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Preface. 
 

After the very successful 1st Workshop on Earthquake Archaeology and Paleoseismology held in the ancient roman site of Baelo 
Claudia (Spain, 2009), the INQUA Focus Group on Paleoseismology and Active Tectonics decided to elaborate a bi-annual 
calendar to support this joint initiative with the IGCP-567 “Earthquake Archaeology”. This second joint meeting moved to the 
eastern Mediterranean, a tectonically active setting within the Africa-Eurasia collision zone and located in the origins of the 
pioneer’s works on archaeoseismology. However, for the coming year 2012, at least a part of us will move also to the New World, 
where the 3rd INQUA-IGCP 567 international workshop will take place in Morelia, Mexico in November 2012. It is planned to 
proceed with the meeting, so we are thinking of Aachen, Germany, to be the host in 2013, possibly together with Louvain, Belgium. 
 
The aim of this joint meeting is to stimulate the already emerging comparative discussion among Earthquake Environmental Effects 
(EEE) and Earthquake Archaeoseismological Effects (EAE) in order to elaborate comprehensive classifications for future 
cataloguing and parametrization of ancient earthquakes and palaeoearthquakes. One of the final goals our collaborative workshops 
is the integration of archaeoseismological data in Macroseismic Scales such as the Environmental Seismic Intensity Scale ESI-
2007 developed within the frame of the International Union for Quaternary Research (INQUA). In this second workshop we offer 
again a multidisciplinary and cross-disciplinary approach and program, since there is an urgent necessity to share the knowledge 
and objectives among geologists, seismologists, geodesists, archaeologists and civil engineers in order to improve seismic hazard 
assessments and analyses in a near future. Also, we intend to sharpen geoscientists and their research more in the direction of 
critical facilities, which are of world-wide public and political interest after the dramatic catastroph in Fukushima, Japan.  
 
The last two years provided significant dreadful earthquake scenarios, which were in most of the cases oversized in relation to the 
data provided by the historical and instrumental seismicity. The Haiti Mw 7.0 (Haiti, Jan 2010), Malua Mw 8.8 (Chile, May 2010), 
Christchurch Mw 6.3 (New Zealand, Feb 2011), Tohoku Mw 9.0 (Japan, Mar 2011) and Lorca Mw 5.1 (Spain, May 2011) events 
illustrates that both extreme subduction earthquakes or moderate events can generate severe damage in relation to relevant 
secondary coseismic effects or Earthquake Environmental Effects (EEE). Most of these recent events have clearly demonstrated 
that the vibratory ground shaking is not the unique, or even most significant, source of direct damage, and it is by no means the 
only parameter that should be considered in seismic hazard assessments. The lessons offered by the aforementioned events 
corroborate once again the relevance of liquefaction, tsunamis, rockfalls, landslides, ground subsidence, uplift or failure as a major 
source of hazard. But this also underpins the need of re-evaluating the significance of macroseismic intensity as an empirical 
measurement of earthquake size. In fact, as highlighted in the last volume produced by the INQUA Focus Area (Serva et al., 2011), 
intensity is a parameter able to describe a complete earthquake scenario, based on direct field observation and suitable to be 
preserved in the geological, geomorphological and archaeological records.  
 
With this aim the INQUA TERPRO #0418 Project (2008-2011) has implemented a world-wide online EEE Catalogue based on 
Google Earth in order to promote the use of the ESI-2007 Scale for seismic hazard purposes 
www.eeecatalog.sinanet.apat.it/terremoti/index.php. On the other hand the IGCP-567 is promoting an interesting shared approach 
of EEE data and EAE data for the same purpose. Examples of this variety of original research coming from this collaborative 
approach are the Geological Society of London Special Volume 316 (2009) Paleoseismology: Historical and Prehistorical 
records of Earthquake Ground Effects for Seismic Hazard Assessment (K. Reicherter, A.M. Michetti & P.G. Silva, Eds.), the 
Geological Society of America Special Papers 471, Ancient Earthquakes (2010) (M. Sintubin, I.S. Stewart, T. Niemi & E. Altunel, 
Eds.) and the Special Volume of Quaternary International (2011) Earthquake Archaeology and Paleoseismology (P.G. Silva, M. 
Sintubin & K. Reicherter, Eds.). In the same way, this abstract volume contains more than 80 contributions from researchers of 
more than 27 different countries and illustrates the upgrading shared knowledge on palaeo-, ancient, historical and instrumental 
earthquakes and images an impressive growth of our community. Our workshop was co-ordinated through the newly established 
website www.paleoseismicity.org, where earthquake info and blogs are openly shared. 
 
Finally, we wish all participants a fruitful conference and workshop in the vicinity of the ancient sites of the Classical Greece around 
the Corinth Gulf, where earthquake science, wonderful landscapes, ancient cultures, amazing sunny days, fantastic “Greek 
cooking”, nice beaches, daily cool beers, wine tasting events and late night gin tonics mixed with hot discussions are waiting for all 
of us. A special “efharisto poli” goes to Christoph Grützner and Raul Pérez-López for their invaluable work with the organisation 
and the abstract handling. 
 
 
 
The Organizers of the 2nd INQUA-IGCP 567 Workshop  
Ioannis, Klaus, Andreas and Pablo (Corinth, Sept. 2011) 
 

http://www.eeecatalog.sinanet.apat.it/terremoti/index.php
http://www.paleoseismicity.org/
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Abstract (Archaeoseismology of the A.D. 1545 earthquake in Chiang Mai, northern Thailand): The A.D. 1545 Chiang Mai 
earthquake in northern Thailand was studied by historical and archaeological sources.The temple Wat Chedi Luang has lost about 
half of the original 80-metres height due to southward-directed collapse. Twenty-one temple sites – out of 74 visited – has tilted 
pagodas, up to 5° in various directions, dominated by a SE trend. All damaged temples were built before the 1545 earthquake. We 
suggest that a city-wide liquefaction event caused tilting. The responsible earthquake possibly occurred along the Doi Suthep 
Fault within city limits. Possible activity of distant faults is assessed. 

 
 
Key words: palaeoseismology, Thailand, liquefaction, Wat Chedi Luang 
 

 
INTRODUCTION 

 
An important obstacle to the assessment of 
earthquake hazard at present is the lack of 
information about old earthquakes (Ambraseys, 
2009: xii). The locations of larger historical 
earthquakes have been found to be known well 
enough to guide field studies for further in situ 
investigations. Properly run field studies provide 
reliable observations for the assessment of damage, 
intensity, and its distribution, ground effects and 
surface faulting. Field studies of old earthquakes are 
time-consuming and often present subtle problems 
but they are essential (Ambraseys 2009: 16). Here 
we provide a brief description of traces of a 
significant earthquake in Northern Thailand, and 
provide assessment of seismic parameters of the 
event. 
 
 

 
 
Fig. 1: Wat Chedi Luang in Chiang Mai, Thailand, seen from 
the southeast. Damaged during the AD 1546 earthquake, 
the upper half of the stupa fell to the south. 

 

 

 
 
Fig. 2: Archaeological reconstruction of the pre-earthquake 
dimensions of Wat Chedi Luang as seen from the east. 
Total height was approx. 80 m. The portion above the heavy 
line is the art historian’s vision about its looks. 

 
Both historical documents and archaeological data 
are available describing the A.D. 1545 earthquake in 
Northern Thailand. We studied the Buddhist temples 
in and around the old city of Chiang Mai (Kázmér & 
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Sanittham, 2011) to identify possible earthquake-
induced damages preserved in the buildings’ 
structure and orientation.  
 
Currenty earthquake activity in northern Thailand is 
interpreted within the framework of Thoen Fault 
(Chiang Saen, May 2007, ML = 6.3), Mae Tha and 
Pha Youv fault zones tens of kilometres away 
(Pailoplee et al., 2010). Since recurrence time of 
major earthquakes seems to be longer than the 
instrumental period of 50 years, archaeoseismology 
is a necessary tool to extend the observation period 
to centuries. 
 
 
METHODS 

 
Historical, archaeological, and geological- 
geophysical data are combined to understand the 
Chiang Mai earthquake of AD 1545. The published 
historical description was cross-checked with 
archaeological data of the site of Wat Chedi Luang 
and elsewhere. We visited 74 temples of Chiang Mai 
city. While recording earthquake archaeological 
effects (Rodriguez-Pascua et al. 2011), we measured 
the angle and direction of tilt of the chedi (stupa) by a 
stonemason’s tiltmeter and a compass, respectively.  
 
Coordinates of chedi location were taken from the 
digital map of Northern Thailland (ThinkNet 2010). 
Construction ages were drawn from Thai-language 
publications. When no printed source was available, 
we accepted the dating of tourist information tablets 
in the monasteries. 
 
There is no official English transliteration system for 
the Thai language. English spelling of Thai names is 
inconsistent to the extent that one’s own name is 
written differently on subsequent occasions. In this 
paper we use names as found on the electronic map 
of ThinkNet (2010), which is neither official, nor better 
than any other spelling. 
 
 
HISTORICAL DATA 

 
There was a damaging earthquake in Chiang Mai city 
(Northern Thailand) on 28 July 1545 in the afternoon 
hours between 4.30 and 6.00 pm. „The earth 
trembled and shook, groaned and moaned, very 
intensely. The finials, (top parts) yòt, of the Jedi 
Luang and of the jedi in Wat Phra Sing broke off and 
fell down, and also the finials of many other jedis”, 
recorded the contemporary Chiang Mai Chronicle in 
Lanna language (translated by Penth, 2006). 
 
 
WAT CHEDI LUANG IN CHIANG MAI 

 
The largest chedi (stupa, pagoda) ever built in what 
is Thailand today is the Wat Chedi Luang, standing in 
the monastery of the same name in the centre of old 
Chiang Mai city (Fig. 1). Built in 1391, it has been 
reconstructed and enlarged several times, A huge 
chedi, 56 x 56 m rectangular basement, approx. 80 m 

high was built in 1479-1481. The base was enlarged 
and strengthened in 1512 (Podjarawaraporn, 2547). 
 
On 28 July 1545 there was a huge rainstorm and an 
earthquake, which caused the chedi to topple, 
leaving only half if its structure to stand (Fig. 2). The 
power and richness of the Medieval Lanna Empire 
already in the decline, no funds have ever been 
available to restore the damaged building to its 
former glory. The chedi was left in this damaged 
condition for more than four centuries. A cosmetic 
restoration in 1992 completed the strengthening by a 
60 x 60 m base, . 
 
 
TILTED BUILDINGS CITYWIDE 

 
In addition to the famous damaged chedi, numerous 
religious and secular monuments in and around the 
old city bear evidence for some kind of earthquake 
damage. The most obvious evidence is tilting of 
chedis: the pointed top part of the monument clearly 
deviates from the vertical by a few degrees (Fig. 3). 
(The lightweight metal decoration at the very top is 
almost always heavily tilted; we did not take these 
into account, only the brick portion below.) Historical 
data on construction time of the chedis indicate that 
all of them were built in the 14-15

th
 century AD, 

before the A.D. 1545 earthquake (Fig. 4). Locations 
and tilt directions are mapped on Fig. 5. 
 
Tilt directions are dominated by a conspicuous SE 
trend (Fig. 6). 
 
 
 

 
 
Fig. 3: Tilted buildings citywide 
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Fig. 4: All tilted chedis (stupas) were built before the AD 
1545 earthquake. 4 – Wat Chiang Yeun, 8 – Wat Hua 
Khuang, 12 – Wat Lok Mo Li, 17 – Wat Phra SIngh, 23 – 
Wat Chai Prakiat, 28 – Wat Phuak Hong, 34 – Wat Chet 
Rim, 42 – Wat Umong, 46 – Wat Chiang Man, 50 – Wat 
Srisupan, 51 – Wat Nantharam, 56 – Wat Daowadueng (no 
tilting was observed), 67 – Wat Bupharam, 72 – Wat 
Chomphu. 

 
 
SUBSOIL 

 
The tilted chedis are all on the alluvial plain of the 
Ping River, extending over at least 4 km

2
. 

Groundwater lever was high during our survey in 
August 2010, about 70 to 100 cm below ground, as 
seen in several wells within the temple compounds. 
Historical data indicate a rainy summer season for 
1545, too. 
 
We suggest that a city-wide liquefaction event, 
caused uneven settlement and subsidence of the 
buildings in the saturated soil. The dominant SE-ward 
tilt direction possibly reflects strong motion 
directionality. 
 
 
INTENSITY 

 
While modified Mercalli intensity VII is the damage 
threshold for many archaeological sites (Kovach and 
Nur, 2006), we assume that damages to Wat Chedi 
Luang related to the 1545 earthquake require a 
larger intensity due to the especially compact 
construction of the building. The pagoda, built like a 
pyramid, is certainly a more earthquake-resistant 
structure than any ordinary city house, even palace. 
Intensity IX or higher (good masonry damaged 
seriously, in areas of loose sediment, sand, mud, and 
water ejected – Rapp, 1986) seems more probable. 
 
Intensity VIII to IX (heavily damaging to destructive) 
is assumed on the ESI 2007 environmental intensity 
scale (Michetti et al., 2007): liquefaction with 
settlement up to 30 cm or more. The total affected 
area was in the order of 1000 to 5000 km

2
 

(Reicherter et al., 2009), i.e. all of the Chiang Mai-
Lamphun Basin. 
 
 
EPICENTER AND MAGNITUDE 

 
Known and possibly active faults were assessed for 
source of the earthquake, and the minimum 
magnitude for liquefaction calculated after Obermeier 
(1996, Fig. 42).  

 
The Doi Suthep fault, the master fault of the half-
graben of the Chiang Mai Basin is 3 km away. It is 
not known to be active: a minimum M 5.5 seismic 
event here could cause liquefaction.  
 
The SW-NE trending, left-lateral Mae Kuang Fault 32 
km to the NE is possibly inactive since the Tertiary, 
althought the fault trace is particularly conspicuous in 
the landscape (Rhodes et al. 2004). A minimum M 
6.3 seismic even would have been sufficient to cause 
liquefaction in Chiang Mai. 
 
The Lampang-Thoen fault zone 120 km to the SE is 
active (Chiang Saen, May 2007, ML = 6.3). The 
segments are long enough to produce M 7 
earthquakes (Pailoplee et al., 2009). A minimum M 7 
seismic event is needed to cause liquefaction in 
Chiang Mai city. 
 
The Sagaing Fault in Myanmar, forming the boundary 
between the Sunda and Burma plates is 200 km to 
the W. It regularly produces M > 7 earthquakes (M 
7.0-7.4) (Hurukawa & Maung, 2011). However, the M 
7.5 earthquake on December 3, 1930, did not cause 
any liquefaction event in Chiang Mai we are aware 
of. A lack of proper attenuation model for Thailand 
(Chintanapakdee et al., 2008) prevents formulating a 
suitable explanation. There is local model developed 
for Chiang Mai (Kannika & Takada, 2009), although 
for rock sites, not for alluvium. We suggest that 
earthquake intensities display a strong directionality 
along the right-lateral Sagaing Fault: higher 
intensities occurring parallel and lower intensities 
perpendicular to the fault, thus protecting Chiang Mai 
from major plate-boundary events. 
 
Whether any of the above or another fault is 
resonsible for the AD 1545 earthquake is an open 
question as yet. Studies on strong motion direction 
causing the major damages (see, for example. 
Korjenkov & Mazor, 1999, 2003; Kázmér & Major, 
2010; Hinzen, 2008, 2009) may help tor resolve 
some of the open questions. 
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Fig. 6:Tilt directions plotted in polar bar chart. Horizontal 
axis – number of pagodas tilted in a certain direction. Note 
the prominent southeastward tilting of several chedis.
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