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SIGNIFICANT EARTHQUAKES OF THE WORLD

1991

INTRODUCTION

This publication is a final 1listing of all the significant
earthquakes for 1991. Significant earthquakes are defined for this
publication as those of magnitude 6.5 or greater or ones that caused
fatalities, injuries or substantial damage. The locations, comments
and other data were taken from the Preliminary Determination of
Epicenters Monthly Listing, U.S. Geological Survey. This listing of
significant earthquakes was compiled to provide an accurate and
readily available summary of the world's most important earthquakes
for a given period of time.
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ORIGIN TIME GEOGRAPHIC DEPTH MAGNITUDES SD NO REGION, CONTRIBUTED MAGNITUDES AND COMMENTS
uTcC COORDINATES GS STA
HR MN SEC LAT LONG MB Msz USED

00 06 31.4 18.068 N 105.847 W 35 5.5 6.2 1.2 145 OFF COAST OF JALISCO, MEXiICO. Ms 6.6 (BRK).
Mo=2.8¢10+¢18 Nm (HRV). Mo=6.0¢10+#18 Nm (PPT).

14 57 11.5 23.613 N 95.901 E 200 6.2 7.1 1.3 400 BURMA. Ms 7.3 (BRK), 7.0 (PAS). Mo=2.4+10¢+19 Nm (GS).
Mo=3.1¢10¢¢19 Nm (HRV). Mo=4.0+10+219 Nm (PPT).
Thirty—two buildings aond 380 hectares of farmland
damaged in the Thabeikkyin area. Same landslides
reported. Felt strongly at Mandalay. Felt in much of
northwestern Burmao from Hkamti to Sittwe. Alsa felt in
the Silchar area, India and in Thailand from Chiang Mai
to Bangkok.

23 83 33.6 35.993 N 70.423 E 142 G 6.4 1.2 530 HINDU KUSH REGION. mb 6.6 (BRK). Mo=1.4+10++19 Nm (GS).
Mo=2.24104¢19 Nm (HRV). Mo=1.6+104419 Nm (PPT).

Estimoted 200-400 peaple killed, many injured and many homes destroyed or damaged in Konar, Nangarhar and Badakhshan
Provinces, Afghaniston. At least 300 people killed, hundreds injured aoand several! thousand houses damaged in the
Molakand-Chitral-Peshawar area, Pakistan. Three people died af heart attacks, severe damage (VIi) ond landsl|ides
occurred in the Khorog area, USSR. Felt (VI) at Ishkashim, Parkhar, Dushanbe, Garm, Dzhirgatal, Lyangaor and Gissor;
(V) at Shoortuz, Sherkent, Gezan, Leninabad, Toshkent and Namangon; (I1V) at Chimkent; (111) at Dzhambul and Frunze,
USSR. Felt throughaut northeastern Afghanistan, northern Pokistan and northern India os far away as Delhi. Also
felt throughout Tojikistan and eostern Uzbekiston, USSR.

16 18 58.3 9.929 S 159.139 E 129 6 6.4 6.9 1.1 334 SOLOMON ISLANDS. Ms 6.8 (BRK), 6.7 (PAS).
Mo=2.8410++¢19 Nm (HRV). Mo=2.0+10¢+19 Nm (PPT).
Complex event. Minor domoge at Haniara. Felt strongly
on Guadalcanal. Felt in the Florida Islands, on
Malaita and in western San Cristobal. A small tsunami
was generated with maximum wave height 4 cm
(peak-to-trough) at Honiara.

09 54 58.3 40.816 N 28.878 E 19 G 4.8 4.6 1.3 183 TURKEY. ML 5.8 (ATH). MD 4.7 (THE), 4.5 (I1SK). A few
people injured slightly and minor domage in the
Istanbul areo. Felt at Balikesir, Burso and Kutahya.

15 49 38.9 44.885 N 6.760 E 56 ©.9 107 FRANCE. ML 3.8 (LDG), 3.7 (GEN). MD 3.6 (STR). Nine
people killed by on avalanche which was triggered by
the eor thquake.

22 37 25.1 B.870 N 126.480 E 24 G 6.0 6.6 1.3 319 MINDANAO, PHILIPPINE ISLANDS. Ms 6.6 (BRK), 6.1 (PAS).
Mo=3.8+10¢¢19 Nm (GS). Mo=1.6+10++19 Nm (GS).
Mo=2.9+10++19 Nm (PPT). Felt (ill RF) ot Cagoyan de
Oro, Bislig ond on Mactan aond (I RF) at Cotaboato.

02 35 34.0 58.427 N 175.450 W 206 6.2 6.5 1.0 472 BERING SEA. Ms 6.7 (BRK), 6.4 (PAS).
Mo=7 .2+10++18 Nm (GS). Mo=1.1#10++13 Nm (HRV).
Mo=3.0+10++19 Nm (PPT). Two events aobaut 3.7 seconds
aport. Depth bosed an the first event. Believed to be
the lorgest earthquaoke ever located in this areo. Felt
(1v) on St. Poul in the Pribilof Islands, Alasko.
Felt (111) on Adok in the Andreanof Islands, Alasko.
A smoil tsunami wos generated with moximum wave heights
(peok—to-traough) of 3@ cm. at Dutch Harbor and 22 cm
at Adak.

14 30 27.6 40.386 N 78.959 E 21 0 5.5 6.1 1.8 289 SOUTHERN XINJIANG, CHINA. Mo=1.3#18¢+18 Nm (HRV).
Three people were injured ond at least 120 houses
collapsed ond 8,441 houses domaged in the Kalpin area.
Ground cracks and earthquake |lights were reparted in the
epicentral area. Felt ot Akgi, Aksu, Bochu and Wasi.

11 36 28.4 60.904 N 167.923 E 136 6.4 6.6 1.3 492 EASTERN SIBERIA. Ms 6.6 (BRK), 6.4 (PAS).
Mo=7.9410#+18 Nm (GS). Mo=1.8+10++19 Nm (HRV).
Mo=3.0+10+419 Nm (PPT). Believed to be the largest
earthquake ever located in this area.

18 92 41.5 39.887 N 113.923 E 196 5.15.5 1.2 108 NORTHEASTERN CHINA. ML 5.5 (BJ1).
Mo=1.6+108++17 Nm (HRV). One hundred thirty—one people
injured and 1,328 houses damaged in the Datong areo.

15 23 20.7 6.838 S 77.130 W 21 G 6.0 6.3 1.0 356 NORTHERN PERU. Ms 6.4 (BRK), 5.9 (PAS).
Mo=5.5¢10¢¢18 Nm (GS). Mo=4.5¢104¢18 Nm (HRV).
Mo=5.0+10+¢18 (PPT). At least 10 people injured and
15 houses domoged (V) in the Riojao-Nueva Cajamarca areo.
Felt (V) at Moyabamba ond Tarapota, (!V) at Chachopayas
and (111) ot Chiclayo, Trujitlo and Piura. Also felt
(111) in EI Osa Province and (11) ot Guayoquil and
Quito, Ecuoador.
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04 19 49.5 5.982 S 77.094 W 20 G 6.5 6.8 1.0 534 NORTHERN PERU. Ms 6.7 (BRK), 6.4 (PAS).
Mo=2.8+¢10++19 Nm (GS). Mo=5.1+10+419 Nm (HRV),
Mo=5.0+10+¢19 Nm (PPT). Two events about 6 seconds
oport. Depth bosed on second event. Fifty—three people
killed, 252 injured and extensive damage (VIi) to 8,063
homes in the Riojo-Moyobambo—Nueva Cajamarco areo. Feit
(Vi) at Tarapato, (V) ot Chiclayo, (1V) at Trujiilo and
(11) at Lima. Felt throughout northern Peru. Felt (1V)
at Guayaquil and (111) at Quito, Ecuador. Felt strongly
in much of southern Ecuodor.

14 34 20.7 15.008 S 175.521 W 16 D 5.8 6.7 1.1 233 TONGA ISLANDS. Ms 6.4 (BRK), 6.1 (PAS).
Mo=1.1¢10+¢19 Nm (GS). Mo=1.1+10++19 Nm (HRV).
Mo=3.0¢10¢¢19 Nm (PPT).

09 18 30.4 37.457 N 68.273 E 33 N 5.4 5.1 1.0 193 AFGHANISTAN-USSR BORDER REGION. Mo=2.0+10+¢17 Nm (HRV).
Several people killed and many injured in Bodakhshan
Province, Afghoniston. One person killed, 6 injured
ond about 1,000 buildings damoged (Vil) in the
Kobodiyen district, USSR. Londslides occurred in the
Bogi-Dzhud orea. Felt (Vi) at Shaartuz, (1V) at
Kolkhozobod ond Leninskiy and (111) at Dushonbe, USSR.

21 56 51.8 9.685 N 83.073 W 16 G 6.3 7.6 1.2 432 COSTA RICA. Ms 7.4 (BRK), 6.9 (PAS).
Mo=1.1¢10++20 Nm (GS). Mo=3.3¢10+420 Nm (HRV).

Mo=4.0+10+920 Nm (PPT). Forty—-seven people killed, 109 injured, 7,439 homeless and severe damage (I1X) in the
Limon-Pandora orea. Intensity X was observed in some 2ones of liquefaction within the epicentral area. Some domage
(V1) also occurred in the San Jose—-Alajuelo areo and landslides blaocked roods between Limon and central Costo Rico.
Twenty—eight people killed, 454 injured, 2,400 homeless ond 866 buildings destroyed (VII=Viil) in the
Guabito~Almirante-Bocas de! Toro areo, Ponama. Stight domoge (VI) olso occurred at David and Puerto Armuelles,
Ponomo. Felt (IV) at Colon ond (111) at Ponomo City. Felt (I1l) in eostern El Salvador and (11) at San Salvodor.
Also fett in Nicoraguo and Honduras and on Son Andres Isfiand, Colombio. Maximum upiift of 1.4 meters was observed
near Limon ond sandblows and liquefoction caused subsidence of soils in the Bocas del Toro area. Ground cracks
olso occurred in the epicentrol oreo. A 2-meter tsunomi with maximum runup of 300 meters was observed in the
Cohuito-Puerto Viejo area, Costo Rico. Tsunomis were also reported on Bostimentos, Carenero and Colon Islands and
ot Portobelo, Ponoma. The moximum omplitude of the tsunami in Panama was obout 0.6 m. A 7-cm tsunami
(peak-to—trough) wos recorded on the tide guoge at Cristobal, Ponamo. Domoge in Costa Rico estimoted to be about
43 million U.S. dollors.

10 54 35.7 39 597 N 41.118 E 33N 4.5 0.8 48 TURKEY. One person killed, 3 injured ond some houses
damoged in Erzurum Province.

09 12 48.1 42.453 N 43.673 E 17 G 6.2 7.0 1.2 500 WESTERN CAUCASUS. Ms 7.3 (BRK), 6.9 (PAS).
Mo=3.3+10+919 Nm (HRV). Mo=8.0+10++19 Nm (PPT). Two events obout three seconds opart. Depth based on second
event. At least 114 people killed, obout 1,000 injured, 70 missing, 67,000 homeless ond severe domoge (VIII) and
landslides in the Dzhovo-Chiotura—Ambrolauri oreo, USSR with 95 percent of buildings destroyed in the area. Felt
(V1) in the Kutoisi areo; (V) ot Leninakon ond Tbilisi; (1V) ot Kirovokan and Spitak. Felt throughout the western
Caucasus and Trans—Coucasus from Sukhumi to Groznyy and Yerevan, USSR. Landslides created a naturol dam on the
Patas River. This was breoched severol doys loter, cousing odditionol damoge in the Dzhava—Tskhinvoli area.

Also felt in Ardahon, Artvin, Kors ond Rize Provinces, Turkey.

20 19 38.8 42.683 N 43.247 E 18 6 5.3 5.2 1.2 272 WESTERN CAUCASUS. Mo=3.1+10+¢17 Nm (HRV). At least
3 people killed by londslides in Georgio, USSR.

03 42 54.5 9.542 N 82.418 W 19 G 5.6 6.2 1.3 256 PANAMA~COSTA RICA BORDER REGION. Ms 6.2 (BRK).
Mo=2.1+10++18 Nm (HRV). Mo=3.0+10++18 Nm (PPT).
Thirty—six people injured, 400 fomilies homeless,
ground cracks and liquefaction in the Chonguinola~
Almironte~Bocas deil Toro oreo, Ponamo. Felt
strongly ot Limon, Costo Rico. Felt from the Centrol
Valley of Costo Rico os far east as Sontiago, Panama.

eo 58 01.7 1.156 N 122.957 E 33 N 6.0 6.8 1.2 228 MINAHASSA PENINSULA. Ms 6.9 (BRK).
Mo=3.2+10++19 Nm (GS). Mo=2.5¢10+s19 Nm (HRV).
Mo=3.0+10++19 Nm (PPT). Felt (11l) in the Manodo
oreo. Two events about 4.5 seconds aport.

10 59 48.9 5.865 N 116.746 E 33N 5.1 4.5 1.1 88 KALIMANTAN. One person died from shock and there wos
slight domage ot Ronou, Maloysio. Felt ot Melapop,
Koto Kinobulu, Popor ond along parts of the west
coast of Sabah, Malaysio.

12 26 00.2 40.730 N 15.765 E 8 5.1 4.8 1.1 207 SOUTHERN ITALY. ML 5.2 (ZAG), 5.0 (TTG). A few people
injured and minor domage in the Potenza areo. Felt in
the Avellino-Matera-~Naples area. Also felt at Salerno
and Bari.

18 40 27.9 9.482 N 82.694 W 126 5.0 5.0 1.1 53 PANAMA~COSTA RICA BORDER REGION. MD 5.1 (SJR).
Mo=3.8+10+¢17 Nm (HRV). Severail people injured
slightly ond damoge (1V) at Changuinola, Panamo. Felt
(1V) on Bocas del Toro ond Corenero Islonds and (111)
at Volcon and David, Ponoma. Aiso feit in Costo Rica.

13 17 41.9 54.567 N 161.606 W 286 6.3 6.7 1.1 584 ALASKA PENINSULA. Ms 6.8 (BRK). Mo=1.9¢10++19 Nm (GS).
Mo=3.1+10++19 Nm (HRV). Mo=1.8¢10++19 Nm (PPT). Felt
(V) ot Cold Boy, King Cove and Sond Point; (1V) at
Folse Pass and Perryville; (111) at Chignik Logoon.
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JUN 108 17 35 49.4 23.771 N 45.368 W 18 G 6.1 6.5 0.8 557 NORTH ATLANTIC RIDGE. Ms 6.8 (BRK).
Mo=5.3+10++18 Nm (GS). Mo=3.3¢10++18 Nm (HRV).
Mo=6.0+10++18 Nm (PPT).

JUN 15 90 59 20.3 42.461 N 44 009 E 9 G 6.1 6.1 1.2 458 WESTERN CAUCASUS. Ms 6.5 (BRK). Mow=1.5+10++18 Nm (GS).
Mo=2.9+10++18 Nm (HRV). Mo=4.0+10+¢18 (PPT). Two
events obout 2 seconds aport. Depth based on second
event. At least 8 people killed, 200 injured and
extensive domage (Vill) in the Dzhovo-Tskhinvali area,
USSR. Felt (Vi) at Kutaisi, Sukhumi and Tbilisi and
(V) in northwestern Azerbaijan. Landslides occurred at
Khietti.

JUN 15 21 13 21.4 58.285 S 24.183 W 52 D 5.8 6.5 1.2 190 SOUTH SANDWICH ISLANDS REGION. Ms 6.3 (BRK).
Mo=2.7+10++18 Nm (GS). Mo=7.7+¢10++18 Nm (HRV).
Mo=5.0+18++18 Nm (PPT).

JUN 15 11 15 28.0 15.119 N 120.355 E 18 6 5.7 5.5 1.8 213 LUZON, PHILIPPINE ISLANDS. Mo=2.8+10¢+17 Nm (HRV).
Felt at Manila. This is the largest of a series of
earthquakes associated with the eruption of Pinatubo
Volcano. At teast 137 people were killed and
extensive damoge was caused in Zambales Province by
the eruptions.

JUN 20 85 18 52.5 1.196 N 122.787 E 31 6 6.2 7.0 1.2 367 MINAHASSA PENINSULA. Ms 7.2 (BRK).
Mo=1.6¢10++20 Nm (GS). Mo=2.3¢10++20 Nm (HRV). At
least 1,500 houses were damaged (VI) in the Gorontalo
area. Felt (1V) in the Manado area and (11) at Poso.

JUN 21 86 27 39.9 13.399 N 89.618 W 77 5.3 1.1 249 EL SALVADOR. Mo=6.3+10+¢17 Nm (HRV).
Mo=1.0+10++18 Nm (PPT). One person killed and three
injured when a short circuit caused a fire in a home
in the San Salvador area. Felt (1V) at San Salvadar.
Felt lightly in Guatemala City, Guatemala.

JUN 28 14 43 54.5&% 34.262 N 118.002 W 11 5.8 5.1 297 SOUTHERN CALIFORN!A. <PAS-P>. ML 5.4 (PAS), 5.7 (BRK).
Mo=3.5+10+¢+17 Nm (HRV). Mo=3.0+10++17 Nm (PPT). One
person killed at Arcadia and one person died from a heart attack at Glendale. At least 100 people were injured
although most invoived only minor cuts and bruises. Damage in the Arcodia, Monrovia, Pasadena, San Marino and
Sierra Madre areos estimated at 33.5 million dollars. Maximum intensity VIl at Arcadia, Monrovio, Pasadena and
Sierra Modre. Some rockslides occurred on mountoin roads. Felt strongly throughout much of scuthern California
from Santa Barbara to San Diega and east as far as the Palm Springs—Indio area.

JuL o4 11 43 10.4 8.699 S 124.681 E 29 6.2 6.5 1.1 328 TIMOR. Mom2.3+10++19 Nm (GS). Mo=1.5+10++19 Nm (HRV).
Mo=2.8+10+419 Nm (PPT). Two events about 2.5 seconds
apart. Twenty—three pecple killed, 181 injured, at
least 5,400 left homeless and about 1,158 buildings

destroyed at Kalobahi, Alor. Estimated 7.7 millian
U.S. dollars damage occurred in the epicentral area.
Felt ot Dili.

JUL e6 12 19 49.5 13.168 S 72.187 W 185 G 6.2 1.2 449 PERU. mb 6.5 (BRK). Mo=3.1410«19 Nm (GS).

Mo=1.8+184+19 Nm (HRV). Mo=1.3+10+¢¢«19 Nm (PPT). Two
events about 4 seconds apart. Some damage (V1) at
Cuzco. Felt (V) at Abancay. Also felt at Lima and lca.
Felt (1)) at La Paz, Bolivio.

JUL 12 10 42 21.2 45.364 N 21.e57 E 11T b 5.35.7 1.3 298 ROMANIA. MD 5.3 (TTG), 5.3 (TRI). ML 5.2 (BRA), 5.0
(KRA). Mo=2.5+¢10++17 Nm (HRV). At least 2 people killed,
3@ injured and some buildings domaged (VIi1) in the
Banloc—Deto-Timisocara area. Slight damaoge at Beigrade,
Yugoslavia. Felt in Subotica-Nis area, Yugoslavia. Also
felt at Sofia, Bulgaria and Szeged, Hungary.

JUL 13 62 506 14.6 42.182 N 125.641 W 116G 6.2 6.9 1.6 535 OFF COAST OF OREGON. ML 6.7 (BRK).
Mo=1.9+10+%19 Nm (GS). Mo=2.1¢10++19 Nm (HRV).
Mo=3.0+10++19 Nm (PPT). Felt (V) at Coquille, Harbor
and Reedsport, Oregan. Felt (1V) at Bandon, Coos Bay,
Langlois, Ophir, Port Orford and Wedderburn, Oregon.
Also felt (IV) at Crescent City and Klamath, California.
Felt throughout much of western Oregon and northern
California.

JuL 18 11 56 36.6 44.888 N 22.407 E 12 6 5.7 6.5 1.2 436 ROMANIA. Ms 5.6 (BRK). ML 5.5 (TTG).
Mo=1.3¢104+17 Nm (GS). Mo=2.9¢10¢+17 Nm (HRV).
At least 615 houses damaged (VIil) in the Orsova area.
Lands | ides occurred in the epicentral area. Felt
strongly in western Romania and (1V) in northwestern
Bulgaria. Also felt in southeastern Hungary and in
parts of Yugaslavia.

JuL 23 19 44 56.2 15.679 S 71.574 W 56 5.0 4.7 1.3 51 SOUTHERN PERU. Mo=9.1%10@¢+16 Nm (HRV). At least 12
people killed, 38 injured and about 8@ missing in the
Moco—-Chivay area. Felt (V) at Maca, Yanque, |chupampa
and Achoma. Felt (11) at Arequipa. Landslides occurred
in the epicentral area.
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IRAN~IRAQ BORDER REGION. Mo=2.2¢10++17 Nm (HRV).

At least 20 people killed, many injured; at least 100
houses destroyed and many damaged in the Arbil-Dibs
areo, Iraq. Felt at Mahabad and Piranshahr, lran.

VANUATU ISLANDS. Mo=6.6+10++18 Nm (HRV).
Mo=2.8+10+d19 Nm (PPT).

NEAR COAST OF NORTHERN CALIF. <BRK>. ML 6.0 (BRK).
Mo=3.3+10¢¢18 Nm (GS). Mo=1.9%10++18 Nm (HRV).
Mo=3.0+10¢+18 Nm (PPT). Damage (VIi) at Haneydew and
Whitetharn. Stight damage (V!) at Garbervillie, Myers
Flat and Piercy. Also slight damage and lands!ides

in the Petrotia area. Felt (V) ot Alderpoint, Carlotta,
Cavelo, Fields Landing, Finltey, Fartuna, Fort Bragg,
Leggett, Loleta, Manchester, Phillipsvillie, Redcrest,
Redway, Rio Dell, Salyer, Weott, Westport, Willits and
Zenia. Felt from Grants Pass, Oregon south as far as
Sacramento and San Francisco.

OFF COAST OF NORTHERN CALIFORNIA. ML 6.B (BRK).
Mo=2.3+10ss19 Nm (GS). Mom=4.4+10++19 Nm (HRV).
Mo=6.0+10++19 Nm (PPT). Felt (V) at Kiamath,
Phillipsville, Rio Dell and Trinidad; (I1V) at
Bridgeville, Fortuna, Myers Flat and Whitethorn.

Also felt (V) at Lokeside, North Bend and Pistol River,
Oregon; (1V) at Coos Bay, Coguille, Murphy, Reedsport,
Rogue River, Roseburg, Sixes and Scottburg, Oregon.
Felt as far as Sacramento, California and Eugene,
Oregon.

GUATEMALA. Ms 6.2 (BRK). Mo=2.1+10¢+18 Nm (GS).
Mo=2.2+10¢+18 Nm (HRV). Mo=3.0+10%+18 Nm (PPT).

At least 25 people kilted, more than 200 injured,
1,000 homeless and extensive damage in the
Pochuta—-Solola area. Landslides biocked many roads
in the epicentral area. Felt (IV) at Guatemala City.
Also felt (11) at San Satvador, Et Salvador.

NEW BRITAIN REGION, P.N.G. Ms 7.1 (BRK).
Mo=9.8¢10+¢18 Nm (GS). Mo=8.2+10++18 Nm (HRV).
Mo=1.3+10++19 Nm (PPT). Two events obout 2.3 seconds
apart.

FiJt ISLANDS REGION. mb 6.5 (BRK).
Mo=2.3410¢¢19 Nm (GS). Mo=3.1¢10+¢19 Nm (HRV).
Mo=3.0+10+¢19 Nm (PPT).

SOLOMON ISLANDS. Ms 7.8 (BRK). Mo=6.4+10++19 Nm (GS).
Mo=7.8+10¢%19 Nm (HRV). Mo=8.0+10+419 Nm (PPT).

Two events about 10 seconds apart. Felt strongly
throughout the Solomon Islonds.

NORTHERN INDIA. Ms 7.8 (BRK). Mo=1.8¢10¢¢19 Nm (GS).
Mo=1.8¢10¢¢19 Nm (HRV). Mo=6.0+10++18 Nm (PPT).

Two events about 1.6 seconds apart. At least 2,000
people kitlled, more than 1,800 injured and 18,000
buildings destroyed in the Chamoli-Uttarkashi area.
Some damoge occurred at Chandigarh and New Dethi. Felt
in northern India, western Nepol and northeastern
Pakistan. Landsiides occurred in the epicentral area.
A 30-meter deep crack wos noted in the Uttarkashi areo.

KYUSHU, JAPAN. Ma=7.5+#10++16 Nm (HRV). One person
slightiy injured in Yamaguchi Prefecture, Honshu. Felt
(1V JMA) at Fukuoka, Kyushu and (Itl JMA) in
southwestern Honshu. Also felt on Shikoku. Felt (111)
at twakuni, Honshu.

KERMADEC ISLANDS, NEW ZEALAND. Ms 6.7 (BRK).
Mo=9.54104418 Nm (GS). Mo=9.4+10++18 Nm (HRV).
Mo=1.0+10+¢19 Nm (PPT). Two events about 5 seconds
aport. Felt on Raout tsland.

NORTHERN IRAN. Mo=3.1¢10++17 Nm (HRV). Fifty—one people
injured and 290 houses destrayed or damaged in the
Behbahan area.

NORTHERN IRAN. Fifteen people injured and damage in the
Behbahan area. Also damage at Deh Dasht.

MINDANAO, PHILIPPINE ISLANDS. Ms 6.5 (BRK).
Mo=1.6¢10+¢19 Nm (GS). Mo=1.0¢10++19 Nm (HRV).
Mo=1.0+10¢+19 Nm (PPT). Some damage (VI RF) wos
reported in the Blslig-Butuan—-Surigao orea. Felt
(IV RF) at Cagayan de Ora, (i1 RF) on Camiguin and
(11 RF) an Cebu.
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DEPTH MAGNITUDES SD
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418
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REGION, CONTRIBUTED MAGNITUDES AND COMMENTS

NEAR WEST COAST OF COLOMBIA. MD 6.8 (UVC). Ms 6.4

(BRK). Mo=5.0+10¢¢19 Nm (GS). Mo=7.3+¢10¢#+19 Nm

(HRV). Mo=5.0410«¢19 Nm (PPT). Complex event. Two
people killed ond 28 houses domoged in Choco

Department. Minor domage (VI) to buildings In the
Buenoventuro ond Coli oreos. Felt strongly in mony parts
of western Colombio. Felt (l11) ot Quito ond Guoyoquil,
Ecuodor.

WESTERN ARABIAN PENINSULA. Ten people killed, 39
injured, 17 houses destroyed and 87 domoged in western
Yemen.

WESTERN IRAN. Mo=3.2¢10¢¢17 Nm (HRV). At least one
person killed, 70 injured ond domoge in the Rudbor oreo.
Londs|ides occurred on the road between Rudbor ond
Raosht. Felt in other parts of northern Iron and ot
Tehron.

ROMANIA. ML 5.5 (LJU), 5.1 (WAR), 4.9 (TIR). MD 5.5
(VIE), 5.4 (TTG). Mo=1.9¢10%¢17 Nm (HRV).
Mo=2.0¢10¢«17 Nm (PPT). Some people injured, about
4,500 people homeless ond more thon 5,000 builidings
domoged (VIiil) in the Voiteg areo. Slight domoge in
the Belgrode orea, Yugosiovio., Felt along much of
the Romonio~Yugosliovio border. Also felt in southern
Hungory.

LOYALTY ISLANDS REGION. MS 6.3 (BRK).
Mo=6.4¢10¢¢18 Nm (HRV). Mo=4.0+10¢s18 Nm (PPT).

KURIL ISLANDS. Ms 6.2 (BRK). Mo=8.1+¢10¢+18 Nm (HRV).
Mo=1.3¢10¢¢19 Nm (PPT).

KURIL ISLANDS. Ms 6.4 (BRK). Felt (Itl) ot Kurilisk.
Mo=1.5¢10¢%19 Nm (HRV). Mo=1.0%10¢¢19 Nm (PPT).
Two events obout 1.6 seconds oport.

KURIL ISLANDS. Ms 7.3 (BRK). Mo=2.2+10¢%28 Nm (GS).
Mo=2.8¢10+¢20 Nm (HRV). Mo=2.5¢10¢¢20 Nm (PPT).
Complex event. Felt.

SOUTH SANDWICH |ISLANDS REGION. Ms 7.1 (BRK).
Mo=5.9¢10¢¢19 Nm (GS). Mo=6.0¢10¢¢19 Nm (HRV).
Mo=1.3+10¢¢20 Nm (PPT). Complex event.

SOUTH SANDWICH [SLANDS REGION. Ms 6.5 (BRK).
Mo=7.1¢10+¢18 Nm (GS). Mo=9.9¢10++18 Nm (HRV).
Mo=2.0+*10¢¢19 Nm (PPT).



EXPLANATION OF ABBREVIATIONS AND SYMBOLS APPEARING IN THIS PUBLICATION
Abbreviatians in Heading

MB - Body wave magnitudes.
Msz - Vertical surfoce wave magnitudes.
UTC - Coordinaoted Universal Time. HR MN SEC - Haur, minute, second.
SD - Standord Deviatian fram the arithmetic meon of residuals.
Na. Sta. — Number aof stotians reparting P or PKP phoses used in computotion.

Symbals aond Abbreviations Used in Comments

BRK——University of Colifornia, Berkeley, CA. PAS--Californio Institute of Technotogy, Paosodena, CA.

ATH—Athens Observatory, Greece. BJI—Stote Seismalaogical Bureau, Beijing, Chino.

BRA--Geaphysical Institute, Brotislova, Czechoslavakia. GEN--University aof Genava, italy.

|SK--Kandiili Observotary, istanbul, Turkey. KRA--Observotorium Sejsmolagiczne, Krakaow, Paland.

LDG--Labaratoire de Detectian et de Geaphysique, France. LJU-—-Seizmaloski Zovad, Slovenija, Ljubljana, Yugoslavia.
SJR—-Universidaod de Costo Rica, San Jase, Costo Rica. STR--iInstitute de Physique du Glaobe, Strasbourg, Fronce.
THE--University of Thessalaniki, Greece. TIR——Seismalogical Center, Tirana, Albania.

TRI--0Osservataorio Geafisica Sperimentale, Trieste, Italy. TTG-—Seismoiagical Institute of Montenegro, Titagrod, Yugaslavia.
UvC--Universidad del Vvalle, Cali, Calambia. VIE-—Central Institute for Metearalogy ond Geadynaomics, Vienna, Austria.
WAR-—Instytut Geofizyki, Waorsow, Paland. ZAG--University of Zagreb, Yugoslavio.

GM U.S. Gealagical Survey, Menlo Park, Californio.
6S U.S. Gealogical Survey, Notional Earthquoke Information Service (NEIS), Gaolden, Calorodo.
HRV Horvard University, Combridge, Maossachusetts
PPT Laoborotoire de Geophysique, Papeete, French Palynesia
JMA Jaopon Meteorological Agency, Tokyo (also used to indicate 7-point Jopanese Intensity Scale).
MD Durotion Magni tude.
RF Raossi—Forel Intensity Scole.
SPEC An NEIS salutiaon bosed on use of dense lacal netwarks, o laocal crustal model, or other methads nat raoutinely
applied in calculaoting the hypacenter parometers.
Roman Used to indicote intensity (when naot followed by RF or JMA they refer to the Modified Mercolli Scale ar any
Numerals 12-paint intensity scale claosely relaoted to it).

Symbols Fallowing Depth

N Indicotes the depth wos restraoined ot 33 km for earthquokes whose charocter an seismagrams indicates o shollow focus
but whose depth is nat sotisfactorily determined by the dota.

D Indicates the depth was restrained by the computer progrom bosed on 2 ar mere compatible pP phases and/or uniden—
tified secondary arrivals used as pP.

G Indicates the depth was restroined by o geophysicist. Some depths are from broodbond displaocement seismograms.

+ |Indicates o less well—-constroined free depth. The 90% marginal canfidence interval an depth is greater thaon 8.5 km
and less than ar equal to 16.0 km.

The lock of any symbal indicotes that the 96% marginol confidence interval an depth is less thon or equal tao 8.5 km,
ar that o contributed hypocenter was camputed with o free depth, regardiess of the size of the confidence interval.

Symbols Following Origin Time

& Indicaotes that porameters of the hypocenter were supplied ar determined by o computotional procedure not normally
used by the Notionol Earthquoke Informotion Service (NEIS). The source or noture of the determinatian is
indicated by 0 2 to 5 letter caode enclaosed by angle brackets and appearing in the first Iine of comments.
These codes are included with the list of obbreviatians above.

+ |Indicotes o less relioble solution. |In general, the geometric mean of the semi-mojor and semi-minor axes of the
haorizontal 90% confidence ellipse is greater than 8.5 km ond less thon or equal to 16.8 km.

? Indicates o poor solution, published for completeness aof the cotalog. In general, the geometric mean af the semi-
mojor ond semi—minor aoxes of the horizontal 906% confidence ellipse is greater than 16.86 km. This includes o
poor sclution computed using dota reported by o single network.

The lack of ony symbol indicotes that the geametric mean of the semi-major and semi—minor axes aof the harizontal
90% confidence ellipse is less thon or equal! ta 8.5 km.

APPROXIMATE CORRELATION OF GRADES FOR INTENSITY SCALES
REPORTED IN THIS PUBLICATION

Modified
Mercal li Japanese, 1950 Rossi~Forel, 1873
1931 (JMA) (RF)
| %] |
1 | (B3N]
[NR! [N (RN]
v 1=ty 1v=-v
v (NN v-vi
Vi v Vi=vii
Vil V-V VAR RS
Vit v VARRE o B4
1X V=Vvi X+
X Vi X
X1 Vil X
X1 Vil X



TRAVEL-TIME TABLES
In general, all hypocenters have been computed based on the 1940 Jeffreys—Bullen P and 1968 Bolt PKP travel—time tables.
Some other earth model or computationol procedure moy hove been used for thase hypocenters which have been indicated by
an ampersand (&) following the origin time.

MACROSEISMIC INFORMAT |ON

Macroseismic information is compiled from various sources, including newspaper articles, Foreign Broodcast Information
Service messages, U.S. Geologicol Survey Earthquake Reports and seismological station reports. Saurces of information
for particular events can be supplied on request from: U.S. Geologicol Survey, National Eorthquake Informotian Center,
Stop 967, Box 25046, Denver Federal Center, Denver, CO 80225, U.S.A.

GEOGRAPHIC REGIONS
The regions shawn in the comments column are from the seismic and geographical regionalization of Flinn, Engdahl and Hill
(1974), with occasionol name changes which have been given in various issues of the Preliminary Determination of
Epicenters Monthly Listing. The boundories of these regians are defined at one degree intervals and differ slightly fram
irregular political boundaries.

NEIS MAGNITUDES
Alt magnitudes are NEIS mognitudes unless otherwise indicoted. Averoge magnitudes ore computed by a 25% trimmed mean
os described by Rosenberger, J. L. ond Gasko, M., 1983, "Comparing locotion estimators: trimmed means, medions, ond
trimean" ipn Understonding Robust ond Exploratory Data Analysis, ed. Hooglin, D.C., Mosteller, F., and Tukey, J. W.,
John Wiley, New York.

Ms These surfoce wove mognitudes are computed from the 1.A.S.P.E.|. formulo:
Ms = Log (A/T) + 1.66 Log D + 3.3

where:

A is the moximum ground amplitude in micrometers (microns) of the vertical component of the surface wave
within the period ronge 18 < T < 22.

T is the period in seconds.
D is the distonce in geocentric degrees (station to epicenter) and 20° < D < 160°.

No depth corrections are applied, and Ms mognitudes are not generolly computed for depths greoter than 50 km.
The Ms value published is the overage of the individuol station magnitudes from reported T and A doto.

If the uncertointy of the computed depth is considered greot enough thot the depth could be tess thon 50 km, an
MS volue may still be published, computed by the |.A.S.P.E.|. formulo and pQt corrected for depth.

In generol, the Ms mognitude is more reliable thon the MB mognitude os o means of yielding the relative "size" af
o shollow—focus eorthquoke.

MB These compressional body wove (P-wove) mognitudes are computed occording to the formula:
MB = Log (A/T) + Q(D,h)
defined by Gutenberg ond Richter (1956) except thot T, the period in seconds, is restricted to 8.1 < T < 3.0
ond A, the ground amplitude in micrometers, is not necessarily the moximum in the P group. Q is a function of
ot distonce (D) ond depth (h) where D > 5°.
mblLg These Lg body wove magnitudes are computed according to the formula:
mblg = 3.75 + ©.90 Log D + Log (A/T) for ©.5° < D < 4
mbLg = 3.30 + 1.66 Log D + Log (A/T) for 4 < D < 30°

os proposed by Nuttli (1973) where A is the ground omplitude in micrometers and T is the period in seconds
calculated from the vertical component 1-second Lg waves. D is the distance in geocentric degrees.

ML These locol magnitudes are camputed according to the formulo:
ML = Log A - Log Ac

defined by Richter (1935) where A is the moximum troce amplitude in micrometers recorded on o stondard short—
period torsion seismometer and Log Ao is a standard value as a function of distance where distance < 600 km.

CONTRIBUTED MAGNITUDES
Magnitudes appearing in the comments which have been contributed by orgonizations operating o network of stotions moy

have been calculated from any one station in the network or may be an average magnitude from a number of stations from
the network.
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