SPECIAL VOLUME (Springer-Verlag)

Modern Approaches in Historical Seismology:

Interdisciplinary studies of past and recent earthquakes

« Jean Vogt in-memoriam »

Editors: Julien Fréchet 1, Mustapha Meghraoui 1 & Massimiliano Stucchi 2
1 EOST – Institut de Physique du Globe de Strasbourg, France

2 INGV, Milano, Italy

Objectives:

· Present the state of the art in historical seismology

· Provide examples of selected historical and recent earthquakes and a comparison of related seismic parameters

· Point out main issues in historical seismology and suggest new trends and approaches

· Perspectives in the study of historical earthquakes using new techniques in waveform seismology

Content:

· Macroseismic analysis and seismic parameters of selected recent earthquakes

· The reappraisal of historical catalogues

· Reported ground movements and fault activity

· Pre-historical earthquakes: the contribution of archaeo-palaeoseismology

· Re-evaluation of historical accounts of major earthquakes

· The analysis of early seismograms and implication into the seismic hazard assessment

Submission and review process :

· The manuscript, including text, tables, references, figures and figure legends, should be typed in Times or Times-Roman 12 point-character, double spaced on one-side A4 paper.

· A manuscript with up to 20 typescript pages and about 5 to 10 figures is recommended.

· A list of up to 5 reviewers should accompany the manuscript submission.

Deadlines:

· Contributors may send their article as soon as possible, not later than 15 October 2006. The articles submitted to the volume are expected to be peer-reviewed.

List of contributions:

Introduction: (by Editors) 

Biography: Fréchet, J. and Albini, P., Jean Vogt 1929-2005 seismologist, geologist, geographer, historian, Alsatian

Albini, P. and Vogt, J., A glimpse into the seismicity of the Ionian Islands between 1658 and 1664

Alexandre, P., Camelbeeck, T. and Kusman, D., The earthquake of April 4, 1640 in the Lower Rhine Embayment 

Ambraseys, N., The Value of Descriptive Earthquake Catalogues of the Eastern Mediterranean Region and the Middle East
Atakan, K., Black, K., Wiggings-Grandison, M. D. and Havskov, J., Sources of the 1692 and 1907 earthquakes in Jamaica

Batlló, J., Stich, D. and Macià, R., Quantitative analysis of early seismograph recordings

Camassi, R. D., Caracciolo, C. H. and Castelli, V., The Late 17th century earthquakes in Northwest Africa: how many (if any) ?

Cara, M., Alasset, P.-J. and Sira, C., Richter magnitude evaluation: from historical macroseismic data to seismic waveform modelling

Castelli, V., In troubled times, in a divided country: the Upper Tiber Valley earthquake of 1789

Fréchet, J., Can we improve the knowledge of historical seismicity of France, and elsewhere?

Galadini, F. and Stucchi, M., The seismicity of Central Alps: seismological and archaeological traces, geological evidence and open problems 

Gisler, M., Kozák, J. and Vaněk, J., The 1855 Visp (Switzerland) Earthquake: A Milestone in Macroseismic Methodology?

Hough, S. E., Large Historical Earthquakes in Eastern/Central North America: Fact and Fiction

Lee, W. H. K. and Benson, R. B., Making Seismograms Accessible from Historical Seismogram Filming to the Online SeismoArchives

Maouche, S., Harbi, A. and Meghraoui, M., Attenuation of intensity for the Zemmouri earthquake of May 2003 (Mw 6.8): Insights for the seismic hazard assessment in northern Algeria

Meghraoui, M., Earthquake Fault Ruptures and Historical Seismology : A decisive step for a better constraint of the active deformation

Musson, R. M. W., The case for large (M>7) earthquakes felt in the UK in historical times

Musson, R. M. W., Stucchi, M. and Vogt, J., Earthquake effects on nature and macroseismic intensity scales 

Oliveira, C. S., Interpretation of the 1755 Lisbon earthquake based on the historical observations of different physical phenomena

Olivera, C., Redondo, E., Lambert, J., Riera-Melis, A. and Roca, A., Review of historical earthquakes in the lower middle age: earthquakes of the XIV and XV centuries in Catalonia (NE Spain)

Thouvenot, F. and Bouchon, M., What is the lowest magnitude threshold at which an earthquake can be felt or heard, or objects thrown into the air? 

Jean Vogt, 1929-2005

His life history as a seismologist, geologist, geographer, historian, and Alsatian
Julien Fréchet1 and Paola Albini2
(1) Institut de Physique du Globe de Strasbourg

(2) Istituto Nazionale di Geofisica e Vulcanologia, Milano

Jean Vogt was born in 1929 in Strasbourg, where he attended primary and secondary school. At the University of Strasbourg, he graduated in geography, and majored in geomorphology. His professor was the geographer Jean Tricart, who taught him the importance of both the geological fieldwork and the investigation in the archives.


In 1955 he joined the French West Africa Geological Service and later the French Bureau for geology and mines (BRGM). Along the following 20 years he lived as a “geological” globetrotter in a number of countries, dispensing his time between the field and the archive. In these years, he was concerned mainly with mining geology, geomorphology, superficial deposits, and landslides.


This unique experience led him in 1975 to the responsibility of the “Seismotectonic Project”, the BRGM project in relation with the French nuclear power programme. From 1975 to 1984, he gave a substantial impulse to the study of French historical seismicity, and since then he visited almost every public archive in France, and several major archives and libraries in Europe and abroad. He took care at the same time of the follow-up of macroseismic studies of present-day earthquakes. After he retired in 1985, he continued on a personal basis his investigations of historical earthquakes, in Europe, the Middle East, North Africa, and the Caribbean area.


Alongside and for about 40 years, Jean Vogt investigated uninterruptedly the agrarian history of north-eastern France and south-western Germany. He published in scientific journals and in local societies bulletins more than 500 notes and articles devoted to a variety of subjects, such as soil erosion, agriculture, cattle breeding, social conflicts, and of course earthquakes.

Though a man of a impressive culture and fluent in many languages, Jean Vogt was at the same time deeply Alsatian: he had the gift of balancing himself between being a specialist of the very minute details of the history of small villages of northern Alsace (Outre-Forêt), and a connoisseur of many different countries and cultures. Only those who had the chance to know him could appreciate his great human qualities, a mixture of honesty, modesty, great intelligence, and humour.

A glimpse into the seismicity of the Ionian Islands 

between 1658 and 1664

Paola Albini * and Jean Vogt
Foreword

The idea of this paper goes back to 1992 and an advanced draft was ready since 1997; an unfortunate series of events hampered its publication. This revised and updated version maintains some of the parts originally written by Jean Vogt, author of the discovery of the von Degenfeld’s manuscript, one out of his many serendipitous and little known findings.

Abstract

Mostly based on traditional catalogues, without further research, several modern parametric catalogues are nevertheless straightforward, without question marks, and easily misleading (chronology, epicentre, epicentral intensity, not to speak of magnitude). The example of an Ionian time-window (1658-1664), with several major events, shows that the historical seismicity of the Ionian Islands, often thought to be well-known, actually needs more or less drastic revisions. A wealth of sources was collected, mostly from the Archives of the Republic of Venice, then ruling the whole archipelago; it was ascertained that there are no important chronological gaps in the surviving documentation. 

Similarly outstanding, and in fact at the basis of a more balanced and precise view of some these events, are the souvenirs of Christoff von Degenfeld, a German nobleman at Venice's service. His manuscript, discovered at the Karlsruhe library in 1992, has been consulted again in the original on the occasion of the preparation of this paper. 

Some question marks remain on the distributions of macroseismic effects, due to the lack of information from the mainland. This is the reason why this study does not propose, epicentres and, of course, magnitudes. For this revision an unusually long documentary appendix is provided, with the hope that it might contribute in discouraging authors of parametric earthquake catalogues from hasty exploitation and interpretation of often unreliable current catalogues.

* Istituto Nazionale di Geofisica e Vulcanologia, Milano (I)

Henri Vogt (Université Louis Pasteur, 3 rue de l'Argonne, 67083 Strasbourg Cedex, France) is gratefully acknowledged for his contribution to the revised version of this paper.
The earthquake of April 4, 1640 in the Lower Rhine Embayment 

Pierre Alexandre, Thierry Camelbeeck and David Kusman

Royal Observatory of Belgium

Avenue Circulaire, 3 BE-1180 Brussels

Abstract

As far as the "Belgian" earthquakes are concerned, the shock of April 4, 1640 is to date one of the most important known. In this respect the Jean Vogt's work (1994) was a milestone in the study about the epicenter and the perceptibility area of this earthquake. Vogt demonstrated that the traditional catalogues (Sieberg, Van Gils, Leydecker, etc.) were not based on a critical study of the original sources. Since 1985 at the Royal Observatory of Belgium new re​search in contemporary written sources on this event improved the knowledge of the 1640 ma​cro​seis​mic area and of the local effects and damage on the architectural heritage. The perceptibi​lity area of this earthquake covers Belgium, Netherlands, Northern France and Western Germany, and the epicenter was maybe located in the Aachen area. The authors express the hypothesis that the lack of documentary data in some areas (mainly in Southern Rhineland and Palatinate) have its roots in the destructions of the Thirty Years War.

The Value of Descriptive Earthquake Catalogues of the Eastern

Mediterranean Region and the Middle East.

N. Ambraseys

Imperial College, London SW5 2BU

      Most recent papers and books on the historical seismicity of the eastern Mediterranean and of the Middle East for use by earth scientists and engineers are written with a view to promoting knowledge of studies on local seismicity and to evaluating its contribution to the previous state of theoretical knowledge. These are indeed worthwhile objectives, and some of these works make some valid points.

       First, regional descriptive earthquake catalogues must go into all the original details that exist for a particular locality. It is obvious that any site-specific study of earthquake hazard would focus comprehensibly on the local information available, than would be appropriate in a more general work.

       Secondly, the existence of a critical regional catalogue does not, of course, mean that no further research remains to be done, and no new sources remain to be discovered. A catalogue at best can sum up the state of knowledge at the time it was written, and provides a basis for new work.

       Unfortunately, many authors then go on to do a disservice to the study of historical seismicity, and go backwards rather than forwards. Their work, which is supposed to be a critical review of the data and a comparative study on the seismicity of a region, becomes in fact neither critical nor comprehensive in scope. It accepts almost all that the sources say without further inquiry and no attention is given to other recent works devoted to the seismicity of the region. These authors also appear to be unaware of scientific interpretation of historical earthquakes.

       In this paper the most recent regional catalogues are reviewed. On examination it is found that on average 40% of the entries are spurious, doublets, amalgamated or not identifiable in the sources, a percentage not much different from that found by Alexandre (1990) for western European descriptive catalogues, where the percentage of spurious entries varies between 50 and 75 per cent, the result of what Jean Vogt used to call, “doing research through open doors”.

Sources of the 1692 and 1907 earthquakes in Jamaica

Kuvvet Atakan 1, Karleen Black 1,2, Margaret D. Wiggings-Grandison 2, 

and Jens Havskov 1
1 Department of Earth Science, University of Bergen, Allégaten 41, Bergen, Norway. E-mail: atakan@geo.uib.no 
2 Earthquake Unit, University of the West Indies, 2 Plymouth Crescent, Kingston, Jamaica
Abstract

Jamaica is developed as a part of the plate boundary evolution between the Caribbean plate and the North American plate (Mann, 1983; Burke, 1988; Pindell, 1993; Mann et al., 2002). It is situated along the boundary between the Gonave microplate and the Caribbean plate. The evolution of this boundary is controlled mainly by the Cayman ridge spreading and the transcurrent motion along the Oriente Fracture Zone as well as its parallel structure in the south the Walton and Enriquillo fault zones. Both the Gonave plate and the Caribbean plates now move in easterly direction, mainly controlled by the spreading along the Cayman ridge. The plate velocities in the region are in the range of 15-18 mm/year between the Caribbean and North American plates and around 8 mm/year between the Gonave microplate and the Caribbean plate. This differential motion between the Gonave microplate and the Caribbean plate gives rise to an apparent left-lateral strike slip motion along their boundary and implies that all E-W oriented strike slip faults both on Jamaica as well as offshore (north and south) are left-lateral. Field investigations of the inland strike slip faults confirm this sense of motion. The recent earthquake activity shows clearly that the entire island is involved in this deformation (Wiggins-Grandison and Atakan, 2005). The question which is not well resolved is the role of Jamaica and the associated structures both inland and offshore, in the deformation along the boundary between the Gonave microplate and the Caribbean plate. In this sense, the two largest destructive earthquakes in Jamaica which occurred in 1692 and 1907 are potentially the key elements in understanding this deformation. Both these earthquakes are large in size as is indicated by the macroseismic intensities (both with maximum intensities as high as X in MMI). However, based on the historical accounts, the 1692 earthquake is assumed to be larger than the 1907 event. 

Based on the re-interpretation of the historical accounts for both the 1692 and 1907 earthquakes, combined with the current seismicity as monitored by both the local seismic network (Wiggins-Grandison, 2001) and global networks, we conclude that the two earthquakes had separate sources most likely along the offshore structures. The morphology and the length of the structures both inland and offshore, as well as the recent GPS data (DeMets et al., in prep.) support this hypothesis.

Quantitative analysis of early seismograph recordings

J. Batlló(1), D. Stich(2) and R. Macià(3)
(1) Observatori de l’Ebre. CSIC-URL, Crta. de l’Observatori, 8, E-43520 Roquetes, josep.batllo@upc.edu

(2) Istituto Nazionale di Geofisica e Vulcanologia, Via Donato Creti 12, I-40128 Bologna, daniel@bo.ingv.it
(3) Dept. Matemàtica Aplicada II, UPC, Pla de Palau, 18, E-08003 Barcelona, Spain.

Seismograms are the most comprehensive and quantitative documents of the ground motion produced by earthquakes. First preserved records account already for more than one hundred years of instrumental seismology. But their uniqueness, as a document, prior to the generalization of massive methods of copy and distribution, limits the usability and availability of seismograms for research purposes, at least until the deployment of the WWSSN in the 1960s. Moreover, contemporaneous analysis of early seismograms predated fundamental developments in quantitative seismology, produced in the second half of the XX century, as well as the digital revolution, and many familiar concepts and analysis techniques were still unknown at the time of the earlier studies. Thus, reanalysis of seismograph records of old key earthquakes gives new information in seismicity patterns, source processes and seismic hazard.

The use of these records in modern seismological analysis tools, allowing the direct calculation of source parameters and a more confident quantification of seismic hazard assessments, is not straightforward. Seismograms have been recorded with low-range, low-gain instruments, now technologically surpassed and let behind. The know-how of using such records is unknown to the young (and not so young) seismologist. Many times the complementary information required to process the records and to recover ground displacement, like instrument calibration and time accuracy, has been lost or is doubtful. In fact, procedures to make old seismograms useful for earthquake analysis are, in many aspects, similar to those needed to process and to use old macroseismic information. Anyway, the utilization of such records for seismic research may expand considerably the instrumental period of earthquake seismology. 

The present contribution reviews the main topics and methodologies leading to a proper use of old seismograms and related documents, including the location and distribution of the original seismograms and recording system information, as well as the sequence from the original paper seismogram to digital ground displacement, involving digitization, trace correction and deconvolution of the instrument response. We discuss the potential and the limitations of such treatments, and show the performance of recovered records of ground displacement in analysing earthquake source parameters through some applications to European earthquakes.

Late 17th century earthquakes in Northwest Africa: how many (if any) ?

R.D. Camassi, C.H. Caracciolo, V. Castelli

INGV - Sezione di Bologna


Recent studies and older earthquake compilations list no less than five destructive earthquakes occurred at several locations on the northwestern coast of Africa between the years 1656 and 1694. The evidence behind these events is contemporary but not local, being derived from pamphlets and gazettes printed on the northern side of the Mediterranean basin. However, it is far from clear whether the related information is invariably sound and reliable and, consequently, whether all these purportedly “destructive” earthquakes also real or not: in fact the circumstances described for each of them are quite similar to each other. This similarity leads to suspect that some at least of these earthquakes could be no more than a fabrication, perpetrated by less than scrupulous journalists looking for cheap sensationalism or even writing propaganda against the – real enough, admittedly – marauding pirates operating from several bases on the northwestern coast of Africa. By a careful cross-check of original sources we try to make sense of a curious historical-seismological puzzle.

In troubled times, in a divided country: 

the Upper Tiber Valley earthquake of 1789.

V. Castelli

INGV - Sezione di Bologna

Our perception of the September 30, 1789 earthquake (Io = VIII-IX MCS, M = 5.8 according to the latest Italian catalogue) is blurred by two major disturbance factors: it occurred across a political frontier and at a time of high political unrest. Its having been experienced by two independent countries (the Grand-Duchy of Tuscany and the Papal States) means that the 1789 earthquake provoked two independent official responses, embodied in a huge mass of records (letters, forms and reports concerning enquiries, damage surveys, relief measures, financial accounts et cetera), afterwards destined to be stored in different ways and places and therefrom to undergo intricate vicissitudes that led, in some cases, to their final or temporary loss. Its having occurred in the autumn of 1789, means that this earthquake did not attract as much interest, from the media and the scientific world, as it would probably have got had it happened in less troubled times. The Bastille had been stormed, the Declaration of the Rights of Men had been issued and Europe was still reeling under the shock. In Italy, professional journalists and cultured dilettanti alike were either too enthused or too outraged by the French goings on and their repercussions on international politics, to devote more than a perfunctory attention to an inland earthquake whose highest effects affected country villages and provincial towns in a secluded corner at the heart of the peninsula. Consequently, the 1789 earthquake rated only a few mentions in contemporary Italian gazettes, and none of the scientifically-minded took time to write treatises on its subject. Digging up the details of what actually happened in the Upper Tiber valley on September 30, 1789 earthquake is therefore far from easy, especially as parts of the original puzzle are probably lost for good. However, is it still worthwhile to spend time looking for them as the findings of a careful search allows to considerably improve the picture of this earthquake and therefore to completely re-assessment its epicentral parameters.

Richter magnitude evaluation: from historical macroseismic data 

to seismic waveform modelling.

M. Cara, P.-J. Alasset, and C. Sira

Ecole et Observatoire des Sciences de la Terre,

5, rue R. Descartes

F-67084 Strasbourg cedex

Estimating magnitude of historical earthquakes is commonly performed by using either the macroseismic epicentral parameters (intensity I0 and focal depth), or a set of surface areas within several isoseismal curves. The epicentral intensity and the focal depth are not independent data. They are linked together through the intensity attenuation law which, indeed, is poorly known in most cases. The situation is not better when using the isoseismals because the attenuation law is also needed when passing from the macroseismic observations to the magnitude. To circumvent the use of these attenuation laws, Cara et al. (2005) have proposed to apply a differential technique by comparing, at a set of fixed epicentral distances, the macroseismic intensities of an historical earthquake and the intensity of a recent, instrumentally known, earthquake. This method has been applied to several earthquakes in France, the Pyrenees, the French Alps and north-eastern France. In the first part of this paper, we present the results we have obtained for three earthquakes in the Pyrenees (Bigorre, 1660, I0=VIII-IX; Juncalas, 1750, I0=VIII; Arette, 1967, I0=VIII) and one earthquake in the Alp (Chamonix, 1905, I0=VII-VIII). In the second part of the paper we present the results of two waveform modelling experiments related to the historical 1905 earthquake of Chamonix which was well recorded on a long period instrument in Göttingen, and to the more recent Arette, 1967, earthquake using WWSSN records. The differences between the magnitudes based on macroseismic data and those based on instrumental recording are discussed in the light of the differences of frequency content of these observations.
Can we improve the knowledge of historical seismicity of France, 

and elsewhere?

Julien Fréchet

Institut de Physique du Globe de Strasbourg

The study of historical seismicity in France was developed step by step during the last 150 years. It can be described mainly through five major projects, each building upon the previous ones. It started with the well known world annual and regional catalogs of Alexis Perrey until 1871, and it was continued by the global catalogue of François de Montessus de Ballore completed by 1907. The Bureau Central de Météorologie, under the direction of Alfred Angot, started a systematic investigation of French contemporary earthquakes by means of macroseismic enquiries, and by collecting available documents as letters or newspaper articles, from 1903 to 1919. 

In 1921, the Service Séismologique was transferred to the newly created Institut de Physique du Globe in Strasbourg. Under the direction of Edmond Rothé (from 1921 to 1942) and of his son Jean Pierre Rothé (from 1943 to 1977), the so-called Rothé catalogue of French historical seismicity was developed, based largely on Perrey's work, for older earthquakes, and on the continuation of macroseismic enquiries for contemporary events. Edmond Rothé also gathered many archive documents collected with the assistance of French libraries and archive depots (principally Archives départementales). It should be noted here that their catalogue remains largely unpublished, as is also the case for the Montessus de Ballore catalogue.

In 1975 the last period began with the "Projet de la carte sismotectonique de la France", launched by the three companies involved in the construction of French nuclear power plants, under the direction of Jean Vogt (from 1975 to 1984). Eventually, this project gave birth to its associated database Sirene, partly published now by means of a World Wide Web site under the name of SisFrance.

Considering the huge amount of data collected in the framework of the Projet sismotectonique, one could doubt that fruitful new research could be done on French historical seismicity. However, Jean Vogt after his early retirement in 1985 continued an intense searching of archives in France and elsewhere, that resulted into a large number of discoveries: new earthquakes, identification of "false" earthquakes, revision of macroseismic analysis of some major earthquakes, etc. His results were published in more than 150 notes and articles.

In the late 1990s, considering that the Sirene database was not publicly available, we started a study of the historical seismicity of the French Alps, particularly in the Grenoble region. A special emphasis was put on the study of small earthquakes, which were not always given sufficient attention in previous studies, despite Jean Vogt's efforts in this regard. This led to the discovery of a large number of new original or secondary sources. The analysis of small earthquakes proved very useful in order to assess epicenters with high precision. Evidence of aligned epicenters could be demonstrated, that was not visible before. In studies of present-day earthquakes with the help of temporary seismological networks, it can be shown that the epicenter can be assessed with higher precision if one concentrates on the macroseismic study of aftershocks rather than that of the main shock. The inhabitants that live very close to the hypocenter often feel aftershocks of very low magnitudes, even negatives ones. Searching such local testimonies for historical earthquakes may lead to a much better accuracy on the position of the main shock.
The seismicity of Central Alps: seismological and archaeological traces, geological evidence, open problems
Fabrizio Galadini1, Massimiliano Stucchi2
1 – Istituto Nazionale di Geofisica e Vulcanologia, Roma, Italia (e-mail: galadini@ingv.it)

2 – Istituto Nazionale di Geofisica e Vulcanologia, Milano, Italia (e-mail: stucchi@mi.ingv.it)

Abstract

While inn the easternmost Alpine domain (Eastern Veneto and Friuli region), destructive earthquakes (M≥5.5) occur both in the inner and the southern zones of the Alpine edifice, in the central-eastern Alps earthquakes with M>5 are more frequent in the southern sector. On the other hand, the July 17, 2001 earthquake (ML 5.2), which struck the Meran area, demonstrated that earthquakes above the damage threshold may occur within the inner Alpine domain. This raises the question if the occurrence of destructive earthquakes (M≥5.5) in the inner Alpine sectors can be completely excluded for the Central Alps. 

Some hints on this point can be derived from geological evidence, historical earthquake data and archaeoseismological investigations. 

The identification of the seismogenic sources potentially responsible for such events remains problematic. Geomorphological factors related to the recent geological history of the Alps hinder the investigation on the seismogenic behaviour of the region. Indeed, the rate of the exogenic processes related to the Last Glacial Maximum and (particularly) the river dynamics following the LGM is evidently higher than the rate of tectonic modelling of the landscape. This means that the identification of the seismogenic sources can only be obtained through a better knowledge of past earthquakes. 

Archaeological investigations made in the second half of the 90s provide interesting evidence of earthquake effects. Excavations at Egna-Neumarkt in the Bolzano province uncovered the remains of a mansio showing traces of destruction and displacement of the walls. This event has been related to an earthquake of the half of the 3rd century AD. The walls were shifted horizontally (about 30 cm) and vertically (about 60 cm). Evidence for a "crisis" during the 3rd century (and particularly at the half of this century) is widespread and proved by the numerous cases archaeologically documented of reconstruction, rebuilding, restoration or abandonment. However, this period of modification has been traditionally attributed to the Aleman invasions. The superposition of the effects of political instability on the possibly strong coseismic damage makes the deciphering of the earthquake characteristics difficult.

Archaeological excavations in the cloister of the Capuchin Monastery in Bolzano uncovered remains of a tower which was part of the Wendelstein Castle. Evidence of earthquake damage was represented by the expulsion of a corner and the launch of stones at several metres from the structure. The tower was probably built in the 13th century and, based on the sparse archaeo-chronological information, it may have been destroyed by the 1348 earthquake (which strongly damaged the Friuli region, east of Bolzano) or by another unknown event. Attributing the damage to the 1348 event implies the necessity to better understand the reasons of the strong damage in Bolzano, considering that this town is far from the epicentral area of the earthquake. In the meantime, investigations (e.g. archaeology of the architecture) should be performed in order to understand if the damage was caused by an unknown event of local origin. Recent archaeological data (both from excavations and from archaeology of the architecture), together with a careful reconsideration of the written sources, suggest that the 1117 earthquake may actually be a complex seismic sequence which affected varied zones of northern Italy. The evidence of strong damage in Trento, derived from the excavation of the San Lorenzo church, suggests the possibility that one of the shocks of the sequence originated north of the southern Alpine border, due to the activation of a still uncovered seismogenic source. Other events, the size and location of which is not well constrained, yet, are found in the catalogues (above all, the one of 1295). Considering the exiguousness of the historical information for the earthquakes of the Antiquity and of the Middle Ages, and the mentioned problems of the geological investigation, it is evident that the future archaeoseismological research will play a key-role in better defining the seismogenic behaviour of the Alpine region.

THE 1855 VISP (SWITZERLAND) EARTHQUAKE: A MILESTONE IN MACROSEISMIC METHODOLOGY?

Monika Gisler1, Jan Kozák2 and Jiří Vaněk2:
1 ETH Zürich, Swiss Seismological Service/Institute of Geophysics, CH-8093 Zurich, gisler@sed.ethz.ch
2 Geophysical Institute, ASCR, Bocní II, c.p. 1401, CZ-14131 Prague 4

ABSTRACT 
The first attempts to establish macroseismic intensity reach back to the 17th century. But it wasn’t until the late 19th century that seismic intensity scales, tectonic faults and individual types of seismic waves were routinely studied and recorded. Observational seismology, macroseismic observation and earthquake classification in the early 19th century was so cumbersome and slow that these data were not commonly used and often forgotten. In mid 19th century, two researchers, G.H.O. Volger and A. Petermann, made a fundamental contribution to macroseismic damage classification by plotting the 1855 Visp earthquake; an endeavor that can be seen as the beginning of macroseismic methodology, including collecting, scaling and plotting seismic data, even though it was realized on a local level, only. It required the institutionalization of seismology in the last decades of the 19th century to establish macroseismic methodology on an international level. 

Large Historical Earthquakes in Eastern/Central North America: Fact and Fiction

Susan E. Hough

U.S. Geological Survey

Pasadena, California  USA


For our understanding of seismogenesis as well as seismic hazard assessment in the North American mid-continent, two historical events are of paramount importance: the 1811-1812 New Madrid, central U.S. sequence and the 1886 Charleston, South Carolina eathquake.  Published estimates of magnitudes of the principal New Madrid earthquakes have ranged from low of M~7 to as high as 8.75. A logic-tree approach was used in the most recent U.S. National Hazard Maps, with the highest weight assigned to M7.7.  In contrast, published estimates of the magnitude of the Charleston earthquake have been far more consistent, almost all within a range of 7.0 ± 0.2.  Upon cursory inspection, the effects of the New Madrid mainshocks appear to be more severe at close and regional distances than those of the Charleston mainshock, yet intensities for the New Madrid mainshocks are far less well constrained, and far more biased towards especially dramatic effects, than intensities from the Charleston earthquake. The bias results both from the fundamental nature of archival accounts and from the concentration of early American settlements along river valleys. In this paper I compare the intensity distributions more carefully, focusing on key indicators rather than the poorly constrained overall distribution of intensities for New Madrid events.  These indicators include the felt extent of the earthquakes, the maximum distance at which damage occurred, and key New Madrid observations that establish constraints on shaking effects at hard-rock sites.  I conclude that the primary difference between the intensity distributions of the Charleston and New Madrid earthquakes is that the former has much better sampling, in particular of the low intensity field. These results suggest that the largest New Madrid mainshocks were not substantially larger than the Charleston earthquake.

Making Seismograms Accessible from Historical Seismogram Filming 

to the Online SeismoArchives

W. H. K. Lee

U.S. Geological Survey, 345 Middlefield Road, Menlo Park, CA 94025, USA

R. B. Benson

IRIS Data Management Center, 1408 NE 45 Street, Suite 201, Seattle, WA 98105, USA

Summary

Ever since civilization began, earthquakes have caused much suffering to mankind. In the past three decades, about one million people were killed by earthquakes and the tsunamis that they generated. In order to mitigate earthquake and tsunami hazards, it is important to learn from past earthquakes. Since seismic instrumentation began in the late nineteenth century, seismograms have comprised the basic obser​vational data for earthquake study, and provide a rich recording of ground motion.  Therefore, we must preserve and archive these seismograms to make them available for modern analyses, and enable the study of these past earthquakes in conjunction with macroseismic, non-instrumental investigations. Although modern digital seismograms have been readily available online for the past 20 years, the analog seismograms on paper and microfilms that date back to the 1880’s still contain vital information that have not been thoroughly analyzed by modern methods. 

Thirty years ago, the only practical way to preserve paper records was by microfilming. The Historical Seismogram Filming Project was launched to preserve the pre-1963 “historical” seismograms.  Unfortunately, funding support was prematurely terminated and only about half a million paper seismograms (out of about 30 millions available) were microfilmed by mid-1980s. However, microfilming became obsolete in the 1990s as scanning for online web-based access becomes the preferred method. 

In 2004, the IRIS Data Management Center (DMC) launched the SeismoArchives Project that is intended to provide a host site for this information at: http://www.iris.edu/seismo/, and is being hosted in collaboration with the International Association of Seismology and Physics of the Earth's (IASPEI). The main purpose of these online SeismoArchives is to preserve digitally converted (scanned) analog seismograms of significant earthquakes, and conjoin them with and related materials, like reference material and reports, so that they are readily accessible online as source materials for research. In constructing an earthquake archive, we attempt to host relevant data and information of that earthquake in one place. As of May, 2006, 30 earthquake archives are available online, and the work related in acquiring more information is ongoing. 

Currently, no funding is available for preparing the materials for the SeismoArchives, and is dependant on volunteers and donors of data files and/or financial support for scanning analog seismograms that dated back to 1882.  Although the IRIS DMC has been managing modern digital seismogram data since the 1980s, the bulk of the seismograms recorded by seismic observatories and networks for over 100 years are in analog form on either papers or microfilms.  In this paper, we will review the endeavor of making seismograms accessible. We welcome seismologists worldwide to join the SeismoArchives Project so that old seismograms and related materials can be preserved and made freely available online to anyone anywhere. 

Attenuation of intensity for the Zemmouri earthquake 

of 21st May 2003 (Mw 6.8): 

Insights for the seismic hazard assessment in northern Algeria

Said Maouche
, Assia Harbi1 and Mustapha Meghraoui

Abstract

On Wednesday, 21 May, 2003 a damaging earthquake (Mw=6.8) struck the region of Zemmouri 50 km east of Algiers. It is the most destructive event in Algeria since 1980 with 2,280 deaths and collapse/serious damage of 30,000 buildings. The location of the epicentre on the coast and near the capital Algiers, makes the earthquake an important case history, useful for a better understanding of the seismic hazard along the coastal area. Using the results of the detailed macroseismic study, we measured the epicentral distance to about 600 intensity-observation localities and analysed the resulting dataset by regression procedures. Different regression curves are calculated using various directions and the attenuation shows diverse behaviours related to the existence of basin and range geological structures. Significant variations of intensity are related to the complexity of the geology in the area. These results extend our knowledge on the interaction between the damage distribution and the local soil conditions. Moreover, comparison of the Zemmouri earthquake with historical offshore and coastal seismic events allows us to infer new insights on the seismogenic sources along the Algerian coastal area.

Keywords: Algeria, Zemmouri earthquake, attenuation, soil conditions.

Earthquake Fault Ruptures and Historical Seismology : A decisive step for a better constraint of Active Deformation

Mustapha Meghraoui

Institut de Physique du Globe de Strasbourg, UMR 7516

Intraplate Europe is classified among the stable continental regions because of the low rate of deformation (Fig.1) (Johnston, 1996; Camelbeeck and Meghraoui, 1996, 1998). However, the historical seismicity is noteworthy and moderate to large damaging earthquakes have occurred in the past. In this context, the occurrence of the 18th October 1356 shallow earthquake in Basel is among the largest historical seismic event with maximum Mw = 6.5 in Western Europe (Mayer-Rosa and Cadiot, 1979). This large seismic event posed the problem of the identification of the seismic source in the area of Basel. Previously, we conducted extensive studies of active and seismogenic faults in the lower Rhine Embayment, the site of the 1992 Roermond earthquake (Ms 5.4) using Quantitative geomorphology, geophysical prospecting and trenching. The results indicated the occurrence of three major earthquakes (with M>6.2) along the Bree segment of the Feldbiss Fault system (Meghraoui et al., 2000, Vanneste et al., 2002). Our results raise another question with crucial consequences: what do we know about Holocene activity on other seismogenic faults in the Upper Rhine graben? Indeed, return periods for earthquakes similar to the 1356 Basel event are of the order of 2500 years (Ferry et al., 2005). Considering that reliable historical observations may not date back to more than 1000 years, this leaves space for other large undocumented earthquakes in the region. Hence, the necessity to achieve a comprehensive inventory of potentially active faults in the Upper Rhine graben. We have identified two major faults which morphological characteristics that suggests recent activity: the Basel-Reinach fault and the Riedseltz fault. Here, we give a detailed description of results from the Basel-Reinach fault pilot site as well as preliminary results from recent fieldwork on the Riedseltz fault.

THE CASE FOR LARGE (M>7) EARTHQUAKES FELT IN THE UK IN HISTORICAL TIMES

R.M.W. Musson
Global Seismology and Geomagnetism Group, British Geological Survey, West
Mains Road, Edinburgh EH9 3LA, UK

email: R.Musson@bgs.ac.uk

Abstract

Evidence from seismic and bathymetric surveys along the passive margin of NW Europe indicates that there are a number of features suggestive of large earthquakes having occurred in geologically recent times, although the exact timing of these events is difficult to establish. It might be thought that although such large earthquakes may have occurred, for example, in immediate post-glacial times in response to rapid isostatic readjustment, no earthquake in the UK area in historical times has exceeded a value of around 5.7 Mw. However, in past interpretations of regional seismicity, the possibility that some known historical earthquakes were in fact passive margin events has not really been canvassed. A large, distant, offshore earthquake is likely to be felt only at moderate strength over well-populated areas without any observable damage concentration. In a period when documentation of earthquakes is always sparse, such an occurrence is likely to lead to vague reporting that will not be easily interpretable. Looking at the historical record with this in mind, it is possible to identify some earthquakes that are at least compatible with an offshore interpretation. However, in no case is such an interpretation the only one viable. Also, some cases that appear to be potentially passive margin events can in fact be discounted. While there is no unequivocal evidence for large earthquakes having occurred on the NW European passive margin in historical times, neither can the possibility be rejected. Thus the regional maximum magnitude may be larger than has hitherto been assumed. 

Earthquake effects on nature and macroseismic intensity scales
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Abstract

A constituent part of this paper was prepared by Jean Vogt as early as 1991, as a consequence of the work done for the preparation of the EM-92 intensity scale, which later became EMS-98. Earthquake effects on nature are very important macroseismic phenomena, which can be of relevant use for assessing the level of shaking. For that reason, they have been traditionally incorporated into intensity scales, despite the fact that such effects are not homogeneous with the ones commonly used for assessing intensity degrees, such as effects on humans and buildings (damage).  Problems arise for five main reasons; i) these effects are not peculiar of one degree, but can take place at strengths of shaking that the intensity scales relate to a wide number of degrees; ii) they often happen in a few instances (in many cases just single ones), while modern intensity scales have a statistical “philosophy”; iii) the effects are often highly depending on pre-existing vulnerability states that are usually unknown; iv) some effects are not strictly related to strength of shaking at all, and only appear to be correlated with intensity for indirect reasons; v) they mostly take place outside the localities where intensity is assessed on the base of damage and effects on the humans, and often the corresponding shaking is referred, wrongly, to the nearest locality. EMS-98 tackled this problem by assigning to geological effects a side role. Geological effects have been related to intensity degrees through a table, where it is clear that they are not correlated one to one. Most of the preparatory work was performed by Jean Vogt, who retrieved a lot of data from his personal and partly still unexploited archive. It must be said he was never fully happy with the final table, a hard-to-reach compromise, the development of which can be traced through a number of letters. This paper starts from the material used for the preparatory works and updates the state-of-the-art, taking also into account recent methodological developments.

INTERPRETATION OF THE 1755 LISBON EARTHQUAKE, BASED ON THE HISTORICAL OBSERVATIONS OF DIFFERENT PHYSICAL PHENOMENA

Carlos Sousa OLIVEIRA

Professor at the Instituto Superior Técnico (IST), Lisbon, and

Researcher of ICIST, csoliv@civil.ist.utl.pt
ABSTRACT

The importance of the 1755 Lisbon earthquake is known worldwide not only among the scientific and technical communities but also to many other disciplines of human kind related to the effects and consequences of the earthquake. An account of the 1755 Lisbon earthquake is made based on the historical descriptions in what regards the multiple aspects of scientific and technological background in his smaller details as, for example: the lasting time of the event, the enormous area of perception with its direct effects along all the Iberian Peninsula and Morocco, the water movement in Scotland (seiches), the enormous tsunami that affected the Portuguese, Spanish and Morocco coast, being remarkable the waves in the other side of the Atlantic, in New Jersey. These examples illustrate that the 1755 earthquake was a unique seismologic event for which a great deal of information already exists but, on the other hand, still contains many unresolved problems.

The historical descriptions are oriented towards a better characterization of the seismic source, the wave propagation, and also to the causes behind the observations in nature, in the housing and population. The interpretation of the various phenomena is supported on their physical behaviour such as the structural characterization of simple objects and structures for which it was possible to partially recover the seismic input acting at the foundation level, leading to a more comprehensive understanding of the entire phenomenon. The analysis of the tsunami, of several monumental structures especially the Águas Livres Aqueduct, the damage inflicted to different types of buildings, etc., constitutes the essential basis to mount the large and intriguing puzzle that the 1755 earthquake still is. Though science has already given many important clues, there are yet a large number of questions to be answered which will contribute to a full comprehension of the phenomenon and in the definition of future hazards.  
Keywords:
Historical earthquakes; 1755 Lisbon earthquake; source mechanism; attenuation; damage; inverse problems. 

Review of historical earthquakes in the lower middle age: earthquakes of the XIV and XV centuries in Catalonia (NE Spain)

C. Olivera (1), E. Redondo (1), J. Lambert (2), A. Riera-Melis (3) and A. Roca (1)
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(2) Bureau de Recherches Géologiques et Minières (BRGM). 
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In 1985 the Geological Survey of Catalonia started a project to compile a comprehensive catalogue of seismic activity in Catalonia in order to provide a correct evaluation of seismic hazard. The project concludes with the publication, in 2006, of a book that gathers the results of the interdisciplinary work carried out on the most important historical earthquakes in Catalonia, which took place in the XIV and XV centuries. 

One of the most prominent features of this monograph is that it provides a compilation of all the documentation concerning the earthquakes of the late medieval period. For the first time it has been possible to undertake a joint analysis of all the documentation of the earthquakes of the late medieval period in Catalonia and to evaluate these events using homogeneous criteria. Our evaluation of the earthquakes is a marked improvement on earlier studies in two respects: name and quality of the descriptions, and homogeneity. 

A catalogue of the earthquakes of the XIV and XV centuries has been compiled. From this catalogue it can be deduced that the earthquake with the greatest intensity, IX, occurred on 2 February 1428 and that its magnitude corresponds to the highest value Mw of 6.5. The second largest earthquake occurred on 3 March 1373, with a magnitude Mw of 6.2 and epicentral intensity of VIII-IX. Focal parameters of the 8 earthquakes with Io >VI are presented. These are the 2 events previously mentioned (1373, 1428), 5 events of the 1427 seismic sequence and another earthquake occurred in 1448.

What is the lowest magnitude threshold at which an earthquake can be felt, or heard, or objects thrown into the air ?

Francois Thouvenot and Michel Bouchon

LGIT, Observatoire de Grenoble

Information on only faintly felt EQs have sometimes been used, although with reluctancy, by historical-seismology studies. Now that most seismic regions--at least in developped countries--are monitored by seismic networks with magnitude thresholds close to magnitude 1, less attention is paid to reports of abnormal noises. The alledged reason is that, if the event has not been detected by the monitoring network, there was no event at all. This point of view is discussed in the light of recent examples in South-East France, where EQs with a very shallow focus (sometimes less than 300-m depth) can be heard and felt, whereas the nearby (less than 20 km) seismic stations could not record the events. Our study concludes that magnitudes lower than 1, and even negative magnitudes, can be felt, thus making the human being an instrument eventually much more reliable than monitoring networks. Another type of observation which can be made in the field after some earthquakes is the presence of freshly fractured and broken stones. Such observations are evidence of ground acceleration exceeding gravity. Although this type of observation is associated with an intensity of XII in the Mercalli scale, we show that earthquakes of magnitude as low as 6 can produce such effects.
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