Dr. H. K. Afshar, Secretary, Department of Physics, University
of Teheran, Teheran.

: Dr. Z. Esmail Begy,

Dr. K. Jenab,
Dr. R. Rowshan,

Dr. Ganji, Director of the Iranian Meteorological Service, Tehe-
ran.

IRLANDE

: National Committee for Geodesy and Geophysics, 44 Upper O’Con-

nell Street, Dublin.

: Président : Mr. J. Connor, Department of Transport and Power,

Kildare Street, Dublin.

Secrétaire : Mr. J. Byrne, National Committee for Geodesy and
Geophysics, 44 Upper O’Connell Street, Dublin.

: Rev. Dr. R. E. Ingram, S. J., 35 Lower Leeson Street, Dublin.

ISLANDE

: Mr. Hlynur Sigtryggsson, Icelandic Meteorological Service, Reyk-

javik.

: Dr. Sigurour Porarinsson (Geochronology and Volcanology) Mu-

seum of Natural History, Reykjavik.

Prof. Trausti Einarsson (Gravity anomalies and thermal pro-
perties) c/o University of Iceland, Reykjavik.

Dr. Thorbjorn Sigurgeirsson (Radioactivity and magnetism) c/o0
University of Iceland, Reikjavik.

Dr. Gunnar Boovarsson, State Electricity Authority, Reykjavik.



F :

ISRAEL

: Israél Society of Geodesy and Geophysics, P.O. Box 11170, Tel

Aviv.

. Président : M. Goldschmidt, 34 Habanai St., Beit Hakerem, Jeru-

salem.

Vice-Président : N. Rosenau, Meteorological Service, B. P. 25, Beit
Dagan.

Secrétaire Général : Y. Harpaz, Water Planning for Israél, B. P.
1117, Tel Aviv.

. Séismologie : J. Bentor (Président), Institut Geéologique, Jéru-

salem
E. Arieh, Institut Géologique, Jérusalem,
C. L. Pekeris, Weizman Institute of Science, Rehovot.

ITALIE

Compléments et corrections aux renseignements figurant dans
les Comptes Rendus des Séances de la Onziéme Conférence
(Toronto 1957) page 237.

: Dott. G. Pannochia, Istituto Nazionale di Geofisica, Citta Uni-

versitaria, Roma.
Dott. F. Chiepi, Osservatorio Geofisico, Pavia.
Prof. M. Giorgi, Istituto Idrografico della Marina, Genova.
Rayer le nom du Professeur Signore (décédé).
Ajouter : Prof. F. Mosetti (Geofisica applicata), Osservatorio Geo-
fisico, Trieste.

JAPON

. President : H. Honda, Geophysical Institute, Tokyo University,

Tokyo.
Secretary : Dr. H. Takeuchi, Geophysical Institute, Tokyo Uni-
versity, Tokyo.

Members : Dr. K. Tajime, Geophysical Institute, Hokkaido Uni-
versity, Sapporo.

Dr. Z. Suzuki, Geophysical Institute, Tokohu University, Sendai.

Dr. H. Kawasumi, Earthquake Research Institute, Tokyo Univer-
sity, Tokyo.

Dr. T. Hagiwara, Earthquake Research Institute, Tokyo Univer-
sity, Tokyo.

Dr. R. Takahashi, Earthquake Research Institute, Tokyo Univer-
sity, Tokyo.

Dr. T. Hirono, Section of Seismology, Japan Meteorological Agen-
cy, Tokyo.

Dr. K. Wadati, National Scientific and Technological Center for
Disaster Prevention, Ginza Higashi 6-1, Chuo-Ku, Tokyo.

Dr. K. Irda, Geophysical Institute, Nagoya University, Nagoya.
Dr. H. Miki, Geophysical Institute, Kyoto University, Kyoto.
Dr. E. Nishimura, Geophysical Institute, Kyoto University, Kyoto.
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LIBAN

: R. P. J. Plassard, Directeur de I’'Observatoire de Ksara, Chargé

de Recherches au CNRS Francais, Observatoire de Ksara par
Zahlé, Liban.

R. P. Barthélémy Kogoj, Chef de la Section de Séismologie de
I'Observatoire de Ksara, Observatoire de Ksara par Zahlé.

: M. Bryan Gregor, Department of Geology, Université américaine,

B. P. 236, Beyrouth.

MALGACHE (REPUBLIQUE)

: Monsieur le Président du‘Comité National de Géodésie et de

Géophysique Malgache, Secrétariat de I’Académie Malgache,
Parc de Tsimbazaza, Tananarive, Madagascar.

MAROC

: Comité marocain de Géodésie et de Géophysique, 2, Rue de Fou-

cauld, B. P. 481, Casablanca.

Président : M. Diouri, Directeur du Service Géologique, Direc-
tion des Mines, Casablanca.

Secrétaire : M. Simonet, Chef p. intérim du Service de Physique

du Globe et de Météorologie, 2, Rue de Foucauld, B. P. 481,
Casablanca.

: M. Kanouni, Geophysicien, Bureau de Recherches et de Partici-

pation Miniére, Rabat.

: M. Erimesco, Ingénieur Géophysicien, Institut de Péches Mari-

times du Maroc, Rue de Tiznit, Casablanca.

M. Laamri, Service de Physique du Globe et de Meétéorologie,
2, Rue de Foucauld, Casablanca.

MEXIQUE

. Instituto de Geofisica, Universidad Nacional Autonoma de Mexico,

Mexico 20, D. F.

: Mexican Committee of Geodesy and Geophysics :

Président : Ing. Manuel Medina Peralta, Universidad Nacional
Autonoma de Mexico, Instituto de Geofisica, Universidad
Nacional Autonoma de Mexico. Mexico 20, D. F.

Secrétaire : Dr. Julian Adem, méme adresse.

: Section of Seismology :

Président : Dr José Merino y Coronado, Instituto de Geofisica,
Universidad Nacional Autonoma de Mexico, Mexico 20, D. F.

Section of Physics of the Earth’s Interior :

Dr. Ismael Herrera R., Instituto de Geofisica, Universidad Na-
cional Autonoma de Mexico, Mexico 20, D. F.

Ing. Ricardo Monges Lopez, Instituto de Geofisica, Universidad
Nacional Autonoma de Mexico, Mexico 20, D. F.



and

. The above persons represent Mexico in the Association of Seis-

mology and the Physics of the Earth’s Interior.

: Sr. J. Figueros, Ex-Chief of the Office of Seismology, Instituto

de Ingenieria, Universidad Nacional Autonoma de Mexico,
Mexico 20, D. F.

Dr. Emilio Rosenblueth, Director of the Engineering Institute,
Instituto de Ingeniera, Universidad Nacional Autonoma de
Mexico 20, D. F.

Hernandez Moedano H., Servicios Geofisicos, Avenida Juarez 97
Depto. 302, Mexico, D. F.

Ing. Leonardo Zeevaert, I. Catolica N° 68, 40, piso, Mexico, D. F.

Sr. Octavio Fernandez de Castro, Cerrada Miguel Norena 48-2,
Col. San José Insurgentes, Mexico, D. F.

Ing. Sergios Ferraez, Instituto de Ingeniera, Universidad Nacional
Autonoma de Mexico, Mexico 20, D. F.

Ing. Luis Flores Covarrubias, Instituto de Ingeniera, Universidad
Nacional Autonoma de Mexico, Mexico 20, D. F.

NORVEGE

: Den Norske Nasjonale Komite for Geodesi og Geofysikk, Norges

Geografiske Oppmaling, Postbox 1368, Oslo 1.

. President : Dr. J. Eggvin, Havforskningsinstitutted, Nordnesparken

2, Bergen.
Secretary : Forstegeodet G. Jelstrup, Norges Geografiske Opp-
maling, Postboks 1368, Oslo 1.

: There is no National Committee of Seismology, but within the

National Committee of Geodesy and Geophysics there is a
group of Volcanology and Seismology.

: Those within the mentioned group of Volcanology and Seismo-

logy who work within Seismology are:

Professor Anders Kvale, Geologisk Institutt, Joachim Frielesgate 1,
Bergen.

Dosent Markvard Sellevold, Jordskjelvstasjonen, Villaveien 9, Ber-
gen.

: Dr. Harold Major, Norsk Polarinstitutt, Qbservatoriegt 1, Oslo.

NOUVELLE ZELANDE

. Department of Scientific and Industrial Research, P.O. Box 8018,

Wellington.

. Président : Dr. E. L. Robertson, Geophysics Division, Department

of Scientific and Industrial Research, P.O. Box 8005, Welling-
ton.

Secretary : Mr. J. M. Wright, New Zeland National Committee for
Geodesy and Geophysics, P.O. Box 8005, Wellington.

: Dr. F. F. Evison, Department of Scientific and Industrial Re-

search, P.O. Box 8005, Wellington.
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PAKISTAN

: Not yet nominated.
Al;

President : Mr. A. Ahad, T.Q.A., Surveyor General of Pakistan,
Victoria Road, Post Box n° 3906, Karachi (West Pakistan).

Secretary : Mr. S. Q. Hasan, Deputy Director (Geodesy) Geodetic
Institute, Survey of Pakistan, Brewery Road, Post Box n° 83,
Quetta (West Pakistan).

: Chairman : Dr. N. M. Khan, Director General, Geological Survey

of Pakistan, Saryab Road, Quetta (West Pakistan).

Secretary : Mr. Abdul Qadir Khan, Deputy Director, Seismic Sec-
tion, Geophysical Observatory, Pakistan Meteorological De-
partment, Brewery, Quetta (West Pakistan).

Members : Mr. S. Q. Hasan, Deputy Director (Geodesy) Geodetic
Institute, Survey of Pakistan, Brewery Road, Post Box n° 83,
Quetta (West Pakistan).

Mr. A. M. Khan, Geological Survey of Pakistan, Saryab Road,
Quetta (West Pakistan).

: Mr. Abdul Cadir Khan, Deputy Director, Seismic Section, Geonhy-

sical Observatory, Pakistan Meteorological Department, Bre-
wery, Quetta (West Pakistan).

PAYS-BAS

: Koninklijke Nederlandse Akademie van Wetenschappen, Klove-

niersburgwal 29, Amsterdam.

: Président : Prof. Dr. W. Bleeker, Koninklijk Nederlands Meteoro-

logisch Instituut, De Bilt.
Secrétaire : Prof. Dr. J. Veldkamp, Koninklijk Nederlands Meteo-
rologisch Instituut, De Bilt.

: Ir. J. C. d’Arnaud Gerkens, Produktie en Exploratie Laboratorium

van de Koninklijke Shell, Volmarlaan 6, Postbus 4060, Rijs-
wijk (Z. H.).

Dr. B. Baars, B.IL.P.M,, Carel van Bylandtlaan 30, ’s-Gravenhage.

Battafse Internationale Petroleum Maatschappij, Carel van By-
landtlaan 30, s’-Gravenhage.

Prof. Dr. R. W. van Remmelen, Geologisch Instituut, Oude Gracht
320, Utrech®.

Prof. Dr. H. P. Berlage, Koninklijk Nederlands Meteorologisch Ins-
tituut, De Bilt.

Dr. N. A. I M. Boelrijk, Laboratorium voor Isotopen-Geologie, Prin-
sengracht 130, Amsterdam.

Dr. A. J. H. Boerboom, Laboratorium voor Isotopen-Geologie,
Nieuwe Prinsengracht 130, Amsterdam.

Dr. C. Braak, Hobbemalaan 24-D 32, Bilthoven.

Dr. L. P. G. Koning, Jan van Galenstraat .145 I, Amsterdam.

Prof. Dr. P. H. Kuenen, Hoogleraar-Directeur van het Geologisch
Instituut, Melkweg 1, Groningen.
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Dr. H. N. A. Priem, Laboratorium voor Isotopen-Geologie, Nieuwe
Prinsengracht 130, Amsterdam.

Prof. Dr. M. G. Rutten, Geologisch Instituut, Oude Gracht 320,
Utrecht.

Prof. Dr. J. G. J. Scholte, Vening-Meinesz Laboratorium voor
Geofysica en Geochemie, Lucas Bolwerk 7, Utrecht.

Prof. Dr. J. Veldkamp, Koninklijk Nederlands Meteorologisch
Instituut, De Bilt.

Prof. Dr. F. A. Vening-Meinesz, Potgieterlaan 5, Amersfoort.

Dr. Ir. C. J. Warners, Hoofdirecteur van het Koninklijk Neder-
lands Meteorologisch Instituut, De Bilt.

PHILIPPINES

. Philippine Geodetic and Geophysical Institute, Bureau of Coast

and Geodetic Survey, 421 Barraca St., San Nicolas, Manila.

: President : Capt. Cayetano Palma.

Secretary : Capt. Avelino D. de Guzman.

: Mr. W. Minosa, Chief Geophysicist, Weather Bureau, Manila, Phi-

lippines.

: Mr. W. A. Minoza, Chief Geophysicist, Weather Bureau, Manila,

Philippines.

Mr. A. T. Ocampo, Senior Geophysicist, Weather Bureau, Manila,
Philippines.

Mr. E. Mercado, Geophysicist, Weather Bureau, Manila.

Mr. T. Macalincag, Weather Bureau, Manila.

Mr. S. Bellocillo, Weather Bureau, Manila.

: Dr. F. Tienzo, Bureau of Coast and Geodetic Survey, P.O. Box

1620, Manila (Meteorology and Atmospheric Physics).
Capt. Constancio M. Legaspi (Oceanography).
Dr. A. B. Delena (Hydrology).
Dr. A. Alcaraz, Weather Bureau, Manila.

POLOGNE

: Comité National de Geéodésie et de Géophysique, Polska Aka-

demia Nauk, Palac Kultury i Nauki, Warzawa.
Président : Prof. Dr. J. Witkowski, Poznan, ul. Heweliusza 12 /
Institut de ’Astronomie de I’Académie Polonaise des Sciences.

Secrétaire : Prof. Dr. J. Lambor, Ul. Koszykowa 75/Politechnika
Warszawska - Katedra Hydrologii i Gospodarki Wodnej, Wars-
zawa.

: Prof. Dr. T. Olczak, Ul. Zwirki i Wigury 4/6, Warszawa/Institut

Géophysique de 'Université de Varsovie.

: Dr. R. Teisseyre, Ul. Pasteura 3, Warszawa/Institut de Géophy-

sique de I’Académie Polonaise des Sciences.
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: Dr. S. Gibowicz, Ul. Pasteura 3, Warszawa.

Miss. Mgr. Z. Droste, Ul. Pasteura 3, Warszawa.
Inz. J. Uchmann, Ul. Pasteura 3, Warszawa.
Miss Mgr. B. Wojtczak, Ul. Pasteura 3, Warszawa.
Mgr. Z. Gryglewicz, Ul. Pasteura 3, Warszawa.
Dr. J. Pagaczewski, Ul. Solskiego 30, Krakow.

' PORTUGAL

. Seceao Portuguesa das Unioes Internacionais Astronomica e Geo-

desica e Geofisica, Largo da Estrela, Lisboa 2.

. Président : Eng. A. Pais Clemente, Instituto Geografico e Cadas-

tral, Largo da Estrela, Lisboa 2.

Secretary : Eng. Julio M. Martins, Instituto Geografico e Cadas-
tral, Largo da Estrela, Lisboa 2.

. Président : Prof. Carlos Teixeira, Faculdade de Ciencias, R. Escole

Politecnica, Lisboa 2.

Secretary : Eng. Victor J. S. Morelra, Servicio Meteorologico, C.P.
1228, Luanda, Angola.

. Prof. H. Amorim Ferreira, Director, Servicio Meteorologico Nacio-

nal R Saraiva de Carvalho 2, Lisboa 3.

Dr. Jose P. Peixoto, Servicio Meteorologico Nacional, D. Saraiva
de .Carvalho 2, Lisboa 3.
Lic. Alfredo S. Mendes.

Lic. Jorge S. Branco, Instituto Geofisico do Infante D. Luis, R.
Escola Politecnica, Lisboa 2.

Eng. P. Alves Reis, Instituto Geofisico da Universidade, Coimbra.

Eng. Artur Craveiro, Instituto Geofisico da Universidade do Porto,
Vila Nova de Gaia, Portugal.

Lic. Diogo S. Quintino, Observatorio Afonso Chaves, Ponta Del-
gada, Acores.
Eng. A. Ferreira Paulo.

Lic. Mario V. Trepa, Servicio Meteorologico, C.P. 256, Lourenco
" Marques, Mocambique.

: Lic. A. Mendonca Dias (Geothermy and Tectonophysics) Observa-

torio Afonso Chaves, Ponta Delgada, Acores.

Eng. Freitas Pastor (geomagnetism).

Lic. Mario F. Figueira (radioactivity).

Lic. Carlos Goncalves (radioactivity).

Lic. Luis M. Victor (geomagnetism, geoelectricity, gravimetry)
Servicio Meteorologico Nacional, S. Saraiva de Carvalho 2,
Lisboa 3.

Lic. Luis A. Mata  (geomagnetism and radioactivity), Servicio
Meteorologico, “C.P. 256, Lourenco Marques, Mocambique:.
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ROUMANIE

: Comité National de Géodésie et Géophysique, 5, Rue Cuticul de

Argint, Bucarest.
Président : Prof. G. Demestrescu, Directeur de I’Observatoire As-
tronomique de Bucarest, 5, Rue Cuticul de Argint, Bucarest.
Secrétaire : Prof. Dr. C. Drimba, Observatoire Astronomique de
Bucarest, 5, Rue Cuticul de Argint, Bucarest.

. Prof. Dr. G. Petrescu, Chef de la Section de Séismologie, Observa-

toire Astronomique de Bucarest, 5, Rue Cuticul de Argint,
Bucarest.

Prof. Dr. D. Enescu, Observatoire Astronomique de Bucarest, 5,
Rue Cuticul de Argint, Pucarest.

Prof. Dr. C. Radu, Observatoire Astronomique de Bucarest, 5,
Rue Cuticul de Argint, Bucarest.

: Prof. Dr. G. Petrescu, Section de Séismologie, Observatoire Astro-

nomique de Bucarest, 5, Rue Cuticul de Argint, Bucarest.

: Dr. G. Purcaru, Observatoire Astronomique de Bucarest, 5, Rue

Cuticul de Argint, Bucarest.

Dr.D. Jianu, Observatoire Astronomique de Bucarest, 5, Rue Cuti-
cul de Argint, Bucarest.

Prof. Dr. I. Curea, Université de Timisoara, Roumanie.

SOUDAN

: National Committee for Geodesy and Geophysics, P.O. Box 306,

Khartoum.

President : C. Antoun, P.O. Box 306, Khartoum.
Secretary : A. W. Ahmed, P.O. Box 306, Khartoum.

: C. Antoun, P.O. Box 306, Khartoum.

A. W. Ahmed, P.O. Box 306, Khartoum.
M. A. Abdalla, P.O. Box 410, Khartoum.
A. A. Wahab, c¢/0 General Post Office, Khartoum.

Prof. R. H. O'Brien, Department of Physics, Faculty of Science,
University of Khartoum, Khartoum.

Y. A. Rahman, Ministry of Irrigation & H.E.P. Wad Medani, Sou-
dan.

A. M. Ibrahim, P. O. Box 878, Khartoum.

: M. A. Abdalla, P.O. Box 410, Khartoum.

SUEDE

. Svenska Nationalkommittén for Geodesi och Geofysik, Sveriges

Meteorologiska och Hydrologiska Institut, Fridhemsgatan 9,
Stockholm 12.

: President : Overdirektdér, K. A. Lindbergson, Sveriges Geologiska

Understkning, Stockholm 50.

17



o

178

Secretary : Byrachef C. C. Wallén, Sveriges Meteorologiska och
Hydrologiska Institut, Fridhemsgatan 9, Stockholm 12.

: Dr. Markus Bath (reporter), Seismologiska Institutionen, Uppsala.

Prof. T. Bergeron, Meteorologiska Institutionen, Uppsala.

Dr. K. E. Sahlstrom, Sveriges Geologiska Undersokning, Stock-
holm 50.

: Dr. Markus Bath, Seismologiska Institutionen, Uppsala.
: Mr Seweryn J. Duda, Seismologiska Institutionen, Uppsala.
: Prof. H. Ramberg (geotectonics), Geologiska Institutionen, Uppsala.

Prof. G. Hoppe (seismo-glaciological research), Geografiska Ins-
titutionen, Drottninggatan 120, Stockholm Va.

Prof. N. Hast (rock pressure measurements), Engelbrektsgatan 16,
Stockholm.

Mr. U. Langefors (vibrations from blasts), AB Nitroglycerin,
Stockholm.

SUISSE

. Schweizerische Naturforschende Gesellschaft, Sekretariat, Ana-

tomisches Institut, Gloriastrasse 19, Ziirich 7/6.

: President : Prof. Dr. F. Kobold, Institut fiir Geodésie und Photo-

grammetrie, ETH, Leonhardstrasse 33, Ziirich.
Secretary : J. C. Thams, Observatorio Ticinese, Locarno-Monti.

: Prof. Dr. M. Weber, Bremgartnerstrasse 6, Wohlen (A. G.).
: Dr. M. Bider, Bruderholzallee 36, Basel.

Prof. Dr. F. Florin, Acquasanastrasse 1, Chur.

Prof. Dr. F. Gassmann, Institut fiir Geophysik a. d. E.T.H., Leon-
hardtstrasse 33, Ziirich 6.

Prof. Dr. F. Geiss, Physikalisches Institut, Sidlerstrasse 5, Bern.
Prof. Dr. F. Gygax, Falkenplatz 18, Bern.
Prof. Dr. R. Haefeli, Susenbergstrasse 193, Ziirich 6/44.

Dipl. Ing. P. Kasser, Abt. fiir Hydrologie E.T.H., Voltastrasse 24,
Zirich 7/44.

Prof. Dr. A. Kreis, Daleustrasse 38, Chur.

Prof. Dr. G. Schnitter, Versuchsanstalt f. Wasser- und Erdbau
E.T.H.,, Gloriastrasse 39, Zirich 7/6.

Prof. Dr. M. Weber, Bremgartenstrasse 6, Wohlen (A. G.).

: Prof. Dr. F. G. Houtermans, Physikalisches Institut, Sidlerstrasse

5, Bern (radioactivité).

Prof. Dr. N. Oulianoff, 22, Avenue Mon Repos, Lausanne (tectono-
physique).

Prof. Dr. E. Poldini, 4, Rue Ls-Curval, Genéve (géophysique ap-
pliquée).

Prof. Dr. A. Rittmann (volcanologie), Istituto di Volcanologia,
Universita Catania, Sicile.



THAILANDE

: The Royal Thai Survey Department, Ministry of Defence, Bang-

kok.

: President : The Director, The Royal Survey Department, Bang-

koK.

: The Director General, Meteorological Department, Bangkok.

TCHECOSLOVAQUIE

: Académie Tchécoslovaque des Sciences, Narodni 3, Praha 1 -

Staré Mesto.

. President : Prof. Dr. J. Rysavy, Membre de ’Académie des Scien-

ces, Thakurova 14, Praha 6, Dejvice.

Secrétaire : Prof. Dr. A. Zatopek, Membre de ’Académie des Scien-
ces, Ke Karlovu, 3, Praha 2 - Nové Mesto.

: Séismologues, membres du Comité National :

Ing. Dr. V. Karnik, Institut de Géophysique de I’Académie des
Sciences, Bocni II, Praha 4, Sporilov.

Dr. J. Vanek, Institut de Géophysique de I’Académie des Sciences,
Bocni II, Praha 4, Sporilov.

. Prof. A. Zatopek, Ke Karlovu 3, Praha 2.
: Dr. V. Tobyas, Institut Géophysique de I’Académie des Sciences,

Bocni II, Praha 4, Sporilov.

Dr. L. Ruprechtova, Institut Géophysique de ’Académie des Scien-
ces, Bocni II, Praha 4, Sporilov.

Dr. K. Pec, Institut de Géophysique de 'Université Charles, Ke
Karlovu 3, Praha 2.

Dr. V. Cerveny, Institut de Géophysique de I’Université Charles,
Ke Karlovu 3, Praha 2.

Dr. A. Dvorak, Wolkerova 1, Praha 6, Dejvice.

: Dr. Jan Picha (gravimetrie et marées terrestres), Institut Géo-

physique de I’Académie des Sciences, Bocni II, Praha 4, Spo-
rilov.

Dr. J. Maska (tectonophysique), Institut Géologique de I’Académie
des Sciences, Bocni II, Praha 4, Sporilov.

Dr. K. Klima, Institut Géophysique de I’Académie des Sciences,
Bocni II, Praha 4, Sporilov.

Dr. L. Waniek, Institut Géophysique, Académie des Sciences, Boc-
ni II, Praha 4, Sporilov.

Dr. Z. Pros, Institut de Géophysique, Académie des Sciences, Bocni
ITI, Praha 4, Sporilov.

Mme V. Vankova (radioactivité), Institut Géophysique de 1’Aca-
démie des Sciences, Bocni II, Praha 4, Sporilov.

M. V. Cermak, Institut Géophysique de I’Académie des Sciences,
Bocni II, Praha 4, Sporilov.
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Dr. V. Bucha (paléomagnétisme), Institut Géophysique de I’Aca-
démie des Sciences, Bocni II, Praha 4, Sporilov.

M. J. Andel (paléomagnétisme), Institut de Géophysique de I’Uni-
versité Charles, Ke Karlovu 3, Praha 2.

Dr. O. Praus (conduc.ivité électrique et courants telluriques), Ins-
titut Géophysique de I’Académie des Sciences, Bocni II,
Praha 4, Sporilov.

Mme J. Pecova (conductivité électrique et courants telluriques),
Institut Géophysique de I’Académie des Sciences, Bocni II,
Praha 4, Sporilov.

Dr. V. Petr (conductivité électrique et courants telluriques), Ins-
titut Géophysique de ’Académie des Sciences, Bocni II, Praha
4, Sporilov.

Dr. A. Hrdlicka (sondages séismiques profonds), Institut de Géo-
physique appliquée, Mozartova 1, Brno.

Dr. M. 1. Broucek (Physique de I'Intérieur de la Terre), Labora-
toire de Géophysique de I’Académie Slovaque des Sciences,
Patronka, Bratislava.

Dr. M. J. Buben (Physique de l'intérieur de la Terre), Institut
Minier de ’Académie des Sciences, V. Holesovickach 41, Praha
8, Liben.

TURQUIE

. Harita Genel Midiirliigii, Ankara.

President : General Halim Kural, Genel Miidiir, Harita Genel Mii-
diirliigli, Ankara.

: Prof. Kazim Ergin, I.T.U. Maden Fakiiltesi, Tesvikiye, Istanbul.

Prof. Thsan Ketin, I.T.U. Maden Fakiiltesi, Tesvikiye, Istanbul.
Dr. Nevzat Ocal, Kandilli Rasathanesi, Cengelkoy, Istanbul.
Dr. Nehiei Canitez, I.T.U. Maden Fakiiltesi, Tesvikiye, Istanbul.

: Prof. N. H. Pamir, M.T.A. Enstitiisii, Ankara.

Dr. Nuriye Pinar.

Dr. Emin Ilhan, Turkiye Petrolleri A. O., Inkilap Sokak n° 6,
Ankara.

Dr. Muzaffer Ipek, I.T.U. Sismoloji Enstitiisii, Tesvikiye, Istanbul,
Dr. Silva Aynacyan, I T.U. Sismologi Enstitiisii, Tesvikiye, Istanbul.
Dr. Dogan Taner, Kandilli Rasathanesi, Cengelkoy, Istanbul.
Dr. Balamir Ucer, Kandilli Rasathanesi, Cengelkdy, Istanbul.

Dr. Hiiseyin Soysal, Istanbul Universitesi, Fen Fakiiltesi, Jeofizik
Enstitiitii, Beyazit, Istanbul.

Dr. Safak Uzsoy, Orta Dogu Teknik Universitesi, Insaat Bolimii,
Ankara.



UNION DES REPUBLIQUES SOCIALISTES SOVIETIQUES

A : Comité Géophysique Soviétique, Molodzhnaya 3, Moscou B-296.
A1; Président : Prof. V. V. Beloussov, Comité Géophysique Soviétique,
Molodzhnaya 3, Moscou B-296.
Secrétaire : Dr. N. V. Shebalin, Comité Géophysique Soviétique,
Molodzhnaya 3, Moscou B-296.
Secrétaire-Adjoint : Dr. A. V. Pozner, Comité Géophysique Sovié-
tique, Molodzhnaya 3, Moscou B-296.

B : Section de Séismologie :

Président : Dr. M. A. Sadovsky, Institut .de Physique de la Terre,
Académie des Sciences de 'U.R.S.S., 10 B. Grouzinskaya, Mos-
cou D-56. ‘

Vice-Président : Dr. V. A. Magnitsky, Institut de Physique de la
Terre, Académie des Sciences de I'U.R.S.S., 10 B. Grouzins-
kaya, Moscou D-56.

Vice-Président : Dr. N. V. Kondorskaya, Institut de Physique de
la. Terre, Académie des Sciences de I'U.R.S.S,, 10 B. Grouzins-
kaya, Moscou D-56.

Prof. Y. F. Savarensky (Président du Comité de Séismologie), de
I’Académie des Sciences de I'U.R.S.S,, 10 B. Grouzinskaya, Mos-
cou D-56.

Dr. S. L. Soloviev, Sakhalin Complex Scientific Research, Institut
de la Section de Sibérie, Académie des Sciences de I'U.R.S.S.,
10 B. Grouzinskaya, Moscou D-56.

Dr. N. V. Shebalin, Institut de Physique de la Terre, Académie
des Sciences de I'U.R.8.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. Y. U. Riznichenko, Institut de Physique de la Terre, Académie
des Sciences de I'U.R.S.S., 10 B Grouzinskaya, Moscou D-56.

Dr. B. I. Davydov, Institut de Physique de la Terre, Académie

- des Sciences de I'U.R.S.S,, 10, B. Grouzinskaya, Moscou D-56.

Dr. T. A. Proskuryakova, Université de Moscou, Moscou.

Prof. V. V. Beloussov, Institut de Physique de la Terre, Académie
des Sciences de I'U.R.S.S., 10 B Grouzinskaya, Moscou D-56.

Prof. Y. S. Borisevich, Institut de Physique de la Terre, Académie
des Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. Y. M. Butovskaya, Institut de Mathématiques, Académie des
Sciences, Uzbek.

Dr. V. N. Gaisky, Institut de Construction Séismologique et de
Séismologie, Académie des Sciences, Tadzhik, U.R.S.S.

Dr. M. V. Gzovsky, Institut de Physique de la Terre, Académie des
Sciences de I'U.R.S.S.,, 10, B. Grouzinskaya, Moscou D-56.

Dr. V. I. Keilis-Borok, Institut de Physique de la Terre, Académie
des Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. D. P. Kirnos, Institut de Physique de la Terre, Académie des
Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. Y. A. Koridalin, Institut de Physique de la Terre, Académie

" des Sciences de I'U.R.S.S,, 10, B. Grouzinskaya, Moscou D-56.
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Dr. S. V. Medvedev, Institut de Physique de la Terre, Académie

des Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. F. I. Monakhov, Institut de Physique de la Terre, Académie

des Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. A. G. Nazarov, Académie des Sciences Arménienne, U.R.S.S.

Dr.

I. L. Nersyesov, Institut de Physique de la Terre, Académie
des Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. I. P. Pasechnik, Institut de Physique de la Terre, Académie

des Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. M. K. Polshkov.
Dr. I. I. Popov, Institut de Physique de la Terre, Académie des

Sciences de I'U.R.S.S., 10, B. Grouzinskaya, Moscou D-56.

Dr. Sh. S. Ragimov, Institut de Géologie, Académie des Sciences,

Azerbaijan.

Dr. Y. A. Rozova, Académie des Sciences, Kirghiz, U.R.S.S.
Dr. I. Subbotin, Institut de Physique, Académie des Sciences de

I'Ukraine.

Dr. A. A. Treskov, Académie des Sciences de I'U.R.S.S., Section

Sibérie.

Dr. E. E. Fotiadi, Académie des Sciences de I'U.R.S.S. Section

Sibérie. ‘
. A. D. Tskhakaya, Institut de Géographie, Académie des Scien-
ces de Géorgie.

UNITED KINGDOM

: The Royal Society, Burlington House, London W. 1.
: President : Sir Graham Sutton, C.B.E., F.R.S., Meteorological

Office, London Road, Bracknell, Bershire.

Secretary : Dr. D. C. Martin, C.B.E., Executive Secretary, The

Dr.

Dr.
Dr.

Sr.

Royal Society, Burlington House, London W. 1.

. President : Dr. P. L. Willmore, Royal Observatory, Blackford Hill,

Edinburgh 9, Scotland.

N. N. Ambraseys, Department of Civil Engineering, Imperial
College of Science and Technology, London S.W. 7.

E. F. Baxter, Esq.,, 1 Fieldhouse Terrace, Durham.
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ANNEXE IV

RAPPORTS NATIONAUX

Pages 188-216 A la fin du volume :
Argentine Allemagne
Bolivie Australie
Chili Canada
Colombie Danemark
Ethiopie Espagne
Irlande Finlande
Pakistan France
Pérou Grande-Bretagne
Pologne Greéce
Roumanie Hongrie

Inde

Mexique

Norvege

Nouvelle Zélande
Suéde

Suisse
Tchécoslovaquie
Turquie

NOTA : Le rapport national de 1’'Union des Républiques socialistes
soviétiques (U.R.S.S.) a été imprimé en langue russe en un fascicule spé-
cial qui a été distribué au cours de I’Assemblée de Berkeley.

Le rapport national du Japon, préparé par la section de Séismologie
du Comité national japonais de Géodésie et Géophysique, a également été
distribué au cours de I’Assemblée de Berkeley.

Des exemplaires disponibles du rapport de I'U.R.S.S. peuvent étre
demandés au secrétariat général de I’Association de Séismologie et de Phy-
sique de l’Intérieur de la Terre.

Le rapport national des Etats-Unis d’Amérique a été publié dans

Transactions, American Geophysical Union, Vol. 44, n° 2, June 1963, pp.
327-364.
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ARGENTINA

SISMOLOGIA

A) Servicio meteorologico nacional
(Secretaria de aeronautical)

Informe de Progreso 1960-1963.

La labor en Sismologia ha quedado reducida a mantenimiento

de las estaciones que se detallan, realizdndose en la sede central
del Instituto de Geofisica, la interpretacién de registros e interpre-
taciones correspondientes.

1. — Observatorio Central Buenos Aires.

Instrumental : Sismografos electromagnéticos Ewing-Press, de
las tres componentes.

Sismoégrafo Wiechert de doble componente horizontal de 1000
Kg de masa.

Sismografo Wiechert de componente vertical de 80 Kg de masa.
2 sismoégrafos Mainka Bosch, componente horizontal de 135 Kg
de masa.

2. — Estacién sismoldgica Mendoza.

Instrumental : Sismégrafo Wiechert doble componente, de 200
Kg de masa.

Sismoégrafo Wiechert de la componente vertical de 80 Kg de
masa.

3. — Observatorio Geofisico Pilar (Cdba.).

Instrumental : Sismoégrafo Wiechert, doble componente de 200
Kg de masa.

4, — Observatorio Geofisico La Quiaca.

Instrumental : Sismoégrafo Wiechert, doble componente de 200
Kg de masa.

5. — Estacién sismolégica San Salvador de Jujuy.

Instrumental : 2 sismoégrafos de la componente horizontal,
Mainka de 450 Kg de masa.

6. — Estacion sismolégica Isla Decepcién (Antartida).

Instrumental : 2 sismégrafos de la componente horizontal, mo-
delo S.M.N. de 75 kg de masa.

B) Observatorio Astronomico
(Universidad Nacional de La Plata)

SISMOLOGIA
Informe de Progreso 1960-1963.

1. — Se mantuvieron con regularidad los servicios sismograficos

de La Plata y de Santiago del Estero. Se registraron unos 464 ter-
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romotos en la primera de esas estaciones y unos 1.111 en la segunda.
Se alcanzaron a leer los sismogramas de los afios 1960, 1961 y parte
de 1962. Se prepararon y distribuyeron los boletines sismograficos
de los aflos 1959 y parte de 1960.

2. — A fines del afio 1961 se acondiciondé el pabellon en el que
tiempo atras habian funcionado los sismégrafos Vicentini y Wiechert
y a principios del afio siguiente queddé instalado en él, el equipo
Standard completo del Coast and Geodetic Survey, con lo que La
Plata pasé a integrar la red mundial homogénea organizada por
esa Institucién. El equipo funciona normalmente desde el mes de
marzo de 1962. En enero de 1963 fue perfeccionado en su sistema de
contralor radiohorario y repasado en las partes que habian sido
afectadas por el tiempo.

3. — El profesor Simén Gershanik desarrollé los siguientes tra-
bajos: 1) Recurso para obtener respuesta plana de sismégrafos
electromagnéticos. Los resultados obtenidos aparecerin en el volu-
men 54 de Geofisico Pura e Applicata. 2) Efecto de una accién
sinusoidal transitoria en edificios deformables al corte. En el trabajo
se indica una solucion del problema en forma cerrada. La misma
puede ser util para resolver casos analogos y para apreciar el im-
porte de términos en soluciones dadas en series. Fue presentado a
las Primeras Jornadas Antisismicas Argentinas y publicado por la
Universidad de Cuyo en una edicién provisoria de los anales de
esas jornadas. 3) Relaciones tedricas para los rayos sismicos del
manto. En dicho trabajo se consiguen formulas que dan la relacion
que liga al angulo de emergencia con la distancia epicentral y se
dan tablas con cuya ayuda se pueden abreviar mucho los calculos
del método de Wiechert-Herglotz, toda vez que el mismo sea adecua-
damente modificado.

4. — Recursos para estimar el grado de amortiguamiento en
sismografos electromagnéticos. Se revisa el problema del movimiento
del galvanémetro accionado por diversos movimientos del sismografo
y se dan graficos que permiten con rapidez, establecer el grado de
amortiguamiento de este Ultimo para diversos valores de la relacion
entre periodos de galvanometro y sismoégrafo.

Los trabajos 3) y 4) no han sido publicados aun.

BOLIVIE

SEISMOLOGY IN BOLIVIA
1960-1962

The Observatorio San Calixto in La Paz has had since March
1962 a station of the World Wide Standard Seismograph Network
of the U.S. Coast & Geodetic Survey. Its abbreviated name is LPB.
It is installed on quite compact clay. Its location : 68° 05’ 54”W,
16° 31’ 58”S, 3292m a. s. 1. It has three Benioff components, 1 sec.
of period (galvanometers, 0.75 sec.) giving a gain of 50.000 ; three
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Press-Ewing components, 30 - sec. of period (galvanometers, 100 sec.)
giving a gain of 1.500.

The old station in La Paz (68> 7 58"W, 16° 29° 43”S, 3658 m)
which is still in operation, is now named LPZ. It has :

3 Galitzin-Wilip components, period 12 sec.

1 Z Wilson-Lamison, 1 sec.

1 Vertical pendulum, mass 1.500 kg, 2.4 sec.

1 NS Mainka modified, 2.000 kg, 14 sec.

1 EW Mainka modified, 3.500 kg, 12 sec.

these last three have mechanical magnification and record on
smoked paper.

The station in Sucre could not be reinstalled because of the lack
of funds.

The Instituto Geofisico Boliviano has been in charge of some
stations donated by the Department of Terrestrial Magnetism of the
- Carnegie Institution of Washington, established for regional seis-
mological studies. They consist of a Z Wilson - Lamison seismograph
with transistorized electronic magnification, pen and ink record-
ing. These stations have been installed in : Cochabamba (66° 12’ 43”W,
17° 21’ 34”S), Pefias (68° 29’ 54”W, 16° 14’ 03”S), Mallasilla (68° 06’
19”W, 16° 34’ 08”S), Coroico (67° 44’ 23”W, 16° 07 50”S), Sicasica
(67° 48’ 55”W, 17° 17 05”S) and Desaguadero (69. 1° W, 16. 6° S).
Stations at Cochabamba, Mallasilla and Coroico have been concealed,
but for various reasons all have not been operating regularly enough.

Attempts to make macroseismical studies have not been success-

ful because of the scanty population and the difficulty of com-
munications.

First readings at the Observatorio San Calixto have been sent to
USCGS and the nearest stations. Provisional bulletins were sent to
World Centers until June 1962 ; definitive bulletins until 1959 have
been sent to all interested centers.

A seismical Bolivian history prepared by P. M. Descotes S. J.
and R. Cabré S. J. is in press. It contains a chart with the foci lo-
cated in Bolivia by the ISS or the USCGS.

During the Seismological Seminar called by UNESCO in San-
tiago (Chile) in November 1961, a “Proposition for a Seismological
-Association in Latin America”, prepared by R. Cabré S. J., was distri-
buted to participants.

CHILI

NATIONAL REPORT
1960-1963
1. INTRODUCTION.
This report was prepared for the National Committee of the
International Union of Geodesy and Geophysics by the Institute of
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Geophysics and Seismology of the University of Chile. Most work in
Seismology and related fields is presently concentrated in this Insti-
tute.

President of the National Committee of the IUGG is General
Ramoén Cafias Montalva (R.). Dr. Juan Gomez Millas is the Rector
of the University of Chile. Director of the Institute of Geophysics and
Seismology is Dr. Cinna Lomnitz.

The Institute of Geophysics and Seismology contains various Sec-
tions, as follows :

— Seismology

— Gravity

— Theoretical Geophysics
— Exploration Geophysics
— Geomagnetism

— Geochemistry

— Meteorology

— Antarctic Research.

The Institute is also engaged in cooperative research projects with
the following institutions : Columbia University (long-period seismo-
graphs) ; U. S. Coast and Geodetic Survey (Project Vela) ; Carnegie
Institution of Washington (Andean Structure), and others.

2. STATION SEISMOLOGY.

The Institute of Geophysics and Seismology maintains the follo-
wing seismic stations, besides VELA and Carnegie Institution of Was-
hington Networks :

— SANTIAGO (33°26’S, T70°39°W, h = 581 m) : Also known as
SANTA LUCIA. Set of 3 components Press-Ewing long-period seismo-
graphs (Tgo = 15 sec., Tg — 90 sec.) ; Benioff moving coil vertical
seismograph (To = 1.0 sec.,, Tg = 0.2 sec.) ; one N-S Greve seismo-
graph with 2.000 Kg mass (T = 11.8 sec.) ; two horizontal Bosch-
Omori seismographs (T = 8 sec.) An additional N-S Greve seismo-
graph is located in the Institute offices for monitoring purposes.

— ANTOFAGASTA (23°39’S, 70°25’'W, h — 5 m) : One N-S Greve
seismograph of 1.500 Kg mass (T = 10 sec.) ; two horizontal Bosch-
Omori seismographs (T = 7 sec.) ; one Sprengnether long-period
vertical seismograph* ; one Wilson-Lamison short-period vertical seis-
mograph+.

— COPIAPO (27°21°’S, 70°21'W, h = 300 m) : Two horizontal Greve
seismographs of 1.400 Kg mass (T about 12 sec.).

— CONCEPCION (36°50’S, 73°03’'W, h = 15 m) : One N-S Greve
seismograph of 2.000 Kg mass (T = 11 sec.) ; one E-W Bosch-Omori
seismograph (T = 8 sec.) ; one Ishimoto type portable acceleration

* Not in operation at present.

191



seismograph (T = 0.1 sec.) ; one Wilson-Lamison short-period vertical
seismometer with ink-recorder.

— TEMUCO (38°46’S, 72°3TW) : One Ishimoto type portable acce-
leration seismograph (T = 0.1 sec.).

— PUERTO MONTT (41°27'S, 72°50'W) : One Ishimoto type por-
table acceleration seismograph ; operated only from December 1960
to July 1961.

— O’HIGGINS - Antarctica (63°20’S, 57°54’W) : One N-S Greve
seismograph of 2.000 Kg mass.

— GONZALES VIDELA - Antarctica (64°49’S, 62°52'W) : Set of
3 components Galitzin-Wilip (Askania) long-period seismograph (To
about 12 sec. ; Tg — 25 sec. horizontals, 12 sec. vertical component).

Time control :

Since 1960, all stations are being provided with Toyo crystal
clocks ; time is checked daily against WWYV or LOL signals.

Project VELA-Uniform :

The Institute of Geophysics and Seismology cooperates with the
U.S. Coast and Geodetic Survey by operating three stations in the
Worldwide Network of Standardized Seismograph Stations. The first
VELA Station, located in Antofagasta (23°40’S, 70°25'W, h = 80 m),
started to operate in January, 1963. The second Station is now under
construction in Peldehue, near to Santiago, and will supersede the
main seismic station of Santa Lucia. The last one will be located near
Sombrero, in Tierra del Fuego Island, South of Punta Arenas.

Carnegie Institution of Washington Andean Program :

Since 1958, the Department of Terrestrial Magnetism, Carnegie
Institution of Washington, has established local seismic networks in
Bolivia, Southern Pert and Northern Chile to study the seismic struc-
ture of the Andes. In Chile, this network is operated by the University
Research Center at Antofagasta, under the technical direction of the
Institute of Geophysics and Seismology ; it consists of 5 sets of short-
period vertical seismometers with electronic amplifiers and ink-recor-
ders designed by the Department of Terrestrial Magnetism.

Routine Work :

Provisional readings are sent out every ten days to seismological
centers all over the world. Preliminary readings are transmitted daily
to the U.S Coast and Geodetic Survey in Washington, using NASA
teletype facilities. Data from larger shocks are also sent by teletype
to Honolulu, as a contribution to the Seismic Sea Wave Warning
System.
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3. RESEARCH WORK.
Theoretical Geophysics &

C. Lomnitz continued his studies on logarithmic¢ creep of rocks ;
the attenuation of stress waves in solids showed good agreement
with experimental data available on the earth’s interior.

Further work of C. Lomnitz in thermodynamics of planets, led to
a statistical world-wide study of earthquakes and general seismicity.
The results will be presented in form of a book containing maps,
information about earthquake risk and other materials. ’

Gravity and Crustal Studies :

A general gravity survey of Chile has been completed by M. Dra-
gicevic and others, compiling all gravity data available for this region
and presenting a map of Bouguer anomalies plus four gravity profiles.
The results are discussed qualitatively, showing a general decrease
of Bouguer anomalies towards the Andes as expected from isostasy ;
the longitudinal profile shows a decrease in absolute value of Bouguer
anomalies towards the South.

In two further papers, M. Dragicevic gave an interpretation of
gravity anomalies in Central Chile in connection with special geologic
structure, and a crustal structure analysis for the gravity profiles
through Arica, Antofagasta and Valparaiso-Mar del Plata.

More recently, M. Dragicevic has completed a gravity map for
the Southern Andes ; this paper will be presented during the XIII
IUGG General Assembly at Berkeley.

Gravity and seismic prospection conducted by M. Meinardus in
the area of Tongoy Bay aimed at locating the former estuary of
the Limari River, for ground-water development ; a refracting horizon
was charted, that can be attributed to this former channel.

Also in connection with ground-water purposes, a seismic pros-
pection is at present being carried out by H. Meinardus in the San-
tiago Valley ; several refraction profiles are scheduled for completion
this year.

Andean Structure :

A preliminary study on Andean structure has been sponsored
by a grant of National Science Foundation ; geologic evolution of
the South-Central Andes Cordillera is studied in relation with phy-
siographic, seismic and gravity evidences. The four earthquake
provinces of Chile were outlined, and the gravity survey of the
Andes has been completed under this grant.

Geochemistry :

Continuing her work in geochemical prospecting, M. A. de Grys
has completed the copper, zinc and lead dispersion studies in Andean
streams of Central Chile. Further work of Miss de Grys consisted
in the determination of seasonal variations of copper contents in
some Chilean thermal springs.
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Other Programs :

Since 1961, the Institute of Geophysics and Seismology has been
in charge of the Antarctic Program of the University of Chile,
including the operation of the “Gabriel Gonzalez Videla” Station,
located on the Antarctic Peninsula. This program included several
disciplines, such as Seismology, Geomagnetism. Meteorology, Glacio-
logy, Marine Biology and Polar Medicine.

Also since 1961, a Meteorological Department was created in
this Institute, which is specially devoted to studies in Antarctic
Meteorology, atmospheric pollution in the Santiago metropelitan
area, and radiometeorology.

4. FIELD STUDIES.

The earthquakes of May 1960, caused great damage in South-
Central Chile and were described as among the largest seismic
events in recent history. A number of special studies were made
by seismologists and earthquake engineers from Chilean and foreign
institutions. Data derived from these observations led to several
recent papers in theoretical and applied seismology.

Three sets of Ishimoto type portable acceleration seismographs
were sent on a long term loan by the Gov. of Japan after the great
earthquakes of May 1960. They are used at present in fixed seis-
mological stations in Concepciéon and Temuco, but can be moved to
any epicentral area if necessary.

Felt shocks are reported by a network of about 300 volunteer
observers distributed over all continental Chile. The Modified Mer-
calli Intensity Scale has been officially approved since 1960 for
use in Chile.

5. INSTRUMENTATION.

50 Wilmot accelerometers are now being calibrated at the Ins-
titute to be located in selected points of Santiago and other large
cities.

Modified Montana type accelerographs were also built at this
Institute, and are at present at Antofagasta, Copiapo, Santiago, Val-
paraiso and Concepcion.

In the field of station seismology, Greve type seismographs are
at present being built to operate at second order stations. In the
future, it is also planned to begin the construction of Wilson-Lamison
type electromagnetic seismometers.

6. INTERNATIONAL COOPERATION.

Chile was represented at the First Tsunami Symposium held
at Honolulu in August, 1961. Dr. C. Lomnitz presented two papers
on tsunami propagation and forecasting.

In December 1961, the UNESCO Mission visited South America
under the direction of the President of the IUGG. A conference
was held in Santiago with representatives of South American seis-
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mological and earthquake engineering institutions. The basis for a
Latin American Association of Seismology and Earthquake Engine-
ering and for a Regional Data Center of Seismology were establis-
hed during this meeting.

In July 1963, the First Chilean Sessions on Seismology and
Earthquake Engineering will be held in Santiago. At the same time,
the Latin American Association will be officially constituted.

NOTE : On June 15, 1963, the offices of the Institute of Geo-
physics and Seismology were destroyed by fire, with the loss of almost
all seismogram files and a large amount of scientific data.

The present Report is a somewhat hasty reconstitution of the
original which was lost in the fire, and apologies are presented for
any omissions as well as for the lack of a bibliography. The address
of the Institute of Geophysics and Seismology is unchanged ; new
offices for the Institute are now being set up.

COLOMBIE

INFORME NACIONAL DEL PROGRESO DE LA SISMOLOGIA EN
COLOMBIA DURANTE LOS ANOS 1960 A 1962.

1. Introduccion.

El ultimo INFORME nacional sobre el Progreso de la Sismolo-
gia en Colombia para las Organizaciones Internacionales parece
haber sido el de 1948 a 1950, redactado por el Director del Instituto
Geofisico de los Andes Colombianos, Rev. P. Jests E. Ramirez, S. J,
para la reunion de la U.IG.G. en 1951 (A.LS.P.IT. Comptes Rendus,
No. 10, pp. 174-176, 1952) ; posteriormente se presenté otro brevi-
simo Informe a la VII Asamblea General del IL.P.G.H. y IX Reunion
de Consulta sobre Cartografia, reunidas en Buenos Aires del 1 al 15
de Agosto de 1961. Durante el periodo reportado en el Informe de
1951 ya existian las tres Estaciones sismolégicas de Bogota, Galera-
zamba y Chinchind, a las cuales se afiadié en 1957 la de Fuquene,
incluida en el Informe para la reunién de Buenos Aires.

2. Estaciones y equipos.

Durante los tres afios correspondientes al presente Informe (1960~
1962) las Estaciones sismolégicas permanentes de la Republica de
Colombia son las mismas cuatro de los afios anteriores. La central
del Instituto Geofisico de los Andes en BOGOTA y las tres filiales
de Galerazamba, patrocinada y mantenida por la Seccién de Salinas
del Banco de la Republica, la de Chinchind, auspiciada y sostenida
por la Federacion Nacional de Caficultores de Colombia, y la de
Fuquene, patrocinada y mantenida por el Instituto Geografico
«“Agustin Codazzi”. Todas ellas han funcionado con regularidad
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durante estos tres aflos y con el mismo equipo anterior, excepto la
central de Bogota, que en 1962 fué equipada con el nuevo instru-
mental del proyecto mundial VELA.

La Estacion de Galerazamba (Long. 75° 15° 44”W ; Lat. 10° 47
08”N ; alt. 21 m. s.n.m. del mar; Departamento de Bolivar) fué
establecida en 1948 e inaugurada en Abril de 1949 sobre la costa
norte de la Republica a 550 m. del mar Caribe, teniendo por basa-
mento una formacién coralina de época cuaternaria y un subsuelo
de arcilla dura del Oligoceno. El instrumental sismolégico se compone
de tres sismémetros de tipo Sprengnether con su triple tambor de
registro y galvanémetros correspondientes de la casa Leeds & North-
rop ; lo complementan un reloj eléctrico de la casa Standard Time
Clock de Worcester, Mass. y un receptor Hallicrafter para marcar
y controlar el tiempo. Las componentes horizontales funcionan con
periodos de 18 seg. y la vertical con 2 seg.

La Estaciéon de Chinchinad (Long. 75° 377 W ; Lat. 4° 58 N ; alt.
1.360 m. s.n.m. del mar ; Departamento de Caldas) fué establecida
pocos meses después en Agosto de 1949 sobre una formacion de alu-
vidén rocoso del Cuaternario ; su instrumental es idéntico al de Gale-
razamba.

La Estacion de Fuaquene (Long. 73° 4@ 17 ; Lat. 5° 28’ 127 ; alt.
2.580 m. sn.m. del mar ; Departamento de Cundinamarca) fué esta-
blecida como parte del programa del Afio Geofisico Internacional
en Diciembre de 1957 ; se halla situada en la pequeiia isla de El
Santuario dentro de la laguna de Fuguene a unos 100 Km. al N de
Bogota. El subsuelo estd formado por rocas de areniscas y arcillas
creticicas ; su instrumental durante el periodo reportado consta
solamente del sismoégrafo vertical de la casa Askania del modelo
Galitzin-Wilip, tipo Masing, y de 10 a 12 seg de periodo ; lo comple-
mentan un reloj eléctrico y un radio-receptor.

La Estacion central del Instituto Geofisico de los Andes Colom-
bianos en Bogotd (Long. 74° 03’ 54” ; Lat. 4° 37 23” N ; alt. 2.653 m.
s.nm. del mar) fué inaugurada el 27 de Septiembre de 1941 en los
predios del Colegio de San Bartolomé (La Merced) al fundarse
dicho Instituto. La bdéveda sismologica estd parcialmente escavada
en la misma roca, compuesta de arenisca silicea terciaria, pertene-
ciente a la formacion «Cacho” del piso medio de <«“Guaduas”, y
situada en la ladera occidental de la cordillera de Bogota. Aqui
empez6 funcionando la Estacion con el sismégrafo vertical tipo
Benioff de 1.3 seg. de periodo ; completaban el instrumental un cro-
németro de precision y un radio-receptor Hallicrafter para el registro
y control automatico del tiempo. Posteriormente a este equipo se
afladieron las componentes horizontales de registro mecénico del
tipo Wiechert, péndulo astatico de 200 kilos, que habian funcionado
durante 18 afios en el antiguo Colegio de San Bartolomé ; mas tarde
se completé el instrumental con las dos componentes horizontales
fotograficas de tipo Sprengnether de periodo largo y con un acele-
régrafo, tipo Montana, regalo del U.S. Coast & G. Survey ; este equipo
funcioné normalmente en la Estaciéon hasta principios de 1962.
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Al ser seleccionada la Estacién de Bogotd para formar parte
del programa mundial VELA, patrocinado y desarrollado por el U.S.
Coast & G. Survey, se substituyeron las tres componentes fotogra-
ficas anteriores por el equipo del nuevo sistema <“estandarizado” ;
para ello se acondicioné el local, dividiéndolo en dos camaras aisladas,
para acomodar en una el nuevo instrumental sismométrico sobre las
antiguas bases ampliadas y en la otra el instrumental fotogréfico.
El nuevo equipo, compuesto de tres componentes Sprengnether de
largo periodo y de tres Benioff de corto periodo con sus correspon-
dientes galvanémetros, cajas de control, triple tambores de registro
y la Consola de regulacién, quedé instalado en Abril de 1962 y desde
entonces viene funcionando con normalidad y sin interrupcién.

3. Trabajos et investigaciones :

a) Trabajos. — El trabajo ordinario de analisis e interpretacién
de los sismogramas de las cuatro Estaciones se hace en la Estacion
central de Bogoté ; diariamente se reciben por radio de las demais
Estaciones los datos de las fases fundamentales de los: principales
temblores registrados en las ultimas 24 horas y se elabora el informe
sismico diario, que se envia por cable a la Oficina Central del Coast
& G. Survey en Washington.

Una vez recibidos los sismogramas originales de todas las Esta-
ciones se analizan provisionalmente todos los temblores registrados
y con sus datos se elabora el BOLETIN SISMICO PRELIMINAR, que
se envia mimeografiado mensualmente a todos los principales cen-
tros sismolégicos del mundo. Posteriormente se estudian de nuevo
con mas cuidado todos los movimientos registrados y se elabora el
Boletin Sismico anual, que una vez impreso, se envia también a los
mismos Centros anteriores. Durante el periodo resefiado se publi-
caron los Boletines anuales de 1958, 1959 y 1960 y los preliminares
de 1960, 1961 y 1962.

b) Sismicidad de Colombia. — Segun los Boletines anuales se
registraron en las cuatro Estaciones colombianas los siguientes tem-
blores :

1958, un total de 464 ; de ellos 145 ocurrieron y 5 fueron ligera-
mente sentidos en el territorio nacional, sin que ninguno llegase
a causar dafios ; los epicentros de 22 fueron determinados en Bogota.

1959, un total de 449 ; de ellos 155 ocurrieron y 5 fueron también
sentidos dentro del territorio nacional, sin que tampoco causasen
dafios ; los epicentros de 35 fueron también determinados en Bogota.

1960, un total de 518 ; de ellos 128 ocurrieron en el territorio
nacional, habiendo sido determinados en Bogotda los epicentros de
44 ; 15 fueron sentidos en diversas ciudades y los del 8 y 25 de Junio

en gran parte del territorio nacional ; sin embargo ninguno ocasioné
dafios.

1961, un total de 423 ; de ellos 87 ocurrieron en el territorio
nacional, habiendo sido determinados en Bogotd los epicentros de
33 ; siete fueron sentidos en diversas regiones de la Nacion, especial-
mente el del 20 de diciembre, que se sintié en casi todo el territorio
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nacional y fué desastroso en el Departamento de Caldas, en donde
causé 23 muertos, mas de cien heridos y graves dafios materiales.

1962, un total de 523 ; de ellos 138 ocurrieron dentro del territorio
nacional, habiendo sido determinados en Bogotda los epicentros de
30 ; seis fueron sentidos en varias ciudades, pero sobre todo el del
30 de julio que fué sentido en casi toda la Nacién y caus6é 50 muertos
¥ unos 300 heridos con mas de 100 millones de pesos de dafos mate-
riales en los Departamentos de Antioquia, Caldas y Valle.

c) Investigaciones. — Durante este periodo no se han desarrol-
lado y ejecutado proyectos importantes de investigacidén, pero sin
embargo no han faltado trabajos sobre materias particulares tanto
de Sismologia como de Ingenieria antisismica y Geologia tecténica,
como se podra apreciar por la publicaciones incluidas en la Biblio-
grafia.

Con ocasion de los terremotos del 20 de Diciembre de 1961 y
30 de Julio de 1962, que afectaron seriamente a las ciudades de
Sonsén, Pereira, Manizales y Cali en los Departamentos de Caldas,
Antioquia y Valle, varios técnicos, como los Sres. Aldo Bruschi, Gil-
berto Botero Restrepo y R.P. Jestis E. Ramirez, S.J., hicieron un
recorrido por la regiéon mas perjudicada para estudiar los dafios del
terremoto y sus causas, siendo luego sus resultados presentados en
diversas conferencias y publicaciones, algunas de las cuales se inclu-
yen también en la Bibliografia.

d) Educacion y ensefianza. — En ningin Centro de la Nacidn se
da ensefianza especifica de Sismologia, ni de Ingenieria antisismica ;
los técnicos en estas materias tienen que prepararse en el extranjero.
Sin embargo existe en varios Centros la ensefianza de la Sismologia
aplicada a la Prospeccion geofisica ; asi en la Universidad Nacional
existe la Facultad de Geologia y Geofisica, en la que se desarrollan
programas de Prospeccion sismica dentro de los cursos fundamentales
de Prospeccion geofisica, aplicada especialmente al descubrimiento
de petroleo. Igualmente existen programas similares en la Facultad
de Ingenieria de Minas y Petrdleos de la Universidad de Bucara-
manga ; por su parte en la Facultad de Geografia de la Funda-
cién Universidad de Bogota «“Jorge Tadeo Lozano” se explican tam-
bién materias elementales de Sismologia en su relacién con la
Geografia.

Finalmente algunos de los especialistas en Sismologia, como el
R.P. Jesus E. Ramirez, S.J., Director del Instituto Geofisico de los
Andes, suelen dictar ocasionalmente conferencias de divulgacion
sismologica tanto en Centros cientificos como en Instituciones cul-
turales.

4. Cooperacion internacional. — Durante el periodo resefiado han
sido varias las actividades de Colombia en materias sismicas dentro
de algunas Organizaciones Internacionales.

a) UNESCO. — En primer lugar es digna de mencién su coope-
racion con la Unesco. En Octubre de 1961 una misién especial, pa-
trocinada por la Unesco y formada por seis sismdlogos especialistas de
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diversas Naciones, visitaron algunos paises de Sur América; la
comisiéon permanecié en Colombia desde el 18 al 24 de Octubre y
visitd no soélo los Centros sismolégicos sino también los principales
Centros cientificos y educacionales. Sus impresiones y recomenda-
ciones sobre el estado tanto de la Sismologia como de la Ingenieria
antisismica estadn contenidas en el Informe oficial, publicado en la
Monografia No. 17 de la 1.U.G.G.

Después de esta visita oficial el Director del Instituto Geofisico
de los Andes, R.P. Jestis E. Ramirez, S.J., se reunié con los miem-
bros de dicha comisén y otros delegados de la América Latina en
Santiago de Chile, en donde se celebré del 4 al 9 de Diciembre un
Seminario regional sobre Sismologia y Contrucciones antisismicas.

Uno de los acuerdos tomados durante esta reunién fué el de cons-
tituir una Asociacién Latino-americana de Sismologia e Ingenieria
antisismica, siendo nombrado entre otros el P. Ramirez para formar
parte del Comité de redaccion de los Estatutos ; éstos estan ya
elaborados y se espera que sean aprobados y adoptados al celebrarse
la Asamblea de constitucién en el mes de Julio de 1963 en Santiago
de Chile.

Durante la misma reuniéon regional se traté y discutié también
la creacién de un Centro regional de Sismologia e Ingenieria anti-
sismica para toda la América del Sur segin las recomendaciones
de la Associacién Internacional de Sismologia y Fisica del Interior
de la Tierra (Monografia No. 14 de la L.U.G.G. y el Informe de la
Unesco al Consejo Ec. y Soc. de la U.N.O.; E/3617, Abril, 1962) ;
provisionalmente se convino que dicho Centro regional radicase en
Santiago de Chile.

b) I.P.G.H. — Otra de las colaboraciones activas de Colombia
a la Sismologia se realizé dentro del Instituto Panamericano de Geo-
grafia e Historia ; en Agosto de 1961 se celebré en Buenos Aires la
VII Asamblea General del ILP.G.H. y la IX Reuniéon de Consulta
sobre Cartografia, una de cuyas Secciones es la de Sismologia.
Colombia, ademas de enviar a dicha Reunién su Informe Nacional
sobre el Progreso de la Sismologia, estuvo representada en esta
Seccién por el mismo Director del Instituto Geofisico de los Andes,
R.P. Jesus E. Ramirez, S.J., quien venia desempefiando el cargo de
Vice-Presidente de la Secciéon desde otras reuniones anteriores, y
fué reelegido esta vez para el mismo puesto.

5. Bibliografia de Sismologia y de Ingenieria antisismica y Geolo-
gia tectonica de Colombia durante los afios de 1960 a 1962.

a) Sismologia.

1. - BRICENO, Luis F. Documento sobre el terremoto de Cucuta, ocurri-
do el 18 de Mayo de 1875. (Gac. Hist. A. 23, no. 48, En.-Dic. 1959, ps.
73-81.

2 - CARDENAS AcosTA, Pablo E. Fuerte Temblor en Boyaca. (Rep. Boy. A.
48, nos. 221-222, May.-Ag. 1962, ps. 1278-1279).

3. - Id. Temblores que han azotado a Colombia. (Rep. Boy. A. 48, nos.
223-224, Set.-Dic. 1962, ps. 1389-1392),
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10.

11.

12,

13.

14,

200

EscoBarR, Wladimiro (S. J.). Terremotos : Se pueden predecir ? Cons-

trucciones antisismicas. Terremotos en Colombia. (Rev. Javer. t. 58,
no. 287, Ag. 1962, ps. 168-178),

FIEDLER, G. Areas afectadas por terremotos en Venezuela. (Bol. de

Geol. “Memoria del Tercer Congr. Geol. Venez.” T. 4, Public. Espec.
no. 3, 1961, ps. 1792-1809).

Id. El gran Terremoto de El Tocuyo del 3 de Agosto de 1950 y el
fenémeno mecanico en el foco. (Bol. de Geol. “Memoria del Tercer
Congr. Geol. Venez.” Public. Esp. no. 3, T. 4, 1961, ps. 1787-1790).

MoSQUERA, Carlos F. Contribucién al estudio de la sismicidad del Ecua-
dor. Aspectos geoldgicos de los sismos de Esmeraldas. (Manuscr. Quito,
1959).

PEREZ F., Julio. El Terremoto de 1875 (Cuacuta). (Rev. Pol. Nac. Colom-
bia, no. 93, May.-Jun. 1962, ps. 37-38).

RAMIREZ, Jesus E. (S. J.). El Volcin Submarino de Galerazamba. (Rev.
Acad. Col. de Ci. F. y Nat., vol. 10, no. 41, Ag. 1959, ps. 301-314. -
Rev. Javer. T. 51, no. 254, May. 1959, ps. 251-270. - Rev. Petr. vol.
10, no. 101, Jun. 1959, ps. 20-45. - Lampara, vol. 8, no. 42, Jun. 1962,
ps. 20-31).

RAMIREZ, J, E. (S. J.). - FORERO DURAN, Luis (S. J.). Atlas de Economia
Colombiana, Cartograma No. 9. - Mapa Sismico y Tecténico (de Co-
lombia). (Banco de la Rep., Bogota, 1959. - Public. No. 18 del Inst.
Geofisico de los Andes. Series A. - Sismologia).

WHITE UEIBE, Gustavo. Temblores de Frontino (Movimientos sismicos
en Frontino, Debeiba y Canasgordas, Dept. de Antioquia, Rep. de
Colombia. (Manuscr.,, Medellin, 1959).

Comite del A.G.I. del Ecuador. Breve Historia de los principales Ter-
remotos en la Rep. del Ecuador. Anexo Mapa Sismolégico del Ecua-
dor. (Edit. “Fray Jodoco Ricke”, Quito, 1959).

Instituto Geografico “Agustin Codazzi”. Informe a la VII Asamblea
General del Instituto Panamericano de G. e Historia y IX Reunién
de Consulta sobre Cartografia. - Sismologia, pag. 7 y Mapa Sismico
Tecténico. (Instituto Geogr. “A.C.”, Bogota, 1961).

Instituto Geofisico de los Andes Colombianos.

a) Boletines Sismicos Preliminares de 1960, 1961, 1962.

b) Boletines Sismicos de las Estaciones Sismoldgicas Colombianas Bo-
gota, Chinchin&, Fuaquene y Galerazamba, anos de 1958, 1959 y 1960.
(Instit. Geogr. “A. C.”, Bogota, 1960, 1961, 1962, Publ. Nos. 19, 20 y
21 del I. G. Andes, Ser. A. - Sismologia).

b) Ingenieria antisismica.

BOTERO RESTREPO, Gilberto. Estudio sobre la Estabilidad de la Catedral
de Sonsén, Departamento de Antioquia. (Mimeograf., Bogotd, 1962),

BRruUscHI, Aldo. Breves Consideraciones sobre los danos producidos
por el Terremoto del 20 de Diciembre de 1961 en Colombia. (Primeras
jornadas Argentinas de Ingen. Antis., San Juan, Rep. Arg., Abril, 1962).

Id. I terremoti del 1961-1962 en Colombia. (Ann. di Geof., vol. 15, no.
4, Ott.-Dic., 1962, Roma, pp. 409-424).

Unién Panamericana. Asismicidad en viviendas econémicas. (Centro
Interam. de Vivienda y Planeam., Bogoti, 1959).



10.

11.

12,

13.

14,

15,

¢) Geologia Tectonica.

. - AcosTs, C. E. Estratigrafia de Garcia Rovira. (Bol. Geol.,, Univ. Ind.

Santander, no. 5, 1960, ps. 33-40).

- BUERGL, H. Geologia de los alrededores de Ortega, Tolima. (Bol. Geol,,

Univ. Ind. Santander, no. 8, 1961, ps. 21-38).

- Id. Geologia de la Peninsula de la Guajira. (Serv. Geol. Nac., Min.

de M. y P., Informe No. 1300. - Bol. Geol., vol. 6, no. 1-3, En.-Dic. 1958,
ps. 129-168, Bogota, 1960).

- JULIVERT, M. Geologia de la regién occidental de Garcia Rovira. (Bol,

Geol., Univ. Ind. Santander, no. 5, 1960, ps. 7-32).

- Id. Geologia de la vertiente W de la Cordiellera Oriental en el Sec-

tor de Bucaramanga {(Colombia, Sud-América). (Bol. Geol., Univ. Ind.
‘Sant., no. 8, 1961, ps. 39-42).

- Id. La Estratigrafia de la ‘formacién ‘Guadalupe y las Estructuras por

gravedad en la Serrania de Chia (Sabana de Bogota). (Bol. Geol.,
Univ. Ind. Sant., no. 11, 1962, ps. 5-21),

- Id. Las estructuras del valle medio del Magdalena y su significacién.

(Bol. Geol.,, Univ. Ind. Sant., no. 6, 1961, ps. 33-52).

- MIiILLER, John B. Directrices tectonicas en la Sierra de Perijd y partes

adyacentes de Venezuela y Colombia. (Bol. Geol. “Memoria del Ter-
cer Congr. Geol. Venez.” Public. Esp. no. 3, T. 2, 1960, ps. 685-713).

- Navas, G., J. Geologia del Carbonifero al N de Bucaramanga. (Bol.

Geol., Univ. Ind. Sant., no. 11, 1962, ps. 23-32).

RENZ, O. Geologia de la parte sureste de la Peninsula de la Guajira
(Rep. de Colombia). (Bol. Geol. “Memoria del Tercer Congr. Geol.
Venez.” Public. Esp. no. 3, T. 1, 1960, ps. 317-347).

RapELLI, Luigi. Acerca de la geologia de la Serrania de Perija entre
Codazzi y Villanueva (Magdalena-Guajira, Colombia). (Geol. Colomb.,
Univ. Nacional, no. 1. Abr. 1962, ps. 23-41).

- TELLEZ, N.-NAVAS G., J. Interferencia de Direcciones en los pliegues
cretacico-terciarios entre Coello y Gualanday (Bol. Geol.,, Univ. Ind.
Sant., no. 9, 1962, ps. 45-61).

- VAN DER HAMMEN, Thomas. Estratigrafia del Terciario y Maestrichtiano

continentales y Tectogénesis de los Andes Colombianos.

(Serv. Geol. Nac.,, Min. de M. y P., Informe No. 1279, Bogota, 1960. -

Bol. Geol., vol. 6, nos. 1-3, En.-Dic. 1958 ps. 67-128).

- Id. Late Cretaceous and Tertiary stratigraphy and tectogenesis of the

Colombian Andes.
(Geol. Mijn., 40 Jahrg., no. 5, May, 1961, pp. 181-188).

- Servicio Geolégico Nacional. Mapa Geoldégico de la Plancha K-10. -

VILLETA. (Min. de M. y P., Serv. Geol. Nac., Seccién de Fotogeologia,
Bogotéa, 1961).
J. Rafael Goberna, S.J., Subdirector,
Instituto Geofisico de los Andes Col.

ETHIOPIE
NATIONAL REPORT
SEISMOLOGY

The seismological section of the Haile Sellassie I University Geo-

physical Observatory began regular operation in March 1959. It .is
situated on the campus of the University College in Addis Ababa,
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at an elevation of 24425 metres on the ill-defined eastern margin of
the Main Ethiopian Rift.

Geographical coordinates: N 09° 01’ 45”
E 38° 45’ 56”
Geological foundation : Olivine basalts of the Tertiary Trap
Series.

Instruments :

In May 1962 the station incorporated one of the U.S. Coast and
Geodetic Survey world network of seismological stations, code AAE-
WWSS.

The instruments supplied are :

(i) Short period : One Vertical and Two Horizontal Benioff, To =
1 second magnification = 50,000.

(ii) Long period : One Vertical and Two Horizontal Sprengnether,
To = 30 seconds and magnification = 750.

Also in use are :

One Vertical Willmore, To = 1 second, and Two Horizontal Wood-
Anderson, Top = 0.8 second and magnification = 2800.

The time control is given by an Electronic Primary Frequency
Standard (accuracy 5 x 10-7, synchronised by radio to B.B.C. time
signals.

Publications :

Seismological reports appear regularly in the Bulletin of the
Geophysical Observatory. Data are also supplied regularly to the
USCGS and BCIS information centres.

Research :

Research at present in progress includes a study of the 1961 major
earthquakes of the Karakore region, about 200 km north of Addis
Ababa, and a continuing study of the epicentres of the very numerous
local earthquakes recorded at Addis Ababa. Epicentres are being
studied with particular reference to the tectonics of the Ethiopian
Rift System.

IRELAND

REPORT OF WORK ON SEISMOLOGY AND PHYSICS OF THE

INTERIOR OF THE EARTH
1960-1963

At Cahirciveen, Co. Kerry, a complete set of six seismographs
(VELA UNIFORM) was installed in October 1962. This new station
is under the care of the staff of the Irish Meteorological Service’s
Observatory, Cahirciveen, Co. Kerry. It is located at & = 51°56'N, )\ =
10°15°W and h = 14 m. and it is built on Devonian slate and sandstone.
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Regular recordings began on 5th November 1962. Correspondence
concerning this station should be addressed to: — The Director,
Meteorological Service, 44 Upper O’Connell Street, Dublin.

At Rathfarnham Castle recordings are made on the short period
vertical (T = 1 sec, Tg = 0.2 sec) and on the O’Leary Seismograph
(T = 14 sec, NS and EW components). Since the installation of the
Valentia Station the operation of the short period vertical has been
temporarily suspended.

Publications :

INGRAM, R. E., S.J. An Integral solution of the electromagnetic seismo-
graph equation : Seismol. Soc. Am. Bull., V. 50, No. 3, 461-465. Berkeley 1960.

INGrAM, R.E., S.J. Generalized focal mechanism : 305-308 in J. H. Hodg-
son, Editor, A Symposium on Earthquake Mechanism, Dom. Obs. Pub., V. 24,
No. 10. Ottawa 1961.

PAKISTAN

NATIONAL REPORT ON SEISMOLOGY
1. GENERAL

A network of five seismological observatories at Quetta, Chitta-
gong, Lahore, Karachi and Warsak (Peshawar) remained in operation
since their establishment. Geophysical Division of the Pakistan Meteo-
rological Service with headquarters at the Geophysical Institute
Quetta continued to control and direct the seismological observatories
which were annually inspected and calibrated. A number of scientists
trained in the seismological work left the organisation but new
scientists were trained and the work at any of the observatories did
not suffer, and Weekly Bulletins based on preliminary analysis of
daily charts at the observatories continued to be issued regularly.
The final Monthly Bulletins, however, were issued upto September
1961.

In 1962 two sets, each of three component short period Benioff
and three component long period Sprengnether seismographs, were
received from the U.S. Coast and Geodetic Survey as a part of world-
wide net-work of seismographs. They were installed at Quetta and
Lahore with the help of technicians from U.S. Coast and Geodetic
Survey and Texas Instrument Corporation. These world wide seismo-
graphs started functioning with effect from 12th July 1962 at Quetta
and from 14th September 1962 at Lahore.

Information regarding seismological stations is as follows :

S. No. Station Latitude Longitude Altitude (meters)
1. Quetta 30°11’.3 N 66°57°.0 E 1719
2. Chittagong 22°21’.0 N 91°49°.0 E 35
3. Lahore 31°33’.0 N 74°20°.0 E 210
4, Karachi 24°49°.8 N 67°02°.0 E 30
5. Warsak 34°09°'.0 N 71°25°.0 E 343
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In addition to above seismological stations, an accelerograph was
installed at Sylhet. This, however, had to be discontinued in 1960 due
to nonavailability of electric power at the observatory.

II. DETAILS OF OBSERVATORIES

1. QUETTA
S. No. Type of Component Period (seconds) Damping Magni-
seismograph Seismo. Galvo. fication

1. Benioff
(short period)
2. Sprengnether
(long period)
3. Sprengnether

Z, N and E 100 0.75  Critical 200,000
z,
(short period) Z 2 2 Critical 5,000
E
Z,

N and E 30 100 Critical 3,000

4. Sprengnether
(long period)

5. Willmore
(short period)

6. Accelerograph
(Wenner) Z, N and E — — — —

20 20  Critical 15,000
N and E 1 %4 Critical —

Console of the world-wide net-work of seismographs provides
power and timing system (through a crystal clock) to the seismo-
graph 1 and 2 above. For seismograph 3 to 5 standard electric self-
winding invarpendulum clock is used. Clocks are checked from time
signals of ATA and BBC, ABC and Radio Moscow.

2. CHITTAGONG

S. No. Type of Component Period (seconds) Damping Magni-

seismograph Seismo. Galvo. fication

1. Sprengnether Z, N and E 2 2 Critical 5,000
(short period)

2. % Sprengnether N 6 6 Critical 7,000
(microseismic)

* Not operating at present.

Time is maintained by a standard electric self-winding invar-
pendulum clock. Rate of the clock is checked from time signals of
ABC, BBC and Radio Moscow.

3. LAHORE
S. No. Type of Component Period (seconds) Damping Magni-
seismograph Seismo. Galvo. fication
1. Benioff Z, N and E
(short period) 1.0 0.75 Critical 6,225
2. Sprengnether Z, N and E
(long period) 30 100 Critical 750
3. Sprengnether Z
(short period) 2 2  Critical 5,000
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Console of the world-wide net-work of seismographs provides
‘power and timing system (through a crystal clock) to the seismo-
graph 1 and 2 above. For seismograph 3 standard electric self win-
ding invar-pendulum clock is used. Clocks are checked from time
signals of ATA, BBC, ABC, and Radio Moscow.

4. KARACHI
S. No. Type of Component Period (seconds) Damping Magni-
seismograph Seismo. Galvo. fication
1. Sprengnether Z, N and E 2 2 Critical 5,000

(short period)

Time is maintained by a standard electric self winding a invar-
pendulum clock. Rate of the clock is checked from time signals of
ABC, BBC and Radio Moscow.

5. WARSAK
S. No. Type of Component Period (seconds) Damping Magni-
seismograph Seismo. Galvo. fication
1. Sprengnether Z and N 2 2 Critical 5,000

(short period)

Time is maintained by a standard electric self winding invar-
pendulum clock. Rate of the clock is checked from time signals of
ABC, BBC and Radio Moscow.

III. SEISMOLOGICAL DATA

Continuous recording of teleseisms, local and near shocks is
maintained at all the seismological observatories. Final analysis and
scrutiny of data is carried out at Quetta and issued in the form of
weekly Provisional Readings and Monthly Rulletins. Weekly Provi-
sional Readings are exchanged by air mail service with about 20
leading seismological organisations of the world. Data of all important
earthquakes are cabled twice a week to the United States Coast and
Geodetic Survey Washington, U.S.A. Epicentres of almost all earth-
quakes occuring in Pakistan and its neighbourhood are determined
at the Central Seismological Observatory at Quetta. Amplitude and
period and Magnitude of all important earthquakes are also deter-
mined at Quetta and included in the Weekly and Monthly Bulletins.

IV. ENGINEERING SEISMOLOGY

On the basis of seismological data obtained so far, information
has continuously been supplied to architects and construction engi-
neers, both local and foreign, regarding seismicity of different parts
of the country and suitable “Seismic Factor” to be incorporated in
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structures in various places in Pakistan. A Seismological Survey of
the new capital at Islamabad was carried out in 1960 and Capital
Development Authority was advised accordingly. In November 1962 a
panel of scientists of the International Atomic Energy Commission
was given seismological information in connection with the establish-
ment of a Power Reactor at Islamabad.

V. TRAINING

Facilities for training in seismology, both practical and theoreti-
cal, are offered each year to the post-graduate students of Punjab
University. Students of other Universities also pay brief visits in order
to acquaint themselves with the techniques of seismological instru-
ments and interpretation of seismograms.

VI. INVESTIGATION AND RESEARCH

Dr. John M. DeNoyer and Leo Leverault, two scientists of Michi-
gan University, U.S.A., in collaboration with scientists of Geophysical
Institute carried out investigations on local seismic activity in Quetta
from 28th June to 9th July, 1962. Special studies and investigations
based on the seismic data recorded at the observatories were under-
taken. The following papers were presented at different sessions
of All Pakistan Science Conference held during the last four years.

1. Velocity of Pg and Sg waves from Near Earthquakes in Pakistan
by Abdul Qadir Khan and M. A. Rahman.

(Read in All Pakistan Science Conference 1960, at Karachi).

2. Microseisms due to Bay of Bengal Cyclonic Storms of October 1960
by Abdul Qadir Khan.

(Read in All Pakistan Science Conference in 1961 at Dacca).

3. Seismic Activity in Pakistan and its neighbourhood during 1954-60
by Sibte Nabi Naqvi, Abdul Qadir Khan and Sajjad Hussain.
(Read in All Pakistan Science Conference in 1962 at Peshawar).

4. Earthquakes created by Russian Nuclear Explosions by Abdul
Qadir Khan and A. M. Farooq.

(Read in All Pakistan Science Conference in 1963 at Lahore).

PEROU
NATIONAL REPORT

INTRODUCTION

The Instituto Geofisico del Peru, and the Instituto Geofisico
of the National University of San Agustin, Arequipa, (IGP and IGA
respectively), are the two principal institutions carrying out programs

206



in seismology and related geophysical disciplines. The National Engi-
neering University in Lima, the Geological Map Commission of the
Ministerio de Fomento and the Inter-American Geodetic Survey are
also concerned with earthquake engineering, geological and tectonic
mapping and gravity surveys.

INSTITUTO GEOFISICO DEL PERU

Huancayo Observatory.

Located at 12° 02’ 01.1” 8., 75° 19’ 22.1” W., 3,313 m. above sea-level.
Basement is fluvial conglomerate about 100 m. thick.

Instrumentation includes : Vertical Benioff, To 1.0 s, Tg 0.2 s.
and 96.0 s. ; Horizontals Wenner, NS and EW, both To 10.0 s., Tg 13.0 s.
A set of short period Ewing-Press, Vertical To 14.0 s., Tg 7.6 s.; NS
To 13.7 s., Tg 7.7 s. ; EW To 13.8 s., Tg 7.7 s. These instruments record
on both photographic paper and on magnetic tape.

The Ewing-Press instruments are part of a cooperative program
with the Lamont Geological Observatory, of Colombia University,
N. Y.

Nana Observatory.

Located at 11° 59’ 46” S., 76° 51’ 03” W., about 500 m. above sea-
level. It is some 25 km. east of Lima. Basement altered Gabro,
intensely uralized.

Instrumentation includes : Horizontal extensometer, Benioff ; two
components at right angles to each other, each of fused quartz tubing
5 cm. in diameter, and 25 m. long. The extensometer is located at
the end of a 40 m. long tunnel penetrating into a mountain ; ope-
rations began on 26 November 1957 and it is a cooperative project
with the Seismological Laboratory, Pasadena, of the California
Institute of Technology.

A Standard station was installed in 1962 by the Coast and Geode-
tic Survey as part of the VELA project and includes the three
Benioff short period seismometers and the three long period Spreng-
nether ones.

Lima Observatory.

Located at 12° 04’ S., 77° 02’ W., about 112 m. above sea-level.
Basement is constituted by fluvial fan, superficially covered by a
layer 1 m. thick of sandy clay.

Instrumentation includes only a Montana type accelerograph with
three components, To 0.08 s., damping E 10.1, astatic magnification
V 120, acceleration sensitivity S 2 cm/0.1 g.

Experimental stations.

The Carnegie Institution of Washington (CIW) has provided
equipment and financial aid for a cooperative program with both
the IGP and IGA for a network of highly sensitive stations. The IGP
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has four stations operating close to Lima-Huahco 150 km to the
north, and Quilmana, Omas and Ica (300 km. to the south). Each
station consists of a vertical Wilson-Lamison seismometer, a TR-2
electronic amplifier and a visual recorder. There is a great activity
in the area under study ; a regular program is being carried out
beginning in 1962.

INSTITUTO GEOFISICO DE LA UNIVERSIDAD DE AREQUIPA

San Fransisco de Characato Observatory.

Located at 16° 27 43.5” S, 71° 29’ 28.6” W, 2,452 m. above sea-
level. Pasement volcanic agglomerate.

A Standard station was installed in March 1961 by the Coast
and Geodetic Survey as part of the VELA project (similar to Nafia),
and includes the three Benioff short period seismometers and three
long period Sprengnethers.

The original station began operations in March 1960 with one
of the Wilson-Lamison vertical seismometers which are part of the
CIW sponsored program.

Experimental stations.

Four stations operate near the city of Arequipa and three others
in more distant localities — Cuzco, Ayacucho and Puno. The four
close stations are located as follows: Characato, 16° 27 44” S., T1°
29’ 29” W., 2,452 m. ; Ayanquera 17° 00’ 48” S., 71° 40’ 19” W., 240 m. ;
San Gregorio 16° 33’ 43” S., 72° 42’ 49” W., 108 m.; Ongoro 15° 53’
577 S., 72° 28’ 24” W., 880 m.

All of these stations are equipped with a vertical Wilson-Lamison
seismometer To = 1.0 s., a transistorized amplifier TR-2 and a visual
recorder.

STRONG EARTHQUAKES

1960, January 13, Arequipa, many casualties dead and wounded, much
damage to property in the city and provinces. Tacna and Mo-
quegua were also affected. H 154034, 16° S, 72° W., M 7.5 (Pas),
h 200 km, many aftershocks.

March 9, Arequipa, one dead, many wounded, slight damage to
property. Felt in Mollendo, Camana, Chuquibamba, Tacna and
Mogquegua. H 235420, 16° S., 72° W., M 6 (Pas), h 150 km.
November 20, Piura, two killed, several wounded, fair amount
of superficial damage to constructions. H. 220159.9, 06°.8 S,
81° W., M 6,0 (Pas), h 93 km.

1961, February 8, Peru-Brasil border, H — 08 04 13.8, 10. 6° S., 71. 0°
W., M = 6.75 (Pas), h = 669 km.

August 19, H = 05 09 49.5, 10. 7° S, 71. 0° W., M = T7.75 (Pas),
h = 649 km.
August 31, H = 01 48 37.5, 10. 6° S., 70. 9° W., M = 7.25 (Pas),
h = 629 km.
August 31, H = 01 57 08, 10. 4° S, 70. 7° W.,, M = 7.5 (Pas),
h = 629 km.
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1962, March 04, Yungul (Department of Junin), damage to poorly
constructed property, felt in Junin, and Cerro de Pasco. H = 00
41 39.1, 10. 6°S, 75. 8° W., h = 20 km. Maxim. Intensity VII Mer-
calli scale many aftershocks.

April 18, Near coast of Péru, Three killed, minor damage, felt
in Casma. H = 19 14 372, 10. 0° S., 79. 0° W.,, M = 6.75 (Pas),
h = 39 km.

November 15, coast off Trujillo. Slight.general damage to
poorly constructed property. H 232515.7, 08. 7° S., 79. 6° W., M 6
(Pas), h 45 km. Felt in Piura, Chiclayo and Chimbote.

ROUTINE OPERATIONS

Bulletins containing the seismogram readings from Nafa and
Huancayo are regularly published and distributed. The Arequipa rea-
dings are yet to be incorporated.

Daily readings are passed by teletype, radio and telephone circuits
from each Observatory to the Lima offices of IGP and on to the
Coast and Geodetic Survey in Washington for the Preliminary Deter-
mination of Epicenters.

Nafa and Huancayo are tied in to the Seismic Sea Wave Warn-
ing System with headquarters in Honolulu.

RESEARCH PROJECTS

Research with the Nana extensometer records and with the
Huancayo Ewing Press seismometers is carried out principally at
Pasadena and Lamont respectively. The results from the CIW coope-
rative program are analyzed and studied in Arequipa and Lima.
Prime objectives are to study the earth’s crust — wave propagation
and characteristics in active Andean regions. Valuable research has
been done so far. For example the “San Agustin Fault System” has
been located some 180 km. to the NW of Arequipa by the group at
IGA.

A study of the general relative seismicity is being carried out
by IGP studying the energy release of strong earthquakes and a gene-
ral Map will include Regional Seismic Zoning, Active Areas, Epicentral
Density, Seismic Energy Density and Seismic Activity. The magnitude
equations for Huancayo have been worked out.

The National Engineering University has established within its
Institute of Structures the Department of Anti-Seismic Engineering,
and is working on suitable building codes, working closely with the
IGP.

The Commission for the Geological Map is working on the geo-
logical and tectonic map of Peru.
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GRAVITY

The IGP and the Inter American Geodetic Survey cooperatively
carry out the gravity survey in Peru. Beginning in 1958, more than
90 % of the first and second order level lines have been measured
using a Worden W-397 gravimeter. An average of 300 stations are
occupied each year.

Reference stations have been established at all of the airports,
and the main national reference stations have been reoccupied ;
the surveys have been tied to the geophysical prospecting work done
by oil companies.

The method of double circuit has been used for the first order
level lines ; the method of sub-bases, every five bench marks, is used
for the second order lines, both with a tolerance of 0.05 milligals.
Reduction to free air anomaly is done ; the simple Bouguer anomaly
will be done subsequently.

BIBLIOGRAPHY
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POLOGNE

RAPPORT NATIONAL
1961-1963

Les travaux scientifiques ont comporté en 1961-1963 les aspects
suivants : 1) Travaux concernant les observations du réseau séismo-
logique polonais (Mgr J. Hordejuk). 2) Les problémes concernant les
secousses de Haute Silésie (Dr. S. Gibowicz). 3) Les études de la séis-
micité de la Pologne et le catalogue des tremblements (Prof. Dr.
Olczak). 4) Les travaux concernant le méchanisme au foyer des
tremblements et les dislocations ; les travaux sur la propagation
d’ondes dans un milieu inhomogeéne ; les travaux sur la théorie des
ondes superficielles et les recherches sur la structure de la terre en
Pologne (sondages profonds sur deux profils) (Prof. Dr. Teisseyre).

Réseau des stations séismologiques :

1. Varsovie (v = 52" 14’ 30” N, no= 21°01’ 25" E, h =110 m)
Appareillage Golicyn-Wilip & enregistrement galvanométrique.
2. Cracovie (¢ = 50° 03’ 01” N, = 19° 56,2’ E, h =223 m)

Appareillage Golicyn-Wilip et séismographes a courte période Cha-
rin et SKM-3.

3. Raciborz (; = 50° 05’00, 3” N, . = 18°11’39”E, h = 209 m)
Séismographes Mainka a enregistrement mécanique et séismo-

graphes électromagnétiques SK-58 a courte période et SD-57 a
grande période.

4. Niedzica ( = 49° 25,5 N, v = 20°19,3 E)
Séismographes électromagnétiques SK-58.

Le Dr S. Gibowitz (Varsovie), le Dr J. Pagaczewski (Cracovie) et
M. J. Wojciechowski (Raciborz) se sont intéressés au probléme des
séismes lointains. Les séismes proches ont fait l’objet d’études du
Dr. S. Gibowicz (Haute-Silésie), de M. Mazur (Carphates) et de B.
Wojtezak (Basse-Silésie). Le dépouillement des séismes enregistrés
a été effectué au Laboratoire de Séismologie & Varsovie ; des bulle-
tins mensuels et des bulletins annuels collectifs ont été publiés. Au
cours de la période 1961-1963 la station de Niedzica a été installée
et on a commencé les travaux pour une nouvelle station a Belsk.

Bibliographie

1. - Bébr-Modrakowa I., Droste Z., Hordejuk J. Wyznaczenie wzoru na
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ROUMANIE

SEISMOLOGIE

La section de Séismologie du Centre de Recherches Géophysiques
de I’Académie de la République Populaire Roumaine (Roumanie)
comprenant les stations de Bucarest, Campulung, Focsani, Bacau et
Iasi en suivant le programme de Coopération Internationale a publié
mensuellement le bulletin séismique provisoire, le bulletin séismique
définitif (1959), le bulletin d’agitation microséismique qui ont été
expédiés aux Centres Mondiaux AB,C, et 4 environ 180 Observa-
toires et stations séismiques.

La station séismique associée de Timisoara a publié et diffusé
aussi ses bulletins.

Des études concernant la structure de la crolte terrestre, le
mécanisme des séismes, la magnitude et I’énergie des séismes, la séis-
micité et le rayonnement séismique, l’agitation microséismique, les
ondes séismiques ont paru dans les publications de I’Académie R.P.R.,
de I’Université de Bucarest, de 1I’Université de Iasi. Quelques notes
ont paru dans des publications de ’Académie des Sciences de ’'U.R.S.S.

A la Réunion de la C.S.E. de Iéna (septembre 1962), ont été
présentées deux notes concernant la structure de l’écorce terrestre
et la séismicité de la Roumanie.
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1960-1963
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5. - ANDREI IONESCU PaANA. Foyer séismique profond a Lopatari. Studii si
Cercetari de Geofizica, nr. 1, 1963.

6. - ANDREI IONESCU PANA. Etude des impulsions intermédiaires. Studii si
Cercetari de Astronomie si Seismologie, nr. 2, 1962,

7. - ANDREI IONESCU PANA, JIANU D. Variation théorique des rapports Rp

et R'p dans le cas des tremblements profonds et éloignés. Studii si
Cercetari de Astronomie si Seismologie, nr. 2, 1962.

8 - AraNasiU I. Les tremblements de terre en Roumanie, (monographie),
1961.
9 - CONSTANTINESCU L., ENEscU D. Nature of faulting and stress pattern

at the foci of some Carpathian-arcbend earthquakes. Revue de Géo-
logie et de Géographie, T. VI, nr. 1, 1962, Bucuresti.

213



10.

11,

12,

13.

14,

15,

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

214

CONSTANTINESCU L., ENEscu D. Les caractéristiques du meécanisme des
tremblements de terre carpathiques et leurs implications séismotec-
toniques. Studii si Cercetari de Geofizica, T. I, nr. 1, 1963.

CUREA 1. Séismes récents en Banat, Studii si Cercetari de Astronomie
si Seismologie, nr. 2, 1961.

DEMETRESCU @G., ENESCU D. Le mécanisme de production du tremblement
‘de terre du 31 mai 1959, avec l’épicentre dans la région de Tecuci.
Comunicarile Academiei R.P.R. tom. XII, nr. 3, 1962.

ENEscU D, Champ des déplacements produits par la source séismique
bidipolaire sans moment. Comunicarile Academiei R.P.R., T. XI, nr.
4, 1961,

ENESCU D. A propos de sources séismiques combinées. Comunicarile
Academiei R.P.R., T. XI, nr. 5, 1961.

ENESCU D. Sur la détermination de 1’énergie émise par les foyers des
tremblements de terre, sous forme d’ondes séismiques (en russe) Izv.
AN SSSR, nr. 10, 1961, Moscova et Comunicarile Academiei R.P.R.,
T. XI, nr. 10, 1961,

ENESCU D. Sur les caractéristiques cinématiques et dynamiques des
ondes secondaires enregistrées lors des tremblements profonds de
Vrancea. Comunicarile Academiei R.P.R., T. XII, nr. 4, 1962.

ENEScU D. Mécanisme de la production de quelques tremblements de
terre et considérations seismo-tectoniques. Comunicarile Academiei
R.P.R., T. XII, nr. 6, 1962.

ENEscU D. Source séismique théorique équivalente aux foyers de
certains tremblementy de terre de Vrancea. Comunicarile Academiei
R.P.R.,, T. XII, nr. 6, 1962.

ENEscU D. Mécanisme de la production de certains tremblements de
terre carpathiques ayant leurs foyers dans l’écorce terrestre. Comuni-
carile Academiei R.P.R., tom. XII, nr. 12, 1962.

ENEscU D. Une relation entre I’énergie et la magnitude des tremble-
ments de terre profonds de Vrancea. Comunicarile Academiei R.P.R.,
T. XII, nr. 12, 1962.

ENEsScU D., ANDREI IONESCU PANA, La nature des failles et 1’état des
tensions dans le foyer séismique qui se trouve au voisinage du litto-
ral de 1T’Ouest de la Mer Noire. Problémes de Geofizica, T. II, 1962.

GAvVAT I, Tendances de recherches séismotectoniques dans la Répu-
blique Populaire Roumaine, durant les vingt derniéres années. Studii
si Cercetari de Astronomie si Seismologie, nr. 1, 1961,

IosiF T., RApU C. Les caractéristiques des tensions élastiques du foyei
profond de Vrancea. Izv. AN. SSSR, nr. 4, 1962, Kisinev et Studii si
Cercetari de Astronomie si Seismologie, nr. 1, 1961.

Iosir T., Rapu C. L’étude du mécanisme du tremblement de terre
du 9 déc. 1945, Vrancea. Studii si Cercetari de Astronomie si Seismo-
logie, nr. 1, 1961.

IostF T., Rapu C. Le mécanisme de quelques séismes profonds de
Vrancea. Volume de la Réunion de Léningrad a l'occasion de la com-
mémoration de Galitzine (10 mai 1962) et Analele Universitatii « Al
I. Cuza» din Iasi, 1962.

Iostr T., RapU C. Le mécanisme des forts séismes carpathiques de
I’année 1940. Analele Universitatii « Al. I. Cuza» din Iasi, 1962.

Lascu St. Données sur la structure de l’écorce terrestre en Europe.
Studii si Cercetari de Astronomie si Seismologie, nr. 2, 1962,



28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

43,

45,

46,

PETRESCU G., P. IONEscU ANDREL Modifications proposées a la norme
roumaine STAS 2932-52 intitulée : « Normes pour les constructions ;
zones d’intensités macroséismiques. Studii si cercetari de Astronomie
si Seismologie, nr. 2, 1961,

PETRESCU G., P. IoNEScU ANDREI, RapU C. Sur le probléme de la
norme roumaine STAS 2932-52. Studii si Cercetari de Astronomie si
Seismologie, nr. 2, 1962,

PETRESCU G., PURCARU G. Sur 7Tétat des tensions dans le foyer du
séisme de 13 déc. 1957 (IRAN). Analele Universitatii Bucuresti, 1962,
PETRESCU G., Rapu C. La séismicité du territoire de la République
Populaire Roumaine (R.P.R.) durant la période 1901-1960, (en russe)
Izv. AN SSSR, nr. 4, 1962 Kisinev, et Analele Universitatii « Al. I.
Cuza » Iasi, T. VI, fasc. 3, Iasi, 1960.

PETRESCU @G., RADU C. La séismicité et le rayonnement séismique du
territoire de la R.P.R. dans lintervalle 1900-1958. Studii si Cercetari
de Astronomie si Seismologie, nr. 2, 1961,

PETRESCU G., RapU C. La séismicité du territoire de la R.P.R. durant
la période antérieure a T'année 1900. Probleme de Geofizica, T. II,
1961,

PETRESCU G., RApU C. Contributions a ’élaboration de la carte séis-
mique de I’Europe. Studii si Cercetari de Astronomie si Seismologie,
nr. 1, 1961,

PETRESCU G., RApU C. La structure de I’écorce terrestre en R.P.R.
Studii si Cercetari 'de Astronomie si Seismologie, nr. 2, 1962,

PETRESCU G., RADU C. Le probléme de lunification des échelles d’in-
tensités. Studii si Cercetari de Astronomie si Seismologie, nr. 2, 1962.

PETRESCU G., RADU C. La séismicité de la R.P.R. Considérations séis-
motectoniques. Travaux scientifiques de la Réunion de la C.E.S., Jéna,
1962 et Analele Universitatii Bucuresti, 1963.

PETRESCU G., RapU C. La structure de l’écorce terrestre dans la R.P.R.,
d’aprés les données géophysiques. Travaux Scientifiques de la Réunion
de C.E.S., Jéna, 1962 et Analele Universitatii Bucuresti, 1963.

PETRESCU G., RADU C., IONESCU ANDREI P. L’activité séismique, durant
I’année 1959, sur le territoire de la R.P.R. Considérations sur l’asténos-
phére et la structure de l'écorce dans la région de Vrancea. Studii
si Cercetari de Astronomie si Seismologie, nr. 2, 1961.

PETRESCU G., RapU C., LascU St. Observations sur la propagation
des ondes des séismes profonds de Vrancea. Analele Universitatii Bu-
curesti, 1963.

PETRESCU G., RapU C., PURCARU G. Sur le volume des séismes de
Vrancea. Analele Universitatii Bucuresti, 1962,

Rapu C. Sur la fréquence et 1’énergie des séismes profonds des Car-
pathes. Studii si Cercetari de Astronomie si Seismologie, nr. 1, 1961.

Rapu C. Contributions & I’élaboration ‘du catalogue des séismes car-
pathiques. Studii si Cercetari de Astronomie si Seismologie, nr. 1, 1961.

RapU C. La relation magnitude-énergie pour les tremblements pro-
fonds de Vrancea. Analele Universitatii « Al. I. Cuza» din Iasi, 1962,

Rapu C. Contributions a la solution du plan de faille pour les trem-
blements carpathiques. Analele Universitatii « Al. I. Cuza» din Iasi,
1962,

Rapu C. La détermination de la magnitude des tremblements de terre
superficiels de la R.P.R., Studii si Cercetari de Geofizica, nr. 1, 1963,

215



47. - Rapu C., PURCARU G. Sur les systémes de tensions générateurs des

48.

49,

216

séismes profonds de Vrancea. Analele Universitatii « Al. I. Cuza» din
Iasi, 1963.

SAULEA E. Résultats des recherches du professeur Ion Atanasiu con-
cernant les tremblements de terre et la sensibilité séismique du ter-
ritoire de la Roumanie et interprétation séismotectonique, Studii si
Cercetari de Astronomie si Seismologie, nr. 2, 1961.

PETRESCU G., ENESCU D., RApU C., IoNEsSCU P. Bulletin séismique pro-
visoire, 1960, ‘ )

PETRESCU G., ENEscU D., RapU C., PURCARU G., ANDREI-IONESCU P.
Bulletin séismique provisoire, 1961.

PETRESCU G., ENEScU D., Rapu C., PURCARU (., ANDREI-IONESCU P.
Bulletin séismique provisoire, 1962, )

PETRESCU G., ENEscu D., Rapu C., ANDREI-IONESCU P. Bulletin séis-
mique des stations séismiques roumaines, 1959. Studii si Cercetari de
Geofizica, nr. 2, 1963.

PETRESCU G., JIANU D, Bulletin d’agitation microséismique, 1961, 1962,



CONTENTS - TABLE DES MATIERES

Bureau and Committees of the International Association of
Seismology and Physics of the Earth’s Interior ..........

1st Session, Mdnday, August 19 (morning)

L1 NeECroloZies ....vvtiriiiinniiennneennennenneeensnnnnns
2. Rapport du Secrétaire Général (J. P. Rothé) ........
3. Financial Committee ............... ... ... ... .. ...
4. Reorganization of the Union ........................

2nd Session, Tuesday, August 20 (afternoon)

Presidential Address (Prof. P. Byerly) ..................
5. 1.S.S. Committee Report ...........civiiiiennenennn.

3rd Session, Wednesday, August 21 (morning)

6. The Future of the I.8S. ........................

Scientific Meetings
Saturday, August 24 (morning)

A) Earth’s Crust (L. Knopoff; J. S. Steinhart ; Y. Nakamura
and B. F. Howell, Jr. ; R. P. Meyer and F. Novachek ; K.
McCamy and R. P. Meyer ; A. S. Alecseev and J. L. Ner-
sesov ; K. McCamy and R. P. Meyer ; R. P. Meyer, J. S.
Steinhart, W. E. Bonini, B. F. Howell Jr., D. E. Willis and
F. Novachek ; R. Lauterbach) .............cciiiiiiia,

B) Microseisms (R. A. Page Jr., E. F. Douze ; H. Bradner and
J. G. Dodds ; N. V. Tabulevitch and E. F. Savarensky ; T.
A. Proskurjakova ; L. N. Rykunov and V. V. Sedov ; F. I
Monakhov ; E. F. Savarensky, C. A. Fedorov and B. V.
Gogichaishvilli) ......... .t e,

Page

58

217



Monday, August 26 (morning)

Earth’s Crust : Explosions, Continent and Shelf
(J. H. Hodgson ; G. L. Cuming and G. D. Garland ; D. M.
Barrett, M. Berry, J. E. Blanchard, M. J. Keen and R. E.
Mc Allister ; E. Shima and R. P. Meyer ; J. H. Healy, J. P.
Eaton and W. H. Jackson ; J. P. Eaton and J. H. Healy ;
I. P. Kosminskaya, S. M. Sverev, P. 8. Weizman, Y. V.
Tulina ; I. P. Kosminskaya, S. M. Sverev, P. S. Weizman,
Y. V. Tulina, A. G. Gainanov, O. N. Soloviev ; German
Research Group for Explosion Seismology ; M. A. Choud-
hury; J. C. Behrendt; D. H. Griffiths ; H. Kutschale,
E. Thiel, D. D’Andrea, K. Hunkins and N. Ostenso) ....

Tuesday, August 27 (morning)

Administrative Meeting
Resolutions on heat flow
Heat Flow Committee ............. it

Scientific Meeting

A) Earth’s Crust: Explosions, Oceans (R. M. Demenitskaya, A.
M. Karasik, Y. V. Kiselev, V. I. Rosenberg ; M. Ewing,
J. I. Ewing and M. Talwani ; B. K. Balavadze, P. Sh. Min-
deli ; W. J. Ludwig, J. I. Ewing and M. Ewing ; M. Tal-
wani and J. L. Worzel ; J. L. Worzel and M. Talwani ;
R. Vajk; C. Bowin) .......cciiiiiiiiiniininnnnnnenn.

B) Instruments, Model Seismology, Planetary Seismology (Y.
Labrouste, G. Kunetz et H. Richard ; S. Miyamura and
K. Aki; J. H. Whalen ; P. L. Pomeroy ; H. Berckhemer
and J. Ansorge ; R. L. Kovach, F. Press and F. Lehner ;
G. V. Latham ; P. L. Willmore and R. Parks) ..........

C) Isotopic Problems .......c.cuuiiieiiinnnnirnerieroaronennnnnns

Tuesday, August 27 (afternoon)

A) Earth’s Crust : Surface Wave Methods (Sh. S. Ragimow ; M.
Bath ; L. R. SyKRes) ...t i

B) Computer applications (I. I. Pjatetzki-Shapiro, T. S. Gelan-
kina, V. I. Keilis-Borok, N. V. Kondorskaya, L. G. Pav-
lova ; S. Gershanik ; J. Nordquist and J. Gardner ; A. J.
Wickens, A. E. Stevens, J. H. Hodgson; W. C. Dean ;
S. W. Smith; J. Cl. de Bremaecker, S. K. Rusk, T. C.
Schutz and G. A. Sitton, G. H. Sutton) ................

C) Isotopic Problems ........ouiiiiiieninrnirneeienennennnenn.

218

Page

69

78

79

84
89

89



A)

B)

A

~

B)

A

~

B

~

A

~

B)

Page
Wednesday, August 28 (morning)

Focal Mechanism, Strain Release (V. I. Keilis-Borok, L. N.
Malinovskaya ; V. I. Keilis-Borok ; J. H. Pfluke and B. F.
Howell Jr.; W. Stauder ; A. V. Vvedenskaya, E. I. Shiro-
kova, I. M. Balakina ; T. Matumoto ; M. Bath ; Ari Ben-
Menahem and M. Nafi Toksdz ; L. Constantinescu; H.
Berkhemer and Schneider) ............. ... .. ... ..., 96

Wave Propagation : Body Waves (R. A. Phinney ; Z. Alter-
mann ; W. J. Hannon ; R. P. Arnold, H. Jeffreys, M.
Shimshoni ; D. S. Carder, J. N. Jordan and D. W. Gor-
don ; H. Jeffreys, C. Sells; D. I. Sikharulidze; V. L.
Belotelov and N. V. Kondorskaya ; J. Kane and J. E.
Spence; M. K. Karapetian) ..............coiiiniennn 103

‘Wednesday, August 28 (afternoon)

Earthquake Energy, Magnitude and Intensity (M. Bath; V.
Karnik, J. Vanek, A. Zapotek, N. V. Kondorskaya, J. V.
Riznitchenko, E. F. Savarensky, N. V. Shebalin, S. L.
Soloviev ; S. Medvedev, V. Karnik et W. Sponheuer) .... 109

Wave Propagation : Surface Waves (R. Stoneley ; P. Lieber
and K. T. Yen ; Y. Sato and M. Landisman ; D. G. Hark-
rider ; C. B. Archambeau and Don L. Anderson; T.
Kizawa ; L. Knopoff and J. A. Hudson ; T. Takahashi ;

Z. Suzuki ; W. L. Baker ; V. I. Keilis-Borok, A. L. Leschin,
M. G. Neigaus, T. M. Sabitova ; J. Dorman ; J. Brune, A.
Espinosa and J. OLVEr) .........civiiiiiiniininnnnnnns 113

Thursday, August 29 (morning)

Seismicity and Tectonics (C. Blot ; I. E. Gubin ; S. A. Fedotov,
A. M. Bagdasarova, I. P. Kusin, R. Z. Tarakanov; N. P.
Kostenko ; P. Gouin ; S. D. Kogan, I. P. Pasechnik, D. D.
Sultanov ; B. Isacks) ........ciiiiiiiiiiiiiiiiina.. 118

Earth’s deep interior, free oscillations (C. L. Pekeris, Z. Alter-
mann and H. Jarosch ; L. E. Alsop; M. W. Major ; H.
Takeuchi, M. Saito, H. Tsuda and N. Kobayashi ; K. E.
Bullen ; B. A. Bolt ; A. V. Vvedenskaya, L. M. Balakina ;
Nguyen-Hai ; K. E. Bullen ; Payo and Bath ; R. J. Uffen ;

L. EEYEA) ittt ittt e e e 122

Thursday, August 29 (afternoon)

Explosion generated seismic waves (K. Aki; M. A. Choud-
hury et J. P. Rothé; L. P. Vinnik, G. M. Moltshan,
W. F. Pisarenko, N. M. Proutshkina, N. A. Smirnova ; C.
Kisslinger and I. N. Gupta ; M. Nafi Toks6z and Ari Ben-
Menahem ; D. E. Willis, J. De Noyer and J. T. Wilson ;
F. Press, G. Dewart, R. Gilman) ...................... 128

SUNAMIS ... e 133



Page
Friday, August 30 (morning)

Administrative Meeting :

T. Unesco pProjects .......ccoiiiiuiinininiininrniinnanns 133
8. Commission Séismologique Européenne ............ 135
9. Earthquake in Skopje (1963} ............c.c..cve... 136

Friday, August 30 (afternoon)
10. Report of the Chairman of the ISS Committee and

Resolutions ..........oiiiiiiiiiii it 136
11. Report of the Magnitude Committee .............. 137
12. Macroseismic Scale ..........c.coiiiiiiiiiiiiiinn.n 138
13. Acknowledgements .............. ... i, 139

ANNEXE I

Commission séismologique Européenne ;
Rapport d’activité par A. Zatopek .............. ... .. ... 140

ANNEXE II

Intensity Scale of Earthquakes compiled by S. Medvedev,

W. Sponheuer and V. Karnik ........... fh et 147
ANNEXE III
List of National Committees and of Persons working in Seis-
mology and Physics of the Earth’s Interior ............ 156
ANNEXE IV

Rapports nationaux des pays membres

AllEMABNE ... i et e Voir plus loin
Argentine ....... .. i e e 188
Australie . ......oiiiiii i e e e e Voir plus loin
BoOlivie ...t e e e 189

[0 ¢ - Y o - T Voir plus loin
Chill .o e e e 190
Colombie . ... e i e 195
DTN 6123+ ¢ F: 8 o - N Voir plus loin
0 F- ¥ <5’ L= TPt >

220



Page

Ethiopie ... i e 201
Finlande . ...c.ooiiiriiiiiii i e Voir plus loin
Brance . ... e >
Grande-Bretagne . .........coiiiiiiiiiiiii i >

(€ 5 =T »

B3 (0 0 7= o (Y >

6 o Vo 1 G >
Irlande . ... . e e 202

M EXIGUE .ot e e e Voir plus loin
B0 a7 Y »
Nouvelle-Zélande ..........c.cvoiimeiiiiiiiiinnenann. >
Pakistan . ...... ... e 203
PlrOU ittt e e 206
Pologne ... 211
Roumanie ...........oiiiniiiiii i 213
SUBAE . ittt e e e Voir plus loin
UL vttt e e e e, »
Tchécoslovaguie ...........c.iiiiiii it »

UL QUL ..o v it e e et e >

IMPRIMERIE MUH -LE ROUX — STRASBOURG
Dépdt 1égal : 4° trimestre 1964 N° d’ordre de I'imprimeur : 22132






