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INTRODUCTION

As we cannot know what will happarthe future, to estimate likely earthquake hazards
we have to find out what happened in the past atrd@olate from there. Previous research has
uncovered evidence of destructive earthquakeseiasanf the eastern Mediterranedmere only
small events have been experienced recently, Withevidence drawn from realistic physical
considerations and input data.

For earthquakes before our era, howevstorical and archaeological data, which are
rarely unambiguous and always of little use todtientist, have attracted interpretations that are
influenced by the dogma of catastrophism, attrilytio earthquakes the obliteration of the
eastern Mediterranean region in the Bronze Aggelanovements of peoples, and the demise of
flourishing city-states

In the early part of the ®9century geology was under the influence of thenuegpf
catastrophism, the hypothesis that changes in dhih @ccurred as a result of isolated major
catastrophes of relatively short duration, as opga® the idea implicit in uniformitarianism,
that small changes are taking place continuousdyagirophism passed off the scene, now more
or less completely discarded, and uniformitarianisok over.

However, the last few decades have segnadual re-emergence of neo-catastrophism, this
time in the field of archaeoseismology, particylddr earthquakes before our era in the Eastern
Mediterranean, bringing back into prominence treaglof Velikovski (1950).

To mention a few of the propounders of tagma, Marinatos in the late 1930s postulated a
catastrophic eruption of the volcanoe of Santond a seismic sea wave responsible for the
demise of the Minoan civilization, (Marinatos 1939hen followed Schaeffer (1948) who
attempted to account for gaps in the sequenceviizations in the 3 or 2 millennia in the
Middle East within a relatively short period, bysaries of major seismic upheavals. He was
followed by, among others, Galanopoulos, who suggeanother catastrophe that became quite
controversial and still is debated today, that ifland of Santorin was the lost continent of
Atlantis. Galanopoulos claimed that it was the sigkof Santorin into the Aegean Sea c. 1500
B.C. that wiped out the entire Minoan civilizati@am a single volcanic eruption that was as
“cataclysmic as nuclear war” (Galanopoulos and Bat869). Then, Kilian contributed with
another more local catastrophe at the end of tieeBeonze Age, one that allegedly caused the
collapse of Mycenae and all of Peloponnese duatassive earthquake (Kilian 1983).

Others followed in more recent times, atttibg to earthquakes the obliteration of the
eastern Mediterranean region in the Bronze Aggelanovements of peoples, and the demise of
flourishing city-states including Troy.

The reason for the revival of catasteplipotheses is perhaps that they are easy toiexpla
They are too simple, too obvious and too coincidlentarticularly when they are based on
inadequate or biased historical evidence and asause they have become fashionable in recent
years. If the solution to a problem is not immeglyatobvious, a catastrophe theory, which
attracts considerable publicity, can account f@Léwis and Terris 2002).

This article is written with the archaeissnologist in mind. Its purpose is not to sugglest
destructive earthquakes are unlikely to happeménBastern Mediterranean region. Instead the
article is written to discuss the reasons for whicte should be careful not to accept such




theories at face value. The conclusions about idreficance of early earthquakes, particularly
those that happened before the recent historical raust be drawn from realistic physical
considerations and input data so that theoriesuandrtainties can actually be verified by testing
the data.

PREREQUISITES

Historical information can be used to asseaghquake hazard, i.e. the frequency of
occurrence of past earthquakes in terms of theation, magnitude and occasionally of their
association with surface faulting, three of the mogortant pieces of information in describing
seismicity and tectonics.

This information will be of value to the darscientist and engineering seismologist only
when it is converted into numbers representing épieentral location and magnitude of the
events, accompanied by the date of the earthqua#tean estimate of the reliability of their
assessment. The prerequisite for the assessmeartbfjuake hazard is that these variables are
known to within reasonable uncertainty limits.

It is too much to expect that this kind ofarmation can be gleaned from archaeological
evidence alone, which is always ambiguous and edgosm be used to provide the more
precise answers that are needed by the enginessstss earthquake hazard. Nevertheless,
archaeological evidence can potentially provideficoration of long-term seismicity rates and
with greater collaboration between disciplinesitikely that many refinements of the existing
results will be possible.

In its simplest definition the epicentral i@y of an earthquake is the area over which the
most severe damage occurs, and the primary intewntfidhe assessor is to avoid as much as
possible the amalgamation of different earthqualtesely spaced in time into one earthquake.
Other things being equal, the larger the epicentrgion, the larger are the total damage and
magnitude of the event.

One must be aware of the possibility that teito more separate earthquakes can be
transformed into a large earthquake. This is undedable in view of the tendency of early
writers to amalgamate or duplicate seismic events.

To minimize the risk of duplication or amalgation of historical earthquakes due to dating
uncertainties it is important to establish the dtameity of the damage observed at different
localities. Archaeological sites may have been afgad by separate historical events that
occurred in the same week, month or year but niéérdntiated in the sources or from the
excavations. This amalgamation of information letmln over-estimation of the size of the
damage area, and hence of the magnitude of theadfendividual earthquake.

Earthquake intensity is a convenient means of cgingein a single rating the effect of an
earthquake on man-made structures at a particldaepand it is a useful parameter. However,
intensity scales have been devised fof' 2@ntury types of construction, the vulnerability o
which can differ enormously from that of historichellings. In the upper range of the scale,
maximum intensity in any earthquake affecting vuhitde structures appears to be effectively
the same; that is, the scale "saturates" at irtteasvIl-VIIl MSK at which point all adobe,
rubble stone masonry houses are destroyed andrtifrdbeed dwelling are damaged beyond
repair so that any town or village would thus appegually, but no more, devastated at higher
intensities (Tresilian 2002).

Loss of life is not always a diagnostic criteridnlarge intensity or magnitude because of
the high vulnerability of the building stock andjhipopulation density in historical urban areas.

Natural exaggeration in literary sourcesad difficult to detect. The authenticity of the
sources, the style of narrative, internal evidencéhe account and experience gained from
processing this kind of information, all combinedually allow the estimation of the time,



location and magnitude of an earthquake, parameteich for early events to a certain measure
become subjective. And if one is in doubt, it isfprable not to report these parameters.

TEST CASES

For most of the earliest historical eartias like the two events we discuss below, the
data is insufficient to assess location, magnitanie date of occurrence. All that we know is that
there was an earthquake. Yet, in spite of thisaitkout justification, these events have been
associated with the fall of Jericho and with Uz&atr Zechariah’s earthquakes at Jerusalem, the
former a Late Bronze and the latter an Early Irge &arthquake of catastrophic dimensions.

The Jericho earthquake. It is generally believed that an earthquake aeclduring the siege
of Jericho (Tell el-Sultan) by the Israelites c.Q48.C. This event caused the strong walls of
Jericho to collapse, allowing Joshua to take pesse®f the place and burn it down.

But the Bible, the only literary source for thigthguake, does not attribute the collapse of
the walls of Jericho to an earthquake but to theidgeng Israelites who “by shouting and
blowing their horns caused the walls to come tungbtiown” (Joshua vi.20-21).

If we follow the Bible the invasion ofdHsraelites into Palestine is usually placed 4d&ry
before the foundation of the Temple in JerusalenSbiomon in 960 B.C. Therefore Jericho
would have been destroyed about 1400 B.C., buheo¢ssary by an earthquake. Alternatively,
if the views of those scholars who attempt to rederthe description of events with Egyptian
history are accepted, the date of 1260 B.C. igiefe Another option would be to follow those
who reject the historicity of Joshua in favour efief in peaceful conquest and accept a date far
later than 1400 B.C. (Lemonick 1990).

Turning to the question of what archaggl can contribute to this impasse, the earliest
excavation at Jericho, in the beginning of the tasttury, concluded that the city was already
abandoned during the invasion of the Israelites, @uat it had been destroyed, probably by
earthquake before 1400 B.C, (Sellin and Watzin@d:i3]. A second series of excavations in the
1930s supported the biblical account for an eadkgwc. 1400 B.C. (Garstang 1948). But a third
series of excavations at Jericho in the 1950s foumdrchaeological evidence to corroborate the
biblical account of the fall of Jericho, dating teeent back to a period well before 1400 B.C,
(Kenyon 1957). Jericho’s walls were repaired orutkélno fewer than 16 times in its known
history and of the layers identified by Kenyon thevas none, whose destruction could have
been singled out as providing special hints fortrdetion by the hand of Joshua instead of
another conqueror, or by earthquake.

In 1997 a limited excavation, that wasosided in political intrigues, on the fringes of
Kenyon'’s trenches by Nigro and Marchetti, foundevidence for destruction from the time of
Joshua (Nigro and Marchetti 1998). However, Wob@90) who examined the results of the
excavation by Kenyon, Nigro and Marchetti claiméeattthey had found the same evidence
uncovered in earlier excavations that fits the iBadlstory for the destruction of Jericho ¢.1400.

The conclusion of all this is that theedar the period of the earthquake -if an earthquak
fact occurred at all- remains highly uncertain, d@hdt archaeology does not help much to
establish the invasion period with any degree ofaggy, while in Jericho and in other sites in
the region the evidence points towards human, eleltb destruction.

From the examination of the availablgta, taking into consideration the doubts of
Kenyon’s dating raised by Wood, and those of Gagstaraised by Kenyon, it is prudent to
consider that until archaeologists come up witleten unbiased evaluation, to accept tentatively
Kenyon’s estimates. Until a better consensusashed we must be aware that the time of the
siege and destruction of Jericho by Joshua is uegertain, bracketed within a rather broad
chronological range



It is natural for archaeologists to seek eatthquake effects in strata belonging to the
conventional period of the fall of Jericho ¢.140(CB a period which, as we have seen, is far
from being certain. But as it was to be expectath dericho located in the Dead Sea Fault zone,
which is capable of producing destructive earth@sakhere is no lack of archaeological
evidence to show that during the Bronze Age treeditlericho was damaged a number of times,
probably by more than one earthquake of unknowatioc and magnitude.

The problem here is that archaeoligeidence for an earthquake is rarely unambiguous
and its dating is frequently based on, or influehbg, literary sources, which often, as in our
case, provides examples of how their assumed angucaupled with occasional inaccurate
commentaries, may influence archaeologists' inggion and dating. This then develops into a
circular process in which the uncertain date okarthquake is transformed into a fact and used
to confirm the dates of the proposed destructicatat

From Kenyon’s estimates there are thagers in Jericho that show some good evidence of

earthquake damage, namely during the perio®54f0-7000 BC dtratumPPNB); 3400-3100
BC (stratum:EBA I); and 2300-1950 BC (stratum:EBB), none of which, however can be
associated with Joshua and the fall of Jericho.

Nor does archaeological evidence fransac1400 BC support the interpretation of a
catastrophic earthquake. If the fall of Jericho lh&@&n due to an earthquake that was strong
enough to flatten the massive walls of the cityghibuld have razed to the ground all the rickety
dwellings in the city, granaries and water supphth great loss of life, for which there is no
evidence. To the contrary, we know that part ofditye wall on the north side of the site was left
standing (Hebrews xi.30-31). Also Joshua says that Israelites entering JericHatterly
destroyed all that was in the city, men and womkke'a But had there been a destructive
earthquake that flattened the city walls, the I#ieewould have found very few standing houses
to destroy or people alive to slaughter. It seemigkely that such a “news-worthy” event as a
catastrophic earthquake would have not been meatiby the prophets or later chroniclers.

It is natural to attribute the prese of skeletons buried under rubble to a suddethde
caused by the collapse of building in an earthquBlosvever, in the case of Jericho this is not a
safe assumption. If we exclude the normal buriatsuad Jericho belonging to the Middle
Bronze Age and Garstang’s finds which are not datesl only dated skeleton on site is not an
earthquake victim. It belongs to a woman found m@m by the city wall and provides evidence
for violence against the people. The woman wadljigtontracted suggesting that she had been
bound in that position before she was decapitdatexlyertebrae of the neck having been severed
(Kenyon 1981.217).

Regarding damage outside Jericho archaexalbgvidence suggests that about the time of
the fall of Jericho there were at least anothesi&s in Judea and Israel, which appear to have
been damaged, presumably by earthquakes. Theseas#tescattered in a north-south direction,
from Tel Hazor in the north to Tel Batash in theitbo a distance of 350 km, and from the
Mediterranean coast to the east side of the Dead~8elt zone for a distance of about 100 km.

But for the archaeological evidence from tno$ these sites points towards human,
deliberate destruction caused at some uncertaia itinthat period, which most probably could
have been the result of the invasion of Judea aratll by Pharaoh Sheshonk I. It is interesting
that the names of these 20 sites are includeceitighof conquered cities, carved onto the south
wall of the courtyard of the temple of Karnak inypg

Zechariah's earthquake. The next case is that of the so-called Zechariearthquake. Biblical
sources and a later historian mention another gaatte, one that affected Jerusalem in the days
of Uziah in the middle of the"8century B.C., (Amos I.1; Isaiah 11.19, 21; Zecharhaxiv.4-5;
Josphus, Ant. ix.10.4). Unfortunately, becaus¢hefexisting differences between the Egyptian
record and the Biblical accounts during this pemoentioned earlier, it is difficult to establish,



even grossly the period in which the earthquakeéapd (Kitchen 1986).

Amos mentions the earthquake in passiitigout an indication of whether it caused any
damage in Jerusalem, except for a rent in the Temfbout the effects of the earthquake on the
Mount of Olives two other sources provide a littiere information.

Zechariah fBcentury B.C.) says that at that tithe Mount of Olives, to the east of Jerusalem,
split apart making a very wide valley running freast to west, half of the mountain moved towards th
north and half toward the souffhis passage differs slightly from the later M&soversion.

A later writer, Josephus®(tentury A.D), gives a somewhat different accotte.says that
“a great earthquake shook the ground and a rentmae in the temple.... And before the
city...half the mountain broke off from the rest dre twest, and rolled itself four furlongs and
stood still at the east mountain, till the roadswell as the king's gardens, were spoiled by the
obstruction”.

Obviously these accounts describe notimuge than a landslide, not far from the King’s
gardens in Jerusalem that may or may not have toggered by this or by another earthquake.
Landslides in this region are not uncommon. Fataimse, the relatively large slide on the Mount
of Olives, located on the slope that faces wesatde/the Old City, can be seen halfway up the
Mount of Olives. This slide is probably much moreiant than the Biblical times (Wachs and
Lewitte 1984).

This is all the textual information avéaila about this earthquake, conventionally dated to
759 B.C and called “Zechariah’s earthquake”.

DISCUSSION

Regarding the earthquake in Jericho, some Bibldemsahave supposed that an earthquake
toppled the walls of the city. However, the accooinisraelite’s conquering the city contains no
reference to earthquakes. Moreover we have no esivel evidence to associate the fall of
Jericho with the earthquake damage preserved ositthef the old city, nor with the damming
of the River Jordan at Al-Damieh, which may be tbsult of a series of earthquakes over a long
period of time (Kenyon 1978, p.36).

Archaeological reports give little or texhnical justification to support the conclusibiatt
destruction was due to an earthquake, and if sotalulee very same earthquake mentioned by
Amos. Avalilable stratigraphic cannot rule out tleesgbility that the observed damage was the
results of later earthquakes.

In the present case, searching for @alogical evidence for the earthquake destruction o
Jericho (which is not mentioned in the Bible namgtour only source), occurring at the time of
the Israelite invasion, (the date of which is utae), reminds one of Kaplan's parable of the
drunkard searching under a street lamp for his éndaey, which he had dropped some distance
away, but he searches there because there is iglote |

About the effects of Zechariah’'s earthquatee is left with even more questions. For
instance, on what evidence the meagre historidatnmation in the Bible have been translated
into a catastrophic earthquake of magnitude;id 8.2, which is said, to have shaken Jerusalem
with intensities between VIII and IX(Ben-Menahem 1979.262). Why has this earthquake bee
associated so precisely with a coseismic left-datereak of the Jericho fault, about 25 km east of
Jerusalem and from the Mount of Olives (Austin et2800) Finally, how authoritative is the
geological map of The Survey of Israel, which shtlesfault break running east west through the
southern part of modern Jerusalem? (Atlas of Isk88b). These are common sense questions and
they should have been answered long ago.

CONCLUSIONS
Biblical history cannot be convenienfiynchronised with the stratigraphic sequence of
archaeological sites. The want of agreement betvisdielical chronology and archaeological



stratigraphy makes it almost impossible to estimatie confidence seismological parameters for
earthquake before the Archaic Perioll (gntury B.C.).

It is important not to presume thabalv we identify as earthquake damage in an
excavation is the effect of one of the very few rggseknown from literature, however well
attested in the sources, and date the damagestpdhicular event. It could well have been one
of the many missing earthquakes not mentionederBible that caused the damage. Assigning
all documented damage to a known earthquake @cttte and economical, but not more than
that.

Careful examination of the aftermath lafge, well-studied earthquakes in the
Eastern Mediterranean regions over the last 25udest -that is after the Archaic Period-
shows that earthquakes seem to have had littlanyf serious long term influence on
historical developments, and no civilization cobltve ended as a result of earthquake or of
a sequence of earthquakes (viz. Ambraseys 1973)

During the last 2000 years there hagenbat least 14 earthquakes of magnitude Ms
between 7.0 and 7.6 along the Dead Sea Fault 2ong of which were associated with surface
faulting, killing large numbers of people; in thase of the earthquake of 1202 A.D., more than
30,000 people perished in only one district. Yeha of these events caused a serious crisis in
human affairs or triggered the demise of a staenem societies of very limited technology.
Quite to the contrary; we read about remedial nregstaken after destructive earthquakes, of
truce between belligerent states, and in a fewscagen about the flourishing of the regions after
a damaging earthquake.

There are, however, a few cases in wlaalthquakes have been responsible for the
premature decline of a small rural economy, andhelee mass exodus, but only when the
earthquake had caused permanent loss of the waiplys Otherwise there is no evidence that
earthquakes do not seem to have ever been resfeofwsithe ruin of a culturally advanced state,
far less the end of a civilization.

In contrast with wars, epidemics and potlemg lasting calamities that have serious and
prolonged effects, earthquakes, no matter how Jagem to have had little long-term impact on
Man. The Mongol invasion, for instance, causedgfaater, lasting damage in the Middle East
than all the earthquakes in that region during geatod put together. Earthquakes destroy the
most vulnerable man-made structures, while waréaré deliberate damage destroy the most
important for survival with uncontrollable afterefts that makes all the difference.

It may be that people always react inevitable hazard in a special way, distinctiro
the preventable hazard. Personal, political anch@mic interests seem to overshadow, and in
some cases suppress, the lessons to be learndésimuctive earthquakes. Perhaps it is one of
the most interesting findings that the lasting &feof major earthquakes over the last 25
centuries in the Eastern Mediterranean region wowlidseem to have been significant. Soon
after a damaging or destructive earthquake, vesiiedests invariably led people to act once
again with disregard for the prospect of furthestsoalamities, and they still do.

The chief problem with neo-catastropieories is that their propounders do not seem to
have read their original sources carefully and geshpay little attention to the evidence
presented by others or data from outside of them Geld of expertise. They moreover tend to
trespass into disciplines in which they seem tceeHatle or no training.

Neo-catastrophists must realise thatrtlasisessment of location and size of early
earthquakes is likely to be used at face value agthescientists and engineers in their
calculations of long-term slip rates, recurrendes@and design parameters for small probabilities
of exceedance. Their assessments have a direchdp@ar the mitigation of earthquake risk and
they must be trustworthy.
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