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1. Introduction
In recent years, the Archaeoseismology has passed from being a new term to an

own discipline known in the study of earthquakes. The different effort made in the 80
by some authors was directed to release this multidisciplinary branch of science (Rapp,
1982; Zang et al., 1986; Stiros, 1988a y b; Nikonov, 1988; Guidoboni, 1989) and begins
to be taken into account. Although-, other authors had introduced before the
earthquakes in archaeological interpretations (e.g. Lanciani, 1918), Stiros and Jones
(1996) made a compilation of the state of the art in Archaeoseismology and
recommended a multidisciplinary collaboration among Archaeology, Seismology,
Geology, Engineering, Architecture and History. Nowadays this statement is widely
accepted and the multidisciplinary work is strongly required for the advance in
Archaeoseismology. Furthermore, these authors made a question: What criteria are
necessary to identify seismic effects on an archaeological site? At present, this question
is not fully answered, being actually one of the objectives of the IGCP 567 (Earthquake
Archaeology along the Alpine-Himalayan seismic zone), to formulate an appropriate
standardize methodology on Archaeoseismology. In this sense, the work of Sintubin
and Stewart (2008) has gone beyond proposing a methodology based on the logical-
tree structure to quantify a potential archaeoseismological factor (AF) of an
archaeological site. However, at present there is not a precise and specific
methodology for distinguishing seismic effects from other destructive agents.



This Field Training Course Notebook appears with the aim of establishing a
methodology for the recognition and measurement of deformations, with the purpose
to discriminate between coseismic processes from other energetic processes. The
deformation generated in an ancient city should be conditioned by the trigger
mechanism that generated these features. In this sense, the deformation produced by
an earthquake is strongly conditioned by the orientation of the seismic wave arrival,
whereas wars, explosions or simply ruin normally generate random not uniformly
oriented collapses of the architectural fabrics. Thus, if we could see Tenochtitlan after
the attack of Hernan Cortés using artillery, we would not find oriented structures of
deformation. However, the seismic waves produce an oriented impulse, which may
trigger the arrangement of the deformations.

In this course, we propose a reverse problem, by means of the observed
deformations it is possible to calculate the strain ellipsoid produced by the earthquake
in the ancient buildings. The trend of the strain axis of different deformation structures
must be similar if the trigger mechanism was a single earthquake. Otherwise, a
relevant dispersion of the calculated strain ellipsoids will be obtained, like the effect of
the artillery in a devastating city. The classification of the structures of deformation
according to the EAE standardized classification (i.e. Rodriguez-Pascua et al., 2009) is
recommended with the purpose of normalizing or regulating further analyses.

The classic techniques of geological structural analysis are shown as tools for
calculating the strain ellipsoids of seismic origin by deformations located in
archaeological sites. We have chosen the ancient Roman City of Baelo Claudia to test
this methodology, because it was the first archaeological site in Spain analyzed from
modern archaeoseismological techniques (Silva et al., 2005; 2009). The richness and
variety of deformed structures in this ancient city make it suitable the application of
analytical techniques in Structural Geology. The result has been this Field Training
Course Notebook in which the assistants may acquire skills about how to analyze some
of these architectural disruptions and deformations in situ as well as their subsequent
treatment in the laboratory. These approaches will make possible to obtain data about
the origin of these deformations in order to integrate them with other data obtained
from Archaeology, Seismology, Geology, Engineering, Architecture and History, to
reach a checked solution.

Whatever the case, we have to take into account that the recorded deformations
in an archaeological site may hold different sources, and in most of the cases they are
the summation of several ones. The natural slope of the site, additional landsliding
events, natural subsidence, severe storms or hurricanes, and even the ruin and burial
history of the site has to be largely considered during and after the analysis of
deformed archaeological sites. Some of these processes can also produce similar
oriented arrangements of architectural fabrics, therefore the geomorphological



context (coastal site, valley site, mountainous site, etc.), the climatic context and even
the climatic history (for the most ancient sites) have to be taken into account to assist
the scientific discussion of the obtained data. Finally, other post-burial interferences
must be considered, such as a complete knowledge of the history of the archaeological
excavations, works for the consolidation of ruins , etc.

Traces of Archaeoearthquakes
An historic view and state of the art of archaeoseismology

Detecting earthquakes in ancient remains and archaeological findings is an
attractive argument for researchers. The history of humankind is the history of
catastrophes that have affected all cultures around the world. In Archaeology, the
reconstruction of the past obviously includes these catastrophes and, in general, is
described under superstitious or even religious frames. However, in Geology there are
not catastrophes, the history of the Earth is the knowledge of the Geodynamics of an
evolving Earth. Extinctions and human catastrophes are the consequence of living on a
living planet.

Archaeoseismology addresses the possibility to detect earthquakes affecting
ancient remains. Evans (1928) defined the earthquake horizon from his own
experience of an earthquake shaking while he was working in an archaeological site
(Stiros, 1996). This horizon of destruction was soon adopted by the archaeology
community although with more enthusiasm than a strict scientific methodology.

One of the first cooperative works to develop the foundations of this new discipline
is the volume of Archaeoseismology, edited by Stiros and Jones (1996). In the
introduction of this volume, both authors underlined the relevance of the
archaeoseismic information for seismic hazard assessments. Perhaps the most
notorious argument supporting the archaeoseismology provided in that volume is the
multidisciplinary approach to evaluate correctly ancient earthquakes from archaeology
findings. Moreover, Stiros (1996) introduced a systematic guideline to assign
earthquake destruction in archaeological sites (Peloponnese and Gulf of Corinth area).
This guideline includes a detailed description of structural damage affecting fallen
columns, tilted walls, chipped corners, arches and vaults, etc.

The oriented damage of structures is also considered as a strong argument to
support the seismic destruction but with some considerations: use of multiple
damaged structures, absence of anthropic destruction, etc. Nur and Ron (1996) and
Korres (1996) also introduced structural damage affecting other archaeological sites in
the Jordan area and Greece (Athenian Acropolis) respectively. Buck and Stewart (2000)
and Jones and Stiros (2000) pointed out the ambiguity of archaeoseismic evidence for
earthquakes in Greece and the Mediterranean zone, Guidonobi et al. (2000)



introduced a methodological classification in archaeology applied for strong ancient
earthquakes.

Other interesting volumes focused on Archaeoseismology are The Archaeology of
Geological Catastrophes, edited by McGuire, Griffiths, Hancock and Stewart (2000) and
the Special Issue on Archaeoseismology at the Beginning of the 21% Century, edited by
Galadini, Hinzen and Stiros (2006). Deformed structures or arches and walls are
described by Hancock et al. (2000) and Galadini et al. (2006) proposed a
methodological issue and procedure for Archaeoseismology. Modelling of structural
damage is performed by Mistler et al. (2006) and Poursoulis et al. (2006).

Kovach (2004) compiled several archaeoseismic findings in his outstanding book
Early Earthquakes of the Americas, finding a lot of archaeoseismic evidence from
Azteca, Inca and Maya ancient cultures. Moreover, this author agreed with a
systematic approach for Archaeoseismology in similar terms than Stiros (1996) and Nur
and Ron (1996). This author also described structural damage from seismic shaking and
affecting corbelled arches, prehispanical pyramids, walls, tombs stelae, etc.

Two of the most interesting epoch-analyses were performed at the San Francisco
earthquake (1906) by Lawson (1908) and at the Acambay earthquake (1912) by Urbina
y Camacho (1913). Both works described structural damage on modern buildings by
two instrumental strong earthquakes (both greater than Ms 7). We have included this
references in those structures analysed here that present similar damage than those
described by these authors.

Questions to be solved before the structural analysis will be performed.

Stiros (1996) pointed out several interesting questions to solve before the
archaeoseismic argument will be widely accepted.

When? The question addresses whether we can date the archaeoearthquake or
not. Several techniques on geochronology can help us to date the earthquake,
although a more deep explanation goes beyond the focus of this course (i.e. 14C, K-Ar,
U-Th Series, 210 Pb, dendrochronology, lichenometry, termoluminescence,
tephrochronology, etc.). However, some concepts are needed to say here: first,
numerical aging is relevant only if we well-know what has to be dated. Furthermore,
we have to well-know the constraints and age interval of the dating technique, and
finally, we have to obtain the errors of the measurement to evaluate the reality of the
numerical age.

Where? One thing is to state that one earthquake has hit one ancient city and
other is locating potential epicentres. Studies on seismotectonics and tectonic
geomorphology into the area can help us to understand the geodynamics of the area
and the seismic potential of geological features near to the archaeological site.



How? Once the potential seismic source is identified (seismogenic fault or
seismogenic area), palaeoseismology help us to identify the history of this fault, period
of recurrence, slip-rate for seismogenic faults, evidences of paleoearthquakes and
even material to be dated. Other arguments to be used: archaeological evidence of
earthquakes, ancient writings and chronicles, ceramic and mosaic iconography, etc.
(e.g. Nur and Cline 2000; Ambraseys, 2006).

Cautions and uncertainties

Several works strongly recommend that cautions and uncertainties should be
considered before the seismic theory will be accepted. A great variety of these
cautions and methodologies applied to reduce uncertainties can be consulted at: Stiros
(1996), Jones and Stiros (2000), Buck and Stewart (2000), Guidoboni et al. (2000),
Kovach (2004), Ambraseys (2006), Marco (2008), Sintubin and Stewart (2008).

Contributions of the 1% INQUA-IGCP 567 Workshop on Earthquake Archaeology and
Palaeoseismology to Archaeoseismology

Towards a comprehensive classification of Earthquake Archaeological Effects and
quantification of the deformation. This sentence resumes the aim of the Organization
Committee regarding the Structural Course of Earthquakes Archaeological Effects.
During the previous workshop, several works regarding the topic claimed here were
presented. Archaeoseismic evidence along the word was presented by Chatzipetros
and Pavlides (2009) and Ferry et al. (2009) in the Dead Sea zone, meanwhile Da-Quan
et al. (2009) and Jin et al., (2009) worked on Archaseismology in China and Korea,
respectively and Rodriguez-Pascua et al. (2009b) and Silva et al., (2009b) have
introducing historic earthquakes from archaeoseismic evidence in Spain. Hinzen,
(2009), Schaub et al., (2009), Schereiber et al. (2009) and Yerli et al. (2009) have
modelled the structural damage affecting ancient constructing by using modern
techniques as LIDAR survey and numeric modelling. Regarding the methods in
Archaeoseismology, Hinzen et al. (2009) proposed a quantitative method to test the
seismogenic hypothesis based on laser scanner, geotechnical models, ground motion
and structure models. In this way, Rodriguez-Pascua et al. (2009) introduce a
comprehensive classification of the so-called Earthquake Archaeological Effects (EAE)
and their use to obtain strain data related with the seismic source. Finally, Sintubin et
al. (2009) pointed out the future trends in Archaeoseismology, with spatial focus on
the development of quantitative multidisciplinary methodologies.
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