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. Preface to English Edition

The catalogue of Pacific tsunamis was prepared mainly in 1964-1974.
A definite stimulus to undertake this work was the appearance of the
"Annotated Bibliography .on Tsunamis"” compiled with my participation and
edited by the International Union of Geodesy and Geophysics in Paris in
1964. The bibliography was an important clue to many previously unknown
publications on tsunamis dispersed Ain different national and. interna~
tional editions. : ' ' o

The desire to have under hand all“original descriptions of tsunamis
in a compact form is experienced by every investigator of tsunamis. My
first step in this direction was the compilation of. all actual data on

tsunamis observed on the Pacific shores of Kamchatka and Kuril Islands,
which was done by the end of the l950s.

The present edition-is the product of double translation; at first
from English, French, German and Spanish into Russian and then from
Russian into English. -Of course the better way would. be the translation
directly from original languages into English, or citation English texts, .
because a danger always exists in .accumulation of’ errors during each .
translation. But recompilation: of the catalogue in- such a manner would.
4require several years of hard work and it would be almost impossible.

I have had the opportunity.to read-the,manuscript of the English
translation and my impression is thatttheﬁgeneral'sense‘of description is
passed correctly, although there are some minor inexactitudés.. Some
errors found in the Russian text have been removed during the transla-
tion. But the catalogue itself is still opennto discussion and additions.

My sincere thanks to the staff of the Institute of Ocean Sciences,‘
Sidney, Canada, and especially to Mr. Sydney 0. Wigen for efforts to .
realize this English edition of my, together with Mr. Ch, N. Go, book,
and I hope that this edition will be useful in further invest1gat10ns of
such important problems as tsunamis. )

Prof. S. L. Soloviev - o ‘ ' : Moscow, 1982
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Foreword and Acknowledgement

In their two—-volume catalogue,

Catalogue of tsunamis on the western shore of the Pacific Ocean (1974)

and

Catalogue of tsunamis on the eastern shore of the Pacific Ocean (1975)

S. L. Soloviev and Ch. N. Go have assembled the most complete descrip—
tive summary of tsunamis that have struck the shores of the Pacific
Ocean. Their records embrace both localized and ocean—wide destructive
occurrences, and in some cases go back more that 1000 years. Knowledge
of these past events is essential in making an authentic evaluation of
tsunami hazard. )

In order to make this body of knowledge more generally available to
tsunamists, the Institute of Ocean Sciences has undertaken to have these
works translated into English, and to publish them for free distribution
to researchers.

We express our great appreciation to the authors, Soloviev and Go,
for the work they have done in the compilation, and also the time and
care they have taken to review and correct the translations; to The
Copyright Agency of the U.S.S5.R. for permission to publishj and to the
Translation Bureau of the Secretary of State, Ottawa, for its concern.
and diligence in seeking to provide an accurate translation in a
specialized technical field.

In the listing of References in the original edition, papers pub-
lished in Russian were listed first, followed by papers published in
other languages. Titles of papers in Japanese were given in English
translation and sequenced alphabetically into the second section. The
‘same sequence is retained in this translation, but with Russian titles.
and sources translated into English. '

I would like to thank the many tsunamists who have given encourage-
ment and guidance in the production of this work; to express particular
appreciation to W, Hamilton, preliminary translator of the Eastern
Pacific; G. Daze, principal translator; and Mary Lane, Marilee Nugent,
and Partricia Straub for their sustained effort and enthusiasm in pre-
paring these works for publication. ' '

For any errors that remain I accept responsibility.

Sydﬁey 0. Wigen ‘ 1983
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'Academy'of Scienees of the USSR
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Abstract

A Catalogue of Tsunamis of the Eastern Shore of the Pacific Ocean (1513~
1968). sS.L. Soloviev and Ch. N. Go, Moscow, published by "Nauka" 1975

This monograph contains descrlptlons of about 300 tsunamls and
related phenomena which have occurred in the southern and eastern
Pacific. ‘The monograph also describes earthquakes and other processes

“which have generated tsunamis. As far as possible, estimates were made
of the intensity of all tsunamis, according to a special scale, as well

- as of coordinates of epicentres and of the energy (magnitude) of earth-.

quakes that generated the tsunamis.

The ook will be of. interest to seismologists, oceanographers,
tectonic geologists, volcanists, geographers, and to inhabitants of the
Pacific shores of the USSR and persons involved in various operations in
coastal areas of the Pacific. :

The book contains 77 -illustrations, 14 ‘tables and 344 biblio-
graphlc references. o '

‘Editor-in~-chief, Correspondlng Member of the USSR
Academy of Sciences,

E.F. Savatrenskii

Copyright,- "Nauka," 1975 (RueéianlEdition).




INTRODUCT ION

This catalogue is a continuation of the work of the authors

Soloviev and Go, (1974) and includes all known factual information on

tsunamis that have occurred in the southern and eastern Pacific up to
1968.

In preparing the catalogue, wide use has been made of reports of
earthquakes and tsunamis that - have occurred anywhere in the world
(Montbeillard, 1761; Hoff, 1840; Perrey, 1847, 1850, 1852, 1854 a-c, 1862
a,b, 1864 a,b, 1865, 1867, 1870 a,b, 1872 a,b, 1873, 1875 a,b; Mallet,
1853-1855; Fuchs, 1866-1870, 1872, 1874, 1878, 1879, 1881, 1883 a,b, 1885
a,b, 1887 a,b; Rudolph, 1905; Milne, 1912 b; Sieberg, 1932; Heck, 1934,
1947; 1ida et al., 1967), as described in the preceding catalogue and in
national earthquake catalogues (Montessus de Ballore, 1888, 1911 a, 1912,

1916; oOrozco y Berra, 1888; Holden, 1898; Polo, 1899 a,b; Bobillier,

1934; Flores, 1934; Townley, Allen, 1939; Milne, 1956; Silgado, 1968;
Lomnitz, 1970; and others) and in special publications. The material
pertaining to this part of the Pacific was, for the most part, selected
and translated into Russian by S.L. Soloviev.

The catalogue includes hardly any information on the extremely
severe Chilean tsunami, which occurred on May 22, 1960, owing to the
great volume of factual data on it and on the earthquake which caused
it. The Chilean tsunami deserves a special monograph. Limited descrip-
tions are given on the well-known California earthquake of April 18,
1906; however, the data on the very weak tsunami that accompanied that
quake are reproduced in full,.

As in the previous book, the descriptions in the catalogue are
presented in chronological order by separate zones, which are arranged
counter-clockwise starting with the islands of Fiji, Samoa, Tonga, and
Kermadec and finishing with Canada and the Hawaiian Islands. In addition
to the documented tsunamis, the catalogue includes descriptions of sever-
al solitary waves in the ocean and of long waves of unknown origin, des-
criptions of which are encountered in the literature,

For each zone an overall map is given, on which are shown first,
the geographical locations referred to in the descriptions, and second,
the centres of the tsunamis — to the extent to which it was possible to
establish them on the basis of the material gathered in the cataolgue.
In researching this material, the archives from the following institu-—
tions were used: Moscow and Leningrad libraries, Main Geodetic and

**Numbers iun the right-hand margin mark commencement of corresponding
pages in the original text - Transl.
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Cartographic Administration, Chief Administration of Cartographic
Production of the Navy, Sakhalin Complex Scientific Research TInstitute,
Far East Scientific Centre, and Academy of Sciences of the USSR.

The material presented for each ocdcurrence is given, as a rule,
in the same format: first the year and time (local)'of the earthquakes
are shown, then the earthquake 1is described, and finally, data on the
tsunamis are given. Descriptlons of eathquakes, and particularly of
tsunamis, are reproduced as far as pOSSLble in a form unchanged from that
of the original source.

Local time, which is used as standard for Dboth earthquakes and
for tsuamis, is given in the usual symbols: hr (hour), min (minute),
sec (second), [or numerically in translation, e.g. (10:46)]. These same
designations are also used for indlcatlng the duration of a period of
time. The designations h,m,s are used respectlvely for Universal
(Greenwich) Time.

The local intensity of earthquakes, as found in the orlolnal
sources,. has been recalculated for the.12-degree MSK-64 scale; . which is
practically identical with the scale adopted by the USSR as a standard.

As a check, the original value of‘the intensity is given in brackets.

The 10~-degree scale of Rossi-Foréll is abbrev1ated to R.F. The 10~-degree
Mercalli scale is abbrev1ated to M. '

All values in the descrlptlons are given in metric de51gnat10ns,'

but as a check, the original value is sometimes also given in brackets
(see Appendis ' ‘ o

In the complilation of the eaEalogues, special attention has been
given to data concerning the height ‘and other dynamic parameters of tsu— .

namis. The authors of the catalogue have used the term "height of

tsunami” for designation of the difference of levels of the crests and :

troughs of the waves, as is accepted in oceanography. ~Sometimes (first
of all in the tables) this value is.also called the range of the Tevel.

However, it should be kept in mind that in some original sources "tsunami -
height” apparently refers to half range; that’ is, the magnitude which

might have been determined as the conventlonal amplitude of the tsunami

Moreover, in several descriptions the term "tsunami height"” refers to the

height of the rise of the water on the shore, which- 1s, generally speak-
ing, a magnitude different in meaning and value.

For an evaluation of the height of a tsunami or the.heightvdf the

rise of the water on a shore it is necessary to, know the ocean level be-

fore the arrival of the tsunami. In the original descriptions the. rise

of water is frequently estimated without reference to the undisturbed.

water level., . The authors of the original descriptions were frequently

concerned only with the practical side of the matter; that is, how far-

the rise of water exceeded ordinary flood tides. ~-In such eases2 the
height of tsunami can be estimated on.the basis of A.I. Duvanin's scheme
of high tides for the Pacific ~ a scheme which was presented in the pre-=
" ceding catalogue. It is useful also to note that in the practical ‘work
of the U.S. Coast and Geodetic Survey, the so~called gauge "mean lower
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low water” (that is, the mean level of extreme spring ebb tides) serves
as the basic datum level for estimating the rise of water.

The original sources from which the descriptions of earthquakes
and tsunamis are borrowed, and also more recently compiled reports in
which reference to the events is made, are shown at the end of the quoted
texts. The primary sources containing the original information about the
occurrence, (or where the primary sources ‘were unavailable, the most com-
plete data from compiled reports) are listed in a widely spaced format.
Where necessary, the year of the work is underlined.

Since many descriptions of tsunamis are contained in little—known
publications, the libraries of the country in which the publication was
found are shown in the list of references., The conventional abbrevia-

tions of the published data and of the libraries are given at the end of
the bibliographical list.

If a given occurrence is referred to in "Seismological Notes"
(SN), which are regularly published in the Bulletin of the Seismological
Society of America, the pertinent data are put directly in the text. A
similar method is used for references to tsunamis in the “"Newsletter" of
the International Tsunami Information Center (NL).

The descriptions of tsunamis of the twentieth century aré follow-
ed by a summary of basic earthquake parameters, obtained from instrument

readings and contained in any of the main seismological bulletins of the
world.

The commentaries from the original sources and the remarks of the
authors of the book are enclosed in square brackets.

The final section of the catalogue lists all the tsunamis des-
cribed and their main parameters., Here, the tsunamis are grouped accord-
ing to the way they were generated. The first basic group comprises
tsunamis generated by earthquakes. The second group includes tsunamis
generated by volcanic eruptions, also certain instances of underwater
eruptions that affected the ocean's surface even though they did not
cause tsunamis as such. The third group comprises some tsunami and other
gravitational waves caused by large-scale avalanches, landslips, and
turbidity currents caused by earthquakes or resulting from some other
occurrence, The fourth group consists of tsunami-type waves of meteoro-
logical or unknown origin and of solitary waves that occur in the open
ocean. It is possible that some of these phenomena are actually tsunamis
generated by distant earthquakes.

Tsunamis of seismic origin are grouped by zones according to the
plan of S.L. Soloviev (1972), which is more detailed than in the main
text of the book. Tsunamis of volcanic origin are given according to the
geographic location of the volcanoes "in counter-clockwise order." Waves
from avalanches are listed chronologically for the southern and western
parts of the Pacific. Waves of meteorological and obscure origin are
given by zones as listed in the text of the book.
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Table 1

Approximate relation between the magnitude of an earthquake

and its duration.

Magnitude M
Duration : ; ,
3% | 4 |4y |5 | 55| 6 |6x | 7] 7] 8 | 8%
Maximum |25 §50 |1% |2 | 25|35 |4 |67 | 819
Average 13 | 820l a0 | 1115 |2 253p-354
Minimum ' 1] 3| 812060} 1 {15 {2
Seconds _ ' Minutes

The dates on  which tsunamis were recorded are glven in local
times and according to the Gregorian Calendar.

In the listing of tsunamis generated .by earthquakes, in the
column "coordinates of the epicentre,” the following values are shown:

a) for the occurrences in the twentieth century: coordinates of
the epicentre of the corresponding earthquakes as determined by - selsmo~
logical station oboervatlons,

b) for earlier occurrences: coordinates of earthquake- and
tsunami source centres located on the basis of macroseismic reports. 1In
the absence of data on the location of the macroseismic eplcentre, only
the location of the occurrence of the tsunami is shown.

The readings in "a" are based, as a rule, on the monograph of
Gutenberg and Richter (1954), or on the authors' data. The accuracy of
the epicentre varies from 1-2° for earthquakes of the beginning of the
twentieth century to 0.1-0.3°% for earthquakes of recent years. The "b"
values were determined by the authors, ‘Individual errors in estimating
the coordinates are not listed for technical reasons. The average errors




of these determinations are of course high, varying from 1/2-3°,

Points of the compass (north, south, east, west) are indicated
only for the first earthquake of the list, For all epicentres they are
listed for only zones traversed by the equator or by the 180° meridian.
Unfortunately, the data referring to the depth of seismic foci are not
very precise, This applies to old earthquakes, the focal depth of which
was established by the method of N.V. Shebalin (1968), and to earthquakes
of recent years for which the focal depth is found by trial of hodography
for different depths with the help of computers.

For earthquakes that occurred between 1907 and 1968, the value of
the magnitude of an earthquake M, determined on the basis of displace-
ments in the earth's surface caused by seismic surface waves, were
borrowed from the report of Gutenberg and Richter (1954) or directly
determined by the authors. The magnitude of old earthquakes for all
zones was estimated by S.L. Soloviev on the basis of the surface effect
of earthquakes and with the aid of Shebalin's measuring grids (1968). In
individual cases the magnitude was estimated on the basis of the duration
of the earthquake with the aid of an empirical relation discovered by
Soloviev (1970) and presented in Table 1. The average accuracy of the
estimates equals +1/4 for the first category,+* 1/2 for the second, and* 1
for the last. '

It is noteworthy that in this catalogue, as in the previous one
(Soloviev, Go, 1974), the earthquake magnitudes were borrowed mostly from
an earlier work of the authors (Soloviev, Go, 1969), These values of
magnitude require careful verification and a more precise definition,
which is to be carried out at a later date.

‘The reliability of tsunamis~was'asSessed on a special five*pbint
scale (see list of basic tsunami parameters).-

The tsunami intensity was determined according to Soloviev's
scale (1972). The generalized intensity (I) referred to' that tsunami
intensity (io) which the wave would have had at a point on shore nearest
to the focus, if the wave energy had been propagated uniformly. The
intensity (i) of a tsunami on a coast was determined as the logarithm to
the base 2 of the average height of the flood or the average tsunami
amplitude, as determined  from marigraph readings for given part of the
coastline, multiplied by+J2, The intensities (I) determined by this
method differ littlé from the values of the tsunami magnitude (m) based
on the Imamura-Iida scale (Soloviev, 1972), The accuracy of the deter-
mination varies from +1/2 to approximately 1 1/2 depending on the
completeness of the original data. :

In the 1list of tsunamis of volcanic origin, in addition'to-thg_

location of the volcano, date and authenticity of the tsunami, the inten-
sity is indicated for the coast closest to the volcano, which in all
cases is the maximum known intensity (io). .

In the list of tsunamis generatéd by avalanches on the. ocean
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floor, the cause of the avalanche is lndicated as well as the.date, loca--

tion, authenticity and' tsunami 1ntenslty.

In the list of waves of méteopological and unknown K origin, the
date, location, authenticity and intensity (io) of occurrence are shown.

The authoré express sincere gratitude to all their colleagues,

both .in the USSR and abroad who helped in the preparation of the cata—
logue. .




THE ISLANDS OF FIJI, SAMOA, TONGA & KERMADEC

1853, December, Tonga Islands. The following is an account of
Sawkins (Sawkins, 1856; Perrey, 1861; Davis, 1928), about a very severe
earthquake which may have been accompanied by a tsunami.

"Several months prior to my arrival on the island of Tongatapu in
1854 (Fig. 1), an earthquake in the area had caused the northeast part of
the island to subside, so that the ocean encroached here for 3 1/2 km
(almost 2 miles) inland. Flooding occurred also, though to lesser ex-
tent, on the southeast coast of the island up to Nukualofa where, in a
garden next to a completely demolished house, the water is now washing
the roots of trees. The western shore of the island rose approximately
one metre (several feet) and one of the springs that had been there pre-
viously disappeared underground.

"Noteworthy also is the fact that the inundation of the northern
and eastern shores, and the upheaval of the western and southern shores,
was accompanied, at roughly the same time, by the appearance of ‘a new
island to the west. This fact was witnessed by many, including the cap-
tain of a whaling ship who previously had often sailed along that patti-

.‘cular route and who, having grounded his ship on a sand bar near the new

island, proceeded to land with a boat and crew on its western .side.
According to his account, the island was elevated about a decimetre
(several inches) above the sea for a distance of 130 km (70 miles) and
was covered with a black sand, exactly like the sand on the shores of

other volcanic islands of this group and of the islands of Haapai. More-.

over, hundreds of tons of sand were washing into the sea with each surf.
I especially questioned the natives of Tongatapu whether they had pre-
viously seen anything similar to land in that direction, to which they
replied negatively.. The natives reckoned that the island had appeared on
the very night when an earthquake had occurred (Christmas EVe, 1853) and
when the ocean had inundated the land 1n Hihifo (Nord P01nt*) '

1865, November 18 (05:40), On the 18th at 04:20 the English ship
"John Wesley" ran aground near the small island (a coral reef) of Tau*,

- but after several earthquake tremors was refloated completely, The ocean

raged with such force that waves enveloped the deck.

At 05:40 there was a strong earthquake and the waves became even
more dangerous. Twenty minutes later 'a terrible crack was heard on the
ship and it immediately filled with water and sank in a depth of 1m (3
feet) [51c], but the crew and all the passengers were saved.

1 Points whose locations could not be determined are marked in the text
by *,
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-The earthquake affected -a huge area. 1t was severe on the
islands of Haapai -and rather severe on the islands of Lifuka and Vavau,
where furniture was displaced and the pendulums:of ‘clocks were stopped.
On the open sea 'at 24° S. and 173° 30" 'W,, similar vibrations were
experienced on the American ship "Siren" on the 18th at approximately
06:00 accompanied by a muffled rumble.

On the Tonga Islapds, théﬁearthquake was accompanied by a "sudden
_and violent movement of ‘the sea,” flooding the land and washing away
everything in its path (Fig. 1). ' : ' ‘ o

By 09:20 of the 18th in Avarua,.island'bf RarotongaA(Cbok iélands,

see Fig, 77), in good weather with a light south-east breeze: and- at low -

tide, the sea had gradually receded to approximately 1 1/4 m (4 feet)
below the usual low water mark, almost completely dralnlng the water area
of the port. Then the level of the wdter gradually rose 1 1/4 m (4 feet)
above the highest flood tide, but there was no evidence of waves. The rise
and fall occurred while the water surface was completely calm. The sea
fell and rose to the same levels a second and a third time. Then, in the
course of a half hour, the oscillations diminished and the sea became:
still and assumed its normal level.(Fuchs, 1866, 1885 b; Perrey, 1867,
Rudolph, 1887; Krummel, 1911; Sieberg, 1932; Iida et.al., 1967). -

. 1866, September 12, (Samoan Islands) An underwater ' volcano
erupted in the. vicinity of the Manua TIslands, The first indications of
it were we'k shocks, felt on September 7 by the inhabitants of the
islands of .u and Olosega, which are part of that'archipeldgb, These-
shocks occurred at an average of four per hour, and the vibrations con-
tinued into the following day. . :Thirty-nine shocks occurred during the
night of'September 9. , - ' '

After dinner on the 12th a dlsturbance in the sea commenced at a
distance of approximately 3 km (1 1/2 miles) from the island of Olosega
and 8 km (4 1/2 miles) from the island of Tau, at a point with coordi-
nates 14° 13' S., 169° 34' W.. The destruction continued all that day
and through part of the  next. This was followed by -an underwater
eruption with its- usual manifestationSQ On the 15th of September the
eruption was-repeated, and each hour approximately 50 eruptions occurred.
The sea. heaved violently, with high waves following - around the centre of
the eruption, which continued for three days. _During this time large
pieces of lava floated up to the surface of. the. ocean, and tremors were
felt on the islands. - A column of thick smoke, rising to’ a height of
about 600 m (2,000 feet), completely darkened -the sky. Although the -
eruption did not reveal open flames, gleams of fire could be observed on
two or three occasions. The sea was. extremely disturbed and for a dis-
tance of 20 km (10 miles) glittered with a phosphorescent light. - Many
dead fish floated to the surface and were cast upon the shore, amongst
which were previously unknown monsters 2 to 3 1/2 m long. Aftér three
days, the frequency of the eruptions began to abate, although even on the
11th of November three or four explosions per hour could be counted The
products of the eruption were not thrown up to such a significant height
as previously, now no higher than 5-10 m (20-30 feet). The condition of.

/8

/9




9
129 70
1 | X
. 8 A r 4
L
d Canain -c“lll Marasan 9
TYydn0e (i A v 4
‘-QJ“’ yneay o, Dfocera
J '-W'V"”Qhro-l!uo v
Vit rea Mawy®
1917.vi
. o A Xn ) Samoa
Fiji ® " " o Huyaronyran
N~ o.Banya-fleay O HuyaTORyrany
1Q, (';'I TR :
S \'." s \\ -
osm-nuy\m,) . o QV
) »- 1953 ¢ N gosa Bavayei 1919
- . Q’
ﬁ.huny . Q
. l
20 o-a Xaamad Tonga
= i { Fees O o
. y
0. Tonrarady/,
o \\V‘;
14
= =
. §
< . __::-'Z'
<« 5 ”,‘”
1 s ‘< !
- 5
S |;\\\\\\mn 2
wea () S <
8 3
= Pt L
BIZVNE
1865 |5
917Xt =
Kermadec . s se |6
$ l.PlynEE )
H X. § ‘m 7 s
.oa . =
0 sy =
100 ?ll :: =E »
= ‘. =
? = e |8
- T — = Y
(4 e 4

3, 4

The islands of Fiji
1 - boundary of the shelf;
2 - deep water trench;
epicentres of the ts
4 - possible;
5-8 - date and intensity o

5 - I=3;

6 - I=2;

Samoa, Tonga and Kermadec.

3 - definite or probable,

unami :

£ the tsunami I;

7 - I=-'l_;
8 - I=0;



the vegetation on the Manua Islands suggests that this area had not seen
very severe eruptions for at least 80 100 years (Fuchs, 1868; Perrey,
1870; Sapper 1927). : '

1881, November 24, There was a strong earthquakevon theliélands
of Tonga and Samoa, one that was felt even on ships in the harbour. On
the island of Tongatapu, about 7 1/2 km (4 miles) from .Nukualofa, -this

quake caused a large plain. to - subside to thé point. where it was trans-
formed into a deep valley (Fuchs, 1883 a). [Although there is no direct

evidence of a tsunami haV1ng occurred. _there, the possgibility cannot be
excluded. ] : : . - s

1883, March 24, On this day there weé a strong hurricane raging

in the Samoan Islands and some accounts suggest that an earthquake'may'

have occurred at the same time, But the. hurricane was of. such . ferocity
that a clear answer on this p01nt could not be established. 'HoweVer “the
consensus was that the- hurricane alone could not havée caused all the
destruction. The vessels that had lain at anchof had suddenly broken
loose as if by a special force. 1In addition, two‘large ‘tidal waves ap-
peared (Fuchs, 1885 a), - ' S '

-1905-1911, The volcano MataVanu on. the 1sland of ‘Savaii (Samoan
Islands) was active between August &, 1905, and. November. . Huge streams

of lava up to one -cubic km in volume emerged, one of which moved in a.
northeasterly direction and reached the ocean shore; a dlstance of 12 km

from the c 1ter, on December 6, 1905. Fields and villages sltuated in
the path o. he lava stream werefdestroyed - From time to time the lava
tongues fell into the water -and gave rise- to small tsunami-type waves
(including at the end of 1906  and in 1907). - One of the phases of the
eruption was observed by the missionary, -Johm Farlong According to his
account, after some periods marked by -earth -tremors, on August 4, 1908,
two yawning fissures. appeared from which clouds of steam, illuminated by
flames and eruptive material, shot up with explosive force. The streams
of lava moved at a rate of 900 m (1/2 mile) in a 24 hour .period, .and at
the points where the lava fell into the- sea huge columns of ‘steam rose,
which made it difficult to observe the volcano. Tidal waves appeared
several times in the same area. They were 450 m (500 yards) in length
and inundated, the land for a distance of 90-110 m (100-120 yards).
According to observers, the appearance of the waves coincided with
increasing volcanic activity (Anon., .1908; Sapper,- 1927; Richard, 1962).

1908 (1907). Several km = (miles) ,south of . Tongatapu Island
(21.17° 87,7 175.737 W.), a submarine eruption-occurred, which was accom-

panied by a strong -earthquake on Tongatapu and by. a tidal wave. The
event generated a large column of steam, along with pumlce on the surface

of the ocean (Wegener, 1910; Gutenberg, Richter, 1949, 1954). [Possibly

distorted information about a previous event.]

1917, May 2. A 12'm (40 feet). Lsuhaml was recorded on the island
of Samoa. Well-defined waves were registered in lonolulu .and on the west
coast of the U.S.A. (Heck, 1947; Ponyavin, 1965). :
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It is pointed out in the articles of Angenheister (1920, 1923)
that the beginning of the tsunami record in Apia coincided with a change
in the recorder chart. It took the wave 8 hours and 2 minutes to arrive
in Honolulu; 12 hours and 33 minutes to arrive in San Francisco; and 12
hours and 33 minutes to reach La Jolla, California. In the catalogue of
Iida and others (1967), the travel time of the tsunami to Honolulu is
estimated as 7.9 hours. It is stated that. the tidal gauge records in
Honolulu showed a tsunami of amplitude of 10 cm and a period of 30 min-
utes. Doubt was expressed regarding Heck's data on the height of the
tsunami on the Samoan Islands. Reference is also made about the tsunami
in other catalogues (Shepard et al.,, 1950; Gutenberg, Richter, 1954;
Anon., 1961), ' -

Gutenberg, Richter (1954): 1.v; 18M26.5m; 29° s,  177° w.;
M=8, - , _

1917, June 25, There was a catastrophic earthduake with a source
between the islands of Samoa. and Tonga. On the island of Niuatoputapu

(Keppel), a change of relief occurred. One of the lagoons is said to

have been raised up and became dry land, while a rocky ridge sank under
the water, The quake was felt at a distance of up to 6° from the epi-
centre, over an area of the order of 1,000,000 square km. The area over
which it was felt stretched in a north-south.direction.

On the Samoan Islands it was the strongest known earthquake up to
that time, and Angenheister gave it a severity rating of 8 degrees.
Long-period horizontal oscillations continued for 1 1/2 minutes. The
earthquake was more severe in the inner mountains of the island than on
the sandy coast. Fragments of the rock rolled down the mountain slopes

and numerous cracks appeared in the ground. Trees were uprooted. The'

piling supports of many huts were torn off, but there was no.loés of
life. 1In Apia, the customs building suffered damage. At the same time,
a cyclist hastening along a road did not sense the vibrations.

The quake generated a tsunami up to 12 m (40 feet) in height.' On
the southern shore of the island of Upolu, waves reached a height of 3.1
m and caused destruction in several villages. The tsunamli was destruc—
tive in Sainili and Pago Pago on the island of Tutuila (Fig. 2).

On the tide gauge record at Apia, the fluctuations of -the water
level began 5 minutes aftér the earthquake, having a maximum amplitude of
30 cm and a period of 30 minutes (Fig. 2).

In Honolulu, the oscillations began 7.7 hours after the ‘earth-
quake, and had an amplitude of under 10 cm and a period of 20 minutes.
The tsunami was recorded by tide gauges in California (SN, 1917, vol. 7,

N 3; Anon., 1918, 1961; Angenheister, 1920, 1921 a,b, 1923; Sieberg,
1932; Heck, 1947; Gutenberg, Richter, 1954; Shepard ‘et al., 1950;
Ponyavin, 1965; Iida et al., 1967). ' '

. Gutenberg, Richter (1954): 26.vi; 5b49,7m; 15,5° 5, 173° W.;
M=8. 3. - ' _ : S : '
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1917, November 16. A strong earthquake accompanied by ‘tidal
waves occurred on the Tonga Islands (Angenheister, 1921 a,b). ’

Angenheister (1921 a): 16.XI; 3h19m28S; 29.8° 5., 178.7° W.
Gutenberg, Richter (1954): 3h19 5m; 29° 5, 177.5° W.; M=7.5.

1919, January 1. An earthquake occurred with the following para-
meters: = Gutenberg, Richter (1954): 1.1; 2h59m57S; 19.5° g,  176.5°
W.; 180 km; M=7.75-8, which, as assumed by Imamura and Moniya (1939)
(Imamura, 1949; Gutenberg, Richter, 1949, 1954; Iida, 1956; Avon,, 1961),
generated a tsunami, recorded in Japan with a height of up to 40 cm (Fig.
3). In the work of Iida et al. (1967), this assumption is perhaps justi-
fiably criticized. : '

1919, April 30 (erroneously the 9th), * On the Ha'apai Islands
‘there was an earthquake lasting 2 1/2 minutes; on the island of Tongatapu
there was a weak:earthquake of 50 seconds duration. - On the islands clos-
est to the epicentre, the quake resulted in many cave-ins, particularly
in areas with loose, filled ground, and on the Samoan Islands the quake
caused' landslides and cave-ins. ' : ‘ '

The tsunami reached the island of Ha'apai 0.6 hours after the
quake began where it had a height of 2.5 m, and it appeared at Apai about
0.9 hours after the quake started, with a height of 0.4 m.

In Punaluu, on the Hawaiian Islands, a bay was completely drained
at 7:30, The water gradually returned, but on two occasions it rapidly
receded - at about 09:00 and again.at 10:30. In Hilo, the tsunami had an
amplitude of 0.6 m and a period of 70 minutes. In Honolulu, the tsunami
had a height of 0.1 m and a period of 25 minutes.

The tsunami was recorded by tide gauges in California. The time
of its passage to San Francisco was 11 hours, 23 minutes;_to_San'Diego,
11 hours, 28 minutes (Angenheister, 1920, 1921 a,b, 1923; Finch, 1924;
Sieberg, 1932; Heck, 1947; Gutenberg, Richter, 1949, 1954; Shepard et
al., 1950; Anon., '1961; Ponyavin, 1965; Iida et al., 1967). = -

Gutenberg, Richter (1954): 30.Iv; 7h17m0s5S;  19° g,, 172.5°
W.; M=8.3. . : -

1920, August. There was an earthquake and tsunami in Pago Pago,
Samoan Islands (Heck, 1934, 1947), Presumably, the information is mis-
taken for the earthquake and tsunami 21,IX.1920, with its source near the
New Hebrides Islands (Iida et al., 1967; Soloviev, Go, 1974).

1926, March (16) or May 12, ° (The dates are” very uncertain). .

There - were tidal waves on Palmerston Island (see Fig. 77). 'Only one
person perished, but all buildings except a church were washed away, and
the population, numbering 100 people, . were left without shelter and
belongings and with very 1little to exist on: (Wilson, 1926; Montandon,
1927 a,b; Heck, 1934, 1947; Ponyavin, 1965; Iida et al., 1967). It was
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most 1likely a° storm—-generated waQeVA although there were attempfs to
connect it with an earthquake on the Tonga Islands Gutenberg, Richter
(1954): 16.111; 17h32m 16.5° 8., 171° W.; M=6. ' ‘ '

1928, May 18, An earthquake was felt ’on the  island of Lifuka

(Ha'apai Island). A tidal wave. ‘appeared and pumice was cast upon Lhe

shore (Anon., . 1931),

* Anon. (1931): 19.V; 3h4emops,

-1948, September 9, (03:30). An. earthquake ‘in the ‘area of the

Tonga Islands generated .a tsunami’ which was recorded on tidal. gauges
(Table 2) ' ' ' ' : : ' o

TABLE. 2’

"Tide Gauge Data on Tsunami 9.IX,1948. -

. Observation Point . - = - ﬂwave'Perion N & Maximum half range,ofl
(min) o lsvelvoscillations,(cm)
Samoan Islands; Pago Pago : /117 1 .:- . ':' | ‘;_ alO
Island Kauai, Port: Allen - | 26 .a- ' | | 10
Honolulu . - _ “. 12 . '  f‘ E 10
Island Oahu, Waianae'v' ‘:' 9 L 10

, It took this tsunami 6.6 hours to reach Honolulu (SN; 1948, vol.
38 N 4 Murphy, Ulrich; 1951 a; Anon., 1961 Hamamatsu, 1966; Iida et -

al., 1967).

W.; M=7, 8

1953, September 14 (12:17). There was an earthquake and tsunami
on the Fiji Islands. The isoseisms of the earthquake are shown in Fig.

4.. The macroseismic epicentre was determined at the southern coast of

the island of Viti-Levu. Cave-ins and landslides occurred on the steep
slopes near shore and bridges were damaged. Cons1derab1e material damage
was sustained.. On loose ground the destruction was noticeably stronger
than in bedrock areas. The most frequent cause of the destruction .of
buildings and bridges was the sinking of filled ground. The dock area of

Suva was damaged most of all.  The back-filled soil subsided and was

displaced one metre towards the watér. This - resulted 'in considerable
destruction of berthage, supporting walls and access roads:. After the
earthquake, the caved-in areas had -to be filled in. The ‘ground cracked
in low places near the shore; numerous small sand and mud volcanoes
appeared. Two persons perished, one under a landslide, the other by the

V Gutenberg,' Richter -(1954):. 8.IX; _15h09mils; 21°  s., 174°
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collapse of a building.
The earthquake was followed by a large number of weak aftershocks.

According to eyewitnesses, the water level at the entrance to the
harbour -of Suva began to recede immediately after the seismic shocks.,
After approximately 10 seconds there appeared a large brown "bubble" be-
tween the channel marker buoys, and a circular wave (in plan) generated
by this disturbance rolled up the reef. After 3-4 minutes this same wave
reached Suva, where the time of its arrival was sufficiently reliably
recorded by three eyewitnesses, The wave height reached 2 m (6 feet).
The dock area was devastated; a supporting wall was severely damaged as a
result of blows on mooring bollards and wall embrasures, and several
yachts and boats were sunk.

In the opinion of Houtz, the wave resulted from currents "des-
cending” from both slopes into. the inlet channel and their collision in
the channel. Depth soundings carried out after the earthquake indicated
(Fig. 5) that the water level along the edges of the inlet, which was
flanked by steep coral reefs, had risen by 24 m (80 feet), whereas, in
the channel it had dropped by 7 1/2 m (25 feet).

A similar drop in the sea level immediately after an earthquake,
with a subsequent surging on the reefs and the pouring over them of large
waves of silty water, was observed in the region between Suva and Nagara.

Iwo waves arrived at the island of Mbengga:  one with a height of
0.3 m (1 foot) arrived 30 seconds after the earthquake, the.other with a
height of 1.2-1.5 m (4-5 feet) arrived 15 minutes after the quake. The
first wave was generated apparently somewhere inside the shallow lagoon
surrounding the island.

The second wave, like the tidal wave at Nakasaleka on the island
of Kandavu, which was observed 12 minutes after the earthquake, and like
the wave that approached Navua and Laucala 15 minutes after the earth-
quake, evidently was generated in an area northeast of the island of
Mbengga (see Fig, 4). After the earthquake, variations. in the water
level of up to 100 m (300 feet) were determined by echo sounding. It is
possible that turbidity currents played a part in generating the wave,
since underwater cables in the area of the epicentre were displaced,
broken and buried under loose alluvium (see Figs, 4 & 5). On the basis
of the damage the cables had suffered, the velocity of the bottom cur-
rents was estimated to be 10-20 knots, It should be noted that the main
tsunami started on the southern coast off the island of Viti-Levu, at low
tide, whereas the times of the wave passage referred to above correspond
to the high tide which followed. ,

The tsunami was observed within a radius of approximately 330 km
(180 miles) from the indicated - centre. On the island of Viti-Lewvu,
reports about the waves were received from various points from Lomeri on

the south coast to Cape Tailevu in the northeast. The waves were ob—-

served on the island of Kandavu and weést of the island of Lau.

/13
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General map of the Fljl Islands, and the occurrences
of earthquses and tsunamis on 14.1X.1953. '
1. macrosersmic epicentre of" the earthquake,
2. calculated centre of ‘the tsunami, - correspondlng to a .
run time of the wave to Nakasaleka in 12 min;
3. isoseists; o

sections of the undersea cable; . :

4 - heavily damaged, 5 - lightly damaged 6 - not damaged
7. region where subaerial londslides and cave-ins occurred,

according to information of Houtz (Houtz, 1963).

TABLE 3 : , , - .
Rise of water 14.1x1953 at individual places.

Point of , ‘Height Point of. : 'Height

Observation m. (ft.) -Observation ' m. (ft.)
Viti Levu, Suva 1.8(6) - Koro . . - ... 1.5(5)
Dayuba 1.8(6) . Laukala o 1.0(3-4)
Lami, suburb of - 1.8(6). Kavahi IR S 1.0(3-4)
Suva, located at , ' .savakasa . - - .0.9(3)
head of the bay '~ Vanicaya - T 0.9(3)
1-2 km from town Levuka | 0.9(3) -

Mbengga “1.5(5) - oOstrova Lau » 0.6(2)
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The waves had their greatest height, by various estimates, from 3
to 15 m (10-50 feet) at the reefs bordering the southern coast of Viti-
Levu, . The first wave was the strongest. .The approachlng waves could be
seen at distances of 2-4 km from the beach -Huge pileces of coral. reef
were thrown up onto dry land. ' : o

Estimates of the average rise of the water level at varlous
points are 'given in Table 3.

In a number of places, coastal villages and individual houses
were seriously damaged. In Suva, three persons were drowned in the
tsunami waves and two on the island of Kandavu. Twelve persons received
serious injuries. - The general property damage from the tsunami amounted
to approximately one tenth of that caused by the.earthquake,.

The tsunami was recorded by tidal gauges in Pago Pago, where it
had an amplitude of 20 cm (0.7 feet); in Honolulu where the wave had an
amplitude of 6 cm (0.2 feet), a period of 16 minutes, and appeared in 7.3
hours after the earthquake; in Port Allen where it had an amplitude of
approximately 10 cm; and in Hilo where it had a smaller amplitude (SN,
1954, vol. 44 N 1; Murphy, Cloud, 1955; Rothe, 1955; Hewitt, 1957 -Houtz,
1962 1963 Hamamatsu, 1966; Ilda et al., 1967). '

Houtz (1963): 14,IX; 0b26m36S; 18. 2° Ses 178 3° E., M=6. 75

196", December 18. An earthquake occurred with its eplcentre
near the 1 a Islands. It was felt on the islands of Tonga, Fiji and
Kermadec. There was a very strong swell in the Tahiti Islands (NL, 19J9
vol, VI. N 4).

(Usces): ob30mo3s; 24,8° s., 176.6° W.; 46 km, M~7 25-7. 5.

1968, July 25. After an earthquake whose eplcentre was near the
island of Kermadec, the water level at Suva varied within a range of 10
cm. The quake was felt on the 1sland of Raul (NL, 1968, ‘vol. 1 N 3;
Coffman, Cloud, 1970).

(usces): 7h23™; 30,8° S., 178.4° W.; 60 km; M=7-7.25.
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NEW ZEALAND, AUSTRALIA, SOUTHERN PART OF

THE PACIFIC OCEAN

1845, July 6 (night). 1In Wanganui (Fig. 6), a sharp underground
tremor awakened all the inhabitants; a rather strong rumbling was heard.
The day before, there was a double high tide. High water came up at
01:00; then the tide receded, and at 03:00 the water level was high again
(Eiby, 1968).

1848, July 12. On the island of Tahiti (see Fig. 77), an earth-
quake was followed by a strong tsunami which cast vessels upon the shore.
The tsunami was just as strong on the Hawailan Islands (Perrey, 1862 a).

1848, October 16 (1:40). The first of a series of shocks occur-
red in the reglon of Cook Strait. In Karori (vicinity of Wellington) the
tremors rocked a wooden villa to such an extent that people found it dif-
ficult to remain standing; the pendulums of all clocks stopped; bells
sounded, The fire place did not collapse but it was so cracked that it
had to be dismantled. These tremors were followed by weaker vibrations
which continued until about 06:00, after which their frequency diminished.

In Wellington, many baking ovens were destroyed by the earthquake

and even more were cracked. However, brick buildings suffered little
damage.

Eight hours after the earthquake, during a high water slack per—
iod, the water level in Wellington had risen 0,3 m (1 foot) higher than
the mark of the highest flood tide. This effect, however, could have
been caused not only by the earthquake but also by a strong southeast
wind blowing on the 15th and 16th,

Unusual changes in the sea level were noted also in Nelson and
Wanganui (Perrey, 1850; Milne, 1912 b; Heck, 1934, 1947; Laing, 1954;
Ponyavin, 1965; Iida et al., 1967).

1848, October 17/18, On the 17th at 15:40, a new earthquake oc-
curred which was more severe than the previous one, and in Wellington
almost all brick buildings suffered damage. Even a newly constructed
brick building of the hospital was so cracked that it soon had to be
demolished. 1In the Te-Aro block several houses were completely destroyed.

On the 18th there was a very strong flood tide. At the slack,
the sea covered a road along the shore and flooded the ground floor of
several houses. This flooding caused great alarm amongst the inhabitants
although the flood may have resulted solely from the continuous, strong
south-easterly winds.

/16




20

The earthquakes of the 16th and 17th were only forewarning shocks
of the still greater earthquake which occurred on the 19th at 05:00 and
caused greater damage than the two preceding earthquakes together, The

Te~Aro block was turned into a heap of ruins, although all wooden build~.

ings 'in Wellington remained standing. Three persons were killed in the
city. B

In Wanganui, which has -only wooden houses,'all three shocks were

felt but there was no damage. In Nelson the’ shocks were stronger than on .

Wanganui, while on the Banks  Peninsula they were as strong as  in
Wanganui. The earthquake was recorded in New Plymouth was very weak in
the province of Hawkes Bay, and in Auckland it wasn't felt at a11

The source of the earthquake was apparently located in the valley
"of the Awatere River where, possibly, movements along surface fractures

occurred for a distance of about 110 km (Perrey, 1850; Sieberg,_l932;

Davison,. 19365 Richter, 1963). M=7~7.5 (Eiby, 19_68).'

1855 January 23 (after 21:00). There was an earthquake in

Welllngton and vicinity, lasting for 1 1/2 minutes. All brick bulldlngs

collapsed, as did the bridge over the Hutt River (Fig. 7). 1In certain
areas of the Remutaka [sic] Mountain range the vegetatlon cover slid from
the spurs, baring the rock.

Over the course of several days lesser shocks continued with
varying int. isity. - In Otaki, 250 tremors were recorded during the night.

In Nelson province, in particular in Worcester*, damage was
slight and not one brick house collapsed. In Taranaki and Canterbury,
the earthquake was weak, and in Auckland and Otago provinces it wasn't
felt at. all.. ‘

In Otaki, many brick ovens were ruined, and people found itvdif—
ficult to stand upright. Cave~ins and landslides occurred, causing the
road to Wellington to become impassable. In Wanganul ovens were damaged.

According to other data (Lyell, 1868; Ongley, 1943), the earth-
quake was felt over the whole of New Zealand, and at sea, at least up to
280 km (150 miles) from the coast. The area affected by the shock was
estimated to be 1,200,000 km? (360 000 square miles).

The earthquake was caused by a movement along a fault with a
north-easterly strike. The region to the west of the fracture lifted,
whereas, along the coast about 30 km (16 miles) north of Wellington no
apparent lifting occurred. But from this point to Penkarrow Hill, lo-
cated to the east of Port Nicholson at the entrance into the bay, the
amount of 1lifting gradually increased, reaching 2.7.m (9 feet) ‘on the
western side of the fault, which coincides with the eastern slopes of the
Remutaka range. The eastern side of the fault was not. disturbed. As a

result of the lifting of the shoreline, the flood tide no longer went up
the Hutt River. o o .
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Direction of the fault (solidvlihe) along which
the movements of the earthquake of 23.1.1855 was
ass lated (Ongley, 1943)

At the same time, the south coastline of Cook Strait dropped 1.5

m (5 feet) and the flood tide began to go considerably farther up the

Wairau River than before the earthquake. At the time of the earthquake
huge ocean waves rolled onto the shore (of Cloudy Bay*), and then durlng
the next several weeks the course of the tides was irregular.

The wave left dead fish in its wake on the Wellington racecourse.

Many dead fish; among them unknown species, were also found floating in
Cook Strait. ‘

In Wellington, the ship "Pandora” was anchored in. 11 m (6

fathoms) of water. According to the captain, the shocks that were gener-

ated during the earthquake, which lasted over a minute, felt as if the

ship was hitting rough bottom. Disembarking with his mate "onto the

beach, the captain became aware of a rapid succession of ebbs and flows.
The waves moved from west-north-west to east-south-east. For a period of
8 hours after the earthquake, the tide rolled onto the shore and receded
every 20 minutes. The water level rose by 2 1/2-3 m (8-10 feet) and then
dropped to 1 1/4 m (4 .feet) below the mark of the spring ebb. The ship
seemed to hit bottom four times.

In Palliser Bay, the wave attained a height of 9 m (30 feet) and
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displayed a white crest. One family was almost drowned.

The waves were observed for at least 50 minutes, as they rolled
over the shore of South Island.

According to some accounts, the water level at Nelson fluctuated
somewhat, Davie reports that in the Christchurch area, during the night
of 23/24, the noise of the flood on the small river Avon could be heard
- at a distance of 4 km (2 miles) from the centre of town. In the morning
it was discovered that the river bank was littered with seaweed up to a
height of 0.3 m (1 foot) above the normal water level (Perrey, 1857;
Lyell, 1868; Davie, 1869; Sieberg, 1932; Laing, 1954; Richter, 1963;
Ponyavin, 1965; Iida et al., 1967). M=8 (Eiby, 1968).

1855, February 14, 1In Wellington, there were two small earth-
quakes. During the first, which lasted more than a minute, all the
houses collapsed. The vessels riding at anchor in the port were dragged
away by the current. A "terrible" tidal wave rushed onto the shore.

Numerous bubbles of sulphur dioxide rose from the bottom and many dead

fish floated in the water. 1In areas where the earthquake had been the
strongest, the coast had lifted 0.7 m (2 1/4 feet) (Perrey, 1857; Milne,
1913), This information is not correct, for the description refers to
the earthquake that occurred on 23.1.1855 (Bastings, 1935; Eiby, 1968),

1856, March. An eyewitness (Stadholm), who happened to be near
the shore at the mouth of the river Waihao in the south of Canterbury
Province, saw a wave at sea approaching "the shore from a southeasterly
~ direction. It reached a height of one metre (several feet) and rushed
onto the shore with great force, rolling into nearby lagoons. _The ob-
server then proceeded on horseback toward Timaru, and witnessed the ef-

fect the wave had had on the shoreline. However, in Timaru itself,_the_v

wave had apparently gone unnoticed.

Davie, who at this time was surveying near the low water line at

Akaroa, was surprised when he noticed that the water suddenly began to

rise. This continued several minutes, after which the water receded:

again, This was probably the same wave that had been observed by
Stadholm (Davie, 1869; Laing, 1954).

1858, September 15 (or 16) (06:00), There was a strong ebb, so
that the reef of South Island was completely dry. One quarter hour later
it was completely inundated by a large tidal wave. At about 09:00 this
occurrence was repeated (Perrey, 1861).

1848-1858. Perrey's report (1862 a), in which he quotes the
newspaper "Moniteur" from 23,1X.1858, points out that five unusual tide
waves were recorded in Nelson over the eleven years from 1848-1858, (It
is possible that these waves included those that occurred on 16 and
18.X.1848, 23/24,1.1855, and the one that occurred in March 1856.)

A1866, August- 9. Strong water movement was recorded in Sydney
harbour (Fuchs, I885 b). ' ' ' '
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1866, August 15-21, "Extremely” .strong water movement was
recorded in Sydney harbour (Fuchs, 1885 b). ’

1867, August 5-13, Unusual fluctuations in the sea level were
recorded at Sydney, particularly from 09: 00 to midnight of the 12th
(Perrey, 1875 b; Fuchs, 1885 b)

1869, August 11-17., Unusual fluctuations in the  sea level were
recorded at Sydney (Perrey, 1875 b). - .

1870, August 12-22, Unusual,fluctuations in the sea level were
recorded at Sydney, These fluctuations ‘were particularly strong from
17:00 on the 17th to 16:00 on the 18th (Perrey, 1875 b). '

: 1913 February 22 (12: 38) A destructive earthquake occurred in
Westport, the strength of which was estimated at 7 degrees (VIIL accord-
ing to R.F.). The shock was preceded and accompanied by roaring noises
similar to artillery barrages or mine explosions, and they continued for
almost a minute. The first vibrations were strong, then abated‘ increas-
ed again for 20-30 seconds,"and then subsided.  Many ovens cracked,
although none were completely ruined. The chimneys had either- partially

collapsed, cracked or were turned slightly. A brick building had shifted

almost 1 cm from its foundation. In stores and houses (wooden houses
with sheet metal roofs) objects were generally thrown from their shelves.
Several window panes were broken; all the inhabitants fled 1into the
streets, an there were some cases of sedsickness, '

The earthquake had a similar effect in the narrow coastal zone
for a distance of 15 km north of Westport. Here, as in Westport itself,

the soll consists mostly of weakly consolidated pebbles and sand lying on
rock beds.

At Cape Foulwind, the earth developed‘cracks from which mud was
ejected. South of Westport, the earthquake was still severe even in
Greymouth. Here, fireplaces were damaged, objects were- thrown £from
shelves, bells rang by themselves, and most of the inhabitants fled into
the streets. Some people had the sensation of being seasick.

Further inland, in the mountains on bedrock, the tremors were
less severe. Here the earthquake had caused small cracks in the roads
which cut ‘across the mountain slopes, and some trees were uprooted. 1In

the coal mines of beniston ‘and. Millerton the tremors were not very

strong, but Lhe accompanying roar was deafening.

The'earthquake was rather strong in Caramia, and it was felt in
Nelson and Hokitika, but not in Wellington. Over the next two or three
weeks many weak shocks were recorded in Westport. Moreover, there were
about the same number of shocks with rumbling sounds as without, and
again as many rumbling sounds without a shock being felt. '

The earthquake occurred two hours after an equinoctial-like flood

tide hit Westport. Soon after the earthquake, - the sea level .rose to a
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high mark and all the stalls on the beach were flooded, In Ngakavau, the
flood tide raised the level 1 m (3 feet), or perhaps 1 1/2 m (5 feet)
above the usual spring tides; and from Karamea also the highest flood
tides in recent years were reported. On Cape Foulwind, the sea receded
after the earthquake (Morgan, 1913; Heck, 1934, 1947; Henderson, 1937;
Laing, 1954; Ponyavin, 1965; Iida et al., 1967).

[22.11; 2h3em; 41.8° s., 171.5° E.; M=6.8.]

1922, December 25 (15:33). An earthquake occurred in Rangiora
with a force of about 7 degrees, which resulted in large fissures appear—
ing on the shore of Waikuku Beach. The earthquake was felt from. the
province of Taranaki to Dunedin, ' : '

An unusual ocean condition was observed after the earthquake in
Castlecliff: there were several huge waves and an enormous ebb tide.
Near Leithfield, the water came up on shore to a depth of 35-40 cm (15
inches) and flooded a place where people were sitting (SN, 1923, vol. 13
N 2; Laing, 1954; Eiby, 1968). .

Gutenberg, Richter (1954): 25.XIT; 3b33m108;  43° g, 173°
E.; M=6.25. o _

. 1924, June 26. An earthquake, with its source in the region of
the island of Macquarie (see Fig. 77), generated a - tsunaml which was
recorded on a tide gauge in Sydney (Hart, 1931).

Gutenberg, Richter (1954): 26.VI; 1h37m348; 56° ., 157.5°
E.; M=7.8. '

1924, July 21, The steamship "Tease" encountered a tidal wave
while proceeding to Chatham Island (see Fig. 77); the impact of the wave
resulted in a cracked high-pressure cylinder head. This tidal wave hit
the islands during the same -night the steamship was damaged and caused
extensive losses there too (according to the Record of Unusual Events at
Sea, compiled by an English Steamship Company, and reproduced by the
Nautical Branch of the Meteorological Service of England) (Malladra, -
1925; ISS for 1924).

1929, June 17 (10 48) There was an earthquake with its source
in the west of Nelson Province, in Buller county. Murchison, a small
town of single-story wooden houses and a population of about 300 persons,
- was most heavily damaged, for the majority of the houses were twisted or
destroyed. Seventeen persons perished. The shocks were felt over a
large part of South Island and north of Wellington for a distance of
450 km. .

The earthquake was caused by earth movements within a 'system of
fractures and was adccompanied by numerous landslides, cave-ins, ava-
lanches, et¢. Many landslides occurred on the western shore. of South
Island. The largest of these was the landslide at Cape White Cliffs (?)
(Fig. 8) to the south of Caramia. The tongue of the landslide had risen
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considerably, and part of the former ocean floor of aboutvé km (1 mile)’
in length and more than 90 m (300 feet) in width, had been lifted 12 m-

(40 feet),

In Karaﬁea; according .to the words of one captain, a tidal wave
with a height of 2 1/2 m (8 feet) moved through the area without causing
any kind of damage.

Sea level fluctuations of up to lO cm and with periods of about
45% minutes were recorded by a tide gauge at Fort Denison, in Sydney.
The most intensive fluctuations were recorded 30-40 hours after the
earthquake (Fig. 9) (Hart, 1931; Henderson, 1937; Laing, 1954; Richter,
1963)., . S ‘ X '

Gutenberg, Richter (1954): 16.vI; ~ 22h47m328,  41.75° g,
172.25° E.; M=7.6. .- . ' - T

1931, Februdary 3 (10:47). There was an earthquake with gourcé in
Hawke Bay, which almost completely destroyed Napier and Hastlngs, and was
felt over a considerable area (Fig. 10). 1In the central reglon the
quake consisted of two shocks, the second being significantly stronger.
Vibrations quickly intensified and continued for 2 1/2 minutes, making ‘it
difficult to stand upright. This earthquake turned out to be more severe

than all previous quakes in New Zealand. More than 250 people perished

~in the quake and numerous aftershocks contlnued for more than a month

Sul.  juent geological investigation revealed that the earthquake
was apparently caused by a thrust in an easterly direction along a fault
or system of faults having a northeastern attitude (see Fig. 10 inset),
The shore in the area of Napier lifted up 1.8 m (6 feet), and 18 km (10
miles) farther north the uplift- increased to 2.7 m- (9 feet). Farther
north the 1lift diminished and in the area of Wairoa ‘there was no uplift
at all. The coast south of Napier sank 1/4 to 1 m (l -3 feet)., Subse-
quent depth sounding revealed that the uplift had also affected the bot-
tom of the bay adjacent to Napier. The navigation channel in' Napier

became shallower by 1.8 m (6 feet). Along the coast of Hawke Bay many
cave-ins and 1andslides occurred. :

The sea level changed during and immedlately after the earth-
quake, which basically reflected tectonic displacements of blocks of the
earth's .crust. There 'is almost no information about the origin of a
tsunami. ' ' - C . : L

Thus in Napier, after the main shock, the water ‘along the coast
receded and a considerable strip of .the bottom was left dry (Fig. 11).

The frightened inhabitants, fearing a tidal wave, climbed a hill (Sind .

Island), but the wave did not materialize. -

In the Port of Ahuriri, adjacent to Napier, the water began to
recede from the inner harbour along the canal into Hawke Bay shortly
after the main shock. After several hours. the harbour . was drained,
leaving only numerous pools: with stranded fish in then,. The vessel
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“Veronica," which had recently been launched, ran aground. Other sources
reported that a strong ebb had been followed by a moderate flow which had
failed to cover the entire bottom of the bay. To some observers on ves-
sels lying at anchor 5 1/2 km (3 miles) from Napier, it seemed as if the
fcity first lifted and then sank after the quake began., The water around
| the ‘vessels became turbid (SN, 1931, vol., 21, N 1; Bois, 1931 b; Sieberg,

1932; Callaghan et al., 1933; Davison, 1934, 1936; Laing, 1954; Richter,
1963) : :

| Gutenberg, Richter (1954): 2.I1I; 22h4eWm428; 39,5° g = 177°
. E.; M=7.75. -

|

|

of 7 degrees (VIII according to R.F, ) on the coast.

Tsunami-type sea- level oscillations were registered on a tide
gauge at Fort Denison 28 hours after this shock (Sydney, Australia). .The
wave had a height of 10 cm and lasted for a period of 35 minutes (Fig.
12), According to the author of this article, this tsunami had reflected
from South America (Hart, 1931)., -

Gutenberg, Richter (1954): 13.1T; 1h27m1es; 39.5° ... 177°
E.; M=7.1. ' -

1931, February 19, A severe earthquake in Hawke Bay caused a
fluctuation of the sea level, which was recorded by a tidal gauge in
Wellington at noon. The reflected ‘wave arrived here approximately 30
hours 1later, The seismic observatory in Riverview did not record ‘the
earthquake (Hart 1931y,

- 1932, September 16 (1:25).. A destructive earthquake occurred on
the north shore of Hawke Bay and in the area of Poverty Bay. It was very

'strong in Gisborne and Wairoa where many buildings suffered serious dam-

age. In Gisborne, several houses were completely ruined and in Wairoa an
old bridge, damaged by the earthquake of 3,11.1931, collapsed, as did a
newly constructed bridge. Reports from Wairoa told of some subsidence
of the ground close to the river., Five inhabitants were seriously hurt,

one in Gisborne' and four in Wairoa. The "earthquake was felt in most‘

areas of the North Island (Fig. 13). . It was accompanied by a large ser-

ies of aftershocks, whose epicentres were 1ocated in the sea in a strip

extending from Makhla Peninsula (Hayes 1937) .,

According to unsubstantiated information, the earthquake gener-
ated a large ocean wave (SN, 1932, vol. 22 N 4; SN, 1933, vol. 23, N 3;
Laing, 1954; Richter, 1963)
E.; M=6.8.

1948, March 26 (8:33)., There was an earthquake.with its source
in the ocean near Gisborne. The town was damaged. On the. north shore of

1931, February 13 (13:27). A strong aftershock, which was fol-
lowed by repeated tremors, was recorded in Napier and :it had a strength-

Gutenberg, Richter (1954): 15.1X; 13h54ms548; 39° g, 177,59 .

22
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Hawke Bay the quake had a force of 4 degrees. The quakes generated a

tsunami which arrived in Gisborne at 09:20., The largest rise in the
water . level was observed about 15 km (8 miles) north of Gisborne on the
low-lying shore between Whangara and Tatapuri. Eyewitness reports agreed

that the second wave was the largest, for it reached a height of 9-10 m-

(30-35 feet). Houses), roads, and fields were damaged, although only a
short distance of the shore was flooded. It is possible that the tsunami
resulted from a landslide (SN, 1947, vol. 37, N 2; 18S; Gutenberg,
Richter, 1954; Rothe, 1951; Laing, 1954; Richter,. 1963; 7Tida et al.,
1967). S ' '

[25.11T; 20R32M148; 38 3/4° 5., 178 1/2° E., 20 km; M=7.]

1950, March 14 (6:11). An earthquake was felt along the coast of
the Gulf of Plenty and north of Hawke Bay with an intensity of 6 degrees.
It was preceded by a foreshock of magnitude M=5.25 and followed by after-
shocks, all of which generated unusual oscillations of the sea ' level

along part of -the shore of the Gulf of Plenty (Hayes, 1952 a,b; Eiby,
1968) . : .

C(18s]: 13.111; 18Mh10m4a1s;.37.8° 5., 177.2° E.; M=5.75.

- 1958, November 4,
of the' East Pacific Ridge generated a tsunami which was recorded by a
number of tide gauge stations.’ After 15,6 hours the wave arrived at
Midway Island (see Fig. 77) and was recorded there with an amplltude of
10 cm and a -~iod of 12 minutes (Brazee, Cloud, 1960; Iida et al., 1967;
Pararas—Carayannis, 1969). The latter source expresses reServations're—
garding the authenticity of the reports on this tsunami. ‘

(4.1X; 22R54M468; 50° 5., 115° W.; M=6.1.]
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CHILE, PERU, SOUTHERN ECUADOR

Peruvian Legends. Based on accounts of A, Herrera, who at the
beginning of the XVII century had studied the history of the Peruvian
Indians, a legend existed according to which there had been a huge flood,
many years before the rule of the Incas, at a time when the country was
very densely populated. The ocean overflowed its boundaries, dry land
was inundated, and almost all the people were drowned. Indians of the
Guacas tribe, who 1lived din Csauska®* Valley, and the aborigines of
Chiquito* in the province of Callao, related that despite the flood, some
people had managed to survive in caves on the high mountains and from
them came the people who once again populated the country. The Indians
of other mountain tribes maintained that, at the time of the flood every-
one had perished except six persons, who had saved themselves on a raft,
and it was they who became the progenitors of a new population (Ulloa,
1787; Lyell, 1868),

1513/1515, According to ancient Indian chronicles, Peru has had
severe earthquakes in the past - severe enough to cause high mountains to
collapse. (Coastal dinhabitants have reported that, during such earth-
quakes the ocean level has shown marked fluctuations (Silgado, 1968).
(Were such observations recorded in Japan as well?] : :

1562, [Usually indicated as October 28, but no feliable data iS
available.] .

A severe earthquake, in which many houses were destroyed, is
reported to have occurred in Concepcion and Arauco at dawn (Figs. 14, 16,
17). According to the chronicles, the earthquake caused topographical
changes such as the disappearance of. some hills and lagoons and the
appearance of others. Apparently, the source of the earthquake was situ-
ated between 37° and 39° S. (Fig. 15).

The. tsunami that followed the earthquake affected the coast for a

distance of 1200 km (300 leagues) and caused numerous deaths amongst the
Indians,
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This first' known tsunami in Chile occurred in the 2lst year after
the arrival in the country of the Spanish conquistador, Pedro de Valdivia .

(Acosta, 1621; Parish, 1836; Perrey, 1854 c; Montessus de Ballore, 1911
b, 1912; Milne, 1912 b; Sieberg, 1932; Bobillier, 1933, 1934; Heck, 1933,
1934, 1947; Navarette, 1933; Gutenberg, Richter, 1949, 1954; Anon., 1961;
Berninghausen, 1962; Ponyavin, 1965; Iida et al.,, 1967). '

1570, February 8 (09:00). A severe earthquake struck the coast
between 36° and 38~ S. 1In Concepcion, then situated on the ocean shore
in the area of the present city of Penco and consisting of several dozen

houses, the majority of structures collapsed. Santiago also suffered

damage., "The earthquake toppled mountains and blocked rivers which then
began to form lakes.” The ground developed cracks from which hot water,
mud and sulphurous gases issued forth., The tremors continued for five
months,

According to several ancient sources, the ocean near Concepcion
receded for ten kilometres (several leagues) and then completely intin-
dated the town, completing its destruction and leaving ships on dry land.
Several other settlements were completely washed away. Although the ma-
jority of the inhabitants managed to save themselves by moving to higher
ground after the first strong ebb, more than 2000 persons perished.

According to Montessus de Ballore and Lomnitz, the tsunami began

with the tide that inundated the greater part of the town. Subsequently,

the ocean re~eded further than usual, only to return several times with

great onslat , flooding the town. None of the Spanish apparently lost
their lives (Acosta, 1621; Montbeillard, 1761; Parish, 1836; Hoff, 1840;

Perrey, 1854 c¢; Mallet, 1855; Anon., 1877; Goll, 1903; Montessus de
Ballore, 1911 a, 1912, 1916; Milne, 1912 b; Sieberg, 1932; Bobillier,
1933, 1934; Navarette, 1933; Davison, 1936; Heck, 1934, 1947; Gutenberg,

Richter, 1949, 1954; Anon., 1961; Berninghausen, 1962; Ponyavin, 1965;

Iida et al., 1967; Lomnitz, 1970; Silgado, 1974).

[The descriptions of this and the preceding tsunami are very
similar. The information in the above catalogues is based on various and
sparsely detailed original sources. Therefore, it 1is possible that in
reality only one catastrophic tsunami occurred in 1570,]

1575, December 16 (approximately 15:00). A severe eafthquake :

caused heavy damage to Valdivia, Angol, Nueva Imperial, and damaged the
surrounding areas -approximately from Villarica to Osorno. The quake was
felt in the area between Castro, which was also destroyed, and
Concepcion, The number of deaths were comparatively small (21), because
the force of the tremors increased gradually and the inhabitants had time

to flee from their homes, The tremors continued for a period of forty

days. Sizeable cracks appeared in the ground and landslides were also

recorded, a river flowing from Lake Riniue became blocked in its upper

reaches. The dam lasted until April of the following year, when after

prolonged rains the water level in the lake rose considerably, causing

the dam to burst and resulting in much devastatijon farther downstream;
more than 1200 Indians perished and many cattle were lost as well,
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The earthquake caused a powerlul tsunami in the area of Valdivia,
located on a river of the same name about 25 km upstream from its mouth.
The earth continued to shake for a quarter of an hour when the water came
rushing upstream, reversing the natural flow of the river. The rising
water knocked over houses, poles and uprooted trees. Two galleons, rid-
ing at anchor in this port were sunk (other accounts said they were
washed up on the shore). After the ebb, the inhabitants had time to flee .
to higher ground. About a hundred Indian fishermen were drowned near the
mouth of the Imperial River.

In Concepcion Bay, the tsunami caysed no damage. .There is no
information about the occurrence of this tsunami in other areas (Goll,
1903; Montessus de Ballore, 1911 b, 1912, 1924; Sieberg, 1932; Bobillier,
1933, 1934; Navarette, 1933; Heck, 1947; Gutenberg, Richter, 1949, 1954;
Anon., 1961; Berninghausen, 1962; Montandon, 1962; Ponyavin, 1965; Tida
et al., 1967; Lomnitz, 1970; Silgado, 1974). - ‘

1586, July 9 (19:00). There was a severe earthquake in Peru
(Figs. 18, 19), which affected an area along the coast for 1000 km (ac-
cording to other data, 700 km) and 120 km inland (other data, 200 km).
Lima, for the most part, was destroyed, the towers of the cathedral col-
lapsed. Several strong shocks were recorded, Frightened by the ominous
rumbles which preceded the shocks, - the inhabitants ran from their houses.
But not everyone got out .in time, for 14 to 22 persons (by various ac-
counts) perished under the wreckage of the houses. Callao, Chancau, Ica,
and possibly Cusco and Trujillo were also substantially damaged. '

‘In Callao, the sea level fell by 14 m after the earthquake and
then rose 24 m (14 fathoms), inundating the land for a distance of 250 m;
destroying everything in its path and washing the dikes away. Trees and.
bushes were uprooted and carried away by the water, The wave lposened
the anchors of ships lying in the harbour., ‘ '

According to an inscription on a monument in Tokura* (the prefec-—
ture of Miyagi), a tsunami arrived at the northeast shore of the island
of Honshu, where it reached a height of 1-2 m (Acosta; 1621; Frezier,
1717; Montbeillard, 1761; Parish, 1836, 1838; Hoff, 1840; Mallet, 1855;
Perrey, 1858; Anon., 1877, 1961; Sieberg, 1929, 1932; Heck, 1934, 1947;
Iida, 1956; Berninghausen, 1962; Ponyavin,  1965; 1Iida et al., 1967;
Silgado, 1968, 1974),

" Not later than 1590, An earthquake in Chile resulted in salt
water moving ten kilometres inland, leaving ships stranded on dry land
(Parish, 1838; Perrey, 1854 c). [Most likely this refers to the tsunami
of the year 1562, :

1590, A severe earthquake in Cusco affected almost the entire
southern coast of Peru. Camana was destroyed as a result of flooding
from the ocean and from blocked rivers (Silgado, 1968).

1604 (erroneously 1605), November 23 or 24 (erroneously 26 and
29) [13:30], There was' an earthquake and tsunaml in Peru and in the
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Fig. 19

Centres of tsunamis in Peru and

southern Ecuador.
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northern part of Chile;

* The source - of the earthquake was evidently situated close to

Arequipa. - The tremors affected an area of 1650 km along the -coast
(according to other information 1200 km) and 130 km inland (280 km
according to other sources). Numerous landslides, avalanches, subsi~
dences, depressions and ground cracks were obsérved. Arequipa was ‘almost
completely destroyed; only San Francisco Monastery was preserved. -During
the tremors it was impossible to stand upright. The collap31ng bulldlngs
generated a thick dust which darkened the sky as if night had arrived,
and people almost suffocated as they fled the city in fear., Most of the

small rivers disappeared because their source dried up. Canals, which -

had cost the government a great “deal of money, collapsed The ‘shocks
continued for about a quarter of an hour. Also destroyed were Ica, San
Marcos de Arica, and all the settlements between 16° and 20° S, Esti-
‘mated losses amounted'tovmore than a million gold pesds.

These problems were c0mpounded by the appearance of "a tsunami
which flooded the coastline for a distance of 1200 km (300 leagues)
Arica -suffered most of all. According to a report of the governor of

Arlca, the ocean receded a distance of two musket shots further than its -

normal low ‘water point, and then, while the tremors were still. occurring,
raged with such force that it covered the islet of Alacran*, situated op-
posite -the high part of the city. A barrack-type’ building (wooden or

adobe) was carried away with this first wave. The second shock, which

occurred 15 minutes after the first ebb, caused the water to . Tecedé
again, only ") reappear in rising form, sweeping the town and carrying
away warehouses, stores, and a large church, and advancing another 100 m
inland and destroying all houses. Subsequently, the water receded to the
point where the anchors of all ships were exposed ‘ ‘

~ The turbulence of the -ocean’ generated a mist whlch obscured the
entire coast. Out of this mist came a mountain-like water wave rollJng
upon Huaiacana* and Chacalluta* districts, about 6 km (1 1/2 leagues)
from Arica, The water advanced to.the slopes of the mountains, cutting

through everything in its path, only to.- be stopped by higher ground and'

returned through the town again. Three persons drowned in Arica itself,

and more than twenty along the coast. A large part of Arica was washed

away, including the fort with all. ifts guns and store of weapons.and
artillery., Tormerly ploughed fields were left strewn with dead fish,

some of them previously unknown species. After this disaster the town

was moved to higher ground . (where, however, it wads repeatedly destroyed
by new strong earthquakes and tsunamis), Frezier, who visited Arica ‘at

the beginning of the 18th century, could still see ‘the ruins of the old-

town,

In Ilo, the water rose to a point where it advanced almost 2 km
(1/2 league) inland along a valley uprooting 100-year old fig trees.
Eleven Indians were drowned. An almost completed frigate, of 35 tons
displacement standing at the dock, was smashed to pieces.

Three high tides and  ebbs were reported to have occurred in

/31~

/32



41

Camana. The water advanced along a valley for more than 2 km (1/2
league), destroying everything in its path, Forty persons were washed
away and drowned. ‘

In Pisco, the water receded a considerable distance beyond its
usual low point. The inhabitants ran to the beach to witness this
unusual occurrence. "However, they immediately noticed that. the ocean -
was swelling, seething and foaming; the waves roaring, mingling with each
other,  resembling mountains of water which swiftly advanced upon the
shore, Any thought of outrunning these giant waves seemed futile." How-
ever, when the water reached the dykes, its main thrust was split in two
directions, as it were, one branch flowing to the right and the .other.to
the left, thus saving part of the town. The wave had a height of 3 1/2 m
(2 fathoms) and it inundated a large section of dry land

In Callao, the water level did not rise as(=much as at other.
points; but here the port, though not inundated, was cut off by.the wave
from the rest of the town and large pools of water existed for several
days between Callao and Lima,

At 17:00, rising water inundated the larger part of Concepcion,
destroying several sections of:; the stone wall that“surrqunded - San
Francisco Monastery, which stood 300 m from shore. Huge rocks:were car-
ried away like straws, The monks c¢limbed over the wall to escape from -
the rising flood, which left fish and shellfish on ‘the floors of the"
monastery. The rising water also destroyed a stone reinforcement whose
stones had been carried for up to 5 m (20 feet) ‘(Frezier, 1717;
Montbeillard, 1761; Parish, 1936, 1838; Perrey, 1858; Montessus de
Ballore, 1911 a, 1916; Sieberg, 1929, 1932; Bobillier, 1933, 1934;.
Severit, 1933; Heck, 1934; Gutenberg, Richter, 1949, 1954; Anon., 1961;
Berninghausen, 1962; Ponyavin, 1965; Iida et al., 1967; Silgado, 1968,
1974; Lomnitz, 1970). ’ :

1615, September (November) .16, evening. Eleven years “after the - .
earthquake and tsunami of 1604, Arlca was again destroyed by a strong
earthquake, The main church and the fort were among the buildings de-
stroyed. Although there was no loss of life, damage was sustained over
an area all the way .to Tacna. A large number of 'aftershocks were
reported. ‘ :

The tsunami, which appeared in the same areas as the tsunami of
1604, did not cause serious damage. ‘Two small negro children were almost
drowned (Bobillier, 1933; Heck, 1934, 1947; . Berninghausen, 1962;
Ponyavin, 1965; Iida et al., 1967; Lomnitz, 1970). s

1633, May 14 (at daybreak). The inhabitarts of Fort Carelmapu on
the island of Chiloe, were awakened by a deafening sound, and at the same
time a strong earthquake destroyed the fort, The massive gates, which
. could be raised only with the help of a large detachment of soldiers,
were torn from their supports. 'Deep cracks appeared in the earth, houses
and churches were destroyed, and corpses were hurled from their graves.




- i

Subsequently,v_the water level- rose,“ carrying away houses and
people. Two ships were lost in the harbour. ' o '

Thick clouds - darkened the 'sky, culminating in a long hailstorm ;

.accompanied by thunder and lightning., A ball of fire seemed to roll

slowly from the top of ome of the nearby hills into the ocean (Perrey,<

1854 cy Goll '1903; Navarette, 1933).

l647 May 7 (date unreliable)

The catalogues (Perrey, 1854 c; Montessus de Ballore, l9l2)
contain a detailed description of a- catastrophic earthquake on May 13,

1847, in the Santiago and the neighbouring areas “of Chile, One of’the‘A

accounts about this earthquake dated July 12, 1648, refers to other
unusual natural occurrences during that-year, includlng the follow1ng

In Cusco (Peru), an earthquake occurred which-caused damage in
the immediate shore area but not farther inland. - On the day of the

earthquake, the water level rose with such force at’ the Callao pler that-

part of the breakwater was carriéd away.

On May_ 7, the vessel "St. Nikolai . which carried cargo from -

La-Ligua, was smashed in the port of Arica as a result of ah”unusUally
forceful rise in the sea level, yet without any evident signs of a storm;
14 persons perlshed and material losses exceeded 200,000 pesos (francs).

Stry 2 and'unuSual movements of the ‘sea were reported by fisher-

men from all ports along this entire coast.  The ocean waves' were suffi-

clently hlgh to submerge the highest hills on shore.

. Short descriptions of the tsunami are given in -the catalogues
(DaV1son, 1936; Montandon, l962 Iida et .al.,-1967).

41647, March- 15 (20:00 hours). A strong earthquake occurred in

Chile between the provinces of Maule and Kautin, approximately - ~between

36° and 39° S, This quake affected an area to the south all the way to
Chillan, where the only remaining church of that region was destroyed.
Reports of destruction in Santiago apparently . were erroneous, for 1f the
earthquake was felt there, it was very weak

By this time, only Concepcion (all of modern Penco), with a

population of 20 thousand, .remained in Spanish hands, and it was besieged

by insurrecting Indians.' The earthquake was accompanied by a frightful'

rumbling sound, almost as if it were rolling through mountain . canyoms.
People could not stand on their feet;. Although the earthquake was weaker

than some earlier quakes, most of the bulldings were completely destroyed

(1t is. not clear whether from the earthquake or the tsunami), and only
one cathedral remained standing. A fire ball is said to have appeared in
the sky "bounding about the.clouds like a wagon wheel,” After the earth-
quake, the sea level rose and exceeded its normal high mark "with ruth-
less fury."” The tsunami, which may have started with an ebb, affected a
considerable section of the shore. 1In fact, there were at least three
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large waves, The largest and most destructive wave occurred 1in

Concepcion two hours [?] after the earthquake and, it appears, unexpect- -

edly for the population, The water inundated the lower sections of the
town and reached the centre of the main square. The area along the river
in the eastern part of town suffered particularly heavy .damage, because
here there were fewer houses to break the impact of the wave. ' One vessel
was hurled into the residential area. About forty persons perished from
the affect of this tsunami, ' R

After the earthquake and tsunami, the frightened Indians lifted
their siege and departed (Montbeillard, 1761; Goll, 1903; Montessus de
Ballore, 1911 b, 1912; Milne, 1921 b; Sieberg, 1932; Bobillier - 1933,

1934; Navarette, 1933; Heck, 1934, 1947; Gutenberg, Richter, 1949 1954, -

Anon., 1961; Berninghausen, 1962; Ponyavin, 1965; Iida et al., 1967;
Lomnitz, 1970; Silgado, 1974). ‘

. 1657, July 9. An earthquake partially destroyed Santiago.. The
sea along the coast near Valparaiso was very turbulent since 'dawn
(Navarette, 1933), ' )

1678, June 17 (other sources give 8 January) [19i{45], An earth-
quake occurred in Santa (Peru), and the sea receded to within visible
range from shore and it remained there for 24 hours, according to an

Indian narrator. Then the sea level rose and the waves "rushed and rol- =

led" with such force that three small vessels of 60-100 tons displace-
ment, which were riding at anchor in the open road, were tossed over the

-hill on which the town was situated. Their hulls were seen in October'

1685 by an English traveller (L. Vafer), who also. published a story about
this event. The town was completely washed away, but later it was rebuilt

5 1/2 km (3 miles) from shore and only a solitary sandy hill remains.at .

the former site of the town, The land close to the shore was devastated
for a considerable distance. : ’ '

In Lima, the earthquake was quite severe and partially deétrgyed
the town, including public churches and private buildings. Losses were
estimated at three million pesos (Frezier, 1717; Parish, 1836, 1838;
Hoff, 1840; Mallet, 1855; Perrey, 1858; Anon., 1877; Milne, 1913;
Sieberg, 1929, 1932; Heck, 1934, 1947; Berninghausen, 1962; Ponyavin,
1965; Iida et al., 1967; Silgado, 1968). ’ A o

1682, October 19 (about 04:00): The city of Lima was almost com-

pletely destroyed by an earthquake, During the 24 hours following the
- earthquake another twenty shocks were felt.

In Pisco, the ocean receded to a point 2 km from the shore (1/2
league), only to rise with such force that the water advanced almost 2 km
(1/2 league) beyond its usual high mark. Many people who had ‘followed
the receding tide earlier now perished under the onslaught of the rising
sea. The town was rebuilt about 1 km (1/4 league) from- the shore
(Frezier, 1717; Montbeillard, 1761; Perrey, 1858), '

[Evidently, the year must be in error, and this;tsﬁnami is the
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same as that of 20.X.1687.]

'1686.  There was "a terrible earthquake in Chile, which affected

the country in a north-south direction for 1200 km. (300 leagues), toppl- '

ing mountains, changing the course of rivers and resSulting in the inunda-

tion and destruction of towns" (Perrey, 1854 cj; Milne, 1912 b; Davison, -

1936; Anon., 1961 Berninghausen, 1962; Ponyavin, 1965; Iida et al.,
1967). s , : |

[Evidentiy, contradictory 1nformation, and the reference is  to
the tsunami of 20,X.,1687.] . L S

1687 (erroneously 1690), October 20. Very strong earthquakes
were felt in the Lima area. They began at. 04:00 (according to other in-
formation, 04:30) and were accompanied "by underground rumbling.: Many
houses were destroyed and many persons perished under the wreckage. An-
other shock, which was preceded by the same kind of rumbling, occurred at
05:00. At 06:00 (or 06:30), prolonged tremors recurred and they were
also accompanied by a terrible boom. . Church bells rang by  themselves,
and the buildings that were still standing were also. destroyed., However,
this time there were few casualties, since the people, on hearing the
rumblings, ran into the streets. - A total of 100 persons perished in Lima
on this occasion. ‘ ‘ o ‘

Damage from this. earthquake was reported from as far away as -700
km south of Lima. Settlements. along the rivers Ica, Palca, . Nasca* and
Camana* suf’ ' ed particularly heavy damage. A third earthquake inflicted
serious damage. to the houses and -churches of Arequipa. Large crevasses,
many kilometres in- length, appeared in the earth between Ica and Canete,
The damage in Pisco reflected the -strong vibrations the area had. suf-
fered. The earthquake was felt practically throughout Peru, and accord-
ing to Montessus de Ballore (1888), it was even felt in Guatemala.

The vessel on which L. Vafer was sailing, about 600 km (150
leagues) from shore at 12° 30' S., experienced a severe seaquaké, during
which several sailors were thrown from their hammocks and the usual green
color of the sea water appeared to turn white.  But when it was scooped
up, it became clear that it was mixed with sand. ‘

According ‘to the testimony of Captain Forétér of the vessel
"Davis,” the seaquake was felt even at 1800 km. (450 leagues) from shore.

The sea. flooded the coast between Chancay and Arequlpa In Pisco

the sea receded for a distance of 8 km (2 'leagues), or, according to
other information, for 2 km. The terrified - 1nhabitants fled to -the
mountains, but some of the brave ones returned to see what was happening
on the shore. While they were there, the sea level rose quickly and -ad-
vanced "in a frenzy" without giving the observers a chance to escape, and
thus they perished. The town was inundated and the sea advanced inland.
.Where the town once was, is now a bay in which ships lie at anchor. The
town was rebuilt one kilometre from the ocean shore. According to other

reports, all houses in the town were washed away, but the more solidly
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constructed fortifications stood up. In Canete and Chincha, a similar
inundation destroyed the warehouses in which 140 tons of mercury were -
stored and awaiting shlpment to Acapulco. Chorrilos and Chancay were
also inundated.

In Callao, the sea receded 2 km (1/2 league) from shore, or,
according to other data, far enough that the water was hardly visible.
After some time the sea level rose, rushing in like a mountain of water,
submerging the port and city of Callao and tossing vessels 4 km (1
league) inland., This flood claimed both people and livestock along a'
coastal area of 200 km (50 leagues). 1In Callao and vicinity about 5Q0

"persons perished. : '

In all, 5000 persons perished as a result of the earthquake and
tsunami, . )

The area affected by the earthquake failed to produce wheat crops
for a long time (40 years), and 50 the ground ‘had to be planted with
lucerne and sugar cane,. ' .

The tsunami which was generated at -the time of the earthquake
reached the northeast shore of the island ‘of Honshu.. It was at Kamaishi
(Iwate prefecture) on October 22 that 12 or 13 waves with a height of
0.5 m were observed. On the island of Okinawa (Ryukyu Island), three
unusual waves were recorded on October 22 between 02:00 and 03:00 in the
morning (Sloane, 1694; Anon., -1752, 1877, 1961; Montbeillard, 1761;
Parish, 1836 1838; Hoff, 1840; Mallet, 1855; Perrey, 1858; Milne, 1912
b; Vallaux, 1925 Sieberg, 1929, 1932; Heck, 1934, 1947; Imamura, 1949;
Iida, 1956; Montandon, 1962; Ponyav1n, 1965; Iida et al., 1967; Silgado,
1968, 1974) , . S

1705, November 26 (or 16). An earthquake occurred in Arequipa
and Arica, and the wave generated during that quake flooded and destroyed
a large part of Arica (Montbeillard,- 1761; Mallet, 1855; Perrey, 1858;
Goll, 1903; Milne, 1912 b; Heck, 1934, 1947; Berninghauseni‘ 1962;
Ponyavin, 1965;.1Iida et al., 1967). (Perrey made the suggestion, with
which one must agree, that this information refers to the earthquake and‘
tsunami of 26 November 1605.)

1725, March 27. Shocks were felt‘along the entire southern coast’
of Peru right up to Callao. High seas caused much damage in Camana (Iida
et al., 1967; Silgado, 1968). - ' :

1730, July 8 (04:45), The Valparaiso earthquake., A severe
earthquake occurred between 01:00 and 02:00 in Santiagoe. The inhabitants
dressed and hurried into the streets.. ' Then followed three less severe
tremors, -But at 04:45, the area wa& struck by a shock so severe that

people found it difficult to remain standing. A large part of the city
was completely destroyed and clouds of ‘dust arose from the ruins. - Since
the people had had time to flee into the streets, only two women per-.
ished Between 12:00 and 13:00 there was another earthquake, almost
equal in force to the previous one. Innumerable tremors continued during
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the next two days, and with diminished‘frequency over several months.

This was one of the most. severe earthquakes in the history of

Chile. Severe damage occurred approximately between 30° and 36° §., from
P ’ .

La Serena to Chillan.

In La Serena, the parish, ‘church was destroyed In Coquimbo;_sev—
eral houses and churches were slightly -damaged. The destructive effects
of the earthquake were more apparent in the area north of La Serena, but

it is difficult to estimate the northern boundary of the effect of the
earthquake because that section of the country was not settled at the -
time. 1In Chillan, the damage was less than in La Serena, although sever-. '~ --
al buildings were destroyed and the earthquake greatly frightened the -

inhabitants. In Valparaiso, some houses were ruined, not only:in the low

areas, but also on the slopes - something-that,did'not occur ‘even during -

the earthquake of 1906, Only the house of the governor was saved, al-
though it too was damaged, as well as the arsenal and one auxiliary
building. Coquimbo and the moutain villages of Tllapel, Petorca and
Tiltil were seriously damaged. In the mines the machinery for erushing
ore broke down. Strong shocks were algso felt in Concepcion but they did
not cause any destruction. In Rengo, the Lhurch was destroyed. The
earthquake was strongly felt as well 1in three mountain provinces of
Argentina, where it terrified the inhabitants of Cordoba (see Fig. 28).
The source of the earthquake was probably located close to the mouth of
the Aconcagua River. , ‘

A d “ructive tsunaml, which enveloped the coast for a distance
of over 100u km, occurred almost simultaneously with the second earth-
quake, TFor the first time in its history, the - port of Valparaiso was

flooded and considerably damaged. In the lower area of Almendral, all.
houses, fortifications and warehouses were destroyed by the flood. Goods‘

prepared for shipment to Peru. were washed away with the warehouses. In
particular, 80,000 sacks (fanegas) of wheat were lost, .

In Concepc1on, the sea receded a great distance, only to "swell™

and advance so quickly that it swept everything in its path inupndating
the fields and town. There were three large flows, the second of which
had the greatest effect., The water level rose higher, perhaps, than in
1657 and inflicted greater damage. ~Two-~thirds of the town was destroyed,

including more than 200 houses and buildings located in the lowest part
of town adjoining the beach, the palaces of the governor and the bishop,
the town hall, churches, monasteries, prisons, barracks, hospitals and

stores, However, only two or three persons perished, since the inﬁabi4

tants, on first noting the receding sea, ran for the hills from where
they watched the destruction of their houses and their property. This.

was the third time Concepcion was destroyed since its founding.
In Valdivia, the river was backed up by the ocean flow. The
flood inflicted some destruction but was unable to damage the fortlfica—

tions on the main square.

In Coquimbo, the‘tsunami'deetroyed several ranches on the shore,

/36




47

In Callao and environs on the 8th of July, it was noted that the
sea level slowly rose, It rose to cover the parapet of the. walls con-

structed for protection against storms. Then the water receded very °

slowly for a few steps.  This phenomenon continued all -day and part of
the next. ~

The waves reached the northeastern coast of the island of Honmshu,
In the prefecture of Miyagi, on the Djika Peninsula, on July 9, houses
and rice fields were flooded (Montbeillard, 1761; Molina, 1786; Parish,
1836, 1938; Perrey, 1854 c; Mallet, 1855; Lyell, 1868; Anon.,.1877, 1961;
Goll, 1903; Montessus de Ballore, 1911 a,. 1912; Milne, 1912 b, 1913;
Sieberg, 1932; Bobillier, 1933, 1934; Navarette, 1933; Heck, 1934, 1947;
Davison, 1936, 1949; Imamura, 1949; Iida, 1956; Gutenberg, Richter, 1949,
1954; Hewitt, 1957; Berninghausen, 1962; Ponyavin, 1965; Iida et al.,
1967; Lomnitz, 1970; Silgado, 1974). ' :

1737, December 24, An .earthquake destroyed Valdivia and a large
part of the settlements on the archipelago (the island of Chiloe and

others in the southern part of Chile). This earthquake was even more
severe than that of 1633 (Goll, 1903; Lomnitz, 1970). [Included by Goll,

with a question mark, in the list of tsunami-generating earthquakes.]

1742, March 23 There was a strong earthquake and tsunami in-

Concepcion (Navarette; 1933) [Erroneous information?]

1746 (erroneously 1724), October 28 (22: 30) In Lima, a rumbling
sound was accompanied by strong shocks., This earthquake exceeded all

" previous quakes that had occurred in this area since the city was found-
ed. In 3-4 minutes the capital was completely destroyed. 0f - 3000 :

houses, only about 25 remained standing and even they were" seriously dam-
aged. All offices and all 74 churches were destroyed .or damaged. ' The
streets were so clogged up with wreckage that it was hardly possible to
get through them. Nevertheless, despite the late hour and almost . com-
plete destruction of the buildings, of the 60 thousand (by other sources,
30 thousand) population of the city only 1141 persons perished, : [Evi-
dently, the vibrations increased in strength, which made it p0331b1e for
the inhabitants to flee from their homes ] :

The disrupted area embraced 44, 000 square kilometres, 1In.the
north the quake: was felt in Guayaquil, that is, about 1100 km from Lima,
and at a Jesuit mission situated at-the junction of the Maranon and
Hualaga Rivers, about 750 km from Lima. A rush of water rose on the -
Maranon River,  In Huancaveliqua, to the south-southeast of Lima, "severe
shocks" accompanied by a rumbling sound were observed.

Buildings collapsed south’ of Lima all the way to Canete, and
north. to Chancay (Fig. 20). About 120 km north of Lima, a new bridge
spanning. the River Huaura collapsed as well. The roads leading inland
were blocked by cave-ins, and landslides and cave-ins occurred near
Lucannas. Near Patas, in the . Convenciones—de—Cacsa—Marquita* Mountains,

new mineral springs appeared. The wvalleys of "Supe, Baranca and .

Pat1v11qua "were greatly damaged, either by the earthqnake or. by a
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tsunami. The shocks were also felt in Cusco, Tacna, and the bordering
settlements. According to Sieberg's estimate, the intensity of the

earthquake in Chancay, Janja- and Pativilqua was 8 degrees and in,Tacna,»6
degrees.

Repeated tremors continued in Lima throughout the night, and over
a period of 24 hours, no fewer than 200 of them were counted. Up to 24 -
February, almost 500 subterranean tremors were recorded; however, none of
them was so severe as to cduse casualties or new serious damage.

The port of Callao suffered most of all from this catastrophe.
Like Lima, Callao consisted mostly of single-storey houses on a low ter-—
race, whose height was no greater than 3 m (9-10 feet) above the high
water mark, The town was enclosed by a fortress wall, whose base was
sometimes washed by the strong ocean tides. Normally, the water level at
Callao rises 1.4 m (4-5 feet), .Up to 5000 persons lived in the town.
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The Callao roads were considered to be among the best in South America.
On the southwest, it is protected by the islands of San Lorenzo and
Callao, and has a smooth clay bottom of considerable depth and plenty of

anchorage space. Since the time of the conquest of South America by the
Spanish, the port of Callao has been the main port of the vice-monarchy

for importing and exporting goods. At the time of the earthquake, 23
vessels lay at anchor in the roads,

Callao was damaged by the earthquake to the same degree as Lima.
Approximately one half hour after the earthquake, the ocean "swelled,"”.
rose approximately 10 m, smashed the city wall and inundated the city.
When the water receded  the majority of houses and other buildings were
dislodged from their foundations and washed away. A sizable portion of
the city wall, including the gate, had been carried away by the water;
but one part of the wall remained and for many years it stuck out like a
monument to a once-powerful tsunami. »

Almost the entire population of the town perished in this dis-
aster, Since the water advanced 4 km (1l league) inland, it overtook even
those who had tried to flee to Lima. Only about 200 persons managed to
save themselves by clasping onto wooden objects which were being tossed
about between the shore area and the island of San Lorenzo, a distance of -
more than 8 km (2 leagues) away. Those unfortunate souls did not perish,
despite their collisions with the wreckage that littered the surface of
the water, 1In the end, they were cast up either on shore or on the
island ‘of San Lorenzo. The latter was not nearly as inundated as the
continental ‘shore. Twenty-tWwo persons managed to save themselves on the
remaining section of the city wall, " ‘

Nineteen of the vessels lying at anchor sprang leaks and sank,
but four were cast up onto dry land. The vessel "St, Firmin" found it-
self in Chaquara, about 2 km (1 mile) from its anchorage; and the "St.
Antoine" got caught at the same place. A .vessel belonging to Cortsa
ended up on a site. formerly. occupied by a hospital in the eastern part of
town, and the vessel "Le Secours" was carried all the way to the Cordon*
Mountains. ) '

At approximately 04:00, Callao was flooded by another strong
wave, The maximum height of the rise of water was estimated at 24 m (80
feet)., After the inundation, where once the town had stood there re-
mained only a square covered with’ océan clay and pebbles. Only small
remnants of walls marked the area. where the town had been. During the
next few days in the Callao area, those that had survived were pulling
bodies out' of the water, along with other objects that had been washed
away earlier, '

News of the tsunémi struck panic in Lima and the people fled to
the hills. : ' '

The tsunami was recorded in many other places'élong the coast of
Peru as well, In the port of Santa, the tidal wave hit the vessel
"Concepcion” with such force that it sprang a leak and sank. The crew of
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_ the vessel "Soledad,"” which was in the vicinity of -Nasca, on noticing
that the ocean was receding, took precautionary measures and the vessel
was saved. Tsunami waves destroyed Caballas, Pisco, Chancay and Guanape.

Near Huacho, the road was completely inundated and the vehicles
that happened to be on-the road, along with mules and cargo, were swept
away by the receding water. In Huaura (Salinas), the water -advanced more
than 4 km inland, and drowned mules and drivers. ' o

Near Callao, after the earthquake, part of the shoreline subsided
to the point where a new bay was formed, In a space of 6 1/2 hours.after
the flood in Callao, -an ocean wavé hit Concepcion; ‘and in Acapulco, a
vessel was cast upon the shore (Amon., 1752, 1877, 1961; Seyfart, 1756
Montbeillard, 1761; Parish, 1836; Mallet, 1855; Perrey, 1858; Winslow,
1866; Lyell, 1868; Milne, 1913; Sieberg, 1929, 1932; Heck, 1934, 1947;
Jagger, 1946; Berninghausen, 1962; Monandon, 1962; Ponyavin,  1965; Iida
et al., 1967; Silgado, 1968, 1974). S '

1751, May (erroneously March) 24 or 25 (after 01: OO) Ihere'was
a destructive earthquake and tsunami in Concepcion. :

The tremors began to be felt on the evening of 23 May. Some . of"
the inhabitants took the precautionary measure of going to bed that even-
ing without undressing. At 00:50 on the 24th (or 25th), a shock of
medium strength occurred. Ten minutes later, at 01:00, the city. was des-
troyed by a most severe earthquake. Strong shaking continued for about .

6 minutes, ' luding at least six (or three). separate shocks. The ‘shak-
ing was so severe that it was 1mpossible to stand or move about. Almost

11 buildings were either damaged or destroyed. The greatest damage - oc~ -

curred between 36° and 39° S. (at ‘least from Curico to Concepcion) and
moderate damage from Valparaiso to Arauco; . strong tremors were recorded
approximately between 34° and 40° 'S. 1In Arauco, no stone was left un-
touched. Houses, churches and the brick walls of the fortress of Plaza-
de~Santa Juana were destroyed. -Chillan, Cauquenes and Talca were ‘also
destroyed. 1In Curico, the church and almost all houses were destroyed
and much additional damage was caused by aftershocks On the- plain near

Curico, a 100 m long crack, from which water spouted, appeared in the

ground. In Santiago, people had difficulty keeping on their feet. One

of the towers of the cathedral collapsed, several houses and buildings .

fell down, many walls cracked or began to slant, and for several days the
population lived in the streets. The quake destroyed many churches and

distilleries in the Central Valley. .In Valparaiso, a church which had

been restored after 1730, and several barracks were destroyed. It is

possible that the earthquake was also destructive on  the islands of Juan

Fernandez (see Fig. 77). 1In Concepcion, luminous phenomena weresighted
in the sky, such as a ball of fire which appeared to be rolling down the

Andes Mountains and into the ocean. Earth tremors occurred on an almost
continuous basis for a whole month after the earthquake. The shock that’

occurred on the 26th was almost as strong as that of the 25th.

The ocean began to recede about half an hour after the quake, and

soon the half dressed, frozen’andufrightened inhabitants of Concepcion
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climbed the neighbouring hills from where they witnessed the approach of

a strong sea wave descending upon the shore. The tsunami flooded .the
town (then situated in the site of Penco), and washed away the wreckage
of buildings and domestic utensils, This lasted several minutes, after
which the water receded quite rapidly, draining the bay (which had .a
length of 12 km). Seven minutes later the ocean returned with great

force "the waves crowded one on -another,” and the water level exceeded .
its usual limits; the water burst into the town with a speed exceeding

that of a galloping horse, completely inundating the town. The water
advanced <quickly along the river, rising and inundating the adjacent
areas and flooding even houses on higher ground. Boats and canoes -were

~hurled into the church of San Francisco, located 400-500 m from shore.

Subsequently, the water receded, again quite rapidly, carrying with it
walls, some of which were still intact, and household items. Where the
town had stood there was nothing but an impassable heap of ruins. And in
the Cantarranos quarter, only the piles of the houses were left, all the

rest having been washed away. Then the water receded .again, just as on

the previous occasion, but it rose and inundated the area two more times,
the third floodlng being the most severe.

The next morning it was established that the water level had var--

ied considerably; in some areas the water had risen more than 3.5 m (4
varas),. in others less, Later the fluctuations abated and by noon the
sea had calmed down. The receding water had left huge quantities of dead
fish within the town precincts., Twenty-five to thirty old persons and
invalids (17 persons, according to other accounts) were drowned in the
waves of the tsunami - the only victims of the earthquake., Much of what
had been washed away, piles, boards, boxes, baskets, icons and ' other

church utensils, were cast up on the island of Quiriquina, where the

inhabltants searched for their property on the following days.

. The vessel "St. Anthony and Family,' 1oaded with ‘goods and pas—.
'sengers, lay at anchor in the port of Concepcion The seaquake was very

severe and it was feared the vessel might be destroyed, but it survived,

‘With the first strong ebb, the anchor chain broke, and the ship itself
was grounded, listing heavily. The returning tide hit the vessel, caus—

ing it to 1list the other way. .Then the vessel found itself floating.

‘Subsequently, the sea rose 17 m (9 1/2 fathoms) and the ship was thus

refloated. There were three strong tides and ebbs, and each time the
vessel became grounded. It required four. days to restore the ship to
working order,

After this destructive flood - the fourth and most severe in the
history of the city - Concepcion was rebuilt farther from the shore,. and
its old location was eventually used to build the new town of Penco. The
tsunami was also recorded in Valparaiso,

The waves hit the island of Juan Fernandez, washed away a settle- -

ment and sank a vessel anchored in the port. The governor of the island,
his family along with 35 other persons perished. :

The tsunami reached threatening proportions .in Callao; but no -one
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died because "it was already dawnlng and so it was possible to flee to a
safe locatlon. : :

There are some ’reports ‘to ' the .effect that the bottom of
Concepcion Bay had risen 7 m (24 feet) during the earthquakej the result—
ing shoal consisted of hard sandstone rather than sand,

'Naturalists who later v181ted the' area of Concépcion, found in
areas of considerable elevation, many mollusc shells which were packed
with river sand; such shells normally occur in the llLtoral zone.’

.. The ‘tsunami reached the southeasLern coast df the 1sland of
. Honshu, flooding the houses. on Otsuki* on the Djika peninsula and in
Kesennuma to above the floors, but there were no deaths (Seyfart, 1756;
Molina, 1786; Parish, 1836, 1838; Cuming, 1840; Petit-Thouars, 1840;
Perrey, -1854 c; Lyell, 1868; Goll, 1903; Montessus de Ballore, 1911 a,
1912, 1916; Milne, 1912 b,  1913; Sieberg, 1932; Bobillier, 1933, 1934;
Navarette, 1933; Heck, 1934, 1947; Davison, 1936; Gutenberg, Richter,
1949, 1954; Imamura, 1949; TIida, 1956; Hewitt, 1957; ‘Anon., 1961;
Berninghausen, 1962; Monandon, 1962; Ponyavin, 1965; Iida et al., 1967;
Lomnitz, 1970' silgado, 1974). : ; : L

1765. There was an earthquake in Valparaiso, during‘which boats
were tossed .up on land by the ocean as far .as the Church of San
Francisco, which was standing on higher ground (Perrey, 1854),

[Th late 1is probably incorrect and the reference is to the
tsunami of 24 ,V.1751.1 :

1799 (?). On September 6, 1799, the newspaper "Moniteur” re-
ported that South America had .recently experienced strong earthquakes.
The most severe tremors were recorded in Lima, where, over a period of’
several days, many buildings were damaged beyond repair. Each tremor was
accompanied by a rumbling sound. A man on a vessel near Callao reported
that he had had a distinct dimpression of the nearby mountains being
raised and lowered, moved toward him and pushed farther back, almost as
if by some elastic: quality.,

According to Hoff's catalogue (1840), a destructive earthquake
occurred in Trujillo in the second half of the.year. It is possible that
Hoff's record refers to a town of the same name in Peru (Perrey, 1858).

[This may. be difficult to verify., The more reliable sources (for
example Silgado, 1968) do not mention destructive earthquakes in Lima be—
tween 1746 and 1828, . Also, it is difficult to relate the above events to
the tsunami of 1746, because in that disaster all vessels in the Callao
area were lost,] ' '

1806, December 1. Lima experienced a severe earthquake .at 18:00
hours. At 20:00 the sea rose above the shore at Callao, flooding the
town; and at 21:30 a 1 m high wave cast several vessels ashore and dam-
aged others. An anchor of 1 1/2 tons weight, was carried by the water
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almost to the house of the port captain and was left in a lagoon
(Silgado, 1974).

1811, November 19 (10:15). Valparaiso experienced an earthquake
which generated a small tsunami. The ocean receded three times in suc-
cession, and a 4 m high wave crashed onto the shore (Silgado, 1974).

‘1819, April 11, A severe earthquake and tsunami occurred in the
area of Copiapo (Chile).

The first shock occurreéd in COpiapo on April 3 between 08:00 and
09:00. Tremors continued at intervals until the evening of the following
day. At 16:00 on the 4th, the ground heaved 1like a ship in a stormy sea.
All the shocks were preceded by strange rumbling sounds, not unlike the
sounds of ‘rolling thunder reverberating through mountains. One of the
churches and several other buildings collapsed, causing many people to
perish under the ruins. The tremors continued for a whole week.. '

On the 11th at 23:00, an exceptionally severe earthquake, which was /41
preceded by a frightening rumbling sound, completely destroyed the city.
Strong vibrations lasted about 7 minutes. Only a few houses, mainly

wooden houses, survived the shocks, but even they were badly damaged.
Even walls of 1 m thickness, supported by solid buttresses, collapsed.
Many cracks appeared.in the ground, and dlsplacements were recorded along
some of them.. The suburb of Chimba, which was about 3 km (1 1/2 miles)
from the centre of the city, sustained little damage. The area exper-
ienced repeated shocks during the following six months. The earthquake
of April 11 caused minor damage to Vallenar. :

The area in which the earthquake of April 11 had originated, gave
rise to a tsunami which was recorded over a distance of 800 km, including
in Huasco. At first the ocean receded a little, but it quickly swept
back over .the land, penetrating in places up to 600 m beyond the high
water line, Caldera sustained considerable damage. After the tsunami,
the inhabitants went to the shore to dig for copper ingots which had been
"washed away by the waves.

. At Concepcion, the rising waves advanced up the River Bio-Bio
(Sllgado s record shows this to be at Constltucion), on the 12th at 02:00
the anchorlines of the schooner "La Fortuna" were broken by the ebb and
flow currents and the schooner ended up being grounded on rocks.

On the western shore of the island of Hawaii, nine oscillations
of the sea level were noted, starting with an ebb and occurring at inter-
vals of 10-11 minutes, The water level -rose up .to 2 m (7 feet), but
there were no casualties. In Honolulu .the sea level rose and fell 13
times within a few hours,

It is possible that the tsunami was also recorded on the island
of Mangareva (Rooke, 1839; Jarves, 1843; Wilkes, 1844; Mallet, 1854;
Perrey, 1854 c; Milne, 1912 b; Willis, 1929; Jagger, 1931; .Sieberg, 1932;
Bobillier, 1933, 1934; Heck, 1934, 1947; Gutenberg, Richter, 1949, 1954;
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Shepard.et‘al.,-l950; Anon., 1961; Berninghausen, 1962;'Ponyavin,7l965;
Iida et al., 1967; Lomnitz, 1970; Ssilgado, 1974). ' '

1822, November 19 (after 22:30). There was a.destructive earth-
quake in Valparaiso and surrounding districts (Fig. 21). The quake was
preceded by foreshocks which occurred .daily from the 1l4th through the

17th. The earthquake 1tse1f continued from 2 1/2 to 3 minutes and within .

that time the strongest vibrations lasted 40 seconds. It is reckoned

that the macroseismic epicentre ‘was -located 25-30 km (15 miles) to the'

north or northeast of Valparaiso.-

In Concon, at approximately 22:30, three shocks were felt within

a period of 5 minutes. The second -shock was  the strongest and 1asted 2
minutes., It was accompanied by a frightening rumbling sound which seemed
‘to . originate below ground. Strange atmospheric glows may have - been
"recorded as well., The building in which an eyewitness lived sustained
broken windows and damaged roof tiles. ' Other: houses and a mill were dam-
aged more severely. The canal connecting the mill with the . River

Aconcagua was filled with material from collapsed river banks, and .the

ground became littered with cracks of different dimensions.

In Quintero, the vibrations shook the‘pelms‘strongly enough so as.
to cause them to lean permanently. Huge cracks appeared along the lake-

shore, and almost all the houses sustained damage to the point where .they

became uninhabitable. There were fires and casualties. In Casablanca,

not a single house nor even a wall remained standing. In Quillota, many-
houses were ' stroyed and the remainder were damaged to a greater or les—

ser extent, Only 20 houses and ome church remained standing: Vina dél
Mar had suffered almost complete- destruction. - The whole plain appeared
to be strewn with cones of small sand volcanoes of a height. of 0.3-1.2 m.
Damage was also recorded in Limache and in La Ligua. <Close to 200 cas-
ualties were recorded in the above areas. In Valparaiso, most of the
public buildings and about 700 private houses were destroyed. All bell
towers and turrets collapsed, including a well-constructed 20 m high bell
tower., Buildings located on rocky ground suffered less than those on
soft ground. The port area of Almendral, situated on alluvial soil, sus-
- tained particularly severe damage. All houses built of mud bricks dis-
integrated. Seventy-two persons (over 300, according to other sources)
perished and over 110 were inJured mostly din -brick -buildings..  Wooden
houses were not damaged, but. the old fortifications with thick stone
walls sustained some damage as well. The stream discharge in Valparaiso
increased, and new streams appeared but they soon dried up.

A The shore at Valparaiso rose approximately 1 m (3 feet). [This
is disputed . by Cunningham, Belcher, Montessus de Ballore (1924) and
others.] This left a whole colony of mollusks exposed on shore, includ-
ing scallops, whose existence had hitherto been unknown. Many dead fish
and seaweeds were left stranded. Cracks appeared ‘in coastal granite
cliffs, and rockslides took place. o

At Concon, the sea coasf;apparently rose some 0,3-1.2 m (from 1
to 4 feet). The maximum rise probably averaged 1 1/2-2 m (5-7 feet), and
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Fig. 21

The force of tremors and isoseists of
the earthquake of 19.X.1822. Compiled
by S.L. Soloviev from information in

the literature.

The small figures designate the force
of the tremors at various points. The
large figufes - the average force of

the tremors between 1lsoseists.
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Fig. 22

The force of tremors and isoseists

"of the earthquake of 20.II.1835. .

Compiled by S.L. Soloviev from

information in the literature.

1 - isoseists; ,

2 - tremors with a force of 9 points;

3 - tremors with a force of 7 - 8
points;

4 - tremors with a force of 6 points
and less at individual places;

5 - the average force of tremors

between isoseists.
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it probably oceurred-3~5 km from shore.’

"As a result of the lifting of the ocean floor, numerous rocks
appeared above the water level in areas .off Valparaiso, Concon and
Quintero. A sunken vessel could now be reached on foot at half-tide,
whereas previously, the only acceés had been by boat, even at low tide.

In time the shore slowly subsided again, returning‘tq its‘pre;<.-

earthquake level.

At the time of the earthquake; the miners in the gold mines of El.

Bronse in Petorgué worked at a depth of 170 m (100 fathoms). The earth-
quake caused cave-ins in the shafts and some of the miners were trapped
in the lateral drifts and perished. 1In Illapel, all .the churches were
damaged; and severe damage was caused in San Felipe as well, :

In Santiago, no one was killed but about 30 .public buildlngs

were damaged. - The earthquake caused about the same amount of damage: in-
the province of Aconcagua, approximately 90. km (50 miles) north—northwest

of Santiago.

The earthquake appeared somewhat weaker in Mellpllla, although
some buildings were damaged as well, Vibrations were also felt in San
_Jose de Maipo, San Fernando, Talka, Rancaqua and Concepcion, but no dam-

age was recorded, To the south, the ‘quake was recorded as far as -

Valdivia; > the east, as far as Mendosa, Cordoba (see Fig: 28) and San
Juan. In the north the earthquake was felt right up to Coplapo. Accord-

ing to some data, a seaquake [T~phase] was recorded on vessels anchored

in Callao.

Repeated tremors in the epicentral zone. of the earthquake .were
recorded at least until October 1822,

At the time of the most severe shocks, the ocean receded in the.

epicentral zone,ionly-to rise and advance upon the shore again and again.

In Cintero, fishermen 1iving near the shore fled  to higher
~ground. Between Cintero and Concon .the dunes were washed away by the‘4

,tides, which resulted in alhigher water level in the lagoon.

‘ In Valparaiso, at the time of a full ebb, the sea suddenly rose
and just as suddenly receded. A launch from the admiral's ship, 'which

was on its way . to render assistance to people on shore, was thrown up to . -
the - gates of the customs house, located 3 1/2 m (12 feet) higher than the.

ordinary high tide mark. Suddenly, the sea began to recede very rapidly,
stranding small vessels and boats. All this, occurred within 15 minutes.
Several minutes later, a second wave of reduced intensity appeared. 1In
all, three large floods and ebbs of a height of 3.6 m (12 feet) were
recorded. On the morning of the 20th, the sea level fluctuations were
normal again (Graham, 1824; Parish, 1836, 1838; Cuming,  1840; Mallet,

1853; Perrey, 1854 c; Lyell, 1868; Anon., 1877, 1961; Suess, 1897; Goll,

1903; Krummel, 1911; Montessus de Ballore, 1911 b, 1912, 1924; Milne,
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1912 b; Sieberg, 1932; Heck, 1934, 1947; Davison, 1936; Berninghausen,
1962; Ponyavin, 1965; Tida et al., 1967; Lomnitz, 1970). -

1828, March 20 or 30 (07:30), Lima experienced the strongest
earthquake since 1746, 1In this quake, the walls of all buildings cracked
within a few seconds and many roofs collapsed. Walls of a thickness of
2 m developed cracks from top to bottom, About 30 people died. _ The
strongest shocks lasted for half a minute (70 seconds, according to other
sources),

In Callao, the earthquake occurred .somewhat later than in Lima,
since the cloud of dust could be seen rising over the ruins of Lima
before the shocks were felt., Almost all houses in the town were damaged.
Chorillos and Chancay were also seriously damaged.

Apparently, the earthquake was. felt throughout Peru. Several
villages were destroyed along the coast north of Lima. In the area of
Huarochiri, an entire village slid down the side of a hill in a land~-
slide. Rockfalls had occurred 'in many sections of the road from San
Mateo to Lima. 1In Surras, subterranean water forced its way to the. sur—
face. Trujillo and Huanuco experienced strong shocks but . there was no
damage. 1In Arequipa, the shocks were weak, and in Arica, the earthquake
was not felt at all. Weak secondary tremors were felt in Lima for a week
after the earthquake,

A strong sea quake was felt on vessels lying. at anchor in Callao.
These disturbances were accompanied by rumbling sounds resembling distant
thunder, The water began to churn, bubbles of hydrogen sulphide rose
. from the bottom and many dead fish surfaced. The surface of the ocean,
which previous to the earthquake was like glaés,'became agitated and the
water became muddy. The vessel "Volant" rocked 35 cm [degrees?] to
either side from its position of equilibrium,

In Trujillo, the earthquake was followed by pouring rain. . In
Lambayeque and Chiclajo, the rainfall was even heavier and continued for
four days without a break. These towns were reduced to a heap. of ruins,
particularly the first of them, where the river overflowed and razed the
whole town to the ground, with the exception of ‘three streets, Farms
were laid waste and crops damaged. Piura was destroyed in a similar man—
ner. In the Sechura Desert - an area that never gets  a drop of water -
the heavy rain brought a stream into being (Mallet, 1853; Perrey, 1854 b;
Polo, 1899 a; Silgado, 1968). Sieberg (Sieberg, 1929, 1932) mistakenly
' assumed that the coastal cities to the north of Lima were destroyed by
tsunaml waves, '

1829, September 26 (14:00). Valparaiso experienced a severe
. earthquake (6-7 degrees). TFour adventurers travelled through the coastal
area of Allmendral, announcing that the ocean was rising at San Juan de
Dios. This frightened the inhabitants to the point where they abandoned
.their homes and shops, leaving their possessions to be plundered by the
thieves (Montessus de Ballore, 1916),.
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'1835, February 20 (approximately 11:30). There was a destructive
‘earthquake and tsunami in the central part of Chile with its source near

Concepcion (Fig. 22).

It is possible that there were foreshock warnings, for -on the

14th of February,' Santiago experienced a weak shock which lasted 20 -

Seconds.

The earthquake began in Concepcion with .weak tremors which quick-
1y became stronger. For the first half minute no one seemed alarmed but
then all the inhabitants fled. from- their houses, It became impossible,
" not only to move from one place to another, but even to stand without. some .

kind of support. Even when lying on the ground, one had to hold onto
something in order not to roll ‘about. Some horsemen were thrown. from
their saddles; others fell, together with their horses, but none of them
could remain mounted. There were many instances of seasickness. Then a

severe shock which lasted 5-10 seconds, toppled over and destroyed almost :

all the buildings. 1In many places cracks opened up -in the. ground with a
deafening crash, A ‘thick cloud of suffocating dust rose into the air
from the wrecked buildings and from the ground. -All ‘this took about two
minutes from the start of the earthquake. - ’

The city of Concepcion is situated‘oh a low terrace of the river
Bio—-Bio on alluvial -soils. "On the east and north the valley is bounded

by hills formed of tertiary shale rock. Apparently, the sedimentary
cover settled, owing to the effect of the earthquake. . Severe fragmenta-

tion occurr at the foot of the hills and the whole valley was dotted
" .with cracks 2—- 30 cm in width

Washerwomen repeated, that at the start of the'earthqhake,gthe

water at the river bank suddenly rose approximately half a metre. A

similar occurrence was observed in. the mouth of the river at Lirquen.-

As a result of the earthquake, more ‘than 50 persons were Rllled
10 were seriously injured, 30 were mlssing and more than 500 suffered
concussion or injuries, out of a total population of over 5, 000 (700-800,

by other accounts). The casualties would have been greater if it had not -

been summer daytime and the quakes had not increased gradually, There
were many cases of persons going out of their mind. Almost all mud brick
houses were levelled to the ground. Houses of kiln dried brick suffered
less, although they became unfit for habitation; in two-storey houses the

upper stories collapsed and .the lower were damaged. A single, two-storey.

building with supporting columns survived -~ the construction of its roof
had just been completed. With the collapse -of fireplaces and the falling
of thatched ‘roofs, quite a number of fires occurred but they were -all
quickly extinguished. ,

In a technical report, compiled half a year after the earthquake,
the percentages of completely collapsed houses,.and houses that were dam-
aged but still standing, were estimated as follows according to:.type:
brick, 33 and 67%; mud brick, 71 :and--29%; stone construction 95 and 5%.
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In Talcahuano, the earthquake lasted three minutes and was just
as severe as in Concepcion. There were only three houses, standing on
rocky ground, that more or less survived; the remainder of the. houses
were situated on sandy, mobile soil between the shore and the hills, and
they were completely destroyed (according to .other sources, the destruc-
tion was less than in Concepcion). There were large rockfalls along the
shores of the bay and at the mouth of the river,

On the island of Quiriquina, the tremors began' suddenly, A rider
was thrown from his mount, and both horse and rider were rolled over from
side to side by the effects of the shocks. ,Some cows, which had pastured

near the shore, were hurled into the water. In many places, deep cracks

appeared on the surface of the island, possibly as a result of the rela-
tive slipping of the strata. Near the cliffs, these cracks were as wide
as 1 m, In some places, the upper rock layer of the substructure was
shattered into small pieces. Huge rockfalls covered the beaches, A rock
of 25,000 tons weight fell into the main approach to the bay.

The destruction was confined to an area between 35° and 38° S,
The provinces of GConcepcion, Marile, and vicinity were severely. dam-
aged. The towns of Penco and Toma were destroyed. -

In Florida, only houses with- thatched roofs were uhdamaged;.in
many areas the ground opened wide. In Coelemu, eight buildings were
destroyed; the remainder .survived but became unfit for further use. 1In

Arauco, the church and all buildings, except a barracks, suffered to a

greater or lesser degree. Extensive surface damage“:occurred. in the
interior of the island of Santo Maria. In Los Angeles, the .earthquake
lasted 3-4 minutes, and almost all buildings were completely destroyed;
fires broke out, but were quickly extinguished. Apparently there were no
casualties. In Curico, . the church towers were destroyed;. five houses
collapsed. In some other house, the roofs. and plaster were damaged.
Chillan was almost completely destroyed. Close to the city a large crack
appeared in the ground from which muddy, stinking water poured out. 1In

.Cauquenes, seven bodies were pulled from. ruins. The temperature of. the

water from thermal springs dropped. In Talca, the earthquake lasted less
than three minutes, during which the majority of buildings were destroy-
ed, and those that had survived became unfit for use. There were about
ten casualties, ‘

Also damaged, to a\greater"or lesser degree, were the towns and
settlements of Haulca, Rera,  Yumbel, ' Polquera, Pemuco, Colyumo, San
Carlos, Linares, Perales, Aredan*, Barras*, Vailoga*, Congas¥, Parral*,
Pera, Puchaquai, Ranquil, Erras*, .and others. Constitucion was almost

completely  destroyed, but there were only two casualties since the:

inhabitants had sufficient time to flee from their homes. The total
number of casualties amounted to 400-500, . -

In ‘the province of Colchagua (locatéd approximately between San
Fernando and Curico), public buildings and churches suffered .damage.

Roofs were seriously damaged and some houses cracked, but there were no’

casualties. In San Fernando, for example, the most severe shock damaged
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only the roofs, 1In Rancagna, an asylum and the church towers collapsed,
and on some buildings the roofs were damaged. In Santiago, the inhabi-
" tants felt strong oscillations, not unlike those experieénced on a swing.

on the island of Mocha, the earthquake was so severe that it was
impossible to stand upright., A strong seaquake was felt on the whaler
"Nile," whose position at the time of the quake was 39° 15' S,, and on
the vessel "Glenmalia" at 170 km from the mouth of the river Maule.

In Valdivia, the earthquake,‘at first . weak, became stronger in

the equrse' of two minutes, was severe for the' next minute, ‘and then
gradually calmed. Buildings were cracked but did not collapse.

This'qﬁake damaged buildings,es far south as Osorno, and as far
north as San Fernando. In Coquimbo,. Huasco and Copiapo, the quake was
felt only slightly; it was also felt in Mendosa and San Luiz; moderate

but prolonged tremors were experienced in Calbuquo, Puerto-Montt, and

Castro; and on the island of Chiloe, there were slow horizontal movements
lasting six .to eight minutes. Trees shook so strongly that their tops

actually touched. the ground., A seaquake was extremely noticeable on the.

vessel "Loper,” whose position was 1100 km. (600 miles) from the shore. A
weak seaquake was felt near the island of Lemus. :

At the same'time, the‘seaquake,was not felt on a French whaling
ship which was anchored in calm water in the harbour of -Queilen at the
south of the island of Chiloe. . Nor was the earthquake felt in  the
Cordilleras posite the island of Chiloe, o : -

Thus, the area in which'the'earthquake was felt, extended from
Copiapo in the north,. to the island of Chiloe in the south, and from the
island of Juan Fernandez in the west (see Fig. 77), where the earthquake
was fairly strong, to Mendosa in .the east (see Fig. 22).

In Concepcion, the ground shook almost continuously for a period-

of three days. The many aftershocks were preceded by sounds resembling a
distant artillery cannonade. Sometimes, there was a single crash without
tremors. More than 300 tremors were counted between February 20 and
March 4, ' '

When the earthquake began, the whole surface of the water in
Concepcion (Talcahuano) Bay churned. . The water darkened and gave off the
very unp]easant odor of hydrogen. sulphlde

At approximately one half hour after the earthquake, the water in

the bay receded to the ‘point where all rocks and reefs were laid bare.
Then it flooded once more and again receded so that vessels anchored in
the bay appeared to be on dry land. Then a huge wave, from the island of
Quiriquina, passed along the west shore of the bay, shearing off houses,
uprooting trees, sweeping and carrying away everything that was movable.
To be more exact, this was not a wave, -but a huge step on the surface of
the ocean moving forward in the form of a wall of water with a frighten-
ing roar. The wave had a height of up to 9 m (30 feet) above the highest
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tide mark, The water almost completely flooded the whole of tﬁe town of.
Talcahauno, and receding in the form of a tempestuous current, carried
off all light objects from the piled-up wreckage left by the earthquake,

After several minutes a second huge wave appeared, approaching
with an even more terrifying noise and violence than the first, Despite
the enormity of the wave, its passage was less destructive since there
was little left to destroy. :

Moreover, . the main blow of. the wave appeared to be not on
Talcahauno but on the southeast area of the' bay, on the island of Rey#*,
The island and neighbouring plain were completely flooded, resulting in
considerable losses of livestock. Subsequently, the ocean level again
receded and the water carried off with it the carcasses and the lighter
parts of buildings.

After several minutes of tense expectancy, the inhabitants, who
had taken refuge on higher ground, saw a third wave rolling between the
island of Quiriquina and the mainland. This wave appeared even larger
than the two previous ones (by other accounts, it was somewhat smaller);
it roared, dashing against obstacles and carrying along everything in its
path., Then suddenly, as if repulsed by foothills, the water receded,
carrying away such a huge quantity of articles snatched from houses (par-
titions, furniture, etc. ), that after the ebb, the whole ocean appeared
to be covered with this wreckage. This disaster prompted the inhabitants
to begin noticing approaching waves when they were still 5-7 km away from
shore.

- In the bay, seven vessels lay anchored in 7-13 m of water (4-7
fathoms): three whaling ships, one launch, two brigs and a schooner -
each secured by a single anchor which rested on clay bottom. -Before the
earthquake, a fresh southerly breeze had been blowing which had turned
the sterns of the ships seaward. ‘

On the‘ firSt occasion one of the whaling ships found itself
grounded in just that position, The first large tidal wave lifted the
~ stern and then the entire ship but without causing any damage. As the
. water level declined, the anchor chain slackened, stirring up the silt.
The receding water rocked the ship a number of times and in the end .left
it grounded in approximately the same spot where it had been anchored
before the wave moved in. The depth varied for 3 1/2 m.(2 fathoms) when
the ship became grounded to 18 m (10 fathoms) during the height of the
third wave. ' ) ‘ '

None of these ships suffered much damage, although the anchors of
- some of them were dragged for several metres (fathoms). A number of -
ships turned on their.anchors, as in a whirlpool, and there were .some
collisions.

A small schooner snapped its anchor chain at ebb tide, and was - .

carried out to open sea, Here the schooner encountered a tidal wave,
which raised it, but the water passed under the ship.
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A Chilean naval schooner, standing under sail at the eastern

mouth of the bay, passed through a wave in just the same way, without any
damage.

Many ships moved out from shore before the water receded. Some
met the tidal wave before it had begun to collapse and passed through it
safely. Others, half inundated, ran aground on underwater rocks,

A small ship with displacement of 30 tons (according ‘to other

sources, 80 tons), prepared for launching from the bullding slips, was
tossed 200-300 m from the dock over a half demolished wall.

As deternined from a mark left on the wall of the homeé' of the. -
port captain, the main mass of water in Talcahuano rose 7-7.5 m (23-25

feet) above the usual high tide mark. The water penetrated the rooms in
the first storeys, and seaweed was left on the floors and the remaining
walls, However, where the water rolling up along the slope met no real
obstacles, the height of the rising tide was greater: according to
residents, 5-6 m (16-20 feet) higher than the rest of the water surface.

Where the wave encountered--large obstacles within 500'm (1/4 mile) from '
shore, the rollers broke up and the flow encroached a kilometer (half -

mile) inland. According to other sources, on open shore, the water
encroached 4-6 km (1-1 1/2 leagues) inland. o L 4

The inhabitants who had cllmbed onto the elevated Tumbes penin—
sula could observe events on both sides of the peninsula at once. They

reported th the sea swept over Talcahuano and San Vicente simultaneous- -

ly, so that at one time it appeared that the peninsula on which they were
standing was turning into an island,

One woman took to a boat with her son, but since she was not able

to row, the waves tossed the boat onto a breakwater, where it struck an
old anchor; the boat split and the woman drowned, but a few hours later
they found the child unharmed amidst the debris on shore._t '

For many hours after the earthquake the ocean rose and fell two
or three times an hour at Talcahuano and other places on the coast. For
the next three days, flood tides and ebb tides were irregular, alternat-
ing very frequently. ‘

For four days, the water surface in Concepclon Bay and . out to -
open sea was covered with debris. The residents of Talcahuano gathered
the remains of their belongings along the shore of Quirlquina'+ Island -
for several weeks, The shores of the bay were strewn with dead fish and ..

shellfish after the eatthquake.

In the narrow channel, separating Quiriquina Island from ‘the

Tumbes Peninsula [width about 2 km (1 mile)], depth 17 m (10 fathdms),--

the tsunami rose 9 m (30 feet) above the high tide mark or 10-12 m (40

*+ Transliterated - Transl.
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feet) above mean sea level. Houses in the flood zone were heavily dam-
aged and cattle were washed away. To the east of Quiriquina Island, the

wave was less fearsome and destructive, p0331b1y because the bay is wider’

and deeper here,

Tidal waves fell hard on the coast at Tome, though less furiously

than at Talcahuano. The mean wave height was 4 m (14 feet), but the rise

of water reached 12 m in places. Tome and Penco were inundated three
times. ‘ ‘ A

The waves travelled along the coast at Lirgnen without breaking.

On entering Talcahuano Bay, the tsunami appeared to "break around

Quiriquina Island into two streams: one passed along the eastern shore-
of the Tumbes Peninsula and fell on Talcahuano, the other crossed the

entrance to the bay and fell on Tome.

In the small Coliumo™ Bay, situated north of. Concepcion Bay and
opening to the north, waves rolling onshore reached a height of 4 m (14
feet), The waves did not reach Dichatd+'villageh situated higher and
farther from the sea than Talcahuano. ' .

The lowlands were flooded between Cape Rumena* and the mouth of
the Itata River; some damage was. done.

: At Coelemut, the sea rose. six times, flooding coastal fields
and rising to a height of 24 m (28 vara)[?].

At Constitucion, approximately 1 1/2 hours after the earthquake,
the sea rose above its usual level and the rise supposedly also lasted
1 1/2 hours, after which the sea retreated. -  Fifty minutes later, the sea
became agitated and rushed onshore in gigantic waves. - '

The water rose 3 1/2 m (12 feet) above its usual level in the
Maulet River. During the second flood, two schooners riding at anchor
in the port were lifted up with their anchors .and chains and carried in-
land to a thicket 140 m (150 yards) from shore, A third flood occurred
after a half hour. This time the water rose more than 2 1/2-3 m (9
feet).. Gradually diminishing flood tides were then observed for another
two days. A sand bar at the mouth of the river: was partially washed out
and the fairway was somewhat deepened by 1/2 m (2 feet).

. At Valparaiso,' a rapid, but " calm and noiseless advance and
retreat of the sea by approximately 1/2 m (2 feet) was observed,

" The .waves approached Santa Maria Island from the;west, surrounded
it on both sides, flooding the low terraces, and merged on passing the

_island. The crop was destroyed and a ranch was demolished

At the mouth of the Tubul River* east of Arauco the waves ap--

peared’ approximately an  hour after the earthquake (according to other

sources, at 1:00); they were not as strong as on Santa Maria Island, but
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they were more numerous; six — seven large . waves were counted.

At the southern.tip of Mocha Island, the water rose above the

rocks and attained a height not. reached by splashes even in the strongest
gales. One of the boats was set down on a rock. " '

The water came'up to the walls of Arauco.

At Valdiviad the river swelled up and rapidly subs1ded to its

usual level. 1In the port, the sea flooded the shore to the tide mark in -

a sudden movement, although it was low water time, and then just as
quickly retreated. During the day, the sea .and the river experienced
alternating rises and falls in level. The river did not fall below its
usual level, and the ocean did mnot recede further -than the low t1de mark.
Flood tides recurred once or twice an hour

Near Nieblat Port, a'man_and a woman drowned, apparentiy{whiler

collecting shellfish, They were the only victims in the Valdivia region.

Slight oscillations in sea level were observed on Chiloe Island.

One resident prepared to.put out"from shore in a boat, in the region -of

Sandy Point* at Ankud (San Carlos), .but found that the boat had run
aground. He went away, but was. summoned by his son, who called out - that
the boat was floating again, :

The anchor -chains were snapped in two sh1ps, standing-at anchor

at Lemus Is 1, by a strong flood tide at noon.

At approximately 11: 30 the . breakwater and pier -in Cumberlandt
Bay, on Mas a Tierra Island (Juan Fernandez Island) were almost complete-
1y flooded; the boats at the moorage floated up, although it was ebb tide
time, Then the sea rapidly retreated. almost 200 m (2 cuadro), drying up
a large part of the bay. 01d lost anchors could be seen on the bottom.

- The soldiers and convicts (a camp has just been established on
the' island; there were 500 people, including 200 convicts, in the city),
barely had time to save the boats and other property, when literally the
whole city was covered with water, which rose 4 1/2 m (15 feet) above the
mean level (accerding to other sources, the water rose 2 vara, that is,

1 1/2-2 m). Receding;, it destroyed all. homes, . except for a store, the
prison and a church. Cattle, debris of homes, supplies, boats and trees

were carried off. The first story'was flooded in the house of the gover—
nor and the barracks, just -built on a high place, but they were not wash-
ed away. The sea encroached inland ‘in this way, right up to the foot of
the fortress, four times. Sand was carried into the city. When the
waves had abated somewhat, a woman and-a soldier were taken from debris
rolling in the harbor; there were no victims,

. [01d sources (Sapper, 1927; and others) gave undue attention to
a waterspout observed near the island during the tsunami. It was thought

that it was caused by a submarine volcanic eruption. Bruggen (1943), in
his survey, even considers fthis hypothetical eruption to be the main
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cause of the tsunami of 1835 on the Juan Fernandez Islands and attempts

to reconstruct the origin of other major Chilean tsunamis on the same
lines.]

The ’‘tsunami did moderate damage on Kauai Island (Hawaiian
Islands). ‘ ' '

A segment of the Chilean coast, sifuated in the focal zone of the
earthquake, was elevated. Thus the bay at Talcahuano :became shallower
while the shore of the bay was lifted approximately 1 m (3-4 feet). The
coast at San Vicente rose 1/2 m (1 1/2 feet )y

Santa Maria Island rose 2 1/2-3 m (9 feet) in the middle, 3 m (10
feet) in the north, 2 '1/2 m (8 feet) in the south. A waterfall was form—
ed at the mouth of the hitherto navigable Tubul River; mollusc colonies
dried up, etc.

Mocha Island rose 1/2 m (2 feet). There was no rise at Valdivia
and at the mouth of -the Maule River;. on the contrary, according to some
sources, the region of the mouth of the Maule River subsided,

Then began a slow subsidence of the elevated block, so that after
two months the rise of the shores at Talcahuano was reduced to 1/2 m.
This subsidence apparently came to a full stop simultaneously with the
cessation of the aftershocks.

After the earthquake and tsunami, it is possible that fish
‘catches. and whale kills decreased ‘off the shores of central Chile
(Caldgleugh, 1836; King et al., 1836; Parish, 1836, 1838; Alison, 1838;
Petit-Thouars, 1840; Dumont d'Urville, 1842; Wilkes, 1844; Mallet, 1853;
Perrey, 1854 c; Lyell, 1868; Anon., 1877, -1961; Goll, 1903; Krimmel,
1911; Montessus de: Ballore, 1911 b, 1912,  1916; Milne,. 1912 b, 1913;
“Vallaux,. 1925; Sieberg, 1932; Bobillier, 1933; Heck, 1934, 1947;
Gutenberg, Richter; 1949, 1954; Shepard et al., 1950; Darvin, 1955;
Hewitt, 1957; Berninghausen, 1962; Pomyavin, 1965; Iida et al., 1967;
Lomnitz, 1970; Silgado, 1974). ' : :

_ 1836. July (or June) 3, at midnight. At Cobija (northern Chile)
~@ strong surge was felt on a ship, riding at anchor. The sea beat power-
fully on the rocks in the bay. The surge gradually increased; by 7:00 it
had grown many times over and broke on the beach with great force, al-
though the breeze had‘not become stronger. These.flood tide phenomena
were attributed by the residents to an earthquake, the shock of which was
felt on land with a certain intensity at about 8:30, The earthquake was
not noticed on board the ship, or even on a small peninsula to the south’
of the bay, connected to shore by a sand bar (Perrey, 1858 Montessus  de
-Ballore, 1911 b). -

In other compendia (Montessus de Ballore, 1911 a; Milne, 1912 b;
Berninghausen, 1962; Iida et al., 1967), it is more definitely stated

that an earthquake was felt at Antofagasta and Cobija and was accompanied'
by a tsunami.
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1837, November'7, 8:05, A strong earthquake at Valdivia,'Casrro

- and Ancud (San Carlos). At Valdivia, this was the strongest earthquake
since the founding of the eity. It lasted about 10 minutes. It was dif-
ficult to remain- standing. The city was completely destroyed, . though no
one died., Weaker shocks were felt all_day.

On Chiloe Island and the Chonos Archipelago (at . San ZXavier¥®,
Ancud), at Osorno -and other points, the ground shook for 40. days w1th

slight interruptions. During the main shock; those "who were,trying_to_
keep standing by holding onto trees were thrown to the -ground: The.

‘destruction was very thorough. The bulk of the houses, which were con-
structed without cross beams, but only on piles dug into the ground, were
destroyed. At the mill, the mill stones began to move. The upturned sod

in the potato field fell back -in place. The trees were broken or up- -

rooted. Everywhere, the ground was covered with cracks.’
Avalanches took place in the southern part of the country.

The Earthquake was rather strong: at Talcahuano and .Concepcion,
where it lasted about 8 minutes. A strong subterranean rumble was heard,

and the bells rang by themselves. . The earthquake was not felt in the

region of Los Andes.

As a result of a seaquake,'the sparring shook loose in a whaler,

within sight of shore at' 43° 38' 'S, On December 11, this whaler cast’

anchor at Lemus Island (Chonos Archipelago). It was found that the bay
had become :"allower by .2 1/2 m (8 feet). -Mollusc colonies on shore
dried up because of this elevation, It is possible that the shore also
shifted at other places: it rose at Tecaume* and subsided at Tac Island

(Chonos Archipelago), The -  shore was strewn with decomposing f1sh and

tree branches, apparently as a result of strong tsunami waves.

At Ancud, - in the Pudeto* River: and in the stralt separating
Chiloe fIsland from the mainland’ (De Calbuco)t,. unusual flood and ebb
tides occurred, which were so strong that enormous amounts of. Seaweed and
molluscs were thrown on shore, including some usually attached to rocks.
The water penetrated 900 m (1000 yards) 1nland on low-lying shores.

There is a report that. the sea at Valdiv1a after rushing back,
again rushed onshore, rising to an appreclable height,

On Mangareva Island (see Fig 77),‘the sea . level rose substan-
tially higher than any previously observed flood tides. A large basalt
block, partially overgrown with coral polyps, was left on the beach 30-40

m from the - water line, 2 m above the mean sea level. On Tara Vai+v-
Island (Gambie Islands)® the sea rose rapidly between 12:00 and 13:00,

This rising movement was brief, and in 3 minutes the sea began to sub-

side, reaching the lowest low tide (equinoctial ebb tide) mark, and then

rose again in four hours. Then strong flood tides and as many strong ebb
tides were observed. ‘ .

It was not possible to gather information about the tsunami on
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the Marquesas Islands and Mariana Islands and Tahiti Island.-

" Oscillations of sea level began on the Samoan Islands, at Apia,

on the 8th at 14:00. Observations ceased after 3 hours, but the oscilla- -

tions still continued.

On Pago Pago, according to.Wilkes ~at 14:20, the sea suddenly

rose 60 cm (2 feet) above the level of the highest spring ‘tides, At
14:30, the level fell to the lowest low tide mark, At 14: 35, the.level
rose asAhigh as the first time. At 14:40 it fell back again to the
spring low. tide mark, and then rose quickly with great force 90 cnm (3
feet) in 2 minutes. The water receded with equal force and at 14:52 it

fell considerably below the low tide mark. At 14: 55, it rose again as
high as before, then fell by 45 cm (18 inches) and suddenly rose again to-
~ the same height as the third time.- :

Subsequently, flood and ' ebb tides alternated as follows: ' at

15:03, a flood tide; at 15:06:30, an ebb .tide, stronger than all preced-
ing: onmes. At 15:12, flood tide, the same as at 15:03, immediately fal=-

‘ling 30 em (1 foot); at 15:17:30, flood tide, almost the same as the

third in succession; at 15:20 a drop in level to the low spring ebb tide
mark; at .15:35, a rise to the spring high tide mark, a drop to half flood

tide and . at 15 36 a flood tide, the same as the first and second, accom-.

panied by a drop in level by 60 cm (2 feet); at 15:42 a flood tide,
almost the same as the third, followed by the strongest ebb, At 15: 50,
the level was still several feet below the low tide mark. At 15:54, the
water rose 60 cm (2 feet) higher than the third time, and then fell ap-
proximately the same distance with the same speed as it had risen. At
16:00, the level was approaching that of large flood tides. At 16:15 it
rose again,_but by half as much as the preceding time and at 16:20 it

-dropped to the low water mark. At 16:32, a rise of the same magnitude as

at 16:15, at 16:40, an ebb tide; at 16:55 a flood tide, the same as the

first; at 17:03 an ebb tide. At 17:08, the water was 30 cm (1 foot)

higher than that of large flood tides and it gradually fell to the low
tide mark, :

. : g ' |
The flood and ebb tides continued with diminished frequency, not

passing the regular flood and ebb tide marks throughout the evening. On

the following day, flood and ebb tides were irregular both as to timeé of
onset and as to height., Sometimes the water dropped .somewhat below the
low tide mark or rose above the flood tide mark, and sometimes the oscil-
lations reached ‘the levels of neap tides.  This continued until 16: 00
when the water rose to the same height as the first time, on the 8th,
then fell to. half flood tide and for a short time was almost motionless.

‘At 16:24, the water rose to the same height as at 16:00, then fell back

somewhat below the flood tide mark and continued in this movement all
evening of this day and in the morning.

on the 8th, unusual oscillations of sea level were observed. on
the Vava'u Group (Tonga Islands). Flood and ebb .tide recurred every 10
m1nutes, ‘and this continued for more than 36 hours, :
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. Detailed reports are available ‘on the occurrence of the tsunaml
on the Hawaiian Islands.

“At Hilo, according to the accounts of Coan and others, at ap-
proximately 19:00 (according to other sources, 18:30), it was noticed
that the water retreated far beyond the regular low tide mark. 1In a few
moments, it returned as a ‘gigantic wave 6 m (20 feet) higher than the -
flood tide mark, rushing onshore with" the speed of a racehorse: The
movements of the water were eddy~11ke, accompanied by a, thunderous mnoise
like a mountain slide. All the lowlands near the coast were instantly .
flooded. The water rose especially high along river valleys. Crops and -
fish ponds were laid waste. Many homes, domestic utensils, food, fuel
and canoes were washed away. The water. also overwhelmed hundreds. of"
residents, who were conducting a meeting in Hilo at that time and were.
not expecting the’ catastrophe, The flood lasted 15. minutes. .Then: the
water retreated beyond the low tide mark and after a short. pause returned

again, but with less force. The movements of the water then continued -

for a short time, abating with each oscillation, until the usual 1evel
was restored. : ' ' .

After the abatement of the water, the shore .of the bay was -left’
strewn with debris of homes, tree branches, etc, Twelve Hawaiians, who
had been washed away, were saved by the crew of the English. whaler
"Admiral Cockborn," which was riding at ‘anchor.in the bay.

According to the captain of the ship, the current velocity was
8-10 knots, i anchorage depth varied from 9 to 6 m (from 5 to 3 1/2
fathoms) and the greater part of the bay dried up at ebb tides. A mark
left on a boatshed indicated that the peak rise of water at Hilo was
3.3-6.0 m (11-20 feet) above the usual flood tide mark.

In Kanokapa* and Kaahelu* 66'hones'were destroyed as a fesult‘ef
the tsunami, and four men, two women, and. five children died., A woman
and a child drowned at Waiolama* and Hauna* One woman. died at Kauwale*,

In the Kau district, 108 homes were destroyed and 46 peOple died.

The sea retreated 36 m (120 feet) on the coast of the island of
Maui, at Kahului. The inhabitants rushed to the -drained area to collect
fish., The sea suddenly rose in the form of a steep .wall and. rushed
onshore, inundated the crowd, overfldwed the beach slopes and carried the
whole village, cons1sting of 26 grass huts, 240 m: (800 feet) inland,

One of the residents caught at home by the tsunami, swept a
Chlld into his arms and ran so fast that he was able to climb a small
sand dune. Looking around, he saw that the village with all its resi-
dents and property was moving tq the interior of the island. Some of the
residents had climbed onto the roofs of their homes, others swam along—
side. After this, the most severe and destructive wave, twO more ramn
onshore, Then the sea calmed down and did not flood the land.

The destroyed homes of;thls village, men, ‘women, and children,
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broken canoes, poultry and cattle, were tossed for the most part into a
small lake located just behind the village having a diameter of 5.5 km (3
miles). No one had expected this rapid and sudden deluge, save for the
0ld men who knew that the ebb tide must be followed by a flood tide, and
who took to the hills. However, all the inhabitants, having been swim-
mers since childhood, made it safely to solid ground, Only two old women
died.

At Lahaina, on the south side of the island, the water rose 2 1/2 n /52
(8 feet). , : ’ o - ‘

At Honolulu, according to Rooke, on the 7th at 18:00, an alarm
arose, since the water had receded. The first ebb was the greatest, a
little more than 2 1/2 m (8 feet). However, since no one had been
trained to make observations, its exact magnitude was not measured. The
reefs surrounding the harbor dried up. Most of the fish left on the
dried bottom were dead. Several ships ran aground. The water quickly
returned and in 28 minutes reached the height of the regular high flood
tides. Barely halting, the water again retreated and fell by 2 m (6
feet). All this was repeated at intervals of 28 minutes. The third rise
was 10 cm (4 inches) above the normal high tide mark, and the recession
was 190 cm (6 feet, 4 inches). After the fourth flood tide, the duration
of rises and falls varied, and their magnitude decreased gradually, but
irregularly. At 23:00 the ebb tide lasted 26 minutes, and the flood tide
10 minutes, At 23:30, the combined duration -of the flood ebb tide was
the same, but their magnitude had diminished., The oscillations continued
on the morning of the 8th,

The rate of recession of water varied in different parts of the
bay. On the eastern shore, the peak rate noted was 15 cm (6 inches) per
minute, However, on the northern coast at one time during the third ebb
it was 90 cm (12 inches) in 30 seconds. Not once did the flood tide rise
above the regular spring flood tide mark but the ebb tide fell 2 m (6
feet) below the ebb tide mark. There was no earthquake.

A tsunami with an intensity i = 0 was observed on the northeast
of Honshu Island, in Iwate and Miyagi prefectures, in Kesent and
Motoyoshit districts and on the Djikat Peninsula (Rooke, 1839;
Dumoulin, 1840; Dumont d'Urville, 1842; Jarves, 1843; Petit~Thouars,
1844; Wilkes, 1844; Mallet, 1853; Perrey, 1854 c¢; Lyell, 1868; Anon.,
1877, 1961; Goll, 1903; Kriimmel, 1911; Montessus de Ballore, 1916;
Jagger, 1931; Sieberg, 1932; Navarrete, 1933; Heck, 1934, 1947; Davison,
1936; Imamura, 1949; Sammons, 1950; Shepard et al., 1950; Berninghausen,
1962; Ponyavin, 1965; Iida et al,, 1967; Lomnitz, 1970),

1838, May 7, afternoon. At Fort Galvez (see Fig. 17), there were
two rather strong shocks. They were also felt at Talcahuano and
Concepcion. The sea at the fort quietly rose 0.8 m in 40 minutes
(Perrey, 1854 c). } -

1839, February 12, 9:10, Between Valparaiso and the Juan
Fernandez Islands, there was said to be an underwater eruption and a
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"maremoto”; a new islet was formed with coordinates: 33° 34" ~ 33° 40"
S., 76° 49' - 76° 50' W, (Montessus de Ballore, 1911 b). '

1840, January 28, 3:00, There was a strong earthquake at Lima,
also felt at Chorillos., It was accompanied by a hurricane wind, blowing
from the southwest, and a downpour, The sea was so agitated at
Chorillos, and the air temperature fell so greatly, that-bathing stopped
on the beach and the people sought shelter (Polo, 1899 a).

1841 (no date), about 2:00. At Callad; the sea withdrew from:

shore more strongly than during the greatest ebbs, and ships ran aground,
something which had not happened for a long time. Then the sea returned
with still greater force "spreading terror everywhere.” Nothing 'could
withstand its fury. Meanwhile, not even slight underground shocks were
felt and not the slightest change in temperature was apparent (Perrey,
1858; Sieberg, 1929). [One hypothesis is that this was the Kamchatka
tsunami of May 18, 1841, However, the times of the earthquake and the
oscillations in sea level at Callao correlate poorly.]

1847, May 23, 3:00. A strong seaquake was felt by the‘American-

frigate "Akushet" 110 km (60 miles) westsouthwest of San Lorenzo Island.
On the same day, strong and unusual movement of water was observed . at
Callao, where this happens rarely. Three Peruvian ships supposedly sank,
despite the prompt and energetic help from English and French sailors.

The movement of water continued for many hours (Perrey, 1852, 1838; TIida
et al., 1967). A ' -

1847, October 19, On the 8th at 11:10, there was a strong and '
prolonged (2 minute) earthquake -at Coquimbo. It was felt as far as
Valparaiso, Santiago and Mendosa. o

In Coquimbo there were many recurrent shocks, including the shock
of October 19, causing a heavy surf. The population was frightened
(Montessus de Ballore, 1911 b, 1916)., [It is possible that the date is

not exact and that the description refers to the events of November 17,
1849, ]

1849, November (December; mistakenly June) 17 or 18, 16:10, At
Coquimbo and La Serena there was a brief "terrible” rumble followed by an
extremely strong earthquake lasting 85 seconds. There was no damage.
The earthquake was also felt at Santiago (rather strongly) and Valparailso.

From 8:00 to 21:00, another 19 subterranean shocks weré
registered. o ‘

At Coquimbo, half an hour after the earthquake (according to
other sources, 10 minutes after), the sea quickly swirled backwards for
some distance, so that two ships almost capsized. Then the water return—
ed with "furious force and speed,” destroying two wooden moorages at the
copper foundry and flooding eight furnaces, five of which exploded with a
terrible roar. The home of the owner of the foundry, the canal supplying
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the foundry with water, and two customhouses were also partly or com—

pletely destroyed. A public moorage was damaged and one private ‘moorage
was half swept away. The water passed 300 m (3 cuadro) beyond the high-
est flood tide mark and rose 5 m (16 feet) above that mark, There were
no victims (Perrey, 1860; Goll, 1903; Montessus de Ballore, 1911b; Milne,
1912 b; Willis, 1929; Heck, 1934 1947 Berninghausen, 1962; Ponyavin,
1965; Iida et al., 1967; Lomnitz, 1970). ‘

1851, April 2, 6:48, A destructive earthquake occurred in cen-
tral Chile (Valparaiso, Casablanca, Santiago and other cities), -Many
homes were destroyed. There were victims. Many aftershocks took place.

Rudolph's compendium (1887) mentioned that after the earthquake,
"the water left the harbor "  Apparently, this reference is incorrect
(Iida et al., 1967). Only a seaquake was felt, 70 km (40 miles) from
Valparaiso. As for the sea level, more accurate sources (Perrey, 1854 a,
1860; Goll, 1903; Montessus de Ballore, 1912) mentioned that "thig time
the ocean did not undergo the convulsive movements so often accompanying
very severe earthquakes at Valparaiso. ' No special waves were observed,

. like those enormous waves which at .other times have devastated the coast.

Nor was any residual elevation of the land observed.”

1851 . (erroneously 1852), May 26, .approximately 13:15. Copiapo,
Huasco, Freirina and other inhabited points. suffered greatly from -an
earthquake. Many buildings were toppled, .or at least heavily damaged.
In one place, a yawning crevice 40 m long and 0.2 m wide appeared in the
ground,. All the buildings were damaged and many were- destroyed at
Vallenar. No less substantial damage was done in the southeast and
northwest of the Chanaral mines region. The tremors were accompanied by
a rumbling which lasted almost 2 minutes, An earthquake of such magni-
tude had not been observed in the Freirina region for 50 years,

The tremors were somewhat less severe at Caldera and Tres-
Puentes. The earthquake at Coquimbo, so it seemed; had come from the
north, The frightened residents ran from their homes, however the build-
ings suffered no damage.. The earthquake was very moderate at Santiago,

and took the form of extremely long-period and consequently slow oscilla-

tions. All clocks in the city stopped. The earthquake was almost the
same or weaker at Valparaiso. ‘ '

The earthquake was accompanied by numerous after shocks., More
than a hundred were counted at Copiapo before midnight. A week later,
several. -shocks a day were felt. . Individual shocks were noticed

. throughout June,

Some time after the earthquake, unusual osciilations of sea level
began at Caldera.  These were renewed .at 7 to 10 minute intervals
throughout the day, rlght up until nightfall, when observations ceased

.At Huasco a short time after the earthquake, the water left the -

bay with unbelievable speed and the bottom was drained to about 100 m

. from shore. Then a wave more than 3 m (10 feet) higher than the highest
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flood tide mark suddenly rolled onto the beach and washed away everything
in its path. This phenomenon’ was repeated every half hour throughout the
day (Perrey, 1854 a, 1856, 1860; Goll, 1903; Montessus de Ballore, 1911
b; Milne, 1912 b; Sieberg, 1932; Heck, 1934, 1947; Berninghausen, 1962;
Ponyavin, 1965; Iida et al., 1967; Lomnitz, 1970). :

[Sieberg's data, reproduced in Iida's compendium (Iida et al.,‘
1967), indicating that a strongér tsunaml was observed at La Serena and
Coquimbo than at Caldera and Huasco, are doubtful.]

1852, November 27, 7:00. There was an earthquake at Lima, which
was also felt at sea (Perrey, 1855, 1856). [Apparently, this only refers
to a seaquake,] :

1855, August 11, 5:15. At Valparaiso there was an earthquake,
the strongest since the shock of April 2, 1851. The sea churned and
anchor chains shook. ' '

At Rancagua, there were two shocks lasting a. total of 2-3
seconds, a rumble lasting about 10 seconds. At Santiago, two gradually
fading tremors Jlasting a total of 18 seconds at 1 second intervals
accompanied by a subterranean rumble. The  earthquake was accompanied by
a foreshock and aftershocks (Perrey, 1860; Goll, 1903; Montessus de
Ballore, 1911 b). [Apparently, this concerns only a seaquake, ] '

1858, April 24, morning., At 7:15, there was an earthquake at La
Serena last 1~ 80 seconds, not causing any damage; there were tremors
from time to time in the evening. At 7:45, there was an earthquake at
Santiago. On the “"Himalaya," situated approximately at 28° 54' §,, 75°
59' W., the captain, the entire crew, and passengers were surprised in
the morning at breakfast, to feel a strong earthquake lasting 25%
seconds; the ship shook as if the water barrels were bouncing inside it.
On the "Janette Bertha,"” crossing from Chanaral to Caldera in the period
April 20 to 26, a shock was felt at 27° 03' 8., 71° 21' W., as if the
ship had struck bottom. At Coquimbo, the sea rose and rushed on shore,
but did not do any appreciable damage to the blast furnaces. The water
rose highest at the breakwater, as a result of which a strong current
arose up the river (Montessus .de Ballore, 1911 b, 1912).

1859 (possibly, 1860), April 22, about 14:00, There was a strong
earthquake at Callao. Many buildings were destroyed, while those surviv-
ing were cracked. All the churches in Callao and Lima were damaged.

A resident of Callao Reads, who was engaged in the observation of
phenomenal occurrences who and kept .a. homemade seismometer at home, noted
that during the morning of the same [perhaps the following?] day "the sea
began to rise" (Perrey, 1870 a),.

[Most likely, the report refers to the earthquake of Apr11 22 and
23, 1860; see below.]

1859, October 5, 8:00. At Copiapo, after a terrifying rumble,
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there was a severe earthquake, lasting about 4 minutes. Weaker shocks,
with a dull rumbling, continued through the day, almost without interrup-
tion, Aftershocks were felt at least until October 19,

_ The earthquake caused considerable destruction: 115 homes col-
lapsed and 224 homes were rendered unfit to live in. The total damage
was estimated at $930,000. The embankment of ‘the Copiapo - Caldera

railway crumbled on a 25 km (6 1eagues) stretch.  Cracks appeared in the

ground at many places,

At Tierra-Amarilla, the buildihgs rocked like pendulums and many
were damaged. A cave-in occurred at the "Carmen—-Alto" mine, and 8 or 10
men were buried. At La Serena an underground rumbling was heard, which
was followed by very long period oscillations.

The earthquake was felt for 1 1/2 X ninutes at Caldera; it caused
great damage. A blast furnace collapsed. The sea withdrew from shore
several times. The level fell by 6 m (19 feet) and the bottom was laid
bare for a distance of 150 m from the low tide mark. All ships in the
port suffered some damage (Perrey. 1864 b, 1867; Goll, 1903; Milne, 1912
b; Willis, 1929; Heck, 1934, 1947; Berninghausen, 1962; Ponyavin, 1965;
Iida et al., 1967; Lomnitz, 1970). :

1859, October 11, There was an earthquake in Copiapo in which
two hundred homes collapsed. In the port of Caldera, the ocean was agi-
tated again and ships riding at anchor experienced entirely the same
effect .as' the shocks produced on land (Perrey, 1862 a).

[Apparently; the date is mistaken, and this report concerns the
earthquake of OQctober 5, 1859, since other more accurate catalogues
(Perrey, 1867; Montessus de Ballore, 1911 b) note that on October 11 only
two very brief shocks, not doing any damage, were felt at Copiapo.]

1860, April 23, On the 2lst, about 2:00 in Peru (Lima, Callao

and other points) the first of a large series of shocks took place. A

"severe earthquake occurred on the 22nd at 13:50. Tt caused great de-
struction at -Callao, but the sea apparently remained calm [the only
report p0331b1y contradicting this is that of April 22, 1859,]

On the 23rd, in the morning, about 7:00, at Lima and Callao;

there was a prolonged and severe earthquake of approximately the same

strength as the shock of the 22nd. All the homes were cracked to some

extent at Lima, and the church steeples collapsed. At Callao, walls.

which had withstood the first shock erumbled.

At Manta*, trees were uprooted, one of the: hills coliapsed, and -

stinking water flowed out of a crack about 300 m long and one meter (a

few feet) wide. This was the strongest earthquake here since the catas-
trophe of 1746,

On San Lorenzo Island, the earthquake was so severe that it

caused large rock slides. . A shock occurred at Chorillos, but it did no

damage.
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At Callao, after 11:00, the sea withdrew a little from shore,
then, changing direction, it barely flooded the shore. These oscilla-
tions in level caused general panic in the city.:

Oscillations in -sea level'werevnot observed—during'theinumerous
subsequent shocks at Callao (Perrey, 1862 b, 1865; Krummel 1911).

1861, March 10, 20:45, Mendosa was destroyed by an earthquake.

Fourteen thousand dead were reported. There was considerable

damage at San Luiz. The damage was not so great south of Mendosa. Sev-

eral homes were damaged at San Vicente and Lu3an»de~Cu1ga+‘ Most of

San Martin survived, but some homes were damaged. The rural environs of
Mendosa suffered llttle damage. There were no signs of the earthquake at
all at many farms, but everything was overturned at others. No Subter—
ranean rumble was heard during the earthquake (Perrey, 1864 b).

The earthquake affected paft of Chile and was felt‘at-Santidgql

and Valparaiso as strong undulating oscillations lasting 50 seconds
(Goll, 1903) ' '

"There was ‘talk of a flood which supposedly accompanied this
earthquake, but I could discover absolutely -no ‘details, not even the
date” (Perrey, 1864 b).

1865, January 8 and 9. ‘There were two earthquakes at Callao,

The sea was - ry agitated and did great damage. A bathhouse was washed

away, killing five people. The crest of the breakwater collapsed. Other
structures were destroyed. 1In the port, off shore, and as far as the

horizon the sea looked like a cauldron of boiling water (Perrey, 1867j~

Fuchs, 1885 b).

1865, March 1, at 6:30 in Callao Bay, extraordinarily heavy sea,
described by the secretary of .the American Embassy in Peru, T.G. Pope,
who was on board the "Lancashire." According to Pope, the water surface
around the ship, as far as the eye could see, was in such .a "ferment”
that the wind drove crests 30-40 cm (12-15 inches) into the air. The

hydrogen sulfide smell was unbearable; the white sails of the sh1p turned
black.

A similar phenomenon had recently been observed in the bay [obvi-
ously January 8/9, 1865}, when an enormous wave fell on Callao, the bath-
house was washed away and several people -died. But at -that time there
were many subterranean shocks, while Pope felt no earthquake on March 1
(Perrey, 1867; Fuchs, 1885 b; Bruggen, 1943).

1865, November. On the 28th an earthquake was felt in Lima and
vicinity, The sea raged from the 25th Lo the 27th at Callao; some damage
was done (Polo, 1899 a),

1868, August 13, 16:45, A destructive earthquake and catas-—

trophic tsunami with source near the coastal cities of Southern Peru (see
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The force of tremors and isoseists of the earthquake of

13.VIII.1868. Compiled by S.L. Soloviev from information in

the literature.
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Fig. 18, 23). The tsunami is known in the literature as the -Arica
Tsunami. - : ‘

Hochstetter located the macroseismic epicenter”between Tacna and

Arecipa, while Silgado located it near Arica. Apparently, the pleisto-

seismic region stretched far,K along the coast . (Fig. 24). Possible fore-
shocks of the earthquake were felt: on August 1 and from.August 9-12 -at
Lima and on August 11 and 12 at Tacna. - : . _ :

A dull underground roar was heard in- the plelstoselsmlc reglon
before the earthquake, Then followed weak oscillations, which in 1/2
minute became such strong tremors, that it was very difficult to stand:
In the Andes, numerous avalanches occurred on the mountain sides. 1In
many places, cracks formed up to 5-8 cm wide from whlch 1ssued flows of
mud and water or dust and asphyxiatlng gases.

Such dense dust arose at Arica after the shock that it was diffi-
cult' to breathe or see. For -some: tlme the -air was so."charged” with

_ electricity that the hair sparked when a hand was run- through it. -The
entire city, numberlng 5000 re31dents, was turned into rulns, except for K

a few two-storey homes [8-9 degrees].

At Tacna, located in.a valley on alluvial 301ls, 40 homes built
of adobe and having heavy earthen roofs, completely collapsed. Three
residents were killed and many were injured. . Recently -built frame homes
with 1light roofs did not suffer, - One could see waves passing over the
_ surface of ~rth [7-8]. At 20:00-21:00, an unusual luminescence was
observed in cue sky over the Andes (a moving ball of light).

The cities of Sama and Locumba, situated near Tacna, were almost

flattened, and the valley of the Liuta™ River was eompletely'devastated.

[9]. 1In "splendidly built" Moquegua, not a single home remained standing
and 150 people died [8-9]. At Arecipa, built up mainly with solid stone
homes, "everything" collapsed, only the steeple of one-church was left

standing. Ten persons died of the .3,000~5,000 population of the. city
[7-8]. . ’

.~ The cities of Quilca, Oconya®, Caravelli, Acari, Chuquibamba
suffered very serious damage from the earthquake [7-8]. Tambo and
Islait suffered slight damage [6-7]. At Chala, many buildings were
damaged, but none collapsed; there were no victims [6-7 degrees].

The parthqueke lasted abouf 8 minutes at Cusco{ Solid buildings

were almost totally destroyed. Steeples swayed like masts [6~7]. Lake
Titicaca was stormy, as never before; one ship broke up on a rock; sev-
eral rafts sank [6]. Cases of sea sickness were recorded at La Paz.
Five severe shocks were felt at Corocoro during the eight days following
the 13th. At Cochabamba, three shocks were felt on the 13th from 17:00
to 19:00, one on the 1l4th, and two on the 15th,’

At Chonos* the home of an eyewitness cracked and a rumbling was
heard [5-6]. Some damage was done. at Naska, Kanara*, Charpa*, Guicachi¥,
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Cabacara*, Pucyo, Champa* [6-7 degrees]. Ica was almost totally destroy-
ed by the earthquake; fire broke out; 12 people died [7-8]. More than 30
homes were destroyed at Pisco. Ships at 15° 45' S., 75° 44' W., and 55
km from Pisco felt a seaquake,

On the Chincha Islands, people were flung to the ground. The
roofs vibrated as if they were made of pliable material, and one could

see parts of homes usually hidden by the cornices, The stones with which .-

the yards were paved started to move and bounce.

The earthquake wés very strong and lasted 3 minutes at Callao and
Lima. Homes and churches rocked in every direction and seemed likely to

"collapse, but there was no destuction [6]. According to accounts Serro-

de-Pasco, a mining center, supposedly turned into a pile of ruins [6~77].
The earthquake was felt severely at Santa Cruz de la Sierra*, and it
frightened the population; there was no destruction [5-6]. The earth-
quake was felt as strongly or more strongly on the Andes Plateau. Casma
suffered damage [6-7 degrees]. The earthquake was felt at Guayaquil but
was not felt at Quito. ‘ - ‘

South of Arica, Pisagua and Iquique were destroyed [7-8]. The
rich nitre mines at Molle* near Iquique were destroyed, as was the set-
tlement of Molle* itself. The earthquake was comparatively slight at
Cobija [6]. At Copiapo very long-period. oscillations grew so strong that

it was difficult to stand [5-6]. The earthquake was still rather strong

at. Coquimbo [4-5] and very weak at Valparaiso [3]. It was not felt at
Talcahuano or on the Juan Fernandez Islands. The earthquake was accom~
panied by an enormous number of recurrent shocks.

The tsunami which followed the earthquake affected the coast of
Peru and Chile, at least from Trujillot (where there was damage) to
Chiloe Island. The belt most affected by the- tsunamli extended approxi-
mately from Chala and Islai to Iquique; it is possible that the mean rise
of water exceeded 10 m . here., The oscillations in level apparently began
with the flood tide, but at most places, especially those remote from the
source, the subsequent stronger ebb was noticed first. The tsunami did

‘the greatest material damage at Arica.

At Arica, after the earthquaké, the sea rose, according to vari-
ous estimates, 2 to 5 m (6-~16 feet) above the flood tide line, flooded

the land 450 m (500 yards) beyond this line, and swept 200 residents from:
the breakwater where they had taken refuge from the earthquake, Twenty

minutes after the earthquake, the sea suddenly retreated about 2 km (1
mile) from shore. The bay dried up, and all vessels were carried out to
open sea with shocking speed. Several minutes later, the sea swept on-
shore in a terrible wave 15-18 m high (50-60 feet), carrying the.vessels
on its crest, It flooded a large area of land and tossed the ships on

the beach like chips, The second tidal wave 15 minutes later was about-
as strong as the first, There were- reports that the harbor at Arica -

shallowed after the earthquake.

According to Sllgado s catalogue, the first big tidal wave 12 m
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high occurred at 17:37. The ebb began at 18:17, and the water withdrew

90 m from shore. At 18:30, the sea rose 14 m:; The water retreated at
18156, o ' ‘

The Peruvian naval vessels "America," two ships of the American

-naval fleet (the "Watery" and Fredonia"), several sailboats and a flotil-
la of small merchant ships were on the roadstead at Arica. The veSSels
rode 200-300 m (yards) apart at a depth of 15-18 m (50-60 feet). - The
~fate of the "Watery"” steamship and .the. other ships ' is described in
Billings memoirs (1915) :

During the earthquake, it felt as if the vessel was being shaken
vigorously by a glant. Waves could be seen running along the surface. of
the ground onshore. A dense cloud of dust rose above the city and soon
spread to the vessels. When the dust had settled, the city was seen to
be a pile of ruins. Mummies spilled out of their graves at an ancient
Indian cemetery on the side of the Andes.

A whaleboat with a trew of ‘13 men was let down from_the ship to
shore to help the residents. ~All this time the sea was quiet. Suddenly

a crackling rustle was heard, and from the ship, the pier together with a.

crowd of residents was seen to disappear under water. The whaleboat and
its officer was entrained by a strong current. and broke on the coastal
rocks. Then.a terrible noise was heard on. shore, and the ocean retreated
so far that the bottom was exposed as far as the eye could see. -Fish and
various marine animals flopped on the 'dry bottom. All the vessels ran
aground, and many keel ships capsized.

When the sea returned again in an enormous flood, some of the
vessels were overturned or smashed, and some, such as the flat-bottomed
'Watery," resurfaced. From this moment on, the sea was in continuous
movement, ‘Contrary currents swept the ships here and there, .- The
"America” got up steam and tried to reach open sea, but at ebb tide its
stern hit bottom, the engines were smashed, and the ship moved out of
control backward and -forward with .the curfents. The "Fredonia" was
smashed ‘on the bottom and sank. A small naval military fort, situated on
a cliff 2 1/2 m (8 feet) above the water, was .completely washed away
together with all structures, cannons and the garrison. A motor launch,
let down from the "Watery"” immediately after the beginning of the tsu-
nami, in spite of its working motor, was swept this way and that and in
the end was smashed against the side of the "America " - :

After nightfall,'at approximately about 20:30, an enormous “"wall"

of phosphorescing and foaming water mixed with sand. moved in from sea .

with a thunderous noise,.- The solidly anchored. "Watery"” was. sunk, but
resurfaced. The ship was caught in the general movement of water, and
then ran aground. At dawn,. the crew found that the ship had been tossed
by a wave clear across the city and left on a sandy plain 60 m from the
rocky spurs of the Andes, 31/2 km from -the shore line and 9 km from the
ship's anchorage. From marks left on the rock sides, the amount of ris-
ing water was estimated at 14 m (47 feet), not counting some higher
splashes. The “"America" and.the English "Chanaselia” were also tossed
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onshore. 1In place of Arica stretched a smooth sandy valley with no trace
of buildings. Only here and there on the mountain sides did there remain
scattered little homes. An enormous band of debris extended at a height
of 6-9 m (20-30 feet).

At Tlo, what remained after the earthquake was destroyed by the
tsunami. No trace of buildings remained. Two vessels first sat omn ‘dry
bottom, and then were tossed onshore. Twenty people died. Everything,

including goods at the warehouses, was washed away at Mollendo.

Islai, built on a 30 m terrace, suffered comparatively little.
Soon after the beginning of the shocks the sea withdrew very quickly from
shore, and then inundated the coast five times. In an hour and a half
after the earthquake, the water rose 12 m (40 feet) above its usual

level, The city itself hardly suffered any damage, but all the vessels

and boats riding in the harbor were either smashed or sunk.

Tambo was washed away and apparently more than 500 people per-
ished. Such was also the fate of Tiabaya , Vitar* and MeJia

The anchor chains snapped on the vessels situated in Chala harbor
at ebb tide; fortunately, the ships escaped serious damage, Then the sea
returned in a wave approximately 15 m high (50 feet), covering the rocks
in the harbor and flooding the city to 300 m (1000 feet) from the beach.
The flood tide recurred three times. The $tone breakwater and houses
belonging to the steamship-line were completely washed away. Thirty
people died. ~ : s

At Pisco, at 22:00 the sea withdrew 350 m (400 yards) and
returned with shocking speed, destroying everything in its path. In
particular, the 'stone breakwater was utterly flattened.

" On one of the Chincha islands, at 21:45, people living at the
breakwater saw the water recede. At about 22:00 it was 60 m (70 yards)
from shore, although at regular ebb tides the depth of the bay is 25-35 m .
(15-20 fathoms). .Soon the water rose and broke omnshore ‘in a colossal
flood tide., The island was hidden in the foaming waves. The water .
washed away houses and everything else in its path., Both breakwaters

‘were destroyed and many steamships. and boats were smashed. Many people

died.

When the sea had calmed -down a bit, one of the residents retriev-
ed.a boat and set out to have a look at the other two islands of the
group. On reaching the end of the channel, he heard a terrible noise,
The sea rose and fell with a speed of 3 m (10 feet) in 3-4 minutes and he
had to go back.

At Canete, the sea retreated from shore just as at the other
cities ‘in Peru. At about 22:00, the city was completely flooded.

At Callao at 21:00, the water left the harbor, and then (22:30?)
returned 'in 4 monstrous wave. However, it broke up on Sdn Lorenzo
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Island, lost energy and as a result it didfonly slight damage, having a’

height of 4 m. (14 feet) onshore. The ships raced for deep . water
and collided with each other. Several ships were damaged, but none sank.
At O:OO‘or_l:OO on the 1l4th, another such flood tide arrived. The water
flowed over the dike, travelled 15 m (50 feet) and flooded the first
storeys of the homes in the lower part of the c1ty. .

ASputh,of Arica at Pisagua, boats were tossed 270 m (900 feet)
inland from shore, Three ships were smashed

A smail'harbor 36 km (20 miles) north of Iquique [Caleta-Buena*?]
was completely washed away. The flood and ebb tldes recurred every 15
minutes. : ' ‘ ‘

'At Iquique, immediately after the earthquake, it was observed"

that the sea level had risen extraordindrily high.- approximately 1-1
1/2 m (4 feet) above the regular flood tide line. Suddenly, with ever
increasing speed, the water rushed back, and the bay dried up as far as
the 7 m (4 fathoms) mark, so that the bottom of the strait between the
shore and the island screening the harbor was conmpletely laid. bare.
While the water was still receding, a large wave approached from the

southeast. It was described as a mass of blue water 12 m (40 feet) high-
without crest or foam, rolling forward with a speed of 14 knots. BPBart of"

it passed between the island and land.  The other part- skirted the is-—
land, covering it and the city with foaming waves. Eyewitnesses had the
impression, not that a wave had rolled on land, but that the land had
sunk under - ter. The tsunami completed the destruction of the c1ty
begun by the earthquake., The  city was completely submerged. When the
water had receded, the entire lower part of the city, with buildings,
steam locomotives, iron posts and other objects, was completely washed
away; not a trace was left of any structure. About 150 people died.. Of
those carried off by the water only a.woman-and a child could be saved.

The sea rose to a considerable height at Cobija. ‘Flood and ebb
tides occurred 1rregu1arly. : :

At Mejillones harbor, 31tuated beside a village with 200 resi-
dents, the flood and ebb tide  recurred at 15 minute intervals. TFirst, a
tsunami of average size was observed, then 'a large oneé. During the .two

strongest ebb tides, the sea retreated 150 m from shore. = Almost every—

thing was- washed away. The oscillations in sea level lasted more than a
day. Twenty to tthLy people were inJured but they were saved.

At Ferrocarrilk [railway staLJon of Mejillones], at about 19:19,
the sea retreated about 200 m (2 cuadro) from shore. and after a half

hour, it surged pnshore, r131ng 6 m (20 feet) and threatening to flood
t:he city.

At Cobra* and Taltal, the flood and ebb tides were not strong'and
did no damage, but the tsunami did cause destruction at Chanaral.

At Caldera at 20:30 (or 20:45), the sea began to foam, then
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slowly receded from shore. Flood and ebb tides followed. At 22:30, the
water retreated 180 m (200 yards). The reefs behind the breakwater dried
up. In a few moments, a large wave rushed in with a dull noise like that
of a turbulent stream and it did considerable damage. The water flooded

the breakwater and tossed onto it eight ships loaded with coal. ‘A crane-

was overturned, and the port captain's hut was damaged. An English
freighter, moored to the breakwater and unloading coal, was completely

disabled and tossed onshore north of the breakwater, There Were' no
victims. '

At Carrizal Bajo, soon after the earthquake, the sea began to
"swell” and foamy waves appeared. At about 20:00, seven ships, holding
to their anchors, found themselves on dry bottom, ' The anchor chains of
the other ships broke and the ships were carried out to sea in different
directions, where they collided with each other, causing damage. . The
breakwaters at first dried up completely, and.then were flooded more than
50 times with raging waves. The sea encroached on land to about 100 m,
The residents fled their homes and ran to the hills.

At Coquimbo, at about 20:00, a strong ebb tide was noted., It was
followed by a flood tide unusual for this month., The oscillations reach-

ed their greatest height, 7 1/2 m (25 feet), at 2:30 on the l4th. Damage

was done. Ships were carried away with their anchors, and close ships
collided. Two of the boats launched by Chilean naval vessel to help the
other ships sank. Onshore, one of the breakwaters and a slaughterhouse
were destroyed; all the cattle kept there perished. A small area was
flooded at the breakwater, The water penetrated into  several houses,
crossed the lagoon to Nigarez de Norte* and flooded the shore on this
side to more than a .kilometer (10 cuadro). The station suffered slight
damage. Strong oscillations were observed until 7:00 on the l4th,

At Concon Bay, the sea retreated from shore so quickly and so far
that many previously unknown shoals dried up. Oscillations in level con-
tinued until at least 3:00., Three fishing boats were carried off; one
was later picked up. o

' At Valparaiso, strong flood and ebb.tides recurred 3-4 times an
hour; there was no damage.- ‘ '

At Constitucion, at about 21:00, during a rather large ebb tide,
sea waves burst into the river with such force that the steamship
"Independela” snapped all its anchor chains and the steamship itself was
dragged for 400 m (4 cuadro) and set down on an island.  The anchor
chains also snapped on all the other ships riding in the harbor, except
for two, and the ships collided with each.other, Almost all the boats in
the harbor, including those laden with cargo, were torn from shore. At
ebb tide most of them were tossed onto a bar, where they later sank. The
amount of rise of the water was estimated at 1 1/2 m (4 feet) above the

strongest flood tide mark. Strong flood and ebb tides continued until
3:00. . : -

At Tome at 21:30 (or 21:45), the sea retreated approximately 200-

i
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250 m (2-2 1/2 cﬁadro) beyond the lowest ldﬁ'tide marks., The frightened

residents took to the hills. At about 22:00 the sea began to rise,

flooded the beach, and then rising more than 2 1/2 m (8 feet) above the

usual flood tide mark, it flooded the warehouses and destroyed the custom
house. .Several boats and sloops were completely disabled and tossed on-—
shore, Strong ¢scillations in level continued until 3:00.

The water rose up the Collen* River and destroyed the abutment of
a bridge under construction. It also rose upriver at Bellavista and
washed away a railway bridge on the Tome to Concepcion.line. The tele—
phone link between these points was also broken. :

A ship ran aground on Quiriquina Island., ‘The crew abandoned Ship
and it sank. ' o ' '

At Talcahuano at 20:05,. the water retreated 80~120 m (100~150
vara) from shore. At 20:30, the sea rose, not suddenly but gradually,
and crossing the highest flood tide line it flooded most of Talcahu:ino
and Penco.. At 21:00, the waterline was 200 m further from shore than the
lowest low tide mark. ' » - :

_ According to the captain of the French "Margarita,” which rode on
13 m (7 fathoms) of water before the tsunami, at 21:15 the depth of the

water decreased to 4'1/2 m (2-1/2 fathoms), that is, by 8 m (27 feet).

At about 22:00, it was noticed that.the water had retreated 200 m (2

cuadro), Not- long before 23:00, the water ‘rose 3 1/2-4 m above its-

initial lev ! <rushed onshore with a terrible roar and advanced :160 m
beyond the u. hest flood tide mark, and flooded the city almost as far as

the square. Since most of the residents had already taken to the hills,

only four people drowned. A public moorage with cranes and boats, .and

two private moorings were destroyed. The customhouse was damaged. . The.
vessels riding in the bay were not damaged. Flood tides continued every

20 minutes until 4:30 but got progressively weaker.

At San Vicente, the rise of water was slight, although the Bio-
Bio River left its banks. : . '

The sea rose at Coronel and Lota but did not do any damage., At
Carampangue+, three schooners snapped their anchor chains and ran
aground, At Arauko, the sea encroached 1inland but did not reach the
city., At Lebu, a vessel almost ran aground, but in the end made it
safely out to sea. '

At Corral, . around 22:00, with a full calm in the bay, an unusual
roar was heard; whirlpools and small waves running in different direc-
tions, .2as from a herd of seals chasing fish, appeared on the surface.
Several moments later, such a strong ebb tide arose that the bay resem—
bled a colossal flood following a terrific downpour. Although ebb and

flood tides recurred at short intervals, the current velocity stayed con-

stant at 10-11 knots. The advance of flood tides along the coast was
accompanied by the same roar mentioned above, The -heavy sea lasted until
3:00, when it began to abate, although the water did not return to normal
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until the 16th. The sea level dropped 4 m at ebb tide, so that all
shoals off the river bar were completely laid bare, a thing almost
unheard of even at the strongest ebb tides. :

At Ancud, 46 flood and ebb tides were counted from August 13.to:
16. : )

On the Juan Fernandez Islands, with still agnd fair weather, the
sea rose 2 m above its usual level. Strong currents arose in the harbor
and a roar was heard as if huge stones were being dragged algng the bot-
 tom, The flood tides did considerable damage, All boats were wrecked on
Mas Afuera Island.’ . '

In South America, 25,000 people died from the earthquake and
tsunami . '

The Arica tsunami affected practically the entire Pacific rim and
lasted at least 2-3. days. It was registered by =six tide gauges: at
Sydney, on Kodiak Island, at Astoria, San Francisco, Los Angeles and San
Diego (see Fig. 25). However, one cannot confidently pin-point the onset
of the tsunami even on the tide gauge records, and for this reason, the .
published data on the travel time of the tsunami are unreliable.

Enormous waves ranm up on thé Marquesas Islands not long before
midnight on the 13th. Some of the dislands of this group conpletely
disappeared under the crests of the huge waves. )

At Opara*, a coaling stop for steamships nine waves coursing
. between Panama and New Zealand appeared in succession at 20 minute inter-
vals., The largest wave flooded the coal warehouses.

"At 23:30 on August 13, the huts were unexpectedly flooded on Rapa
Island, The flooding lasted only & minute, but even so the boats and all
light objects were washed away. About midnight, a loud roar was heard"
from the movement of a wave in the distance, followed shortly by a rumble
from the entrance to the bay. Almost dinstantly, a second flood  tide
appeared, which, though somewhat weaker than the first, still flooded the
beach and the street.

On the morning of August 15 between 1:00 and 2:00, three waves
with an apparent period of about 10 minutes reached the Chatham Islands
which screen New Zealand on the east. The settlement of Tupunga* on the
north coast suffered most: a Maori- village and two or three homes of
European settlers were washed away. One resident drowned. Only sand and
seaweed remained where the village had been. The strength of the wave
was such’ that a 7-8 centner millstone was dragged over a considerable
distance, Houses were also washed away at other places on the coast, in
particular at Waitangi (main settlement on the archipelago, on the
western coast of the main island, close to' its narrowest part), and the
residents narrowly escaped. '

Passing the Chatham Islands, the tsunami rolled onto the eastern
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coast of New Zealand, where the maximal wave height, usually observed at
the innermost parts of the bays, fluctuated from 0,5 to 5 m. The shallow
zone,  extending latitudinally from the Chatham 1Islands to the Banks
Peninsula (see Fig. 6) on Southern Island, apparently served as a wave
guide, accumulating the energy of the tsunami. Thé tsunami was thus more

intensive in the ria valleys on the Banks Peninsula than anywhere else in
New Zealand.

. At Lyttelton between 3:00 and 4:00, a wave retreated from shore

with a speed of 12 knots, and the harbor dried up completely from the
pier to Officer s Cape"; ships fell on their sides, The water level at

mean high tide fell by 5 1/2 m (18 feet) and was 4 1/2 m (15 feet) below
the low tide mark. The amplitude of oscillations in regular tides in the

harbor is 2.1 m (7 feet). At approximately 4:30, the water entered the
harbor with a terrific roar in a 2 1/2'm (8 feet) foaming roller or bore,

raising the ships up high and snapping the anchor chains of most of them. -

The water rose 0,7 m (2-3 feet) above the highest spring flood tide mark;
thus, the amplitude was 7.5 m (25 feet) in 20 minutes. Cables: 20 cm
thick snapped in ships tied to the pier and the ships were carried away
from the moorage and damaged. A buoy with a heavy anchor and chain at
the breakwater was carried a kilometer (half mile) into the bay. At 5:00
and 6:00, a strong ebb tide was observed; at 7:15, a flood tide 'in the
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form of a ground swell, rising 5.4 m (16 feet) in all. At 9:30;'the"'.

level dropped 3.6 m (12 feet) below the undisturbed level, after  which

the water rose strongly and reached the  spring flood tide mark. ~The

fourth rise of water was registered at 10:30. At 11:00, the -amplitude

-was 4.8 m ( " feet). There were no strong oscillations after this, but-

weak ones continued for another three days and stopped only on the 19th,
All this time, the water. was very turbid and muddy.

On board the steamship'"Taranaki,T approaching'Lyttelton on the -

morning of the 15th, it was noted that at 55 km from shore the water had
become turbid and logs and building debris were floating in it.

Another steamship, the fStormbird," left Lytteiton early in the
morning for Timaru, Near Lyttelton, two or three waves fell on it, al-
though the sea was calm. Then followed a current so strong, that it was

impossible to move against it. The steamship was carried 18 km to the
north. : ' : .

In Pigeon Bay, at about 4:00 on the 15th, a roar was heard from
the sea. At 7:00, it was found that objects left in the evening up. to a
height of 1.2 m (4 feet) above the high tide mark had been washéd away,
while the water level was considerably below the usual low tide mark.

Then a strong surge occurred, and after 10 minutes it was 0.3 m (1 fdot)"

above the uscual high tide mark. Fishes of all species were tossed on-
shore. The water continued to rise ‘and fall by 1.5 m (5 feet) at half
hour intervals. At 9:15, the rise was especially strong and passed the
highest ‘high tide mark by 1.2 m (4 feet). At 10:20, a similar strong ebb
began; it reached its lowest mark at 10:35. At 11:15, the water rushed
onshore with enormous speed, and a small pier and part of a fence
situated 1.2 m (4 feet) above the high tide mark were washed away. At
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11:50, ebb tide began again. The next flood tide was stronger than all

the preceding ones; a boatshed, another part of the fence and a stack of
wood, lying 1.5 m (5 feet) above the highest high tide mark were washed
away. At 12:05, the water retreated again, and at 12:40 it rose 2 m (7
feet) above the highest high tide mark, washing away another pier and a
30-ton launch, which was washed ashore again with the debris of the pier
at 13:30. After this, the oscillations in level abated.

In Ocaint Bay, waves were observed at about 3:00 - 4:00, The -
fourth was apparently the greatest; the period was approximately 15 min=-

utes. At about 8:00, a fifth wave was noted, and smaller waves with a
period of 15-30 minutes were observed between 10:00 and 12:00, At -about
14:00, an awesome wave suddenly appeared. It rose 1.8 m (4 feet) above
the highest high tide mark. Subsequently, waves gradually diminished,
and regular flood tides resumed on the 18th,

In Le Bon Bay, on the eastern coast of the Banks Peninsula, the
strength of the surge was so great that a wooden bridge. on solid piles 3
km from shore was completely destroyed and even the piles were .torn up
and tossed about,

In Akaroa Bay, the peak rise of water was noted at 12:005 there
was no damage.

The following reports came from points to the south of the Banks
Peninsula,

At Timaru, at about 4:45 on the 15th, a sudden tidal wave whose
height was estimated at 2-2 1/2 m. (6-8 feet), rolled onshore with enor-
mous speed and flooded it to 3 m (10 feet) above the highest'high‘tide
mark, In 5 minutes, the flood tide was followed by an ebb the likes of
~ which had never been seen here. Another flood tide occurred at 5:00 or

4:00, TFor four hours, the sea rose and fell rapidly with strong cur—

rents, whose direction changed  simultaneously with- the oscillations in
level. Whirlpools at the entrance to the bay endangered the ships,

At Omaru at 11:50, unusual changes in sea level were noted, last-—
ing all day. The level rose and fell 4 1/2 m (15 feet) vertically in 15
minutes, falling 2 1/2 m (8-9 feet) below the tide mark.

At Otago Bay, the observed movements of the sea wereislight. The
water rose only 0.3 m (1 foot) above the high tide line. TFor a long
time, the sea level oscillated 0.3 m (1 foot) up and down. '

At Port Chalmers at 10:00 on the 15th, the water rose 3.3 m (11

feet) and fell again quickly. Large vessels in thé harbor twisted on
their anchors, After the regular flood tide at 13:40 the water rose and
fell continuously with a speed of 5 cm (2 inches) per minute,

At Bluff, on the night of August 14-15,. the flood tide was

stronger than ever before. Between 8:00 and 9:00 on the 15th, a terrible.

inrush and rise of.water took place,.although flood tide was expected
~only at 16:27. At 11:00, the level fell 48 em (19 inches) in 20- minutes.

/64



86

The [ollow1ng occurred on the coast of Southern:Island north. of
the Banks Peninsula.

At Kaiapoi at 3:00, that is,‘Q hours after the ebb tide, a colos-
sal wave 1.2 m (4 feet) high burst into the river and turned the ships at
the pier. It was followed by two others at intervals of about 15 min-

utes. Subsequent waves were smaller, but eontinued all day. . Ihejsouthﬂj

ern bank of the river suffered most.

No anomalies in flood and ebb tides were noted -at -Picton. By

contrast, at Nelson Port, the tsunami was appreciable. The" regular flood

tide, arrlving at 6:30, was succeeded by the regular ebb tide, but at -

7:55, the water suddenly returned, and rising right up until 8:00, it
flooded Boulder Bank more than regular flood tides. The height of the
wave was cstimated at 1.2 m (4-5 feet). . About noon, another considerable
rise and fall of water occurred., The same was repeated at 17:10, with a

rapid drop in level by about 0,6 m (2 feet).  The osc1llations lasted two.

days.

In White's Bay, .at 10:00 and 10:20 ‘the sea unexpectedly retreat-

ed 35 m (40 yards) from the regular high Lide mark, . The ebb tides ‘were
followed by abrupt rises in level with a heavy swell and breakers. 7The
oscillations lasted all mornlng.

On the western coast of Southern Island, at Westport on the 15th
several bor: - of extraordinary height passed up river from the sea with
incredible _ .ed. The highest. bore, 1.2-1.5 m (4-5 feet) high was ob-
served between 17:00 and 18:00; it tore a sh1p from its moorings.

At Hokitika, to the south, there were no unusual flood tides.

At Wellington, at dawn, it was noted that the water in the harbor
was rising and falling very quickly. At about 10:00, it rose 75 cm (30
inches) in 10 minutes and dropped 90 cm (3 feet) with the same speed.
Observations on the oscillations in level Wwere continued for 24 hours

‘The follownng data: have been collected on the effects of the
tsunami on the eastern shore of Northern Island ' ‘

At Napier at 10:00 the water rose higher, and' then in 10 minutes

fell lower, than ever before, The oscillations contlnued hourly, with an
amplditude of 1 to 2 m (3-6 feet).

At Cape Runaway, there was an enormous wave between 4:00 and

5:00, which did ‘great damage. .Traces left onshore indicate that its
height was close to 3 m (10 feet). :

At Opotiki at 8:30, -during an ebb tide, a wdve about 2 m (6 feet)
high burst into the river [Opotiki] with a speed of 6-7 knots. The water
rose to the high high tide line, remained there for several minutes,
rushed back, and in 15 minutes ebb tide resumed. Then followed several
smaller waves. Slight oscillations continued even on the following day.
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Similar phenomena were observed at Opahi.
At Port 'Charlés and - Orewa, - the watér reached unprecedented
height, rising and falling 1.8 m (6 feet) several times. Nothing out of

the ordinmary occurred at Auckland

At Mangonui,vdiSturbances such. as flood: tides were registered,

lasting until the.l7th.  Between 9:00 and 14:00, the water rose"and fell

1.2-1.5 m (4-5 feet) many times.
The tsunami approached Auétralia,from the southeast (see Fig. 77).
A tidal wave, flooding a Ilarge plain never previously covered

with water, was observed at Newton in Tasmania early on the morning of
the 15th. This phenomenon recurred throughout the day.

A tide gauge in Jackson Port in>Sydney (Fort Denlsbn on Pinchgut

Island) noted the first slight flood tide oscillation (Fig. 25 a) at 2:00
on the l4th, The strongest oscillations with ‘an amplitude of about 30 em’
(1 foot) were registered after 7:00. From the 14th. to the 15th of

August, the tide gauge registered no ‘less than 170 oscillations with-a.

mean period of 28~29' minutes. According to visual observations, the
water in Sydney Harbor rose and fell 1.2 m (4 feet) several times. -

At Newcastle on the Hunter River at about 6:30 on the 15th, very

unusual flo~d and ebb tides were noted. - The water level fell suddenly

0.3-0.6 m ( "feet) and rose just as quickly;_ The - flow of Wwater seaward
was very strong, reaching 12 knots at times. The phenomenon continued
with varying intensity all- day. The greatest flood and ebb tides
occurred at about 11:30; the fall in level was 1.2-1.5 m (4-5 feet).
Vessels were tossed here and there, but. did not suffer any substantial
damage. ' ' ’

At Sandgatet in Moreton Bay* on the 15th, the residents noted

five unusual. flood and ebb tides.

The tsunami was not observed in the Melbourne region, which is
screened from the ocean by Tasmania, but it did occur to the west in. the
Adelaide region. Thus in Port Fairy on the. 15th, at about 13:00, an un-
usual rise of water in the river was observed. Ships preparing to put
out to sea encountered a .strong- current and were forced to drop anchor.
A reverse current of water set in unexpectedly, and the ships almost ran
aground. Soon afterwards, a bore 1 m (3-4 feet) high rose up the Tiver;

one of the ships ran aground on the reefs in ‘the southwesL passage. The»

water in the river, usually transparent, became: turbid.

The tsunami also showed up strongly to the north of New Zealand.
On the 15th, the sea rose very high at the mouth of the Reva River [that
is, at Suva] on the southeastern shore of Viti-Levu Island (Fiji Islands,
see Fig. 4), but did not cause any damage. ' ‘

At Apia, on the north shore of Upblﬁ Island (see Fig. 1), at 2:30
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on the 15th, with good weather and a calm sea, the sea left the beach and
flooded the land to 1.2 m (4 feet) above the highest high tide, which is
about 1,3 m (4 1/2 feet) here. In 10 minutes it retreated far, although
3:00 was the high water time. The reefs were laid bare, and the water
among them dropped so low that the bay was like a basin, fenced in by a

steep coral wall. The roar of the ebb tide had just ceased when the sea
began to roar again, rolled back, and in 5 minutes the water rose 1.3 m

(4-4 1/2 feet) above the highest high tide mark, When the water appeared
to have reached its highest level, . suddenly and: with enormous force it
again rushed forward and rose another 1.5 m (5 feet); most of the homes
were washed away; a church and a bridge were' wrecked and their debris was
tossed inland. After this, the harbor dried up again for 10 minutes. -In
another 5 minutes, the water rose 1.8 m (6 feet) above the highest high
tide mark. Then the flood tides abated; the next two rose only 0.9 m (3
feet) above this mark, the next barely 0,6 m (2 feet), with the same
period of oscillations approximately 15 minutes, ‘

On the morning of the 15th at- 9:00 it could be made out (visibi-
lity was limited by night) that the ebb was 1.5 m (5 feet) lower than
usually expected at that time. The oscillations in sea level surpassed
the high tide marks by 0.5 m (1 1/2-2 feet) on the evening of the 15th,
and 0.4 m (1-1 1/2 feet) on.the evening of the 16th. On the 17th, the
oscillations were within these marks, but recurred every'15 minutes.

The flood ‘and ebb tides were stronger on the eastern shore of the
* island, and the damage was even greater than at Apia. '

On the Hawaiian Islands (see Fig. 73) at Hilo, from 2:00 on the
l4th until the 16th of August, the sea was in constant movement (the
first waves were possibly not noticed). The period was 10 minutes.
Judging by a mark, left on a coconut tree and other data, the rise of
water was 1.5 m (4-6 feet) higher than regular flood tides, but according
to Hitchcock it was 4,5 m (15 feet) above sea level. Along the Waiohi*
River at Waiakea, the water apparently rose higher, since a bridge was
washed out here. : B '

At Kahului (Maui Islend),_the first osciilations in sea level were

noted at dawn on the 1l4th, They lasted all day; the reefs and rocks in.

the harbor dried up.. The water level rose and fell approximately 3.6 m
(12 feet); the greatest oscillations were observed at 7:00 -and 11:00.

On Molokai Island on the 1l4th, about 10:00, it was noted that' the
flood tide exceeded the usual tide mark by about 1.2 m (4 feet). In 4
‘hours of observations, the sea rose and fell 12 times., The water rose so
high that two homes in Kanaio* were flooded, and the inhabitants col-
lected fish in the dry places at ebb tide. The oscillations in level
lasted 'two more days with a gradually increasing period.

At. Honolulu, the local" residents in the southern part of the

city, at "Fisherman's Spit," noticed that the sea rose above its usual
" tide mark at about 21:00 on the 13th., The water did not flood any homes,

but it reached the. thresholds. At about midnight, the residents were
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awakened by a terrible roar, which, as ‘it turned out, was produced by the

retreating ocean passing over .the reefs.' After this- the sea ‘rose and
fell continuously About 7:00 on the 14th, . a strong ebb tide was ob—

served, in .which the level fell 1.1 m (3 feet 10 inches) from its high~

est p051tjon. Fifteen minutes later a flbod tide was. observed. An ebb

tide began at 8:20, lasting 15 minutes, after which in 8 minutes, the sea
rose 70 cm (28 iﬁches). Then the ocean fell and rose every .20 minutes.

The greatest rise, 1.6 m (5 feet, 4 1nches) above the highest high tide
mark, was noted at 14:35, The water flowed "into the harbor through the

channel entrance with great velocity, and raplds formed at the embankment”

in ‘the northern part of the harbor.

In Waimea Bay -on the southWest coast of Kauai.Island, on: the 14th

between 10:00 and 16:00, the sea rose and fell about 1.8 m (6 feet).

On the south of Hokkaido Island, at Hakodate, according to
Captain Blakiston, marked oscillations in sea level with an amplitude of

up to 3 m and a half-period of 10 minutes began at 10:30 on .the 15th and
continued until 15:00; the water rose and  fell rapidly beyond the high
and . low tide marks. The tsunami was registered on the northeast of
Honshu Island, in Motoyoshi district. . The harbor was ‘flooded ‘at
Yokohama, Oscillatlons with a 35-minute period were observed at Simoda,
At Naka, on the Ryukyu Islands, osc1llations in level were observed (or

notlced) 16-17 times on August 15 between 8:00 and 21: 00.

The sunami was observed on the Philippine;Islands._

The tsunami showed up on the coast of California (USA). At San

Pedro, the ocean flooded the coast approximately 20 m (63 feet) further

than usual, and then retreated .almost as far baek The flood tide was
succeeded by an ebb tide every half hour, and this continued for .several

hours. The tide gauge at. San Pedro registered a rise of water by 0. 3 m;
the wave period was 16 minutés:

The range-of oscillations, accdrding to tide gauges at San Diego,
San Francisco and Astoria (Fig. 25 b) was 60, 50, and 22 cm respectively;
the predominating periods of oscillations were estimated by a group of
Japanese investigators (Honda et al.) at 31,0 minutes, 35.1 minutes, 46.8

minutes, 19.2 minutes, 36.4 minutes, .41.2 minutes, 24.0 minutes,. 26.6
minutes, and 36.3 minutes, . . L : '

The tide gauge on Kodiak Island, according to Hilgard,,began to
register waves at 10:00 on the 14th (local time). '

There are also indirect data on the manifestation of the tsunami .

in the Antarctic. The frigate "Nereida,” situated midway from Tahiti
Island to Cape Horn on about August 15, experienced a terrible swell dur-
ing stable atmospheric pressure. From August 27 until Septenber 10,

51" 8. and farther south, the ship met icebergs, a few at first, then

more and more. One of them rose about 100 m out of the water, The
clear-cut, strange, pointed shapes indicated that ~the icebergs had been .

formed very recently, and their unexpected, premature (they are QSually
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formed in:October to'January and are found at higher latitudes) appear-
ance could be an indication that the tsunami was strong enough off the
coast of the Antarctic to break up the ice floe.

Table 4 shows the main data on the Arica tsunami (Hochstetter,
1868, 1869 a-c; Domeyko, 1869; Hector, 1869; Haast, 1869; Gibson, 1869;
Fuchs, 1869, 1885 b; Coan, 1869 1870; Perrey, 1872 a,b, 1873, 1875 a;
Hilgard, 1873 Anon., 1877, 1961 Guillemln, 1886; Goll, 1903; Dutton,
1904; Honda et al., 1908 a, b Hitchcock, 1909; Montessus de Ballore, 1911
a; Mllne, 1912 b, 1913; Vallaux, 1925; Jagger 1931; Sieberg, 1929, 1932;
Bobillier, 1933; Heck, 1947; Gutenberg, Richter, 1949 1954; Lalng, 1954;
Berninghausen, 1962; Ponyavin, 1965; Iida et al.; 1967; Silgado, 1968,
1974; Shuleikin, 1968; Lomnitz, 1970).

1868, September 14, 19:00, There was a mild earthquake at
Santiago; at night (?) at Talcahuano, a flood tide swept over the coast
with great force, and the water supposedly was hot (Perrey, 1872 a; Goll,
1903 Bruggen, 1943).

1868, October 2, 5:00, A rather strong earthquake occurred at
Lima. Arequipa, Arica and other coastal settlements suffered damage.
The sea level rapidly rose and fell at Talcahuano (Perrey, 1872 a).

1868, October 16, 3:00., There was a rather strong, brief earth-
quake at Santiago; there was no rumble., Oscillations in sea level like
the August ones were observed at Valparaiso., The water rose to the same
height. These oscillations, it is thought, also spread to the nearest
small ports (Perrey, 1872 a; Fuchs, 1885 b; Goll, 1903; Montessus de
Ballore, 1911 b). '

1869, January 27, 0:20, A subterranean - shock occurred at

Santiago. A rather strong, brief earthquake at Valparaiso, The sea
retreated from shore at Tome, and then swept back (Montessus de Ballore,
1911 b)

1869;‘February 6. There was a mild earthquake at Valdivia. A
strong earthquake occurred lasting 3-4 seconds at the lighthouse at
Corral, The sea churned (Montessus de Ballore, 1911 b)

1869, April 22, 14:00, . There was an earthquake at Lima; it
lasted about a minute; great damage was done to buildings; accidents were
recorded. Miraflores and Chorillos suffered less., 'The earthquake was
preceded by a strong shock and was followed by numerous aftershocks.

There was a rumor that the sea had retreated far at Corral¥
[Callao?] port and that many families had left the port and gone to Lima
(Polo, 1899 a).

1869, June 25, 5:00. An earthquake occurred at Iquique (Chile)
and a strong earthquake at Pisagua. It was accompanied by a loud rumble.
People and animals were frightened. A strong shock was felt on board a
Shlp, rocked by long waves (Montessus de Ballore, 1911 b).
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Table 4

Basic data on the tsunami of 13.VIII.1868:

Compiled by S.L. Soloviev.

Observation point  Time between Peak rise of Effect of tsunami
earthquake , water, m. =
and beginning of
noticeable oscil-~-
lations in level,

hours.
SOUTH AMERICA
Trujillo™t = . - - - Damage domne
Casma ' - 2 1/2 o - o
Callao - 4 4 Water reaches nearby
' ' - : houses
Canete . , R - City flooded
Chincha Islands s - - Two -breakwaters and homes
' . destroyed
Pisco -~ - A breakwater destroyed
Chala = 157 A breakwater and houses
: ‘ washed away
Islay - 12 Two ships suffered damage
Mollendo - - Everything washed away
Tambo : - - City washed away
Ilo - .- A level surface remained
: ‘ _ . in place of the city
Arica . 0.15 15 The same; Td=15 min’
Pisagua - - Three ships smashed
Lquique 0.5? 12 - o )
Tocopilla = - Considerable damage
Cobija - = Water rose to
: ' considerable height
Mejillones - - Almost everything washed
' ‘ away. T = 15 min
Ferrocarril'* ' 2.5 6 t -
Taltal . - - Slight oscillations in
. o ‘ level. - No damage
Chanaral . - - Some destruction
Caldera 3.7 - Breakwater flooded; ships
' ran aground
Carrizal Bajo - - Shore flooded to lOO m
Coquimbo 3.2 "7 1/2 Breakwater,

lr is the wave period.

slaughterhouse, ships
destroyed '




Concon
Valparaiso

Constitucion
Tome

Talcahuano
San Vincente

Coronel
Lota
Arauco
Lebu

Corral
Ancud

Juan Fernandez
Islands

OCEANIA

Marquesas
Islands
Rapa Island

Samoa Islands,
Apia

Fiji Islands.

NEW ZEALAND

Mangonui
Orewa
Auckland
Opotiki
Runaway Cape
Napier
Wellington
Hokitika
Westport
Nelson
Picton
Chatham Islands

Kaiapoi
Lyttelton
Pigeon Bay

Ocain Bayt
Le Bon Bay
Akaroa

11

16

17

17.5
18

17.5
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HwhN -

[ T ol

N o~

3/4

3/4

1/2
1/4

1/4

1/2

1/2

Boats carried away
Strong flood and ebb
tides; T = 15-20 min

Slight rise of water
Rise of water; no damage
The same '

Sea encroached inland
Vessel almost ran aground

Ma;ked oscillations in
level = .
Some damage

Some islands flooded

Huts"flooded; boats
carried off
Most homes washed away

T = 15 min
High rise of water; no
damage '

Tsunami not observed

T = 15 min

T = 10 min
Tsunami not obsérVed

‘Tsunami not observed

Village washed away;
T = 10 min

T = 15 min

Ships damaged'

Launch, stack of wood,
pier, boatshed washed ..
away

T = 15 min

Bridge washed -out

Large rise of water; no

" damage S :



Timaru

Omaru

Otago Bay
Port Chalmers
Bluff

AUSTRALIA

Newcastle
Sydney, tide
gauge

,visually
Melbourne
Port Fairy
Tasmania Island

HAWAIIAN ISLANDS

Hilo

Maui Island,
Kahului
Molokai Island
Honolulu
Kauai Island,
Waimea

JAPAN

Hakodate
Motoyoshi
district
Yokohama
Shimoda+

Ryukyu, Naha
Islands '

NORTH ' AMERICA

Kodiak

Astoria, tide
gauge

San Francisco,
tide gauge -

Los Angeles,
San Pedro tide
gauge

San Diego, tide
gauge .

14.2

14,6

252

277

22.0

18.9

12 -

11.9

©94

3 1/2
2 1/4 -

1/2

3 1/4

0,25

0.30

0.30

T = 15 min

Large rise of water

Tsunami not noticed

Plain flooded_

T = 10 min
T.= 20 min

The same

T = 20 min

‘Tsunami noticed

Pier fioqded

Tsunami ‘waves observed;

T = 35 min

Tsunami noticed

Registered by tide gauge
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1869, August 9, 4:30 and 14:00, At Coquimbo there were strong

but brief earthquakes; sea level rose 3 m more than usual (Perrey, 1872
b; Goll, 1903). : '

1869, August 19, "dead of night", A terrible earthquake occurred
at Arequipa. It shook the whole city and lasted 70-80 seconds, Shocks
had not been felt in the city in the two preceding weeks. Immediately

after this earthquake, and at 1least until September -8 (letter dated

September 10), shocks were frequent; eight were noted in one night. At
Arica there were more than 40 more or less strong shocks in a day. They
were also felt at Tacna. Strong shocks were recorded at Ica on the same
day. : o

Fearing a tsunami, the inhabitants of Arica went to Tacna
(Perrey, 1872 b, 1875 a; Montessus de Ballore, 1911 b).

In other reports (Montessus de Ballore, 1911 a; Milne, 1912 b;
Heck, 1947; Berninghausen, 1962; Ponyavin, 1965), apparently due .to mis-
.interpretation of the text cited, it is incorrectly asserted that the
earthquake was accompanied by a tsunami

1869, August 21, 12:40, - At Iquique there was another strong
shock followed by milder shocks until 16:30., The sea remained calm, but
was somewhat agitated on the following days. The earthquake possibly was
felt at Arequipa and Copiapo (Montessus de Ballore, 1911 b).

1869, August 24, about 13:15. A strong earthquake occurred in
the region stretching about 550 km (300 miles) north of Iquique. There
was a very strong earthquake lasting a minute at Tacna. Visible ground

waves travelled from north to south. One could hardly stay on one's .

feet. All the pendulums of clocks stopped. This was the strongest shock
since the earthquake of August 13, 1868, Numerous recurrent - shocks were
felt; foreshocks had been felt since at least August 20.

At Arequipa, the earthquake was the strongest 'in recent months;
the shocks continued for about a week. A strong earthquake was felt at
Maipo*. Material damage was done at Pica. :

The steamship "La Paita" with.a 2070 ton gross weight steaming to
the south, felt a strong seaquake lasting about 50 seconds at 19° 17' S.,
70° 21' W., 5 1/2 km (3 miles) from the coast and 90 km (49 miles) south

of Arica, at a depth of 135 m (75 fathoms). General panic ensued on

board, since the passengers had never before experienced the like. 1In
" two hours, about another 20 shocks were felt; the last was noted at

15:40, For the first 7-8 minutes tremors occurred almost continuously at -

intervals of only a few seconds.

It was hard to remain standing during the seaquake; one person
"fell overboard; heavy objects lashed to the deck jumped a decimeter
(several inches); the compass and rigging were put out of commission and
the thermometers were smashed, but there was no damage to the engine. As

far as the eye could see, the sea seethed around the ship; streams 40-60

/72
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cm high (froﬁ 1 1/2 to 2 feet) leapt: ﬁp with a'sound‘like.that of -heavy
rain at sea, A dull subterranean roar was heard at the same time:

The coast, visible in the dlstance wiLh steep bluffs 600-800 m
high, seemed to shake from top to bottom. Enormous rock chunks broke off
the slopes and slid into the sea. Clouds of spray and dust rose. up in
the air, hiding the coast to the north as far as the horizon,

According to a report from lea, publlshed~by a French and some
South American newspapers, the earthquake was followed on- the coast. of
Peru by tsunami waves, almost as destructive as those of August 13,- 1868,
At Iquique and Arica, the sea receded rapidly from shore, entralnlng

ships and boats., Then it returned in an enormous wave up to 2 m (6 feet)'

higher than the usual. level. The wave retreated five tlmes and then
rolled onshore without much force. Normal life was totally disrupted.
Homes were abandoned at Arica. The situation was almost the. same at
Iquique and Pisagua. g ' '

At Pisagua, the sea level dropped 5 m (16 feet), and then Tose
2 m (6 feet) above its usual level,’ All ships fearing that the anchors
would not hold made .ready to put out to sea._'

The'above—mentioned steamship, "La Paita" arrived at Iquique .on
the night of August 24-25.  The crew and passengers discovered that - there
had beern strong shocks in the city, weaker than .those felt on the ship,
and that al® the inhabitants had taken refuge in the hills surrounding
the city. "2 panic had still not died. down when. the ship arrived.
According to the inhabitants of Cobija where the steam ‘ship arrived on
the following night, the earthquake was mnot felt at all (Fuchs, .1870;
Perrey, 1872 b, 1875 a; Montessus- de Ballore, 1911 a; Milne, 1912 b;
Heck, 1934, 1947 Berninghausen 1962; Ponyavin, 1965; Tida et al., 1967;

Lomnitz, 1970) o - :

1871, February, from the 5th to 7th or even until the 9th, On
the Chincha Islands (Guano), there were strong oscillations in sea level

with calm weather, . The waves and resulting whirlpools almost damaged the.

‘ships. According to Diffenbach?, this phenomenon was accompanied by an
earthquake (Fuchs, 1872, 1885 b; Perrey, 1875 b). :

A 1871, March 25, about 11.00. At Santiago and in a large part of

Chile, there was ‘an earthquake; the strongest in the last 20 years. It

was preceded by a very weak shock, lasting 2-3 seconds. The total dura-
tion of the earthquake was 60~70 seconds.

The . earthquake was strongest at Curepto. Here four homes col-
lapsed, many sank to one side, and all the rest were cracked, Rather
deep cracks opened up in the valley of the Mataquito River, The river
stopped flowing for a few seconds. Then eddies with funnels and crests
up to 1 m (1 vara) high. appeared in it.

At Talca, several homes tilted or cracked, but none collapsed."

The stucco collapsed in places. Several walls cracked ‘at Curico. At
ILinares and Chillan, buildings toppled over.
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At Rancagua, all the inhabitants ran from their homes, The
crockery was broken. At Santiago, cracks formed in some buildings. The
Mapocho* River stopped flowing for a few moments., There was panic and a
barely audible rumble at San Felipe, but the buildings were not damaged.
There were also strong shocks but no damage at Loilai*, Limache and other
settlements. The earthquake was felt as far south as Los Anjeles.

At Valparaiso, several dilapldated homes collapsed and 15 build-
1ngs suffered heavy damage., Two children. were injured. There was much
light damage at. other buildings. The railway was damaged. A strong
seaquake was felt on a ship in the harbor. *The -sea became very agitated,
The ships in the harbor felt strong tremors., Some of them ran aground.

The earthquake was accompanied by numerous recurrent shocks
(Perrey, 1875 b; Montessus de Ballore, 1911 b, 1912; Greve, 1964),

1871, August 20 (21), At Valparaiso (and also at Santiago),
there was an earthquake accompanied by such large sea waves that ships
making ready to enter the port were obliged to go back out to sea
(Perrey, 1875 b; Goll, 1903). [Perrey thought that these might also be
waves from the Peruv1an earthquake of August 21, 1871,]

1871, August 21, 20:32, At Callao, a very strong. earthquake
‘lasted 15 seconds. ‘It was also felt at Cerro Azul and Pisco., About the
same time, the "Colon" felt a strong seaquake to the west of Chala Cape,
and waves appeared immediately on the surface of the sea,

At Callao, the sea, which- had been unusually calm,- suddenly

- became heavy; a strong south wind came up. The sea remained very agi- .
tated for two days at Cerro Azul (Perrey,- 1875 b; Fuchs, 1872, 1885 b;

Milne, 1912 b; Heck, 1934, 1947; Berninghausen, 1962; Ponyavin, 1965;

Iida et al., 1967). .

1871, October 5, 0:50, At Iquique a terrible earthquake lasting
2 minutes. .The railway was damaged. Many homes collapsed in' the pro--
vince. The cities of Pica and Mamina were largely destroyed,’ Usmagama,
Guasquina, and Pachicat suffered greatly. A church and more than a
hundred houses collapsed at Tarapaca.

Strong shocks were recorded at Arequipa and Tacna. The earth-
quake was felt at Pisco, Sabay, Jion*, Limasina* and Purca¥, '

Slight tremors reached Lima and Callao. A “"maremoto" was also
recorded at Callao. Seaquakes were felt at 20° 14' s,, 71° 31' W., and
20° 35' s,, 71° 07' W. However.'the water did not flood the shore, as is
usual in such cases (Perrey, 1875 b; Goll, 1903; Montessus de Ballore,
1911 b; Lomnitz, 1970). ' '

Sieberg's monograph .(1932), on the basis of these data, and ap-

parently data on the earthquake of August 21, mistakenly mentions a weak
~tsunami at Callao, - ‘
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1871, December 28, immediately after midnight. There was an

earthquake at Puerto-Montt. A tent frame fell; apparently, the hillsides

had collapsed.  The sea was very’agitated (Montessus de Ballore, 1911 b),.

1872, Ianuary 10, 7:17. ‘There was a terrible earthquake -at

Arequipa, beginning with an abrupt shock and a deafening rumble and last-
ing about .a half minute, Recurrent shocks of lesser strength were -felt
for an hour. The earthquake coincided with the strongest flood t1des of
the year (Polo, 1899 b; Montessus de Ballore, 1911 b).

1873, On Kyuyo Island (Ryukyu Islands), there were unusual flood
tides and oscillations in the water level in wells; date and month not
indicated (Anon., 1961), The effects described in this catalogue are
explained by the Chilean earthquake on July 7, 1873 at 2:30 'and the
accompanying tsunami. The catalogue of Iida et al (1967) considers this
explanation unlikely. 1In fact, the older catalogues (Fuchs, 1874 Goll,
1903 Montessus de Ballore, 1912) give .the follow1ng account.

The earthquake of July 7 completely destroyed La ngua, more or
less destroyed Quillota, and did- great damage to Limache and ‘Petorca.
There were victims. The: earthquake lasted little more than a minute at
the epicenter, and was accompanied by a thunderous rumble and was strong-

er than all preceding earthquakes in the' 19th century. The homes rocked

like ships in a storm at sea, The earthquake was felt at least from
Mendosa and San Juan (Argentina) where it took the form of strong shocks,
to 350 km (700 miles) -from. the coast out to sea and from Copiapo to
Concepcion. he earthquake was accompanied by numerous. recurrent shocks

The surface of the sea ‘was calm’ for many days before and after‘

the earthquake, as well as during these events.. -

1873, November 19, 18:30. Three large rollers hit Antofagasta.
They were considerably larger than in 1868 and advanced farther onshore,

The sea was completely calm both before and after. On the 18th at 12:55,

a strong- earthquake and an extremely loud rumble were recorded at

Antofagasta and the inhabitants were frightened (Goll .1903; Montessus de
Ballore, 1911 b),.

, 1877, May 9, 20:00, There was a destructive earthquake and cata-
strophic tsunami with source off the northern coast of Chile (Fig. 26).
This is sometimes. mentioned in the literature as the Iquique tsunami,

At Iquique at 20: 20, a slight booming‘rumble was heard, accom*
panied by slow oscillations of the ground; which soon :-became terrible
tremors lasting about 4 minutes. It was impossible to.stand without
holding on to something, A cloud of dust arose in the air. A fire was
started by overturned lamps in thé southern part of the city. However,

it was soon extinguished. This. earthquake was considered stronger than
any previously felt in the c1ty [7 degrees]

There was a similar earthquake:at.San Pedro, accompanied by a
terrible rumble, Buildings were partially destroyed, and many
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Fig. 26

Force of tremors and isoseists of the earthquake of~9.V.1877.'
~ Compiled by S.L. Soloviev. '

1 - points where the earthquake was felt;

2 - points where the earthquake was not felt;
3 - isoseists; . __.

4 - height of the tsunami (ih m) .
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inhabitants were confused, but no one died since people had time to run
from their homes [7-8 degrees] ' '

Tarapaca, Maminat, Pica, La Horia, La Tarama*, Conchones*, and
Punta Lobos were more or less destroyed [7]. :

AL Caleta Pabellon de Pica, the eathquake lasted 5 minutes with
increasing force. More than 10 fires were started by overturned lamps.

The fires were extinguished by the .flood, Thirty-three workers died in a
landslide [7]. ‘ : ‘

At Chanabaya, of 400 homes, supposedly only two remalned standing.
Furniture and lamps were overturned; fires broke out. Colossal chunks of

rock fell from the mountain sides; cracks up to 15 m deep in places open-.

ed up in the ground. According to reports, 30 workers were buried 'in a
guano pit [8]. A slight shock was felt here three or four days before
the earthquake.

The gﬁano grooves caved in at Huanillos. All homes were destfoyed
[8-9]. '

Tocopilla was destroyed. Forty miners. (according to later re-
ports, only three or four) died when a shaft collapsed 8 km south of the
city. At Cobija, almost all adobe houses were damaged or destroyed.
People were thrown to the ground [7-8)]. The earthquake lasted 3-8 min-
utes; all tb~ furnaces co]lapsed at Caracoles [7].

At Mejillones, a very severe earthquake lasted 7 mlnutes, peOple
were thrown to the ground [8].

At Antofagasta, tremors lasting 3-5 minutes were 'so strong that
it was difficult to remain standing, The wooden homes of which the city
was constructed suffered no damage. There was no rumble [6-7]. A strong
seaquake was recorded at 23° 43' §., 70° 47' W.; the surface of the sea
was absolutely calm. ‘ o

At Chanaral, the tremors lasted 2 minutes; several cornices and
flimsy brickwork collapsed [6], The earthquake was barely felt 300 m

down in the Fortunata mine at Chanaral although it was strong on the
surface,

At Caldera, the earthquake was moderately strong and lasted about

3 minutes [5-6]. It was stronger at Coplapo, but it did no damage even
there [6]. - o

The earthquake was rather strong at Vallenar, but was not accom-
panied by a rumble and lasted 2 minutes [5]. At Freirina, tremors lasted
3~4 minutes [5]. At Coquimbo the earthquake lasted 4~5 minutes; lamps
rocked violently [4-5]. At La Serena, mild oscillations lasted 2 minutes
[4-5]. A strong and prolonged earthquake was felt at Ovalle [5]. At
Valparaiso, a prolonged but . mild earthquake occurred - [4]. At
Constitucion, Concepcion and San Juan there was a prolonged  but very mild
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earthquake [3-4], and at Coronel, a barely noticeable shock [3]. The

earthquake was not felt at Tome, Talcahuano, Lota, Valdivia, Corral or
Puerto Montt. :

North of Iquique at Mejillones del Peru%*, ‘heavy rockfalls oc-
curred [7-8]. At Punta Gorda, Pisagua and Arica, there was a strong
earthquake without substantial destruction; luminous phenomena. may, have

been observed [6-7]. The earthquake lasted 2 minutes at Tacnaj; the

pendulums stopped in many clocks [6]. There was an earthquake at Ilo,

Mollendo, Islay, Chala, Pisco, Santa. ~ At Arequipa, mild oscillations

lasted 3 1/2 minutes [4-5]. The earthquaké was mild at Tambo de Moro¥,

Callao, and Chimbote [4]. It is possible that it was felt in Puerto

Etén. The zone of mild tremors [4] extended to Lake Titicaca on the
east. The earthquake was not felt on the Chincha Islands, or in Supe,
Salaverry, Huanchaca or Pacasmayo. ‘ '

The earthquake was accompanied by many recurrent shocks, .some
rather strong. After the earthquake, it is possible that the-  Isluga
volcano ejected a cloud of smoke. '

~ The surface seismic waves were so strong that they were noted at
the Pulkovo astronomical observatory in observations through:a -meridian
telescope. The coast off Iquique dropped 1/2 m (2 feet) at a number of
places; in particular, many rocks were covered with water in the harbor
at flood tide. Displacements of the shore were also reported at Pisugua,

Tsunami waves occurred on a 1arge'stretch of the South American

coast. At the source of the earthquake and the tsunami, the mean rise of

water was 10 m, The oscillations in level apparently began here with a
small ebb tide. | '

At Iquique, the first rise of water was noted '20-30 minutes after
the earthquake, during the diurnal half tide. It took place quietly,

while the ebb was considerably quicker. It is possible that a small drop.

in level occurred before the first flood tide, but because of the dark-
ness reports about this are not quite reliable, A second rise of water,
stronger than the first, occurred at 21:00. Afterwards, until 1:00 on
the 10th, another three to five 1arge floods were recorded, the last be-
ing the most severe in consequences. The rise of water was estimated at

4,8 m (16 feet) (according to other sources, 6 m (20 feet))., Still

another source indicates that the water rose 2-3 m (6-10 feet) at the
walls of the customhouse. The workers' district of the city, lying lower

“than the others, was flooded, destroyed and washed out., The custom

house, ‘all warehouses, and nitre stocks were also washed out, .A refrig-
erator was destroyed. One or two ships were sunk and many others dam-

aged; all the boats were smashed. One schooner and the steamship

"Grimioza" ran aground on an island. A small breakwater in the southern

part of the harbor was completely destroyed., According to official

accounts, 30 people in the town died. The ocean was still so agitated -on
the 13th and 1l4th that communication with ships was impossible.

At Caleta Pabellon de Pica, the sea fell upon the shore about 25
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minutes, after the'earthquake."The flood was - apparently strodger.at the
point on the coast. Six strong’ flood tides. were. recorded. The city,

constructed of wooden houses, was completely destroyed to the 10 m mark;.

five ships were sunk, while another 27 were put out of comm1881on.» Two
hundred people died (40 according to other reports) ’

At Chanabaya, a retreat of  the water was noted immediately after
the earthquake, A flood tide set in 20 minutes after the start of the
underground jolts. There were three waves at intervals of 8-10 minutes.

The second wave was the greatest and rose to a height of up to 10m (35 .

feet). The city was completely flooded., Forty to fifty people died in a
landslide caused by the flood, and many drowned; more than 3500 residents
were left homeless., From 20: 25 to 22:10, five waves fell on  the city.
Seven ships sank, while others were badly damaged in collisions., * All the
long boats were destroyed : , . :

At Punta Lobos,  the sea retreated'from shore immediately after
the earthquake and returned about 10 minutes later in a tidal wave 6 m
(20 feet) high. A second wave rushed in 30 minutes later, washing away
everything to-a height of 10 m (35 feet). Two ships were lost .and 14
were seriously damaged. However, it appears there were no victims,

At Huanillos, 15 minutes after the first shocks, the ocean grad-
ually retreated from shore, then  returned, rising slightly above its
usual level. Then- the oscillations intensified, and there were three
especially ¢-rong flood tides at 30 minute intervals, The height of the
largest amo., chem, the first tide, was 9 m (30 feet) above the usual sea
level; the subsequent rises were smaller. According to -other sources,
‘the height of the strongest wave was 18 m (60 feet); all homes. were

washed away, except for 20 situated higher -than the others; the vessels .

"Avonmore,” . "Geneva," “Conway Castle" and "Conference" were sunk -and
another 13 were damaged; there were many victims.

At Tocopilla, the sea rose 15 minutes (according to other sources
30 minutes) after the earthquake. The height of rise was estimated at 24
m (80 feet). Homes were completely destroyed and washed away; the
streets leading to the mines were hit especially hard. Ships were not

damaged. All the nitrate quarries between Tocopilla ‘and Cobija were
washed out, o : '

At Cobija, according to reports, the sea rose 9 m (30 feet) 8
minutes after the earthquake and flooded approximately three quarters of
the city, completing the destruction bagun by the earthquake and washing
away the maJority of buildings. All the boats were smashed.

At Caleta*, the sea rose 18 m (60 feet) 20 minutes after the
earthquake. :

At Mejillones, a flood tide  began half an hour after the earth-
quake. Its vertical height was about 10 m (35 feet). Then the sea
retreated approximately 200 m (2 cuadro) from shore. A quarter of an

hour after the first flood tide, a second occurred, surging with dizzying
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speed; it reached a height of 21 m (70 feet) or more and did great dam—
age. After another quarter of an hour, a third flood tide occurred. The
speed of currents was estimated at 6-7 knots. Two thirds of the city was
destroyed. The guano deposits in the region of the city were washed out.

At Antofagasta, the sea was completely calm during the earth-
quake, but it encroached on land 10 minutes after the earthquake. It
invaded the residential districts three times, reaching about as far as
the central square of the city; some homes were destroyed, others were
shifted, some to another quarter; the shops suffered great damage, The
height of the flood, according to some estimates, was 6 m, while accord-
ing to others it was 2 1/2 m above the mean sea level or 2 m above the
flood tide level. The destruction would have been greater if the city
had not been screened from the sea by a spit. The oscillations in level
continued on the 1lth and 12th with a period of up to 40-80 minutes,

At Caldera at about 21:00 the sea began to retreat from shore,
‘and the first flood tide set in about 21:30. The oscillations in level
gradually intensified. Flood and ebb tide alternated regularly: first
at 5, then 10, 15 and 20 minute intervals, The oscillations were espe-
cially frequent at the beginning of the tsunami, and also on the follow-—
ing day. At about 23:00, the sea suddenly and quietly retreated 60 m
(200 feet) from shore, after which it flooded the shore to 1.5 m (5 feet)
above the tide mark just as quietly, gradually, and without any surf.
According to other sources, the rise of water reached its greatest
height, 2 m (7 feet) above the mean sea level or 1.2 m (4 feet) above the

tide mark roughly in the third wave, at 1:05., The full range of oscilla-.

tions was 4.2 m (14 feet) as against 1.8 m (6 feet) in regular  tides,
‘The flood tides at 7:00 and 16:00 of the 1lth reached almost the same
height, although on this occasion, the water rose more slowly and the
waves were weaker, The water continued to eddy for another three days.

At Carrizal Bajo, about 20:00-22:30, it was noted that the sea .
was slowly retreating from shore, .Ten minutes later it returned and rose
1.2 m (4 feet) above the highest high tide mark., The rises and falls in
sea level continued for 3 hours. Many ships were damaged.

At Chanaral at 21:15, the sea encroached inland with a roar,
apparently advancing 50 m. Then it retreated from shore and again re-
turned to its previous level., The surges begun in this way continued on
the following day. About 22:30-23:30, the water quietly retreated at
least 200 m from . shore, then surged back again with a terrifying roar,
advanced 50-100 m inland and .flooded all  .the buildings as far as the
station, ’ : .

‘At Coquimbo, at about 22:30, the sea retreated far from shore,
then returned and flooded the shore to the middle of the port square. A
stronger flood occurred at 23:00. The oscillations in level, .during
which the sea rose, then fell 1 1/2-2 m, lasted till 13:00 on the 10th.

At.Valparéiso, unusual<movemént of water was noted. at 23:00. 1In
the next two days, flood and ebb tides lasting 15 minutes each occurred
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in the harbor. ~The amplitude was about 2.2 m,

At Constitucion, unusual fldod and ebb tides began at 21:30 or -

22:00, and lasted untll the 12th - The height. of the flood tide was 2
1/2-3"m. , N . .

At Tome, the oscillations in level began at 0:00 on the 10th with
a 70 cm rise of water (the observations were done 500 m from the - mouth
of the Collen River). A rise .of water by about 75 cm was observed at
2:00, A rise of water by 60 cm was observed at 3:00 -and 6:00. The
oscillations lasted several days; tides alternated at intervals .of 30 to
90 minutes. The tides were quiet and like slow breathing. At Concepcion
Bay at 23:00-24:00, the water began to slowly recede from Talcahuano, and
by 0:30, it had retreated lSO‘m)'tb near Rocuan®* Island. The sea level
dropped 1.2 m below the regular low tide mark, so that some vessels lying
at anchor found themselves on dry bottom. Then the water.bégan to. ad-
vance slowly, ‘and at about 1:00 on the 10th it rose about 1 m above the
highest high tide mark (or 2 m higher above the regular high tide mark)
at Talcahuano and Concepcion. At Penco, situated below -the other in-
habited points, the water advanced 125 m (1 1/4 cuadro) inland, and one

home was flooded. This phenomenon then recurred with a period of about

1/2 ‘hour,

At about 2:30, therwater'rqsé at Talcahuano 3 m above the. usual

level (2 m above the high tide level). The roadbed of the railway was

damaged and washed out.. The rise in level was followed by a drop of the .

same magnit ':, Rises and falls ‘then continued, but less noticeably.
According to other sources,- the.interval between tides was 12-15 minutes;
the ebbs were stronger than the floods.

At Coronel, oscillations in level were observed from 2:00 until

9:00. 1In about 50 minutes, -four rises and falls of level occurred with

an amplitude of 3 m (10 feet). The rise of water surpassed the usual
high tide mark by about 1.2 m (4 feet). One of the captains went to go
ashore at 2:00, but the water level had dropped so low, that he had dif-
ficulty catching the ladder and climbing onto the pier. .When he returned
to the pier an hour later, the boat had risen so much that he got on
board without any difficulty. o '

At the time of the tsumami, a small coasting steamship was sit-
uated between Santa Maria Island and Cape Lavapie. Currents carried the
steamship from Arauco Bay out to sea, then back to the bay, until in the
‘end it was able to rest behind the cape at LllCO.

At Llico on May 10, unusual rises and drops’in-lévellof the same

amplitude as the diurnal tides were observed.. They continued with lesser
intensity, as also at Coronel, Lota and Arauco, on the 1lth and 12th.

At Lota, at 0:30, the ocean advanced a little and then retreated
far from shore. This phenomenon recurred with the same period, but with

lesser amplitude, and then once again with still smaller amplitude before.

6:00, There were -no marked oscillations in level after this, but at
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10:00 the sea slowly rose 1 1/2 m (5 feet) above the high tide mark,
after which it dropped just as slowly, returning to normal -by 11:30.
Strong eddieés developed during the oscillations and snapped . the anchor
chain in one ship. According to other'sources, at 2:15 the 'sea rose to

the watchhouse, after which it retreated so. far that all the piles of the "

embankment dried up.

At Arauco, a tidal wave travelled 4 km (1 league) wup the
Carampangue River from its mouth.

In Corral Bay at Ensenada* settlement, oscillations in level were
noted at 4:00 on the 10th, The rise of water by 0,3-0,6 m (1-2 feet)
exceeded the height of spring high tides and storm waves. 'The tsunami
was noted in Corral port only at 6:50; the water rose to the usual high
‘tide mark, but never reached the level. of winter storms. The rise and
fall of the water level in Corral Bay on the 10th had a 10-minute period.

The period was 20 minutes on the. next day, and even 30-40 minutes by

evening. There was an absolute calm during the tsunami.

The tSunami was~bare1y noticed at Valdivia.

At Ancud between 23:00 on the 9th and 3:00 on the 10th, ships
riding in the harbor felt an unusual surge of water, causing the bows to
rock back and forth from north to south, with a period of about 1 hour.
The water level rose and fell three times on the 10th from 11:00 to 12:00
at the embankment.

'Very slight movements of the sea Were observed at Puerto Montt,

weak.

The following.reports came from the-coast north of IQuique.

. At Mejillones del Peru*, the sea -rose at about 21:10. Before
this, it retreated 5-6 m (18-20 feet) from shore. Four oscillations with
a period of 4-8 minutes were recorded. The fourth wave was the strongest.

The rise of water -was about 3 m (10 feet). The city was flooded; many.

inhabitants died and considerable damage was done.

_At Pisagua, the sea level dropped at about .23:00. Strong flood -
tides were recorded 2, 3, and 10 hours later. 1In the second, highest . -
‘oscillation, the water rose 4.2-4.8 m (12-16 feet). The station and all

structures at the same level were destroyed the railway was greatly
damaged. : . . : .

At Arica, oscillations in level began at 21:00 with a withdrawal

of the water to about 450 m (1/4 nautical mile) from shore. The first
rise of water occurred- in phase with the diurnal flood tide; the sea
reached the level of the embankment. Flood tides recurred with a period
of 30 minutes. In Arica Bay -the floods generated eddies; these mainly
moved from south to north, There were eight large waves, The: highest

The tsunami was observed on the Juan Fernandez Islands, but was , .
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wave occurred at 4:00-4:30 on fhe 10th; reaching a height'of 8-9 m (other
‘sources: .25 m (75 feet); 7-8 m (20-25 feet) at the island which screened

the harbor from the north and 5 m (15 feet) in the city itself. The
water reached the cathedral and the central streets of the city, tossing

a loaded railway car there. The "Watery” which had run aground in the

tsunami of 1868, was shifted.

Around 22:30, the underwater telegraph. cable between Arica and
Mollendo was broken. Although a rather strong shock was felt around this

time at Mollendo and Lima, the cable was apparently broken by the tsunami
waves. The damaged section, as was later discovered, was situated near
Arica. The  cable was dragged a considerable distance by the water,
twisted and buried under tons of bent iron and other remalns of the port
structures. : -

At Tlo, the sea withdrew from shore about 15 minutes after the
earthquake; then came a large- roller. 1In all, three large waves were
observed with a period of 30 minutes,  .The third wave was the highest.
The sea fell 6-m (20 feet) below its usual level, and then rose just as
hlgh above it (according to other sources, the height of the flood was

4 m). Considerable damage was done. . Strong oscillations continued until
5:00, ’ o - ST ,

At Tambo,. the largest wave, 3 m.(l0 feet) higher than the highest

high tide mark was recorded at 1:40, Subsequent rises occurred at 2:35

and 3:15! the last coinciding with the diurnal flodd'tide. Strong oscil-
lations in ° =1 with a period of 10-20 minutes. continued.until 3:50,

The sea began to rise at Mqllendo?at 23:30, and surpassed the
highest high tide mark by 2 m (7 feet). A drop in level was recorded at
23:45., The first three oscillations occurred at 10-15 minute intervals

with a mean height of 2 1/2-3 m; the second wave was the highest. The
waves came more from the south~south—east than from the south. The sea
was not especially agitated on the 10th, but it was very heavy on .the

11th, 12th, and 13th. " According to some reports, in the port, a'lOOum

stretch of the railway was washed out, being covered with 1.8 m (6 feet)
of water, : . i .

At Islay, after the earthquake, three waves were observed 2.4 m
(18 feet) or 1.5 m (5 feet) above the usual high tide mark; the embank-
ment was destroyed. At 20:40, the sea retreated 20 m from shore, and ten
minutes later rolled onshore .in a ‘large wave, advancing 300 m inland.
Oscillations continued until the 13th, ‘ '

At Chala there were no floods‘oﬁ_the 9th and 10th, but early on .
the morning of the 1l4th it was noted .that the sea was agitated. From

10:00 on the 14th, and until the 16th, the flooding of the shore was
menacing; the flood tide passed its usual mark by 1.8 m (6 feet).

Unusual movements of the sea were noted at Pisco after 20:00,

They began with the ebb tide. The wave at 1:45 was the strongest, The

second strong wave occurred at 3:00 in phase with the diurnal flood tide,
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Weaker oscillations with a 10-15 minute period followed and continued
until the 1lth. The maximum rise of water was 3 m. Damage from the
flood was slight, : '

On the Chincha Islands, a tidal wave was noted first. The highest
rise in level occurred at 1:00 and surpassed the highest diurnal flood
tides, equal here to 3 m (10 feet), by 10-20 cm (1/2 foot),

At Callao, at 23:00, the sea in the harbor was strange and rest-
less. The state of the sea was still unusual even at dawn and theye was
a strange roar. The harbor became full of 'eddies, which twisted the

ships on the anchors. Moreover, the usual heaving or surging was absent,

and the surface remained calm. Essentially, a rise in level of the sea
on the whole had occurred. At 4:00 or 5:30 on the 10th, the water rose
especially high, by about 3 m (10 feet), and spilled over the walls of
the port. Although nothing was washed away, there were hundreds .of vic-
tims and losses were heavy., Eddies continued in the harbor with greater
or lesser force for three days,

At Ancon, the tsunami.was.observed ffom 2:00 until 6:00 on the
10th; a tidal wave was noted first; a flood and ebb tide lasted about 5

minutes each; the first of these waves was the largest, reaching a height

of 1.2-1.5 m (4-5 feet) and flooding the shore. At Huacho one could not
get to the beach.

At Supe, oscillations in sea level occurred for 24 hours with a .

period of 10 minutes. The first flood tide advanced 30 m (100 feet) up
the beach. The second tide, the highest, advanced 6 m (20 feet) further
and rose 1 m (3 feet) higher than the first onme.

At Casma at O: 30, not long before the onset of the maximal
diurnal flood tide, a wave passing 25 m (75 feet) inland was noted. The
second wave was larger and flooded the wares and vessels lying onshore.
The greatest, the third wave, completely flooded the pier and almost

reached homes situated 550 m (1800 feet) from the shore at 2 m (6 feet)'

above sea level. Then the sea retreated, but a flood tide equal to the

first recurred at 2 hour intervals The osciilations continued until the

11th,

At Samanco, on the night of the 9th-10th, the low-lying -part of
the city was flooded. Waves rose 3.5 m (12 feet) above the mean  sea

level. Even on the 10th, the sea continued to advance and retreat at
least 30 m (100 feet). : ‘ :

At Chimbote, the sea dropped 6 m (21 feet) and rose 2 m (6 feet)
at 9:50 on the 10th. : »

“At Sénta, the " sea rose about 3 m (10 feet) above the usual level

around 1:00, 3:00, and 7: 00 on the 10th, The last of these waves was the.

highest.

'At‘Salavetry at~23:00, the sea receded; the ebb and flood tide.
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lasted.15 minutes. The oscillations in level continued. until 2 00 on the

10th, The water rose 75 cm above the mean high tide mark, The first
wave was the highest, . ‘

At Huanchaco, between 2:30 and 3:00 on the iOth, an ebb tide
receded 30 m more than usual. . Subsequently, three exceptional - flood

tides were observed. The water advanced 20 m inland. The ebb tides werel

even more unusual and ships riding in 20 25 m of water ran’ aground

An ebb: tide occurred at Pacasmayo at 7:45. The,sea returned to
its usual level in 2 lninures. . The water level was unusually high at
Pimentel, : : : '

At TﬁmBes, tidal currents moved from north to south, The great-
est wave was noted at 11:00 on the 10th; a second wave followed in 20

minutes, At.Salinas, the sea rose 4,5-6.0 m (15-20 feet) at night,

The tsunami apparently was not noted' at Panama, Costa Rica and
Guatemala. -

*The tsunami hit  the coast of GuerreijState in Mexico. According

to a ship's officer, unusual and rapid rises of water took place at 10:00
on the 10th in the harbor at Acapulco. The water flooded the streets and

rose to the main square, Four flood tides with a period of 15 ‘minutes
were noted; each time the water rose and fell by 1 m (3 feet). Weaker
oscillations with a 20 minute period occurred from 12:00 to 16:00. -A
rapid rise { fall of level was noted on the 1llth between 11:15 and
11:40 and a second rise was noted at 11:50. From 12:00 to 16:00 -on the

same . day, five tidal waves were noted, at dirregular 25-35 minute

intervals,

At Gaviotat (USA) at 7:10 on the 10th, the sea rose 3-4 m- (12
feet), then fell, then rose and fell" thlee times in 20 mlnutes

At San Francisco, the tide gauge registered a tsunami from 6:11

on the 10th until 12:00 on the 15th (Fig. 27 a), although the final "

oscillations were very irregular in form and time of onset., The agita-—
tion began with the flood tide; in 1 hour and 20 minutes, six large waves
each 15 cm (6 inches) high occurred. A group of Japanese investigators

(Honda et al.) established the following predominant periods of oscilla- -

tions: 17,3 minutes; 27.8 minutes; 34.3 minutes; 47,4 minutes,

The: tsunami ‘was observed at all the islands of the Hawaiian
archipelago., The peak rise of water, depending on the contour of the
coast, varied from 1 to 12 m' above the 1owest low tide mark . Neverthe~
less, no great damage was done, :

At Hilo, acdording tc the local sheriff (Hitchcock, 1909), from
about 4:00 on the 10th, unusual rises and falls of water in the bay were
noted. At about 5:00, the water rushed onshore in a mighty wave, which
flooded almost all near-shore stores and washed away a great deal of
lumber and all the stone barriers of the moorage. According to later
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measurements at the pier lamp post, the water had risen 3.7 m (12 feet 3
inches) here above the regular low tide mark [sic! - Transl.].

The destruction was terrible in the Waiakea River area, In an
instant, all structures were washed away for a distance of hundreds of
meters (yards) from the water line, including the steamship pier,. a ware—
house, the bridge across the river and homes.,” Their debris was- tossed
inland. Thirty-seven homes were completely destroyed and 17 were very
heavily damaged. Five people died and seven were seriously injured; 163 -
residents were left without homes or belongings. The height ‘of .the wave
in this region must have been 4.8 m (16 feet). : A

At Walakea, waves washed away most of the settlement, that is,
the 57 homes situated within 100 m (yards) from shore, tossing their
debris inland. Five people drowned, seven were injured and 113 were left
homeless. Seventeen horses and mules also drowned.

Cocoanut Island was almost completely flooded (see Soloviev, Go,
1974, rig. 6), and the hospital there was washed away. An American
Whaler riding at anchor in the bay at a depth of 7 m (4 fathoms) touched

bottom. Boats were lowered from the whaler and - six residents were pulled
from the water. '

The rises and falls of sea level lasted all day. According to
measurements of one of the oscillations done. by the sheriff at about
7:00, about 4 minutes elapsed from the minimal to the maximal water
level, and : water rose 4.2 m (14 feet) in this time. In the second
half of the day, the water rose and fell three times per hour. As .
measured visually at 15:00, in 10 minutes, the water. rose 1.8 m (6 feet)
above the high tide mark; 10 minutes later, the level. fell to O. 6 'm below
the low tide mark;. then the water rose in 8 minutes to 2.4 m above its
mean level and fell in 12 minutes. to the low tidé mark. After this, it
rose in 15 minutes to 1 m (3 feet) above the high tide mark.

The range of oscillations was 1.5 m (5 feet) at. Kawaihae, on the
western shore of Hawail Island, and 9 m (30 feet). in Kealakekua Bay.

At Kahului, -on the northern coast of Maui Island, the . water
retreated at about 4:45 and the bay dried up completely. Then the water
began to flow into the bay through the mouth in a rapid tidal wave and
rose 1,2-1.5 m (4-5 feet) above the regular flood tide mark. The second
wave was not as large, the third was still smaller, but the fourth was
almost the same size as the first. Flood and ebb tides were still
greater than usual on the 12th, but the sea had calmed down.

At Lahaina, on the southern coast of the isiand, the water rose
3,6 m (12 feet). '

At Honmolulu at 5:20 on May 10th it was noted on the pier that the
water was leaving the bay with great speed. According to estimates, the
level fell 52 em (21 inches) in 5 minutes. The water. returned at 6:00,
and the level rose 85 cm (34 inches) in 10 minutes. Such flood and ebb
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tides continued all day and night, gradually abating. The greatest
height, observed before dinner, was 145 cm (58 inches).

The water rose 1 m (3 feet) in Nawlliwili Bay, on the - south-
eastern shore of Kauail Island,

The tsunami occurred on the Samoan Islands at Apia on the 1llth at
4:30, during ebb tide. The greatest oscillations were recorded at’ 6:00;
their range was 1.8 m (6 feet) or a little more. The phenomenon was
repeated at 10 minute intervals throughout the day. At 20:00 the rise

and fall of water was still estimated at=1.5-1.8 m (5-6 feet). There

" were no accidents.

The tsunami was noticed on the Fiji- Islands., According to
Cooper, who was travelling in the archipelago at this time, the wave
swept away thousands [?] of inhabitants of the atolls,

The tsunami occurred on the night of May 10-11 in the Chatham
Islands, It was weaker than that of 1868, but all the same, one bridge
was washed- out, one home ‘was flooded and half of 01d James* village was
washed away. '

.On the whole, in New Zealand, the tsunami of 1877 was also
weaker than that of 1868, although it was noticable along the entire
eastern coast of the country., The maximal amplitude at different points
fluctuated from 1 to 2 m (3- 8 feet) The waves rose highest in the
northern part of the coast. R :

On the Banks Penlnsula, in Lyttelton.Bay, early in the morning on
the 1lth the residents were frightened by the fact that the water rose
above its mean level at ebb tide. At 7:00, the sea surged into the bay
with remarkable speed, rising 45 cm (18 inches) per minute; the water was
very dirty, At about 9:00, the sea receded; it fell 1 m (3 feet) every 5
minutes, later 1 m ( 3 feet) every 9 minutes. By noon, when the flood
tide was due, the agitation in the bay abated somewhat, although the
water remained silty. Unusual movements of .water, although weaker,
continued until night.

Agitation was considerable in Pigeon Bay. A flood, at least 2 m
(7 feet) higher than the mean sea level, did some damage.

An unusually high flood tide was noted about 7:00 in Le Bon Bay.
Long heavy waves were observed and were immediately followed by rapid
recessions. In some cases, the water retreated so far that one could
walk along the bottom from the shore to the end of the breakwater. At

about 12:00, such a strong wave fell that two bridges were destroyed, and

their debris was carried far inland., Strong flood tidés after dinmer

caused fresh destruction. The oscillations in 1level continued on the
following day. '

At Akaroa, tidal waves peaked at 15:00; the water rose at least
3 m (10 feet) above the high tide line; all coastal‘homes were flooded.
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The osciilations began to ‘abate at 17:06;

At Timaru, waves appeared at about 7:00, and the sea continued to
rise and fall rapidly until evening. ‘

At Omaru, the water retreated far, and 15 minutes later it
flooded the coast. At about 12:00, the sea began to tear into the bay

with terrific force and destroyed the solidly built piér, A few minutes

later, the sea rushed out ‘of the bay in a vortex flow. The currentsuan&
eddies had ceased by 12: 30. , ‘ '

At Port Chalmers oscillatlons in sea .level were not1ced at dawn,
when the surface of.the water fell about 0.3 m (1 foot). ~ Sudden rises
and falls in level, estimated at 2. to 6 m (7 ~20 feet) occurred after din-
ner, They lasted many hours.-

Further south, ‘the tsunami_was noticed at Bluff.

At Kaiapoi,- the first wa#e 4apoarentlyv arrived at -about 6:00,

Three more waves arrived before 8:00. After dinnér, two large waves

entered the Waimakariri* River, and reached a suspension bridge 5. 1/2-km
from the mouth of the river, where the water rose 0.6-0.9 m (2-3 feet).
The current in the river was disturbed many times’ before evening, al-
though the surface was calm, Lo

At V'21lington, not long before 7:00, during an ebb tide which was
3/4 of a fu.. ebb, unusual flood movements occurreéd. High water entered
the harbor and rocked the ships. Fifteen minutes later the water rose
above the flood tide mark.. Then the water retreated with the same speed
and in 15 minutes reached the low tide mark. The ‘oscillations in level
lasted all day with a half-period of 10~15 minutes. - Their amplitude was
1.5m (5 feet) at 8:00, O 6 m (2 feet) at 10:00. 4 ' '

Informatlon on the tsunami from the west coast came only from the 

mouth of the Bullier Rlver (from Westport).

On'the east coast of North Island, the tsunami was observed at
Napier and further north. The first .wave approached Gisborne almost

unnoticed between 0:00 and 2:00 on the 11th. Another. wave arrived at .

approximately 4:00 and reached a height of about 1/2 m (2 feet). Since

this was the time for flood ‘tide, the wave's approach seemed like a swel--

ling of the flood tide or a surf from a remote storm at sea. However, at
7:00, when the flood tide receded considerably, a very heavy wave  burst
in with terrible force, and in 7-8 minutes, the level rose 2-2 1/2 m (7-8
feet) vertically’ and then fell Just as. quickly. Retreatlng, ‘the .water
washed away 50 m of a sand bar. The wave appeared without a preliminary
roar or any other warning. Similar waves. appeared at-9:00, 11:00, 12:40,
14:30, but the rise was only 1/2-1 m (2-3 feet). Oscillations in level
continued at irregular intervals until the morning of the l4th.

At Tauranga, at 8:00, it was noticed that the‘water_rose:l m. (3
feet) above.the highest spring high tide mark. Short-period oscillations
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in sea level lasted all day. The sea rose 2.7 m (9 feet) at Auckland on
the morning of the 1lth, In Manawaora Bay, at 5:00 on the 11th, the sea
rose 1.8 m (6 feet) above the highest spring high tides, flooding several
lowlands at the top of the bay and. alarming the population.

At about the same time, a strong wave was observed at the mouth
of the river at Waitangi. Several large launches, tacking along the
river, were forced to cast anchor to avoid running aground. At Russell,
at least seven flood and ebb tides pccurred at irregular intervals during
the day. Opposite Russell, at Wairoa*, at 4:00, a wave fell onshore with
great force, flooding it to at least 10 m (yards) above the high tide
line. A whaleboat ran aground. The wave retreated rapidly, but then
surged back, reaching its previous mark, and remained there for more than
10 minutes. There was just enough time to load the boat, when the water
rushed back and the boat was left on dry bottom, out of reach of ordinary
high tides., After this, flood tides alternated with ebb tides but did not
reach the same height.

In Australia, at Sydney, the water level rapidly fell 1/2 m (2
feet) on the morning of the 11th, and then returned. to its previous
level. At Newcastle, the level also fell 1/2 m (2 feet) in 5 minutes
(see Fig. 27 b). . Co :

The . tsunami was noticed on the entire eastern coast of Japan,
from Hakodate to Shikoku Island., At Hakodate, on May 11, at 10:30 (ac-
cording to other sources, 11:30), the water rapidly receded from shore,
and 10 minutes later again rose 2 m (7 feet).,. Then the sea rose and fell
with diminishing force every 20 minutes. The greatest rise - 2.4 m -
occurred between 14:30 and 14:35; part of the city was flooded. The sea
calmed down by sunset,

- There was such a rapid, high rise of water in Kamaishi Bay be-
tween 9:00 and 10:00, that according to some sources, the villages on
both shores of the bay were rapidly hidden under water, and their resi—
dents took to the hills. The oscillations in level soon abated, but they
recurred at 12:00 and again at 14:00. The maximal rise of water was 3 m,
or, according to other soutrces, 1.7 m (5 1/2 feet) above the usual flood
tide level. The flood tides recurred with a 15 minute period (according
to other sources 5 minutes). Between 17:00 and 18:00, the sea again rose
and fell 3 m (10 feet), every 15 minutes. All was quiet by midnight,
The surface of the sea was calm during these phenomena, the weather was
good, .

On the Boso Peninsula, many residents- drowned or were injured,
At noon, large waves flooded the open coast at Kazusa (Chiba prefecture),
but the sea soon quietenmed. "At 16:00, still larger waves devastated the
same coast, causing numerous casualties. S

In Tokyo Bay, the water rose 70 cm. On the south of Shikoku
Island, at Tosashimizu, unusual tidal phenomena were recorded. The main
data .on the tsunami are given in Table 5 (Geinitz, 1877, 1878; Crisp,
1878; ‘Macfarlane, 1878; Fuchs, 1878, 1885 b; Milne, 1880, 1912 b, 1913;
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Table 5
Basic data on the tsunami of 9.V.1877.
Compiled by S. L. Soloviev.
Nbservation Time between earth- . . Peak rise o Effects of
point quake and beginning of ‘of water, m the tsunami
" noticeable oscillations ’ '
in level, hr, : ,
1 2 .03 _ 4
SOUTH AMERICA
Salinas - : - SRS Shore flooded
Tumbes - - : S Oscillations in level
- ' and current noted
Pimentel - ~ High level noted
Pacasmayo - _ ~ _ Ebb tide noted
Huanchaco -~ ' , -~ . Shore flooded to 20 m
Salaverry 3 1 : -
Santa ' ' - 3 , -
Chimbote - S _ 2 .=
Samanco - : ‘ 3.5 . ) -
Casma ' o 5 _ , S2 N -
Supe ' ’ - : o - Shore flooded to 40 m
Huacho , - _ : - Shore flooded .
Ancon ’ ~ ‘ g 1.5 o -
Callao , _ 3.5 3 Great damage
Chilca ' 1.3 - , - "Shore flooded to
. " B 300 m o
Chincha Islands - 3 ) -
Pisco ' ' 3 Slight damage
Chala , - 3 - .
Islay : _ - 2-3 Embankment -destroyed
Mollendo e ‘ 3 Section of railway
: washed out :
Tambo .- 4 -
Ilo _ ' © 0.3 6 ‘Extensive damage
Arica 0.7 8-9 Lower part. of city
: : washed out =
Pisagua 2.5 5 Station and other
structures

destroyed -
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Iquique 0.3 : 6 The lower quarter of
' the city, the '
customhouse and
warehouses washed
out; ships and boats
run_ aground or were.
damaged; 30 people
: : ‘ died. . .
CHdnabaya 0.1 g 10 " City completely
' flooded; casualties;
_ : ships sunk,
Caleta Pabellon :
de Pica _ 0.4 < _ 10 Lower part of city
: destroyed; 5 ships
: , sunk and 27 damaged
Punta Lobos 0.1 .10 2 ships sunk and 14

. . damaged
Huanillost . 0.25 : ©9-18 All homes washed away

except for 20; 4
ships sunk and 13
" damaged; casualties.

Tocopilla 0.1 ‘ 247 Homes destroyed and
. o - washed away, /86

Cobija .~ - 0.1 : 9 3/4 of city flooded;
- ' 14 people died"

Mejillones co 0.5 .. 21 2/3 of city

destroyed; 33 people
died; T1 =15 min

Antofagasta 0.1 6 Homes destroyed
Chanaral 0.9 4-5 City partially

' flooded
Caldera 0.7 2 ' -
Carrizal Bajo 2 1.5 Ships damaged .
Coquimbo 2 2 -
Valparaiso 2.5 1.1 T = 15 minutes
Constitucion 1.5 5 : -
Tome 3.5 0.7 -
Talcahuano 3 3 -
Coronel - 1.5 -
Lota - 4 1.5 .= ‘
Arauco - - The flood tide passed

: . : 4 km upriver’
Llico o= - Rises and falls in
. . level within usual
amplitude of flood

and ebb tides

Corral , - - 7.5 f : - The same
Valdivia _' - - Tsunami was barely
' noticed" '

.+ sSpelling approximate — Transl. . ' ' p
11 - wave period.
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Ancud . 2.5 - Surge of water;
‘ rises and falls in
4 level
Puerto Montt - , : - © Slight movements of
' ' the sea
Juan Fernandez
Islands - ' - Weak tsunami
OCEANTA
Samoa Islands, - ‘ : . .
Mpila : _ 15 . 0.9 ] -

Fiji Island N - ‘ ‘ T - ' " Tsunaml noticed

NEW ZEALAND

Waitangi - - - Strong wave; ~urrents
Russell e = - Flood and ebb tides
Auckland ’ - 2,77 : -
Tauranga - - 1 . -
Gisborne ‘ - 1.2 -
Napier o o - - Tsunami noticed
Wellington _ 13.5 0.8 - :
Westport o o - - : Tsunami noticed
Chatham Islands - - Bridge and homes
. ' washed out
Kaiapoi . , - 1 -
Lyttelton ' o - 1 ~
Pigeon Bay : - 2 -
Le Bon Bay - - Two bridges destroyed
Akaroa - 3 Coastal homes flooded
Timaru S - - Rises ‘and falls of
o water - /87
Omaru - ] : o - Pier destroyed
Port Chalmers .- oo ' 2-67 -
Bluff ' - , = . Tsunami observed
AUSTRALIA
Newcastle ' .- - : 0.6 -
Sydney : - ) 0.6 -
HAWAITAN ISLANDS
Hilo ) : 14,0 - 4-5 ' Homes washed away;
: : 5 people drowned;
T = 20 min. '
Kawaihai - 0.8 " -
Kealakekua - : , 4.5 -
Kahului : - ) - 1.5 -
Lahaina ) - o 3.5 -
Honolulu ' . 14,4 0.7 T = 20 min.
Nawiliwili - 0.9




JAPAN
Hakodate

Kamaishi
Boso Peninsula

Tokyo Bay
Tosashimidzu

NORTH AMERICA

San Francisco
Gaviotat

San Pedro
Wilmington
Acapulco

~+ Spelling approximate -
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25

23

Transl,

Part of city flooded;
T = 20 min.

T = 15 minutes

Coast flooded,
casualties?

Unusual flood tides
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Holden, 1898; Goll, 1903; Dutton, 1904; Honda et al., 1908 a,b; Kriimmel,
1911; Montessus de Ballore, 1911 a, 1916; Westervelt; 1916; vVallaux,
1925; Dpavis, '1928; Jagger, 1931; Sieberg, 1932; Bobillier, - 1933, 1934;
Bruggen, 1943; Heck, 1947; Gutenberg, R1chter, 1949, 19543 Laing, 19543
Anon., 1961; Ponyavin, 1965; Iida et al., 1967; Silgado, - 1968, 1974;"
Shuleikin, 1968; Lomnitz, 1970) : - :

1877, May 14, -19:10 and 21:00. There were strong. shocks at
Callao; the sea rose very high at Ancon (Geinitz, 1878). St

1877, May 15, 2: 00 One of the recurrent shocks of - the Iquique
earthquake was felt at Huanillos, according to observations the sea was
restless (Geinitz, 1878). ' ‘

1877, June 15 (7). An enormous column of water arose at Pisagua
not far from shore and strong eddies formed. It was reported that at the
same time prolonged tremors, accompanied by a rumble, were felt at Caleta
Pabellon de Pica and Chafiaral (Fuchs, 1878; Goll 1903; Bruggen, 1943)

1877, August 23, 16:55. A strong short tremor occurred like - a
shock at Iquique; three large sea waves fell on the coast 10 minutes
later and reached the esplanade (Goll 1903; ‘Montessus de Ballore, 1911
b). : : : ' ' : '

1877, September 2, 14:00, At Valparaiso, with good, completely
calm weather, there was a high swell which is usually observed only with
a very strc: r north wind. At the same time there was a strong thunderstorm /88
at Santiago (uoll, -1903). ' ' ' o '

1877, October 9, 2:00, There was a rather strong eéarthquake at
Iima, accompanied by a rumbllng, and an earthquake at Pisco omn the 9th.
The sea was very agitated off the coast .at Antofagasta and Chanaral
(Polo, 1899 b).

1878, January 23, 19:55." A strong earthquake occurred in the
north of Chile in the province of Tarapaca. The earthquake lasted 1 1/2
minutes at Iquique; 40 mild.shocks were registered.at night. The earth-
quake spread to Arica and was very strong even at La Horia, ‘where many
homes were destroyed, and at Poso-Almonte and Pisagua. Sibay, Usmagama,
Limarifia*, Guavifiya,. Guaskifiya, Sipisa, Sotoka, Chyapa and Jaifia were
also destroyed. o oo : o

After the earthquake a wave fell onshore. It destroyed 'Pica,
Tarapaca, Mamifia and many other settlements. Pisagua and Arica were
flooded (Fuchs, 1879, 1885 b; Milne, 1912 b; Sieberg, 1932; Heck, 1934,
1947; Anon., 1961; Berninghausen,. 1962; Ponyavin, 1965; Iida et al.,
1967y. - . ’ S ' ) _

In contrast to other authors, Goll and Montessus de Ballore
(Goll, 1903; Montessus de Ballore, 1911 b) mention that at Arica and
Tquique. the sea was calm, unlike the earthquake of May 9, 1877, 'and em~
phasize that Pica, .Tarapaca and Mamifia, situated 60-70 km from shore,
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could not have been destroyed by the tsunami waves.

1878, January 27. The sea rushed onshore at Callao, Boats and
small ships ran aground. A recurring flood tide passed 100 m inland from
the breakwater of the inner harbor, carrying with it everything on the
beach. Five people drowned. Enormous chunks of stone were tossed around
like toys. There was no earthquake that day (Fuchs, 1879),

1878, January 28-30. At Valparaiso, with still and splendid
weather there was such a strong .surf, that a new road was washed out;
nobody drowned. It was also reported that *“the sea raged for three days
and encroached inland at Caldera, -Chafiaral, Iquique, and Pisagua; some
damage was done here and there. 1In particular, on the 28th, from 5:00 to
8:00 at the lighthouse at Caldera, there was an unusual- disturbance of
the sea, which rose 25 m [along the horizontal?] beyond the highest flood
tides (Fuchs, 1879; Goll, 1903; Montessus de Ballore, 1911 b).-

[It is possible that this and the next two events are connected.]

1878, February 3, At Iquique and Pisagua,.there were storm waves

" at sea continuously throughout the day (Goll, 1903), At 11:40, at La

Serena regular tremors; a faint rumbling. At 22:40, a subterranean..shock
at the lighthouse at Coquimbo (Montessus de Ballore, - 1911 b).

1878, February 4, 23:45, There was a mild earthquake at Callao'
the sea raged on the 4th (Polo, 1899 b),

1878, February 14, At 4:00, the steamship "Chile" experienced a
"terrible” shock in Concepcion Bay (Talcahuano). The ship almost sank in
the three enormous waves which accompanied this shock (Goll, 1903;
Montessus de Ballore, 1911 b).

1878, March 12, At Iquique, there was an earthquake and agita—
tion at sea (Polo, 1899; Montessus de Ballore, 1911 b).

1878, April 12, 20:00. At Iquique, there Was a mild but pro-
longed earthquake with underground rumbling. On .the 13th, at 3:45, an
enormous wave suddenly fell onshore at Buchupureo and penetrated 60 m
inland (Goll, 1903, Montessus de Ballore, 1911 b).

1878, June 12 or 16, 3:00, At Antofagasta, a very strong earth-
quake occurred lasting about half a minute; this was followed by strong
"movement of the sea,"” which seemed likely to encroach inland (Goll,

1903; Montessus de Ballore, 1911 b, 1916)

1878, last days of June, 1In Southern. Peru (Chilean) harbors,
there were unusual "movements of the sea” so strong that the steamship
"Riman" could not unload (Goll, 1903). : : ’

. 1878, last days- of September The sea was restless at Iquique and
and Chaflaral as during a very strong storm (Goll, 1903) -

‘/89
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1878, November 23-25, There was a very sfrong diStdrbance of the
sea at Valparaiso and a strong flood tide (Goll, 1903), :

1879,'August 8, morning. At Valpafaiso, the éea suddenly receded
far from shore; then three large waves fell, tossing three loaded long-
boats onto the railway roadbed (Goll, 1903; Montessus de Ballore, 1911 b).

11880, August 15, 8:48, ‘A strong earthquake occurred with -source
north of Santiago. . :

At Tllapel, a loud rumbling was heard from the north., Tt rapidly
intensified for 10 seconds, after which what seemed ‘like an explosion was
heard and the ground shook violently for a minute, Two of these -shocks -
were especially strong. All the public buildings, homes, blast furnaces
and stone quarries weré almost completely - destroyed. Six - hundred
families were left homeless with no means of subsistence.. Since it was 'a
holiday, all the people were in the streets, as a result of which there
were only two casualties. Ground waves. were observed. The regime of
subterranean waters and springs changed (VIIIL degrees, on the M. scale).
Aftershocks continued at least until the first days of October. '

_ Several walls. collapsed at Ovalle; a number of buildings were
severely damaged. (VIII). Extensive physical damage was done at Salamanca -
(VIII). At Petorca there were strong tremors lasting 1 minute, preceded
by a loud rumble. Public buildings were heavily damaged. The majority
of homes we ‘2 rendered unfit for habltation, and some of them- collapsed '
completely  II). ' ’

There was slight damage at San Felipe (VI~VII?). A cathedral was
destroyed at Quillota (VII-VIII). One church tower collapsed, and an—
other sank to one side at Vifia del Mar (VI-VII).. The roof of one home
collapsed at Limache (VII-VIII), At Valparaiso, cornices collapsed and
walls cracked here and there. At Santiago, there were strong prolonged
tremors, causing slight damage: cornices collapsed here and there, walls
cracked, statues tumbled (VI-VII). The bells rang at Rancagua (VI-VII).
There were strong tremors at Talca. Several dilapidated walls crumbled
at Concepcion, and underground rumbling was heard from the north (VI).

The earthquake was stronger at La Serena (VI) than at Los Vilos
(VI); one or two ranch houses sank to one side. There were strong, pro-
longed tremors at Coplapo. The earthquake was noted at Mendosa, La Rioja
and San Juan. : . T '

.There were strong tremors at Coquimbo. Large columns of water
arose at sea, as a result of which the anchor chain -snapped in one ship.
The underwater cable across the mouth of the Limari River* was broken at
a depth of 1.8 km (Montessus de Ballore, 1912). '

188L, July 14, 8:00. There was a terrible earthquake at Iquique,
as a result of which the sea became so agitated that here and there it
encroached inland, reaching the offlce of the Toundry slituatéd near
Molino* Bay (Montessus de Ballore, 1916). » :
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1881, October 27-29, At Pisagua, there were rather strong earth-
quakes. Apparently the sea was so agitated because of these shocks that
it was difficult to unload the ships at the moorage (Montessus de
Ballore, 1916).

1882, February 23, 20:30, At San Antonio (center of Chile), a
faint rumbling was heard and oscillations began which grew into a cata-
strophic earthquake. The rumbling grew deafening and lasted several
minutes. The inhabitants rushed into the streets, The sea calmed down
as soon as the rumbling ceased (Montessus de Ballore, 1916).

1882, September 14, 14:15., There was a strong earthquake at
Pisagua, lasting about a minute., After this, the sea was so agitated
that rigging became impossible in the port (Montessus de Ballore, 1916).

1885, November 12, 2:40, At Iquique, there were strong and pro-
longed oscillations of the ground coming from the north, At 3:40,
another earthquake, just as strong as the first. At 4:15, still another
earthquake, less strong than the first two, '

On the same day, the harbor alternately and temporarily dried up,
then waves  broke on the beaches, islands, and reefs of this port (Polo,
1899 b; Montessus de Ballore, 1911 b). '

1886, August 29, Two shocks were felt at Iquique panicking the
population, which feared a tsunami. Many families rushed inland. Others
pitched tents on the hillsides, There was also fierce panic at: Arica.
Goods were evacuated from the customhouse in expectation of flooding
(Montessus de Ballore, 1916).

1896, March 13, 20:30, There was an earthquake, felt from
Copiapo to Mendosa and Concepcion, At Limache, the earthquake was VIII
degrees (on the M. sc¢ale) and fore and aftershocks were recorded. The
residents of Valparaiso was terrified and those most fearful sought shel-
ter in the hills around the city, since an ominous rumor was circulating
that the sea would encroach inland. However, the earthquake had neglig-
ible effects in the city: walls collapsed in a number of buildings, and
several dilapidated homes crumbled in the Almendral region. The cornices
collapsed on many public buildings. Crypts at the cemetery were . split
open (Montessus de Ballore, 1911 b, 1912)

1898, July 23, 22:30, An earthquake with source in the
Concepcion region was preceded by a foreshock and a subterranean rumble.

- At Concepcion, the residents took to the streets in panic. About
50 homes suffered some damage. The destruction was not so serious, as
extensive: walls c¢racked and warped, partitions collapsed and cornices
fell.. There were injuries (VI1I degrees, on M. scale)

At Talcahuano there was similar but less serious destruction; one
home sank so far to one side that it had to be pulled down (VIII).
Tome, all .buildings suffered some damage, although none collapsed (VIII)
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At Florida,vthe walls cracked and warped in some homes and the

roofs fell in (VIII). Several buildings collapsed at Qulllon (VIID).
Three homes were completely destroyed at Recret and ' many others became
uninhabitable, There were six casualties (VIII), . All the buildings

cracked at Yumbel (VIII). All buildings suffered some damage at Santa
Juana (VIII). : .- C :

The following points fell within the VI ‘degree isoseismal, ac-
cording to Montessus de Ballore: Cauquenes, where cracks appeared in old
walls; Chillan, where the school walls ctracked and warped; Bulnes, where
there was  terrible panic and dishes were,broken°,Yungay, where stucco
fell off; Mulchen, where the tremors were preceded by .a rumble, lasted 1
minute, and caused some walls to crack;. Angol, where strong tremors last-
ed 1/2 minute and damaged two or three partitions broke ' dishes and
caused panic.-- : B T

At Coronel, Arauco, Linares and Talca, strong tremors 'caused
panic.. At Lebu there were strong and prolonged tremors. The earthquake
was felt in Valparaiso and Santiago. :

A 1otAof aftershocks were felt.

The report of the.Mayor of Concepcion mentions no special phéno"
mena in the sea in the surrounding ports (Montessus de Ballore, 1912).

In “ontrast, Milne (1900 a) reports that in the region  of -

Concepcion \ Talcahuano, the sea retreated and the inhabitants were
terrified, fearing a. tidal wave.. .

1903 September 26. Sea waves of seismlc origln were observed at
Iquique (Montessus de Ballore, 1904),

1903, December 7, 10:09, - There was an earthquake in Chile, felt
at least from Santiago in the south to Taltal in the north and La Rioja
and Mendoza (Argentina) -'in . the east, and particularly at La Serena

(strongly), Caldera, and at the lighthouse on Tortuga* Cape. It was felt.

at San Fernando., Aftershocks were reglstered

At Vallenar, the earthquake was very strong, accompanied by a4
rumbling and lasted more than a minute, . Not a single home was left
untouched.- The residents panicked; the railway was damaged. The earth-
quake was also strong at Freirina where some buildings were damaged.

Several walls coliapsed at Huasco. The sea was very agitated
(Rudolph, 1905; Montessus de Ballore, 1911 b) o '

1906, May 7. There were strong shocks lasting about 35 seconds at

Tacna and Arica and the sea was agitated (Montessus de Ballore, 1906 b).

1906, August 16, 20:40, There was an extremely strong earthquake'

+ Spelling approximate ~ Transl.
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in the center of Chile, with source near Valparaiso (Fig. 28). According
" to the director of the meteorological observatory at Santiago, the earth-
quake began suddenly without any preliminary rumble 'and with marked
oscillations. Their amplitude gradually increased; strong oscillations
lasted 1 1/2 minutes., According to other sources, the earthquake lasted
4-5 minutes in the focal zone. ' : ‘

The earthquake was felt as far as Tacna (Peru), Buenos Alres,
Chiloe Island and the Juan Fernandez Islands, The seaquake was felt at
Deseado* Cape (Atlantic coast of Argentina)., According to the Central
International Seisomological Bureau at Strasbourg (Scheu, 1911) and a
number of investigators who collected press reports (Steffen, 1907;
Sieberg, 1932) the intensity of tremors -at individual points is estl—
mated as shown in Table 6.

The strongest seaquake took place at the port of Valparaiso. On
the _steamship "Thuringia,"” two vertical shocks were felt against the
hull; a leak apparently developed. The railings of the gangway were bro-
ken in the engine room, Pipes and. flanges were broken in .the’ engine on
the steamship "Varda"; the captain ordered the boats to be readied ‘in
case the steamship broke up. The steamship "Airon"t, which. left port
half an hour before the earthquake, felt a very strong quake at sea but
suffered no damage. ' o

The Valparaiso—La Serena underwater cable broke about 31/2 km (2
miles) from Valparaiso.

The axis of the pleistoseismic zone of the earthquake may have
been directed along the 20° azimuth. Weak structures on. loose soil were
almost the only ones destroyed. The territorial distribution of damage
in such large cities as Valparaiso and Santiago.is especially significant
in this respect (Montessus de Ballore, 1924). At Valparaiso, damage was
mainly done not by the earthquake itself,  but by the subsequent fire.
Limache was almost completely destroyed; 116 of 3000 residents died. The
northern part of San Antonio was buried under a Iarge mud flow. Many
water and ‘mud gryphons were formed on the plain near Curepto. ‘

The residents of many coastal settlementé observed lumineus phe-
~nomena at the time of the - earthquake (lightning, diffuse . luminescence,

falling stars, phosphorescent air - near the. ground, sparking of wires
ete.). ' : "

The shore at-some places.in the focal area was elevated 0,7-0.8 m
(Fig. 28), and then slowly returned to its previous position.  Apparent-
. ly, due to the latter fact, the authenticity of the elevation was ques—
tioned by many specialists, including Montessus de Ballore, who soon

after headed the seismological service. in Chile (Montessus ‘de Ballore,
1924),

A high level of seismic activity in the ‘focal area continued for
18 months., .

+ Transliterated - Transl,
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 Fig. 28
Force and isoseists for the earthquake of 16 VIII. 1906.
Compiled by S.L. Soloviev from information in the 11terature
1 - epicentre;
2 - smoothed isoseists;
3 - places of observation. and force in points;
4 - parts of the shoreline which rose;
5 - height of rise of water (in m).
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Table 6 . ‘ /93

Force of earthquake of 16,VII.1906.

Observation point Degree
Zapallar 8-9 H
Nogales - 8-9

Vifia del Mar : 8-9
Valparaiso © 8-9 (IX-X, R.F.)
Tunquen 8-9
Casablanca ‘ 8-9 (IX-X)
Limache : 8-9 (1X-X)
Quillota ) 8 (1X-X)
San Antonio 8
Melipilla 8 (IX)
Quilpue 7-8

Lampa 7-8
Curacavi 7-8
Matanzas 7-8 (VIII)
Graneros 7 B

‘Requinoat 7.
Pichilemu . 7 (VIII)

. Llico » 7 (VIID)
Curico 7 (VIIIL)
Petorca 6-7
Cabildo : 6-7 ‘
San Felipe ‘ 6-7 (VII)
Catemu™ 6-7
La Calera 6-7
Tiltil ‘ 6-7
Santiago ‘ 6-7 (V1I)
San Bernardo . : 6-7 (V1I)

. Talagante _ . 6=7 (V1)
33° 51' s., 72° 16' W. - 6=7 (VI-VIII)
Rengo . . : 6-7 (VII)
Paredones . 6-7
Vichuquen 67
Licanten : - . 6-7 -
Curepto . 6=7 (VII)
Ovalle ' 6 (VI-VII)
Illapel o : 6 (VII)
Los Andes ' 6 (VI-VII)
Rancagua _ - .6 (VI) ’

San Fernando- - ‘ 6. (VL)

+ Transliterated - Transl.



" 126

Observation Point. . B  Degree
Putu S ) ' 6 .

Talca - ' ' 6 (VI-VII)
Cauquenes _ . 6 (VI
Chillan o 6 (VII)
Concepcion - 6 (VII)
Combarbala = S 5=6 (VI)
Constitucion : . 5-6".(VI)
San Juan . o -5 (VD)
Mendoza o ' ' : 5 (V1) -
Colina : ) T 5 (V-VI)
San Luis : 5
Quillon 5

La Rioja 4-5 (VI)
Lota ' _ 4-5 (V) .
Los Angeles 45 (V)
Los Sauces S 4=5 (V)
Mulchen 45" (V)
Traiguen 4-5" (V)
. Taltal

Copiapo

La Serena -

Freirina

Coquimbo

Tongoy

Cordova

Ranquilt

Bulnes

Tome

Penco

Punta Lavapie
Santa Juana
Coronel

Arauco
Curanilahue
Canete
Carahuet
Temuco

Nueva Imperial
Valdivia

La Union

~ Puerto Montt
Ancud

Juan Fernandez Islands
Iquique

$>5>>>p>>b»»»#»»»»bbb»»»»b
~ ) . '
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Observation point - Degree
Isorno ° 3~4
Tecna 3
Pisagua 3
Antofagasta 3
Chafiaral 3
Carrizal Bajo 3
Huasco 3
Parana 3
Buenos Aires 3
Bahia Blanca 3
Cabo Deseado* 3
Arica 2

The following is known about the oscillations in sea level»whichA

accompanied the earthquake:

According to all observers, no unusual movements of the sea took

place south of Arauco, as the stormy weather at that time made it diffi-
cult to follow the level of the ocean.,

- At Coronel, immediatelj after the shocks, extremeiy strong surges

were noticed in the northern part of the bay, though there was not the
slightest wind. ' o

At Penco and Tome, the surface of the sea during the earthquake
was completely calm, -A short time after (according to different esti-
mates, from 15 minutes to 1 ‘hour later), the water retreated 50-60 m,
after which followed a quiet rise. The rise was apparently 1-1 1/2 i,
since the water encroached on land, .past the .railway embankment and
through the drains. Oscillations in level recurred in the same way three
or four times, causing panic among the residents, especially at Penco,

On the coast of the provinceé of Maule, Talca and Curico, unusual
tidal phenomena were observed soon after the earthquake. -The sea rose an
estimated 1 m above the level of the highest known high tides. In the
mouth " of the Maule River (at . Constitucion), a wave coming from the.Sea
caused a head in the river, [already] swollen from the recent heavy
downpours, The - small coastal settlements of this region, such .as
Buchupureot, Putu, ‘Llico and others reported that -during the earth-
quake the sea .began to seethe or boil, which disturbed the regular wave

_generation process. - In the next several days, sounds were heard at sea -

like peals of thunder or shots, as far as Curepto, that is, 18 km from
shore, ' C : - ' ’ ‘
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Very few places. on the stretch of - coast in the - pleistoseismic
zone of the earthquake reported agitation at sea. Thus it was reported
from San Antonio and from the lighthouse on Curaufmilla Cape, ' that - some
time after the earthquake, a heavy swell began which did not appear to be
in any connection with meteorological conditions. ‘The sea apparently
remained calm at other points after the earthquake. B

The situation'was the same in the northern provinces of Chile.
Although a "surge" was observed at Coquimbo, Caldera, Taltal and Iquique
after the earthquake, this phenomenon was not considered to be unusual.

There 1is indirect evidence that the tsunami did some damage on
the Juan Fernandez' Islands (Anon., 1906 a), but Montessus de Ballore
categorically denies this. ' ‘ A ‘ '

At the same time, the“tsnnami'generated during the earthquake
reached a considerable height on the Hawaiian and some other 1slands, and
was registered in the USA and Japan (Fig. 29)

On Nuku Hiva Island (Marquesas Islands) the tsunami damaged the
church at Haetaeoo* on the south coast of Haatuatua*+ Bay.

Oon the Hawaiian Islands at Hilo, he rise of water was 1 1/2 m-(5
feet)., A coaster lying at anchor off the northeast coast of Hawaii
Island in calm weather, was dragged by a sudden ebb current so strong
that it bro » the anchor chain., Apparently, . the t$unami was focused at
Hawaii Isla..., and on the. south coast of Maui Island the water rose. 3
1/2 m (12 feet), destroying the pier and Maalaea and. MacGregor*, The
road along the beach was flooded at Kahului, and some damage was done.

At Honolulu tide gauge data show (see Fig. 29) that a mild
tsunami began at 15 45m  (5:15) and lasted 20 hours, The period of
oscillations was 25-35 minutes, the height (or range) was 7-10 cm. The
oscillations continued, though weakened, until the 19th, with a height
(or range) of 5 cm. - '

At San Diego, according . to the tide gauge record, the oscilla-
tions began at 14P30m (6:30) and lasted about ‘12 hours; the height
(or range) was 15 cm, the period was 22 minutes. . :

On the tide gauge record at San Francisco (in Presidio), oscilla—
tions were traced from  15D42m (7:42) for 15 hours. At first the
height was 9 cm, with predominating periods of 20 and 60 minutes; then

the height diminished to 8 ecm with predominating periods of 25 to 40
minutes. -

In Japan, the greatest height of the tsunami was registered by
the tide gauge at. Kushimoto, of  Wakayama prefecture (see Fig. 29).  On '
the tide gauge record, .the tsunami began at oh27m (9:27) on the 18th,
with 4 crest 3tcem high - Two slight osc111ations occurred during the
first 40 minutes; -the subsequent eight oscillations had a mean period of
21 minutes; their height gradually increased, and the peak seventh
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Records of the tsunami of 16.VIIL.1906 by tlde gauges in USA
and Japan (Honda et al, 1908a, b).
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oscillation had a height of 44 cm. .In the next 4 1/2 hours, the height
of oscillations decreased to 10 cm, and then again increased to 16.5 cm.

According to Omori, the arrival of the tsunami was reﬁistered on

the tide gauges at Misaki of the Kanagawa prefecture at 23123% (8:23)
on the 17th, at. Ayukaurat, Miyagit -prefecture, at ohzom (9:30),
and at Hakodate at 1bo2m (10:02) and was also recorded very faintly
by the tide gauge at Aburatsubo, Kanagawa prefecture, The peak amplitude
at the last three points was 20, 30, and 8 cm respectively (Anon., 1906
a-c, 1961; Omori, 1907; Steffen, 1907; Honda et al,, 1908 a,b; Kawasaki,
1930; sieberg, 1932; Navarrete, 1933; Heck, 1934, 1947; Davison, 1936;
Shepard et al., 1950; Berninghausen, 1962; Ponyavin, 1965; Iida et al.,
1967; Hatori, 1968; Lomnitz, 1970; Adams, 1971; Silgado, 1974)

Gutenberg, Richter (1954): 17.VIII; 00R40m; 33° s,, 72° W.;
M=8.4, , ,

[Although the onset of the tsunami is uncertain. on the records of
remote tide gauges, they create the impression that the tsunami evekry-
where began here with the flood tide.

The agreement of calculated and observed travel times of the -
tsunami confirms that the oscillations in level recorded by remote tide
gauges were really generated by the Valparaiso earthquake, and not by the
almost simultaneous strong Aleutian one, .as is sometimes supposed
(Lomnitz, 1° '0Y,] '

1909, June 8, 1In the Chaﬁaral—Copiago region, there was a moder—

ate earthquake, It was felt. on steamships off the coast as a very strong

seaquake; the hulls of the ships shook. - The sea was not agitated-

(Montessus de Ballore, 1910). Navarrete (1933) mistakenly mentions that
the earthquake was accompanied by tidal waves.

Gutenberg, Richter (1954): 8.VI; O05DR46,5m; 26 1/2° s., 70
1/2° W.; M=7.6. _ -

1913,  Ju1y 028, 12:40, There was a 6 degree earthquake at

Arequipa. Everyone sleeping was awakened, and felt strong tremors which’

lasted 70 seconds. The second shock was felt 1 1/2 minutes later. At
12:46 when they entered the seismic pavillion, the needle of the instru-
ment appeared to be still moving, The ground shook for a long time but
not very strongly. The pendulums- of some clocks stopped. There. was
universal panic in the city. The cable companies reported serious damage

to cable lines off the coast of Peru, -probably due more to the seaquake'

than to the earthquake (Campbell, 1914),

A strong earthquake occurred at Tacna; there was a "maremoto” at

Mollendo; a cable was broken (Montessus de Ballore, 1915),

It was felt between Chala and Mollendo. The cable broke at 17° -

S., 78.3° W., at a depth of 4209 m (Silgado, 1968).
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Gutenberg, Richter (1954): 28.VII; 05h39.3m; 17° g,, 74° W.s
=7,
[Apparently only a seaquake, without generation of a tsunami, ]

1914, January 12, 1:45., At Callao, there was an earthquake last-
ing 55 seconds. There were no casualties. It was reported that immedi-
ately after the earthquake, a tidal wave flooded the foundations of the
naval academy and several hotels at La Punta. [The western tip of the
spit on which Callao is situated.] (SN, 1914, vol. 4, N 1; Berninghausen,
1962; POnyaV1n, 1965; Iida et al., 1967). :

[There are apparently no instrumental data on the earthquake ]

1914, February 26. At Arequipa, the strongest earthquake of the
year occurred, reaching 6-7 degrees. There was considerable panic. The
earthquake was even stronger west and south of Arequipa and extended to
northern Chile. The loud roar of breakers was heard at a distance of 55
km (30 miles) inland from the coast at Mollendo immediately following the
tremors. To the north and east the earthquake was in general hardly
- noticed (Campbell, 1915).

Gutenberg, Richter (1954): 26.II; 04h48.2m; 18° §., 67° W.;
130 kmy M=7.2. ' » |

1918, December &4, 7:44, Weak oscillations rapidly gaining
strength began at Copiapo. The tremors lasted 3-6 minutes. There was no
rumbling. Damage to the city was heavy; 21% of the homes were completely
destroyed, and 21% were seriously damaged. The remaining 944 homes suf-
fered comparatively little, but not one home in the city remained undam-
-aged. The destruction was increased by the fact  that the residential
district of the city, situated on the alluvial loams of the Copiapo
River, was built up mainly with old, dilapidated homes of the pisé or
wood cottages type with heavy flat roofs (25%), adobe homes with very
flimsy mortar (25%), covered frame houses (23%), and reed panel homes

(25%). It was mainly homes of the first and to some extent,  of the
second type, especially those situated on the weakest soils, which
suffered. Numerous cracks up to 100 m long formed in the ground [8
degrees]. ’ :

Near Copiapo, at Potrero-Seco, moderate damage was done to flimsy
houses [6-7]. A collapse occurred near Punta Colorado, blocking ‘the
railway [7] At Pugios*, not a single home escaped some damage (it was
mainly pis@ houses which were damaged); small cracks formed in the ground
[7]. At San Antonio and Loroz",. some homes were destroyed and. many
were damaged; several irrigation canals were completely destroyed [7-8].
At Tres-Puentes, numerous avalanches blocked the highway [8]. At
Vallenar, walls cracked in some buildings [6-7]. A strong earthquake was
felt at Pueblo. Undido! and Tierra Amarilla.

The earthquake was ‘preceded by two foreshocks and was followed by
aftershocks. . .
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At Caldera, the earthquake also lasted about 6 minutes. Tt was
difficult to walk. The railway pier suffered damage. The cross was
knocked off the church and shop windows were broken. Small cracks opened
up in the ground near the beach., There was no other damage to the city,
which was built up mainly with wooden homes [6~7].

After -the earthquake, the sea slowly retreated from shotre and the
passenger quay dried up completely. - Then, just as slowly, the sea flood~
.ed the beach. The usual high tide passed 11 m beyond the  nean water
line, but.this time the water encroached 48 m, at another place, 141 m.

The passenger quay was almost- completely flooded. The rise of water -

along the vertical was 4.5-5 m above the level of regular flood tides.

The ebbs and floods recurred. 4~5. times. The vessels lying at anchor in
the harbor were tossed about; the anchor chains were stretched  to the
limit (Willis, 1929; Berninghausen 1962; Ponyavin, 1965; Iida et al.,
- 1967, Lomnitz, 1970) o . : ' : 4 o

Gutenberg, Richter (1954) 4,XIT; 11b47,8m; 26° 5., 71° w.:
M=7 3/4. _ : ‘ oy ‘
1920, August 20, 11:30, -There was an'earthquakelon the coast of
Chile which was felt from the mouth of the Mataquito River to Reloncavi
Fiord., At Angol, several public buildings, including the school,. were
seriously damaged, and a number of homes were virtually demolished. On
Mocha Island, two lighthouses cracked to the foundation  and -became un-—
serviceable. and the tower of the eastern lighthouse was in danger of
falling. A. the structures damaged had been in an eéxtremely dilapidated
condition., The earthquake was not . felt at Santiago. On Mocha Island, 21

aftershocks ‘were noted on the same day, more than at any other p01nt on

the coast.

In the harbor at Talcahuano, the movements of the water, which
followed. the earthquake, tossed about the vessels riding at anchor (SN,
1921, wvol. 2, N 1; Berninghausen, 1962; Ponyavin, 1965; Iida et. al.,
1967). : . C '

[20.VIII; 16h15m38S; 38° 5., 73 1/2° W.; M=6.9.]

1922, November 10, 23:53, There was a very strong earthquake in
the southern part of Atacama province, with a zone of destruction ap-
proximately from Copiapo to Coquimbo (Fig. 30). It was felt from Iquique
to Concepcion (according to other sources, from Antofagasta to Valdivia)
and from Buenos-Aires to San Felix Island (where volcanic activity may
have intensified). The underwater cables broke near shore at depths of

100 and 2200 m. The instrumental and macroseismic epicenters were fixed

at sea in the region of Vallenar - Huasco.

Like many others, this tsunami generating earthquake began with

relatively weak, but comparatively rapidly intensifying oscillations,

lasting from 1/2 to 8 minutes according to different estimates, The

chief of the seimic station. of Copiapo described the earthquake as
follows: : ' . .

I’.
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Fig. 30

Isoseists of the earthquake of
10.XI.1922. '

1 - epicentre of the earthquake

2 - isoseists

3 - passage time of the tsunami (hrs)
4 - force of the tremors on the
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Fig. 31 |
Sketch of Coquimbo Bay (Willis, 1929).

1 - flooded part of Coquimbo town;
2 - railroad : : -
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A terrible roar was heard, like loud peals of thunder, which
awakened all those who were asleep. At- the same time, ground oscilla-
tions began ‘with an intensity of 4-5 degrees (V according to  R.F.),
intensifying in 20 seconds to 7 degrees (VIII). The tremors then reached
their maximal intensity and continued, without abating, for another 3
minutes, then gradually began to die down. According to other sources,
the earthquake began with abrupt vertical shocks; essentially, it .con-
sisted of two independent tremors, : : : S

At Copiapo and other places, it was mainly flimsy structutes
(pise homes) on loose soils which suffered damage. More than 500 people
died. Luminous discharges 1in the atmosphere were observed at - many
places. It is possible that a slight elevation of the coast took place
in the Chafiaral region. The 'surface effect and the geological precondi-
tions of the earthquake have been described in detail by Willis (1929).

The earthquake'was preceded by strong foreshocks, felt on the 3rd
and 7th of November. Seismic activity in the focal zone of the earth-
quake was high for two months,

The following data were published on the tsunami on .the coast .of

Chile and Peru,

At Chafiaral, the tsunami began an hour after the earthquake -and
lasted about 4 hours., The sea surged onshore three times. It rose 9 m
above - the ' 'ph tide mark, destroyed 14 homes, and carried four homes
inland (the.. was no destruction resulting directly from the earthquake
here). The tides were calm, but prolonged

At Caldera the sea at first remained completely calm after the

earthquake, but then.it rose: 15 minutes, 30 minutes, or 45 minutes

after the earthquake, according to different estimates. The most -reli-
able in this respect, is the report of a witness, who at the time of the
earthquake was on a ship riding in the harbor, and who set off for the
port in a boat immediately after the strong shocks had ceased, When the
boat arrived at shore 15 minutes later, the water had risen about 5 m
above the high tide level and almost splashed over the moorage.

The several subsequent flood tides were larger than the first,
but they all occurred slowly and were not accompanied by waves, breakers,
or special noise. The greatest rise, 7.m above the mean sea level (ac-

cording to other sources, 6 m above the maximum flood~ tide line) was

redached at 3:30. on the llth‘ damage was eatensive. The water encroached
600 m inland at Ramadas* Cape. The water encroached 50 m in the upper

part of  the port. .The customhouse, 'station, and other buildings were -

destroyed or shifted., - Many flood tides, each lasting about 20 minutes,
were counted until 9:00,

At Coquimbo, the sea ﬁas,absolutely,quiet before the earthquake.
About 2 hours after the earthquake, a tsunami appeared. The waves spread
from the northeast to the southwest along the axis of the bay (Fig. 31),

passed along the western and eastern shores, but did not cause any dam-

age. On the south shore, the water rose to a considerable height, :Three
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large tidal waves were observed, the third being the most destructive,
The water penetrated 2 km at the most low-lying places, and the rise was
5 m above the maximum high tide line or 6 m above the mean sea level, It
reached 7 m above mean sea level at the railway quay. The water rose and

fell slowly; the ebb was smaller than the flood; the surface of the water

was calm. As a result, the part of the city situated at the southern
apex of the Bay was totally destroyed, not alone by the water, but also
by boats and other objects which it carried.

Several hundred people drowned in the Vavesa
Ee) o
The tsunami was noticed at Huasco and Antofagasta. The water
rose 2.4 m at Callao. -

"As a result of the earthquake and tsunami off San Felix and San
Ambrosio Islands, the lobsters, which had been numerous here, almost all
died. Only a few young seagulls survived.these events in the islands.
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The tsunami arrived at the tide gauge at San Diego 13.0 hours after -
the earthquake and at the tide gauge at San Francisco 13.8 hours after
the earthquake and was registered with a height of 20 cm and .a period of
15 minutes (Fig. 32 a).
The tsunami arrived at Hilo (Hawaiian Islands) in 14,5 hours,
The period of oscillations was 20 minutes, the height of the tsunami was
2.1 m; many boats were washed away and some damage was done. The wave
reached Honolulu in 15,0 hours. The period of oscillations was 23
minutes, the height 0.3 m.
The tsunami arrived at Apia (Samoa Islands) in.14.1 hours. At
Pago Pago on Tutuila Island, the period of oscillations was 20 minutes, .
‘ ' /101.
Table 7
Tide gauge data on the tsunami of 10.XI.1922,
Observation point ‘Time of arrival Maximal oscillation Duration,
: h o om ‘ © of level hours.
time of onset range
“h m ) cm
Hanasakit 2 22 4 57 " 60 48
Ayukawa 2 46 ‘5 46 65 48
Aburatsubo 3 18 4 48 5. 11.7
Kushimoto 4 18. 5 48 - 70 47
Hosojima 4 24 16 04 .39 .33
Keelung 5 48 6 8 . 6 15
Takao 6 20 8 30 6 20,7
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the height of waves was 1.8 m; some damage was done,

In New Zealand, at Port Chalmers slight oscillations in water.

level up to 18 cm (7 inches) in height were noted on the 12th and" 13th.
A similar phenomenon was noted at Timaru.

At Sydney (Australia, Fig. 32 a,b), the oscillations reached a
height of 15 cm and had -a mean perlod of 30 minutes. » '

In Japan at Ofunato (Iwate prefecture) at about 17:00 on the
12th, 30 homes were washed away. The paper by Imamura and Moriya (1939)
gives the parameters of the tsunami based on data of seven tide gauges in
Japan and on Taiwan Island (Fig. 32 c, Table .

A typical feature of the records is the preseuce‘of long uaves
with a period of about 1 hour. = The tsunami was also registered by the

stations of Choshi, Kobe, O0Osaka, Nagasaki (Japan) and Tansui (Taiwan -

Island). The tsunami was apparently not registered at Shanghai.

By studying the records of the tide gauge at Zamboanga
(Philipplnes), it was established that the tsunami arrived here on the
12th at 6h4om,  Five peaks are shown on the record, with an average

wave period of 103 minutes and a height of 10 cm. The tsunami was also

registered at Isabela (Basilan Island) (ISS, 1922; Selga, 1923; Finch,
1924; willis, 1929; Hart, 1931; Sieberg, 1932; Orrego, 1933; Bobillier,
1933, 1934; Heck, 1934, 1947; Gutenberg, 1939; Imamura, Moriya, 1939;
Bruggen, 1' , Imamura, 1949; Gutenberg, Richter, 1949, 1954; ZLaing,
1954; T1ida, 1956; Anon., 1961; Berninghausen, 1962, 1969; Ponyavin, 1965;
Iida et al., 1967; Hatori, 1968; Lomnitz, 1970; Silgado, 1974).

Gutenberg, Richter (1954): 11.x1; o04h32,6m; 28 1/2° s., 70°
W.; M=8,3. s : ,

1923, February 17, about 5 or 6:00, At Constitucion on the Maule

River (Fig. 33), strange phenomena were observed; the water level rose
gradually, reaching the highest high tide mark, then fell, reaching the
lowest low tide mark; the period of oscillations was 20 minutes., The
amplitude of oscillations was about 2 m.and continued to grow right up to
18:00, reaching a value of 3 m at that time, and then began to diminish
more rapidly.  The usual amplitude of. high tides at Constitucion is 1 m
50 cm, and the amplitude of the highest high tides is no more than 2 m.
The discharge of the Maule River in the summer is 700 m /sec, and as a
result sea water does not enter the river at high tide. The oscillations

in level during the unusual phenomenon were thus on a scale greater even .

than the highest high tides, -and: since the .period of these oscillations,
was 20 minutes instead of 12 hours 25 minutes, they were accompanied by

strong currents, whose rate at the pier, where there was usually no -

current at all, was 1 m/sec (Orrego, 1933).

[It is possible that the date is mistaken and the description
applies to the Kamchatka tsunami of 4.11.1923.] ’
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1923, March 4. According to a Reuter report the captain of the
steamship "Marta" related that, returning to Coquimbo after catching
lobsters and fish off the uninhabited San Ambrosio and San Felix Islands,
while off the latter island, his ship encountered a tidal wave 35 m high,
which arose on a calm sea surface. Arriving at San Felix Island, the

captain noted that the island had shrunk., When they cast anchor, they-

noted that the water was warm, and the bottom had become sandy instead of
rocky. The air was saturated with a strong sulfur smell, and the beach
was strewn with dead fish. The sea birds had died in their nests (ISS;
Malladra, 1925; Brugger, 1943), [The changes on San Felix Island may
have been caused by the strong tsunami of 10.XI,1922.]

1923, May 4, 17:47:40, Apparently, this was the strongest after-
shock of the earthquake of 10,XI.1922, It was felt from Antofagasta to
Santiago, and reached an intensity of 8 degrees. :

At Vallenar, many walls and several structures collapsed; there
were no casualties, At Copiapo, the earthquake began with oscillations
with an intensity of 5 degrees, later reaching 7 degrees; the earthquake

lasted 3 1/2 minutes, Many walls in poor condition requiring repairs’

collapsed; partitions cracked; the populace was in a panic. There was a
very strong earthquake at La Serena and Coquimbo, a strong one at
Chafiaral and a moderate or mild one at Illapel, Petorca, Quillota, Taltal
and Antofagasta (SN, 1923, vol. 13, N 2; Bobillier, 1927), A Japanese
catalogue (Anon., 1961) indicates that after the earthquake, a tsunami
fell on the coast of Chile. The source of information, as also noted in
Iida's catalogue (Iida et al., 1967) is unknown.

Gutenberg, Richter (1954):  4,V; 22h26m458; 28 3/4° 5., 71
3/4° W.; 60 km; M=7. ~ _ : s

1923, August 12 7:11, A strong earthquake occurred at Arica; the
sea rocked (Bobillier, 1927), .

© 1926, December 9, 17:58, There was a rather strong earthquake in
the central. regions of Chile, .There were very strong tremors at
Vallenar; the populace was frightened. There was a strong earthquake at

Copiapo; the populace was frightened; 6 degrees. It was felt from Taltal
to Ovalle, ) : ‘

At Huasco, Potrerillos, Caldera, there was a_strong-earthquake;
at Carrizal Bajo and the valley of the Huasco River, 5 degrees. There

were mild tremors at La Serena, Coquimbo, the valley of the Copiapo River.

and Chanaral. There was a mild earthquake at Taltal and Ovalle. Recur-—
rent shocks were noticed.

The sea became agitated at Huasco, Caldera and Chafiaral
(Bobillier, 1928).

[The earthquake was registered by the station at Santiago, Ac-
cording to a bulletin, the parameters of the earthquake could be esti-
mated as follows: 22h4om; 28° 5, +1 1/2°, 71° W, *1°; M=6 =*1.]
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Sketch‘of:the Port of Constitucion (Orrego, 1933).
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_ 1927, November 21, There are reports about waves along the coast
on a 45 km (25 miles) stretch in the region of Puerto Aysen. The water
advanced 100 m (325 feet) inland. A boat with its crew was transported
to a tree top. (SN, 1927, vol. 17, N 4; Berninghausen, 1962; Ponyavin,
1965; Iida et al,, 1967). »

Gutenberg, Richter (1954):  21.XI; 23h12m2ss; 44 1/2° s,
73° W.; M=7.1. ’

1928, March 31, At Antofagasta, enormous waves poufed over the
parapet of the embankment at Molito* Port (Berninghausen, 1962; Ponyavin,

1965; Iida et al., 1967). [There are no i1nstrumental or macroselsmic
data on the earthquake,]

1928, April 9, 12:30. There was a destructive earthquake in
south-east Peru with a source under the eastern slopes of the Andes.
Structures at Makusanit, Ollachea™, Aiapata+ and other places were

destroyed and damaged. The strongest recurrent shock was on April 27 at
15:34 (Silgado, 1968).

In some papers (SN, 1928, wvol. 18, N 2; Berninghausen, 1962;
Ponyavin, 1965), it is apparently mistakenly indicated that in the region
of Arequipa "considerable damage was done on the coast by the frequent
tidal waves which followed this series of destructive shocks,"

Gutenberg, Richter (1954): 9,1v; 17h34Mm158; - 13° 5., 69
1/2° W.; M=6.9. 27.IV; 20h34m58s, 13° 5,, 69 1/2° W.; M=6 3/4.

1928, December 1, 0:07, There was an earthquake which destroyed
Talca and Constitucion. At Talca, strong vertical shocks lasted 1 minute.
45 seconds; a fire broke out after the earthquake; the city was ‘almost
totally destroyed; 108 people died; railway, telegraph and telephone
links with the city were broken. At Constitucion, the breakwater sank to
one .side. Sixty-seven people died; about another 50 people died at other
settlements in the epicenter zome. Shortly after the earthquake, the
rock dump at the Baraoma” copper mine in - the upper part of the
Cachapoal*t wvalley collapsed; 54 miners died., = At Putu settlement,
which was almost totally destroyed by the earthquake, the shore was
lifted up and the water line receded more than 200 m. '

//

A strong seaquake was felt on the "Santa Elisa" and -"Poseidon”
steamships situated 11~13 km (6-7 miles) off shore at Constitucion, in
the direction of Valparaiso. The crew of the "Santa Elisa" reported that
the . vessel experienced "afstrongAtrembling;-it first appeared that some
force was raising it above the water; and then tossing it down to the.
depths." Waves of unusual size moved in every direction on the surface
of the sea; a clear moonlit night made 1t possible to observe the waves
for a considerable distance. This phenomenon lasted no more than 1/2

minute., The steamship ."Magdala" also felt a seaquake at 35° 33.5' S.,
72° 54 W, ;

# ?ogsibly Baranoa - Transl,
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The zone of damage by the earthquake stretched from Valparaiso to

Concepcion. The intensity. of tremors varied  greatly even at adjacent
points, depending on soils and other peculiarities of geological struc-
ture (Fig. 34). The earthquake was felt at Antofagasta, Buenos Aires and
Puerto Montt, - : ' '

After the earthquake, high seismic activity was . observed in the
focal zone. It gradually abated in the first months of 1929,

During the- entire morning of December 1, irregular flood and ebb
tides of unusual height were observed off the coast of Central Chlle. At

Constitucion, the water rose an estimated 1.5 m ‘above the diurnal high -

tide line (SN, 1928, vol. 18, N 4; Bobillier, 1920; Navarrete, 1933;
Lomnitz, 1970), S ' ‘ S

M=8.0.

1929, August 9... At Antefagasta at'hight,_large.ﬁaves were ob-
served in the harbor, dlthough there was nothing unusual about them,
In places, the waves poured over the parapet of the. breakwater, situated

at a level 7 m 50 cm above the highest high tide mark. By 22:00, an un-

usual drop in sea level was recorded. It rapidly reached a mark 1m 30
cm below the lowest low tide mark, which could be clearly fixed from the
dried up joints between the individual blocks of the embankment, already
erected in <ection G of the port (Fig. 35). This caused great alarm
among the | ilation, since a rapid and unusual rise of water was to be
expected whose consequences would be hard to predict.. In fact, several
- minutes later, three waves fell on the breakwater at 4 minute intervals
and poured over the parapet along its entire length at once, forming a
stream.from 3 m 50 cm to 4 m deep. These waves made the first breach BC
in the structure. Less than 2 hours later, about midnight, a rapid fall
in level was again recorded, accompanied by another rise in level and.the
formation of unusual waves, which made the second breach DE near the
outer end of the breakwater. Somewhat later, more waves of the same kind

breached the remaining sections AB and CD. Until 11:00 of the following .
morning, one could see unusual waves, flooding the upright piece of the .
breakwater DE, which held, since it was considerably thicker than all the

rest of the structure (Orrego 1933; Ponyavin, 1965).

[There are no instrumental or macroseismic data indicating an

earthquake. Apparently, this was a storm tsunami,]

1930 December 29, 31263124, At COpiapo, there was strong‘oscil—

lations reaching an intensity of 5. degrees, not accompanied by a rumble;

the population’ was alarmed. There were strong underground shocks at
Freirina 'and. Vallenar. The earthquake was- felt at Coquimbo and "La

Serena. It was preceded by a ‘shock at 23:55 on the 28th, which was felt
mildly at Caldera and was accompanied by aftershocks, which were recorded

until the 30th

In the Goquimbo region and on a 550 km (300 miles) stretch to the

Gutenberg, Richter (1954):. 1.XIT; 04h06.2m; 35° s., 72° W.j
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north, unusually large flood tides and a very heavy sea were observed
during .the day following the first earthquake. The gigantic waves were
of a deep green color, the watér had an unpleasant smell and was satur-—
ated ‘with plankton .(SN, 1931. wvol. 21, N 1; Bois, 1931 a; Bobillier,
1932; Berninghausen, 1962; Ponyavin, 1965; 1ida et al., 1967). '

[The earthquake was registered by the Santiago station. Accord-
ing to a bulletin of the station, the parameters of: -the earthquake were
as follows: 28 1/2° s,, +1 1/2°, 71° W. * 1?%; M=6 *1/2.]

1933, February, (mistakenly Janaary) 23. ‘There was a "maremoto"
at Iquique (Anon., 1937). ' ' " :

[23.1I; 8ho9m12s; 20° 8., 71° W.; 40 km M=7.6. ]

1933, October 2, 10:31, As- reported by the Chief Geologlst of
Ecuador, G. Shepard, a strong earthquake took place on the Santa FElena
Peninsula. The submarine cable. was broken 25 km (14 miles) south of
Salinas. - ' o ) ' ‘

Ground oscillations were'Visible in Ancon and the water -flowed :
over the northeastern edge of a large reservoir. Among the subsequent

shocks, the shock which occurred on October 3 at 5: 36 was only Sllghtly'

weaker than the main earthquake.

At 7 a. leertad the sea retreated from shore immediately after
the earthqu. , rose to the high tide mark at 11:30 (the. ebb tide was. due
at approximately io: :00), fell to the ebb tide level at -noon and -again

rose to its previous mark at 14:00 (SN, . 1933 vol. 23, N 4; Anon., 1933;
Anon., 1934). B

‘Gutenberg, ~Richter (1954): 2.X; 15h29m21s; 2° .., 81° W.;
M=6090 . : ) ’ :

1934, December 4, 12:45, There was- a streng earthquake in the
border regions of Peru and Chile. Many homes collapsed in the rural

locality of Iquique and Pisagua and -there were injuries. Several old

walls also cracked and partially crumbled at Iquique, Pisagua and Arica;
there were injuries (7 degrees); Antofagasta, six degrees. The
earthquake was felt.strongly at Taltal and was noted at Copiapo. Twelve
perceptible recurreﬁt shocks were recorded in the focal zone, = There were

signs of agitation ‘of the sea-at Arica (Bobilller s.a.; SN, 1935, vol.’

25, N.1; Silgado, l968)

 Gutemberg, Richter (1954):  4.XII; 17h24m3g5; 19 1/2° 3.,
69 1/2° W.; 130 km; M=6,9. ' ' '

1936, July 13th, 7:15, There was a strong earthquake with:source:
north of Taltal. At Taltal the tremors lasted 3 minutes. Many build-
ings were destroyed, including two schools and the Britlsh Consulate:

One child died and 40 people were injured. The zone of greatest destruc-
tion also included the saltpetre placers to the northeast and east of
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Taltal. The railway was damaged at many places, including a case of
track rupture. :

Chafiaral hardly suffered. The destruction was negligible at
Copiapo: several walls and partitions cracked and partially crumbled;
various wares were smashed. At Antofagasta, the tremors were moderate;
there was no damage. The earthqpake was felt at Vallenar and La Serena.

Oscillations in sea level began at Taltal 3 hours before the
earthquake. They intensified half an hour after the earthquake and
reached a maximum another hour later. The maximal amplitude of oscilla-
tions was most likely 1 1/2 m. The tsunami was registered by the tide
gauges at Antofagasta (Fig. 36) and Talcahuano. At Antofagasta, the
maximal period was 40 minutes, that is, it was equal to the period of
those oscillations in level which began 3 hours before the earthquake.
At Talcahuano, the tsunami was very weak and was observed from 10:00 to
14:00 (SN, 1936, vol. 26, N 4; Donmoso, 1939; Berninghausen, 1962;
Ponyavin, 1965; Iida et al., 1967), '

Gutenberg, Richter (1954): 13.vir; 1ihigmiss;  24,5° g,
70° 7.3 ‘ ’
W.; M=/,3.

1940, May 24, 11:35. There was a very strong earthquake with
source in the central regions of Peru; 179 were killed, and 3500 injured.
The material damage has been estimated at 3.6 million sols, It was felt
all over Peru and beyond to Guayaquil'+ in the north and Arica in the
south (Fig. 37). '

The tremors were strongest in the littoral zone to the north of

Lima. There were many slides of loose material and rock falls on the
western slopes of the Cordilleras. The settlements situated on alluvial
soils on the terraces of the Chancay River (Canchap’ille"‘+ was laid
waste) and the Huaura River (Huascoy* and Jumbilka*t were almost com-
pletely destroyed), suffered most of all., Many buildings in Chancay (in
particular, two churches collapsed), Huacho, Barranca, Lima, Callao,
Chorrillos and Lurin were destroyed. It was mainly flimsy and dilapi-
dated buildings which suffered, According to estimates, 38% of reed
panel homes, 237 of adobe homes, 20% of brick homes, 9% of reinforced
concrete buildings and 107 of buildings made of other materials were
destroyed in the pleistoseismic zone, The intensity of tremors at Lima,

- according to Silgado, was 7-8 degrees,

The following was reported from other places. The earthquake was
weaker at Chosica than at Lima [7 degrees].. Homes sank to one side at
Cajatambo [7]. At Huarmey, Cafiete, Chincha and Pisco, there was moderate
destruction, and there were strong tremors at Paramonga .[6~7]. There was
some damage at Yauyos and Huaitara, [6-7]; the earthquake was milder at
Huancavelika, Pampas and Lircay [6]. There was a strong earthquake at
Huancayo [5-6]. The earthquake was noticed at Satipo and Ojapampat
[5?]. It was not strong at Santo Tomas and was accompanied by rumbling
[4-5]7. It was strong at Chachapoyas, Cajamarca, Chota and Mollendo
[4-5]. At Cotahuasi, QCuzco and Puno it was felt with 'someé intensity
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Fig. 37

Force of the shocks and isoseists
of the earthquake of 24.V.1940.
Compiled by S.L. Soloviev from
information in the literature.

1 - epicentre of the earthquake;

2 - isoseists. ' '
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The record of the tsunami of 6.IV.1943 (Bodle, 1945).
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[4-5]. It was light at Tayabamba [4]. It was also light at Moyobamba and
Tarapoto [3-4]; not everyone noticed it at Arequipa [3-~4]; there were
long period oscillations at Guayaquil [3]. Silgado gave the following

direct estimates for some points. Trujillo, 4-5 degrees, Paita and

Piura, 3-4 degrees.

Appafently, oscillations in the sea level developed. According

to the Chief of the Hydrographic Service in Peru, E. Zimich, they were
stronger [in the Huaura-Chankay region?] than those of 17.X.1966.

The source of the earthquake was located under the earth's crust,

There were no aftershocks, or in any case, no strong ones (Lomnitz,.

Cabre, 1968; Silgado, 1968).

Gutenberg, Richter (1954):  24.V; 16M33m578; 10.5° .5, . 77°
W.; 60 km; M=8, ' ' '

1942, August 24, 17:51. There was an earthquake with a pleisto-

seismic area of 18,000 km“ between 14° and 16° S., in the boundary
regions of the departments of Ica and Arequipa., The maximum intensity .

was estimated at 9 degrees; 30 people died and 25 were injured. It was
felt with a force of 3-4 degrees or more on an area of 400,000 km2,
which included Huaras in the north, Serro de Pascot and Ojapampa in the

northeast, Cuzco in the east and Mocegua in the south., It lasted more

than a minute (according to other sources, up to 2 minutes).

At NaSca+, a third of the buildings collapsed completely. The
settlements of Acari and Jaqui were left in:ruins. Only modern buildings
remained standing at Caravelli. Buildings suffered damage at Ica, Pisco,
Chincha, Coracora, Huancapi, Chala "and Arequipa. At Chala, - some -resi-
dents could not remain standing. ' ‘

A nymber of ayalanches occurred, which blocked the roads leading
to -the interior, especially near Puquio and in other places on the west-
ern.- slopes of the Andes, and also northwest of Cangallo. settlement on the

eastern slope. . The rocky slopes of Calpa* Mountain in the Caravelli dis—

trict cracked. A section of coast in San Juan Bay rose, as a result. of
which, a cutwater dried up to 1 m.

Many recurrent shocks were felt for 24 hours at Nasca® and
Lomas.

At Lomas, the sea retreated 200 m and then flooded the settle-
ment, destroying moorages and customs warehouses., Several people were
injured. :

The tsunami was registered by the tide gauges at Matarani and
Callao. At Matarani, the record began about 39 minutes after, and at
Callao, 1 hour and 39 minutes after the earthquake. At Callao, the am—
plitude of oscillations was 1,6 m, the period 30 minutes; at Matarani,
0.5 m, and 21 minutes. :
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It was supposed that the tsunami was due ‘to an underwater slide
or avalanche, triggered by the earthquake (Bodle, 1944; Berninghausen,
1962; Ponyavin, 1965; Iida et al,, 1967 Silgado, 1968; Kelleher, 1972),

Gutenberg, Richter (1954):  24,viir; 22bsom27s; 15° 5., 76°
W.; 60 km; M=8.1., ’ ‘ - '

1943, April 6, 12:07, There was a strong earthquake with source

200 km to the north of Santiago. Combarbala, Ovalle, Illapel and

Salamanca were largely destroyed. Heavy - landslides occurred 4;¢,'the"
northwest of Illapel, blocking roads, in particular, the coastal highway .

and the highway from Illapel to the sea. A rock dump collapsed. at -the
Kosinera mine near Ovalle. Five miners were kllled In all, 11 people
died as a result of the earthquake. A building of the Ministry of
Defense was damaged at Santiago. The earthquake was strong at La Serena.
It was felt as far as Iquique, Valdivia and Buenos Aires, where crockery

was broken in some high buildings and the ink spilled from 1nkwel]s{

There were many aftershocks; some strong.

: There was a small _tsunami which 'daﬁaged fishing" boats at Los
Vilos, : . ,

The tsunami arrived at- the tide gauge at Valparaiso at 16:30,

that is 22,3 minutes after the -earthquake. The initial height of -
oscilla- tions was 80 cm, the average period about 40 minutes, and the-

duration of ~scillations about 36 hours (Fig.~ 38)

The tsunami was registered in the Hawalian Islands, California

and Japan. At Honolulu, the amplitude of osecillations was 1 cm, the
period 20 minutes. The amplitude of oscillations was 10 cm at Hanasakit
(Hokkaido Island) and Shimosato (Wakayama Prefecture), 25 em at Kushimoto

(Wakayama Prefecture) 30 cm at Nagasaki. The travel time to Kushimoto -

was 23 hours 25 minutes (SN, 1943, vol. 33, N 3; Bodle, 1945; Heck; 1947;

Shepard et al., 1950; Anon., 1961; Berninghausen, 1962; Tida 1963 a;

Greve, 1964; Ponyavin, 1965; Iida et al., 1967; Hatori, 1968; Lomnitz,
1970). . . _ , . R

W.; M=7.9.

1948, December 26. There was an’ earthquake ‘felt along the coast
of Chile between 22% and 23°; it had an intensity of 7 degrees. At
Antofagasta, the ‘intensity was 5-6 degrees, at Copiapo 4 degrees. The
earthquake 'was felt in a radius’' of . 450 km. There was a tsunam1 at

Tocopilla (ISS; SN, 1949, vol. 39, N 2)

[26.XIT; 7h12m218; 22,5° 's., 69° W.; 100 km; M=7.]

1949, December 17, 11:06, There was a strong earthquake at
Tierra del Fuego (Fig. 39). 1t was preceded by a shock at 2:50. . At
Punta Arenas the intensity was 7 degrees . The main damage was the col—_

lapse of the fire walls between wooden homes, there were no casualties.

Gutenberg, Richter (1954): 6.1V; 16ho7m15s; . 30:75° s., 72°
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Isoseists of the earthquake of 9.XIIL.1950 (Silgado,

1952) .
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3 - boundary of the area in which the earthquake was

felt.
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There were no reports of damage from the . oil fields of Tlerra del Fuego
About 30 recurrent shocks were felt on the first day.

Landslides and collapses occurred along the western coast of
Tierra del Fuego, especially along the shores of Fagnano lake and the
Belverde River*t and at San Nicolas* in Admiralty Bay, 50 km south of
Punta Arenas. At San Nicolas three men died ina saw mill destroyed in a
long landslide. There were also jets of salt water from the ground here.

Tsunami waves of a local nature and unusually strong tidal cur-
rents were observed at Porvenir (Admiralty Bay), in the Zig Zag Strait
near Gabriel Channel and at other places (SN, 1950, vol. 40, N 1; Rothée,
1953; Lomnitz, 1970).

Gutenberg, Richter (1954):  17.XII; 15h07m558; 54° g, 71°
W.; M=7.75. : : . . L

[The description applies to elosed basins. Apparently?';t would’

be more correct to speak of strong seiches than of a tsﬁnami 1

1950, December 9, 21:55.50. There was a strong earthquake felt_

on an area of 490,000 km“, including Chimbote, Huaras and Cajamarca in

the north, Serro de Pascot, Satipo, the Gran Pajonal Mountains in the

northeast, Cuzco in the east and Mocegua+ in the south. The strongest,
approximately 6-degree tremors encompassed 900 km? (Fig. 40).-

At . 1do La Vela* small cracks appeared in ploughed land, from -
which water issued for several hours after the earthquake. Landslides of -
loose material occurred here and there on mountainsides. One of them
crossed the Ica~Cordova highway. The road was buried under a - landslide -

coming down from the Cuya-Huasi Mountain on a 30 mile stretch near

Huaytara Village. Similarly, near the Muchique district in Huaytara, an
avalanche diverted the river channel. : o

Ica soffered most of all from the earthuake., Four residents
died and 12 were injured. 1In the poor districts of this city, many adobe .

homes, especially those in poor condition, were destroyed by seismic
oscillations., At the same time, at the .center of the city, the over-

whelming majority of adobe structures remained undamaged, and damage here

amounted to the opening up of joints and the collapse of cornices and

stucco. Reinforced concrete structures were completely unharmed. 1In a’

block building, built on filled land, the stairway block settled 1 1/2
cm, The walls of the cemetery partially collapsed

At Achirana*t and Los Aquijes, homes suffered light damage. Oon
the farms situated along the road at OcucaJa, homes ‘with reed walls with-
stood the earthquake well. :

At the same time, on the Ocucaja esfate, recently built brick

homes suffered damage. In the wine cellar of .the estate, a row of casts,

oriented at 15° along the azimuth, shifted 10 cm here and there. The

majority of adobe homes were seriously damaged .at Huaytara. At Humay
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many old homes, already damaged by the previous eathquakes, cracked.
Slight collapses of the upper parts of buildings occurred at Pacarapa*™,

According to reports, the sea encroached 5 m inland at Pisco port,

In the 24 hours after the earthquake, nine new shocks were felt
at Ica, including one strong one, and then for some time, including
January 1951, several weak recurrent shocks were felt or registered at
the Huancayo station (Silgado, 1952).

[10.XII; 2R50m39S; 14,6° s., 76.3° W!; 80 km; M=6.9.]

1953, February 15, 4:33, At Lima, a strong earthquake was felt
lasting a little more thamn 15 seconds. The intensity of tremors (more
than 5 degrees) and the accompanying rumble caused many residents to
leave their homes. On the basis of .the records of the accelerograph in
Lima, the- horizontal acceleration of the earth's surface was estimated at

25-30 cm/sec vertical acceleration at 13 cm/sec2 with periods of
0.07-0.10 seconds.

The force of tremors at other points was as follows: San Isidro
5 +; Matucana, Pachacamac, Mala, Limatambo 5; Chorillos, Chancay 4&4+;
Ancon, Pucusanat, Santa Eulalia, Yauyos, Lachacit 4; Chincha Alta,
- Supe 3~4; Cafiete 3; Chimbote 2, The earthquake was felt on an area of
about 60,000 km?,

At Chancay, according to a report by one of the seismic corre-
spondents, the sea receded (Silgado, 1957 a).

(BCIS): 9h32m25s; 12° 8,, 77.5° W
1953, December 12, 12:31., There was a destructive earthquake in

the northwest regions of Peru and the southern regions of Ecuador, It
was felt on an area of about 700,000 km? (Fig. 41).

The zone of major destruction occupied an area of 5000 km?,
Here cracks up to 50 m long appeared in the swampy grounds. Mud and
water fountains gushed up in different places. Small landslides came
down., Modern reinforced concrete buildings were damaged; some brick and
many adobe homes were destroyed. The superhighway cracked. The earth-

quake lasted 30-40 seconds. Six people died at Tumbes and Corrales and-

20 were injured. It was difficult to remain on one's feet (7-8 degrees),
The earthquake caused dizziness far from the epicenter (Silgado, 1957 a,
b; ISS). _

A tsunami developed. with an amplitude of 1 m (3 feet) at Talara
and 0.2 m (0.7 feet) at La Libertad (Ecuador) (Murphy, Cloud, 1955 Iida
et al., 1967).

[17h31m258; 3,4° 8., 80.6° W.; M=7.3.]

1955, April 19, There was an earthquake in central Chile with
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Fig. 41

,‘Isoselsts of the earthquake of
12.XII1.1953 on the 12 point

scale (SilgadQ; 1957b) .

1 - epicentre of the earthquake

2 - isoselsts |
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Fig. 42
Records of ﬁhe tsunami of 20.XI.1960 by a tide gauge of the

usual type (Hatori, 1968), (a) and by a tide gauge of the
Van Dorn System (Hatori, 1968), (b).
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aftershocks. It was felt as far as Buenos Aires. On the coast between
26° and 32°, its intensity was 5-6 degrees.

A tsunaml occurred. At Coquimbo, the lower districts of the city
were flooded. The water advanced 100 m at Tongoi, and 170 m at 1La
Serena. The rise of water reached 1 m (3 feet) adove  the usual flood
tide level at Coquimbo, La Serena and Tongoi, At the latter two polnts,
there was some damage; one person died; the crop was damaged at La
Serena. It is possible that the tsunami was observed in the Arica Region
with an amplitude of 0.5 m (SN, 1955, vol. 45, N 3; Murphy, Cloud, 1957;
Rothé, 1956; Berninghausen, 1962; Greve, 1964; Ponyavin, 1965; Hamamatsu,
1966; Iida et al., 1967).

[19.1v; 20b24m058; 29,9° 5, 71,6° W.; M=7.0.]

1958, April 9. The earthquake caused a tidal wave which fell on
the coast of Peru. Some of the residential districts of Callao were flo-
oded with water to a depth of almost 1/2 m (2 feet) (SN, 1958, vol. 48, N
3. o

In "Seismological notes" (SN, 1958, vol. 48, N 4) it is explained
that the above report was published in the newspapers in Lima on April 9.
Later, the Peruvian seismologist, E, Silgado reported that in fact, it
was not a tsunami which took place on April 9 in Callao, but a high sea,
which coincided with the onset of high tide, as a result of which some of
the residential districts of the city were flooded. By coincidence on
the same day at 9:33:15, the station at Huancayo registered a shock with
an epicenter 230 km from the station, which was felt in Lima with a force
of 3 degrees.

1959, February 7, 4:38, There was a strong earthquake on the
northwest coast of Peru, between Tumbes amd Chiclayo. At Talara, light
damage to several concrete homes (6 degrees). Underground rumbling and
strong tremors frightened the residents at Tumbes, Paita, Piura, Talara,
Sulyant, Chulucanas and Chiclayo. Some families abandoned their homes,
despite the early hour, It was felt wvery strongly at Guayaquil (SN,
1959, vol. 49, N 3; Silgado, 1968).

Traces of the tsunami were found on the tide gaugé record at
Talara (Eppley, Cloud, 1961l; Berninghausen, 1962).

Iida's catalogue (Iida et al., 1967) notes that oscillations in

level at Talara with a period of 27 minutes and an amplitude of 20 cm
began an hour before the earthquake, and expresses doubt as to the

actuality of the tsunami.

[7.11; 9b36m51S; 4° s,, 8L 1/2° W.; M=7.1.]

1960, January 13, 10:40, There was a destructive earthquake in

the Arequipa Department. Of the 63 people killed and 200 injured, 30

died at Chuquibamba, which was almost totally destroyed. Caravelli,
Cotahuasi, Omate, Puquina, Moceguat, Arequipa, Tyabaya't, Tingo~
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Maria*, Sabandiat and Aplayo also suffered. The mines.in the Acari
region were destroyed. Many roads were blocked by avalanches. . There was

slight - damage at Mollendo. There were  strong tremors at Cuzco. The

earthquake was felt in a radius of 750 km, At Lima 3 degrees, at La Paz '
3-4 degrees, near Antofagasta. 2 degrees. ‘It lasted up to 50 seconds .

(silgado, 1968),-

A tidal wave fell on the Pacific resort of Ancon. The spray

almost reached the top of the ten—story homes, standing on the embankment
(SN, .1960, vol.’ 50 N 2; Rothe, 1962). : :

[13.1; 15h4om345 15.75% ., 72.75° W.;-130-200 kn; M=7.8.]
[That the wavé was connected with the earthquake is doubtful ]

‘ 1960 May 22 15:12, There ‘was a catastroph1c 'earthquake and

tsunami with source in the southern part of Central Chile, -The maximal

rise .of water was-25(?) m in Chile, 10 1/2 m on the Hawaiian Islands, 6-9
m in Oceania, 6 1/2 m in Japan and the USSR; 3 1/2 m in the USA, 3(?)-m
. in the Aleutian Islands, 2 m in New Zealand, and 1-1 '1/2 at other places

~in the Pacific. About 1000 people died in Chile, 60 people on the

Hawaiian TIslands, ‘and 200 in  Japan. - A strong preliminary earthquake
occurred on May 21 at 6:00; it was accompanied by a mild tsunami., No

detailed description of these events 1s given here. One can find- brief,

notes on the tsunami in Iida et_al.'slcatalogue (1ida et al., 1967);'

19%6. , November 20,- 17:02, There was an earthquake in northwest
Peru, felt by a ‘large number of residents., ' :

Several hours later, a tsunami fell’on the coast of Lambayeque
Départment. The first wave about 9 m high did material damage at Puerto
Eten and Pimentel ports and in Santa .Rosa and San Jose Bays; three per-
sons died. The Lobos de. Afuera Islands were completely devastated. The
first wave was followed by two others of smaller size (Silgado, 1968).

According to other sources, the Guafiapet Islands also suffered;

13 people died, 50 disappeared 2 were seriously injured and more than

800 were left homeless. The losses were estimated at. more than 550,000 -

dollars (SN, 1961, vol. 51, N 2; Lotze, 1961; Rotha, 1962; Talley, Cloud
1962, Hamamatsu, 1966) .

The tsunami was registered at the foliowing tide gauge statlons.

Talara with an amplitude of 10 cm, | . Chimbote - 70 cm, Callao = 50 cm,
Matarani - 10 cm, Hilo - 10 cm, with a 14~minute period o

A According to Hatori, it was registered by some tide gauges in

Japan (Fig. 42 a,b; Table 8). (SN, 1961; vol. 51, N 2; Talley, Cloud,.

1962; Iida et al., 1967; Hatori, 1968).

[20.XT; 22D02m01S; 6.9° 5., 80.8° W.; M=6.7.]

1966, October '17, 16:42, There was an ‘earthduake in Peru,
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Fig. 43

Isoseists of the earthquake of 17.X.1966 (Lomnitz, Cdbre,
1 - epicentre of the earthquake

2 - 1soseists

& nagawa a

199 Hazlba

50

7 T WS W NN SN WU SN SN N S SR B |
58 20 22 7 2 ¢ s 8 4

zgf Miyagi-Enoshima b .
Muszu —Jrocure

4 4 ) g A

- ’ﬂ | 1 1 1 1 1

7 Vi 9 20 27 y74 27 a7k

Fig. 44
Records of the tsunami of 17.X.1966 by a tide gauge of the

usual type (Hatori, 1968), (a) and by a tide gauge of the
Van Dorn System (Hatori, 1968), (b).
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causing destruction in . the coastal zone'approximately.between 10° and -13°
S. (Fig. 43)., One hundred and ten people.died and 3000 were injured;

damage . amounted to 35 million dollars, The area of damage had a ‘length

of about 400 km and a width of less than 50 km. The port city of Huacho,
the nearby villages of Huaura and San Nicolas (3 km south of Supe) ' and
also the village of Puente - Piedra*‘ situated in a swamp (a filled 'in
lake) in the vicinity of Lima, suffered especially. Here all homes were
destroyed or damaged; the ground cracked.,- o -

The accelerograph at Lima registered a .peak horizontal accelera-
tion of 0.4 g in unusually high—frequency oscillatidns of 5-10 Hz, The
destruction along the coast and at Lima was "spotty,” belng mainly confined
to places with alluvial soils. Besides flimsy structures (adobe struc-—
tures and those damaged by the preceding shocks), . some brick and concrete
structures including a two—storey school not designed for short—period
effects also suffered. Flexible structures withstood the shocks well.-

The collapses “of sand. dunes near Pasamayo! put the Panamerican

superhighway out of service. A quartz. deformograph at Nafiat registered
a permanent shift in the earth's surface.

A strong seaquake was felt on the ships at sea. The earthquake
was accompanied by a series of aftershocks, which arose rapidly one after
another (SN, 1967, vol. 57, N 2; Lemke et al., 1968) :

At ﬁami occurred. A slow rise in level began at Callao (at La

Punta) at 1s:32, The oscillations in level had a period of 15 minutes.

The greatest, the seventh wave, with a height of 3,5 m (the difference in
the level between the crest and the trough) arrived at 19:40, The water

was estimated to have risen 2,1 m. At approximately the same time, a
wave up to 3 m high partially flooded Chiquito*t, Huara, the Buenos .-

Aires* resort at Trujillo, and possibly Ancon and Huacho..

Among the settlements which suffered most were: Tortuga+;
where the range of oscillations surpassed 6 m, ‘and where the majority of
structures in the area of the square were washed away; Puerto-—Chlmu*+
Culebrast and Casma, where many fish cannlng factorles were. serlously

damaged and the pier was broken in pieces. Ninety percent of the homes -
were damaged in the Huarmey region. ‘It must be noted that Tortuga Bay '

and Casma Bay have a funnel-like shape, - which tended to intensify the
tsunami, 1In addition, Casma 1is situated in lowlands and is easily flo-
oded when the sea. level. rises. . The damage was estimated at 2 million
dollars (40 million sols) at Casma.

: At all polntsvon the Peruvian coast, the tsunami began with‘a
crest., Within Peru, 1t was registered distinctly by the tide gauges at

Chimbote and San Juan. According to the data. of the Hydrographic Serfice'

of the country, the parameters of the tsunami were as follows (Table 9).

Outside Peru, the tsunaml was registered by many tide gauges,
~especially in the eastern and central parts of the Pacific Ocean (Table
10). There were only slight traces of the tsunami on the records of the
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Table 8

Tide gauge data on the tsunami of 20.XI.1960.

Point of observation Travel time Maximum range of
hr min osclllations in level, cm
g

Kushiro 19 52 16

Hakodate 20 21 15

Hachinohe 20 14 25

Ayukawat 20 21 34

Onahama 20 29 18

Table 9

Data of Peruvian tide gauges on the tsunami of 17,X.1966.

Observation Point Time of arrival Maximum range Maximum height
hr min of oscillations in of rise of
level, m : water above
‘ mean sea
" level, m
La Punta (Callao) 22 32 3.5 2,0
Chimbote 22 48 2.2 1.0

San Juan 22 58 -
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Table 10

Tide gahge_datazon the ﬁsunami of 1?3X.1966.'

Observation . time of - - ' . First wave
point arrival  period (from ~ Initial rise
day h m first to second (crest), cm -

“‘crest) min .

Avila _ - L - T -
San Francisco =~ - . D L
Crescent City 18 09 45 15 6
Alaska , A : .
Sitka _ - - . A -
Snug Harbor 18 18 30 - -
Kodiak - IR - . o
Aleutian ‘ o
Islands ' _ E . :
Adak Island - ' = -
Attu Island - B - o .=

‘Hawaiian

Islands ‘ ) ) .
Hilo 18 10 00 16 ' )
Kahului 18 10 19 - . 21 : 12
He »lulu 18 10 30 36 . 3

Nav. . dwildi - . "= : - -
Wake Island R - ’ -
Guam Island - ' ) - : -
Samoa Islands, - .

Pago Pago - - ' . L=

Chile : .

Lebu 18 01 53 12z . 15
Talcahuano 18 02 46 9 . 18
Valparaiso 18 01 17 '8 ) 12
Caldera . 18 00 37 . 8. . 18
Antofagasta 18 00 04 18 ' 6

Peru : ’ ) o
Matarani - ' - : : -
San Juan 17 22 54 - 19 : 27
Callao 17 22..33 is . .. 58°
Chimbote 1722 . 50 - 8 6T -
Talard - .- B o= o .

Galapagos ' C -

Islands ’ L : : - , -

USA : ) : ) ‘ ‘

San Diego 18 07 49 33 o : 3

Newport Bay - = ) -

Long Beach - L -

‘Los Angeles, o _ S

pier 60 - . T - co -

Rincon ' ) ]

Island* S - -
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maximal rise or fall in level
Subsequent fall time of beginning rise or duration height.

(trough), cm day h m fall min cm
- 18 17 34 fall 10 12
- ' - - - 3
6 18 19 36 fall 7 27
- .- - - 12
- - - - 12
- - - - 12
- 19 05 16 fall 10 12
— ' - - - 12

18 18 18 21 rise 7 27
24 18 17 37 rise 10 39
3 18 23 24 fall 7 - 9
- 18 16 24 fall 7 12
— - — — 6
- - - - 3
- 18 16 32 fall 11 21
30 18 02 09 rise 6 33 -
36 18 04 35 fall 7 58
15 18 03 39 rise 3 39
30 18 01 14 fall 7 45
6 18 04 10 rise 8 18
- 17 02 45 rise 3 39
48 18 03 41 fall 8 70
106 18 01 21 fall 8 230t
82 18 03 56 rise 8 102
- — - — 9 :
- 18 06 13 fall 4 30
3 18 18 41 fall 15 g
- - - - 15
- - - - 6
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instruments at-Arica, La Libertad (Ecuador), and Avila. 1In Japan, ac—.
cording to Hatori, the tsunami was registered by some tide. gauges as
shown in Table 11 and on Fig. 44 'a,b, .(Berkman, Carrier, 1967; Esteva et
al., 1967; 1Iida et al., 1967; Hatori, -1968; TLomnitz, Cabre, 1968;
Pararas-Carayannis, 1968; Anon., 1970 a; Tokunaga, Katsumata, 1971;
Kelleher, 1972). Co ' ' ' S s

[17.%; 21P41m568; -10,7°-5.,  78.8° W.; 40 km; M=8,1.]

Table 11

Data of Japaﬁese tide gauges on the tSunami~of 17.X.1966.

Observation point Travel Time . Maximum range of oscillations
o ~ hr " min - - 'in level, cm.
Kushiro. : 20 18" , - 1
Urakawa - - - 20 30 S 14
Hakodate . 20 38 . ' 18
Hachinohe oo - 20 2000 - 38
Onagawat : 20 48 . . 18
Onahamat ' 20 587 ' 18
Merat : .20 . . 48 ' 13-
Owase s 21 . 08 o 18
Kushimoto S 21 18 - : 14
Tosashimizu ' 21 28 .20
Aburatsu 21 - -30 . ' ) © 10 .
Ofunato ' - = 24

Shionomisaki N - ' ) 16

1966, December 28, 4:18, There was an earthquake in the north of -~
Chile, which did substantial material damage in the Taltal region; three
people died and at least six were injured. A tsunami arose, - At Caldera
the oscillations in sea level had a range of 84 cm; at Antofagasta, 45
cm; at Arica, 30 cm; at Matarani, Chimbote, on the Easter and Wake
Islands, 10 cm; at San Juan (Peru) and on the Galapagos Islands, 20 cmj
at Kahului and Hilo, 30 cm (SN, 1967, vol. 57, N -3; Iida et al., 1967;
Lemke et al., 1968; Anon., 1970 a). . S :

[28.XII; 08h18MO7S; 25.5° S., 70.6° W.; 47 km; M=8.0.]

1967, September 3., There was an earthquéké in Peru, felt at
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Lima. The tsunami was registered at La Punta at 22:00 with a height of
30 cm and at Chimbote (Iida et al,.,, 1967; Anon., 1970 b).‘!

1
v

(usces): 21ho7m318; 10.6° 5., 79.8° W.; 38 km; M=6.9.

1967, December ‘4, 18:40, There was an underwater eruption in
Telephone Bay on Decepcion Island (Antarctic), during which .the water in
Pendulum Cove* began to boil and churn. The oscillations in level had a
period of 2-3 minutes and an amplitude of 1/2-1 m (Smithsonian Institu-
tion, Center for Short-lived = Phenomena, Event Informatjion Reports No.,
222-225, November 12, 1968), "

[4.XIT; 19h00™23S; 63,0° s., 60.5° W.; 33 km; M=4.7.]

1967, December 20, 22:25; There was an eéfthqdake in Northern
Chile. Tocopilla was 20% destroyed. Later, vessels in 'port collided
three times due to the unusually strong waves (NL, 1969, Vol. II, No. 1). .

[21.X1I; 02h25m23s; 21.7° s., 69.5° W.; 33 km; M=7.5.]
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NORTHERN ECUADOR, COLOMBIA, PANAMA

1827, November 16. In his account of the destructive eatthquake

in Colombia, Sieberg (1932) mentions a flood at Magdalena and the. valley

of the Cauca River. According to other sources (Mallet, 1853; Ramirez,

1969), these floods were only due to overflows of the Magdalena and Cauca
Rivers, and were not caused by a tsunami (see Flg. 18, 48).

1868, August 16. Some Japanese sources (for example, -Takahasij;
1951) mention that on this day a small tsunami was noticed on -all the
Ryukyu Islands, and .surmise that it was caused by the  earthquake in
Ecuador, or by one ‘of the aftershocks -of the Arica earthquake of
13.VII1I,1868. - ' :

A catastrophic earthquake in. Ecuador and southwestern Colombia
occurred on the 16th at 1:15. The cities of Otavalo, .Catocachi, 'Ibarra,
Atuntaqui [situated 10 km west of Ibarra] -and San Pablo* were destroyed.
An estimated 40,000 people died in Ecuador and 30,000 in Colombia. The
source of the earthquake was apparently situated 100 km (60 miles) east
of Quito, in the.region of the western spurs of the Andes, that is, quite
far from the coast (Fuchs, 1869, 1885 b; Milne, 1912 b; Ramirez, 1969),

[There are no data at all on the occurrence of the tsunami off
the coast of Ecuador, Colombia or Peru or in the central paft of the
Pacific. it 1likely it was a reflection of the Arica tsunami.]

‘ 1877, oOctober 11, 9:00, The steamship "Paita” in Esmeraldas Port
was torn from its anchors by a sudden storm and was almost lost. Simul-
taneously, a similar phenomenon was observed at Buenaventura Port where
it was accompanied by an earthquake (Goll, 1903)

1882, September 7, about 3:00. There was an earthquake at
- Panama, stronger than any previously known. Undulating oscillations
lasted 40-45 seconds; their intensity . gradually increased, and then just
as gradually decreased. All homes in the capital were more or less de-~
stroyed. Thick walls cracked, and some collapsed. Heavy tiles fell down
from roofs and the streets were full of rubble. The cathedral was heavi-
ly damaged; a ‘crack appeared from top to bottom in the facade; the bell
towers collapsed; one of the naves was completely destroyed; the roof

sagged dangerously. At the town hall, the facade collapsed and people.

were killed. The Panama-Colon Railway was damaged. The underwater cable
to Jamaica was broken. A loud underground rumbling was heard at Gamboa.
Barbacoas Port* on. the Chagres Rivert, Gatun, Chagrest, Crusesl and
other settlements in the interior as far~as Colon, suffered damage., At
Colon (Aspinwall), the railway depot was destroyed; cracks appeared in
the ground; there were dead and injured.

1 [Vicinity of the modern city of Camboa.]‘
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In Venezuela, at Riosucio in the valley of the Atrato River, sand
and mud volcanoes appeared. A thermal spring appeared on one of the
streets at Turbo and almost flooded the city. The .populace of these
cities fled their homes in panic. The earthquake extended to San Juan
del VNorte (Nicaragua), Guayaquil (Ecuador), Maracaibo and Caracas
(Venezuela), that is, it was felt along the entire northwestern coast of
South America.

It was accompanied by numerous aftershocks (Fuchs, 1883 b, 1885 b;
Montessus de Ballore, 1888; Milne, 1912 b; Ramirez, 1933, 1969). "

Fuchs adds  that the earthquake was felt strongly on the islands
in the Gulf of Panama. According to Montessus de Ballore  and Ramirez,
the "Honduras", situated in a road 3 1/2 km (2 miles) from Panama, felt a
seaquake, preceded by a rumbling. Although no visible waves appeared on

the surface, the sea began to move rapidly, The vessel began to move, as

if at full speed, and ran aground on a pebble bed. ‘

Sieberg (1932), in giving the basic data on the earthquake, re-
ports that it was accompanied by tsunami waves which were observed from
Panama to Guayaquil [source of information unknown].

Iida (Iida et al., 1967) surmises, without much evidence, that
two earthquakes occurred: one. in Panama -and Nicaragua, the other in
Colombia. '

1884, November, on the night of the 5th-6th. There was a de-
structive earthquake on the Panama Isthmus. It .was felt at a number of
cities in Colombia, 'in particular, a church was damaged at Cali. 1In
Panama, Acada* [Acandi?] and Paconia* suffered especially. There, a seis-
mic wave [it is not clear whether this was an -earthquake or a tsunami]
destroyed churches, state buildings ard private homes (Fuchs, 1885 b,
1887 a; Milne, 1912 b; Sieberg, 1932; Ramirez, 1933; lida et al., 1967),

1904, January 20, 9:17, There was an earthquake with an inten-
sity of up to 4 degrees (V on R,F. scale) at Panama and Costa Rica. It
was felt all over in both countries, but there was no damage. On the
21st, the ship "City of Panama" at 20° N,,; 110° W., encountered floating
trees and animal corpses — possibly the result of the seismic catastrophe
on the 20th (0ddone, 1907).

Gutenberg, Richter (1954): 20.I; 14bs52.1m; 7° N,., 79° W.;
M=7.75. - - : :

1906, January 31, 10:30. -Thére was a catastrophic earthquake and
strong tsunami with source off the coast of Ecuador and Colombia.

The eérthquake was-preéeded-by several less severe shocks. At
Guapi, two shocks were recorded: at approximately 7:00 and 9:00 on the

3lst. The second was stronger and was felt as far as Guayaquil and

Quito, although' this shock was not noticed at Manta. The low-sensitivity
Omori-Bosch seismograph at Quito registered the onset of seismic waves' at
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9:02, 9:08, 9:25 and"9:40; the second onset .was so strong that the pen of

the seismograph jumped from the drum. . The -shock at 9:00 damaged some

structures at Esmeraldas and vicinlty, all unsecured ObJECtS were over-
turned or shlfted

The following eyewitness accounts. givé a picture of the main
earthquake and the tsunami. At the time of the earthquake, a resident of

Tumaco was standing outside his home on the street talking to a neigh~.

bour. Suddenly, very strong oscillations began and everybody fell to the
ground (according to other sources, the intensity of the oscillations
gradually increased). The entire island on which the city is situated
appeared to move, : and houses rose and fell like ships on an furious sea.

It was impossible to move. The witness tried to make for home several

times, but was not able to take a single step. His wife was in a room on
the second floor. She was thrown to the floor by the first oscillations.
After many unsuccessful attempts, she was able to make it to the stairs
and get outside. Five minutes later, the oscillations, which had been
accompanied by a deafening rumble, died down. Everything was topsy curvy
inside the home, the plaster had fallen off, but the house remained

standing. The .same occufred in all the other homes in the city. 7On1y_

four wooden homes and several bamboo huts collapsed., Had the city not
been built up exclusively. of wooden homes, it evidently would have been
left entirely in ruins. ' '

Another eyewltness was on Pindo* Island; south of Tumaco. When

he got ready to sail back, the earthquake began. The huts of the fisher-

men and t} ~oco palms swayed in every direction; nuts fell; cracks opened
and closea un the sandy beach. The oscillations. ceased in 3<4 minutes, -
The witness made it to his boat and’ returned to the city, where panic -

already reigned.

Half an hour after the earthuake, a tidal wave fell on the city.

It was 2 1/2 m high (according to -other sources, 5 m). It would have

been larger had the city not been screened from the sea by two small
islands which softened the force of the wave, but one of the islands was
half washed away. The wave submerged part of the city and washed away
several moorages and homes in the port. There were no casualties. Had
it not been ebb tide, ‘the destruction would have been much worse. A
second tidal wave followed in 20 minutes, and then .a third. Large waves
were observed for 4 hours at Tumaco, and flood and ebb tides were
supposedly irregular for two weeks.

The earthquake was felt with approximately the same intensity as
at Tumaco from Esmeraldas to Micay (Fig. 45). Thirty homes collapsed at:

Esmeraldas; heavy damage occurred at Limonest, where two people died
and many were injured. Homes collapsed at Rioverde. The ground cracked
on Cape Manglares, and water gushed forth, At Guapi, some of the homes
collapsed and the ruins caught fire, ' e

The earthquake was felt with somewhat lesser intensity in the zone
from Otavalo to Buenaventura (see Fig. 45, 8-degree zone). Here only

large stone structures like churches were damaged. About 200 km from .
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A sketch of the earthquake and tsunami of 31.I1.1906 according

to Sieberg (Sieberg, 1932), (a) and a map of populated points,

(b). ’

1l - instrumental epicentre;

2 - isoseists (the force of the shocks are shown on the Rossi-
Forell scale);

- places where the tsunami appeared;

- sections of -the coast which 1ifted;

sections of the coast which sank;

- undersea cables;
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i

- places where cables were broken.
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Buenaventurd, two underwater cables were broken at 18 blaces. ‘In the
/-degree zone, shown in Fig. 45, the earthquake was. strong, but did not
cause any destruction or damage. Beyond the 7-degree zone, it occurred

as mild long-period oscillations. Recurrent - shocks were felt at least’
until the end of March The aftershock of February 2° was especially

strong.

The tsunami was most destruct1Ve on’ the low-lying coast' from .

Rioverde to Micay. Here all homes.on the coast or in the estuarine :parts
of rivers were washed away, by various estimates 500. to 1500 persons died:

Among the settlements which suffered most were Cabo Manglares, -

Trujillo, Boca Grande, El Bajitot, - Domingo Ortiz, El Pifial*¥,
Chilbi*t, salahonda and Morro-o-Salahonda (4)l, Hojas Blancas (10),
San Ignacio (22), San Juan* (149), Caballos*t (8), Gulecama* (11),
. Timbiqui (53), Sangianga (12), Mulatos (64), Amarales (83); Boquerones

(48y, 1a Candelaria*, E1 Coco* and other settlements in the region of . .

Micay (100), Cuervalt, Quiroga (32), Cansara*f (2), Mosquerat (2),
and Varela (9).° L ' ' :

~ The sea was calm before the earthquake at Manglareo Cape, After
the earthquake, a foaming roller fell onshore like a gigantic .torpedo. -

Heavy flooding was observed in the valleys of the Mira and Patia Rivers.
Along the Patia River and its tributary, the wave reached Barbacoas,
where it destroyed 30 homes. Twenty-three homes were -destroyed at the
coastal village of La Tola. ‘ 3 : o

_ At Guapi, situated on the banks of the river, 20 km from its
mouth, a second wave reached the tops of the tallest trees and destroyed
49 homes. All vegetation was destroyed on the coast, The. arrival of the
tsunami (before.11:30) was accompanied by a loud rumbling. At Sangianga,

of 400 homes situated on the .coast, -only three remained. A little more -

than an hour after six waves had rolled onshore with gradually diminish-
ing amplitude, the sea level began to return to normal. Strong oscilla-

tions ceased by 22:00. Weak ones continued long. after, and flood tides

‘were irregular until February 4,

The second tidal wave damaged Buenaventura.

At Esmeraldas, the triver left its banks after the earthquake and

flooded the low-lying regions of ' the city. Another six tidal waves with
gradually diminishing height were recorded during the day.

At Bahia de Caraques at iZ:lO; 2_hours before the onset of the
usual ebb tide, the sea level rose.80-100 cm in. 20 minutes, and with such
a head that a vessel here was smashed on the cliffs at the throat of the

bay. The flood and ebb tides recurred, slowly abating, three times

before. 21:00,

1 The figures in brackets indicate the number of residents killed.
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No oscillations in the level were noted at Manta. A tidal wave
appeared at noon at Guayaquil.

There are reports that after the earthquake and tsunami, some
changes in coastal relief took place in the vicinity of the source. The
roadsteads at Manta, Esmeraldas, Tumaco and Buenaventura shallowed by
almost 2 m (1 fathom)., 1In the Micay region, by contrast, -the road deep—
ened, Changes were. observed in the channel of the Esmeraldas River,
Some of these changes may have resulted from the redeposition of loose
material by the tsunami waves, some from residual deformations of the
earth's surface. o

The tsunami was observed along the entire coast of Central
America, in Mexico and California,

The wave . reached Panama at 17:50. The amplitude of oscillations
in level were twice those of regular tidal oscillations. At San Carlos
the sea retreated, exposing a large beach, The tsunami was clearly regi-
stered by the tide gauge on Naos Island+, situated 5 km to the south of
Panama (Fig. 46). The oscillations began with a distinct positive head
wave with a period of about 1 hour and an amplitude of 70 cm. Subsequent
oscillations were weaker, With the axrival of the tsunami, the water
around the island became turbid. By 4:00 on February 1, the amplitude of
oscillations in the sea level decreased to 2 cm, Slight oscillations
were traced until 15:00.. '

A tsunami occurred on the Pacific coast of Costa Rica about
14:00. A beach 2 km long dried up in Potrero Bay; then the water -rushed
onshore, ‘tossing up boats. ) '

Naos Island, Gulf of Panama
0. Have. Nanarerai sasué

30
200
100
¢y
i A 1
77 2 22 7 2 % 3 A

Fig. 46

!

Record of the tsunami of 31.I.1906 by a nearby tide gauge
(Ammon, 1907). o '
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The tsunami arrived at San Diego (USA) at ebb tide, The succes— .
sion of the ebb current by a.flood current occurred so suddenly that it

was noticed immediately by sailors and fishermen on shore, All the shlps
and boats were turned around 180°. The tsunami .had an amplitude of about

5 cm on the tide gauge register . at san Diego (Fig. 47 a) - The wave was
recorded at San Francisco, .

At Hilo (Hawaiian Islands),i the tsunami arrived 'approkimately
12,5 hours after the.earthquake; the range of oscillations in water level

was 3.6 m (12 feet), the period 30 minutes. The channels of the Wailuku
and Wailoat Rivers alternatively dr1ed up, - then disappeared -under the

tidal wave,

At Kahului there- were three_waves, arriving at 20 minute inter-
vals. The second wave was larger than the first, while the third was

larger than the second. The water rose about 30 cm above the mean level
mark, According to other sources, the water surface rose to the level .of

the old steamship pier and the road running along the coast,

The tide gauge at Honolulu began to register oscillations: about

12 hours after the earthquake (see Fig. 47 a). The tsunami apparently

began with a tidal wave; then the oscillations intensified, and the

fourth wave, which was the greatest, had a height of 25 cm. The period

of oscillations was 20~30 minutes. . Three separate trains of oscillations
were registered. '

Ac >rding to the accounts of witnesses, disturbances in level on -

Honolulu Ba, began to be observed at 3:30 on the lst, At 4:15, there was

an extremely great ebb, All the steam and sailboats in the bay were

turned around. Then a sudden flood  tide reached a considerable height

Nineteen and a half hours after the earthquake, the tsunami

reached the coast of "Japan, where it was registered by tide gauges at

Hakodate, Ayukawa,  Kushimoto, Hosojima, Nagasaki and . Fukahori*t (see .

Fig. 47 b). According to Hatori, the parameters of the tsunami were as
follows (Table 12), '

Strong seiches were generated on the northern (Atlantic) coast of .

Colombia (Anon,, 1907; Honda et .al., 1908 ‘a,b; Scheu, 1911; Rudolph,
Szirtes, 1911; Kawasaki 1930; Sieberg, 1932; Heck, 1934, 1947;
Gutenberg, Richter, 1949, 1954; Shepard et al,, 1950; Anon., 1961;

Berninghausen, 1962; Ponyavin, 1965; 1Iida et al}; 1967; Hatori, 1968;.

Ramirez, 1969; Silgado, 1974).

M=8.6.

1906, February 7. Oscillations in sea level resumed on the coast

near the Colombia — Ecuador’ border as a result of the earthquake (Scheu,
1911)..

Gutenberg, Richter (1954): 31.T; 15h36mo; 1° w., 81 1/2° W.;
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Tide gauge data on the tsunami of 31.1.1906,

170

- . Table 12,
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Observation poiﬁt

Travel time

.Maximum range of

hr, min, oscillations in level, cm
Hakodatg 19 24 34
Ayukawat 19 . 48" 36
Kushimoto 20 27 48
Hosojima 20 18 . 30

Nagasaki.

21

33

28




171

1916, January 31. A tide gauge in .the Panama Canal zone regis-
tered a strange change in level. One can surmise rather confidently that
it was due to displacements on the bottom, very .likely along a supposed
fault running along the coast of the Pacific Ocean (Kirkpatrick, 1920).

1942, May 22. There was an earthquake felt in Colombia in the
region of Buenaventura Gulf., According to press reports, soon after the
earthquake, Gorgona Island in Buenaventura Gulf was flooded hy an enor-
mous wave. However, the record of the tide gauge set up in this bay
shows no unusual oscillations in level in the time interval in question
(SN, 1942, vol. 32, N 3; Bodle, 1944; Kelleher, 1972),

Gutenberg, Richter (1954): 22,v; 10h30m508; 4 1/2° N.; 75°
W.; 130 km; M=5 3/4.

1958, January 19, 9:09, There was a strong earthquake in the
coastal regions of Ecuador and Colombia. Approximately 30% of Esmeraldas
(Ecuador) was destroyed, including the children's department of -the hos-
pital, where three children died. 1In all, 11 persons died and. 45 were
injured as a result of the earthquake. Water mains were broken and power
transmission lines were damaged. The Esmeraldas-Quito highway collapsed
at many places., Many other roads of the country were made impassable by
cracks and fallen trees, According to press reports, a landslide from
the slopes of the Andes at Panado* village buried a hundred people. The
earthquake was destructive in the cities on the ‘northern coast of the
country and was strong from Latacunga to Quito, Ibarra and Tulecan., It
was felt at Guayaquil.

In Colombia, Tumaco suffered most of all. Several old residences
and a wooden home for railway workers collapsed. The large brick ovens
used for drying pulp collapsed at the sawmills, The brick wall of the new
church cracked, The walls of a number of other buildings cracked. The
rafters of the roof of the tide gauge box set up at the end of the break-
water (on Del Morro Island) came out of their grooves, the roof collapsed
and carried the instrument and the box with it into the water, Pile
wooden homes rocked so strongly in a north-south direction, that 8 cm
gaps appeared in the ground at the foundations. The corrugated roof of
the lower shed was bent in by the collision of two adjacent sheds.. The
embankments connecting Tumaco Island with adjacent islands crumbled and
cracked. Bottles, vases, dishes, cameras, typewriters, etc. fell and
broke, Water splashed out of tubs. The telegraph link between Tumaco
and La Espriella was out of commission for twenty four hours because of
fallen posts. A resident of the city was injured. Eyewltnesses -between
Tumaco and Esmeraldas found it difficult to remain standing. Water gushed
out of cracks in the ground on Manglares Cape, and trees fell.

The earthquake was strong at Pasto, Ipyales, Imuesa*+,
Tuquerres and Sapuyas*"; it lasted about 40 minutes, but did not cause
. material damage. At Cali and Pereira, the population was frightened. At
Bogota, the pendulums stopped on the clocks at the seismic station.

Many recurrent shocks were felt at the eplcentral zone; the two
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strongest occurred on January_19‘at_9345_aqd.on:Eebruary 1. According to
geodesic data,; the breakwater at Tumaco was. shifted 1 cm along the verti-
cal by the earthquake. o S

The earthquake gave rise to a tsunami, A launch almost sank at
Esmeraldas; four customs officers died. " The waves .damaged Tumaco and
Guayaquil (Ramirez, 1958, 1969; SN, 1958, .vol, 48, N 3; Brazee, Cloud,
1960; Anon., 1961; Berninghausen, .1962; Ponyavin, 1965; Hamamatsu, 1966;
Iida et al., 1967; Kelleher, 1972). h B - o

Iida's articles (Iida, 1963-a,b) erroneously indicate that the
tsunami was registered in Jdpan (Iida et al., 1967).

[19.1; 14ho7m27s; 1,5° N., 79.5° W.; 60 km; M=7.6.]
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CENTRAL AMERICA

(FROM COSTA RICA TO MEXICO)

1537. There was an earthquake in the Valley of Mexico (Fig., 48).
It is possible that the source of the earthquake was in some adjacent
state: Guerrero, Puebla or Veracruz (Milne, 1912 b: Montandon, 1962),
According to a Japanese catalogue (Anon., 1961 b), the coast of Mexico
was hit by a tsunami. Iida et al. (1967), quite justifiably, express
doubt as to the reliability of these data.

1732, February 25, At Acapulco there was a very strong earth- -

quake, which destroyed almost all buildings. It was accompanied by
unusual flood and ebb tides at sea. The water rose 3 m, flooded the town
square, and then, after a brief state of equilibrium, it retreated.
Oscillations in 1level vrecurred several times (Petit-Thouars, 1841;
Belcher, 1843; Perrey, 1847; Mallet, 1855; Milne, 1912 b; Heck, 1934,
1947; Ponyavin, 1965; Iida et al., 1967). '

1754, September 1., On the 17th (or 24th) of August, earthquakes
began at Acapulco. The strongest occurred on the night of August 30-
September 1 at 2:00., It destroyed almost the entire city and was felt
strongly at Mexico City. The source of the earthquake was apparently

situated near Acapulco and San Marcos. Strong aftershocks were regis—

tered, The earthquake gave rise to a large tsunami. The sea at Acapulco
suddenly retreated, dropping a vessel riding at anchor on the bottom of
the bay. The flood tide was stronger than in 1732, - The rise of water
passed the maximal flood tide mark by 3-4 m. The tsunami damaged the

citadel and the fortress walls and destroyed most of ' the homes in the"

city (Petit—-Thouars, 1841; Perrey, 1847; Mallet, 1855; Orozco y Berra,
1888; Milne, 1912 b; Bose et al., 1908; Heck, 1934, 1947; Flores, 1934;
Anon., 1961; Ponyavin, 1965; Iida et al., 1967). A

1773, June 3. The capital of Guatemala, situated in the same
place where Antigua is now located, experienced terrible earthquakes ten

times between 1565 and 1773, The sea encroached inland on June -3, 1773,

Two volcanoes near the city appeared to boil. Flows of hot water
issued from one and flows of burning hot lava issued from the other.
Cracks and gaps formed everywhere on the surface. The ground was in
continuous motion, ' ‘

. This terrible state lasted five days. Finally, on(the‘7th, a
chasm opened up and almost the entire city disappeared together with 5000
families (Berghaus, 1844).

These data, including -those about the flood, are doubtful, Es-
sentially, as is directly stated in Mallet's catalogue (1854), the matter

concerns the issue of water from a caldron lake. Putte's (1924) book -

about seismic events gives the following account. In 1773, the capital
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of Guatemala was completely destroyed by a series of earthquakes, the

first of which occurred on June 10, On July 29, a. "fatal" earthquake.

completed the destruction of the city. One hundred and twenty persons
were killed and 300 injured, even though the population lived in tents
because of the continual shocks. The shocks continued for several more
months, since the church and the monastery, which remained standing, al-
though greatly damaged on July 29, finally collapsed only on December 13,
The pleistoseismic zone was apparently very limited, since the residents
who fled from the capital settled at the settlements of San Lucas [14 km
west of Guatemala], Micscot [8 km west of Guatemala], Amatitlan,
Petapat™ [15 km south of Guatemala], * Pinulat [eastern suburb of
Guatemala], Tecpan, Escuintla, Villa. Nueva [13 km south west of
Guatemala), and Chimaltenango [35 km west of Guatemala], which were very
close to the former capital.

1787, March (mistakenly April) 28 (mistakenly 14 and 18), 11:30,
There was a large earthquake with source near San Marcos, affecting the
coast of the states of Oaxaca, Guerrero and Michoacan and causing much
destruction (Fig. 48, 49). 1In Mexico City, an oscillatotry movement last-
ing 6 minutes was felt; buildings were damaged. At Igualapa+, it was
felt for 7 minutes. Three churches were almost totally ruined in
Teuchitlan. Reports about the earthquake arrived from Morelia, Oaxaca,

Chilapa, Chiautla, Tlapa, Ayutla, Cuautla™, Acapulco, Ometepec, -

Veracruz, and Tehuantepec. The earthquake was not so strong at Ulua and
Tulancingo. 1Tt was felt at San Luis Potosi and Valladolid. Thirty-five
recurrent shocks were counted until April 3,
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The master of Acapulco port, in a report to the Spanish govern-

ment describes as follows, the phenomenon observed on the sea coast

during the earthquake. "Approximately in the middle of the day, the sea
- suddenly began .to retreat-and advance in an unprecedented way, without .
waves and without any special "agitation.. The oscillations became more

noticeable at 14:00; in 4 minutes, the water fell 3 m (10 feet) and rose

in 6 minutes, and . thée amplitude of - each oscillation' was. 80-85 m* (100 -

vara) along the horizZontal, This was _repeated with ever - increasing
force; by 16:00 the water had already risen more than 3 1/2 m (12 feet),

flooding the .dam .and penetrating near-by homes....Although the movements. K
of the sea already began to abate at 17:00, this terrible spectacle con- -

tinued until 24:00 when all died down. On open shore, where the sea met
no obstacles such as mountains, as  in Acapulco, it encroached inland
drowning most of the herd grazing on the meadow. The butler .on' the

estate of the city councillor ‘of Oaxaca, saw the advancing water and
climbed a big tree, thus saving his life; but then; to return home, he ’

had to. walk, 'slnce his horse had perlshed in the waves.,

,As related by the old ‘mayor of Igualapa+ several flshermen'
~ were .on shore ‘making osier fish traps, .and some, having caught their

‘fish, were sitting on horseback " They watched in horror as the sea
retreated more than 4 km (1 league), exposing the. bottom consisting of
areas of different color, including ‘the rocks and plants. Then, with the

same speed as it disappeared the sea returned and again retreated leav-
ing thousands of fish on land picked up the fishermen, tore 11 men to

pieces, a1 ! left them to hang between the beams of a rather h1gh bridge,

6 km (1-1, leagues) from the sea, The few who were saved were 1nJured
.and very frightened. :

A galleon from the Phllippine Islands was riding in the harbor of
Acapulco at a depth of 18 m (60 feet). During the ebb tide, the -water
shallowed to 8 l/2 m (25 feet). The city was destroyed. Y :

. The wave was also observed in the region of Pochutla, Tehuantepec
and other settlements in the state of -Qaxaca (Hoff, 1840; Perrey, 18475

Mallet, 1853; Orozco y Berra, -1888; Bose et al,, 1908; Mllne, 1912 b;
Sieberg, 1932 Flores, 1934; Heck, 1934 1947; Gutenberg, Richter,. 1949,
1954; Anon., 1961; Figueroa, 1963 ‘Ponyavin, 1965; Tida et al., 1967)..

1787, April 3, 9:30 ~-lO;OO; Apparently, this was the‘strongest
aftershock of the preceding earthquake. ' At Oaxaca, the destruction of
the most solid buildings was - completed; thus, at San Francisco church,
one of the bell towers collapsed. The shock was felt rather strongly. at
Mexico . City, and also at Tehuantepec.’ In some places on the coast, situ-
- ated 18 km (4 leagues) from Tehuantepec, an unusual movement of the water

and a menancing roar were observed simultaneously with the earthquake.
"Previously unknown fishes and enormous shellfish were ‘tossed onshore,

The same occurred on the coast at Pochutla and Juquila. (Orozco y Berra
1888). , :

1820, May 4 (mistakenly 10), 14:30, ,There‘was~a-large earthquake'

on the western coast of Mexico, in the states of Guerrero and QOaxaca, and
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also in the states of Puebla and Veracruz. The source of the earthquake
apparently lay off Acapulco and San Marcos. '

Public buildings, the church and the jail were destroyed at
Chilapa. Many buildings collapsed altogether, while the others were
heavily damaged. At Mochitlan, the church and different homes were de-
stroyed; a pit 17 m deep with a circumference of 170 m appeared in one
place by the river on the road. Collapses took place from the hill sides,

At Chilpancingo, Petaquilla, Dos Caminos; Arendast, San Miguel,
and Oampampa*T, the most solid structures suffered serious damage.
There was destruction at Acapulco and Tixtlat, There were several ac-
cidents at Mexico City; one church collapsed buildings and aqueducts
suffered considerable damage. ‘ ' ‘

At Oaxaca and the settlements of the state, strong oscillations
were observed which lasted 35 seconds and frightened the population. A

loud underground rumble was mixed with the cracking of roofs, which’

threatened to collapse, Many buildings cracked.

At Puebla, Tlaxcala, Orizaba, Cordova, Veracruz and other points
in this direction, the earthquake wds the strongest in the 19th century.

A multitude of aftershocks were felt. They continued withodt
.interruyption until the 10th, :

A tsunami arose, At Acapulco, the éea_retreated to the middle of
the bay, exposing the reefs. Alternate quiet flood and ebb tides were

observed with some pauses in the movement of water on reaching the high-

est and lowest levels. Two hours later, the flood tide was so large,
that the water reached. the doors of the church situated in the highest
part of the city square. The square was flooded, The ocean advanced
inland like a wall and with great speed, sweeping away everything in its
path. Then, in a strong ebb tide, stronger than in 1787 [?], the greater
part of the bottom of the bay was laid bare. After this, the sea level
began gradually to return to its normal state. After the tsunami, ‘the
breakwater was totally covered with sand for 1 l/2 2 m (5-6 feet), while
the beach had expanded by 17 m (20 vara) .

There is also an account by the master of Acapulco poft. "Yes- -

‘terday at 14:00, a strong earthquake occurred in the port. ' It lasted 5
minutes; it recurred in the next quarter of an hour, and was followed by
other shocks, not so prolonged. All- this terrified and depressed the
inhabitants....After the horrors of the earthquake, there began movements

of the sea in the form of an unusual .flood and ebb tide, the first (along
the horizontal) from 40 to 50 m (from 60.to 60 vara), and the second. ap-
proximately from 15 to 20 m (from 20 to 25 vara). One of the two.ships,

“which was taking on provisions in the harbor, was forced to retreat out

“to the bay for safety" (Petit-Thouars, 1841, 1844 Belcher, 1843; Perrey,
1847; Mallet, 1853; Orozco y Berra, 1888; Bose et al., 1908; Milne, 1912

b; Flores, 1934; Heck, 1934, 1947; Montandon, 1962; Figueroa, 1963;
"Ponyavin, 1965; Iida et al., 1967) ' ’
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4 1833, ‘March 10, about 22:00, There'was a strong’ earthquake'at
Acapulco. Mild oscillations lasting about 1 1/2 minutes were felt at
Mexico City. The sea retreated 12 m (40 feet) and quietly returned to

its initial position (Belcher, 1843; Heck, 1947; Ponyavin, 1965; Iida et
al., 1967), : S S o

1834, March 13/14 On March 11 about 22: 30 at Acapulco there
was a strong vertical shock, followed by others, which were observed for

several days. At Mexico City, there were undulating tremors lasting more
than 2 minutes. ' : ’

On the third day, the sea retreated about 33 m from the shore and
then gradually returned to its usual level (Petit-Thouars, 1841; Belcher,

1843; 'Perrey, 1847; Mallet, 1853; Heck, 1947; 'Ponyavin, 1965, lida et
al., 1967), . , . o S

[This and the preceding description have ' been taken from dif-
ferent sources; it is possible that they re1ate'to-the ~same event, ] :

1837. On August 9th at 16:30 at Acapulco, ‘there was a strong
earthquake which did much damage to bu11dings It was not felt very
strongly at Mexico City and ‘Morelia. - Recurrent shocks lasted a month
almost without interruption: 'the 'strongest occurred approximately 30
hours after the earthquake. ' o ' ‘

'0Or Nctober 18, about 16:00, another strong earthquake occurred.

and lasteu .ore than a minute. It was also rather strong at Mexico City.
With a hundred ‘tremors, which were accompanied by an underground rumbl- .
" ing, it lasted until- 22 00 on -the 19th, when there were two very strong
shocks, also with-rumbling.- Two hours later that is, 'at midnight, there
was a new earthquake so strong that it,almost destroyed the city. Strong
tremors were felt at the same time in Mexico City. Strong shocks .were
felt - at 2:00 on the 21lst and 10:00 on the 22nd, after which the frequency’

and intensity of shocks began to diminish, but they lasted even until the
first months of 1838, :

None of these exceptional earthquakes caused any disturbances in
the movement of the sea, 'if one ignores a few eddies and unusual cur-

rents, Flood and ebb tides were completely regular (Petit Thouars, 1841;
Belcher, 1843 Perrey, 1847). :

Montessus. de Ballore, (1906) writes' more definitely about ‘a
tsunami at Acapulco in 1837, . o : o

1845, April 7, 15:30. At Acapulco, there was an earthquake and
then a tsunami, The earthquake began with light oscillations, whose in-
tensity gradually increased until they became. very strong, In half an
hour, an enormous wave appeared at sea., ' It penetrated approximately 40 m
(50 vara) inland; then the water rapidly retreated, exposing the bottom
for 35 m (42 vara), after which the oscillations in sea level abated lit-
tle by 1ittle. This earthquake was observed at many places in the states
of Guerrero, Michoacan, Puebla, Hidalgo, Guanajuato, Colima, Veracruz,
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San Luis Potosi, Queretaro, Jalisco and Oaxaca, and also in Mexico City,
where homes and arcades of the water main were damaged. The cupola of
Salnt Theresa Cathedral collapsed (Orozco y Berra, 1888; Milne, 1912 b;
Flores, 1934; Montandon, 1962), ' '

1852, November 29, about noon. A strong earthquake in the south
of the state of California (USA) affected a vast area with a diameter
apparently of about 550 km (300 miles)l, It was felt in the lower
reaches of the Colorado River, at Yuma and Sqn\Luis, and at San Diego.
Long cracks appeared in the. focal zone (in Lockwood* Valley). The parth-
quake lasted about 2 minytes at San Diego; the ground appeared to shift
up and down by 10-15 cm' (5-6 inches), About 15 recurrent shocks were
felt on this and the following day. ;

The crew of a ship, riding at anchor on the Colorado River 55 km
(30 miles) from the mouth, felt a shock which was preceded by a rumble.
Suddenly the water receded, and the vessel, which had been lying in 4 m
(14 feet) of water, ran aground in no more than 1 m (3 feet) of water.
It floated up only during the subsequent flood tide. The banks of the
river were greatly changed after the earthquake (Perrey, 1855, 1864 b,
1872a; Holden, 1898 Townley, Allen, 1939),

1852 (mistakenly 1854), December (or November) 4, 22:10, There
was an "indescribable"” earthquake, which "struck and - totally destroyed
Acapulco. The earth -shook with‘a terrible roar. Everybody was seized
with terror. As far as one can judge, four or five shocks occurred in a
second, Almost all. the buildings collapsed, clouds of dust obscured the
city, and the residents poured into the streets and squares of the city
to avoid being buried in the ruins of .their homes. Nothing remained of
the city except heaps of ruins Fortunately, it was not very late and
almost no one had gone to bed. For this reason, only one person died,

but many were slightly injured. Recurrent shocks at short intervals
lasted all night. '

The earthquake and aftershocks were felt. at Ayutla,
Uamustitlan™ and other places in the state of Guerrero. It lasted more
than 40 seconds at Tlalpan, Cuernavaca, Cuautla®, Puente de Ixtla,
Chilapa, Chilpancingo and Tixtla. The earthquake was strong at Mexico

City, where it lasted 10 seconds. It was felt in the Valley of Mexico,
and: also at Puebla, San Andres Chalchicolisl*+, Orizaba, Cordova,

Jalapa, and Veracruz.

At Acapulco, the sea retreated about 6 m (20 feet) from shore,
~and the residents were very much afraid that it would return with greater

force and flood them all; however, the regular sea level was gradually -

restored (Perrey, 1854 b; Orozco y Berra,.1888 Milne, 1913; Leet, 1948; .

IThe prlmary sources apparently -mlstakenly indicate, not that the

" diameter of 'the area on which the earthquake was felt was equal to 300

miles, but that the area was 300 square miles and that the earthquake was
felt at San Luis OblSpO instead of San Luis. ‘
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-Iida et al., 1967).

- 1854, August 7, On the-ﬁtﬁ, at 23}30,'there_was a very serong

earthquake which affected all Costa. Rica., It was felt at least from "

.Colon (Aspinwall) 'in Panama to Pubaqui in Nicaragua. At San Jose.and

Cartago, tremors lasted 2 minutes with approximately the same intensity.

Several. more light shocks were felt until 5:00 on the following -day. "A

long stretch of coast on.the Pacific at Golfo Dulce sank underwater. On

the Atlantic coast, the tremors were strong at Matina and Moni® [Moin].

' Shocks were felt again on the 5th at Costa Rica and Nicaragua and
on the night of the 6th-7th at. Costa Rica. ‘The village of Golfo Dulce*
on the Pacific Coast was flooded by the sea and destroyed (Perrey, 1855,
1856; Montessus de Ballore, 1888) ,

1856, August 4; 16:47. - Suddenly, an earthquake destfoyed settle—
ments on the Atlantic coast of "Honduras, approximately from Omoa to -

Beliz., The port. of Omoa was almost totally destroyed.. Many cracks ap-
peared in the walls of -the ancient Spanish fortress. The ground: cracked
in a radius of 50 km (12 leagues) in the vicinity of the city and on the
coast between the Rio Tinto and Ulua Rivers. The town of San Jose* was
also destroyed, and Beliz suffered damage. Weak tremors lasting 30 se-
conds were felt at Guatemala, Underground shocks lasted all the night of

the 4th-5th., Then for a week more than a hundred were counted, and they

lasted at least until the 27th. The Indian tribes of Honduras long re-
membered this earthquake. Lo R

At Omoa, the sea fell and rose- to a height of 5m in still
weather; it reached the foot of the fortress and added to the'deétruction
begun by the earthquake. A similar phenomenon was observed on the shore
of Criba lagoon (Perrey, 1872 a; Montessus de Ballore, 1888;. Milne, 1912

b; . Sieberg, .1932; Heck, 1947; Montandon; 1962; Ponyavin, -1965; Iida et

al., 1967),

1859, August 25, A strong earthquake in El - Salvador [and
Honduras] caused some damage at La Union and Amapala ports, on Tigre
Island, at San Diego* and La Brea* settlements. A roar was heard. The
shocks continved almost without interruption on the 26th and 27th. The

shocks ceased on.the 28th but - several moré shocks were felt on September

1-3.

At La Union, the. earthquake was accompanied by tsunami waves, -

which did some damage. In particular, two dug-out canoes and one brigan-—
tine were lost (Perrey, 1864 b; Montessus de Ballore, 1888; Milne, 1912
b; Heck, 1934, 1947; Ponyavin, 1965; Iida et al., 1967). '

1859 (mistakenly‘1869), December 8, after 20:00, There was a
destructive earthquake in adjacent regions of Guatemala and E1 Salvador.

The earthquake lasted 2 1/2 minutes at Izalco. The parish church
was destroyed, except for the nave and the altar; in particular, the bell
tower collapsed. Approximately 40 of the "best” homes and a large number
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of smaller homes were destroyed; fortunately no one died.

At Tepecoyot, the church, the mayor's residence and many homes
were destroyed. At Guatepéque*t, the church and mayor's residence were
partly destroyed. Jahyaque suffered just as much: many homes were de-
stroyed, and the church was damaged. The ground settled in'the vicinity,
up to 90 m (100 yards) in width in some places.

At Guaymango?, some of the homes were destroyed and .the church
was substantially damaged. At Panchimalco, homes were destroyed and
large gaping cracks appeared in the ground. The churches and town halls
were partly destroyed at San Martin and Comasaguat, At Escuintla*t,
many homes collapsed. The earthquake lasted about 2 minutes at Sonsonate.
Almost all the buildings were damaged to some extent; in particular,
roofs were damaged.

At Nahuizalco, the monastery was destroyed. Great destruction
was also done in Sonsonate Department at Dolorez-Izalco, Masahuat,
Nauilingot, Juajua®t, Santo .Domingo [de Husman], ‘San. Antonio [del
Monte], Caluco+ Cacalote** and Ishuatan. The ground cracked badly
in the vicinity of Dolores Izalko*, and the width of cracks reached 4 m,

At Santa Ana, the earthquake lasted a n@nute and damaged.many
buildings. At Ahuachapan, Atiquizaya, Texistepek, there was much "de-
struction but no one died. The earthquake was strong at Guatepeque*
[San Juan] Opicot, Apopa, TepecOyo+ and other cities.

At the same time there were reports that there was no destruction
at Masahuat, Santo Domingo [de Husman] and Atiquizaya, and that the
earthquake ‘was not felt at [San Juan] Opicot and Apopa.

At San Salvador, there was a very strong earthquake, lasting 2 or
3 minutes. However, not a single building collapsed.

At Guatemala, the earthquake lasted 1 1/2 minutes,~but-did5not do
any damage. A pendulum about 3 m' long with a mass of 550 gm completed an
oscillation of amplitude 4 cm.  The beams of houses cracked constantly.
The earthquake was accompanied by a rumble. .

At Nicaragua, the earthquake was apparently felt only at Managua
on the shore of the lake of the same name.

The earthquake was accompanied by a tsunami. According to a
report of the governor of -Sonsonate, the sea became very agitated at
Acajutla port; the waves rose to an extraordinary height with a terrible
noise; the sea retreated far.from shore; the docks and river boat yards
dried 'up almost to the breakwater; on shore, caves and grottos collapsed;
the state warehouses were destroyed; the breakwater and customhouse were
flooded; an enormous chain about 70 m (40 fathoms) long and an anchor
disappeared, carried off by waves, and it was impossible to find them; -
holes of such size were formed in the sand that sailors sank in them up
to the waist. Fish floundered on.the beach and on' the terraces and they
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‘Were collected -in-: 1arge"numbersA (Perrey, 1862a, 1864 b; Montessus de
Ballore, 1888; Milne, 1912 b; Larde, 19165 Heck, 1934, 1947; Montandon,
1962; Ponyavin,. 1965; Iida et al., 1967) L ’

1860, March 17, about 9:00, " A loud explosion, ' like . a cannon

shot, was heard at Acapulco. It was caused by a heavy eruption of one of
the volcanoes situated in the direction of Mexico City. At the same time.
or a little earlier, Commodore Watkins, the captain of the "Golden Age",

saw three enormous waves approaching the ship (the rest of the sgea was
altogether calm). The waves reached the ship and surrounded .it in a semi-

circle, after which they disappeared 1eav1ng the sea as calm as it had'

been before (Perrey, 1862. b)

1868, August 12 (or 11), .4:00. - An earthquake was felt at
Acapulco (although not by all residents). A weaker shock was noticed at .

11:00, Apparently, the unusual flood and ebb tides of the sea,  observed
from morning until 20:00, should be ascribed to this earthquake. The
water at first retreated 35 m (40.vara) -beyond its usual mark, and then
covered the shore also for 35 m (40 vara). beyond the usual line, flooding

nearby homes (Orozco y Berra, - 1888). . [Probably effects of the Arica’

tsunami, see p.A74 ]

1871, February 7. Two underground shocks occurred at Minatitlan
[off the Atlantlc coast of Mexico] followed by a sea wave 0.3 m. (1 foot)
high.. "An earthquake was felt at Mexico City on the same day (Fuchs
1872, 1885 b; Perrey, 1875 b) - '

16/, Februay 123, There was a strong earthquake at Manzanillo

and Colima with great movement of water (Fuchs, 1885b).- Apparently, the |
report relates to the earthquake of 24.II. 1875, about which the following

is known., At 4:43, there was a strong earthquake at. Manzanillo, accom-
panied by a deafening roar of the sea. It was felt weakly at’ GuadalaJara.
‘The night before, on February 23 at 20:18, 'a mild ‘earthquake was felt at
Guadalajara and. a number of adjacent cities, and was accompanied by a
- series. of aftershocks (Orozco y Berra, 1888) :

1883, March 12, According to a report from Cuale (Mexico,
-Jalisco State), -the sea ‘left its usual ‘bed on a very long stretch of
coast on March 12, It retreated far from shore, so that elevations and
depressions on its bottom dried up. 1In particular ‘one could see that

the Las Tres Marias Islands are the tops-of a large underwater mountain.

protruding over the water surface. Many different .fishes, as. well ‘as
corals, shellfish and other benthic animals were stranded on the irregu-
larities of the sea floor. It .is not known how long the ebb tide'lasted,
but some time later, the sea returned rather quickly and with consider—
able noise to its previous position.

Nothing about -an earthquake was reported. On the following day, -

a hurricane and downpour broke on -this locality (Orozco y Berra, 1888;
Montessus de Ballore, 1906 a). :

1887, May 3, 14:45, There was a strong earthquake in northwest
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Mexico, in. the states of . Sonora and. Chihuahua., Thirty-five persons died
and 39 were seriously injured in the State of Sonora alone. Bavispe was
totally devastated _ )

At' Oputo many buildings were completedly 1evelled while the.

rest were heavily damaged and .collapsed -during the aftershocks,

9 resi-
dents died and many were inJured water gushed up along ditches and in
the valley. - ' o . o . '

At Guasabas and Granados, most of the buildings were destroyed.
‘Buildings were damaged at Opocura (29° 55' M., 109° 29''W.),

of the Moctezuma district at Concepcion Guerrero* and Ciudad Juarez
(Paso del Norte), The earthquake occurred with similar force at San

Miguelito [30 km southeast of Fronteras], Baseract, Guachinera+ - and
Nacori (40 km southeast of Granados). '

At Arizpe, ‘several . homes collapsed, while some other homes and

the - church were destroyed; fissures appeared in ploughland and in low-

lands and water spouted from them; the ground subsided at several places;
enormous blocks rolled down from the mountain tops,
dust on the slopes.

All the buildings cracked at Bacoachica; deep funnels appeared in
the ground, and large cracks, spouting water, appeared in the lowlands .

and on the banks of the river..

several homes were destroyed and still more were
damaged, ‘a mass of "’ cracks appeared in the ground, from which water spout-
ed in greater or lesser volume; the channel of the river dried up for an

Au ronteras+

instant, - but then water appeared again in. abundance, and its discharge
clouds of dust arose  from all the surrounding

approximately " doubled;
mountains.'

The entire valley between Bocadehuach1+ (29° 44' N., 109° 30"

W.) and Cuchutat was covered with cracks from” which issued water; the'

 ground subsided in places; the tops of adjacent’ mountains collapsed.

. Cracks also appeared in many places in the valley between
Porvenir and Agua Prieta.. An abundance of water poured forth from these
cracks, so that the grOund became swampy and impassable.-

, - At Janos, almost all homes were destroyed. Homes and the church
suf fered seriously at Galeana; the -tremors lasted 20-25 seconds. The
earthquake was strong -at Nuevo Casas Grandes+.' The ieafthquake was
rather strong at Ures and Santa Rosalia, ' ‘

The earthquake was. felt, but did not do any serious damage, at
Nogales, Magdalena, Baroyeca+ _ Buenavista Alamos, -and also,‘ according
to not quite reliable sources, at- San Francisco and Masatlant :

At Chihuahua and Rosales, the tremors lasted 5-10 ‘seconds and
frightened the residents, The éearthquake was rather strong at San Andres

the center-

raising clouds of .
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and damaged buildings; one of the nearby springs began to eject more
water, mixed with colored clay; after a while, the color and discharge of
water returned to normal. The tremors were mild at Guaymas.

Near the lighthouse on Haro Cape, following the earthquake the
water retreated from shore a considerable distance, and then retreated
again several times with the same force.. An unstable part of the hill to
the west of the lighthouse collapsed from the ~impact of - the tidal ‘waves
(Orozco y Berra, 1888).

1891, July 30, 6:00, The region of Ciudad Lerdo (Mexico) ‘was ap-
parently the center of a very strong earthquake. It seems that it caused
a tsunami of considerable height at the apex of Golfo de California. The
locality affected by the earthquake was so sparsely settled that there
was no destruction. Reports about this earthquake are vague and contra-
dictory; not enough reliable information is available about this tremor,
which covered a large area (Holden, 1898).

1897, June 20, 3:00. On June 5 at 19:22, a strong vertical shock
occurred in Mexico with source near Tehuantepec and Salina Cruz (Fig.
51). Tehuantepec was reduced to ruins. The streets running from west to:
east suffered more than the streets running north to south, Most of. the
residents left the city. The shock was felt in an area extending to the
states of Colima and Chiapas and to the latitude of Mexico, Nothing
unusual happened on the Pacific, in Salina Cruz Bay. )

After the earthquake shocks continued all night, at 4-5 minute
intervals, and on the following days. A loud rumbling preceded them by 3
seconds.

On June 14, the geologists Sanchez and Rangel went out from
Mexico City to investigate the earthquake. On the night of the 19-20th,
which they spent at Salina Cruz,. there was a strong undulating earthquake
in the north-south direction, which did not stop the agitation at sea and
the oscillations in its level (Sanchez Range, 1897) .

1902 (mistakenly 1912), February 26 (mistakenly 2 and 21) On
January 18, 1902 at 17:20, a very strong earthquake occurred which af-=-
fected the entire territory of Guatemala and lasted about 1/2 minute..
Several homes collapsed at San Martin* village near Quesaltenango, while
three sand ridges about 2 km long formed at Ocosa. The visible ground
waves, according to accounts, were 25-30 m long and 25-30 cm "high., Two .
. 20-ton locomotives were shifted 1 1/2-2 m. Similar phenomena were
observed on the coast of Mexico at San Benito*, :

On February 26, the residents of the Pacific coast border regions
"of Guatemala and El Salvador heard a 1loud rumble, like cannon  shots,
which appeared to come from under the bottom of the sea. A strong earth-
" quake. then. occurred. The residents were frightened. Soon they saw the. .
water retreating, exposing the sea bottom for a considerable distance.
After this, a black wall arose at sea: this was a large wave, whose might
increased as it approached the shore. The wave surged onshore. with

1
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~Fig. 51 :
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terrifying force. The residents did not have time to run to. safety and

they perished. The tsunaml .was observed on a 120 km stretch of coast

which included Acajutla (see Fig. 50 & 52), One hundred people died and

about the same number were injured at Barra de Santiago settlement.

About 85 people died at the village of Barra del Pas. Homes and trees were /135
washed out to sea, and the clothes were ripped from people caught by the

water, Three waves were reported, the first being the smallest.

Later, on April 18, a considerably .stronger earthquake occurred .
than on January 18, It lasted about a minute and was felt as far as
Mexico City. The greatest destruction ocdcurred at Quesaltenango, San
Pedro* and Solola*. In particular, a church built during  the Spanish
Conquest collapsed. The coast in the QOcosa region subsided 1 m (Fig. 52).

Then weak shocks occurred, . On - September "23, there was another
strong earthquake, and on October 23/24, the Santa Maria volcano, which
was thought to be dormant, exploded, forming an enormous new crater
(Sapper, 1902, 1905: Montessus de Ballore, 1906 .a, 1907; Anderson, 1908;
Krummel, 1911; Larde, 1916; Sieberg, 1932; Schultz, 1963; Iida et -al.,
1967). : - I

Richter (1963): 19.IV' 02h23m; 14° §,, 91° W., M=8.3.

[There are apparently no instrumental data .on the earthquake of
February 26.1

, 1902, August, A tsunami, possibly of seismic orgin, supposedly.
fell on the coast of the Golfo de