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ABSTRACT

On 18 December 1867 a disastrous earthquake struck off northern Taiwan and generated a tsunami that caused hundreds
of deaths. At that time, with little information available, people could not be expected to identify the mechanism of the1867
Keelung earthquake or the subsequent tsunami. To reconstruct the earthquake and tsunami available historical documents
and references were reviewed and verified. The data were then evaluated for its’ credibility. The historical place names were
correlated with the present locations and GIS tools were used to reconstruct the earthquake and tsunami and identify the dis-
tribution of the resulting damage. Excluding the damage recorded in the Keelung area, there is evidence that shows that the
1867 Keelung earthquake and tsunami killed more than 580 people. The coastal area from Jinshan to Keelung Harbor was
the main affected area. With a recorded tsunami wave height of 6 m occurring in Huanggang and Shueiwei, the run-up height
in Jinbaoli Old Street and the Badouzi area is estimated to have been 15 m high. The tsunami wave height was observed to
be 205 cm at Keelung Harbor Bay. The attenuation law was adopted to simulate the earthquake intensity distribution. The
source parameters reasonableness and validity were considered by comparing the earthquake intensity distribution and the
resulting damage. Our results show that the 1867 Keelung earthquake was highly correlated with the offshore Shanchiao Fault
extension. The length the fault is about 40 km, with the epicenter located at 25.34°N, 121.91°E and focal depth of 10 km. The
moment magnitude was 7.0.
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1. INTRODUCTION

On 18 December 1867 (lunar calendar 23 November,
the sixth year of the Tongzhi), a disastrous earthquake hit
northern Taiwan and generated a tsunami that caused hun-
dreds deaths and many houses to collapse. This was the
only disastrous tsunamigenic earthquake to occur in Tai-
wan (Fang 1969; Hsu 1981, 1983b; Tsai 1985; Cheng and
Yeh 1989). Of the historical documents compiled by Fang
(1969) and Hsu (1983a), most are literal descriptions of the
resulting tsunami damage rather than records of the event
distribution and characteristics. No quantitative report of the
tsunami’s impact is given in the documents. Hsu (1983b)
and Tsai (1985) used data from the same limited source, but
estimated different epicenter locations. Hsu (1983b) calcu-
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lated that the epicenter was offshore of Keelung (25.2°N,
121.8°E,M =7.0), and Tsai (1985) inferred that the epicen-
ter was offshore of Jinshan (25.3°N, 121.7°E, M = 7.0). Xie
and Cai (1987) and Hsu and Li (1996) compiled informa-
tion from sources in China, but most of the documents are
translated from earlier sources or are paraphrased reports of
the event and provide insufficient information to assess the
validity of original documents. Some of these documents
contain inconsistencies. With the limited information left
by antiquity, opinions concerning the mechanism of the
earthquake and subsequent tsunami can be divided into four
major groups: (1) Tang (1971) and Yang et al. (1983) con-
sidered that a submarine volcanic eruption located around
134 km northeast of Keelung Harbor (26.183°N, 122.458°E)
was the primary cause of the tsunami; (2) Hsu (1983b) and
Tsai (1985) had different views on the epicenter location,
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but agreed that the tsunami was caused by an earthquake
and a fault; (3) Ma and Lee (1997), however, believed that
the tsunami was the result of an earthquake, a landslide, a
volcanic eruption, and coastal landform; and (4) Wu (2013)
thought that an underwater landslide triggered by an earth-
quake was the cause of the tsunami. These different inter-
pretations generate considerable bewilderment about the
facts of the 1867 Keelung earthquake and tsunami.

In recent years, easy Internet access and the digitaliza-
tion services provided by most libraries have brought some
neglected historical documents and materials to light. This
provides the opportunity to re-examine the 1867 Keelung
earthquake and tsunami. Therefore, this study begins with
a review of the historical documents and references. It uses
the original documents to attach importance to the validity
of the information and avoid misunderstandings from inter-
preting paraphrased documents and translation between lan-
guages. A database is to be established to store these original
documents and archives to provide references for follow-up
studies. The data will be evaluated and compared for their
credibility in terms of reconstructing the damage distribu-
tion, the correlated intensity and assessing the tsunami wave
height and run-up height. The relevant geological and geo-
physical data are referred to in order to identify the possible
source parameters. The attenuation law was applied to sim-
ulate the isoseismic map. The reasonableness and validity of
the source parameters can be determined by correlating the
isoseismic map with the disaster distribution.

2. HISTORICAL DOCUMENTS RELATED TO THE
EVENT

At present, the historical documents that refer to the
1867 Keelung earthquake and tsunami are contained in
Fang’s (1969) and Hsu’s (1983a) collections: (1) Chen’s
(1871) History of the Tamsui Prefecture (in Chinese); (2)
Shen’s (1893) History of the Miaoli Prefecture (in Chinese);
(3) Dainippon Dictionary of Place Name Sequel [original in
Japanese, only Chinese version available. The author was in-
scribed as Yoshida (1909) by Fang (1969) but was recorded
as Ino (1909) by Hsu (1983a)]; (4) Mackay’s (1896) From
Far Formosa (original in English, only Chinese version
available); (5) Alvarez’s (1915) Descripcion geografica de
laisla de Formosa (original in Spanish, only Chinese version
available). Based on the previous records, the earthquake hit
on 18 December 1867. The date of the event was given with-
out an accurate time for the occurrence. Hundreds of people
were killed and many houses were destroyed. Landslides oc-
curred and the ground cracked along the coast of Keelung
and Jinbaoli. The sea rose violently. Damage was concen-
trated in the Keelung area. There are detailed descriptions of
the tsunami in Keelung Harbor: “Water in the harbor seem-
ingly receded to the bottom. Ships were caught on the beach.
Shortly afterwards, the water returned with violent intensity.

The ships were washed away. Fish on the beach were gone
too. Everything on the beach was washed away. Well-built
houses were struck and destroyed. Land was buried under
sand.” Rice fields dropped three feet suddenly in Jinbaoli.
Sulfurous water spouted upward to a height of forty feet.
More than half of the town of Shilin was destroyed. These
are mostly fragments and partial descriptions of the event.
Quantitative data of the damage are not available.

In Xie and Cai’s (1987) Compilation of Historical
Earthquake Data in China (in Chinese), four documents
about the 1867 Keelung earthquake were added: (1) Cheng
and Chen’s (1927) Annals of Xiangshan County (in Chi-
nese); (2) Musha’s (1951) Japan Earthquake Historical Re-
cords (original in Japanese, only Chinese version available);
(3) The North China Daily News of 4 January 1868 (original
in English, only Chinese version available); (4) Hancock’s
(1882) Tamsui Trade Report, for the year 1881 (original in
English, only Chinese version available). Among these, The
North China Daily News gave a detailed and quantitative
description of the damage in the Tamsui area, but only qual-
itative reports of the tsunami in Keelung Harbor. According
to the descriptions in the document, the author may have
been present in Tamsui when the earthquake occurred. It is
clearly stated that the earthquake struck Tamsui at 10:20 am,
but hit Keelung at 09:45 am. The writer explained that the
time difference for the quake between Keelung and Tamsui
was due to the fact that “Often one person’s watch is half
an hour faster or slower than another’s”. The damage in
Tamsui was only found on high ground. Houses fell regu-
larly from the northeast toward the southwest, with thirty
people killed. Pa-Qian-Na (Chinese transliteration), a small
town a few miles away from Tamsui, suffered more, and
about 150 persons died. There were no sea or river anoma-
lies mentioned in this document. At Keelung the first shock
lasted for thirty seconds. The ground cracked in front of the
Keelung Custom House. Most of the houses in the town col-
lapsed. The water in the harbor rushed out and left it dry
as far as Yan-Wang-Yan (a Chinese transliteration which
means “Hades stone” in Chinese) for some seconds. The
sea then returned in two huge waves, swamping sampans
and drowning the people in them. Junks were carried away
and stranded high and dry opposite Keelung. Big rocks slid
from nearby hills and sulfur pits. According to the residents,
a huge crack opened in the ground and stretched out to the
coast. Many place names have been mixed up due to the
lack of original documents and only Chinese editions can
be found. The depiction of the damage in Keelung Harbor
in the Tamsui Trade Report for the year 1881 is similar to
that given in The North China Daily News, which has more
descriptions of the inundation and ruins in Keelung, Jinbaoli
and Ba-Qi-Na (Chinese transliteration). Musha (1951) de-
scribed significant volcanic activity in the Japan Earthquake
Historical Records: “A big earthquake hit Keelung, the
whole city had been devastated. Tsunami occurred. Many
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were dead. Lava overflowed from the nearby caldera.”

In addition to the collections of Fang (1969) and Hsu
(1983a), Hsu and Li (1996) found more documents related
to the event which include three research reports from China
and one report from the United Daily News (25 May 1960).
(1) Li (1981) referred to the Japan Earthquake Historical

Records: “On 23 November, the sixth year of Tongzhi, a
big earthquake hit Keelung, Taiwan. Houses collapsed
and it came along with a tsunami. Volcanic pits emit-
ted hot water. Many people died.” This information was
quoted by Musha (1951). However, in Xie and Cai’s
(1987) document (Chinese version), it was described as
“Lava overflowed from the nearby caldera”. Clearly, a
translation error has been made.

(2) Bao et al. (1991) referred to Ms. Ye’s description: “The
tsunami lingered for 38 hours, 120 km of the coastline
were flooded and 40,000 to 50,000 people were killed.”
This information matches the description which Soloviev
and Go (1974) collected about the 1782 tsunami event.

(3) Li referred to Soloviev and Go (1974), “The surface of
the Yangtze estuary dropped by 135 cm, then had a run-
up of 165 cm. It was surely deemed as a tsunami.”

(4) An interview was held with Tang, the director of the
Weather Forecast Station, Taiwan Weather Bureau, af-
ter a Chilean tsunami was triggered by an earthquake
there in 1960; “According to Takahashi’s research, a
tsunami had happened in Taiwan in the twelfth year of
Guangxu. The maximum height of the tsunami was 7.5 m
and it caused a great deal of damage to Keelung. From
the records of Oka, on 18 December, the twelfth year of
Guangxu, a tsunami was triggered by an earthquake in
Keelung. The tsunami destroyed numerous houses and
drowned hundreds of people along the coastal villages
of Tamsui, Keelung-tou and Jinbaoli.” Hsu and Li (1996)
believed that the twelfth year of Guangxu should be the
year 1867, the maximum height of the 1867 Keelung
tsunami was 7.5 m and the tsunami destroyed houses in
the Tamsui area. Significant differences can be found
between Hsu and Li’s observations and the report in The
North China Daily News.

The information given above indicates that the Keelung
area was the most severely damaged, followed by the Shilin
and Tamsui areas. The tsunami was more noteworthy in Kee-
lung Harbor. However, the overall information obtained is
somewhat disorganized. In addition, some of the content and
partial descriptions contain inconsistencies. There is there-
fore a need to collect, classify, and understand the mecha-
nism of the 1867 earthquake and subsequent tsunami.

In recent years, the digitization of ancient texts, histori-
cal and cultural documents has become prevalent in librar-
ies and research institutes and offers access for inquiry and
reading through the Internet, allowing neglected historical
documents and data to be explored. For example, Cheng
(2014a, b) found an English report of the 1867 Keelung

earthquake and tsunami in The North China Herald and
Market Report (of 8 January 1868) in which the content is
the same as that in The North China Daily News (of 4 Janu-
ary 1868) [Xie and Cai’s (1987) translation in Chinese]. The
North China Daily News had no related documents for that
time period. The two newspapers were also under the same
ownership. We can deduce that either the two newspapers
both reported the event, or there was a mistake made such
as an incorrect quotation or a clerical error. Another impor-
tant document that was found is Okamoto’s (1913) Terrain
Changes Around Kim-pau-li during Tongzhi Years (in Jap-
anese) which gives a thorough description of the damage
caused by the earthquake and tsunami in the Jinbaoli region,
where the streets were more harshly hit than in the Keelung
area. There are exact digital descriptions of the heights of
the tsunami waves at Huanggang and Suiwei. It is believed
that there are still many documents and manuscripts to be
discovered. This study will continue to explore the validity
of the historical documents and reconstruct the damage dis-
tribution from the 1867 earthquake and the tsunami impact
by collating and analyzing all of the available data, and fur-
thermore, consider the validity of the source parameters.

3. METHODOLOGY
The methods applied to reconstruct the 1867 Keelung
earthquake and tsunami are shown in (Fig. 1).

3.1 Collection and Collation of Historical Documents

This study began by collecting and classifying histori-
cal documents that cover Taiwan and nearby areas in the
Chinese, English, Japanese, French, Spanish, and Russian
languages. In sorting these materials raw data were taken
in consideration of the original source in order to avoid any
deviation that might have occurred in translating or quoting.
Any document that is unable to provide its original source
is marked with an asterisk (*) and given a reference in the
‘Reference’ column (Tables 1 and 2). In reference to the
current writer, Cheng (2014a), the historical documents and
archives are divided into four categories: (1) the official ver-
sion of the record; (2) the local version from the literature;
(3) personal records and articles; and (4) temple establish-
ment history and epigraphy. When an inconsistency occurs
with regard to the same earthquake event, the official ver-
sion will be considered as the first priority, then the local
version and then the next, in the following order:

(1) Official version of the file

The major documents include official memorials, let-
ters to the throne and relevant files that contain statistics
of the disaster situation, distress relief among the disaster
victims and disaster recovery plans. However, at the time
this earthquake occurred the Qing Dynasty was fighting the
Taiping Rebellion. Most of the letters to the throne and of-
ficial records focused on the war. Official files related to
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of Historical Documents

Data Reliability Analysis

Verification of Names in the
Literature

k Covers Taiwan and neighborhood arcas
b In Chinese, Japanese, and other foreign languages

b Data integrity and originality
b The credibility of the author and content

I Ancient names validation
 Old map and current map comparison

q Tsunami

(Evaluation of the Corresponding
Intensity and Height of the

b The CWB intensity scale is applied
l Geological and geographical data are referred

r

.

Building a Spatial Distribution

Assessing the Source Parameters

 With old map locations (GIS)
I Converted into current map

k Active faults, submarine topography, and others
k Epicenter, depth, magnitude

Evaluate Source Parameters

>
Simulating an Isoseismic Map to b Empirical attenuation formula, intensity map
I Compare with disasters distribution and simulated map

Table 1. Local versions of the literature on the 1867 Keelung Earthquake.

Fig. 1. Methods of data processing.

| 4

No. Original document Reference
201 North China Daily News/ Dec. 19, 1867* Xie and Cai (1987)
202 North China Daily News/ Dec. 20, 1867* Xie and Cai (1987)
203 New Orleans Times/ Dec. 21, 1867* Perrey (1872)
204 North China Daily News/ Dec. 27, 1867* Xie and Cai (1987)
205 North China Daily News/ Jan. 4, 1868* Xie and Cai (1987)
206 The North China Herald and Market Report/ Jan. 8, 1868
207 Chen (1871) History of the Tamsui Prefecture. (in Chinese)

BiREZEE (1871) kK
208 Hancock (1882) Tamsui Trade Report, for the year 1881.
209 Shen (1893) History of the Mioli Prefecture. (in Chinese)

TRkEE (1893) BaERE
210 Murakami (1899) Taiwan Bulletin. (in Japanese)

LR (1899) ZiEfd 2

1 3 o ES

211 Cai (1917) Annals of Shuang-Lin Town. Xic and Cai (1987)

52 (1917) Spgs

212

Lian (1918) Taiwan T ung Shih (General History of Taiwan). (in Chinese)

SHIRE (1918) ZEEsEm s

213

Cheng and Chen (1927) Annals of Xiangshan County.*

BRERIBREE R (1927) RILRE

Xie and Cai (1987)

214

Jane (1931) Chronicles of Keelung. (in Japanese)

fEifE K (1931) HfEgs

215

Wang (1972) Chronicles of Taichung City. (in Chinese)

VT (1972) Brpri

216

Historical Research Committee of Taiwan Province (1984) Re-edition Common History of Taiwan. (in Chinese)

HEASIREES (1994) BE=EEEE

217

Lin et al.(1988) Chronicles of Taichung County. (in Chinese)

A (1989) BEHRRE

218

Taipei Government (1989) Chronicles of Taipei City. (in Chinese)

EALTHBUR (1998) 2L

219

Cheng (2005) Annals of Sanchong Sequel. (in Chinese)

HRERTR (2005) = i i8R

220

Chen (2006) Re-edition Annals of Miaoli County. (in Chinese)

BB HAAREL (2006) HEEH TGS

Note:

* refers to files which lack the original document.
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Table 2. Personal records and articles about the 1867 Keelung Earthquake.

No. Original document Reference
301 Holt (1868) Report of Recent Earthquakes in Northern Formosa.
302 Perrey (1872) Note Sur Les Tremblements de Terre en 1868 Avec Suppléments Pour les Années Antérieures de 1843 a 1867.
(in French)
303 Perrey (1873) Suppléments Aux Notes Sur Les Tremblements de Terre Ressentis de 1843 & 1868. (in French)
304 Dodd (1888) Journal of a Blockaded Resident in North Formosa During the Franco-Chinese War: 1884-5.
305 Mackay (1895) From Far Formosa.
306 Taihoku Meteorological Observatory (1899). Taiw\aAn Meteorologi}:al Report, No. 1. (in Japanese)
EALRIEAT (1899) @RS —
307 Davidson (1903) The Island of Formosa, Past and Present.
308 Omori (1906) Investigation of Taivyan E;i.rthquake. (in Japanese)
KRR (1906) =i 5 4 —HE
309 Taiwan Governor-General Office of Civil KAffairs (1907) Report of Earthqua.keADamages of Chiayi. (in Japanese)
RN REGTHEE R (1907) SR KEE
310 Omori (1907) Preliminary Note on the Formosa Earthquake of March 17, 1906.
311 Yoshida (1909) Dainippon Dictionary of Place I\Iame Sequel. (in Japanese)
R (1909) A H A4 38R

312 Yoshida (1923) Dainippon Dictionary of Place N: ame, Vqlume VI. (in Jz%panese)

HHERM (1923) KEAMAEEE /N SIEE - HEX « 5K - 2
313 Yoshida (1970) Dainippon Dictionary of Plage Name,‘ Enlarged Edition. (in Japanese)

R (1970) BgHHA H A AL gk -JbikhE - MEK - BRER - 228

Ino (1909) Dainippon Dictionary of Place Name Sequel.*
- BHERIE (1909) AHANAREHIE Hsu (19830
315 Taiwan Governor Production Bureal{ f)f Civil AffairsA (1.?12) Report of Geological ?urvey about Datun Volcano. (in Japanese)
T RBGIE AR (1912) A K g B iRl
316 Milne (1912) A Catalogue of Destructive Earthquakes A.D. 7 to A.D. 1899.
317 Okamoto (1913) Terrain Changes Around Kim-pau-li during Tongzhi Years. (in Japanese)
R AZE VB (1913) FRAFRICHNT 2 SEEHGE o
318 Taihoku Meteorological Observatory (1914) The Climate, Typhoons, and Earthquakes of the Island of Formosa (Taiwan).
319 Alvarez (1915) Descripcion Geografica de la Isla de Formosa. (in Spanish)
320 Omori (1919) Japan Big Earthquake Overview Table. (in Japanese)
KRBT (1919) RFRAHEME
] Xu (1?33) A Collection of Xu Nan Ying. fin thnese)
FFREE (1933) R R S HR AR
30 Oyama (1934) Taiwan Earthqu%{ke and Intensity. (in Japanese)
KILIEE (1934) B R OME R HER
123 Nishimura (1936) The Histgry of Taiwan Earthquake. (in Japanese)
PERIME = (1936) =t o
304 Miyabe (1936) Recent Seismic Activity in Taiwan. (in Japanese)
HHEE (1936) 22T 2 RE OHEES)
325 Abe (1938) The Study of Local N ame in Taiwan. (in Japanese)
ZAEHIFE (1938) AN
326 Heck (1947) List of Seismic Sea Waves.
397 Oka (1948) A Complete Collection of Taiyan Met?orological Data, Earthquake. (in Chinese)
R PV % (1948) SRS E AR
Musha (1951) Japan Earthquake Historical Records.* .
328 Sk (1951) SRR Hlsu and Li (1996)
329 Hsu (1955) The Earthquakes ofiTaiwan. (in Chinese)
REGE (1955) 2582 s
330 United Daily News/ May 25, 1960;(in Chinese)
Wik &7 19604F5 H 25 H /55 =hit
331 Hsu (1966) Seismicity of Taiwan. (in Chinese)
FRUAE (1966) il RIS B ek

332 Hsu (1971) Seismicity of Taiwan and Some Related Problems.

Note: * refers to files which lack the original document.



436 Cheng et al.

Table 2. (Continued)

No. Original document Reference
Hsu (1983) Estimation of Earthquake Magnitudes and Seismic Intensities of Destructive Earthquakes in the Ming and Qing
333 Eras. (in Chinese)
FRUAIR] (1983) BT AU M AR R R 5
334 Iida et al. (1967) Preliminary Catalog of Tsunamis Occurring in the Pacific Ocean.
335 Tida (1984) Catalog of Tsunamis in Japan and Its Neighboring Countries.

Fang (1969) A Compilation of Historical Records of Taiwan Earthquake before the Twentieth Century. (in Chinese)

30 75 (1969) -+ HHE LA A e
337 Tang (1971) Planning arjd Design of Coastal Er{giAneering. (in Chinese)
Gl (1971) MR TSR
333 Sheng (1971) The Relief Business of Taiwan Disast\er\s in Qing Era. (in Chinese)
BEEUT (1971) AR SSRRar 32
339 Soloviev and Go (1974) Katalog Tsunami na Zapadnom Poberezh’e Tikhogo Okeana. (in Russian)
340 Lee et al. (1976) A Catalog of Historical Earthquakes in China Compiled From Recent Chinese Publications.

Institute of Geology, State Seismological Bureau, 1979. A summary Instruction on “The Seism Tectonic Map of the People’s
341 Republic of China” (with a brief catalogue of stronger earthquake in China).
B ER St B T FE T (1979) i ARHLRIB s EE A ] A 3 I (M B R G H )

Hsu (1983) A Collection of Historical Materials of Taiwan Natural Disasters in Qing Era. (in Chinese)

2 L (1983) T {CRERIETH SR e
Yang et al. (1983) Mathematical Model for Calculation of Tsunami Propagation and Tsunami Run-up in the Northeastern Area
343 of Taiwan. (in Chinese)
B RS (1983) GiFsILE T A B B E R e
344 Tsai (1985) A Study of Disastrous Earthquakes in Taiwan, 1683-1895.
347 Hsu and Li (1996) Tsunami in the Region near Taiwan. (in Chinese)

FFIDEAIZEERY (1996) 131 e HARIT 6 2 Hepbd

earthquake reports are deficient from this particular source.
(2) Local version of the literature

The literature in this category includes local chroni-
cles, interview records, customs reports and the newspaper
reports of the time which mainly documented local disas-
ter situations. There are 20 local version files listed, among
which, File No. 206, The North China Herald and Market
Report of 8 January 1868, contains a detailed description of
the disaster situation in the Tamsui and Keelung areas.
(3) Personal records and articles

There are 45 files comprising personal articles, travel
stories, poems and letters, mostly personal observations
(Table 2). Among them, two files contain complete depic-
tions of the event. File No. 304, Journal of a Blockaded Res-
ident in North Formosa During the Franco-Chinese War:
1884-5 (Dodd 1888) reveals that the author of this journal
was present in Mankah when the earthquake hit. He rushed
home to Keelung the next day and thoroughly described
in his journal the damage in Keelung and Mankah and the
flood caused by the tsunami. File No. 317, Terrain Changes
Around Jinbaoli During the Tongzhi Years (Okamoto 1913),
gives a detailed account of the amount of damage and loss
from the earthquake and the tsunami in the Jinbaoli area.
(4) Temple establishment histories and epigraphs

In this category documents are collected from temple
chronicles and establishment histories, epigraphs on the
steel and interviews held on the spot. The content focuses

on describing the condition of collapsed buildings and the
reconstruction work on the temples and nearby areas. There
are eleven files obtained from four temples (Cihu Temple,
Guangan Temple, Ching-shui Patriach Temple, and Qingan
Temple), two old houses (Huang’s Old House and Chi-feng
Old House), three tourist attractions (Jinbaoli old street,
Huang-zui Roar Smoke, and Keelung Mountain), and field
interviews in two places (Four Rivers in Keelung, Bachi-
men, and Uhr Sha Wan).

3.2 Data Reliability Analysis

As stated above, there are 76 historical documents re-
lated to the 1867 Keelung earthquake and tsunami. Some
of them only briefly describe the event, some are derivative
and some contain contradictory statements about the same
event. It is therefore necessary to carry out a data reliability
analysis to examine and verify the original source, the in-
tegrity of the documents and the authenticity of the contents
and the authors.

3.3 Verification of Place Names in the Literature

Northern Taiwan has been under the rule of the Span-
ish, the Dutch, the Ming Dynasty, and the Qing Dynasty,
the Japanese and briefly the French in terms of its history.
Thus, place names in different documents may vary with the
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languages used and translation deviations by which differ-
ent names of places could possibly mean the same location.
Furthermore, as time went by, place names and administra-
tive regions changed a lot. It is significant to identify the
places named in the documents and correlate them with old
maps. For instance, File No. 206, The North China Herald
and Market Report, stated that “in Pa tsien na, 150 persons
were killed”. In File No. 208, Tamsui Trade Report for the
yvear 1881, stated that “Pachena was partially laid in ru-
ins”. In File No. 311, Dainippon Dictionary of Place Name
Sequel (in Japanese), stated that in Shilin Old Street more
than half of the town was destroyed. Comparing the loca-
tions of Pa tsien na, Pachena, and Shilin Old Street in the
old maps, they all indicate the same place which is Shilin
today and was known as Pattsiran in the past, which has the
meaning ‘hot spring’ for the indigenous Pingpu Tribe. Palm
Island and Bush Island, which are named in many docu-
ments, are correlated with the current Heping Island and the
nearby Tongpan Islet when compared with the French maps
illustrated by Garnot (1884) and the map of North Formosa
(No. 208) from Hancock (1882). The inundated area of Ba-
douzi mentioned in File No. 317, Terrain Changes Around
Jinbaoli During the Tongzhi Years, was once mistaken to
refer to Badouzi Fishing Port in east Keelung. From the de-

scription given in the document, it should be located near
Jimbaoli (Jinshan). After accessing a Taiwan Fort Map
(1/20000) published in 1904, it is clear that Badouzi is lo-
cated on the site of the present Second Nuclear Power Plant
in Wanli. It did not show up on the map because the village
Badouzi had been relocated since the power plant was es-
tablished. The English and Chinese names for each locality
are listed in Table 3.

3.4 Evaluation of the Corresponding Tsunami Height
and Intensity

Based on the foregoing disaster information compiled
from various places we can now apply the Central Weather
Bureau Intensity Scale (Table 4) to assess the quake in-
tensity of the regions involved. The related accounts of
tsunami run-up height and inundation areas will be taken
into consideration to estimate the tsunami wave height and
run-up height along the topography. For example, File No.
304, Dodd (1888), described the sight of the tsunami in the
bay of Keelung Harbor when he returned to his home in
Keelung on the day after the earthquake: “The tide in Kee-
lung only rises three feet for most at any time, and during
the earthquake referred to the extra rise above high water

Table 3. The English and Chinese names for the relevant localities.

English name

Chinese name

Kim-pau-li, Jinbaoli (Jinshan) SRR
Jinbaoli Old Street SEBEEE

Cihu Temple (Jinshan Mazu Temple) <p B R E (< LIS L)
Huang’s Old House SIEIKHE
Chi-feng Old House SIS EEE
Guangan Temple EILEELE
Huanggang LT e s
Suiwei Fribrie &K
Shanjetain Pt e =54
Huang-shi-tou Frbri e e AR
San-zhon-Qiao Frdbhig L@ =EE
Twin Candlestick Rock 5 I

Wanli FribriE s
Huang-ku T CRT A B FL )
Badouzi (the Second Nuclear Power Plant site now) /\SHFEL5 Rghizhk)
Daping Fribri s RE AL
Geng-zi-ping b L b
Huang River iz

Jinbaoli River SHEZE
Huangzuishan T L

Huang-zui Roar Smoke T JE
Keelung-tou, Kelung (Keelung) HEHETACEERE)
Keelung Harbor Bk

Ta-sha-wan RIDECEEE i IEE)
Uhr Sha Wan W EGREE T IEE)
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Table 3. (Continued)

English name

Chinese name

Image Point (Lohan) B A S HECERRE b L)
Qingan Temple LT L
Bachimen Fefrs ARFY

Palm Island (Heping Island) FrAe B (CRERE TR &)
Bush Island (Tongpan Islet) HEA SRR TARARIED
Keelung Mountain FEFE LG AL TR TS &)
Badouzi Fishing Port ST R T IR ER)
Tamsui River BRI

Tamsui, Hobe WK, IBR

Piatow EFEEGTETIR KD
Ching-shui Patriach Temple BRI KR
Shimen Frderiar

Alipound F B G b A )
Sanzhi Frbii=Z

Pa tsien na, Pachena, Pattsiran (Shilin) JUZBEA
Tataocheng KIFERGIETR R E)
Mankah FRACE LT B )
Miaoli i

Taichung &

Fengyuan R

Shanghai ki

Zhejiang Xiangshan Wrgl

Zhejiang Ningbo WL E

Jiangxi Jiujiang TLPEJILIL

Hangchow il

Hankow (French) E

Yangtze River HFL

Qiantang River ST

province de Chanse (French) 1LPEE

Table 4. Central Weather Bureau Intensity Scale.

Intensity PGA (gal) Description
0 Micro <08 Not felt.
1 Very minor  0.8-2.5  Felt only by a few people at rest, vibrates slightly.

Felt by the majority of people. Some awakened from sleeping.

2 Minor 2.5-80 Hanging lamps and objects vibrate slightly.
Standing vehicles vibrate slightly, similar to being passed by a truck, but only lasts for a short time.
Felt by nearly everyone, a few frightened.

3 Light 8.0-25 Buildings shake; dishes, windows, and doors shake making sounds; hanging objects shake visibly.
Standing vehicles vibrate obviously; electric wires sway gently.
Many people are quite frightened, looking for safe shelter. Most people are awakened from sleep.
4 Moderate 25-80  Buildings rock noticeably; unstable objects topple over; heavy furniture moves; may cause slight damage.

Felt by drivers; electric wires sway obviously, felt by people walking.
Most people are considerably frightened.

5 Strong 80 -250  Walls crack; heavy furniture may overturn.
Noticeably felt by drivers; some chimneys and large archways topple over.
People have trouble walking due to violent rocking.

6 Very Strong 250 - 400 Damage to some buildings; heavy furniture overturns; doors and windows bend.

Drivers have trouble steering; sand and clay blasts occur.
People move with difficulty due to severe rocking.

7 Great > 400 Severe damage to or collapse of some buildings; almost all furniture moves or falls down.

Landslides and faults rupture occur; railway bend; underground lines break.
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mark was not more than five feet.” and “On visiting Keelung
just after the earthquake, the damage to our Chinese house,
which was only about four to five feet above the level of
the high water mark, was simply nil, the water having risen
above the flooring only.” From this description, it would ap-
pear that the wave rose around five feet in height (152.4 cm)
above the high water mark in the bay. If the arrival time of
the tsunami can be determined, the rough height of the tsu-
nami in Keelung Harbor could be calculated from the tide
height of the time. Dodd’s home was a traditional Chinese-
style house near the harbor and was five feet higher than the
high water mark. The house flooded only at the floor level,
which could also be an indicator of the run-up height of the
tsunami in Keelung Harbor. In Jinshan, as recorded in File
No. 317, Okamoto (1913) interviewed two elders and was
told that, “The earthquake hit at the start, the sea was chop-
py five minutes later. After half an hour, the ocean floor was
exposed for about four or five hundred meters away from the
shore (it looked not far because of the depth of the sea). One
hour later, sea water gushed over and the tsunami occurred.
Sea water flowed out and flooded Huanggang and Suiwei
and the wave height was up to two zhangs (a unit of length).
Jinbaoli streets and the Badouzi region were inundated in
the seawater.” Although the interview took place about 46
years after the tsunami and there might be some deviation
between the actual event and what the elders could recall,
this is the only account that includes precise numerical in-
formation about the tsunami in the Jinshan region. At that
time, the unit of length used in Taiwan was the zhang, which
is about 3.03 m. Hence, the wave height observed in Huang-
gang and Suiwei can be calculated to have been around 6 m.
With this information indicating that Jinbaoli and Badouzi
were inundated by the seawater, the topography can be used
to obtain the elevations of the two places and then to assess
the tsunami run-up height.

3.5 Building a Spatial Distribution

Applying the foregoing damage distribution and tsu-
nami information to the maps of the time, which include
the attached map of North Formosa (No. 208) by Hancock
(1882), the Taiwan Fort Map (1/20000) published in 1904,
and the French map illustrated by Garnot (1884), GIS (Geo-
graphic Information Systems) tools were used to show the
damage spatial distribution on the present-day map and dis-
play the likely isoseismic map.

3.6 Assessing the Source Parameters

According to the earthquake intensity distribution map
thus designed, the relevant geological and geophysical data
for active faults and seabed terrain can be consulted to as-
sess the possible source parameters and faults. The empiri-
cal rupture length vs. magnitude formula (Wells and Cop-

persmith 1994) were applied to estimate the corresponding
earthquake magnitude:
Normal fault

M, =4.86+132log(SRL) £ 0.34 (52 <M, <7.3)
M, =434 +1.54log(RLD)+£031(52<M, <73) (1)
log (RW) =- 1.140 + 0.350M,, £ 0.12 (5.2 < M,, < 7.3)

In the above formulas, SRL refers to surface rupture
fault, RLD refers to subsurface rupture fault, and RW refers
to rupture width. In Wells and Coppersmith’s (1994) study,
moment magnitude (M,,) was used for measurement. Even
so, according to Cheng et al.’s (2011) experience, this study
will adopt local magnitude (M, ) as the most commonly used
measure of magnitude in Taiwan:

M, =5.115In(M,) - 3.131 £ 0.379 (M, > 5.5) 2)

Using fault length variables of 30, 40, and 50 km and sur-
face and subsurface rupture types, six models are produced
for testing (Table 5). It is assumed that the hypocenter is
located in the center of the fault plane, thus six groups of
source parameters can be obtained.

3.7 Simulating an Isoseismic Map to Evaluate Source
Parameters

Finally, the attenuation law was used to simulate the
isoseismic map in the Taiwan area. By correlating the iso-
seismic map to the disaster distribution, the validity of the
source parameters can be probed. Empirical attenuation
laws of Shin (1998) and Jean et al. (2006) were both used to
carry out the simulation. Comparing the differences between
the isoseismic map generated from PGA and the isoseismic
map produced from the observed disaster distribution, the
resulting source parameters are expected to be reliable.

The relationships were:

Y(2)=

3
0.00284¢ ™M R + 0.09994exp(0.77185M)) 2> )

where g is acceleration, M is local magnitude and R is

Table 5. Six types of fault length vs. magnitude.

Fault | Surface rupture (SRL) | Subsurface rupture (RLD)
Length | pyy M, M, RW M, M,
30km | 174 6.8 6.7 14.8 6.6 6.5
40km | 204 7.0 6.8 174 6.8 6.7
50 km | 22.1 7.1 6.9 204 7.0 6.8
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hypocenter distance (Jean et al. 2006) and
PGA =12.44 X exp(1.31 X M) X R""*7 4

where M is local magnitude, R is hypocenter distance (Shih
1998):

4. RESULTS AND DISCUSSION

4.1 Summary of Literature Documents

Currently, 76 historical documents related to the 1867
Keelung earthquake and tsunami are known and accessible,
comprising 20 local versions from the literature (Table 1),
45 personal records and articles (Table 2) and 11 temple
establishment histories and epigraphs. However, documents
from official records are still missing and we propose to
make every effort to find them in the future. These original
data and files will be input to the website: The Data-Base of
Historical Earthquake Documents in Taiwan (http://tc.earth.

sinica.edu.tw/TEM/hisevent/hisdoc.php) to enrich the in-
tegrity of the database.

4.2 Implications for the Tsunami Height

According to File No. 339, Soloviev and Go (1974),
“Another Survey (Perrey, 1872) mentions that in 1867 (date
and month not indicated), an unusual flood tide was ob-
served at Hangchow (China). The level of the Yantzekiang
River suddenly dropped 135 cm (4 feet 6 inches) and then
rose 150 cm (5 feet 6 inches) in 48 hours. It is possible that
this was an effect of the Taiwan tsunami.” It is doubtful that
the river winding through Hangchow is referred to as the
Qiantang River instead of the Yangtze River. In addition,
the duration of the fall and rise of the river persisted for 48 h
without a clear date being mentioned. This behavior is
distinct from the physical characteristics of tsunamis. The
description quoted Perrey’s (1872) report in French (No.
302), and referred to a report in the New Orleans Times of
24 December 1867; “The river in Hankow dropped 4 feet
6 inches suddenly and then rose 5.5 feet in 48 hours. The
Chinese said, in the province of Chanse, that water erupted
from the ground and submerged the city.” There is no date
mentioned in this quotation. While Hankow is in the middle
reach of the Yangtze River, the river water displacement
should be unconnected with the Keelung tsunami.

File No. 206 (The North China Herald and Market Re-
port of 8 January 1868) is a record of Keelung Harbor bay:
“... the water of the harbor rushing out seawards, leaving
it dry as far as Ruin Rock for some seconds”. The location
of Ruin Rock can be confirmed by Dodd’s (1888) statement
that Ruin Rock was located near Image Point and on the
west side of the harbor entrance. Image Point could possibly
be the spot where the Keelung Lighthouse (Lohan) is now.

The record showed that the water retreated to the harbor
entrance and drained the bay.

Twelve documents contain detailed descriptions about
the time when the earthquake and tsunami occurred, such as
File No. 206 (The North China Herald and Market Report
of 8 January 1868) which recorded that “The earthquake
struck Tamshui at 10:20 am and hit Keelung at 09:45 am.
There was a 45-minute time difference between the two
places about the time the earthquake happened.” The author
of that document thought that it was normal to have a time
variation within half an hour between watches. According
to this report after the earthquake, water in the harbor bay
rushed away from the shore as far as Ruin Rock and the
bay was drained for several seconds. Everything was swept
away by the retreating water. The water then returned in
two big waves. Hancock (1882) (No. 208) gave a similar
description. Holt (1868) (No. 301) noted the interval for
the tsunami’s return as “a few moments” and remarked that
the tsunami came in one big wave rather than two. Perrey
(1872) (No. 303) and Soloviev and Go (1974) (No. 339)
gave the same account. Dodd (1888) (No. 304), however,
pointed out that there was a mistake in Hancock’s (1882)
description of the time interval: “In the 1867 earthquake,
when the water left the harbor of Keelung, leaving it dry
and returning again in a few minutes — not seconds as stated
by Mr. Hancock in his Customs Report. People went down
into the harbor to pick up fish and the disaster happened
when water rushed back.” Mackay (1896) (No. 305) also
made the same statement. According to Davidson (1903)
(No. 307) description: “The force of the earthquake may be
Jjudged when it is noted that the water of Keelung harbor
ran out, leaving the bottom of the bay exposed. Fortunately
there were no foreign vessels present, but the Chinese junks
which were there, large and small, were in one second left
dry on the bottom and in another caught by the huge re-
turning wave to be either swamped or dashed into the town
with fearful speed, to work havoc among the few remain-
ing houses left near the shore.” Alvarez (1915) (No. 319),
Fang (1969) (No. 336), and Hsu (1983a) (No. 342) gave
similar descriptions. The Taihoku Meteorological Obser-
vatory (1914) (No. 318) noted that “Ar 10:00 am a violent
earthquake hit, after that the water in the Keelung Harbor
withdrew and the seabed was exposed. The returning giant
wave formed a tsunami.” Okamoto (1913) (No. 317) stated
that “In Jinshan, a strong earthquake struck at 10:00 am;
30 minutes later, the ocean floor was exposed about for four
or five hundred meters away from the shore. An hour later,
sea water gushed over and a tsunami occurred; 70 or 80
people were swallowed up by tsunami while picking up fish
at the time of water receding.” Among these documents,
Files No. 206, 317, and 318 stated that the earthquake oc-
curred at around 10:00 am. Twelve of the documents indi-
cated there was no obvious foreshock and that the first hit
caused immediate damage. In Jinshan and Keelung Harbor,
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according to the records, people were swept away by the
tsunami while picking up fish during the period when the
water had withdrawn. Hence, it can be inferred that the du-
ration of the water’s withdrawal lasted for a while rather
than a few seconds, as Files No. 206 and 208 stated. The
tsunami hit Jinshan about one hour after the earthquake and
brought havoc. Although damage was caused in Keelung
Harbor, there was no accurate time description. The earth-
quake happened on 23 November in the lunar calendar dur-
ing the Last Quarter. During that period, tidal ranges are
not influenced by the alignment of the sun and the moon
or by the shape of the coastline and nearshore bathymetry.
Using the Tide Tables from the Marine Meteorology Center
(2013) and Su and Lee (2014) as references, there were two
lunar dates marked 23 November 2013 which were 4 Janu-
ary and 25 December. The Tide Tables of Keelung Harbor
recorded a high tide at 01:42, a low tide at 07:25, a high tide
at 14:54, and a low tide at 21:13, and an average height dif-
ference of 58.2 cm on 4 January 2013. On 25 December, the
Tide Tables noted a high tide at 02:29, a low tide at 08:13,
a high tide at 15:38, and a low tide at 22:07, and an average
height difference of 51.3 cm. The 1867 tsunami is estimated
to have hit Keelung at 11:00 am, which was the time of the
ebb, and the tide was due to rise to a height of 22.6 cm above
the low water mark.

There are only detailed reports in the sorted files about
the tsunami attack effects in Jinshan and Keelung Harbor.
Okamoto (1913) (No. 317) noted that “The height of the
wave in Huanggang and Suiwei was about 6 m. After the
tsunami, Jinbaoli streets and the Badouzi region were inun-
dated by the seawater.” With the assumption that there had
been little change in the topography between 1867 and 1904,
a run-up height of the tsunami in the Jinshan region can be
calculated by consulting the Taiwan Fort Map published in
1904 (Temporary Taiwan Land Investigation Bureau 1904).
Figure 2, picture A displays the Jinshan topography at a
contour interval of 50 feet (15.2 m). In Jinshan the Huang
River runs through the northwest of Jinbaoli Old Street and
Jinbaoli River lies to the southeast. The yellow block in the
middle represents buildings in the area. The region altitude
is 15 m above sea level, which indicates that the tsunami
run-up was 15 m. It is speculated that the seawater moved
along the river and caused the Jinbaoli Old Street inunda-
tion. Figure 2, picture B shows the Badouzi topography.
The yellow block represents the building concentration at
15 m above sea level. A hill over 150 feet high (45 m) with
two streams winding past lies between the coastline and
the built-up zone. It can be surmised that the tsunami did
not hit Badouzi directly. The water came along the streams
and inundated Badouzi village. Hence, the run-up height of

; Badouzi
Yol L Flooded Area
b, - Run-up height: 15 m

Legend
@  buiding A Observation site
A Anchorage of Keelng harbor
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A Archacological rench
\ tsunami affected area ) .
blue, fight blue, and green fine

Shanchiao Fault CC represent the low water mark, 6 £,
12 f contour ines in Keehung harbor

Ruin Rock

[
Archaeologiell:
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Fig. 2. The affected area distribution of the Keelung Tsunami. A. Jinshan area; B. Badouzi area; C. Keelung Harbor bay area. (Color online only)
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the tsunami in the Badouzi area is estimated to have been
higher than 15 m. A tsunami’s run-up height is affected by
the local geography, slope and nature of the soil and rocks.
Since the Second Nuclear Power Plant has changed the local
landform, it is worth noting that the location has a tsunami
run-up of over 15 m height on the record.

Descriptions of the Keelung Harbor tsunami attack are
many, and among them, Files No. 206, 304, and 307 are
well documented. The available data were integrated to re-
construct the time of the tsunami. Here is the possible sce-
nario for the event. A violent earthquake hit between 09:45
and 10:00 am. The shock lasted for 15 - 30 s. The ground
cracked in front of the Keelung Customs House. Most of the
houses collapsed in Keelung, Ta-sha-wan and Uhr Sha Wan.
Observed from Heping Island, Keelung Islet, and Tongpan
Islet, massive vapor and water columns rose from the sea sur-
face. The water in the harbor rushed out and left it dry as far
as Ruin Rock. The bay was drained and the four major rivers
nearby Keelung Harbor dried up, which beached the ships
on the exposed seabed. After a while, the water returned in a
giant tide. The seawater came back with a lot of pumice and
rushed onto the Tongpan Islet beach. The wooden boats that
were grounded in the bay were swallowed up by the tsunami
and many coastal colliers were overturned or drowned. The
bottom plates of an old sailing boat grounded on the shal-
low water area at Uhr Sha Wan was carried all the way to
the opposite village and pieces of its timbers were scattered
south of the gulf. People were drowned by the rushing water
when disembarking from the grounded sailing boat. Village
residents in Ta-sha-wan and Bachimen were swept away by
the returning water while they were picking up fish during
the water’s withdrawal period. Water swept over the dikes
and smashed the low-lying coastal houses. Hundreds of fish
were washed up the shore and quickly picked up by the resi-
dents. Keelung has an average rise in sea level of three feet
at high water. The tsunami run-up was around 150 cm above
the high water mark. With the available information and the
knowledge that the tide was on the ebb, the water was below
sea level with a height of 22.6 cm higher than the low water
mark and the difference between the high and low water
marks was 54.8 cm. Thus, an estimate can be made that the
sea level before the tsunami was 46 cm below the high wa-
ter mark and that the tsunami run-up height in the Keelung
Harbor bay was less than 205 cm. Dodd’s Chinese-style
house near the harbor was five feet higher than the high wa-
ter mark. The house was flooded only on the floor with no
great damage; even the wood pile by the door near the water
was not swept away. The damage situation in Keelung City
was slight. Qingan Temple in Keelung was unharmed and
not flooded. The foregoing materials show that the inunda-
tion height in Keelung City was between 175 and 205 cm,
whereas the wave height observed in the bay was not much
different from that. A possible reason for this is that the tide
was on the ebb when the earthquake hit and the water reced-

ed, forming shallows for a distance (Dodd 1888). In Fig. 2,
picture C, the segments delineated by blue, light blue, and
green lines represent the low water mark, the 6 ft. contour
line and 12 ft. contour line, respectively. The waterline on
the ebb is calculated as being 1.5 km away from Keelung
City. Therefore, after running through the shallows, which
reduced its energy, the tsunami with a run-up height of
205 cm in the bay swept into Keelung City and affected
only the houses along the coast. After the tsunami the depth
of the water was a few meters deeper at the rest of the berth
for vessels in Uhr Sha Wan, which could have been caused
by the tsunami washout instead of a subsidence phenom-
enon. According to the Central Geological Survey results, a
5 - 15 cm thick layer of tsunami deposits was found near the
Heping island trench with the upper layer at approximately
6 m above sea level. This deposit is inferred to have been
from the 1867 tsunami (Jhuang et al. 2012). This result of-
fers some support for the description of the sweeping away
of people while picking up fish during the ebb in Bachi-
men and the tsunami attack on Heping Island. There is clear
and convincing evidence that Jinshan, Badouzi and Keelung
Harbor were devastated by the tsunami and it can be in-
ferred that the tsunami hit along the coast from Jinshan to
Keelung and caused severe damage.

4.3 Implications for Locating the Earthquake Source

Soloviev and Go (1974) (No. 339) included a piece
of information related to the Keelung earthquake: “Perrey
(1873) cites reports from London and New York published
in The Times of 11 and 12 February 1868 that an earth-
quake which frightened the inhabitants occurred at Shang-
hai. The date of the earthquake is not mentioned.” This press
report implied that the Keelung earthquake had an impact
on Shanghai. According to news reports in the North China
Daily News of 19,20, and 27 December 1867 (No. 101, 102,
104), between 09:30 and 10:00 on 17 December 1867, the
impact of an earthquake was felt in Jiangsu Shanghai, Zhe-
jiang Ningbo, and Jiangxi Jiujiang. Zhejiang Ningbo felt the
quake intensely: “The bells rang and the clocks stopped.
Candle holders toppled down. The water in the water tanks
swayed and ripples radiated outwards.” This description
matches level 4 on the intensity scale. However, this re-
ported earthquake is considered to have been a different one
occurring somewhere in China and has no relevance to the
Keelung earthquake on 18 December 1867. Only Zhejiang
Xiangshan felt the earthquake on 18 December 1867 ac-
cording to File No. 113, Cheng and Chen’s (1927) Annals
of Xiangshan County.

From the sorted 76 documents, the earthquake intensity
and the damage caused in various regions were categorized
and applied to the Central Weather Bureau Intensity Scale
(Table 4). The results are shown in Table 6 and generate an
intensity distribution and isoseismic map as shown in Fig. 3.
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The regions that radiated from Badouzi, Jinshan, and Shan-
jetain were the most severely damaged (the shadowed area in
Fig. 3). More than half of the houses were destroyed, which
represents a level 6 or 7 on the Intensity Scale. In Huang-
ku, a hot spring erupted from the paddy field to a height of
up to 12 m. Many people were burned and one person was
killed. The land on the spot where the hot spring erupted had
fallen and formed a pond of 10 - 13 square meters after the
earthquake which measured 6 or 7 in intensity. In 1912 an
investigation found that the pond had become enlarged to the
size of 1322 square meters (No. 315) which presently still

exists. Almost half of the houses collapsed in Huanggang.
A hot spring burst from the sand on the beach to a height
of 9 m and erupted continuously for three days. This event
rates as 6 or 7 in intensity. In Suiwei most of the houses
toppled over, a hot spring spewed out on waste ground for
three days to a height of 9 m, and the intensity is estimat-
ed to have been 6 or 7. The losses caused by the disaster
were milder in Daping and Alipound, at the scale of 6. It is
worth noting that Twin Candlestick Rock subsided by 3 m.
Along the onshore Shanchiao Fault ground subsidence and
cracking were found in Shanjietain and Huang-shi-tou. A

Table 6. The corresponding intensity to disaster situation of each place affected by the 1867 Keelung Earthquake.

Place name Disaster Situations Intensity
More than half of the houses were completely destroyed. Cihu Temple (Jinshan Mazu Temple), Guangan Temple, the
Jinshan Huang’s old house, and Jinbaoli old street were collapsed. Among the area, Badouzi, Jinbaoli, and Shanjetain were the 6-7
most severely damaged.
Almost half of the houses collapsed completely. On the beach, a hot spring burst from the sand to a height of 9 m and
Huanggang . 6-7
erupted continuously for three days.
Suiwei Most of the houses toppled over, a hot spring spewed out on waste ground for three days to a height of 9 m. 6-7
Badouzi The regions which radiated from Badouzi, Jinbaoli and Shanjetain were the most severely damaged. 6-7
L Ground subsidence and cracking occurred. Chi-feng old house (the Ligifeng House) collapsed. Badoui-zu, Jinbaoli, and
Shanjetain - . 6-7
Shanjetain were the worst disaster center.
Huang-shi-tou  Ground subsidence and cracking occurred in many places. 6
San-zhon-Qiao  Severe landslides occurred in Huangzuishan. 6

A hot spring erupted from the paddy field to a height of up to 12 m. Many people were burnt and one person was killed.

Huang-ku The land on the spot where the hot spring erupted had fallen and formed a pond of 10 to 13 square meters. In 1912, an 6
investigation found the pond had become enlarged to the size of 1322 square meters which presently still exists.

Daping Damage was milder in Badouzi, Jinbaoli, and Shanjetain. 6

Alipound Damage was milder in Badouzi, Jinbaoli, and Shanjetain. 6

The quake caused a landslide of 600 - 700 m in length in Huangzuishan and formed a gorge through which flowed a hot

Geng-zi-ping spring stream containing sulfur. 6
Twin Candlestick Twin Candlestick Rock subsided by 3 m. 6-7
Rock
Keelung The city and nearby towns were smashed badly. 6
Uhr Sha Wan Most houses toppled and many people were buried in the debris. The ground cracked in front of Keelung Customs 6
Ta-sha-wan House in Uhr Sha Wan.
Keelung Mountain  Mountain crumbled. 5
. The village Shimen was considerably damaged, however no one was hurt because the villagers all rushed out to see

Shimen 6

what had happened.

Tamsui The major damages occurred on the hill behind the Hobe market. Houses tumbled and many were killed, 30 deaths were 5

estimated.

Piatow The walls of former British Merchant Warehouse cracked, the roof tiles fell and broke and the mud walls shattered. 5

Shilin (Pa tsien na) Half of Shilin old street (Pa tsien na) was struck seriously and 150 people were killed. 6

Sanzhi Damages recorded. 5

Slight damage was recorded. Mud houses crashed in the suburbs. A big crack appeared on the Mankah Plain. The
Mankah surface of Tamsui River was bubbling like boiling water, the mud and trash on the river bed had been brought up to the 5
surface.
Tataocheng The quake didn’t cause widespread damage, a two-story building built about 15 or 16 years previously stood firmly 5
after the shock.

Miaoli Felt large earthquake. 3
Taichung Felt large earthquake. 3
Fengyuan Felt large earthquake. 3
Xiangshan Felt the earthquake slightly. 1
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Fig. 3. Intensity distribution and isoseismic map of the 1867 Keelung
earthquake. The red, blue, and green triangles represent intensity lev-
els of 6,5, and 3. The red, blue, purple, and green lines represent iso-
seismic lines of levels 6, 5,4, and 3 respectively. (Color online only)

severe landslide occurred between Geng-zi-ping and Huang-
zuishan. The earthquake caused a landslide of 600 - 700 m
in length and formed a gorge through which flowed a hot
spring stream containing sulfur. The disaster engulfed the
whole of Kim-pau-li-po (the enclosed area delineated by
the purple line in Fig. 3), killing 400 people which included
70 or 80 people swallowed up by the tsunami while picking
up fish during the time the water receded. More than 100
were injured. The earthquake destroyed around 100 and 200
houses were inundated along the coast. Numerous houses
were half-collapsed and partially damaged. The earthquake
caused one or two houses to catch fire. Buffaloes were left
to fend for themselves in pastures during the day time and
30 buffaloes and 300 pigs were crushed to death inside the
buildings. There is a lack of statistical disaster reports in the
Keelung region; however, it is believed that the damage was

less severe than in Jinshan. In Ta-sha-wan and Uhr Sha Wan
most of the houses toppled and many people were buried in
the debris. The ground cracked in front of the Keelung Cus-
toms House in Uhr Sha Wan, which measured at level 6 in
intensity. The city of Keelung was smashed badly. However,
Qingan Temple and Dodd’s home located near the harbor
were reported to have been undamaged. The intensity was
measured at a level of 6. Shimen village was considerably
damaged, but no one was hurt, again at 6 in intensity. Half of
Shilin Old Street (Pa tsien na) was seriously struck and 150
people were killed, which represents a level of 6 in intensity.
The major damage in Tamsui occurred on the hill behind the
Hobe market. Houses tumbled and many were killed. Thirty
deaths were estimated in Tamsui, representing an intensity
level of 5. In Piatow the walls of the former British Merchant
Warehouse cracked, the roof tiles fell and broke and the mud
walls shattered. This damage is rated as level 5 in intensity.
In Mankabh slight damage was recorded. Mud houses crashed
in the suburbs. A big crack appeared on the Mankah Plain.
The Tamsui River surface was bubbling like boiling water,
with mud and trash on the river bed brought up to the sur-
face, representing an intensity level of 6. In Tataocheng the
earthquake did not cause widespread damage. A two-story
building built about 15 or 16 years previously stood firmly
after the shock, which measured 5 in intensity. The estimat-
ed intensity corresponding to each location shown in Table 6
is labeled in Fig. 3. An isoseismic map is shown illustrat-
ing the intensity distribution observed. In the figure the red,
blue, purple, and green lines represent isoseismic lines for
levels 6, 5, 4, and 3 respectively. From the isoseismic map
it can be seen that Jinshan was the most seriously affected.
Although ground subsidence and cracking occurred in Shan-
jetain and Huang-shi-tou where the onshore Shanchiao Fault
lies, this does not show too many links to the 1867 Keelung
earthquake. The subsidence and cracking were more related
to the movement effects of the extending parts of the Shan-
chiao Fault seawards to the north-east. Apart from the dam-
age known for Keelung where it is only known that hundreds
were killed and injured, the available documents show that
at least 580 were killed, 70 or 80 people were swallowed up
by the tsunami in Jinshan and more than 100 were injured.
The earthquake demolished around 100 and 200 houses were
inundated along the coast. Numerous houses were half col-
lapsed and partially damaged.

Applying the source parameters generated from the
simulation of the six models in Table 6 and correlating them
with the Intensity Distribution and Isoseismic Map in Fig. 3,
the validity and rationality of the source parameters can be
examined. With variables of fault length of 30,40, and 50 km
and rupture types of surface and subsurface with two up-
per limit depths of O and 10 km, six models could be simu-
lated. Based on research by the Central Geological Survey
(2007), the marine seismic measurement data show that the
dip angle of the offshore extension of the Shanchiao Fault
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is greater than 62 degrees and the direction of the fault is
N60OE, deduced from the Active Fault Map of Taiwan (2012)
(Central Geological Survey 2012). According to the find-
ings of Lee and Wang (1988) that the onshore Shanchiao
Fault is a normal fault, this study works on the assumption
that the Shanchiao Fault part that extends into the sea in the
northeast is also a normal fault and that the rake is -90°. Six

different source model parameters corresponding to the rela-
tive intensity and distance from the epicenter are shown in
Table 7. Isoseismic maps were drawn with the data gener-
ated from Table 7 as shown in Figs. 4,5, and 6. In Fig. 4 the
fault length is 30 km, the epicenter is at 25.31°N, 121.93°E,
and the focal depth is 17 km which refers to an upper limit
depth of 10 km. The moment magnitude (M,,) is 6.6 and the

Table 7. The simulated source parameter results from the six models. Jean: The empirical attenuation
laws of Jean et al. (2006), Eq. (3). Shin: The empirical attenuation laws of Shin (1998), Eq. (4). Arabic
numerals in the table represent the distance calculated from the attenuation laws.

Intensity 7 6 5 4 3 2 1
Mag 04¢g 025g 008 g 0.025 g 0008g 0.0025g 0.0008 g
Surface fault length 30 km (upper limit depth 0 km)
6.7 (Jean) 17.0 21.8 40.0 744 136.5 2539 466.2
6.7 (Shin) 7.6 14.1 375 79.1 150.4 277.6 4952
Surface fault length 40 km (upper limit depth 0 km)
6.8 (Jean) 18.2 234 429 79.7 146.4 272.3 499.9
6.8 (Shin) 84 155 409 86.2 163.7 302.1 538.7
Surface fault length 50 km (upper limit depth 0 km)
6.9 (Jean) 19.5 25.0 46.0 85.5 157.0 292.0 536.1
6.9 (Shin) 93 17.0 44.6 939 178.2 328.7 586.0
Subsurface fault length 30 km (upper limit depth 10 km)
6.5 (Jean) 139 18.3 384 64.5 118.6 220.7 4054
6.5 (Shin) 38 10.6 31.1 66.5 126.9 2344 4184
Subsurface fault length 40 km (upper limit depth 10 km)
6.7 (Jean) 16.2 212 39.7 742 136.4 253.8 466.2
6.7 (Shin) 58 132 37.1 79.0 150.3 277.6 495.1
Subsurface fault length 50 km (upper limit depth 10 km)
6.8 (Jean) 17.5 22.8 42.6 79.6 146.3 2722 500.0
6.8 (Shin) 6.8 14.6 40.6 86.1 163.7 302.0 538.6
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Fig. 4. Comparison of isoseismic map of observation and model result (fault length 30 km, epicenter 25.31°N, 121.93°E, depth 17 km, M,, 6.6, M
6.5). The blue and purple curves are isoseismic lines based on the methods of Shin (1998) and Jean et al. (2006). The bold black lines are observed
isoseismic lines. The red star shows the locations of epicenter. (Color online only)
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Fig. 5. Comparison of isoseismic map of observation and model result (fault length 50 km, epicenter 25.34°N, 121.91°E, depth 10 km, M,, 7.1, M
6.9.). The blue and purple curves are isoseismic lines based on the methods of Shin (1998) and Jean et al. (2006). The bold black lines are observed
isoseismic lines. The red star shows the locations of epicenter. (Color online only)
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Fig. 6. Comparison of isoseismic map of observation and model result (fault length 40 km, epicenter 25.34°N, 121.91°E, depth 10 km, M,, 7.0, M,
6.8.). The blue and purple curves are isoseismic lines based on the methods of Shin (1998) and Jean et al. (2006). The bold black lines are observed
isoseismic lines. The red star shows the locations of epicenter. (Color online only)

local magnitude (M;) is 6.5. The simulation results are not
ideal in that they produce insufficient energy released by an
earthquake. In Fig. 5 the fault length is 50 km, the epicenter
is at 25.34°N, 121.91°E, and the focal depth is 10 km which
refers to a surface fault. The moment magnitude (M,,) is 7.1
and the local magnitude (M, ) is 6.9. The result shows distor-
tion in the high intensity areas which represents too much
energy released by an earthquake. In Fig. 6 the fault length is
40 km, the epicenter is at 25.34°N, 121.91°E, and the focal
depth is 10 km which refers to a surface fault. The moment
magnitude (M, is 7.0 and the local magnitude (M,) is 6.8.
The simulation results in an ideal estimated epicenter. There-
fore, this study considers the result shown in Fig. 6. When
the fault length is 40 km, the focal depth is 10 km and the

strike, dip and rake of the possible plane are N60E, 62 and
-90 respectively, the epicenter is at 25.34°N, 121.91°E, the
depth is 10 km, the moment magnitude (M,,) is 7.0, and the
local magnitude (M,) is 6.8, an ideal result. The issue about
the possibility for a normal fault with a length of 40 km and
a moment magnitude (M,,) of 7.0 producing a wave height of
6 m and whether the tsunami was intensified by underwater
landslides caused by the earthquake will not be discussed
here. Our study focuses on reconstructing the damage distri-
bution, run-up height and wave height of the tsunami.

5. CONCLUSION

This study reviewed the correlative historical literature
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and documents about the 1867 Keelung earthquake and tsu-
nami. Seventy-six historical documents were sorted, com-
prising twenty local versions from the literature (Table 1),
45 personal records and articles (Table 2) and 11 temple
establishment histories and epigraphs. However, documents
from official records are still missing and efforts will be
made to find them in the future. These original data and
files will be input to the website: The Data-Base of Histori-
cal Earthquake Documents in Taiwan (http://tc.earth sinica.
edu.tw/TEM/hisevent/hisdoc.php) to enrich the integrity of
the database and to provide references for further study.

After collecting and collating the documents, analyz-
ing the data reliability and verifying the names in litera-
ture, the Central Weather Bureau Intensity Scale was used
to correlate the damage distribution at the time using the
present-day map to show the damage spatial distribution.
We also developed the most likely isoseismic map for the
earthquake and reconstructed the damage resulting from the
subsequent tsunami. The isoseismic map indicates that the
1867 Keelung earthquake was correlated highly with the
northeast offshore extension of the Shanchiao Fault. Ex-
cluding the damage record from the Keelung Harbor area,
the 1867 Keelung earthquake and tsunami killed more than
580 people. Jinshan was the worst damaged region. With a
recorded observed wave height of 6 m in Huangkang and
Shueiwei, Jinbaoli Old Street and Badouzi were inundated
(which is where the second nuclear power plant is located
at present) by the tsunami run-up of up to 15 m in height.
The tsunami wave height was observed to have been 205 cm
high in Keelung Harbor Bay. The tsunami smashed Tong-
pan Islet, Heping Island, Ta-sha-wan and Uhr Sha Wan east
of the harbor, and downtown Keelung. The damage situa-
tion in Keelung City was slight and only occurred on the
low-lying land along the coast. The areas along the coast
from Jinshan to Keelung Harbor are also inferred to have
been major effected areas.

Using the attenuation law, the simulated isoseismic
map was compared with the corresponding disaster distri-
bution to estimate more reasonable source parameters. The
results show that the 1867 Keelung earthquake was corre-
lated highly with parts of the Shanchiao Fault extending into
the sea to the north-east. When the strike, dip and rake of the
possible plane are N60E, 62, and -90 respectively, it can be
inferred that the epicenter is 25.34°N, 121.91°E, the depth
was 10 km, the moment magnitude (M,,) was 7.0, and the
local magnitude (M, ) was 6.8.
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