The 7th South China Sea Tsunami Workshop (SCSTW-7)

Review of the 1867 Keelung, Taiwan Earthquake and Tsunami
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Introduction

December 18, 1867, a disaster earthquake occurred in
northern sea of Talwan, and triggered a tsunami, hundreds of
persons were killed and many houses were destroyed. Because of
the age, lack of detailed literature data, for this limited
understanding of the 1867 Keelung earthquake and tsunami.

This earthquake may be closely relative with the northeastern
extending of Shanchiao fault. Earthquake and tsunami inflicted
severe damage on the north coast, and impact of the entire Taipei
area. There are many important constructions in this region, such
as nuclear power plant. It is worth further study and discussion.

This study from the collection and collation of historical
document to proceed, with assessing the reliability of data and the
corresponding site locations. The use of GIS to build disaster
spatial distribution. Simulated intensity map to evaluative source
parameters.



Hsu(1983) Source materials on the history of natural disasters

In Ching Taiwan
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A big earthquake occurred, along the coast of Chi-lung-tou, Ching-bao-
li, land slided and ground cracked, sea level rised violently, houses were
destroyed, several hundred persons were drowned
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Keelung mountain collapsed in 1867, renamed Kwei-lin.
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More than half of the town was destroy by the 1867 earthquake
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This event is the only confirmed cause severe tsunami disaster.
Due to lack of information, the causes of tsunami are inconsistent:
B \olcanic eruptions cause tsunami : (Yang et al.(1983), Taiwan

Power Company, Atomic Energy Council) Volcano is located

about 134 km northeast of Keelung

Earthguake and fault: Hsu(1983), Tsai(1985)

Earthquake triggered undersea landslide caused

tsunami :Wu( 2013)
B Comprehensive earthguakes, landslides, volcanic eruptions and

submarine topography: Ma and Lee(1997)
27,_ : 27°




Collection and collation
of historical documents

Covering Taiwan and neighboring regions
 Chinese, Japanese, and other foreign

Data integrity and originality

Data Reliability Analysis The credibility of the author and content

Verification of names in  Ancient names validation
literature « Ancient map and current map comparison

Evaluated the corresponding ° Reference to the CWB intensity scale
intensity and height of tsunami ° Consider geological and geographical data

: : D  Ancient map location (GIS)
Build spatial distribution - Converted into current map

; « Active faults, submarine topography, and other

Simulated intensity map to « Empirical attenuation formula, intensity map

evaluative source parameters * compared with disasters distribution and
simulated map

Procedure of data processing



L_ocal version of literature

1,The North China Herald and Market Report/January 8th,
1868:(# & 3F),
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December 18, 1867, a earthquake occurred. Sea water rushed out
from Keelung, leaving a dry berths, for a few seconds, with two tide
waves while back, junk and people were submerged, Keelung, Ching-
bao-li, and = H 7% towns that its part soaked in water. Tamsui was
severely damaged, several hundred people deaths.
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The I\.Ilort“Chna Healdand Market Report/January 8, 1868 (# #H# 3F)



2 TAMSUL, o
¢ The quiet town.of ‘Tamsui becamo the
scono of mmch oxcitement on the moz
of the' 18th, in donséquence “of aferr
earthquake experienced atf 10.20 i.m|'No
rumbling voise was,previousty Teard ;- and

‘the only intimation we had wns.a slight

vibration at firgt, whi¢h" drove us out- of

-the houso, until it increased so .much.as’
to make us stagger like drunken ‘men.

Whilg: we. stood reeling- about, prepared

suddenly attracted to the next hill (upon
which stands part of the town of ‘Tamsui)

ing
ible®

-y a Ioud crashng noise and a donse cloud
of dust,. which too trulv indicated .that

sinany iguses had heenshaken down. The.

peoplo Were i1t 8 wild stata of commotion,

Time: Tamsui 10:20, Keelung 09:45

vessaame | - 5 o

¢ 4%0 (we suppose opiim. smokers)  oh'a
God, fyere got out, but dead.;” A wofnan
who myst havo boen*cooking was g¢t out
plive, with her foce fearflly buned finany
TIIOTS Werd evoroly wounidsd. Thy shac

camo  from “the N.I%. “towards ‘the 8.\,

~XIOTGES_ IO TN regular - order, , st as 3
" 5 3 . yo3e” i 7 ' ..
o a Tamsui 15 getimated it

Pa taien nafa smalltohv distant a
few nildEBIMORT Riovo, and/it in reported
160 persons were killed.” /It: was: a mout
: T QISTOTISATION . OF oVl ence. tin

the " shock did ot gecur /at’ night. L Dur-:
‘ing ‘the  day and ‘followfng night, - shooks.
were feltat: ihtervals . Af-‘an hor: v so;
‘tho last being about 6.70 4.1, By, persons’
-rosiding at the sulphfr pits,”it is reported
Qittlo-motion;was: fel. - The” stoanm ‘ispuing:
from the pit sconici£o lessen. Tha ndisame.

O R P eE R Sy ] LIRSS TS SCE I UThiel S P B TRy EANIOY St
tho peoplo thorsin; and, jufiks wers barried:
‘away high and dry opposite: Keelung. & Tho
‘Harbour waa 'in'a stite of /agitation during

the whole duy ; ‘on'the 20th=it waa hardly

-qujet: - Instead of - the water:béiug. clear-

as > usual, it:‘became. yéllow and'muddy,
‘Enormous ‘quantitica of : ish-were washed'
-ashore and seciired- by the. Chinese. :; The-

‘people appeared “to Sexhibib tho greatdst

idiffererice “with™ regard: to’ the- fate of

tho sufferers, andwould’ not assist.in_ex-:

‘tricating - them ivithont - a’ guarantes  of

some  reward, | When' the ‘water:left - the

“harbour, ‘a: man :got ‘down ' from" a junk,

bt~ bef ore he-gould - reach -the shore was
overwheled by the” rgturning ~water,
| Nuingrous cual boats ‘wore upset:or sunk,
| An’old wreck:, of a'junk; deeply embudded
Hor years-in 't_he;nhns

d;-waa-washed “ligh up-

| in-port. Large stones werv hurled from the
- hills at Keolung and near’the sulphur pits,

“Natives report that a largo opening has
' beon made in’ the éaﬂh&;ﬁb'ng tha cunst
' botween this and Keelung.-At 6.30 Ay, on-

4 . o “Ou [+)
the house, and'during the -night two..more
were felt: . The aneroid hias been high ; aud
the 18th .wzs a splondidly clear day,  as
-has been ° the case - for weeks past.” On
the: 10th it clouded up, and-alittle main
fell;;, the next day jt wAsagnin. ¢lear,

and  rushed.abont bewildered, like ants.
‘Tho scene on tho hilk was_awful; villagers,:
apparently paralyged, stood looking at tho
-débris of their homes, too frightencd even
to try and extricate "the unfortunates who
wero buried alive beneath the ruins, * The.
Toroign Customs officers immediately wont
10, the scone of disasier, to ronder what'

\emell:is0 " eomaon/at  this'placd appeared-
Mok hironger o tho 18¢l und “following
Aays, - Houses oh eloyated situs suffored

X

garn::tho first :shock
L3851 -and | lasted : abput
VITLY Yeqohmwesreedntl) cracked slightly.
Anfrontiof tho Custom-house. - Al great por-
tlon"of this town is down: sburying numbers

Whs o1t o) 9;
‘thirty? 'e}fi o

liitlo - mssistance "they could. in’getting [TiT NS FUME A Clon L oti-vapo Chi:llﬂ!% 'ﬁtt.riht}tﬁ _}hﬂw‘gl:mi?’%‘, ??}:‘9 ‘t"e:‘
out’ the safforprs j—but it was 4. hopcless | frileidQuiialiin "8 usual abaence of ruin.- We. are -interes

task: The mud walls of the native houses | Ereeeling islinds 1l Jo-Jmoiw ‘whether thils wis"d local shiock,
appeared to have fallen inwards and crum-. -.&».-é-,,_-l th&rbqur;nml gflﬂ BAs ‘bf‘:onthfg_lé o "-Whemé 'K'm;" Br e:?;
bled ‘at ‘once, <annd with tho,roof above | T s oaving 1t dry as far as: rarserance In tWie Wme'given at. Keelung ant,

: gg;@%’;{ie:seccgqg“gg;ﬁ;ﬁq.qu‘lm- d- | Tamsui may be explained by our hhying |

-debarred ol ohanég of saving neople alive.

] »"- ..”9 £
ater.. Thelsoa:

“Hoes" or spndes ¢ould “not be found, the
people wera too ulavmed or indifferent to
B R L ROy gl

sawaysyith the receding. The! o
shpo.of itwo large;

fton one’ person’s wateh is. half -an'hour’
faster or slower than anothen,

stheng rofurnediin.tho shypa of two* la¥ge;
1pigns * aufl “drowning!

Yy
TE )

do any:thing. ;"5 000 A L% “g’i’}‘?%npiég
The North China Herald and Market Report/January 8th, 1868 (#* #3#: #F)




Personal records and article

1,4 B 8B Frd 4 Rl i #7(1899)3 B & 4
X 2,Davidson, J. W.(1903)/The island of Formosa, past and present (p.
187)
Davidson, J. W.(1903)/The island of Formosa, past and present (p.
XX111)
3, i £4E(1909)/~ p *# LgFE FHM(FL6) " S - ot - LiktE
G- (% E,1983)
WAk AE AW/ B EFIINITE4£¢ LHiTOW R
* 5,TMO(1914) The climate, typhoons, and earthquakes of the island of
Formosa (Taiwan) :
6,Alvarez(1930),Formosa: (#% i#+, 1983)
¥ 7,Mackay(1895)/From Far Formosa(P.53) :
8,74 £+ (1951)/p A3 R 1P X {frF 422%(1996)



; experienced in the island since the first days of the Dutch. That greater

THeposiT of TV VISTDTe 0T The DenciT Some TWelve iies [0 The ToTtT east of Tament. 1T 18 reporied
on the authority of two foreigners who observed the plenomenon that, during the great
earthquake of 1867, there was visible at sen, offf Bush Island] Kelung, a column_of water and
steanm which for o moment rose to a considernble height,  The large quantity of pumice stone
which has been washed upon the beach, and is sometimes seen floating at sea in_the vicinity of |

Kelung, has given rise to the belief that there is possibly a submarine voleano off the port.
DUT THAL 1L was the Nrst movements tat aia the aanfage. 1N Niteen seconas .

after the first perceptible shock the damage was done and the town of

There are no records of any great destruction as the result of earthquakes. In 1867, during
a severe enrthquake, houses ] helung, I mport | Kimpaul), [Banka find other northern towns
were destroyed, and some hundred persons were reported  killeand Kelung harbor was for a
minute or so emptied of its water, It is difficult to account for this latter feature in any other
wiy except as the result of some accompanying submarine convulsion.'

2PV RARAEIAAL 73 GLIAAL KL LI CUNVEL WAL LU I DA, L WAL G Y UL Gl
the few remaining houses left near the shore. Multitudes of fish were thrown
upon the shore and promptly gathered by the populace. The earth opened
in places and closed again. A large gorge was formed by the splitting of a - =
mountain side through which now runs a stream of hot water from a volcanic @ &
pit abounding with sulphurous springs and geysers. Many other physical @ =
changes were noted, including the deepening by a few feet of the anchorage

at Kelung. The loss of life was never known; it is extremely doubtful if there 5
was any count made, but probably several hundreds perished. A calamity of

- this sort is doubly felt among a Chinese population, for there are none

i to give a helping hand in relieving the misery. The present case was
Davidson, J. W.(1903)/The island of Davidson, J. W.(1903)/The island of
Formosa, past and present (p. 187) Formosa, past and present (p. xxiii)




GEOLOGY 53

lodes ¢. yuartz. It is difficult to estimate the quantity procured
annually, although it must be considerable.

Great physical changes are continually taking place on the
island. What was once a large and beautiful lake is now the
fertile Bang-kah plain. Storms and freshets brought down
vegetable matter from the mountains, and the bottom of the
lake was gradually elevated. Meanwhile the waters were
grinding and pressing against the spur that joined the Tai-tun
and Quan-yin mountains, forming the lower bank of the lake.
At some time a violent earthquake-shock rent this spur, and
the waters rushed madly down to the sea, leaving behind
a rich alluvial plain, and cutting what is now the channel of
the Tamsui River.

Earthquakes are very common and do enormous damage.

In 1891 on one day four shocks were felt, and a month later

two more. Years ago at Kelung rumbling sounds were heard
and the waters of the harbor receded until fish of all sizes wer:
left wriggling and floundering in the mud and pools. Women
and children rushed out to secure such rare and enticing
prizes, but shricks from the shore warned them of the return
of the water. Back it came, furious as a charge of battle,
overleaping its appointed bounds, and sweeping away all the
houses in the low-lying land along the shore. The story of that

tidal wave is handed down as one of the great catastrophes in

history. At Kim-pau-li, not many years ago, a shock was felt.
Rice-fields suddenly sank three feet, and the sulphurous water
rose and still covers the place. Sugar-cane is now cultivated

in large tracts where boatmen plied their oars in 1872, and the
waters of the Tamsui River glide over places where stood vil-
lages in which I preached the gospel twenty-three years ago.
Changes are taking place, too, all along the shore, One might
suppose that the hard rocks on the east coast would be able to
resist all forces and influences. But no; tides and waves of the
great Pacific tunnel, undermine, and wear away the bases of the

74

LIST OF REMAREKABLE EARTHQUAXES IN FORMOSA.

1867 December 18 10 a.m. |Extreme A violent earthquake occurred on

North
Coast.

the coast in the’ extreme north of
the island, accompanied by a
seismic tidal wave, which wrought
great havoe on many buildings and
caused a large loss of life. A
foreign officer, who was stationed
|at the Keelong Custom House) at

that time, reported this earthquake

as follows:

« At Keelung some fifteen shocks were felt
during the day, but it was the first movements
that did the damage. In fifteén seconds
after the first perceptible shock the damage
was done and the town of Keelung was in
ruins. The force of the earthquake may be
judged when it is noted that the water of
Keelung harbour rnn out, leaving the bottom
of the bay exposed, TFortunately there were
no foreign vessels present, but the Chinese
junks which were there, Iarge and small,
were in one second left dry on the bottom
and in another eaught by the huge returning
wave to be either swamped or dashed into
the town with fearful speed, to work havoe
among the few remaining houses left mear
the shore Multitudes of fish were thrown
upon the shore and promptly gathered by
the populace. The earth opened in places

and closed again. A large gorge was
formed by the splitting of a mountain side
through which now runs a stream of hot
" water from a volcanic pit abounding with
sulphurous springs and geysers. DMany
othorn :\'hv igol ol g W
the deepening by a few feet of the
anchorage at Keelung. The loss of life was

never known; 1t 18 extremely doubtful 1if
there was any count made, but probably
several hundreds perished.”

Mackay(1895)/From Far Formosa(P.53). TMO(1914) The climate, typhoons, and

Mackay arrived Taiwan in 1871. The earthquakes of the island of Formosa (Taiwan)
descriptions of tsunami in Keelung are (P.74)

different with the other.
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Temple history and stele
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Kok AR B R

Shimen, north coast of Taiwan, plague occurred in 1867. Residents
ask God to patrol and remove disasters(: /)" ). The god sedan
arriving at the port, a sudden drop nose. All of residents rushed to thg
harbor. At that time a large earthquake occurred, the house collapsed,
but no casualties. Thank God for prediction earthquake, a stele wag/set

event. TAEfRW FPHPpRRERL S | TH rER A
R0 ARERMER > 2B T REH O RBRARNGE 0 R RT
AEZ > FA2 255 FPRIi-EES T



M SRy EREXFRN,. BESELEE Map [ e

Keelung Custom House

Four River system of keelung
=28 (HK L7k E #7)or& listen to
his grandfather once described this
history, four river water are sucked
out and dried.

MR PR TR SRR )
The woman and child were swept
away by the sea to pick up fish

AR FILE
After 2004 South Asia tsunami. Folk legend, the tsunami in Keelung in 1867, Matsu
apparitions(%g % ), the water is stopped front of the temple. Reference to the history of
temple, and interviews seniors, are without this event. Chairman of the temple(z -%)
said that Matsu is God of sea, but never heard about Matsu apparitions in hundred years
ago earthquake, there is not historical record.



Verification of place names in historical documents
BR324, 1871) P A A A H8(1899)% 4 W A 14 B
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ENVIRONS DE KELUNG

The maps were drawn
when the French army
attacked Taiwan during
1884-1885.
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1904)
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Palm island(3z # & ), Bush Island

A cloud of vapour was seen to rise from the sea between Palm and Keelung islands(3z #
SAcABR G 2 Feniag F 5 0 F%) 0 & 2Palm Island(#7 17 § )& A 1L § "iT

ENVIRONS DE KELUNG

Reghon qui fut ocoupée par le Corps Expéditionnsire en 1884 - 1885.

Palm Island : =T §
Bush Island : i # “

The maps were drawn when the
French army attacked Taiwan
SoensT during 1884-1885.
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Ruin Rock

A cloud of vapour was seen to rise from the sea between Palm and Keelung islands,
which was succeeded by the water of the harbour rushing out seawards, leaving it dry as

far as Ruin Rock for some seconds. Everything was carried away with the receding water.
The North China Herald and Market Report/January 8th, 1868 (# ## 3F)
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The outcome of discussions (with local archivist) :
Ruin Rock possible position:
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Earthquake occurrence time

Almost all of the data for the date of earthquake have consistent results :
December 18, 1867 (November 23, the 6t year of Tongzhi)
For the occurrence time of quake, there are 3 documents with further description.

1. Document of No. 8 (The North China Herald and Market Report/January 8,
1868): Tamsui 10:20 AM., Keelung 09:45 AM.

‘on has been' felt: elsewhexe. % The gre'tt
‘difference in'the time‘given at Keelung and
Tamsui ‘may be explauxed ‘by our havmg
‘o -accurats. mea.ns of ‘getting correqt time,.
.Often one’ person’s watch “is: half an huur
faster or slower-than another,

2. Document of No. 13 (TMO, 1914): North coast of Taiwan 10:00 AM.
3. Document of No. 14 (& ~ & ~ 48, 1913): Kim-bao-li 10:00 AM.

Based on the above information, estimate the occurrence time of
guake is about 10:00 AM.



Tide

Reference the tide table of 2013(CWB, 2013)

Keelung (Lunar calendar November 23) neap tide

January 4, 2013 (Lunar calendar November 23)

P PaC EPpe) [Pa@EGMpr) |3 P
01:42 2 100 H
07:25 -44 55 L
14:54 22 120 H
21:13 -40 59 L
December 25, 2013(Lunar calendar November 23)
PR PR EPE) | PRGBMNPE) | B R
02:29 -1 97 H
08:13 -37 61 L
15:38 23 121 H
22:07 -35 63 L

PERE IR EY R AR

BoMp il E R AR

JuyJ

I I

45.5 cm
65.5 cm —10:00 (-21.4/77.6)
63.5cm

Ebb to Rising tide

36.0cm
60.0 cm —10:00 (-22.6/75.4)
58.0 cm



We assume that there are no major changes in topography in between 1867-1904.
The 1904 map using as a basis for estimating the elevation of sea water traced
back.

™ epil867, ZEEmI68s,.. £ EEE05 Map =8 ol <"

ey

Contour
50 feet=15.2m
200 feet = 60.8 m

— 50 feet
"| = 200 feet

Along the r|ver the sea Water traced back to Pa tao chi area with
elevation about 15.2 m.
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Along the river, the sea water traced back to Ching-bao-li, elevation
about 15 m.
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Preliminary study of the Tsunami deposits in archeological
trench, Heping Island, Keelung (Chung et al., 2013)
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Unit 3 : the tsunami deposits, gravelly sandstone, thickness : 5-15 cm
The direction of flow : NW—SE, several time
The elevation of the top of unit 3 is about 6 m






More than 580 death.
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Evaluated the corresponding intensity
(crustal deformation and tsunamis)

CWSB intensity scale
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Location

Intensity
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Estimated source parameters

0EEB: 00000

L _SE
Distribution of the Shanchiao fault Strike: N60OE (Xiao, 1998)
(Central Geological Survey, MOEA) dip: more than 62 ’

Rake: -90

By the Geodetic Survey results show that the Shanchiao fault on both sides of
the horizontal displacement did not significantly change, but the hanging wall
subsidence obvious trend .

Considering tsunami was generated, the epicenter should be offshore,
widespread landslides, epicenter is not too far from the coast. (Tsai, 1986)



Simulated intensity map to evaluative source parameters

Wells and Coppersmith (1994) fault length vs. magnitude
Normal fault

M,, =4.86 + 1.32 Log(SRL) + 0.34 (5.2<M,,<7.3)

M, =4.34 + 1.54 Log(RLD) + 0.31 (5.2<M,,<7.3)
Log(RW) =-1.140 + 0.350 M,,, £ 0.12 (5.2<M,,<7.3)
Cheng et al.(2011) M -M,,, relationship

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

Surface rupture(SRL) Subsurface rupture(RLD)
Length 2w T My | M, | RW | My | M.
30km | 174 6.8 6.7 14.8 6.6 6.5
40km | 20.4 7.0 6.8 17.4 6.8 6.7
50km | 22.1 7.1 6.9 20.4 7.0 6.8




Jean et al.(2006):
Y (9)=0.00284¢173306M[R+0,09994exp(0.77185M)]-2.06392

Shin(1998):(CWB):
PGA =12.44 x exp(1.31 x M) x r1837

——---
1 upper limit depth

Mag ! 6 > 4 3 2 1 “Upper
(0.49) (0.259) (0.08g) | (0.025¢g) | (0.008g) | (0.00259) | (0.0008g) | limit deph
6.7(Jean) 17.0 21.8 40.0 74.4 136.5 253.9 466.2 0 km
6.7(Shin) 7.6 14.1 37.5 79.1 150.4 277.6 495.2 0 km
6.8(Jean) 18.2 23.4 42.9 79.7 146.4 272.3 499.9 0 km
6.8(Shin) 8.4 15.5 40.9 86.2 163.7 302.1 538.7 0 km
6.9(Jean) 19.5 25.0 46.0 85.5 157.0 292.0 536.1 0 km
6.9(Shin) 9.3 17.0 44.6 93.9 178.2 328.7 586.0 0 km
Mag 7 6 5 4 3 2 1 Upper
(0.49) (0.259) (0.08g) | (0.025g) | (0.008g) | (0.00250) | (0.0008g) | limit deph
6.5(Jean) 13.9 18.3 38.4 64.5 118.6 220.7 405.4 10 km
6.5(Shin) 3.8 10.6 31.1 66.5 126.9 234.4 418.4 10 km
6.7(Jean) 16.2 21.2 39.7 74.2 136.4 253.8 466.2 10 km
6.7(Shin) 5.8 13.2 37.1 79.0 150.3 277.6 495.1 10 km
6.8(Jean) 17.5 22.8 42.6 79.6 146.3 272.2 500.0 10 km
6.8(Shin) 6.8 14.6 40.6 86.1 163.7 302.0 538.6 10 km
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Jean et al.(2006)

— Shin (1998) pqut length:30 km(subsurface rupture) - M,,,=6.6, M =6.5
25.34N, 121.91E, Depth=15 km (60, 62, -90)
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Jean et al.(2006) Fault length:40 km(surface rupture) > M,,=7.0, M, =6.8
— Shin, 1998 25.34N, 121.91E, Depth=10 km (60, 62, -90)



Preliminary results

I The 1867 Keelung earthquake is closely relative with the
northeastern extending of Shanchiao fault. The epicenter
of the Keelung earthquake is : 25.34°N, 121.91°E,
Depth=10 km, magnitude M,,=7.0, M, =6.8, fault length
about 40 km, possible fault-plane : (60, 62, -90)

E Earthquake triggered a tsunami, water rushed Huangkan
(& %) and Shuwei(-k &), wave height about 6 m. The
results are consistency wih trench at Heping Island.

B Along river, the sea water traced back to £ ., and ~ & iF
area with elevation about 15 m.



