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Development and Description of the Global Volcanic
Earthquake Swarm Database

Introduction

Earthquake swarms are pervasive at volcanoes, but have seldom been studied systematically.
Most swarms that are described in the literature are those that occurred in association with
eruptions; indeed, earthquake swarms are the most reliable method of forecasting eruptions. For
the purpose of this report, a swarm is defined as many earthquakes of the same size occurring in a
small volume. Swarms are different in these two ways from a mainshock-aftershock sequence or a
foreshock-mainshock-aftershock sequence (fig. 1). Swarms are especially common in volcanic
areas.

MS

MAINSHOCK-AFTERSHOCK N h

MS
FORESHOCK-MAINSHOCK- N
AFTERSHOCK

SWARM V| <« 00

time e

Figure 1. The number of events (N) per unit time versus time is schematically
shown for the three types of earthquake sequences. The mainshock (MS) indicates the
sharp increase in rate for the upper two distributions.

Because swarms are such a common and important phenomenon, we undertook a systematic and
comprehensive study of swarms at volcanoes using modern commercially available database
software. We term the result the Global Volcanic Earthquake Swarm Database (GVESD). This
report describes the database and how it is structured, and gives preliminary results of a study of
swarm durations based on 11 years of data as reported in the Bulletin of Volcanic Eruptions
(BVE) of the Volcanological Society of Japan.

We chose BVE as our primary data source for several reasons. First, it contains data on many
swarms that were never reported in the open literature. This is because most papers report
eruptions, and swarms are included only if they were associated with eruptions. In other words,
the open literature is biased in favor of eruptions, whereas BVE more fully reports a variety of
activity during times of no eruptions. Second, BVE is prepared once per year, which gives
investigators the opportunity to summarize data on a broad time scale. Monthly reports, such as
the Smithsonian Institution Global Volcanism Network Bulletin, often focus more narrowly on the
necessarily short (one month) time scale. Third, BVE is organized by time, so the 1980 issue, for
example, contains data on many volcanoes for 1980. This makes it easy to select a sample which



includes known large (or small) eruptions, whereas the open literature often has a significant delay
between an event and the report. Fourth, BVE data are organized systematically, which greatly
aids the preparation of data for entry into the electronic database. Fifth, the BVE includes a
section devoted to miscellaneous information. The miscellaneous information section includes
many reports of seismic activity at volcanoes that were not in eruption that year. Finally, BVE
includes a supplement, which is used to provide additional information on previous years’ activity.
This systematic updating provides an additional element of quality control which is not found in
most standard reports.

In spite of the generally high quality of BVE data, there are a number of limitations in those data
as well as in the very nature of the problem we have chosen for study. In many respects this has
been an exercise in the study of messy data. We have been faced with the difficult task of
converting the judgments and measurements of many other scientists, which are often reported in
words, into numerical data. We have thus been faced with a myriad of decisions and have
struggled to maintain consistency and high quality control. A most basic decision is the start time
of an earthquake swarm. In most cases this has been reported by a remote observer, but the units
vary widely from “10:23 on July 24” to “late July.” In some cases we have had to read data from
a graph or histogram, so we have had to decide whether a factor of 2 or 3 increase above
background marks the onset of a swarm. The sections below on the structure of the database
provide many examples of such decisions.

It was our initial intention to perform a full multi-parametric study of the database. However, it
quickly became apparent that durations of earthquake swarms were the most widely reported
parameter whereas many other parameters were poorly reported (e.g., energy, cumulative seismic
energy release, detection threshold, b-values). Thus we have focused our initial efforts on
understanding the distribution of the swarm duration with respect to eruptive activity.

Database Structure and Description

The GVESD consists of three main tables: a volcano table (VOLCAT), a volcanic earthquake
swarm table (SWARMCAT), and an eruption table (ERUPTCAT). The volcano table contains
general information on 149 volcanoes active between 1979-1989. This table also serves as the
parent table for the rest of the database. A sample record of the volcano and swarm table is shown
in figure 2.



KUSATSU-SHIRANE Honshu-Japan 36.62N138.55E  VOTW num.:0803-12=

Mormphology: strato or composite Tectonic framework: Convergent (arc)
Elevaton above m.s.l.: 2176 m Edifice relief : 500 m
Range of eruptive products:  andesite

SWARM DATE: 82/10/22 +0.5 Dur. (days): 1.5 +1  Type:laq Eventtype(s):VE,t Grade : B

. . “ . Sesmograph: permanent OTHER REPORTED OBSERVATIONS
ma"' Magnitude: " FE:Q total i 2 Dist.tovemt: 1.1km  Tremor: Y Migration :
ax. Intensity: MM at # Feft total : Type: elecromagnetic Deformation :  Focal mech:
Depth (km): + b-value : Component: 3 Gravity: Y EQtamikes:
Detection threshold:1.2 Repose (yr.): 6 Natwralperod: 1s Magretic: Y Rumbling: Y
Cum. energy release: Previous swarms Magnification : SK Geothermal : Y

:Key phrase: Prior to eruptions, frequency of volcanic earthquakes increased on Oct. 22 (23 events). ]

The exact ime of occurrence of these phreatic explosions was not well known. However, at 08:55 (JST) continuous
volcanic tremors (amplitude = 0.2 um), possibly due to eruptive activity, commenced and was recorded at 1.1 km NE
of Yugama crater and the amplitude became 5 um through about 11:00. Then, the amplitude of continuous volcanic
tremors decreased; 1 um after 12:30, 0.3 um after 00:00 on Oct. 27. 0.1 um after 16:15 and stopped at 01:24 on Oct.
30.

Prior to eruptions, the frequency of voicanic earthquakes increased on Oct. 22 (23 events) and one voicanic tremor
was recorded. Volcanic earthquakes swarmed from 21:45 (Oct. 26) to 07:38 (Oct. 27) but frequency suddenly
decreased after that.

Figs: seismic activity before and after phreatic explosion of Oct. 26.

BVE No. 22, p. 47-50.

Figure 2. An example record from the Global Volcanic Earthquake Swarm
Database. The top box shows the information contained in the volcano table. The
middle portion shows one swarm record from the swarm table. The bottom portion
shows text excerpted from the original reports.

Volcano Table

The volcano name, geographical region, latitude, longitude, and volcano number used within the
database are drawn directly from Volcanoes of the World Data File 1992, an update of
Volcanoes of the World (Simkin and others, 1981; Simkin and Siebert, 1994). The Volcanoes of
the World Data File was expanded to include the volcano elevation, edifice height, morphology,
compositional range of erupted products, tectonic framework, and a short geologic summary of
each volcano (time is local unless otherwise stated). This supplemental information was taken
from the List of the World Active Volcanoes, a special issue of the BVE, (Katsui and others,
1971), and Volcanoes of North America, (Wood and Kienle, 1990).

Earthquake Swarm Table

The volcanic earthquake swarm table holds over 600 records containing summary information
related to each swarm and includes the dates of occurrence, durations, and the uncertainties in
these measurements. Other parameters related to swarms such as the swarm type (see definitions
below), the event type, the magnitude and intensity of the largest shock, the number of felt and
unfelt events, and a short summary of the seismic instrumentation are included with each swarm
record. This summary information is supplemented with an extended field that contains text
excerpted from the original reports. A reference list is included with each record. See figure 2 for
an example.



Eruption Table

The eruption table contains summaries of over 160 eruptions associated with well-documented
earthquake swarms. It includes information pertaining to eruptive activity, such as dates of
activity, eruption intensity (Volcano Explosivity Index), and character of the eruption. This
information is drawn from the BVE and the Smithsonian Institution’s Global Volcanism Program
eruption data file. The eruption table does not include all eruptions that occurred during the time
period covered by the database.

The following sections contain detailed descriptions of parameters in each of the above tables.

VOLCAT Organization and Parameter Description

The conventions for the volcano name, geographical region, latitude, longitude, and volcano
number used within the GVESD are the same as in the Volcanoes of the World (Simkin, and
others, 1981). The order of presentation is by geographic region and follows the organization of
the Catalog of Active Volcanoes of the World, IAVCEI, 1951- present. Table 1 shows the
regional organization, the number of swarm records in each region, and the starting page for each
region in the GVESD. Table 2 is an alphabetical listing of the volcanoes, the number of swarm
records at each volcano, the volcano number, and the page number in the GVESD.

Table 1. Regional Organization
Region Number of Number of  Page
swarm records volcanoes

1 Mediterranean 26 4 1
2 Africa and the Red Sea 5 1 14
3 Arabia and the Indian Ocean 28 1 17
4 New Zealand, Kermadec, Tonga, and Samoa 26 5 27
5 Melanesia 81 7 42
6 Indonesia 38 24 80
7 Philippines 26 6 111
8 Japan, Taiwan, and Marianas 138 25 122
9 Kurile Islands 4 4 195
10 Kamchatka 26 4 200
11 Aleutian Islands and Alaska 41 9 213
12 Western North America 40 5 232
13 Hawaiian Islands and Pacific Ocean 104 6 252
14 Central America 23 14 286
15 South America 16 6 307
16 West Indies 7 4 319
17 Iceland and Jan Mayen 8 5 326
18 Atlantic Ocean 2 1 331
19 Antarctica 2 2 332




Table 2.

List of Yolcanoes in the GVESD

Volcano Name Number Recs. Page Volcano Name Number Recs. Page
ADAGDAK 1101-112 1 214 ILI BOLENG 0604-22= 4 9
AGUNG 0604-02= 1 96 ILIWERUNG 0604-25= 1 100
AKITA-KOMAGA-TAKE 0803-23= 2 159 IVAN GROZNY 0900-07= 1 195
ALAID 0900-39= 1 199 IWAKI 0803-27= 1 160
AMBRYM 0507-04= 1 78 IWO-JIMA 0804-12= 1 178
ANAK RANAKAH 0604-071 3 98 1ZU-TOBU 0803-01= 2 141
ANIAKCHAK 1102-09- 1 225 KARKAR 0501-03= 9 48
AP| SIAU 0607-02= 4 108 KELUT 0603-28= 1 89
ASAMA 0803-11= 10 146 KIGK-'EM-JENNY 1600-16= 1 325
ASO 0802-11= 17 134 KILAUEA 1302-01- 95 253
AUGUSTINE 1103-01- 5 226 KIRISHIMA 0802-09= 9 128
BAGANA 0505-02= 13 74 KLIUCHEVSKOI 1000-26= 15 204
BANDA AP} 0605-09= 3 102 KOMAGA-TAKE 0805-02= 2 81
BANDAI 0803-16= 3 157 KOZU-SHIMA 0804-03= 1 176
BATUR 0604-01= 1 95 KRAFLA 1703-08= 6 328
BEERENBERG 1706-01= 1 330 KRAKATAU 0602-00= 2 82
BEZYMIANNY 1000-25= 7 201 KUSATSU-SHIRANE ~ 0803-12= 11 150
BROMO 0603-31= 1 91 LAMONGAN 0603-32= 2 92
BULUSAN 0703-01= 1 114 LANGILA 0502-01= 16 &3
GAMPI FLEGREI 0101-01= 6 1 LASCAR 1505-10= 1 315
CANLAON 0702-02= 8 111 LASSEN PEAK 1203-08- 1 243
CHICHON, EL 1401-12= 1 290 LIAMUIGA, MT. 1600-03= 1 319
CHIKURACHKI 0900-36= 1 197 LOIHI SEAMOUNT 1302-00- 3 252
COLIMA VOLCANIC COMP. 1401-04= 4 286 LOKON-EMPUNG 0606-10= 3 106
COLO [UNA UNA] 0606-01= 1 104 LONG ISLAND 0501-05= 1 51
CONGEPCION 1404-12= 1 305 LONG VALLEY 1203-14- 17 244
DEGEPTION ISLAND 1900-03= 1 333 LONQUIMAY 1507-10= 1 317
DIENG VOLCANIGC COMPL. 0603-20= 1 86 MAGDONALD 1303-07- 3 284
DON JOAO DE CASTRO BANK  1802-07= 2 331 MAHAWU 0606-11= 1 107
DUTTON, MT. 1102-011 1 216 MAKIAN 0608-07= 1 110
EBEKO 0900-38= 1 198 MALINAO 0703-04= 1 119
EREBUS, MOUNT 1900-02= 3 332 MANAM 0501-02= 17 42
ETNA 0101-06= 18 8 MARAPI 0601-14= 3 81
FOURNAISE, PITON DE LA 0303-02= 28 17 MARU-YAMA 0805-061 3 191
FUEGO 1402-09= 1 296 MASAYA 1404-10= 2 304
FUJI 0803-03= 1 142 MAUNA LOA 1302-02= 6 278
GALUNGGUNG 0603-14= 2 84 MAYON 0703-03= 3 118
GAMALAMA 0608-06= 2 109 ME-AKAN 0805-07= 6 192
GARELOI 1101-07= 1 213 MEDICINE LAKE 1203-02- 1 242
GORELY 1000-07= 2 200 MEHETIA 1303-06- 1 283
GRIMSVOTN 1703-01= 1 327 MERAPI 0603-25= 5 87
GUAGUA PICHINCHA 1502-02= 3 313 MIYAKE-JIMA 0804-04= 1 177
HAKKODA GROUP 0803-28= 1 161 MOMOTOMBO 1404-09= 1 303
HAROHARO COMPLEX 0401-05= 1 30 NASU 0803-15= 5 154
HEKLA 1702-07= 1 326 NEGRA, SIERRA 1503-05= 1 314
HOOD, MOUNT 1202-01- 1 241 NIl-JIMA 0804-02= 2 175
IVEN 0603-35= 1 94 NIUAFO'OU 0405-11= 1 a1




Table 2 continued. List of Yolcanoes in the GVESD

Volcano Name Number Recs. Page Voicano Name Number Recs. Page
NORIKURA 0803-06= 1 145 SOPUTAN 0606-03= 3 105
NYAMURAGIRA 0203-02= 7 14 SORIK MARAPI 0601-12= 3 80
NYOS, LAKE 0204-003 1 16 SOUFRIERE GUADELOUPE 1600-06= 1 320
OKMOK 1101-29- 1 215 SOUFRIERE ST. VINCENT 1600-15= 1 324
ON-TAKE 0803-04= 5 143 SPURR 1103-04- 1 231
OSHIMA 0804-01= 33 162 ST. HELENS, MT. 1201-05- 27 323
PACAYA 1402-11= 5 297 STROMBOLI 0101-04= 5 3
PAGAN, NORTH 0804-17= 1 180 SUWANOSE-JIMA 0802-03= 1 122
PARICUTIN 1401-06= 1 288 TAAL 0703-07= 3 120
PATATES, MORNE 1600-11= 4 321 TACANA 1401-13= 4 291
PAVLOF 1102-03- 21 217 TANGKUBAN PARAHU 0603-09= 3 83
PELEE, MONTAGNE 1600-12= 1 323 TARAWERA 0401-06= 1 31
PINATUBO, MT. 0703-083 1 121 TARUMAI 0805-04= 3 186
POPOCATEPETL 1401-09= 1 289 TEAHITIA 1303-03- 4 281
RABAUL 0502-14= 19 67 TECAPA 1403-08= 1 299
RAUNG 0603-34= 1 93 TELICA 1404-04= 2 302
REDOUBT 1103-03- 9 228 TOKACHI 0805-05= 9 187
RINCON DE LA VIEJA 1405-02= 1 306 TOLIMA 1501-03= 1 316
RUAPEHU 0401-10= 22 32 TUPUNGATITO 1507-01= 2 58
RUIZ 1501-02= 10 307 ULAWUN 0502-12= 25 52
RUMBLE IlI 0401-13- 1 410 UMBOI 0501-06= 1 179
SAKURA-JIMA 0802-08= 13 123 UNNAMED SUBMARINE 0804-14* 1 131
SAN CRISTOBAL 1404-02= 1 301 UNZEN 0802-10= 6 182
SAN MIGUEL 1403-10= 4 300 usu 0805-03= 8 224
SANGEANG API 0604-05= 2 97 VENIAMINOF 1102-07- 2 318
SANTA MARIA 1402-03= 5 294 VILLARRICA 1507-12= 1 304
SARYCHEV PEAK 0900-24= 1 196 VULCANO 0101-05= 6 5
SEMERU 0603-30= 4 90 WHITE ISLAND 0401-04= 7 26
SHIVELUCH 1000-27= 7 210 YASUR 0507-10= 1 79
SIRUNG 0604-27= 1 101 YELLOWSTONE 1205-01- 1 251
SLAMET 0603-18= 1 85

Morphology, Tectonic Framework, Elevation, and Edifice Relief

The morphology or volcano type is drawn from the List of the World Active Volcanoes (Katsui
and others, 1971). Table 3 is a list of the morphologies and the abbreviations used in the
VOLCAT table. The majority of swarm records in the GVESD occur at stratovolcanoes and
shield volcanoes, with the remainder from calderas, submarine, and compound volcanoes. There
are more than twice as many swarm reports from stratovolcanoes as from shield volcanoes.



Table 3. Volcano Morphology

Morphology Voicano morphology Total number of swarm Number of swarm records
abbreviation records with duration specified
S strato or composite 321 267
Sh shield 137 130
S,Cald strato with caldera 63 53
SD strato with lava dome 57 43
Cald caldera 49 35
Cald,S caldera with strato 33 21
S,Sh strato on a shield 22 21
C compound or complex 19 12
D lava dome 17 15
Sub submarine 17 12
S.CL strato with crater lake 9 6
unknown 8 7
Sh,Cald shield with caldera 3 2
CcC cinder cone 2 2
CC,C cinder cone in caldera 1 0
LF lava field (flows) 1 1
S,So strato with somma 1 1
Sh,D shield with dome 1 1

The tectonic framework field refers to the regional tectonic setting. We define three general
regimes; convergent, divergent, and hot spot. When detailed information is available, we
subdivide the tectonic regimes by the type of crust involved. Table 4 shows a summary of the
abbreviations used in the GVESD for the tectonic framework. The majority of swarm records
occur at volcanoes in convergent margins followed by oceanic hot spots and divergent margins.

Table 4. Tectonic Framework
Tectonic framework Tectonlc framework Total numberof  Number of swarm records
abbreviation swarm records with duratlon specified
C Convergent (arc) 241 196
CM Convergent Continental Margin 175 146
HO Oceanic Hot Spat 133 127
coO Convergent Intraoceanic 44 41
CM? Uncert. Convergent Continental Margin 38 28
c? Uncert. Convergent (arc) 29 28
DRC? Uncert. Divergent Rift Continental 17 13
DM Divergent Mid Ocean Ridge 12 11
co? Uncert. Convergent Intraoceanic 9 7
DRC Divergent Rift Continental 8 5
HC Continental Hot Spot 1 0

The elevation data are drawn from both the Volcanoes of the World (Simkin and others, 1981)
and the Catalog of Active Volcanoes of the World IAVCEI, 1951- present. Elevations are in
meters above sea level at the volcano’s highest point. When more than one elevation value is
given (e.g., multiple peaks within a massif) the highest value is recorded. The edifice relief or
“height over the regional base” is a coarse measurement the volcano’s size. Edifice relief values
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were extracted from List of the World Active Volcanoes (Katsui and others, 1971) for most areas
and The Volcanoes of North America (Wood and Kienle, 1990) for North America.

Range of Erupted Products

The range of eruptive products field is intended to give a rough idea of the silica content of the
magmas erupted at each volcano. We divided this field into six categories; basalt (B), basaltic
andesite (BA), andesite (A), dacite (D), rhyodacite (RD) and rhyolite (R). For example, for a
volcano that has erupted basalt and dacite, the eruptive product range field is coded as B,D or
‘basalt and dacite’. The silica ranges, abbreviations, and the number of cases within each field are
shown in table 5. Over half of the swarm records are from volcanoes with basaltic to andesitic
composition. The majority of these data were extracted from Katsui and others (1971) for areas
outside North America, Motyka and others (1993) for Alaska, and Wood and Kienle (1990) for
the contiguous U.S. and Canada. For selected individual eruptions we recorded silica content of
the erupted products. The eruption table (see below) holds these data for eruptions with well-
studied swarms. The silica content data for the individual eruptions are primarily drawn from the
BVE.

Table 5. Erupted Products
Erupled % Si02 Lower Upper Wed products Total number of Number of swarm
products bound bound swarm records  records with duration
abbreviation specifiod
B 46.5 M 52 basalt 256 220
B,BA 50 a1 55 basalt to basaltic andesite 61 59
B,A 52.8 a1 63 basalt to andesite 88 63
BA 53.5 52 55 basaltic andesite 1 1
B,D 553 a4 65 basalt to dacite 0 0
BAA 56.3 52 63 basaltic andesite to andesite 8 7
B,RD 57 a4 70 basalt to rhyodacite 0 0
BAD 58.8 52 65 basaltic andesite to dacite 0 0
A 59 55 63 andesite 199 157
B,R 59.3 a 74 basalt to rhyolite 27 19
BARD 61 52 70 basaltic andesite to rhyodacite 0 0
AD 61.5 55 65 andesite to dacite 58 51
BAR 63 52 74 basaltic andesite to rhyolite 1 1
ARD 63.3 55 70 andesite to rhyodacite 0 0
D 64 63 65 dacite o] 0
AR 65.5 55 74 andesite to rhyolite 2 2
D,RD 65.8 63 70 dacite to rhyodacite 0 0
RD 67.5 65 70 rhyodacite 0 0
DR 68 63 74 dacite to rhyolite 0 0
RD,R 69.8 65 74 rhyodacite to rhyoloite 0 0
R 72 70 74 rhyolite 3 3
SiO2 values from: Cox et al., (1979), The interpretation of igneous rocks, George Allen and Unwin, London.
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SWARMCAT Organization and Parameter Description

For each volcano, one or more earthquake swarm records are linked to the volcano table’s
records. The swarm records are linked through the Volcanoes of the World catalog-number. Each
swarm record is composed of: a header of key fields; a body of swarm, instrumental, and other
geophysical parameters; a variable length section containing report excerpts; and references.
Three fields are used to ensure that every earthquake swarm record is unique. These fields are
called the key fields, and are the volcano catalog-number, the swarm start date, and the swarm
type. Every swarm record has a unique value of these three combined fields.

Swarm Dates, Durations and Uncertainties

The start date of a swarm in most cases originates directly from the BVE reports. Typically the
beginning of a swarm is described as an increase in the number earthquakes reported per day (see
swarm duration definition below). Gradual increases in seismicity, problems in network coverage,
a high detection threshold, and the lack of a clear definition of when a swarm begins (or ends) are
all problems with determining the start time and duration of a swarm. Often these difficulties lead
to reports that describe the onset of a swarm in imprecise terms. In order to track these problems
a field was added to capture the uncertainties in these measurements. A typical swarm report may
read: “Seismicity increased in the middle of November to about 60 events per day. However,
there was a decline to 5-20 per day in late December” (Bagana volcano, BVE, 1985, no. 25, p.
20). This swarm was entered into the GVESD as beginning on 85/11/15 + 5 days, with a
duration of 40 + 10 days. Table 6 describes the uncertainty values used in several common
situations.

Table 6. Reporting Uncertainties

Dates |Uncertainty Date Within a month Within a year
reported | assigned: modifiers | (e.g. "mid" Jan.) (e.g. "mid" 1980)
minute 0 "early" |5Jan.+/-5days |1 Mar. 1980 +/- 60days

hour |+/-0.02day "mid" [15Jan. +/-5days {1 Jul. 1980 +/- 60 days

day {+/-0.5day Mate” |25Jan. +/-5days |1 Nov. 1980 +/- 60 days|

week [+/-3.5days

month |+/-15days

Some reports in the BVE include vague descriptions or occurrences of seismicity that cannot be
easily classified. We use one place holding record per year to incorporate this information into the
GVESD. Place holder records are delimited using the start date, the uncertainty, and the key
phrase fields (see below). The start date is ‘year’/7/1 with an uncertainty of + 183 days for a
place holding record. The key phrase field also contains the text; “place holder for ‘year’...” to
set these records apart. These are examples of our solutions to the problem of coding highly
variable reports into quantitative form.
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Definition of a Swarm and Swarm Duration

Earthquake swarms are generally defined as a sequence of events closely clustered in time and
space without a single outstanding shock (Mogi, 1963). Our working definition follows Mogi’s
outline and also requires a significant increase in the rate of local volcanic earthquakes above the
background rate. We take volcanic earthquakes to be of any type, for example A, B, (Minakami,
1960), high frequency, low frequency, short period, long period, (Koyanagi, and others, 1987),
volcano tectonic, (Latter, 1981), explosion events, etc., but they must occur within an arbitrary
near distance to the volcano (typically < 15 km). We do not identify a significant increase over
the background rate in a strict statistical sense, but accept the experience and point of view of
each reporter. In other words, if the reporter feels that an increase in seismicity is significant
enough to report, then we include that report as a swarm record along with a quality modifier. We
also do not consider seismic crises (peak seismicity rates within a swarm), obvious mainshock-
aftershock sequences, and tremor episodes as swarms. These “non-swarm” seismic sequences are
recorded in the GVESD and are delimited in a separate field (QC field explained below).

This working definition was developed through the systematic examination of over 600 swarms.
One single fixed definition or algorithm might be preferable, but is not feasible due to the widely
varying qualities and formats of the data. Future studies would greatly benefit from standardized
reporting and the strict application of an algorithm to distinguish the starts, ends and durations of
swarms.

Swarm Type

We grouped volcanic earthquake swarms according to their temporal relationship to eruptive
activity. The swarm types are schematically summarized in figure 3. The main categories are:
swarms that precede (Type I), or accompany (Type II) eruptive activity, and those not associated
with eruptive activity (Type III). There are a few reported cases of eruptions occurring without a
detectable increase in seismicity. These eruptions are included in the database and are identified as
Type IV. Roman numerals are used throughout the discussion of swarm type, while Arabic
numerals are used in the database for compactness.

Type 1, or precursory swarms (46% of the GVESD records), were further divided into 4 sub-
types (Ia,Ib, Ic, and I d) according to when the swarm ends in relation to the eruptive activity.
Type I a are swarms that begin and end before the eruption commences (for example, 1989
precursory swarm at Izu-Tobu). Type I b are swarms that begin before the eruption and end
coincident with the start of the eruption (for example Asama, 1983). Type I ¢ are swarms that
begin before the eruption, continue through the duration of the eruption, and end as the eruption
ends (for example Oshima, 1987). Type I d swarms begin before the eruption and end after the
eruption has ceased (for example Soufriere de Guadeloupe, 1976).

Type II swarms, those accompanying eruptions (15% of the GVESD records), are separated into
three sub-types (Il a, II b, Il ). Type II a swarms begin and end with the eruption. Type I b
swarms begin with the eruption and then continue after the cessation of the eruption. Type II ¢ is

reserved for swarms that occur during an extended eruption (e.g., the continuing eruption of
Kilauea).
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Type III swarms are not associated with eruptions (39% of the GVESD records). To separate this
category from swarms of Type I a, the time period between the end of the swarm and the next
eruption was measured. This quiescent duration is generally less than 10 days with no cases
greater than 3 months. Using this observation 100 days is used as a cut-off to separate Type III
from Type I a. Post-eruption swarms are also included in Type III category.

TYPEISWARMS

la (22% of Type )

(46% of GVESD records)
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I'b (51% of Type I)

1 ¢ (9% of Type I) L |
I'd (17% ot Type I) VL o
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Ila (16% of Type II) 1L |
b (43% of Type 1) SOV
Il ¢ (41% of Type 1) (AN

LETILLLIooassadd tI11{t]]1]

TYPE Il SWARMS

(39% of GVESD records)
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Figure 3. Schematic diagram of the temporal relation between volcanic
earthquake swarms and eruptive activity. The stippled boxes represent the
earthquake swarms. The vertically striped boxes represent the eruptions.

Event Types

In order to further describe the nature of the seismicity that makes up a swarm we added an event
type(s) field. Table 7 shows a list of the events types found in the GVESD. Within any swarm
there maybe one or more types of seismic event recorded. The event type field attempts to reflect
this complexity by listing (in the order of occurrence, if reported) all the event types that occurred
during the swarm. Some swarms are defined and reported by event type. At Kilauea, for example,
swarms are reported by location and event type. We separated swarms reported at this level of
detail into individual swarm records. Most reports do not provide this level of detail. Therefore,
most swarm records contain many different event types. Table 7 lists the event types we have
defined, with their abbreviations and the numbers of swarm records in which each was used.
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Table 7. Event Types

Event type abbreviation Event type Number of cases
A A-type 24
B B-type 82
C C-type 6
E explosion 16

Felt felt earthquake 11
G gas 2
HF high frequency 23
LF low frequency 36
LP long period 49
M mixed frequency 1
MF medium frequecy 1
mseis micro-seism 1
reg regional earthquake 1
S surface 15
SP short period 39
SV shallow volcanic 10
Tect tectonic 7
t tremor 60
tor tornillo 2
VE volcanic earthquake 56
VT volcano tectonic 37
Quality Grades (QC)

We assign an overall quality grade (QC) to each swarm record. The quality grade is intended to
be a qualitative statement of the reliability of the report and the swarm record. We assigned
quality grades of A through C to each swarm record. The first two grade levels, A and B
primarily reflect the report data source. A QC grade of A is given to swarm records that are taken
from the primary reviewed literature or from data to which we have primary access. We assume
that swarm records derived from these sources are the most dependable. QC grades of B are
assigned to swarm records extracted from reports in the BVE. This QC grade level makes up a
majority of the records in the GVESD. The C grade is not a reflection of the data source, but is
given to records where there is some question about whether the seismicity constitutes a swarm.
Mainshock-aftershock sequences, seismic crises, and vague reports of seismic activity are given a
QC grade of C. A parallel grading system is used for tremor episodes. Tremor episodes are
delimited from true earthquake swarms by using a lower case QC grade (e.g., a, b, and c).

Approximately 15% (93 records) of the swarm records in the GVESD are derived from the
reviewed literature or locally available data (A-QC). Over half (327 records) of the records were
drawn from the BVE (B-QC). A quarter (148 records) of the records are questionable swarms
and therefore given a C-QC grade. Tremor episodes comprise about 8% (50 records) of the
GVESD.

Maximum Magnitude, Intensity, and Depth

The maximum magnitude field contains the magnitude of the largest shock within each swarm.
Over one fourth (168 cases) of the swarm records contain the magnitude of the largest shock in
the swarm. We added a magnitude scale field to qualify the type of magnitude reported (e.g., My,
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ms,, Mnu, €tc.). A specific magnitude scale is reported with the maximum magnitude in only 6% of
the swarm records.

The maximum intensity field records the felt intensity of the largest shock of the swarm. Another
field holds the distance between the observer and the active vent. Intensity is reported in about
10% (67 records) of the swarm records, while the distance to the active vent is reported in only
one half of these cases. We have recorded all the intensities in the GVESD using the Modified
Mercalli (MM) scale. When an intensity is given in a different scale (e.g., JMA or Rossi-Forel) we
assign a MM intensity to the value. Where differing intensity scales overlap, the greater MM value
is used. For example, the JMA grade 1 spans MM1 to MM3, so a JMA grade 1 is given a MM3.
A table of the intensity scales, from Newhall and Dzurizin (1988), is shown in Appendix A.

The depth field is a measure of the mean depth of the swarm. The depth field is supplemented
with another field to express the range of depths where the earthquakes are located. The mean
depth is recorded in 16% (103 records) of the swarm records. Figure 4 shows the distribution of
the mean depth of volcanic earthquake swarms recorded in the GVESD. Volcanic earthquakes are
generally shallower than their tectonic counterparts.
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Figure 4. The mean depth of volcanic earthquake swarms.

Cumulative Energy, Energy Release Rate, and Repose

The cumulative energy and the energy release rate fields were included to use a standard measure
for comparison with eruption parameters. In practice, the energy parameters are rarely reported
(only 2% of the swarm records). This is most disappointing; with a homogenous data set the
energy field could prove to be an interesting parameter to compare with eruptive activity. Energy
has obvious physical relevance. The energy values and rates are reported in Joules and Joules per
day, respectively.
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The repose field refers to the eruption repose period. The eruption repose period is here defined
as the period of time between the end of the last eruption to the beginning of the next eruption.
This field is reported in 20% of the swarm records (127 cases).

Earthquake Counts and Magnitude Detection Threshold

The total number of earthquakes and the number of felt earthquakes are reported in nearly one
half of the GVESD records (268 records). The total number and number of felt earthquakes are
recorded in the “# EQ total” and “# felt total ” fields respectively. The number of reported
earthquakes in a swarm is sensitive to the magnitude detection threshold of the local network. The
magnitude detection threshold is recorded in a separate field. The detection threshold is reported
in about a fourth of the swarm records. Where sufficient information about the network is
available the detection threshold was estimated. When reported, the distance from the felt
observations to the active vent is included in the comments field.

Seismograph Information

The seismograph section of SWARMCAT is devoted to a summary of the seismic instrumentation
at each volcano. The summary includes the type of seismometer, the distance between the nearest
station and the active vent, the number of components, the natural period, and the magnification.
The seismograph field indicates if the instruments are permanent or temporary stations. The
distance (in kilometers) between the nearest station and the active vent is recorded in the distance
to vent field. The seismograph and distance fields are commonly reported and are recorded in
84% (530 cases) of the swarm records. The type and component fields describe the type and the
number of components in the instrument. We also record the natural period (in seconds) and the
magnification at the natural period when available. The natural period and the magnification fields
are reported in about 60% (369 cases) of the swarm records.

Previous Swarms and Other Reported Information

The previous swarms field is intended to determine whether or not there is a basis for comparison
of a database swarm with other, earlier swarms. The OTHER REPORTED INFORMATION
section of the SWARMCAT table provides a quick reference to other reported phenomenon. It
was created to be a starting point to build or link other databases. The fields are either filled with
‘Y’ (yes), ‘N’ (no), or blank (no information reported). A Y’ or ‘N’ in any of the field means
some information regarding that parameter was reported. If the parameter was observed and
either changed or no information on change was given, then a ‘Y’ is indicated. For example, a
report may state “tilt measurements were conducted,” this information is recorded as a ‘Y’ in the
deformation field even though it is not clear if any tilt occurred. A ‘N’ or no in any field
represents a negative result was reported. If, for example, a report explicitly states “no migration
of earthquake hypocenters was observed” the migration field will be filled with a ‘N.” The details
of seismological observations are included in the comment field. For non-seismological
observations details can be found in the references section of the record.

Volcanic tremor is the most commonly reported observation followed by reports on ground
deformation or tilt. Table 8 shows the number of positive and negative cases reported for each
field. The fields are mostly self-explanatory, but a few need some further explanation. The
Geothermal field refers to any temperature measurement conducted near the volcano. This
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includes fumaroles, crater lakes, or hot springs. As stated above, Migration refers to the migration
of earthquake hypocenters. The EQ (earthquake) families field refers to earthquakes with nearly
identical waveforms, also known as multiplets. The Rumbling field describes audible observations
made at the volcano.

Table 8. Other Reported Observations
Parameter number of observations
yes no
Tremor 340 10
Deformation 255 1
Magnetic 108 0
Geothermal 89 0
Gravity 60 0
Rumbling 47 0
Migration 42 0
EQ families 36 0
Focal mechanism 8 0

References, Comment and Key Phrase fields

The references used to compile the swarm records are listed at the bottom of each record. The
first reference in the list is the primary data source, unless otherwise noted. The other references
of seismological interest are included with the BVE reports. The comment field is above the
reference field within the swarm record. This variable length field contains text excerpted from the
original reports. If the report includes pertinent figures a short note is added in the comment field.
The Key phrase field is a one or two line summary of the comment field and gives the essence of
the report from which the numerical data were derived.

ERUPTCAT Organization and Parameter Description

The eruption table (ERUPTCAT) contains basic descriptive parameters for 170 eruptions. The
task of systematically compiling a complete database of eruption parameters for all eruptions
(occurring during the time period covered by the GVESD) is beyond the scope of this study. We
selected a set of eruptions that were preceded by well-reported swarms. From these eruptions,
data were collected and entered into the eruption table. The eruption parameters chosen are, the
start date, the volume of erupted material, the height of the eruption plume, an estimate of the
silica content of the erupted products, and the Volcanic Explosivity Index (VEI).The
ERUPTCAT table is shown below as table 9. The eruptions are listed in chronological order
(grouped by year), beginning and ending with a few eruptions outside the time period
systematically covered by the GVESD.
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Table 9. ERUPTCAT
Volcano Bulletin of Volcanic Eruptions VOTW SWARMCAT
Eruption data Eruption data Swarm data
Number Name start volume plume SiO2| start T L VEI start lype dur. Mmax
0805-03= Usu 10/7/25 6 2 |10/7/22 1bq 4 Ms 5.1
0802-08= Sakura-Jima 14412 8 9 4 [|14A1/10 1b 2 Ms52
1401-06= Paricutin 43/2/20 9 8 4 |43177 ib 45 M 45
0802-08= Sakura-Jima 55/10/13 3 * |55/4/20 1aq 175
1000-25= Bezymianny 55/10/22 9 5 * I55/10/11 1b 172 M 4.4
1000-27= Sheveluch 64/11/12 8 4 +|64/11/2 1b 10 M 4.9
1503-05= Negra, Sierra 79/11/13 g 14 7911113 3 |79/11/13 1c? 2 M 438
1302-01- Kilauea 80/3/11 80/3/11 0 |80/3/10 1c? 125 M 4.2
1201-05- St. Helens, Mount 80/5/18 g 4.0E+8 22 64 [80/3/27 9 5 &5*[80/3/20 1d 59 ML 5.1
0502-12= Ulawun 80/10/6 g 64 |80/10/6 7 3 80/10/3 1b? 3
1201-05- St. Helens, Mount 80/7/22 g 5.0E+7 20 52 [80/3/27 3#]80/722 1b 05 M20
1201-05- St. Helens, Mount 80/10/19 1 |m 1.2E+6 64 |80/3/27 3 #80/10/4 1b 11 M28
1102-03- Paviof 80/11/8 m? 8 50 [80/11/8 6 3 A |80/11/6 1d 80 M23
1201-05- St. Helens, Mount 80/12/27 1 |m 1.6E+6 63 |80/3/27 1 # |80/12/24 1b 2
0303-02= Piton de la Fournaise {81/2/3 m 1.6E+7 48 1817213 7 2 |8tM/e1 1b 13
1201-05- St. Helens, Mount 812/5 1 |m 3.6E+6 62 |80/3/27 1 # |81/2/2 1b 3
0805-04= Tarumai 81/2/27 I 4.0E+2 812127 2 0 |80/11/15 1cq 240
0101-06=Etna 81/3/17 g 3.0E+7 03 48 [81/3/17 5 6 1 81/3/12 1aq 6
1201-05- St. Helens, Mount 81/4/10 1 |m 4.1E+6 62 |80/3/27 1 # |81/4/5 1b 5
0703-01=Bulusan 81/4/27 81/4/9 3 #|81/4/20 1b 8
0900-39= Alaid 81/4/27 12 81/4/27 8 4 * |81/426 1b 6 M 3.5
0804-17= Pagan, North 81/5/15 g 3.6E+7 4.3E+7 20 52 |81/5/15 8 7 4 * |81/4/1 ib 45 M 4.0
1201-05- St. Helens, Mount 81/6/18 1 |m 4.1E+6 62 |80/3/27 1#|81/6/13 1b 5
1502-02= Guagua Pichincha 81/8/31 I 5.0E+3 1 64 |81/8/31 4 1 A |81/8/15 1b 15
1201-05- St. Helens, Mount 81/9/6 m 3.9E+6 62 |80/3/27 1 #|81/8/30 1b 8
1102-03- Pavlof 81/9/25 m 7.5E+6 105 81025 7 6 3 [81/925 1d 96 M23
1201-05- St. Helens, Mount 81/10/30 1 |m 3.6E+6 62 |80/3/27 1 # |81/10/24 1b 7
0203-02= Nyamuragira 81/12/25 g 5 56 |81M12/25 7 7 3 8112/25 1b 0.13 M 13
1404-04= Telica 822112 m 43 81/11/25 2 A 1821115 1cq 27 M 3.0
1201-05- St. Helens, Mount 82/3/18 m 3.4E+6 62 |80/3/27 6 3#]|82P2/24 1b 22
1303-03- Teahitia 82/3/25 82/3/16 0 |82/3/14 1c 39 M 4.0
1401-12= Chichon, Ei 82/3/28 g b5.0E+8 25 59 [82/3/28 9 5 * |82/3/1 itbg 28 Md 4.0
0803-11= Asama 82/4/26 m 0.5 59 |82/4/26 2 82/1115 1aq 15
1302-01- Kilauea 82/4/30 m 5.0E+5| 0.05 49 |82/4/30 5 0 |[82/4/30 1c? 0.16
1201-05- St. Helens, Mount 82/5/14 1 |m 2.7E+6 63 |80/3/27 82/5/6 1b 8
1201-05- St. Helens, Mount 82/8/18 1 |m 4.6E+6 63 |80/3/27 82/7/27 1b 21
1302-01- Kilauea 82/9/25 m 3.0E+6| 0.07 49 |82/9/25 6 1*182/9/25 1aq 1.6
1404-10= Masaya 82/10/7 mi 65/10/10 1Al82/M10/7 1d 1.5 M23
0803-12= Kusatsu-Shirane 82/10/26 1 0.1 59 |82/10/26 1 |82/10/22 1aq 1.5
0804-12= Iwo-Jima 82/11/28 1 82/11/28 1 |82/11/25 1aq 5
1302-01- Kilauea 83/1/3 g 1.4E+7 49 |83/1/3 7 1A|83MH lag 6
1201-05- St. Helens, Mount 83/2/2 g 1.4E+7 6 63 |80/3/27 7 2#]|83M1/20 1b 13
0101-06= Etna 83/3/28 g 1.5E+6 1.0E+8 01 48 |83/3/28 5 8 1 |[83M/22 1b? 53
0803-11= Asama 83/4/8 m 1.3E+4 0.6 59 |83/4/8 2 |833/17 1taq 7
1703-01=Grimsvotn 83/5/28 m 3.5 49 |83/5/28 2 |[83/5/28 1aq 0.39 M 4.0
0606-01=Una Una 83/7/23 g 14 83/7/18 4 * |83/7/4 1c 24 M 4.6
1302-01- Kilauea 83/7/25 m 9.0E+6 49 183/1/3 1 # |83/7/5 ib 186
0803-12= Kusatsu-Shirane 83/7/26 | 0.2 59 {83/7/26 1 |8377/1¢ 1taq 5
0603-09= Tangkuban Parahu |83/9/14 83/9/14 1 |83/0/5 1bg 10
0804-04= Miyake-Jima 83/10/4 4.7E+6 6.0E+6 83/10/3 6 6 3 |83/10/3 1b 0.06
0502-12= Ulawun 83/11/6 1 2 47 |83111/6 1 |83/1/25 1aq 285
1102-03- Palvot 83/1114 1 83/11/14 7 3 |83/11/5 1d 29 M23
1302-01- Kilauea 83/11/30 m 8.0E+6 49 {83/1/3 1 # |83/11/24 1aq 1
0303-02= Piton de la Fournaise |83/12/4 m 8.0E+6 48 |83/12/4 7 2 |83/11/20 1b 14
0803-12= Kusatsu-Shirane 83/12/21 1 0.3 59 |83/7/26 1 |83M2/18 1c 2
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Table 9 continued. ERUPTCAT

Voicano Bulletin of Volcanic Eruptions VOTW SWARMCAT
Eruption data Eruption data Swarm data
Number Name start volume plume SiO2] stat T L VEI | start type dur. Mmax
1302-01- Kilauea 84/1/20 g 1.0E+7 49 183/1/3 1 #|83/12/30 1ag 2
1000-25= Bezymianny 84/2/5 m 5 84/2/5 7 3+ 1841115 1d 20 K 6.5
1302-01- Kilauea 84/2/114 m 8.0E+6 49 [83/1/3 1 # |84/2/5 la 4
1302-01- Kilauea 84/3/3 g 1.2E+7 49 |83/1/3 1 # |84/2/124 1a 7
1302-01- Kilauea 84/3/16 g 1.0E+7 49 [83/1/3 14#|84/316 1a 8
1302-02= Mauna Loa 84/3/25 g 2.2E+8| 0.05 51 [84/3/25 8 0 84/3/24 1d 120 M40
1302-01- Kilauea 84/4/18 g 2.4E+7 49 183/1/3 1#184/4/10 1b 10
1302-01- Kilauea 84/5/16 m 2.0E+6 49 |83/11/3 1 # |84/5/7 ib 8
1302-01- Kilauea 84/6/7 m 6.0E+6 49 83173 1 # |84/6/1 la 5
0603-25= Merapi 84/6/15 g 8.8E+6 6 54 |72/10/6 3 * |84/6/7 ib 8
1302-01- Kilauea 84/6/30 m 5.7E+6 49 |83/1/3 1 # |84/6/17 1b 12
1302-01- Kilauea 84/7/28 m 9.5E+6 49 |83/1/3 1#|84/717 1b 11
1302-01- Kilauea 84/8/19 g 1.2E+7 49 |83/1/3 1 # |84/8/7 ib 12
0606-03= Soputan 84/8/31 m 6 59 |84/5/24 7 3~|84/8/6 1aq 19
1302-01- Kilauea 84/9M19 g 1.1E+7 49 |83/1/3 1 # |84/9/1 ib 20
1000-25= Bezymianny 84/10/12 g 3.5 84/2/5 7 3 A |84/10M2 1d 23 K 6.0
1302-01- Kilauea 84/11/2 m 6.6E+6 49 [83/1/3 1#|84/102 1b 29
1302-01- Kilauea 84/11/20 m 8.4E+6 49 |83/1/3 14#|84/11/11 1b 9
1302-01- Kilauea 84/12/3 g 1.3E+7 49 |83/1/3 1#|84/11/23 1b 9
0502-12= Ulawun 84/12/30 | 2 47 |84/12/30 51 84/12/24 1c 29
1302-01- Kilauea 85/1/3 g 1.3E+7 49 |[83/1/3 1#(84/12/24 1b 11
1706-01= Beerenberg 85/1/6 2 |m 8.0E+5 6.2E+6 1 85/1/6 2 |85/1/4 ib 2
1302-01- Kilauea 85/2/4 g 1.4E+7 49 |83/1/3 1485116 1b 20
0702-02= Canlaon 85/3/13 | 0.7 85/3/13 1 |85/313 1bq 0.19
1302-01- Kilauea 85/3/13 g 1.9E+7 49 |83/1/3 1#(85/2/28 1b 14
1302-01- Kilauea 85/3/13 g 1.9E+7 49 |83/1/3 1#]85314 1b 2
0403-11= Niuafo'ou 85/3/21 | 1.0E+2 54 |85/3/121 2 0 |[85/3/21 1? 0.13 ML 24
1302-01- Kilauea 85/4/21 g 1.6E+7 49 |83/1/3 14|85@3/27 1b 27
0606-03= Soputan 85/5/19 m 5.0E+6 5 85/519 6 2 |85/3/16 1bgq 65 M 56
0401-10= Ruapehu 85/5/25 | 85/5/21 1 |85/5/20 1d 12 ML 24
1302-01- Kilauea 85/6/12 m 7.9E+6 49 |831/3 1#|85510 1b 35
0303-02= Piton de la Fournaise |85/6/14 m 1.0E+6 49 |85/6/14 8 1 85/515 1b 29 M1.0
0805-05= Tokachi-Dake 85/6/19 | 0.1 85/6/19 1 |85/6M12 1bq 7 M44
1302-01- Kilauea 85/7/6 g 1.1E+7 49 |83/1/3 1#|856/21 1b 19
1302-01- Kilauea 85/7/26 m 7.2E+6 49 |83/1/3 1 # |85/7/4 ib 13
0604-05= Sangeang Api 85/7/30 m 5.0E+6 6.5 47 |85/7/30 7 3*185/4/29 1b 90
0303-02= Piton de la Fournaise |85/8/5 m 4.0E+6 48 |85/6/114 1 85/8/5 ic 0.13
1302-01- Kilauea 85/9/2 9 1.2E+7 49 [83/1/3 1#]858M14 1b 18
0303-02= Piton de la Fournaise {85/9/6 g 1.7E+7 49 |85/6/14 1 85/9/6 ib 0.05
1302-01- Kilauea 85/9/24 g 1.5E+7 49 |83/1/3 1#185/9/10 1b 15
1302-01- Kilauea 85/10/21 g 1.5E+7 49 (83/1/3 1#]8510/5 1b 16
1302-01- Kilauea 85/11/13 9 1.4E+7 49 |83/1/3 1 #|8510/30 1b 14
1501-02= Ruiz, Nevado del 8511113 g 4.3E+7 85/9/11 7 3 A |84/11/13 1a 360 M 4.0
0603-09= Tangkuban Parahu |85/11/15 | 02 85/11/15 1 |85/4/15 1bq 210
0502-12= Ulawun 85/11/20 m 7.5E+6 2.0E+6 8 49 |8511117 6 6 3* |85/1112 1cq 10
0303-02= Piton de la Fournaise [85/12/2 m 1.0E+6 49 |85/6/14 1#|8512/2 1b 0.01
0303-02= Piton de la Fournaise }85/12/29 m 7.0E+6| 0.15 49 |85/6/14 1 # |85/12/25 1c 4
1302-01- Kilauea 86/1/1 g 1.2E+7 49 183/1/3 1 #|85/11/26 1a 32
1302-01- Kilauea 86/1/27 g 1.4E+7 49 |83/1/3 1#]86/1/19 1b 10
1302-01- Kilauea 86/2/22 g 1.2E+7 49 |83/1/3 1 # |86/2/8 1ib 16
0303-02= Piton de la Fournaise |86/3/19 g 2.0E+6 85/6/14 1#(86211 1a? 15 M20
1302-01- Kilauea 86/3/22 g 1.0E+7 49 [83/1/3 1 # |86/3/7 ifa 9
1103-01- Augustine 86/3/27 m 12 61 |86/3/27 8 4?186/210 1b 45 ML 2.1
0702-02= Canlaon 86/3/30 | 0.7 87/3/30 1 |87/31 1b 64
1302-01- Kilauea 86/4/13 g 1.2E+7 49 |83/1/3 1 # |86/4/6 ib 8
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Table 9 continued. ERUPTCAT

Vokcano Bulletin of Volcanic Eruptions VOTW SWARMCAT

Eruption data Eruption data Swarm data

Number Name start volume plume Si02{ start T L VEI | start type dur. Mmax
1302-01- Kilauea 86/5/7 m 9.4E+6 49 |83/1/3 1#186/427 1b 11
1401-13=Tacana 86/5/8 | 1 86/5/8 1 |86/5/7 1b 25 ML S0
1401-13=Tacana 86/5/8 | 1 86/5/8 1 ?185/12/16 1a? 72
1302-01- Kilauea 86/6/2 m 9.8E+6 49 |83/1/3 1#]86/521 1b 12
0702-02= Ganlaon 86/6/22 m 1.4E+5 4 86/6/3 5 2 |86/6/14 1b 8
1302-01- Kilauea 86/6/26 m 8.8E46 49 183/1/3 1 #|86/6/18 1b 8
0601-12= Sorik Marapi 86/7/5 | 6.7E+2 0.7 86/7/5 2 1 86/7/4 1c 8
0203-02= Nyamuragira 86/7/16 g 5.0E+6 6.0E+7]| 025 45 |86/716 7 7 2 |86/7116 1b 0.54
1302-01- Kilauea 86/7/18 m 6.0E+6 49 |83/1/3 1 # |86/7/9 ib 10
1501-02= Ruiz, Nevado del 86/7/20 4 85/9/11 2 86/7/20 1b 0.29
1501-02= Ruiz, Nevado del 86/7/20 | 4 85/9/11 2 86/7/5 1a? 5
0603-20= Dieng 86/8/6 I 0.3 86/8/6 1 86/4/15 1aq 45
0303-02= Piton de la Fournaise |86/11/12 m 3.0E+5 49 |85/6/14 1 #8612 1b 0.04
1102-03- Paviof 86/11/16 86/4/16 63 *I86/4/7 1d 16 M2
0804-01= O-Shima 86/11/21 g 25E+7 2.2E+7 16 55 |86/11/157 7 3 * |86/11/211c 9 M6
0604-22= |li Boleng 86/11/24 m 1 86/5/28 1 86/11/141b 10
0303-02= Piton de la Fournaise }86/11/26 m 3.0E+5 48 |85/6/14 1 #|86M11/17 1aq 9 M3
1000-26= Klyuchevskoy 86/11/27 86/11/27 7 3 A |87/12/27 1d? 10 Ks 9
0303-02= Piton de la Fournaise |86/12/18 20E+#6 m 48.9185/6/14 14#]86/12/2 1b 6
0303-02= Piton de la Fournaise {86/12/30 48.9]85/6/14 1#186/12/29 1b 15 M20
0303-02= Piton de la Fournaise |87/1/6 m 1.1E+6 49 |85/6/14 1#|87/1/6 ib 13 Md10
1000-26= Klyuchevskoy 87/2/23 | 53 |86/11/27 7 37187220 1c 14
1501-02= Ruiz, Nevado del 87/6/9 | 85/9/11 27?187/521 1a 15 M 2.0
0303-02= Piton de la Fournaise |87/6/13 85/6/14 8 1 |87/6/8 1a 4 M27
0303-02= Piton de la Fournaise |87/7/19 m 1.0E+6 49 |85/6/14 1#|87/711  1b 8
1501-02= Ruiz, Nevado del 87/8/10 | 85/9/M11 7 3A187/731 1a 1.5
0401-10= Ruapehu 87/8/24 | 87/8/24 1 87/8/18 1b 6 ML20
0604-22= lli Boleng 87/10/2 | 03 87/10/2 1 87/6/20 1a 5
0303-02= Piton de la Fournaise |87/11/6 m 1.6E+6 49 |85/6M14 1 [|8741/3 1b 3
0804-01= O-Shima 871116 43 187/11/16 4 3 A |87/915 1c 64
0303-02= Piton de la Fournaise |87/11/30 g 1.0E+7 49 |85/6/14 1#|8711/29 1b 1.5
0203-02= Nyamuragira 87/12/30 m 3.0E+6 45 |8712/30 6 6 1 87111 1b 30
0604-071 Anak Ranakah 88/1/3 | 15 87M12/28 7 6 3 * |8712/30 1b 5
0805-07= Me-Akan 88/1/5 88/1/5 1 87/9/9 ia 105
1000-26= Klyuchevskoy 88/1/20 o] 3.4E+7 47 18611127 2 |88M1M19 1b 12
0303-02= Piton de la Fournaise |88/2/7 m 8.0E+6 49 |85/6/14 1 # |88/2/4 1b 3
0608-06= Gamalama 88/2/12 | 2 88/2/12 2 |88/1/5 ibq 28
0703-01= Bulusan 88/2/20 m 3.2E+4 1.5 88/2/20 4 2 |88M1/20 1b 30
0605-09= Banda Api 88/5/9 m 3.2E+4 6.0E+6 3.5 88/5/9 6 37?7|88/4/20 1b 18 M 37
0702-02= Canlaon 88/6/21 | 1 88/6/21 1 88/5/6 1b 45
0608-07= Kie Besi 88/7/29 9 10 88/7/29 3 [88/720 1b 9
0303-02= Piton de la Fournaise |88/12/14 m 8.0E+6 48 [85/6/14 1 88/12/14 1b 0.16
1507-10= Lonquimay 88/12/27 m 5.5 58 |88/12/26 8 8 3 2 |88/12/7 1b 18 M 46
0502-12= Ulawun 89/1/1 2 47 |89/11 2 |88M10/5 1c 66
1000-26= Klyuchevskoy 189/111 0.2 47 [|86/11/27 2 891N 1ic 16
0900-24= Sarychev Peak 89/1/13 89/1/13 1 ?|89M1/5 1ib 7
1402-11= Pacaya, Volcan de  {89/3/7 3 65/7/4 32189225 1b 10
0803-01= lzu-Tobu 89/7M13 71 |89/713 & 1 89/6/30 1aq 11 M55
1000-26= Klyuchevskoy 89/7/30 3 47 |86/11/27 27?189/7/22 1bg 8
0101-06= Etna 89/9/11 47 |89/9/11 7 2 |89/8/M17 1ag 9
1103-03- Redoubt 89/12/14 3|m 4.4E+5 10 61 |89/12/14 2 #189M12/13 1b 095 ML 2.0
1103-03- Redoubt 90/1/2 3|g 2.5E+7 12 61 |89/12114 7 3 #|89/12/26 1b 7
0603-28= Kelut 90/2/10 m 12 90/2/10 8 4 891115 1a 90 Md2.0
1103-03- Redoubt 90/2/15 3 |m 5.6E+6 10 61 |89/12/14 7 2#)90/2M12 1b 342
1103-03- Redoubt 90/3/14 3|m 1.2E46 12 61 |89/12/14 7 2#]90/3/13 1b 1.42
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Table 9 continued. ERUPTCAT

Volcano Bulletin of Volcanic Eruptions VOTW SWARMCAT
Eruption data Eruption data Swarm data

Number Name start volume plume Si02} stat T L VEI | stat type dur. Mmax
1103-03- Redoubt 90/3/23 3|m 3.8E+5 10 61 |89/12/14 7 2#|90/3/22 1b 142
1103-03- Redoubt 90/3/29 3|m 1.1E+6 61 |89/12/14 7 1#]90/3/28 1b 117
1103-03- Redoubt 90/4/6 3|m 5.2E+5 9 61 |89/12114 7 2 # |90/4/6 ib 054
1103-03- Redoubt 90/4/14 3|m 8.5E+5 10 61 |89/12/14 7 2#|90/4/15 1b 013 ML 1.7
0802-10= Unzen 90/11/17 I 03 90/1117 6 8 1 |8911/21 1a? 3 M 3.7
0703-083 Pinatubo 91/6/12 g 3.0E49 40 91/4/2 10 6 * |91/4/2 ib 70 ML 43
1103-05- Spurr 4 5.0E+7 145 57 |92/6/27 7 4 7 191/8/15 1bg 180 ML 1.7
1401-09= Popocatepet! m 1.4E+6 1 94/12/21 2 ]94/10/15 1b 60 M29
1 Swanson, D. A. and R. T. Holcomb (1989)
2 BVE No. 26 (1986)
3 Scott and McGimsey (1994)
4 Alaska Volcano Observatory staff (1993)

Symbols are explained in the text.

Data Sources

The ERUPTCAT table is composed of three sections. The first section is eruption data drawn
from the Bulletin of Volcanic Eruptions (BVE). The second section is eruption data drawn from
Volcanoes of the World second edition (VOTW). The third section is the associated swarm data
preceding each eruption drawn from the SWARMCAT table. The BVE section of the table
includes the eruption start date, erupted volume, plume height, and silica content. The VOTW
section also includes the start date, tephra and lava volumes, and adds the VEI for each eruption.
The third section shows the precursory swarm parameters including the swarm start date, type,
duration, and the magnitude of the largest earthquake preceding the eruption.

Both the BVE and VOTW data are listed because the two data sources differ in some respects.
The BVE section describes all of the eruptions that were preceded by the well-reported swarms.
In the VOTW directory, in many cases, these eruptions have been grouped as an eruptive phase of
a longer eruptive sequence. For example, all the eruptions at Mount St. Helens between 1980 and
1986 are considered as one eruptive sequence in the VOTW directory. The BVE describes these
as individual phases. All of the data listed in the BVE section are drawn from the BVE covering
that year, unless an italic numeral (e.g., /) is listed following the start date. The italic numeral
points to a reference used to complete or supplement data for that eruption or eruptive phase.

Erupted Volume, Plume Height, Silica Content, and the VEI

The BVE classifies the size or intensity of an eruption into three categories: Little (1), medium
(m), and great (g) according to the bulk volume of erupted material. The BVE uses the following
correlation between them:

() <1x10*m’, (m) 1x10° to 1x10'm’, (g) >1x10'm’.

This field gives an estimate of the size of the eruption when no estimate of the erupted volume is
available. This one letter size code is recorded in the first column of the volume field. The next
two columns of volume field are the bulk tephra and lava volumes in cubic meters. If a range of
values are reported the average is recorded.
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The plume field records the maximum height in kilometers of the eruption cloud above the crater.
The SiO2 field records the silica content of the main erupted product. The silica content values
are taken directly from the BVE reports. In many cases, silica values are explicitly stated while
others are derived from reported rock names.

The VOTW section of the ERUPTCAT table is directly extracted from the Smithsonian
Institution’s Global Volcanism Program eruption data file. The start date, tephra and lava
volume, and the VEI are listed. The following field descriptions are from the Global Volcanism
Program eruption data file.

The eruptive volume is broken into two fields, tephra (7) and lava (L). The volume is an order of
magnitude value in cubic meters (e.g., 8 = >10 to the 8th power cubic meters = >100,000,000 m’
=>0.1 km®,9 =>1 km’, etc.). The tephra volume is a bulk volume, not dense rock equivalent.

The VEI is a 0-8 scale of explosive magnitude. An asterisk (*) follows the maximum VEI of an
eruption for which additional VEI values have been assigned for specific phases. We have added a
“pound sign” (#) to these specific phases where we have estimated the VEL. A "plus" (+)
following VEIs greater than 4 identifies eruptions in the upper third of that VEI range. A "A"
accompanies those eruptions early in a region's historical record that have been upgraded by 1
VEI unit, as explained in Volcanoes of the World and Newhall & Self (1982).

The parameters of the third section of the ERUPTCAT table are described in the SWARMCAT
organization and parameter description section of this report.

Preliminary Results

Swarm Duration

The duration of a volcanic earthquake swarm was found to be the most commonly reported
parameter. The database contains 385 swarm duration records with high quality grades. The
distribution of swarm durations is shown in Figure 5. The durations vary from very short, intense
swarms lasting only a few hours, such as those reported at Piton de la Fournaise and Kilauea, to
swarms lasting a few years, such as the activity recorded at Long Valley Caldera and Usu (Usu at
1682 days is the longest swarm in the database). The distribution of durations is nearly log-normal
with a geometric mean of 5.5 days, a median of 7 days and a mode of 2 days. The logio
transformed duration distribution was tested for normality using the Kolmogorov-Smirnov test
(Rock, 1988). The test showed that the distribution was not normal. The duration distribution is
skewed to the left. In other words, there is an excess of shorter swarms.
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Figure §. Histogram of the durations of 385 volcanic earthquake swarms. The
horizontal axis is logarithmic. The data indicate a log-normal distribution (with a
slight skew toward shorter durations) with a geometric mean of 5.5 days (marked
with a bold arrow), a median of 7 days, and a mode of 2 days.

Swarm durations were then separated based on their relationship to eruptive activity: those which
preceded eruptions (Type I) and those not associated with eruptions (Type III). The durations of
Type I swarms tended to be longer than Type III swarms (fig. 6). The geometric mean durations
were 8 and 3.5 days, respectively. The means of the duration distributions were found to be
significantly different from one another, in other words the durations of each swarm type are
drawn from different parent populations. The log;e transformed duration distributions for the two
swarm types were again tested for normality. We found that the Type I swarm duration
distribution is again not log-normal, while the Type III distribution is log-normal. As with the
combined distributions, the Type I duration distribution is skewed towards shorter durations.
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Figure 6. Comparison of the distribution of 191 earthquake swarm durations

that precede eruptive activity (Type I) and 136 durations that are not associated with
eruptive activity (Type III). The Type I swarm duration distribution is nearly log-
normal, while the Type III distribution is log-normal. As with the combined
distributions, the Type I duration distribution is skewed to the left. The geometric
means are 8 and 3.5 days (marked with bold arrows), the medians 9 and 3.7 days, and
the modes 8 and 1.5 days for Type I and II1 swarms respectively.

Earthquake Magnitude

Apart from swarm duration the next most commonly and reliably reported parameter is the
magnitude of the largest shock (Mmax). The database contains 113 magnitude records with high
quality grades. The M. values range from 0.5 to 6.2. The largest events in the database, M;6.2
at Miyake-jima in 1983 and M6.0 at Oshima in 1986, occurred during large fissure eruptions. A
MS5.6 event at Soputan in 1985 is the largest event preceding an eruption in the database. The
largest events occurring without a following eruption are a Mjma5.7 at Unzen in 1984 and a M6.2
in Long Valley Caldera in 1980.

Although many magnitude scales are used in reporting these events, only the Russian energy class
measurements were converted for comparison. The Russian energy scale K was converted to M
using: M = (K, -4.6)/1.5; where M is the magnitude determined from surface waves; K is the
mean energy class determined as the arithmetical mean from short-period S-waves of several
stations (Gorelchik, 1989).

The mean of the Mmax distribution for precursory swarms (Type I) is not significantly different
from the mean for swarms not associated with eruptions (Type III) (fig. 7). The mean Mu.y is 3.2
for both precursory or Type I swarms and for non-precursory or Type III swarms. The Type I
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distribution is slightly more spread out than the Type III. The standard deviations of the
distributions are 1.3 and 1.0 for Type I and Type III swarm respectively.

The eruptive character is used to divide Type I swarms into two groups. The shaded bars of the
top histogram of figure 7 show events that preceded central vent eruptions, while the open bars
are from swarms that preceded eccentric (flank) or radial fissure eruptions. With two exceptions,
the eccentric and radial fissure eruptions are preceded by larger shocks than central vent
eruptions.

EARTHQUAKE MAGNITUDE AND ERUPTIONS

Figure 7. Comparison of the distribution of magnitude of the largest shock

(Mpnex) Within 53 swarms that precede eruptive activity (Type I) and 64 swarms that
are not associated with eruptive activity (Type III). The striped bars are events that
preceded central vent eruptions, while the open bars are from swarms that preceded
eccentric (flank) or radial fissure eruptions. The M., values plotted on the abscissa
are the upper bound (inclusive) of each interval.

Data Limitations and Discussion

The observation that the mean duration of swarms that precede eruptions is about twice as long as
swarms that are not associated with eruptions may be due to: 1) reporting bias, 2) mis-
indentification of small tectonic mainshock-aftershock sequences as swarms, or 3) different time
scales for the processes involved with transport of magma to the surface, when compared with
intrusion or other transient forcing phenomena (tidal, barometric pressure fluctuations, seasonal
ocean-loading, etc.).

Reporting bias is a possible source of error which must be considered when interpreting these
results. The database was compiled primarily from the BVE where the emphasis is the reporting
of eruptions. Therefore, there may be a tendency more frequently to report seismic activity
associated closely with eruptions as opposed to swarms that occur at volcanoes with little or no
historic activity. Furthermore, if an eruption occurs, the reporter may examine the preceding
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seismicity more rigorously, and perhaps include a longer period of time as the precursory
seismicity.

The mean magnitude for the largest shocks in volcanic areas is about M3, based on data from 113
swarms at 61 volcanoes in the GVESD. Using aftershock decay parameters given by Reasenberg
and Jones (1989) for tectonic earthquakes in southern California, the duration of an aftershock
sequence following a M3 is about half a day and for a M4, 3.5 days. Thus, the durations of a small
mainshock-aftershock sequences are similar to the mean duration of Type III swarms. In areas
where the magnitudes are not available or not reliable, small tectonic earthquakes and their
aftershocks may be reported as swarms.

The above problems of reporting bias and mis-identification are certainly factors in some of the
reports. However, we believe that given a large sample size, these effects will not unduly bias the
general result. With these limitations in mind, we can speculate that differing earthquake swarm
durations are due to several suites of physical processes operating at different time scales. For
example, the ascent of magma to the surface may express itself in longer lasting swarms, while
intrusions or failed eruptions are manifested by shorter swarms. Other factors not directly
associated with the movement of magma may also lead to shorter duration sequences of
earthquakes. Volcanic and geothermal areas have been shown to be sensitive to small strains.
Such strains can be generated by earth and ocean tidal stresses (Rydelek and others, 1988;
McNutt and Beavan, 1981; Klein, 1976), body and surface waves from regional or teleseimic
earthquakes (Hill et al., 1993), seasonal ocean-loading (McNutt and Beavan, 1987), or changes in
barometric pressure (Rinehart, 1980).

Volcanic earthquake swarms, unlike tectonic mainshock-aftershock sequences, do not release the
majority of seismic energy in the largest earthquake of sequence. Swarms, by definition, have one
or more shocks of similar magnitude. Therefore, the seismic energy released during a swarm is
spread over a longer period of time than tectonic mainshock-aftershock sequences. The difference
in swarm duration distributions suggests that duration is more likely to reflect future eruptive
activity than the magnitude of the largest event within a given swarm.

Improvements and Future Work

In designing this project we hoped to cast a wide net over seismological phenomena occurring at
volcanoes. We found that the net had many holes; only very few parameters are frequently
reported in the literature. Filling in the blanks of this current version of the database would be
highly desirable. We believe that much of this data exists, but was never published. The next step
is to contact the individual reporters and begin collecting this primary data.

The database would be improved by the addition of new high quality records. The number and
quality of case studies on volcanic earthquake swarms have been steadily improving as more
volcanoes are becoming monitored. The addition of the most recent swarms (occurring after
1989) will be given priority over the cases studied before 1979.

Along with the addition of more records, each record could be expanded to included summary
figures such as; seismicity rate, time-depth, time-magnitude, earthquake location, and example
seismograms. The database software that we are currently using does support fields that contain
digital images. Future versions of the GVESD will incorporate these figures.

27



Future work with the GVESD will explore more fully the relationship between swarm parameters
(such as the duration, Mnax, and event types) and specific eruption parameters such as the
Volcanic Explosivity Index, chemistry of the erupted products, eruption repose, volcano edifice
height, etc. We are developing a generic volcanic earthquake swarm model which will provide a
conceptual framework to interpret sequences or swarms of volcanic earthquakes which involve
several different types of events. The GVESD will provide the data to explore the succession of
particular event types within swarms and their durations.

Acknowledgments

We thank J. Lahr and C. Nye for providing helpful comments and suggestions which improved
this report. We also thank L. Siebert for providing an advance of copy of the second edition of
Volcanoes of the World. This work was supported by the Alaska Volcano Observatory under the
US Geological Survey Volcano Hazards and Geothermal Studies Program, and by additional
funds from the State of Alaska.

28



References

Alaska Volcano Observatory staff, 1993, Mt. Spurr's 1992 eruptions: Eos (Transactions of
American Geophysical Union), v. 74, p. 217 and 221-222.

Cox, K.G,, Bell, J. D., and Pankhust, 1979, The interpretation of igneous rocks, George Allen
and Unwin, London, 450 p.

Gorelchik, V. L., 1989, Seismological study of the Kliuchevskoi flank eruption of 1983
(Kamchatka): Journal of Volcanology and Geothermal Research, v. 78, p. 8591-8622.

Hill, D. P., and others, 1993, Seismicity remotely triggered by the magnitude 7.3 Landers,
California, Earthquake: Science, v. 260, p. 1617-1623.

Katsui, Y., (Ed.), 1971, List of active volcanoes (with map): Special issue of Bulletin of Volcanic
Eruptions, 160 p.

Klein, F. W, 1976, Earthquake swarms and the semidiurnal solid earth tide: Geophysical Journal
of the Royal Astronomical Society, v. 45, p. 245-295.

Koyanagi, R. Y., Chouet, B., and Aki, K., 1987, The origin of volcanic tremor in Hawaii: Part 1,
Data from the Hawaiian Volcano Observatory 1969-1985, in Volcanism in Hawaii v. 2,
eds. Decker, R. W., Wright, T. L., and Stauffer, P. H., U.S. Geological Survey
Professional Paper 1350, p. 1221-1258.

Latter, J. H., 1981, Volcanic earthquakes, and their relationship to eruptions at Ruapehu and
Ngauruhoe volcanoes: Journal of Volcanological and Geothermal Research, v. 9, p. 293-
309.

McNutt, S. R., and Beavan, J., 1981, Volcanic earthquakes at Pavlof Volcano correlated with the
solid earth tide: Nature, v. 294, p. 615-618.

McNutt, S. R., and Beavan, J., 1987, Eruptions of Pavlof Volcano and their possible modulation
by ocean load and tectonic stresses: Journal of Geophysical Research, v. 92, p. 11509-
11523.

Minakami, T., 1960, Fundamental research for predicting volcanic eruptions (part 1): Earthquakes
and crustal deformations originating from volcanic activities: Bulletin of the Earthquake
Research Institute, v. 38, p. 497-544.

Mogi, K., 1963, Some discussions on aftershocks, foreshocks, and earthquake swarms--The
fracture of a semi-infinite body caused by an inner stress origin and its relation to the
earthquake phenomena, 3: Bulletin of the Earthquake Research Institute, v. 41, p. 615-
658.

29



Motyka, R. J, Liss, S. A., Nye C. J., and Moorman, M. A., 1993, Geothermal resources of the
Aleutian Arc: Alaska Division of Geological and Geophysical Surveys Professional Report
114, 17 p.

Newhall, C. G., and Self, S., 1982, The volcanic explosivity index (VEI): An estimate of
explosive magnitude for historical volcanism: Journal of Geophysical Research, v. 87, p.
1231-1238.

Newhall, C. G., and Dzurisin, D., 1988, Historical unrest at large calderas of the world: U.S.
Geological Survey Bulletin 1855, 1108 p.

Reasenberg, P. A, and Jones, L. M., 1989, Earthquake hazard after a main shock in California:
Science, v. 243, p. 1173-1176.

Rinehart, J. S., 1980, Geysers and Geothermal Energy, Springer-Verlag, New York, 223 p.

Rydelek, P. A., Davis, P. M., and Koyanagi, R. O., 1988, Triggering of earthquake swarms at
Kilauea volcano, Hawaii: Journal of Geophysical Research, v. 93, p. 4401-4411.

Scott, W., and McGimsey G., 1994, Character, mass distribution and origin of tephra-fall deposits
of the 1980-1990 eruptions of Redoubt Volcano, south-central Alaska: Journal of
Volcanological and Geothermal Research, v. 62, p. 251-273.

Simkin, T., Siebert, L., McClelland, L., Bridge, D., Newhall, C., and Latter, J. H., 1981,
Volcanoes of the World, Hutchinson Ross Pub. Co., Stroudsburg, PA, 232 p.

Simkin, T., and Siebert, L., 1994, Volcanoes of the World second edition, Geoscience Press,
Tucson, Arizona, 349 p.

Swanson, D. A., and Holcomb, R. T., 1989, Regularities in growth of the Mount St. Helens
dacite dome, 1980-1986: in Silicic lava domes, IAVCEI proceedings in volcanology v. 2
lava flows and domes, (Fink, Ed.), Springer-Verlag, Heidelberg, p. 1-24.

Wood, C.A., and Kienle, J., 1990, Volcanoes of North America: United States and Canada,
Cambridge University Press, 354 p.

30



Appendix A

ROSS-FOREL | MODIFIED MSK JMA
MERCALL!I | (GEOFIAN)
1 1 0
1
2
2
2 1
3
3 3
4 4 4
2
5
5 5 3
6
6 6 4
7
7 7
8 5
8 8
9
9 9
6
10 10
10 11 11
7
12 12

from Newhall and Dzurisin (1988)
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CAMPI FLEGREI taly 40.83N14.14 E VOTW num.:0101-01=

Mormphology: caldera Tectonic framework: Convergent Continental Margin

Elevation above m.s.l.: 458 m Edifice relief : 650 m

Range of eruptive products:
SWARM DATE: 83/10/13 +0.5 Dur. (days): 0.21 +0.02 Type:3 Event type(s): Grade : B

: . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnl_tuc.ie. 3.0 # EQ total : ,250 Dist. to vent: Tremor : Migration: Y
Max. intensity: MM at # Felt total . Type: Deformation ©  Focal mech:
Depth (km): £ b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Change in seismic activity first noted Nov. 82. On Oct. 13 swarm of 250 events in 5 hours |

Change in seismic activity first noted Nov. 82.

M3 earthquake in Mar. 83, uplift reached max. 5 mm/day in Oct. 83 seismicity trended with uplitt. M4 earthquake on
Oct. 4. On Oct. 13 swarm of 250 events in 5 hours max. M3.

Seismic network of 22 vertical machines. (for data analysis techniques see BVE No 23 p 55-56.)

Earthquakes of higher magnitude restricted in area (Solfatara field mean depth = 3 km). Figs: hypo. maps and daily
number of earthquakes with strain release.

BVE No. 23, p. 55-56.

SWARM DATE: 84/4/1 +0 Dur. (days): 0.21 +0 Type:3  Event type(s): Grade : B

- . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magm_tuqe. 3.0 # EQ total : -499 Dist to vent: Tromor: Migration -
Max. intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): + b-value : Componient : Gravity:  EQfamilies:
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms ;. Y  Magnification : Geothermal :

[Key phrase: On Mar. 14 M4.0 on Apr. 1 a swarm of 499 events between 03:30 - 08:00 |

On Mar. 9 M3.9 earthquake, on Mar. 14 M4.0 and on Apr. 1 a swarm of 499 events between 03:30 - 08:00 with max.
M= 3.0. On Apr. 3 a M3.5. From Jun.-Sept. 1984 10 events (M3.2-3.9) recorded. Figs: epicenter map and strain
release.

BVE No. 24, p. 61-62.

SWARM DATE: 84/11/4 +3 Dur.(days): 25 5 Type:3  Eventtype(s): Grade : B

Max. Magnitude: # EQ totai : Seismograph: OTHER REPORTED OBSERVATIONS
o . Dist. to vent: Tremor : Migration :

Max. Intensity: MM at # Felt total : Type: Deformation - Fogcral mech:

Depth (km): + b-value : Component : Gravity EQ families :

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Magpnification Geothermal :

Key phrase: increases in Nov.1984, in first week. Swarm lasted thur Nov. 1984

Y P!

New increases in Nov.1984, in first week a M2.7 earthquake. On Nov. 8 events of M3.2, 3.2, 2.8, and 3.3 recorded
in the Gulf of Pozzuoli. On Nov. 10 aM2.9 and Nov. 11 a M3.1. Swarm lasted through Nov. 1984 with other M2.0-3.1
events along with the uplift.

On Dec. 8 a M3.8 occurred after this seismicity decreased. Figs: epicenter map and strain release.

BVE No. 24, p. 61-62.

SWARBM DATE: 85/7/1 +183 Dur. (days): + Type: Event type(s): Grade :
Max. Maani . : Seismograph: OTHER REPORTED OBSERVATIONS
ngx | n:a?'\s?t‘;"jeMM at g Egtt?})atlal . Dist. to vent: Tremor : Migration :

: - T Type: Deformation : Y Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Rep(?se (yf) Naiuri'll. penod . Magnetk; : Rumbhng :
Cum. energy release: Previous swarms : Magnification : Geathermal :

[Key phrase: Piace holder for 1985 ]

Since Jan. 1985, there has been no dectectable seismic activity at Campi Flegrei. The last M4 earthquake occurred in
Dec. 1984,

BVE No. 26, p. 90.




CAMPI FLEGRE] ttaly 40.83N14.14 E VOTW num.:0101-01=

Mormhology: caldera Tectonic framework: Convergent Continental Margin

Elevation above m.s.l. . 458 m Edifice relief : 650 m

Range of eruptive products:
SWARM DATE: 89/4/3 +0.5 Dur. (days).<1 + Type:3 Event type(s): Grade : B
Max. Magnitude: 2.2 # EQ total : 82 Seismograph: OTHER REPORTED OBSERVATIONS

. Dist. nt: T : Migration :
Max. Intensity: MM at # Felt total : Toor ' Y tion: P
Depth (km): + b-value : Component : Gravity - EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
Key phrase: Most significant was represented by the swarm of Apr. 3 when 82 shocks were recorded with max.
ML2.2

In 1989, a ground uplift of about 8 cm was recorded from Mar. 14 to Jun. 10. in coincidence with the new upward
ground motion phase, a total 316 seismic events were recorded. The most significant was represented by the swarm
of Apr. 3 when 82 shocks were recorded with max. ML 2.2 and the foci located in the Solfatara area.

BVE No. 29, p. 90.

Communication from : G. Ricciardi, Observatorio Vesuviano, Via A. Manzoni 249,80138 Napoli, italy.

SWARM DATE: 89/6/15 +15 Dur. (days): 15 15 Type:3 Event type(s): Grade: C

i . . Seism h: OTHER REPORTED OBSERVATIONS
Max. Magnitude: 2.7 # EQtotal : 174 Dict to norn: Tromn BE Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): + b-value : Component : Gravity " EQfamilies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Activity occured in June when 174 events, 75 of which crossed instrumental threshold, were recorded. |
The activity occured in June when 174 events, 75 of which crossed instrumental threshold, were racorded. The max.
M2.7 took place on June 6 and was located in the Solfatara area which actually appeared to be the most active
seismic area during this final upward bradyseism phase.

BVE No. 29, p. 90.

Communication from : G. Ricciardi, Observatorio Vesuviano, Via A. Manzoni 249,80138 Napoli, italy.




STROMBOLI ttaly 38.79N1521 E VOTW num.:0101-04=

Momhology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l. . 926 m Edifice relief : 2700 m

Range of eruptive products:  basalt
SWARM DATE: 83/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

. . . Seismograph: temporary OTHER REPORTED OBSERVATIONS
Max. Magnr_luc'ie. # EQ total : . Dist.tovent: 0.14km  Tremor: Y Migration:
ax. Intensity: MM at # Felt total : Type: Mark L4C Deformation :  Focal mech:

Depth (km): + b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natwralperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1983. ]
Mirco-tremor =35um/s at 0.15km from vent.
BVE No. 23, p. 7.

SWARM DATE: 85/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

R . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnlf(u(fie. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : 0 Type: Deformation : ~ Focal mech:
Depth (km): E: bvalue : Component ; Gravily : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: Place holder for 1985. j
Unfelt shocks and micro-tremors: recorded
BVE No. 26,p 1.
SWARM DATE: 85/11/18 + Dur. (days): 18 «+ Type:1?  Event type(s): Grade: C

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magm?us:ie. 29 # EQI t(;tal I - Dist. tovent:  1.8km Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Geotech S-13 Deformation:  Focal mech:
Depth (km): + b-value : Component : z Gravity : EQ families :

. pol Y

Detection threshold: Repose (yr.): Natural period :  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: One shock felt (on Nov. 18) 18 days before the eruption. M2.9 ]
Unfelt shocks: recorded.
BVE No. 25, p. 7-8.

SWARM DATE: 88/6/10 +5 Dur. (days): 52 +5 Type:idq Eventtype(s)E Grade: C

Max. Magnitude: 2.5 # EQ total : Seismograph: permanent  OTHER REPORTED OBSERVATIONS
o . Dist. to vent: 1.8 km Tremor : Migration :

Max. Intensity: MM at #Felt total : 1 Type: Geotech S-13 Deformation :  Fooal mach:

Depth (km): + b-value : Component:  Z Gravity : EQ families :

Detection threshold: Repose (yr.): Natural period: 1 Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: Seismic adtivity, which was essentially related to the Strombolian explosions ]

Seismic activity, which was essentially related to the Strombolian explosions, had marked fluctuations in the daily
number of events through the year (Fig. 1-2 in BVE No. 28). In particular, July activity was characterized by the large
number of high amplitude shocks, though their magnitude was always lower than 2.5,

The strongest explosion, which was felt by the inhabitants of the island, was recorded at the Ginostra station and by
all the seismographs of the Aeolian Islands Seismic Network. The phenomenon was followed by a temporary
decrease in the number of shocks which had their minimum in the first days of September.

BVE No. 28, p. 1-4.



STROMBOLI taly 38.79N1521 E VOTW num.:0101-04=

Momhology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l. : 926 m Edifice relief : 2700 m

Range of eruptive products: basalt
SWARM DATE: 89/3/7 + Dur. (days): + Type:2a? Event type(s):E Grade :

. K . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
max. wagn|?u§eMM z Egtt%atla,' . Dist. tovent:  1.8km Tremor : Migration :
ax. Intensity: at bvalue - Type: Geotech S-13 Deformation:  Focal mech:

Depth (km): * aiue : Component : V4 Gravity : EQ families :
Detection threshold: Repose (yr.): Naluralperiod: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: Place holder for 1989.

Four powerful explosive sequences occurred on March 7, 20, 26, and April 3. The seismic traces of these
phenomena had durations ranging between 3 and 11 minutes The seismic record also showed that several
explosions were accompanied by tremors with a relatively high amplitude which slowly vanished with time. Figure of
temporal distribution of seismic shocks p. 9 of BVE No 29.

BVE No. 29, p. 7-9.

Falsaperia, S., Montalto, A., Spampinato, S. (1989): Analysis of seismic data concerning explosive sequences on
Stromboli volcano in 1989. Bull. G. N. V., 1, 249-258. Smithsonian Institution (1990): Bull. GVN vol 15, no 8, 13-14;
no 9, 13.



VULCANOQO taly 38.40N14.96 E VOTW num.:0101-05=

Mormphology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l. : 500 m Edifice relief : 1500 m

Range of eruptive products: basalt to rhyolite
SWARM DATE: 85/4/15 +15 Dur. (days): 120 +15 Type:3 Event type(s): Grade : B

; . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnlltuc.ie. 2.5 # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): 1 +1 b-value : Component : Gravity : EQ families :
Detection threshoid: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal ;

[Key phrase: A micro-earthquake swarm occurred between Apr. and Aug. |

A micro-earthquake swarm occurred between Apr. and Aug. 1985 at Vulcano. It consisted of shallow (less than 2 km
deep) shocks mainly localized in the northern part of the isle, around the VCR station (Fig. 1, BVE No. 25, p. 57),
where the most recent voicanic structures are present. The epicenters appear quite dispersed so that it is not
possible to correlate seismic activity with a specific structural system.

The swarm peaked in May with about 18 events per day (Fig. 2a BVE), although the occurrence frequency of the
most energetic shocks reached a maximum in Jul. (Fig. 2b BVE). Since May a more pronounced dispersion of the
epicenters was observed with respect to the VCR area, together with an increase of the focal depth. During the
whole sequence, magnitude was always less than 2.5 and the seismic stations which detected the activity were only
those located on the Lipari - Vulcano islands. A cluster of tectonic events with maximum magnitude 2.7 was localized
very near to Vulcano (<10 km) a fortnight before the swarm.

The waveform analysis indicates that the events were due to both fracturing and degassing phenomena.
Low-frequency and irregular waveform earthquakes were lacking. That may be interpreted as a preliminary indication
that no fracturing phenomenon occurred near the magma and significant variations of the magma level may be
excluded.

BVE No. 25, p. 57.

Communication from: S. Falsaperla and G. Neri, Istitut. Internazionale di Vulcanologia, V. le Regina Margherita, 6 -
95123 Catanig, ltaly.

SWARM DATE: 86/12/20 +3 Dur. (days): 190 +10 Type:3 Event type(s): Grade: C
Max. Magnitude: 3.7 # EQ total : Sgismograph: OTHER REPORTED OBSERVATIONS

o . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Delornation:  Fodaion h:
Depth (km): ES b-vaiue : Component : Gravily : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Duration is taken off figure (BVE No. 27, p 81) ]
Seismic activity increased in Dec., leading to a peak in mid-July 1987.

BVE No. 26, p. 79.
BVE No. 27, p. 81.




VULCANOQ taly 38.40N14.96 E VOTW num.:0101-05=

Momhology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l.: 500 m Edifice refief : 1500 m

Range of eruptive products: basalt to rhyolite
SWARM DATE: 87/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magm_tut?e. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnelic : Rumbling :
Cum. energy reiease: Previous swarms : Y  Magnification : Geothermal :
IKey phrase: Place holder for 1987. |

A slight increase in the hourly occurrence frequency of the local seismic events recorded at the VCR station on the
island of Vuicano was observed in the last few months of 1986. A similar tendency had been present during 1987
with a maximum which was reached in the middie of July (Fig. 2, BVE No. 27, p.81). in spite of the high number of
shocks recorded at VCR, which is located very close to the most recent volcanic apparatus of the island, the energy
release associated with this phenomenon seems to have been quite low and the mechanism of generation did not
show any change, being related to both fracturing and degassing processes. By the end of July the occurrence
frequency returned to quite low lavels, although little fluctuations were present. As a deep drilling was carried out very
close to the seismic station for geothermal investigations, a gap exists in the data set between 9 February and 5 May.
During this time and in the whole examined period the tectonic seismicity in the island and in an area 40 km wide
around it was quite low and the magnitude did not exceed 3.7.

fig: station map

BVE No. 27, p. 81.

SWARM DATE: 88/8/9 +0.5 Dur.(days): 5 +1 Type:3 Event type(s): Grade : B
. . . Seismograph: OTHER REPORTED OBSERVATIONS
leiax. Magnl'tucj.le. 25 # EQ total : . Dist. to vent: Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): 2 %2 b-value : Component : Gravity EQ famifies :
Detection threshold: Repose (yr.): Natural period Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: A seismic swarm started on Aug. 9 (first phase deep foci up to 4 km) ]

A seismic swarm started on Aug. 9 after a progressive increment in the number of the local shocks from Aug. 6. The
phenomenon, recorded at all the stations on Vuicano of the Aeolian Island Seismic Network, had a spatial evolution
characterized by two phases: in the first one, from 9 to 14 of Aug. the events were located in the southern part of the
island and had quite "deep” foci (up to 4 km). During the second phase, which lasted in September, the shocks
mainly occurred in the northern part (Gran Cratere) of Vulcano and had shallow foci (<= 1.5 km). The maximum
magnitude, reached during the first phase of the swarm, was 2.5, but due to the relevant number of shocks with
magnitude >= 1.8, the energy release associated with the swarm was quite high in comparison to previous similar
episodes recorded in the last 10 years. In addition to this, the tectonic activity in an area of about 30 km around
Vulcano was characterized, between Mar. and Jun., by a large number of earthquakes with maximum magnitude 4,
located at SW of the island. Fig: earthquake counts for 1988 and Jul. 1 -Sep 30.

BVE No. 28, p. 88.

SWARM DATE: 88/8/17 +0.5 Dur.(days): 27 +1 Type:3  Eventtype(s): Grade: B
; . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magm.tut?e. # EQ total : . Dist. to vent: Tremor : Migration ;

Max. intensity: MM at # Felt total : Type: Deformation :  Focal mech:

Depth (km): 7 1.7 b-value : Component : Gravity : ’ EQ tamilies :

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Duration taken from figure on p 88 BVE (second phase shallow foci <=1.5 km depth) l

See Aug. 8, 1988 for additional comments.
BVE No. 28, p. 88.



VULCANQ taly 38.40N14.96 E VOTW num.:0101-05=

Momhology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l. : 500 m Edifice relief : 1500 m

Range of eruptive products: basalit to rhyolite
SWARM DATE: 89/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

: . . Seismograph:; OTHER REPORTED OBSERVATIONS

Max. Magmftuc}e. 2.5 # EQ total : .18 Dist. to vent: Tremor : Migration :
Max. Intensity: MM at #Felt total : 0 Type: Deformation :  Focal mech:
Depth (km): + b-value : Component Gravity EQ families :
Detection threshold: FKepcse (yr'): Natural penod : Magnetic - Ru[nbhng :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1989

No anomalous seismic phenomenon was recorded throughout the year. At station VCR 18 tectonic earthquakes
with magnitude < 2.5 and origin in an area of 30 km around the island. Fig: seismicity rates. BVE No. 29, p. 91.
BVE No. 29, p. 91.

S. Falsaperla, stituto Internazionale, Piazza Roma 2, 95123 Catania, ltaly




ETNA italy 37.73N15.00 E VOTW num.:0101-06=

Mormphology: strato or composite Tectonic framework: Convergent Continental Margin
Elevation above m.s.l.: 3290 m Edifice relief : 2300 m
Range of eruptive products: basalt
SWARM DATE: 79/8/3 +0.5 Dur.(days): 4 +1 Type: Event type(s): Grade : C
. . . Seismograph: permanént  OTHER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : : SERV
. Dist. to vent: Tremor : Y Migration :
Max. Intensity: MM at # Felt total : T'ype: Willmore Zkm Deformation : Y Foal mech:
Depth (km): * b-value : Component : Z Gravity : EQ families :
Detection threshold:1.3 Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification: 4K Geothermal : Y
[Key phrase: Series of shocks on 3rd and 6th of Aug. ]

Series of shocks on 3rd and 6th of Aug. felt and unfelt shocks were recorded.
BVE No. 19, p. 10-11.

SWARM DATE: 80/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

; . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnlf(uqe. # EQ total : . Dist. to vent: Tremor : Y Migration :
Max. Intensity: MM at #Felt total : Type: Deformation :  Focal mech:
Depth (km): + b-vaiue : Component : Gravity : EQ famities :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling
Cum. energy release: Previous swarms : Magnification : Geathermal :
[Key phrase: Place holder for 1980. ]

Felt, and unfelt shocks: occurred. Micro-tremor: occurred.
BVE No. 20, p. 10-11.

SWARM DATE: 81/3/12 4+0.5 Dur. (days): 6 +1 Type:iaq Eventtype(s)B Grade : A
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS

Max. Magnlf(ucfie. # EQ total : ~1 350 Dist. tovent:  2km Tremor : Y Migration :

Max. Intensity: MMIV at # Felt total : 6 Type: Willmore Deformation : Y Focal mech:

Depth (km): * b-value : 2.5 Component : Z Gravity : Y EQfamilies:

Detection threshold:1.3 Repose (yr.): Naturaiperiod: 1s Magnetic: Y Rumbling :

Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal . Y

[Key phrase: Duration from fig. in Gresta and Patane ]

Fore-running phenomena (except for N. flank erupt. Mar. 1)

Unfelt: occurred

Micro-tremors: occurred, increase in ground temp: occurred.

Fore-running phenomena for N flank eruption (Mar. 17-23, 1981)

Felt: occurred, freq. = 3/day, from 2 days prior

Micro-tremors: recorded, 3 day duration

Increase in ground Temp: occurred, tilt observed from 1 month prior.

Gresta, S. and Patane, G., Variation of b values before the Etnean eruption of March 1981, PAGEOPH, vol. 121, no.
2, 1983.

BVE No. 21, p. 10-13.



ETNA ttaly 37.73N15.00 E VOTW num.:0101-06=

Morphology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l. : 3290 m Edifice relief : 2300 m

Range of eruptive products: basalt
SWARM DATE: 83/1/22 +0.5 Dur. (days): 53 12 Type:1b? Eventtype(s)B Grade : A

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

Max. :Vlagnl.tuti,le. M #; EQI mt% ,650 Dist.tovent: 2km Tremor : Y Migration :

ax. Intensity: M at elt total : Type: Willmore Deformation: Y Focal mech:
Depth (km): 6 19 b-value : 1.4 Component : z Gravity : Y EQ tamilies :
Detection threshold:1.3 Repose (yr.): Naturalperiod: 15 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal :

Key phrase: Duration from: Gresta and Patane 1983. Mar. 26, 27, 1983 violent seismic crisis preceded opening on
S. flank of eruptive fissure on Mar. 28.

Mar. 26, 27 1983 violent seismic crisis preceded opening on S. flank of eruptive fissure on Mar. 28.

Felt shocks: from 2 days prior to 3/28 eruptivity, MM 3.3

Unfelt shocks: from 2 days prior.

3 day duration of micro-tremors.

Gresta, S. and Patane, G., Changes in b value before the Etnean eruption of March-August 1983, PAGEOPH, vol.

121, 5/6, 1983.

Patane, G., et al., Seismic activity preceding the 1983 eruption of Mt. Etna, Bull. Volcanol., vol. 47-4 (2), 1984

BVE No. 23, p. 8-10.

SWARM DATE: 84/4/27 + Dur.(days): 0 «+ Type:4 Event type(s): Grade : A
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS

Max. Magm?uc?e. # EQ total : . Dist. tovent: 2 km Tremor © Migration :

Max. Intensity: MM at # Felt tgtal : Type: Willmore Deformation :  Focal mech:

Depth (km): + b-value : Component : Z Gravity : EQ tamilies :

pon: y
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnelic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal :

[Key phrase: An eruption strated at a summit vent (SE crater) on Apr. 27, and was not preceded by a seismic crisis. |
An eruption strated at a summit vent {(SE crater) on Apr. 27, and was not preceded by a seismic crisis, contrary to
what was observed for many recent flank eruptions.

Gresta. S. et al., The October 1984 seismic crisis at Mount Etna. Part | : Space-time evolution of the events, Annales
Geophysicae, 1987, 5B, (6), 671-680.




ETNA taly 37.73N15.00 E VOTW num.:0101-06=

Morphology: strato or composite Tectonic framework: Convergent Continental Margin
Elevation above m.s.l.: 3290 m Edifice relief : 2300 m
Range of eruptive products: basaft
SWARM DATE: 84/10/16 +1 Dur.(days): 15 +1 Type:le Event type(s): Grade: A
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
m:xx m:le%':ittl;quMM 4'2&“ z Egltt?toatlai ,271 Dist. tovent: 2 km Tremor: Y Migration :
Depth (km): 10 +10 b-value: goype V,Y'I:,Tae y4 8?;%??““ Y E(())c?l nnx‘?s:: Y
A N N m, ent . < ami :
Detection threshold:2.0 Repose (yr.): Nam?ﬁ period: 1s Magnetic: Y Rumbling :
Cum. energy release:  4.0e+11J Previous swarms: Y  Magnification: 4K Geothermal : Y

[Key phrase: Duration from: table 8 in Gasperini, P. et al. (1992) ]

A sharp increase in the number of earthquakes started in the afternoon of Oct. 16 and was followed by relatively still
period (in the morning of Oct. 17). The greatest number of the shocks was concentrated in a second time span (Oct.
17 08:00-Oct. 18 12:00) which ended with the occurrence of a M4.2 event on the northeastern side of the volcano. A
third shock M4.2 shock located on the eastern flank seriously damaged the village of Zafferana Etnea (Oct. 19 17:43).
The following time evolution of the crisis does not show particular peaks in the earthquake frequency, even after an
another strong event (M3.9 Oct. 25 at 01:11) occurred on the eastern flank. For all the considered period a set of
about 500 (well located) events [rms<0.5 s, erh < 3 km, erz < 5 km]. Detailed descriptions of six "sub-periods” are
given in the Gresta 1987 reference.

Gasperini, P. et al., Time and space clusting of Etna volcano earthquakes during the period May 1983-February 1987,
JVGR, 52 (1992) 297-307.

Gresta. S. et al., The October 1984 seismic crisis at Mount Etna. Part | : Space-time evolution of the events, Annales
Geophysicae, 1987, 5B, (6), 671-680.

BVE No. 24, p. 8-9.

SWARM DATE: 85/3/12 +0.25 Dur. (days): 0 + Type:4 Event type(s): Grade : B
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

lltllnz mtaegnrzitt‘;qe.M T z Egtt%?; i Dist. tovent:  2km Tremor:  Migration :
Depth (km): + bvalue s Comonem© Z Gy EQiamines

A . . . vity : ilies :
Detection threshold:1.3 Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 4K Geothermal :
[Key phrase: Lava flow was emitted without any explosive or seismic activity. ]

Mar. 8 - Jul. lava eruptions on the S flank. Scant seismic info.
BVE No. 25, p. 8-10.
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ETNA ltaly 37.73N15.00 E VOTW num.:0101-06=
Morphology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l. . 3290 m Edifice relief : 2300 m

Range of eruptive products: basalt
SWARM DATE: 85/12/22 +0.5 Dur. (days): 31 +1 Type:id Eventtype(s)VT Grade : A

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

Max. :\/IagmtudeMM :; EQI total i 40 Dist. tovent:  2km Tremor : Migration: N
Max. Intensity: at elt total : Type: Willmore Deformation :  Focal mech:
Depth (km): b-value : Component : Z Graviy EQ families :
Detection threshold:3. 0 Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal

[Key phrase: Duration from table 9 in Gasperini (1992). On Dec. 25 preceded by a "seismic crisis” a flssure opened. |
Felt and unfelt shocks occurred. No coherent spatial migration of the cluster has been found.

Gasperini, P. et al., Time and space clusting of Etna volcano earthquakes during the period May 1983-February 1987,
JVGR, 52 (1992) 297-307.
BVE No. 25, p. 8-10.

SWARM DATE: 86/5/8 +0.5 Dur.(days): 5 +1 Type:le Eventtype(s)VT Grade : A
. X . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

max' :Vlagm_turfle. # EQ total : _1 4 Dist. tovent: 2km Tremor : Y Migration: Y

ax. Intensity: MM at # Felt total : Type: Willmore Deformation:  Focal mech:

Depth (km): + b-value : Component : z Gravity : EQ families :

Detection threshold:3.0 Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal

[Key phrase: Duration from table 9 in Gasperini (1992). ]

Felt shocks occurred; Unfelt and Microtremors were recorded. No coherent spatial migration of the cluster has been
found.

Gasperini, P. et al., Time and space clustering of Etna volcano earthquakes during the period May 1983-February
1987, JVGR, 52 (1992) 297-307.
BVE No. 26, p. 3-5.

SWARM DATE: 86/10/2 +0.5 Dur.(days): 10 11 Type:le Eventtype(s)VT Grade : A
. . . Seismograph: premanent  OTHER REPORTED OBSERVATIONS

l\hj:ax. |IV|agmtude.MM i EQ' total i .1 3 Dist.tovent:  2km Tremor : Migration : Y
ax. Intensity: at elt total : Type: Willmore Deformation :  Focal mech:

Depth (km): b-value : Component : 7 Gravity : EQ families :

Detection threshold:3. 0 Repose (yr.): Naturaiperiod: 1s Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal :

[Key phrase: Duration from table 9 in Gasperini (1992). j

No coherent spatial migration of the the cluster has been found.

Gasperini, P. et al., Time and space clusting of Etna volcano earthquakes during the period May 1983-February 1987,
JVGR, 52 (1992) 297-307.

SWARM DATE: 87/7/1 183 Dur. (days): + Type: Event type(s): Grade :
: . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. ll\Aagnt.tU(.ie. § Ean:te’:l I Dist. tovent:  6km Tremor : Y Migration :
Max. Intensity: MM at it Type: Wilimore Deformation : Y Focal mech:
Depth (km): B vaiue - Component : z Gravity : Y EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal :
[Key phrase: Place holder for 1987

Felt shocks: occurred
Unfelt shocks: recorded
Micro-tremors: recorded

BVE No. 27, p. 2-3.
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ETNA italy 37.73N15.00 E VOTW num.:0101-06=

Morphology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l.: 3290 m Edifice relief : 2300 m

Range of eruptive products: basalt
SWARM DATE: 88/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

; . . Seismograph: pemmanent  OTHER REPORTED OBSERVATIONS

Max. Magmf‘Ud.e‘ # EQ total : . Dist. 1o vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation:  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families -
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1988 |
During 1988 the seismicity been somewhat low. Higher frequency of the events occurred only in April (in particular)

and June. The most energetic event was recorded on June 19. In the end of June an increase in amplitude of the
micro-tremors was also recorded.

BVE No. 28, p. 2-4.

SWARM DATE: 89/7/27 40.5 Dur. (days):<1 x Type:1a? Event type(s): Grade: B

; . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magnitude:M 2.8 # EQ total . Dist. to vent: Tremor ; Y Migration :
Max. Intensity: MM at # Feit total : Type: Various Deformation : Y Focal mech:
Depth (km): b-value : Component : Gravity Y EQ families :
Detection threshold:1. 5 Repose (yr.): Natural period : Magretic | Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Swarms with magnitudes more than 1 occurred on Jul. 27. |

Events localized on the east flank in the first 3 months of the year M=3.5 on Jan. 29. Other significant events were
observed except on May 6 and Jun. 28 ~M3. A deep event occurred on Jul. 8 (M=2.8) in side the Valle del Bove,
was the beginning of a period of high seismicity. Swarms with magnitudes more than 1 occurred on Jul. 27 and on
Aug. 3, and much shallower an Aug. 17-18, 21, and 26-28. No relevant seismic activity was observed until the
beginning of eruptive activity from the SE crater. During the eruptive events a big swarm (events with >M3) was
recorded on Sept. 23-24. Micro-seismic activity took place on Sept. 27 related to the opening of an eruptive fissure.
Another swarm of shallow events observed after Sept. 30 related to the propagation of the final part of fracture
towards SSE. The highest frequency of events Oct. 2 when the propagation of the fracture finished. No more signs of
seismic activity, except for a seismic event on Dec. 9 (M=2.8) and a little swarm on Dec. 27.

BVE No. 29 p. 10-13.

Mastrolorenzo, G., Caltabiano, T., Kilburn CRJ, Romano R, Luongo, G. (1990): Eruptive patterns and magma ascent,
Mt. Etna, Sicily. Poster IAVCEI International Volcanological Congress, Mainz.

SWARM DATE: 89/8/3 +0.5 Dur. (days):<1 + Type:1a? Event type(s): Grade : B
Max. Magnitude: # EQ total : Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : ?-'St o vet: E,’:&%éﬁon: 2‘;%;",’;32(:,,
Depth (km): b-value : Component Gravity : EQ families :
Cum. energy release Previous swarms : Y Magniﬁcation: Gecthermal

[Key phrase: Swarms with magnitudes more than 1 occurred on Aug. 3 ]

See Jul. 7 comments.

BVE No. 29 p. 10-13.
Mastrolorenzo, G., Caltabiano, T., Kilburn CRJ, Romano R, Luongo, G. (1990): Eruptive patterns and magma ascent,
Mt. Etna, Sicily. Poster IAVCEI International Volcanological Congress, Mainz.
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ETNA italy 37.73N15.00 E VOTW num.:0101-06=

Mormphology: strato or composite Tectonic framework: Convergent Continental Margin

Elevation above m.s.l.: 3290 m Edifice relief : 2300 m

Range of eruptive products: basalt
SWARM DATE: 89/8/17 +0.5 Dur.(days): 9 +1 Type:laq Event type(s): Grade : B
Max. Magnitude: # EQ total : Si_alsmograp.h: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Q%ét:o vent: Bfiglr%étion: y&gﬁtg&h:
Depth (km): b-value : Component : Gravity : EQ families :
Detection threshold:1 5 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Swarms with magnitudes more than 1 occurred on Aug. 17-18. |
Swarms with magnitudes more than 1 occurred on July 27 and on Aug. 3, and much shallower an Aug. 17-18, 21,
and 26-28. No relevant seismic activity was observed until the beginning of eruptive activity from the SE crater. See
July 89 for further comments.

BVE No. 29 p. 10-13.

Mastrolorenzo, G., Caltabiano, T., Kilburn CRJ, Romanc R, Luongo, G. (1990): Eruptive patterns and magma ascent,
Mt. Etna, Sicily. Poster IAVCEI International Volcanological Congress, Mainz.

SWARM DATE: 89/9/23 +0.5 Dur.(days): 2 +0.5 Type:2a Eventtype(s): Grade : B
Max. Magnitude: #EQtotal : 10 Seismograph: pemanent  oTHER REPORTED OBSERVATIONS
Max. Intensity: MM  at # Felt total : Dt t0 vert: MO ion:  Fhgration Y
Depth (km): 20 15 b-value : Componem : Gravity : EQ families :
Detection threshold:1.5 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: A big swarm ( events with M>3) was recorded on Sept. 23-24. |

During the eruptive events a big swarm (tens of deep(>=15 km) events with M>3) was recorded on Sept. 23-24. See
July 89 for comments.

BVE No. 29 p. 10-13.

Mastrolorenzo, G., Caltabiano, T., Kilburn CRJ, Romano R, Luongo, G. (1990): Eruptive patterns and magma ascent,
Mt. Etna, Sicily. Poster IAVCEI International Volcanological Congress, Mainz.

Castellano, M., et al., Upward migration of seismic focii: A forerunner of the 1989 eruption of Mt. Etna (ltaly), Bull.
Volcanol. (1993) 55:357-361.

SWARM DATE: 89/9/30 +0 Dur. (days): 3.5 +0.5 Type:le? Eventtype(s)VT Grade : A

. . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnl.tuc.je. ML2.5 # EQ total : . Dlst to vent: Tremor : Migration: Y
Max. Intensity: MM at #Felt total : Deformation :  Focal mech: Y
Depth (km): 5 45 b-value : Componeni Gravity : EQ tamities -
Detection threshold:1.5 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Duration from Ferrucci (1993) |
Some hundreds of shallow (30 Sept.-3 Oct.) events were observed before the end of the eruption.

Ferrucci, F., et al., Mt. Etna: a model for the 1989 eruption, JVGR, 56 (1993) 35-56.
Castellano, M., et al., Upward migration of seismic foci: A forerunner of the 1989 eruption of Mt. Etna (ltaly), Bull.
Volcanol. (1993) 55:357-361.

SWARM DATE: 89/12/27 +0.5 Dur. (days):<1 + Type:3 Event type(s): Grade : C
Max. Magnitude: # EQ total : Seismograph: permanent  oTHeR REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : D's’ lo vent: ey o igration -
Depth (km): b-value : Componem Gravity : EQ families :
Detection threshold:1 5 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

IKey phrase: A little swarm on Dec. 27. )

See July 89 for comments.

BVE No. 29 p. 10-13.
Mastrolorenzo, G., Caltabiano, T., Kilburn CRJ, Romano R, Luongo, G. (1990): Eruptive patterns and magma ascent,
Mt. Etna, Sicily. Poster IAVCEI International Volcanological Congress, Mainz.
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Africa and the Red Sea



NYAMURAGIRA Africa-C 1.38 S29.20 E VOTW num.:0203-02=

Mormphology: shield Tectonic framework: Divergent Rift Continental
Elevation above m.s.l.: 3465 m Edifice relief : 2005 m
Range of eruptive products:
SWARM DATE: 80/2/5 +0 Dur. (days):>20 =+ Type:2b? Event type(s)B Grade: C
f . . Seismograph: tempor ary OTHER REPORTED OBSERVATIONS
mz Mtae%r:ittl;c'jeMM at ftFE-'(e)lttc:})at'al. ; Dist. tovent:  95km Tremor: Y Migration :

: ’ M Type: electromagnetic Deformation :  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold:2.3 Repgse (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magpnification : 10K  Geothermal :

[Key phrase: From Feb. 2 to 25 Seismicity was recorded on temporary array. |

A (confined to zone elongated southward from caldera) and B-type (confined to caldera around) events recorded at 3
stations at Katale (KTL), Bulengo (BLG) & Lubogo (LBG). Long period micro-tremors correlated with lava extrusion
and preceded opening of new vent. Sharply decline after Feb. 22 announcing end of lava rise on Feb. 23. Formed
new scoriae cone, =120m height.

Fig: Station map.

BVE No. 20, p. 13-14.

SWARM DATE: 81/12/25 +0 Dur. (days): 0.13 +0.02 Type:1b  Event type(s):.VE Grade : B
; . . Seismograph: OTHER REPORTED OBSERVATIONS
mg IMntae%‘:ittl;l('ieMM 13 at z Egltt(::)atlai _200 Dist.tovent: 100km  Tremor: Y Migration:
Depth (km): + bvalue: ot period Gty Eiamines.
A . . : : ilies :
Detection threshold: Repose (yr.): Natural period: 1s  Magnetic: Rumbling :
Cum. energy release: Previous swarms ;| Y  Magnification : 100 K Geothermal :

[Key phrase: Volcanic earthquakes started to occur at 18:26 Dec. 25. ]
Short period Benioff seismographs at Lwiro 95 km S recorded tremor 3 hrs. prior to eruption. Volcanic earthquakes >
1.3 started to occur successively at 18:26 Dec. 25. Volcanic tremors increased rapidly at the same time.

BVE No. 21, p. 14-15.

SWARM DATE: 82/1/6 + Dur. (days): + Type:1d? Event type(s)t Grade :
M . . . St_aismograph: permanent OTHER REPORTED OBSERVATIONS
mz lmaé:;nsx:uéeMM at § Egtt%%i . Dist. to vent: 100 km Tremor Y Migration :
Dept'h (knl;l)'ty. + b-value : Type: Benioff short period gefomanon 1Y Focal mech:
! - : Component : V4 ravity : EQ families :
Detection threshold:1.4 Repqse (yr.): Nmu?; period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 100K Geothermal :

[Key phrase: High mirco-earthquake activity occurred for long time near new cone after eruption. |

Evening of Jan. 6,1982 a seismograph 1.2 km SSE recorded varying amplitude volcanic tremor originating from lava
fountianing. Type of tremor changed with change in eruptivity from lava fountianing to Strombolian type (Tremor
change = continuous to isolated). As eruption declined amplitudes of tremor decreased moriotonically up to Jan. 14
when eruptivity ceased. High micro-earthquake activity occurred for long time near new cone after eruption. Fig:
max. tremor ampl. variation.

BVE No. 22, p. 12-14.

SWARM DATE: 84/2/23 +0.5 Dur. (days): 0.1 +0.02 Type: Event type(s)t Grade : ¢
Max. Magnitude: # EQ total : Sgsmograph: temporary OTHER REPORTED OBSERVATIONS
Moax. Integnsity: MM at 4 Felt total - Dist. tovent: 0 km Tremor: Y Migration :
Depth (km): + b-value : éoyi)ner.)oKaet:tusmma ;hod per g«ra;c\alrﬂr;anon : Fé%c?al rr:mz

). : nent : : ilies :
Detection threshold:0.8 Repose (yr.): Naturalperiod: 135 Magnetic : Rumbling :
Cum. energy release: Previous swarms: Y  Magnification : 100K Geothermal :

[Key phrase: Place holder from tremor observations. |

Tremor observed (continuous volcanic). It appeared that outburst took place 2-3 hrs. before fissure eruption. Figs:
Max. ampl. tremor daily and hourly.

BVE No. 24, p. 10-11.
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NYAMURAGIRA Africa-C 1.38 $S29.20 E VOTW num.:0203-02=

Momhology: shield Tectonic framework: Divergent Rift Continental

Elevation above m.s.l. : 3465 m Edifice relief : 2005 m

Range of eruptive products:
SWARM DATE: 86/7/16 +0.02 Dur. (days): 0.54 +0.02Type:1b  Event type(s): Grade : B

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
l,zllnax. :\/Itagnl'tuc'ie.M M iIE:QHt?:S{I I © 0 Dist. tovent: 100 km Tremor : Y Migration :
ax. Intensity: at el otal . Type: Benioff short period Deformation : Y Focal mech:

Depth (km): + b-value : Component:  Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s  Magnetic: Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 100K Geothermal : ¥
[Key phrase: A swarm of earthquakes preceded the eruption by 13 hours ]

Unfelt and micro-tremors: occurred 13 hours before the eruption, 60-100 events/hour. At the end of Jul. remarkable
continuous seismic tremors were observed at 450 m from the vent. From the early morning of 18 Aug. the mode of
eruption changed from the continuous lava fountaining to Strombolian type and the type of seismic tremors also
changed from continuous to isolated ones. Then, the eruptions and the amplitude of the tremor decreased
monotonously up to the early morning of 20 Aug.

BVE No. 26, p. 6-7.

SWARM DATE: 87/11/1 +0.5 Dur. (days): 30 +1 Type:1b Event type(s): Grade : B
Max. Magnitude: . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max, Infensity: MM at Pt ot 0 D e o0k e o . agralion
Depih (km): : + bvalue : goype Berr\:toff short zpenod CD;e(oritmaucm : Ecc.\;:..;:\é(l nrrﬁ:h.

b ‘ ¥ nent . raviy : Hhes
Detection threshold: Hep?se (yr.): Nmnl:rg peﬁw : 1s Magne‘k; . Rurnbhng .
Cum. energy release: Previous swarms : Y  Magnification : 100 K Geothermal :

Key phrase: A gradual increase in the frequency of volcanic earthquakes occurrad about one month before the
eruption

no new seismic information in 1988 BVE - Felt shocks: none. Unfelt: recorded; A gradual increase in the frequency of
volcanic earthquakes occurred about one month before the eruption (see BVE No. 27). fig. daily counts May
1987-May 1988.

BVE No. 27, p. 5-6.

BVE No. 28, p. 10.

SWARM DATE: 89/4/24 +0 Dur. (days): + Type: Event type(s): Grade :
: . . Setsmograph: temporary OTHER REPORTED OBSERVATIONS

l\h:ax. :Vltagnl.tuée.MM t zggt“ﬁ;i .0 0 Dist.tovent: {1 km Tremor : Y Migration :

ax. Intensity: a bvalue - Type: Katsushima PK110 Deformation : Y Focal mech:
Depth _(km). * value - . Component : A Gravity : EQ families :
Detection threshold: Repose (yr.): 1.33 Naturalperiod: 15 Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :
[Key phrase: Place holder tremor information in 1989. 1

On April 24, at 13:18(LCT), a fissure eruption started in the summit caldera (Figs. 4-1 and 2) after a dormancy of one
year and four months. The eruption was clearly recognized by the appearance of continuous tremor on the
seismograph at KTL (Fig. 4-2) and witnessed by habitants. The climax of the eruption was between 22:00 on April 29
and 04:50 on April 30. The max. amplitude of volcanic tremor was recorded during this climax. Station map on p. 18
of BVE No. 29.

BVE No. 29, p. 17-18.
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NYOS, LAKE Africa-w 6.43 N10.30 E VOTW num.:0204-003

Mormhology: caldera Tectonic framework: Divergent Rift Continental

Elevation above m.s.1. : Edifice refief :

Range of eruptive products:
SWARM DATE: 86/8/21 + Dur. (days): + Type: Event type(s): Grade :

; . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnlfuclie. # EQ total : . Dist. to vent: Tremor : Y Migration :
Max. Intensity: MM at # Felt total : Type: Deformation:  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbliing: Y
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: "Earth began to tremble. Water was agitated."

A series of rumbling sounds were heard from the lake. "Earth began to tremble. Water was agitated.”
BVE No. 26, p. 8-10.
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Arabia and the Indian
Ocean



FOURNAISE, PITON DE LA indian 0-W 21.23555.71 E VOTW num.:0303-02=

Momhology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l.: 2631 m Edifice refief :

Range of eruptive products:  basalt
SWARM DATE: 81/1/21 +0.5 Dur.(days): 13 +1 Type:ib Eventtype(s): Grade : B

. . . Setsmograph: OTHER REPORTED OBSERVATIONS

Max. Magm.tutjie. # EQ total : . Dist. tovent:  0.3km Tremor : Migration :
Max. Intensity: MM at #Felt total: 0 Type: Mark L4C Deformation - Y Foeal mech:
Depth (km): + b-value : Component : 3 Gravity : EQ families :
Detection threshold:0.5 Repose (yr.): Natural period:  1s Magnetic : Rumbling -
Cum. energy release: Previous swarms : Magnification: 20K  Geothermal :

[Key phrase: Eruption preceded by 13 days of sustained seismicity |

Eruption preceded by 13 days of sustained seismicity and ground deformations. Unfelt: freq. = 5-100's per day from
13 day prior.
BVE No. 21, p. 16-17.

SWARM DATE: 83/11/20 +0.5 Dur. (days): 14 +1 Type:ib Event type(s): Grade : B
: . . Seismograph: permanent  0THER REPORTED OBSERVATIONS
hl\jI'ax. :\Ata gnl.tut?e.MM t z EQI t(:tatl l ,500 Dist. to vent: 1 km Tremor : Migration :
ax. intensity: a elt total : Type: Mark L4C Deformation ;Y Focal mech:
Depth (km): ~ 2.25 +.75 b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr): 2.58 Najuralpericd: 15 Magnetic: Y Rumbiing:
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Dec 4, 1983 precursors limited to 2 weeks shallow (1.5-3 km depth) seismic crisis |

Precursors include 2 weeks shallow (1.5-3 km) seismicity of <50 events. No long term increase of local seismicity (no
long term deformation also) have preceded the eruption. Phase | and |l outbreaks preceded by short (2.5 and 1.5
hrs.) swarms corresponding to magma intrusion. Some deformation measured with emplacements. Unfelt shocks:
1-10/day, S-P duration 1 sec. from 14 days prior. No tremors recorded.

BVE No. 23, p. 11-12,

SWARM DATE: 85/5/15 +0.5 Dur. (days): 29 1 Type:ib Event type(s): Grade : B
: . . Setsmograph: OTHER REPORTED OBSERVATIONS
:/lAax. :Vlagnl'tu(.ie.MM 1.0 # 'E:Q| total ' . Dist. to vent: Tremor : Migration :
ax. intensity: at # Felt tc_)ta 0 Type: Deformation:  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: Begining on 15 May, several small earthquakes recorded. Seismic activity peaked on 8 June, and
decreased to a low level on 13 June.

The earthquakes (M< 1) were recorded at depths of 1.5-2.5 km beneath the summit. Simultaneously, the summit

dry-tilt stations began to show an inflationary pattern. The eruption began on 14 Jun. 16:04. The seismic events

clustered at depths ranging from 1 to 2.5 km, beneath the same area as the center of inflation, at the NW of the main

summit crater (Dolomieu). The shallowness and small lateral extension of the seismicity, and the short wavelength of

the deformation showed that the focus of magmatic pressure was shallow and restricted to a small volume. The

outbreak was preceded by an intrusive crisis less than one hour duration, characterized by strong seismic activity and

by rapid deformation. The intrusion reached the surface along a SW-NE system of fissures in line with the epicentral

zone.

BVE No. 25, p. 10-12

BVE No. 26, p. 75-76.

SEAN Bull. vol. 10, no. 5, p. 3-4, 1985.
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FOURNAISE, PITON DE LA Indian0-W 21.2355571 E VOTW num..0303-02=

Morphology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l. : 2631 m Edifice relief :

Range of eruptive products:  basalt
SWARMDATE: 85/8/5 +0 Dur. (days): 0.13 +0.02 Type:1ic  Event type(s): Grade : B

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : 200 - . ) Pl
Max. Intensity: MM at #Felt totai : 0 it vent e - ion« | Migration ;-
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase:On 5 Aug. at 22:50 a new intrusive seismic swarm began at shallow depth beneath the summit area and
> 200 events were recorded in < 3 hours.

The eruption began 5 Aug. 23:40. ended 1 Sep. Seismic tremor lasted for 10 days at a very low level.

BVE No. 25, p. 10-12.
SEAN Bull. vol. 10, no. 7, p. 8-9, 1985.

SWARMDATE: 85/9/6 +0 Dur. (days): 0.05 £0.02 Type:1b  Event type(s): Grade : B
Max. Magnitude: # EQ total : 30 Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at #Felt total : 0 2%;:0 vert: oM o mgration ©
Depth (km): 1~ % b-value : Component : Gravity : EQ families :
Detection threshold: Repqse (yr.): Natural period : Magnetic : Rumbfing :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: A very short seismic crisis began on 6 Sep. at 1408. After events 3 fissures opened. ]

Similar to the Jun. and Aug. eruptive episodes, seismic events were center under Dolomieu and Soufriere, a 1 km
depth.

BVE No. 25, p. 10-12.

SEAN Bull. vol. 10, no. 7, p. 8-9, 1985.

SWARM DATE: 85/12/2 +0 Dur. (days): 0.01 +0 Type:1b Event type(s): Grade : B
Max. Magnitude: # EQ total : Seismogr aphi OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt tc_)tal : 0 Er);séé'f) vent: .Igr:g%éﬁon . '\é‘ga"’,i:ﬁgéh._
Depth (km): + b-value : Component : L il

. . . ponent Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal .
[Key phrase: A very short seismic crisis occurred. For 17 minutes, very shallow low magnitude events occurred. ]

The events occurred under Dolomiew Crater at depths of 0.5-1.5 km. Then a 1.5 km fissure opened and lasted 28
hours. The volume of basalt emitted was very small.

BVE No. 25, p. 10-12.

SEAN Bull. vol. 10, no. 7, p. 8-9, 1985.

SWARM DATE: 85/12/25 +0.5 Dur. (days): 4 11 Type:lc Event type(s): Grade : B

; . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magmyu@a. # EQ total : . Dist. to vent: Tremor ; Migration :
Max. intensity: MM at # Felt total : 0 . P .

: Type: Deformation: Y Focal mech:

Depth (km): 2 +1 b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Since 25 Dec. some deeper events have occurred under the summit zone (1-3 km). |
Since 25 Dec. some deeper events have occurred under the summit zone (1-3 km). On 28 Dec. the 2 strong events
(20 s) were recorded on the whole seismic net (11 stations) followed by a few events on the 29th. During the evening
of the 28th very small events were noticed at the summit station, followed by a very short crisis (18:36-18:50) and
opening of fractures inside the Dolomieu crater (18:54-18:57).

BVE No. 25, p. 10-12.

SEAN Bull. vol. 10, no. 7, p. 8-9, 1985.

18



FOURNAISE, PITON DE LA Indian0-W 21.23S55.71 E VOTW num.:0303-02=

Mormphology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l.: 2631 m Edifice relief :

Range of eruptive products: basalt
SWARM DATE: 86/2/11 +0.5 Dur. (days): 1.5 +0.5 Type:1a? Event type(s): Grade : B

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS

Max. Magm_tut:,le. # EQ total : . Dist. tovent: 1 km Tremor : Migration :

ax. lntenSIty. MM at # Felt total; 0 Type Mark L4C Deformation - Y Focal mech:
Depth (km): 3+ b-value : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magretic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :

[Key phrase: A short seismic crisis was recorded 11-12 Feb. with events located E of the summit at about 3 km depih. |

BVE No. 26, p. 10-12.

Delorme, et al.; The March 1986 eruptive episodes at Piton de la Fournaise volcano. Jour. Volc. Geothermal Res., vol.
36, 1989

SEAN Bull. vol. 11, nos. 1,2,3,4,6,7,11,12

SWARM DATE: 86/3/177 +0 Dur.(days): 0.06 +0 Type:3i  Event type(s): Grade : B
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS

'I:/ll‘ax. ll\Atagnr.Iut.ieMM t zECittc;ta‘l ‘ _— Dist. to vent: 1km Tremor : Migration :

ax. Intensity: 2 oo Jotal: Type: Mark L4C Deformation : Y Focal mech:
Depth (km): 3 = +1 -value: Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
Key phrase: A seismic crisis began at 21:17 with sudden increase in intensity after 22:46, ending at 23:16 without

eruption.

In late Feb. and the first half of Mar. the volcano was quiet. On 17 Mar., intermediate depth events (2-4 km below sea
level), located under the ESE flank. Interpreted as intrusive event.
BVE No. 26, p. 10-12.
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FOURNAISE, PITON DE LA indian 0-W 21.23555.71 E VOTW num.:0303-02=

Mormhology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l. : 2631 m Edifice relief :

Range of eruptive products: basalt
SWARM DATE: 86/3/19 +0 Dur.(days): 10 +1 Type:id Event type(s): Grade : B

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

Max. ll\ﬂ?gm?uc-le.MM t ’;thk?atl I .0 Dist.tovent: 1km Tremor : Migration: Y

ax. Intensity: a elt total : Type: Mark L4C Deformation : Y Focal mech:
Depth (km): * b-value : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturaliperiod: 15 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnitication : Geothermal :

Key phrase: Low magnitude events became dominate between 05:00 and 06:40, on 19 Mar. Seismicity continued
until 29 Mar. 22:38 when a phreatic explosion occurred.

After the intrusive event of Mar. 17, the seismicity continued at shallow depth below the summit as well as at -2 to -5
km beneath the E flank, in the SE part of the Enclos Fouque caldera. Some events were recorded on the south edge
of the caldera, indicating a SSE shifting of the micro-earthquakes. Low magnitude events, only detected by NTR
station, became dominate between 05:00 and 06:40, on 19 Mar. At 06:40, a eruptive fissure opened and produced a
small lava flow (10 é6m3). The eruption ended at 1560 19 Mar. The seismic crisis continued both at the summit and
under the E flank. At 00:20, 20 Mar. a new 700 m long fissure opened. The intermediate depth seismicity ended after
the opening of the vent but the seismic activity continued at a high level through 21-22 Mar. Only the southern most
stations were saturated by continuous tremor due to the eruption. On 23 Mar. at 00:00, seismic activity increased at
the summit zone. New cracks opened on the surface at 08:00 and at 17:00, a viscous and degassed lava poured out.
On 28 Mar. 10:40, seismicity began very intense that it saturated all the summit stations. Seismicity continued till 29
Mar. 22:38 when a phreatic explosion occurred.

BVE No. 26, p. 10-12.

SWARM DATE: 86/6/5 +5 Dur. (days): 40 +5 Type:ib Eventtype(s): Grade: C

: . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magnl?u('ie. # EQ total : . Dist.tovent:  1km Tremor ; Migration :
Max. Intensity: MM at # Felt total: O Type: Mark L4C Deformation : Y Focal mech:
Depth (km): 2.5 £2.5 b-value : Comﬁonent: 3 Gravity : " EQfamilies :
Detection threshold: Repose (yr.): Natural period : 15 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: During June and early July, seismic activity was semi-continuous. |

During June and early July, seismic activity was semi-continuous with shallow events under the summit crater (1to 5
per day) and infrequent deeper events (3-5 km) under the E flank. On 13 July, 18:10 after 2 summit seismic events, a
new eruption started. Seismicity remained at low level between mid-July and mid-Sept. Shallow earthquake were
registered until early Nov.

BVE No. 26, p. 10-12.
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FOURNAISE, PITON DE LA IndianO-W 212355571 E VOTW num..0303-02=
Mormhology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l. : 2631 m Edifice relief :

Range of eruptive products: basatt
SWARM DATE: 86/7/9 +0.5 Dur. (days): 1.5 +0.5 Type:3i  Event type(s): Grade : C

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : - . : tamabdiiln
Max. Intensity: MM at #Felt total: 0 %:s;ét:ohx:mug km E?fg%éﬁonﬂ I'\:/I(;%;altggch
Depth (km): * b-value : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 1 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: An intrusion not followed by an eruption occurred on July 9. |

The 9th and 10th July 1985 intrusive and seismic crises: An intrusion not followed by an eruption occurred on July 9;
it was the first event of this type observed at Piton de la Fournaise since the installation of the Volcanological
Observatory in 1980. The seismicity and deformation patterns during this intrusive sequence were similar to those
observed before all the outbreaks since 1980. The main seismic zone was beneath the central-to-south part of
Dolomieu crater, but the deformation showed that the intrusion eventually migrated toward the east and stopped at a
shallow depth, at about 1 km east of Dolomieu. As 9 July summit crisis was nearing to an end, a new crisis began on
the east flank of the volcano on 10 July. It was the first seismic crisis observed in this area. It surpassed the previous
summit seismic crises by two orders of magnitude in the number of earthquakes as well as the energy released.
Initially, most hypocenters were concentrated at about 3 km at the E-NE of the summit and at depths of 2 to 5 km
beneath sea level. Later, after the climax of the crisis, the hypocenter zone spread over the entire Grandes Pentes
area. We suggest that this flank crisis corresponded to the release of compressional stresses accumulated in the
central area of the volcano during the repeated intrusions that occurred over the last years.

BVE No. 26, p. 75-77.

SWARM DATE: 86/8/5 +0 Dur.(days): 0.03 +0 Type: Event type(s): Grade : B
Max. Magnitude: # EQ total : St_eismograp.h: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : 0 ToveviarcLac” ™ Detormation Y Fosal mech:
Depth (km): o * bvalue: Component : 3 Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Natural period : 15 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: A new intrusive seismic swarm began on 5 August (22:50) The eruption started at 23:40 (1 hour after the
beginning of the seismic crisis)

5th August 1985 eruption

A new intrusive seismic swarm began on 5 August (22:50) at shallow depth beneath the Dolomieu Crater (same area

as for the 14 June 1985 eruption). A sudden inflation (about 160 nrad) attacked the summit zone and the north flank

of the volcano, corresponding to the emplacement of dikes into the north rift zone. The eruption started at 23:40

(local time)(i.e. 1 hour after the beginning of the seismic crisis) at the north base of the Central cone. Four fissures

opened along an N 10 deg. orientation.

BVE No. 26, p. 75-77.
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FOURNAISE, PITON DE LA indianO-W 21.23S55.71 E VOTW num..0303-02=

Mormphology: shield Tectonic framework: Oceanic Hot Spot
Elevation above m.s.l.: 2631 m Edifice relief :
Range of eruptive products: basalt
SWARM DATE: 86/9/6 +0 Dur. (days): 0.05+0 Type:3? Event type(s): Grade: C
. . ) Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : : .
. Dist. t : : :
Max. Intensity: MM at # Felt total : 0 Tover Mo Lac | M e oy Thgration ©
Depth (km): 1 + b-value : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: A very brief and shallow (about 1 km depth) seismic crisis began on 6 Sept. at 14:08 ]

6th September 1985 eruption

A very brief and shallow (about 1 km depth) seismic crisis began on 6 Sept. at 14:08 after a small summit inflation
(about 30 urads). Large ground movements were assaciated with dike emplacement beneath the east flank of the
volcano. Three eruptive fissures opened at 15:20 (local time).

BVE No. 26, p. 75-77.

SWARM DATE: 86/11/12 +0 Dur. (days): 0.04 +0 Type:1b Event type(s): Grade : B
Max. Magnitude: # EQ total - Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt tc_:tal : 0 ?%é’;oﬁgk“',_ 4C1 km E;ig",ﬁéﬁm .y y(',%;é}’:ggéh:
Depth (km): .75 +.25 b-value : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period :  1's Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: An intense seismic crisis began on 12 Nov. at 11:50. An eruptive fissure broke at 12:48. ]
In early Nov., seismicity increased, at about 0.5 to 1 km beneath the Dolomieu. The eruption ended after one day.
BVE No. 26, p. 10-12.

SWARM DATE: 86/11/17 +0.5 Dur. (days): 9 +7 Type:taq Eventtype(s): Grade : B

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magmftusie. 25 # EQ total : . Dist. tovent: {1 km Tremor : Migration :
Max. Intensity: MM at #Felt total: 0 Type: Mark L4C Deformation : Y Focal mech:
Depth (km):  2.25 +1.25 b-value : Component : 3 Gravity:  EQfamilies :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: Activity remained unchanged at the low level until 17 Nov., leading to a shallow seismic crisis on 19-20
Nov. On 26 Nov. at 15:30, after 12 hours of seismic quiescence, a fracturing episode began.

Seismic activity remained unchanged at the low level until 17 Nov., when events >1.0 were noticed, 1.5 km depth

below the E part of Dolomieu and ieading to a shallow seismic crisis on 19-20 Nov. An avg. of 10-12 events per day

were recorded at depth 1-2.2 km below the summit. During the night of 25 Nov. M 2.0 & 2.5 occurred beneath the

Dolomieu at depth of 3-3.5 km below the summit. On 26 Nov. at 15:30, after 12 hours of seismic quiescence, a very

shallow fracturing episode began.

BVE No. 26, p. 10-12.

SWARM DATE: 86/12/2 +0.5 Dur. (days): 6 +1 Type:1b  Event type(s): Grade : B
. i . Seismograph: permanent  0THER REPORTED OBSERVATIONS
mz ?ﬂg\rz}uquM t zggtt?f)atlal. . Dist.tovent: 1 km Tremor : Migration :
- Intensity: a ol . Type: Mark L4C Deformation : Y Focal mech:

Depth (km): 11 +.4 b-value : . L g

A . Component 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification Geothermal :
Key phrase: Low level until 2 Dec., when a new shallow seismic crisis began, a sharp increase on 6 Dec. at 06:35.

At 07:03 a fissure opened.

Seismic activity continued at a low level until 2 Dec., when a new shallow seismic crisis began in the summit zone (
0.7 to 1.5 km depth below the surface) with a sharp increase on 6 Dec. at 06:35. At 07:03 a fissure opened.
BVE No. 26, p. 10-12.
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FOURNAISE, PITON DE LA indian 0-W 212355571 E VOTW num.:0303-02=

Mormphology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l. : 2631 m Edifice relief :

Range of eruptive products: basalt
SWARM DATE: 86/12/29 + Dur. (days): 1.5 +0.5 Type:1b Event type(s): Grade : B
Max. Magnitude: 2.0 # EQ total : Seismograph: permanent  otHeR REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Ao MarkLac' ™™ Datormation: Y Focal mech:
Depth (km): 2 +1 b-value : Component : 3 Gravity:  EQtamilies :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: The seismicity increased on 28 Dec. which was followed by a short (18:36 to 18:50) summit crisis on 29

Dec.

29th December 1985 eruption

After a short eruptive phase of 3 Dec., a progressive summit inflation was recorded with an increase in rate between
19 and 27 Dec. Between 25 and 28 Dec. few seismic events (1 to 3 km depth) were registered under the summit
zone. The seismicity increased on 28 Dec. with two strong events recorded on the whole seismic network and also
with several small and shallow events, which were followed by a short (18:36 to 18:50) summit crisis on 29 Dec. The
permanent summit inclinometer showed a sudden movement at 18:40 on the same day. At 18:52, fountaining began
inside the Dolomieu summit.

BVE No. 26, p. 75-77.

SWARMDATE: 87/1/6 +0 Dur. (days): 1.3 0 Type:lb Event type(s): Grade : B

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnl.tU(.ie. Md1.0 # EQ total : ,30 Dist. tovent: 1 km Tremor : Y Migration :
Max. Intensity: MM at # Felt total : Type: Mark L4 Deformation : Y Foeal mech:
Depth (km): + b-value : Component : z Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Nafural period: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: A very weak seismic activity was detected from 08:52 on 6 Jan.

A very weak seismic activity was detected through the tremor from 08:52 on 6 Jan. About 30 summit events lasting
less than 10 seconds were recorded until 12:00, together with a significant deformation of the northeastern area of
the summit zone.

The intensity of the volcanic tremor progressively increased between 12:00 and 12:12, when a new eruptive fissure
opened.

BVE No. 27, p. 7-9.

SWARM DATE: 87/6/2 +0 Dur. (days):<1 & Type3i  Eventtype(s)SP,LP  Grade: B

. . ) Seismograph: permanent  OTHER REPORTED OBSERVATIONS
max. ’Imtagr:'tuc"eiVIM ¢ z&E:Qltt?c:)e’:lal. ) Dist.tovent:  1km Tremor: Y Migration :

ax. Inten }ty. a i el e Type: Mark L4 Deformation : Y Focal mech:
Depth _(km). 2 . +1 value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

[Key phrase:On 2 Jun. at 19:57 a seismic swarm occurred in the summit area without and eruptive event

Between mid-Feb. and the beginning of May, low but constant seismicity was detected in the central part of the
volcano, with both short and long period events. Some of them were at shallow depth below the summit area,
whereas some others were significantly deeper and located in the northern part of the volcano.

Seismicity slightly increased during the second week of May, mainly in the summit area at a depth about 1 to 3 km
below the Dolomieu crater. Some deep events were also recorded below the Grandes Pentes area in the end of May.
On 2 Jun. at 19:57 a seismic swarm occurred in the summit area without an eruptive event, though inclinometers
showed only weak movements. This swarm was interpreted as the result of the emplacement of a shallow intrusion in
the summit area.

BVE No. 27. p. 7-9.
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FOURNAISE, PITON DE LA Indian0-W 212355571 £ VOTW num.:0303-02=

Mormphology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l.: 2631 m Edifice relief :

Range of eruptive products: basalt
SWARM DATE: 87/6/8 +0 Dur. (days): 4  +1 Type:la  Event type(s)LP Grade: C

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS

Max. Magnl.tuqe. M 2.7 # EQ total : ,40 Dist.tovent:  1km Tremor : Y Migration :
Max. Intensity: MM at # Felt total : Type: Mark L4 Deformation : Y Focal mech:
Depth (km): 1 +1 b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): .5 Natural period: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :
[Key phrase: A new seismic crisis began at 18:28 on 8 Jun. ]

During the first week of Jun. the summit seismicity remained at a significant level with a daily rate of 4 to 6 events. A
new seismic crisis began at 18:28 on 8 Jun., with a single shock located at a depth of 6 km M2.7 in the southeastern
area of the Enclos caldera. This event was then followed from 05:09 on 9 Jun., by about 40 shocks located at a depth
lower than 2 km, together with a clear inflation ( ~20 micro rad.)

On 10 Jun., volcanic tremor progressively appeared at the summit seismic stations (at 15:05) after a new inflation
episode (~20 micro rad.) occurred during the night of 9 to 10 Jun.

While the summit inflation continued, as seen in the Soufriere inclinometer, and after some "long-period” seismic
events, tremor suddenly increased as recorded by the overall seismic stations around 15:00 on 12 Jun., without
noticeable changes of the sub-surface activity. At 09:15 on 13 Jun., explosions were heard in the summit area, and
eye witnesses reported the occurrence of blue fumes.

BVE No. 27, p. 6-9.

SWARM DATE: 87/7/11 +0.5 Dur.(days): 8 +1 Type:lb Eventtype(s): Grade : B

. . . Sesmograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magnitude: #EQtotal - Dist. tovent:  1km Tremor: Y Migration :
Max. Intensity: MM at # Felt total : Type: Mark L4 Deformation : Y Focal mech:
Depth (km): + b-value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

Key phrase: Seismicity renewed in the beginning of Jul., and increased after 11 Jul. New eruptive fissures opened at
08:00 on 19 Jul.,

Seismicity renewaed in the beginning of Jul., and increased after 11 Jul. in both summit and north flank areas. New
eruptive fissures opened at 08:00 on 19 Jul., preceded by more than one hour superficial seismic crises.

Seismic activity remained at a high number of events recorded only by the stations close to the central crater. In this
period, a noteworthy phase occurred on 12 Aug., when 13 seismic events located in the western part of the central
cone occurred within 6 hours.Seismicity slightly decreased during Oct., with numerous superficial events recorded
only by the Soufriere seismic stations.

BVE No. 27, p. 6-9.

SWARM DATE: 87/11/3 +0.5 Dur.(days): 4 +1 Type:lb Event type(s): Grade : B
. A . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
m:i M?e%r:;tlqueMM at zggtﬂ:;atlai ,188 Dist. tovent: {1 km Tremor : Y Migration :

- . il . Type: Mark L4 Deformation : Y Focal mech:
Depth (km): o * b-value : Component : z Gravty : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

IKey phrase: A new increase of seismic activity occurred on 3 Nov. ]

A new increase of seismic activity occurred on 3 Nov., with weak inflation of the northeastern edge of the Dolomieu
crater. Ten summit events were recorded on 3 Nov. The number of events were 23 on 4 Nov., and 82 on 5 Nov. On 6
Nov., 73 events were recorded before 20:56, when a new intrusive crisis occurred. After a significant decrease of the
tremor (though seismicity remained at a significant level), the second eruptive phase was recorded at 21:47 (three
cracks opened leading to the emission of a small aa flow). Seismic activity strongly decreased after 23:30, but
renewed in the central area in the following minutes.

At 00:40 on 7 Nov., a new increase of tremor indicated the third opening phase, whereas activity ceased on the
former fissure systems.

Between 8 and 17 Nov., seismic activity remained in the summit area at a moderate level, with daily average of 5to 6
events. It increased on the following days, especially after 21 Nov., with a daily avg. of 15 to 20 events located below
the Dolomieu crater.

BVE No. 27. p. 6-9.
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FOURNAISE, PITON DE LA IndianO-W 21.23S55.71 E VOTW num..0303-02=

Morphology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s...: 2631 m Edifice relief :

Range of eruptive products: basalt
SWARM DATE: 87/11/29 +0.5 Dur. (days): 1.5 +1 Type:lb Event type(s): Grade: B

. Seismograph: permanent

Max. Magnitude: # EQ total - esmog ap. pe OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at #Felt total : B ot o Thm  LremOr oy igration .
Depth (km): * b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic: Y Rumbling:
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

[Key phrase: The Iast seismic crisis of the year began on 29 Nov. ]

The last seismic crisis of the year began on 29 Nov. with the occurrence of very shaliow shocks. From 06:30 on the
next day, seismic events were located below the Dolomieu crater, with peak between 07:20 and 07:50, and a general
inflation of the summit area was noted. Following the seismic and deformation data a fissure opened at the southern
base of the central cone. The end of the eruption was characterized by a scarce activity, with interruption of tremor as
long as for 30 minutes, together with a slight inflation of the summit and resuming tremor. Some of these
modifications were likely to be related to modifications of the surface eruptive regime. After 7 days of low amplitude
tremor, eruptive activity ceased on 1 Jan. 1988 at 14:00.

BVE No. 27, p. 6-9.

SWARM DATE: 88/2/4 +1 Dur.(days): 3 +1 Type:ib Eventtype(s): Grade: B
Max. Magnitude: # EQ total : Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max, Intensity: MM  at # Felt total : e a3 ™ e oy Hagration
Depth (km): + b-value : Component : Z&3 Gravity: EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

[Key phrase: A strong increase in seismicity began on Feb. 4, the eruption began on Feb. 7 |

A low but aimost continuous seismicity with shallow foci localized below the Dolomieu summit crater was recorded
throughout Jan., whereas no significant deformations were noticed. A strong increase in seismicity began on Feb. 4
after 2 deep events localized eastward of the central cone. A superficial seismic crisis roughly below the Soufriere
station developed on Feb. 3, followed by a short but intense seismic crisis recorded between 20:32 and 22:20 on
Feb. 7, with events localized below the southern rim of Dolomieu crater at a depth of less than 3 km. A day after Feb.
16, the seismic tremor became fluctuating whereas rhythmic explosions and weak flowing was observed at the vents.
The tremor progressively decreased until Mar. 20 when a very low level was reached. A very moderate activity
continued until Apr. 2 when tremor definitively stopped.

BVE No. 28, p. 11-14.

SWARM DATE: 88/4/20 +0 Dur. (days): 0.02 +0 Type:3 Event type(s): Grade : B
: . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. mtelgnl?uquM t z EQﬂtct)tetll i 0 Dist.tovent: 3 km Tremor : Y Migration :
ax. Intensity: & el total Type: Mark L4C Deformation : Y Focal mech:
Depth (km): + b-value : Component : z Gravily : EQ families :
Detection threshold: Repose (yr.): Natural period : 1 Magrnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: On April 20 at 09:11, a seismic crisis began, the crisis lasted until 09:42 without eruption |

Weak shallow seismicity renewed after the end of the tremor. Around Apr. 15, a summit inflation localized in the E
part of the Dolomieu area was recorded by the permanent inclinometer network (about 20 urd at SOU inclinometer).
On Apr. 20 at 09:11, a seismic crisis began with events located in the NE part of the summit, between 1 and 2 km
below the surface. The crisis lasted until 09:42 without eruption or drastic change in deformation pattern.

BVE No. 28, p. 11-14,
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FOURNAISE, PITON DE LA Indian 0-W 21.23S55.71 E VOTW num.:0303-02=
Mormphology: shield Tectonic framework: Oceanic Hot Spot

Elevation above m.s.l.:  2631m Edifice relief :

Range of eruptive products: basalt
SWARM DATE: 88/5/17 +0.5 Dur.(days): 2 +1 Type3i Event type(s): Grade: C

. . . . Sesmograph: permanent  oTHER REPORTED OBS

Max. Magnlf(uc_ie. 20 # EQ total : . Dist.tovent: 3km Tremor : '\E’D %Aig?’g;ligg?ns
Max. lmenslty. MM at # Felt t9ta| . 0 Type Mark L4C Deformation: Y Focal mech:
Depth (km): £ b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: A brief shallow seismic crisis began on May 18 at 04:02, with magnitudes not exceeding 2. Seismicity
increased in late Aug., and on 31 at 15:23, deformation measurements documented the onset of a
magma intrusion into the SE part of the Dolomieu crater.

Atter 3 weeks of minor shallow seismicity without significant deformation, two shallow magnitude 1.2 events were
recorded on May 17 below the NE flank of the central cone at about 1 km depth. Then, a brief shallow seismic crisis
began on the next morning (May 18) at 04:02, with magnitudes not exceeding 2. Events were localized below the
northern rim of Dolomieu crater. During most of Aug., only weak seismicity in the summit area was detected.
Seismicity increased in late Aug., and on 31 at 15:23, deformation measurements documented the onset of a magma
intrusion into the SE part of the Dolomieu crater. During more than one month, very low but continuous tremor
recorded at summit seismic stations indicated that the eruption was still continuing.

BVE No. 28, p. 11-14.

SWARM DATE: 88/12/14 +0 Dur. (days): 0.16 +0 Type:ib Event type(s): Grade : B
Max. Magnitude: # EQ total : Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max lnte%sity: MM at # th total Dist. tovent: ~ 3km Tremor:  Migration:
Depth (km): + b-value - goype Marr:; L4C , (c?fo;mgnon : E%c?l m1<e_ch..
Detection threshold: Repose (yr.): Notural pericd : 1 M:g;ngu};; EQ familles
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase:On Dec. 14 at 08:30, a seismic crisis began. The seismic crisis continued until 12:20. |

Seismicity remained weak until November 12, when 25 minutes of low energy summit seismicity was recorded without
associated deformation. Since then, discrete shallow events had increased in the summit area. On Dec. 14 at 08:30,
a seismic crisis began including both shallow and deeper events below the central area. Most of them were located
under the N rim of Dolomieu crater. The seismic crisis continued until 12:20, when low-frequency tremor appeared on
seismograph of the summit seismic station (SFR). At [3:06, an eruptive fissure opened. The onset of the eruption, was
at 13:06, followed by 40 minutes 1 Hz tremor. During the following days, a significant number of discrete seismic
events accompanied vigorous tremor. Most seismic events were limited to the summit zone, but some were detected
in the N part of the caldera. Eruptive activity stopped suddenly on Dec. 29 at 10:15. Since then, seismic activity has
progressively resumed.

BVE No. 28, p. 11-14,
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New Zealand, Kermadec,
Tonga, and Samoa



WHITE ISLAND New Zealand 37.528177.18E VOTW num.:0401-04=
Momhology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin
Elevation above m.s.l. ;. 321 m Edifice refief : 770 m

Range of eruptive products: andesite
SWARM DATE: 81/7/1 4183 Dur. (days): + Type: Event type(s)Bt,HF,E Grade :

: . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Mo Mool o GEQSSE o Dmiowen ommm famer o Mhomen
. - b-value : . Type: Mark L4AC Deformation : Y Focal mech:

Depth (km): + vaue : Component : z Gravity EQ families : Y
Detection threshold: Repose (yr.): Natural period:  1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1981. |

Jan. 1981 seismic activity characterized by low-medium frequency volcanic tremor and sequences of wide band
eruption earthquakes. Seismic activity changed in Feb. 1981 with almost no tremor and increase in low freq. B-type
events ~ 30 per day. During Mar-Aug. activity remained at low level. B-type activity predominated with only weak
tremor and high frequency tectonic events were < 10 day.

BVE No. 21, p. 18-19.

SWARM DATE: 82/7/1 +183 Dur. (days): 4 +1 Type:1d Event type(s)B,VT Grade :

Max. Magnitude: # EQ total : Sgismograp!]: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at #Felt total : %";')é‘:" vent: Bﬁg?r:éﬁon:Y ;‘:"Agc';}‘ggéh:
Depth (km): + b-value : Component : Gravity : EQ families - Y
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal -

[Key phrase: Piace holder for 1982 ]

On 1 Jul. at 14:13 wide band earthquake sequence with peak to peak amplitude exceeding full scale deflection was
recorded about 50 km SSW. An eruption accompanied the earthquakes. By 15:17 seismograph declined to 2-3 mm
peak to peak, low frequency tremor like activity 2 smaller wide band earthquake sequences recorded on 3 Jul. 02:34
and 5Jul. 04:24.

Between Jun. 2 and Jul. 5 low frequency B-type events declined in daily number. Only on Jun. 24, 28, 30 were there
> 20 per day (max. 37 on Jun. 28) as compared to Feb. 27-Jun. 2 when number of event often » 150 per day. All very
smalt.

High frequency seismic events (volcano tectonic) numbered < 3 per day after Jun. 2. On Jun. 21-22, 4 medium
frequency events were recorded. Tremor-like activity recorded on Jun. 18, 19, 30 and Jul. 2, 3, 4 1982,

BVE No. 22, p. 20.

SWARM DATE: 85/7/1 +183 Dur. (days): + Type:3 Event type(s).LF Grade :

itude: . Seismograph: QTHER REPORTED OBSERVATIONS
Max. Magm.tut‘ie. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation : Y Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

[Key phrase: Place holder for 1985. |
Deflation of the Donald Mound area continues, together with a trend of generally declining temperatures, both in
fumarole gas discharges and at depth. These trends have continued despite the reappearance of low frequency large
amplitude earthquakes on the White Island seismic records.

BVE No. 25, p. 57.

Immediate Report, White Island Ground Inspection 13 Nov. 1985. Report compiled by |.A. Nairn. N.Z. Geological
Survey, P.O. Box 499, Rotorua, New Zealand
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WHITE ISLAND New Zealand 37.52S177.18E VOTW num.:0401-04=
Morphology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin
Elevation above m.s.l.: 321 m Edifice relief : 770 m
Range of eruptive products:  andesite
SWARMDATE: 86/1/13 +1 Dur.(days): 21 +1 Type:1b? Event type(s)B Grade: C
. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : : SERV.
o . Dist.tovent:  0.9km Tremor : Y Migration :
hDAea;))(ﬂ:r}m;my MM :tat gj:lﬁ;‘?m Y Type: Mark L-4C 8ef0(mation .Y Focal mach:
A . : Component : Z ravy : EQ families :
Detection threshold: Repose (yr.): Natural period: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

[Key phrase: A new vent was observed on 3 Feb. after three weeks of volcanic tremor and B-type earthquakes. |
Unfelt and micro-tremors: occurred.
BVE No. 26, p. 13.

SWARM DATE: 86/11/25 +1  Dur. (days): 60 +2 Type:ib Eventtype(s)B,E Grade : C

Max. Magnitude: # EQ total : 1800 Seismograph: penmanent  oTHER REPORTED OBSERVATIONS
Mo Integnsity' WM at Y Fglt ?(otal 0 Dist.tovent: 08km  Tremor: Y Migration:

X o bvalue : Type: Mark L-4C Deformation : Y Focal mech:
Depth (km): - R"a ue: Component z Gravity : EQ families :
Detection threshold: epose (yr.): Natural period : 1 Magnetic : Rumbling -
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y
[Key phrase: Unfelt shocks recorded 30 per day from ? 2 months before the eruption on Jan. 25, 1987. ]

On 2 Mar., the M6.3 Edgecumbe earthquake occurred centered 50 km to south of White Island. Although the
number of local B-type earthquakes declined before the Edgecumbe earthquake and increased after it, no significant
effects were noted on White Island eruptions.

Eruptive activity peaked between 13 and 22 May. During this period, moderate amplitude, medium frequency tremor
dominated the seismic records. After 12 May the rate of occurrence of E-type eruption earthquakes sequences
increased; 22 being recorded by 25 May.

Following this peak of eruptive activity, B-type earthquakes reappeared and E-type occurred most days until 11 Jun.
About 30 Aug., E-type events reappeared on the seismic records. Frequently the volcanic tremor stopped at the time
of an E-type event and gradually recommenced a few hours later. A relatively large phreatic eruption (with
accompaning E-type event) at 10:15 ST on 7 Sept. was observed.

No volcanic tremor occurred during a relatively intense period of E-type activity in early Sept..

BVE No 27, p. 9-11.

SWARM DATE: 88/7/1 4183 Dur. (days): + Type: Event type(s): Grade :
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
max' Magnr.tuc.ie. # EQ total : . Dist. tovent: 0.8km Tremor : Migration :
ax. intensity: MM at #Felt total: 0 Type: Mark L-4C Deformation:  Focal mech:
Depth (km): * brvalue : _ Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place hoider for 1988. |
Unfeit shocks occurred
BVE No. 28, p. 14-15.
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WHITE ISLAND New Zealand 37.52S177.18E  VOTW num.:0401-04=

Mormhology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin

Elevation above m.s.l. : 321 m Edifice relief : 770m

Range of eruptive products:  andesite
SWARM DATE: 89/7/1 +183 Dur. (days): * Type:1ic  Event type(s): Grade : C

. ) . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : : y t SERVATIC
Depth (km): + b-value : Compornent : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnelic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1989. ]
Unfelt shocks: occurred.
BVE No. 29, p. 19-20
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HAROHARO COMPLEX New zealand 38.09S176.51E VOTW num.:0401-05=

Mormhology: Tectonic framework: Uncert. Convergent Continental Margin

Elevation above m.s.1. : Edifice refief :

Range of eruptive products:
SWARM DATE: 82/9/23 +0.5 Dur. (days): 6  +1 Type:3 Event type(s).LF Grade : B
Max. Magnitude: M 4.1 # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS

P . Dist. to vent: Tremor : Migration :

'[\)Aea;tr:n(}(ea)&ty g‘M N:tat gj:lﬁgo:ial : g;oy%e;;onem ' 8eto;tm§tion 'Y Etc))&;il m_(I?ChZ.
Detection threshold: Repose (yr.): Natural period : Mraa;ngxi}: : Rum%’lm gl;e:s :
Cum. energy release: Previous swarms : Magnification : Geothermal : Y

[Key phrase: A series of shallow earthquakes Sep. 23-29, 1982 a few km SE of Haroharo dome.

A series of shallow earthquakes Sept. 23-29, 1982 a few km SE of Haroharo dome.

Earthquakes > 2.5: Time 14:02 M3.4, 14:20 M4.1, 14:23 M4.1, 14:29 M2.6, 14:40 M3.2, 14:52 M3.0, 18:06
M2.9. Observers noted low frequency and large amplitude of felt shocks. Hypocenter for Sept. 27 event 5 km SE of
dome at 2 km depth. this area coincides with surface faulting and geothermal activity. Epicenters of Sept. 23
estimated at 6 km from Sept. 27 event. Slow propagation of energy from earthquake and low frequency of felt shocks
may indicate magma generated activity with roof rocks (J.H. Latter) No volcanic tremors recorded with this swarm.
BVE No. 22, p. 96.
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TARAWERA New Zealand 38.23S176.51E  VOTW num.:0401-06=

Morphology: shield with dome Tectonic framework:

Elevation above m.s.l. . 1111 m Edifice relief : 750 m

Range of eruptive products: andesite
SWARM DATE: 87/11/16 +0 Dur. (days): 0.17 +0.02 Type:3 Event type(s)VT Grade : B

; . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magm_tut?e. ML3.8 # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation : Y Focal mech:
Depth (km): + b-value : Component : Gravity - EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: A short but intense sequence of earthquakes occurred in the lake Rotomahana area of the Tarawera Rift
on 16 Nov. 1987.

A short but intense sequence of earthquakes occurred in the lake Rotomahana area of the Tarawera Rift on 16 Nov.

1987. The largest event (ML3.8) occurred at 18:35, in the middle of the sequence; events continued until about

20:00. A geodetic survey of the Lake Rotomahana strain monitoring pattern was completed about 20 minutes before

the earthquake sequence commenced. Selected stations were reoccupied 3 days later but no significant co-seismic

deformation was detected. All the earthquakes appeared to be of tectonic origin. Similar swarms were recorded 22-23

Feb. 1986 and in Feb. 1983.

BVE No. 27, p. 81.

Nairn, J. A, et al., (1986): Tarawera 1986 Eruption; in international Volcanological Congress Handbook, 1-9. Feb.

1986, p. 111-121.

31



RUAPEHU New Zealand 39.285175.57E  VOTW num.:0401-10=

Morphology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin
Elevation above m.s.l. : 2796 m Edifice relief : 1500 m
Range of eruptive products:  andesite

SWARM DATE: 80/1/27 +0.5 Dur.(days): 15 +1  Type: Event type(s)t,B,C Grade: ¢

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. Magnitude: 3.5 # EQ total : . Dist. tovent: 1.1km  Tremor: Y Migration:
Max. Intensity: MM at #Felt total: 0 Type: Mark L4C Deformation : Y Focal mech:
Depth (km): b-value : Component : Z Gravity : EQ families : Y
Detection threshold:0. 5 Repose (yr.): Nafuralperiod: .5s Magnetic : Y Rumbling :
Cum. energy release: Previous swarms : Magnification: 22K  Geothermal :

[Key phrase: Tremor was most marked between Jan. 27, and Feb. 11

Increase in crater lake (22-40 deg. C) Feb.-Mar 80 accompanied by small phreatomagmatic eruptions. Steady
increase in the amount of energy radiated by tremor since 1976. This trend continued in 1980. Much of the tremor
was of shallow origin and suggests intrusion of magma. Tremor was most marked between Jan. 27, and Feb. 11;
Apr. 19 and May 14; Sept. 11 and Oct. 28; and form Dec. 19 to the end of the year. High frequency tremor (<0.5 km
below lake) very conspicuous in Apr. and May accompanying increase in lake temp. Also clear in Jan Feb., Sept.
-Oct. Largest quake of year accompanied eruption on Feb. 2. Low freq. events B-type and C-type in roof rock
above so beneath lake. C-type not recorded before here. Unfelt: recorded see N.Z. Volc. Rec., No. 10.

BVE No. 20, p. 18-19.

SWARM DATE: 80/4/19 +0.5 Dur. (days): 35 +1 Type:id Eventtype(s)t,B,C Grade : ¢

Max. Magnitude: # EQ total : Sgismograph: permanent OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at #Felt total : 0 %séét:ol\xg;;(t'u& Hhn Bﬁr;%étion : ¥ '%"é%;"}",‘?,gc‘h;
Depth (km): b-value : Component : Z Gravity : EQ families : Y
Detection threshold:0. 5 Repose (yr.): Natural period : .5 Magnetic : Y Rumbling -
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal :

[Key phrase: Tremor was most marked between Apr. 19 and May 14.
See Jan 27, 1980 comments.
BVE No. 20, p. 18-19.

SWABM DATE: 80/9/11 +0.5 Dur. (days). 47 +1  Type: Event type(s)t Grade : ¢
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : . Dist. tovent: 1.1 km Tremor - Y Migration :

Max. Intensity: MM at #Felt total : 0 Type: Mark L4C Deformation : Y Focal mech:

Depth (km): b-value : Component ; Z Gravity : EQ tamilies :

Detection threshold:0. 5 Repose (yr.): Naturalperiod: .5s Magnetic: Y Rumbling :

Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal: Y

[Key phrase: Tremor was most marked between Sept. 11 and Oct. 28.
See Jan 27, 1980 comments
BVE No. 20, p. 18-19.
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RUAPEHU New zealand 39.28S175.57E  VOTW num.:0401-10=

Morphology: strato or composite Tectonic framework: Uncent. Convergent Continental Margin

Elevation above m.s.l. : 2796 m Edifice relief : 1500 m

Range of eruptive products: andesite
SWARM DATE: 80/12/19 + Dur. (days): 12 + Type: Event type(s)1 Grade : ¢

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
l\’aax. Magnl.tu(?le. # EQ total : . Dist. to vent: 1.1 km Tremor : Y Migration :
ax. Intensity: MM at # Felt total : 0 Type: Mark L4C Deformation : Y Focal mech:

Depth (km): 1 b-value : Component : Z Gravity : EQ families :
Detection threshold:0.5 Repose (yr.): Natural period: 55 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal : Y

[Key phrase: Tremor was most marked between Dec. 19 to the end of the year. ]
See comments for Jan 27, 1980

BVE No. 20, p. 18-19.

SWARM DATE: 81/9/7 +0.5 Dur. (days):<1 + Type:iaq Event type(s).C Grade : C
. i . Setsmograph: permanent OTHER REPORTED OBSERVATIONS

l':llnax. ll\lltagm‘tuc'ieMM t § E_Qlttc;tatl I _— Dist. to vent: 1.1 km Tremor : Y Migration :

ax. Intensity: a el ot : Type: Mark L4C Deformation : Y Focal mech:

Depth (km): + b-value : Component : z Gravity : EQ tamilies : Y

Detection threshold:0.5 Repose (yr.): Naturalperiod: 5s Magnetic: Y Rumbling :

Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal : Y

[Key phrase: Sept. 7 swarm of ‘roof rock’ earthquakes began. ]

Volcanic tremor recorded and nearly continuous by Oct. 14, 1981. Unusual high frequency (3.5-5 Hz) interpreted as
magma intrusions at shallow levels although lake heating did not begin until after Oct. 13, 1981.

After Oct. 28, normal declined although episodes of high frequency occurred on Oct. 28 Nov. 17-18, 1981 was major
period of intrusion commenced climaxing on Nov. 28.

Seismic activity which had declined after Dec. 12 increased again on Dec. 22 when an observed eruption may have
accompanied a M2.2 C-type earthquake.

BVE No. 21, p. 20-21.

SWARM DATE: 81/10/14 +0.5 Dur. (days): 49 11  Type: Event type(s)t Grade : ¢

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. Magm.tucfle. # EQ total : . Dist. to vent: 1.1 km Tremor : Y Migration :
Max. IntenSIty. MM at # Felt total: O Type: Mark L4C Deformation : Y Focal mech:
Depth (km): + b-value : Component : z Gravity : EQ families :
Detection threshold: Repqse (yr.): Natural period: .5s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal: Y

[Key phrase: Tremor became strong and nearly continuous by Oct. 14, 1981. Seismic activity declined after 2 Dec. |
Volcanic tremor had become common on the records after 2 Oct. Tremor became strong and nearly continuous by
Oct. 14, 1981. Unusual! high frequency (3.5-5 Hz) interpreted as magma intrusions at shallow levels although lake
heating did not begin until after Oct. 13, 1981. Normal tremor declined on 28 Oct., although episodes of high
frequency tremor occurred on that date, and also on 17 and 18 Nov. when the major period of shallow magma
intrusion probably commenced, climaxing on 28 Nov.

Seismic activity which had declined after 2 Dec., increased again on 22 Dec. when an unobserved eruption may have
occurred to accompany a magnitude 2.2 C-type earthquake.

BVE No. 21, p. 20-21.
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RUAPEHU New zealand 39.28S175.57E  VOTW num.:0401-10=

Morphology: strato or composite Tectonic framework: Uncent. Convergent Continental Margin
Elevation above m.s.l. : 2796 m Edifice relief : 1500 m
Range of eruptive products: andesite
SWARM DATE: 81/12/22 +0.5 Dur. (days):<1 Type:2a? Event type(s):C Grade: C
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
k/lﬂax. :\/Itagnlgut:ie.'allM 22 t ng“k;tat' l -0 Dist. tovent:  1.1km Tremor : Y Migration :
ax. Intensity: a elt total : Type: Mark L4C Deformation : Y Focal mech:
Depth (km): + b-value : . Gravity : Lo - Y
h . ) Component z ravity : EQ families :
Detection threshold:0.5 Repose (yr.): Naturalperiod: 55 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal : Y

[Key phrase: Dec. 22 when an unobserved eruption may had accompanied a M2.2 C-type earthquakes. |
After Oct. 28, normal tremor declined aithough episodes of high freq. tremor occurred on Oct. 28, Nov. 17-18, 1981
was major period of intrusion commenced, climaxing on Nov. 28. Seismic activity which had declined after Dec. 12
increased again on Dec. 22 when an unobserved eruption may had accompanied a M 2.2 C-type earthquakes.

BVE No. 21, p. 20-21.

SWARM DATE: 82/1/14 +0.5 Dur. (days): 16 1  Type:1d? Event type(s)t Grade : ¢
Max. Magnitude: - Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. lntegnsﬂy MM at ﬁggtt%atal : 0 Oist tovent: ~ f.1km  Tremor: ¥ Migration -
Depth (km): bvalue: | G oo Y B e

° N [ M
Detection threshold:0. 5 Repose (yr.): Naturalperiod: .5s  Magnetic: Y Rumbling:
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal : Y

[Key phrase: A high level of volcanic tremor recorded between 14-30 Jan. 1982. |

Maximum frequency of 3 explosion per hour was reached by mid Jan. 1982.

A high level of volcanic tremor recorded between 14-30 Jan. 1982, subsequent secondary peaks reached 10-11
Feb., 11-16 Mar 1982. Subsequent episode of tremor, unaccompanied by eruptive activity occurred from 8 May - 11
Jun. and from mid Aug. to end of Sept. 1982.

BVE No. 22, p. 21-22.

SWARM DATE: 82/2/10 +0.5 Dur.(days): 2 41 Type:1d? Event type(s)t Grade : ¢
Max. Magnitude: # EQ total : Seismograph: permanent OTHER REPORTED OBSERVATIONS
. Dist. tovent: 1.1 km Tremor : Y Migration :

gea;tr:l}mflty MM at g—f/:aellltjet(')tal © 0 Type: Mark L4C 8eformatlon Y Fosal mech:

’ : ravit famil
Detection threshold:0. 5 Repose (yr.): ﬁ‘;,’ﬁ?;‘&"}od : 25 s M;:gngﬁc Y Ef,’m‘{‘,’,?,{;f‘
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal : Y
IKey phrase: A high level of volcanic tremor recorded between 10-11 Feb. 1982. ]

Maximum frequency of 3 explosion per hour was reached by mid Jan. 1982.

A high level of volcanic tremor recorded between 14-30 Jan. 1982, subsequent secondary peaks reached 10-11
Feb., 11-16 Mar 1982. Subsequent episode of tremor, unaccompanied by eruptive activity occurred from 8 May - 11
Jun. and from mid Aug. to end of Sept. 1982.

BVE No. 22, p. 21-22.

SWARM DATE: 82/3/11 +0.5 Dur.(days): 5 +1 Type:1d? Event type(s)t Grade : ¢
Max. Magnitude: # EQ total Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. lntegnsny MM at #Felt total © 0 l13_|st. tovent:  1.1km Tremor : Y Migration :
Depth (km): b-value : Conr)ne;;onem He 83;3;?61"0“ Y O B
Detection threshold:0. 5 Repose (yr.): Natural period: 5 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal: Y

[Key phrase: A high level of volcanic tremor recorded between 11-16 Mar 1982. ]

Maximum frequency of 3 explosion per hour was reached by mid Jan. 1982.

A high level of volcanic tremor recorded between 14-30 Jan. 1982, subsequent secondary peaks reached 10-11
Feb., 11-16 Mar 1982. Subsequent episode of tremor, unaccompanied by eruptive activity occurred from 8 May - 11
Jun. and from mid Aug. to end of Sept. 1982.

BVE No. 22, p. 21-22.
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RUAPEHU New zealand 39.28S175.57E  VOTW num.:0401-10=

Mormphology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin

Elevation above m.s.|.: 2796 m Edifice refief : 1500 m

Range of eruptive products: andesite
SWARM DATE: 82/5/28 +0.5 Dur.(days): 23 +1 Type3 Event type(s)t Grade : ¢

. . . Setsmograph: permanent OTHER REPORTED OBSERVATIONS
mg m;%r;g;deMM at :Eg:‘i};l&l‘ -0 Dist. tovent: 1.1 km Tremor : Y Migration :
Depth (km): bvalue: Ope: MarkL4G - Detamation : ¥ Focal mech:
N N Ll N

Detection hreshold:0.5 Repose (yr.): Natralperiod: 55 Magnetic: Y Rumbing .
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal: Y
[Key phrase: Episode of tremor, unaccompanied by eruptive activity occurred from 8 May - 11 Jun. |

Maximum frequency of 3 explosion per hour was reached by mid Jan. 1982.

A high level of volcanic tremor recorded between 14-30 Jan. 1982, subsequent secondary peaks reached 10-11
Feb., 11-16 Mar 1882. Subsequent episode of tremor, unaccompanied by eruptive activity occurred from 8 May - 11
Jun. and from mid Aug. to end of Sept. 1982.

BVE No. 22, p. 21-22.

SWARM DATE: 82/8/15 +5 Dur.(days): 40 +10 Type:3 Event type(s)1 Grade : ¢
. . . Sesmograph: permanent OTHER REPORTED OBSERVATIONS
max. :Vlfgn'tude-M M j;EQIt“:‘?' o Dist.tovent: 11km  Tremor: Y Migration:
ax. Intensity: a elt total : Type: Mark L4C Deformation : Y Focal mech:
Depth (km): b-value : Component : z Gravity : EQ tamilies :
Detection threshold:0. S Repose (yr.): Natural period: 5s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal : Y

[Key phrase: Episode of tremor, unaccompanied by eruptive activity occurred from mid Aug. to end of Sept. 1982. ]

Maximum frequency of 3 explosion per hour was reached by mid Jan. 1982.

A high level of voicanic tremor recorded between 14-30 Jan. 1982, subsequent secondary peaks reached 10-11
Feb., 11-16 Mar 1982. Subsequent episode of tremor, unaccompanied by eruptive activity occurred from 8 May - 11
Jun. and from mid Aug. to end of Sept. 1982.

BVE No. 22, p. 21-22.
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RUAPEHU New Zealand 39.28S175.57E  VOTW num.:0401-10=

Mormhology: strato or compaosite Tectonic framework: Uncert. Convergent Continental Margin
Elevation above m.s.l.: 2796 m Edifice relief : 1500 m
Range of eruptive products:  andesite
SWARM DATE: 83/1/15 +15 Dur.(days): 30 +20 Type:3 Event type(s)B Grade : C
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
ma"- ?"?g“‘f‘”‘?e#&-&’ . zggf‘ﬁéi , Dist tovent: 075km  Tremor: Y Migration :
Dax.hn knr::s‘ty a bvalue - Type: Mark L-4C Deformation:  Focal mech:
epth (km): % vaiue - Component : z Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Naturalperiod: .5s  Magnetic: Rumbling :
Cum. energy release: Previous swarms : Y  Magnification 20K Geothermal :

Key phrase: B-type earthquakes moderately high levels throughout Jan. and peaked Jan. 29. Activity rapidly
declinced to a very low level 10-15 Feb.

Volcanic tremor and B-type earthquakes moderately high levels throughout Jan. and peaked Jan 29 with a B-type
quake M2.9 at 0.5 km below the crater lake. Activity rapidly declined to a very low level 10-15 Fab. It remained low
until 8:45 on Feb. 23 roof rock shock M2.1 trigger B-type earthquake sequence with ML 3.0 and 3.1 recorded.

A similar sequence of B-type earthquakes occurred on 6 Feb. at 23:56. The series of magnitude 3.0-3.1 events was
again triggered by a high frequency roof rock shock, of magnitude 2.0. On 1 Mar. at 07:57, a third sequence of
B-type events reached magnitude 2.9. Depths for the 1 Mar. events were estimated at 300-600 m below the crater
lake.

Sequences of B-type earthquakes occurred every 2-4 days in late Feb. and Mar., but have been less frequent since
then; only 2 B-type earthquake sequences were recorded 18 Apr.-15 May. Small shocks interpreted as tectonic, have
occurred since 29 Apr. the largest has magnitude 1.8 on 5 May. There also have been occasional episodes of weak
tremor.

BVE No. 23, p. 56.
SWARM DATE: 83/2/23 +0.5 Dur. (days): 6  +1 Type:3 Event type(s):C,B Grade : C

R Rk . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. Magnlguqe. ML3.1 # EQ total : . Dist fovent:  0.75km  Tremor - Migeation :
Max. Intensity: MM at #Felt total : Type: Mark L-4C Deformation:  Focal mech:
Depth (km): _ b-vaiue : Component : z Gravity : EQ tamilies : Y
Detection threshold: Repose (yr.): Naturalperiod: .5s  Magnetic: Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 20K  Geothermal :

Key phrase: Feb. 23 roof rock shock M2.1 triggered B-type swarm.

Activity rapidly declined to a very low level 10-15 Feb. It remained low until 8:45 on Feb. 23 roof rock shock M2.1
trigger B-type earthquake sequence with ML 3.0 and 3.1 recorded.

BVE No. 23, p. 56-57.
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RUAPEHU New Zealand 39.285175.57E  VOTW num.:0401-10=

Momhology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin

Elevation above m.s.l. . 2796 m Edifice relief : 1500 m

Range of eruptive products:  andesite
SWARM DATE: 83/3/4 +0 Dur. (days): + Type:3 Event type(s):B Grade : C

. i . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. II\A;agm'tuc'jeMMM 29 t z Egttﬁ;i . Dist. tovent:  0.75km  Tremor: Migration :
ax. in l(er'r‘,sfty- a bvalue - Type: Mark L-4C Deformation:  Focal mech:

Depth (km): .5 = +.1 vaue: Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 5 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification: 20K  Geothermal :

h(expﬁrase: On 1 Mar. at 07:57, a third sequence of B-type events. |

On 1 Mar. at 07:57, a third sequence of B-type events reached magnitude 2.9. Depths for the 1 Mar. events were
estimated at 300-600 m below the crater lake.

BVE No. 23, p. 56-57.

SWARM DATE: 85/5/20 +1 Dur. (days): 12 +0.5 Type:1d Event type(s).LF Grade: C
. itude: ML2.4 . Seismograph: pennanent  OTHER REPORTED OBSERVATIONS
mzxx mg::ittuyquM at z Egtt?;atlai -0 Dist. tovent: 075km  Tremor: Y Migration:
Depih (km): % bvalue: Jype: MarkL-4G~ " Deformation : * Focal mech:
: . y nent : avity amilies :
Detection threshold: Repose (yr.): 3 Natural period: 5s  Magnetic: Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 20K  Geothermal :

Key phrase: Unfelt shocks: minor (max. ML2.2) 6 days before and larger (max. ML2.4) 8 days after small
hydrothremal eruptions seen in crater lake.

Waeak volcanic tremor 12-11 days before small hydro-thermal eruptions first seen. Duration 2 days period ~0.5 sec.

Maximum radiated seismic energy per 6 hr period: 4 x10e+5 J (moderate to low level tremor).

BVE No. 25, p. 13.

SEAN Bull vol 10; no 5, p 3, no 6, p12-13,n0o 7, p 7-8, n0 9, p 8, no 11, p 20, 1985

Latter, J H et al. (1987) : N.Z. Volcanological Record, no. 15, p 40-46.

SWARM DATE: 86/2/8 + Dur. (days): + Type:1e? Event type(s): Grade: C
Max. Magnitude: ML2.2 # EQ total - Seismograph: permanent _ OTHER REPORTED OBSERVATIONS
o . Dist. tovent: 0.7 km Tremor : Migration :
N iensity: MMl 8t0.7 km jreft otal: Type: Kinemetrics Delormation :  Focal mech:
. y : z it E ilies :
Detection threshold: Repose (yr.): Nmﬂ?ﬁ'}iﬁm © o 1s %?lné'm R%%?éée;s
Cum. energy release: Previous swarms : Y  Magnification: 22K  Geothermal

Key phrase: Unfelt shocks recorded no clear increase. Small earthquakes were recorded, Iargest eventwas ML 2.2
(14:13 on 8 Feb.)

Felt shock: at 22:58 or 23:01 NZDT (the place were the shock was felt, Dome Shelter, is generally unoccupied, hence

it is not known whether other shocks in the sequence would have been felt) M-M 11? at 0.7 km from the vent.

Magnitude ML1.6 (22:58), 1.75 (23:01).

Unfelt shocks recorded, no clear increase. Frequency 10-15 per day, S-P = 1 second at 0.7 km from the vent.

BVE No. 26. p. 14.

SWARM DATE: 87/8/6 +0.5 Dur. (days): 0.38 +0.13 Type:3 Event type(s):HF Grade : B
Max. Magnitude: ML2.9 # EQ total - 80 Seismograph: permanent  oTHER REPORTED OBSERVATIONS
. Dist. tovent: 0.75km  Tremor: Y Migration :

“Dﬁggt':r}m)s'ty MM at ﬁ.fae.'ﬁe“.’ta' : (T;oype Mark L-4C ge(ormanon :Y Focal mech:

: nent : Z ravity EQ families :
Detection threshold:1 4 Repose (yr.): Nalnt?r)g period: 1s Magnetic Y Rumbling :
Cum. energy release: Previous swarms : Magnification: 20K  Geothermal
[Key phrase: Aug. 6 a 6-12 hours swarm of 80 high frequency shocks occurred. ]

Largest volcanic earthquake during 1987, ML2.5 (B-Type?) 29 Jul. End of period of volcanic tremor 30 Jul. 6. Aug. 6
a 6-12 hours swarm of 80 high frequency shocks at superficial depth near Crater Lake Ruapehu. 6 Aug. ML 2.9
A-Type (HF) earthquake at depth 12 km. 11 Aug. weak volcanic tremor.

BVE No. 27, p. 11-12.
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RUAPEHU New Zealand 39.28S 175.57E VOTW num.:0401-10=

Morphology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin
Elevation above m.s.l.: 2796 m Edifice relief : 1500 m

Range of eruptive products:  andesite

SWARM DATE: 87/8/18 +0.5 Dur. (days): 6  +1 Type:1b  Event type(s)B,C Grade : B

Max. Magnitude: ML2.0 #EQtotal : 18 g?;’;‘g‘%arﬁh Pegf;zn:g T?J:E: l:'iEPOR‘I\'{ED ﬁ?gsrg%:lr!ous
Max. Intensity: MM at # Felt total : Type Mark4LC . DefO(métion -Y Focal mech
Depth (km): + b-value : Component : z Gravity : EQ families :
Detection threshold:1.4 Repose (yr.): Naturalperiod: 15 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 20K  Geothermal: Y

[Key phrase: Unfeit shocks recorded from <= 3 per day >=ML1.4 from 6 days before the eruption. |

The following volcanic earthquakes were probably correlated with the small phreatic eruptions 24-30 Aug.: 18 Aug.
ML1.8 ?B/C-Type, 22 Aug. ML1.5 B/C-Type, 22 Aug. ML1.4 ?/C-Type, 22 Aug. ML 2.0 B/C-Type, 24 Aug. ML 1.7
B-Type, 24 Aug. ML 2.0 B/C-Type, 25 Aug. ML 1.7 B-Type.

Unfelt shocks recorded from <= 3 per day >=ML1.4 from 6 days before the eruption.

Micro-tremors recorded (weak volcanic tremor 11 Aug.) period ca. 0.4-0.8 sec. Energy : ca. 4 x10e+4 Joules per 6
hours.

BVE No. 27, p. 11-12.

SWARM DATE: 88/4/5 +0.5 Dur.(days): 35 +1 Type:id Eventtype(s)t Grade : B
B . . Sesmogr aph: permanent OTHER REPORTED OBSERVATIONS

mzxx m?e%xns?tl;quM at z&g:g:;;l' -0 Dist.tovent: 0.75km  Tremor: Y Migration:
Depn (km): bvalue: om0 Gy emien

( : : . : ies :
Detection threshold: Repose (yr.): Natu?g period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 20K  Geothermal: Y
[Key phrase: Volcano seismicity, in particular volcanic tremor, increased; especially during April 5 to May 10 ]

Volcano seismicity, in particular volcanic fremor, increased; especially during April 5to May 10 when total daily energy
values ranged 1e4 - 1e5 J. Felt shocks: 0 Unfelt shocks: <=3 per day. Mircotremors recorded; Volcanic tremor 4-10
x10e+4 J per 6 hrs

BVE No. 28, p. 15-16.

SWARMDATE: 88/12/8 +0.5 Dur.(days): 0 4 Type:4 Event type(s): Grade : B
. . ) Seismograph: permanent OTHER REPORTED OBSERVATIONS

max' mtaegnl?m?ev M t : Egttc:tatl | -0 Dist. tovent: 0.75km  Tremor: Y Migration :

ax. Intensity: a otal : Type: Mark L4C Deformation : Y Focal mech:
Depth (km): * b-value : Component : z Gravily : EQ families :

mpol y

Detection threshold: Repose (yr.): Natural period: 1 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 20K  Geothermal: Y
IKey phrase: There was no precursory activity for the Dec. 8 eruption. ]

BVE No. 28, p. 15-16.
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RUAPEHU New zealand 39.28S175.57E  VOTW num.0401-10=

Momhology: strato or composite Tectonic framework: Uncert. Convergent Continental Margin

Elevation above m.s.l.: 2796 m Edifice relief : 1500 m

Range of eruptive products: andesite
SWARM DATE: 89/1/27 + Dur. (days): 130 + Type: Event type(s)t Grade : ¢

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

Max. Magmftuc‘!e. # EQI total l ‘138 Dist. tovent: 0.75km  Tremor: Y Migration :
Max. Intensity: MM at # Felt total : Type: Mark L4C Deformation : Y Focal mech:
Depth (km): + b-value - Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period :

0 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 20K  Geothermal : Y

[Key phrase: Place holder for tremor information. Tremors duration: ~130 days in total.

Unfelt shocks: Frequency <1/day Micro-tremors: recorded Voicanic tremors 1-100 x10e+4 J per 6 hrs. (variable)
Duration: ~130 days in total

BVE No 29, p. 20-21.
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RUMBLE 1l New Zealand 35.74S178.48E VOTW num.:0401-13-

Morphology: submarine Tectonic framework:

Elevation above m.s.l. : Edifice relief :

Range of eruptive products:
SWARM DATE: 86/7/1 183 Dur. (days): + Type: Event type(s): Grade :

p . . Seismograph: OTHER REPORTED OBSERVATIONS
max. Magm‘tucjle. # EQ total - . Dist. to vent: Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Deformation :  Foeal mech:

Depth (km): + b-value : Component Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: Place holder for 1986 ]

Sonar buoys dropped into the area detected bubbling noises, but no low frequency or pulsing noises (i.e. explosions).
BVE No. 26, p. 14-15.
SEAN Buill. vol. 11, no. 7, p. 15.
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NIUAFO'OU Tonga-SW Pacific 15.60S 175.63W VOTW num.:0405-11=

Morphology: Tectonic framework:

Elevation above m.s.l. .  260m Edifice relief :

Range of eruptive products:
SWARM DATE: 85/3/21 +0.5 Dur. (days): 0.13 +0.5 Type:1? Event type(s)felt Grade: B

. k . Seismograph: none ER REPORTED OBSERVATIONS

Max. Magnitude: #EQtotal ;. Dist,to vent: Tremor - Migration .
Max. Intensity: MM VIl at # Felt total : Type: Deformation ©  Focal mech:
Depth (km): + b-value : Component : Gravity:  EQtamilies:
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Magnification : Geothermal ;

[Key phrase: Felt at very short intervals from 20:50 to about 24:00 local time.

Unfelt unknown no seismometer near by.
BVE No. 25, p. 14.
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Melanesia



MANAM New Guinea-NE of 4.10 S145.06E VOTW num.:0501-02=
Mormphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1830 m Edifice relief : 3100 m

Range of eruptive products: basalt
SWARM DATE: 79/7/1 +183 Dur. (days): + Type: Event type(s)B Grade :

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

Max. ?AtagnlguquM t ﬁ Egtt%atlai . Dist. tovent:  4.5km Tremor : Migration :

ax. Intensity: a bvalue - Type: Willmore MK I Deformation : Y Focal mech:
Depth (km): t value : ) Component : z Gravity : EQ families : Y
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Magnification : 25K Geothermal :
[Key phrase: Place holder for 1979. ]

Most of Aug., activity died down by Aug. 24 and B-type level dropped to that of July. Activity was the same in Oct. as
in Sept.
BVE No. 19, p. 19.

SWARM DATE: 80/5/15 +15 Dur. (days): 20 +10 Type:1d Event type(s)B Grade : C
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. :V'ta gnl.tude.MM ﬁ EQRt%tatl - 0 Dist. tovent: 4.5km Tremor : Migration :
ax. intensity: at elt total : Type: Wilimore MK Il Deformation : Y Focal mech:
Depth (km): b-value : Component : z Gravity : EQ families : ¥
Detection threshold:1 5 Repose (yr.): Naturalperiod :  1's Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Magnification : 25K Geothermal: Y

[Key phrase: Intensified in May 4x normal corresponded with explosive activity in May ]
Seismic activity steady all year (intensified in May 4x normal) corresponded with explosive activity in May. Unfelt :
recorded ~ 2000/day, B-type throughout the year. Steady change during year radial inflation ~ Surad. at 4.5 km from
vent.

BVE No. 20, p. 21-22.

SWARMDATE: 81/6/5 +5 Dur.(days): 117 10 Type:id Event type(s)B Grade: C
; . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
RAAax. ll\ﬂtagnl.tuc‘leMM t z Eont??l l .0 Dist.tovent:  4.5km Tremor : Migration :
ax. Intensity: a b el otal : Type: Willmore MK I Deformation : Y Focal mech:
Depth (km): % -value @ Component : z Gravity : EQ families : Y
Detection threshold: Repose (yr.): Natural period: 1s Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

[Key phrase: From early June to late Sept. seismic amplitudes increased. |

Noises accompanying the increased activity in Oct.-Dec. 1981 included strong rumblings, booming sharp detonations
probably from S. crater. Seismicity of frequent B-type events or explosion events was steadily at a low level during 1st
half of the year. Intensification from early Jun. 1981. Ampiitude is double normal level in Aug.-Sept. 1981. Decline in
late Sept. 1981 despite increase in eruptivity. Seismicity did not show a change until Dec. 1981. Increase again in
Dec. 1981 to higher levels the Aug.-Sept. Character was B-type throughout the year. Tilt and visible activity clearly
associated with seismicity.

Tiltmeters : register 2 urad radial inflation in Jan-Feb. 1981 followed by 3 urad deflation until Oct. 1980. Re-inflation of
3 urad in Jan-Dec. 1981.

Unfelt: frequency ~2000 B-type per day

BVE No. 21, p. 22-23.
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MANAIM New Guinea-NE of 410 S145.06E VOTW num.:0501-02=
Morphology: strato or composite Tectonic framework: Convergent {arc)
Elevation above m.s.l. : 1830 m Edifice relief : 3100 m
Range of eruptive products: basalt
SWARM DATE: 82/3/26 +0.5 Dur.(days): 1 0.5 Type:ld Event type(s)B Grade: C
: . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max' ?A?gm.tuquM " ﬁ Eth?(Latl I . Dist. tovent:  4.5km Tremor : Y Migration :
ax. Intensity: a b e' ota - Type: Wilimore MK Il Deformation : Y Focal mech:
Depth .(km): + -value : Component : z Gravity : Y EQ families :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic: Y Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

[Key phrase: Seismicity 20 times normal at eruption time (Mar 27). |

Seismicity 20 times normal at eruption time {(Mar 27). Before and after seismicity was discrete B-type earthquakes at 1
per minute, but for about 22 hours from the start of the eruption, discontinuous seismic tremor was recorded.

BVE No. 22, p. 23-25.

SWARM DATE: 82/3/27 + Dur. (days): 0.92+  Type: Event type(s)t Grade : ¢
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

Max. Magnl'tut':le. # EQ total : . Dist. tovent: 4.5km Tremor : Y Migration :
Max. intensity: MM at # Felt total : 0 Type: Willmore MK Il Deformation : Y Focal mech:
Depth (km): + b-value : nent : Gravity : Y milies :

) Component : z y EQ families
Detection threshold: 1.6 Repose (yr.): Natural period:  1s Magnetic: Y Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : 25K Geothermal :

[Key phrase: For 22 hours after the start of the eruption discontinuous seismic tremor recorded. ]
For 22 hours after the start of the eruption discontinuous seismic tremor recorded. Seismicity was generally at a low
level, although increased earthquake amplitudes were noted in conjunction with stronger explosive activity at

Southern Crater in Mar., and at Main crater in Aug.-Sept. Daily rates of volcanic earthquake occurrence ranged from
as little as 400 in late Mar. to over 4000 in Jan., Feb., and Apr. The average rate was about 2000 events per day.

BVE No. 22, p. 23-25.

SWARM DATE: 82/8/15 +15 Dur. (days): 20 +10 Type:1d Eventtype(s)B Grade : C
8 . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max- ?Atagm'tuqu M at :;E%t?tetﬂ i 0 0 Dist tovent: 45km  Tremor: Y Migration :
ax. In ens_lty. a eit totai : Type: Willmore MK I Deformation : Y Focal mech:
Depth (km): + b-value : Component : Z Gravity : Y EQfamilies:
Detection threshold:1.6 Repose (yr.): Natural period: 1s Magnetic: Y Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

[Key phrase: Seismicity increased 2-3 x normal levels in Aug. 1982 as a response to eruptivity at main crater. |
Seismicity increased 2-3 x normal leve! in Aug. 1982 as a response to eruptivity at main crater.
BVE No. 22, p. 23-25.
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MANANM New Guinea-NE of 410 S145.06E VOTW num..0501-02=

Morphology: strato or composite Tectonic framework: Convergent {arc)

Elevation above m.s.l.: 1830 m Edifice relief : 3100 m

Range of eruptive products:  basalt
SWARM DATE: 83/3/20 +5 Dur. (days): 240 +10 Type:1d Event type(s)B Grade : C

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
I\hl}‘ax. IIVItagm‘tuc'ieMM z Eolt“:tatlai -0 Dist. tovent: 4.5km Tremor : Migration :
ax. In ens‘lty. at ; el otai : Type: Wilimore MK || Deformation : Y Focal mech:

Depth (km): + -vaiue . Component : z Gravity : Y EQfamilies :
Detection threshold:1.6 Repose (yr.): Naturalperiod :  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

IKey phrase: Duration from BVE No. 23 figure. |

Increase in seismicity in Apr. strong in May. Seismicity in general corresponded well with explosivity. Jun. 1983 peak
seismic amplitude was 4 times normal. Curiously the daily rate of earthquakes peaked in Apr. at 3500 per day
following a climb from rates of about 1200-2000 per day for Jan-Mar.

From early May to mid Oct. rates of earthquakes were 2800 per day to 2000 per day through late Oct. then back up
to 2700 per day for late Oct.- mid Nov.Through Dec. it was 1700/day.

Amplitudes increased when frequency of events decreased in Oct. and were 2 times normal by end of Dec. Fig:
Earthquake counts, seismic amplitude, and tilt.

BVE No. 23, p. 13-14.

SWARM DATE: 84/1/13 +0.5 Dur. (days): 240 +30 Type:1d Event type(s)B Grade: C
Max. Magnitude: # EQ total Seismograph: penmanent  OTHER REPORTED OBSERVATIONS
e . Dist.tovent: 45km Tremor : Migration :
s rorsity: MM et i Pelt total: 0 Type: Wilmore MK il Deformation : Y Focal mech:
: : : ty : Y ilies :
Detection threshold:1.6 Repose (yr.): ﬁ‘;,’}]?;’;;’}%od: %s ﬁ':;’,‘,'g’m: Y Ef,’nii‘,’.?,:;?
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

[Key phrase: After Jan. 13, B-type amplitude 6 normal. Duration from seismic amplitude fig. ]

After Jan. 13, B-type amplitude 6x normal. Tilt increase = 1urad. good correspondence between seismicity and
eruptivity in Feb. Several cycles of waxing and waning seismicity over next 3 months. Unfelt: freq. ~ 2000 per day,
S-P durations: B-type? Long trend duration Feb.-Aug. Several cycles of waxing and waning seismicity which were
tentatively correlated with the solid earth tides, the maximum amplitude being recorded when the daily variation in
earth tides was the greatest. The number of earthquakes per day showed a similar but less distinct relationship. Figs:
Daily seismic ampl. 1983-1984.

BVE No 24, p. 16-17.

SWARM DATE: 85/3/4 +0.5 Dur.(days): 20 +1 Type:ic Event type(s)B Grade : C
: . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

Rllﬂax. :Vltagm.tut?leMM t z Ec‘;tt(;ttzl I . Dist. tovent:  4.5km Tremor : Migration :

ax. Intensity: a i el otal: Type: Willmore MK il Deformation : Y Focal mech:
Depth (km): t value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magpnification : 25K Geothermal :
[Key phrase: From 4 to 24 March, the seismicity rose again. ]

With 2 urads of tilt inflation. Eruption character unknown. Explosions were heard on the 19th. Seismicity began
declining in late March to reach non-eruptive levels by mid-April.
BVE No. 25, p. 14-15.
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MANANM New Guinea-NE of 4.10 S145.06E VOTW num.:0501-02=

Morphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 1830 m Edifice relief : 3100 m

Range of eruptive products: basalt
SWARM DATE: 85/4/16 +0.5 Dur. (days): 137 +5 Type:id Eventtype(s)B Grade: C

. i . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max' Il\llagmftuc.leMM z EQ"t?‘t? I . Dist. to vent: 4.5km Tremor : Migration :
ax. Intensity: at el total . Type: Willmore MK I Deformation:  Focal mech:

Depth (km): * b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 25K  Geothermal :

Key phrase: On April 16, the daily totals, of volcanic earthquakes rose markedly. Seismic amplitudes decreased
gradually decresed and then stabililized in early Sept.

On April 16, the daily totals, of volcanic earthquakes rose markedly to about 1600-2000 and seismic amplitudes

increased to about twice non-eruptive levels. Seismic amplitudes decreased gradually decresed and then stablilized in

early Sept. just above non-eruptive level. The peak of seismic amplitudes occurred in mid-July.

BVE No. 25, p. 14-15.

SWARM DATE: 85/11/26 +0.5 Dur. (days): 6 +3 Type:1d Eventtype(s)B Grade : C
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max- ?Atagm'm‘-jeM M at :;EQ':%?I i- Dist fovent: 45km  Tremor: Y Migration :
ax. Intensity: a eit total : Type: Willmore MK i Deformation:  Focal mech:
Depth (km): + b-value : Component: 2 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

[Key phrase: The seismicity increased slightly in number and in amplitude for a few days. |
A slight increase in activity occurred again on Nov. 26, after a few minutes of a continuous deep roaring sounds and
harmonic tremor, a thick brown cloud rose 1500 m above the South crater. The seismicity increased slightly in
number and in amplitude for a few days before returning to a level just slightly above non-eruptive levels.

BVE No. 25, p. 14-15.

SWARM DATE: 86/7/1 +183 Dur. (days): + Type: Event type(s):B Grade :
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

Max. ?Altagn!?ut?IeMM z Egtt%atgl' -0 Dist. tovent:  4.5km Tremor : Migration :

ax. Intensity: at F e - Type: Willmore MK Il Deformation :  Focal mech:
Depth (km): * -vaiue - Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 25K Geothermal :
[Key phrase: Piace holder for 1986. ]

Manam was at low inter-eruptive level of activity throughout 1986. Seismicity and tilt reflected this low level from Sept.
1985 until the end of 1986. The micro-seismicity remained at "normal”, inter-eruptive level, with 1000 to 1700 B-type
events of very low amplitude recorded daily. Daily totals of earthquakes declined steadily through 1986, reaching a
minimum in Sept. then slowly increased again.

BVE No. 26, p. 15-16.
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MANAM New Guinea-NE of

Morphology: strato or composite
Elevation above m.s./. : 1830 m
Range of eruptive products: basalt

4.10 S145.06E VOTW num.:0501-02=

Tectonic framework: Convergent (arc)

Edifice relief : 3100 m

SWARM DATE: 87/1/18 +0.5 Dur.(days): 37 +1 Type:id Event type(s): Grade: C
; . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max. :Vltagnl.tut%ieMM t z EQlthﬁ;I I ‘68000 Dist. tovent:  4.5km Tremor : Y Migration :
ax. Intensity: a el otal - Type: Willmore MK It Deformation:  Focal mech:
Depth (km): ES b-value : Component : z Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling : Y
Cum. energy release: Previous swarms : Magnification : 25K  Geothermal :

Key phrase: Seismicity increased steadily 18-31 Jan. Between 18 and 24 Feb. deep roaring was heard and seismic
amplitudes increased slightly.

Seismicity dropped steadily from 1420 to 840 weak events per day 1-17 Jan. and increased steadily from 1010 to

1840 events per day 18-31 Jan. Between 18 and 24 Feb. deep roaring was heard and seismic amplitudes increased

slightly. Mild strombolian eruptive activity began on 8 Mar.

Daily totals of volcanic earthquakes in Apr. were steady at 1500, and event amplitudes were about the same as in

Mar. Seismic amplitudes remained steady through the month of May at the same level that has been recorded since

Jan.

BVE No. 27, p. 12-14.

SWARM DATE: 87/6/10 +0.5 Dur. (days): 14 +1  Type:tlaq Event type(s): Grade : B
Max. Maani . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
o Mesriude, o gEQeml QORI roeuimm
Depih ks : N Fren towal: ;I;oype‘.m:m:‘r:ore MKZH 8$;mataon: Ecc))c?l m.?ch:

A : : mponent : : amilies :
Detection threshold: Repose (yr.): Natural period: 1s Magrnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

Key phrase: Between 10 and 24 Jun., seismicity fluctuated at a moderate-high level before declining. Although there
were visible and seismic indications of declining activity in late June, a sharp increase in activity took place
on 30 June.

Between 10 and 24 Jun., seismicity fluctuated at a moderate-high level before declining. During the latter part of this
period, lava ejections rose a few hundred meters and an ash column up to 500 m high above the summit. Aithough
there were visible and seismic indications of declining activity in late June, a sharp increase in activity took place on 30
June. Seismicity began increasing in the morning and strombolian activity strengthened progressively. At 21:40,
activity suddenly culminated in 2 exceptionally large ejections of lava the following day. A continuous eruption of a
more than 2 km high ash column followed. Vivid lightning was observed.

BVE No. 27, p. 12-14.

SWARM DATE: 87/10/5 +5 Dur. (days): + Type:1e? Event type(s): Grade :
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max. :\Aagmftut.:le.M " . z E(e}“t?:;lal. ) Dist.tovent: 4.5 km Tremor : Migration :
ax. ntenSfty. a bvalue - Type: Willmore MK il Deformation:  Focal mech:
Depth (km): + . Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :

Key phrase: Place holder for Oct.-Dec. 1987. There was a marked, though moderate increase in the level of activity at
the beginning of Oct.

Seismic activity declined sharply after the 30 June eruption and returned to the levels of late May by about 7 July.

From 8 July until the end of the month, seismic activity was at a low level, similar to that recorded in Jan 1987. A low

level of activity prevailed through Aug. and Sept. A moderately low level of seismicity continued with 1400-1500

sub-continuous, small amplitude, low-frequency events per day.

There was a marked, though moderate increase in the level of activity at the beginning of Oct. Seismic amplitudes

began a progressive increase during the first week of Oct.

Seismicity showed no significant change, remaining at 1200-1400 B-type of small amplitude per day in Nov. In Dec.

seismic amplitudes were stable at about twice non-eruptive levels and daily volcanic earthquakes totaled about 1400.

BVE No. 27, p. 12-14,
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MANAM New Guinea-NE of 410 S145.06E VOTW num.:0501-02=
Mormphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.{.: 1830 m Edifice relief : 3100 m

Range of eruptive products:  basalt
SWARM DATE: 88/7/1 +183 Dur. (days): + Type: Event type(s)B Grade :

p . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

l\r\:ax. ll\/ltagnl_tuc.ie.MM i Egtt%atzlai . Dist. tovent:  45km Tremor : Migration :

ax. In ens.lty. at bvalue Type: Wilimore MK il Deformation :  Focal mech:
Depth (km): + vaiue - Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :
[Key phrase: Place holder for 1988. ]

Microseismicity remained at a steady low amplitude throughout the year, though the frequency of small B-type
earthquakes decreased somewhat from 1300 - 1500 per day in Jan. to 1300 - 900 per day in Mar. and then ranged
between 1200 and 700 per day during the rest of the year.

BVE No. 28, p.18.

SWARM DATE: 89/7/1 +183 Dur. (days): + Type: Event type(s): Grade :
B . . Setsmograph: permanent OTHER REPORTED OBSERVATIONS

Max. :\Atagnl.tuc'ie.MM t § Egtt%atgi . Dist. tovent:  4.5km Tremor : Migration :

ax. Intensity: a bvalue o Type: Willmore MK II Deformation :  Focal mech:
Depth (km): * -vaiue : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 25K  Geothermal :
[Key phrase: Place holder for 1989 summary information. ]

A deflation and re-inflation of 1.5 ur occurred between mid-Mar. and mid May, then a progressive deflation of 2 ur
followed until Jul., by which time the seismic activity was at its lowest. The seismicity showed a steady and ‘normal’
level of activity in both the number (900-1200/day) and amplitude (small) of the low frequency volcanic earthquakes
recorded until mid-May. A decrease of activity took place thereafter and by Oct. only 300-500 events/day of very small
amplitude were recorded. Instrument failure at the end of the year.

BVE No. 29, p. 21-22.
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KARKAR New Guinea-NE of 4.65 S145.96E VOTW num.:0501-03=

Morphology: strato with caldera Tectonic framework: Convergent (arc)
Elevation above m.s.. : 1500 m Edifice relief : 3000 m
Range of eruptive products: andesite

SWARM DATE: 78/10/15 +5 Dur. (days): 90 15 Type:1bg Eventtype(s)felt,B,t Grade: B

. . . Seismograph: permanent  0THER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : : . f St
Max. Intensity: MMIll at1.5km  # Felt total : Do Rl desior™  Dtorenation v Feoonch:
Depth (km): + b-value : Component : Z Gravity : Y EQ tfamilies :
Detection threshold: 1.0 Repose (yr.): 4 Naturalperiod: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Magnification: 8K Geothermal : Y
[Key phrase: Felt shocks up 3 months prior. ]

B-type earthquakes, volcanic tremor, and localized surface heating to about 1000C in late 1978 were all indicative of
an active body of magma close to the surface of the inner caldera.

Declining levels of seismicity from late Oct. 1978 onwards are taken as indications that the magma body had stabilized
at a relatively shallow level.

Explosions began on 12 and 13 Jan 1979. Seismograms are characteristically banded caused by intervals of stronger
and weaker tremor (see BVE No. 18, p. 19.). This banding is most noticeable for the pre-eruption period between Jul.
and early Oct. 1978, but it is also quite pronounced for times during the eruption itself. this pattern of seismicity is
similar to the regular eruption of some geysers, and it origin is interpreted as a cyclic interaction between a heat
source (magma) and water.

Felt shocks up 3 months prior; frequency averaged from 5 per day (Nov. 1977) to 40 per day (Jul. 1978).
Micro-tremors observed; period ~ 0.25-0.5 sec.

BVE No. 19, p. 20-23.

McKee, C. O., et al., (1981): Fatal hydro-eruption of Karkar volcano in 1979: development of a maar-like crater, In:
Cooke-Ravian Vol. of Volcanological Papers (ed. Johnson, R. W..) Geol. Sur. of Papua new Guinea Memoir 10,
63-84.

SWARM DATE: 81/8/15 115 Dur. (days):<30 + Type:3 Event type(s):B,t Grade : C
Max. Magnitude: # EQ total : Seismogr aph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total P et O ion | Phgration
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Increases in B-type activity occurred in Aug. and Dec.1981 ]
Throughout 1981 seismicity generally weak but temporary increases in B-type activity occurred in Aug. and Dec. 1981
along with brief period of tremor in Aug.-Sept. 1981. M6.3 (Oct. 4.1981) did not seem to correspond with any
changes in the volcano.

BVE No. 21, p. 86.
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KARKAR New Guinea-NE of 4.65 S145.96E VOTW num.:0501-03=

Mormphology: strato with caldera Tectonic framework: Convergent (arc)

Elevation above m.s... : 1500 m Edifice relief : 3000 m

Range of eruptive products:  andesite
SWARM DATE: 81/12/15 +15 Dur. (days):<30 + Type:3 Event type(s): Grade: C

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : f SERVATIO
Max. intensity: MM at # Felt total : [)151 o vent: Eﬁméﬁon . ',\:ﬁga?:ggéh:
Depth (km): + b-value : Component Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
lKiey phrase: Increases in B-type activity occurred in Aug. and Dec. 1981 J

See Aug. 1981 for comments.
BVE No. 21, p. 86.

SWARM DATE: 82/6/15 +15 Dur. (days):<180 % Type:3 Event type(s)HF,B Grade: C

Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS

o A Dist. to vent: Tremor : Y Migration :
Max. Intensity: MM at #Felt total : Type: Deformation - Y Fooal mech:
Depth (km): + b-value : Component : Gravity : Y EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

Key phrase:Increase in Jun. 1982 ( 200 small high frequency events per day ) seismicity decreased steadily to < 50
events/day by Dec. 1982.

Activity through 1982 generally low decrease in numbers of B-type events and tremor.

100 B-type events per day with frequent episodes of tremor in early 1982 with exception to short increase in Jun.

1982 ( 200 small high frequency events per day ) seismicity decreased steadily to < 50 events per day and infrequent

episodes of tremor by Dec. 1982.

BVE No. 22, p. 97.

SWARM DATE: 83/1/15 +15 Dur. (days):<30 <+ Type:3 Event type(s)B Grade: C
: . . Setsmograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : E SERVATIC

Max. Intensity: MM at # Felt total - Dt Yo vent: Lromor ion . igration -

Depth (km): + b-vaiue : Componem Gravity : EQ families : Y

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Small numbers of low amplitude B-type earthquakes per day (highest up to 30 day in Jan. 1983) ]

Small numbers of low amplitude B-type earthquakes per day (highest up to 30 day in Jan., Apr. and Aug. 1983)
Tremor periods in between Apr. and Aug. 1983 typically 4 min. duration at 40 min. intervals.
BVE No. 23, p. 57.

SWARM DATE: 83/4/15 +15 Dur. (days):<30 + Type:3 Event type(s):B Grade : C

Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
o . Dist. to vent: Tremor : Y Migration :

Max. Intensity: MM at # Felt total : P .

Depth (km): + b-value : Eompoﬂem 3?;%?3""" ’ E%c?;,r:ﬁzg

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Small numbers of low amplitude B-type earthquakes per day (highest up to 30 day in Apr. 1983) ]

Small numbers of low amplitude B-type earthquakes per day (highest up to 30 day in Jan., Apr. and Aug. 1983)
Tremor periods in between Apr. and Aug. 1983 typically 4 min. duration at 40 min. intervals.

BVE No. 23, p. 57.
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KARKAR New Guinea-NE of 4.65 S14596E VOTW num.:0501-03=
Morphology: strato with caldera Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 1500 m Edifice relief : 3000 m
Range of eruptive products:  andesite
SWARM DATE: 83/8/15 +15 Dur. (days):<30 <+ Type:3 Event type(s)B Grade: C
. X R Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intenity: MM at  Folt Sota: Dis, o vert Fremor: "\ Vigraion -
Depth (km): b-value : Lype: : elormation : - Focal mech:
epth (km): + Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic ; Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Small numbers of low amplitude B-type earthquakes per day (highest up to 30 day Aug. 1983) _
Small numbers of low amplitude B-type earthquakes per day (highest up to 30 day in Jan., Apr. and Aug. 1983)
Tremor periods in between Apr. and Aug. 1983 typically 4 min. duration at 40 min. intervals.

BVE No. 23, p. 57.

SWARM DATE: 84/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

. . . Setsmograph: OTHER REPORTED OBSERVATIONS
Max. Magm@uc.je. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM VI at # Felt total : Type: Deformation : Y Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal ;

[Key phrase: Place holder for 1984.

Volcano seismicity = 0-7 small amplitude events per day. A strong regional earthquakes (M6.5, 4 S 23', 145 E 52',
depth 23 km) on Mar. 27 ( MM Vi resulted in landslides on walls of summit calderas). A 56 urad offset recorded but
patterns of tilt before and after the earthquakes were flat.

BVE No. 24, p. 62.

SWARM DATE: 85/3/1 +0.5 Dur.(days): 75 +1 Type:3 Event type(s).LF Grade : B
Max. Magnitude: # EQ total : Sgesmograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : 2%‘;" vent: B?f?r% tion ;‘f(')%g"}‘g”eéh:
Depth (km): + b-value : Component : Gravity - EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: There was a steady increase in the numbers of low frequency events between the 1st and Sth; activity
started to decrease on May 6th until it reached its pre-Mar. level by May 14.

In Mar. there was an increase in seismic activity at Karkar. There was a steady increase in the numbers of low

frequency events between the 1st and 9th from less than 10 events per day to 70 events per day. The activity leveled

oft during the month but intensified on the 31st when about 150 events were recorded. A decline in seismic activity

was evident in early Apr. and from the 7th to the 24th less then 10 events per day were recorded. However, on the

25th an increase of seismic activity again occurred. A peak in activity was reached on 5 May when 225 events were

recorded, but activity started to decrease on the 6th until it reached its pre-Mar. level of less than 10 events per day on

14 May.

BVE No. 25, p. 57.

Communication from: B.Talai, Rabaul Volcanological Observatory, P.O. Box 386, Rabaul, Papua New Guinea
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LONG ISLAND New Guinea-NE of 5.36 S147.12E VOTW num.:0501-05=

Mormhology: strato with caldera Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 320 m Edifice refief : 2300 m

Range of eruptive products: basaltic andesite to andesite
SWARM DATE: 85/7/1 183 Dur. (days): + Type: Event type(s): Grade :
Max. Magnitude: # EQ total Sc_aismograpfi: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Q'St‘ lo vert: B’e,m“% . Migration :

: ype: eformation :  Focal mech:

Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Place holder for 1985.

A seismograph operated on the western shore of Lake Wisdom on 10 Nov. and on Motmot from 11 to 13 Nov.
recorded a few small local earthquakes, but their significance was uncertain.

BVE No. 25, p. 58.

Communication from: H.Patia, Rabaul Volcanological Observatory, P.O. Box 386, Rabaul, Papua New Guinea
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UMBOQOI New Guinea-NE of 5.59 S147.88E VOTW num.:0501-06=

Momhology: strato with caldera Tectonic framework:

Elevation above m.s.l.: 1495 m Edifice relief : 2400 m

Range of eruptive products:
SWARM DATE: 85/9/11 +0.5 Dur.(days): 4 +1 Type:3 Event type(s): Grade: C

: . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: #EQtotal: 9 : N E SERVATIC
Max. Intensity: MM at # Felt total : 2 Dt o vent: Demor - oy Mgration .
Depth (km): + b-value : Component : Gravty:  EQfamilies:
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification Geothermal : Y

IKey phrase: Nine local earthquakes were recorded from 11-14 Sept.

Nine local earthquakes were recorded from 11-14 Sept., of which 2 were reportedly felt. These earthquakes are
probably local to Umboi Island, but it is uncertain whether they are directly related to the volcano. The seismograph
recordings indicate that earthquakes were continuing at a low level in mid-Sept.

BVE No. 25, p. 58.

P. Lowenstein, Rabaul Volcanological Observatory, P.O. Box 386, Rabaul, Papua New Guinea. From: SEAN Bulletin,
vol. 10, 1985, no0. 9, p. 6
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LANGILA New Britain-SW Pac 5.53 S148.42E VOTW num.:0502-01=

Morphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1189 m Edifice relief : 2400 m

Range of eruptive products: basalt
SWARM DATE: 80/1/19 + Dur. (days): + Type:2a? Event type(s)B Grade :

. . } Seismograph: permanent  OTHER REPORTED OBSERVATIONS

hh:ax. IIVIagnltude.M M : E(ellttgtoatl | -0 Dist. tovent: 10 km Tremor : Migration :

ax. Intensity: at b value. al. Type: Willmore MK i, RVO Deformation:  Focal mech:
Depth (km): -vaiue : Component : yA Gravity : EQ families :
Detection threshold:1 2 Repose (yr.): Natural period: 15 Magnetic : Rumbling
Cum. energy release: Previous swarms : Magnification : 10K  Geothermal :

Key phrase: Place holder for Jan 19 eruption. Vent forming eruption produced strong seismic event. |

Vent forming eruption produced strong seismic event recorded 11km away Jan. 19. 1980. Unfelt: frequent B-type
and occasional vulcanian shocks.

BVE No. 20, p. 24-25.

SWARM DATE: 80/10/25 +5 Dur. (days): 20 +5 Type:2a? Event type(s)B Grade : C
. . . Setsmograph: permanent OTHER REPORTED OBSERVATIONS

h'aax. :\/Itagmtude.MM t z EQlttc:ta;I l -0 Dist.tovent: 10 km Tremor : Migration :

D :;th“(‘frﬂ)s'ty a b-v:Iuec') al : Type: Wilimore MK |1, RVO Deformation :  Focal mech:

Detection threshold:1.3 Repose (yr.): el 15 ey Ranamiies:

Cum. energy release: Previous swarms : Magnification : 10K  Geothermal

[Key phrase: Seismicity strengthened in late Oct with corresponding eruptive activity at both craters. ]

Unfelt: frequent B-type and occasional vulcanian shocks. Through the year seismicity was at low levels (occasional
vulcanian explosions with B-type low intensity events).

Seismicity strengthened in late Oct. with corresponding eruptive activity at both craters. Intensity was 20 times normal
at this time. Phase of effusive activity at crater 3 did not produce significantly stronger seismicity.

BVE No. 20, p. 24-25.

SWARM DATE: 81/6/5 +5 Dur. (days): + Type: Event type(s):E,t Grade :
f . . Sessmograph: permanent OTHER REPORTED OBSERVATIONS
mzxx m;gnr:ittt;quM at ﬁggtt‘ﬁg;i ) Dist. tovent: 10 km Tremor : Y Migration :

: Ly e Type: Willmore MK 1l, RVO Deformation : Focal mech:
Depth (km): + b-value : Component : y4 Gravity - EQ families :
Detection threshold:1.2 Repose (yr.): Naiura] period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 10K  Geothermal : Y
Key phrase: Place holder for 1981. In early Jun. 1981, large amplitude vulcanian explosion earthquake became

common.

Seismicity at low levels for first 5 months of year with onset of explosive ash emission at crater 2 in early Jun. 1981,
large amplitude vulcanian explosion earthquake became common. Periods of harmonic tremor (continuous) were
associated with prolonged gas and tephra venting at crater 2 and presumed resonance effects in crater 2 lava
conduit.

When crater 3 became more active in Oct. 1981 the seismicity was dominated by frequent, brief, small amplitude
events consistent with observed Strombolian activity. Total number of events: uncertain, seismograph unoperational.
BVE No. 21, p. 24-25.
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LANGILA New Britain-SW Pac 5.53 S148.42E VOTW num.:0502-01=

Mormhology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1189 m Edifice relief : 2400 m

Range of eruptive products: basalt
SWARM DATE: 82/1/11 +0.5 Dur.(days): 12 +1 Type:2a Event type(s)E Grade : B

R . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max. Il\llflgm_tude 'MM t z E%tt?tii © 0 Dist. tovent: 10 km Tremor : Y Migration :
ax. Intensity: a b el otal : Type: Willmore MKIl Deformation :  Focal mech:
Depth (km): vaiue : Component : z Gravity : EQ families :
Detection threshold: 1 2 Repqse (yr.): Natural period: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 10K  Geothermal
Key phrase: From Jan. 11 up to 20 large explosion earthquakes accompanied vulcanian ash clouds reoorded daily
until Jan. 23.

Three swarms in 1982
From Jan. 11 up to 20 large explosion earthquakes accompanied vulcanian ash clouds recorded daily until Jan. 23.
Unfelt : recorded.

BVE No 22, p. 25-26.

SWARM DATE: 82/2/13 +0.5 Dur.(days): 2 0.5 Type:2a? Eventtype(s)B Grade : B
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. :\Atagm.tuc.ieMM t ;i Eoltt(;:;;l‘ -0 Dist. tovent: 10 km Tremor : Migration :
Dg;ih"(frg?fN ia D el Type: Wilimore MK i, RVO 8eiormahon : E((J)cal mech:
- y Co nt: 4 it families :
Detection threshoid:1.2 Repose (yr.): Naﬂ}?;n:eﬁod - 1s M?;ngm Humzm:ée:s
Cum. energy release: Previous swarms : Y  Magnification : 10K  Geothermal
[Key phrase: Feb. 13-14 accompanying strongest explosions were sub-continuous B-type events ]
Feb. 13-14 accompanying strongest explosions were sub-continuous B-type events with several vuicanian explosion
earthquakes per day.

Unfelt : recorded.
BVE No. 22, p. 25-26.

SWARM DATE: 82/5/5 +0.5 Dur.(days): 4 +1 Type: Event type(s)1 Grade : ¢
. . i Seismograph: permanent OTHER REPORTED OBSERVATIONS
max' IIVIagmtude.MM # EE:Q‘ total I .0 Dist. tovent:  10km Tremor : Y Migration :
ax. Intensity: at # Felt total : Type: Willmore MK Il Deformation:  Focal mech:
Depth (km): b-value : Component : Z Gravity EQ families :
Detection threshold:1 2 Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 10K  Geothermal

[Key phrase: Place holder for continuous harmonic tremor on May 5-9. |

May 5-9 Continuous harmonic tremor recorded at peak of Strombolian activity was gradually replaced with
Strombolian earthquakes as vulcanian activity set in. Unfelt : recorded.

BVE No. 22, p. 25-26.

SWARM DATE: 83/7/5 +5 Dur.(days): 7 +5 Type: Event type(s)E,B,t Grade : c

Max. Magnitude: # EQ total - Sgsmogragh: permanent OTHER REPORTED OBSERVATIONS
Mex ntensity: MM et #Felt total : 0 e Wiimore MK Deformation : | Fosat mech:

b-value : . : i
Depth (km): ) Component : z Gravity : EQ families : Y
Detection threshold:1. 2 Repose (yr.): Natural period: 1s Magpnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : 10K  Geothermal :

[Key phrase: Largest amplitude tremors recorded in the first week of July ]

Explosion quakes (0-5/day) and occasional period of harmonic tremor.

Jan and Feb. most violent explosions registered 9 km away as large amplitude event of period 1.3- 1.5 Hz, while
eruptive activity generated discontinuous tremor. Explosions in May were followed by half hour periods of tremor and
rumblings. Largest amplitude tremors recorded in the first week of July and early Aug.

Overali unfelt shocks : variable rates of Vulcanian expiosion shocks and B-type events.

BVE No. 23, p.15-16.
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LANGILA New Britain-SW Pac 5.53 S148.42E VOTW num.:0502-01=

Mormphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1189 m Edifice relief : 2400 m
Range of eruptive products: basalt
SWARM DATE: 83/8/5 +5 Dur.(days): 5 +5 Type: Event type(s)t Grade : ¢
SWARMUATE. y
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
hMAZT( m;%r:ittl;qei\nM at 2 Eg:‘:};’al‘ . Dist. tovent: 10 km Tremor: Y Migration:

- - bvalue - Type: Willmore MK 1i Deformation:  Focal mech:
Depth (km): ES vaiue : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : 10K Geothermal :

[Key phrase: Largest amplitude tremors recorded in early Aug. ]

See Jul. 5, for additional comments.
BVE No. 22, p. 25-26.

SWARM DATE: 83/12/25 +5 Dur.(days). 5 + Type: Event type(s)t,E,B Grade : ¢

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
irrira I <\ TP A i
. : @l ype: Deformation:  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families : Y
Detection threshold: 1.2 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 10K  Geothermal :

[Key phrase: Place holder for 1983. Late Dec. saw long period of continuous harmonic tremor recorded. |
Late Dec. saw long period of continuous harmonic tremor recorded which increased in amplitude at time of maximum
activity.

Overall unfelt shocks : variable rates of Vulcanian explosion shocks and B-type events.

BVE No. 23, p. 15-16.

SWARM DATE: 84/7/1 +183 Dur. (days): + Type:ie  Event type(s)E,B,t Grade :
Max. Magnitude: : Seismograph: permanent OTHER REPORTED OBSERVATIONS
o lmegnsity. M at ﬁ; E‘gtt%?al o Dist.tovent:  10km  Tremor: Y Migration:

: - b-value - Type: Wilimore MK I} Deformation:  Focal mech:
Depth (km): + : Component : Z Gravity : EQ families :
Detection threshold:1.2 Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : 10K  Geothermal :

[Key phrase: Place holder for 1984. ]

The seismic station 10 km away recorded discontinuous tremor and large explosion earthquakes associated with the
eruptive activity. This phase of stronger activity terminated with an explosion on 7 Feb. which sent an ash cloudto 3
km above crater 2. Eruptive activity subsided from late May and seismicity was at a very low level during this period
and consisted of occasional small amplitude volcanic events. Unfelt : variable rates of Vulcanian shocks and B-type
events.

BVE No. 24, p. 18.

SWARM DATE: 85/1/29 +0.5 Dur. (days): 32 +3 Type:le Eventtype(s).LF Grade : B
; . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
:\\/Iﬂax. mtag:'?uqem M t z Egltt?ttatlai . Dist. tovent: 10 km Tremor : Y Migration :
ax. Intensity: & b-val ot - Type: Willmare MK i Deformation :  Focal mech:
Depth (km): + vaiue : Component : 2 Gravity : EQ famiiies :
Detection threshold:1.2 Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal :

[Key phrase: Duration from fig. BVE No. 25, p. 16. Througout Feb. there were many low-frequency earthquakes. |

Seismicity from the volcano consisted of mostly low frequency events which were often associated with observed
summit explosions. During periods of stronger activity, harmonic tremor, usually with a period of about 1 sec., was
often recorded for durations of a few minutes to a few hours.

Throughout Feb. there were frequent explosions, up to 20 per day. during this period there ,were many low frequency
earthquakes, and short durations of harmonic tremor (a few tens of minutes). Good fig. Daily numbers of LF and
tremor durations.

BVE No. 25, p. 16-17
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LANGILA New Britain-SW Pac 5.53 S148.42E VOTW num.:0502-01=

Mormphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1189 m Edifice relief : 2400 m

Range of eruptive products: basalt
SWARM DATE: 85/6/20 +3 Dur. (days): 118 +6 Type:le Event type(s)LF Grade : B

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
max. :\Atagm.tut?ie.MM t zggtt?atl I . Dist. to vent: 10 km Tremor : Y Migration :
ax. Intensity: a bvale o Type: Willmore MK || Deformation :  Focal mech:

Depth (km): * -value . Component : z Gravity : EQ families :
Detection threshold:1.2 Repose (yr.): Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal :

[Key phrase: Duration picked from Daily count data in the BVE No. 25, p. 16.
See Jan. 29 for additional comments.
BVE No. 25, p. 16-17.

SWARM DATE: 86/1/15 +15 Dur. (days): 45 +15 Type:le Eventtype(s).LF Grade: C
; . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
'I:A,‘Iixx mta gntitu(;le.MM t ff EQﬂtctvt?l i Dist. tovent: 10 km Tremor : Y Migration :

. Intensity: a elt total : Type: Wilimore MK 1| Deformation:  Focal mech:
Depth (km): + b-value : Component : z Gravity EQ families :
Detection threshold:1.2 Repose (yr.): Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms . Y  Magnification : 4K Geothermal :

[Key phrase: Seismicity during (Jan.-Feb.) was moderate with up to 30 low-frequency earthquakes per day.

Seismicity during (Jan.-Feb.) was moderate with up to 30 low-frequency earthquakes per day. Most of these were
associated with Vulcanian explosions. Periods of low-frequency tremor were also recorded in Jan. Two periods of
high-frequency sub-continuous tremor-like signal were recorded in February (6th-11th and 21-25th) were possibly
related to heavy rainfall.

Between the 7th and 29th May, seismicity was charactenzed by high frequency explosion earthquakes. Intervals of
low frequency harmonic tremor were recorded during April.

The eruptive activity subsided rapidly at the end of May to a low level. Seismicity was at a low level and only a few
volcanic earthquakes were recorded.

BVE No. 26, p. 16-17.

SWARM DATE: 87/7/1 +183 Dur. (days): + Type: Event type(s): Grade :
. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. :\Ata gm.tuc.ie.MM t z E?‘tt%at;i . Dist.tovent: 10 km Tremor : Migration :
ax. In enSfty. a bvalue o Type: Willmore MK Il Deformation :  Focal mech:
Depth (km): + vaiue : Component : z Gravity : EQ families :
Detection threshoid:1.2 Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 4K Geothermal

Key phrase: Place holder 1987. A moderate increase in eruptive activity began the second week of Nov. seismicity
showed no significant change.

Activity remained at a low level from Jan. through Apr. Seismic activity remained low. On Apr. 12, and explosion

occurred and an ash cloud rose to 3 km above the volcano. A moderate increase in eruptive activity began the

second week of Nov. seismicity showed no significant change.

BVE No. 27, p. 15.
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LANGILA New Britain-SW Pac 5.53 S148.42E VOTW num.:0502-01=

Mormhology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1189 m Edifice relief : 2400 m
Range of eruptive products:  basalt
SWARM DATE: 88/7/1 +183 Dur. (days): + Type: Event type(s): Grade :
. i . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
mzxx m;%ns'-ﬁ;quM at z ESJ%?L,’ . Dist. tovent:  10km Tremor : Migration :

: : s Type: Wilimore MK il Deformation:  Focal mech:
Depth (km): s b-value : Component : z Gravily : EQ families :
Detection threshold:1.2 Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal :

Key phrase: Place holder for 1988. Seismic activity from late-July to December remained at a steady low level with
only a few explosion earthquakes recorded.

Between March and early April seismicity remained at a relatively low level, although discrete explosion events were

recorded. Seismic activity from late-July to December remained at a steady low level with only a few explosion

earthquakes recorded.

BVE No. 28, p. 19-20.

SWARM DATE: 89/7/1 +183 Dur. (days): + Type: Event type(s).LF,E Grade :
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
max, :Vltagnr.tu(.ieMM t ?f Egttcﬁﬁ;’ . Dist. tovent: 10 km Tremor : Migration :
ax. In ensrty. a bvelue Type: Willmore MK il Deformation:  Focal mech:
Depth (km): * vaiue : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic | Rumbiling :
Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal :

Key phrase: Place holder for 1989. More activity in April, Oct., and Dec. the average amplitude of the low frequency
earthquake rose by a factor of 2-3 and these events merged into periods of sub-continuous tremor
lasting several minutes.

Mild explosive activity was reflected by the seismicity which consisted of a few tens to ~300 low frequency
earthquakes per day with occasional low frequency explosion events (0-10 per day). More activity in April, Oct., and
Dec. the average amplitude of the low frequency earthquake rose by a factor of 2-3 and these events merged into
periods of sub-continuous tremor lasting several minutes.

BVE No. 29, p. 22-23.
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ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num.:0502-12=
Mormhology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 2300 m Edifice relief : 3000 m

Range of eruptive products: basalt to basaltic andesite
SWARM DATE: 80/10/3 +0.5 Dur.{(days): 3 +0.5 Type:1b? Eventtype(s)A Grade : B

. . . Setsmograph: temporary OTHER REPORTED OBSERVATIONS

max. 'I\ﬂagm.mquM # FE:QI total I .g 0 Dist. tovent: 11 km Tremor : Migration :

ax. Intensity: at # Felt total : Type: Willmore MKII Deformation : Y Focal mech:
Depth (km): x b-value: Component : Z Gravity EQ families :
Detection threshold:1.3 Repose (yr.): 2.4 Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 10K  Geothermal: Y
[Key phrase: Unfelt shocks recorded, frequency = 0-3 per day, from 3 days prior. Il

Unfelt shocks recorded, frequency = 0-3 per day, S-P durations = 1-2 sec. from 3 days prior. Micro tremor frequent
but more on Oct. 6 1980.

BVE No. 20, p. 26-28.

SWARM DATE: 81/7/1 +183 Dur. (days): + Type: Event type(s)B Grade :
; . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
ma‘x' IIVIagnlftut'ie.MM t z EC}tt%atlai . Dist.tovent: 3 km Tremor : Migration :
ax. Intensity: a D e A Type: Willmore MK Ii Deformation:  Focal mech:
Depth (km): * -value: Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

IKey phrase: Place holder for 1981. |
Until Dec., seismicity was recorded at a site at the NW base of the volcano about 11 km from the summit. New
instrumentation, from a seismometer midway up the SW flank of the volcano, was installed on 9 Dec., and revealed
that the volcano-seismicity consisted of frequent small B-type volcanic events, numbering up to about 1000 per day.
BVE No. 21, p. 87.

SWARM DATE: 82/5/25 +5 Dur. (days): 10 +10 Type:3 Event type(s).B Grade : C
Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS

: Dist. to vent: T : Migration :
Max. Intensity: MM at # Felt total : Typer Doformation :  Fooal mach:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbiing :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: Seismic amplitude's increased in late May and reached peak of 3 times normal in early Jun. before
returning to normal.

Between Jan. and early May seismicity was stable. Mid-May numbers and amplitudes of B-type events decreased

markedly. Daily total 1000-5000 but dropped to as little as 30 in May. Seismic amplitudes increased again by the end

of May and reached peak of 3 times normal in early Jun. before returning to normal. Seismic amplitudes began

increasing again in Nov. then fell to 2 times normal in late Nov. and mid Dec. A marked decline was evident from mid

Dec. but a slight increase was noted in late Dec. Most changes in gas emissions corresponded with changes in

seismicity.

BVE No. 22, p. 97.
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ULAWUN New Britain-SW Pac 5.05 S151.33E  VOTW num.:0502-12=

Morphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 2300 m Edifice relief : 3000 m

Range of eruptive products: basalt to basaltic andesite
SWARM DATE: 83/1/25 +5 Dur. (days): 285 115 Type:laq Event type(s):B Grade : B
Max. Magnitude: # EQ total : Seismograph: permanent  oTHER REPORTED OBSERVATIONS

o . Dist.tovent: 3 km Tremor : Migration :

Max. Intens'lty. MM  at g_ Fellt tgtal 0 Type: Willmore MK || Deformation : Fo%al mech:
Depth (km): + vajue . Component : z Gravity : EQ families :
Detection threshold:1.9 Repose (yr.): 2.3 Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: Unfelt B-type shocks recorded from 10 months prior. |

Variations in seismicity were recorded from May 1982, and in 1983, a series of seismic crises took place.

Late Jan. intermittent phreatic explosions were characterized by small amplitude, low frequency earthquakes or by
periods of tremor. The amplitudes of volcanic earthquakes began to increase in mid-Aug. and late in the month, the
earthquakes began to occur more frequently. Unfelt: up to 3000/day.

microtremors: duration ~200 hrs. total period ~ 0.5 sec.

Figs: Daily earthquake counts and relative seismic amplitude.

BVE No. 24, p. 19-20.

SWARM DATE: 83/3/21 +0.5 Dur. (days): 1.58 +0.02 Type: Event type(s): Grade :
Max. Magnitude: # EQ total : Seismograph: permanent OTHER REPORTED OBSERVATIONS

o . Dist. tovent: 3 km Tremor : Y Migration :
Max. Intens!ty. MM at ﬁ Fellt total : Type: Willmore MK |I Deformation :  Focal mech:
Depth (km): + -value . Component : Z Gravity EQ tamilies :
Detection threshold: Repose (yr.): Natural period: 1 Magnetic : Rumbiing :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: A seismic crises occurred on 21-23 Mar. (38 hrs.). ]
A series of seismic crises took place during 1983. Between Mar. and Jul., seismic crises occurred on 21-23 Mar. (38
hrs.), 10 Apr. (12 hrs.), 17 Apr. (18 hrs.), 19 May (10 hrs.), 10-11 Jun. (15 hrs.), 15 Jun. (7 hrs.), 16 Jun. (7 hrs.),
17-18 Jun. (17 hrs.), and 30 Jun.-2 Jul. (48 hrs.). the common feature of these crises was continuous tremor. some
crises commenced with tremor while others developed from frequent discrete volcanic earthquakes. Usually, the
crises ended with a change from continuous to discontinuous tremor followed by discrete earthquakes in declining
frequency. A number of crises were proceeded by a seismic lult of several hours duration.

BVE No. 23, p. 57-58.

SWARM DATE: 83/4/7 +0.5 Dur.(days): 22 1 Type:1a? Event type(s)A Grade : C
Max. Magnitude: # EQ total : Seismograph: permanent  oTHER REPORTED OBSERVATIONS
o . Dist. tovent: 3 km Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Willmore MK I Deformation:  Focal mech:
Depth (km): + b-value : . s a
A . Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :
Key phrase:In addition to the seismic crises, a spat of A-type events took placeon 7, 11, 12, 15, 16, and 20-29 of
April.

See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.

SWARM DATE: 83/4/10 0.5 Dur. (days): 0.5 +0.02 Type: Event type(s): Grade :
Max. Magnitude: . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Me egnsity' M et ;; FE-'(e)ltk::)atlal : Dist.tovent: ~ 3km Tremor: Y Migration :
Depth (km): + b-value : goyfmm:? ore MKz" (D;?;%'a"o"' Egﬂgfc 2: Y

A ’ * M N nes :
Detection threshold: Repose (yr.): Naturalperiod: 1§ Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: A seismic crisis occurred on 10 Apr. (12 hrs.). ]
See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.
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ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num.:0502-12=

Mormphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 2300 m Edifice relief : 3000 m
Range of eruptive products: basalt to basaltic andesite
SWARM DATE: 83/4/17 +0.5 Dur. (days): 0.75 +0.02 Type: Event type(s): Grade :
. ] . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. :\ﬁtagnlle(?e.MM § Eoltk;tat'al. . Dist. tovent: 3 km Tremor : Y Migration :
ax. In ens.lty. at b el otar . Type: Willmore MK || Deformation:  Focal mech:
Depth (km): + -vaiue . Component : Z Gravity EQ families : Y
Detection threshold: Repose (yr.): Naturaipenod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal

[Key phrase: A seismic crisis occurred on 17 Apr. (18 hrs.).

See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.

SWARM DATE: 83/5/19 +0.5 Dur. (days): 0.42 +0.02 Type: Event type(s): Grade :
Max. Magnitude: : Seismograph: permanent _OTHER REPORTED OBSERVATIONS
Max Integnsity' MM at z Eglttig:la' ; Dist. tovent: 3 km Tremor: Y Migration :
Depih (km): : + bvelue - g';oype Wnllr;aore MKZ” gg%r;lahon: Ec(;)c?l mgl?ch: v

i : ‘ mponent : : amilies :
Detection threshold: Repose (yr.): Naturalperiod:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: A seismic crisis occurred on 19 May (10 hrs.).

See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.

SWARM DATE: 83/6/10 +0.5 Dur. (days): 0.63 +0.02 Type: Event type(s): Grade :
; . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

l\Nl:ax. ll\ﬂ;a gnl?uquM t ’; EQltt?tatl l . Dist. tovent: 3 km Tremor : Y Migration :

ax. Intensity: & b e‘ otai - Type: Willmore MK i Deformation:  Focal mech:
Depth (km): ot -value . Component : Z Gravity : EQ families : Y
Detection threshold: Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :
[Key phrase: A seismic crisis occurred on 10-11 Jun. (15 hrs.). ]

See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.

WARM DATE: 83/6/15 +0.5 Dur. (days): 0.29 +0.02 Type: Event type(s): Grade :
, . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
'I:AAax. Il\/ltagm.tuc_ieMM at z Eoltt(:tetllai . Dist. tovent: 3 km Tremor : Y Migration :
ax. In ens_lty. g G-’I 9 : Type: Willmore MK Il Deformation:  Focal mech:
Depth (km): ‘ + vaiue : Component : z Gravity : EQ families : Y
Detection threshold: Repose (yr.): Natural period : 1§ Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 1K Geothermal :

[Key phrase: A seismic crisis occurred on 15 Jun. (7 hrs.).

See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.

SWARM DATE: 83/6/16 +0.5 Dur. (days): 0.29 +0.02 Type: Event type(s): Grade :
. . . Setsmograph: permanent OTHER REPORTED OBSERVATIONS
max- ?Atagm'm('ie.M M ¢ ;;EQM“?&(I - Dist. tovent: 3 km Tremor : Y Migration :
ax. In ens.lty. a ; ael otal : Type: Willmore MK i Deformation :  Focal mech:
Depth (km): + -vaiue ! Component : z Gravity : EQ families: Y
Detection threshold: Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification 1K Geothermal :

[Key phrase: A seismic crisis occurred on 16 Jun. (7 hrs.).

See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.
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ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num. 0502-12=

Morphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 2300 m Edifice relief : 3000 m
Range of eruptive products: basalt to basaltic andesite
SWARM DATE: 83/6/17 +0.5 Dur. (days): 0.7 +0.02 Type: Event type(s): Grade :
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
l\hzax. ll\lltagnl'tut‘:leM M t ngﬂtotte:l l . Dist. tovent: 3 km Tremor : Y Migration :
ax. Intensity: a eit total - Type: Wilimore MK Il Deformation :  Focal mech:
Depth (km): + b-value : Component : Z Gravity : EQ families : Y
Detection threshold: Repose (yr.): Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 1K Geothermal :

[Key phrase: A seismic crisis occurred on 17-18 Jun. (17 hrs).
See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.

SWARM DATE: 83/6/30 +0.5 Dur.(days): 2  +0.02 Type: Event type(s): Grade :
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max' ll\:tagmftugem M t :; EQ“total l . Dist. tovent: 3 km Tremor : Y Migration :
ax. ens!ty, a el total : Type: Willmore Deformation:  Focal mech:
Depth (km): + b-value : Component : z Gravity EQ families : Y
Detection threshold: Repose (yr.): Natural period : 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: A seismic crisis occurred on 30 Jun.-2 Jul. (48 hrs.).
See Mar. 21, 1983 for additional comments.
BVE No. 23, p. 57-58.

SWARMDATE: 83/9/7 +0.5 Dur.(days): 2 +1 Type:2a? Event type(s)t Grade : ¢
Max. Magnitude: # EQ total : Seismograph: permanent  oTHER REPORTED OBSERVATIONS

P . Dist. tovent: 3 km Tremor : Y Migration :
Max. lntensyty. MM at # Fellt t(_)tal : Type: Wilimore MK 1 Deformation : Fog:a| mech:
Depth (km): * b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

Key phrase: Seismic amplitudes were 30-40 times normal on Sept. 7th, and 8th and seismicity characterized by
irreqular tremor produced by frequent explosions.

See Jan. 25, 1983 for additional comments.
BVE No. 24, p. 19-20.
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ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num.:0502-12=

Morphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l. . 2300 m Edifice refief : 3000 m
Range of eruptive products:  basalt to basaltic andesite
SWARM DATE: 83/11/3 +0.5 Dur.(days): 6 +1 Type: Event type(s):B Grade :
. . ) Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnitude: E I: : SERV
Max lntegnsity' MM at z Fcezltt?:;al : Dist tovent: 3 km Tremor:  Migration :
Depth (km): % b-value : Comonem M e e
A N ) . N 1 N
Detection threshold: Repose (yr.): Natural period: 1 Magngtic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

Key phrase: A major seismic crisis began on 3 Nov. Seismic activity remained at high levels until the 8th when it
rapidly declined to normal.

The pattern of declining activity ended abruptly when a new and major seismic crisis began on 3 Nov. Weak

discontinuous tremor began at about 19:00 LT when frequent B-type voicanic earthquakes of large amplitude began

to be recorded. This activity continued over the following two days, but at about 02:00 LT on the 6th, the earthquakes

became continuous. A series of large earthquakes was recorded between 08:00 and 10:00 LT, and during this period

observers near the base of the volcano reported dark emissions from the summit crater.

Seismic activity and the rate of summit emissions remained at high levels until the 8th when they rapidly declined to

normal. At the peak of this crisis, over 3000 volcanic earthquakes per day were recorded.

BVE No. 23, p. 57-58.

SWARM DATE: 83/12/23 +0.5 Dur. (days): 3 1  Type: Event type(s)B,t Grade :
i . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
hh'{llax. :\Atagm?uc.ie.MM t z EC‘;tt(:tatl I. . Dist. tovent: 3km Tremor : Y Migration :
ax. Intensity: a &'l wial . Type: Willmore MK |1 Deformation:  Focal mech:
Depth (km): + b-value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: Another seismic crisis occurred in Dec., between the 23rd and 26th. |

Another seismic crisis occurred in Dec., between the 23rd and 26th. A period of two hours of continuous, low
amplitude harmonic tremor was recorded on 23rd, and was followed by further periods of low amplitude continuous
and discontinuous tremor and numerous large B-type earthquakes. No changes to the normal white vapor emissions
were noted during this crisis.

BVE No. 23, p. 57-58.

SWARM DATE: 84/8/15 +5 Dur.(days): 25 +5 Type:1d Eventtype(s):VE Grade : B
. ] . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

l,:ﬂnax. :\Ata gnlftu(.ie.M M t z EQHtottatl I . Dist. tovent: 3 km Tremor : Y Migration :

ax. Intensity: a et total : Type: Willmore MK Il Deformation : Y Focal mech:

Depth (km): * b-value : Component : z Gravity : EQ families :

Detection threshold: Repose (yr.): Natural period: 1 Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification: 1K  Geothermal :

[Key phrase: Duration from fig. (BVE No. 24, p. 19) ]

The amplitude of volcanic earthquake began to increase in mid Aug. and late in the month began to occur more
frequently. See Jan. 25, 1983 for addition comments.

BVE No. 24, p. 19-20.
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ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num.:0502-12=

Momhology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l. . 2300 m Edifice refief : 3000 m

Range of eruptive products: basalt to basaltic andesite
SWARM DATE: 84/12/24 +0.5 Dur. (days): 29 11 Type:iic Event type(s)B Grade : B

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

ma"' ?Afgn'.t”‘f'e‘MM ’; Eoﬂt‘ﬁ' i Dist tovent: 3 km Tremor: Y Migration :

ax. Intensity: at e| otal : Type: Willmore MK I Deformation : Y Focal mech:
Depth (km): x b-value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

Key phrase: Duration from fig. (BVE No. 25, p. 18) Following ~6 days of increasing seismicity a new eruption
comenced ~Dec. 30 1984

At the peak of seismicity (~1600 earthquakes per day with ampl. ~ 20 times normal levels) on 8 Jan. weak ejections of

tephra. Good fig: Daily number of volcanic earthquakes and relative amplitude.

BVE No. 25, p. 17-19.

SWARM DATE: 85/11/12 +0.5 Dur. (days): 10 105 Type:icq Eventtype(s)B Grade : B
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. :Magnl.tuc.ie.MM z EQlttc;tatl E Dist. tovent:  3km Tremor: Y Migration :
ax. Intensity: at et toial: Type: Willmore MK Il Deformation :  Focal mech:
Depth (km): t b-value : Component : b Gravity EQ families :
Detection threshold: Repose (yr.): Natural period: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

Key phrase: Seismic activity began to increase on 12 Nov. After reaching a peak at ~08:00 on the 22nd seismicity
suddenly declined & within 2 hours the eruption ended.

Seismic activity began to increase on 12 Nov. with the appearance of occasional small discrete 'B’ type volcanic
earthquakes. These increased in size and number over the following 3 days. Activity continued to increase over the
following 2 days with the appearance of harmonic tremor at 16:00 LT on the 17 Nov. At 20:00 Strombolian activity
confirmed. Good fig: Daily counts and relative seismic ampl.

BVE No. 25, p. 17-19.

SWARM DATE: 86/1/22 + Dur. (days): 3 +1 Type:3 Event type(s):VE Grade : C
: . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
ax. In ens_lty. a e él otal : Type: Willmore MK II Deformation:  Focal mech:
Depth (kmy): * vaiue | Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

Key phrase: Between the 22nd and 25th of Jan., 300-500 events per day were recorded. ]

Activity was generally at a low level at Ulawun during 1986, although following the Nov. 1985 eruption, seismicity was
still somewhat elevated in Jan. 1986. In early Jan., 100-200 volcanic earthquakes were recorded daily, and between
the 22nd and 25th, 300-500 events per day were recorded. However, from Feb. until the end of the year, daily
earthquake totals were less than 100.

BVE No. 26, p. 79.

SWARM DATE: 86/5/10 40.5 Dur. (days): 0.13 +0.02 Type:3 Event type(s).LF Grade : B
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max. mtagnnlitu(.ie.M M . ’; EQ"“;:;’ i Dist. tovent: 3 km Tremor : Y Migration :
ax. Intensity: a b el otal - Type: Willmore MK Il Deformation :  Focal mech:
Depth (kﬁﬂ . + value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod : 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal ;

[Key phrase: On May 10, low frequency volcanic earthquakes and harmonic tremor were recorded tor about 3 hours. |
On May 10, low frequency volcanic earthquakes and harmonic treamor were recorded for about 3 hours, and on the
13th and 15th of May, bursts of tremor lasting a few minutes were recorded. Through the year, visible activity
consisted of weak to moderate emissions of white vapor.

BVE No. 26, p. 79.
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ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num.:0502-12=

Mormhology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.. : 2300 m Edifice relief : 3000 m
Range of eruptive products:  basalt to basaltic andesite
SWARM DATE: 87/12/18 +0.5 Dur. (days): 8 +1 Type:3 Event type(s):VE Grade : B
p . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
lr\\.ﬂﬂax. :\Altanlpuc?eM M z Ethtzt?l I ,2850 Dist.tovent: 3 km Tremor : Migration :
ax. Intensity: at eéit total : Type: Willmore MK [I Deformation:  Focal mech:
Depth (km): + b-value : . L P
) Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 1K Geothermal :

Key phrase: A somewhat irregular increase began on 18 Dec. and reached a peak of about 800 events per day on 23
and 24 Dec. Earthquakes then decreased steadily, stabilizing at about 350 events per day after 26 Dec.

The daily totals of volcanic earthquakes increased on 2 Dec. and averaged about 150 until 17 Dec. A further, but

somewhat irregular increase began on 18 Dec. and reached a peak of about 800 events per day on 23 and 24 Dec.

Earthquakes then decreased steadily, stabilizing at about 350 events per day after 26 Dec. The summit was

obscured throughout most of the period of increased seismicity.

BVE No. 27, p. 81.

64




ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num.:0502-12=

Mormhology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l. . 2300 m Edifice relief : 3000 m

Range of eruptive products: basalt to basaltic andesite
SWARM DATE: 88/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

H . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
l\,\/l‘lax. {Vlta gnlftut'ie.M M z ggtk;éat‘aj . Dist.tovent: 3 km Tremor : Migration :
ax. In ens_lty. at bvalue : . Type: Willmore MK I Deformation:  Focal mech:

Depth (km): + value . Component ; z Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Naturalperiod: 1 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 1K Geothermal :

[Key phrase: Place holder for supplementary seismic information in 1988. |

The stronger seismic activity, which began in Nov. 1987, continued in 1988 and persisted until late Jun. 1988. Large
fluctuations were recorded in daily totals of low frequency earthquakes, from as little as 10 to ~ 1800. The amplitudes
of these events was as much as 10 times normal (inter-eruptive) levels. In addition, periods of sub-continuous,
irregular tremor were recorded. Typically, these periods of tremor lasted 1-3 hours an were interspersed with intervals
of seismic quiet of similar duration.

From July until early Oct. seismicity was at a low level. No tremor was recorded and daily totals of low frequency
earthquakes were less than 50.

Seismicity appeared to show a correlation with rainfall. The first half of the year (stronger seismicity) had been wet,
while the period Jul.-Sept. (lower seismicity) was dry. When the wet-season started in early Oct., seismicity increased
again. Between Oct. 5 and 25, higher daily totals of low frequency earthquakes were recorded, up to 575.
Amplitudes of these events remained small. On Oct. 26, periods of low amplitude tremor lasting 1-2 hours began to
be recorded. At the same time, accompanying low frequency earthquakes became stronger, and more frequent.

For the remainder of the year, the seismic records were characterized by bands of low amplitude tremor (BVE Fig.
M2-l). These periods of tremor lasted 1-2 hours and the daily average number of remor periods was 9 in Nov. and 8
in Dec. Daily totals of low frequency earthquakes peaked at 1055 on Nov. 19, and then following a decline increased
again in the last week of Dec.

The pattern of periodic intervals of seismic tremor is reminiscent of the seismicity recorded for about 6 months before
the 1979 eruption at Karkar Island. In that case, the "banded" seismicity was attributed to periodic subterranean
hydrothermal activity similar to the activity of geysers (McKee et al., 1981). The correlation of seismicity with rainfall at
Ulawun in 1988 is indicative of a hydrothermal source. (Information from: C. McKee, Rabaul Volcanological
Observatory, P.O. Box 386, Rabaul, Papua New Guinea).

BVE No. 28, p. 88-89.

McKee, C.O. et al. (1981): Fatal hydro-eruption of Karkar volcano in 1979: development of a maar-like crater. In: R.
W. Johnson (Editor), Cooke-Ravian Volume of Volcanological Papers. Geol. Surv. Papua New Guinea, Memoir 10, p.
63-84.
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ULAWUN New Britain-SW Pac 5.05 S151.33E VOTW num.:0502-12=
Morphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.[.: 2300 m Edifice relief : 3000 m

Range of eruptive products:  basalt to basaltic andesite
SWARM DATE: 88/10/5 +0.5 Dur.(days): 66 +1 Type:lc Eventtype(s).LF Grade : B
Max. Magnitude: # EQ total : S?'s‘“°g"apf‘: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : 0 ?;‘%‘2%3331403 m Dalormation: ¥ Fooatmach:
Depth (km): * b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magpnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 1K Geothermal :

Key phrase: Precursory seismicity started on Oct. 5, 1988, There were no more phases of eruption after Mar. 22. in
1989 seismicity declined irregularly.

The precursory seismicity started on Oct. 5, 1988, when daily totals of low freq. earthquakes began increasing. From

Oct. 26, periods of low ampl. tremor lasting 1-2 hours began to be recorded. At the same time, accompanying low

freq. earthquakes became stronger and more frequent. Through Nov. and Dec. the average daily number of tremor

periods was 9 and 8 respectively. The final phase of precursory seismicity was a progressive increase in the daily

totals of low freq. earthquakes through the last week of Dec. 1988. This increase coincided with a period of heavy rain

fall.

Seismicity was stable at low levels through most of Feb. but began increasing late in the month and in early March

was coincident with a period of heavy rain fall.

Seismicity subsided relatively from March 6-8 but returned to a moderately high level between March 8 and 15,

though with a change in pattern; the tremor periods were replaced with a succession of discrete, emergent events.

Following another period of strong rainfall (March 15) the moderately strong vapor plume was ash-laden (gray) until

March 22. Seismicity showed a different response; it suddenly died out from medium intensity to virtually nothing on

Mar. 17, after a period of strong tremor lasting ~10 min. Subsequently intensitying progressively until Mar. 20 when it

rapidly rose from med. to high, but dropped suddenly to nil on Mar. 22

There were no more phases of eruption after March 22. In 1989 seismicity declined irregularly.

Unfelt shocks freq.: 575-1055/day for 66 days

Micro tremors: duration ca. 990 hours started Oct. 26,1988 ca. 15 hours per day, period ~0.5 sec.

BVE No. 29, p. 24-25.
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RABAUL New Britain-SW Pac 427 S152.20E VOTW num.:0502-14=

Momhology: caldera Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 229 m Edifice relief : 1200 m

Range of eruptive products: basalt to andesite
SWARM DATE: 82/7/1 183 Dur. (days): + Type: Event type(s)VT Grade :
Max. Magnitude: M 5.1 # EQ total : 593"'09'39,“: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Dist tovent:  1km Tremor: —  Migration:

Type: Deformation:  Focal mech:

Depth (km): * b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
|Key phrase: Place holder for 1982. ]

Seismic network in N part of Blanche bay and extended S (total 9 stations). Seismicity essentially consists of shallow
short period volcano tectonic earthquakes originating from 6 km to near surface depths. Longer period harmonic
events are much less common. Typically swarms last from several (10) minutes to hours. M5.1 measured in period
from Jan -Feb. 1982. Figs: seismicity, epicenter density contours.

BVE No. 22, p. 98-101.

SWARM DATE: 83/9/15 +15 Dur. (days): 630 +30 Type:3 Event type(s): Grade : B
Max. Magnitude: ML5.0 #EQtotal : 20199  OSeiSmograph: permanent  OTHER REPORTED OBSERVATIONS
o . Dist. tovent: 1 km Tremor : Migration :
gea;tr:n(tlfmnﬁty MM :l:at §-5:||:xet9tal : Type: Deformation : ¥ Fogal mech:
A . y Component : Gravity : EQ families :
Detegtion threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magpnification : Geothermal :

IKey phrase: Duration from fig. BVE No. 25, p. 58. |

From 1971 to mid-1983 seismicity had shown a trend of progressively greater numbers of events in successive
swarms. Depth = ( 0-4 km ), strongest magnitudes ML about 5.0, caldera floor uplift = 10 cm per yr. Since 1971
seismicity and uplift in greater numbers.

Month #EQs Max. M Max. monthly titt rate Crises
Sept. 2135 4.2 50 ur 1
Oct. 5199 4.0 60 2
Nov. 5748 3.2 43 2
Dec. 7117 3.8 18 0

Figs: epicenter map.

BVE No. 23, p. 58.
BVE No. 25, p. 58.

SWARM DATE: 84/4/22 + Dur. (days): + Type: Event type(s): Grade :
Max. Magnitude: M 5.1 # EQ total : Selsmograph. pem‘aﬂem OTHER H-EPORTED OB.SERV'ATK.)NS
Max. Intensity: MM at # Felt totai : Py o Tk emation Y Foga mech: |
Depth (km): + b-value : Component : Gravty:  EQfamilies:
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbiing :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1984 ]

Linearly-increasing intensities of successive swarms of volcanic earthquake for past 12 years. Most seismicity
occurring in swarms where tens to hundreds of events occurring in minutes to an hour are recorded. Most intense
swarms where >=150 events per 24 hours. have been designated ‘crises’. Almost all events are high frequency
tectonic-like events. Between Jan-Apr., 1984 average frequency 200-400 events per days peak strength on Mar. 3
with M5.1 quake. Peak freq. on Apr. 22 = 1700 events and included a M4.8 event. The frequency decayed to 100 per
day by Sept. 1984. A M4.9 event occurred in crises culminating on Oct. 18 after resurgence of activity in early Oct.
1984. activity decayed after this. In total 19 seismic crises occurred in 1984. Earthquakes in the beginning of ‘crises’
tend to be concentrated in local area and include >= 1 events M>=3.0 following couple days, earthquakes tend to be
all over. Figs: Monthly earthquake counts, epicenter maps.

BVE No. 24, p. 63-64.
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RABAUL New Britain-SW Pac 4.27 S152.20E VOTW num.:0502-14=

Morphology: caldera Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 229 m Edifice relief : 1200 m

Range of eruptive products: basalt to andesite
SWARM DATE: 85/3/3 +0.5 Dur. (days):<1 + Type:3  Event type(s)HF Grade : C

. . . Seismograph: permanent  GTHER REPORTED OBSERVATIONS

Max. Magnitude: ML3.6 # EQ total : 649 - . . At -
Max. intensity: MM at # Felt total : _Dr;'ssét:o vet:  1km -[r)ﬁg%étion .y ggaﬁt:?\géh:
Depth (km): * b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 1s Magnetic : Rurmbiing :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: Activity increased slightly during Mar. with a seismic crisis on the 3rd R

Following the period of intense seismicity and ground deformation which led to a volcano alert at Rabaul Caldera
during 1983 and 1984, the activity generally declined throughout 1985 (Fig. 1 in BVE No. 25). The earthquakes
continued to occur mainly on the caldera ring-fauit as in 1984, with the strongest concentrations on the northern and
western portions of the fault (Fig. 2).

in Jan. and Feb., the numbers of earthquakes recorded in the caldera were 1297 and 1672, respectively. All the
events were of small magnitude with the largest being ML 3.0.

Activity increased slightly during Mar. with a seismic crisis on the 3rd in the area west and northwest of Matupit Island.
649 earthquakes, including an ML 3.6 event, were recorded on the day of the crisis, and the total of earthquakes for
the month was 2052.

BVE No. 25, p.58-59.

SWARM DATE: 85/5/11 +0.5 Dur. (days): + Type:3 Event type(s)HF Grade : C
Max. Magnitude: ML3.7 . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity. MM et £ Falt totmi - Disttovent:  1km  Tremor. .y Migration

- - b-vaiue - Type: Defqmatnm ;Y Focal mgch.
Depth (km): * : Component : z Gravity : EQ families :
Detection threshold: Repqse (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
Key phrase:On May 11th a large earthquake (Ms 7.1) triggered the last seismic crisis which has occurred to date in

the caldera.

On May 11th a large earthquake (Ms 7.1) 180 km to the southwest, was strongly felt (MM V) in Rabaul, and triggered
the last seismic crisis which has occurred to date in the caldera. The crisis occurred on the western side of the
caldera near Vuican. The largest event had a magnitude of 3.7. There were no significant ground deformations
associated with the seismic crisis.

Throughout the rest of the year, the numbers of earthquakes steadily decreased. By Aug.. the earthquake count (236
per month) had returned to levels similar to those before the volcano alert. In Dec. there were less than 50 events for
the month.

BVE No. 25, p. 58-59.
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RABAUL New Britain-SW Pac 4.27 S152.20E VOTW num.:0502-14=

Morphology: caldera Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 229 m Edifice relief : 1200 m

Range of eruptive products: basalt to andesite
SWARM DATE: 86/4/15 +15 Dur. (days): 90 +15 Type:3 Event type(s):HF Grade : B

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

Max. Magm_tuclje. ML2.7 # EQ total : _6183 Dist.tovent: 1 km Tromor - Migration :
Max. IntenSlty. MM at # Feh total : Type. Deformation : Focal mech:
Depth (km): * b-value : Component ; z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 15 Magnetic : Rumbling :
Cum. energy release: 2.3e+8 J Previous swarms: Y  Magnification : Geothermal :

[Key phrase: A significant increase in seismicity was noted in Apr. this higher level of activity persisted until Jul. |

During the first three months of 1986, seismicity was at levels similar to those observed before the 1983-85 crisis
period (Mori et al., 1986). Monthly totals of caldera earthquakes were: January 72, Feb. 317, March 223. Only a few
events were large enough to be located and these originated from the caldera fault zone. There were no caldera
earthquakes of magnitude (ML) 2.0 or greater in this period, and the seismic energy release was less than 5e13 ergs.
A significant increase in seismicity was noted in April (Fig. 1, BVE No. 25, p.58) when almost 1800 caldera
earthquakes were recorded. This higher level of activity persisted until July. The total number of earthquakes
recorded in this 4 month period was 6183. The average monthly totals of events from April-July was 1455 but, unlike
previous periods of increased activity, no seismic crises occurred. Most of the events were located on faults bounding
the caldera (Fig. 2, BVE No. 25, p.58), as in the period 1971-1985 (Mori and McKee, 1987), but a number occurred
within the central part of the caldera block. These events appeared to be of different character to the normal caldera
tault zone events in being emergent and of lower frequency and longer duration. The increase in duration was about
50%. The strongest caldera earthquake during this period was a magnitude ML2.7 event on 13 April, and the total
seismic energy release was 2.3e5 ergs.

Activity declined in August, and a generally low level of activity persisted to the end of the year. Monthly earthquake
counts (Fig. 1) ranged between 173 and 316 (average 261), and the total number of events for this 5 month period
was 1306.

BVE No. 26, p 79-81.

Mori, J., and McKee, C. (1987): Outward dipping ring fault structure at Rabaul Caldera as shown from
micro-earthquake locations. Science, vol. 235, p. 193-195.

Mori, J., McKee, C., Itikarai, |., Lowenstein, P., de Saint Ours, P., and Talai, B. (1986): Account and interpretation of
the seismicity during the Rabaul seismo-deformational crisis September 1983 to July 1985. Geol. Surv. PNG. Rep.,
96/26.

SWARM DATE: 86/11/25 +0.5 Dur. (days): 1.5 +1 Type:3 Event type(s): Grade: C
Max. Magnitude: ML3.0 # EQ total : Sg:smograp'rl: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : P Vet 1km oMo - ion s igration :
Depth (km): t b-value : Component : Gravity:  EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: 5.2e+8 J Previous swarms: Y  Magnification : Geothermal :

[Key phrase: A series of earthquakes on 25-26 November (maximum ML3.0).

Although earthquake counts were low, there was proportionally a greater number of stronger events than in the
preceding period (Apr.-Jul.), which resulted in greater seismic energy release (5.2 x10e+15 ergs). Nearly all of this
energy release was due to a series of earthquakes on 25-26 November (maximum ML3.0). The pattern of
earthquake locations in this period resembles that of April-July, in which most events originated from the eastern and
western segments of the caldera seismic zone, but a number occurred within the central part of the caldera block.
BVE No. 26, p 79-81.

Mori, J., and McKee, C. (1987): Outward dipping ring fault structure at Rabaul Caldera as shown from
micro-earthquake locations. Science, vol. 235, p. 193-195.

Mori, J., McKee, C., ltikarai, |., Lowenstein, P., de Saint Ours, P., and Talai, B. (1986): Account and interpretation of
the seismicity during the Rabaul seismo-deformational crisis September 1983 to July 1985. Geol. Surv. PNG. Rep.,
96/26.
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RABAUL New Britain-SW Pac 4.27 S152.20E VOTW num.:0502-14=
Mormhology: caldera Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 229 m Edifice relief : 1200 m
Range of eruptive products:  basalt to andesite
SWARM DATE: 87/7/1 +183 Dur. (days): + Type: Event type(s):HF Grade :
. . . Seismograph: permanent  GTHER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : : SERV
P . Dist.tovent: 1k Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: m Deformation:  Focal mech:
Depth (km): * b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: Place holder for 1987. Seismicity at a low level in 1987. ]

Seismicity continued to decline during Jan.; 78 small events were recorded compared to 173 in Dec. In Feb.
seismicity remained at a low level but increased to 155 recorded events from 78 in Jan. The earthquakes were
concentrated at the NE and NW parts of the caldera seismic zone.

In Mar. seismicity was at a very low level; only 134 small events ware recorded. Seismicity remained at a very low level
in April with 103 events recorded. Only 5 events were large enough to be located. All originated from the Greet
Harbor area and 4 were immediately N of Tavurvur Volcano (4514', 152E13") in the E part of the caldera.

Seismicity continued at a very low level, with 84 events recorded in May, compared to 103 in Apr. Of the 7 events that
could be located 2 were outside the caldera NE of the city of Rabaul, an unusual location.

A low level of activity continued in Jun. with 128 caldera earthquakes. Most of the 19 located events in Jun. occurred
on the NW part of the caldera seismic zone.

A low level of activity continued at Rabaul in July with 107 caldera earthquakes recorded, compared to 128 in Jun.
About 20% of these caldera earthquakes for the month were located; normally only 5-10% of the recorded events are
locatable. Most of the Jul. events were distributed in a broad NE-treading zone linking the NE and SW parts of the
caldera.

In Aug. seismicity declined to its lowest level since the 1983-85 unrest: only 34 caldera earthquakes were recorded,
compared to 78-155 per month in the last 7 months. There were periods of several consecutive days with no events
and only 3 small events were recorded 13-20 Aug. The 6 located earthquakes were in the Greet Harbor and Karavia
Bay areas (NE and E parts of the caldera).

In Sept. seismicity at Rabaul remained at a low level with 69 events. The 4 located events were in the Beehives area
and N Blanche Bay (E part of the caldera).

Seismicity has remained at a very low level during Oct. with only 33 events recorded. The 10 events large enough to
be located occurred in the Greet Harbor and Vulcan areas (NE and W-central caldera).

Seismicity has remained at a very low level during Nov.; only 34 events were recorded. The 8 events large enough to
be located occurred in the Greet Harbor, Vulcan-Matupit Island areas (NE and W-central caldera).

In Dec., seismicity reached its lowest level since Sept. 1979; only 24 caldera earthquakes were recorded. The single
event large enough to be located was beneath Tavurvur cone.

Table: Number of recorded small seismic events per month in 1987.

Month 1 2 3 4 S5 6 7 8 9 10 1 12
Num. 78 155 134 103 84 128 107 34 69 33 34 24
fig: monthly totals 1972-1987.

BVE No. 27, p. 81-83.
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RABAUL New Britain-SW Pac 4.27 S152.20E VOTW num.:0502-14=

Morphology: caldera Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 229 m Edifice relief : 1200 m
Range of eruptive products: basalt to andesite
SWARM DATE: 88/8/15 +15 Dur. (days):<30 + Type:3 Event type(s): Grade : B
. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
m:ﬁ mfggquei\mas t f# EC}ttc;tatl I ‘1 392 Dist. tovent:  1km Tremor : Migration :

- ity: a elt total : Type: Deformation:  Focal mech:
Depth (km): x b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: The largest monthly total of 1,392 events recorded in Aug. was due to a series of seismic swarms a total
of 170 events were recorded on the 16th alone.

Through most of 1988, seismic activity at Rabaul Caldera was at a normal background level. The general trend of

monthly totals of caldera earthquakes showed an increase from Jan. to Aug. and then a decline (BVE No. 28, p. 89,

fig. M31). The largest monthly total of 1,392 events recorded in Aug. was due to a series of seismic swarms a total of

170 events were recorded on the 16th alone. This was the highest monthly earthquake totai since Jun. 1986 when

1,570 events were recorded. Most of the earthquakes had ML < 2, however some larger events were recorded.

Apr. 10 (2.8), Aug. 16 (2.1). Aug. 30 (2.5, 2.1), Oct. 30 (2.6). Ali of these shocks were felt on Matupit Island near the

center of the caldera. The amount of seismic energy released was greatest in Apr. (1.2 x10e+15 ergs) compared to

the total of 1.0 x10e+15 ergs for the rest of the year. Most of the locatabie earthquakes in 1988 were concentrated

around the NE, NW and W parts of the caldera seismic zone (BVE No. 28, p. 89 Fig. M3-2).

fig: monthly counts and epicenter map for 1988.

BVE No. 28, p. 89-90.

SWARM DATE: 89/10/20 +0.5 Dur. (days): 1.5 +0.5 Type:3 Event type(s): Grade : B

Max. Magnitude: 2.7 # EQ total : 67 Seismograph: permanent  OTHER REPORTED OBSERVATIONS
o . Dist. tovent:  1km Tremor : Migration :

hDdea;thln(tker:?'ty MM iat g_saellﬁet?tal Y Type: gfformaﬁon Y Ecécal mech:

! : y Component : avity : families :
Detection threshold: Repose (yr.): Natural period : Magngﬁc : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: In Oct., a swarm took place: 83 events on Oct. 20-21. J

Seismic activity remained at normal background leveis through most of 1989, but increased late in the year. Monthly
totals of caldera earthquakes were low between Jan. and Sept. with an average of 155 events per month. A
progressive increase in activity took place between Oct. and Dec. with a total of 886 caldera earthquakes recorded in
Dec. Most of the earthquakes in the period Oct. to Dec. occurred in small swarms. Over the whole year a total of
145 events were large enough to be located. This represents ~5% of the year's total. Depths ranged from near
surface to 5 km. earthquake magnitudes were < M2.7. Seismic energy output for the year was 2.73 x10e15 ergs ~
55% was released in Nov.

In Oct., a total of 2 swarms took place; 83 events on Oct. 20-21 and 67 events on Oct. 24. In Nov. there were 4
swarms, which occurred on Nov. 12 (36 events), 17-18 (138), 20 (39) and 24 (84). A few events from the swarms on
Nov. 17-18 and 20 were weakly felt { MM Il-ll[) on Matupit Island in the central part of the caldera. The swarms in Dec.
occurred on 12 (52 events), 13 (121), 18 (45) and 24 (76), but none of the earthquakes in theses swarms were feit.
Fig: Num. of earthquakes. monthly totals, Epicenter map.

BVE No. 29, p. 95-96.
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RABAUL New Britain-SW Pac 4.27 S152.20E VOTW num.:0502-14=

Momhology: caldera Tectonic framework: Convergent (arc)

Elevation above m.s.l. . 229 m Edifice relief : 1200 m

Range of eruptive products:  basalt to andesite
SWARM DATE: 89/10/24 +0.5 Dur. (days):<1 + Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total : 67 s‘?smwra",h: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total: 0 ?%éo vent:  1km gﬁgﬂr@bn Y I‘\:Aégcraa;iggéh:
Depth (km): * b-value: Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: In Oct., a swarm took place; 67 events on Oct. 24. |
See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.

SWARM DATE: 89/11/12 +0.5 Dur. (days):<1 + Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total : 36 Seismograph: permanent  0THER REPORTED OBSERVATIONS

o . Dist. to vent: 1 km Tremor : Migration :
gz;ﬂ:f}m?'fy MM ;tat g_s:l'f]et‘?ta' : 0 Type: Deformation : Y Focal mech:
Detection threshold: Repose (yr.): ﬁc;trzrpa'on;r:}dd: I\G/l:gr?gtib: Sﬁ!rr‘m:ge? '
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: In Nov. there were 4 swarms, which occurred on Nov. 12 (36 events), 17-18 (138), 20 (39) and 24 (84). ]
See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.

SWARM DATE: 89/11/17 +0.3 Dur. (days): 1.5 0.5 Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total : 138 Seismograph: penmanent  oTHER REPORTED OBSERVATIONS
Max. Intensity: MM atikm  #Felt total: 3 Qistlovent:  Thm Lo ion:Y Lo
Depth (km): + b-value : ) Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase:In Nov. there were 4 swarms, which occurred on Nov. 12 (36 events), 17-18 (138), 20 (39) and 24 (84). |
A few events were felt. See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.

SWARM DATE: 89/11/20 +0.5 Dur. (days):<1 & Type:3 Event type(s): Grade : B
Max. Magnitude: # EQtotal - 39 Sgismograpf\: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MMIii at1 km # Felt total: 3 ?—';,’;eto vent:  1km g:&%éﬁon -y gé%ﬁi:?‘géh:
Depth (km): * bvalue: Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: In Nov. there were 4 swarms, which occurred on Nov. 12 (36 events), 17-18 (138), 20 (39) and 24 (84). ]
A few events were felt.See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.

SWARM DATE: 89/11/24 +0.5 Dur. (days):<1 & Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total - 84 Seismograph: permanent  OTHER REPORTED OBSERVATIONS
P . Dist. to vent: 1 km Tremor : Migration :
g:xtr:'}t;:)s‘ty MM :tat ﬁ-saellfleptal : 0 Type: Deformation : Y Focal mech:
pn {(xm): . Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: In Nov. there were 4 swarms, which occurred on Nov. 12 (36 events), 17-18 (138), 20 (39) and 24 (84). |
See Oct. 20, 1989 for additional comments.
BVE No 29. p. 95-96.
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RABAUL New Britain-SW Pac 4.27 S152.20E VOTW num.:0502-14=

Morphology: caldera Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 229 m Edifice relief : 1200 m

Range of eruptive products: basalt to andesite
SWARM DATE: 89/12/12 +0.5 Dur. (days):<1 ¢ Type:3 Event type(s): Grade: B

. ] . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magnl‘tuc.ie. # EQ total : _52 Dist. tovent: 1km Tremor : Migration :
ax. lﬂtenslty. MM at # Felt total: O Type- Deformation : Y Focal mech:

Depth (km): kS b-value: Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification Geothermal :

[Key phrase: The swarms in Dec. occurred on 12 (52 events), 13 (121), 18 (45) and 24 (76).

None of the earthquakes in theses swarms were felt. See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.

SWARM DATE: 89/12/13 +0.5 Dur. (days):<t  + Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total : 121 St.aismograp.h: permanent OTHER RFPOHTED OB_SER\{ATIC?NS
Max. Intensity: MM at #Felt total: 0 %‘sr‘,é‘f vent:  1km e ion -y hgration |
Depth (km): * b-value : ) Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: The swarms in Dec. occurred on 12 (52 events), 13 (121), 18 (45) and 24 (76).

None of the earthquakes in theses swarms were felt. See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.

SWARM DATE: 89/12/18 +0.5 Dur. (days).<1 + Type:3 Event type(s): Grade : B

. . , Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magmf(u?e. # EQ total : ,45 Dist. to vent: 1 km Tremor : Migration :
Max. lnteHSIty. MM at # Fe“ tota! . O Type- Def“maﬁon . Y Fmal mech:
Depth (km): + bvalue: Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

IKey phrase: The swarms in Dec. occurred on 12 (52 events), 13 (121), 18 (45) and 24 (76).

None of the earthquakes in theses swarms were felt. See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.

SWARM DATE: 89/12/24 +0.5 Dur. (days):<t  + Type:3 Event type(s): Grade : B

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnlf(uc.ie. # EQ total : ,76 Dist.tovent: 1km Tremor : Migration :
Max. Intensity: MM at # Felt total: 0 Type: Deformation : Y Focal mech:
Depth (km): £ b-value: Component : Gravity : EQ famifies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal

[Key phrase: The swarms in Dec. occurred on 12 (52 events), 13 (121), 18 (45) and 24 (76).
None of the earthquakes in theses swarms were felt. See Oct. 20, 1989 for additional comments.
BVE No. 29, p. 95-96.
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BAGANA Bougainville-SW Pac 6.14 S155.19E VOTW num.:0505-02=

Momhology: strato with lava dome Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 1702 m Edifice relief : 1360 m
Range of eruptive products:  andesite

SWARM DATE: 83/9/28 =+ Dur. (days):>92 + Type:1d? Event type(s)B,A Grade: C

#da: . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
R/Inax. IIVIagnl'tu(EieMM z EQltt(:ta;lai . Dist. tovent: 2km Tremor : Migration :
ax. Intensity: at reine Type: Mark L4C Deformation :  Focal mech:
Depth (km): ES vaiue - Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magpnification : Geothermal :

Key phrase: After permanent telemetered network was installed on Sept. 28, 83 an avg. of 40-50 A-type and 200
B-type events/day were recorded in Oct., Nov., and Dec. 83.

Portable seismometer 2 km from summit recorded 540 B--type events and a few A-type events in 24 hr of recording.

After permanent telemetered network was installed on Sept. 28, 83 an avg. of 40-50 A-type and 200 B-type

events/day were recorded in Oct., Nov., and Dec. 83.

BVE No. 23, p. 16-17.

SWARM DATE: 84/10/19 +0.5 Dur. (days):>27 + Type:1d? Event type(s):VE,t Grade : B

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnn}u(fie. # EQ tofal : . Dist. tovent: 2 km Tremor : Y Migration :
Max. Intensity: MM at #Felt total : Type: Mark L4C Deformation:  Focal mech:
Depth (km): + b-value : Component:  Z Gravity : EQ families : Y
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: By Nov 8 frequency of volcanic earthquakes >1000 per day along with periods of large amplitude
volcanic tremor occuring for several hours.

Decrease in eruptivity from Apr.-Sept. 1984 accompanied by low levels of seismicity >10 volcanic earthquakes per day

of small magnitude. With new eruptivity in Oct. 1984 frequency of volcanic earthquakes form 10 to > 100 per day by

Oct. 19, 1984. From Oct. 12 onward, volcanic tremor recorded (sub-continuous occasionally). By Nov. 8 frequency

of volcanic earthquakes >1000 per day along with periods of large ampl. volcanic tremor occurring for several hours.

Unfelt frequency <10 per day in 1983.

BVE No. 24, p. 20-21

SWARM DATE: 85/11/15 +5 Dur. (days): 25 +10 Type:2a? Eventtype(s):VE Grade : B
Max. Magnitude: # EQ total : 150 Seismograph: permanent  OTHER REPORTED OBSERVATIONS

P 1. Dist. tovent: 2km Tremor : Migration :
gg;tr:r}nt;)SIty MM :tat g-\fglllzetgtal Y Type: Mark L4C Deformation : Focal mech:
Detection threshold: Repose (yr.): ﬁ%’ﬁ%’}i’ﬁw : %s a;?r?glic : E%%Eigezs '
Cum. energy release: Previous swarms : Y  Magnification : Geothermal

Key phrase: Seismicity increased in the middle of Nov. to about 60 events per day. However, there was a decline to
5-20 per day in late Dec.

A phase of stronger activity began in Oct. 1984 and continued until Feb. 1985. Seismicity was at a relatively low level
and daily totals of volcanic events ranged from a few to about 20. Activity was at back to normal from Mar. to Nov.
However, begining mid-Aug. until end of Oct. there was a slight increase in seismicity. The daily total of volcanic
events ranged from 4 to 15. Seismicity increased in the middle of Nov. to about 60 events per day. However, there
was a decline to 5-20 per day in late Dec.

BVE No. 25, p. 20.

SWARMDATE: 86/2/5 +3 Dur.(days): 9 +6 Type:1d? Eventtype(s):VE Grade: C
Max. Magnitude: # EQ total : Seismograph: permanent  OTHER REPORTED OBSERVATIONS
o . Dist.tovent: 2 km Tremor : Y Migration :
I\gax.llnt‘:enSfty. MM at g‘Fellt total: 0 Type: Mark L4C Deformation : Y Focal mech:
epth (km): * vaiue . Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

IKey phrase: A period of stronger activity was preceded by several days of increased seismicity. |
A moderate level of eruptive activity began in Nov. 1985 continued until mid Feb. This period of stronger activity was
preceded by several days of increased seismicity including three periods of tremor 30 minutes long on 5-6 February.
BVE No. 26, p. 17-18.
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BAGANA Bougainville-SW Pac 6.14 S155.19E VOTW num.:0505-02=

Morphology: strato with lava dome Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1702 m Edifice relief : 1360 m

Range of eruptive products: andesite
SWARM DATE: 86/2/16 +1 Dur.(days): 159 16 Type:1d? Event type(s):VE Grade : C

. i . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
L\Aﬂax. :\Aagnlﬁuc‘ieMM z EC‘: tc;tatlal. -0 Dist. tovent: 2km Tremor : Y Migration :
ax. Intensity: at elt total: Type: Mark L4C Deformation : Y Focal mech:

Depth (km): + b-value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: Daily number of volcanic earthquakes increased suddenly from about 60 to 175 by 16 Feb., but
progressively declined to 30 by late Jul.

The daily number of volcanic earthquakes increased suddenly from about 60 to 175 by 16 Feb. and was still at a high
level (> 100 events per day) by mid-Mar. before gradually decline to about 20 events per day by late-Mar. and then
increased slightly again to about 50-70 events per day in Apr. and May. There was a further slight increase in the
daily number of volcanic events to about 90-95 during the first half of Jun. but progressively declined to 30 by late Jul.

BVE No. 26, p. 17-18.

SWARM DATE: 86/8/15 +5 Dur.(days): 35 +10 Type:1d? Event type(s).VE Grade : C
Max. Magnitude: # EQ total Seismograph: permanent  OTHER REPORTED OBSERVATIONS
. . Dist.tovent: 2km Tremor : Y Migration :
Max. Intensity: MM at #Felt total: 0 Type: Mark L4C Deformation : Y Focal mech:
Depth (km): £ b-value : Component : z Gravity EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification Geothermal :
Key phrase: Seismicity progressively increased to 70 events per day by mid-Aug. but declined to about 20 events daily
in late-Sep.

Seismicity progressively increased to 70 events per day by mid-Aug. but declined to about 20 events daily in late-Sept.
and was at a very low level (5 events per day) between Oct. and Dec.

BVE No. 26, p. 17-18.

SWARM DATE: 87/3/112 +0.5 Dur.(days): 4 +1 Type:la Eventtype(s): Grade : B
Max. M . . . Sgismograph: permanent  OTHER REPORTED OBSERVATIONS
szx In?egnnsl:t'.;/('jeMM at fp Egtk::)etllal . Dist. t.o vent: 2 km Tremor Migration :
St e B g, g Dener
| . . : vity i :
Detection threshold: Repose (yr.): Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
Key phrase: increased seismic activity on 12 and 15 Mar. was followed by a period of stronger activity beginning 27
Mar.

Visual observations and seismicity indicated that viscous lava extrusion was probably continuing at a low level in Jan.
In Feb., seismic activity appeared to be unchanged from last month's low level. Eruptive activity continued through
Mar. apparently accompanied by increased seismicity. Increased seismic activity on 12 and 15 Mar. was followed by
a period of stronger activity beginning 27 Mar. that probably persisted through 1 or 2 Apr.

BVE No. 27, p. 15-16.

SWARM DATE: 87/4/6 0.5 Dur. (days):<t & Type:1e Event type(s): Grade : B
Max. Magnitude: # EQ total : 60 Seismograph: permanent  OTHER REPORTED OBSERVATIONS
. . Dist. tovent:  2km Tremor : Migration :
gea;tl:r}tl?rg?‘ty MM iat Etf:xlﬁ etqtal ’ gOYDe: Mark L4C Deformation:  Focal mech:
A : . mponent : Zz Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magngtic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

IKey phrase: Seismicity increased considerably 16 Apr. when about 60 events were recorded.
Seismicity increased considerably 16 Apr. when about 60 events were recorded.
BVE No. 27, p. 15-16.
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BAGANA Bougainville-SW Pac 6.14 S155.19E VOTW num.:0505-02=

Momhology: strato with lava dome Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 1702 m Edifice relief : 1360 m
Range of eruptive products: andesite

SWARM DATE: 87/9/1 +0.5 Dur.(days): 8 +1 Type:la Event type(s)HF,t Grade : B

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magntftuc.ie. # EQ total : . Dist. fovent: 2km Tremor : Y Migration :
Max. Intensity: MM at #Felt total : Type: Mark L4C Deformation :  Focal mech:
Depth (km): + b-value : Component:  Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

IKey phrase: Eight days before this activity an increase of high-frequency earthquakes began. ]

On 8 Sept., between 06:00 and 08:00, a series of pyroclastic flows descended the east flank of Bagana. Eight days
before this activity an increase of high-frequency earthquakes began. By about 5 Sept. seismicity had built up to
several hundreds of these events per day. At the presumed time of the pyroclastic avalanches, a high-frequency
tremor was recorded which lasted about 2 hours.

BVE No. 27, p. 15-16.

SWARM DATE: 88/10/7 +0.5 Dur.(days): 1 105 Type:id Eventtype(s)B,HF,E Grade: C

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
k/lﬂax. llVItagmftuc'!eMM t § EQItt(;tet“ ] ,1 500 Dist. tovent: 2km Tremor : Migration :

ax. Intensity: a el total: Type: Mark L4C Deformation :  Focal mech:
Depth (km): + b-value : . e e

| . Component : Z Gravity : EQ families :

Detection threshold: Repose (yr.): Naturalperiod : 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 36K  Geothermal :
[Key phrase: Oct. 7 there was a swarm of 1,500 small high-frequency explosion type earthquakes recorded. |

From the beginning of the year seismicity was at a low ievel and consisted of only a smali number of B-type
earthquakes (up to 15 per day). However. in early Sept. seismicity changed and began to include emergent, high
frequency, long-duration events, interpreted to be the product of rock slides. The appearance of these events
suggested a higher rate of lava effusion.

An aerial inspection of Bagana on Sept. 5 confirmed the seismic evidence of a higher rate of lava effusion. Seismic
activity during Oct. was steady with up to 12 B-type events recorded daily. Rockfall events were occurring at a daily
rate of 90-300. Seismicity in Nov. was low in the first few days (< 10 B-type events per day). However, on Oct. 7 there
was a swarm of 1500 small-high frequency explosion type earthquakes recorded. Visual observation reports indicated
rock slides possibly containing incandescent material, occurring on the E slopes on Oct. 6 and pale brown dust rising
from the same area on Oct. 7th. Seismicity declined after Oct. 7th to a few high frequency events and about 15
rockslide events per day, indicating continuing siow steady extrusion of lava. Seismic monitoring of Bagana ceased
on Dec. 2 as a result of civil disturbances. No reports of any unusual volcanic activity were received in Dec.

BVE No. 28, p. 20-21.
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BAGANA Bougainville-SW Pac 6.14 S155.19E VOTW num.:0505-02=
Morphology: strato with lava dome Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1702 m Edifice relief : 1360 m
Range of eruptive products: andesite
SWARM DATE: 89/7/1 +183 Dur. (days): + Type:1d? Event type(s).LF Grade :
. . . Seismograph: permanent
Max. Magnitude: # EQtotal - Disttovent: 2km  Tremor: - Migration .
ax. Intensity: MM at # Felt total : Type: Mark L4C Deformation ©  Foeal mech:
Depth (km): * b-value : Component : y4 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod:  1s Magpnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 36K  Geothermal :
[Key phrase: Piace hoider for 1989. ]

Brief period of seismic monitoring , from Mar. 8 -Apr. 12 was dominated by relatively long-duration, high frequency ,
spindle-shaped events attributed to rockfalls on the margin of the active lava flow. Daily totals of these events 90-300.
Monitoring resumed on Sept. 28. Consistent with visual observations, the seismograms contained a large number of
rockfall events ~100-200/day. A few low and high freq. volcanic earthquake were also recorded daily. Activity during
Oct.-Dec. 1989 was dominated by rockfall events with daily totals of 2-94 event. Low frequency events were recorded
at 0-8 per day Oct., 0-4 per day in Nov. and Dec. Two swarms of discontinuous tremor were also recorded in Dec.
(1/2 hour on 8th and 3 hours on 21st).

BVE No. 29, p. 26-27.

SWARM DATE: 89/12/8 +0.5 Dur. (days): 0.02 +0.02 Type: Event type(s)t Grade : ¢

Max. Magnitude: # EQ total : szismograph: permanent OTHER REPORTED OBSERVATIONS
. . Dist. tovent: 2km Tremor : Y Migration :

gea;tr:r?kerrslty MM iat g-sgllﬂ e‘S’ta' : Type: Mark L4C gefu;lmation : Fo%ral mech:

. : : Component : z ravity : EQ families :
Detection threshold: Repose (yr.): Naiu?; period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 36K  Geothermal :

[Key phrase: A swarm of discontinuous tremor was recorded in Dec. (1/2 hour on 8th). ]

See Jul. 1, 1989 record for additional comments.
BVE No. 29, p. 26-27.

SWARM DATE: 89/12/21 +0.5 Dur. (days): 0.02 +0.01 Type: Event type(s)1 Grade : ¢
. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS

Max. Magnlf(uqe. # EQ total : . Dist. tovent: 2km Tremor : Y Migration:

Depth (km): + b-value : Component : z Gravity:  EQfamilies:

Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbiing :

Cum. energy release: Previous swarms : Y  Magnification : 36K Geothermal :

[Key phrase: A swarm of discontinuous tremor was recorded in Dec. (3 hours on 21st). ]

See Jul. 1, 1989 record for additional comments.
BVE No. 29, p. 26-27.
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AMBRYM Vanuatu-SW Pacific 16.25S 168.12E  VOTW num.:0507-04=
Morphology: strato with caldera Tectonic framework:

Elevation above m.s.l. ;. 1334 m Edifice relief : 3800 m

Range of eruptive products: basalt
SWARM DATE: 89/4/29 + Dur. (days): + Type: Event type(s): Grade :

. . . Seismograph: none? OTHER REPORTED OBSERVATIONS

Max. Magnl'tuciie. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: Place holder for Apr. 29, 1989 eruption. Local inhabitants said the eruption was normal for the volcano
even though there were more smalil earthquakes than in 1986 or 1988.

On the night of Apr. 29, local inhabitants said the eruption was normal for the volcano even though there were more

loud roaring noises and small earthquakes than in 1986 or 1988.

BVE No. 29, p. 28.

SEAN Vol. 14, no. 4, p. 16-17, 1989.
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YASUR Vanuatu-SW Pacific 19.525169.43E VOTW num.:0507-10=

Mormphology: strato or composite Tectonic framework:

Elevation above m.s.l. : 350 m Edifice relief : 4000 m

Range of eruptive products:  andesite
SWARM DATE: 88/7/1 1183 Dur. (days): + Type: Event type(s).E,t Grade :
Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Dist. t'o vent: Tremor : 'Y Migration : )

. Type: Deformation:  Focal mech:

Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: Place holder for 1988. ]

During the Sept. 1988 observations, an average rate of 21.5 explosion earthquakes per hour was recorded. Each
explosion results from the discharge of volcanic gas, while the high level of recorded volcanic tremor is correlated with
the continuous gas discharge through the lava lake.

BVE No. 28, p. 22-23.
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SORIK MARAPI Sumatra 0.69 N99.54 E VOTW num.:0601-12=

Mormphology: strato with crater lake Tectonic framework: Convergent Continental Margin
Elevation above m.s.l. : 2145 m Edifice relief : 1600 m
Range of eruptive products: andesite
SWARMDATE: 86/7/4 +0 Dur.(days): 8 0.5 Type:ic Eventtype(s)VT Grade : B
: . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
mg mtaegnm'tuc_ieMM t zFE-_Qntc;tatl I ,290 Dist. tovent: 5km Tremor : Y Migration :

- Sity: a ol otal: Type: Hosaka Deformation:  Focal mech:
Depth (km): + bvalue: Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal : Y

[Key phrase: Duration from plot of volcanic earthquake amplitude vs. time. |

Unfelt shocks 4 per day S-P 0.5 sec. Micro-tremors occurred 1 hour in total, maximum amplitude 5um or6 um at 5
km from the vent.

BVE No. 26, p. 19-20.

SWARM DATE: 87/7/1  +183 Dur. (days): + Type: Event type(s).Tect,? Grade :

: . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnl'tuc.ie. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: D P .

. ype: eformation:  Focal mech:

Depth (km): * b-value : Component : Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Place holder for 1987. |

In late Aug. 1987, seismic activity began to increase. By early Sept., near-surface earthquakes averaged about 7 per
day and deeper, tectonic earthquakes averaged about 40 per day.

BVE No. 27, p. 83.

SWARM DATE: 89/7/1 +183 Dur. (days): + Type: Event type(s):Tect Grade :
: . . Setsmograph: OTHER REPORTED OBSERVATIONS
max' Magm.tut.ie. # EQ total . . Dist. to vent: Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Deformation:  Focal mech:
Depth (km): * b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbiing :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1989. |

Normal activity continued in late July, with a weak gas plume reaching 5-10 m above the crater. 29 tectonic
earthquakes (but no volcanic shocks) were recorded.

BVE No. 29, p. 96.

SEAN Bull., Vol. 14 no. 7, p. 8, 1989,
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MARAPI Sumatra 0.38 S100.47E VOTW num.:0601-14=

Mormphology: compound or complex Tectonic framework: Convergent Continental Margin
Elevation above m.s.l.: 2891 m Edifice relief : 2000 m
Range of eruptive products: basalt to andesite
SWARM DATE: 87/1/8 +0.5 Dur.(days): 7 +1 Type:lb Event type(s)felt Grade: C
R . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
mIax. :\Atagm?uc.ie.MM t z E(e;:tt%attlai .7 Dist. tovent:  4km Tremor : Migration :
ax. Intensity: a otal . Type: electromagnetic Deformation:  Focal mech:
Depth (km): + b-value : . ravily - Al
\ . . Component : Z Gravity : EQ families :
Detection threshold: Repqse (yr.): 14 Naturalperiod: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 4K Geothermal :
[Key phrase: One felt shock per day from 7 days betore the eruption. Unfelt shocks not recorded )

BVE No. 27, p. 17.

SWARM DATE: 88/7/1 +183 Dur. (days): + Type:2a  Event type(s).LF Grade :
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
N it T el s
ax. In ens.lty. at b-value - . Type: electromagnetic Deformation :  Focal mech:
Depth (km): ot ae: Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 4K Geothermal :

[Key phrase: Place holder for 1988 |

The number of volcanic explosions was about 30 per day, compared to 20 per day in 1987. These explosions were
accompanied by low frequency volcanic earthquakes occurring 2 - 5 times per day.

BVE No. 28, p. 23-24.

SWARM DATE: 89/7/1 +183 Dur. (days): + Type:1e? Event type(s).VE,E Grade :

. . . Seismograph: permanem  oTHER REPORTED OBSERVATIONS
Max. :Vlagnl.tuc.je. M z E('::tu:til I .1 7000 Dist. tovent: 4 km Tremor : Migration :
Max. Intensity: M at Bvelue 2 Type: electromagnetic Deformation:  Focal mech:
Depth (km): + vaue:. Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal :
[Key phrase: Place holder for 1989. ]

Earthquake counts are from Fig 13-1 on page 30 of BVE No. 29. About 1500 per month, the volcano was in almost
continuous eruption for 1989.

BVE No. 29, p. 30-31.
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KRAKATAU Indonesia 6.10 S105.42E VOTW num.:0602-00=

Momhology: caldera Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 813 m Edifice relief : 950 m

Range of eruptive products: basalt to andesite
SWARM DATE: 80/3/15 + Dur. (days): + Type:2a  Event type(s):E Grade :

; . . Seismograph: temporary OTHER REPORTED OBSERVATIONS

Max. Magnl_tuquM g Egtt%atlai . Dist. tovent: 60 km Tremor : Migration :
Max. Intensity: at b value Type: electromagnetic Deformation :  Focal mech:
Depth (km): ES vaiue : Component ; 3 Gravity : EQ families :
Detection threshold:2.4 Repose (yr.): Naturaiperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 4K Geothermal :
Key phrase: Place holder for 1980. A strong explosion on Sept. 9. The explosion was recorded on a seismograph 60

km away.

Mid Mar. explosions accompanied by detonations heard 60 km E of the volcano. A stronger explosion occurred at
00:39 on Sept. 9. The explosion rattled windows and shook houses in Pasauran, and a 3-4 cm amplitude was
recorded on the seismograph there.

BVE No. 20, p. 35-36.

SWARM DATE: 88/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

. . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnl‘tuc.ie. # EQ total : . Dist. to vent: Tremor : Y Migration :
Max. intensity: MM at # Felt total : . o .

- Type: Deformation:  Focal mech:

Depth (km): t b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
{Key phrase: Place holder for 1988 ]

Unfelt shocks recorded, frequency 1-5 per day. Micro-tremors recorded, period ca. 0.75 sec.
BVE No. 28, p. 24-26.
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TANGKUBAN PARAHU vJava 6.77 S107.60E VOTW num.:0603-09=

Morphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 2084 m Edifice relief : 1300 m
Range of eruptive products: basalt to andesite

SWARM DATE: 83/9/5 +5 Dur.(days): 70 10 Type:id Eventtype(s)A,B,t Grade : B

; . . Seismograph: temporary  OTHER REPORTED OBSERVATIONS
max. :\Aagnl_tuc:‘le. # EQ total : ; Dist. tovent: 30 km Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Deformation ©  Focal mech:
Depth (km): t b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magpnification : Geothermal :

Key phrase: At the beginning of Sept., seismicity increased sharply. Seismicity continued to increase through mid-Oct.
Duration from figure.

Tangkuban Parahu has shown increased seismicity, thermal activity, and inflation during the past several months. As
many as 7 shallow volcanic tremors per day in early Jun., 19 per day by early Aug. and 25 per day the iast week in
Aug. At the beginning of Sept., seismicity increased sharply from an average of 14 to between 60 and 74 events per
day and by the middle of the month reached a daily average of 106-110. Epicenters were in the in the vicinity of Baru
fumarolic field, on the W wall of crater 3. No deep volcanic earthquakes have been detected.

Seismicity continued 1o increase through mid-Oct. but no surface changes have been noted. Tectonic earthquakes
and both A- and B-type micro-tremors were recorded. A-type events occurred irregularly, usually at 1-3 per day, but
as many as 5 were detected on several days. B-type earthquakes increased substantially. Fig: Weekly deep and
shallow earthquake counts

BVE No. 23, p. 59.

SWARM DATE: 85/4/15 +15 Dur. (days): 210 +15 Type:ibg Event type(s): Grade : B
- . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS

max. !'\Atagm?uc:ie.M M t z EQﬂt(;tatl I . Dist. to vent: 1 km Tremor : Migration :

ax. Intensity: a bvel otal : Type: electromagnetic Deformation :  Focal mech:

Depth (km): & -value - Component : 3 Gravity : EQ families :

Detection threshold: Repose (yr.): Naturalperiod : 1§ Magpnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal : Y

[Key phrase: Duration from figure in BVE No. 25. J

Fig on p 22. Temperature of solfatara increased near the time of the eruption.
BVE No. 25, p 22.

SWARM DATE: 86/7/1 +183 Dur. (days): + Type: Event type(s)VT.t Grade :
. X . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
max. :\Atagnl?usieMM t sz:Q“t%atl [ - Dist. tovent: 1 km Tremor : Y Migration :
ax. In ens'ﬂy. a e el otal Type: electromagnetic Deformation:  Focal mech:
Depth (km): + value : Component : 3 Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal :

[Key phrase: Place holder for 1986.

Seismic tremor was recorded at Kawah Batu on 17 Mar., from about 09:00 until 24:00. Tremor was again recorded
briefly on 18 and 19 Mar. Fig. Monthly VT counts and temp.
BVE No. 26, p. 80.
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GALUNGGUNG vava 7.25 S108.05E VOTW num.:0603-14=

Morphology: strato with lava dome Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 2168 m Edifice relief : 1820 m

Range of eruptive products: basalt to andesite
SWARM DATE: 82/4/4 +0 Dur. (days): 0.26 +0 Type:ib Event type(s)felt Grade: C

. . . Seismograph: temporary OTHER REPORTED OBSERVATIONS
kAAax. :Vltagmtude.MM t z Eant??' ' c Dist. to vent: 4 km Tremor : Y Migration :
ax. Intensity: a ot lowl : Type: electromagnetic Deformation : Y Focal mech:

Depth (km): b-value : Component : Gravity EQ families : Y
Detection threshold:1 4 Repose (yr.): 64 Natural period:  1s Magnetic: Y Rumbling: Y
Cum. energy release: Previous swarms : Magpnification : 4K Geothermal :

Key phrase: Apr. 4 (22:00) felt earthquake at foot of volcano. At 24:00 rumbling followed by white fume. Eruption
followed (VEI 4).

Apr. 4 (22:00) felt earthquake at foot of volcano. At 24:00 rumbling followed by white fume. Eruption followed (VEI 4).
Apr. 8 (21:08) Large explosions began 23 mininutes after M3.8 (felt).

May 6 (01:00) intermittent large explosions preceded by shallow quakes and tremors.

Sept. 20, 24, 27 Only Strombolian eruption always preceded by increase in amplitude of volcanic tremors.

BVE No. 22, p. 31-34.

SWARM DATE: 82/5/8 +0 Dur. (days): 0.02 +0 Type:1b? Event type(s)feit Grade: C
; . . Seismograph: OTHER REPORTED OBSERVATI

Max. Magm?uc'ie. M 3.8 # EQ total : . Dlst to vent: Tremor : ?\AB?graﬁon(:)Ns

Max. Intensity: MM at # Felt total . Deformation ©  Focal mech:

Depth (km): * b-value : Componen Gravity:  EQfamilies:

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : Geothermal ;

[Key phrase: Large explosions began 23 mininutes after M3.8 (felt).

See Apr. 4, 1982 for additional comments.
BVE No. 22, p. 31-34.
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SLAMET vJava 7.24 S109.21E VOTW num.:0603-18=

Momhology: strato or composite Tectonic framework:
Elevation above m.s.l. . 3432 m Edifice relief : 3400 m
Range of eruptive products:  basalt to andesite
SWARM DATE: 88/7/12 +4 Dur. (days): 4 +0.5 Type:1ic? Event type(s)t Grade : ¢
. i . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
hl\:‘llgxx :V‘tagm.wc,je‘MM t zgg’tt?at'ai . Dist. tovent: 6km Tremor : Y Migration :

- Intensity: a bvalue o Type: telemetered Deformation : ~ Focal mech:
Depth (km): kS -value Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): 15 Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Place holder for tremor information in 1988.

On July 12, at 12:10, Slamet began to erupt after 15 years of quiesence. The eruption ceased mid-night July 13.
Micro-tremors recorded-duration four days in total.

BVE No. 28, p. 26.
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DIENG VOLCANIC COMPL Java 7.20 S109.91E  VOTW num.:0603-20=

Momhology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 2565 m Edifice relief :
Range of eruptive products:  andesite
SWARM DATE: 86/4/15 +15 Dur. (days): 45 +15 Type:laq Eventtype(s)VT Grade : B
. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
I:\An:xx mfgnr:ituquM t nght(;te;l i Dist. tovent:  1km Tremor : Y Migration :
- ty: a elt total : Type: Hosaka Deformation :  Focal mech:
Depth (km): + b-value : . Gravity - =
A . Component : Z y EQ families :
Detection threshold: Repose (yr.): Naturalperiod : 1 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal : Y

IKey phrase: Duration taken from histogram of earthquakes (monthly bins). i
Unfeit shocks: recorded; frequency: very smail; S-P duration 1 sec.; Max. ground ampiitude: 12 um at 1 km from the
vent from 5 months before the eruption. Micro-tremors: recorded; max. amplitude 5 um at 1 km from the vent. Fig.
monthly earthquake count for Mar. to Nov. 1986.

BVE No. 26, p. 21.
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MERAPI| Java 7.54 S110.44E VOTW num.:0603-25=

Morphology: strato with lava dome Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 2911 m Edifice relief : 2800 m

Range of eruptive products: basalt to andesite
SWARM DATE: 82/12/15 +0.5 Dur. (days): 13 =+ Type: Event type(s)# Grade : ¢

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
max. Il\ﬂagmf(ucjie.M M at z [E:thc:t? i Dist. fovent: 1 km Tremor : Migration :
ax. Intensity: a bvaive o Type: eletromagnetic Deformation : Y Focal mech:

Depth (km): x value : Component : Z Gravity : EQ families :
Detection threshold:0.2 Repose (yr.): Naturalperiod: 1s  Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Magnification: 50K  Geothermal :

[Key phrase: Very weak volcanic tremors recorded from Dec. 15 ]

Dec. 28, 1982 new lava was observed at the edge of the remaining old lava. lts appearance to surface was preceded
by very weak volcanic tremors recorded from Dec. 15 by nearest seismometer 1 km away.

BVE No. 22, p. 35.

SWARM DATE: 84/6/7 +0.5 Dur.(days): 8 +1 Type:lb Eventtype(s):VT Grade : B
Max. Magnitude: # EQ total : Seismograph: permanent _OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at #Felt total: 0 %s;eto vent:  0.6km Eff';%éﬁon :§ yga?ﬁgéh:
Depth (km): S b-value : Component : Graviy : EQ tamilies :
Detection threshold:0.6 Repose (yr.): Natural period : Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 50K  Geothermal :

Key phrase: Unfelt shocks recorded at a frequency of 10 per day (avg.), with S-P durations of 0.5-2.0 sec., from 8
days before the eruption.

An eruption on Jun. 15 was immediately followed by the emergence of a new lava dome. The development of the

dome was associated with a large number of shallow volcanic earthquakes and rock falls. mid June 84. Activity

ceased at the end of Dec. indicated by remarkable decreases in the number of rockfall and earthquakes.

Unfelt shocks recorded at a frequency of 10 per day (avg.), with S-P durations of 0.5-2.0 sec., from 8 days before the

eruption. No tremor recorded. 1 gamma magnetic anomaly.

BVE No. 24, p. 23.

SWARM DATE: 86/10/12 +0.5 Dur. (days): 44 11 Type:ie Eventtype(s):VE Grade : B
Max. Magnitude: # EQ total : Seismograph: penmanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : I?_ysé.etzoh)llgr;(t.uotsm E’eﬁgﬁéﬁm:'\l g&?ﬁ&h:
Depth (km): + b-value : Comporent: 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbiing :
Cum. energy release: Previous swarms : Y  Magnification : 8K Geothermal : Y

Key phrase: From 12 Oct. 1986, shallow volcanic earthquakes suddenly increased from about 4 per day to 200 per
day and continued until the end of Nov.

During the 6 days from 12 Oct. 1986, shallow volcanic earthquakes suddenly increased from about 4 per day to 200
per day. Such frequent occurrence of earthquake continued until the end of Nov.

Unfelt shocks occurred at a frequency of 10 per day from 7 days before the eruption.. S-P duration: none; Max.
ground amplitude: +/- 0.7 um at 1.5 km for the vent; Micro-tremors: none.

BVE No. 26, p 22.

SWARM DATE: 87/7/1 +183 Dur. (days): + Type: Event type(s)S Grade :

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
Max. Magm_tuc.ie. # EQ total : ' Dist tovent:  15km  Tremor: Migeation -
Max. Intensity: MM at # Felt total : Type: Mark L4C Deformation :  Focal mech:
Depth (km): * b-value : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 8K Gegothermal :

[Key phrase: Place holder for 1987. |

Seismic instruments recorded a significant decrease in the number of rockfall events in late Jan. and early Feb.,
suggesting that growth of the Oct.-Nov. lobe of the lava dome had ceased. Rock fall seismicity remained weak
through early Mar.

BVE No. 27, p. 17-18.
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MERAPI Java 7.54 S110.44E VOTW num.:0603-25=

Morphology: strato with lava dome Tectonic framework: Convergent (arc)
Elevation above m.s.l. . 2911 m Edifice refief : 2800 m
Range of eruptive products: basalt to andesite
SWARM DATE: 89/8/15 +15 Dur.(days): 45 +15 Type:1d? Event type(s): Grade: C
. i . Seismograph: permanent OTHER REPORTED OBSERVATIONS
:llnax. ,I\:tagnm?uqe.lle t f# Eght(;t;l I . Dist. tovent: 1.5km Tremor : Migration :
ax. Intensity: a otal . Type: Mark L4C Deformation:  Focal mech:
Depth (km): + b-value : . e el
: . . Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magneltic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 8K Geothermal :

[Key phrase: Seismicity was generally increased in Sept. from Aug. |

The seismicity was generally increased in Sept. from Aug. values, see table below: Number of volcanic earthquakes
Jan. Feb. Aug. Sept.

avalanche 416 208

collapse 430 609

volcanic 11 4

muiti-phase

volcanic 50 34
B-type 2 0 2 2
A-type 0 0

tectonic 70 65 64 279

BVE No. 29, p. 31.
SEAN Bull. Vol. 14, No. 11 p. 10 1989.
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KELUT Java 793 S112.31E VOTW num.:0603-28=

Morphology: strato with crater lake Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1731 m Edifice relief : 1650 m

Range of eruptive products: andesite
SWARM DATE: 89/11/15 +5 Dur. (days): 90 +5 Type:laq Eventtype(s)VT Grade : A

. ; . Setsmograph: permanent  OTHER REPORTED OBSERVATIONS

Max. Magm}uc.ie. Md2.0 # EQ total : ,800 Dist. tovent:  0.5km Tremor : Y Migration :
Max. Intensity: MM at # Felt total : Type: Mark L-4C Deformation : Focal mech:
Depth (km): + b-value : 0.8 Component : z Gravity : EQ families : Y
Detection threshold: Hepc_)se (yr.): 24 Natural period: 1 Magnetic : Rumbiing :
Cum. energy release: 5.6e+8 J Previous swarms : Magnification : Geothermal :

[Key phrase: Duration determined from fig. in Lesage and Surono

Seismic activity and an increase of temperature and acoustic noise in the crater lake appeared three months before
the eruption and were the main precursory signs of the eruption. During the pre-eruptive stage, the number of events
was 8 per day on average and the cumulative seismic energy released was 5.6x10e+15 ergs. Seismic activity mainly
consisted of swarms of very shallow VT earthquakes, many of which were part of seismic multiplets. [n the last three
weeks before the eruption, seismic activity remained at a very low level. This quiescent period was followed, 24 hours
prior the eruption, by an intense swarm of low energy events which progressively became continuous spasmodic
tremor.

Ph. Lesage and Surono, (in press): Seismic precursors of the February 10, 1990 eruption of Kelut Volcano, Java,
JVGR.
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SEMERU Java 8.11 S112.92E VOTW num.:0603-30=

Mormphology: strato with lava dome Tectonic framework:

Elevation above m.s.l.: 3676 m Edifice refief : 3620 m

Range of eruptive products:  basalt to andesite
SWARM DATE: 81/7/1 +183 Dur. (days): + Type: Event type(s): Grade :

. . . Selsmogr aph OTHER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : . Dcst to vent: Tremor : Migration :
Max. Intensity: MM at #Felt total: 0 Deformation:  Focal mech:
Depth (km): b-value : Component Gravity : EQ families :
Detection threshold:1 5 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magpnification : Geothermal :
Key phrase: Place holder for 1981. |
Almost constant eruptive activity. Unfelt shocks 66 per day .
BVE No. 21, p. 32-33.
SWARM DATE: 82/7/4 +183 Dur. (days): + Type: Event type(s): Grade :
. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnifude: # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): b-value : Component : Gravity : EQ tamilies :
Detection threshold:1 5 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1982. |
For the year the explosion frequency per month ranged from 33 in Feb. to 491 in Mar the average being around 250.
No seismic activity was reported.

BVE No. 22, p. 36-37.

SWARM DATE: 86/6/15 +15 Dur.(days): 45 +15 Type:le Eventtype(s).VE Grade: C
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
U |\ TN =t~ et
ax. In enSfty. a i el owl : Type: Hosaka Detormation:  Focal mech:
Depth (km): + vaiue : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Duration taken from monthly frequency of volcanic earthquakes figure. ]

Fig: frequency of volcanic earthquakes. From graph the numbers of earthquakes decrease from a high level of about
120 per month to 50 per month in Feb. through May. June and July show an increase to about 110 per month and
then decrease to 20 per month by Oct.

BVE No. 26, p. 23.

SWARM DATE: 89/7/15 +15 Dur. (days): 150 £15 Type:le Eventtype(s)A,B Grade : C
Max. Magnitude: # EQ total : 47 Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total: 33 2'5‘ 1o vent: Eﬁmo(ma'ﬁow ',“:"{,%21’}?,2..;,1-
Depth (km) + b’Vaer : Componem Grav({y ’ EQ fammes':
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Duration picked from fig. |

Both A- and B-types of volcanic earthquake occurred most frequently in Oct. (fig. 15-2). During Mar. 3263 explosion
earthquakes, 83 avalanche events, 33 strong'and 5 local tectonic shocks, 5 nuee ardente signals and 2 A-type
volcanic events. July 1-20 explosion 793, collapse 1, A-type 9, B-type 8, nuee ardente 11. From figure: A-type 47
B-type 100 between Jul. and Dec. Good figs. on p. 32 of BVE.

BVE No. 29, p. 32-33.

SEAN Bull. Vol. 14, no. 5p. 15, no. 7 p. 8, 1989.
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BROMOQ Java 7.95 S11295E VOTW num.:0603-31=

Morphology: cinder cone in caldera Tectonic framework:

Elevation above m.s.l. : 2329 m Edifice relief : 200m

Range of eruptive products: basalt to andesite
SWARM DATE: 89/7/1 +183 Dur. (days): + Type: Event type(s):G Grade :

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magm_tu(;le. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): + b-value : Component : Gravity:  EQ{amilies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: Place holder for 1989 ]

Normal activity continued in July with weak white fumes rising 30-60 m above the summit. A total of 449 gas emission
earthquakes were recorded.

BVE No 29, p. 97.

SEAN Buil. Vol. 14, no. 7 p. 8, 1989.
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LAMONGAN Java 8.00 S113.34E VOTW num.:0603-32=

Momhology: strato or composite Tectonic framework:

Elevation above m.s.l. : 1651 m Edifice relief : 1630 m

Range of eruptive products: basalt
SWARM DATE: 85/10/6 +1 Dur.(days): 6 +2 Type:3 Event type(s): Grade : B

; . . Seismograph: OTHER REPORTED OBSERVATIONS
l\h:ax. ll\llagm’tutljeMM z EC}tttztala]. . Dist. to vent: Tremor : Migration :
ax. Intensity: at elt total : Type: Deformation :  Focal mech:

Depth (km): 27.5 +17.5 b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Earthquake swarms occurred during Oct. 1985, and the peak of the events took place from Oct. 6 to 12 |

Earthquake swarms occurred in the westward area of Lamongan volcano during Oct. 1985, and the peak of the
events took place from Oct. 6 to 12 (fig. 1, BVE No. 25, p. 59.). Distribution of the foci was between 10 and 45 km in
depth. The swarms were associated with formation of fissures which are located mainly around maars, namely
Lamongan, Pakis and Lading (Fig. 2, BVE no. 25, p. 59.).

Similar evidences took place in 1924/25 which resulted in formation of fissures of SW-NE direction on the west foot of
Lamongan volcano, while the 1979 swarm associated with smaller fissures in north of Lamongan Volcano
Observatory (Fig. 2). All of these earthquake swarms were not followed by any volcanic activity, even by change in
temperature of soitataras or water surface of maars around the volcano. Fig: epicenter map.

BVE No. 25, p. 59.

SWARM DATE: 88/2/8 +0 Dur. (days): 20 % Type:3 Event type(s): Grade : C
Max. Magnitude: # EQ total : Sesmograp_h: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : -Dry's;ét.o vert: Do - ion . Mhgration -
Depth (km): + b-value : Companent : Gravity:  EQfamilies :
Detection threshold: Repose (yr.): Natural period : Magneﬁ'c; Rumbling : )
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

[Key phrase: A brief seismic swarm began on Feb. 8 at 04:45. Additional seismicity was recorded through Feb. |
A brief seismic swarm centered immediately W of Lamongan cone began on Feb. 8 at 04:45. Additional seismicity
was recorded through Feb. No changes have been noted in the temperature or behavior of the maar lakes within the
epicentral region. The earthquakes occurred in virtually the same epicentral area as those from 1978 and 1985
swarms.( Information from : Volcanological Survey of Indonesia, 6th Floor, Hizon Bld., 20 Quezon Ave., Bandong,
Indonesia. from SEAN Bulletin, vol. 13, no. 2, p. 14, 1988).

BVE No. 28, p. 90.
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RAUNG Java 8.13 S114.04E VOTW num.:0603-34=

Mormphology: strato with caldera Tectonic framework: Uncert. Convergent (arc)
Elevation above m.s.l.: 3332 m Edifice relief :
Range of eruptive products:  basalt to andesite
SWARM DATE: 82/7/18 +0 Dur.(days): 2 +  Type: Event type(s)t Grade : ¢
: . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnlf(uqe. # EQ total : . Dist. to vent: Tremor : Y Migration :
Max. Intensity: MM at # Felt total : 1 . ‘- .
- Type: Deformation:  Focal mech:
Depth (km): + b-vaiue : Component : Gravity : EQ families :
Detection threshold: Repose (yr) Natural penod : Magneﬁc : Rumb{lng .
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: Place holder for 1982 tremor information. ]

Activity began with weak tremor (July 18) at 3:00. On July 19 at 5:00 an earthquake was felt. Vibrations registered a
max. ampl. of 3.9 mm at seismograph post for ljen volcano (8.05S, 114.24W)
BVE No. 22, p. 37.
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IJEN Java 8.06 S114.24E VOTW num.:0603-35=

Morphology: strato with crater lake Tectonic framework:
Elevation above m.s.l. : 2386 m Edifice relief : 2100 m
Range of eruptive products:  basalt to andesite
SWARM DATE: 89/7/1 4183 Dur. (days): + Type: Event type(s)A,B,T Grade :
. . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnl?ur:ie. # EQ total : . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation:  Focal mech:
X -value : ype: ) . : lech:
Depth (km): + b-val Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal : Y

[Key phrase: Place holder for 1989.

9 volcanic A-type, 4 volcanic B-type, 25 distant tectonic and 4 local tectonic earthquakes were recorded.

BVE No. 29, p. 97.
SEAN Bull vol. 14 no. 7 p. 9, 1989.
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BATUR LesserSundals 8.24 S115.38 VOTW num.:0604-01=

Morphology: strato with caldera Tectonic framework:

Elevation above m.s.l. : 1717 m Edifice relief : 686 m

Range of eruptive products:  basalt to andesite
SWARM DATE: 89/11/15 +5  Dur. (days): + Type: Event type(s).VE Grade :

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnlgutf!e. # EQ total : .2 Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth (km): + b-value : Comporent : Gravity:  EQtamilies
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal : Y

[Key phrase: Place holder for 1989.

Seismic stations recorded 1 local and 26 distant tectonic events, and 1 volcanic earthquake in Nov.

BVE No. 29, p. 97.
SEAN vol. 14, no. 11, p. 11, 1989.
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AGUNG LesserSundais 8.34 S115.51E VOTW num.:0604-02=
Mormhology: strato or composite Tectonic framework:

Elevation above m.s.l.: 3142 m Edifice relief :

Range of eruptive products: andesite

SWARM DATE: 89/6/25 +5 Dur.(days): 10 5 Type: Event type(s)Tect,B Grade: C

Max. Magnitude: #EQ1total - 3 Seismograph: temp? OTHER REPORTED OBSERVATIONS
Max. Intensity: MM1 at # Felt total : ?%étp vert: Er:',g',%éﬁm. y&?;ﬁ&h
Depth (km): + b-value : Component : Gravty:  EQ families :
Detection threshold: Repose (yr.): Natural period : Magrnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: In late Jun., 69 tectonic, 3 volcanic B-type events were recorded.

In late Jun., 69 tectonic, 3 volcanic B-type events were recorded. An earthquake (MM I) was felt on June 9; 59
tectonic and 2 volcanic shocks were recorded in Nov.

BVE No. 29, p. 71-72.
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SANGEANG APl LesserSundals 8.18 S119.06E VOTW num.:0604-05=

Morphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1949 m Edifice relief : 3950 m
Range of eruptive products: andesite

SWARM DATE: 85/4/29 +0.5 Dur. (days): 90 +7 Type:ib Event type(s)felt,A Grade : B

Max. Magnitude: # EQ total : 900 Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MMl at5 km # Felt total: 90 Pl vent: Hremor - o igration .
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Unfelt shocks: 10 per day from 3 months before the eruption. |

The activity was preceded by continuous felt tectonic earthquakes a few hours before the eruption. On 29 July, two
felt events occurred. Felt shocks 1 per day, maximum MM intensity li-lil at 5 km from the vent. Unfelt shocks occurred
10 per day from 3 months before the eruption. S-P duration 1.25 sec.

BVE No. 25, p. 24-25.

WARM DATE: 87/3/15 +15 Dur. (days): + Type:ie Event type(s)Tect,VE Grade :
- . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magm.tuc‘ie. # EQtotal - Dist. to vent: Tremor : Migration -
ax. Intensity: MM at # Felt total : Type: Deformation:  Focal mech:
. lue : ype. . : ’ P
Depth (km): + b-val Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Place hoder for 1987. Twenty-two earthquakes were recorded during Mar. |

Twenty-two earthquakes were recorded during Mar. Of these, 17 were of tectonic origin (deep) and 5 were volcanic
shaliow).

(Eruptive)activity continued during Apr., May and Jun. with about 50 explosions per day. No earthquakes

accompanied the explosions. In Jul., Aug., Sept., and Oct. about 45, 25, 25, and 18 explosions occurred per day,
respectively. Plumes reached about 600 m above the crater rim. No earthquakes accompanied the explosions. The

Oct. rate was the lowest since the eruption started in Jul. 1985.

BVE No. 27, p. 19.
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ANAK RANAKAH Flores Island 8.61 S120.61E VOTW num.:0604-071

Mormphology: lava dome Tectonic framework: Convergent (arc)

Elevation above m.s.l. : Edifice relief :

Range of eruptive products:  andesite to dacite
SWARM DATE: 87/12/28 +0 Dur. (days): 0 & Type:4 Event type(s): Grade . B

. . . Seismograph: temporary OTHER REPORTED OBSERVATIONS
kAAax. :\A"agnQU(.ieMM t § Egttci:;lai -0 Dist. tovent: 3 km Tremor © Migration :
ax. Intensity: a o - Type: electromagnetic Deformation:  Focal mech:

Depth (km): £ b-value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 55K Geothermal :

Key phrase: Unexpected eruption occurred on 28 Dec., 1987 at 22:00 in an area where there was no historic

eruptions.

Unexpected eruption occurred on 28 Dec., 1987 at 22:00 in an area where there was no historic eruptions. Ash
column reached a height ~500 m above the surface. No evidence of magmatic material was found in the deposit.

BVE No. 27, p. 20.

SWARM DATE: 87/12/30 +0.5 Dur.(days): 5 +1 Type:lb Event type(s):VT Grade : B
: . . Seismograph: temporary OTHER REPORTED OBSERVATIONS
Il\\llnax. 'lwtaegns'?uquM at § Egtt(zgﬁlal- . Dist. tovent: 3 km Tremor: N Migration :
D gsih r}krg) ity: + bvalue - Type: electromagnetic geformatlon : F%cal mech:
A : y Component : Z ravity : EQ families :
Detection threshold: Repose (yr.): Natwralperiod: 1 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 55K  Geothermal :

[Key phrase: Unfelt shocks recorded frequency 126 per day, from 5 days before the lava extrusion. |

Unfelt shocks recorded, frequency 126 per day, S-P 3 sec. Max. ground amplitude 0.5 um at 3 km from the vent from
5 days before the lava extrusion. Micro tremors were not recorded.

BVE No. 28, p. 29-30.

SWARM DATE: 89/11/15 +15 Dur. (days): + Type: Event type(s):Te,A,B,S Grade :

Hid g . Seismograph: temporary OTHER REPORTED OBSERVATIONS
mz m'(aegnrzittl;quM at § Egttc:gilai : Dist. tovent: ~ 3km Tremor : Migration :
Deoth (k ) : b-value : Type: electromagnetic Deformation:  Focal mech:

epth (km): + : Component : z Gravity : EQ tamilies
Detection threshold: Repose (yr.): Naturalperiod : 1 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 55K  Geothermal :

[Key phrase: Place holder tor 1989. ]

In Nov. 1989, a white plume rose to 25 m above the solfatara field between the older Poco Ranakah and the new
Anak Ranakah lava dome which was constructed in 1988. A seismograph recorded 121 distant and 15 local tectonic
earthquakes, 8 A-type and 2 B-type shocks and 87 collapse events.

BVE No. 29, p. 97-98.
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ILI BOLENG LesserSundals 8.34 S123.26E VOTW num.:0604-22=

Mormhology: strato or composite Tectonic framework:

Elevation above m.s.l. : 1659 m Edifice relief :

Range of eruptive products:  basalt to andesite
SWARM DATE: 82/11/15 +0 Dur.(days): 2 0.5 Type:ib Event type(s)fek Grade : C

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : : ; f SERVATIC
Max. Intensity: MM at #Felt total : 1 P Ve MO ion - hgration -
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: Eruption preceded by a moderately strong felt earthquake on 15 Nov at ~23:00. ]

An ash eruption began on Nov. 17 at 06:15. Eruption preceded by a moderately strong felt earthquake on 15 Nov. at
~23:00.

BVE No. 22, p. 38.

SWARM DATE: 86/11/14 +0.5 Dur. (days): 10 +1 Type:1b Event type(s): Grade : B
: . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
max. Magnn?uQe. # EQ total : . Dist. toventt  45km Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Hosaka Deformation:  Fooal mech:
Depth (km): * b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): .5 Naturalperiod :  1s Magnetic : Rumbiing : Y
Cum. energy release: Previous swarms : Y  Magnification : 4K Geothermal :

[Key phrase:Nov. 1986, when 10 days of increased seismicity preceded the first explosions in almost 6 months. |

Ash eruptions occurred on Nov. 24 at 07:12 LT with rumbling. Dark ash column reached a maximum height of 1 km
above the summit.

BVE No. 27, p. 20.

BVE No. 26, p. 24-25.

SWARM DATE: 87/6/20 +0.5 Dur.{(days): 5 +1 Type:la Eventtype(s):VE Grade : B
. . . Seismograph: permanemt  oTHER REPORTED OBSERVATIONS
h’aax. ?ﬂ?gnl.tU(;Ie.MM t z E%tit? l ,1 00 Dist. tovent:  4.5km Tremor : Migration :
ax. Intensity: a elt total : Type: Hosaka Deformation :  Focal mech:
Depth (km): + b-value : Component : z Gravity EQ families :
Detection threshold: Repose (yr.): .92 Natural period: 1s Magretic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 4K Geothermal :

Key phrase: The number of shallow volcanic earthquakes increased to about 20 per day 20-25 June, compared to 1
per day previously.

The number of shallow volcanic earthquakes increased to about 20 per day 20-25 June, compared to 1 per day
previously. No eruptive activity has been reported since Nov. 1386, when 10 days of increased seismicity preceded
the first explosions in aimost 6 months. Several shallow volcanic earthquakes were recorded daily during early July. In
late July, seismic activity had returned to low background levels.

During the week 9-15 Oct., about 13 tectonic and 11 volcanic events were recorded per day.

BVE No. 27, p. 20.

SWARM DATE: 89/7/15 =+ Dur. (days): + Type: Event type(s).Tect,A,B Grade :

. . . Seismograph: permanent  o0THER REPORTED OBSERVATIONS
Max. Magnu'tutije. # EQ total : . Dist. tovent:  4.5km Tremor : Migration :
Max. Intensity: MMl at # Felt total : Type: Hosaka Deformation :  Focal mech:
Depth (km): x b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period:  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms: Y  Magnification: 4K Geothermal : Y

[Key phrase: Place holder for 1989. ]
On July 15, an MM Il earthquake was felt. 131 distant, 3 local tectonic, 2 volcanic A-type, and 144 volcanic B-type.
The level of activity is slightly higher than normal.

BVE No. 29, p. 98.

SEAN Bull. vol.14, no. 7, p. 9, 1989.
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ILIWERUNG LesserSundals

Mormhology: strato or composite
Elevation above m.s.[.: 1018 m
Range of eruptive products: basalt to andesite

Tectonic framework:
Edifice relief :

8.54 S123.59E VOTW num.:0604-25=
Uncert. Convergent (arc)

SWARM DATE: 83/8/16 +0.5 Dur. (days):<1

Max. Magnitude: # EQ total : 1
Max. Intensity: MM| at # Felt total : 1
Depth (km): + b-value :
Detection threshold: Repose (yr.):

Cum. energy release:

+

Previous swarms :

Seismograph: none

Type:1b? Event type(s)felt Grade :

OTHER REPORTED OBSERVATIONS

Dist. to vent: Tremor ; Migration :
Type: Deformation:  Focal mech:
Component : Gravity : EQ families :
Natural period : Magnetic : Rumbling :
Magnification : Geathermal :

[Key phrase: Place holder for 1983 eruption. One felt shock one day before the eruption.

One felt shock one day before the eruption.
BVE No. 23, p. 19.
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SIRUNG LesserSundals 8.51 S124.15E VOTW num.:0604-27=

Morphology: strato with caldera Tectonic framework:

Elevation above m.s.{ : 862 m Edifice refief :

Range of eruptive products: basalt to andesite
SWARM DATE: 87/7/1 183 Dur. (days): + Type: Event type(s): Grade :

: . . Seismograph: none OTHER REPORTED OBSERVATIONS

Max. Magm'tuc?le. # EQ total - . Dist. to vent: Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:
Depth Kkm): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magpnification : Geothermal :

[Key phrase: Place holder for 1987.

A Volcanological Survey of Indonesia observer visited the volcano on 12 Dec. 1987. Fumaroles and the crater lake
were normal and showed no evidence of increased activity that might be attributed to the magnitude 5.6 earthquake
of 26 Nov. 1987. The only notable change in the crater was a fresh landslide scar that may have resulted from the
earthquake. Sirung's last reported eruption was in 1970.

BVE No. 27, p. 83.
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BANDA AP BandaSea 453 S129.87E VOTW num.:0605-09=

Mormphology: caldera with strato Tectonic framework:

Elevation above m.s.l.: 685m Edifice relief : 1150 m

Range of eruptive products:  andesite
SWARM DATE: 87/7/1 183 Dur. (days): + Type: Event type(s): Grade :

. . . Seismograph: penmanent  OTHER REPORTED OBSERVATIONS
Rﬂnax. :Vltagmftuqe.M M t z Egtt%%i . Dist. tovent:  2km Tremor : Migration :
ax. Intensity: a otal : Type: Hosaka Deformation :  Focal mech:

Depth (km): + b-value : Component : z Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: Place holder for 1987. ]

A magnitude 6.7 tectonic earthquake occurred 150 km SE of the volcano on 17 June 1987. Activity consisting of a
white plume, reaching 100 m above the crater was repeatedly observed after the earthquake. However, photographs
taken during a climb to the crater 24-26 April showed no plume or gas emission. On 8 September, 8 earthquakes
were recorded at the Banda Api Observatory post. No change in the activity of the volcano was noted.

BVE No. 27. p. 83.

SWARM DATE: 88/4/20 +0.5 Dur.(days): 18 1 Type:ib Eventtype(s)VEfelt Grade: B

Max. Magnitude: 3.7 #EQtotal : 2110 Seismograph: permanent  OTHER REPORTED OBSERVATIONS
o . Dist. tovent: 2km Tremor : Y Migration :
gea;ir:"(te")sfty' MM IViatZ km g\fﬁﬁe&-’ml o156 Type: Hosaka 8etormation : Focal mech:
(km): g y Component : Z ravity : EQ families :
Detection threshold: Repose (yr.): 99 Naiu?g;:)eriod © o 1s Magngtic : Rumblir:g :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Volcano became (seismically) active on Aprii 20, 1988, and erupted on May 9. |

Atfter a 99 years of dormancy, Banda Api Volcano became active on April 20, 1988, and erupted on May 9. The
number of volcanic earthquakes has increased since Apnl 25, up to an average of 6 - 8 events per day Normally 1- 2
events per day. In May feit shock recorded as follows :

OnMay 4: 2events, M2.8

5: 11 events, M3.7

6: 11 events, M3.7

7 : since 06:16, in average, Felt. shocks ; every 30 minutes, unfelt shocks ; every 5 minutes.

8 : felt shocks; every 15 minutes, unfelt shocks ; every 1 minute.

9: Between 01:00 and 04:15 unfelt shocks recorded almost continuously. At 04:15 volcanic tremors
recorded followed by explosion earthquake at 06:30. Feit shocks occurred at a frequency of 2-60 per day from 5
days before the eruption. Unfeit recorded 6-8 per day S-P <3 sec. from 18 days before the eruption. Micro-tremors
recorded 2 hours total duration with a period of 0.2 seconds.

BVE No. 28, p. 30-32.
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BANDA AP] BandaSea 4.53 S129.87E VOTW num.:0605-09=

Morphology: caldera with strato Tectonic framework:

Elevation above m.s.l. . 685m Edifice relief : 1150 m

Range of eruptive products: andesite
SWARM DATE: 89/7/1  +183 Dur. (days): + Type: Event type(s)A,B,G  Grade :

. R . Seismograph: temp? OTHER REPORTED OBSERVATIONS
Max. Magm.tuqe. # EQ total : . Dist. to vent: Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Deformation :  Focal mech:

Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1989.

After the eruption of May 9-15, 1988 the activity of the volcano approached background level by Jul. 1983. White
weak fumes were observed during the last week of July. Three volcanic A-type, 49 B-type, 1 degassing, and 165
tectonic earthquakes were recorded.

BVE No. 29, p. 98.

SEAN Bull. Vol. 14, no. 7 p. 9-10, 1989.
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COLO [UNA UNA] sulawesi-indonesia 0.17 S121.61E VOTW num.:0606-01=

Morphology: strato with crater lake Tectonic framework: Uncert. Convergent (arc)

Elevation above m.s.l. . 508 m Edifice relief : 2000 m

Range of eruptive products: andesite
SWARM DATE: 83/7/4 +0.5 Dur. (days): 24 +1 Type:ic  Event type(s)felt Grade : B

. . . Seismograph: temporary OTHER REPORTED OBSERVATIONS

l;/lﬂax. Magm_tucjle. M 46 # EQ total : '400 Dist tovent: 6 km Tremor - Y Migration :

ax. Intensity: MMV at6 km #Felt total : 1 Type: Teledyne telemetered Deformation :  Focal mech:
Depth Kkm): 16 +16 b-value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): 85 Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : 5K Geothermal :

[Key phrase: Activity commenced with felt earthquake on Jul 4. ]

Activity commenced with felt earthquake on Jul. 4, frequency increased from 10 per day to 40 on Jul. 14. On Jul. 19
frequency = 110 per day and measured 4.6 on Richter. The numbers declined form July 21 to 22 but again increased
from Jul. 25 to 28. Epicenters located ~ 6 km S of Una Una and depth of hypocenter < 33 km. Telemetered
seismograph installed on island and recorder installed at Ampana, 70 km S of vent. Island jolted by continuous
earthquakes from Jul. 4. The major eruption occurred on Jul. 23.

Micro-tremors: recorded. No eruption in 85 years.

BVE No. 23, p. 20-21.
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SOPUTAN Sulawesi-Indonesia 1.11 N124.72E VOTW num.:0606-03=

Morphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l. : 1784 m Edifice relief :
Range of eruptive products: basalt to andesite

SWARM DATE: 84/8/6 +0.5 Dur.(days): 19 +1 Type:taq Eventtype(s)A,B Grade: B

. . . Seismograph: temporary OTHER REPORTED OBSERVATIONS

l\'aax. I:Aagm;uclie. #EQtotal ;- Dist. tovent:  9km Tremor: Y Migration :
ax. Intensity: MM at #Felt total: 0 Type: Deformation :  Focal mech:

Depth (km): + b-value : Component : Gravity : EQ families :

Detection threshold:1.6 Repose (yr.): 11 Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Magnification: 2K Geothermal :

Key phrase: Increase in seismicity on Aug. 6 1984 , all seismicity ceased from Aug. 25, until time of eruption on Aug.

26.

Eruption preceded by increase in seismicity on Aug. 6 1984 starting Aug. 14 a sequence of tremor recorded. Irreguiar
numbers of A and B-type events averaging 1-2 per day. Curiously all seismicity ceased from Aug. 25, until time of
eruption on Aug. 26. Micro tremors from 17 days prior.

BVE No. 24, p. 25.
SWARM DATE: 85/3/15 +15 Dur. (days): 65 +15 Type:ibq Eventtype(s)V,(felt  Grade: B

: . . Seismographi OTHER REPORTED OBSERVATIONS
I\'an. ?AtagnIFUQeMMM 56 t :; EQR“:E{“ I .30:? Dist. to vent: Tremor : Migration :
ax. Intensity: & eil tolai : Type: Deformation :  Focal mech:
Depth (km): * b-value : Component ; Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geaothermal :
[Key phrase: A notable increase in valcanic earthquakes were observed in April 1985. ]

A notable increase in volcanic earthquakes were observed in April 1985. On May 18, following the occurrence of felt
shocks in April - early May, Soputan began to emit dense smoke up to 250m high from the main crater. Earthquake
counts estimated from figure. Magnitude from fig. in Newhail and Dzurisin (1988).

BVE No. 25, p. 26.

Newhall and Dzurisin, (1988): Historical Unrest at Large Calderas of the World, USGS Buill. 1855.

SWARM DATE: 89/4/22 +0.5 Dur. (days): 0.29 +0 Type:ic Eventtype(s)t Grade: b
. ki . Seismograph: permanent OTHER REPORTED OBSERVATIONS
m'ax. ?Atagm?uquM t z E:C;tt(:tatll [ Dist. tovent:  5km Tremor : Y Migration :
ax. Intensity: a e 98 : Type: Radio TelseismographDeformation :  Focal mech:
Depth (km): + b-value : Component : V4 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod:  1's Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 64K  Geothermal :

[Key phrase: Piace holder for 1989 tremor information. ]
April 22 at 10:20 (LT = GMT+8) tremor was recorded 17 minutes later, the eruption occurred. Duration of tremor 7
hours in total, ~3 sec period.

BVE No. 29, p. 34.
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LOKON-EMPUNG Sulawesi-Indonesia 1.36 N124.79E VOTW num.:0606-10=

Morphology: strato or composite Tectonic framework:
Elevation above m.s.l. : 1579 m Edifice relief :
Range of eruptive products: basalt to andesite

SWARM DATE: 86/4/14 + Dur. (days): 90 + Type:1b? Event type(s):Tect Grade : C

. i R Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnl?ut.!e. # EQ total : .270 Dist. tovent: 1km Tremor : Y Migration :
Max. lntenslty. MM "l 815 km # Felt total N Type: Hosaka De‘OﬂT\aﬁOn : Focal mech:
Depth (km): + b-value : Component:  Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s  Magnetic: Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :

[Key phrase: Unfelt shocks recorded from 3 months before the eruption.

On July 10, 1986, a strong earthquake was felt M6.5 on the Richter scale (PDE July 9 23:10 1.95N, 126.59E depth
53 Mb 6.2). Four days later eruption occurred on July 14, at 12:23. Tremor duration 6 hours total, ca. 0.4 sec. period.
A strong earthquake was felt on Aug. 15 03:39, the epicenter was the same as the July 10 earthquake.

BVE No. 26, p. 25-27.

SWARM DATE: 87/7/1 4183 Dur. (days): + Type:ie  Event type(s):Tect Grade :

. . R Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnl?u(.ie. # EQ total : . Dist.tovent:  4km Tremor : Migration :
Max. Intensity: MM at # Felt total : Type: Hosaka Deformation:  Focal mech:
Depth (km): * b-value : Component : 1 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

[Key phrase: Place hoider for 1987.

Some seismicity was recorded but was reported as tectonic.
During the first half of Apr., an average of 15 tectonic earthquakes were detected daily, but no seismic activity was
reported for the second half of the month.

BVE No. 27, p. 21.

SWARM DATE: 88/4/14 +1 Dur.(days): 7 +2 Type:itb Eventtype(s).VE Grade : C
. . . Setsmograph: permanent  OTHER REPORTED OBSERVATIONS

Max. Magnl.tutfie. # EQ total : ,2 Dist. tovent:  4km Tremor : Migration :

Max. Intensity: MM at # Felt total : Type: Hosaka Deformation:  Focal mech:

Depth (km): % b-value : Component : 1 Gravity : EQ families :

Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magpnification : 5K Geothermal :

[Key phrase: Place holder for 1988. ]

Two volcanic earthquakes were recorded one week before the April activity.
BVE No. 28, p. 32.
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Momhology: strato or composite
Elevation above m.s.l. : 1331 m

MAHAWU Sulawesi-indonesia

Tectonic framework:
Edifice relief : 630 m

Range of eruptive products: basalt to andesite

1.36 N124.86E VOTW num.:0606-11=

SWARM DATE: 87/4/23 +1

Max. Magnitude:

Max. intensity: MM at
Depth (km): +
Detection threshold:
Cum. energy release:

Dur. (days): 68 +2 Type:3

. Seismograph:
# EQ total : 952 Dict & g?,ean‘;:
# Felt total : Type:
b-value : Component :
Repose (yr.): Natural period :
Previous swarms : Magnification :

Event type(s)Tect,VE Grade: B

OTHER REPORTED OBSERVATIONS

Tremor : Migration :
Deformation:  Focal mech:
Gravity : EQ families :
Magnetic : Rumbiing :
Geothermal : Y

Key phrase: During the last week of Apr., tectonic earthquakes occurred at a rate of about 9 per day and shallow
volcanic events at about 5 per day.

Beginning on 17 Apr. 1987, a white plume was observed about 100 m above the Mahawu summit crater. The plume
persisted into early May. Between 1 and 22 Apr., tectonic earthquakes occurred at a rate of 1 per day, with no shallow
volcanic earthquakes. During the last week of Apr., tectonic earthquakes occurred at a rate of about 9 per day and

shallow volcanic events at about 5 per day.

The whitish plume was continuously present above the summit in May and Jun. Both tectonic and volcanic
earthquakes had increased at the end of Apr. and continued to be recorded in May, Jun. and Jul. By 30 Jun., the
crater lake volume had increased to 45,000 m3 and water temperature had increased to 48C.

BVE No. 27, p. 83.
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API] SIAU Sangihe is-Indonesia 2.78 N125.48E VOTW num.:0607-02=

Momholagy: strato or composite Tectonic framework:
Elevation above m.s.l.: 1784 m Edifice relief : 2700 m
Range of eruptive products: andesite
SWARM DATE: 84/1/23 +0.5 Dur. (days):>30 <+ Type:le Event type(s)felt Grade : C
Max. Magnitude: # EQ total : Seismograph: permarnent  OTHER REPORTED OBSERVATIONS
o . Dist. tovent: 5km Tremor : Migration :
'[\)ﬂ:;tf-:'}m§dy MMl iatS km ﬁﬁz etc?tal ) Type: electromagnetic Deformation:  Focal mech:
: : : iy : families :
Detection threshold: Repose (yr.): ﬁ‘;,’}‘,,pﬁ":;n“od : %s m’gﬁc: Eﬁ’m?,',}‘,:;e?
Cum. energy release: Previous swarms : Magnification : 3K Geothermal :

[Key phrase: Felt shocks: 1 per month before the eruption.

Unfelt shocks: 10 per day S-P 1.25. Max. intensity Il a 5 km.
BVE No. 25, p. 27.

SWARM DATE: 86/9/28 +0.5 Dur. (days): + Type: Event type(s)felt Grade :

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : - SERV

o . Dist. tovent: 45km Tremor : Y Migration :
Max. Intensity: MMIIl at5 km # Felt total : 73 Type: Katsujima Deformation : ~ Focal mech:
Depth (km): * b-value : Component : z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :

[Key phrase: Place holder for 1986. A few minutes before the eruption a weak earthquake (MMI) was felt.

Unfelt shocks recorded: 3 per day; Micro-tremors recorded; from Jan.-Dec. 1986 , 73 felt earthquakes in total
between MM II-1II.

BVE No. 26, p. 27-28.

SWARM DATE: 87/7/1 +183 Dur. (days): + Type:4? Event type(s)t Grade :

. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnitude: #EQtotal: 0 Dist.tovent: 45km  Tremor: Y Migration :
Max. Intensity: MM at #Felt total: 0 Type: Katsujima Deformation:  Focal mech:
Depth (km): + b-value : . Componen{ : Z Gravity : EQ famiilies :
Detection threshold: Repose (yr.): Naturalperiod: 1s  Magnelic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal

[Key phrase: Place holder for 1987.
Felt shocks: none, Unfelt shocks: none, Micro-tremors: recorded duration S days in total.
BVE No. 27, p. 22.

SWARM DATE: 88/7/1 +183 Dur. (days): + Type: Event type(s):A Grade :

. i . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Max. Magnl'tuc‘je. # EQ total : . Dist. tovent: 4.5km Tremor ; Migration :
Max. Intensity: MMIl at4.Skm  # Felt total : Type: Katsujima Deformation:  Focal mech:
Depth (km): * b-value : Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :

[Key phrase: Place holder for 1988.
Felt shocks occurred. Unfelt shocks recorded at 2 per day, S-P 2.5 seconds.
BVE No. 28, p. 33.
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GAMALAMA Halmahera-Indonesia 0.80 N127.33E VOTW num.:0608-06=

Morphology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1715m Edifice relief : 2700 m
Range of eruptive products:  basalt to andesite

SWARM DATE: 88/1/5 +1 Dur.(days): 28 +1 Type:ibq Eventtype(s)felt,V,E Grade: B

Max. Magnitude: # EQ total : 480 Sgismograp.h: permanent  OTHER REPORTED OBSERVATIONS
Max. Intensity: MMIIl at3 km # Felt total : 48 %s&t_o;:gta 3km MO o :  Phgration &
Depth (km): + b-value : Component: 2 Gravity:  EQfamilies :
Detection threshold: Repose (yr.): Naturalperiod: 1s  Magnetic Rumbling :
Cum. energy release: Previous swarms : Magnification: 5K Geothermal :

[Key phrase: Felt shocks 2 per day from 28 days before the eruption. ]

Activity increased after a series of felt shocks in the middle of Jan. 1988. On Feb. 12 and eruption took place. Felt
shocks 2 per day from 28 days before the eruption. Unfelt shocks 20 per day, S-P duration 6 seconds. Fig. monthly
counts of volcanic and tectonic earthquakes Jan. 87 to Mar. 88.

BVE No. 28, p. 34.
SWARM DATE: 89/7/28 +0 Dur.(days): 2 0.5 Type:3 Event type(s):\VE, VT,t Grade: B

Max. Magnitude: # EQ total - Seismograph: temp? OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : %us;ét_o vent: oM ion - | Mhgration -
Depth (km): + b-value : Coméonem: Gravity : " EQfamifies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

[Key phrase:July 28 and 29, 16 volcanic and 10 local tectonic earthquakes were recorded. |

Volcanic tremor episodes with amplitudes of 0.5 mm were recorded for 11 and 16 minutes on July 28 and 29. 16
volcanic, 420 distant, 10 tocal tectonic earthquakes were recorded.

BVE No. 29, p 98.

SEAN Bull vol 14 no 7 p 9, 1989.

109



MAKIAN Halmahera-indonesia 0.32 N127.40E VOTW num.:0608-07=
Morphology: strato or composite Tectonic framework:

Elevation above m.s.l.: 1357 m Edifice relief : 2350 m

Range of eruptive products:  andesite

SWARM DATE: 88/7/20 +0.5 Dur.(days): 9 41 Type:ib Event type(s).VE,t Grade : B

Max. Magnitude: #EQtotal: 3000  Selmograph: QIHER REPORTED OBSERVATIONS
gea;ﬂ:’}m)s'ty MM iat gsﬁllt,;?tal: 'cr;oype m. 8eformation: F(())cal mech:

[ : - : mponent : raviy : EQ families :
Detection threshold: Repose (yr.): 98 Natural period : Magngﬁc . Rumblinlg :
Cum. energy release: Previous swarms : Magnification : Geothermal : ?

[Key phrase: Unfelt shocks recorded 3-500 per day from 9 days before the eruption. |

Atter 98 years of dormancy, on July 17, 1988 Kie Besi (syn. for Makian) became active. On July 20, the first volcanic
earthquakes were recorded. Then, until July 28, the seismicity continuously increased accompanied by volcanic
tremor. Unfelt shocks recorded 3-500 per day form 9 days before the eruption. Micro-tremors recorded: 7days in
total at a period of ca. 0.5 seconds.

BVE No. 28, p. 35-36.
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Philippines



CANLAON Pnilippines-C 10.41N123.13E  VOTW num.:0702-02=

Momhology: strato or composite Tectonic framework: Uncert. Convergent (arc)

Elevation above m.s.l. . 2465m Edifice relief : 2405 m

Range of eruptive products:  basalt to andesite
SWARM DATE: 80/5/6 +0.5 Dur.(days): 41 11 Type:3 Event type(s).VE Grade : B

; . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : 2652 : . . tidvhiids
Max. Intensity: MM at # Felt total : %s‘t)ét:o vent: emor - o Mhgration |
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr) Natural peﬁod . Magnetic : Rumbhng :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Swarm began on May 6, May 19 the seismicity declined. ]
Swarm began on May 6, numbers of earthquakes = 108 per day at peak level of May 19, then seismicity declined.

late June volcanic shocks = 40 per day.

As of Jun. 27 2652 events recorded.

Canlaon last erupted in 1978 (BVE No 18) no surface eruption recorded with seismicity in 1980.

BVE No. 20, p. 95.

SWARM DATE: 85/3/13 +0 Dur. (days): 0.19 +0 Type:ibq Eventtype(s)VT,LF Grade: B

: . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magm?uc?e. # EQ total : 1 39 Dist. to vent: Tremor - Migration :
Max. Intensity; MM at # Felt total : Type: Deformation:  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Sustained seismic activity started suddenly on 13 Mar. at 13:12, 4.5 hours before the onset of eruption. |

Totaled 139 recorded events, 60 high-frequency and 79 low frequency types. At the beginning of the seismic crisis,
only High-freq. tremors were recorded, then low freq. types predominated between 14:00 and 16:00. The number
declined before the eruption began. During the eruptions first 24 hours (until 14 Mar. at 17:59) 51 VT and 9 LF
tremors were recorded.

BVE No. 25, p. 28.

SWARM DATE: 85/10/5 +0.5 Dur.(days): 3 +2 Type:2a? Eventtype(s)felt,LF Grade: C

Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
o ) Dist. to vent: Tremor ; Migration :

Max. Intensity: MM at # Felt total : Type: Deformation :  Fooal mach:

Depth (km): + b-value : Component : Gravily : EQ famiiies :

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Earthquakes were felt during the eruption. ]

Activity had declined to voluminous emission of white vapor on Oct. 8 and weakened further the next day, but
seismographs continued to record low-frequency events.

BVE No. 25, p. 28.

SEAN Bull. vol. 10, no. 2, p. 8, no 9, p. 8, 1985

SWARM DATE: 86/6/3 +0 Dur. (days): 0.18 +0 Type:2b Event type(s).E Grade : B
Max. Magnitude: # EQ total : S?'sm°g'ap,h: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM! at5.5km  #Felt total : ?aysggo vent: remor ion . Fhgration .
Depth (km): * b-value : Component : Gravity:  EQfamilies
Detection threshold: Repose (yr.): Natur{:ll_ period : Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: Without any preceding seismic activity ash was weakly ejected. The ejection was accompanied by
explosion earthquakes.

The ejection was accompanied by audible rumbling and an explosion earthquake felt at intensity |, 5.5 km SE of the

crater. The event lasted 15 minutes, 45 sec. Another explosion earthquake, with 18 mm amplitude, occurred at 04:35;

and lasted 55 sec.

BVE No. 26, p. 28.

SEAN Bull. vol. 11; no. 5 p. 16 and no. 6 p. 8,1986.
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CANLAOQON Philippines-C 10.41N123.13E  VOTW num.:0702-02=

Morphology: strato or composite Tectonic framework: Uncert. Convergent (arc)

Elevation above m.s.l. . 2465m Edifice relief : 2405m

Range of eruptive products:  basalt to andesite
SWARM DATE: 86/6/14 +0.5 Dur.(days): 8 +1 Type:itb Eventtype(s).LF Grade : B

: . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : : ) € SERVATIO
Max. Intensity: MMIll at6 km # Felt total : Paa Yo O ion:  Mhgration .
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Rey phrase: On June 14, 8 days prior to the eruption, seismicity increased. |

Canlaon erupted on 21 Jun., at 19:07 and a ash-steam cloud rose to 4 km above the summit. The event was initiated
by an explosion-type earthquake felt with intensities Il and i at seismic stations 6 and 8.7 km from the summit.
Booming and hissing sounds accompanied the ash ejection. The number of LF events remained at a high level after
3 June and decreased slightly 9-13 June. Seismicity increased again on 14 Jun., 8 days prior to the eruption. As of 1
Jul., seismicity has decreased slightly.

BVE No. 26, p. 28.

SEAN Bull. vol. 11; no. 5 p. 16 and no. 6 p. 8, 1986.

SWARM DATE: 87/3/1 +1 Dur.(days): 64 +1 Type:ib Eventtype(s).LF,E Grade : B

: . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
:AAZXX mzagn?uquM t ﬁ Egttc;:)atlai _203 0 Dist. tovent: 6km Tremor : Migration :
Denih (km)ftY- ia B e Jotal éoype: Hosaka 8etormahon:Y Fcéwl mech:
A : : mponent : 1 ravity : EQ families :
Detection threshold: Repqse (yr.): Natu‘rﬁ period: 1s Magnglic: Y Rumbling :
Cum. energy release: Previous swarms : Magnification : 4K Geothermal : Y

[Key phrase: Unfelt shocks recorded from 64 days before the eruption. ]

Strong emissions of white to dirty white steam plumes with a minimal amount of ash were observed on 4, 5, 6, and 7
May 1987. These were accompanied by small-amplitude explosion type earthquakes and increasing number of low
frequency volcanic earthquakes with daily counts varying from 30-50.

Between eruptive periods, moderate amounts of white steam plume occupied about 40%-50% of the crater, and
seismic levels as well as thermal readings fluctuated with a general downward trend. By 8 May, steam emission at the
active crater, seismic activity, thermal values gathered at Mambucal area and other monitored parameters slowly went
back to pre-eruptive levels.

Unfelt shocks recorded from 64 days before the eruption. The maximum ground amplitude was 65 mm at 0.7 km
(temp. station?) from the vent.

BVE No. 27, p. 23.
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CANLAON Pnilippines-C 10.41N123.13E  VOTW num.:0702-02=

Mormhology: strato or composite Tectonic framework: Uncert. Convergent (arc)
Elevation above m.s.l. : 2465 m Edifice refief : 2405 m
Range of eruptive products: basalt to andesite

SWARM DATE: 88/5/6 +0.5 Dur.(days): 45 +1 Type:lb Eventtype(s)HF,Et Grade: B

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
R/Inax. :\dtagm.tuc.ieiw M § Eoltk:tatl l . Dist. tovenl: 6 km Tremor : Y Migration :
ax. Intensity: at elt total : Type: Ranger PS-1A Deformation : Y Focal mech:
Depth (km): + b-value : Component: 2 Gravity : EQ families :
Detection threshold: Repose (yr.): 1.25 Natural period : Magnetic : Rumbling : Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

Key phrase: Unfelt shock frequency, increasing trend from 1.5 months before the eruption. Jun. 21, the initial outburst
was observed. This event not recorded by seismic stations on the lower slopes.
On June 21, the initial outburst was observed from 17:25 to 17:48 (LT. GMT + 8 hours). Light grayish ash and steam
column rose to a maximum height of 300 m above the crater. Traces of ash were noted at the village of Mananawin
on the volcano's SE slope, at elevation 980 m above sea level. This event was not recorded by the seismic stations on
the lower slopes. On the next day (Jun. 22) at 13:30 and 14:18, ash ejections ensued. This time, the maximum height
of the eruption column attained 600 m above the crater, and harmonic tremor of small amplitude (0.5 mm) were
recorded on seismograms.
On June 24, two mild ejections occurred at 11:55 and 14:55, accompanied by faint rumbling sounds. Ashes from the
500 m eruption column were dispersed on the SF upper slopes. No eruption signal was recorded by the PHIVOLCS
seismic stations.Four more ash ejections were observed during Jun. 25 and 27. These were accompanied by
explosion earthquakes as recorded by the seismographs. Ash-laden steam columns reached a maximum height of
500 m and were drifted to the SW slopes. On June 28, harmonic tremors were recorded by the Masolog station
seismograph from 11:18 to 15:00. These events were followed by ash ejections which were all reflected in the
seismograms as explosion type earthquakes. The ash-laden steam columns reached a maximum height of 1,000 m.
The final activity occurred at 07:14 - 07:19 on July 2. An explosion type earthquakes was recorded coincident with the
event; steam and ash column rose to a height of 500 m above the crater.
Felt shocks none. Unfelt shock frequency 2-10 per day increasing trend, S-P 1.0 - 3.0 sec. max. ground amplitude of
20.0 um at 6 km from the vent from 1.5 months before the eruption. Micro-tremors: none.
BVE No. 28, p. 36-37.

SWARM DATE: 89/10/25 +0.5 Dur. (days): 11 +0.5 Type:2a Eventtype(s).LF Grade : B
: . . Se'smograph: permanent OTHER REPORTED OBSERVATIONS
Max. ?ﬁtagnr.tuc.ieMM t z thtct’gl I . Dist. to vent: 6 km Tremor : Migration :
ax. Intensity: a b el Jlal Type: Ranger PS-1A Deformation : Y Focal mech:
Depth (km): + -vaiue Component : Z Gravity : EQ families :
Detection threshold: Repose (yr.): 1.33 Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

[Key phrase: Oct. 25, 1989 an eruption began without clear precursors |

Oct. 25, 1989 an eruption began without clear precursors after 15 months of repose from its last eruption on Jul. 2,
1988 No seismic signals preceded the eruption as activity varied from O-low levels. The ash ejections were recorded
by the seismographs as small magnitude explosion type earthquakes. On Dec. 5 seismic activity decreased
significantly as the daily count of recorded volcanic earthquakes varied 0-5. During the entire eruptive period (Oct.
25-Dec. 5) High levels of local seismicity (15-20 volcanic earthquake per day) were recorded. These included ash
ejections that were recorded as low frequency earthquakes by a seismograph installed at the base of the voicano.
Good Fig. on p 36 of BVE.

BVE No. 29, p. 35-37.

113



BULUSAN Luzon-Philippines 12.77N124.05E VOTW num.:0703-01=

Morphology: strato or composite Tectonic framework: Uncert. Convergent (arc)
Elevation above m.s.l.: 1559 m Edifice relief : 1265 m
Range of eruptive products: andesite
SWARM DATE: 80/4/29 +0 Dur. (days):>3 % Type:ic  Event type(s)B Grade : B
H . . Se'smogfaph: OTHER REPORTED OBSERVATIONS
Max. Magm?u(.ie. # EQtotal : 170 Dist. to vent: Tremor : Migration :
Max. Intensity: MMI at # Felt total : . i .
; Type: Deformation:  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: At 19:50, 29 Apr. eruptions preceded by 3 days of increased seismicity. |

The eruption began on 27 Dec., 1979 continued with a second explosion on 12 Jan., 1980 After an increase in the
number of earthquakes, a third explosion occurred on 7 Feb.

Mar. 27 a magnitude of 1 on the modified Rossi-Fore! scale was felt at Lake Bulusan 4.5 km SE of the crater.
Through Apr. seismic activity accompanied by eruptive activity (volcanic earthquakes and/or B-type events).

At 19:50, 29 Apr. eruptions preceded by 3 days of increased seismicity.

19, 30 July strongest eruptions preceded by -1V earthquakes.

28 Sept. volcanic activity followed by earthquakes decreasing in freq.

BVE No. 20, p. 43-44.

SWARMDATE: 80/7/6 +05 Dur.(days): 5 +1 Type:la Eventtype(s): Grade : B
Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM IV at #Felt total: 6 e e emor - on:  Fhgration .
Depth (km): % b-value : Component : Gravity : EQ families :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: An earthquake swarm began on 6 July. The swarm gradually delcined after the 10th. ]

An earthquake swarm began on 6 July, when 108 volcanic events were recorded in a 24-hr period. Six events were
felt at MRF intensity I-1V. Seismicity peaked on 10 July with 189 events, 10 felt at I-IV. The swarm gradually declined
after the 10th.

SEAN, (1989), Gobal Volcanism 1975-1985 p. 234-235.

SWARM DATE: 80/7/22 +0.5 Dur. (days).:>7 + Type:le Event type(s):VE Grade : C
Max. Magnitude: # EQ total : 558 Seismogr: ap!"i OTHER REPORTED OBSERVATIONS
Max, Intensity: MMIV at #Felt totai: 22 Distlovent Dt aion: e
Depth (km): + b-value : Component : Gravity:  EQtfamilies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Seismicity increased again on 22 Jul., The swarm was continuing as of 29 Jul. ]
Seismicity increased again on 22 Jul., with 235 volcanic earthquakes recorded in 24 hours. Ten were felt at intensities
up to 1V on the MRF scale on 27 Jul., 323 events were recorded and 11 felt, again at intensities of as much as V.
The swarm was continuing as of 29 Jul.

SEAN, (1989), Gobal Volcanism 1975-1985 p. 235.

114



BULUSAN Luzon-Philippines 12.77N124.05E VOTW num.:0703-01=
Mormphology: strato or composite Tectonic framework: Uncert. Convergent (arc)

Elevation above m.s.l. . 1559 m Edifice relief : 1265 m

Range of eruptive products: andesite
SWARM DATE: 81/4/20 +0.5 Dur.(days): 8 1 Type:ib Event type(s): Grade : B
Max. Magnitude: #EQtotal: 1812~ Sesmograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MMV at # Felt total : 64 Pomar” Ve oY on:  ehgration
Depth (km): + bvalue: Component : Gravity : EQ tamilies :
Detection threshoid: Repose (yr.): Naiurg! penod . Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: Swarm began on 20 Apr. Seismicity declined since the renewed eruptive activity on 27 Apr. ]

Swarm began on 20 Apr., during the next week 1812 events were recorded, 64 felt at intensities -V on the MM scale
and were accompanied by rumbling. Seismicity declined since the renewed eruptive activity on 27 Apr.
BVE No. 21, p. 36.

SWARM DATE: 81/6/30 +0.5 Dur. (days): 5 +1 Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total : 700 Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MMIl at # Felt total: 11 D Vot o on . Thgration
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Local earthquake swarm from Jun. 30 - Jul. 4, 700 recorded events. No eruption took place. |

Local earthquake swarm from Jun. 30 - Jul. 4, 700 recorded events, 11 felt at intensity I-ll on Mod. Rossi-Forel scale
and 7 others accompanied by rumbling. No eruption took place.

BVE No. 21, p. 36.

SWARM DATE: 83/6/25 +0.5 Dur.(days): 0 + Type:4 Event type(s): Grade : B
Max. Magnitude: # EQ total Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : %'Sgétf vent: g:g% o - g&ﬂ?\géhz
Depth (km): + brvalue : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal © Y

[Key phrase: The eruption of Bulusan, in June 1983, was not preceded by an increase in seismicity. ]
The eruption of Bulusan, in June 1983, was not preceded by an increase in seismicity, but hot spring temperatures
had increased several degrees.

BVE No. 26, p. 80-81.
SEAN Bul., vol. 11, no. 4 p. 20-21, 1986.
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BULUSAN Luzon-Philippines 12.77N124.05E VOTW num..0703-01=

Mormholegy: strato or composite Tectonic framework: Uncert. Convergent (arc)
Elevation above m.s.l. : 1559 m Edifice relief : 1265 m
Range of eruptive products:  andesite

SWARM DATE: 86/4/19 +0 Dur. (days): 0.41 +0.02 Type:3 Event type(s)VT,LF  Grade: B

. ism h: oBs
Max. Magnitude: # EQ total : 229 Seismograp OTHER REPORTED OBSERVATIONS
1p) :
Max. Intensity: MM at #Felt total : 3 ?'St o vent gzg](?n(ation: F(;?:gﬁggch
Depth (km): b-value : Chmponent Gravit EQ families :
R . y:
Detection threshold:3. 0 epose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal
[Key phrase: A seismic swarm began on 19 April at 20:22 LT and lasted for about 10 hours.

A seismic swarm began on 19 April at 20:22 LT(= GMT + 8 hours) and lasted for about 10 hours. A total of 229
volcanic earthquakes were recorded by most of the 5 seismic monitoring stations. The initial phase was characterized
by high-frequency volcanic earthquakes, gradually replaced by low-frequency volcanic earthquakes during the peak
and latter part of the activity. Three of the events were felt, with epicenters initially located about 7.4 km SE (azimuth
134) of the summit crater, within the caldera.

The last eruption of Bulusan, in June 1983, was not preceded by an increase in seismicity, but hot spring
temperatures had increased several degrees. The April 1981 eruption, however, was preceded by an 8-day
earthquake swarm. A seismic swarm following that eruption did not culminate in additional eruptive activity.
(Information from: Office of the Director, Philippineinstitute of Volcanology and Seismology, 6th Floor, Hizon Building,
29 Quezon Avenue, Quezon City, Philippines. From: SEAN Bulletin, vol. 11, no. 4, p.20-21, 1986)

BVE No. 26, p. 81-82.

SWARM DATE: 87/3/3 +0.5 Dur. (days): 18 +1 Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Dy'séeto vent: E’eegg‘a'ﬁm: y&?ggm
Depth (km): * b-value : Component : Gravity EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms . Y  Magnification : Geothermal

[Key phrase: Swarm occurred on 3-21 Mar. ]

See May 5, 1987 record for additional comments.

BVE No. 27, p. 84.
SEAN Bulletin, vol. 12, no. 5, p. 19; no. 12. p. 7, 1987

SWARM DATE: 87/5/5 +0.5 Dur. (days):<1 & Type:3 Event type(s)LF,HF Grade: B
. . N Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnl.tut‘je. # EQ total : ,411 Dist. to vent: Tremor : Migration :

Max. Intensity: MM at # Felt total : Type: Deformation:  Foeal mech:

Depth (km): t brvalue : Component : Gravity : EQ families :

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Seismicity rose again to a high level on 5 May 1987. |

Seismicity rose again to a high level on 5 May 1987 with 2 high-frequency and 18 low-frequency volcanic earthquakes
recorded in the area of the volcano. The beginning of the swarm was accompanied by a slight increase in the steam
emission at an upper fissure. Five tectonic earthquakes with large maximum double amplitudes were recorded the
same day. A total of 103 high- frequency and 308 low-frequency volcanic events were recorded by the 3 station
seismic network during the entire crisis.

This swarm occurred 55 days after the previous swarm on 3-21 Mar. A two month recurrence had been recognized
for seismic swarms prior to the May episode.

BVE No. 27, p. 84.

SEAN Bulletin, vol. 12, no. 5, p. 19; no. 12. p. 7, 1987
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BULUSAN Luzon-Philippines 12.77N124.05E VOTW num.:0703-01=

Mormphology: strato or composite Tectonic framework: Uncert. Convergent (arc)

Elevation above m.s.l. . 1559 m Edifice relief : 1265m

Range of eruptive products:  andesite
SWARM DATE: 87/10/22 +0.5 Dur. (days): 43 +1  Type: Event type(s)HF Grade: C
Max. Magnitude: # EQ total : S?smm’apf‘: OTHER REPORTED OBSERVATIONS
Max. Intensity: MMIl at # Felt total : %’%’Jf vent: oM - ion . Fhdration -
Depth (km): E b-value : Component : Gravity ; EQ families :
Detection threshold: Repose (yr) Natural period : Magnetic : Rumbhng :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: Strong volcanic earthquakes were detected by the single instrument in operation at Bulusan from 22 Oct.

to 3 Dec.

Strong volcanic earthquakes were detected by the singie instrument in operation at Bulusan from 22 Oct. to 3 Dec.
(typhoons damaged the remainder of the seismic telemetry network). High-frequency earthquakes with S-P intervais
ranging from 2.0 to 2.6 seconds were recorded on 22, 23, and 31 October, and 3 Dec., The 22 Oct. earthquake was
felt at intensity 1i.

Several seismic swarms have been recorded at Bulusan during the past 2 years. It's last eruption, in June 1983, was
not preceded by an increase in seismicity, but the Apr. 1981 eruption foliowed an 8-day earthquake swarm.
(information from: Philippine Institute of Volcanology and Seismology)

BVE No. 27, p. 84.

SEAN Builetin, vol. 12, no. 5, p. 19; no. 12. p. 7, 1987

SWARM DATE: 88/1/20 +1 Dur.(days): 30 +1 Type:1b Event type(s)E,HF Grade : B

Max. Magnitude: # EQ total - 90 Seismograph: permanent OTHER REPORTED OBSERVATIONS
T, . Dist. tovent: 51 km Tremor : Migration :
g:;ﬂ:"(m?ty MM iat g_s:&;‘_’ta] : 0 g’;oype: Hosnetue s 3e10(nmaﬁon Y E(())c?l mclach
A : y m| ent : ravey : amuies :
Detection threshold: Repose (yr): & Naturpgnperiod: 1s Magnztic: Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 20K  Geothermal : Y
[Key phrase: Unfelt shocks occurred from 30 days before the eruption. ]

On Feb. 20, 1988, after five years of repose, Bulusan voicano began to erupt without clear precursor phenomena. Six
more ejections ensued and were ali recorded as explosion earthquakes. On Mar. 7, at 11:07, an ash-laden steam
column of 1430 m high was observed from Salvacion, SE of the voicano. In the night, the activity continued and five
more explosions were recorded. During outburst, Bulusan voicano remained restive as high to alarming levels of local
seismicity continued to be recorded daily. Unfelt shocks: occurred from 30 days before the eruption, 3 per day, S-P
duration 1.7~4.0 sec., max. ground ampl.: 22 um at 5.1 kan from the vent.

BVE No. 28, p. 38-39.
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MAYON Luzon-Philippines 13.26N123.69E VOTW num..0703-03=

Morphology: strato or composite Tectonic framework: Uncert. Convergent (arc)

Elevation above m.s.l.: 2990 m Edifice relief : 2422 m

Range of eruptive products: andesite
SWARM DATE: 80/8/16 +0.5 Dur. (days): 106 + Type: Event type(s)1 Grade : ¢

; . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : 214 ) N : Yy
Max. Intensity: MM at # Felt totai P Vet e ion | igration ©
Depth (km): + b-value : Compoanent : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Place holder for 1980 tremor information.

Short duration harmonic tremor recorded on Aug. 16, occasional tremor through Nov. Similar seismic activity
preceded 1978 eruption and accompanied crater glow. Steam accompanied by short duration tremor at Mayon
Resthouse observatory, faint glow noted same day.

BVE No. 20, p. 45.

SWARM DATE: 84/9/13 + Dur. (days): + Type: Event type(s)1,E Grade : ¢
Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MMl at # Felt total : 1 it to vent: e ion: | Phgration -
Depth (km): + b-value : Component : Gravity:  EQ families :
Detection threshold: Repose (yr.): Natural period Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Piace holder for Sept. 1984 tremor and explosion earthquake infromation.

Continuous tremor with increasing ampl. accompanied by explosion earthquakes recorded Sept. 13. Mild eruptivity
Sept. 22 accompanied by felt quake intensity 1l (Modified Rossi Forel) at Mayon Resthouse Observatory on NW flank.
By Oct. 1984 volcanic. tremor and discrete earthquakes remained.

BVE No. 24, p. 27-28.

SWARM DATE: 88/8/5 +5 Dur. (days): 100 +10 Type:3 Event type(s)HF,LF,t Grade: B

Max. Magnitude: # EQ total - Seismogr ap'h: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Pt o vent: premor: .Y Migration
Depth (km): + b-value : Component : Gravity : EQ tamilies :
Detection threshold: Repose (yr.). Natural period : Magnetic : Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase: High level of local seismicity was detected starting early Aug. 1988. Duration of HF earthquake swarm
determined from figure.

On Aug. 18, 1988, PHIVOLCS declared the condition of Mayon as abnormal, citing the observation of crater glow for
the past three days, rumbling sounds during earthquakes, and the occurrence of some inflationary tilting of the
volcano since Mar. 1988. High level of local seismicity was detected by the Mayon Resthouse Observatory starting
early Aug. 1988. This seismicity included high and low frequency volcanic earthquakes and volcanic tremors. The
level attained by the volcano's seismicity exceeded that of the pre-eruption period of early 1984 (Fig. M7-2, BVE No.
28, p. 91). By Nov. 1988, all of the observed parameters gradually disappeared and the daily activities went back to
background levels. For the rest of the year, there was no abnormal volcanic activity being manifested by Mayon
volcano. All monitoring and observational data gathered were within background levels. Fig: event counts Jan. 81. to
Dec. 88.

BVE No. 28, p. 91.
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MALINAQ Luzon-Philippines

Mormhology: strato or composite
Elevation above m.s.l. :
Range of eruptive products:

Tectonic framework:

Edifice relief :

basalt to andesite

13.42N123.60E VOTW num.:0703-04=
Uncert. Convergent (arc)

SWARM DATE: 80/7/6

Max. Magnitude:
Max. Intensity: MM
Depth (km):
Detection threshold:
Cum. energy release:

+

at

Dur. (days): 23 +

# EQ total :

# Felt total :
b-value :

Repose (yr.):
Previous swarms :

Type:1b  Event type(s)mseism Grade: ¢

Setsmograph: OTHER REPORTED OBSERVATIONS
Dist. to vent: Tremor : Migration :
Type: Deformation:  Focal mech:
Component : Gravity : EQ families: Y
Natural period : Magnetic : Rumbling :
Magnification : Geothermal : Y

[Key phrase: Jul. 6 strange micro-seisms were recorded. Jul. 29 a small phreatic explosion took place.

As early as Jul. 6 strange micro-seisms were recorded. Geyersing of muddy water observed 2 hrs. prior.

BVE No. 20, p. 46.
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TAAL Luzon-Philippines 14.00N120.99E  VOTW num..0703-07=

Momhology: strato with crater lake Tectonic framework: Uncert. Convergent (arc)

Elevation above m.s.l. : 300 m Edifice relief : 295m

Range of eruptive products: basalt
SWARM DATE: 87/10/30 +0.5 Dur. (days): 15 +1 Type:3 Event type(s): Grade : B
Max. Magnitude: # EQ total : 19 Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at10.7 km  #Felt total : 5 Dist. to vent: Tremor:  Migration :

' Type: Deformation:  Focal mech:

Depth (km): 64 b-value : Compoanent : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling : Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal

Key phrase: Recorded earthquakes began increasing 30 Oct., 1987. Seismic activity has abated and few local events
have been recorded since 14 Nov.

Recorded earthquakes began increasing 30 Oct., 1987. A maximum of 19 events per day was recorded on 31 Oct.;
five of the events were felt by residents of Agoncillo, 10.7 km SW of the crater on the W shore of Taal Lake. The
events were recorded but not felt on the volcano island, the site of historic eruptions in the Taal Caldera. Some
residents of Agoncillo also reported rumbling sounds accompanying the earthquakes. Isolated reports of sulfurous
stench were unconfirmed. Many residents of Agoncillo and nearby villages described the quakes as having
prominent vertical movements, similar to those prior to the 1965 eruption.

Events on 6 Nov. had epicenters [near] Manalao Point on the W shore of Taal lake and across the lake from the
1965-1977 eruption site. The earthquakes had depths of 6.4 km and suggested ground fracturing beneath the
caldera.

Seismic activity has abated and few local events have been recorded since 14 Nov.

BVE No. 27, p. 84.

SWARM DATE: 88/8/10 +5 Dur. (days): 14 +1 Type3 Event type(s)HF Grade : B
Max. Magnitude: # EQ total Seismograph: permanent  oTHER REPORTED OBSERVATIONS
. . Dist. tovent:  2km Tremor : Migration :
g:;tgquiny © MM iat ﬁ_saelﬁetgtal ) goypei gefonjmation : E‘g?:%ll m;el%ch:
A . X ’ mponent : raviy : amilies :
Detection threshold: Repose (yr.): Natural period : Magngtic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal ; Y

[Key phrase: During a two week period in mid-Aug., 1988, several small, high frequency events were detected. ]
During a two week period in mid-August, 1988, several small, high frequency events with average maximum double
amplitudes of 2 mm were detected at the Pira-Piraso seismograph station (~2.5 km from the main crater). From Aug.
16-22, 11 high frequency events were recorded.

BVE No. 28, p. 92.

SWARM DATE: 89/6/19 +0.5 Dur. (days): 161 1  Type:3 Event type(s):VE Grade : B
Max. Magnitude: # EQ total : 500 S?Smogfapf‘i pemanent?  otHER REPORTED OBSERVATIONS
Max. Intensity: MMl at # Felt total : Q;S;éP vent:  2km Tremor: . . Migration: ¥
Depth (km): 59 28 b-value : Com . , alon - ech.

. ponent : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling : Y
Cum. energy release: Previous swarms : Y  Magnification : Geothermal : Y

Key phrase: On Jun. 19 seismicity began to increase from 0 to moderate levels. On Nov. 18 seismic activity returned
to background.

On Jun. 19 seismicity began to increase from 0 to moderate levels ( varying form 11- 20 earthquakes per day). The
daily count of volcanic earthquakes slowly increased. The highest number of events recorded during the earthquake
swarm was 33 on Aug. 23. On Aug. 24 the frequency of recorded events began to decrease. But perceptible and
large volcanic events were still recorded. Majority were accompanied by rumbling sounds. The most distinct ones
occurred on Sept. 19 and Oct. 7, being felt at MM Il and lil, respectively. On Nov. 1 there was a noticeable decrease
in the daily counts of recorder volcanic earthquakes (3-5 per day). On Nov. 18 seismic activity returned to background
levels (0-2 volcanic earthquakes per day). The epicenters of the located earthquakes were confined at the NE
portion of the volcanic island which includes the main crater lake and Pinagulbuan crater. From Aug. 18 to Nov. 9 the
hypocenters migrated from the surface toward a depth of 8.6 to 3.1 km.

FIG: Daily event counts, epicenter map. Total number of earthquakes est. from figure.

BVE No. 29, p. 98-99.
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PINATUBO, MT. Luzon-Philippines 15.14N120.35E VOTW num.:0703-083
Mormphology: strato or composite Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1600 m Edifice relief :

Range of eruptive products:

SWARM DATE:<91/4/5 «+ Dur. (days):>67 120 Type:1bq Eventtype(s):VT,t,LP Grade: A

. , R Seismograph: temporary OTHER REPORTED OBSERVATIONS
Max. Magm_tuqe. 43 #EQtotal - Dist.tovert: 1 km Tremor: Y Migration: Y
Max. Intensity: MM at # Felt tc?tal : Type: Mark L4-C Deformation : Y Focal mech:
Depth (km): 5 45 b-value : Component : Z Gravity : EQ tamilies :
Detection threshold: Repose (yr.): 670 Naturalperiod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : N Magnification: 5K Geothermal :

Key phrase: When seismographs were installed on April 5, seismic activity was already at an elevated level. Reports of
felt earthquakes in the vicinity beginning on March 15, 1991.

When the first portable seismographs were installed on April 5, seismic activity was already at an elevated level. Sabit
and others (USGS Pinatubo volume, in press) note reports of felt earthquakes in the vicinity of Mt. Pinatubo beginning
on March 15, 1991.

Almost all the recorded seismic activity to May 31, consisted of VT earthquakes with magnitudes ranging from less
than 1 to 3. The majority of the VT earthquakes occurred as separate events or in small flurries of events with
overlapping codas lasting from 1 to a few minutes. The longest flurry occurred on May 29, and lasted ~20 minutes.
The earthquakes were located 5 km northwest of the summit at depths of 1 to 10 km, with the majority located at
depths of 3 to 7 km. Sporadic episodes of shallow low-level tremor with frequencies between 1-8 Hz were also
recorded before May 29.

Distinct changes in seismic activity began in early June that included an increases in the number of locatable VT
earthquakes beneath the active fumaroles, small explosions, intensity and durations of tremor episodes. Seismic
activity between June 1-7 evolved into an intense swarm of shallow VT earthquakes that marked the beginning of the
dome growth on the northwest flank of the volcano.

At ~07:00 on June 6, VT activity beneath the active fumaroles began to increase rapidly. This swarm continued to
intensify until 16:30 on June 7, when it evolved into an hour-long episode of sustained activity. This swarm continued
until 23:00 on June 7, when activity abruptly declined.

From June 8, to 08:51 June 12, swarms of VT earthquakes gradually increased, the intensity and incidence of tremor
also increased and a few shallow LP reappeared. This period begins with a 33-hours of relative seismic quiescence
and ends with the first major explosive eruption on June 12,

About 400 deep long-period earthquakes and 25 hours of deep long period fremor occurred beneath Mt. Pinatubo, in
two pluses, during May 26-28 and May 31-June 8.

Harlow, D., et al. (USGS Pinatubo volume, in press)

White, R. (USGS Pinatubo volume, in press)

Power, J. (per. comm., 1995)
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SUWANOSE-JIMA Ryukyulis 29.53N129.72E VOTW num.:0802-03=

Mormhology: strato or composite Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 799 m Edifice relief : 800 m
Range of eruptive products: andesite
SWARM DATE: 89/7/1 +183 Dur. (days): + Type: Event type(s): Grade :
. . . Seismograph: OTHER REPORTED OBSERVATIONS
kAAax. Magmfur?e. # EQ total : . Dist. to vent: Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Deformation:  Focal mech:
: b-value : ype: . ( : ech:
Depth (km): + Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: Place holder for 1989.
Air shocks felt

BVE No. 29, p. 38.
JMA (1992): The Volcanological Bull of JMA, Vol. 29, Nos. 1-4.
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SAKURA-JIMA Kyushu-Japan 31.58N130.67E VOTW num.:0802-08=

Mormhology: caldera with strato Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1118 m Edifice relief : 1100 m
Range of eruptive products: andesite
SWARM DATE: 14/1/10 +0.5 Dur.(days): 3 + Type:ib  Event type(s):VT Grade : A
. . . Seismograph: OTHER REPORTED OBSERVATIONS
mz Mtaegnl?tl;c-’eMMh: 52 at j; Egtt%at;i ,44 Dist. to vent: 150 km Tremor : Migration :
Depih (km): : + bvalue : g';oypei Omori tromometer gefOt_'manon : Ec(;)c?l rq?ch:
A : . ’ mponent : ravity : amilies :
Detection threshold: Repqse (yr): 15 Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :

[Key phrase: Duration from fig. 2 Abe (1979) |

From the night of Jan. 10, 1914 earthquakes were felt with increasing frequency in the Sakurajima island. The
maximum frequency of earthquakes was attained between the night of the 11th and the next morning. On the
morning of the 12th, at about 8 am a column of white smoke was seen rising from the west side of the volcano, ant
about 10 am explosive eruptions began. the eruptions cloud attained at a height of over 6 km with lightning flashes
through dense cloud. At 6:28 pm a strong earthquake (Ms 7.0) took place and caused severe damage to the city of
Kagoshima and the Sakurajima island. Around 1 am of the 13th the eruption was particularly violent, but in the
afternoon the violence was greatly diminished.

At Nagasaki, 150 km north of Sakurajima, Omori horizontal tromometers were operated, and 44 shocks were
registered during the period from Jan. 9 to 20. The maximum frequency of shocks was attained on Jan. 11, but the
earthquake activity fell off rapidly after the eruption had started.

Abe, K. (1979) Magnitudes of Major Volcanic Earthquakes of Japan 1901 to 1925, J. Fac. Sci., Hokkaido Univ., Ser.
Vil (Geophysics), Vol Vi, No. 1, 1979.

SWARM DATE: 55/4/20 +10 Dur. (days): 175 +10 Type:laq Event type(s):VE Grade : A
. . . Seismograph: THER REPORTED OBSERVATIONS
Max. Magnljtuc.ie. #EQ total : . Dist. to vent: ?remor: Migration :
Max. intensity: MM at # Felt total : . i .
- Type: Deformation :  Focal mech:
Depth (km): + b-value : Component : Gravity - EQ families :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Duration from fig. 26 of Shimozuru 1971. {

The number of volcanic earthquakes increased markedly from May onwards, and reached a culmination in the middie
of Sept., followed by a sharp decrease. The eruption occurred almost four weeks after the cuimination of seismic
activity.

Shimozuruy, D., in "The surveillance and prediction of volcanic activity” Unesco Paris 1971

SWARMDATE: 79/7/1 4183 Dur. (days): + Type:ie  Event type(s): Grade :
; . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. :\Aagmﬁucfe.M i EQIttOtat‘a‘ - 261 Dist. tovent:  2km Tremor : Y Migration :
ax. Intensity: MM at b el total : Type: elecromagnentic ~ Deformation : Y Focal mech:
Depth (km): + value : Component : 3 Gravity : Y EQ tamilies:
Detection threshoid:1.6 Repose (yr.): Natural period: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 2K Geothermal :

[Key phrase: Place holder for 1979. ]

Frequency of volcanic earthquakes = 5000 per month, lower frequency in Oct. and Nov. Swarms of small volcanic.
earthquakes sometimes took place prior to extrusion of lava on the crater fioor. Large amplitude tremor (max. 15um)
for 20 min. (Jun. 6, 1979).

BVE No. 19, p. 43-44.
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SAKURA-JIMA Kyushu-dapan 31.58N130.67E VOTW num.:0802-08=

Morphology: caldera with strato Tectonic framework: Convergent (arc)

Elevationabove m.s.l.: 1118 m Edifice relief : 1100 m

Range of eruptive products: andesite
SWARM DATE: 80/3/15 +15 Dur.(days): 75 +15 Type:le Eventtype(s)B Grade: C

. ) . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : i Dist. tovent: 2km Tremor : Y Migration :
Max. intensity: MM at # Felt total : Type: electromagnetic Deformation :  Focal mech:
Depth (km): b-value : Component : 3 Gravity : EQ families :
Detection threshoid:1 6 Repose (yr.): Natural period: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 2K Geothermal :

[Key phrase: B-type accompanied by lava extrusions on crater bottom swarmed in Mar-May 1980. |

3219 explosions since 1955. 277 in 1980. B-type accompanied by lava extrusions on crater bottom swarmed in
Mar-May 1980. Tremor, large amplitude with block ejection continued from Feb. 15-16. Frequency of earthquakes
counted automatically with seismograph > 1um in amplitude.

Figs: Monthly earthquake totals, explosions and ash clouds

BVE No. 20, p. 50-52.

SWARM DATE: 81/7/1 +183 Dur. (days): + Type:te Event type(s)B Grade: C
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
I\’Jax. ?Atagn'?uquM t z lEzgttct):)a;'ai ,22192 Dist. tovent: 24km Tremor : Y Migration :
ax. In ens'rty. a bvalge o Type: electromagnetic Deformation:  Focal mech:
Depth (km): + vaiue : Component : 3 Gravity Y EQ families :
Detection threshold:1.6 Repose (yr.): Natural period : 1 Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 2K Geothermal :

[Key phrase: Place holder for 1981. ]

22,192 volcanic earthquakes recorded in 1981 by seismograph 2.4 km NW. Earthquakes and tremors increased
from Aug. 81 as well as frequency of explosions. B-type swarms accompanied extrusions on crater floor in Jan, Feb.,
Apr., Jul., and Sept. 1981. Figs: Monthly numbers of explosions, B-type earthquake, accumulated duration time of
volcanic tremors. Fig. station map

BVE No. 21, p. 38-41.

SWARM DATE: 82/2/15 +15 Dur. (days): 45 +15 Type:le Eventtype(s)V Grade : C
Max. Magnitude: # EQ total : 22038 Seismograph: permanent  0THER REPORTED OBSERVATIONS

P . Dist. tovent: 2.4km Tremor : Migration :
g:;tr:n(fnq?w MM iat g_f:lla etqtal : goypet electromagnetic Deformation : Y lécécal mech:
Detection threshold:1.6 Repose (yr.): Na:mu?ﬁn;e%d : :1)’ s ?/l?g;,:gt:c 5 nunfﬂ?rlge;s '
Cum. energy release: Previous swarms : Y  Magnification: 2K Geothermal : Y

[Key phrase: The frequency of volcanic earthquakes increased in Feb. and Mar. 1982. ]
Much activity throughout year, more than 22,038 volcanic earthquakes were recorded. The frequency of volcanic
earthquakes increased in Feb. and Mar. 1982.

BVE No. 22, p. 42-44.

SWARM DATE: 83/1/15 +15 Dur. (days): 45 +15 Type:te Eventtype(s):V,t,E Grade ; C

Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Dist. to vent: Tremor: Y Migration :

. Type Deformation:  Focal mech:
Depth (km): b-value : Component Gravity | EQ families -
Detection threshold:1 6 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

Key phrase:Increase in shallow volcanic earthquake and or volcanic tremor preceded explosive eruptions in early
Jan, late May mid-late Aug. mid-late Oct., and mid Dec.

May 18 explosion earthquake measures 56 um on seismogram (4.5 km WNW of crater, x200). Frequency of

volcanic tremors at high levels in Jun. and Jul. 1983 corresponding with increase in ash ejections. Increase in shallow

volcanic earthquake and or volcanic tremor preceded explosive eruptions in early Jan, late May, mid-late Aug.,

mid-late Oct., and mid Dec. Figs: Monthly tremor time summations, earthquake counts and explosions.

BVE No. 23, p. 24-25.
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SAKURA-JIMA Kyushu-Japan 31.58N130.67E VOTW num.:0802-08=

Morphology: caldera with strato Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1118 m Edifice relief : 1100 m
Range of eruptive products:  andesite
SWARM DATE: 84/7/1  +183 Dur. (days): + Type:ie  Event type(s): Grade :
. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
Max. Magnitude: # EQ total : 35665 : " f SERVATIO
Max. Intensity: MM at # Felt total * Dist.tovent: 2.4 km Tremor:  Migration :
Depth (km): + b-value : Type: electromagnetic geiormatlon : Ftacal mech:
| . : Component : 3 ravity : EQ families :
Detection threshold:1.6 Repose (yr.): Naju?:] perod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 2K Geothermal :
[Key phrase: Volcanic earthquakes frequency swarmed in every month this year. _]
Month | ll il v \Y Vi Vil viil IX X Xi Xit
Expl. 22 26 36 25 43 4? 21 12 13 14 19 5?

Ht. (km) 1.8 2.3 >=2.0 23 3.1 >=47? >=40 1.7 2.0 2.4 >=2.6 2.8
EQ 2672 3295 >=2665 >=1140 5216 >=4807 >=6030 2663 2523 >=2771 >=4447 4286
Earthquakes recorded at station 2.4 km NW of crater.

BVE No. 24, p. 29-30.

SWARM DATE: 85/7/1 +183 Dur. (days): + Type:te Eventtype(s):V,E,t  Grade:
Max. Magnitude: #EQtotal : 56834  SelSmograph:permanem  OTHER REPORTED OBSERVATIONS
Max. Intensity: MM  at # Felt total : D e ok o on: | Pt
Depth (km): t b-value : Component : " Gravity:  EQfamilies :
Detection threshold: Repose (yr.): Natural period : 1 Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 2K Geothermal :

[Key phrase: Volcanic earthquakes swarms in every month this year. |

The occurrence of volcanic tremor shows a high level.

Month | i ] v Vv Vi Vil vill IX X Xl Xl
Expl. 20 35 54 37 10 33 66 20 49 47 34 75
Ht. (km) 2.4 >=40 238 3.8 1.5 3.5 >=40 >=40 4.0 3.0 3.0 26
EQ* >=3350 3456 >=3815 >=6292 >=2745 >=4884 >=4682 >=3885 >=4573 >=5580 5065 8507
*Recorded by seismograph (x2000) 2.3 km NW of the crater.

BVE No. 25, p 29-32.

JMA (1985-1986): The Volcanological Bulletin, vol. 25, nos. 1-4.

SWARM DATE: 86/7/1 +183 Dur. (days): + Type: Event type(s):V,Et Grade :
Max. Magnitude: # EQ total : 35168 Seismograp!‘l permanent OTHER RFPORTED OB'SER\{A“(?'S
Max. intensity: MM at # Felt total : ?‘S" t~O\l’¢;;e¢;ntt,r' 2‘3:@ g‘ggcr’rrﬁtion Y l‘\:mgrz?ﬂo&w

Depth (km): + b-value : Componont -3 Gravty.  EQ families:
Detection threshold: Repose (yr.): Natu?; period: 1s Magneti'c : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 2K Geothermal :

Key phrase: Swarms of volcanic earthquakes frequently throughout 1986, except for the relatively iow occurrences in
Feb. May and June.

Month | i ]l \% \Y Vi Vil Vil IX X Xl Xil

Expl* 35 8 13 55 8 12* 4 22 20 21 12 6

Ht. (km) 2.4 3.0 1.5 3.2 1.0 3.2 3.0 1.8 1.8 2.0 27 2.5

EQ* 4588 1667 2352 3707 >=1787 3092 2099 3970 4715 2486 2348 2357

* Small ash emissions are not included

** Recorded at B station (x2000), 2.3 km NW of the crater.

Volcanic tremor was frequently recorded, except in Jan., Mar., and Sept.-Nov.

BVE No. 26, p 29-31. JMA (1987): The Volcanological Bulletin of JMA, vol. 26, nos. 1-4.
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SAKURA-JIMA Kyushu-Japan 31.58N130.67E VOTW num.:0802-08=

Morphology: caldera with strato Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1118 m Edifice relief : 1100 m
Range of eruptive products:  andesite
SWARMDATE: 87/7/1 183 Dur. (days): + Type:le  Event type(s):V,t,E Grade :
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
hr\//‘l:); Mtagn'::t’feMM at g ,E:gtt%atlai . Dist.tovent: 23km Tremor: Y Migration:

: : T Type: Deformation:  Focal mech:
Depth (km): * b-value : Component : Gravity : EQ families :
Detection threshoid: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 2K Geothermal :

[Key phrase: Place holder for 1987. B

Number of volcanic earthquakes in 1987 was relatively infrequent until Sept. while there were swarms in Jan., May,
Jun., Jul,, Sept., Oct., Nov., and Dec. The voicanic earthquakes were located just under the summit crater.
Volcanic tremors were also frequently recorded in this year, though lower than the previous record in total but having
high level during Aug.-Nov.

The number of explosions, the maximum height of explosion cloud above the crater, and number of volcanic
earthquakes in each month in 1987 were observed as foliows:

Month | 1l i v \ Vi Vil Vili X X Xi Xil
Expl.* 13 0 1 0 1 3 4 3 18 16 16 31
Ht.(km) 2.8 1.0"* 1.3 1.5** 13" 15 0.9 17 25 3.0 =40 35

EQ 1828 359 >488 182 1105 305 >1800 1646 3172 1668 3944 5599
* Ash-emissions are not included. ** Ash cloud. Recorded by a seismograph (x 2,000), installed at B Station, 2.3 km
NW or the crater. figs: hypo maps and explosion counts.

BVE No. 27, p. 24-27.

The Japan Meteorological Agency (1988-1989): Volcanological Bulletin of JMA, vol. 27, nos. 1-4.

Sakurajima Volcanological Observatory. Disaster Prevention Research Institute, Kyoto Univ. (1989): The
Activities of Volcanic Eruptions and Earthquakes at Saekurajima Volcano (1V). Rep. Coordinating Committee for
Prediction of Volcanic Eruptions. no. 42, p. 56-60.

SWARM DATE: 88/7/1 +183 Dur. (days): + Type:le  Event type(s)V Grade :

. . . Seismograph: permanent  oTHER REPORTED OBSERVATIONS
R/Inax. IIVIagnl.tuc.jeMM z EQlttc;LatLI. .26436 Dist. tovent: 23 km Tremor : Y Migration :

ax. ntens.lty. at b- el P Type: electromagnetic Deformation : Y Focal mech:

Depth (km): * value © Component : 3 Gravity: Y EQfamilies:
Detection threshold: Repose (yr.): Natural period :  1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magpnification 2K Geothermal :
[Key phrase: Place hoider for 1988. ]

Activity of volcanic earthquakes in 1988 was still at a higher level until Apr. with frequent occurrence of earthquake
swarms. The number of earthquakes and earthquake swarms decreased after May, and no voicanic earthquakes or
swarms were recorded in Dec.

Monthly data for explosions and voicanic earthquakes of Sakurajima Volcano in 1988.

Month | li 1] v \ Vi Vii Viii X X Xi Xii
Expl.* 29 35 21 19 12 6 11 6 3 8 5 0

Ht. (km) 3.0 2.5 >=4.0 2.0 2.7 2.6 3.3 1.8 2.8 2.0 1.0 0.8**
EQ*** 2872 4667 3556 4591 1273 >=1733 >=1092 1409 1548 1528 1716 451

* Weak ash-emissions not included

**Ash cloud -

***Recorded by a seismograph { x 2000) at B station, 2.3 km NW of the crater.

BVE No. 28, p. 41-43.

Japan Meteorological Agency (1990): The Volicanological Bulletin of JMA, Vol. 28, Nos. 1 - 4.
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SAKURA-JIMA Kyushu-dapan 31.58N130.67E VOTW num.:0802-08=

Momhology: caldera with strato Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1118 m Edifice relief : 1100 m

Range of eruptive products: andesite
SWARM DATE: 89/7/1 +183 Dur. (days): + Type:ie  Event type(s):A Grade :
Max. Magnitude: # EQ total : Seismograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : Dist tovent: Dremor:. . Migration

, ype: eformation :  Focal mech:

Depth (km): t b-value : Component : Gravity : EQ families :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: Swarm of shallow volcanic earthquakes took place several times in Mar., Oct., Nov., and Dec. ]

Activity of volcanic earthquakes in 1989 was relatively at a lower level except in Dec. but swarms of shallow volcanic
earthquakes took place several times in Mar., Oct., Nov., and Dec. Many volcanic tremors were recorded all the year
round. The number of A-type volcanic earthquakes increased since Feb. and the frequency of explosions increased

after Sept.

Month | Il Il v \" Vi Vil Vil IX X Xl X
Expl. 2 2 1 3 0 0 0 1 2 10 10 13
Ht.(km) 2.0 1.3 15 1.6 1.8 .9 1.5 1.5 25 2.2 2.5 3.0

EQ* 390 1279 1185 1201 1952 1017 1162 2289 1413 1324 1192 3293
* At B station 2.3 km. fig: hypocenter map on p. 39 BVE no. 29.

BVE No. 29, p. 39-40.

JMA(1992): Volcanological Bull. of JMA, Vol. 29, Nos.,1-4.

Sakurajima Volcanological Research Institute, Kyoto Unversity (1990): The Activities of volcanic eruptions and
earthquakes at Sakura-Jima (V), Rept. Coordinating Committee of Prediction of Volcanic Eruption. No. 47, p. 84-89.
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KIRISHIMA Kyushu-Japan 31.93N130.87E VOTW num.:0802-09=

Momhology: strato on a shield Tectonic framework: Convergent (arc)
Elevation above m.s.l. . 1700 m Edifice relief : 1300 m
Range of eruptive products: andesite
SWARM DATE: 82/8/17 +0 Dur.(days): 0.06 +0 Type:3 Event type(s): Grade : B
. . . Seismograph: OTHER REPORTED OBSERVATIONS
m:xx m;%r:gqe#h: 3'4& z Egltt(::)atlai ,83 Dist. to vent: 1.7km Tremor : Migration :
Depth (km): : + bvalue : goype: , gefo;mahon: Etaczfﬂ mfle.gh:
N 3 : N amites :
Detection threshold: Repose (yr.): NaiTxrpgnp%ﬁod : Mr:g;ngtic : Rumblir:g :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :
[Key phrase: Small scale earthquake swarm occcurred from 23:56-01:21 Aug. 17-18. ]

According to the observations by the Kirishima Volcano Observatory, Tokyo Univ. (1983), a small-scale earthquake
swarm took pace during the period from 23:56 on Aug. 17 to 01:21 on Aug. 18. The frequency of the seismic events
during this period was 83 and the largest event was magnitude 3.4 (Mf-p).

BVE No. 22, p. 102.

SWARM DATE: 83/1/16 +0.5 Dur.(days): 2 +1 Type:3 Event type(s):V Grade : B
. i . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : _1 08 Dist. to vent: 1.7 km Tremor : Migration :
Max. Intensity: MM at # Felt total : Tvpe: Deformation :  Focal mech:
Depth (km): b-value : ype. : ech:

ep Component : Gravity : EQ families :
Detection threshold:1 2 Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :

[Key phrase: Frequency of volcanic earthquakes increased Jan. 16-17, 1983. |
Frequency of volcanic earthquakes increased Jan. 16-17, 1983, 108 total events in Jan. 1983. (1.7 km SW is JMA
seismograph). Epicentral area is around Shinmoe-dake.

BVE No. 23, p. 60.

SWARM DATE: 83/12/28 +0.5 Dur.(days): 2 +1 Type:3 Event type(s):V Grade : B
Max. Magnitude: # EQ total - 100 Seismograph: OTHER REPORTED OBSERVATIONS
Max Inensity: MM et # Felt total : Vet A km e alion:  Foda mech:
Depth (km): b-value : Component : Gravity : EQ families ;
Detection threshold:1 2 Repose (yr.): Natural period : Magnetic : Rumbiling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :

[Key phrase: Voicanic earthquakes swarmed on 28-29 Dec. I

Volcanic earthquakes swarmed on 28-29 Dec., and about 100 earthquakes were recorded. The epicentral area was
located around Shinmoe-dake.

BVE No 22, p 60.

SWARM DATE: 85/6/12 +0.5 Dur. (days):<1 Type:3 Event type(s): Grade : B
; . . Seismograph: OTHER REPORTED OBSERVATIONS
max' Magnl'tU(_ie. M 23 # EQ total : _6 Dist. tovent: 1.7 km Tremor : Migration :
ax. Intensity: MM at # Felt total : Type: Deformation : Focal mech:
Depth (km): ot b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbiing :
Gum. energy release: Previous'swarms : Y  Magnification: 5K  Geothermal :

[Key phrase: Increases of seismicity around this volcano: 6 events (max. M2.3) on 12 Jun. |

According to the observation by Kirishima Volcano Observatory, Earthquake Research Institute of University of Tokyo,
there were increases of seismicity around this volcano: 6 events (max. M2.3) on 12 Jun. in the N of Ohnami Crater.
fig: epicenter map.

BVE No. 25, p. 60.

Japan Meteorological Agency (1985): The Volcanological Bulletin, vol. 25, no. 3. Kirishima Voilcano Observatory,
Earthquake Research Institute, University of Tokyo (1986): Recent seismicity in Kirishima Volcano. Report of the
Coordinating Committee for Prediction of Volcanic Eruptions, no. 35, p. 69-70.
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KIRISHIMA Kyushu-Japan 31.93N 130.87E VOTW num.:0802-09=
Morphology: strato on a shield Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1700 m Edifice relief : 1300 m

Range of eruptive products: andesite
SWARM DATE: 85/8/15 0.5 Dur. (days): 2.5 1 Type:3 Event type(s): Grade : B

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magm?uc.!e. M 3.9 # EQ total : ,8 Dist. tovent: 1.7 km T:emor : i DoMigratiQ:::
Max. Intensity: MM at # Felt total : Type: Deformation ©  Focal mech:
Depth (km): * b-value : Component : Gravity : EQ families :
Detection threshoid: Repose (yr.). Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :
[Key phrase: Increases ot seismicity around this volcano: 8 events (max. M3.9) in 15 - 17 Aug. 1

An earthquake of M2.7 occurred at the W foot of this volcano at 21:56 JST on 16 Aug. According to the observation
by Kirishima Volcano Observatory, Earthquake Research Institute of University of Tokyo, there were increases of
seismicity around this volcano: 8 events (max. M3.9) in 15 - 17 Aug. fig: epicenter map.

BVE No. 25, p. 60.

Japan Meteorological Agency (1985): The Volcanological Bulletin, vol. 25, no. 3. Kirishima Volcano Observatory,
Earthquake Research Institute, University of Tokyo (1986): Recent seismicity in Kirishima Volcano. Report of the
Coordinating Committee for Prediction of Volcanic Eruptions, no. 35, p. 69-70.

SWARM DATE: 85/8/22 +0.5 Dur. (days): 1.5 +1 Type:3 Event type(s): Grade : B
Max. Magnitude: #EQtotal : 6 Setsmograph: OTHER REPORTED OBSERVATIONS
o . Dist. to vent: 1.7 km Tremor : Migration :
gaxih'n(t(e”?_‘ty' MM iat g-\faelltx etgta( : Type: Deformation :  Focal mech:
eptn (kmj: : Component : Gravity EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :

[Key phrase: Increases of seismicity around this volcano: 6 events in 22 - 23 Aug. |

According to the observation by Kirishima Volcano Observatory, Earthquake Research Institute of University of Tokyo,
there were increases of seismicity around this volcano: 6 events in 22 - 23 Aug. near Kurikoma-dake. fig: epicenter
map.

BVE No. 25, p. 60.

Japan Meteorological Agency (1985): The Volcanological Bulletin, vol. 25, no. 3. Kirishima Volcano Observatory,
Earthquake Research Institute, University of Tokyo (1986): Recent seismicity in Kirishima Volcano. Report of the
Coordinating Committee for Prediction of Volcanic Eruptions, no. 35, p. 69-70.

SWARM DATE: 85/8/28 +0.5 Dur. (days): 2.5 =+1 Type:3 Event type(s): Grade : B
Max. Magnitude:M 2.2 # EQ total : 90 Seismograph: OTHER REPORTED OBSERVATIONS
o . Dist. to vent: 1.7 km Tremor : Migration :
g:;th'"(}frg?'ty MM :tat tf-\}/:aelltt;et?ta' : Type: Deformation : Focal mech:
h : . Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

[Key phrase: Increases of seismicity around this volcano: S0 events (max. M2.2) in 28 - 30 Aug. |

According to the observation by Kirishima Volcano Observatory, Earthquake Research Institute of University of Tokyo,
there were increases of seismicity around this volcano: 90 events (max. M2.2) in 28 - 30 Aug. near Shinmoe-dake
Crater. Many micro-earthquakes occurred around Shinmoe-dake Crater from 28 to 30 Aug. A total of 108 events was
recorded in this term by the JMA's seismograph (x 5000) at A point, about 1.7 km SW of the crater. Another event (M
3.4) took place at 20:16 JST on 1 Sept. at the SW foot. The latter shock was intensity 2 in JMA scale at the
neighboring spa. fig: epicenter map.

BVE No. 25, p. 60.

Japan Meteorological Agency (1985): The Volcanological Bulletin, vol. 25, no. 3. Kirishima Volcano Observatory,
Earthquake Research Institute, University of Tokyo (1986): Recent seismicity in Kirishima Volcano. Report of the
Coordinating Committee for Prediction of Volcanic Eruptions, no. 35, p.69-70.
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KIRISHIMA Kyushu-Japan 31.93N130.87E VOTW num.:0802-09=

Morphology: strato on a shield Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 1700 m Edifice relief : 1300 m

Range of eruptive products: andesite
SWARM DATE: 86/4/28 +0 Dur. (days): 2.5 +0.5 Type:3  Eventtype(s):V Grade : C

. . . Seismographl OTHER REPORTED OBSERVATIONS

Max. Magnitude:M 4.9 # EQtotal : 13 : . . i -
Max. hln(}(en;snty MM at # Felt fotal 3 - SR L
Depth (km): & ~ +2 -vaiue . Component : Gravity:  EQ families :
Detection threshold: Repqse (yr.): Naﬂ]?al??eﬂod . Mag;lngtic . Rumb“,:é .
Cum. energy release: Previous swarms : Y  Magnification : 5K Geothermal :
IKey phrase: Recorded a local seismic activity at 16:01-20:15 JST on 28 Apr., and on 30 Apr. ]

The seismological observation of Earthquake Research institute, University of Tokyo, recorded a local seismic activity
including the largest event of M4.9 at the site about 15 km SW of this voicano at 16:01-20:15 JST on 28 Apr., and
on 30 Apr. Out of 13, 8 events were located at depths of 4-8 km in the Nakatsu River area. Three events were felt at
Makizono area, and ground cracks and small land slides along the Nakatsu River were reported. No change of
fumarolic activity inside the Shinmoe-dake Crater was observed. Monthly number of voicanic earthquakes recorded
by the JMA's seismological observation at A station (x 5,000), 1.7 km SW of Shinmoe-dake Crater did not show a
high level in 1986, though the number slightly increased in September and November.

Month ! o wv vvevik vt iIX X Xi Xi

Earthquake 9 1312 18 54 5 4 25 10 19 9

(Communication from: Y. Sawada, Seismological. and Volcanological. Dept., Japan Meteorological Agency, 1-3-4
Ote-machi Chiyoda-ku, Tokyo 100, Japan)

BVE No. 26, p. 82.

Earthquake Research Institute, University of Tokyo (1986): Observation and Survey of Hypocenters of the Nakatsu
River Earthquakes in April 1986, Report of Coordinating Committee for Prediction of Volcanic Eruptions, no. 37, p.
43-47. Japan Meteorological Agency (1987): Volcanological Bulletin, vol. 26, nos. 1-4.

SWARM DATE: 88/10/8 +0.5 Dur.(days): 2 +0.5 Type:3 Event type(s):V Grade : B

B . . Seismograph: OTHER REPORTED OBSERVATIONS
Max. Magnx?uqe. # EQ total : ,267 Dist.tovent: 1.7 km Tremor : Y Migration :
Max. Intensity: MM at # Felt total : Type: Delormation:  Focal mech:
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 5K Geothermal :

IKey phrase: Volcanic earthquake-swarm took place in early-Oct. 1988. ]
Volcanic earthquake-swarm took place in early-Oct. 1988, counting 160 and 107 events on Oct. 8 and 9,
respectively. The hypocenters were considered to be at shallow depths under Shimnoe-dake cone.

The total number of volcanic earthquakes Oct. reached 330, showing a high level compared to the usual 10-30
events per month. During the seismic activity, a small volcanic tremor lasting 2 minutes was registered on Oct. 8 by
the seismograph about 1.7 km SW of Shinmoe-dake. The last record of tremor was on Dec. 29,
1983.(Communication from: Y. Sawada, Shizuoka Meteorological Observatory, JMA, 2-1-5 Magarikane, Shizuoka
422, Japan)

BVE No. 28, p. 92.

Japan Meteorological Agency (1990): Volcanological Bulletin of JMA. vol. 28, no 4.
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UNZEN Kyushu-Japan 32.75N130.30E VOTW num.:0802-10=

Mormphology: lava dome Tectonic framework: Convergent (arc)

Elevation above m.s...: 1360 m Edifice relief : 1300 m

Range of eruptive products: andesite
SWARM DATE: 80/8/7 +0.5 Dur. (days):<1 % Type:3 Event type(s)felt Grade : B

y Set h

Max. Magnitude: # EQ total : esmograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MMV at # Felt total : 1 Dt o vent: oMo ion:  hgration -
Depth (km): + b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Magnification : Geothermal :
[Key phrase: An earthquake swarm occurred on Aug 7. ]

An earthquake swarm (including felt shock max. intensity = 4 on JMA scale) occurred on Aug. 7 1980. Many swarms
(including felt shock) around this volcano, but a felt shock of intensity 4 has not occurred since Mar. 1972,
BVE No. 20, p. 95.

SWARM DATE: 80/11/7 +0.5 Dur. (days): 1.5 +0.5 Type:3 Event type(s)felt Grade : B
Max. Magnitude: # EQ total : Sgsmograph: OTHER REPORTED OBSERVATIONS
Max. Intensity: MM at # Felt total : 1 %‘;;0 vent: e ion:  hgration
Depth (km): + b-value : Component : Gravity:  EQfamilies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnitication : Geothermal :

[Key phrase: Earthquake swarm with felt shocks took place on Nov 7-8. ]

Many swarms (including felt shock) around this volcano, but a felt shock of intensity 4 has not occurred since Mar.
1972.

BVE No. 20, p. 95.
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UNZEN Kyushu-Japan 32.75N130.30E VOTW num.:0802-10=

Mormphology: lava dome Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1360 m Edifice relief : 1300 m

Range of eruptive products:  andesite
SWARM DATE: 82/6/6 +0.5 Dur.(days): 4 +1 Type:3 Event type(s)felt Grade : B

. . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnitude: # EQ total : 180 : . f SERVATIC
Max. Intensity: MMV at # Felt total : 9 ?;,s‘;étf vent: oMol on - Phgration -
Depth (km): * b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magretic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: Swarm recorded from June 6-10. ]

Jun. 6 1982 20:24 1 felt shock JMA intensity = I. By Jun. 9, 180 earthquakes 9 felt shocks (I~lil). There was not any
other anomalous changes.

BVE No. 22, p. 103.

SWARM DATE: 84/5/15 +15 Dur. (days): 270 +15 Type:3 Event type(s): Grade : B
Max. Magnitude: JMA.7 # EQtotal : 10544  Sesmograph: OTHER REPORTED OBSERVATIONS
Max Intensity: MM VIl at #Felt total: 519  Detlovent remor ion < pagration ;-
Depth (km): t b-value : Component : Gravity : EQ families :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Since May, local earthquakes around this volcano increased. Duration from figure. |

Since May, local earthquakes around this volcano increased, and then earthquake swarms intermittently occurred in
this year. On Jun. 13 more than 100 events were recorded, and the seismic activity further increased from Jul.
including felt shocks. On Aug. 8, at 17:30 JST, and earthquake JMA M5.7 and intensity 4 occurred, and the same
day at 17:38 a JMA M5.0 intensity 5 was located at the west at the WNW side of this volcano and caused injuries and
landslides. In Aug. a total of 6370 local earthquake including 409 felt shock were recorded. Occurrence of the local
seismicity remained at a high level by early Nov., and on 19 Oct. a swarm including 7 felt shocks JMA intensity 4
occurred. The earthquakes as strong as JMA intensity 5 was the first since 1924. No anomalous fumarolic activity
was observed.

Month | I Hi v Vv Vi Vil Vil IX X Xl XH
EQ 58 56 55 41 410 341 676 6370 871 929 546

>=191 :

felt 1 1 0 1 S 5 12 409 33 31 11 6

BVE No. 24, p. 65.
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UNZEN Kyushu-Japan 32.75N130.30E  VOTW num.:0802-10=

Morphology: lava dome Tectonic framework: Convergent (arc)

Elevation above m.s.l.: 1360 m Edifice relief : 1300 m

Range of eruptive products:  andesite
SWARM DATE: 85/7/1 +183 Dur. (days): + Type:3 Event type(s): Grade :

S . . Seismograph: OTHER REPORTED OBSERVATIONS

Max. Magnt?uc.ie. # EQ total : .1 2l Dist.tovent: 4 km Tremor : Migration :
Max. intensity: MM at #Felt total : 29 Type: Deformation:  Focal mech:
Depth (km): + b-value : ) Component : Gravity : EQ tamilies :
Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification : Geothermal :
[Key phrase: Place holder for 1985. ]

The seismicity in and around this voicano increased in Jan., May, Jun. and Dec. 1985 and smali earthquake swarms
occurred in these months. The monthly numbers of local earthquakes was as follows:

Month [ Il 1l v \' Vi Vi viii X X Xl
X

number 149 67 84 59 235 234 >=58 59 >=78 34 44
110

felt 0 1 2 0 5 17 0 1 3 0 0
0

BVE No. 25, p. 61.
Japan Meterological Agency {1985 -1986): The Volcanological Bulletin, vol. 25, nos. 1-4.

SWARM DATE: 89/11/21 +0.5 Dur. (days): 3 +1 Type:1a? Event type(s): Grade : B
; . . Seismograph: OTHER REPORTED OBSERVATIONS

max. IIMagm'tusje.thM 3.7 t z EQItt?atl I _562 Dist. to vent: Tremor : Migration :

ax. intensity: a elt total : Type: Deformation:  Focal mech:

Depth (km): + b-value : Component : Gravity : EQ families :

Detection threshold: Repose (yr.): Natural period : Magnetic : Rumbling :

Cum. energy release: Previous swarms : Y  Magnification : Geothermal :

[Key phrase: Swarm of earthquakes occurred on Nov. 21-24. B

Swarm of earthquakes occurred on Nov. 21-24, The largest event (M3.7) occurred on Nov. 21. Temporary increase
of the number of earthquakes was observed on Nov. 30. One shock was felt in mid Dec. but the level of seismicity
became normal thereafter. No extraordinary phenomena were detected in fumaroles and hot water springs. The Nov.
earthquakes were mostly located in Chijima Bay to W of the volcano. A small group of earthquakes was detected at
the W-NW foot of Unzen from Dec. 1989 through Jan. 1990, This is the first time that the seismic activity was located
near the summit of the volcano since seismological observation was started by Kyushu Univ. in 1984. Number of
events is a total for the month of Nov.

Fig: Monthly seismicity 1965-1989; Epicenter maps.

BVE No. 29, p. 99-100.

JMA (1992): Volcanological Bull Vol. 29. No. 4. Shimabara Earthquake and Volcano Observatory, Faculty of
Science, Kyushu Univ. (1990): Seismic activity in and around Unzen Volcano, Rept. Coord. Comm. for the Prediction
of Volcanic Eruption, No. 46, pp 69-72.
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ASQ Kyushu-Japan 32.88N131.10E VOTW num.:0802-11=

Mormhology: caldera with strato Tectonic framework: Convergent (arc)

Elevation above m.s.l. : 1592 m Edifice relief : 1100 m

Range of eruptive products: andesite
SWARM DATE: 79/6/13 +0.5 Dur. (days): 0.83 +0.02 Type:1iaq Event type(s)V,t Grade : b

. . . Seismograph: permanent OTHER REPORTED OBSERVATIONS
ma"' :wfg""“'de‘MM X :; EQH“:“’}' i Dist tovent:  08km  Tremor: Y Migration :
ax. Intensity: a b el otal . Type: electromagnetic Deformation : Y Focal mech:

Depth (km): -vaiue : Component : 3 Gravity : Y EQ families :
Detection threshold:1 4 Repose (yr.): Naturalperiod: 15 Magnetic: Y Rumbling: Y
Cum. energy release: Previous swarms : Magnification: 3K Geothermal

Key phrase: Prior to the eruption the amplitude of the tremor decreased. Duration ca. 20 hours before Jun. 13

eruption.

One felt shock took place before the June eruption, but the details of the activity of the volcanic earthquakes were
uncertain owing to large amplitude continuous tremor.

Early June intensification of ejecta accompanied by large amplitude tremor. Prior to the eruption the amplitude of the
tremor decreased.

BVE No. 19, p. 46-48.

SWARM DATE: 79/8/26 +0.5 Dur. (days): 10 +0.5 Type:1aq Event type(s)t Grade : b
. . . Seismograph: permanent  0THER REPORTED OBSERVATIONS
mzxx IMmaegnr::tt;c‘ieMM at iggtt%atlai . Dist. tovent:  0.8km Tremor: Y Migration :
Depth (km): bvalue - Type: electromagnetic Deformation : Y Focal mech:
epth (km): + value Component : 3 Gravity Y EQ tamilies :
Detection threshold:1.4 Repose (yr.): Natural period: 1s Magnetic: Y Rumbling: Y
Cum. energy release: Previous swarms : Y  Magnification : 3K Geothermal :

[Key phrase: Prior to the eruption the amplitude of the tremor decreased. Duration ca.10 days before Sept. 6 eruption. |
Volcanic activity decreased its strength since Aug. 10 and volcanic tremor almost faded away after Aug. 27.
BVE No. 19, p. 46-48.

SWARM DATE: 79/11/2 +0.5 Dur. (days): 0.3 0.1 Type: Event type(s)t Grade : ¢
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS

hMﬂax' 'lmtag""”dem M z EC}tt‘it‘:' i Dist tovent: 08km  Tremor: Y Migration :

ax. Intensity: at el olal: Type: electromagnetic Deformation : Y Focal mech:

Depth (km): b-value : Component : 3 Gravity Y EQ families :

Detection threshold:1 4 Repose (yr.): Naturalperiod: 15 Magnetic: Y Rumbling :

Cum. energy release: Previous swarms : Y  Magnification: 3K Geothermal :

Key phrase: Prior to the eruption the amplitude of the tremor decreased. Duration ca. sevral hours before Nov. 2

eruption.

Several hours of volcanic tremor recorded.
BVE No. 19, p. 46-48.

SWARM DATE: 80/1/27 +0.5 Dur. (days): 1  +0.5 Type:2b? Event type(s)V,E Grade : C
e b

Max. Maani : . Seismograph: permanent  0THER REPORTED OBSERVATIONS
szx Infegnr:ituc'jeMM at z Egttﬁ)atiﬂ' . Dist. tovent: 0.8 km Tremor : Migration :

; .ty. Ve Type: eletromagnetic Detormation : Y Focal mech:
Depth (km): % b-value : Component : 3 Gravity: Y EQfamilies
Detection threshold: Repose (yr.): Naturalperiod: 15 Magnetic : Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 3K  Geothermal:

[Key phrase: Volcanic earthquakes swarmed on Jan 27. |

An explosion earthquake (ampl. 28.0 um) was recorded 0.8 km W of the crater on Jan 26. Volcanic earthquakes
swarmed on Jan 27.

BVE No. 20, p. 53-54.

Seismology and Volcanology Research Div., Meteorological Research Inst. (1980): Temperature measurements in
and around craters of On-take and Aso volcano by means of remote sensing from the air, Rept. of the Coord. Comm.
for Prediction of Volcanic Eruptions, 19, 12-20.
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ASQO Kyushu-Japan 32.88N131.10E VOTW num.:0802-11=

Mormphology: caldera with strato Tectonic framework: Convergent (arc)
Elevation above m.s.l.: 1592 m Edifice relief : 1100 m
Range of eruptive products: andesite
SWARM DATE: 81/7/1 +183 Dur. (days): + Type: Event type(s): Grade :
. . . Seismograph: permanent  OTHER REPORTED OBSERVATIONS
m:’; Mtaegnnslituqei\/lM t j; Egttotéatlai . Dist. tovent:  0.8km Tremor : Migration :

: ty: a Lo Type: electromagnetic Deformation:  Focal mech:
Depth (km): * b-value : Component : 3 Gravity : EQ families :
Detection threshold: Repose (yr.): Naturalperiod :  1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y = Magnification: 3K Geothermal :

[Key phrase: Place holder for 1981. ]

Activity of volcanic earthquakes was rather low level this year.
BVE No. 20, p. 42.

SWARM DATE: 83/6/9 +0.5 Dur.(days): 11 11  Type:3 Event type(s): Grade: C
Max. Magnitude: 3.0 # EQ total ; 212 Sgsmographz permanent  OTHER REPORTED OBSERVATIONS
. . Dist. tovent:  0.8km Tremor : Y Migration :

'g:;ﬂ:"(}g:;s'ty MM Illiat g-\r/:aelittl etqtal -1 Type: electromagnetic gefoqmation : Fcécal mech: y

A . : Component : 3 ravity : EQ families :
Detection threshold: 1.4 Repose (yr.): Naturpgnpeﬁod: 1s Magnetic : Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 3K Geothermal :
[Key phrase: There was 212 earthquakes in Jun., most of which swarmed in 9-20 Jun. ]

Seismic activity was rather active in the year, with an earthquake felt around the summit crater on 21 Mar., and a feit
shock of intensity | JMA occurred on 29 Mar.

There was 212 earthquakes in Jun., most of which swarmed in 9-20 Jun. The swarm was located at the N somma
area and the magnitudes were less than 3. It was interpreted that the swarm was probably not related to the present
volcanic activity.

Amplitude of the continuous volcanic tremors observed by JMA (at station 0.8 km w of crater, x3000) was 0.3 um in
average in early and mid Mar. Mean amplitude of the tremors was 0.2 um through 27 Sept., but it sharply increased to
3.3 um on 28 Sept. corresponding with mud and sand spattering. On the next day amplitudes suddenly decreased to
0.1-0.2 um. Fig: epicenter map.

BVE No. 23, p. 60.

SWARM DATE: 84/7/1 +183 Dur. (days): + Type:ie  Event type(s):V,t Grade : C
. , . Seismograph: permanent  oTHER REPORTED OBSERVATIONS

Max. Magnitude: - SERV

Max. Int e?’\r:itl;l"jeMM at ﬁggtt%%i . Dist. tp vent:  0.8km Tremor : . Y Migration :

De pih (km): : + b-value : g;oYDe o s (D;g%r;ahon :§ g%ca‘ll m$ch:

A N ) mponent : : amilies :
Detection threshold:1.4 Repose (yr.): Natura) period: 1s Magnetic: Y Rumbling :
Cum. energy release: Previous swarms : Y  Magnification: 3K Geothermal :

Key phrase: Place holder for 1984. Frequency of volcanic earthquakes was at a relatively higher level in Feb., Mar.
and Jun.

Frequency of volcanic earthquakes was at a relatively higher level in Feb., Mar. and Jun., but in the rest of the
months it remained at a normal level. Continuous volcanic tremor, mean amplitude 0.1-0.2 um until mid Apr. 84.
After ampl. = 0.3-0.4 um, reached a maximum at 0.9 um Apr. 21-22. decreased to 0.2-0.3 um Sept. 84. Dec. 84
found mean ampl. = 0.4-0.5 um. Max. tremor corresponding with water spouting Apr. 16 - mid May 84.

Figs: Volcanic activity 1965-1984; Monthly number of tremors and volcanic earthquakes, monthly averaged amplitude
of volcanic tremor, eruption phenomena, water level.

BVE No. 24, p. 30-31. '
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ASQ Kyushu-Japan

Range of eruptive products:

Morphology: caldera with strato
Elevation above m.s.l.: 1592 m

andesite

32.88N131.10E VOTW num.:0802-11=

Tectonic framework: Convergent (arc)

Edifice relief :

1100 m

SWARMDATE: 85/5/15 +15 Dur. (days):<30 <+

Max. Magnitude:

Max. intensity: MM at
Depth (km): +
Detection threshold:
Cum. energy release:

# EQ total : 80

# Felt total :

b-value :

Repose (yr.):
Previous swarms : Y

Type:id  Event type(s):V,t Grade: C
Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Dist. tovent: 0.8 km Tremor : Y Migration :
Type: electromagnetic Deformation : Y Focal mech:
Component : 3 Gravity : Y EQfamilies :
Naturalperiod: 1s Magnetic: Y Rumbling:
Magnification : 3K Geothermal : Y

IKey phrase: The number of volcanic earthquakes shows a higher level in 1985, especially in May.

The number of isolated volcanic tremors showed a relatively high level by 1985. The epicenters of earthquakes in
Aug. and September were located at the N side of the Aso caldera rim and around Nakadake. Fig: Hypo maps.

Month { 1l
X

Earthquake 30 37
11

Isolated Tremor >=1790 1638

397

18

3418

v \Y

54 80

Vi Vil Vil X X X!

37 12 111 >=113 17 17

>=1670 >=2269 1470 >=208 989 >=1846 >=145 218

Cont. Tremor* .3 0.2-0.3 0.4-05 0.3 0.4

0.2

0.3 0.1 0.2 0.2 0.2 0.2

*Average ampl. in um by the seismograph (x3000) at station A, 0.8 km W of crater.

BVE No. 25, p. 33-34.

JMA (1985-1986): Volcanological Bulletin, no. 25, no 1-4.
Aso Volcano Observatory, Kyoto Univ. (1986): Activities of volcanic earthquakes and energy variation of volcanic
mircotremor at Nakadake, Aso Voicano, during the period from Jan. to Dec., 1985. Report of volcanic Eruptions

No.36, p. 40-42.

SWARM DATE: 85/8/15 +15 Dur. (days):<60 +

Max. Magnitude:

Max. Intensity: MM at
Depth (km): +
Detection threshold:
Cum. energy release:

# EQ total : 224

# Felt total :

b-value :

Repose (yr.):
Previous swarms : Y

Type:3 Event type(s):V Grade: B
Seismograph: permanent  OTHER REPORTED OBSERVATIONS
Dist. tovent: 0.8 km Tremor : Y Migration :
Type: electromagnetic Deformation : Y Focal mech:
Component : 3 Gravity : Y EQ families :

Naturalperiod: 1s Magnetic: Y Rumbling :
Magnification : 3K Geothermal : Y

[Key phrase: The number of volcanic earthq