
WORLD DATA CENTER A 
for 

Solid Earth Geophysics 

CATALOG OF SUBMARINE VOLCANOES AND HYDROLOGICAL PHENOMENA 

ASSOCIATED WITH VOLCANIC EVENTS 

1500 B.C. TO DECEMBER 31,1899 

September 1984 

NATIONAL GEOPHYSICAL DATA CENTER 



COVER PHOTOGRAPHS 

L e f t :  Nuee' a r d e n t e  f low on M t .  Lamington, Papua I s l a n d ,  1951. 
Cen te r :  Lava f o u n t a i n ,  K i l a u e a  I k i ,  Hawaii, 1960. 
Right: E r u p t i o n  cloud, M t .  Ngauruhoe, New Zea land ,  May 1972. 

( a l l  photographs ,  U n i v e r s i t y  of Colorado)  



WORLD DATA CENTER A 
for 

Solid Earth Geophysics 

REPORT SE- 36 

CATALOG OF SUBMARINE VOLCANOES AND HYDROLOGICAL PHENOMENA 

ASSOCIATED WITH VOLCANIC EVENTS 1500 B.C. TO DECEMBER 31,1899 

Peter Hedervari 

Georgiana Observatory, Center for Cosmic and Terrestrial Physics 
H. 1023, Budapest, II. Arpad fejedelem utja 40  - 41 Hungary 

September 1984 

Published by World Data Center A for Solid Earth Geophysics 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

National Geophysical Data Center 
Boulder. Colorado 80303, USA 



DESCRIPTION OF WORLD DATA CENTERS 

World Data Centers conduct  internat ional  exchange of geophysical observations in  accordance with the pr inciples set for th 
by the International Counci l  of Scient i f ic  Unions (ICSU). They were establ ished in 1957 by the International Geophysical Year 
Commi t tee  (CSAGI) as part of the fundamental  international p lanning for the IGY program to col lect  data from the numerous 
and widespread IGY observational programs and to make such data readily accessible to  interested scient ists and scholars 
for an indef in i te per iod of time. WDC-A was establ ished in the U.S.A.; WDC-B in the U.S.S.R.; and WDC-C in  Western Europe, 
Australia, and Japan. This new system for exchanging geophysical data was found to be very effective, and the operations 
of the World Data Centers were extended by ICSU on a cont inu ing basis to other international programs; the WDC’s were under 
the supervision of the Comite International de Geophysique (CIG) for the period 1960 to 1967 and are now supervised by the 
ICSU Panel on World Data Centres. 

The current p lans for cont inued international exchange of geophysical data through the World Data Centers are set for th 
in  the Fourth Consolidated Guide to lnternational Data Exchange through the World Data Centres, issued by the ICSU Panel 
on World Data Centres. These p lans are broadly similar to  those adopted under ICSU auspices for the IGY and subsequent 
international programs. 

Funct lons and  Responslbi l i t les of WDC’s 

The World Data Centers col lect  data and publ icat ions for the fo l lowing discipl ines: Meteorology; Oceanography; Rockets 
and Satellites; Solar-Terrestrial Physics discipl ines (Solar and Interplanetary Phenomena, Ionospheric Phenomena, Flare- 
Associated Events, Geomagnetic Phenomena, Aurora, Cosmic Rays, Airglow); Sol id Earth Geophysics discipl ines (Seismology, 
Tsunamis, Gravimetry, Earth Tides, Recent Movements of the Earth’s Crusr, Rotation of the Earth, Magnet ic Measurements, 
Paleomagnetism and Archemagnetism, Volcanology, Geothermics), and Marine Geology and Geophysics. In planning for the 
various scient i f ic  programs, dec is ions on data exchange were made by the scient i f ic  communi ty  through the international 
scient i f ic  unions and committees. In each discipl ine, the special ists themselves determined the nature and form of data ex- 
change, based on their needs as research workers. Thus, the type and amount of data in  the WDC’s di f fer  from discipl ine to  
discipline. 

The objects  of establ ishing several World Data Centers for col lect ing observational data were: (1) to insure against loss 
of data by the catastrophic dest ruct ion of a single center, (2) to  meet the geographical convenience of, and provide easy com- 
municat ion for  workers in  dif ferent parts of the world. Each WDC is  responsible for: (1) endeavoring to col lect  a complete set 
of data in the field or discipl ine for which it i s  responsible, (2) safekeeping of the incoming data, (3) correct copying and reproduc- 
t ion of data, mainta in ing adequate standards of c lar i ty and durabil ity, (4) supplying copies to  other WDC’s of data not received 
directly, (5) preparation of catalogs of al l  data in i ts charge, and (6) making data in  the WDC’s available to  the scient i f ic  com-  
munity. The WDC’s conduct  their operation at  no expense to  ICSU or to  the ICSU family of unions and commit tees. 

World Data Center A 

World Data Center A, for which the Nat ional  Academy of Sciences through the Geophysics Research Board and i ts Com- 
mi t tee on Data Interchange and Data Centers has overall responsibil i+y, cons is ts  of the WDC-A Coordination Off ice and seven 
subcentem at scient i f ic  inst i tut ions in various parts o f  the United States. The GRB periodical ly reviews the act iv i t ies of WDC- 
A and has conducted several s tud ies on the effect iveness of the WDC system. As a result of these reviews and studies, some 
of the subcenters of WDC-A have been relocated so that they could more effectively serve the scientif ic community. The addresses 
of the WDC-A subcenters and Coordination Off ice are given inside the front cover. 

The data received by WDC-A have been made available to the scient i f ic  communi ty  in various ways: (1) reports conta in ing 
data and results of experiments have been compiled, published, and widely distributed; (2) synoptic-type data on cards, microf i lm, 
or tables are available for use at the subcenters and for loan to scientists; (3) copies of data and reports are provided upon request. 



The i d e a  of a comprehensive c a t a l o g  of 
h y d r o l o g i c a l  phenovena a s s o c i a t e d  w i t h  volcanoes  
o r i g i n a t e d  i n  1979. The a u t h o r  has  s i n c e  c o l l e c t e d  
hundreds of p i e c e s  of worldwide d a t a ,  spanning 3500 
y e a r s  from a n t i q u i t y  t o  t h e  p re sen t .  It soon became 
c l ea r ,  however, t h a t  t h e r e  a r e  too  many p i e c e s  of d a t a  
t o  i n c l u d e  a l l  of t h e  e n t r i e s  i n  a s i n g l e  volume. 
T h e r e f o r e ,  i t  was dec ided  t o  t rea t  t h e  e v e n t s  i n  t h r e e  
d i f f e r e n t  volumes. T h i s  f i r s t  volume c o n t a i n s  a s h o r t  
d e s c r i p t i o n  of t h e  e v e n t s  from about  1500 B.C. t o  t h e  
end of 1899. The secopd volume t rea ts  those  e v e n t s  
t h a t  occur red  between January  1900 and December 1979. 
I n  t h e s e  two volumes a catal 'og of submarine v o l c a n i c  
e r u p t i o n s ,  new i s l a n d s ,  t sunamis ,  s e i c h e s ,  and base  
s u r g e s  i s  g iven .  The t h i r d  volume summarizes a l l  t h e  
known s u b g l a c i a l  e r u p t i o n s  and joku lh laups  ( t h a t  i s ,  
g l a c i e r  b u r s t s  t h a t  a re  t h e  consequences of such 
e r u p t i o n s ) .  

g o t  on ly  t h e  known cases are t r e a t e d ,  b u t  a l s o  
t h o s e  t h a t  a r e  doub t fu l .  These a r e  symbolized by a 
quest ionmark b e s i d e  t h e  conven t iona l  v o l c a n o l o g i c a l  
a b b r e v i a t i o n s .  In c e r t a i n  cases I have expressed  my 
own view i n  t h e  d i s c u s s i o n  of c e r t a i n  phenomena; 
r e a d e r s  should  r ega rd  t h e s e  views as pe r sona l  op in ions  
o n l y ,  which can be accepted  o r  r e j e c t e d  on t h e  b a s i s  
of t h e  r e s u l t s  of f u r t h e r  r e s e a r c h .  
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CATALOG OF SUBMARINE VOLCANOES AND HYDROLOGICAL PHENOMENA 
ASSOCIATED W I T H  VOLCANIC EVENTS 

1500 B.C. TO DECEMBER 31, 1899 

INTRODUCTION 

On t h e  suggestion of Neumann v a n  Padang, the  
Internat ional  Association of Volcanology and Chemistry 
of the Ear th ' s  I n t e r i o r  (IAVCEI), has accepted some 
symbols f o r  the short  descr ipt ion of c e r t a i n  volcanic 
phenomena. These symbols are  used i n  t h i s  catalog,  
but i t  was necessary t o  add a few more t o  them. T h e  
symbols used i n  the  present catalog a re  as follows: 

A 

9 

W 

W 

* 
=p 

Conventional Synibol s 

erupt ion in  the  central  c r a t e r  

erupt ion 

erupt ion 

erupt ion 

subglaci a 

n a p a r a s i t i c  c r a t e r  

n a radial  f i s s u r e  

n a regional f i s s u r e  

erupt ion 

normal explosions 

erupt ions producing nuees ardentes  

lava flow 

erupt ion i n  a c r a t e r  lake 

erupt ions in  a lava lake 

ex t rus ion  of  a lava dome 

extrusion of a spine 

phrea t ic  explosions 

mud flows 

submarine erupt ion,  sublake eruption 

volcanic is land 

t sunarrli 

New Symbols 

tornadoes, water spouts ,  high ( v e r t i c a l )  

se iche  

base surge 

submarine lava flow 

submergence or  dennih i la t ion  of a volcanic 
i s land  (used general ly  only i n  cases  
when exact da te  i s  known) 

water columns 

? doubtful event 

S 

A t  the  end of t h i ?  voluilie the reader wil l  f ind an 
"List of  Locations" i n  which a l l  the  volcanoes 
( including the unnamed ones) a re  l i s t e d  i n  a lphabet i -  
cal order  according t o  the naine of the volcano o r ,  i f  
no naine, in  terms of the name of the  area i n  which the  
e rupt ive  center  can be found. Names and  coordinates 
general ly  adhere t o  the volumes, Catalogue of Active 

suppleinent t o  a former item 

Volcanoes of t h e  World Including Sol fa ta ra  Fields ,  
published by IAVCEI , a n d  t o  Simkin e t .  a l ,  ( 1 9 8 1 ) .  

A t  t h e  time of preparat ion of the  present catalog 
t h e  voliiines f o r  Iceland and f o r  the Aleutian -- Alaska 
b e l t  had not been published. The d a t a  f o r  these 
regions a r e  from geosc ien t i s t s  Berninghausen, Hantke, 
a n d  L a t t e r  as well as  Shackelford. I n  the  Catalogue 
of Active Volcanoes each volcano has a s e r i a l  number 
which gives information about the region, about the 
d i s t r i c t  w i t h i n  the  given region, and about the spe- 
c i a l  s e r i a l  number o f  the volcano i n  question w i t h i n  
t h e  d i s t r i c t .  For instance:  G,3-9 means Tangkuban 
Prahu ( o r  P a r a h u ) ,  where 6 incans Indonesia and 3 iiieans 
Java. F o r  easy i d e n t i f i c a t i o n  of the individual 
volcanoes we adopted the same system i n  the "Index of 
Loca l i t i es . "  B u t ,  s ince the  volumes f o r  Iceland and 
f o r  the Aleutian--Alaska b e l t  dere not ava i lab le ,  the 
volcanoes belonging t o  these regions a re  mentioned 
w i  tCloiit s e r i  a1 numbers, as  a *e volcanoes n o t  irlenti oned 
i n  the Catalogue o f  Active V7lcanoes. Following S i m -  
kin (1931),  s e r i a l  numkrs a re  given in  t h i s  forii: 

A. EVENTS BEFORE THE BEGINNING OF THE C H R I S T I A N  ERA 

0603-09. 

1. Around 1500 B.C.  -- Santorini  , Aegean Sea 

A tsunalni accompanied the  "Minoan" erupt ion;  i t  
was due t o  the co l lapse  of the anc ien t ,  cen t ra l  cone 
of the  volcanic group. Devastation along Northern 
Crete ,  Western Cyprus (Meszaros 1978). t h e  Eastern 
Mediterranean as  f a r  as Ugarit (Rhas Sha:nra) on the 
Syrian coas t ,  and along the  coast  of the present-day 
Tel Aviv and J a f f a .  According t o  ca lcu la t ions  
(Yokoyana 1973) the tsunami arr ived a t  the western 
shore of Anaphi Is land from Santor ini  i n  10 min. The 
northern coast  of Crete was reached within 25 inin. 
The waves t r a v e l l e d  about 70 min t o  Llestern Cyprus, 
while the  Tel Aviv - -  J a f f a  l i n e  was reached a f t e r  
about 105 min. A possible  maximum height a t  the  
source area of 50 t o  89 m was deduced -- the most pro- 
bable height of t h e  tsunami just a t  Santor ini  hecoines 
63 m (Yokoyama 1378). The erupt ion of the volcano was 
( a t  l e a s t  p a r t l y )  submarine and was accompanied by 
base surges as  well (Bond and Sparks 1376). 

This tsunami might have had an important h i s t o r i -  
cal r o l e  s ince  i t  destroyed the  warships of the Minoan 
Empire and thus  t h e  ancient  inhabi tan ts  of Crete  could 
not pro tec t  theinsel ves against  the Achai an warr iors  

1 



F i q u r e  I.-- The s i t e  o f  t h e  q r e a t e s t  known tsunami 
o f  v o l c a n i c  o r i q i n :  t h e  i n t e r i o r  o f  t h e  Santor -  
i n i  ca ldera ,  Aeqean Sea. I n  t h e  foreqround 
p a r t  o f  t h e  i s l a n d  o f  Thera i s  v i s i b l e ;  i n  t h e  
background i s  a remnant o f  t h e  a n c i e n t  v o l c a n i c  
mount, Theras ia.  (P. Hedervar i )  

F i q u r e  2.-- A p a r t  o f  t h e  very s teep w a l l  o f  t h e  
S a n t o r i n i  c a l d e r a  a t  Thera. (P. Hedervar i )  

See a l s o  A.D. c a l d e r a  o f  S a n t o r i n i  (Seorga las  1962) .  
46, S a n t o r i n i .  

K F - n * ?  

who came froin main land Greece t o  conquer thein (Luce 
1969).  

f 5 =?= 

2. About 330 8.C.--Yoschylos, Aegean Sea 

"It i s  rurnoured, t h a t  Chryse I s l a n d  and t h e  
vo lcano i4oschylos near  t h e  i s l a n d  o f  Lemnos were sunk 
by a shock. I f  i t  i s  t r u e ,  a huge tsunami shou ld  have 
been generated" (Galanopoul os  1360, p .  375) .  
Accord ing  t o  S ieherg  (1932)  t h e  s t r o n g  shock had an 
e p i c e n t r a l  i n t e n s i t y  o f  9" o r  g r e a t e r  and o r i g i n a t e d  
a t  40°N, 25"E. 

5 ? * 3 ?  

3 .  264-241 D.C.--Campi F l e g r e i  de l  Mar d i  S i c i l i a  

Retween these y e i r s  and d u r i n g  t b e  f i r s t  Punic  
'Yar, submarine e r u p t i o n s  o c c u r r e d  i n  t h i s  area (Imho 
1365) .  

iT 

4. 197 8 .C. - -Santor in i ,  Aegean Sea 

T h i s  i s  t h e  f i r s t  o f  t h r e e  p o s s i h l e  d a w s  f o r  t h e  
o r i g i n  o f  Palaea Kameni I s l a n d  w i th in  t h e  S a n t o r i n i  
c a l d e r a  (Georgalas 1962) .  I n  t h a t  y e a r  a g r e a t  s!lock 
w i t h  an e p i c e n t r a l  i n t e n s i t y  o f  a t  l e a s t  7 "  took p l a c e  
i n  and around ahodes (Galanopoulos 1961) t h a t  m i g h t  
have perhaps been a s s o c i a t e d  w i t h  t h i s  e r u p t i o n .  See, 
however, A . D .  46, S a n t o r i n i  a s  w e l l .  S t rabo s t a t e s  
t h a t  t h e  I s l a n d  o f  H i e r a  was formed d u r i n g  an o i i t b u r s t  
t h a t  was accompanied by " f lames"  (Georgalas 1962). 

x p * ?  

5. 194 0 .C. - -Santor in i ,  Aegean Sea 

T h i s  i s  t h e  second p o s s i b l e  d a t e  among t h r e e  f o r  
t h e  o r i g i n  o f  t h e  I s l a n d  o f  Palaea Kameni w i t h i n  the  

4 

0 

F i q u r e  3.-- Fresh lavas  on Nea Kainen 
w i t h i n  t h e  S a n t o r i n i  ca ldera .  I n  
ground t h e  c a l d e r a  w a l l  o f  Thera 
he seen. (P. Hedervar i )  

J 

Is1 and 
t h e  hack- 
s l a n d  can 

I .  h 

F i q u r e  4.-- The main c r a t e r  o f  Nea Karneni 
volcano. (P. Hedervar i )  

2 



6. 183 B.C.- -Vulcanel lo ,  L i p a r i  I s l a n d s  

T h i s  was probab ly  a submarine e r u p t i o n .  MacDonald 
(1972)  has mentioned o n l y  normal e x p l o s i o n s  and l a v a  
f l o w s  f rom the  c e n t r a l  c r a t e r .  Accord ing  t o  Imbo 
(1965) ,  d u r i n g  t h e  a c t i v i t y  o f  Vulcano t h e  c r a t e r s  o f  
F o r g i a  Vecchia and V u l c a n e l l o  were formed. 

7. About 150 B.C.--Taupo Vo lcan ic  Centre,  Cent ra l  
N o r t h  I s l a n d ,  New Zealand 

There a r e  some i n d i c a t i o n s  t h a t  about  23-25 
km3 o f  tephra  were formed d u r i n g  a phase o f  t h e  g r e a t  
c y c l e  o f  e r u p t i o n s .  Two submarine e r u p t i o n s  a l s o  took 
p l a c e  (Co le  and N a i r n  1974). Note added i n  p r o o f :  
Walker ( J o u r .  o f  Volc .  and Geotherm. Res., 8, 69-94, 
1980) has d 

8. 

Submar 

t e d  t h i s  e r u p t i o n  a t  about  A.D. .  31. 
K ?  

91 B.C.- -Vulcanel lo  ( ?  o r  Vulcano?), 
L i p a r i  I s l a n d s  

ne e r u p t i o n ?  (Imbo 1965). 

K ?  

B. EVENTS AFTER THE BEGINNING OF THE CHRISTIAN ERA 

9. A.D.  1 9 - - S a n t o r i n i ,  Aegean Sea 

The I s l a n d  Th ia  was formed by t h e  e f f u s i o n  o f  
l a v a s  i n  t h e  c a l d e r a  o f  S a n t o r i n i  (Georgalas 1962). 

;II * 

10. 4 6 - - S a n t o r i n i ,  Aegean Sea 

T h i s  i s  t h e  t h i r d  (and u s u a l l y  accepted)  da te  f o r  
t h e  o r i g i n  o f  Palaea Kameni I s l a n d  w i t h i n  t h e  l a r g e  
c a l d e r a .  The i s l a n d  was formed by repeated l a v a  e f f u -  
s i o n s  (Georgalas 1962) .  An ear thquake w i t h  an e p i -  
c e n t r a l  i n t e n s i t y  g r e a t e r  than 7 "  t r i g g e r e d  an 
e x p l o s i o n  w i t h i n  t h e  c a l d e r a .  The shock was f e l t  on 
Cre te .  I t  was f o l l o w e d  by a tsunami t h a t  preceded 
t h e  w i thdrawal  o f  water  some 100 m (Galanopoulos 
1960). E p i c e n t r a l  c o o r d i n a t e s :  36.5"N, 25.5"E 
( S i e b e r g  1932) .  x F - a * ~  

11. 79 August 24--Vesuvius, I t a l y  

T h i s  event  i s  known as t h e  "Pompeian" e r u p t i o n .  A 
tsunami was mentioned by P l i n y  t h e  Younger. The e x a c t  
d a t e  o f  t h e  outbreak i s  u n c e r t a i n .  G i o r g e t t i  and 
I a c c a r i n o  (1971)  gave 79 November 24 as  t h e  da te  of 
t h e  " e x p l o s i o n  o f  Vesuvio"  and s a i d  t h a t  i t  was pre-  
ceded by a very  s t r o n g ,  10" shock on November 2 3  t h a t  
can be regarded as a d i r e c t  t r i g g e r .  I t s  e p i c e n t e r  
was a lmost  e x a c t l y  t h e  vo lcano i t s e l f  ( e p i c e n t r a l  
c o o r d i n a t e s :  40°48'N, 14"27 'E- - in  c o n t r a s t  t h e  coor -  
d i n a t e s  o f  Vesuvius are :  40"49'17"N, 14'25'34"E). 
Judg ing  f rom t h e  degree o f  i n t e n s i t y ,  i t  appears t o  
have been a t e c t o n i c  shock r a t h e r  than a v o l c a n i c  one 

3 

o f  A o r  B type.  F o r  t h e  da te  o f  e r u p t i o n  i n  quest ion,  
Imbo (1966) gave "79 (October 26 ? I " .  

t "  

12. 416--Krakatau ( ? I ,  Sunda S t r a i t  

Accord ing  t o  Berninghausen (19691, l a r g e  des t ruc-  
t i v e  waves accompanied a v o l c a n i c  e r u p t i o n .  The waves 
were observed a t  Java, Sumatra, and i n  S e l a t  Sunda 
(06"00'S, 105"45 'E) .  

Note: Concerning t h i s  e r u p t i o n  and tsunami we 
have t h e  f o l l o w i n g  i n f o r m a t i o n  f rom Shackel f o r d  
(1980) .  "It was l i k e l y  t h a t  Krakatau  was t h e  s i t e  o f  
t h e  e r u p t i o n ,  as i n d i c a t e d  t o  me by Gustave Hantke 
about  a y e a r  ago. Accord ing t o  him, t h i s  tremendous 
e r u p t i o n  was f rom t h e  volcanoes of Capi, Karakoto 
(p robab ly  = Krakatau I ,  Batuwara and Kamul a. Hantke' s 
d a t a  were f rom some o l d  sources, and n e i t h e r  o f  us a r e  
aware o f  any volcanoes w i t h  those names, so we f e l t  
t h a t  i t  was l i k e l y  t o  be Krakatau o r  p o s s i b l y  a South 
Sumatran volcano. However, t h e  f a c t  t h a t  a tsunami 
accompanied t h e  e r u p t i o n  would seem t o  suggest t o  ine a 
submarine o r  i s l a n d  volcano, o f  which o n l y  Krakatau 
f i t s  t h e  d e s c r i p t i o n  o f  known a c t i v e  volcanoes." I n  
f a v o r  o f  t h i s  o p i n i o n  i t  can be mentioned t h a t  
Krakatau  l i e s  i n  S e l a t  Sunda ( t h i s  i s  t h e  Indonesian 
name o f  t h e  Sunda S t r a i t )  i n  which t h e  waves were 
observed. 

- 

t "  

13. 726- -Santor in i ,  Aegean Sea 

Submarine a c t i v i t y  occur red  w i t h i n  t h e  ca ldera .  
A g r e a t  q u a n t i t y  o f  pumice was erup ted .  An i s l a n d  was 
formed from' the e f f u s e d  l a v a  t h a t  u n i t e d  t h e  e r u p t i o n  
c e n t e r  w i t h  H i e r a  I s l a n d ,  b u t  i t  disappeared a t  a 
l a t e r  t i ine. Another p o s s i b i l i t y  i s  t h a t  t h e  new 
i s l a n d  was formed on t h e  n o r t h e r n  s i d e  o f  Palaea 
Kameni w i t h  which i t  f i n a l l y  was u n i t e d  (Ceorqalas 
1962) .  

14. 765 J u l y  o r  766 July--Unknown volcano 
(Sakura-z ima?)  , Kyusyu 

E i t h e r  a tsunami o r  a mudflow took p lace .  The 
phenomenon has been observed a t  Osumi I s l a n d  o r  Osumi 
p e n i n s u l a  ( I i d a  e t  a l .  1972). Note: The event  was 
a s s o c i a t e d  w i t h  a v o l c a n i c  erupti%n, Kuno (1962)  men- 
t i o n e d  an outbreak o f  Sakura-zima i n  t h e  year  766, and 
accord ing  t o  him a new i s l a n d  was born.  I n  c o n t r a s t ,  
I i d a  e t  a1 (1972)  s a i d  t h a t  an i s l a n d  sank. We 
suggest  t h e  vo lcano i n  q u e s t i o n  was r e a l l y  Sakura- 
zima, because t h i s  inount i s  s i t u a t e d  j u s t  i n  f r o n t  o f  
Osumi I s l a n d  where t h e  tsunami ( o r  a mudflow i n t o  t h e  
sea) was repor ted . "  There fore ,  766 appears t o  be more 
probab le  than 765. Sapper (1927)  a l s o  gave 766, b u t  
he l i s t e d  no d e t a i l s .  

t K ?  * ? A 3 7  " ?  

15. 10 th  c e n t u r y - - C r a t e r  Lake, Oregon 

A f t e r  t h e  paroxysmal e r u p t i o n  o f  Mount Mazama 
about  5000 B.C . ,  when 30 km3 o f  tephra  were i n j e c t e d  
and a c o l l a p s e - c a l d e r a  was formed, a new i s l a n d  
emerged f rom t h e  bot tom o f  t h e  c a l d e r a - l a k e  i n  the  



Augusrins, Toulouse. 

F i g u r e  ll/l.-- I n  1813, French n e o c l a s s i c  P a i n t e r  P i e r r e - H e n r i  de 
Valenciennes, f o l l o w i n q  P l i n v  t h e  Younqer's account of  h i s  u n c l e ' s  
death, p a i n t e d  The Erup 
now i n  t h e  Musee des Au 

1 0 t h  c e n t u r y  A.D. T h i s  i s  now known as Wizard I s l a n d  
( K i t t l e n a n  1979). 

v t  * 

I I 

F i q u r e  15/1.-- !.lizard I s l a n d  w i t h i n  t h e  c a l -  
dera o f  Mount Mazama ( C r a t e r  Lake, Oreqon). 
A f t e r  Cot ton.  

16. 1050- -Santor in i ,  Aegean Sea 

Heck (1947) has r e p o r t e d  a smal l  se ismic sea 
wave t h a t  was a s s o c i a t e d  w i t h  a submarine e r u p t i o n  o f  
( o r  n e a r )  S a n t o r i n i .  No e r u p t i o n  o f  t h i s  vo lcano i s  
ment ioned by Georgal as (1962 1 ,  o r  by Gal anopoul os 
(1960, 1961) ;  t h e r e f o r e ,  t h e  event  i s  d o u b t f u l .  See 
i t e m  265. 

?Tt ? " ?  

17. 1226, w i n t e r - - E l d e y ,  I c e l a n d  

A submarine e r u p t i o n  and ash f a l l  occur red  
(Bern inghausen 1964). 

T t  

18. 1231--El dey , I c e l a n d  

ash fa1 1 took p l a c e  (Bern inghausen 1964). 
A submarine e r u p t i o n  accompanied by sand f a l l  o r  

X t  

19. 1238--Eldey, I c e l a n d  

Submarine a c t i v i t y  has been r e p o r t e d ,  b u t  no 
d e t a i l s  a r e  a v a i l a b l e  (Berninghausen 1964). 

?T 

20. 1240--Eldey, I c e l a n d  

T h i s  was a submaritie e r u p t i o n ,  b u t  no a d d i t i o n a l  
d a t a  a r e  a v a i l a b l e  (Berninghausen 1964) .  

?T 
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21. 1332--Unnamed volcano,  I c e l a n d  

Approximate l o c a t i o n :  67"10'N, 25'15'W. A suh- 
mar ine  e r u p t i o n  was noted,  b u t  no f u r t h e r  da ta  a r e  
a v a i l a b l e  (Rerninghausen 1964). 

7K 

22. 1372--Unnamed volcano,  I c e l  and 

Approximate l o c a t i o n :  66"40'M, 18"05'W 
(MacDona1 d 1972) o r  6G037'N, 17"48'W (Berninghausen 
1964) .  A submarine e r u p t i o n ,  accompanied by t h e  
w e r g e n c e  o f  a temporary i s l a n d ,  was recorded.  

T *  

23. 1421 May 14--0-sima, Izu-F lar ina I s 1  ands 

Submarine o u t b u r s t  f rom a c r a t e r  j u s t  sou theas t  
o f  S a s i k i z i ,  a v i l l a g e  on t h e  sou the rn  shore o f  0-sima 
I s l a n d ,  occu r red  (Kuno 1962) .  

Submar 

25.  

The vo 
I c e l a n d  and 

24. 1 4 2 2 - 4 1  dey , I c e l  and 

ne, new i s l a n d  (Rerninghausen 1964). 
f i *  

1456--Unnamed volcano,  I c e l  and 

can0 i n  q u e s t i o n  may be l o c a t e d  between 
Greenland (van  Padang e t  a l .  1967). I t s  

l o c a t i o n  i s  between 65.5 and 66.5"N, 25.5 and 30"W 
( v a n  Padang e t  a l .  1967) ;  66"N (approx ima te l y ) ,  
29"34'W (MacDonald 1972); 67 "10 'N(? ) ,  25"15'W(?) 
,~ . . .a,-"\ . . . , . , . . _ _  . _ I . .  .I 

(Uerningtlausen lYb4). An i s i a n a  i s  snuwn uri d L n d r - 1  
p u b l i s h e d  i n  1507 and i t  i s  remarked t h a t  t h e  i s l a n d  
was consumed hy f i r e  i n  1456. Accord ing t o  
Rerninghausen (19641, a temporary i s l a n d  was formed on 
t h e  s i t e  o f  t h e  submarine e r u p t i o n  p o i n t .  

7 i *  

26. 1543--Subinarine vo l cano  no r thwes t  o f  
K i ta- Iwo-z ima,  Izu-Mar iana I s l a n d s  

No d e t a i l s  a r e  known (Kuno 1962) .  Sapper (1927)  
has a l s o  ment ioned an e r u p t i o n  here.  

li 

27. 1570 ( o r  1573?) - -San to r in i ,  Aegean Sea 

The I s l a n d  o f  M i k r a  Kameni o r i g i n a t e d  froin l a v a  
e f f u s i o n s .  The a c t i v i t y  was accormpanied by s t r o n g  
e x p l o s i v e  phenomena (Georgalas 1962) .  No da ta  about  
a tsunami a r e  a v a i l  ah1  e (Gal anopoul os 1960).  

7 i t  p* 

28. 1583--Eldey, I c e l a n d  

Submarine a c t i v i t y  occurred,  b u t  no d e t a i l s  a r e  
a v a i l a b l e  (Bern inghausen 1964) .  

7i 

F i g u r e  28/1.-- I s l a n d s  o f  t h e  Reykjanes Pen insu la  on 
b i shop  G .  Thor lakssons 'nap p r i n t e d  i n  1590, i n c l u d -  
i n g  Eldey. Cour tesy o f  Museum o f  N a t u r a l  H i s t o r y ,  
I c e l  and. 

w i t h  a R i c h t e r  magnitude ( M )  o f  6.9 t o o k  p l a c e  near  
t h e  town o f  O i t a  w i t h  an e p i c e n t r a l  l o c a t i o n  o f  
33.3"N, 131.7"E. Concerning t h i s  e v e n t  t h e  a u t h o r  has 
r e c e i v e d  a Japanese t e x t  and c h a r t  f ro ln Sato (19771, 
t h e  source o f  which i s  unknown. The t e x t  h a s  hem 
t r a n s l a t e d  by Eva Szenasi (1979) .  Herew i th  wc p u h l i s h  
t h e  E n g l i s h  v e r s i o n  o f  t h e  o r i g i n a l  Japanese t e x t :  

D u r i n g  t h e  regime o f  t h e  107th 
r u l e r  [ o f  Japan], Emperor Goyozri 
[1586-1611] and i n  t h e  second p a r t  
o f  h i s - r e i n i n g  and i n  t h e  f i r s t  
y e a r  o f  t h e  Long Gladness [ i n  15961 
an earthquake took  p l a c e  on Kyiisyu 
I s l a n d ,  near t h e  town o f  O i ta , - -  
and t h e  i s l a n d  known as Gri t i - j ima 
sunk [ ? I  ( o r )  was covered by l ava  
[?I. 

Accord ing  t o  a n o t e  by Sato, i n  t h e  n e x t  y e a r  another  
nearby i s l  and, H i  sami t s u -  j ima ,  a1 so d isappeared.  

Acco rd ing  t o  t h e  i n f o r m a t i o n  t h e  a u t h o r  has 
r e c e i v e d  froin Szenasi, t h e  a n c i e n t  Japanese t e x t  i s  
r a t h e r  ambiguous; t h e r e f o r e ,  i t  i s  n o t  c l e a r  whether 
t h e r e  was any l a v a  f l o w .  It must be noted,  howpver, 
t h a t  t h e  o n l y  vo lcano i n  t h e  near  e n v i r o n s  o f  t h e  
Reppu Ray, where t h e  two i s l a n d s  disappeared, i s  
Turuni i .  Kuno (1962)  has imentioncd only  one 
q u e s t i o n a b l e  e r u p t i o n  o f  t h i s  imount, on 687 March 4. 
No remarks a r e  inade concern ing  any a c t i v i t y  i n  and 
abou t  1596. There fo re  t h e  v o l c a n i c  r e l a t i o n  o f  t h e  
ear thquake i n  q u e r t i o n  and t h a t  o f  t h e  disappearance 
o f  t h e  two i s l a n d s  i s  d o u b t f u l .  It i s  u n l i k e l y - -  
a l t h o u g h  n o t  i m p o s s i b l e - - t h a t  p reced ing ,  d u r i n g ,  o r  
f o l l o w i n g  t h e  shock t h e r e  were l a v a  f l o w s  as w e l l .  
Cons ide r ing  t h i s  p o s s i b i l i t y ,  wh ich  cannot  he 
exc luded,  we f e l t  i t  necessary t o  inent ion these 
s t r a n g e  and i n t e r e s t i n q  even ts  i n  t h i s  c a t a l o q .  

29. 15q6 September 4--Turumi (?I, Kyusyu 

Acco rd ing  t o  Usami (19661, on t h i s  day a shock 



30. 1606 January 23--Hatizyo-zima l d i  si-yama, 
Izu- i4ar iana I s l a n d s  

A submarine e r u p t i o n  f rom a p a r a s i t i c  c r a t e r  
t h a t  formed an i s l a n d  near  Hat izyo-z ima has been 
'-ecorded. The p l a c e  cannot  be l o c a t e d  now e x a c t l y ,  
however (Kuno 1962) .  It i s  l i k e l y ,  a l t h o u g h  n o t  c e r -  
t a i n ,  t h a t  a s m a l l e r  tsunami was a s s o c i a t e d  w i t h  t h i s  
e r u p t i o n .  The waves were observed around H a c h i j o  
I s l a n d  o f  t h e  Izu-group ( I i d a  e t  a l .  1972) .  

07T*%? 

31. 1627 September--Caraballos ( ? ) ,  N o r t h  Luzon, 
P h i l i p p i n e  I s l a n d s  

I n  t h i s  month an ear thquake took  p l a c e  a t  16'N, 
131"E (on main land)  and a tsunami inundated  t h e  shore 
as f a r  as 5 km i n land.  Trees were uprooted. Russel 
(1888)  has mentioned an e r u p t i o n  o f  Carabal los,  Nor th  
Luzon, f o r  t h e  same year ,  and Lamb (1970) has repeated 
t h i s .  Volcano Carabal los,  however, i s  no t  t r e a t e d  by 
Sapper (1927) o r  by Neumann van Padang (1953). Th is  
vo lcano i s  no t  i n d i c a t e d  i n  t h e  genera! map "Volcanoes 
o f  t h e  World" ( M o r r i s  e t  a l .  1979) e i t h e r .  The 
v o l c a n i c  n a t u r e  o f  t h e  tsunami i s  thus  ex t remely  
d o u b t f u l .  Note added i n  p r o o f :  A thermal  f e a t u r e  o f  
Canlaon ( s t r a t o  vo lcano)  i s  nent ioned by Simkin e t  a l .  
i n  Volcanoes of t h e  World (Smi thsonian - I n s t i t u t i o n  
1981~.---f6<-6~%-6f ' f t ie - fe i fu re  i n  q u e s t i o n  i s Carabao 
K i l l e r .  Coord inates a r e  10.41' N, 123.13' E. 

? "  

32. 1632--Giul ia-Ferd inandeo Bank (Phlegraean 
F i e l d s  o f  t h e )  S i c i l y  Sea 

T h i s  was probab ly  t h e  f i r s t  known e r u p t i o n  o f  
t h i s  v o l c a n i c  c e n t e r  (Imbo 1965). 

T 

33. 1638 J u l y  3 - 23--!Jnnained submarine volcano, 
Azores 

Approximate l o c a t i o n :  37'52'N, 25'43'W. An 
ephemeral i s l a n d  was b u i l t ,  hav ing  an a l t i t u d e  o f  100 
rn (Neuinann van 2adang e t  a l .  1967). 

= ? 7 T f  * 
34. 1640 J u l y  31--Komaga-take, Hokkaido 

A v e r y  s t rong,  e x p l o s i v e  e r u p t i o n  w i t h  g r e a t  ash- 
f a l l  occur red .  The se ismic  sea wave k i l l e d  about  700 
persons (Kuno 1962, Heck 1947). Twenty houses were 
washed away. The tsunami ( w i t h  a magnitude o f  1 and 
energy o f  e r g s )  c o i n c i d e d  i n  t i m e  w i t h  t h e  s t a r t  
o f  t h e  e r u p t i o n .  The g e n e r a t i n g  area was U c h i u r a  Bay 
( I i d a  e t  a l .  1972). I n  t h e  Hokkaido-Funkawan area an 
ear thquake took p l a c e  on t h e  same day (Usami 1966). 
The t o t a l  amount o f  t e p h r a  i s  e s t i m a t e d  t o  be more 
t h a n  1 km3 (Sapper 1927). 

O t "  

35. 1650 September 26 - December 6 - - S a n t o r i n i ,  

A t e r r i f i c  e r u p t i o n  o c c u r r e d  a t  Cape Coluabo. A 
new i s l a n d  formed t h a t  was des t royed by wave e r o s i o n .  

Aegean Sea 

The remain ing  Columbo Bank i s  a v o l c a n i c  dome; i t s  
bdSe i s  a t  a depth  o f  300 m and i t s  t o p  a t  19 m belovl 
sea l e v e l .  The e r u p t i o n  was preceded by a s t r o n g  
shock, ( d  = 0" a t  t h e  e p i c e n t e r  [36.5"N, 25.5"E; 
Gal anopoul os 19611), and t h e  quake was immediate ly  
f o l l o w e d  by a d e v a s t a t i n g  se ismic  sea wave. The f i r s t  
s i g n  o f  t h e  a r r i v a l  o f  t h e  tsunami was t h e  wi thdrawal  
o f  t h e  sea. On S i k i n o s  I s l a n d  t h e  water  receded 100 m 
o r  more f rom t h e  shore, and on 10s t h e  h e i g h t  o f  the  
waves was 16 m. I n  the  harbor  o f  H e r a k l i o n  ( C r e t e )  
rovlboats sank, and a t  Kea I s l a n d  a s h i p  was thrown 
upon t h e  shore. A t  Patmos t h e  water  rose  on t h e  e a s t  
c o a s t  o f  t h e  i s l a n d  t o  a h e i g h t  o f  about  30 m and on 
t h e  west c o a s t  i t  reached a h e i g h t  o f  50 m 
(Galanopoulos 1960). Accord ing t o  these f i g u r e s  i t  
was one o f  t h e  g r e a t e s t  tsunamis ever  observed, and i t  
was p a r t i c u l a r l y  power fu l  as f a r  as tsunamis o f  vo lca-  
n i c  o r i g i n  a r e  concerned. 

We must make a remark here  r e g a r d i n g  t h e  
a c o u s t i c  phenomenon t h a t  accompanied t h e  submarine 
ou tbreak  on t h e  Columbo Bank, some 16 km n o r t h e a s t  o f  
t h e  Kameni I s l a n d s  o f  t h e  S a n t o r i n i  ca ldera .  The 
f o l l o w i n g  c o n s i d e r a t i o n s  a r e  p a r t l y  based on a per -  
sonal  communication o f  I .  Nagy-Domokos o f  Budapest i n  
1978 and D a r t l v  on a book w r i t t e n  by P r o f e s s o r  A .  

__ Note: 

R e t h l y :  M e t e o r o l o g i c a l  Events  and Elementary 
C a l a m i t i e s  i n  un a r  u t o  7 l R l - C E a d X c  u i s h i n g  
House, B u d F e W 6 d . -  k a1 1 1 i kelPh::d t h e  
f o l l o w i n g  a r e  q u i t e  unknown i n  E n g l i s h  l i t e r a t u r e .  
Accord ing  t o  these sources, a t  Marosvasarhely  (now 
known as T i r g u  Mures, Rumania), a town i n  T r a n s l -  
vania,  a s t range l o u d  n o i s e - - l i k e  t h e  r o a r  o f  a 
cannon--was heard  on t h e  day t h e  e r u p t i o n  i n  q u e s t i o n  
began. On t h e  same day a s i m i l a r  l o u d  n o i s e  was 
observed on Cyprus I s l a n d .  Great  masses o f  f l o a t i n g  
pumice were seen on t h e  water  and pumice was found on 
many p l a c e s  around t h e  seashore o f  t h e  i s l a n d s  o f  t h e  
e a s t e r n  Med i te r ranean.  The d i s t a n c e  between S a n t o r i n i  
and t h e  westernmost p a r t  o f  Cyprus i s  about  650 km, 
and t h e  d i s t a n c e  f rom S a n t o r i n i  t o  Plarosvasarhely i s  
some 1120 km. I t i s  very  remarkable t h a t  t h e  detona- 
t i o n  was heard  over  such a g r e a t  d i s t a n c e !  

3 6. 1664- -0k i nawa -Tor i - s i  ma ( o r  Ry u kyu-To r i s i  ma , 
Ryukyu I s 1  ands 

T h i s  vo lcano shou ld  n o t  be confused w i t h  Tor i -s ima 
o f  t h e  Izu-Mar iana I s l a n d s .  I n  1664 a submarine erup-  
t i o n  took p lace ,  accompanied by a tsunami t h a t  damaged 
many houses ( I i d a  e t  a l .  1972). An ear thquake was 
a l s o  observed (Usami 1966). Tsunami magnitude: l?  

7TS 

37. 1672(?)--Submarine vo lcano near  Smi th  Rock, 
Izu-Mar iana I s l a n d s  

An e r u p t i o n  took p l a c e  a t  31°35'N, 140"15'E. No 
d e t a i l s  a r e  known (Kuno 1972). 

38. 1673 May 20--Gamkonora, Halinahera 

A s t r o n g  e x p l o s i v e  e r u p t i o n  from t h e  main c r a t e r  
was recorded. Many c a s u a l t i e s  were no ted  (Neumann van 
Padang 1951), and a moderate se ismic  sea wave 
(magnitude: I ? )  accompanied t h e  event  (Berninghausen 
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1969) t h a t  was observed f i r s t  on Halmahera I s l a n d  
( I i d a  e t  a l .  1972). 

O t "  

39. 1673 August 12--Ternate Peak, Halmahera 

An e x p l o s i v e  outbreak f rom t h e  c e n t r a l  c r a t e r  
took  p lace ,  and a sea wave o f  c o n s i d e r a b l e  f o r c e  was 
recorded (Heck 1947). The genera t ing  area was t h e  
Molucca Passage (magnitude: l ? ) ,  and t h e  p l a c e  o f  
o b s e r v a t i o n  was Ternak I s l a n d ,  Indones ia  ( I i d a  e t  a l .  
1972) .  Note: The a lmost  s imul taneous e r u p t i o n  o f  
these t w o n e i g h b o r i n g  volcanoes i s  very  remarkable. 
Gamkonora had been dormant s i n c e  1564 o r  1565, and 
T e r n a t e ' s  l a s t  e r u p t i o n  had taken p l a c e  i n  June 1659. 
The s imul taneous awakening may suggest  t h e  e f f e c t  o f  
a r e g i o n a l  c r u s t a l  s t r e s s .  S i m i l a r  r e l a t i o n s h i p s  be- 
tween n e i g h b o r i n g  volcanoes have been observed i n  
many cases and t h e i r  renewed a c t i v i t i e s  a r e  o f t e n  
preceded, accompanied, and/or  f o l l o w e d  by s t r o n g  t e c -  
t o n i c  ear thquakes i n  t h e i r  v i c i n i t y ,  which a l s o  
suggest  t h e  e x i s t e n c e  o f  such r e g i o n a l  s t r e s s .  

O t "  

40. 1674 February 17--Amboina ( ? ? ? ) ,  Moluccas 

The name "Amboina" i s  o f t e n  c i t e d  by Lamb (1970) .  
As a m a t t e r  o f  f a c t ,  Amboina (Ambon) i s  t h e  name o f  a 
town on a sinal1 i s l a n d  j u s t  south o f  t h e  western p a r t  
o f  Seram (Ceram) I s l a n d ,  a t  3"42'S, 128"19'E. No 
vo lcano i s  known i n  t h i s  r e g i o n  by t h e  same name. 
T h i s  area i s  very f a r  f rom t h e  v o l c a n i c  b e l t .  No men- 
t i o n  i s  made o f  a vo lcano i n  t h e  a v a i l a b l e  c a t a l o g s .  
Amboina ("Amboyna") was o r i g i n a l l y  ment ioned on a few 
occas ions  by Russel (1888)  as an a c t i v e  c e n t e r  o f  
Dresent-dav vo lcanism. The p l a c e  i n  q u e s t i o n  i s  shown r ~~ 

aga in  as a volcano i n  t h e  'Times A t l a s  o f  t h e  Wor ld  
(Lamb, personal  c o m m u n i c a t % r  -m9]- 
3"41'S. 128'10'E. However. t h e  most up- to -da te  vo lca-  

1 -  - ~. 

n o l o g i c a l  map ( M o r r i s  e t  ' a l .  1979) d o e s n ' t  i n d i c a t e  
any vo lcano i n  t h i s  reg ion .  There fore ,  i t  i s  very  
l i k e l y  t h a t  a l l  t h e  se ismic  sea waves t h a t  were 
observed here  were t h e  consequences of t e c t o n i c  e a r t h -  
quakes and n o t  o f  submarine o r  s u b a e r i a l  v o l c a n i c  
m a n i f e s t a t i o n s .  Hence a l l  t h e  i tems concern ing  t h e  
a l l e g e d  "Amboina vo lcano"  w i l l  be Omi t ted  f rom our  
c a t a l  og . 

? "  

41. 1682 December 13--Unnamed submarine volcano, 
Azores 

Approximate mean p o s i t i o n :  37'52". 25'43'W. 
Exp los ions  under t h e  sea l e d  t o  t h e  fo rmat ion  of l a r g e  
pumice masses t h a t  were f l o a t i n g  f o r  severa l  days 
(Neumann van Padang e t  a l .  1967). 

= ? 7 T T  

42. 1693 Feb. 13 Aug.--Hekla, I c e l a n d  

Outbreaks froin f o u r  c r a t e r s  were recorded.  
Large b l o c k s  were e j e c t e d  and ash f e l l  i n  Norway and 
Scot land.  An ear thquake and a tsunami a long t h e  ad ja -  
c e n t  c o a s t  o f  I c e l a n d  accompanied t h e  e r u p t i o n  
(Bern inghausen 1964, 1968; Thorar insson 1970) .  

t "  

43. 

bank 
1965 

1701 ( ? ) - - G i u l  ia-Ferd inandeo aank (Phelgraean 

Rn e r u p t i o n  m i g h t  have caused emergence o f  a 
b u t  t h e  i s l a n d  had o n l y  an ephemeral l i f e  (Imbo 

F i e l d s  o f  t h e )  S i c i l y  Sea 

7T * A 3  

44. 1703 December 30 ( o r  December 31)--O-sima, 
Izu-Mar iana I s l a n d s  

A g r e a t  tsunami, hav ing  a h e i g h t  o f  6-9 m, 
f o l l o w e d  a s t r o n g  shock. The shock had a magnitude o f  
3.2 and was l o c a t e d  a t  34.7"N, 139.R"E ( I i d a  e t  a l .  
1972). Sapper (1927) has mentioned an e r u p t i o n  o f  0- 
sima, b u t  i t  i s  n o t  t r e a t e d  by Kuno (1962) ;  t h u s  i t  i s  
d o u b t f u l .  

The tsunami i s  ass igned a magnitude o f  4 by I i d a  
e t  a1 . (1972) .  C a l c u l a t i n g  f rom t h e  express ion  

l o g  E t  = 21.4 + 0.6 m, 

where in i s  t h e  tsunami magnitude, we o b t a i n  

E t  = 6.31 x l o z 3  ergs  

f o r  t h e  energy o f  t h e  tsunami. The ear thquake energy-- 
f o r  t h e  R i c h t e r  magnitude M = 8.2--can be ob ta ined 
f rom t h e  formula:  

l o g  E = 11.8 + 1.5 M, 

where 

E = 12.59 x l O Z 3  ergs.  

T h a t  i s ,  t h e  energy o f  t h i s  tsunami was a lmost  e x a c t l y  
ha1 f o f  t h e  ear thquake energy. 

IJote: I f ,  however, an e r u p t i o n  o f  0 -s ina  r e a l l y  
o c c u r r e i r ;  i t  appears 1 i k e l y  t h a t  t h e  ear thquake had 
i n i t i a t e d  ( t r i g g e r e d )  t h e  outbreak and caused a 
tsunami a t  t h e  same t ime.  Thus t h e  e r u p t i o n  and t h e  
se ismic  sea waves were i n d i r e c t l y  c o r r e l a t e d  w i t h  one 
another .  A l t o g e t h e r  f o u r  waves were counted and they 
caused t e r r i b l e  damage. The south  p a r t  o f  t h e  
Roso-Hanto pen insu la  was depressed and 1,020 houses 
were des t royed here. Some 125 persons l o s t  t h e i r  
l i v e s .  A t  IZU I s l a n d  18  boats  and 58 houses were 
des t royed and 56 peop le  d ied .  (Sapper 1927; Heck 
1947; I i d a  e t  a l .  1972; Usami 1966). 

t ? " '  
45. 1707 May 23 - 1711 September 1 1 - - S a n t o r i n i ,  

Nea Kameni I s l a n d  was formed w i t h i n  t h e  l a r g e  
c a l d e r a  and between t h e  two o l d e r  i s l a n d s ,  Palaea and 
M i k r a  Kamenis (Georgalas 1962). 

;lr fv 

Aegean Sea 

46. 1707 October  18--Fuj i-yama ( ? I ,  Honsyu 

4 very  severe ( M  8.4) t e c t o n i c  earthquake took 
p l a c e  a t  33.2" N, 135.9' E (Usami 1966) .  The accoin- 
pany ing  tsunami (magnitude: 4.8) reached t h e  h e i g h t  
o f  11.5 m. Many thousands o f  houses were des t royed by 
t h e  waves and about  30,000 persons d i e d  ( I i d a  e t  a l .  
1972) .  I n  Susaki, Tosa, t h e r e  were 12 waves, one 
a f t e r  t h e  o t h e r ;  a t  Kochi  t h e  water  redched severa l  
k i l o m e t e r s  i n l a n d  (Hec 1947). The energy o f  t h e  t s u -  
nami was 1.91 x 10 25 e rgs ,  and t h e  energy o f  t h e  
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ear thquake was 2.51 x l o z 4  ergs.  

Note: The l a s t  known e r u p t i o n  o f  Fuj i -yama com- 
m e n c z n  December 16, 1707 and l a s t e d  t o  t h e  end o f  
December 1707. I n  a l l  l i k e l i h o o d  t h e  e r u p t i o n  had 
been t r i g g e r e d  by t h e  t e c t o n i c  shock i n  q u e s t i o n  
(Nakamura 1975; Hedervar i  1979) and t h u s  t h e  tsunami 
was i n d i r e c t l y  c o r r e l a t e d  w i t h  t h i s  e r u p t i o n .  On 
December 16, 1707, a t e c t o n i c  shock was f e l t  i n  Suruga 
Totomi d i s t r i c t  (Usami 1966). T h i s  m i g h t  have been a 
d i r e c t  t r i g g e r i n g  ear thquake.  

? "  

47. 1707?- - N i  s h i  -yama , Izu-Mar i  ana I s l  ands 

A submarine e r u p t i o n  took p l a c e  a t  38"08'N, 
139'46' E (MacDonald 1972). 

o f 9 x  

48. 1713--Unnamed submarine vo lcano,  Azores 

Approximate l o c a t i o n :  37'52'N, 25'43'W. A 
se ismic  swarm occur red  bu t  no o t h e r  data a r e  known. 
The e r u p t i o n  i s  t h e r e f o r e  d o u b t f u l  (Neumann van Padang 
e t  a l .  1967). 

K ?  

49. 1716 September 24 - 27--Taal, P h i l i p p i n e  
I s l  ands 

An outbreak from t h e  c r a t e r  l a k e  i n  a r a d i a l  
f i s s u r e  was observed and a r a b l e  lands  were 
dest royed.  Seismic waves were r e p o r t e d  a t  f i r s t  
(Neiimann van Padang 1953); however, Rerninghausen 
(1969) i s  o f  t h e  o p i n i o n  t h a t  i t  was a se iche r a t h e r  
t h a n  a tsunami. The wave engu l fed  a s t r i p  o f  shore 
more than 16.7 m wide. 

t =e- 

50. 1716--0-sima, Izu-Mar ina  I s l a n d s  

Sapper (1927)  has ment ioned a shock and a t s u -  
nami, and t h e  se ismic  wave i s  ment ioned by Heck 
(19471, t o o .  However, t h e  e r u p t i o n  i s  d o u b t f u l  as i t  
i s  n o t  t r e a t e d  i n  t h e  Cata logue o f  A c t i v e  Volcanoes o f  
- t h e  _ _ _ _  Wor ld  (Kuno 1962). I n  a d r t j o n ,  t h G z F 3  
t h e  waves i s  a l s o  d o u b t f u l :  A " r e p o r t  by Sapper, cop ied  
by Heck, o f  a tsunami i n  1716 may have been based on a 
Rikuzen r e c o r d  o f  a tsunami o c c u r r i n g  d u r i n g  t h e  Kyoho 
e r a  (1716-17351, p robab ly  t h e  C h i l e  tsunami a r r i v i n g  
1730 J u l y  9. How t h i s  c o u l d  be a t t r i b u t e d  t o  Oshima 
i s  n o t  known." 

? " ?  

51. 1718 February l - l ? - - P i c o ,  Azores 

There was a ques t ionab le  submarine e r u p t i o n  i n  
t h e  company o f  an e r u p t i o n  from a p a r a s i t i c  c r a t e r .  
Lava f lows were a l s o  r e p o r t e d  (Neumann van Padang 
e t  a l .  1967) 

52. 1720 December 8 - end o f  December--Don Joao de 
C a s t r o  Bank, Azores 

A submarine o u t b u r s t  and an ephemeral i s l a n d  
were r e p o r t e d  (van Padang e t  a l .  1967) .  A t  p r e s e n t  i n  
p l a c e  o f  t h e  former i s l a n d  t h e r e  i s  a shoal w i t h  a 
d iameter  o f  1,500 m and a minimum depth  o f  14 m. I n  
another  work Neumann van Padang (1938) g i v e s  1720 August 
t h e  b i r t h - d a t e  o f  t h e  i s l a n d ,  which was formed by 
t u f f .  

O ? T ' 4 "  

53. 1731- -Ta l l ,  P h i l i p p i n e  I s l a n d s  

E r u p t i o n  f rom t h e  c e n t r a l  c r a t e r .  New i s l a n d  
(Neumann van Padang 1953)? 

? = * ?  

54. 1737 October  17--Avachinsky, Kamchatka 

A g r e a t  e x p l o s i v e  e r u p t i o n  t h a t  l a s t e d  o n l y  24 
hours  occur red .  There were ear thquakes;  t h e  t h i r d  
shock was accompanied by a very  h i g h  tsunami; and t h e  
inaximum h e i g h t  o f  t h e  waves has been p r e v i o u s l y  e s t i -  
mated t o  be about  60-63 m. Eecent  e s t i m a t i o n s ,  
however, g i v e  30 m as a p robab le  va lue .  Houses and 
b o a t s  were l o s t ,  and many people d i e d  (V lodavetz  and 
P i i p  1959, Sapper 1927, I i d a  e t  a l .  1972). The 
se ismic  sea wave i n  q u e s t i o n  i s  known as "Cape Lopatka 
tsunami"  and m i g h t  have had a tsunami magnitude o f  5 
on I i d a ' s  sca le .  (Energy:  2.51 x l o z 4  e r g s ) .  Heck 
(1947)  gave t h e  d a t e  e r roneous ly  as 1737 October  6. 
Sapper (1927) has lnentioned t h a t  a j o k u l h l a u p  
( g l a c i e r - b u r s t )  a l s o  occur red .  Note: It i s  
no tewor thy  t h a t  a t  t h i s  t i m e  another  vo lcano o f  
Kamchatka, namely K1 iuchevsko i ,  a l s o  e r u p t e d  between 
1737 October  6 and October  14 (Sapper 1927), b u t  as 
t h i s  vo lcano i s  s i t u a t e d  r a t h e r  f a r  f rom Cape Lopatka 
i t  probab ly  had n o t h i n g  t o  do w i t h  t h e  tsunami. It 
appears l i k e l y  t h a t  t h e  Cape Lopatka tsunami migh t  
have been o n l y  i n d i r e c t l y  c o r r e l a t e d  w i t h  t h e  
Avachinsky e r u p t i o n ;  i n  a l l  p r o b a b i l i t y  t h e  o u t b u r s t  
o f  t h i s  vo lcano was i n i t i a t e d  ( t r i g g e r e d )  by a t e c -  
t o n i c  shock t h a t  caused a tsunami a t  t h e  same t ime.  

f " A  

55. 1741 August 23 - 29--0sima-O-sima, 
Hokkaido 

A very  power fu l  e r u p t i o n ,  g r e a t  ash f a l l ,  and 
darkness o c c u r r e d  d u r i n g  t h e  dayt ime.  The tsunami 
t h a t  took p l a c e  d u r i n g  t h e  second paroxysm (August 29) 
k i l l e d  1,467 persons and washed away 729 houses on t h e  
western  c o a s t  o f  0-sima pen insu la ,  and 8 persons and 
82 houses were l o s t  on t h e  c o a s t  o f  n o r t h e r n  Honsyu. 
The se ismic  sea wave was probab ly  caused by a sub- 
mar ine  d i s l o c a t i o n  near  t h e  vo lcano (Kuno 1962, I i d a  
e t  a l .  1972). USami (1966) has ment ioned 1741 August 
28 as t h e  da te  o f  t h e  ear thquake t h a t  occur red  a t  
41.5"N, 139.4"E, w i t h  a R i c h t e r  magnitude o f  6.9. 
Note t h a t  t h e  c o o r d i n a t e s  o f  t h e  vo lcano a r e  41'30" 
and 139'22'E. The v o l  me o f  pumice f a l l  and f l o w  i s  

Note: 
Accept ing  t h i s  va lue  f o r  t h e  tephra  and a p p l y i n g ;  
e x p r e s s i o n  

e s t i m a t e d  t o  be 1.9 km Y ( K a t s u i  e t  a l .  1978). 

l o g  v 4. 4 .95  M =  e 1 .5936957 (Hedervar i  1963) 
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where V i s  t h e  volume c a l c u l a t e d  i m  m3 and Me t h e  
e r u p t i o n  magnitude, we g e t  f o r  Me t h e  va lue  o f  8.93. 
As 

l o g  E, = 11.0 + 1.6 Me,  

where E, i s  t h e  energy of t h e  tephra  e r u p t i o n  (we mean 
t h e  thermal energy) ,  t h e  r e s u l  t w i l l  be: ___ 

E, = 1.94 x l o z 5  ergs.  

The energy o f  t h e  M = 6.9 shock, c a l c u l a t e d  from the  
fo rmula  

l o g  E = 11.0 + 1.6 M 

i s  

E = 1.09 x 1024 ergs ,  

wh ich  i s  o n l y  a very s m a l h p r o p o r t i o n  o f  t h e  re leased 
thermal  energy. The tsunami magnitude o f  t h e  se ismic 
sea wave was ass igned as 3.0 ( I i d a  e t  a l .  19721, which 
corresponds t o  a tsunami energy o f  1.6 x ergs.  As 
i t can be seen: 

where E t ,  i s  c a l c u l a t e d  tsunami energy; t h e r e f o r e ,  one 

o r  l e s s  lens-shaped c a v i t y  f i l l e d  w i t h  rock-mel ts  and 
gases t h a t  i s  found j u s t  beneath t h e  vo lcano a t  a 
normal depth o f  on ly  a few k i l o m e t e r s .  It shou ld  not  
be confused w i t h  t h e  pr imary  magma chamber; t h a t  i s ,  
t h e  domain o f  f r e s h  magma genera t ion  t h a t  i s  a t  a 
depth o f  many tens o r  one o r  Inore hundreds o f  
k i  1 ometers beneath t h e  sur face.  

It i s  no tewor thy ,  fu r thermore ,  t h a t  t h i s  e x t r a o r -  
d i n a r i l y  g r e a t  e r u p t i o n  belonged t o  c l a s s  VI1  o f  Tsuya 
f o r  which t h e  thermal  e r u p t i o n  magnitude i s  9.0625 
- +0.3125 (Hedervar i  1963). 

O ? t "  

56. 1749 August 11 ( o r  August 6?) - -Taa l ,  
P h i l i p p i n e  I s l a n d s  

An e r u p t i o n  took p lace  i n  t h e  c r a t e r  lake ,  from 
t h e  c e n t r a l  vent, and a t  t h e  same t i m e  from a 
p a r a s i t i c  c r a t e r .  Neumann van Padang s a i d  t h a t  
d e s t r u c t i o n  of a r a b l e  lands a l s o  occurred. A tsunami 
i s  i n d i c a t e d  i n  t h i s  volume o f  t h e  Catalop_u_e_, b u t  t h e  
event  i s  not  mentioned by Bern i  nghauT6n71969). 

o o t - 4 2  

57. 1754 Flay 13  - December 4- -Taal ,  
P h i l i p p i n e  I s 1  ands 

An outbreak was noted i n  t h e  c r a t e r  lake,  from 
t h e  c e n t r a l  vent, and a l s o  from a p a r a s i t i c  one. 
D e s t r u c t i o n  o f  a r a b l e  lands and a tsunami occurred 
(Neumann van Padang 1953). Berninghausen (1969) has 
ment ioned a l a k e  se iche r a t h e r  than a t r u e  tsunami. 

i 

F i g u r e  57/1.-- Development o f  a base surge on Sep- 
tember 28, 1965, i n  t h e  c r a t e r  l a k e  o f  Taal 
vo lcano,  P h i l i p p i n e  Is lands .  

The wave, t o g e t h e r  w i t h  t h e  v o l c a n i c  e j e c t a  (base 
surge?)  dest royed t h e  nearby towns o r  v i l l a g e s  (Taal ,  
L ipa ,  Sala, and Tanuan) and washed ou t  t h e  road on t h e  
west s i d e  o f  t h e  lake,  Th is  event  took p lace  on 
Nove!nber 28, 1754. See f i g s .  57/1 and 5712. 

0 0 f -a- 5 7 + = t = ?  

58. 1757--North o f  Ceylon, near  
Pondi cher ry ,  I n d i  a 

An i s l a n d  made o f  v o l c a n i c  s c o r i a  has emerged 
f rom t h e  sea a t  approx imate ly  12"N, 80"E (Gutenberg 
and R i c h t e r  1954). Th is  was a l s o  mentioned by Sapper 
(1927) and Neumann van Padang (1938). According t o  
Neumann van Padang t h e  coord ina tes  were: 11"45'N, 
80"45'E. No data i s  a v a i l a b l e  about t h e  disappearance 
o f  t h i s  t i n y  i s l a n d ,  which remains nameless. 

T *  

59. 1757--Azores 

Accord ing t o  Neumann van Padany (1938), 18 



62. 1761 May 3--Unnamed submarine vo l  cano, 
e q u a t o r i a l  A t l a n t i c  

A small  " i s l a n d " - - a s  a m a t t e r  o f  f a c t  a mass of 
f l o a t i n g  pumice--was seen a t  0"23'S, 19"lO'W (Neumann 
van Padang e t  a l .  1967). 

T 

F i g u r e  57/2.-- The e r u p t i o n  c loud,  w i t h  a form s i m i l a r  
t o  t h a t  o f  a tomic b l a s t s .  a f t e r  spread-out  o f  t h e  
base surge,  Taal Volcano. 

i s l a n d s  came i n t o  be ing  d u r i n g  t h i s  year .  

T *  

60. 1750--Konjushi, A l e u t i a n  I s l a n d s  

T h i s  vo lcano i s  s i t u a t e d  a t  52"07'N, 175OW 
(Neunann van Padang 1938) and forms a l i t t l e  i s l a n d .  
t h e  a c t i v i t y  i n  1750 i s  d o u b t f u l  ( L a t t e r  1979; 
Shackel f o r d  1980). 

* ?  

61. 1761 A p r i l  17 - 18(?)- -Santa Barbara 
( T e r c e i r a ) ,  Azores 

Huge e x p l o s i o n s  t h a t  e m i t t e d  w a t e r  j e t s ,  gases, 
and b l a c k  c i n d e r  took p l a c e  (van Padang e t  a l .  1967). 
Note: Accord ing  t o  F i g u r e  12 o f  t h e  Cata logue o f  
A c t i v e  Volcanoes, P a r t  X X I ,  t h e  1 7 6 1 p - f i o G  
T e * s i o x - - 6 c z r r e d  a t  t h r e e  d i f f e r e n t  l o c a l i t i e s  
a l o n g  a l i n e  and w i t h i n  a d i s t a n c e  o f  3 kin. 

63. 1763 September 1 - - (Probab ly )  Ternate  Peak, 
Halmahera 

A wave accompanied an e r u p t i o n .  The sea f e l l  
9 .1  m and then r o s e  suddenly (Heck 1947, Berninghau- 
sen 1969) .  Lamb (1970)  gave t h e  f o l l o w i n g  area as 
t h e  p l a c e  o f  t h e  vo lcano i n  q u e s t i o n :  Z0N-3"S ,  
125"E-131°E.  I n  t h i s  r e g i o n  o n l y  t h e  Ternate  erup ted  
i n  1763. 

5 

64. 1768--Bogoslof, A l e u t i a n  I s l a n d s  

The f i r s t  r e p o r t  and f i r s t  appearance o f  Ship 
Rock o r  S a i l  Rock was no ted  ( B u l l a r d  1968, L a t t e r  
1979) .  I t s  a c t u a l  appearance may be much e a r l i e r .  

T T  * 
65. 1773 October--Submarine vo lcano west o f  Ibugos, 

i s l  ands n o r t h  o f  Luzon, Phi 1 i p p i  nes 

No d e t a i l s  (Neumann van Padang 1953). Doubt fu l .  

66. 

No 
1953). 

T ?  

1773 (? ) - -D id icas  Rocks, i s l a n d s  n o r t h  o f  

d e t a i l s  (van Reminelen 1970, Neumann van Padang 
Doubt fu l .  

Luzon, P h i l i p p i n e  I s l a n d s  

T ?  

67. 1779 November - 1782 January 18--Sakura-zima, 
Kyusyu 

A g r e a t  e x p l o s i v e  e r u p t i o n  has been noted from a 
p a r a s i t i c  c r a t e r .  According t o  Neumann van Padang 
(1938), between 1780 September 9 and 1782 January 28, 
9 i s l a n d s  were formed i n  t h e  n o r t h e a s t  coas t  o f  t h e  
v o l c a n i c  i s l a n d  by submarine l a v a  e r u p t i o n s  and a l s o  
by t h e  upheaval o f  t h e  sea bottom. From 1779 u n t i l  
e a r l y  1782, f u r t h e r  submarine outbreaks took p lace  i n  
t h e  same reg ion ,  accompanied by tsunamis. A g r e a t  
se ismic  sea wave was r e p o r t e d  i n  1779 (Kuno 1962). 
F o r  o t h e r  g r e a t e r  tsunamis see t h e  1 a t e r . i t e m s  ( I i d a  
e t  a l .  1972). 

68. 1780 September g--Sakura-zima, Kyusyu 

F u r t h e r  e r u p t i o n  w i t h i n  t h e  sequence, acccinpanied 
by an earthquake (Usami 1966) and se ismic  sea wave o f  
magnitude 0, occur red  ( I i d a  e t  a l .  1972). Waves up t o  
6 m were observed. 

a t  5 

10 



F i g u r e  73/1.-- The end o f  Capta in  Minde lbergs '  r e p o r t  
t o  t h e  Danish Government on t h e  submarine e r u p t i o n  
o f f  Reykjaness i n  1783, w i t h  a ske tch  o f  Njey. 
Cour tesy of t h e  I c e l a n d i c  N a t i o n a l  Arch ives  and 
Museum o f  N a t u r a l  H i s t o r y ,  Ice land.  

F i g u r e  73/2.-- Capta in  P. Pedersens' ske tch  o f  Nyey. 
Cour tesy o f  t h e  I c e l a n d i c  N a t i o n a l  Arch ive5 dnd 

- Museum o f  Natura l  H i s t o r y ,  Ice land.  

69. 1780 October  31--Sakura-zima, Kyusyu 

An outbreak,  accompanied by an earthquake 
(Usami 1966) and tsunami o f  magnitude 0 ( I i d a  e t  a l .  
1972 1, were observed. 

o f  K! 

70. 1780 (?)--Submarine vo lcano near  Ki ta- Iwo-z ima,  

No d e t a i l s  (Kuno 1962) .  D o u b t f u l .  

I zu-Mar iana I s l a n d s  

K ?  

71. 1781 A p r i l  11--Sakura-zima, Kyusyu 

The e r u p t i o n  on t h i s  day was accompanied by a 
tsunami o f  magnitude 1 and a mudflow ( I i d a  e t  a l .  
1972) .  Usami (1966)  has mentioned an earthquake 
Three boats  were o v e r t u r n e d  and 15 people w e i r  
drowned by t h e  tsunami. 

00 t 

72. 1781--Unnamed volcano,  Tonga Vo lcan ic  Group 

I t  i s  l o c a t e d  a t  20°22 'S ,  175"18'W, and i s  prob-  
a b l y  i d e n t i c a l  w i t h  Fonua Fo 'ou  (synonym o f  Fa lcon 

F i g u r e  73/3.-- Bathymet r ic  map o f  t h e  area around 
Eldey ( E l d e y j a r b o d i )  where submarine e r u p t i o n s  
occur red  i n  1783 and 1830 and probab ly  many o t h e r  
t imes.  I c e l a n d i c  Hydrographic  Serv ice ,  cour tesy  
o f  t h e  Museum o f  N a t u r a l  H i s t o r y ,  Ice land.  

I s l a n d ) .  A submarine e r u p t i o n  was n o t e d  near  Culebras 
Bank (another  synonym f o r  t h e  same i s l a n d ) .  No 
f u r t h e r  data a r e  a v a i l a b l e  (R ichard  1962). The event  
i s  d o u b t f u l .  It i s  notewor thy,  however, t h a t  t h e  
Cata logue o f  A c t i v e  Volcanoes mentioned an e r u p t i o n  o f  
F a l c o n  I s l a n d  i n  t h e  same year ,  due t o  which a new 
i s l a n d  was--a l legedly- - formed.  We i n t e r p r e t  these two 
events  t o  be the  same. 

-__ - ___- 

T ? * ?  

73. 1783 May--El dey, I c e 1  and 

An e x p l o s i v e  submarine e r u p t i o n  accompanied by 
t h e  b i r t h  o f  a new i s l a n d  known as Nyo o r  Noyoe (New) 
occur red .  A v e r y  g r e a t  q u a n t i t y  o f  pumice was formed 
(Berninghausen 1964). The new i s l a n d  was l o c a t e d  some 
50 kin southwest o f  t h e  western c o a s t  o f  I c e l a n d .  Nyo 
was des t royed by wave e r o s i o n  i n  l e s s  than a year ,  
1 eav ing  a submerged r e e f  9-55 m below sea l e v e l .  The 
f l o a t i n g  pumice covered t h e  sea f o r  a d i s t a n c e  o f  240 
km, g r e a t l y  impeding t h e  progress  o f  s h i p s  i n  t h e  
area .  It i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  d i s a s t r o u s  
o u t b u r s t  o f  L a k i  f i s s u r e ,  360 km t o  t h e  e a s t  o f  t h i s  
new i s l a n d ,  began about  a month l a t e r  ( D u l l a r d  1968). 
___ Note: I n  t h e  p e r i o d  1783-1785 n o t  l e s s  than 8 vo lca-  
noes e r u p t e d  i n  and very near  I c e l a n d ,  these events  
were p h y s i c a l l y  r e l a t e d  t o  one another .  A t  l e a s t  we 
can suppose such a c o r r e l a t i o n  among them on t h e  b a s i s  
o f  t h e  a lmost  s imul taneous a c t i v i t y .  The Lak i  
f i s s u r e - e r u p t i o n  was t h e  g r e a t e s t  l a v a  f l o w  i n  
h i s t o r y ,  p roduc ing  1 2  km-' o f  rock m e l t s  and an add i -  
t i o n a l  2 km3 o f  tephra .  



F i g u r e  73/4.-- Erupt lons slnce t h e  set t lement  o f  I c e l a n d ,  l n c l u d l n g  submrrlnr 
events. A f t e r  S. Thorarinsson. Courtesy o f  Museum of  Natura l  H l s t o r y ,  
I c e l a n d .  

74. 1783--Unnamed volcano,  I c e l a n d  

A submarine e r u p t i o n  took p l a c e  a t  67"10'N, 15"W 
( ? ) ,  wh ich - -a l l eged ly - - c rea ted  a new i s l a n d  o f  tem- 
p o r a r y  c h a r a c t e r  (Berninghausen 1964).  Grea t  ash f a l l  
a t  sea was observed t o  the  n o r t h  and no r thwes t  o f  
I c e l a n d .  The even t  was a member o f  t h e  v o l c a n i c  
s e r i e s  p r e v i o u s l y  ment ioned. 

lTt * ?  

75. 1783--Unnamed volcano,  I c e l a n d  

Another  underwater e r u p t i o n  took p l a c e  a t  66"15'N 
( ? ) ,  18"30'W (?I. A temporary i s l a n d  was formed 
(Berninghausen 1964).  

r t  * 
76. 1788 J u l y  22 ( o r  J u l y  27)- -St .  August ine ( ? I ,  

A1 aska 

Accord ing t o  Sapper (1927) a submarine e r u p t i o n  
m i g h t  have taken p l a c e - - b u t  t h i s  i s  n o t  c e r t a i n .  Cox 
e t  a l .  (1976) a r e  o f  t h e  o p i n i o n  t h a t  t h e  tsunami 
observed a t  t h i s  t ime  was e i t h e r  due t o  t h e  e r u p t i o n  
o f  S t .  August ine o r  t o  an unknown phenomenon t h a t  
o c c u r r e d  on the  c o n t i n e n t a l  s h e l f .  Thus t h e  v o l c a n i c  
o r i g i n  o f  t he  se ismic sea waves i s  d o u b t f u l .  

T ' ? "  

77. 1790 November (? ) - -K i l auea ,  Hawai i  

T h i s  e r u p t i o n  was accompanied by a base surge 
t h a t  k i l l e d  many o f  t h e  n a t i v e s  (Swanson and 
C h r i s t i a n s e n  1976).  

1792 A p r i l  1--Probably erroneous date.  See: 

1792 May 1--Probably erroneous date.  See: 1792 

1792 May 21. 

May 21. 
0 =?= 

78. 1792 May 21--Unzen, Kyusyu 

The a c t i v i t y  s t a r t e d  on 1797 November 13 w i t h  
earthquakes, rumb l ings ,  and avalanches. On 1792 
February 10 rock  f ragments were thrown ou t .  On March 
1 t h e  summit e r u p t i o n  stopped and l a v a  began t o  f low.  
On March 5 a l a n d s l i d e  occurred.  On A p r i l  21  about 
300 shocks were f e l t .  On May 21 an earthquake w i t h  a 
magnitude o f  6.4 on t h e  R i c h t e r  s c a l e  occu r red  a t  
32"18'N, 130"18'E, (Usami 1966). Note t h a t  t h e  coo r -  
d i n a t e s  o f  t h e  vo lcano a r e  32"45'N, 130"18'E. A lso on 
t h i s  day, t h e  e a s t e r n  p a r t  o f  Maye-yama ( a  cone on t h e  
n o r t h e a s t ,  near t h e  shore o f  t h e  sea) c o l l a p s e d  and 
caused an avalanche toward t h e  e a s t e r n  f o o t ,  caus ing 
more than 15,000 c a s u a l t i e s .  A tsunami was produced 
by t h i s  avalanche and k i l l e d  4,300 persons y t h e  
cops t .  The avalanche i t s e l f ,  t o t a l i n g  0.48 km , was 
e i t h e r  caused by an e x p l o s i o n  a t  Maye-yama o r  by t h e  
ear thquake ment ioned above (Kuno 1962).  Note: Fo r  
t h e  same even t  Heck (1947) gave 1792 A p r i l  =and I i d a  
e t  a l .  (1972)  gave 1792 May 1. Al though these dates 
a r e  cons ide red  erroneous, b o t h  sources ment ioned t h e  



tsunami i t s e l f .  The maximum h e i g h t  o f  t h e  waves was 9 
m and t h e  tsunami magnitude i s  ass igned as 2 . 5  ( I i d a  
e t  a l .  1972) .  

? ? 0 f 09 X v r S  

79. 1792--Unimak, A l e u t i a n  I s l a n d s  

A tsunami i s  ment ioned by Cox e t  a l .  (1976) and 
i s  a t t r i b u t e d  t o  an ear thquake and a v o l c a n i c  e r u p t i o n  
on Unimak I s l a n d  (Pogrumnoi?). There are, however, no 
d a t a  about  e r u p t i o n  o f  t h i s  vo lcano o r  o t h e r  volcanoes 
on Unimak I s l a n d  f rom t h i s  y e a r  ( L a t t e r  1979, Hantke 
1979, Shackel f o r d  1980). I n  t h e  A leu t ian-A laska b e l t  
as a whole t h e  f o l l o w i n g  volcanoes showed a c t i v i t y  i n  
1792: G o r e l o i ,  Great  S i t k i n ,  Makushin, Cerberus, and 
Semisopochnoi, r e s p e c t i v e l y .  I f  t h e  tsunami i s  a t t r i -  
b u t e d  t o  the  e r u p t i o n  a vo lcano on Unimak I s l a n d ,  
t h e  vo lcano i n  q u e s t i o n  i s  unknown. Note: t h e  
a l l e g e d  tsunami i s  n o t  mentioned by I i d a e t  a l .  
(1972) ;  t h e r e f o r e ,  b o t h  t h e  e r u p t i o n  and t h e  se ismic 
sea wave are  d o u b t f u l .  

- . ? f ?  

80. 1795--Nameless submarine e r u p t i o n  s i t e  south-  
e a s t  o f  Unalaska, A l e u t i a n  I s l a n d s  

Ment ioned by Sapper (1927) .  No f u r t h e r  i n f o r -  
mat ion  i s  a v a i l a b l e ;  t h e r e f o r e ,  t h e  event  i s  d o u b t f u l .  
Note: I n  t h e  same y e a r  a very f e a r f u l ,  paroxysmal 
e r u p t i o n ,  accompanied by a j o k u l h l a u p  ( g l a c i e r  b u r s t )  
o r i g i n a t e d  a t  Pogrumnoi vo lcano on Unimak I s l a n d  
( M e r c a l l i  1907, Sapper 1927, L a t t e r  1979). 

T ?  

81. 1796 May--Bogoslof, A l e u t i a n  I s l a n d s  

A v i o l e n t  ash e r u p t i o n ,  earthquakes, and t h e  
b i r t h  o f  Joanna Bogoslova ( a l s o  known as Ioann 
Bogos lo f  o r  O l d  Bogos lo f  o r  C a s t l e  Rock) occur red  
( L a t t e r  1979). 

x t  * 
82. 1800 June 24 - 25--Unnamed submarine 

volcano, Azores 

The supposedly l i n e a r  submarine vo lcano i s  
l o c a t e d  a t  38"30'N, 27'25'W. Vapor j e t s  were seen on 
June 25. The f i r s t  earthquakes were f e l t  on June 24 
and t h e  s e r i e s  o f  shocks cont inued t o  J u l y  4 (Neuinann 
v a n  Padang e t  a l .  1967). 

= x  
83. 1804--Bogoslof ,  A l e u t i a n  I s l a n d s  

C a s t l e  Rock o r i g i n a t e d  i n  May 1796 and rose  u n t i l  
about  1804 ( L a t t e r  1979) .  It was n o t  des t royed i n  
1804; o n l y  i t s  growth ended then. 

* 
84. 1805--Near Unmak I s l a n d ,  A l e u t i a n  I s l a n d s  

Bogos lo f - - took  p l a c e  i n  t h i s  year  ( M e r c a l l i  1907). 
An ou tbreak- -p robab ly  an e r u p t i v e  phase o f  

No 

f u r t h e r  data a r e  a v a i l a b l e ;  c o o r d i n a t e s  were n o t  g iven  
by M e r c a l l i .  

T * ?  

85. 1806--Bogoslof, A l e u t i a n  I s l a n d s  

Lava erup ted  on t h e  n o r t h e r n  s i d e  o f  C a s t l e  Rock 
and f lowed i n t o  the  sea ( L a t t e r  19791. C a s t l e  Rock 
began t o  r i s e  aga in  perhaps d u r i n g  t h i s  y e a r  and 
c o n t i n u e d  u n t i l  about 1820. 

T *9 

56. 1811 February 1 - 8--Unnained suhinarine 
volcano, Azores 

Approximate p o s i t i o n :  37"52'N, 25'43'W. 
Submarine explos ions,  no f u r t h e r  data (Neumann van 
Padang e t  a1 . 1967). 

87. 1811 June 14  - 22--Unnamed submarine 
volcano, Azores 

The p o s i t i o n  o f  t h i s  volcano i s  t h e  same as t h e  
one i n  i t e m  86. An ephemeral island--named Sabr ina--  
came i n t o  being, hav ing  had a h e i g h t  o f  100 m and a 
d i a w t e r  o f  600 m. The dates i n  t h e  Cata logue 
(Neumann van Padang e t  a l .  1967) a r e  c o n t r a f i C f o T y 7  
accord ing  t o  t h e  t e x t  t h e  i s l a n d  was born i n  J u l y  bu t  
t h e  l i s t  takes i t  back t o  June. The l a t t e r  was 
accepted, hocause t!ii s i s  mentioned by another  
ca ta logue as w e l l  (Neumann van Padang 1938) 

= ? T f *  

88. 1813 o r  1814--Kona Coast, Hawaii  

A tsunami was observed, b u t  t h e  genera t ing  area i s  
unknown ( I i d a  e t  a l .  1972, Pararas-Carayannis and 
Calebaugh 1977). Note: As t h e  Kona Coast i s  t h e  
western  p a r t  o f  H a w a i t h e  d i r e c t i o n  i s  f a v o r a b l e  f o r  
a tsunami t h a t  o r i g i n a t e d  a1 ong t h e  Japan-Kur i l -  
Kamchatka arc .  Lamb (1970) mentioned a submarine 
e r u p t i o n  near Kamchatka i n  1814 between t h e  l a t i t u d e s  
50" and 60" N and l o n g i t u d e s  156" and 163" E.  Such a 
submarine outbreak can generate a tsunami ; t h e r e f o r e ,  
a v o l c a n i c  o r i g i n  f o r  t h e  se ismic  sea wave observed 
a l o n g  t h e  Kona Coast i s  n o t  imposs ib le .  However, t h e  
c o r r e l a t i o n  i s  d o u b t f u l .  

i T ? %  

89. 1814 March 9--Raoul I s l a n d ,  Kermadec 
Vo lcan ic  Group 

Submarine e x p l o s i o n  i n  Denham Bay. A new i s l a n d  
came i n t o  b e i n g  t h a t ,  i n  May, was a lmost  5 km i n  c i r -  
cumference. It disappeared i n  1854 (R ichard  1962). 

x t  * 



90. 1814--Bogosl o f ,  A1 e u t i a n  I s 1  ands 

An e r u p t i o n  has been noted ( L a t t e r  1979).  

X t  * 

91. 1814--Nameless vo lcano near Unalaska I s l a n d ,  
A l e u t i a n  I s l a n d s  

Accord ing t o  M e r c a l l i  (19071, a new v o l c a n i c  cone 
( i s l a n d )  was b u i l t  up f rom loose  m a t e r i a l s  and i t  was 
soon dest royed by t h e  sea waves i n  t h e  Bogos lo f  group. 
Whether t h e  e r u p t i o n s  ment ioned i n  i t ems  90 and 9 1  a r e  
t h e  same o r  n o t  i s  n o t  c l e a r .  We regarded them as two 
independent events .  

X * A 3  

92. 1815 A p r i l  5 - 12--Tambora, Lesser  
Sunda I s 1  ands 

T h i s  e r u p t i o n  was one o f  t h e  g r e a t e s t  v o l c a n i c  
ca tas t rophes  i n  h i s t o r y .  It k i l l e d  92,000 people;  
some d i e d  f rom t h e  e r u p t i o n  and t h e  tsunami, and some 
d i e d  l a t e r  f rom s t a r v a t i o n  and epidemics.  

The a c t i v i t y  s t a r t e d  as e a r l y  as 1812 w i t h  
rumb l ings  and t h e  emergence o f  dense c louds.  The new 
c y c l e  o f  a c t i v i t y  began on 1815 A p r i l  5, w i t h  s t r o n g  
d e t o n a t i o n s  and heavy ash f a l l .  The paroxysm (P1 i n i a n  
phase) took p l a c e  between A p r i l  10 and 12. As a con- 
sequence, a c a l d e r a  o f  c o l l a p s e  o r i g i n  has been 
formed. The volume o f  t e e  e j e c t a  yas est imated 
v a r i o u s l y  by au tho rs ;  Neumann van Padang (Personal  
communicat ion) i s  o f  t h e  o p i n i o n  t h a t  about 30 
km3 may be t h e  r e a l  value. Dur ing  t h e  paroxysmal 
phase, e x t r a o r d i n a r i l y  s t rong  tor_na$eL were formed 
(Lane 1966). Note: The e r u p t i o n  magnitude was 
c a l c u l a t e d  t o  be- 6;lO and t h e  corresponding thermal 
energy 1.44 x 1025 e r g s  (Hedervar i  1963). b u t  these 
va lues were c a l c u l a t e d  u s i n g  a con jec tu red  va lue (86 
km3) f o r  t h e  e jec ta .  I n  t h e  c i t e d  paper t h e r e  was a 
p r i n t e d  e r r o r :  150 km3 i n s t e a d  o f  86. Accept ing 30 
km3 as t h e  r e a l  value, we c a l c u l a t e  the t i l e m d l  energy 
as f o l l o w s :  

Ee= V r T q J  

where E, i s  t h e  re leased  t o t a l  thermal energy;  V = 30 
x 1015 cm3, t h e  volume o f  e jec ta ;  r = 2.0 g/cm3, t h e  
mean d e n s i t y  o f  i t ; T = 800°C, t h e  mean temperature of 
t h e  s o l i d  e j e c t a ;  q = 0.25 cal/g°C, t h e  s p e c i f i c  heat  
o f  l ava ;  and J = 4.1855 x 107 e r g s / c a l ,  t h e  e q u i v a l e n t  
work o f  heat. S u b s t i t u t i n g  these values, 

E, = 5.02 x 1026 ergs.  

The corresponding e r u p t i o n  magnitude i s  now 9.81. The 
tsunami magnitude i s  assigned as 2.O? ( w i t h  a maximum 
h e i g h t  o f  3.6 a t  Sumbawa and Amboina, I i d a  e t  a l .  
1972), and t h i s  corresponds t o  an energy o f  about 4 x 

which i s  a very smal l  p a r t  o f  the re leased 
thermal energy and even t h a t  o f  t h e  e x p l o s i v e  energy, 
which m igh t  have been about 1 percen t  o f  E,. Thus t h e  
i s l a n d  subsided 5-6 m. 

A l though A p r i l  4 and A p r i l  11 were a l s o  ment ioned 
as t h e  probable dates o f  t h e  tsunami, g e n e r a l l y  A p r i l  
10 i s  accepted (Heck 1947, Berninghausen 1969, I i d a  e t  
a l .  1972). The e r u p t i o n  was a l s o  accompanied by an 
earthquake. 

(Yokoyama 19%-1957) 

93. 1 8 1 5 - - P r i b i l o f  I s l e s ,  Be r ing  Sea 

Nor theast  of S t .  George a submarine e r u o t i o n  
occu r red  a t  approx imate ly  56'41'N, 169OO7'W (S ipper  
1927, L a t t e r  1979). 

X 

94. 1816 December 8--Unnamed submarine volcano, 
e q u a t o r i  a1 At1 a n t i c  

A "bank" was seen a t  0°32'S, 17O46'W. It 
extended almost 5 km i n  an east-west d i r e c t i o n  and 1.6 
km i n  a no r th -sou th  d i r e c t i o n  (Neumann van Padang e t  
a l .  1967). 

X 

95. 1818 November 8--Semeru, Java 

E r u p t i o n  from t h e  c e n t r a l  c r a t e r  and exp los ions  
c h a r a c t e r i z e d  t h e  f i r s t  known a c t i v i t y  o f  t h i s  vo lcano 
(Neumann van Padang 1951). On t h e  same day a g rea t  
t e c t o n i c  earthquake was f e l t  a l l  over  Java t h a t  was 
very severe on t h e  eas te rn  p a r t  o f  t h i s  i s l and .  A 
tsunami was a l s o  observed i n  t h e  S t r a i t s  o f  B a l i  
( V i s s e r  1922). I n  a l l  l i k e l i h o o d  t h e  earthquake 
t r i g g e r e d  bo th  t h e  tsunami and t h e  e r u p t i o n ;  t h u s  t h e  
outbreak and t h e  se ismic sea wave were i n d i r e c t l y  
r e l a t e d  t o  one another.  It i s  noteworthy,  
fur thermore,  t h a t  Guntur volcano had erupted a few 
days p r i o r  t o  these events, namely on 1818 October 21. 
I t s  a c t i v i t y  ended on 1818 October 24. 

O f '  

96. 1819--Assongsong, Izu-Mariana I s l a n d s  

A tsunami o f  magnitude 1 was observed a t  
Asuncion, Mar iana I s l a n d .  Heck as w e l l  as I i d a  and 
o t h e r s  a t t r i b u t e  i t  t o  a p robab le  e r u p t i o n  o f  t he  
vo lcano ment ioned (Heck 1947, I i d a  e t  a l .  1972).  The 
e r u p t i o n ,  however, has been ques t i oned  (Kuno 1962).  

t ? "  

97. 1820--Bogosl o f  , A1 e u t i a n  I s 1  ands 

E i t h e r  a new e r u p t i o n  o r  o n l y  s imp le  f u m a r o l i c  
a c t i v i t y  occurred.  The growth o f  C a s t l e  Rock prob- 
a b l y  ended i n  t h i s  y e a r  ( L a t t e r  1979).  

* 

98. 1823 February - Ju l y - -K i l auea ,  Hawai i  

K i l a u e a  e r u p t e d  f rom t h e  southwest r i f t  zone, 
ac ompanied by a submarine l a v a  f l o w  o f  about 2.3 

t h e  K i l a u e a  c a l d e r a  (MacDonald 1955). 
1 0  fi m3. I n  June ( o r  J u l y ? )  a c o l l a p s e  occu r red  i n  

@ F  
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99. 1824 May 1--Unnamed submarine volcano, 
e q u a t o r i  a1 At1 a n t i c  

The submarine e r u p t i o n  a t  7ON, 21°50'W was 
supposed on t h e  b a s i s  o f  h i s s i n g  n o i s e  and bubb l ings  
o f  t he  water, which resembled t h e  e b u l l i t i o n  o f  
b o i l i n g  water. As regards the  l o c a t i o n  o f  t he  event 
t h e r e  a r e  d i f f e r e n t  op in ions  ( f o r  d e t a i l s  see Neumann 
van Padang e t  a l .  1967), bu t  the  e r u p t i o n  i t s e l f  i s  
regarded as c e r t a i n .  

iT 

100. 1825 September 6--Avachinsky, Kamchatka 

There was a submarine e r u p t i o n  and a new i s l a n d  
was formed ( R i c h a r d  1962). 

i T *  

101. 1827 August 9 ( o r  August 10)- -Avachinsky,  

l i d a  e t  a l .  (1972) have mentioned a tsunami o f  
magnitude 1 t h a t ,  accord ing  t o  t h e i r  o p i n i o n ,  m i g h t  
be r e l a t e d  t o  an e r u D t i o n  of t he  vo lcano mentioned. 

Kamchatka 

same t ime earthquakes were f e l t  on the  west coas t  o f  
S i c i l y  ( B u l l a r d  1968). 

x 

105. 1831 June - J u l y - - G i u l i a  Ferdinandeo Bank, 

The f o l l o w i n g  data i n  t h e  Cata logue of A c t i v e  
Volcanoes (Imbo 1965) a r e  no t  i n  exact congruence w m  
T l i C t X t T u l l a r d  (1968). For B u l l a r d ' s  data, see: 1831 
June 28, J u l y  10, J u l y  18, J u l y  (end o f  t h e  month), 
4ugust 4, August, September 3 and 10, r e s p e c t i v e l y .  
Accord ing t o  Imbo (1965), t h e  new i s l a n d  reached a 
h e i g h t  o f  65 in above sea l e v e l .  A t  t h e  end o f  t he  
o u t b u r s t  t he  per imeter  was 3,700 m. The i s l a n d  Jis- 
appeared i n  l a t e  1831. According t o  Neumann van 
Padang (1938). t h e  a c t i v i t y  s t a r t e d  on 1831 June 1 2  
and l a s t e d  u n t i l  J u l y  25. The d iameter  o f  t he  i s l a n d  
was about 1,200 m. 

S i c i l y  Sea 

iT t * *3  

106. 1831 J u l y  1 0 - - 6 i u l  i a  Ferdinandeo Bank, 
S i c i l y  Sea 

A column o f  water  about  18 m h i g h  was seen 
rising from the  sea like a waterspout. It had a cir- 
cumference O f  about  700 m and was fo l lowed by dense 
steam c louds  t h a t  rose  t o  a h e i g h t  of some 540 m 
( B u l l a r d  1g68). 

V iodavetz  and P i i p  (1959) have descr ibed an outbreak 
from the  c e n t r a l  c r a t e r  of Avachinsky, accompanied by 
lava and lahar On June 27-29 but they gave 
data for Augustor lo* It may be that the dif- 
f e r e n c e  i n  the  da tes  i s  due t o  the  a p p l i c a t i o n  of t he  
o l d  and the  new calendars.  An earthquake ( o f  t e c t o n i c  
o r i g i n )  was a l s o  r e p o r t e d  on August 9. q 1 

0 t ,-Ln 9 = 

102. 1827--Unimak, A l e u t i a n  I s l a n d s  

107. 1831 J u l y  1 8 - - G i u l i a  Ferdinandeo Rank, 
S i c i l y  Sea 

A small  i s l a n d  was found t h a t  was o n l y  about 3.6 
According to Heck (1947) '  a wave m h i g h  and had d c r a t e r  from which v o l c a n i c  d e b r i s  

and a h i g h  column of vapor were ejected. The sea 
around this islet was covered with many dead fishes 

observed a t  Chernabura I s l a n d  t h a t  was a s s o c i a t e d  w i t h  
an earthquake and the  outbreak o f  a vo lcano on Unimak 
I s l a n d .  The event  i s  ques t ioned by I i d a  e t  a l .  and floating cinders (Bullard 1968). 
(1972):  Was i t  r e a l l y  an e r u p t i o n  on Unimak, o r  was 

caused by Avachinsky (see i t e m  1 0 1 ) ?  On Unimak I s l a n d  
t h e r e  are the  f o l l o w i n g  volcanoes: Pogrumnoi, 
Westdahl , F i s h e r ,  S h i s h a l d i n ,  I s a n o t s k i  , and Roundtop, 
r e s p e c t i v e l y .  O f  these, Pogrumnoi was i n t e n s e l y  
a c t i v e  i n  the  p e r i o d  1827-1829, and S h i s h a l d i n  had an 
e x p l o s i v e  outbreak i n  January 1827 ( L a t t e r  1979). O r  
may i t  be t h a t  t h e  a c t i v i t y  o f  S h i s h a l d i n  and 
Pogrumnoi were confused w i t h  one another  by t h e  
observers?  

i t  confused w i t h  the  August 9-10 tsunami, t h a t  was x t  F *  

t = ?  

103. 1830 March 11 - May--Eldey, I c e l a n d  

Submarine e x p l o s i o n s  and smoke were observed 
r i s i n g  f rom the  sea about  4 km o f f  Eldey 
( B e r n i  nghausen 1964). 

' Irt 

I 

108. 1831 J u l y  (end o f  t h e  month) - -G iu l ia  
Ferd inandeo Bank, S i c i l y  Sea 

The e r u p t i o n  c o n t i n u e d  w i t h  g r e a t  v i o l e n c e  t o  the  
end o f  J u l y ,  when the  new i s l a n d  was 15-27 m h i g h  and 
had a c i rcumference o f  some 1900 m ( B u l l a r d  1968). 

109. 1831 August 4 - - G i u l i a  Ferdinandeo Bank, 
S i c i l y  Sea 

The new i s l a n d  has reached t h e  h e i q h t  o f  60 m and 
104. 1831 June 2 8 - - G i u l i a  Ferd inandeo Bank Graham was about  5,800 m i n  c i rcumference.  T i i s  was t h e  maxi- 

mum h e i g h t ,  and t h e r e a f t e r  t h e  i s l a n d  began t o  d i m i -  
n i s h  i n  s i z e  ( B u l l a r d  1968). 

I s l a n d ) ,  (Phlegraean F i e l d s  o f  t h e )  S i c i l y  Sea 

The s t a r t  o f  t he  underwater  e r u p t i o n  was f e l t  on 
A t  t he  a s h i p  t h a t  was c r o s s i n g  the  area i n  ques t ion .  

15 



113. 1833 March 1 0 - - A t i t l a n  (?I, Suatemala 110. 1831 Auqust - -G iu l ia  Ferd inandeo Bank. 
S i c i l y  Sea 

D u r i n g  t h i s  month t h e r e  was v i o l e n t  a g i t a t i o n  o f  
t h e  sea a t  t h e  southwest  s i d e  o f  t h e  new i s l a n d  
t h a t  caused dense w h i t e  columns o f  steam t o  be 
e m i t t e d ,  which suggests t h e  e x i s t e n c e  o f  a second v e n t  
under t h e  sea ( B u l l a r d  1968) .  

T *  

111. 1831 September 3 - - G i u l i a  Ferd inandeo Bank, 

The new i s l a n d  was 32 m h i g h  a t  most and had a 

S i c i l y  Sea 

c i rcumference o f  some 960 m ( B u l l a r d  1968). 

* 

Figure  111/1.-- Graham I s l a n d  on 
Sketch by M .  Sept. 29, 1831. 

J o i n v i l l e .  Cour tesy o f  Museum 
o f  N a t u r a l  H i s t o r y ,  I c e l a n d .  

112. 1831 October- -Giu l  i a  Ferd inandeo Bank, 

A t  t h e  end of  t h i s  month t h e  new i s l a n d  was 
des t royed by t h e  a c t i o n  o f  sea waves. Only a smal l  
mound of s c o r i a  marked t h e  s i t e .  The r o c k y  mass was 
composed of l a v a  t h a t  had s o l i d i f i e d  i n  t h e  t h r o a t  o f  
t h e  submarine vo lcano.  Accord ing  t o  B u l l a r d ,  i f  such 
a remnant was exposed on l a n d  i t  would be a v o l c a n i c  
neck ( B u l l  a r d  1968) .  

*t3 

S i c i l y  Sea 

A tsunami o f  magnitude 1 was r e p o r t e d  on March 10 
( I i d a  e t  a l .  19721, and Lamb (1979) has mentioned an 
e r u p t i o n  o f  A t i t l a n  vo lcano i n  t h i s  y e a r .  The r e l a -  
t i o n s h i p  between these events  i s ,  however, very  
q u e s t i o n a b l e  because we have no f u r t h e r  da ta  about  t h e  
ou tburs t - -e .g . ,  t h e  month and day a r e  unknown. Can i t  
be t h a t  t h i s  e r u p t i o n  was confused w i t h  t h e  a c t i v i t y  
o f  A t i t l a n  i n  t h e  y e a r  1837? 

? S T ?  

114. 1835 February ZO--Minchinmavida, Osorno, 
and Corcovado, C h i l e  

The events  t h a t  took p l a c e  on t h i s  day r e p r e s e n t  
one o f  t h e  most i n t e r e s t i n g  cases r e g a r d i n g  t h e  p h y s i -  
c a l  r e l a t i o n s h i p  between earthquakes, tsunamis, and 
v o l c a n i c  e r u p t i o n s .  

The p r i n c i p a l  se ismic  event  was a very  g r e a t  (M > 
8 .0)  tec-earthquake i n  southern C h i l e ,  near 
Concepcion, V a l d i v i a ,  and C h i l o e .  The l a s t  earthquake 
o f  s i m i l a r  magnitude had taken p l a c e  on November 19, 
1822 and touched about  t h e  same area. I t s  e p i c e n t e r  
was near  Va lpara iso ,  and t h e  e p i c e n t e r  o f  t h e  
1835 shock was s i t u a t e d  somewhat southward o f  t h i s  
p o i n t .  I n  t h e . f o l l o w i n g  we s h a l l  t r y  t o  e s t a b l i s h  t h e  
p o s i t i o n  of t h e  1835 ep icenter - -wh ich  can be regarded 
as t h e  source area of t h e  b i g  tsunami as w e l l - - u s i n g  
t h e  d e s c r i p t i o n  of t h e  ear thquake g i v e n  by Darwin 
(1957) .  

I n  the  case o f  b o t h  ear thquakes mentioned, e leva-  
t i o n s  o f  t h e  c o a s t  were exper ienced:  I n  1822 t h e  
c o a s t  was r a i s e d  by 1 t o  2 m f o r  about  150 km i n  
l e n g t h ;  i n  1835 t h e  e l e v a t i o n  reached 2.7 m ( I i d a  e t  
a l .  1972) and even 3 m a t  Santa Mar ia  I s l a n d  (Darwin 
1957). I n  t h e  course of t h e  n e x t  g r e a t  ear thquake o f  
t h e  same area, w i t h  an e p i c e n t e r  near  V a l d i v i a ,  on 
1837 November 7, t h e  r e p o r t e d  u p l i f t  was o f  t h e  same 
o r d e r  ( R i c h t e r  1958) .  On 1836 J u l y  3, another  s t r o n g  
shock took p l a c e  i n  C h i l e  b u t  i n  t h e  n o r t h e r n  p a r t  o f  
t h e  count ry ,  p robab ly  near  Antofagasta.  No da ta  a r e  
a v a i l a b l e  f o r  c r u s t a l  deformat ions on t h e  main land i n  
a s s o c i a t i o n  w i t h  t h i s  ear thquake.  It i s  notewor thy,  

F i g u r e  110/1.-- Graham I s l a n d ,  o r  G i u l i a  Ferdinandeo Bank on August 25, 
1831. A f t e r  M e r c a l l i .  
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however, t h a t  u p l i f t  o f  t h e  coas ta l  p a r t s  and o f  
t h e  b e l t  between t h e  a x i s  o f  t h e  oceanic t rench  and 
t h e  s h o r e l i n e  i s  a f r e q u e n t  phenomenon i n  C h i l e ;  
remarkable u p l i f t s  were observed, f o r  example, as a 
r e s u l t  o f  t h e  g r e a t  earthquake sequence i n  1960 as 
w e l l .  The p a t t e r n  o f  t he  de fo rma t ion  was s i m i l a r  i n  
each observed case. Such sudden deformat ions a r e  the  
consequences o f  t h e  sha l l ow  ( h  5 70 km) shocks. The 
earthquakes of t h e  yea rs  o f  1822, 1835, 1836, and 1960 
were accompanied by tsunamis,  which a r e  a l s o  t h e  
r e s u l t s  (a lmos t  e x c l u s i v e l y )  of shal low shocks t h a t  
occur  when sudden, more o r  l e s s  v e r t i c a l  d i sp lace -  
ments occur  on t h e  ocean bottom. 

Accord ing t o  Davison (1936) ,  t h e  1835 earthquake 
has been f e l t  over  a ve ry  l a r g e  area, namely f rom t h e  
town o f  Mendoza t o  t h e  Juan Fernandez I s l a n d s  and f rom 
C h i l o e  I s l a n d  t o  Copiapo. T h i s  i s  an e l l i p t i c a l  area, 
t h e  c e n t e r  o f  which i n  a l l  l i k e l i h o o d  l i e s  near t h e  
r e a l  e p i c e n t e r  and can be found near the  common boun- 
dary o f  t h e  P a c i f i c  P l a t e  and t h e  South American 
P l a t e ,  by and l a r g e  a t  t h e  southernmost t i p  o f  t he  
t rench -1  i k e  ocean deep. 

There were t h r e e  ( o r  f o u r ? )  g r e a t  se ismic sea 
waves, f o l l o w e d  by numerous sma l le r  ones. Three waves 
swept Concepcion. The f i r s t  was 8.4 m i n  h e i g h t ,  t h e  
o t h e r s  were s t i l l  h ighe r .  A t  Talcahuano Bay-- the 
p o r t  o f  Concepcion-- the water  reached an a1 ti tude o f  
15 m and sh ips  sunk here.  The Rsunami magnitude was 
es t ima ted  t o  be about 3 ( I i d a  e t  1 .  19721, and t h e  
corresponding energy was 1.6 x ergs.  Accord ing,  
t o  Kausel (19651, t h e  R i c h t e r  magnitude o f  t h e  p r i n -  
c i p a l  shock m i g h t  have been 8.418.6 (ou r  c a l c u l a t i o n s  

g i v e  8.2, see l a t e r ) ,  T t i c h  means a t o t a l  energy of  
25.1 x - 50.1 x 10 ergs.  

The tsunami waves were observed as f a r  away as 
Hawai i ,  and moderate damage was r e p o r t e d  from Kauai. 
The average v e l o c i t y  o f  t h e  waves i n  the  open ocean 
m i g h t  exceed 650 km/hr, depending on the  depth o f  t he  
water .  

I t  i s  wor thwh i l e  t o  ment ion t h a t  Sapper (1927) 
has a t t r i b u t e d  the  se ismic sea waves t o  a submarine 
e r u p t i o n  a t  t he  Juan Fernandez I s l a n d s  (see n e x t  
i t e m ) .  T h i s  o p i n i o n  must be r e j e c t e d ,  because t h i s  
tsunami was w i t h o u t  any doubt o f  se ismic o r i g i n  and 
s i m i l a r  phenomena were f r e q u e n t l y  observed i n  o t h e r  
t imes a long  the Ch i l ean  c o a s t  w i t h o u t  any submarine 
outbreak.  

Darwin (1957) has w r i t t e n  a dramat ic  account o f  
t h e  g r e a t  earthquake o f  1835 t h a t  i s  based f o r  t he  
most p a r t  on h i s  own exper iences ( i t  happened t h a t  he 
had been i n  V a l d i v i a  a t  t he  t ime  o f  t h e  shock).  
Accord ing t o  h i s  account  (see Adams 1964) the  p r i n -  
c i p a l  shock occu r red  a t  h a l f - p a s t  e leven o ' c l o c k  i n  
t h e  forenoon o f  February 20 and *the shaking o f  t he  
ground l a s t e d  f o r  about 2 minutes.  I n  Concepcion and 

*Concerning the t ime  o f  occurrence and t h e  t ime 
sequence o f  t h e  main events  we have somewhat d i f f e r i n g  
da ta  as f o l l o w s :  

Even t  Local  t ime  of occurrence ( s t a r t )  T r a c t  o f  t ime i n  minutes 
I i d a  e t  a l .  Davi  son Darw in  Davi  son Darwin 

(1936) (1957) (1936) (1957) (1972) 

0.5 g0.5 F i r s t  11 h r  40 m in  
shock 

p r i n c i p a l  o r  11 h r  30 min 
shock 41.5 m in  

F i n a l  v i b r a -  
t i o n s  

Second 11 h r  26 min 11 h r  41 m in  11 hr  2 

1.5 

2 

F i r s t  11 hr 30 min 
tsunami ( a r r i v a l  1 

Second 11 h r  40 min 
tsunami ( a r r i v a l  1 - 

The t ime  of 11 h r  30 min p robab ly  means t h e  a r r i v a l  Talcahuano. A f t e r  an equal i n t e r v a l  a g r e a t  Wave came 
o f  t h e  f i r s t  wave a t  Santa Mar ia  I s l a n d  and 11 hr 40 ve ry  S l O w l Y  t h rough  t h e  Passage between Q i r i q u i n a  
m in  i s  probably  t h e  a r r i v a l  of t h e  second wave a t  I s l a n d  and the  mainland. I n  a few minutes a second 
Talcahuano. Accord ing t o  Davison, 15 min a f t e r  t h e  l a r g e r  wave Swept i n ,  and a f t e r  i t  a t h i r d  and s t i l l  
earthquake (which-- the f i r s t  o r  second shock?) the  l a r g e r  One a r r i v e d .  A l l  t h e  l a t e r  sea waves decreased 
sea f e t r e a t e d  about a m i l e  from t h e  c o a s t  of i n  he igh t ,  b u t  f o r  3 days f o l l o w i n g  the  shock t h e  water  
Talcahuano. Accord ing t o  Davison, 15 min a f t e r  t h e  ebbed and f lowed i r r e g u l a r l y - - 2  o r  3 t imes  an hour.  
ear thquake (which-- the f i r s t  o r  second shock?) the  F o r  t h e  CalCUlatiOnS, we accepted I i d a ' s  data.  
sea r e t r e a t e d  about a m i l e  f rom t h e  coas t  o f  
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Talcahuano a1 1 the  houses were p a r t l y  o r  p e r f e c t l y  
des t royed and t h e  r u i n s  o f  Tal  cahuano were t o t a l l y  
washed away by the  se ismic  sea waves. I n  a d d i t i o n ,  70 
v i l l a g e s  were demolished. There were l a r g e  and wide 
r u p t u r e s  i n  many p laces  i n  the  s o i l ,  w i t h  a t r e n d  o f  
NS o r  NW-SE. T h e i r  w i d t h  reached 1 m. Numerous 
a f t e r s h o c k s  were f e l t  t h a t  number a t  l e a s t  300 
d u r i n g  the  f i r s t  12 days. 

I n  Concepcion the  p o s i t i o n  o f  t he  r u i n s  suggests 
t h a t  t he  shock came from the  southwest. The sound o f  
t h e  rumbl ing  came from the  same d i r e c t i o n .  On the  
t i n y  Santa Mar ia  I s l a n d - - w h i c h  1 i e s  southwest o f  
Concepcion a t  a d i s t a n c e  o f  about  50 km--the e leva-  
t i o n  o f  t h e  c o a s t  amounted t o  3 m, b u t  near  Concepcion 
t h e  e l e v a t i o n  was as smal l  as 0.6-0.9 m on l y .  From 
these f a c t s  one concludes t h a t  t he  e p i c e n t e r  o f  t h e  
tnain shock m i g h t  have been s i t u a t e d  southwest o f  
'oncepcion, and thus  south  o r  sou theas t  o f t h e  c e n t e r  

o f  t he  e l l i p s e  o f  p e r c e p t i b i l i t y .  It shou ld  be added 
t h a t  t he  ear thquake i n  q u e s t i o n  was a lmost  c e r t a i n l y  
o f  sha l low o r i g i n .  We know o n l y  very few examples 
i n  which i n t e r m e d i a t e  shocks ( h  = 71-300 km) are  
f o l l o w e d  by tsunamis, a1 though some examples-- 
p a r t i c u l a r l y  those near  Greece--are mentioned i n  our 
p r e s e n t  volume. Deep ( h  >300 km) ear thquakes a r e  
never  accompanied by se ismic  sea waves. On the  o t h e r  
hand, f o r  t he  g e n e r a t i o n  o f  a tsunami, d i p - s l i p  
f a u l t i n g  i s  needed ( B o l t  e t  a l .  1975); t h a t  i s ,  d i p -  
s l i p  d isp lacement  must occur  w i t h i n  the  hypocenter  i n  
t h e  moment o f  t he  sudden r e l e a s e  o f  the  s t o r e d  seismic 
energy.  S t r i k e - s l  i p  d i s p l  acements a r e  never accom- 
p a n i e d  by seismic sea waves. 

L e t  us now c o n s i d e r  the  f a c t  t h a t  w i t h i n  the  
oceanic  t renches,  t h e  f i r s t  mot ions  have a t e n s i o n a l  
c h a r a c t e r ;  t h a t  i s ,  n o t  d i p - s l i p  (Stauder 1968). 
Owing t o  t h e  subduct ion  process, d i p - s l  i p  ear thquake 
mechanisms a r e  t o  be expected w i t h i n  t h e  b e l t  l y i n g  
between the  c o n t i  nenta lward  s l o v  t h e  t r e n c h  and 
the  v o l c a n i c  c h a i n  t h a t  i s  u s u a l l y  p a r a l l e l  t o  the  
s t r i k e  o f  t he  oceanic  t rench.  I n  case o f  such a d i s -  
p lacement  i n  the  depth, u p l i f t  must occur  a long the  
oceanic  shore, as was f r e q u e n t l y  observed i n  C h i l e  
a f t e r  g r e a t  earthquakes. 

Tak ing  i n t o  account  a l l  t h e  ev idence summarized 
above, and- - fu r thermore- -cons ider ing  t h a t  t he  r e a l  
e p i c e n t e r  must be near t h e  c e n t e r  o f  t he  area  o f  
p e r c e p t i b i l i t y ,  we come t o  t h e  c o n c l u s i o n  t h a t  t he  
most p robab le  s i t e  o f  t h e  e p i c e n t e r  o f  t he  main s h o c k  
i n  t h e  y e a r  o f  1835 was a l i t t l e  southwest o f  Santa 
M a r i a  I s l a n d  b u t  by no means w i t h i n  the  deep oceanic  
t r e n c h  o r  beyond (oceanward o f )  it. The e p i c e n t e r  
most l i k e l y  was between the  c o n t i n e n t a l w a r d  s lope of 
t h e  t r e n c h  and t h e o r e .  

Ue have a1 ready ment ioned (see f o o t n o t e )  t h a t ,  
a c c o r d i n g  t o  the  da ta  o f  I i d a  e t  a l .  (19721, t h e  f i r s t  
tsunami has reached the  c o a s t  o f  Santa Mar ia  I s l a n d  
w i t h i n  a very s h o r t  t ime- -on ly  about  4 min a f t e r  t he  
occur rence o f  t he  main shock. Using a depth contour  
map o f  t h e  area  southwest o f  Concepcion, we found 
t h a t  t he  median depth  o f  t h e  ocean water  w i t h i n  the  
f i r s t  k i l o m e t e r  d i s t a n c e  measured from the  south- 
western  p o i n t  o f  Santa M a r i a  i n  t h e  d i r e c t i o n  o f  t he  
southwest  i s  o n l y  about  4 m. Tak ing  the  f i r s t  two km 
d i s t a n c e s  t o g e t h e r ,  we c a l c u l a t e  an average depth o f  
some 8.5 m. The v e l o c i t y  o f  p r o p a g a t i o n  of tsunami 
waves can be expressed by the  fo rmula :  

v = (gH)lh* 

where g i s  t he  a c c e l e r a t i o n  due t o  g r a v i t y  (9 .8  m 
s - ~ )  and H t h e  average depth  o f  t he  water.  

S u b s t i t u  i n g  now the  va lue  o f  H = 8.5 m, we g e t  v = 
9 . 1  m 5 - l .  Accept ing  t h a t  the  wave a r r i v e d  d u r i n g  240 
s f rom the source t o  the  southwestern shore o f  t he  
i s l a n d  and i t s  median v e l o c i t y  was 9.1 m s - l ,  we f i n d  
t h a t  the  source m i g h t  have been a t  a d i s t a n c e  o f  about  
2.2 km from the  edge o f  t h e  i s l a n d ,  and- -cons ider ing  
Darwin 's  account  on the  d i r e c t i o n - - i n  the  southwest, 
l o o k i n g  from the  shore o f  t he  i s l a n d .  Thus the  
approx imate c o o r d i n a t e s  o f  t he  e p i c e n t e r  t h a t  can be 
regarded t o  be i d e n t i c a l  w i th  t h e  source of t h e  
tsunami, a r e  37OOO'S, 73'40'W. T h i s  deduced l o c a t i o n  
agrees w i t h  one t h a t  has been suggested by the  
Se ismolog ica l  I n s t i t u t e  o f  Sant iago (Kausel 19651, 
namely: 36.5"S, 73.0'W. The d i s t a n c e  between these 
two p o i n t s  i s  n o t  more than 130 km. 

We have t h e  o p p o r t u n i t y  t o  f u r t h e r  i n v e s t i g a t e  
t h e  p h y s i c a l  parameters o f  t h i s  g r e a t  earthquake. 
I i d a  (1958, 1961) has p o i n t e d  o u t  t h a t  t he  f o l l o w i n g  
e q u a t i o n  i s  v a l i d  f o r  t h e  r e l a t i o n s h i p  between e a r t h -  
quake magnitude and tsunami magnitude: 

m = 2.61 M - 18.44, 

where M i s  t he  R i c h t e r  magnitude and m the  tsunami 
magnitude. F o r  the  p r i n c i p a l  tsunami t h a t  i s  t r e a t e d  
h e r e  m = 3 can be accepted ( I i d a  e t  a l .  1972). Hence 
M = 8.21. Using t h i s  va lue  we can c a l c u l a t e  the  
l e n g t h  o f  t he  f r o n t  l i n e  o f  t h e  tsunami, L: 

l o g  L = 0.5 M - 1.8, 

f r o m  which L = 201.8 km. Accord ing  t o  I i d a  (1958, 
1961), f o r  t he  foca l  depth t h e  f o l l o w i n g  express ion  
can be used: 

M - > 7.75 + 0.008 h, 

i f  t h e  tsunami had a d e v a s t a t i n g  f o r c e .  From here the  
foca l  depth h < 57.5 km. Summarizing and round ing  
t h e  vh lues  r e c e i v e d ,  we can accept  8.2 f o r  M, 200 km 
f o r  L, and 55-60 km f o r  h. 

On t h e  day o f  t h e  ear thquake t h r e e  s u b a e r i a l  
vo lcanoes and a submarine one as w e l l  began t o  e r u p t .  
F o r  i n f o r m a t i o n  about  t h e  submarine exp los ion ,  see the  
n e x t  i tem.  Accord ing t o  Symons (1888) and Lamb (1970) 
t h e  s u b a e r i a l  vo lcanoes were as f o l l o w s :  ( a )  
Minchinmavida; ( b )  Osorno; and ( c )  Corcovado. 
P r e v i o u s  e r u p t i o n s  of these vo lcanoes were as f o l l o w s :  

( a )  1742; 1834 November; 
( b )  1790 March 9-1791 December; 1834 

November 29; 
( c )  1834 November; no da ta  a r e  a v a i l a b l e  

about  t h e  a c t i v i t y  o f  t h i s  vo lcano 
p r i o r  t o  1834 
(Caser tano 1963, 1963a). 

It i s  a l s o  i n t e r e s t i n g  t o  no te  t h a t  a l l  these 
vo lcanoes had been a c t i v e  p r i o r  t o  the  g r e a t  e a r t h -  
quake ?ga in  s imul taneous l  namely i n  November 1834. 
Accord ing  t o  4) a v i s o n  f rom 1834 January 1 t o  
1835 February 20 they  were a c t i v e ;  t h a t  i s ,  u n t i l  
t h e  day o f  t h e  g r e a t  ear thquake,  some shocks were f e l t  
i n  t he  Concepcion area, a l l  f e e b l e  w i t h  t h e  e x c e p t i o n  
o f  one a t  t he  c l o s e  o f  October 1834. It can be sup- 
posed t h a t  t he  t h r e e  s imul taneous e r u p t i o n s  i n  
November 1834 were i n i t i a t e d  ( t r i g g e r e d )  by t h i s  
s t r o n g  shock i n  October, t h e  magnitude o f  which i s  
unknown. 

Fur thermore,  i t  appears t h a t  on the  day o f  t he  
1835 February 20 ear thquake these t h r e e  volcanoes were 
a g a i n  d i r e c t l y  t r i g g e r e d  by the  shock (Hedervar i  



1979). On  the o ther  hand, the  tsunamis were a l s o  i n i -  
t i a t e d  by the earthquake. Thus  the erupt ions were 
i n d i r e c t l y  c o r r e l a t e d  w i t h  the seismic sea waves; t h a t  
i s ,  the tsunamis were not of volcanic ,  b u t  of tec tonic  
or igin--contrary to the opinion of Sapper, a s  a1 ready 
men t i  oned. 

t t t "  
115. 1835 February 20--Submarine erupt ion in  the 

group o f  Juan Fernandez Is lands 

E a r l i e r  a c t i v i t y  from t h i s  place i s  not known. 
The outbreak was accompanied by explosions,  * dense 
columns of smoke t h a t  issued from the ocean, and 
"flames" t h a t  i l luminated the whole i s land  (Richard 
1962) .  T h i s  erupt ion was probably a l s o  t r iggered  by 
the g r e a t  Chilean shock on the  same day (Hedervari 
1979), and t h u s  i t  was a l s o  i n d i r e c t l y  associated with 
the tsunamis a s  wel l .  The coordinates  of the  erupt ion 
a r e  33"37'S, 78'47'W. Note: This  unnamed underwater 
volcano was a l s o  mentioned by MacDonald (1972), who 
a l s o  indicated the  occurrence o f  the  seismic sea 
waves. 

E =  

116. 1835 April 23 - 26--Banua Wuhu, 
Sangi he Is lands 

A 90-m high temporary i s land  was created by 
I n  1848 only a few rocks remained submarine a c t i v i t y .  

(Neumann van Padang 1941). 

117. 1836 January 25--Unnamed submarine volcano, 
equator ia l  A t 1  a n t i c  

Location: Oo40'S, 20°10'W, approximately. A 
seaquake, l a s t i n g  about 3 min, was observed a t  9 
o 'c lock i n  the evening. Black volcanic ash was 
co l lec ted  a t  0°35'S, 15°501w (Neumann van Padang e t  
a l .  1967). 

?l 

118. 1838--Nameless submar 

Location: 66"15'N ( ? ) ,  
doubtful (Berninghausen 1964) 

K ?  

ne volcano, Iceland 

18'55'W ( ? I .  A l i t t l e  

119. 1839 February 1 2  - 13--Nameless submarine volcan- 
i c  c e n t e r ,  I s l a s  Juan Fernandez 

Location: 33"34'-4O'S, 76'49'-51 ' W .  Supposedly, 
although not  y e t  proved exac t ly ,  an ephemeral is land 
probably of conical shape came i n t o  being. I t  was a 
r a t h e r  l a r g e  i s land ,  namely almost 5 k m  wide and a 
l i t t l e  l e s s  than 10 km i n  length.  I t  appeared 
approximately a t  the  summit of the most e a s t e r l y  
- 

seamount i n  the v i c i n i t y  o f  I s l a s  Juan Fernandez 
(Richard 1962). Note: T h i s  a l leged  is land is  not 
ind ica ted  in  A n d r W  g r e a t  "Handatlas" (which was 
published in  1903). 

7 T * ?  

120. 1840 January 4--Merapi, Java 

A g r e a t  earthquake was f e l t  from Banjoemas t o  
Kedir i ,  Java, and a tsunami was observed a t  P a t j i t a n  
(Visser  1922). Note: These events  took place on 
January 4 .  Banjo= can be found i n  cen t ra l  Java,  
west o f  Merapi volcano; P a t j i t a n  is  s i t u a t e d  a l i t t l e  
southeas t  of Merapi; and Kediri i s  e a s t  of Merapi. 
The Banjoemas-Merapi d i s tance  i s  almost equal t o  the 
d is tance  between Merapi and Kedir i .  T h u s  i t  can be 
supposed t h a t  the  ep icenter  was very near Merapi 
volcano and the  shock d i r e c t l y  t r iggered  the  volcano 
erupt ion.  The day of the commencement of the erup- 
t i o n  i s  not known, b u t  the event  took place in 
January. Therefore i t  seems t o  be a reasonable sup- 
pos i t ion  t h a t  the  tsunami and the  erupt ion were 
i n d i r e c t l y  cor re la ted  with one another. The tsunami, 
i s  not mentioned by I ida  e t  a l .  (19721, nor by Heck 
( 1947 1. 

t "  

121. 1840 May 30--Kilauea, Hawaii 

An erupt ion took place from the  e a s t  r i f t  zone, 
accompani d by a submarine lava flow approximately 153 

ably i n  June, a co l lapse  of t h e  Kilauea ca ldera  was 
noted. 

mi l l lon  m 3 (MacDonald 1955). Af te r  t h i s  event, prob- 

122. 1843 February 17--Hameless submarine volcano 
near Marie Galante, West Indies  

I n  the Catalo ue of Active Volcanoes (Robson and 
The ear th-  Tomblin 19663*s a p r i n t e r ' s  e r r o r :  

quake took place on 1843'February 8 and not on 1943 
February 8. The shock i n  quest ion reached 9" on the 
12" s c a l e  of i n t e n s i t y .  I t  occurred a t  Guadeloupe. A 
tsunami o f  a height  o f  1.2  m was observed a s  well a s  
an i n t e r e s t i n g  earthquake-fountain: Columns of water 
some 30 m high were e j e c t e d  from f i s s u r e s  i n  the 
ground (Robson 1964). Note: This  shock was, without 
any doubt, the t r igger ing  one f o r  the submarine erup- 
t i o n  t h a t  took place approximately half way between 
Guadeloupe and the eas te rn  p a r t  of Maria Galante. A 
l a r g e  column of black water rose i n  a succession of 
j e t s ,  and steam was emitted around t h e  column a t  the 
sea surface.  The ou tburs t  l a s t e d  f b r  about half  an 
hour only (Robson and Tomblin 1966). The coordinates  
of the  volcano a r e  15"08'N, 61'17'W (approximate 
va lues) .  I t  must be noted t h a t  the l a t i t u d e  was e r ro-  
neously pr in ted  i n  the  Catalo ue of Active Volcanoes 
a s  16'08'N ins tead  o f  & % i d w e r r o r  was 
repeated by MacDonald (1972) as wel l .  

- 
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123. 1843 July--Near Arakan, I n d i a n  Ocean 

Neumann van Padang (1938) has r e p o r t e d  t h e  b i r t h  
o f  a new i s l a n d  a t  18'N, 93"30'E, $ear t h e  shore o f  
Arakan, Bay o f  Bengal, I n d i a n  Ocean. 

E *  

124. 1845 June 18--Madrepore Bank (Phlegraean 
F i e l d s  o f )  S i c i l y  Sea 

Emiss ions o f  s u l f u r o u s  gases were no ted  and an 
ear thquake was f e l t  ( Imgo 19651, which may suggest a 
submarine outbreak.  The event,  however, i s  
ques t i onab le .  

T ?  

125. 1846 October  4 - 5--Pinne Mar ine Bank, 
S i c i l y  Sea 

An e r u p t i o n  occu r red  w i t h  e j e c t i o n  o f  i n t e r n a l l y  
incandescent  f ragments o f  v o l c a n i c  m a t e r i a l  (Imbo 
1965).  

T 

126. 1850--Nameless submarine vo lcano between 
Taiwan and the  Mar iana I s l a n d s  

The l o c a t i o n  o f  t h e  even t  was 20'56'N, 134'45'E. 
The outbreak caused a sudden commotion of  t h e  water,  a 
r i s e  o f  a i r  temperature,  and a smel l  o f  s u l f u r  (Kuno 
1962).  

E 

127. 1850--Unnamed submarine e r u p t i v e  c e n t e r  west 
o f  Ibugos, I s l a n d s  Nor th  o f  Luzon, 

P h i l i p p i n e  I s l a n d s  

Loca t ion :  20'20'N, 121'45'E. The e r u p t i o n  i s  
d o u b t f u l ,  and no d e t a i l s  a r e  a v a i l a b l e  (Neumann van 
Padang 1953). 

T ?  

128. 1851 - 1852--Met is Shoal ,  Tonga Vo lcan ic  Group 

Smoke had been seen i n  1851 and i n  1852. A 
submarine e r u p t i o n  was r e p o r t e d  ( R i c h a r d  1962). 

E 

*The 1843 J u l y  e r u p t i o n  o f  nea r  Arakan, I n d i a n  
Ocean, as w e l l  as some f u r t h e r  r e p o r t e d  submarine ou t -  
b u r s t s ,  namely on 1881 December 3 1  and 1906 December 
15 ( l a s t e d  p robab ly  u n t i l  December 311, when a new 
i s l a n d  was formed, and those i n  1908 (ano the r  new 
i s l a n d  came i n t o  b e i n g  then )  and 1914, were o f  mud- 
v o l c a n i c  m a n i f e s t a t i o n s  and n o t  igneous v o l c a n i c  ones 
(Sapper 1927, van Padang 1938). D i s r e g a r d i n g  these 
examples, mud-volcanoes g e n e r a l l y  a r e  n o t  t r e a t e d  i n  
o u r  Catalogue. 

129. 1852 J u l y  17--Unnamed submarine volcano, 
e q u a t o r i  a1 At1 a n t i c  

L a t i t u d e :  3'30'S, l o n g i t u d e :  24'30'W. A 
seaquake was observed, The water  appeared t o  be 
a g i t a t e d  as i f  i t  had bo i l ed .  Water vapor rose. " A  
submarine vo lcano conceivably  was a c t i v e  w i th  such a 
v i o l e n c e  t h a t  a column o f  water  o f  more than 5,000 m 
was heated? Because o f  t h e  g rea t  depth, however, t h i s  
account probably  should be considered ques t i onab le "  
(Neumann van Padang e t  a l .  1967, p. 123). 

130. 1852 September 14--Nameless submarine e r u p t i v e  

Whi te  vapors and v a u l t i n g  o f  t h e  sea su r face  have 
Sapper doubted t h a t  t h i s  event was o f  v o l -  

cen te r ,  southern A t l a n t i c  

been seen. 
c a n i c  o r i g i n  (Neumann van Padang e t  a l .  1967). 

x ?  

131. 1852 November 26--Banda Api (?), 8anda Sea 

Accord ing t o  Heck (1947) an almost 8-m h i g h  wave 
reached Amboina. The tsunami w i th  a magnitude o f  
about 2 was observed i n  t h e  Moluccas, and t h e  
genera t i ng  area was i n  t h e  Banda Sea ( I i d a  e t  a l .  
1972). Lamb (1970). on t h e  b a s i s  o f  Russel (1888) has 
r e p o r t e d  an e r u p t i o n  i n  t h e  Moluccas and assigned i t  
t o  Gunung Api ,  which i s  l o c a t e d  a t  6'35.5'S, 126'39'E. 
But  t h e  coo rd ina tes  o f  t h e  volcano i n  Lamb's paper 
were as f o l l o w s :  4.5'S, 130'E. These coord inates,  
however, g i v e  t h e  l o c a t i o n  data o f  another  volcano, 
namely Banda Apt (4'31'E, 129'52'E, see: Neumann van 
Padang 1951). Rut n e i t h e r  Neumann van Padang nor  
Sapper (1927) have mentioned any e r u p t i o n  o f  Banda Api 
and Gunung Api i n  t h e  year  of 1852. Therefore t h e  
v o l c a n i c  na tu re  of t h e  tsunami i s  more than  doub t fu l .  

7 "  

132. 1852--Home Reef, Tonga Vo lcan ic  Group 

Submarine a c t i v i t y  and t h e  appearance o f  a new 
i s l a n d  a r e  r e p o r t e d  (R icha rd  1962).  

X t  * 
133. 1853 October 29 - 1854 January--Submarine 

vo lcano near t h e  e a s t e r n  c o a s t  of Taiwan 

P o s i t i o n :  24'N, 121'50'E. Underwater a c t i v i t y  
has been repo r ted ,  accompanied by ash and smoke. The 
sea was s t r o n g l y  a g i t a t e d  (Kuno 1962).  Note: I n  
MacDonald's book (1972) t h e r e  i s  a p r i n t e d  error con- 
c e r n i n g  t h i s  vo lcano:  namely, 1853-1954 i s  i n d i c a t e d  
i n s t e a d  o f  1853-1854. 

K t  

134. 1854 January 15--Submarine e r u p t i v e  center ,  

There a r e  some e r r o r s  and confus ions concern ing 
t h e  exact  p lace  o f  t h i s  submarine e r u p t i o n  po in t .  
MacDonald (1972) g i ves  21°50'N, 121'11'E and ment ions 
o n l y  t h e  year.  Sapper (1927) g i ves  t h e  da te  of 

t h e  l o c a t i o n  o f  which i s  very  unc lea r  



e r u p t i o n  as 1854 January 15 and 20"56'N f o r  t h e  
l a t i t u d e  as we l l  as 134'45'E f o r  t h e  long i tude,  which 
i s  t h e  s i t e  o f  t h e  volcano assigned as 8.1-1 i n  t h e  
Catalogue o f  A c t i v e  Volcanoes (Kuno 1962). Th is  
F$c-wevr?r,do;?- not -?oxcTde w i t h  Sapper's P l a t e  
X X X I ,  on which t h e  e r u p t i o n ' s  (point  i s  g iven as 
21°50'N, 121'11'E. Th is  l o c a t i o n  i s  i d e n t i c a l  w i t h  
t h e  p lace  of volcano 8.1-2 (Kuno 1962). I n  a d d i t i o n ,  
an e r u p t i o n  i s  mentioned i n  t h e  Ca_t_alogXe o f  A c t i v e  
Volcanoes (Neumann van Padang 1 9 5 3  f o r  t f i e  same day 
i n  tre-ase of vo lcano 7.4-5 t h a t  l i e s  a t  20'20'N, 
121'45'E. 

7- - 

X ? ?  

135. 1854--Raoul I s l a n d ,  Kermadec Vo lcan ic  Group 

The v o l c a n i c  i s l a n d  t h a t  came i n t o  be ing i n  1914 
d isappeared i n  1854 (see i t e m  89, R ichard  1962). 

i43 

136. 1856 March 2 - 17--Awu, Sangihe I s l a n d s  

An e x p l o s i v e  e r u p t i o n  f rom t h e  c e n t r a l  c r a t e r  and 
a tsunami w i t h  a magnitude o f  about  1 were noted 
( I i d a  e t  a l .  1972). The Celebes Sea o r  Molucca 
Passage (Heck 1947, Berninghausen 1969) was t h e  
g e n e r a t i n g  area. The se ismic  sea wave occur red  on 
March 3; t h e  e r u p t i o n  l a s t e d  u n t i l  March 17. It may 
b e  t h a t  t h e  tsunami was caused by nuees ardentes 
e n t e r i n g  t h e  sea. 

O f "  

137. 1856 J u l y  22--Submarine e r u p t i o n  near  Shaum 
Shu (Shumshu) I s l a n d ,  K u r i l  Vo lcan ic  B e l t  

I n  r e f e r r i n g  t o  Per rey ,  M e r c a l l i  (1907) ,  has men- 
t i o n e d  a submarine e r u p t i o n  a t  t h e  nor thernmost  end o f  
t h e  K u r i l  Vo lcan ic  B e l t ,  j u s t  sou th  o f  t h e  southern-  
most  t i p  o f  Kamchatka. Accord ing t o  M e r c a l l i ,  a 
Russian sh ip ,  "Dwina," r e p o r t e d  f l o a t i n g  pumice a t  
50"53'N, 158'52'E. Note, however, t h a t  t h e  l o n g i t u d e  
was measured from P a r i s  and n o t l f r o m  Greenwich. T h e i r  
d i f f e r e n c e  i n  l o n g i t u d e  i s  2'02 . C a l c u l a t i n g  on t h i s  
b a s i s ,  one f i n d s  t h a t  t h e  probab le  l o c a t i o n  o f  t h e  
e v e n t  was 50"53'N, 160'54'E, though Sapper (1927) gave 
50"53'N, 161'12'E. The e r u p t i o n  i s  n o t  mentioned i n  
t h e  Cata logue o f  A c t i v e  Volcanoes o f  t h e  World. 

x 

138. 1856 J u l y  26--Submarine a c t i v i t y  near  Unimak 

Near southwest Unimak a g i g a n t i c  water-co1u;n (base 
surge?)  was f i r s t  seen; l a t e r  on smoke and f lames"  
were observed, and ash and l a p i l l i  were thrown 
f r o m  t h e  water .  A t  t h e  same t i m e  s w i r l i n g  of t h e  
w a t e r  was observed (Sapper 1927). Accord ing t o  Cox e t  
a l .  (1976), a submarine e r u p t i o n  i n  t h e  Unimak S t r a i t  
was t h e  cause o f  t h e  a g i t a t i o n  o f  t h e  ocean and 
p o s s i b l y  a small  tsunami f o l l o w e d  t h e  outbreak.  I i d a  
e t  a l .  (19721, however, doubted t h e  tsunami and a t t r i -  
b u t e d  t h e  waves t o  a seaquake. 

I s l a n d ,  A l e u t i a n  I s l a n d s  

139. 1856 September o r  October  10 - 1860 O c t o b e r ( ? )  
- - D i d i c a s  Rocks, i s l a n d s  n o r t h  o f  Luzon, 

P h i l i p p i n e  I s l a n d s  

A submarine e r u p t i o n  occur red  here (van Bemmel en 
1970). Accord ing t o  the  Center  f o r  S h o r t - l i v e d  
Phenomena (Repor t  No. 5061, "sp ines"  were formed a t  
f i r s t ,  and these were t h e  s u b a e r i a l  express ions o f  a 
submarine v o l c a n i c  e d i f i c e .  Subsequent e r u p t i o n s  
u n i t e d  these rocks  i n t o  an i s l e t  now known as D id icas .  

K A  * 
140. 1856 September--0-sima, Izu-Mariana I s l a n d s  ( ? )  

A tsunami i s  i n d i c a t e d  o f f  t h e  coast  o f  0-sima 
( ? )  and t h e  r e p o r t  i s  w r i t t e n  w i th  s p e l l i n g  Oshima. 
The l o c a t i o n  may be Osima-0-Sima o f f  Hokkaido and 
I b u r i ,  as g iven i n  Heck (1947), b u t  I i d a  e t  a l .  (1972) 
a r e  o f  t h e  o p i n i o n  t h a t  t h e  genera t ing  area was t h e  
Tokyo Bay and t h e  p lace  of o b s e r v a t i o n  was Tokyo and 
i t s  v i c i n i t y ;  accord ing  t o  t h e i r  view i t  was a storm 
surge. Lamb (1970) has mentioned t h e  e r u p t i o n  of a 
Japanese vo lcano i n  September 1856. The v o l c a n i c  
n a t u r e  o f  t h e  tsunami, however, i s  as d o u b t f u l  as t h e  
se ismic  n a t u r e  o f  t h e  waves; we accept  t h e  view o f  
I i d a  e t  a l .  (1972) and do no t  regard  t h i s  event  t o  be 
o f  geophysica l  o r i g i n .  

- - ? ?  

141. 1856 November 25--Unnamed subinari ne volcano, 
n o r t h e r n  At1 a n t i c  

E b u l l i t i o n  o f  t h e  water  was no t iced .  The phenm- 
enon, which was accompanied by r i s i n g  ho t  fumes, 
l a s t e d  about h a l f  an hour. Note t h a t  another  r e p o r t  
gave 1857 as t h e  year  o f  occurrence o f  t h e  event. It 
i s  considered t h a t  t h i s  e r u p t i o n  i s  ques t ionab le  
un less  i t  occurred i n  t h e  sha l lower  water  t o  t h e  west. 
Per rey  gave t h e  f o l l o w i n g  coord ina tes :  39"57'N, 
25'50'W (Neumann van Padang e t  a l .  1967). 

142. 1856--0nnimah S t r a i t ,  near Cape Ommariey, 
nor theas tern  Paci f i c  

A submarine e r u p t i o n  was r e p o r t e d  by the  d h d l e r  
"A1 i z e  Frazer "  (Gutenberg and R i c h t e r  1954). Note: 
T h i s  event  i s  r a t h e r  uncer ta in ,  as t h e  p o i n t  5 6 7 N ,  
134.7"W i s  very f a r  frm the v o l c a n i c  b e l t .  

E ?  

143. 1857 August 14--Unnamed submarine vo l  can0 near 
Cape o f  Good Hope 

Sapper (1927) has mentioned a submarine outbreak 
a t  36'3O'S, 18"50'W, a p o i n t  on t h e  South A t l a n t i c  
Ridge where a submarine e r u p t i o n  r e a l l y  i s  poss ib le .  
However, h i s  data f o r  t h e  l o n g i t u d e  a r e  c l e a r l y  
erroneous. The Catalogue o f  A c t i v e  Volcanoes (Neumann 
van Padang e t  a ~ ~ ? % ~ - & n ~ ~ ? ~  Ka-t--th--poi n t  can 
be found a t  a d i s t a n c e  o f  about 160 k i i  o f f  the  Cape 
o f  Good Hope, and t h u s  i t s  coord ind tes  dre 36"3O'S, 
18'50'E. Here t h e  depth o f  t h e  ocean i s  3,655 m and 
o b s e r v a t i o n  o f  a submarine outbreak i s  no t  l i k e l y .  On 
t h e  o t h e r  hand, t h i s  i s  no t  a v o l c a n i c  area, The r e a l  
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cause o f  t h e  phenomenon ( t h e  sea suddenly became 
r e s t l e s s )  was a s t r o n g  seaquake and no t  an e r u p t i o n  
(Neumann van Padang e t  a l .  1967). 

T ? ?  

144. 1857--Camiguin de Babuyanes, i s l a n d s  n o r t h  
o f  Luzon, P h i l i p p i n e  I s l a n d s  

A temporary i s l a n d  came i n t o  e x i s t e n c e  (van 
Bemmelen 1970). E r u p t i o n  from a p a r a s i t i c  c r a t e r  
under t h e  sea l e v e l  and p h r e a t i c  exp los ions  occurred 
(Neumann van Padany 1953). 

o x +  * 
145. 1857--Home Reef, Tonga Vo lcan ic  irou,) 

T h i s  was probably  a suhnar ine e r l r9 t i on  accompanied 
by t h e  b i r t h  o f  a new i s l a n d  (Neumann van Padang e t  
a l .  1967). 

E * ?  

146. 1857--Unnamed submarine volcano, Azores 

Sapper (1927) has ment ioned an e r u p t i o n  a t  
39"57'N, 25'50'W. This  event i s  no t  ment ioned i n  t h e  
Catalogue cf- L c J j x  Volcanoes; t h e r e f o r e ,  i t  i s  
Tii6tm.- 

T ?  

147. 1858--Metis Shoal ,  Tonga Vo lcan ic  Group 

Submarine a c t i v i t y  occu r red  t h a t  l e d  t o  t h e  f o r -  
ma t ion  o f  a new i s l a n d .  The rock i n  q u e s t i o n  was a 
l i t t l e  l e s s  than 9 m h i g h  ( R i c h a r d  1962).  It reached 
t h e  h e i g h t  o f  9 m i n  1875 and i n  1878 an i s l a n d  w i t h  a 
l e n g t h  o f  180 m and a h e i g h t  o f  35 m was found (Sapper 
1927).  The i s l a n d  was i n  a c l o u d  o f  smoke. 

T t  * 
148. 1859 January 23--Mauna Loa, Hawai i  

E r u p t i o n  was no ted  f rom the n o r t h e r n  f l a  k and 
submarine l a v a  f l o w s  o f  about  229 m i l l i o n  m9 were 
observed (MacDonald 1955).  

@ 7  
149. 1859 (?)--Submarine e r u p t i v e  cen te r ,  

e q u a t o r i a l  A t 1  a n t i c  

An o u t b u r s t  happened a t  O"12'N ( ? I ,  19"W (Sapper 
It i s  n o t  ment ioned i n  t h e  Cata logye o f  A c t i v e  1927).  

Volcanoes; t h e r e f o r e ,  t h e  even t  i s  u n c e r t a i n .  

T ?  

150. 1860 A p r i l  21--Near t h e  c o a s t  o f  Peru a t  

A f t e r  an earthquake, a submarine outbreak was 
observed. The even t  i s  u n c e r t a i n  (Sapper 1927). NO 

San Lorenzo I s l a n d  

d a t a  on exac t  l o c a t i o n  a r e  a v a i l a b l e .  It i s  o n l y  
known t h a t  t he  earthquake happened a t  C a l l e s .  

151. 1861 August--Neai  t h e  c o a s t  o f  Peru between 
Coronel  and Iqu ique  

A new i s l a n d  was seen i n  the  company o f  a mighty  
column o f  smoke. Sapper (1927) though t  t h e  event  
u n c e r t a i n .  No da ta  i s  known about e x a c t  l o c a t i o n ,  and 
t h e  even t  i s  n o t  ment ioned i n  o t h e r  sources. 

T * ?  

152. 1861 November--Unnamed volcano near Narage, 
Bismarck A rch ipe lago  

Van Bemmelen (1970) gave t h e  f o l l o w i n g  data f o r  
i t s  l o c a t i o n :  4"28'S, 149"E; b u t  Sapper (1927) men- 
t i o n e d  4"33'S, 149'07'E. Water sprung up t o  45 m. 
T h i s  i s  accepted as a r e a l  submarine v o l c a n i c  erup- 
t i o n .  

T l  

153. 1863 August 12--Giu l ia-Ferd inandeo Bank, 
S i c i l y  Sea 

A submarine e r u p t i o n  t h a t  l e d  t o  t h e  o r i g i n  o f  a 
new, ephemeral i s l a n d  took p l a c e  (Imbo 1965).  

7i* 

154. 1865 J u l y  9--Unnamed submarine volcano, 
n o r t h e r n  A t l a n t i c  

The e r u p t i o n  took p lace  a t  33"45'N, 38"05'W. 
Scor iae,  probably  pumice, reached the r l i r fdc.? o f  the 
water,  where i t  formed a " f l o a t i n g  mountain." There 
was a s t r o n g  smel l  o f  s u l f u r ,  and rumbl ings were 
heard. By mistake,  Sapper p laced t h i s  o u t b u r s t  i n  t h e  
y e a r  1867 (Neumann van Padang e t  a l .  1967). 

T 

155. 1865--Falcon I s l a n d ,  Tonga Vo lcan ic  Group 

Submarine e r u p t i o n ,  b reak ing  r e e f  (R icha rd  1962). 

?T 

156. 1866 January 26 - 1870 October  15 - -San to r in i ,  
Aegean Sea 

Long submarine a c t i v i t y  occurred,  i n  t h e  course o f  
which new i s l a n d s  have o r i g i n a t e d  ( f o r  c e r t a i n  d e t a i l s  
see t h e  f o l l o w i n g  i t ems  as w e l l ) .  Accord ing t o  
S iebe rg  t h e  e r u p t i o n  commenced on 1866 February 1 and 
n o t  on 1866 January 26. The former d a t e  i s  accepted 
by Galanopoulos (1960a) too ,  b u t  t h e  l a t t e r  i s  men- 
t i o n e d  by Georgalas (1962) .  There were t h r e e  t e c t o n i c  
shocks i n  d i r e c t  a s s o c i a t i o n  w i th  t h e  s t a r t  o f  t h e  
l o n g  e r u p t i o n  sequence. I f  t h e  f i r s t  day o f  t h e  
s t a r t  o f  t he  a c t i v i t y  was r e a l l y  1866 February 1, the  
shock t h a t  occu r red  on 1866 January 31 can be regarded 
as t h e  d i r e c t  t r i g g e r i n s  e a r t h  uake, which i n i t i a t e d  
t h e  e r u p t i o n  immediate ly  1979, Komlos e t  
a l .  1978).  Note t h a t  t h e  shock i n  q u e s t i o n  occu r red  



e x a c t l y  underneath S a n t o r i n i  i t s e l f .  The coord ina tes  
o f  t h e  vo lcano a r e  as f o l l o w s :  36"24'13.31"N, 
25"23'46.9"E (Georgalas 1962), whereas t h e  e p i c e n t e r s  
o f  t h e  t h r e e  shocks ment ioned were i n  t h e  f o l l o w i n g  
1 o c a t i o n s :  

1866 Jan. 31: 36"24'N, 25'18'E ( I o  = 7 " ) ,  

1866 Feb. 2: 38"15'N, 26'15'E ( I o  = 8'1, 

1866 Feb. 6: 36" N, 23" E ( I o  = 8" ) ,  

where I o  means t h e  e p i c e n t r a l  i n t e n s i t y  i n  terms o f  
t h e  12" -sca le  of M e r c a l l i  and Sieberg.  A l l  o f  these 
shocks were of  sha l low ( h  < 70 km) o r i g i n .  The above 
d a t a  a r e  f rom Gal anopoul os (1960, 1960a), b u t  K a r n i k  
(1971)  has g iven 24"E i n s t e a d  o f  23"E f o r  t h e  l a s t  
i tem.  The foreshock o f  t h e  February 2 quake had taken 
p l a c e  on 1866 January 19 (Galanopoulos 1960a). No 
d a t a  a r e  a v a i l a b l e  f o r  a tsunami i n  a s s o c i a t i o n  w i t h  
t h e  January 31  shock, b u t  t h e  o t h e r  two were accom- 
pan ied  by se ismic sea waves (Galanopoulos 1960, 
Ambraseys 1962). On February 2 a tsunami was observed 
i n  t h e  Eas tern  Sporades, p a r t i c u l a r l y  a 5 C h i o s  w i t h  an 
i n t e n s i t y  o f  111 on t h e  S ieberg-sca le .  On February 
6 another  tsunami was observed a long t h e  southern 
c o a s t s  o f  Peloponnesus and K y t h e r a  I s l a n d ,  respec- 
t i v e l y ,  w i th  an i n t e n s i t y  o f  I V .  A t  Avlemonas t h e  
w a t e r  r o s e  t o  a h e i g h t  o f  a t  l e a s t  8 m o r  more. 

* T h i s Y a l e  c o n s i s t s  o f  s i x  grades as f o l l o w s  
(Ambraseys 1962, K a r n i k  1971): 

I .  

11. 

111. 

I V .  

V .  

Very l i g h t . .  Wave so weak as t o  be p e r c e p t i b l e  
o n l y  on t ide-gauge records .  

L i g h t .  Wave n o t i c e d  by those l i v i n g  a long t h e  
shore and f a m i l i a r  w i t h  t h e  sea. On very  f l a t  
shores g e n e r a l l y  n o t i c e d .  

Rather  s t rong.  Genera l l y  n o t i c e d .  F l o o d i n g  o f  
g e n t l y  s l o p i n g  coas ts .  L i g h t  s a i l i n g  Vessels 
c a r r i e d  away on shore. S l i g h t  damage t o  l i g h t  
s t r u c t u r e s  s i t u a t e d  near  t h e  coas t .  I n  
e s t u a r i e s ,  r e v e r s a l  o f  t h e  r i v e r  f l o w  f o r  some 
d i s t a n c e  upstream. 

St rong.  F l o o d i n g  o f  t h e  shore t o  some depth. 
L i g h t  s c o u r i n g  on man-made ground. Embarkments 
and d i k e s  damaged. L i g h t  s t r u c t u r e s  near  t h e  
c o a s t  damaged. S o l i d  s t r u c t u r e s  on t h e  coas t  
i n j u r e d .  D i g  s a i l i n g  vesse ls  and smal l  sh ips  
d r i f t e d  i n l a n d  o r  c a r r i e d  o u t  t o  sea. Coasts 
1 i t t e r e d  w i t h  f l o a t i n g  d e b r i s .  

Very s t rong.  General f l o o d i n g  o f  t h e  shore t o  
some depth. Quay-wa l ls  and s o l  i d  s t r u c t u r e s  
near  t h e  sea damaged. L i g h t  s t r u c t u r e s  
dest royed.  Severe s c o u r i n g  o f  c u l t i v a t e d  l a n d  
and l i t t e r i n g  o f  t h e  c o a s t  w i t h  f l o a t i n g  i tems 
and sea animals .  W i t h  t h e  e x c e p t i o n  o f  b i g  
s h i p s  a l l  o t h e r  types  o f  vesse ls  c a r r i e d  i n l a n d  
o r  o u t  t o  sea. D i g  bores i n  e s t u a r y  r i v e r s .  
Harbor  works damaged. People drowned. Wave 
accompanied by s t r o n g  r o a r .  

F igure  156/1 . - -Old engrav ing  shows t h e  1866 e r u p t i o n  
o f  Nea Kameni, S a n t o r i n i .  
r i g h t  peaks i s  exaggerated (compare w i t h  f i g .  156/2. 

He igh t  o f  c e n t r a l  and 

F i g u r e  156/2.--A h i s t o r i c a l l y  s i g n i f i c a n t  e a r l y  photo 
( t a k e n  by P. Desgranges) o f  t h e  e r u p t i o n  o f  Nea 
Kameni, S a n t o r i n i ,  i n  1866. 
i s  a c t i v e .  A f t e r  M e r c a l l i .  

The Georgios c r a t e r  

F igure  156/3. - -Another  o l d  engrav ing o f  t h e  erup-  
t i o n  o f  Nea Kameni vo lcano,  S a n t o r i n i ,  i n  1866. 

V I .  D isas t rous .  P a r t i a l  o r  complete d e s t r u c t i o n  o f  
man-made s t r u c t u r e s  f o r  some d i s t a n c e  f rom t h e  
shore. F l o o d i n g  o f  c o a s t s  t o  g r e a t  depth. B i g  
s h i p s  s e v e r l y  damaged. Trees uprooted  o r  b ro-  
ken. Many casual t i e s .  

23 



The earthquakes mentioned might have been r e l a t e d  t o  
the  erupt ion--crustal  deformations led t o  the 
occurrence of the shocks, and the same deformations 
compressed the magma chamber of Santor in i  a t  a depth 
of a few ki lometers  from the sur face ,  r e s u l t i n g  in the 
commencment of the outbreak. The earthquakes caused 
the two tsunamis. Therefore i t  can be claimed t h a t  
these  seismic sea waves were i n d i r e c t l y  cor re la ted  
with the erupt ion.  For the  physical r e l a t i o n s h i p  bet-  
ween tec tonic  earthquake; and volcanic e ruot ions  see 
Nakamura (1971, 19751, Komlos e t  a l .  ' (19781, 
Hedervari (1975, 1976, 1976a, 19766, 1976c, 1977, 
1977a, 1977b, 1978, 1979). 

Note: I t  i s  remarkable t h a t  during the  
1 8 6 6 - l w p e r i o d  of a c t i v i t y  o f  S a n t o r i n i ,  another 
tsunami was a l s o  observed in  the v i c i n i t y  of t h i s  
is land-volcano,  namely on  1867 September 20 a t  Crete ,  
near Herakleion and along the  south c o a s t  of 
Peloponnesus with an i n t e n s i t y  of IV; furthermore in 
t h e  region of the Ionian I s lands  with a n  i n t e n s i t y  of 
111, and even along the  southeas t  c o a s t  o f  I t a l y  where 
an i n t e n s i t y  of I1 was s t a t e d  (Ambraseys 1962). 
Galanopoulos (1960, 1960a) has noted t h a t  the d i s t u r -  
bance of the sea continued in  Chania, Zante and 
Argos to l i s  f o r  41h hours and the  earthquake t h a t  pro- 
duced the  seismic sea wave had an ep icent ra l  i n t e n s i t y  
of 9" .  The ep icenter  was a t  36"30'N, 22'15'E and the 
shock might have been an intermediate  one. This s t a -  
tement i s  p a r t i c u l a r l y  i n t e r e s t i n g  because--as was men- 
t ioned elsewhere in t h i s  catalog-- intermediate  ( h  > 
70 k m l  earthquakes general ly  do not  cause tsunamis. 

157. 1866 February 4--Santor ini ,  Aegean Sea 

Af te r  a submarine e f fus ion  of lava without any 
explosive phenomena, the  dome of Georgios appeared 
above the sea (Georgalas 1962). " p -k 

158. 1866 February 12--Santor ini ,  Aegean Sea 

Explosions began within the  ca ldera  t h a t  were 
a prelude t o  the emergence of a new dome from the  sea 
--see item 159--(Georgalas 1962). 

t "  

159. 1866 February 13--Santor ini ,  Aegean Sea 

A new i s l a n d ,  c a l l e d  Afroessa, o r i g i n a t e d  west of 
Georgios I s land  in  the i n t e r i o r  of t h e  ca ldera  (Georg- 
a l a s  1962). 

t " F A *  

160. 1866 March 10--Santor ini ,  Aegean Sea 

A very small i s l a n d ,  c a l l e d  Reka, came i n t o  
ex is tence  within the ca ldera .  I t  had a diameter of 
some 35 m and a height  of only 1.5 m.  T h i s  dome was 
uni ted with the  lavas  of Afroessa on 1866 March 4. b u t  

i t  was covered afterward by the lavas  of Georgios 
Is1 and (Georgal as  1962). 

?i p * 
161. 1866 May--In the f i r s t  p a r t  of the  month, 

A four th  volcanic center  has probably been a c t i v e  
f o r  a s h o r t  time within the  ca ldera ,  but--according 
t o  some authors - - th i s  f e a t u r e  was due to  a submarine 
lava flow from Afroessa, a n d  thus i t  was not the con- 
sequence of the a c t i v i t y  of a four th ,  independent 

S a n t o r i n i ,  Aegean Sea 

volcanic center  (Georgala; 1962). 

X T ?  

162. 1866 May 17--Santorini 

The lava flow of Afroessa 
1962) .  

163. 1866 June 17--Santorin 

The lava dome, k n o w n  a s  Af 
f e c t l y  q u i e t  (Georgalas 1962). 

n 

Aegean Sea 

stopped (Georgal a s  

, Aegean Sea 

oessa,  became per- 

164. 1866 September 12  - November ( t o  the  middle 
of the month). Unnamed submarine volcano near 

Olosega I s land ,  Samoa Volcanic Group 

There was explosive,  underwater a c t i v i t y  
(Richard 1962). Coordinates of the  event :  14"12'S, 
169"36'W. 

" t  

165. 1867 June 1 - 8--Santa Barbara 
( T e r c e i r a ) ,  Azores 

A huge explosion occurred under t h e  sea t h a t  
erllitted water j e t s ,  gases, and  black cinder  (Neumann 
van Padang e t  a l .  1967). 

G T ?  

166. 1867 October--Juan Fernandez Is1 ands 

Af te r  a seaquake many dead f i s h e s  appeared and 
t h e  water became a s  white a s  snow a t  34'55'S, 77'38'W. 
These phenomena suggest a submarine o u t b u r s t ;  however, 
a s  the  event  i s  not mentioned in  o ther  sources we 
regard i t  a s  somewhat doubtful .  The or ig ina l  da ta ,  
c i t e d  above, a r e  from Sapper (1927). The seaquake was 
not  accompanied by a tsunami. 

X ?  

167. 1867 ( a t  the end of the y e a r )  and 1868 January 

There was d e f i n i t e l y  a submarine erupt ion off  
Tjornes ,  a s h o r t  d i s tance  t o  the north of Manareyjar 
(Thorarinsson 1965). Berninghausen (1964) has noted a 
submarine outbreak i n  1868 a t  66'18" ( ? ) ,  17"08'W 

--Unnamed submarine volcano, Iceland 
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( ? I ,  b u t  i t  i s  n o t  c l e a r  whether these two e r u p t i o n s  
a r e  i d e n t i c a l  o r  no t .  

7T 

168. 1867--Unnamed submarine v o l  can0 near the  
n o r t h e r n  p o i n t  o f  Taiwan, China Sea 

been r e p o r t e d  (Kuno 1962, MacDonald 1972). 
d a t a  a r e  a v a i l a b l e .  

A submarine e r u p t i o n  a t  25"25'N, 122'20'E has 
No f u r t h e r  

71 

169. 1868 March 27--Mama Loa, Hawaii  

E r u p t i o n  f rom the  southwest r i f t  zone, accom- 
pan ied  by l a v a  f lows beneath the  s u r f a c e  o f  t he  ocean 
has been n o t  d. The volume o f  l a v a  i s  es t imated  t o  be 
76 m i l l i o n  m 5 (MacDonald 1955). 

Q G T  

170. 1868 A p r i l  2- -K i lauea,  Hawaii  

An e r u p t i o n  f rom K i l a u e a  I k i  c r a t e r  ( e a s t  r i f t  
zone), an earthquake (M = 7.0-7.751, and a very g r e a t  
tsunami w i t h  a maximum h e i g h t  o f  20 m were repor ted .  
Ebb and f l o w  o f  t he  ocean was observed t h i r t e e n  t imes, 
w i t h  a 7 -  o r  8-min i n t e r v a l  between each f l o w .  A 
15-min i n t e r v a l  was no ted  a t  Hono lu lu .  The v i l l a g e  o f  
Keauhou and the  s torehouse were swept away. Punaluu 
was a l s o  swept o u t  o f  e x i s t e n c e  (Heck 1947). The t s u -  
nami magnitude was ass igned as 4.1 ( I i d a  e t  1 .  19721, 
wh ich  corresponds t o  an energy o f  7.2 x 1 0 2 j  e rgs ,  as 
c a l  c u l  a t e d  by t h e  express ion  

l o g  Ets = 21.4 t 0.6 m, 

where E i s  t h e  tsunami energy and m the  magnitude 
( I i d a  1&8, 1961). Note t h a t  t he  seismic ergy was 
0.1995 x l o z 3  ergs  i f  M = 7.0 o r  2.661 x lo5? e r g s  i f  
M = 7.75, c a l c u l a t e d  from the  fo rmula  

l o g  E = 11.8 + 1.5 M, 

where E i s  the  seismic energy and M the  R i c h t e r  mag- 
n i t u d e .  I n  b o t h  cases we c a l c u l a t e  an energy s m a l l e r  
than t h a t  o f  t he  tsunami, which i s  p h y s i c a l l y i m p o s -  
s i b l e .  There fore  we conclude t h a t  e i t h e r  the  R i c h t e r  
magni tude o f  the  shock was g r e a t e r  than 7.75, o r  t he  
tsunami magnitude was s m a l l e r  than 4.1. A t h i r d  
p o s s i b i l i t y  i s  t h a t  a g r e a t  mud-f low ( l a h a r )  des- 
cending i n t o  the  sea on the  southeas t  f l a n k  o f  Mauna 
Loa vo lcano c r e a t e d  the  tsunami (Pararas-Carayannis  
and Calebaugh 1977). The s l i p .  o f  t he  m a t e r i a l  
i n v o l v e d  was t r i g g e r e d  by t h e  ear thquake.  The shock, 
on the  o t h e r  hand, was probab ly  r e l a t e d  t o  an e r u p t i o n  
o f  Mauna Loa t h a t  s t a r t e d  6 days e a r l i e r .  The volume 
o f  t he  l a v a  f l o w  i s  e s t i m a t e d  as 191,000 m3 (MacDonald 
1955) which represents  a very smal l  amount o f  thermal 
energy re lease,  namely 0.07 x l O Z 3  e r g s  (Hedervar i  
1963). 

Concern ing t h i s  d e v a s t a t i n g  tsunami we have some 
a d d i t i o n a l  da ta  (Pararas-Carayannis  e t  a1 . 1977). 
There was severe damage from Kahuku t o  Kapoho. The 
water  receded h o r i z o n t a l l y  46 m. A t  south Puna and 
K.au, where the  water  rose  t o  18  m, t h e  f i r s t  wave was 
t h e  most d e s t r u c t i v e ,  t h e r e  were 108 houses destroyed, 
and 8 1  persons d ied .  The c o a s t  o f  Puna and Kau sub- 
s i d e d  2 m on the  average, and smal l  v i l l a g e s  were sub- 
merged a long the  coas t  f o r  120 km. A f t e r  the  shock 

ended, the  sea inundated i n l a n d  areas and a l l  
b u i l d i n g s  were swept away a t  Keauhou where the  maximal 
e l e v a t i o n  of t he  water  reached 15 m. A t  Punaluu the  
6-m h i g h  waves des t royed e v e r y t h i n g :  stone church, 
wooden houses, and a lmost  a l l  o f  t he  coconut  t r e e s  
were washed down. The s h o r e l i n e  was rearranged 
because l a n d  was l o s t  from the  beach. Kawa Bay and 
N i n o l e  were comple te ly  destroyed, and a t  Honuapo-- 
where the  waves reached 6 m i n  h e i g h t - - a l l  houses were 
swept away except  two t h a t  were s tand ing  on h i g h  l a v a  
r i d g e s .  

The earthquake i t s e l  f was the  l a r g e s t  h i s t o r i c a l  
one i n  Hawai i  (Furumoto e t  a l .  1973). The i n t e n s i t y  
o f  t he  shock over the  southern p a r t  o f  Hawai i  was l o " ,  
on the  n o r t h e r n  p a r t  9", on southern Maui 8", on 
n o r t h e r n  Maui and Lana i  7O, on Molokai  6 " ,  on Oahu 5", 
and on Kauai 3" and 2", r e s p e c t i v e l y .  I t  was preceded 
by 6 days o f  foreshock a c t i v i t y ,  and hundreds o f  
a f t e r s h o c k s  f o l l o w e d  the  p r i n c i p a l  one o f  A p r i l  2. 

As mentioned, t h e  tsunami m i g h t  have been caused by 
t h e  mudflow, the  s l i p  o f  which r e s u l t e d  from the  main 
quake. "A study o f  t he  records  o f  t he  t ime i n d i c a t e d  
t h a t  b o t h  the  volcanoes K i l a u e a  and Mauna Loa were 
unprecedent ly  a c t i v e  b e f o r e  the  c u l m i n a t i n g  shocks, 
and t h a t  K i l a u e a  had been unusua l ly  a c t i v e  f o r  several  
months b e f o r e  the  quake. Dur ing  and a f t e r  the  main 
shock, K i l a u e a  over f lowed l a v a  and l a r g e  p o r t i o n s  o f  
t h e  c r a t e r  w a l l s  tumbled down. A l a r g e  p o r t i o n  o f  
t h e  f l o o r  caved i n  t o  a depth o f  about  500 f e e t  (152 
m) c o v e r i n g  an area 8,000 f e e t  (915 - 1829 m) l o n g  and 
froin 3,000 t o  6,000 f e e t  wide. However, t h i s  e a r t h -  
quake was t e c t o n i c  and n o t  v o l c a n i c ,  a l though t h e r e  
was v o l c a n i c  a c t i o n "  (Furumoto e t  a l .  1973, p. 22).  
Thus the  tsunami was i n d i r e c t l y  c o r r e l a t e d  w i t h  the  
e r u p t i o n  o f  K i l a u e a  I k i .  The c o l l a p s e d  volume i n  the  
c a l d e r a  o f  K i l a u e a  i s  es t imated  as 188 300,000 m3, 
h a v i n g  a s u r f a c e  area o f  3,060,000 m2 (MacDonald 
1955). 

0.9 !s 

171. 1868 November 8 - 9--Unnamed submarine vo lcano 
near  S t .  Helena I s l a n d ,  southern A t l a n t i c  

I n  t h e  n i g h t  t he  sea was d i s t u r b e d  and 
d e t o n a t i o n s  were heard a t  160401S, 4"W--some 190 km 
o f f  S t .  Helena I s l a n d .  The s h i p  "Ephrosine" t rembled 
and t h e  compass was cont inuous ly  d is tu rbed.  Fishes 
were thrown i n  t h e  a i r .  A t  t he  s i t e  o f  t he  phenomenon 
t h e  depth o f  t h e  water i s  5,300 m; t h e r e f o r e ,  a 
submarine e r u p t i o n  a f f e c t i n g  the  s u r f a c e  i s  
quest ionab le .  According t o  Neumann van Padang e t  a i .  
(1967), t h e  event migh t  have been t h e  consequence o f  a 
seaquake. No tsunami was repor ted ,  however. 

T ?  

172. 1869 May 6--Submarine e r u p t i v e  c e n t e r  near 
Smi th Rock, Izu-Mar iana I s l a n d s  

An e r u p t i o n  has been r e p o r t e d  a t  31"00'N, 
139"02'E, b u t  no d e t a i l s  a r e  known (Kuno 1962). 

7T 

173. 1870 May 11--Nameless submarine vo lcano near 

Another  submarine e r u p t i v e  c e n t e r  has been a c t i v e  

Smi th Rock, Izu-Mar iana I s 1  ands 
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a t  31°35'N, 140"30'E, b u t  no d e t a i l s  a r e  a v a i l a b l e  
(Kuno 1962).  

x 

174. 1870 J u l y  6--Raoul I s l a n d ,  Kermadec Volcanic  
Group 

An e r u p t i o n  under t h e  sea was repo r ted .  A p a r a s i -  
t i c  c r a t e r  has probably  been a c t i v e  a t  29"14'S, 177" 
55'W (R icha rd  1962).  

o?i 

175. 1870 October 15 - -San to r in i ,  Aegean Sea 

The l a s t  exp los ions  happened i n s i d e  t h e  ca lde ra ,  
a f t e r  which o n l y  f u m a r o l i c  a c t i v i t y  has been observed 
and f i n a l l y  i n s i g n i f i c a n t  emanations o f  water  vapors, 
CO2 and s u l f u r  gases a t  t h e  t o p  o f  Georg ios (Georgalas 
1962) marked t h e  end o f  t h e  l o n g  e r u p t i o n - c y c l e  t h a t  
began on 1866 January 26. See i t e m  156. 

t 

176. 1870--Submarine e r u p t i v e  c e n t e r  sou theas t  o f  

E r u p t i o n  o f  pumice a t  a p o i n t  about 320 km 
sou theas t  o f  0-sima i s  ment ioned by Sapper. The e x a c t  
l o c a t i o n  i s  n o t  given, b u t  as t h i s  p o i n t  l i e s  t o  the  
e a s t  o f  t he  Japanese Trench, an e r u p t i o n  here i s  very  
u n l i k e l y .  It can be supposed t h a t  i t  m i g h t  have been 
a f l o a t i n g  " r a f t "  o f  pumice t h a t  o r i g i n a t e d  f a r  f rom 
t h i s  l o c a t i o n  a t  an unknown source (Kuno 1962).  

0-sima, Izu-Mar iana I s l a n d s  

177. 1870--Submarine vo lcano near Smi th Rock, 
Izu-Mar iana I s 1  ands 

An e r u p t i o n  occu r red  a t  a p o i n t  18 km southwest 
o f  t h e  Smi th Rock. The e x a c t  c o o r d i n a t e s  o f  t h e  even t  
a r e  n o t  a v a i l a b l e .  An i s l a n d  13 m h i g h  was formed and 
i t  was seen i n  1923 (Kuno 1962).  

. ? i *  

178. 1871 March 2 - 14--Ruang, Sangihe I s l a n d s  

A s t r o n g  e x p l o s i v e  e r u p t i o n  f rom t h e  c e n t r a l  
c r a t e r ,  d e v a s t a t i o n  o f  a r a b l e  lands,  and c a s u a l t i e s  
were repo r ted .  Three g r e a t  tsunami-waves came f rom 
t h e  sea, owing t o  t h e  m igh ty  l a n d s l i d e  from t h e  t o p  o f  
t h e  mount; t h e  s o i l  and t h e  rocks  had r o l l e d  i n t o  t h e  
water .  It 
p e n e t r a t e d  180 o r  200 m i n l a n d  on Palau Tahalandang a t  
t h e  town of  Buhias.  Three v i l l a g e s  were comp le te l y  
des t royed  and 460 persons l o s t  t h e i r  l i v e s  (Heck 1947, 
Berninghausen 1969).  The tsunami magnitude was 
ass igned as about  4 ( I i d a  e t  a l .  1972).  T h i s  g r e a t  
tsunami took p l a c e  on March 5 and accompanied one o f  
t h e  o u t b u r s t s  o f  Ruang. 

The f i r s t  wave reached t h e  h e i g h t  o f  25 m !  

0 t - "  

179. 1871 March 29--Flear Bayonnaise Rock, 

The e r u p t i o n  o f  a nameless submarine v o l c a n i c  

Izu-Mar iana I s 1  ands 

c e n t e r  i s  inent ioned by Sapper (1927) b u t  he g i ves  no 
d e t a i l s .  The even t  i s  d o u b t f u l .  No data were found i n  
o t h e r  sources. No coo rd ina tes  a r e  g iven;  t h e  event  i s  
l o c a t e d  south-southwest o f  t h e  Bayonnaise Rock. 

T ?  

180. 1871 ADr i l - -Near  Tor i -s ima.  Izu-Mar iana 
I s l  ands 

Submarine outbreak,  no d e t a i l s .  
To r i - s ima :  30"28'N, 140'14'E (Kuno 1962 

?i 

181. 1871--Submarine vo lcano near Sm 
Izu-Mar iana I s l a n d s  

L o c a t i o n  o f  

t h  Rock, 

An outbreak froin the  water  has been r e p o r t e d  a t  
31"30'N, 139"30'E (Kuno 1962).  No f u r t h e r  d e t a i l s  a r e  
known. 

?i 

182. 1871--Maurel le I s l a n d s ,  Tonga Vo lcan ic  Group 

Sapper (1927) has ment ioned t h a t  i n  t h i s  yea r  new 
i s l a n d s  came i n t o  be ing  very near  M e t i s  Shoal (see 
i tems 128 and 147, r e s p e c t i v e l y ) ,  b u t  they disappeared 
l a t e r .  Fo r  M e t i s  Shoal i t s e l f  he gave t h e  f o l l o w i n g  
coo rd ina tes :  19"11'S, 174'51'W. 

K * A 3  

183. 1872 August 10 - 1877 February--Mauna Loa, 
Hawa i i 

Cont inuous a c t i v i t y  was observed from the  summit 
ca lde ra .  On 1872 August 23 ( o r  August 27?) a smal l  
tsunami was observed w i t h  a maximum h e i g h t  o f  1.3 m 
and w i th  a magnitude o f  0 (Pararas-Carayannis and 
Calebaugh 19771, and the  corresponding energy i s  some 
1.51 x 1021 e rgs .  Jagger suggested t h a t  t he  tsunami 
was caused by a l o c a l  v o l c a n i c  even t  and Sapper asso- 
c i a t e d  i t  w i t h  t h e  e r u p t i o n  of Mauna Loa. A l t o g e t h e r  
1 4  d i m i n i s h i n g  o s c i l l a t i o n s  were exper ienced and they 
l a s t e d  f o r  1.5 hours.  Accord ing t o  Pararas-Carayannis 
and Calebaugh (1977) as w e l l  as I i d a  e t  a l .  (1972) 
t h i s  was a d i s t a n t  tsunami o r  perhaps a s torm surge 
b u t  n o t  a t r u e  tsunami of v o l c a n i c  o r i g i n ,  i n  c o n t r a s t  
t o  Jaggar ' s  and Sapper 's  op in ions .  

184. 1872--Raoul I s l a n d ,  Kermadec Vo lcan ic  Group 

Submarine o u t b u r s t  t h a t  l e d  t o  t h e  f o r m a t i o n  o f  a 
new i s l a n d  t h a t  remained above t h e  sea u n t i l  1877 
has been noted. Loca t ion :  29"12'S, 178"00'W, i n  the  
Denham Bay ( R i c h a r d  1962).  

7T * * 3  

185. 1873 (?)--Submarine vo lcano near  Smith Rock, 

U n c e r t a i n  outbreak a t  31°17'N, 139"55'E (Kuno 

Izu-Mar iana I s l a n d s  



1962).  D e t a i l s  a re  n o t  a v a i l a b l e .  

186. 1874 A p r i l  30--Unnamed volcano between Hapai 
and Tonga, Tonga Vo lcan ic  Group 

No e x a c t  l o c a t i o n  i s  g iven  by Sapper (1927) and 
no d e t a i l s  a r e  mentioned by R i c h a r d  (1962). 
Uncer ta in .  

K ?  

187. 1875 March 28 - May - June--Slatnet vo lcano and 
i t s  v i c i n i t y ,  Java 

On March 28 a tsunami was observed a t  8"16'S, 
110'40'E. A t  t h e  end o f  May, t h e  same year ,  an erup- 
t i o n  o f  Slamet vo lcano began and l a s t e d  u n t i l  the  
f i r s t  days o f  June. Note t h a t  t h e  c o o r d i n a t e s  of t he  
vo lcano a r e  7"14'S, 109'12'E; t h a t  i s ,  i t  l i e s  r a t h e r  
near  the  p o i n t  where, accord ing  t o  V isser  (19221, t h e  
se ismic  sea wave was exper ienced two months p r i o r  t o  
the  commencement o f  t he  o u t b u r s t .  It can be supposed, 
t h e r e f o r e ,  t h a t  the  t e c t o n i c  shock t h a t  caused the  
tsunami t r i g g e r e d  the  vo lcano t o  e r u p t .  I f  so, the  
tsunami and the  e r u p t i o n  were i n d i r e c t 1  assoc ia ted  

fu r thermore ,  t h a t  on 1875 March 28, a 4-m h i g h  tsunami 
w i t h  a magnitude o f  about  2 was observed i n  the  
L o y a l t y  I s l a n d s ,  New Hebr ides,  and New Caledonia ( I i d a  
e t  a l .  1972), b u t  t he  co inc idence o f  t he  occurrence o f  
t h e  shock t h a t  caused t h i s  tsunami w i t h  the  commen- 
cement o f  S lamet 's  e r u p t i o n  i s  e v i d e n t l y  o n l y  due t o  
chance. 

w i t h  each o t h e r .  It i s  i n t e r e s t  + ng t o  note,  

" t  

188. 1876 A p r i l  16 - 1878--Metis Shoal, Tonga 
Vo lcan ic  Group 

Continuous a c t i v i t y ,  o r i g i n  o f  a new i s l a n d  w i t h  
a maximum d iameter  o f  160 m and maximum h e i g h t  of 35 m 
(Neumann van Padang 1938). 

K *  

189. 1876 December 10--Nameless submarine volcano 
near  T i e r a  del  Fuego, Scot ia  Arc,  A n t a r c t i c a  

An underwater e r u p t i o n  a t  6So15'S, 72'10'W was 
ment ioned by Berninghausen and Neumann van Padang 
(1960). A l l e g e d l y  an ephemeral i s l a n d  of con ica l  
shape came i n t o  being, bu t  t h i s  i s  uncer ta in .  Sapper 
(1927) mentioned an i s l a n d  w i t h  a h e i g h t  of 30 m, bu t  
t h i s  d isappeared on t h e  same day. The coord ina tes  a r e  
g i v e n  by Sapper as fo l lows:  65" 15'  S ,  7 5 O  12'  w. 
MacDonald (1972) gave 56" 15'  S, 72" 10 '  W. SImkin e t  
a l .  i n  "Volcanoes of t he  World" (Smi thsonian I n s t l t u -  
t i o n ,  1981) g i v e  56.25" S, 72.17' w. 

E *  l * - 3 ?  
190. 1877 February  2 ( o r  February 24?)--Mauna Loa, 

Hawai i  

A tsunami was observed a long t h e  Kona Coast 
(sou thwestern  p a r t )  of t he  B i g  I s l a n d  o f  t he  Hawaiian 
a r c h i p e l a g o .  Mauna Loa began t o  e r u p t  a long i t s  
western s lope on 1877 February 1 4 - - t h a t  i s ,  i f  1877 
February 2 i s  accepted-- long a f t e r  t h e  occurrence o f  
t h e  tsunami. A t  t he  same t ime a submarine e r u p t i o n  
55 m below sea l e v e l  happened o f f  Kealakekua Bay, on 

t h e  west c o a s t  o f  Hawaii  (MacDonald 1955). However, 
as i t  i s  e x p l a i n e d  by MacDonald, i t  i s  u n l i k e l y  t h a t  
such an underwater  e r u p t i o n  would c r e a t e  a tsunami 
a f f e c t i n g  the  Kona Coast, and accord ing  t o  I i d a  e t  a l .  
(1972) submarine e r u p t i o n s  a long t h i s  c o a s t  a r e  a l s o  
very  u n l i k e l y .  Hence we can suppose t h a t  t he  tsunami 
o r i g i n a t e d  from an unknown source f a r  west o f  Hawaii  
and was n o t  assoc ia ted  w i t h  the  e r u p t i o n s  mentioned. 
Concern ing the  seismic sea wave i t s e l f ,  no f u r t h e r  
d e t a i l s  can be found i n  the  l i t e r a t u r e .  

G K ? % ? F  

191. 1877 May 4 - X i l a u e a ,  Hawaii  

A tsunami of magnitude 1 was exper ienced a t  
Hawai i  (Pararas-Carayannis  and Calebaugh 1977), b u t  no 
d e t a i l s  a r e  a v a i l a b l e .  E r u p t i o n  f rom the  c a l d e r a  
w a l l  o f  K i l a u e a  occur red  on t h e  same day (MacDonald 
1944). Note: I n  t h e  e a s t  r i f t  zone--more e x a c t l y ,  i n  
t h e  K e a n m o i  c r a t e r - - a n o t h e r  e r u p t i o n  took p l a c e  on 
o r  about 1877 May 21. The tsunami o f  1844 May 4 i s  n o t  
ment ioned by I i d a  e t  a l .  (1972).  

0 9  5 

192. 1877 June 15--Pisagua, near  the  c o a s t  o f  Peru 

Migh ty  columns o f  smoke emerged from the  ocean a t  
Pisagua (Sapper 1927). No data on the  e x a c t  l o c a t i o n  
a r e  known. Uncer ta in .  

K ?  

193. 1877 December 1--Submarine e r u p t i o n  i n  the  New 

a t  
no 

Zealand v o l c a n i c  zone 

Accord ing t o  Sapper (1927) an e r u p t i o n  took p l a c e  
38"S, 178"E. The event  i s  u n c e r t a i n ,  as 

data about i t  can be found elsewhere. 

T ?  

194. 1877--Falcon I s l a n d ,  Tonga Vo lcan ic  Group 

Smoke was seen i s s u i n q  from the  ocean (R ichard  
1962).  

195. 1877--Raoul I s l a n d ,  Kermedec Vo lcan ic  Group 

The smal l  i s l e t  i n  the  Denham Bay t h a t  o r i g i n a t e d  
i n  1872 d isappeared (see i t e m  184) ,  b u t  the  s o - c a l l e d  
W o l f e r i n e  Rock remained above the  l e v e l  o f  t he  water  
( R i c h a r d  1962). 

*3 

196. 1878 January 10--Tanna, New Hebr ides I s l a n d s  

Accord ing t o  Heck (1947) a t  P o r t  R e s o l u t i o n  the  
sea rose 12 m, and t h i s  was accompanied by a maximum 
r i s e  o f  3.3 m o f  t he  ocean bottom. Sapper (1927) i s  
o f  t he  o p i n i o n  t h a t  t he  h e i g h t  o f  t he  tsunami reached 
1 7  m. Volcano Tanna ( o t h e r  names a r e  Yasour o r  
Yasowa, e t c . )  e rup ted  on t h i s  day. A new c r a t e r  
opened on the  volcano; t h e  tsunami m i g h t  have been 
caused by an ear thquake ( I i d a  e t  a l .  1972). The t su -  
nami magnitude i s  es t imated  t o  be ' about 3, t he  

27 



co r respond ing  energy o f  which i s  1.58 x l o z 3  ergs.  
A second earthquake and e r u p t i o n ,  w i t h  a s m a l l e r  t s u -  
nami, occu r red  a month l a t e r .  

t "  

197. 1878 January 29--Name1 ess submarine volcano, 
e q u a t o r i a l  A t l a n t i c  

The sea was i n  g r e a t  commotion, and l a r g e  columns 
o f  water  were thrown about 30 m i n t o  t h e  a i r .  There 
was a sound l i k e  d i s t a n t  thunder.  The p r o b a b i l i t y  o f  
an underwater outbreak i s ,  however, ques t i onab le .  The 
l o c a t i o n  o f  t h e  event i s  4"12'N, 21'27'W (Neumann van 
Padang e t  a l .  1967). 

- C ' i T ?  

198. 1878 February 4--Raluan, New B r i t a i n  

Heck (1947) has ment ioned two se ismic sea waves 
i n  a s s o c i a t i o n  w i t h  an e r u p t i o n  o f  Raluan ( o t h e r  names 
a r e  Ghaie o r  Vulcan) ,  which belongs t o  t h e  Rabaul 
Vo lcan ic  Group. Accord ing t o  I i d a  e t  a l .  (1972, pages 
o f  i tems "1878. Jan. 10. ... 1878. Feb. 4 . " ) ,  two 
" f l o o d  waves" were observed--probably two waves o f  a 
tsunami and n o t  tsunamis as i n t e r p r e t e d  by Heck. Heck 
gave February 4 as t h e  d a t e  b u t  Sapper s a i d  o n l y  t h a t  
" t h e  waves occu r red  d u r i n g  an e r u p t i o n  which l a s t e d  4 
days s t a r t i n g  Feb. 4." Accord ing t o  F i s h e r  (1957) a 
ve ry  severe, e x p l o s i v e  e r u p t i o n  took p l a c e  f rom 
Raluan. A g r e a t  mass o f  ash and pumice was thrown 
o u t .  Vulcan I s l a n d  was b u i l t  up. O ld  c h a r t s  show an 
i s l a n d  e x i s t e d  he re  l o n g  before t h e  event ,  so o t h e r  
outbreaks had taken p l a c e  from t h i s  c e n t e r  e a r l i e r .  
We have no data,  however, about t h i s  e a r l i e r  a c t i v i t y .  
Note:  The f i r s t  known o u t b u r s t  o f  t h e  nearby I l a t u p i  
began a day o r  so l a t e r  than t h e  e r u p t i o n  a t  Raluan. 
The two v o l c a n o l o g i c a l  events  were, w i t h o u t  any doubt, 
p h y s i c a l l y  c o r r e l a t e d  w i th  one another .  Tsunami magni- 
t ude  was about 1. 

T * O  t 5 

199. 1878 August 11--Tanna, New Hebr ides I s l a n d s  

E r u p t i o n  of  t h e  volcano, an ear thquake and a t s u -  
nami w i t h  a magn i t  de o f  about  1 (co r respond ing  t o  an 
energy of 1 x IO2! e r g s )  were r e p o r t e d  ( I i d a  e t  a l .  
1972).  t '  

200. 1878 February 29--Tu1 i s k o i ,  A l e u t i a n  I s l a n d s  

A tsunami was observed near Unalaska I s l a n d .  The 
town o f  Makushin was des t royed  by b o t h  t h e  ear thquake 
and t h e  se ismic sea wave, and t h e  magnitude o f  t h e  
l a t t e r  was es t ima ted  t o  be about 1 ( I i d a  e t  a l .  1972).  
Note: It i s  n o t  c e r t a i n ,  b u t  can be supposed, t h a t  
t h e e a r t h q u a k e  t h a t  caused t h e  tsunami m i g h t  have had 
a t r i g g e r i n g  e f f e c t  on a nearby vo l cano- - i n  a l l  l i k e -  
1 i hood  Tu1 i s k o i - - w h i c h  e x h i b i t e d  a ve ry  s t r o n g  ash 
e r u p t i o n  and on which a new c r a t e r  developed i n  1878 
( t h e  date g i ven  i n  the  heading o f  t h i s  i t e m  r e f e r s  t o  
t h e  da te  of t h e  tsunami;  f o r  t he  v o l c a n i c  e r u p t i o n  
o n l y  t h e  y e a r  i s  g i ven  by Sapper 119271). We cons ide red  
T u l i s k o i  because t h i s  vo lcano i s  t o  be found j u s t  i n  
f r o n t  o f  t h e  Makuhsin Bay where t h e  tsunami has been 
observed. The o n l y  o t h e r  vo lcano t h a t  was a c t i v e  i n  
1878 i n  t h i s  r e g i o n  i s  Vsevidof .  Bu t  Vsev ido f  i s  much 

f u r t h e r  f rom t h e  Makushin Bay than  T u l i s k o i  and the re -  
f o r e  i t s  e f f e c t  i s  u n l i k e l y .  I n  ou r  o p i n i o n  the  tsu-  
nami was i n d i r e c t l y  r e l a t e d  t o  t h e  e r u p t i o n  o f  
Tu1 i s k o i  ; b o t h  were t r i g g e r e d  by t h e  earthquake men- 
t i o n e d .  

t " -  

201. 1878--Met is Shoal, Tonga v o l c a n i c  group 

Submarine a c t i v i t y  was noted. The new i s l a n d ,  
wh ich  was bo rn  i n  1858 (see i t e m  1881, was about 180 m 
l o n g  and 33 m h igh.  It e j e c t e d  g r e a t  q u a n t i t i e s  o f  
w h i t e  smoke ( R i c h a r d  1962).  

i T *  

202. 1879 May 30--Eldey, I c e l a n d  

A submarine o u t b u r s t  was r e p o r t e d  t o  have 
occu r red  on the  same spo t  as i n  1830 (see i t e m  103).  
A smal l  ash f a l l  was a l s o  desc r ibed  (Berninghausen 
1964).  

x t  

203. 1879 December 31-1880 March (end o f  t h e  
month)--Lake I lopango,  I s l a s  Quemadas, 

E l  Salvador  

A t  f i r s t  we a i v e  t h e  summarv o f  t h e  event i n  
terms -of  t h e  Ca ta io  ue o f  A c t i v e  Volcanoes o f  t h e  
World (Mooser &5v,=en we s h a ' 7 r q u x  
t h e o r i g i n a l  t e x t  o f  a paper i n  Nature more than  a 
c e n t u r y  ago (Nature,  22, 10 June, 1-80). 

a )  Severe earthquakes were t h e  p r e l u d e  o f  t h e  
e rup t i on .  The f i r s t  shocks took p lace  e i t h e r  on 
December 20 o r  21, 1879. Lava e x t r u s i o n s  began on 
December 31 i n  Lake I lopango,  an 11-km l o n g  and 8-km 
wide v o l c a n o - t e c t o n i c  depression. The e r u p t i o n  caused 
a r i s e  o f  t h e  water  l e v e l  by 1..22 m. On January 20 
t h e  l a v a  reached t h e  su r face  of t h e  lake.  Explos ions 
occurred.  A t  t h e  end of January t h e  i s l a n d  had a 
d iamete r  o f  150 m, and a h e i g h t  of 30-40 m; a t  t h e  end 
o f  February i t s  t o p  reached about 50 m above t h e  water  
1 evel .  

b) A L a c u s t r i n e  Volcano. I n  a recen t  number o f  La 
Nature f u r t h e r  d e t a i l s ,  f u r n i s h e d  by t h e  French C o n s x  

Salvador,  M.J. L a f e r r i e r e ,  a re  g i ven  concern ing 
t h e  r e c e n t  v o l c a n i c  phenomenon i n  Lake I l opango  i n  
t h a t  State.  The accompanying i l l u s t r a t i o n ,  f rom a 
photograph, w i l l  show t h e  n a t u r e  o f  t h e  c r a t e r  which 
has r i s e n  i n  t h e  m i d s t  o f  t h e  lake.  Earthquakes were 
f e l t  i n  San Salvador  i n  t h e  f i r s t  h a l f  o f  January o f  
t h i s  y e a r  (1880--note by au tho r ) ,  t h e r e  were t h r e e  
s t r o n g  shocks, l e s s  v i o l e n t ,  however, t han  those o f  
1876. These earthquakes had t h e i r  c e n t e r  i n  t h e  
v i c i n i t y  o f  Lake I lopango,  i n  t h e  m i d s t  o f  which rose 
t h r e e  v o l c a n i c  openings connected w i t h  each other .  
T h i s  new c r a t e r ,  which, seen f rom a d i s t a n c e  as i n  t h e  
i l l u s t r a t i o n ,  appears a smal l  i s l e t ,  r i s e s  above t h e  
s u r f a c e  of t h e  water,  however, about twen ty  meters. 
An a t tempt  was made t o  approach i t  i n  a boat ,  b u t  t h e  
wa te rs  were a l l  i n  a s t a t e  o f  e b u l l i t i o n  f rom con tac t  
w i t h  t h e  b u r n i n g  rock,  and gave o f f  t o r r e n t s  of steam. 
An abundant column o f  smoke rose i n  t h e  a i r ,  assuming 
t h e  aspect  o f  an immense cloud, which was seen f rom a 
g r e a t  d i s tance ,  and formed an imposing spectac le.  
The phenomenon was preceded by an excep t iona l  
r i s i n g  o f  t h e  l ake ,  i nc reased  by t h e  abundant 
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Taking i n t o  account  t h e  express ion  

l o g  v + 4.95 
M e =_-- , (Hedervar i  1963) 

1 .5936957 

where M i s  the  e r u p t i o n  magnitude and V t h e  volume o f  
tephra,ewe g e t  9.763 f o r  the  e r u p t i o n  magnituds6 from 
,,,hich t h e  re leased thermal energy i s  4.18 X 10  ergs.  

s u l f i d e ,  H2S. 
NOTE: su lphohydr ic  a c i d  gas i s  probably  hydrogen 

x ' = 7 t n *  

F i g u r e  20311.-- Aspect o f  t h e  volcano i n  Lake I lopango 
( a f t e r  Nature) .  

w i n t e r  r a i n s .  Accord ing t o  an o l d  t r a d i t i o n  
t h e  Spaniards m a i n t a i n  t h a t  when t h e  l a k e  r i s e s  
ear thquakes a r e  t o  be feared. Former ly ,  a lso ,  i t  was 
t h e  custom t o  d i g  t renches  t o  f a c i l i t a t e  t h e  escape o f  
t h e  waters. T h i s  p r a c t i c e  was f o l l o w e d  w i t h o u t  
i n t e r m i s s i o n  f o r  a century ,  and v o l c a n i c  phenomena d i d  
n o t  appear d u r i n g  a l l  t h a t  t ime.  The present  
phenomena seems t o  j u s t i f y  t h i s  t r a d i t i o n .  It i s  
d i f f i c u l t  t o  e x p l a i n  t h e  f a c t  i t  i s  s t i l l  i n t e r e s t i n g  
t o  remember t h a t  a g rea t  number of vo lcanos a r e  
submarine, t h a t  o t h e r s  a r e  found f o r  t h e  most p a r t  i n  
i s l a n d s  o r  i n  mar i t ime reg ions,  and t h a t  water  may be 
one o f  t h e  feeders o f  v o l c a n i c  f i r e s .  Lake I lopango,  
a l s o  known as Lake Conjutepec, i s ,  accord ing  t o  M. 
L a f e r r i e r e ,  a sunk c r a t e r .  It i s  i n  t h e  v o l c a n i c  
l i n e ,  and i t  i s  a genera l  f a c t  i n  C e n t r a l  America t h a t  
l a k e s  a l t e r n a t e  w i t h  v o l c a n i c  cones. The water  o f  
t h i s  l a k e  i s  b rack ish ,  very  b i t t e r ,  and a lmost  
v iscous.  It g ives  o f f  sometimes, here and t h e r e ,  
bubbles o f  su lphohydr ic  a c i d  gas. The l a k e  i s  about 
12 k i l o m e t e r s  l o n g  and by 16 broad ( ?  - ques t ion  mark 
f rom a u t h o r ) ;  t h e  depth i s  unknown. It i s  about 12 
12 k i l o m e t e r s  f rom t h e  c i t y  o f  San Salvador. The 
Consul o f  France i n  Guatemala, M. de Th ie rsant ,  s t a t e s  
t h a t  Lake I lopango has now a temperature of 38°C on 
i t s  shore, and i s  i n  complete e b u l l i t i o n  around t h e  
volcano. A l l  t h e  f i s h e s  a r e  cooked and f l o a t  upon t h e  
sur face ,  w i t h  a g rea t  number o f  s h e l l f i s h  and o t h e r  
a q u a t i c  animals. The vo lcano cont inues  t o  r i s e ,  and 
t h e  l e v e l  o f  t h e  l a k e  i s  be ing  g r a d u a l l y  lowered. 

A f t e r  t h e  manuscr ip t  f o r  t h i s  ca ta logue had been 
completed an i n t e r e s t i n g  paper was p u b l i s h e d  by P. D. 
Sheets, e n t i t l e d  "Volcanoes and t h e  Maya" Natura l  

d i s c u s s e d  a p a r t i c u l a r l y  v i o l e n t ,  e a r l i e r  o u t u r s t  from 
Lake I lopango.  The event  took p lace  about A.D. 260, 
near  t h e  nor thwestern  shore of t h e  lake .  A new c r a t e r  
opened beneath t h e  l e v e l  o f  water  f rom which a migh ty  
mass o f  tephra  was thrown out  i n  two success ive s teps 
d u r i n g  a very s h o r t  t ime,  perhaps o n l y  a few days o r  
even hours. I n  t h e  Chalchuapa Va l ley ,  7 2  km nor thwest  
o f  Lake I lopango,  t h e  t h i c k n e s s  o f  t h e  ash reached 1 
m. The t o t a l  volume o f  tephra  might  have been g r e a t e r  
t h a n  41  km3, which means t h a t  t h i s  e r u p t i o n  was one o f  
t h e  g r e a t e s t  d u r i n g  human h i s t o r y .  The l a y e r  o f  ash 
a t  t h e  shore o f  t h e  l a k e  had a t h i c k n e s s  o f  48-50 m. 
I n  a l l  l i k e l i h o o d  t h e  e r u p t i o n  took  p lace  between May 
and November. Th is  e x c e p t i o n a l l y  power fu l  e r u p t i o n  
caused t h e  wandering o f  t h e  Mayas toward t h e  nor th ,  t o  
a p l a c e  t h a t  i s  now known as Maya P l a i n .  

I 
l 

H i s t o r y ,  August 1981, pp. 32-40), i n  which t h e  C-Ti- aut  o r  

204. 1879. Georgiana, N i n e t y  Eas t  Ridge, I n d i a n  Ocean 

F l o a t i n g  pumice has been seen a t  rjoS, 8 9 O E  
(Sapper 1927, Neumann van Padang 1935, 1963). Note: 
The spot i n  ques t ion  l i e s  very f a r  from t h e x - d -  
oceanic  r i f t  v a l l e y  o f  t h e  I n d i a n  Ocean and f a r  from 
any o t h e r  we1 1 -known v o l c a n i c  area. Geographical l y  
and geophys- ica l l y  it belongs t o  t h e  I n d o - A u s t r a l i a n  
Seismic B e l t ,  which--probably- - is  a nascent mid- 
oceanic  r i f t  Val l e y  and r i d g e  zone, c h a r a c t e r i z e d  by 
r a t h e r  v i v i d  s e i s m i c i t y ,  h igh  heat  f l u x ,  and r i chness  
i n  seamounts but  a very m i l d  present-day v o l c a n i c  
a c t i v i t y  (Hedervar i  1978a). F l o a t i n g  pumice a t  and 
near  t h i s  p o i n t  was seen i n  o t h e r  t imes as we l l .  The 
known cases, when f l o a t i n g  pumices .rere seen, a re  as 
f o l  lows : 

I n  f i g .  I n  f i g .  
2041 1 20412 

~~ 

Date - L o c a t i o n  -- 

1 a 1879 6" S, 89" E 

1 a 1883 J u l y  11-12 6" S, 89" E 

1 a 1883 August 1 6" S, 89" E 

2 b 1883 August 11 6 " 2 3 ' S ,  88"31'E 

3 C 1883 August 17 8"35'S, 91'53'E 

4 d 1883 August 18 9"41'S, 90"28'E 

5 e I883 August 19 11"08'S, 8Ro03'C 

Accord ing  t o  Neurnann van Padang (1938, 1963), on 
1883 J u l y  11 and 12, H.O. Forbes s a i l e d  through 
f l o a t i n g  pumice; on 1883 August 1 Capta in  E .  Ashdown 
s a i l e d  h i s  s h i p  "Siam" f o r  4 hours through f i e l d s  o f  
f l o a t i n g  pumice, which ineans a d i s t a n c e  o f  about 60-80 
km a t  t h e  most. He had t h e  o p i n i o n  t h a t  a submarine 
e r u p t i o n  must have occur red  there.  He sa id,  f u r t h e r -  
more, t h a t  another  outbreak had taken p lace  a t  t h i s  
p o i n t  i n  1879. A l l  o f  t h e  o t h e r  r e p o r t s ,  f rom 1883 
August 11 t o  18 a r e  f rom C. Moldrum. He had t h e  o p i -  
n i o n  t h a t  t h e  pumices he saw o r i g i n a t e d  from Krakatau 
vo lcanoe (Sunda S t r a i t ) ,  a c t i v e  s i n c e  1883 May 20. 

The a u t h o r  f e e l s  i t  reasonable and impor tan t  t o  
q u o t e  here some sentences f rom t h e  o r i g i n a l  t e x t  o f  
t h e  work o f  Neumann van Padang (1938,i tei i i  No. 76) :  

"76.6" S - 89' 0. Am 1. August 1883 fuhr das 
S c h i f f  'Siam' m i t  e i n e r  Geschwind igke i t  von 11 
Knoten wahrend v i e r  Studen durch 
B immsste in fe lder  ( i m  Text s t e h t  Lava) ,  d i e  s ich ,  
so w e i t  das Ruge r e i c h t e ,  auss t reck ten .  Der 
B i inss te in  t r i e b  i n  NW-SO g e r i c h t e t e n  S t r e i  fen. 
Da e i n e  Stromung von 75--30 M e i l e n  p r o  Tag i n  
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F i g u r e  204/1. The s i t e  o f  the  occurrence o f  pumices f l o a t i n g  on the  water  ( 1  - 5 )  and i t s  env i rons .  K :  
K rakatau  volcano; A and D: oceanic  c u r r e n t s ;  C:  d i v i d i n g  l i n e ;  D: t h e  spot  w i t h  the  abnormal ly  h i g h  
va lue  o f  heat  f l o w  (7.61 HFU); t h i n  arrows: oceanic  c u r r e n t s ;  t h i c k  arrows: winds d u r i n g  the  sunwner 
i n  the  H o r t h e r n  Hexisphere. 
F a i  r b r i d g e  (1966) 

C u r r e n t s  and winds a f t e r  F a i r b r i d g e  (1966, 1967). L i n e  C i s  a l s o  a f t e r  

o s t l i c h e r  R i c h t i n g  h e r r s c h t e ,  so mein te  K a p i t a n  
Ashdown, das d i e s e r  B i m s s t e i n  n i c h t  vom 
Krakatau,  sondern von einem o r t l i c h e n  
Austruchspunkt  i m  m h r  a l s  3600 m t i e f e n  Ozean 
starmnt. E r  me ldc te  von diesem P l a t z  auch e inen 
Ausbruch i m  Jahre  1897. D i e  beobachteten 
B i r n s s t e i n s t r e i f e n  waren etwa 1800 km vom 
Krakatau  e n t f e r n t ,  d e r  e r d s t  am 26--28. August 
grosse Mengen B i m s s t e i n  ge fordery  ha t ,  so dass 
d i e  Annahme, dass e i n  s t a r k e r  Vulkanausbruch i n  
gosser  T i e f e  s t a t t g e f u n d e n  ha t ,  g e r e c h f e r t i g  
i s t  .'I 

As mentioned above, Moldrum has suggested t h a t  
t h e  pumice masses came from Krakatau.  The present  
a u t h o r  argues a g a i n s t  t h i s  suppos i t ion .  The arguments 
a r e  as f o l l o w s :  

a. The i n i t i a l  a c t i v i t y  o f  Krakatau  was r e l a t i -  
v e l y  rn i l d  and t h e  e x p l o s i o n s  were no t  p a r t i c u l a r l y  
v i o l e n t  ( W i l l i a m s  1941. B u l l a r d  1968, MacDonald 1972). 
The a c t i v i t y  began a f t e r  a 202-year l o n g  repose on 
1883 May 20. T h i s  i n i t i a l  a c t i v i t y  c o n t i n u e d  w i t h  
decreas ing  i n t e n s i t y  f o r  a l i t t l e  more t h a n  a week, 
and Krakatau then was i n  a calm s t a t e  u n t i l  1883 June 
19. Weak t o  moderate e r u p t i o n s  f o l l o w e d  a f t e r  t h i s  
day (MacDonald 1972) , a t  l e a s t  i n t e r m i t t e n t l y ,  th rough 
J u l y  and t h e  paroxysmal e r u p t i o n  began as l a t e  as 1883 
August 26. 

The produc ts  o f  t h e  f i r s t  4 days of t h e  a c t i v i t y  
formed a l a y e r  w i t h  a maximum t h i c k n e s s  o f  1 meter  
( W i l l i a m s  1941). When t h e  v o l c a n i c  i s l a n d s  were 
v i s i t e d  f o r  t h e  l a s t  t i m e  b e f o r e  t h e  paroxysmal s tage 
on 1883 August 11, i t  was s t a t e d  t h a t  o n l y  a l i t t l e  
f ragmenta l  m a t e r i a l  had been addfed t o  t h e  t h i n  l a y e r  
l e f t  by t h e  a c t i v i t y  of t h e  f i r s t  4 days. N i n e t y -  
e i g h t  p e r c e n t  o f  t h e  t o t a l  e j e c t a  was thrown ou t  
d u r i n g  t h e  paroxysm from August 26 t o  28. The t o t a l  
q u a n t i t y  o f  e j e c t a  was es t imated  by Verbeek t o  be a t  
l e a s t  18 c u b i c  km. Two- th i rds  o f  t h i s  m a t e r i a l  f e l l  
w i t h i n  a r a d i u s  of 15 km. As s t a t e d  by Wi l l iams,  o n l y  
t h e  f i n e r  p a r t i c l e s  of pumice were shot h i g h  i n t o  t h e  
a i r ,  and these were c a r r i e d  away by t h e  winds f o r  
thousands o f  k i l o m e t e r s .  

C o n s i d e r i n g  t h e  f a c t s  t h a t  (1 )  p r i o r  t o  t h e  
paroxysm t h e  a c t i v i t y  had been weak t o  moderate on ly ,  
and ( 2 )  t h a t  t h e  q u a n t i t y  o f  t h e  e j e c t a  o f  t h i s  p e r i o d  
was about two percent  o f  t h e  t o t a l ,  i t  i s  u n l i k e l y  
t h a t  betwen 1883 J u l y  11 and 1883 August 19 a l a r g e  
q u a n t i t y  o f  pumice would have been s c a t t e r e d  over  an 
area  of 600 x 900 km i n  e x t e n t ,  a t  a d i s t a n c e  o f  some 
1700-2300 km f rom t h e  volcano. Note t h a t  t h e  area 
w i t h i n  which pumices were found i s  e l l i p t i c a l  w i t h  a 
major  a x i s  o f  some 900 km and a minor  a x i s  o f  approx i -  
mate ly  600 k i l o m e t e r s ,  and t h e  d i s t a n c e s  between 
Krakatau  and t h e  e a s t e r n  and western edges o f  t h i s  
e l l i p t i c a l  area a r e  1700 and 2300 km, r e s p e c t i v e l y ,  



b. As previously mentioned pumice was seen as 
e a r l y  as  i n  1879 a t  6'S, 89'E. These pumice-masses 
have evident ly  nothing t o  do with t h e  a c t i v i t y  of 
Krakatau k 1 8 8 3 .  Therefore another source of the 
pumices must b e u p p o s e d .  

c. From the  map of cur ren ts  in  t h e  Indian Ocean 
(Fa i rbr idge  1966, p. 384, Fig. 2 1 ) ,  i t  i s  per fec t ly  
obvious t h a t  pumice e jec ted  from K r a k a t a u  toward the 
south or  southeast ,  somewhat beyond t h e  mouth of the 
Sundra S t r a i t ,  was c a r r i e d  f u r t h e r  by the oceanic 
c u r r e n t s  toward the east, para l le l  with the southern 
coas t  of Java. F loa t ing  objec ts  in  f r o n t  of the  Sunda 
S t r a i t  can not be t ransported toward the west, s ince  
along the southern entrance of the Sunda S t r a i t  the 
cur ren t  flows from the northwest towards the southeast  
and e a s t  ( see  arrow A i n  Fig. 204.1. Between t h i s  
cur ren t  and another having t h e  opposi te  d i r e c t i o n  (see 
arrow B ) ,  there i s  a dividing l i n e  (see dashed l i n e  
C), which d i s t i n c t l y  separa tes  cur ren ts  A and B from 
one another. Current cannot c ross  t h i s  l i n e .  In 
s h o r t :  umice from Krakatau *never reach t h e  
e l  1 i p t  i c a h y m a r  west from t h e c a n o .  

I t  i s  very remarkable, furthermore, t h a t  there 
a r e  no repor t s  of t h e  presence of pumice along the 
southern coas t  of Java and the Lesser Sunda Is lands ,  
o r  along t h e  northwestern coast  of Aus t ra l ia  in  t h e  
period t h a t  preceded t h e  paroxysm of Krakatau. In the 
case  o f  crea t ion  of grea t  pumice inasses during t h e  
pre-paroxysmal s tage ,  these  pumices should have been 
observed f i r s t  of a l l  over t h e  Java-Lesser 
Sundas-Austral i a a rea ,  because t h i s  region 1 i e s  in  the 
way of the oceanic cur ren ts .  In t h e  lack o f  repor t s  
on t h e  occurrence of f l o a t i n g  pumices over t h i s  c r i t i -  
cal  a rea ,  t h a t  i s  e a s t  and southeast  of the mouth of 
the Sunda S t r a i t ,  the, question a r i s e s :  was t h e  mass 
of pumice or ig ina ted  during the pre-paroxysmal period 
remarkable a t  a l l ?  I f  so, why was this  pumice unob- 
served so near t h e  source? If  not ,  how could a 
remarkable mass of pumice (as  mentioned, one of the 
f l o a t i n g  masses might have had a diameter o f  some 
60-80 km) reach a s i t e  very f a r  from the source, and 
moreover west of i t  -- a d i rec t ion  just  opposite t o  
t h e  d i r e c t i o n  of t h e  oceanic cur ren ts?  

On  the bas is  of these  s ta tements  i t  can be 
declared with grea t  c e r t a i n t y  t h a t  the source of the 
pumice observed in  t h e  e l l i p t i c a l  area was not 
Krakatau volcano. 

d. Considering now t h e  wind system over t h e  
eastern par t  of the Indian Ocrean south of the  Bengal 
Bay, during Northern Hemisphere summer (Fa i rbr idge  
1967, p. 1148, Fig. 2 ) ,  the conclusion i s  the same. 
I t  can be seen t h a t  during t h e  period of 1883 Ju ly  11 - A u g u s t  19, the d i r e c t i o n  of the  wind was c l e a r l y  
unfavorable t o  car ry  very f i n e  pumice from Krakatau 
i n t o  t h e  e l l i p t i c a l  area within which the  f l o a t i n g  
pumice was seen. In addi t ion ,  and t h i s  i s  s i m i l a r l y  
ev ident ,  t h e  explosive force  a c t i v e  during t h e  pre- 
paroxysmal period was not able  t o  throw pumice t o  such 
a grea t  dis tance.  

e. The paroxysmal erupt ion led t o  a grea t  ash- 
and pumice-fall,  and an area of 827,000 square k m  was 
covered by these  products (van Padang 1951). I f  the 
area i s  considered t o  be more or  l e s s  c i r c u l a r ,  which 
i s  only a n  approximation, the  r a d i u s  of t h e  c i r c l e  i s  
513 km. B u t  the c e n t e r  of the e l l i p t i c a l  area i s  
about 2000 kin from Krakatau. During the r e l a t i v e l y  
weak i n i t i a l  period of a c t i v i t y  (1883 July 11 - August 
w t h e  pumice could not have reached such a great  
d i s tance ,  which i s  roughly four  times g r e a t e r  than t h e  

" t h e o r e t i c a l "  value (513 ki lometers)  t h a t  r e f e r s  t o  
paroxysmal erupt ion.  

I t  should be noted t h a t  the  real  area of volca- 
n ic  ash had a t r i a n g l e  form; see Bullard (1968), Fig. 
8. on p. 82. I t  must be emphasized, however, t h a t  
S u l l a r d ' s  map shows the areal  d i s t r i b u t i o n  of and 
not t h a t  of As regards the  l a t t e r ,  erupted 
pumice, f l y i n g  t rough t h e  a i r ,  never can reach the  
grea t  d i s tance  froin the  volcano than ash can. " I f  a 
s t rong  wind i s  blowing a t  the  time of the  erupt ion,  
only t h e  lumps of pumice wil l  f a l l  in  t h e  v i c i n i t y  of 
the volcano, while t h e  ash wil l  be car r ied  much 
f u r t h e r .  ..'I (Rittmann 1960, p. 75.) 

Taking i n t o  considerat ion t h e  wind d i r e c t i o n s  a t  
the time of the  paroxysm, and consider ing t h i s  
s t rongly  asymmetrical d i s t r i b u t i o n  of ash r e l a t i v e  t o  
t h e  s i t e  of Krakatau, one can suppose t h a t  t h i s  pecu- 
l i a r  d i s t r i b u t i o n  might have been the consequence of 
d i rec ted  b l a s t  o r  b las t s .  

Based on t h e  previous f i v e  aguments and par- 
t i c u l a r l y  on point c . ,  the author concludes t h a t  the  
pumice masses t h a t  occurred in  the  e l l i p t i c a l  area a t  
the cent ra l  par t  of Ninety East Ridge cannot be the  
products of Krakatau volcano b u t  o r ig ina ted  i n  s i t u .  
That i s ,  t h e r e  must be a submarine volcano a t  t h i s  
1 oca1 i t y .  

I t  i s  of ten sa id  t h a t  pumice can only for in in 
shallow water. We a r e  aware o f  a t  l e a s t  2 examples, 
t h a t  contradict  t h i s  statement. T h e  author has asked 
t h e  opinion on t h i s  problem of Dr. M. Neumann van 
Padang who kindly gave him the following information 
(Neumann van Padang, ulritten communicdtions, 1981 July 
4 and 1981 August 6 ,  respec t ive ly) :  

"Pumice o r i g i n a t e s  when a glassy magma r ich  in  
s i l i c i c  acid erupts. A.Brun described in  his 
publ icat ion 'Recherches sur l ' exha la i son  
volcanique,. 1911' t h a t  pumice \nay o r i g i n a t e  i n  
t h e  laboratory when obsidian i s  heated t o  i t s  
explosive point. That i s  why the o r i g i n  of 
pumice i s  not dependent on i t s  w e  or  on a 
submarine erupt ion ( i t a l i c s  mine: Hedervari) 

" I n  May 1761 an ' i s l a n d  of volcanic sand' was 
seen i n  t h e  At lan t ic  Ocean a t  0'23's and 
19'10'W. As t h i s  is land never has been seen 
s ince ,  i t  probably was f l o a t i n g  pumice 
(Catalogue of Active Volcanoes of the World, 
Par t  2 1 ,  p.-i?!1).-6 t h e  map of the National 
Geographic Society of 1955, I found a submarine 
mountain r i s i n g  from a depth of about 3660 m t o  
1528 m in  0'43's and 20'30'W. Eruptions of t h i s  
mountain a re  a l s o  known from December 1816 and 
January 1836. I f  the supposi t ion t h a t  ' t h e  
i s l  and of volcanic sand' i ndeed was f l o a t i n g  
pumice, erupt ions a t  a depth of 1500 m ma- 
indeed form pumice" m f i c s  mine: m r % d  
And: ' I n  mv ooinion oumice i s  formed when the  
eruDtinq m a b n a ' r i s l  i i c h  in  s i l i c a  and s t i l l  
v i t r e o u i  iidependent of the p lace  of t h e  
c r a t e r ,  which may be 1 O O O m x v e  or below 
leveT," ( i t a l i c s  mine: Hedervari) 

There i s  another example. A suhmarine volcano i s  
k n o w n  a t  38'45". 38'05'W (Neumann v a n  Padana et a l .  
1967). 
1955, 

O n  t h e  map of t h e  National Geographic qagazine 
the ocean i s  about 4.200 m deep a t  t h i s  point. 

A topographic high of l e s s -  than 2,000 m i s  located 
about 74 k m  t o  t h e  eas t .  In 1865 July 9, a submarine 
erupt ion took place a t  38"45'N, 38"05'W, or c lose t o  
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F i g u r e  204/2. Topographic  contour  map o f  t h e  c e n t r a l  

p a r t  o f  N i n e t y  E a s t  i t i r lge ( a f t e r  S c l a t e r  and F i s h e r  
(1374).  Depths a r e  g iven i n  ki lomet'ers. P o i n t s  a 
- e a r e  s i t e s  of f l o a t i n g  pumices (cor respond ing  t o  
1 - 5 i n  f i g .  204/1). Alpha, beta,  and gamma a r e  
p o i n t s  on which h e a t  f l o w  measurements have been 
c a r r i e d  out .  Be ta  corresponds t o  p o i n t  D i n  f i g u r e  
204/1. AB: sec t ion .  

i t ,  as scor iae,  p robab ly  pumice, reached t h e  s u r f a c e  
o f  t h e  sea, where i t  formed a " f l o a t i n g  mountain." A 
s t r o n g  smel l  o f  Sulphur  was p e r c e p t i b l e  and d u l l  
rtJmblings idere heard  by t h e  crew o f  t h e  wha ler  
"F i rmesa. " 

These two submarine e r u p t i o n s  a r e  numbered 62 and 
154 i n  t h e  present  Cata log.  

S c l a t e r  and F i s h e r  (1974) have p u b l i s h e d  an 
e x c e l l e n t  c o n t o u r  map o f  t h e  N i n e t y  East  Ridge on 
wh ich  t h e  sur round ings  o f  our  e l l i p t i c a l  area can be 
i n v e s t i g a t e d  i n  more d e t a i l .  

A p a r t  o f  t h i s  map, namely, t h e  c e n t r a l  r e g i o n  o f  
t h e  N i n e t y  East  Ridge, where our  e l l i p t i c a l  area can 

F i g u r e  204/3. P r o f i l e  a long s e c t i o n  AB, w i t h  g r e a t  
v e r t i c a l  exaggerat ion.  Alpha, beta,  and gamma are  
h e a t  f l o w  va lues;  w.a. = w o r l d  average o f  heat  

f low.  

a l s o  be found, i s  shown i n  F ig .  204/2. The numerals 
mean t h e  depth o f  t h e  water  expressed i n  k i l o m e t e r s .  
One can see t h a t  a p l a t e a u - l i k e  e l e v a t i o n  i s  t o  be 
found on t h e  n o r t h e r n  p o r t i o n  o f  t h e  demonstrated p a r t  
o f  t h e  Ridge (shown by b lack contours ) .  I t  has an 
average depth o f  2.5 km below sea l e v e l  and has an 
e longated  fo rm w i t h  a l e n g t h  o f  some 90-100 km, bu t  
i t s  w i d t h  i s  about 25-30 km. The p r o f i l e  o f  t h i s  
f e a t u r e ,  shown i n  F i g .  204/3, i s  r a t h e r  mis lead ing  
because o f  t h e  s t r o n g  v e r t i c a l  exaggera t ion  o f  t h e  
drawing i n  ques t ion ;  i n  r e a l i t y  t h e  f e a t u r e  i s  rmch 
f l a t t e r ,  s i m i l a r  i n  form t o  a s h i e l d  vo lcano o r  a 
seamount. I t  i s  notewor thy t h a t  one o f  t h e  s i t e s  on 
which pumice was seen on t h r e e  occasions, denoted by 1 
i n  F ig .  204/1. and by d i n  F ig .  204/2, i s  t o  be found 
j u s t  a t  t h e  western  edge o f  t h e  f e a t u r e .  P o i n t  1. = b, 
another  s i t e  o f  pumice. i s  s i t u a t e d  west o f  t h e  
southern  t i p  o f  t h i s  f e a t u r e  a t  a d i s t a n c e  o f  some 60 
km. The au thor  i s  o f  t h e  o p i n i o n  t h a t  t h i s  submarine 
e l e v a t i o n  can be regarded as t h e  i n f e r r e d  underwater  
volcano. South o f  t h i s  area t h e r e  a r e  two o t h e r  
submarine e l e v a t i o n s  denoted by greek d e l t a  and 
e p s i l o n  i n  F ig .  204/2, which can a l s o  be regarded t o  
he volcanoes. P o i n t  5 = g l i e s  between them. The 
w r i t e r  p r e f e r s ,  however, t h e  n o r t h e r n  e l e v a t i o n  
i n s t e a d  of those des ignated d e l t a  o r  eps i lon ,  because 
i n  i t s  near  p r o x i m i t y  pumice were observed a l t o g e t h e r  
f o u r  t imes (as mentioned, 5 means t h r e e  cases and an 
a d d i t i o n a l  case), b u t  Q represents  on ly  one 
o bse r v a  t i on. 

F o r t u n a t e l y ,  we have t h r e e  d a t a  concern ing  t h e  
heat  f l o w  i n  t h e  sur round ings  o f  t h e  i n f e r r e d  sub- 
mar ine  volcano, and - i n c i d e n t a l l y  - t h e  measurements 
have been made a long a l i n e ,  so t o  c o n s t r u c t  a p r o f i l e  
showing t h e  d i s t r i b u t i o n  o f  heat  f l o w  was p o s s i b l e  
e a s i l y .  The t r e n d  o f  t h i s  l i n e  i s  denoted by A and E, 
w h i l e  t h e  t h r e e  p o i n t s  over  which heat  f l o w  measure- 
ments have been c a r r i e d  o u t  a re  denoted by t h e  greek 
: e t t e r s  a lpha,  beta,  and gamma, r e s p e c t i v e l y .  The 
measurements were made by t h e  Lamont-Doherty 
G e o l o g i c a l  Observatory .  The d a t a  were p u b l i s h e d  i n  
computer ized fo rm by t h e  Massachusetts I n s t i t u t e  o f  
Technology. The d a t e  o f  i s s u e  o f  t h i s  l i s t  i s  no t  
i n d i c a t e d  i n  t h e  p u b l i c a t i o n  i n  quest ion.  

Froin t h i s  l i s t  one f i n d s  t h e  f o l l o w i n g  va lues:  

a lpha:  4"46 '  S, 88"34' E:  2.55 HFU 
beta :  7"42' S, 90"02' E:  7.61 HFU 
g a m a :  lO"37' S, 91"19' E :  1.12 HFU 

i n  heat  f l o w  u n i t s  (HFU) 
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Figure 204/4. Poin ts  with measured heat  flow values 
2 2.0 HFU. SL: S r i  Lanka (Ceylon); M: 

Malaysia; S: Sumatra; N :  Ninety East  Ridge. D e p t h  
values given i n  kilometers. Bel t s  I ,  11, and 111 
( d o t t e d )  a r e  l i n e a r  zones of heat flow anomalies. 
I s v  = i n f e r r e d  submarine volcano. Note t h a t  i t  can 
be found within b e l t  I ,  the length of which i s  some 
1100 km. 

Using a l l  ava i lab le  data  f o r  heat flow (Lee and 
Clark 1966, Simmons and Horai 1968, a s  well a s  
Lamont-Doherty l i s t  , mentioned above) the author has 
constructed the map of d i s t r i b u t i o n  of l a r g e  heat flow 
anomalies in  the Indian Ocean, in  and  around t h e  
Ninety East Ridge (Fig. 204/4). On t h i s  map only 
those  points  a r e  indicated over which t h e  heat flow 
reached o r  surpassed t h e  value of 2.00 H F U ,  which i s  
well above the world average. I t  can be s t a t e d  t h a t  
within the  area inves t iga ted  (73" E - 105" E, 10" N 
-Equator - 31'30' S ) ,  by f a r  the g r e a t e s t  value i s  
t h a t  one which was observed a t  point  beta. I n  
addi t ion ,  as shown i n  Fig. 204/4, t h e r e  a r e  a l toge ther  
t h r e e  b e l t s  of heat flow anomalies in  t h i s  par t  of the 
Indian Ocean; these  a r e  denoted as  I ,  11, and 111, 
respec t ive ly .  Among them b e l t  I i s  the longest ;  t h i s  
conta ins  t h e  points  a lpha,  beta ,  gamma, and two o ther  
po in ts  charac te r ized  again with high values, roughly 
double the world average. They a r e  t o  be found a t  the  
southern end of b e l t  I .  This b e l t  of high heat flow 
anomaly c rosses  the place of the infer red  submarine 
volcano (ISV). Comparing t h i s  b e l t  of heat flow ano- 
maly with t h e  zones of a c t i v e  volcanoes in  i s land  
a r c s ,  i t  can be s t a t e d  t h a t  more or  l e s s  s i m i l a r ,  
1 i near ly  devel oped b e l t s  of hi gh heat flow charac- 
t e r i z e  t h e  volcanic chains ,  too. Such b e l t s  may be 
the consequence of the ex is tence  of l i n e a r l y  a1 igned 

e 

Figure 204/5. Dis t r ibu t ion  o f  the  ep icenters  of 
powerful tec tonic  shocks between January 1, 1904, 
and December 31, 1965. All known earthquakes a r e  
ind ica ted ;  a l l  were of shallow or ig in .  Black 
c i r c l e s :  Richter  magnitude l e s s  than 7.0. Black 
c i r c l e s  labeled with magnitudes denote earthquakes 
of Richter  magnitude 7.0 o r  grea te r .  Thermal ano- 
maly b e l t s  I ,  11, and 111 a r e  dotted. Isv = 
i n f e r r e d  submarine volcano. Note the  c o r r e l a t i o n  
between seismici ty  and heat  flow anomaly b e l t s .  
The zone of -great earthquakes extends froin a 
through c. Bel t  I l i e s  along the seismic zone ax is  
between b and c. The northern p a r t  of Ninety East 
Ridge i s  ac t ive  seismical ly;  t h e  southern p a r t  i s  
p r a c t i c a l l y  aseismic. Earthquakes t h a t  occurred in  
t h e  Andaman-Indonesia zone ( s t r i p e d )  a r e  not indi-  
cated.  SL: S r i  Lanka; N :  Ninety East  Ridge. 

(shallow) magma chambers t h a t  a re  t o  be founa r e l a t i -  
vely near t h e  sur face ,  a t  a depth of only a few 
ki lometers .  The presence of such a submarine anomaly- 
b e l t  with a length of some 1100 km, exact ly  crossing 
the c r i t i c a l  isv-region,  appears t o  s t rongly support 
the hypothesis t h a t  the isv-region i s  r e a l l y  the s i t e  
of a submarine volcano. 

The t e c t o n i c  importance o f  these  three heat flow 
anomaly b e l t s  i s  emphasized by the seismic pa t te rn .  
I n  Fig. 204/5 the author  has indicated the d i s t r i b u -  
t i o n  off ep icenters  of la rge  earthquakes t h a t  took 
place from 1904 January I to 1965 December 31, using 
the data  published by Gutenberg and Richter  (1954), 
Rothe (1969) and Duda (1965). respec t ive ly .  All 
shocks with a Richter-magnitude of M>d (where d means 
a value ranging from 5.3 t o  5.9) a r e  indicated by 
black c i r c l e s .  In  the case of ML7.0 t h e  corresponding 
magnitude values a r e  a l s o  shown. All these  shocks 
were of shallow (h<70 km) or ig in .  
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The most powerful earthquake, having a Richter- 
magnitude of 8.1 (Duda 1965) took place within be l t  
111. As regards be l t  11, i t  can be found in the  
northern p a r t  of a broader seismic zone (denoted as 
a-b-c) with a s t rong (M = 6.3) shock a l i t t l e  south- 
ward from i t s  western edge. The most i n t e r e s t i n g  i s ,  
however, b e l t  I ,  which i s  t o  be found along the  
symmetry-axis of the  southern par t  of t h i s  broad 
seismic zone. This southern p a r t  i s  denoted as b-c in 
Fig. 204.5. Near the celiter of be l t  I i s  a powerful 
earthquake with a magnitude of 7.1 took place. 
Inspect ing the  general pa t te rn  of se i smic i ty  we can 
s t a t e  t h a t  the  northern half of Ninety East Ridge i s  
se i smica l ly  very ac t ive ,  while the  southern half  of i t  
i s  p r a c t i c a l l y  isv-region,  the  s i t e  of the suspected 
submarine volcano, occurs within the  ac t ive  segment of 
Ninety East Ridge, espec ia l ly  j u s t  on t h a t  point where 
t h e  s t r i k e  of t he  a-b-c seismic be l t  changes abruptly. 
Consequently: 

a. The ex is tence  of a broad and long seismic 
b e l t  demonstrates the presence of a zone of weakness 
in  the  oceanic l i thosphere ;  

. b. the  zone of weakness means a s t r i p  within 
which deep f r a c t u r e s  can o r ig ina t e ;  t he  shocks a re  due 
t o  f r a c t u r i n g s ;  

c. t he  deep f r ac tu res  give a p o s s i b i l i t y  f o r  the  
subcrustal  rock melts t o  r i s e  from the  depth toward 
the  sur face  and t h u s  t o  c r e a t e  individual magma cham- 
bers  within the c r u s t ,  t h a t  a re  aligned l i n e a r l y ;  

d. such l i n e a r  b e l t s  show themselves by the  pre- 
sence presence of l i n e a r  heat flow anomaly b e l t s ;  

e. volcanic a c t i v i t y  therefore  i s  l i ke ly  within 
such broad seismic b e l t s  and p a r t i c u l a r l y  -within such 
heat flow anomaly be l t s .  

The order 3f ideas ,  from point a t o  e makes the  
supposi t ion l i k e l y  t h a t  the  c r i t i c a l  area denoted by 
i sv  in Figs. 204/4 and 204/5 i s  a submarine volcano. 

- I n  conclusion, t he  following s ta tements  can be 
inade : 

(1) The pumice masses t h a t  were observed a t  t he  
cent ra l  p a r t  of Ninety East Ridge could not  have come 
from Krakatau volcano. Neither oceanic cur ren ts  nor 
winds could car ry  these pumices from Krakatau t o  the  
s i t e s  where they were observed. 

( 2 )  Consequently, i t  must be supposed tha t  the  
pumices in quest ion came in to  being in  s i t u .  

( 3 )  Laboratory experiments, c a r r i e d  out by B r u n  
a t  the  beginning of t h i s  century,  demonstrated t h a t  
the o r i g i n  of pumice i s  independent of i t s  place. 
Therefore pumice can o r i g i n a t e  not only in shallow, 
b u t  i n  deep water,  too. This i s  proved by two 
examples in t h e  A t l a n t i c  Ocean, when pumice was 
observed over submarine e rupt ive  cen te r s ,  the depth of 
which in one case was some 1500 m and in the  other  
case was a t  l e a s t  2000 m or even imuch more. 

(4 )  Near the  point denoted by a in Fig. 204/2 
t h e r e  i s  a submarine e leva t ion  t h e  t o p  of which i s  
ly ing  a t  a depth of about 2500 m. Point a i s  a place 
on which f l o a t i n g  pumices were seen tTree times. 
Southwestward of i t  there  i s  another point ,  symbolized 
by b, on which pumice was a l s o  observed. This f l a t  
submarine e leva t ion  i s  regarded t o  be the  submarine 
volcano from which the  pumices observed or ig ina ted  in 
1879 and 1883, in each case recedin the  paroxysmal 
phase of the  Krakatau erupt ion +T+ o t e  tha t  during and 

a f t e r  t he  paroxysm = f l o a t i n g  pumices were seen on 
these s i t e s .  

(5 )  The geographical coordinates  of the center  
of the  submarine elevat ion in question a re :  6"05' S ,  
89'10' E .  I t  i s  located in the  ax is  of the Ninety 
East Ridge near b u t  a l i t t l e  northward of i t s  central  
p a r t .  S t r i c t l y  speaking, however, the  submarine e le -  
vation belongs t o  the northern ( a c t i v e )  segment of the 
Ridge. 

( 6 )  The infer red  submarine volcano i s  located 
within a be l t  of high heat flow anomaly. Southeast of 
i t  t he re  i s  a p a r t i c u l a r  " h o t  spot" with a value of 
7.61 HFU - t h e  g rea t e s t  heat flow anomaly within the  
area extending from 73' E t o  105' E, and from 10" N t o  
31.5' S. The zone in question ( b e l t  I )  i s  the  ax is  of 
t h e  broad seismic b e l t ,  between points  b and 5 ( see  in 
Fig. 204/5). The seismical ly  ac t ive  long and wide 
s t reak  from point 2 t h r o u g h  b as f a r  as c i s  regarded 
as  a zone of weakness. Th'Z shocks ( a n  of shallow 
o r i g i n )  a re  the  consequences of f r a c t u r i n g  processes 
within the oceanic l i thosphere.  

( 7 )  Within such a zone of weakness there  i s  a 
p o s s i b i l i t y  f o r  the  or ig in  of deep f r ac tu res  along 
with the  rock-inelts can eas i ly  emerge from the  depth 
towards the sur face ,  c rea t ing  thus a l i nea r  chain of 
(shallow) magma chambers (probably within the  oceanic 
c r u s t ) .  

(8 )  One of these magma chambers led t o  the  sub- 
marine outburs t s  in 1879 and 1883, the  su r f i ca l  s igns 
of which were the  pumice masses observed. 

-- 

(9)  There i s  a p o s s i b i l i t y  f o r  f u r t h e r  submarine 
e rupt ions  along the  same be l t  of h e m w  anomaly, 
perhaps in the form of ra ther  slow lava flows on the  
bottom of the  ocean r a t h e r  t h a n  v io len t ,  explosive 
e rupt ions ;  p a r t i c u l a r l y  a t  point be ta ,  where the  
abnormally high heat flow value has been observed. 
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E 

205. 1880 July--Unnamed submarine volcano, Azores 

Neumann van Padang (1938) has mentioned a 
submarine e r u p t i o n  and a new i s l a n d  w i t h  a d iameter  o f  
155 m. No exact coord ina tes  were given; i t  appeared 
a t  a d i s t a n c e  o f  9 km from Sao Jorge, t h e  l a t t e r  b e i n g  
a t  38"30'N, 28"OO'W (Sapper 1927). 

7 T *  

206. 1880--Veteran, Cochin China 

A submarine e r u p t i o n  probab ly  occurred i n  t h i s  
year  (MacDonal d 1972) Underwater a c t i v i t y  may r e s u l t  
i n  the  b e l i e f  t h a t  a r e e f  e x i s t e d  here (Neumann van 
Padang 1953). 

E ? *  

208. 1881 -- Nameless submarine volcano, Melanesia 

A submarine e r u p t i v e  c e n t e r  i s  r e p o r t e d  a t  
18°45'S, 169'11'E by MacDonald (1972), no f u r t h e r  
d e t a i l s  a re  known. 

7T 

209. 1881 -- Sao Jorge, Azores 

New i s l a n d  t h a t  soon d isappeared (Sapper 1927). 

T * A 3  

210. 1882 -- BOgOS 

Steam was observed 
Rock ( L a t t e r  1979). 

o f ,  A l e u t i a n  I s l a n d s  

from t h e  sea, n o r t h  of Ship 

7T 

211. 1883 March 28 -- Tuluman, A d m i r a l t y  Group, 
Melanesia 

F i s h e r  (1957) noted  a submarine e r u p t i o n .  NO 
f u r t h e r  a c t i v i t y  was observed u n t i l  1953 June 27 when 
t h e  f i r s t  phase o f  a new c y c l e  began. 

7T 

212. 1883 J u l y  I l - l 2 - - G e o r g i a n a ,  N i n e t y  E a s t  Ridge, 
I n d i a n  Ocean 

See i t e m  204. 
7T 

213. 1883 August 1--Georgians, N i n e t y  Eas t  Ridge, 
I n d i a n  Ocean 

See i t e m  204. 
E 

214. 1883 August 11--Georgians, N i n e t y  E a s t  Ridge, 
I n d i a n  Ocean 

See i t e m  204. 

E 

215. 1883 August 17--Georgians, N i n e t y  Eas t  Ridge, 
I n d i a n  Ocean 

See i t e m  204. 
7T 

207. 1881 J u l y  -- Submarine volcano, Campi F l e g r e i  
d e l  M a r  d i  S i c i l i a  

West o f  P a n t e l l e r i a  a smal l  i s l a n d  was c r e a t e d  by 
submarine a c t i v i t y  (van Padang 1938). L o c a t i o n :  
36"51'N, 11'55'E. 

216. 1883 August 18--Georgiana, N i n e t y  Eas t  Ridge, 
I n d i a n  Ocean 

x *  
35 

See i t e m  204. 
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217. 1883 August  19--Georgians, N i n e t y  E a s t  Ridge, 
I n d i a n  Ocean 

See i t e m  204. 
x 

218. 1883 August 26 -- Krakatau, Sun& S t r a i t  
( F i g .  218/1) 

The g r e a t  and we1 1-known c a t a s t r o p h e  t h a t  caused 
t h e  deaths of 36,417 persons (Sapper 1927) i s  t r e a t e d  
in very d e t a i l e d  fo rm i n  a lmost  every  v o l c a n o l o g i c a l  
and g e o l o g i c a l  tek tbook .  There fore  we do no t  w ish  t o  
dea l  w i t h  t h e J v o l c a n o l o g i c a 1  events  here  i n  d e t a i l  and 
s h a l l  c o n f i n e  ourse lves  p r i m a r i l y  t o  t h e  s u b j e c t  o f  
tsunamis, q u o t i n g  some authors,  f o l l o w i n g  t h e  o r d e r  o f  
t h e  y e a r  o f  p u b l i c a t i o n  o f  t h e i r  works. A v e r y  v i v i d  
and i n t e r e s t i n g  d e s c r i p t i o n  on a l l  o f  t h e  events  i s  t o  
b e  found i n  Lane (1966). As a m a t t e r  o f  f a c t ,  t h e r e  
was more t h a n  one tsunami: t h e  f i r s t  one on August 
26, t h e  second on August 27, and a f t e r  these f u r t h e r  
o s c i l l a t i o n s  of t h e  sea were observed. These l a t t e r  
phenomena were due t o  atmospher ic  p ressure  waves 
r a t h e r  than t h e  c o l l a p s e  o f  t h e  v o l c a n i c  lnount (Ewing 
and Press 1955). I n  t h e  f o l l o w i n g  we s h a l l  speak 
about  t h e  f i r s t  and second tsunami as w e l l  as about 
f u r t h e r  osc?lEions. W i t h i n  one tsunami t h e  number 
o f s  was n o t  n e c e s s a r i l y  o n l y  one. F o r  ins tance:  

Heck 1947, p. 280): "Three waves f o l l o w i n g  erup- 
t i o n  of Krakatoa.  On Java shore, h e i g h t  was es t imated  

a t  f r o m  100 t o  135 f e e t  a t  Mera, 50 f e e t  a t  
Tyr ingen,  and 33 f e e t  a t  Anjer .  On Sumatra shore, 
h e i g h t  rose  t o  80 f e e t ;  a t  Te lok Batong, 72 f e e t ;  a t  
B a t a v i a  17 fee t . "  (Second tsunami) .  

Berninghausen (1966, pp. 71-73): "1883. August 
26. Sunda S t r a i t  ( S e l a t  Sunda 6'00'S, 105'45'E). 
Severa l  e x p l o s i v e  e r u p t i o n s  of Krakatau  generated 
waves which des t royed near  shore houses a t  T j a r i n g i n  
(6'21'S, 105'49'E) and Merak (5'44'S, 106'00'E) i n  
Java and Telukbetung (5'27'5, 105'16'E) on Sumatra." 
( F i r s t  tsunami) .  

"August 27. Sunda S t r a i t .  E x p l o s i v e  e r u p t i o n s  
o f  Krakatau  a t  0100, 0630 and 0730, l o c a l  t ime,  
generated waves which des t royed o r  damaged S i r i k  
(6'07'S, 105'53'E) and A n j e r l o r  (6'05'S, 105'55'E) on 
Java and Telukbetung on Sumatra. A t  1000 l o c a l  t ime,  
0358 GMT, a f o u r t h  e x p l o s i v e  e r u p t i o n  o f  Krakatau  
generated waves, w i t h  l o c a l  h e i g h t s  up t o  100 f e e t ,  
which devas ta ted  t h e  ad jacent  shores o f  Java and 
Sumatra. Waves were r e p o r t e d  f r o m  South A f r i c a ,  
Arab ian  Peninsula,  p o i n t s  on b o t h  s i d e s  o f  t h e  I n d i a n  
Peninsula,  Ceylon, Sumatra, Java, A u s t r a l i a ,  and 
v a r i o u s  i s l a n d s  i n  t h e  I n d i a n  Ocean as w e l l  as f rom 
l o c a l s  i n  t h e  A t l a n t i c  and P a c i f i c .  The t a b l e  (see 
below) g i v e s  a summary o f  t h e  r e p o r t s  on t h e  tsunami 
i n  t h e  I n d i a n  Ocean." (Second tsunami and f u r t h e r  
o s c i  1 l a t  i ons ) .  

Herewi th  we a r e  e n c l o s i n g  t h e  o r i g i n a l  t a b l e  f rom 
t h e  above c i t e d  paper o f  Berninghausen (1966, p. 71): 

Table 218/1. Tsunami generated by t h e  27 August 1883 e r u p t i o n  of Krakatau  

Places R e p o r t i n g  t h e  Wave 

Sunda S t r a i t  

South coas ts  o f  Sumatra and 
Krakatau............. ....... 

Java 
Benqkunat Bay.............. 
Palabuhan Ratu (Wi j n -  

koops b a a i )  .............. 
Teluk  Sanbat............... 
Mana............,.......... 
Pino....................... 
Rengkulu.......... ......... 
T j i l a t j a p  .................. 
Mukomuke... . . . . . . . . . . . . . . . .  
Painan..................... 

Cocos ( K e l l i n g )  Islands...... 
Andaman Is1 ands 

P o r t  61 a i  rt.. .............. 
Southwest coas t  o f  Ceylon 

Galle...................... 
Colombo.................... 

Eas t  coas t  o f  Ceylon 
Arugam Bay. ................ 
Batticaloa................. 
T r i n c o m a l e e . . . . . . . . . . . . . . . .  
Mullaittivu................ 
P o i n t  Pedro................ 

Padang ..................... 

L a t i t u d e  

06'06 S. 

05'37 S. 

07'05 S. 
04 ' 50 S . 
04"28'S. 

03"48'S. 
07'44'5. 
02 '35 S . 
01'21's. 
00'58's. 
12'00's. 

11'36". 

06'02 ' N. 
06'56 ' N. 

06'5 1 N. 
07'43 ' N. 
08'34". 
09'1 6' N. 
09'50' N. 

* 

Long i tude 

105'25 E. 

104'18' E. 

106'2 7 ' E. 
103"ZO'E. 
102'54'E. 

102'1 5 ' E. 
109'01 E. 
101 '08 ' E. 
100'34'E. 
100'22'E. 
96'50 ' E. 

92'45'E. 

80'13 ' E. 
79'51 'E. 

81'50'E 
81'42' E. 
NO14 'E. 

80'14 ' E. 

* 

8n04gi~. 

D i s t a n c e  
f r o m  
Krakatau  
( N a u t i c a l  
M i  1 es)  

90 

14 7 
160 
210 
21 5 
265 
330 

455 
490 
623 

1485 

1678 
1760 

370 

1694 

Time o f  
A r r i v a l  of 
F i r s t  
Great 
Wave (GMT) 

0258 

0958 

0644 

0747 

0754 
0911 

0805 

Height  o f  
1 s t  Great 
Wave 
( Inches)  

7 

Height  o f  
Maximum 
Wave 
( Inches)  

1,200 

S1 i g h t  

60 
72 
36 
84 
36 
72 
48 
108 

Noted 
50? 

48 
44 

Noted 
36? 
40? 

24? 
Noted 



Table 218/1. (continued) 

Places Repor t ing  t h e  Wave L a t i t u d e  

East  Coast o f  I n d i a  
Negapatamt ................. 
Madrast.................... 
Visakhapatnam.. ............ 
False  Pointt............... 
Dublatt.................... 

Diamond Harbort............ 
Kidderporet....... ......... 
Beyporet  ................... 
Bombayt....... ............. 
Karachit................... 

Adent...................... 

P o r t  Alfredt............... 
P o r t  Elizabetht............ 

Mahe Island................ 

Avoca i re  Island............ 

Mathur in  Bay..... .......... 
P o r t  Louis................. 

Cossack.................... 
Geralton................... 
Ashburton River............ 
R o t t n e s t  Island............ 

I n  R i v e r  Hoogly 

West Coast of I n d i a  

West Pak is tan  

Arab ian  Pen insu la  

South A f r i c a  

Seyche l les  I s l a n d s  

Cargados Cara jos 

Rodr igues I s l a n d  

Mur i  t i us 

West coas t  o f  A u s t r a l i a  

L o c a t i o n  

Krabatau  
Cape H 

Bah ia  Orange 

10'46' N. 
13'05" 
17'42". 
20" 18' N. * 

22'12 ' N. 
22'32". 

11'11'N. 
18'45' N. 

24'52 ' N. 

12'46'N. 

33'36's. 
33'58's. 

04 "40 ' S . 
16'36's. 

19'40 ' S. 

20'10 ' s. 
20'42' S .  
28'46's. 
21'40's. 
32'00'S. 

L a t i  tude 

06"06'S. 

55'32 I S .  

Lonq i tude 

79'50'E. 
80'1 7' E. 
83'18'E 
86'48'E. * 

88'12'E. 
88" 19 ' E. 

75'49' E. 
72'50 ' E. 

67'03'E. 

45'01 ' E. 

26'54 ' E. 
25'35'E. 

55'28'E. 

59"38'E. 

63'25 ' E .  

57'30'E. 

117'12'E. 
114'38'E. 
114'56'E. 
115'30'E. 

Dis tance 
f rom 
Krakatau 
( N a u t i c a l  
M i  1 es)  

1840 
1905 
2012 
2068 
2116 

2151 
2194 

2150 
2634 

3210 

3804 

4632 
4687 

2983 

2753 

2579 

2913 

1107 
1456 
1080 
1653 

Time o f  
A r r i v a l  o f  
F i r s t  
Great 
Wave (GMT) 

0920 
0912 
0949 
1049 
1204 

1414 
1619 

1046 
1359 

1412 

1449 

1522 
1610 

1218 

1101 

1006 

1025 

Height  o f  
1 s t  Great 
Wave 
( Inches)  

I 

11 
4 
6 
8 
8 

8 
4 

8 
5 

10 

4 

17 
16 

*Th is  cannot be l o c a t e d  on a v a i l a b l e  gazet teers ,  maps', and a t l a s e s .  
tRecords f rom t i d e  gages. 

Berninghausen (1968, p.  32. and 43, respec t -  
i v e l y ) :  "1883. Aug. 27 and 28. A t l a n t i c  Ocean, 
E n g l i s h  Channel: 
e r u D t i o n o f a t a u  i n  t h e  Sunda S t r a i t  between Java 

Waves a t t r i b u t e d  t o  t h e  e x p w  

and' Sumatra on t h e  26 th  were recorded on t i d e  gages 
(gauges - n o t e  by Hedervar i )  th roughout  t h e  world." 
The resume o f  t h e  t i d e  gage records  i n  t h e  A t l a n t i c  i s  
g i v e n  i n  t h e  n e x t  t a b l e :  

Tab le  21812. T i d e  gage records  o f  Krakatau Wave i n  t h e  A t l a n t i c  

Long i tude 

105'25' E. 

68'01 ' W. 

D is tance 
from 
Krakatau 
(N u t i c a l  
m i l e s )  

... 
Paci f i c 

7,520 
v i a  I n d i a n  

7,818 

Commence- 
ment o f  
d i s t u r b a n c e  
G.M.T. 

(da ./hr/mi n ) 

27/02/58 

271 18/52 

Heiqht  o f  
Maximum 
Wave 
( Inches)  

12 
4 
6 
12 
8 

8 
4 

14 
7 

15 

5 

19 
30 

12 

Noted 

24 

18 

60 
72 

Noted 
18 

( i ;F; .grej  :::y:'i Height  

dav/h r / m i  n ( in . )  

above o f  max. 
normal Wave 

29/09/29 I 5 1 5 
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Table 218/2. ( c o n t i n u e d )  

Height  
above 
normal 
( i n . )  

5 

L o c a t i o n  La t i  tude 

Hei gh t  
o f  max. 
Wave 

,_ ( i n . )  

7 
South Georgia 

P o r t  M o l t k e  
Panama 

Cnlon 
Europe 

Socoa 
Rochef o r t  
Devonport 
Cherbourg 

35' 54 '  w . 
79'54 ' w. 

01'39' W. 
00'59' W. 
04'1 1 ' W. 
01'39'W. 
O2'26'W. 
00'08' E. 

54'31 ' S .  

09'22' N. 

43'24' N. 
45'56' N. 
50'22'N 
49'39' N. 

6,676 

11,470 

10,900 
10,900 
11,040 
11,096 
11,097 
11,160 

P o r t 1  and- 
LaHavre 

D is tance Commence - 
Krakatau d i s t u r b a n c e  

Long i tude G.M.T. 
m i l e s  

ment o f  

50'33' N. 
49'30' N. 

27 f 16 f 27 

... 
27 f 05/52 
28/07/44 
28/06 f 20 
28/09/26 

281 1 I/  33 
... 

F i r s t  qrea 
Wave 
G.M.T. 

(dav f hr fmin)  

27 116 f 55 

27/21/50 

281 04 f 57 
28 f 09/24 
28 f 101 45 
281 09 f 26 
26 f 101 15 
28/11f 33 

Note t h a t  t h e  d a t a  i n  t h i s  Tab le  r e f e r s  t o  t h e  f u r t h e r  o s c i l l a t i o n s .  

Berninghausen (1969, p. 292): "1883. Aug. 26. 
Indonesia,  Java and Sumatra. Waves generated by t h e  
e x p l o s i v e  e r u p t i o n  o f  Krakatoa i n  t h e  Sunda S t r a i t  
were r e p o r t e d  f rom s t a t i o n s  th roughout  t h e  wor ld .  
Waves e s t i m a t e d  a t  f rom 30 t o  40 meters (100 t o  130 
f e e t )  i n  h e i g h t  were r e p o r t e d  f rom t h e  Java shore o f  
t h e  s t r a i t  w h i l e  24 meter (80 f e e t )  waves were 
r e p o r t e d  f rom t h e  Sumatra shore. The f o l l o w i n g  l i s t  
g i v e s  i n f o r m a t i o n  on waves which were no ted  a long t h e  
n o r t h e r n  coas t  o f  Java." 

Table 218/3. 

7 1 ... 

D i s t a n c e  f rom 
P1 ace Krakatoa Wave h e i  g h t  

M i  1 es (meters)  ( f e e t )  

Bantam (06'03'S., 106'09'E.) 50 2.0 6.0 
L o n t a r  (05'58'S., 106'18'E.) 55 2.3 7.5 
Kramat (06'16'S., 106'38'E.) 77 3.4 11.0 

T j i l i n t j i n g  (06'06'S., 106'56'E.) 102 0.6 2.0 
Ta nd j ungp r i ok (06'06'S., 106'52'E.) 100 2.0 6.0 

Rambatan* 184 0.6 2.0 
D japara  (06'35'S., 110'39'E.) 310 0.5 1.5 
Udjung Pangkah (06'35'S., 112'23'E.) 440 0.02 0.6 
Surabaja (07'15'S., 112O45'E.) 465 0.02 0.6 
Karang K1 e t a *  497 0.02 0.8 
(Evans and Wharton 1888, Heck 1947, Verbeek 1886) 

*Cannot be l o c a t e d  i n  ava i  1 ab1 e gazet te rs .  

These da ta  r e f e r  t o  t h e  second tsunami. Genera t ing  area:  Sunda S t r a i t .  P lace  o f  o b s e r v a t i o n :  
Indonesia,  Sumatra-Telok Batong, Java-Merak, Anjer .  

F o r  t h e  f i r s t  tsunami I i d a  e t  a l .  (1972) gave t h e  H e i g h t :  1.5 (meter) .  E f f e c t s  and remarks: camp 
f o l l o w i n g  r e p o r t :  swept away." 

"1883. Aug. 26. 17:07 ( l o c a l  d a t e  and t i m e  o f  
tsunami  g e n e r a t i o n  o r ,  if source unknown, o f  observa- 
t i o n  16.7'S, 105.4. Krakatoa vo lcano exp los ions .  

F o r  t h e  second tsunami and t h e  f u r t h e r  o s c i l l a -  
t i o n s  t h e  d a t a m v e n  i n  t h e  f o l l o w i n g  Table:  
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Table 218/4. 

Date 

Aug. 26-27 

---------- 
Aug. 27 
0 1  : 42 
05 : 30 
06:44 
10:02 

Aug. 27 
02: 59 

Place o f  
o b s e r v a t i o n  

Japan, Honshu- 
Sagami, Shi koku- 
Satsuma 
A u s t r a l i a ,  Sydney 
New Zealand 
Hawaiian I s l a n d s ,  
Oahu-Honolulu 
Alaska, Kodiak 
C a l i f o r n i a ,  San 
Franc isco  

Sumatra-Tel ok Batong , 
Java-Si r i  k, Java- 
An je r ,  Sumatra 

.......................... 

Suma t r a -  Ta 1 o k Bat ong , 
Vlakke Hock 

Java, Tyr ingen 
Merak 
B a t a v i a  
Surabaya 

Height  
(meters )  

very  
smal 1 

<0.1 
0.3 

0.24 
0.1 

22 
15 

15-20 
35 

2.4 
0.2 

-------------- 

E f f e c t s  and remarks 

The smal l  waves observed i n  t h e  P a c i f i c ,  as w e l l  as i n  
o t h e r  oceans, were generated by atmospher ic  pressure 
waves r e s u l t i n g  from t h e  major  Krakatoa exp los ion  and do 
n o t  represent  t h e  t r u e  tsunami observed i n  t h e  v i c i n i t y  
o f  t h e  Sunda S t r a i t .  Few authors  have noted t h a t  more 
t h a n  one tsunami was connected w i t h  t h e  Krakatoa 
exp los ion .  No magnitudes have been ass iqned t o  t h e  
Krakatoa tsunamis because t h i s  mode o f  genera t ion  was 
d i f f e r e n t  f rom t h a t  assumed i n  t h e  d e f i n i t i o n  o f  tsunami 
magnitudes. 

V i l l a g e  submerged. Almost e n t i r e l y  swept away. Lower 
p a r t  o f  town ( p r o b a b l j  Java-Anjer  --  a u t h o r )  overwhelmed. 
Major  exp los ion ,  8 km o f  volcano blown away (accord inq  
t o  o t h e r  sources, 18 km -- a u t h o r ) .  A l l  towns and 
v i l l a q e s  on Sunda S t r a i t  dest royed.  Warship ("Berouw", a 
Dutch one -- a u t h o r )  c a r r i e d  3 km i n l a n d  t o  10 m 
e l e v a t i o n .  A l l  towns and v i l l a g e s  on Sunda S t r a i t  
des t royed . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Table 218/4. has been compi led a f t e r  I i d a  e t  a l .  (1972).  

.I 

F i g u r e  218/1.-- Rakata I s l a n d  a f t e r  t h e  1883 e r u p t i o n  o f  Krakatau. Above: 
seen f rom t h e  southeast ;  below: c o l l a p s e  o f  t h e  nor thwest  p o r t i o n  o f  t h e  
i s l a n d  has s p l i t  t h e  mountain. The main v o l c a n i c  vent  and even a sha l low 
maqma chamber w i t h i n  t h e  mountain i t s e l f  a re  e a s i l y  v i s i b l e  on t h i s  n e a r l y  
v e r t i c a l  n a t u r a l  sec t ion .  
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F 219. 1883 September 27 -- Bogos lo f ,  A l e u t i a n  I s l a n d s  

B i r t h  o f  l a v a  dome known as New Bogoslof ,  n o r t h  
o f  Sh ip  Rock ( L a t t e r  1979). Submarine e r u p t i o n ,  and 
as a consequence an a n d e s i t i c  l a v a  dome came i n t o  
be ing.  L a t e r  on a s u b a e r i a l  c r a t e r  was formed 
( M e r c a l l i  1907). Appearance of a new t a b u l a r  mass o f  
l a v a  from t h e  sea. Grewingk = F i r e  = New Bogoslof .  
Exp los ions ,  bombs, and d e b r i s  j o i n e d  Sh io  Rock and 
C a s t l e  Rock t o  f o r m  a s i n g l k ,  e longated  i s l a n d  
[ B u l l  a r d  1968). 

220. 1883 February 6 -- S t .  August ine,  A laska 

E x p l o s i v e  e r u p t i o n ,  accompanied by tsunami w i t h  
a h e i g h t  o f  9 m (Henning e t  a1 . 1976) o r  10 m (Sapper 
1927), r e s p e c t i v e l y .  It was observed a t  Kenai 
Pen insu la ,  P o r t  Graham (Cox e t  a1 . 1976), and on t h e  
A l e u t i a n  I s l a n d s  (Hech 1947) as w e l l .  The tsunami 
magni tude i s  ass igned as 3? ( I i d a  e t  a l .  1972) which  
corresponds t o  an energy o f  1.58*10z3 ergs.  Accord ing 
t o  Sapper (1927), rumbl ings ,  p u m i c e - f a l l ,  a s h - f a l l ,  
bombs, l a p i l l i ,  and " f lames"  were observed, and " t h e  
mount s p l i t  i n  two". The e r u p t i o n  has been des ignated  
v e r y  power fu l  and paroxysmal by Hantke (1979). E: 
M e r c a l l i  (1907) has c a l l e d  a t t e n t i o n  t o  t h e  
i n t e r e s t i n g  f a c t  t h a t  t h e  grea t  e x p l o s i v e  outbreak o f  
S t .  August ine occur red  a lmost  s imu l taneous ly  w i th  t h e  
e r u p t i o n  o f  Bogoslof (see i t e m  221). May i t  be t h a t  
t h e s e  two e r u p t i o n s  were r e a l l y  connected i n  an 
unknown way w i t h  each o t h e r ?  I n  our  o p i n i o n  a phys i -  
c a l  c o r r e l a t i o n  between these two volcanoes i s  e x t r e -  
mely u n l i k e l y ;  c o n s i d e r  t h e  v e r y  g r e a t  d i s t a n c e  

F i g u r e  218/2.-- O l d  p a i n t i n g  about e r u p t i o n  o f  between these e r u p t i v e  centers .  Thus t h e i r  almost 
Krakatau i n  1883. A f t e r  M e r c a l l i .  s imul taneous a c t i v i t y  i s ,  i n  a l l  p r o b a b i l i t y ,  due t o  

chance. 

t ' "  

There a r e  a few a d d i t i o n a l  sources i n  two recent  

Accord ing ly :  
p u b l i c a t i o n ;  o f  World Data Center A f o r  S o l i d  E a r t h  221. 1883 October  20 -- 3ogos lo f ,  A l e u t i a n  I s l a n d s  
Geophysics, which should a l s o  be quoted. 

P lace  o f  o b s e r v a t i o n :  Alaska, Kodiak;  h e i g h t :  0.1 e a s t  ( L a t t e r  1979)- 
(meter ) ;  o b s e r v a t i o n  and remarks: smal l  waves 
a r r i v i n g  2 7  August sometime between 18:OO and 23:OO 
were generated by atmospher ic  p ressure  waves r e s u l  t i n g  
from t h e  e x p l o s i o n  o f  Krakatoa,  and were n o t  asso- 
c i a t e d  w i t h  t h e  tsunami t h a t  caused d e s t r u c t i o n  a long 
shores o f  Sunda S t r a i t . "  That i s ,  t h i s  r e f e r s  t o  t h e  
f u r t h e r  o s c i  1 l a t i o n s .  S i m i  1 a r l y  (Pararas-Carayanni  s 
and Calebaugh 1977, p. 1 4 ) :  "1883. Aug. 27. - Area o f  
o r i g i n :  Sunda S t r a i t ,  Indones ia ;  p l a c e  o f  observa- 
t i o n :  Hawaii ,  Oahu I s l a n d ,  Honolu lu ;  h e i g h t :  0.2 
( m e t e r ) ;  o b s e r v a t i o n  and remarks: t h e  waves were o n l y  
d e t e c t a b l e  by t i d e  gage and a r r i v e d  a t  00:31, Aug. 27. 
(The smal l  tsunami recorded i n  Hawaii  was generated by 
atmospher ic  p ressure  waves f rom t h e  major  Krakatoa 
e r u p t i o n .  The o n l y  t r u e  tsunamis were generated and 
observed i n  t h e  v i c i n i t y  o f  Sunda S t r a i t . ) "  

F i n a l l y ,  we ment ion t h a t  t h e  speed o f  t h e  second 
tsunami i n  t h e  open water  migh t  have reached 700 krn/h. 

(See i t e m  220 as w e l l . )  V i o l e n t  e x p l o s i v e  
COX e t  a i .  (1976, p. 13): "1883. 17. - o u t b u r s t ,  a s h - f a l l  a t  Unalaska, some 100 km t o  t h e  

K t  
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F i g u r e  221/1. - -  The f i r s t  appearance o f  Bogos lo f  i n  1796 
(upper  d rawing)  and an 1883 v iew ( lower  d rawing) .  1 .  
Sh ip  Rock; 2 .  O ld  Bogos lo f ;  3. New Bogos lo f .  
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222. 1884 December 29--Unnamed submarine volcano, 

The water suddenly became boi l ing  and seething 
over a region 8 t o  10 km. The sea sur face  a t  places  
was thrown up t o  a height  o f  0.6 m above the normal 
l e v e l .  I t  might have been a real erupt ion,  because o f  
the r e l a t i v e  proximity o f  a seamount (van Padang e t  
a l .  1967). The coordinates  of the seamount i n  question 
a r e  48' 17.5' N, 35" 22' W ,  and the event  was observed 
a t  49' 00' N ,  34" 30' W .  

northern At lan t ic  

x 

223. 1884 ( ? )  -- Eldey, Iceland 

Submarine a c t i v i t y ,  no d e t a i l s  (Berninghausen 
1964). 

224. 1885 October 11 ( o r  October 14) - 1886 October 
-- Falcon Is land,  Tonga Volcanic Group 

New is land  appeared. In 1886 t h e  volcano was 
s t i l l  i n  erupt ion (Richard 1962). According t o  Sapper 
(1927) t h e  new is land  came i n t o  being on October 14, 
and 4 days l a t e r  submarine a c t i v i t y  was observed 
again. Act iv i ty  was noted in  the next year  also,  when 
the i s land  reached a length of 2600 m and a height  of 
50. I n  1887 i t  was 90 m high. Disappeared in  1898, 
but i n  1900 c l i f f s  appeared immediately below sea 
1 eve1 ("backs of whal es" )  . 

K * f * 3 *  

225. 1886 March -- Unnamed volcano, Kermadec 

A submarine erupt ion has been reported a t  
29'11'S, 177'52'W. A grea t  mass of f l o a t i n g  pumice, 
near ly  5 kin long and 2.5 km wide was seen, r i s i n g  u p  
froiii the depth and spreading out from the center  of 
the mass (Richard 1962). 

Kermandec Volcanic Group 

226. 1886 June 10 -- Tarawera, New Zealand 

The grea t  explosive erupt ion t h a t  or ig ina ted  
from a regional f i s s u r e  was - probably - accompanied 
by base surge (MacDonal d 1972). 

= t =?= 

227. 1886 August 17 -- Nameless submarine e rupt ive  
center, Central Mediterranean Sea 

A t  35'54'N, 18'40'E a flame was seen, having had 
a height  of 30 m and a w i d t h  of 10. The phenomenon 
soon disappeared. Very doubtful event, mentioned only 
by Sapper (1927). The sea here i s  about 4000 m deep 
and t h e  point mentioned i s  very f a r  from t h e  known 
volcanic  b e l t s  of the Mediterranean Sea. 

K ?  

228. 1886 A u g u s t  27 -- Nameless submarine e rupt ive  
c e n t e r ,  Central Mediterranean 

A r e a l l y  e x t r a o r d i n a r i l y  i n t e r e s t i n g  c o r r e l a t i o n  
can be surmised between the  submarine volcanic a c t i -  

v i t y  and t h e  grea t  earthquake; both took place on t h e  
same day. According t o  Sapper (1927) a t  midnight, not 
too inuch a f t e r  the  earthquake (see  l a t e r )  a dense, 
black cloud emerged froin the sea v e r t i c a l l y .  I t  had a 
reddish color .  The locat ion of t h e  event was 36'17'N, 
21'27'E. 

For t h e  earthquake, a n  erroneous loca t ion  i s  
given by Giorge t t i  and Iaccar ino (1971). According t o  
them event No. 1091 took place a t  Messenia: 38'18'N, 
15'36'E. The ep icent ra l  i n t e n s i t y  was a t  l e a s t  10 
degrees or  even more. I t  i s  c l e a r ,  however, t h a t  the  
Greek town, Messenia, was confused with t h e  I t a l i a n  
town, Messina. The coordinates  given above- 
would r e f e r  t o  the  ep icent ra l  loca t ion)  a r e ,  in  f a c t ,  
the coordinates  of t h e  I t a l i a n  Messina (according t o  - The Prentice-Hall World At las ,  New Jersey ,  1963: 
Messina: 38'11'N, 1WE;e Messini = Messenie: 
37'01'N, 22"OO'E). 

According t o  Galanoupoulos (1960, 1960a) t h e  epi-  
cen t ra l  coordinates  were a s  follows: 37'N, 21'25'E 
and t h e  i n t e n s i t y  of the shock a t  Messini ( o r  Messinia 
= P h i l i a t r a )  was 11 degrees. The shock occurred a t  
about 21h 30111 GMT and i t  had a n  intermediate  focus. 
I n  s p i t e  of t h i s ,  a tsunami did occur. " A  r e a l l y  
g r e a t ,  probably intermediate  shock with a very la rge  
meizoseismal area on the western coast  of Messenia, 
was followed by a tsunami observable as  f a r  away as  
Smyrna." (Galanopoulos 1960, p. 378). The same data  
a r e  repeated by Ambraseys (1962), a s  well as Karnik 
(1971). Three towns: P h i l i a t r a ,  L igudis t ra ,  and 
Koroni and 123 v i l l a g e s  were almost completely 
destroyed. Richter  magnitude: 8.4. 

In a l l  l ike l ihood t h e  submarine erupt ion was 
d i r e c t l y  t r i  ered by t h i s  tremendous shock. Note 

volcanic phenomenon, can be found south of 
Peloponnesos, r a t h e r  f a r  from the  known volcanic chain 
of t h e  Greek archi pel ago. 

i T 5  

t h a t  t h e  + p ace mentioned as  the probable s i t e  of the  

229. 1886 -- Metis Shoal, Tonga Volcanic Group 

Submarine a c t i v i t y .  The rock t h a t  came above 
t h e  level  of the sea as  a r e s u l t  of the  underwater 
erupt ion in  1858 (see item 188), was 122 m high and i t  
occasional ly  has been very a c t i v e  (Richard 1962). 

-nt * 

230. 1887 January 16 -- Mauna Loa, Hawaii 

Eruption from the southwest r i f t  zone, accom- 
panied by a submarine lava flow of some 153 mil l ion  
m3 (MacDonald 1955). 

231. 1887 April 1 -- Unnamed submarine volcano, 

An underwater erupt ion i s  mentioned by Sapper 
(1927) a t  17'38'N, 46'34'W. No f u r t h e r  information; 
doubtful .  

Northern At lan t ic  

E ?  
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232. 1887 -- Fa lcon I s l a n d ,  Tonga V o l c a n i c  Group which corresponds t o  an energy o f  1022 ergs.  The 
e r u p t i o n  was i n  progress when t h e  tsunami took place. 

The new i s l a n d  (see i t e m  224) has reached a The outbreak i s  d o u b t f u l ,  however, a s  it i s  no t  
l e n g t h  o f  some 87 m and i s  e v i d e n t l y  s t i l l  i n  f u r t h e r  ment ioned by Neumann van Padang's Catalogue of A c t i v e  
- a l t h o u g h  s low - development (R ichard  1962). (See Volcanoes of t h e  World (1951)- It i s  noteworthy,  
1889 as w e l l  .) fu r thermore ,  t h a t  Heck (1947) a l s o  mentioned the  event 

b u t  e r ron-eous ly  gave 1899 September 8 i n s t e a d  o f  1889 
September 9 as t h e  date.  x 

T ?  

233. 1887-1890 (between these y e a r s )  -- Bogosl o f ,  
A l e u t i a n  I s l a n d s  

Disappearance o f  Ship Rock ( L a t t e r  1979). 

At3 

237. 1889 -- Ki ta- Iwo-z ima,  Izu-Mar iana I s l a n d s  

The water  was e j e c t e d  t o  a h e i g h t  o f  100 m; t h e  
a c t i v i t y  stopped a f t e r  t he  ear thquake o f  t h a t  year.  
B lack  mud and ash were thrown up f rom t h e  submarine 
e r u p t i v e  center .  Sapper (1927) has mentioned a sub- 
mar ine outbreak f r a n  t h i s  area b u t  w i t h o u t  g i v i n g  t h e  
d a t e  o f  t h e  e v e n t ' s  occurrence (Kuno 1962). 

x f  r 
234. 1888 March 13 -- R i t t e r  I s l a n d s  o f f  t h e  

Nor theas t  Coast of New Guinea 

The e r u p t i o n  was somewhat s i m i l a r  t o  t h a t  o f  

1889 -- Unnamed volcano, Tonga Vo lcan ic  Group Tambora i n  1815 and Krakatau i n  1883: on t h e  dawn o f  
March 13, most o f  t h e  v o l c a n i c  mount was d i s i n t e g r a t e d  

T h i s  submarine vo lcano i s  l o c a t e d  between by  a t e r r i b l e  e x p l o s i o n  ( F i s h e r  1957), t h a t  was 

the eruption it was a 'One some 'O0 high' but the nym f o r  Fa lcon I s l a n d .  No f u r t h e r  data f o r  t he  exact 
catastrophic event caused Of Of  the s i t e  a r e  given. D i s c o l o r e d  water,  c o n t a i n i n g  v o l c a n i c  s u b a e r i a l  p o r t i o n  of t h e  mount, i n  a l l  l i k e l i h o o d  by a 
co l lapse-process  (Center  f o r  Shor t -L ived  Phenomena, 
Repor t  No. 1507, 1 9 F -  

238. 

f o l l o w e d  by a great and powerful tsunalni* Prior to Tongatapu and Fonua Fo'ou, t h e  l a t t e r  name is a syno- 

matter 
(R ichard  1g62). The event is a little doubtful, 

kind of fine particles) was reported 

T ?  
Heck (1947) gave March 12 f o r  t h e  day of 

occur rence o f  t h e  tsunami. Genera l l y ,  however, March 
13 i s  accepted. The se ismic  sea wave e n g u l f e d  t h e  239. 1889 -- Fa lcon I s l a n d ,  Tonga V o l c a n i c  Group 
n o r t h  coas t  o f  New Guinea and i t  was observed i n  New 
B r i t a i n  as w e l l .  It caused g r e a t  damage and some l o s s  I n  t h i s  year  t h e  i s l a n d  (see i tems 224 and 232, 
o f  l i f e .  Heck does no t  ment ion v o l c a n i c  e r u p t i o n .  r e s p e c t i v e l y )  was 2 km l o n g  and 1.6 km wide, w i t h  a 
The tsunami magnitude was ass igned as 2? by I i d a  e t  maximum h e i g h t  o f  a lmost 47 m a t  t h e  southern end. It 
a l .  (1972); t h e  cor respond ing  energy amounts t o  c o n s i s t e d  o f  loose ashes and c i n d e r s  (R ichard  1962). 

12 m. 
3.98*1022 ergs. The imaximum h e i g h t  o f  t h e  waves was x 

O t "  

235. 1889 September 6 ( o r  September 9?)--Banua 
Wuhu, Sangi he I s 1  ands 240. 1889 -- M e t i s  Shoal, Tonga Vo lcan ic  Group 

Berninghausen (i969) gave t h e  d a t e  o f  t h e  event 
as September 6, b u t  i n  o t h e r  sources (Neumann van 
Padang 1951, van Bemmelen 1970) we f i n d  September 9. 
It i s  l i k e l y ,  however, t h a t  t h e  two e r u p t i o n s  are  t h e  
same. There i s  some c o n f u s i o n  w i t h  t h e  e r u p t i o n  o f  
Ruang--see i t e m  236. However, Ruang's outbreak i s  no t  
mentioned by t h e  C a t a l o  ue o f  A c t i v e  Volcanoes o f  t h e  
Wor ld  (Neumann h a n g  1951 . Accord ing t o  
g e x n g h a u s e n  (1969) t h e  waves we:e r e l a t i v e l y  smal l  
ones, o n l y  1.5 m i n  h e l g h t  a t  Taroena on t h e  Sangihe 
I s l a n d s .  The waves washed up many dead f i s h e s .  
Neumann van Padang (1938) has mentioned t h e  b i r t h  o f  a 
new i s l a n d ,  hav ing  had a h e i g h t  o f  50 m a t  t h e  most. 
The a c t i v i t y  ended i n  1895. On September 6 a shock 
was f e l t  t h a t  was probab ly  a t e c t o n i c  one. 

T A T  -k% 

The rock which came i n t o  e x i s t e n c e  i n  1858 (see 
i tems 188, 201, and 229, r e s p e c t i v e l y ) ,  i n  1889 was 
about 90 m across and some 20 m h i g h  ( R i c h a r d  1962). 

7T 

241. 1890 February -- Bogoslof ,  A l e u t i a n  I s l a n d s  

Submarine outbreak ( M e r c a l l i  1907). Ash on F i r e  
I s l a n d ,  which was i n  a f u m a r o l i c  s tage u n t i l  about 
1896 ( L a t t e r  1979). 

* 

X f  

236. 1889 September 9--Ruang, Sangihe I s l a n d s  242. 1891 October 17 - October 25 - F o e r s t n e r  
(Phlegraen F i e l d s  o f  t h e ) ,  S i c i l y  Sea 

As mentioned i n  i t e m  235, t h i s  a l l e g e d  e r u p t i o n  
i s  o f t e n  confused w i t h  t h e  a c t i v i t y  o f  Banua Wuhu. T h i s  submarine erup t l ion  p o i n t  i s  a l s o  known as 
Accord ing  t o  I i d a  e t  a l .  (1972) a tsunami accompanied "Bank NNW o f  P a n t e l l a r i a  . E x p l o s i v e  e r u p t i o n  w i t h  
t h e  e r u p t i o n  o f  Ruang. It had a maqnitude o f  l?, emiss ion  o f  gases and e j e c t i o n  o f  i n t e r n a l l y  incan- 
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1826 

Q 3  

1884 

1895 

F igu re  241/1.-- Development o f  t h e  Bogoslof  group. 1 .  
Ship Rock; 2. Old Bogoslof ;  3.  New Bogoslof ;  4.  
S t r i p  o f  l a n d  t h a t  i s  d r y  a t  ebb - t i de .  (From Sapper) 

descent f ragments a long t h e  nor thwest  submarine s lopes 
o f  t h e  i s land .  Earthquakes and upward mot ions o f  t h e  
i s l a n d  as a whole preceded and accompanied t h e  event 
(Imbo 1965). 

x t  

243. 1891 December -- Unnamed volcano, Campi F l e g r e i  

Only u n c e r t a i n  re fe rences  a re  a v a i l a b l e  about a 

d e l  Mar d i  S i c i l i a  

submarine e r u p t i o n  south o f  P a n t e l l e r i a  (Imbo 1965). 

T ?  

244. 1892 June 7-8--AwuY Sangihe I s l a n d s  

A tsunami occurred w i th  a magnitude o f  l ?  ( I i d a  
e t  a l .  1972) as a r e s u l t  o f  t h e  Awu erupt.ion, b u t  no 
d e t a i l s  a re  known. The e r u p t i o n  i t s e l f  i s  assigned as 
a great  one by t h e  Catalogue o f  t h e  A c t i v e  Volcanoes 
o f  t h e  World (Neumann van Padang 1951) . Sapper (1927) 
ment ioned t h a t  1,532 persons l o s t  t h e i r  l i v e s .  It i s  
supposed t h a t  t h e  tsunami was caused by nuees ardentes 
e n t e r i n g  t h e  sea. 

Q ,-La 4 

245. 1893 (more l i k e l y  be fo re  t h i s  y e a r ) - -  
Emperor of China, Banda Sea 

Submarine exp los ions?  The ex i s tence  o f  t h i s  
volcano, f i r s t  mentioned i n  t h e  Catalogue o f  A c t i v e  
Volcanoes o f  t h e  World (Neumann van Padang 1951) was 
r e c e n t l y  doubted by Jezek (1978) and debated by 

Neumann van Padang (1978). The s i t u a t i o n  i s  t h e  same 
w i t h  Yersey (Lesser  Sunda I s lands ) ,  Nieuwerkerk (Banda 
Sea) as w e l l  as w i t h  a nameless submarine volcano i n  
t h e  r e g i o n  o f  t h e  Sangihe I s lands .  The ma t te r  of  t h e  
debate i s  very i n t e r e s t i n g  and very p e r t i n e n t  t o  our  
sub jec t ;  f u r the rmore  as t h e  p e r i o d i c a l  " B e r i t a "  o f  t h e  
Indonesian Geologica l  Survey ( D i r e k t o r a t  Geologi  ) i s  
n o t  a v a i l a b l e  f o r  a l l  o f  t h e  readers, i t  seems t o  be 
reasonable t o  g i ve  here a summary o f  t h e  views of 
Jezek and Neumann van Padang. 

Neumann van Padang ( B e r i t a ,  lo, 17, pp. 198-199, 
1978) has w r i t t e n :  

I n  " B e r i t a "  v. 10 (1978), n. 13, p. 150, c.2. 
I read t h a t  Jezek doubts t h e  ex i s tence  of 
submarine volcanoes Nieuwerkerk and Emperor 
o f  China. Bu t  u n f o r t u n a t e l y  t h e  mot ives of 
h i s  doubts were not  mentioned. 

I am o f  t h e  o p i n i o n  t h a t  Roerema's way of 
t h i s  t h i n k i n g  was l o g i c a l  and t h e r e f o r e  
c o r r e c t .  He wro te  (1929, p. 919): "On t h e  
sea c h a r t  o f  i s l a n d s  and channels East  of 
Java 1:1,000,000, e d i t e d  i n  1893 t h r e e  c o r a l  
r e e f s  were i n s e r t e d  w i t h  t h e  names: 

Nieuwerkerk reef.. ....... .124"43'E, 6'39's 
Emperor o f  China ree f .  .... 124'17'E, 6'44's 
and 
Yersey reef .  ............. .123'57'E, 7'32'5" 

Krus inga (1938, p. 955) communicated t h a t  
acco rd ing  t o  J.C.H. Lui jmes, Ch ie f  o f  t h e  
Department of Hydrography, Nieuwerkerk was a 
s h i p  wrecked i n  1742 about 60 km n o r t h e r l y ,  
and Emperor o f  China another  sh ip  wrecked a t  
about t h e  same p l a c e  i n  1852. 

On September 24, 1925, a s h i p  s a i l i n g  a t  
6'40's and 124'41'E observed a t  a d i s tance  of 
about 2 km t u r b u l e n t  water.  The ex tens ion  of 
t h e  s u r f  was est imated t o  be h a l f  a mi le.  
The p l a c e  was considered t o  be t h e  same as 
t h a t  o f  t h e  Nieuwerkerk reef.  The d i s t u r -  
bance o f  t h e  water  was t h e  same as may be 
seen on r e e f s  d u r i n g  calm weather and l i g h t  
swe l l .  T h i s  r e p o r t  induced t h e  Mar ine 
Department o f  t h e  Nether lands I n d i e s  t o  make 
r e w a r m  1 n t o  t n a t  reg1 on. 

Soundings were done by t h e  su rvey ing  vessel  H. M. 
Tydeman and t h e  submarine K. 111. i n  May and by t h e  
submarine K. X i n  November 1926. However none o f  t h e  
vessels  found a depth l e s s  than 2300 m. Therefore t h e  
r e e f s  were expunged on t h e  sea c h a r t  e d i t i o n  o f  1927. 

By i n s e r t i n g  t h e  d i f f e r e n t  t r a c k s  on t r a c i n g  c l o t h  i t  
became c l e a r  t h a t  a 1000 m h i g h  mountain r i d g e  rose on 
t h e  sea bot tom w i t h  a depth o f  4200 m. The summit 
w i t h  r a t h e r  s teep s lopes had a h e i g h t  o f  2000 m. The 
c o n f i g u r a t i o n  o f  t h e  sea bot tom made i t  sure t h a t  s u r f  
on a c o r a l  r e e f  was imposs ib le  and t h a t  t h e  
d i s tu rbance  o f  t h e  sea water  observed on t h i s  spot 
c o u l d  on l y  be caused by t h e  a c t i v i t y  o f  a submarine 
volcano. This  e l u c i d a t e d  a l s o  t h a t  su rvey ing  vessels  
c o u l d  n o t  l o c a l i z e  t h e  supposed s u r f  when t h e  a c t i v i t y  
had subsided. 

There was s t i l l  another  i n d i c a t i o n  t h a t  we had t o  do 
w i t h  a submarine volcano. I n  February and March 1927 
thousands o f  f i s h e s ,  t u r t l e s  e tc .  were washed ashore 
on t h e  I s l a n d s  o f  A l o r  and Lomblen s i t u a t e d  a t  about 
100 m i l e s  south and southeast o f  Nieuwerkerk. This  
phenomenon c o u l d  o n l y  be caused by a submarine 
e r u p t i o n .  
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F i g u r e  245/1.-- L e f t :  Sec t ion  across Emperor of China. R i g h t :  s e c t i o n s  across 
Nieuwerkerk ( a f t e r  Neuman van Padang). 
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F i g u r e  245/2.-- S e c t i o n s  across some volcanoes ( a f t e r  Menard). a: Guyot, 290' 
N, 155' E; b :  Ganung Api ,  Eastern Indones ia ;  c :  Jasper seamount; d: Mauna 
Loa w i t h  i t s  top-ca ldera  (NE-SW s e c t i o n ) .  

The soundings a l s o  gave i n d i c a t i o n  o f  a submarine Stehn, Ch. E., 1929: A new undersea volcano, 
mountain o f  18UU m h e i g h t  a t  t h e  p l a c e  of t h e  "Emperor Nether l .  Ind. Volcanol .  Survey Bull., Nov., pp. 
o f  China" r e e f .  147-1 49. 

I n  November 1929 Stehn (1929, p. 149) gave t h e  vo lcano Neumann van Padang, M., 1938: IJeber d i e  
Nieuwerkerk t h e  number 107, and Emperor of China t h e  Unterseevulkane der  Erde, De Ingen ieur  i n  Nederl. 
number 108. -- I n d . , v .  5,  n. 4 ,  p. 80. 

That we have t o  do w i t h  submarine volcanoes was 
a f f i r m e d  by t h e  soundings o f  t h e  S n e l l i u s  Exped i t ion .  
Van R i e l  (1934, on p l a t e  9)  showed t h a t  Emperor o f  
China was a submarine mounta in r i s i n g  n e a r l y  1500 m 
above i t s  sur round ings ,  hav ing  a summit which was 2850 
m below sea l e v e l .  Nieuwerkerk was a NNW - SSE 
s t r e t c h i n g  submarine mounta in w i t h  two t o p s  a t  a 
mutual  d i s t a n c e  o f  more than 7 km, r i s i n g  about 1800 m 
and 1900 m above t h e  bot tom o f  t h e  sea. The NW summit 
1 a t  6"36'S and 124'40'E was 2285 m, t h e  SE summit I 1  
a t  6'39's and 124'43'E was 2325 m below t h e  l e v e l  o f  
t h e  sea. They were separated by a 600 m deep saddle. 

Neumann van Padang (1938, p. 80 f i g .  4. and 5.) 
p u b l i s h e d  t h e  c h a r t  t h a t  van R i e l  made o f  t h i s  p a r t  of 
t h e  Banda Sea and c r o s s  s e c t i o n s  th rough these two 
mounta ins.  The p l a c e  o f  t h e  southern  t o p  corresponded 
w i t h  t h a t  o f  t h e  so c a l l e d  Nieuwerkerk r e e f  on t h e  
c h a r t  o f  1893. (See a l s o  Neumann van Padang 1951, pp. 
212-216.) 
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T h i s  paper o f  Neumann van Padang, which was des- 
c r i b e d  h e r e  f u l l y  and l i t e r a l l y ,  was supplemented by a 
n o t e  f rom t h e  e d i t o r  (K. Kusumadinata) as f o l l o w s :  

"Note f r o m  t h e  E d i t o r :  Jezek doubts t h e  
e x i  s t e F o f t h e s u b m a r i n e c a n o e s  i n  t h e  Banda Sea 
as t h e  d a t a  were n o t  very  r e l i a b l e .  We do agree w i t h  
him i n  t h i s  case. In our  o p i n i o n  i f  b o t h  volcanoes 
e x i s t  -- t h e y  must r e c e i v e  t h e i r  magma supp ly  f rom a 
v e r y  g r e a t  depth, s i n c e  t h e  p r i m a r y  magma chamber must 
be l y i n g  i m r e  t h a n  500 k i l o m e t r e s  beneath t h e  sur face .  
T h i s  va lue  seems t o  be very  improbable." 

We do not share t h e  o p i n i o n  expressed by  t h e  
e d i t o r .  A t  f i r s t ,  t h e  p r o f i l e s  o f  t h e  oceanic  bo t tom 
(see F i g .  245/1) -p rov ide  unquest ionab le  p r o o f  f o r  t h e  
a s s e r t i o n  o f  van Padang. Accord ing  t o  him we have 
h e r e  t y p i c a l  v o l c a n i c  forms. These f e a t u r e s  resemble 
v e r y  much v o l c a n i c  s h i e l d s  w i t h  a t o p - c r a t e r  o r  
ca ldera ,  s i m i l a r  t o  -example - Mauna Loa of 
Hawai i  (see  F i g .  245/2). Secondly: we a r e  f a m i l i a r  



w i t h  volcanic regions in  the case of which the  depth 
of primary magma chambers i s  surpr i s ing ly  high. E.g., 
we found some 330 km f o r  Vesuvius, 380 km f o r  the 
Phlegraean Fie lds  and 405 km f o r  I sch ia  (Hedervari 
1974-75); furthermore, as  pointed out by Ninkovich and 
Hays (1971), t h e  Indonesian volcanoes Batu Tara (north 
of F lores)  and Muriah (on t h e  northern coast  of J a v a ) ,  
which were a c t i v e  i n  the Pleis tocene,  a r e  300-400 km 
above the  Benioff zone, and the  volcano Ullung-do from 
t h e  Sea of Japan and some plateau b a s a l t s  froin Korea 
and Manchuria a r e  about GO0 km above the seismic zone. 
In terms of the accepted model f o r  t h e  deep s t r u c t u r e  
of is land arcs  (Minear and Taksoz 1970, Toksoz e t  a l .  
1971), local  inelting just beneath the  a c t i v e  volcanos 
begins along t h e  upper sur face  of the  downgoing, 
usual ly  oceanic l i thospher ic  s l a b ,  and hence, primary 
magma chambers a r e  formed a t  the upper edge of the 
seismic zone known a l s o  as  Benioff zone which shows 
t h e  posi t ion of the downgoing s lab .  Therefor, we can- 
not accept the  counter-argument, mentioned above, 
according t o  which " i f  both volcanos e x i s t  -- they 
must receive t h e i r  magma-supply from a very grea t  
depth, 500 krn o r  more which appears t o  be improbably w." I n  t h e  l i g h t  of t h e  examples, suininarized 
above, such a grea t  depth i s  not improbable a t  a l l .  

I n  his answer t o  Neumann van Padang's paper, 
c i t e d  above, Jezek has wr i t ten  as  follows (Ber i ta  lJ, 

"Following i s  a discussion of observat ions used 
i n  c l a s s i f y i n g  t h e  submarine volcanoes: 

"1. Disturbed sea water--Neuinan van Padang e t  
a l .  (1967) placed t h i s  type of observat ion in  the 
'Doubtful ' category. 

"2. Massive k i l l  of f i s h e s ,  t u r t l e s ,  etc.--known 
t o  occur in  areas  w i t h o u t  any volcanic a c t i v i t y  (e ;g .  
'red t i d e '  occurr ing off  the  e a s t  U.S. coas t ;  E1 
Nino' occurr ing off  the west coast  of South America-- 
both known t o  be caused by biological  or  hydrological 
f a c t o r s )  therefore  does not document volcanic 
a c t i v i t y .  Due t o  our poor knowledge of ocean cur ren ts  
i n  Eastern Indonesian waters i n  general i t  i s  even 
uncertain where these  dead f i s h e s  and t u r t l e s ,  found 
on Alor and Lomblen, came from. 

"3. Shipwrecks--without observat ions of volcanic 
phenomena made concurrent ly ,  i n  illy opinion do not 
document submarine a c t i v i t y .  I t  i s  unlikely t h a t  s 
submarine e rupt ion  a t  a depth g r e a t e r  than 2000 m 
would cause a shipwreck unless i t  was an except ional ly  
v i o l e n t  one which would then probably cause l a r g e  tsu- 
namis e tc .  recorded over a l a r g e  area.  I t  i s  very 
unl ikely t h a t  two sh ips  a t  two d i f f e r e n t  times would 
be located exac t ly  above the volcano just as the erup- 
t i o n  was beginning because i f  a v io len t  erupt ion was 
i n  progress the sh ips  would avoid t h e  area. 

"4 .  Bottom fea tures- - the  bathymetry of t h e  
southern Banda Sea shows some r e l i e f  and although 
volcanic  f e a t u r e s  may be present  the lack of bottom 
samples and/or photographs prohib i t  unambi gous ( s i c )  
c l a s s i f i c a t i o n  of these  fea tures .  

" I n  t h e  Celebes Sea no r e l i e f  i s  found in  the  
a rea  of the proposed submarine volcano and approxima- 
t e l y  5000 m deep sea f l o o r  i s  present." 

I complete t h i s  i n t e r e s t i n g  discussion,  "Beri t a "  
I =  Newsletter) has published a note i n  the  November 
1978 i ssue  (IO, 2 1 ,  pp.  260-2611, i n  which we can read 
the fol lowinjT 

In  h i s  l e t t e r  of October 1 7 ,  1978, Dr. M. 

20, pp.  254-256, 1978): 

keuinann van Padang . . . wri tes  t h a t  Jezek i s  
of course r i g h t  t h a t  d is turbed sea water i s  
not  always due t o  an volcanic erupt ion below 
sea l e v e l .  . . . When on September 2 4 ,  1925, 
broken water was s iahted bv the steamer 

the  map of 1893 was rediscovered. A t  the  
very time nobody was thinking on the possibi- 
l i t y  of a submarine volcanical ou tburs t .  

The  ' r e e f s '  Nieuwerkerk, Emperor of China and 
Yersey ( s e e  map 1893) of course were named 
a f t e r  the sh ips  which observed phenomena such 
a s  breakers of coral reefs .  Neumann van 
Padang r e g r e t s  not t o  be aware when i t  was 
c a r r i e d  out and by whom. Only a t  the  time 
soundings were conducted a t  t h i s  place in  
1926 depths of more than 2300 rn were disco- 
vered. Boerema only then a r r i v e  to  the 
thought t h a t  the 'd i s turbance  o f  the  sea 
water '  must be due t o  a volcanic outburs t .  

The thousands of f i s h e s  washed ashore might 
be a proof of Boerema's c o r r e c t  s i g h t .  I n  no 
case i t  i s  contrary to  i t .  

The ' r e e f s '  Nieuwerkerk and Emperor of C h i n a  
were drawn on the  map of 1893. I n  1930, 
exact ly  37 years  l a t e r  the bottom of the  sea 
was mapped by t h e  Snel l ius  Expedition and 
only then i t  appears there  were undersea 
mountains of 1500 and 1900 m i n  height ,  t h e i r  
summits were s i t u a t i n g  on t h e  places of the 
reefs  on the  old sea chart  . . . This i s  not 
q u i t e  an accident and according t o  Neumann 
van Padang a s t rong  indica t ion  proofing 
Boerema's opinion. I n  h i s  a r t i c l e  in 1938 
Neumann van Padang draw t ransverse  sect ions 
through these muntains .  I t  became evident 
t h a t  Emperor o f  China i s  a s ingular  cone, 
Nieuwerkerk a double one. These ' r e e f s '  had 
t o  be named. According t o  J .  C .  H. Luijmes, 
Chief of the  Department of Hydroloqy, the 
names of the sh ips  were se lec ted  which Mere 
wrecked i n  t h e i r  surroundings, perhaps 
s t randed on reefs  somewhere south o f  
Sulawesi. Nieuwerkerk was the name of a ship 
wrecked i n  1742 about 60 kin north of the  
above mentioned place and tmperor of China 
was another s h i p  wrecked i n  1852. I t  i s  evi- 
dent t h a t  these  ships  have nothing t o  do with 
submarine outbursts .  The sh ips  were only 
considered t o  give t h e  ' r e e f s '  a name. Thus  
i t  i s  c l e a r  t h a t  Jezek misunderstooa. 

Concerning the submarine volcano I .  84. o r  
6,7-5 ( t h e  f i r s t  symbol i s  the s e r i a l  number 
of the volcano in  the old catalogue,  used by 
t h e  Volcanological Survey o f  the  Dutch East 
Ind ies ;  the second symbol i s  the  s e r i a l  
number of the volcano in  the  Catalogue o f  
Active Volcanoes of the World - -  note by P .  
H.) i n  the Sulawesi Sea, Neumann van Padang 
w r i t e s  t h a t  he r e f e r s  to  t h i s  submarine 
volcano i n  1938 a s  well a s  i n  his Catalogue 
i n  1951, a s  the Catalogue only aims t o  men- 
t i o n  known data ,  on yolcanos concerning "amy 
and loca t ion ,  Form and s t r u c t u r e ,  
'Erupt ive  a c t i v i t y , '  'Petrography, '  a s  well 
a s  'Bibl iography. '  I t  was then not aimed to  
make c r i t i c a l  remarks." 
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Note: The c o o r d i n a t e s  o f  t h i s  d o u b t f u l  submarine 
v o l c a T o T r e  3"58'N, 124'10'E ( o r  124"12E) (Neumann van 
Padang 1938) .  

I n  c o n c l u s i o n :  The p r e s e n t  au thor  accepts  the  
p o s s i b i l i t y  o f  t h e  e x i s t e n c e  o f  Nieuwerkerk and 
Emperor o f  China, as submarine vo lcanos,  because the  
p r o f i l e s  o f  t he  oceanic  bot tom show t y p i c a l  v o l c a n i c  
( s h i e l d - v o l c a n i c )  f e a t u r e s .  Thus i n  t h i s  case we 
share the  o p i n i o n  o f  Neumann van Padang. But the  
e x i s t e n c e  o f  t he  Yersey vo lcano i s  n o t  proven by 
depth-measurements i n  so d e f i n i t e  a way. Accord ing t o  
Neumann van Padang (1951) .  t he  S n e l l i u s  e x p e d i t i o n  i n  
1929 e s t a b l i s h e d  a depth o f  more than 3,800 m and 
found a submarine r i d g e  t h a t  r i s e s  about  600 m from 
t h e  f l a t  f l o o r  o f  the  Banda Sea. T h i s  submarine r i d g e  
c a r r i e s  two a c t i v e  volcanos: Batu Tara and Api ( van  
Bemmelen 1970). T h e r e f o r e - - s t a t e s  the  Catalogue o f  
A c t i v e  Volcanoes o f  t h e  Wor ld- - the concept ion  o f  t h e  
e x i s t e n c e  o f  a r e e f  =have been caused by a sub- 
mar ine  e r u p t i o n ,  the  d a t e  o f  which i s  unknown. That  
i s, a1 though the  e x i s t e n c e  o f  t he  submarine vo l  can0 
known as Yersey i s  n o t  exc luded,  i t  i s  n o t  proven. 
Concerning t h i s  f e a t u r e ,  we are  i n c l i n e d  t o  accept  
J e z e k ' s  o p i n i o n .  S i m i l a r l y ,  t he  e x i s t e n c e  o f  t he  sub- 
mar ine vo lcano 6,7-5 i s  very d o u b t f u l .  The number 
"6,7-5" i s  t he  s e r i a l  number o f  a supposed submarine 
vo lcano a t  3'58". 124" lO'E ( f r o m  the  Indonesian 
volume o f  t he  Cata iogue o f  A c t i v e  Volcanoes o f  the  
Wor ld ) .  

____________ ---_-____ 

246. 1894 A p r i l  - -  Fa lcon I s l a n d ,  Tonga V o l c a n i c  
Group 

It i s  es t imated  t h a t  about t w o - t h i r d s  of t he  new 
i s l a n d  (see i tems 224, 232, and 239, r e s p e c t i v e l y )  was 
washed away s i n c e  1885, t h e  y e a r  o f  i t s  o r i g i n .  I n  
1894 o n l y  a low s t r e a k  of b l a c k  rocks  was present  
( R i c h a r d  1962). 

247. 1894 July--Banua Wuhu, Sangihe I s l a n d s  

new i s l a n d ?  U n c e r t a i n  (Neumann van Padang 1953). 
A 50-m h i g h  s t r i p  o f  land  was seen--perhaps a 

T ? * ?  

248. 1894 November 21--Unnamed submarine volcano, 

Accord ing  t o  B e r n i  nghausen (1968, p. 33 1, "1 arge 
waves, p o s s i b l y  caused by submarine v o l c a n i c  a c t i v i t y  
i n  t h e  v i c i n i t y  o f  49"001N, 34'3O'W, were r e p o r t e d  
f r o m  severa l  l o c a l e s  i n  the  A t l a n t i c .  O f f  t h e  west 
c o a s t  o f  I r e l a n d  a t  53'09'N, 09"52'W, t h e  s h i p  S.S. 
Diamond l y i n g - t o  a w a i t i n g  d a y l i g h t  t o  e n t e r  p o r t ,  
r e p o r t e d  t h a t  t h e  wave was heard some t i m e  b e f o r e  i t  
was seen and then seemed t o  be about  40 f e e t  h igh. 
The vessel  never  rose  t o  i t  b u t  was l i t e r a l l y  
submerged f o r  a t ime." Note: We r e g a r d  t h e  submarine 
a c t i v i t y  t o  be a l i t t l e  d o u b t f u l .  The p l a c e  mentioned 
as  the  s i t e  o f  t he  submarine e r u p t i v e  c e n t e r  l i e s  on 
t h e  n o r t h e r n  p a r t  o f  t h e  M i d - A t l a n t i c  Ridge where, o f  
course, submarine v o l c a n i c  a c t i v i t y  i s  p o s s i b l e .  
However. such b a s a l t i c  l a v a  f l o w s  that  a r e  frequent 
a l o n g  t h e  r i f t  v a l l e y  a r e  never  accompanied by 
tsunamis. It a m e a r s  t o  be more l i k e l y  t h a t  t h e  
observed waves were e i t h e r  due t o  a s t r o n g  s to rm o r  t o  

n o r t h e r n  A t l a n t i c  

a seaquake, r a t h e r  than t o  a submarine v o l c a n i c  
e r u p t i o n .  L e t  us remember t h a t  n e i t h e r  t h e  b i r t h  o f  
Faya l  (Azores, 1957 September 17)  nor  t h a t  o f  Sur tsey 
( I c e l a n d ,  1963 November 14)  was accompanied by 
tsunamis, a l though b o t h  e r u p t i o n s  were e x t r a o r d i n a r i l y  
s t r o n g  ones and were accompanied by base surges. I t  
i s ,  t h e r e f o r e ,  h a r d  t o  b e l i e v e  t h a t  a tsunami would 
have been assoc ia ted  w i t h  a slow, normal ly  
e x p l o s i o n l e s s ,  b a s a l t i c  l a v a  e f f u s i o n  on t h e  bot tom o r  
a l o n g  the  i n n e r  s lope o f  t h e  r i f t  v a l l e y ,  when a new 
i s l a n d  d i d  not come i n t o  being. 

* ? "  

249. 1894 December -- Fa lcon I s l a n d ,  Tonga Vo lcan ic  
Group 

Submarine a c t i v i t y .  The i s l a n d  ( l a s t  mentioned 
under  i t e r n  2 4 6 )  'was 15 m h i g h  again; consequent ly  i t  
had grown s i n c e  1894 A p r i l  (R ichard  1962). 

x * t  

250. 1894 -- M e t i s h  Shoal, Tonga V o l c a n i c  Group 

under i t e m  240) has been a c t i v e  aga in  ( R i c h a r d  1962). 
The rock t h a t  was born i n  1858 ( l a s t  mentioned 

* t  

251. 1895 (end of t h e  y e a r )  -- Banua Wuhu, Sangihe 
I s l  ands 

A temporary i s l a n d  came i n t o  e x i s t e n c e  (van 
Bemmel en 1970). 

x *  

252. 1895 -- Fa lcon I s l a n d ,  Tonga Vo lcan ic  Group 

Submarine a c t i v i t y  has been r e p o r t e d  by Neumann 
van Padang (1938). 

x 

253. 1895 o r  1896 -- Thompson I s l a n d ,  Southern 
At1  a n t i c  

I n  t h e  f o l l o w i n g  we l i s t  a sumnary o f  t he  
supposed events  g iven by Baker (1967) and Lamb (1967, 
1970, 19711, and an e x p l a n a t i o n  f o r  t h e  l ack  o f  
tsunami da ta  as w e l l  as f o r  t h e  mode o f  t he  
a n n i h i l a t i o n  o f  t he  i s l a n d  (Hedervar i  1981b). 

The e x i s t e n c e  o f  Thompson I s l a n d  was f i r s t  
c l a i m e d  by C a p t a i n  George N o r r i s  ( vesse l  S p r i g h t l y )  as 
e a r l y  as 1825. He gave t h e  c o o r d i n a t e s  as 53'56'5. 
5"30'E. T h i s  s i t e  can be found on the southernmost 
p a r t  o f  t he  M i d - A t l a n t i c  Ridge, southwest o f  t h e  Cape 
o f  Good Hope, between t h e  Cape B a s i n  and t h e  
A t l a n t i c - I n d i a n - A r c t i c  B a s i n  i n  a p a r t  o f  the Southern 
A t l a n t i c  south o f  t h e  n o r t h e r n  l i m i t  o f  permanent sea 
i ce .  Accord ing  t o  Baker (1967) t h i s  l a n d  m i g h t  have 
been des t royed as a r e s u l t  o f  e i t h e r  a c a l d e r a  



subsidence o r  an e x p l o s i v e  e r u p t i o n .  The sketch, made 
by N o r r i s ,  showed an i s l a n d  t h a t  has a g e n t l y  domed 
form and a s i n g l e  sharp peak. A smal l  h i l l  on t h e  
i s l a n d  appeared t o  be a v o l c a n i c  cone. 

Many decades l a t e r ,  i n  1893, Thompson I s l a n d  was 
seen again, i n  t h i s  i n s t a n c e  by Capta in  Joseph F u l l e r  
(vesse l  F r a n c i s  A l l y n )  and was l o c a t e d  " n o r t h e a s t  o f  
Bouvet"  (Bouvetoya). The d i s t a n c e  between these two 
i s l a n d s  m i g h t  have been about  72 km. The German Deep 
Sea E x p e d i t i o n  i n  the  y e a r  o f  1898 was unable t o  f i n d  
Thompson I s l a n d .  There fore  i t  i s  g e n e r a l l y  assumed 
t h a t  t he  i s l a n d  i n  q u e s t i o n  d isappeared between 1893 
and 1898. 

Lamb (1967, 1970, 1971) i s  o f  t he  o p i n i o n  t h a t  a 
very  power fu l  , K r a k a t a u - l i k e  e x p l o s i v e  e r u p t i o n  
p r o v i d e s  t h e  most reasonable e x p l a n a t i o n  f o r  t h e  
d isappearance o f  t h i s  i s l a n d .  On t h e  b a s i s  o f  
c l i m a t o l o g i c a l  da ta  he has p u t  t h e  da te  o f  t he  
e r u p t i o n  as e i t h e r  1895 o r  1896. A lso  accord ing  t o  
h i s  op in ion ,  t h e  o r i g i n a l  i s l a n d  m i g h t  have had a 
c o n i c a l  shape w i t h  a r a d i u s  o f  1 ( o r  2 1 )  k y  a t  sea 
l e v e l  (Baker has mentioned t h a t  f rom N o r r i s  ske tch  
map i t  appears t o  have been a very smal l  i s l a n d  
measur ing 1 kin by 2 km). Lamb supposed, fur thermore,  
t h a t  t he  peak was about  0.5 km h i g h  and had a base 
about  1.5 km below sea l e v e l .  H i s  c a l c u l a t i o n s  gave 
35 km3 f o r  t h e  q u a n t i t y  o f  m a t e r i a l  d ispersed d u r i n g  
t h e  ca tas t rophe,  and one- ten th  t o  o n e - f i f t h  o f  t h i s  
c o u l d  have been d ispersed i n  the  form o f  f i n e  dust. 
Note t h a t  t he  g e n e r a l l y  accepted va lue  f o r  t h e  
d ispersed t o t a l  volume i n  the  case o f  Krakatau  i n  1883 
i s  o n l y  18 km3, and i n  the  case o f  Tambora i n  1815 i s  
30 km3. (The l a t t e r  value i s  f rom Neumann van Padang, 
personal  communication, d u r i n g  t h e  F i r s t  I n t e r n a t i o n a l  
S c i e n t i f i c  Congress on t h e  Volcano o f  Thera, Athens, 
1969). Accordi  n g l y  , t h e  exp l  o s i  on and t h e  c a l  dera- 
c o l l a p s e  process a t  Thompson I s l a n d  t h a t  l e d  t o  the  
complete d e s t r u c t i o n  and disappearance o f  t h i s  l a n d  
m i g h t  have been r e a l l y  a p a r t i c u l a r l y  powerful  one. 

We f u l l y  accept t h e  s tatement  accord ing  t o  which 
l a r g e  v o l c a n i c  e r u p t i o n s  can i n f l u e n c e  t h e  E a r t h ' s  
c l i m a t e  f o r  1-5 y e a r s  o r  more, as t h i s  has been 
p a r t l y  suggested by m e t e o r o l o g i c a l  reasearch, c a r r i e d  
o u t  by Humphreys i n  1940 and more r e c e n t l y  by Budyko, 
M i t c h e l l ,  Lamb, and o t h e r  authors.  On t h i s  b a s i s  i t  
i s  p e r f e c t l y  t r u e  t h a t  u s i n g  c l i m a t o l o g i c a l  da ta  i t  i s  
p o s s i b l e  t o  deduce (unknown o r  unobserved) v o l c a n i c  
e r u p t i o n s .  

Concern ing Thompson I s l a n d ,  t h e r e  a r e  two 
unsolved problems. F i r s t :  i f  such a very g r e a t  
outbreak occurs i n  t h e  open ocean, t h e  event should be 
f o l l o w e d  by one o r  more tsunami ( s ) .  L e t  us remember, 
f o r  example, Tambora (1815), Krakatau (1883) o r  R i t t e r  
(1888), r e s p e c t i v e l y  (see i tems 92, 218, and 234). 
Never the less ,  we have no data on se ismic  sea waves 
a s s o c i a t e d  w i t h  t h e  Thompson-event. The reason f o r  
t h e  l ack  o f  tsunami data may be t h r e e f o l d .  

a)  T h i s  p a r t  o f  t he  Southern A t l a n t i c ,  as men- 
t i o n e d  above, i s  south o f  t he  n o r t h e r n  l i m i t  o f  per-  
manent sea i c e  (see t h e  map o f  A t l a n t i c  Ocean, A t l a s  
P l a t e  62, June 1968). compi led by t h e  N a t i o n a l  
Geographic S o c i e t y  - o f  t h e  USA). Hence, under such 
c i rcumstances,  a "normal-" tsunami w a s t  a b l e  t o  
devel  op. 

b )  The r e s p e c t i v e ,  very remote p a r t  o f  t h e  
Southern A t l a n t i c  was no t  v i s i t e d  by sh ips  t o o  f r e -  
q u e n t l y  i n  t h e  l a s t  decade o f  t h e  1 9 t h  Century, 
because of i t s  very severe weather and the  danger o f  

d r i f t i n g  sea ice .  Therefore,  t h e r e  were no wi tnesses 
o f  t h e  events i n c l u d i n g  t h e  r a t h e r  s t range and unusual 
v e r s i o n  o f  t h e  tsunami, when t h e  waves developed 
beneath and among very l a r g e  i c e - f l o e s .  

c )  Buovetoya and Thompson I s l a n d s  and v i c i n i t y  
a r e  p r a c t i c a l l y  un inhab i ted .  The d i s t a n c e  between t h e  
s i t e  o f  Thompson I s l a n d  and Gough I s l a n d  i s  rough ly  
2000 km. The l a t t e r  migh t  have been an i n h a b i t e d  area 
( a l t h o u g h  s u r e l y  no t  t o o  densely  popu la ted)  i n  t h e  
l a s t  decade o f  t h e  1 9 t h  Century. L e t  us d i s r e g a r d  now 
t h e  presence and unknown e f f e c t  o f  t h e  sea i c e ,  and 
l e t  us suppose t h a t  t h e  tsunami a t  i t s  source was com- 
p a r a b l e  t o  t h a t  o f  Krakatau.  The h e i g h t  o f  t he  
Thompson tsunami a t  i t s  source i s  supposed thus  t o  be 
36 m. P l o t t i n g  t h e  observed h e i g h t s  a g a i n s t  t he  
d i s t a n c e  between t h e  source and t h e  p laces  o f  
observa t ions ,  we f i n d  t h a t  a t  a d i s t a n c e  o f  2000 km 
froln Krakatau,  t h e  maximum h e i g h t  o f  t he  waves was 
o n l y  about 1.5 m. On t h i s  b a s i s  a s i m i l a r  value can 
be suggested f o r  t h e  Thompson tsunami a t  Gough I s l a n d .  
But  normal sea waves w i t h  t h e  same h e i g h t  a re  produced 
by  a wind, t h e  i n t e n s i t y  o f  which on t h e  Beaufor t  
s c a l e  i s  3 ( t h e  cor respond ing  speed o f  t he  wind i s  
12-19 km per  hour ) .  On t h e  Douglas Sea Scale t h i s  
corresponds t o  3 degrees, which means a wave h e i g h t  o f  
0.9-1.5 m. When i t  i s  supposed t h a t  t h e  tsunami a t  
i t s  source was two t imes g r e a t e r  t h a n  t h a t  o f  
Krakatau,  t h e  values a t a s t a n c e  o f  2000 km w i l  be 
as f o l l o w s :  p robab ly  maximum tsunami h e i g h t :  3 m; 
and such g r e a t  normal sea waves are  produced by winds 
t h e  i n t e n s i t y  o f  which i s  7 o r  8 degrees on B e a u f o r t ' s  
s c a l e  (50-74 km per hour ) .  On t h e  Douglas Sea Scale 
these values correspond t o  5 degrees, where t h e  h e i g h t  
o f  t h e  sea waves v a r i e s  f rom 2.4 m t o  3.6 m. 
Cons ider ing  now t h a t  Gouth I s l a n d  i s  l y i n g  i n  t h e  open 
ocean where such winds, hav ing  7 o r  8 degrees i n t e n -  
s i t y  on t h e  B e a u f o r t  s c a l e  a re  very f r e q u e n t  
phenomena, we can s t a t e  t h a t  t h e  waves due t o  t h e  
Thompson tsunami, were not_ E e r n i b l e  f r o m  
f requent ,  normal waves o f  t h e  water  t h a t  a r e  due t o  - winds, p a r t i c u l a r l y  a i  t h e  t ime o f  storms. 

The second unsol  ved problem r e g a r d i  ng Thompson 
I s l a n d  i s  t h e  f a c t  t h a t  t he  soundings, c a r r i e d  ou t  by 
the  South A f r i c a n  Navy, i n  t h e  r e g i o n  72 km nor theas t  
o f  Bouvetoya, d i d  no t  revea l  any submarine f e a t u r e s  , 
such as a shoal o r  a seamount a t  t he  former s i t e  o f  
t h e  a l l e g e d  i s l a n d  (Baker, 1967). A t  t he  p o i n t  i n  
q u e s t i o n  a depth o f  1645 m was es tab l i shed.  

The lack  o f  t r a c e s  -- aga in  i n  our o p i n i o n  - -  can 
be understood i f  one takes  i n t o  c o n s i d e r a t i o n  the  t e c -  
t o n i c  o s i t i o n  o f  t h e  i s l a n d ,  f o r  t h e  s i t e  o f  w h i c f i e  -+-- accept  t e c o o r d i n a t e s  g iven by Capta in  N o r r i s .  

F i g u r e  253/1 shows t h e  2000-fathom depth-contour ,  
t h e  submarine base of Buovetoya, t h e  l o c a t i o n  o f  
Thompson I s l a n d ,  and the  n o r t h e r n  l i m i t  o f  sea i ce .  
Us ing  t h e  c h a r t  o f  deep-oceanic r e l i e f  ( A t l a n t i c  Ocean 
F l o o r ,  1968, p u b l i s h e d  by the  N a t i o n a l  Geographic 
S o c i e t y  of USA) i t  can be s t a t e d  t h a t  Thompson I s l a n d  
was l o c a t e d  e x a c t l y  a t  t he  edge o f  a t r a n s f o r m  f a u l t  
(see  TH and TR F i n  * F ig .  253/2). I f  t h e  soundings 
were made o n l y  a few k i l o m e t e r s  e a s t  o f  t h e  r e a l  s i t e  
of t he  i s l a n d  i n  quest ion,  i t  i s  q u i t e  c l e a r  t h a t  t h e  
r e s u l t  was a g r e a t  depth. And, a t  t h e  same t ime, i t  
i s  e v i d e n t  t h a t  no shoal o r  seamount c o u l d  be found 
here, because i f  a s t r o n g  e r u p t i o n  o f  t h e  Krakatau-  
t y p e  had taken p l a c e  i n  such a c r i t i c a l  area, no t  o n l y  
e x p l o s i o n s  had t o  occur  b u t  a t  t he  same t i m e  sub- 
mar ine slumps! rock-  and mud-avalanches and s l i d e s  
a l s o . c o m  a n i e d  t h e  event.  By o t h e r  words, sub- 
e n i o g a - n g  was assoc ia ted  w i t h t h e  

~~ 

e r u p t i o n .  A t  t he  t ime of paroxysm, t h e  i s l a n d ,  as a 
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A P  

F i g u r e  253/1.-- The p o s i t i o n  o f  Bouvetoya ( B )  and t h e  s i t e  o f  Thompson 
I s l a n d  (TH). 
l i n e s  a r e  depth  contours  i n  fathoms. 
a l s o  shown. 

A :  A f r i c a ;  A P :  Agulhas Plateau;  L o i :  l i m i t  o f  i c e .  L a b e l l e d  
The submarine base o f  Buovetoya i s  

F i g u r e  253/2. - -  Tec ton ic  s e t t i n g  o f  Thompson I s l a n d  (TH). Symbols 
used: A :  A f r i c a ;  R V :  R i f t  V a l l e y ;  B: Bouvetoya; TR F: t r a n s -  
form f a u l t .  
i n d i c a t e d ,  on t h e  b a s i s  o f  a r e c e n t  map o f  submarine f e a t u r e s  
i n  t h e  southern  A t l a n t i c .  V e r t i c a l  r e l i e f  i s  s t r o n g l y  exag- 
gera ted .  

Only  t h e  near env i rons  o f  Thompson I s l a n d  a r e  L 



whole, subrnerged suddenly and i t s  d i s p e r s i n g  m a t e r i a l ,  
i n c l u d i n g  b o t h  t h e  s u b a e r i a l  p a r t  and t h e  submarine 
base a l i k e ,  s l i d  o r  c o l l a p s e d  i n t o  t h e  depth, repre-  
sented by t h e  t r a n s f o r m  f a u l t  i n  quest ion.  The 
Thompson I s l a n d  was l i t e r a l l y  swallowed by t h e  o c e a n .  

Our conc lud ing  remarks a r e  as f o l l o w s :  

1. As t h e  Bouvetoya I s l a n d  has lavas t h a t  are 
r a t h e r  s i l i c e o u s  i n  charac ter  (Baker 1967), we can 
suppose t h a t  i t s  s i s t e r - i s l a n d ,  Thompson, a t  a 
d i s t a n c e  o f  on ly  72 km, might  have had a s i m i l a r l y  
s i l i c e o u s  lava.  There fore  an e r u p t i o n  of  t h e  Krakatau 
type ,  c h a r a c t e r i z e d  by e x t r a o r d i n a r i l y  power fu l  
exp los ions ,  seems t o  be q u i t e  probable and p o s s i b l e  i n  
t h e  case o f  Thompson I s l a n d .  

2. The tsunami t h a t  accompanied t h e  exp los ions  
and t h e  sudden submergence o f  t h e  i s l a n d  was not 
observed, because (1 )  no sh ips  were near t h e  s i t e  of 
t h e  event and t h e r e f o r e  t h e r e  were no wi tnesses;  (2) 
no sh ips  were nearby due t o  t h e  presence o f  very l a r g e  
i c e  f l o e s  ( o r  a permanent cover ing  o f  i c e )  i n  t h e  
v i c i n i t y  o f  Thompson I s l a n d ,  and t h e  tsunami had a 
p e c u l i a r  and p e r f e c t l y  unusual charac ter ,  very 
d i f f e r e n t  f rom t h a t  o f  t h e  "normal" ones; (3) t h e  
neares t  ( p r o b a b l y )  i n h a b i t e d  i s l a n d  (Gough) l i e s  some 
2000 km from Thompson I s l a n d ,  and a t  such a grea t  
d i s t a n c e  t h e  tsunami waves ( i f  they cou ld  form a t  a l l  
among t h e  f l o a t i n g  i c e  f l o e s ) - - h a v i n g  a h e i g h t  o f  1 o r  
2 m o r  e l s e  3 m a t  t h e  utmost--were not d i s c e r n i b l e  
from t h e  normal waves of t h e  water  due t o  winds and 
storms, r e s p e c t i v e l y .  

3. On, o r  very near, t h e  s i t e  o f  t h e  former 
i s l a n d  a r a t h e r  g rea t  depth can now be iwasured, 
amounting t o  1645 m, but  no shoals  o r  seamounts have 
been discovered. T h i s  i s  exp la ined by t h e  s u p p o s i t i o n  
t h a t  t h e  i s l a n d  as a whole s l i d  o r  c o l l a p s e d  i n t o  t h e  
depth represented by t h e  ne ighbour ing  t r a n s f o r m  f a u l t .  
C o n s i d e r i n g  and accept ing  t h e  coord ina tes  g iven by 
C a p t a i n  N o r r i s ,  we can s t a t e  t h a t  t h e  i s l a n d  had been 
s i t u a t e d  Just a t  t h e  edge o f  t h e  western w a l l  o f  t h i s  
fea ture .  A t  t h e  t i m e  o f  t h e  paroxysm a grea t  deal o f  
m a t e r i a l  f rom t h e  i s l a n d  was d ispersed and 
d i s i n t e g r a t e d ,  p a r t l y  as a consequence o f  t h e  
exp los ions  and p a r t l y  as a r e s u l t  o f  t h e  s l i d i n g  o r  
c o l l a p s i n g  displacement toward t h e  depth. 

4. The former e x i s t e n c e  o f  t h e  i s l a n d  i n  
q u e s t i o n  i s  known w i t h o u t  any doubt, not  on ly  because 
i t  was seen a t  two d i f f e r e n t  t imes by t h e  crew o f  two 
d i f f e r e n t  sh ips,  but ,  i n  a d d i t i o n ,  because t h e  
c l i m a t i c  anomaly of t h e  southern hemisphere i n  t h e  
l a s t  decade o f  t h e  n ine teenth  cenury can be exp la ined 
by t h e  d i r e c t  e f f e c t  of a p a r t i c u l a r l y  power fu l  
e r u p t i o n  i n  t h e  southern hemisphere (Lamb 1967, 1970, 
1971). 

?*3. '" 1 

254. 1896 September --  Unnamed submarine volcano, 
I c e l a n d  

Probable l o c a t i o n  o f  t h e  event: 63'20" ( ? ) ,  
20'15'W ( ? ) .  Submarine e r u p t i o n  r e p o r t e d l y  
acc.ompanied ear thquake i n  southern I c e l a n d .  Repor t  o f  
d o u b t f u l  re1 i a b i  l i t y  (Berninghausen 1964). 

T ?  

255. 1896 -- Bayonnaise Rocks, Izu-Mar iana I s l a n d s  

Subi:iarine a c t i v i t y  14 kin n o r t h  of  Rayonnaise 
Rocks. Approxi inate l o c a t i o n  o f  t h e  Rocks: 31"SS'N, 
139"5S'E. The o u t b u r s t  produced a r e e f  p r o j e c t i n g  
above sea l e v e l  (Kuno 1962). 

T *  

2 5 G .  l u g /  Scplc i i ibe i '  2 1  - -  J o l o ,  S u l u  Ai-cl i ipclayo 

i s  suppo:ed (Neumann van Pacldng 1 9 5 3 ) .  A I  t l iuuyh I i d a  
et a l .  ( 1 9 7 2 )  gave no .inforniaLiori about l l i e  submarine 
a c t i v i t y ,  they  d iscussed l h e  tsui1aiii.i a s  f o l l o w s .  I t s  
g e n e r a t i n g  area w a s  l l i e  Sulu Sea o r  l h e  Celebes Sea 
near the Sulu I s l a n d s .  The niaynitucle i s  assigned as 
l ? ;  t h e  iniaxiinuni h e i g l i t  reached by t h e  waves was 0 m a t  
S o l o ,  S u l u  I s l a n d s .  I t  w a s  l h e  g r e a t e s t  tsunami i n  
t h e  h i s t o i r y  o f  t h e  Phi  I i p p i n e  I s l a n d s .  T w o  s t r o n g  
waves were observed. About 2 5  bu i ld ing ;  w e r e  demo- 
l i s l i e d  and soiite p e o p l e  l o s t  t l i e i r  l i v e s .  

J o l o  volcano i t s e l f  i s  c h a r a c l e r i z e d  by Neumann 
van Padang (1953) t o  be e i l h e r  a n  i s l a n d  01' a sub- 
i i iar ine vo lcano.  ltie i s l a l i d  i: l o c a l e d  a t  5 "  5 5 '  N, 
121" 10'  E ,  a i i d  i s  alit iost e i i l i r e l y  b lanke led  w i t h  
v o l c a n i c  m a l e r i a l s .  An e r u p t i o n  1041 January 4 ,  i s  
i n c n t i o n e d  by t h e  Cata logue o f  A c t i v e  Volcanoes o f  t h e  
W o r l d ,  b u t  i t s  subii iarine o r  subaer ia l  charac ter  i s  n o t  
s t a t e d  . 

T ' ? "  

257. 1897-1901 -- Karua, New Hebr ides I s l a n d s  

A t  t h e  end 
o f  t h e  c y c l e  a new i s l a n d  emerged f rom t h e  sea i n  
1901, hav ing  had a l e n g t h  o f  1 km and a h e i g h t  o f  15 
m. A f t e r  h a l f  a y e a r  i t  g r a d u a l l y  d isappeared ( F i s h e r  
1957). 

K * * 3  

An e r u p t i o n - c y c l e  commenced i n  1897. 

258. 1898 -- Fa lcon I s l a n d ,  Tonga Vo lcan ic  Group 

The new i s l a n d  t h a t  came i n t o  b e i n g  i n  1885 (see 
i t e m  224) disappeared. I n  t h i s  year  o n l y  a shoal 
remained, about 90 m i n  e x t e n t  (R ichard  1962). 

*3 

259. 1899 September 8 -- Ruang, Sangihe I s l a n d s  

L i k e l y  a p r i n t e d  e r r o r  i n  Heck 's  paper (1947). 
C o r r e c t  vers ion :  see i t e m  236. 

? 
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C. SUPPLEMENTS AND A LIST OF EVENTS OF UNKNOWN 
DATE AND/OR UNKNOWN LOCATION 

260. 215 B.C. -- Vulcano Lipar i  I s lands  

Submarine a c t i v i t y  (Sapper 1927). Not sure. 

E ?  

261. 126 6.C. -- Vulcano, Lipar i  I s lands  

Submarine a c t i v i t y  near Vulcano (Sapper 1927). 
Doubtful. 

T ?  

262. 708 A.D. -- Sakura-zima, Kyushu 

Submarine e rupt ion ,  new is land? (Sapper 1927). 

T * ?  

263. 764 December -- Kamuzukuri (Kamizukurishima), 
Kyusyu 

Near Sakura-ziaa a submarine erupt ion took place 
t h a t  was followed by the  b i r t h  of a m a l l  group o f  
i s lands .  The a c t i v i t y  cminenced probably in,December 
764 and l a s t e d  a few years. Location of t h e  erupt ion:  
31°40'N, 130°43'E (Neumann van Padang 1938). 

i T *  

264. 872 -- 0-sirna, Izu-Mariana I s lands  

Accompanied by rumblings, a new is land  came i n t o  
beinq near 0-sima (Sapper 1927). Doubtful; i t  i s  not 
mentioned i n  the Catalogue o f  Active Volcanoes of the - World (Kuno 1962). 

265. 1050 -- S a n t o r i n i ,  Aegean Sea. Supplement 
t o  item 16 

According t o  Ambraseys (1962), the da te  is most 
probably erroneous; 1650 i s  t h e  probable date .  

S 

266. 1185-1190 -- Sakura-zima, Kyushu 

Sapper (1927) has mentioned two new i s l  ands. 
Doubtful, not mentioned by Kuno (1962). 

267. 1211 -- Eldey, Iceland 

Submarine erupt ion on t h e  Reykjanes Ridge, 
coinciding with grea t  earthquakes. A new is land came 
i n t o  exis tence--Eldeyjar ,  Island of Fire--while the  
old i s lands  disappeared from the  spot where they had 
always been. This ind ica tes  t h a t  t h e r e  was volcanic 
a c t i v i t y  in  t h e  area long before 1211 (Thorarinsson 
1965). Sapper (1927) a l s o  mentioned this  eruption and 
a new is land  a t  63"45'N, 23"W. The event i s  b r i e f l y  
discussed by Neumann van Padang (1938) a s  well. 

*7iT * 

268. 1332 -- Unnamed submarine volcano, Iceland. 
Supplement t o  item 2 1  

From a contemporary annal : ' I . .  .from t h e  F1 j a t  
and from many o ther  d i s t r i c t s  in  the North of Iceland 
a new is land  was seen t o  have emerged to the  northwest 
o f  Grimsey." (Thorarinsson 1965). 

S T *  

269. 1340 (about t h i s  year)  -- Eldey ( t h e  near 
envi rons of Ice1 and) 

Southwest of Reykjanes (near  or  in  the place of 
Eldey), possibly submarine erupt ion (Thorarinsson 
1965). 

T ?  

270. 1456 -- Unnamed submarine volcano, Iceland. 
Supplement t o  item 25 

According t o  Thorari nsson (1965, p.  74) "Jan 
Mayen may possibly be t h e  i s land  re fer red  to ."  

S 

271. 

Eruption from a p a r a s i t i c  c r a t e r ,  explosions and 
lava  flows (Kuno 1962). Some old Japanese sources 
have mentioned a simultaneous submarine outbreak, 
accompanted by t h e  b i r t h  of  a new is land  a s  well a s  
seismic sea waves. T h e  submarine a c t i v i t y  and t h e i r  
consequences are, however, doubtful. 

1476 October 9 -- Sakura-zima, Kyushu 

o D t 9 i T  7 * ?  5 7  

272. 1541 September 10 -- Agua, Guatemala 

A r a t h e r  s t range  event - namely a "water-erupt- 
ion" - i s  mentioned by Sapper (1927). According t o  
h i s  opinion, however, the phenomenon might have been a - lahar .  Another p o s s i b i l i t y  i s  t h e  draining o f  the 
c r a t e r  lake  (Mooser e t  a l .  1958). Except f o r  t h i s  
case,  l ahars  a r e  not t r e a t e d  i n  the present catalog.  

nf ? 



273. 1605. Nameless submarine e r u p t i v e  p o i n t ,  
Southern A t  1 a n t i  c 

Sapper (1927) has mentioned an e r u p t i o n  " f a r  f rom 
(Fernando de)  Noronha a t  7"s and 3'"--but n e i t h e r  West 
n o r  eas t  i s  i n d i c a t e d  f o r  t h e  second coord ina te .  It 
must he emphasized t h a t  a long t h e  7"s l a t i t u d e  n e i t h e r  
3OW, nor  3"E i s  a v o l c a n i c  reg ion,  a l though t h e  p o i n t  
a t  7'S, 3"  E can be found i n  t h e  c o n t i n u a t i o n  o f  t h e  
Cameron-Sao Tome v o l c a n i c  chain.  The event  i s  
regarded as very d o u b t f u l .  No f u r t h e r  da ta  a re  
a v a i l a b l e  i n  o t h e r  sources. 

K ? ?  

274. 1613 -- Unnamed submarine volcano, I c e l a n d  

"On Bishop Thor laksson 's  map o f  t h e  N o r t h  
A t l a n t i c  o f  1669 t h e r e  i s  an i s l a n d  l o c a t e d  q u i t e  a 
l o n g  way t o  t h e  southwest o f  I c e l a n d  and t h i s  i s l a n d  
i s  s a i d  t o  have been seen by Spanish s a i l o r s  i n  1613. 
We have no o t h e r  knowledge o f  t h i s  i s l a n d .  I t  may 
have been on t h e  Reykjanes r idge."  (Thorar insson 
1965, p. 74.) 

K ? * ?  

275. 1755 November 18 -- Nameless submarine e r u p t i v e  

Sapper (1927) has exp la ined t h a t  t h e  e r u p t i o n  i n  
q u e s t i o n  i s  d o u b t f u l .  We share h i s  view, 
c o n s i d e r i n g  t w t h e  p o i n t  a t  42'38'N, 65"57'W i s  
l y i n g  south o f  Nova S c o t i a ,  which i s  not  a v o l c a n i c  
r e g i o n  a t  a l l .  

cen ter ,  Nor thern  A t l a n t i c  

K ? ?  

276. 1755 -- Nameless submarine volcano, I c e l a n d  

I n  t h i s  y e a r  t h e r e  seems t o  have been an 
e r u p t i o n  somewhere n o r t h  of Ice land,  bu t  t h e  p o s i t i o n  
i s  unknown and i t  may p o s s i b l y  have been Jan Mayen 
(Thorar insson 1965). 

K ?  

277. 1781 A p r i l  11 -- Sakura-zima, Kyushu. 

Supplement t o  i t e m  7 1  

A new i s l a n d  came i n t o  be ing  (Sapper 1927). 
mentioned el sewhere, t h e r e f  o r e  doubted. 

S K * ?  

Not 

278. 1782 -- Sakura-zima, Kyushu 

Submarine a c t i v i t y ,  no f u r t h e r  da ta  (Sapper 
1927). Doubt fu l .  

X ?  

279. 1783 May 3 -- Eldey, Ice land.  Supplement t o  
i t e m  73 

The new i s l a n d  (Noyoe, Nyey, o r  Nyoe) was f i r s t  
observed and sketched on May 3 by Capta in  " lndelberg 
and crew o f  t h e  Danish b r i g  "Roesand." The i s l a n d  
reached a d iameter  o f  a t  l e a s t  900 m. "The Danish 
Government showed a grea t  i n t e r e s t  i n  t h i s  i s l a n d  
which rece ived t h e  name Nyey (Nyoe) = New I s l a n d .  A 
r o y a l  decree was issued t o  t h e  e f f e c t  t h a t  an 
e x p e d i t i o n  shou ld  be sent t o  t h e  i s l a n d  t o  h o i s t  t h e  
Dan ish  f l a g  and s e t  up a 3 e l l s  h i g h  s tone i n s c r i b e d  
w i t h  t h e  r o y a l  i n s i g n i a .  The s tone never found i t s  
way t o  t h e  i s l a n d  s imply  because t h e  i s l a n d  cou ld  not  
be found i n  t h e  autumn o f  1793." (Thorar insson 1965, 

s K *  
p. 74.) 

280. 1806 -- Unnamed undersea volcano, E q u a t o r i a l  
A t l a n t i c  

Accord ing  t o  Sapper (1927), a submarine e r u p t i o n  
took  p l a c e  a t  2"43'S, 22"55'W. Doubt fu l ,  as i t  i s  not  
mentioned by o t h e r  authors.  

281. 1814 -- Nameless submarine e r u p t i v e  p o i n t ,  
K amchat k a 

A submarine e r u p t i o n  i s  mentioned, w i t h o u t  any 
f .ur ther  d e t a i l s ,  by Russel (1888). Uncer ta in .  

K ?  

282. 1815 A p r i l  5-12 -- Tambora, Lesser  Sunda 
I s l a n d s .  Supplement t o  i t e m  92 

Neuinariii vd i i  Paildiiy ( l Y 7 1 )  l i ds  d iscussed some 
i m p o r t a n t  f u r t h e r  f a c t s  cor iccrn ing t h e  g r e a t  e r u p t i o n  
o f  Tamboi-a 'in 1815. A s  t h e  d i r e c t  r e s u l t  o f  t h e  o u t -  
b u r s t ,  10,000 persons l o s t  t h e i r  l i v e s  on Sumbawa and 
t h e  n e i g h b o r i n g  i s l a n d s .  Due t o  epidemics and famine, 
as i n d i r e c t  e f f e c t s  O r  t h e  e r u p t i o n ,  a f u r t h e r  38,000 
people d i e d  on Sumbawa and 44,000 on Lombok. Con- 
s i d e r i n g  these da ta ,  the Tambora-eruption i s  regarded 
t o  be t h e  most des t r i i c l . i ve  o u t b u r s t  d u r i n g  t h e  present  
mi l le i in iurn.  

A l though t h e  Tambora e r u p t i o n  was g r e a t e r  i n  
i n t e n s i t y  t h a n  t h a t  o f  Krakatau  i n  1883, i t s  tsunami 
was much l e s s  powerfu l .  Th is  f a c t  can be e x p l a i n e d  by 
c o n s i d e r i n g  t h a t  t h e  c o l l a p s e  o f  t h e  mount happened 
l a r g e l y  w e l l  above t h e  sea l e v e l ,  and n o t  p a r t l y  below 
t h e  sea l e v e l  as i n  t h e  cases o f  Krakatau  and o f  
S a n t o r i n i ,  where t h e  newly formed c a l d e r a  was inun-  
d a t e d  immediate ly  by t h e  water. The h e i g h t  o f  t h e  
tsunami on A p r i l  10 a t  t h e  coas t  o f  Sumbawa was 4 m, 
a t  any r a t e  much s m a l l e r  t h a n  t h e  h e i g h t  o f  t h e  t s u -  
nami a t  J a v a x S u m a t r a ,  on o p p o s i t e  s i d e s  o f  Sunda 
S t r a i t  a f t e r  t h e  paroxysm o f  Krakatau.  A t  a d i s t a n c e  
o f  85 km f r o m  Tambora, a t  Bima, t h e  tsunami was s t r o n g  
enough t o  t e a r  s h i p s  o f f  t h e i r  cha ins  and a f t e r  t h i s  
t h e  water  r u n  among t h e  houses a long t h e  p o r t .  A t  

_____ 



Besuki ,  l y i n g  a t  a d i s t a n c e  o f  450 km from Tamboras 
t h e  h e i g h t  o f  t h e  wave was 180 cm. 

do w i t h  t h e  l ight-phenomenon. The d i s t a n c e  between 
t h e  Bahama Bank and M a r t i n i q u e  i s  t o o  great.  

S t '  X ? ?  

283. 1827 -- Unnamed submarine volcano, Azores 
287. 1839 -- Unnamed undersea volcano, Nor the rn  

Eas t  of  t h e  i s l a n d s  f l o a t i n g  pumice was found A t l a n t i c  
(Sapper 1927). A l though i t  i s  not  mentioned by o t h e r  
sources and t h e  l o c a t i o n  i s  unknown, t h e  event i s  an A submarine e r u p t i o n  i s  repo r ted  by Sapper (1927) 
accepted one. a t  31'42'N, 42'30'W. As no f u r t h e r  d e t a i l s  a re  g iven 

iT and t h e  event i s  no t  mentioned by o t h e r  authors,  t h e  
e r u p t i o n  i s  regarded t o  be doub t fu l .  

T ?  

284. 1831 August --  Nameless submarine volcano, 288. 1844 -- Nameless submarine volcano, Azores Lesser  A n t i l l e s  

Rhythmic murmur was heard. No exact l o c a t i o n  i s  Near Barbados a submarine e r u p t i o n  might  have 
happened. Ash f a l l  was observed i n  20 v i l l a g e s  on t h e  given (Sapper The !Iature Of the event 
Lesse r  A n t i l l e s  (Sapper 1927).  Note: On 11 August is 9 

M a r t i n i q u e ,  bu t  on l y  one was s t r o n g  (Robson 1964). 
Maybe these  shocks were assoc ia ted  w i t h  t h e  submarine 
a c t i v i t y  that  i s  accepted as va l i d .  

iT 

1831, a t  n i g h t ,  f i v e  o r  s i x  shocks were f e l t  a t  K ? ?  

289. 1845 February 8 -- Soputan, Celebes. 

285. 1836 -- Nameless submarine volcano, E q u a t o r i a l  
A t l a n t i c .  Supplement t o  i t e m  117 

For t h e  y e a r  1836 two  submarine e r u p t i o n s  are 
r e p o r t e d  (Sapper 1Y27), bu t  no f u r t h e r  data a re  given. 
The l o c a t i o n s  were as f o l l o w s :  

1"35'S, 2Oo45'W, and Oo35'S, 15'50'W, 

r e s p e c t i v e l y .  The second was ment ioned i n  i t e m  117 as 
t h e  s i t e  where black ash o f  v o l c a n i c  o r i g i n  has been 
c o l l e c t e d ,  hu t  t h e  unnamed submarine vo lcano t h a t  
e rup ted  on 1836 January 25 i s  l o c a t e d  a t  Oo40'S, 
20°10'W. Al though t h e r e  a re  c e r t a i n  d i y fe rences  among 
t h e  coord inates,  i t  can be supposed t h a t  t h e  submarine 
vo lcano a t  0°40'S, 20"lO'W may be i d e n t i c a l  w i t h  one 
o f  t h e  two volcanos t h a t  a re  ment ioned by Sapper. 

S T  

Normal exp los ions  from t h e  c e n t r a l  c r a t e r  took 
p lace.  A t e c t o n i c  earthquake occurred and a tsunami 
w i t h  a magnitude o f  0 ( ? )  was observed a t  Manado (L ida  
e t  a l . ,  1972). The tsunami was due t o  t h i s  shock. 
Only an i n d i r e c t  r e l a t i o n  w i t h  t h e  e r u p t i o n  can be 
supposed. 

T ?  

290. 1852 -- Submarine e r u p t i v e  cen te r ,  E q u a t o r i a l  
A t l a n t i c  

Undersea a c t i v i t y  i s  mentioned by Sapper (1927) 
a t  O"12' N ( ? ) ,  19' W. No f u r t h e r  data a re  a v a i l a b l e ;  
u n c e r t a i n .  

Note: I n  what f o l l o w s  events W i l l  be summarized f o r  
which t h e  da te  o f  occurrence i s  unknown. There fo re  i t  
may be t h a t  some o f  t h e  phenomena took p lace  a f t e r  
1900 January 1. Other  events t h a t  occurred a f t e r  t h i s  
d a t e  w i l l  be t r e a t e d  i n  t h e  second volume. 

- 

T ?  

286. 1837 November 25 -- Unnamed undersea v o l c a n i c  
cen te r ,  Bahama Bank 

A remarkable li ght-phenomenon was seen, but  i t s  
v o l c a n i c  n a t u r e  i s  d o u b t f u l  (Sapper 1927). Note: Al though no exact l o c a t i o n  i s  given, no vo l can ic  The event perhaps took p lace  i n  t h e  1880s. 
m a n i f e s t a t i o n  can be supposed i f  one considers t h a t  t h e  Year i s  unknown, Sapper (1927) gave t h e  
t h e  Bahama Bank i s  not  a vo l can ic  reg ion.  The event month and day as J u l y  12. Rumblings every 15 minutes.  
i s  not  mentioned i n  o t h e r  sources; t he re fo re ,  we share The v o l c a n i c  na tu re  of t h e  phenomenon i s  unce r ta in .  

phenomenon. A s  an i n t e r e s t i n g  co inc idence  of  events 
i t  i s  wor th  men t ion ing  t h a t  5 days l a t e r  a severe 
ear thquake was observed on M a r t i n i q u e  (Robson 1964). 
We are sure,  however, t h a t  t h i s  shock had n o t h i n g  t o  

291. ... ?... Submarine e r u p t i v e  center ,  K u r i l e  
I s l  ands 

Sapper 's  o p i n i o n  about t h e  u n c e r t a i n t y  o f  t h e  T ?  
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292. ... ?... Subiilarine e r u p t i o n  p o i n t ,  Juan 
Fernandez I s 1  ands 

L o c a t i o n  (Sapper 1927): 33"20'N, 78'20'W. 
Quest ionab le .  The l a t i t u d e  i s  erroneous; 33'2U'S 
shou ld  he read i n s t e a d  o f  33'20". 

K ?  

293. .. ?... Underwater e r u p t i v e  center ,  Tonga 
Vo lcan ic  Group 

More t h a n  one submarine e r u p t i o n  was r e p o r t e d  
"no t  t o o  f a r  f rom L a t e "  o r  L e t t e  (Sapper 1927), near 
t h e  Home Shoal Deep a t  19'17'S, 174"45'W. Uncer ta in .  

K ?  

imagined t h a t  t h e  a c t i v i t y - - i f  any--would have been 
observed on t h e  surface. I n c i d e n t l y ,  t h e  p lace  
mentioned i s  f a r  west of the  r i f t  v a l l e y  o f  t h e  Mid-- 
A t l a n t i c  Ridge. 

K ? ?  

298. . . .?. . . Nameless submarine volcano, Southern 
A t  1 a n t i c  

The e r u p t i o n  was r e p o r t e d  a t  12"45'S, 21'45'W. 
T h i s  event  i s  a l s o  L e L x  d o u b t f u l ,  s i m i l a r  t o  i t e m  296, 
as t h e  depth o f  t h e  ocean here i s  5300 m (Neumann van 
Padang 1963). 

x?. 

299. ... ?... Nameless submarine volcano, Southern 
At1 a n t i c  

294. . . .?. . . Yersey, Lesser  Sunda I s l a n d s  
The submarine outbreak a t  3Oo50'S, 3Oo48'W has 

The date Of its eruption is unknown; the n o t  been proven, t h e r e f o r e  i t  i s  p rob lemat ica l  
e s i s t e n c e  of  t h e  submarine volcano i s  doubted (see van 1963). 
i t e m  245). 

295. ... ?... Submarine e r u p t i v e  center ,  G u l f  o f  
Aden 300 ... ?... IJnnamed submarine e r u p t i o n  center ,  

Boni  n I s l a n d s  

Sapper (1927) has mentioned an o u t b u r s t  a t  A submarine vo lcano i s  inentioned a t  12"15'N, 
45"00'E, b u t  i t  i s  regarded as p r o b l e m a t i c a l  by 250201N, 1410201E. Questionable. 
Neumann van Padang (1963). 

? 

296. ... ?... Omus Is lands ,  G u l f  o f  Oman 

The Ormus I s l a n d s  i n  t h e  G u l f  o f  m a n ,  between 
t h e  P e r s i a n  G u l f  and t h e  Arabian Sea, a r e  o f  v o l c a n i c  
o r i g i n .  These i s l a n d s  s t i l l  have wel l -shaped c r a t e r s  
and l a v a  f lows.  Sapper mentioned l a v a  e f f u s i o n s  i n  
t h e  S t r a i t  o f  Oman t h a t  must have had taken p l a c e  i n  
t h e  Midd le  Ages ( i n  t h e  h i s t o r i c a l ,  no t  i n  t h e  
g e o l o g i c a l  meaning). A l l  these da ta  g i v e  t h e  
impress ion  t h a t  v o l c a n i c  a c t i v i t y  has not  y e t  f u l l y  
d i e d  i n  t h i s  r e q i o n  (Neumann van Padanq 1963). 
Accept ing  t h i s  p o s i i b i l i t y ,  o n l y  t h e  submarine n a t u r e  
o f  t h e  a c t i v i t y  i s  q u e s t i o n e c -  

K ? ?  

297. . . .?. , . Nameless submarine volcano, Southern 
A t  1 a n t i c  

An underwater outbreak was r e p o r t e d  a t  15°30'S, 
21'45'W. The event  i s  very_ d o u b t f u l  because a t  t h i s  
p o i n t  t h e  depth  o f  t h e  A t l a n t i c  Ocean i s  5300 m 
(Neumann van Padang 1963). and t h u s  i t  can h a r d l y  be 

301. .. .?. .. IJnnamed submarine volcano, Luzon 
S t r a i t ,  P h i  1 i p p i  ne I s l a n d s  

I n  Sapper 's  book (1927) a submarine outbreak i s  
mentioned a t  20'20'N, 121'45'E i n  t h e  Luzon S t r a i t ,  
nor thwest  o f  Babuyan Is lands .  No f u r t h e r  data are 
a v a i l a b l e ;  t h e  event  i s  regarded as doubt fu l .  

302. ... ?... Nameless submarine e r u p t i o n  s i t e ,  
F l o r e s  Sea 

Sapper (1927) has inentioned an e r u p t i o n  a t  t h e  
p o i n t  l o c a t e d  a t  7"30'S, 119'30'E. The event i s  
p r o b l e m a t i c a l  and an e r u p t i o n  f a r  n o r t h  o f  t h e  
Indones ian  v o l c a n i c  b e l t  i s  u n l i k e l y .  

T ?  
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LIST OF SUBMARINE VOLCANO LOCATIONS 

Events marked * a r e  assoc ia ted  w i t h  tsunamis 

Name and s e r i a l  number L a t i t u d e  Longi tude Cata log  Event Number 
0 1  0 ,  

AtiUA, Guatemala, 1402-10 

AMBOINA, Moluccas 

ANTARCTICA,  S c o t i a  Arc, nameless submarine vo lcano near 
T i e r r a  d e l  Fuego, 1Yc 1900-027 

ARAKAN, I n d i a n  Ocean, submarine (mud) volcano, 0305 

ASSONGSONG, Izu-Mar iana I s l a n d s ,  0804-15 

ATITLAN, tiuatemala, 1402-06 

AUGUSTINE, A laska (see S t .  Augustine, A laska)  

AVACHINSKY, Kamchatka, 1000-10 

AWU, Sanyihe Is lands ,  0607-04 

AZUHES, Unnamed submarine volcanoes, 1802-8a 

1802-3a 

BAHAMA BANK, Unnamed submarine volcano 

BANDA A P I ,  Banda Sea, 0605-09 

BANK NNW OF PANTELLARIA, S i c i l y  Sea (see Foers tner ,  
Phlegraean F i e l d s  o f  t h e )  

BANUA WUHU, Sangihe I s l a n d s ,  0 6 0 7 4 3  

BAYUNNAISE ROCKS, Izu-Mar iana Is lands ,  nameless 
submarine volcanoes (see a l s o  M y o j i n  Sho), 0804-07 

near  Narage, 0502-02 
BISMARCK ARCHIPELAGO, unnamed submarine volcano 

BOGOSLOF, A l e u t i a n  I s l a n d s ,  1101-30 

BONIN ISLANDS, unnamed submarine volcano, 0804-10 

BRIMESTONE ISLAND, Kermadec Vo lcan ic  Group, 0402-02 

C A M I G U I N  DE BABUYANES, I s l a n d s  n o r t h  o f  Luzon, 

C A M P I  FLEGREI DEL MAR UI SICILIA (see a l s o  names o f  

P h i l i p p i n e s ,  0704-01 

, 0101-07 i n d i v i d u a l  volcanoes 

CAPE COLUMBO ( S a n t o r i n i  , Aegean Sea 

CAPE OF ti000 HOPE, unnamed submarine volcano nearby 

CARABALLOS, n o r t h  o f  Luzon, P h i l i p p i n e s ,  

14 28.0 N 90 44.5 W 

03 41 S 128 10 E 

56 15 S 72 10 W 
o r  65 15 S 

18 00 N 

19 40 N 

14 35 N 

53 13 N 

03 40 N 

37 52 N 

38 30 N 
39 57 N 
38 30 N 

93 30 E 

145 24 E 

91 11 w 

159 00 E 

125 30 E 

25 43 W 

27 25 W 
25 50 W 
28 00 W 

? 

? 

04 31 S 129 52 E 

03 08 N 

31 55 N 

04 33 S 

53 56 N 

26 00 N 

30 13 S 

18 55 N 

37 06 N 

36 24 N 

125 29 E 

139 55 E 

149 07 E 

168 02 W 

140 46 E 

178 55 W 

121 52 E 

12 42 E 

25 23 E 
( a p p r o x i  mat e ) 

u n c e r t a i n  

u n c e r t a i n  

272 

40* 

189 

123 

96* 

113* 

54*, 101* 

136*, 244* 

33, 41, 48, 86, 87 

82 
146 
205 
59, 283, 288 

286 

131* 

116, 235*, 247, 251 

179, 255 

152 

64, 81, 83, 85, 90, 97, 210 
219, 220, 221, 233, 241 

299 

100 

144 

3, 32, 43, 104, 105, 106, 
107, 108, 109, 110, 111, 
112, 124, 153, 207, 242, 
243 

35* 

143 

31* 

A1 



LIST OF SUBMARINE VOLCANO LOCATIONS (Cont inued)  

Events  marked * a r e  a s s o c i a t e d  w i th  tsunami-; 

Name and s e r i a l  number L a t i t u d e  Long i tude C a t a l o g  Event Number 
D I  o m  

CENTRAL MEDITERRANEAN SEA, nameless submarine e r u p t i v e  
c e n t e r s  

CHINA SEA, unnamed submarine volcano, 0801-04 

CORCOVADO, Chi l e ,  1508-05 

CRATER LAKE, Oregon, 1202-16 

D I D I C A S  ROCKS, I s l a n d s  n o r t h  o f  Luzon, P h i l i  
0704-02 

DON JOAO DE CASTRO BANK, Azores, 1802-07 

ELDEY, Ice land,  unnamed submarine volcanoes 
I c e l a n d  and v i c i n i t y ,  1701-02 

p ines ,  

see a l s o  

EMPEROR OF CHINA,  Banda Sea, 0605-01 

EQUATORIAL ATLANTIC, unnamed submarine volcano, 
1805-01, 02, 03, 04 

FALCON ISLAND,Tonga V o l c a n i c  Group, 0403-05 

FLORES SEA, nameless submarine e r u p t i o n  s i t e  

FOERSTNER, Phlegraean F i e l d s  o f  t h e  S i c i l y  Sea, 
0101-07a 

FONUA FO'OU, Tonga Vo lcan ic  Group (see Fa lcon I s l a n d )  

FUJI -YAMA,  Honsyu, 0803-03 

GAMKONORA, Halmahara, 0608-04 

GEORGIANA, I n d i a n  Ocean (see a l s o  I n d i a n  Ocean 
o r  N i n e t y  East  R idge)  

GIULIA FERDINANDEO BANK, Phlegraean F i e l d s  o f  t h e  
S i c i l y  Sea ( o f t e n  c a l l e d  Graham I s l a n d ) ,  0101-07b 

GRAHAM ISLAND, Phlegraean F i e l d s  o f  t h e  S i c i l y  Sea 

GULF OF AUEN, submarine e r u p t i v e  center ,  0302-12 

H A T I Z Y O - Z I M A  N I S I  -YAMA, I zu-Mar i  ana I s  1 ands , 0804-05 

HEKLA, I c e l a n d ,  1702-07 

HOME REEF, Tonga V o l c a n i c  Group, 

IBUGOS, I s l a n d s  n o r t h  o f  Luzon, P h i l i p p i n e s ,  submarine 

ICELAND, unnamed submarine volcanoes (see a l s o  E ldey) ,  

(see t i i u l i a  Ferd inandeo Bank) 

0403-08 

volcanoes t o  t h e  west, 0704-05 

1703-18 

u n c e r t a i n  

25 25 N 122 20 E 

43 11 s 72 48 w 
42 56 N 122 07 W 

19 04 N 122 10 E 

38 13 N 26 37 W 

63 45 N 22 55 W 

06 37 S 124 13 E 

see t e x t  f o r  l o c a t i o n s  

20 19 s 

07 30 S 

36 48 N 

35 21 N 

01 22 N 

06 05 S 

37 12 N 

12 15 N 

33 07 N 

63 58 N 

18 59 S 

20 1 Y  N 

67 07 N 

175 25 W 

119 30 E 

11 54 E 

138 43 E 

127 31 E 

89 10 E 

12 42 E 

45 00 E 

139 46 E 

19 42 w 

174 46 W 

121 45 E 

18 36 W 

227, 228* 

168 

114* 

15 

66, 139 

52 

17, 18, 19, 20, 24, 28, 
73, 103, 202, 223, 267, 
269, 279 

245 

62, 94, 99, 117, 129, 149 

197, 280, 285, 289 

72, 155, 194, 224, 232, 
239, 246, 249, 252, 258 

301 

242 

46* 

38* 

204, 212, 213, 214, 215, 
216, 217 

32, 43, 104, 105, 106, 
107, 108, 109, 110, 111 
112, 153 

294 

30* 

42* 

132, 145 

65, 127 

21, 22, 25, 74, 75, 119 
167, 254, 268, 274, 276 
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L I S T  OF SUBMARINE VOLCANO LOCATIONS (cont inued)  

Events marked * a r e  assoc ia ted  w i t h  tsunamis 

Name and s e r i a l  number L a t i t u d e  Longi tude Cata log  Event Number 
" I  0 ,  

I N U I A N  OCEAN, p o s s i b l e  submarine volcano (see a l s o  
Georg iana)  

JOLO, Sulu Arch ipe lago,  0700-01 

JUAN FERNANDEZ I s l a n d s ,  submarine volcanoes, 1506-03 
and two o t h e r s  a t  34" 55'S, 77" 38'W and 33" 20'S, 
78" 20'W. r e s p e c t i v e l y  

KAMCHATKA, nameless submarine e r u p t i v e  p o i n t s ,  1000-36 

KAMUZUKURI, Kyusyu 

KAHUA, New Hebr ides I s l a n d s ,  0507-07 

KERMAOEC VOLCANIC GROUP, unnamed volcano, 0402-04 

KILAUEA, Hawaii ,  1302-01 

K I T A - I W O - Z I M A ,  Izu-Mar iana I s l a n d s ,  submarine volcanoes 

KOMAGA-TAKE, Hokkaido, 0805-02 

KUNA-COAST, Hawaii  

KONIUSHI ,  A l e u t i a n  I s l a n d s ,  1101-14 

near  o r  t o  t h e  nor thwest ,  0804-11 

KRAKATAU, SUNDA STRAIT, 0602-00 

KRAKATAU, SUNDA STRAIT, a c t i v i t y  1883/May 20 - Aug. 26, 
0602-00 

KURILE ISLANDS, submarine e r u p t i v e  c e n t e r  

LAKE ILOPANGO, I s l a s  Quemadas, E l  Salvador, 1403-06 

LESSER ANTILLES, nameless submarine volcano, 

LUZON STRAIT, P h i l i p p i n e  I s l a n d s ,  unnamed submarine 

MADREPOE BANK, Phlegraean F i e l d s  o f  S i c i l y  Sea, 

j u s t  b e f o r e  t h e  g r e a t  e r u p t i o n ,  

volcano, 0704-05 

0101-07d 

M A R I E  GALANTE, West I n d i e s ,  nearby submarine volcano, 
1600-07 

MAUNA LOA, Hawaii ,  1302-02 

MAURELLE ISLANDS, Tonga Vo lcan ic  Group, 0403-07 

MELANESIA, nameless submarine volcano, 0507-09 

MERAPI ,  Java, 0603-25 

METIS SHOAL, Tonga Vo lcan ic  Group (see M a u r e l l e  I s l a n d  
a l s o )  0403-07 

M I N C H I N A M A V I D A ,  C h i l e ,  1508-04 

06 05 S 89 10 E 204, 212, 213, 214, 215, 

216, 217 

05 55 N 121 10 E 256* 

33 37 S 78 47 W 115*, 166, 291 

57 25 N 160 24 E 88, 281 
u n c e r t a i n  

31 40 N 130 43 E 263 

16 49 S 168 32 E 257 

29 11 S 177 52 W 225 

19 25 N 155 16 W 77, 98, 121, 170, 191* 

25 25 N 141 13 E 26, 70, 237 

42 04 N 140 40 E 34* 

88* 

52 13 N 175 07 W 60 

06 06 S 105 25 E 12*, 218* 

06 06 S 105 25 E 204 

? 290 

13 40 N 89 03 W 203 

? 284 

20 20 N 121 45 E 300 

36 42 N 13 42 E 124 

15 08 N 61 1 7  W 122 

19 28 N 155 36 W 148, 169, 183*, 190*, 230 

19 11 S 174 51 W 182 

18 45 S 169 11 E 208 

07 32 S 110 26 E 120* 

19 11 S 174 51 W 
128, 147, 182, 188, 201, 
229, 240, 250 

42 47 S 72 26 W 114* 
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LIST OF SUBMARINE VOLCANO LOCATIONS (cont inued)  

Events marked * a r e  assoc ia ted  w i t h  tsunamis 

Name and s e r i a l  number L a t i t u d e  Longi tude C a t a l o g  Event Number 

MOSCHYLOS, Aegean Sea 

M Y O J I N  SHO, Izu-Mar ian I s l a n d s  (can be found under t h e  

NEW ZEALAND VOLCANIC ZONE, submarine e r u p t i o n  

NIEUWERKERK, Banda Sea, 0605-02 

NINETY EAST RIDGE, I n d i a n  Ocean (see a l s o  I n d i a n  Ocean, 

name, Bayonnaise Rocks, a l s o ) ,  0804-07 

p o s s i b l e  submarine volcano, and Georg iana)  

NISHI -YAMA,  Izu-Mar iana I s l a n d s ,  0804-05 

NORTHERN ATLANTIC, unnamed submarine volcanoes, 
1801-01, 02, 03, 04 

NOYOE (NYEY, NYO, NYOE), Ice land,  1701-01 

OKINAWA-TORI-SHIMA (RYUKYU-TORISIMA), Ryukyu I s l a n d s ,  
0802-02 

ONNIMAH STRAIT, near  Cape Ommanen, n o r t h e a s t e r n  P a c i f i c  

ORMUS ISLANDS, G u l f  o f  Oman, 0302-14 

OSIMA-0-SIMA,  Hokkaido, 0805-01 

0-SIMA, Izu-Mar iana I s l a n d s  and 0-Sima v i c i n  

OSORNO, Ch i le ,  1508-01 

PEAK OF TERNATE, Halmahera (see Ternate  Peak 

PERU, coas t  between Coronal  and I q u i q u e  

PERU, near  t h e  coas t  o f  San Lorenzo I s l a n d  

PERU, coas t  a t  P isayua 

PHLEGRAEAN FIELDS o f  t h e  S i c i l y  Sea (see t h e  

ty, 0804-01 

i n d i v i d u a l  
volcanoes and Campi F l e g r i  d e l  Mar d i  S i c i l i a )  

PIC0, Azores, 1802-02 

PINNE MARINE BANK, S i c i l y  Sea, 0101-07c 

PONDICHERRY, n o r t h  o f  Ceylon, submarine vo lcano i n  
I n d i a n  Ocean, 0305-01 

PHIBILOF ISLANDS, B e r i n g  Sea 

RALUAN, New B r i t a i n ,  0502-14 

RAOUL ISLAND, Kermadec Vo lcan ic  Group, 0402-03 

RITTER ISLAND, o f f  n o r t h e a s t  coas t  o f  New Guinea, 

RUANG, Sangihe I s l a n d s ,  0607-01 

0501-07 

? 2* 

31 55 N 139 55 E 179, 255 

38 00 S 178 00 E 193 

06 39 S 124 43 E 245 

06 05 S 89 10 E 204, 212, 213, 214, 215, 
216, 217 

33 08 N 139 46 E 47 

See t e x t  f o r  l o c a t i o n s  
141*, 154, 222, 231, 248*, 
275, 287 

63 28 N 

27 52 N 

56 01 N 

26 00 N 

41 30 N 

34 43 N 

41 06 S 

38 28 N 

36 54 N 

11 45 N 

56 41 N 

04 16 S 

29 16 S 

05 31 S 

02 16 N 

23 46 W 73. 279 

128 15 E 36* 

134 04 W 142 

57 00 E 295 

139 22 E 55* 

139 22 E 23, 44*, 50*, 141, 176, 264 

72 30 W 114* 

151 

150 

192 

28 24 W 51 

13 00 E 125 

80 45 E 58 

169 07 W 93 

152 10 E 1Y8* 

177 55 W 89, 135, 174, 184, 195 

148 07 E 234" 

125 25 E 178*, 236 , 



LIST OF SUBMARINE VOLCANO LOCATIONS (cont inued)  

Events marked * a r e  assoc ia ted  w i t h  tsunamis 

Name and s e r i a l  number L a t i t u d e  Long i tude Cata log  Event Number 
D l  O I  

RYUKY U-TOR I S I M A ,  Ryu kyu Is  1 ands (see Oki nawa-Tori -shima ) 

SABRINA, Azores, ephemeral i s l a n d  (see a l s o  Azores, 
unnamed submarine vo lcanoes) ,  1802-03 

SAKURA-ZIMA, KyuShu, 0802-08 

SAMOA VOLCANIC GROUP, unnamed submarine volcano near  

SANGIHE ISLANDS, nameless submarine volcano, 0607-05 

SANTA BARBARA ( T e r c e i r a ) ,  Azores, 1802-05 

SANTORINI, Aegean Sea, 01U2-04 

Olosega I s l a n d ,  0404-01 

SAO JURtiE, Azores, 1802-03 

SEMERU, Java, 0603-30 

SHUAM SHU (SHUAMSHU) ISLAND, K u r i l e  v o l c a n i c  b e l t  

SICILY SEA (see names o f  i n d i v i d u a l  vo lcanoes and Campi 

SLAMET, Java, 0603-18 

SMITH ROCK(S), nearby submarine volcanoes, Izu-Mar iana 
I s l a n d s ,  0804-08 

F l e g r e i  d e l  Mar d i  S i c i l i a )  

SOUTHERN ATLANTIC, nameless submarine e r u p t i v e  centers  

ST. AUGUSTINE, Alaska, 1103-01 

TAAL, P h i l i p p i n e  I s l a n d s ,  0703-07 

TAIWAN, nameless submarine vo lcano between Taiwan and 
t h e  Mariana I s l a n d s ,  U801 

TAIWAN, submarine vo lcano near t h e  eas tern  coast, 

TAMBORA, Lesser  Sunda I s l a n d s ,  0604-04 

TANNA, New Hebr ides I s l a n d s ,  0507-10 

TARAWEKA, New Zealand, 0401-06 

0801-3 

38 30 N 

31 34 N 

14 12 S 

03 58 N 

38 43 N 

36 24 N 

38 39 N 

08 07 S 

50 53 N 

07 14 S 

31 16 N 

27 25 W 

130 40 E 

169 36 W 

124 13 E 

27 19 W 

25 23 E 

28 04 W 

112 55 E 

161 12 E 

109 12 E 

139 46 E 

see t e x t  f o r  l o c a t i o n s  

59 22 N 

14 00 N 

20 56 N 

24 00 N 

08 15 S 

19 31 S 

38 13 S 

TAUPO VOLCANIC CENTRE, C e n t r a l  N o r t h  I s l a n d ,  New Zealand, 

TERCEIRA,  Azores (see Santa Barbara)  

0401-07 38 46 S 

153 25 W 

121 00 E 

134 45 E 

121 50 E 

118 00 E 

169 25 E 

176 30 E 

176 07 E 

a7 

14*, 67*, 68*, 69*, 71*, 262, 
266, 271*, 277, 278 

164 

245 

61, 165 

1*, 4, 5, 9, lo*, 13, 16*, 27, 
35*, 45, 156*, 157, 158, 159, 
160, 161, 162, 163, 175, 
265 

205, 209 

95* 

137 

187* 

37, 172, 173, 177, 181 
185 

130, 171, 273, 296, 297, 
298 

76*, 220* 

49, 53, 56*, 57* 

126 

133 

92*, 282* 

196*, 19Y* 

226 

7 



L I S T  OF SUBMARINE VOLCANO LOCATIONS (con t inued)  

Events marked * a r e  a s s o c i a t e d  w i t h  tsunamis 

Name and s e r i a l  number L a t i t u d e  Long i tude C a t a l o g  Event Number 
V I  

TERNATE PEAK, Halmahera, 0608-06 

THOMPSON ISLAND, Southern A t l a n t i c ,  1806-03 

00 48 N 127 19 E 39*, 63* 

53 56 S 05 30 E 253" 

TONGA VOLCANIC GROUP, unnamed underwater  volcanoes, 

TORI-SIMA, Izu-Mar iana I s l a n d s ,  nameless submarine 

0403-05 ( i t e m  72; r e s t  unnumbered) See t e x t  f o r  l o c a t i o n s  72, 186, 238, 292 

volcano, 0804-09 30 28 N 140 14 E 180 

TULISKOI ( o r  TULIK), A l e u t i a n  I s l a n d s ,  1101-29 53 25 N 168 08 W 200 

TULUMAN, A d m i r a l t y  Group, Melanesia, 0500-01 

TURUMI, KYUSYU, 0802-13 

02 26 S 147 19 E 21 1 

33 16 N 131 25 E 29 

UMNAK ISLAND, A l e u t i a n  I s l a n d s ,  nearby submarine vo lcano ? 84 

UNALASKA ISLAND, A l e u t i a n  I s l a n d s ,  submarine vo lcano 
southeas t  and nearby ? 80, 9 1  

UNIMAK ISLAND, A l e u t i a n  I s l a n d s ,  submarine volcanoes 
nearby ? 79*, 102*, 138* 

UNZEN, KYUSYU, 0802-10 32 45 N 130 18 E 78" 

VUSUVIUS, I t a l y ,  0101-02 40 49 N 014 25 E 11* 

VETERAN, Cochin China, 0705-01 09 49 N 109 03 E 206 

VULCANELLO, L i p a r i  I s l a n d s ,  0101-05 

VULCANO, L i p a r i  I s l a n d s ,  0101-05 

38 24 N 14 57 E 6 ,  8 

38 24 N 14 57 E 8, 260, 261 

YERSEY, Lesser  Sunda I s l a n d s ,  0604-28 07 31 S 123 57 E 245, 293 

A6 
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SOLID EARTH (SE) DATA REPORT SERIES 

L i s t e d  below a r e  d a t a  r e p o r t s  p u b l i s h e d  i n  t h e  S o l i d  E a r t h  (SE) s e r i e s  o f  World Data Center  A f o r  S o l i d  E a r t h  
Geophysics, NOAA/NGDC, Boulder ,  Colo. 80303, USA. 
Geophysical Data Center  i s  a v a i l a b l e  i n  t h e  f o l l o w i n g  p u b l i c a t i o n s :  
(KGRD-15); Mar ine  Geology and Geophysics Data Serv ices  and P u b l i c a t i o n s  (KGRD-14); and T e r r e s t r i a l  Geophysics Data 
Serv ices  and P u b l i c a t i o n s  (KGRD-19). 

A d d i t i o n a l  i n f o r m a t i o n  on t h e  s e r v i c e s  o f  t h e  N a t i o n a l  
Earthquake Data Serv ices  and P u b l i c a t i o n s  

SE-1 

SE-2 

SE-3 

SE-4 

SE-5 

SE-6 

SE-7 

SE-8 

SE-9 

SE-10 

SE-11 

SE-12 

SE-13 

SE-14 

SE-15 

SE-16 

SE-17 

SE - 18 

SE - 19 

SE-20 

SE-21 

SE-22 

SE-23 

SE-24 

SE-25 

SE-26 

SE-27 

SE-28 

SE-29 

SE-30 

SE-31 

SE-32 

SE-33 

SE-34 

SE-35 

C a t a l o g  o f  Tsunamis i n  A laska 

Geodynamics I n t e r n a t i o n a l - 9  

Sumnary o f  Ear thquake Focal  Mechanisms f o r  t h e  Western P a c i f i c - I n d o n e s i a n  Regon, 1929-1973 

C a t a l o g  o f  Tsunamis i n  Hawaii  

Geodynamics I n t e r n a t i o n a l - 1 0  

C a t a l o g  o f  Sei  smograms and Strong-Mot i  on Records 

D i r e c t o r y  o f  Seismograph S t a t i o n s  

Survey o f  P r a c t i c e  i n  Determin ing  Magnitudes o f  Near Earthquakes, P a r t  2: Europe, Asia,  A f r i c a ,  

Survey o f  P r a c t i c e  i n  Determin ing  Magnitudes o f  Near Earthquakes, P a r t  1: North,  Cent ra l ,  and 

Geodynamics I n t e r n a t i o n a l  -11 

The I n f o r m a t i o n  E x p l o s i o n  and I t s  Consequences f o r  Data A c q u i s i t i o n ,  Documentation, and Process ing:  

Geodynamics I n t e r n a t i o n a l  -12 

B i b l i o g r a p h y  o f  S t a t i s t i c a l  Aspects o f  S e i s m i c i t y  

D i r e c t o r y  of U.S. Data R e p o s i t o r i e s  Suppor t ing  t h e  I n t e r n a t i o n a l  Geodynamics P r o j e c t  

Geodynamics I n t e r n a t i o n a l - 1 3  

Geodynamics I n t e r n a t i o n a l  -14 

Annual Mean Values o f  Geomagnetic Components f o r  Se lec ted  Observa tor ies ,  1940-73 

Homogeneous Magnitude System o f  t h e  Euras ian  Cont inent :  

Geodynamics I n t e r n a t i o n a l  -15 

Manual o f  Se ismolog ica l  Observatory  P r a c t i c e  

Geomagnetic Observa tor ies ,  ,1978 

H i s t o r i c a l  Seismogram F i l m i n g  P r o j e c t :  

Geodynamics I n t e r n a t i o n a l  -16 

H i s t o r i c a l  Seismogram F i l m i n g  P r o j e c t :  

D i r e c t o r y  of Wor ld  Seismograph S t a t i o n s ,  Volume I .  

Geodynamics I n t e r n a t i o n a l - 1 7  - F i n a l  Repor t  

C a t a l o g  o f  S i g n i f i c a n t  Earthquakes, 2000 B.C.-1979 

H i s t o r i c a l  Seismogram F i l m i n g  P r o j e c t :  

St rong-Mot ion Data f r o m  Japanese Earthquakes 

Progress Repor t  on Se lec ted  Geophysical A c t i v i t i e s  o f  t h e  U n i t e d  Sta tes ,  1977-1981 

New C a t a l o g  o f  S t r o n g  Earthquakes i n  t h e  U.S.S.R. f rom Anc ien t  Times Through 1977 

D i r e c t o r y  o f  Wor ld  D i g i t a l  Seismic S t a t i o n s  

H i s t o r i c a l  Seismogram F i l m i n g  P r o j e c t :  

Homogeneous Magni tude System o f  t h e  Euras ian  Cont inent :  

Documentation o f  Earthquake A l g o r i t h m s  

A u s t r a l i a ,  t h e  P a c i f i c  

South America 

An A d d i t i o n a l  Aspect o f  t h e  L i m i t s  t o  Growth 

P-Waves 

F i r s t  Progress Repor t  

Second Progress Repor t  

The Americas - P a r t  1. U n i t e d  States,  
Canada, Bermuda 

T h i r d  Progress Repor t  

F o u r t h  Progress Repor t  

S and L Waves 
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WORLD DATA CENTER A 
National Academy of Sciences 
2101 Constitutlon Avenue, NW 
Washington, D.C. 20418 USA 

World Data Center A consists of the Coordination Office 
and the following eight Subcenters: 

COORDINATION OFFICE 
World Data Center A 

National Academy of Sciences 
2101 Constltution Avenue, NW 
Washlngton, D.C. 20418 USA 
[Telephone: (202) 334-3359] 

GLACIOLOGY (Snow and Ice) 
World Data Center A: Glaciology 

(Snow and Ice) 
Cooperative Inst. for Research in 

Environmental Sciences 
University of Colorado 
Boulder, Colorado 80309 USA 
Telephone: (303) 492-5171 

MARINE GEOLOGY AND GEOPHYSICS 
(Gravity, Magnetics, Bathymetry, 
Seismic Profiles, Marine Sediment, 
and Rock Analyses): 

World Data Center A for Marine 

NOAA, E/GC3 
325 Broadway 
Boulder, Colorado 80303 USA 
Telephone: (303) 497-6487 

Geology and Geophysics 

METEOROLOGY (and Nuclear Radiation) 
World Data Center A: Meteorology 
National Climatic Data Center 
NOAA, ElCC 
Federal Building 
Asheville, North Carolina 28801 USA 
Telephone: (704) 259-0682 

OCEANOGRAPHY 
World Data Center A: Oceanography 
National Oceanographic Data Center 
NOAA, ElOC 
2001 Wisconsin Avenue, NW 
Page Bldg. 1, Rm. 414 
Washlngton, D.C. 20235 USA 
Telephone: (202) 634.7510 

ROCKETS AND SATELLITES 
World Data Center A: Rockets and 

Goddard Space Flight Center 
Code 601 
Greenbelt, Maryland 20771 USA 
Telephone: (301) 344-6695 

ROTATION OF THE EARTH 
World Data Center A: Rotation 

U.S. Naval Observatory 
Washington, D.C. 20390 USA 
Telephone: (202) 254-4547 

Satel I ites 

of the Earth 

SOLAR.TERRESTRIAL PHYSICS (Solar and 
Interplanetary Phenomena, Ionospheric 
Phenomena, Flare-Associated Events, 
Geomagnetic Variations, Aurora, 
Cosmic Rays, Airglow): 

World Data Center A 
for SolarTerrestrial Physics 

NOAA, UGC2 
325 Broadway 
Boulder, Colorado 80303 USA 
Telephone: (303) 497-6323 

SOLID-EARTH GEOPHYSICS (Seismology, 
Tsunamis, Gravimetry, Earth Tides, 
Recent Movements of the Earth's 
Crust, Magnetic Measurements, 
Paleomagnetlsm and Archeomagnetlsm, 
Volcanology, Geothermics): 

World Data Center A 

NOAA, UGCl 
325 Broadway 
Boulder, Colorado 80303 USA 
Telephone: (303) 497-6521 

for Solid-Earth Geophysics 

World Data Centers conduct international exchange of geophysical observations in accordance with the principles set forth 
by the International Council of Scientific Unions. WDC-A is established in the United States under the auspices of the National 
Academy of Sciences. Communications regardlng data interchange matters in general and World Data Center A as a whole 
should be addressed to World Data Center A, Coordination Office (see address above). Inquiries and communications concern- 
ing data in specific disciplines should be addressed to the appropriate subcenter listed above. 


