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United States Earthquakes, 1933

CARL W. STOVER, Editor

This publication summarizes data for earthquakes

that occurred in the 50 states during 1983.

Descriptions of individual earthquakes include
hypocenters, magnitudes, intensities, and damages.
The report also contains results from regional networks
~and data recorded by strong-motion seismographs.
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United States Earthquakes, 1983

By Carl W. Stover, Editor

Introduction

This publication describes all earthquakes that were
reported felt in the United States and nearby territories
in 1983. Its purpose is to provide a continuous history of
U.S. earthquakes to be used in estimating areal seismic
risk, for designing earthquake-resistant structures, and
answering inquiries from scientists, engineers, and the
public.

The U.S. Geological Survey/National Earthquake
Information Center (USGS/NEIC) collects intensity infor-
mation primarily by mailing questionnaires, "Earthquake
Report" forms, to postmasters and other publie institu-
tions (police departments and/or fire departments) in the
earthquake area. Completed questionnaires are returnd
to the USGS, where they are evaluated and intensities are
assigned. For damaging earthquakes, the questionnaires
are supplemented by USGS field investigations. The
USGS/NEIC publishes preliminary maximum intensity
data for United States earthquakes in the Prelimina
Determination of Epicenters, Monthly Listing (PDE) (for
example, Irby and others, 1982). The latest and most
complete information is published with maps, diagrams,
and photographs in United States Earthquakes (now pub-
lished as a USGS Bulletin), issued annually since 1928.
Copies of issues prior to 1982 can be obtained from the
Open-File Services Section (OFSS), Western Distribution
Branch, U.S. Geological Survey, Box 25425, Federal
Center, Denver, CO 80225.

This publication is composed of four major
sections: "Earthquake Desecriptions," which includes a
summary of macroseismic data reported for each earth-
quake and a chronological list of earthquakes by State
(table 1); "Network Operations,” which summarizes the
results from local seismic networks; "Miscellaneous
Activities," which contains information on crustal move-
ment studies, and principal earthquakes of the world
(table 10); and "Strong-motion Seismograph Data™ (table
11). The intensity and macroseismic data in "Earthquake
Descriptions” are compiled from questionnaire canvasses
(see previous paragraph), newspaper articles, and reports
prepared by other government organizations, State
institutions, local organizations, and individuals. Each
description includes date, hypocenter, the source of the
hypocenter computation, magnitude, maximum intensity
(Modified Merecalli), and/or macroseismic effects report-
ed by localities that felt the earthquake.

DISCUSSION OF TABLES

The earthquake parameters in tables 1 and 10
include date, origin time, hypocenter (epicenter and focal
depth), and magnitude. Table 1 also contains the maxi-
mum observed Modified Mercalli (MM) intensity. The ori-

gin time and date are listed in Universal Coordinated
Time (UTC). The epicenters were taken principally from
those published in the USGS Preliminary Determination
of Epicenters, Monthly Listings. These data have been
updated and new data added from subsequent publications
of universities or State agencies who operate seismic net-

works. The accuracy of the epicenters is that claimed by
the institution supplying the hypocenter and is not
necessarily the accuracy indicated by the number of deci-
mals listed. The epicenters located by the USGS/NEIC
have a varying degree of acecuracy, usually two-tenths of
a degree or less. See Preliminary Determination of Epi-
centers, Monthly Listing, for an explanation of the accur-
acy of USGS hypocenters. Depths are listed to the
nearest kilometer.

Magnitudes listed in the tables were furnished by
cooperating institutions or determined by the USGS. The
computational sources are indicated by letter codes
identified in headnotes to the tables.

EPICENTER AND ISOSEISMAL MAPS

Figures 1-3 are computer plots of all earthquake
epicenters in the conterminous United States, Alaska, and
Hawaii listed in table 1. Figures 4-6 show only these
earthquakes that had computed magnitudes of 5.0 or larg-
er. Each earthquake epicenter is indicated by a small
circle or square.

Figures 7-9 are maps showing the maximum inten-
sity of earthquakes in the conterminous United States,
Alaska, and Hawaii. Meaximum intensities are represent-
ed by Arabic numerals at the epicentral locations. Earth-
quakes of intensity I-IV are represented by solid cireles.

The USGS/NEIC coordinates the collection of all
types of earthquake information, with the special objec-
tive of correlating instrumentally determined earthquake
locations with noninstrumental locations indicated by
intensity data. This correlation is achieved through
regional investigations of earthquakes by local organiza-
tions and the USGS. Primary data are gathered by a mail
canvass of the epicentral area using questionnaire cards.
A field survey is usually carried out for damaging
events. When returned and analyzed, this information is
used to prepare isoseismal maps which show the areal
pattern of intensity associated with individual earth-
quakes.

The selection of earthquakes for isoseismal maps
(shown in the Earthquake Descriptions) is governed large-
ly by the size of the area affected. This means that
sharp, localized shocks of intensity VI (which often ocecur
in California) may not be represented by these maps,
whereas more widely felt earthquakes of intensity V and
VI (which are characteristic of the Eastern and Central
States) often will be illustrated because of the larger felt

Introduction 1
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areas. Arabic numerals on these computer-plotted maps
represent the maximum MM intensities at sampled locali-
ties. Isoseismal contours are a generalization of intensity
data and are extrapolated in regions that have few obser-
vations. The isoseismals do not account for each intensi-
ty observation as they are drawn to show the general
patterns at a level of intensity or range of intensities.

MAGNITUDE AND INTENSITY RATINGS

Magnitude, a measure of the "size" of an earth-
quake, is related to the energy release at the focus of an
earthquake. Although the magnitude scale has neither
"top" nor '"bottom" values, the highest ever calculated
was greater than 9 and the lowest was about -3. On this
logarithmic scale, a magnitude 6 shallow-focus earth-
quake represents elastic-wave energy about 30 times
greater than that generated by a magnitude 5 earthquake,
900 times greater than that of a magnitude 4 shock, and
so forth. Many factors enter into the determination of
earthquake magnitude, including earthquake focal depth,
frequency content of the sampled energy, and the earth-
quake radiation pattern. Magnitude values calculated by
the USGS are based on the following 5 formulas:

MS = log (A/T) + 1.66 log D + 3.3, (1)

as adopted by the International Association of Seismology
and Physies of the Earth's Interior (IASPEI; Bath, 1966, p.
153), where A is the maximum vertical surface-wave
ground amplitude, in micrometers, T is the period in sec-
onds, and 18 < T < 22; and D is the distance in geocentric
degrees (station to epicenter), and 20° < D < 160°. No
depth correction is made for depth less than 50 km, and
no MS magnitudes are computed for depths greater than
50 km.

mb = log (A/T) + Q(D,h), (2)

as defined by Gutenberg and Richter (1956), except that

T, the period in seconds, is restricted to 0.1 < T< 3.0, and
A, the ground amplitude in micrometers, is not necessari-
ly the maximum of the P-wave gro g Q is a function of
distance D and depth h, where D >5°.

ML = log A - log A, (3)

as defined by Richter (1958, p. 340), where A is the max-
imum trace amplitude in millimeters, written by a Wood-
Anderson torsion seismometer, and log A, is a standard
value as a function of distance, where the distance is <
600 km. ML values are also calculated from other seis-
mometers by conversion of recorded ground motion to the
expected response of the torsion seismometer. ML
magnitudes are listed for events with depths less than 70
km.
Mn = 3.75 + 0.90(log D) + log (A/T)
0.5° <DL 4°,
(4)
Mn = 3.30 + 1. 66(1% D) + Iog(A/T)
<DL 30°

as proposed by Nuttli (1973) for North America east of
the Rocky Mountains, where A/T is expressed in micro-
meters per second, calculated from the vertical-
component 1-second Lg waves, and D is the distance in
geocentric degrees.

M, =2/3 log M, -10.7 (5)
as defined by Hanks and Kanamori (1979), where M,
the seismic moment in dyne-cm.

In this publication MD designates duration or coda
length magnitude. MD is usually computed from the
difference, in seconds, between Pn- or Pg-wave arrival
time and the time the final coda amplitude decreases to
the background-noise amplitude. Duration magnitude
scales are normally adjusted to agree with ML or Mn esti-
mates so that resulting magnitudes are compatible. Thus,
the MD formulas vary for different geographic regions
and seismograph systems.

Intensity, as applied to earthquakes, represents a
quantity determined from the effects on people,
manmade structures, and the Earth's surface (landslides,
ground fissures, ete,). Intensities are assigned according
to the deseriptions listed in the Modified Merealli Intensi-
ty Scale of 1931 (Wood and Neumann, 1931). There are
12 discrete steps in the MM scale (see next section).
earthquake in a populated area will have different
intensities at different localities, owing to the distance
from the focus of the earthquake, type of focal
mechanism, local geological conditions, structural design
of buildings, and the earthquake magnitude.

The text of this publication gives the intensity at
locations where an earthquake was reported felt and sum-
maries of the strongest effects. Each earthquake is fur-
ther characterized by its maximum intensity, which is
given in the text and in table 1. The word "FELT" in the
maximum intensity columns of table 1 indicates that only
minimal or sketchy information was available. This does
not imply that the earthquake was felt at a low intensity
level, but indicates that the available data were not
sufficient for assigning a intensity value.

Although the Modified Mercalli Intensity Scale is in
many instances inadequate for present-day requirements,
the scale has been the guide used by the USGS and will
continue to be so until a new scale has been devised and
has acceptance in the engineering and seismological com-
munities.

Introduction 3
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MODIFIED MERCALLI INTENSITY
SCALE OF 1931

Adapted from Sieberg's Mercalli-Caneani
scale, modified and condensed.

I. Not felt—or, except rarely under especially fa-
vorable cirecumstances. Under certain conditions, at and
outside the boundary of the area in which a great shock is
felt: sometimes birds, animals, reported uneasy or dis-
turbed; sometimes dizziness or nausea experienced;
sometimes trees, structures, liquids, bodies of water, may
sway—doors may swing, very, slowly.

I Felt indoors by few, especially on upper floors, or
by sensitive, or nervous persons. Also, as in grade I, but
often more noticeably: sometimes hanging objects may
swing, especially when delicately suspended; sometimes
trees, structures, liquids, bodies of water, may sway,
doors may swing, very slowly; sometimes birds, animals,
reported uneasy or disturbed; sometimes dizziness or
nausea experienced.

III. Felt indoors by several, motion usually rapid vi-
bration. Sometimes not recognized to be an earthquake
at first. Duration estimated in some cases. Vibration
like that due to passing of light, or lightly loaded trucks,
or heavy trucks some distance away. Hanging objects
may swing slightly. Movements may be appreciable on
upper levels of tall structures. Rocked standing motor
cars slightly.

IV. Felt indoors by many, outdoors by few. Awak-
ened few, especially light sleepers. Frightened no one,
unless apprehensive from previous experience. Vibration
like that due to passing of heavy or heavily loaded
trucks. Sensation like heavy body striking building or
falling of heavy objects inside. Rattling of dishes, win-
dows, doors; glassware and crockery clink and clash.
Creaking of walls, frame, especially in the upper range of
this grade. Hanging objects swung, in numerous in-
stances. Disturbed liquids in open vessels slightly.
Rocked standing motor cars noticeably.

V.  Felt indoors by practically all, outdoors by many
or most: outdoors direction estimated. Awakened many,
or most. Frightened few-slight excitement, a few ran
outdoors. Buildings trembled throughout. Broke dishes,
glassware, to some extent. Cracked windows—in some
cases, but not generally. Overturned vases, small or un-
stable objeets, in many instances, with occasional fall.
Hanging objects, doors, swing generally or considerably.
Knocked pictures against walls, or swung them out of
place. Opened, or closed, doors, shutters, abruptly. Pen-
dulum clocks stopped, started or ran fast, or slow. Moved
small objeets, furnishings, the latter to slight extent.
Spilled liquids in small amounts from well-filled open
containers. Trees, bushes, shaken slightly.

VL. Felt by all, indoors and outdoors. Frightened
many, excitement general, some alarm, many ran
outdoors. Awakened all. Persons made to move
unsteadily. Trees, bushes, shaken slightly to moderate-
ly. Liquid set in strong motion. Small bells rang—church,
chapel, school, ete. Damage slight in poorly built build-
ings. Fall of plaster in small amount. Cracked plaster

somewhat, especially fine cracks in chimneys in some in-
stances. Broke dishes, glassware, in considerable
quantity, also some windows. Fall of knick-knacks,
books, pictures. Overturned furniture in many
instances. Moved furnishings of moderately heavy kind.
VII.  Frightened all—general alarm, all ran outdoors.
Some, or many, found it difficult to stand. Noticed by
persons driving motor cars. Trees and bushes shaken
moderately to strongly. Waves on ponds, lakes, and
running water. Water turbid from mud stirred up. In-
caving to some extent of sand or gravel stream banks.
Rang large church bells, ete. Suspended objects made to
quiver. Damage negligible in buildings of good design and
construction, slight to moderate in well-built ordinary
buildings, considerable in poorly built or badly designed
buildings, adobe houses, old walls (especially where laid
up without mortar), spires, ete. Cracked chimneys to
considerable extent, walls to some extent. Fall of plaster
in considerable to large amount, also some stueco. Broke
numerous windows, furniture to some extent. Shook down
loosened brickwork and tiles. Broke weak chimneys at
the roof-line (sometimes damaging roofs). Fall of cor-
nices from towers and high buildings. Dislodged bricks
and stones. Overturned heavy furniture, with damage
from breaking. Damage considerable to concrete irriga-
tion ditches.

VIIIL, Fright general—alarm approaches panic. Dis-
turbed persons driving motor cars. Trees shaken strongly-
-branches, trunks, broken off, especially palm trees.
Ejected sand and mud in small amounts. Changes: tem-
porary, permanent; in flow of springs and wells; dry wells
renewed flow; in temperature of spring and weil waters.
Damage slight in structures (brick) built especially to
withstand earthquakes. Considerable in ordinary substan-
tial buildings, partial collapse: racked, tumbled down,
wooden houses in some cases; threw out panel walls in
frame structures, broke off decayed piling. Fall of
walls. Cracked, broke, solid stone walls seriously. Wet
ground to some extent, also ground on steep slopes.
Twisting, fall, of chimneys, columns, monuments, also
factory stacks, towers. Moved conspicuously, overturned,
very heavy furniture.

IX. Panic general. Cracked ground conspicuously.
Damage considerable in (masonry) structures built es-
pecially to withstand earthquakes: Threw out of plumb
some wood-frame houses built especially to withstand
earthquakes; great in substantial (masonry) buildings,

Introduction 5
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some collapse in large part; or wholly shifted frame
buildings off foundations, racked frames; serious to
reservoirs; underground pipes sometimes broken.

X. Cracked ground, especially when loose and wet,
up to widths of several inches; fissures up to a yard in
width ran parallel to canal and stream banks. Landslides
considerable from river banks and steep coasts. Shifted
sand and mud horizontally on beaches and flat land.
Changed level of water in wells. Threw water on banks
of canals, lakes, rivers, etc. Damage serious to dams,

dikes, embankments. Severe to well-built wooden
structures and bridges, some destroyed. Developed
dangerous cracks in excellent brick walls. Destroyed

most masonry and frame structures, also their
foundations. Bent railroad rails slightly. Tore apart, or
crushed endwise, pipe lines buried in earth. Open cracks
and broad wavy folds in cement pavements and asphalt
road surfaces.

XI. Disturbances in ground many and widespread
varying with ground material. Broad fissures, earth
slumps, and land slips in soft, wet ground. Ejected water
in large amounts charged with sand and mud. Caused
sea-waves ("tidal" waves) of significant magnitude.
Damage severe to wood-frame structures, especially near
shocek centers. Great to dams, dikes, embankments often
for long distances. Few, if any (masonry) structures
remained standing. Destroyed large well-built bridges by
the wrecking of supporting piers, or pillars. Affected
yielding wooden bridges less. Bent railroad rails greatly,
and thrust them endwise. Put pipe lines buried in earth
completely out of service.

XIl. Damage total--practically all works of
construction damaged greatly or destroyed. Disturbances
in ground great and varied, numerous shearing cracks.
Landslides, falls of rock of significant character,
slumping of river banks, etc., numerous and extensive.
Wrenched loose, tore off, large rock masses. Fault slips
in firm rock, with notable horizontal and vertical offset
displacements. Water channels, surface and underground,
disturbed and modified greatly., Dammed lakes, produced
waterfalls, deflected rivers, etc. Waves seen on ground
surfaces (actually seen, probably, in some cases).
Distorted lines of sight.

COLLABORATORS

Active cooperation in earthquake investigations in
the United States is provided by several seismological
collaborators. The following served as collaborators to
the USGS during 1983.

Alaska.—Staff of NOAA-Alaska Tsunami Warning Center,
Palmer.

California (northern).—Bruce A. Bolt, University of Cali-
fornia, Berkeley.

California (southern).—Clarence R. Allen,
Institute of Technology, Pasadena.

Canada--Staff of Earth Physics Branch, Seismological
Service of Canada, Ottawa.

Canada--Staff of Pacific Geoscience Centre, Sidney,
British Columbia.

Connecticut.——Robert Miller, University of Connecticut,
Groton.

Delaware.—-Kenneth D. Woodruff, University of Delaware
Newark.

Florida and Georgia.—-Leland T. Long, Georgia Institute
of Technology, Atlanta.
Hawaii.—Robert Koyanagi, U.S. Geological Survey,
Hawaiian Voleano Observatory, Hawaii National Park.
Idaho.--James K. Applegate, Boise State University,
Boise.

Indiana.——Robert F. Blakely, Department of Natural Re-
sources, Geological Survey, Bloomington.

Iowa.—-J. P. Kopp, Loras College, Dubuque.

Kansas.--Henry V. Beck, Kansas State University,
Manhattan, and Don W. Steeples, Kansas Geological
Survey, Lawrence.

Kentucky.-—~-Ronald L. Street, University of Kentucky,
Lexington.

Missouri, Illinois, Arkansas area.-—Otto Nuttli and Robert
B. Herrmann, Saint Louis University, Saint Louis.

Montana.—Anthony Qamar, University of Montana, Mis-
soula.

Nevada.—Alan S. Ryall, University of Nevada, Reno.

New England.——John E. Ebel, Boston College, Weston,
Mass.

New York.—Lynn R. Sykes, Lamont-Doherty Geological
Observatory, Palisades, N.Y.

Ohio.—Edward J. Walter, John Carroll University, Cleve-
land.

Oklahoma.—James E. Lawson, Jr., Oklahoma Geological
Survey, Leonard.
Pennsylvania.—Benjamin F. Howell Jr., and Shelton Alex-
ander, Pennsylvania State University, University Park.
South Carolina.—Pradeep Talwani, University of South
Carolina, Columbia, and Joyce Bagwell, Baptist
College at Charleston, Charleston.

Tennessee.—-Arch C. Johnston, Tennessee Earthquake In-
formation Center, Memphis.

Texas.--G. R. Keller, University of Texas, El Paso.

Texas.—W. D. Pennington, University of Texas, Austin.

Utah.--R. B. Smith, University of Utah, Salt Lake City.

Virginia.—G. A. Bollinger, Virginia Polytechnic Institute
and State University, Blacksburg.

Washington.-——Robert S. Crosson, University of Washing-
ton, Seattle.

Wyoming.—R. A. Hutchinson,
Yellowstone National Park.

California

National Park Service,
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Earthquake Descriptions

This section lists alphabetically all 1983
earthquakes in the 50 states that were reported felt. The
origin time of each earthquake is given in Universal Co-
ordinated Time (UTC). Time is expressed continuously
from midnight to midnight, or 0 to 24 hours.

Sources of noninstrumental information (maecroseis-
mic data) in this publication include questionnaire
canvasses conducted by the USGS; newspaper articles;
bulletins of the Seismological Society of America; and
special earthquake reports of other organizations. Instru-
mental data are provided by the USGS, National
Earthquake Information Center, other government
agencies, and universities that operate seismic networks.

Roman numerals in the earthquake descriptions
refer to the Modified Mercalli Intensity Scale of 1931
(see pg. 5), which gives about equal weight to the distur-
bance of inanimate objects and to reactions of people.
When more than one degree of intensity is reported from
a town, the town is assigned the highest intensity
reported. All earthquake questionnaires or press reports
that contain only minimal information, without enough
detail from which to assign an intensity, are listed as
"FELT."

{The following codes are used to indicate the source of hypocenters and/or magnitudes:
(BK) University of California, Berkeley; (BU) Montana Bureau of Mines and Geology,
Butte; (EN) Department of Energy; (GM) U.S. Geological Survey, Menlo Park, Calif.; (GS)
U.S, Geological Survey, Golden, Colorado; (GT) Georgia Institute of Technology, Atlanta;
(HV) Hawaiian Volcano Observatory, U.S. Geological Survey, Hawaii National Park; (KY)
University of Kentucky, Lexington; (LA) Los Alamos National Laboratory, New Mexico;
(LD) Lamont-Doherty Geological Observatory, Palisades, N.Y.; (MT) University of
Montana, Missoula; (PM) Alaska Tsunami Warning Center, NOAA, Palmer; (PS)
California Institute of Technology, Pasadena; (SC) University of South Carolina,
Columbia§ (SL) St. Louis University, St. Louis, Mo.; (TC) Tennessee Earthquake
Information Center, Memphis; (TU) Oklahoma Geological Survey, Leonard; (UU)
University of Utah, Salt Lake City; (VP) Virginia Polytechnic Institute and State
University, Blacksburg; (WA) University of Washington, Seattle; (WO) Weston
Observatory, Weston, Mass. Normal depth = 33 km. Leaders (...) indicate information is
not available)

ALASKA

1 January (GM) Southern Alaska

Origin time: 11 18 07.7

Epicenter: 61.295N., 146.975W.

Depth: 38 km

Magnitude: 5.3mb(GS), 4.7 ML(P M), 4.0MD(GM)
Intensity IV: Valdez (M).

Intensity III: Anchorage, Cordova, Glennallen,
and Palmer (PM).

8 US. Earthquakes, 1983

ALASKA-Continued

10 January (GS) Southern Alaska
Origin time: 12 19 58.0
Epicenter: 63.065, 150.950W.
Depth: 134 km

Magnitude: 4.0mb(GS)

Felt: Tolsona (PM).

14 February (LD) Alaska Peninsula area

Origin time: 03 20 03.7

Epicenter: 54.809N., 159.108W.

Depth: 16 km

Magnitude: 5.9mb(GS), 5.6 ML(LD), 6.3MS(GS), 6.5 MS(BK)
Intensity V:

Chignik— A few windows cracked; a few small objects
fell; a few items were thrown from store shelves; trees
and bushes shook moderately; felt by and frightened
many.

Sand Point—— A few small objects fell and a few items
were thrown from store shelves; trees and bushes shook
moderately; felt by many.

Intensity IV: Chignik Lagoon, Chignik Lake, Cold Bay,
False Pass, Ivanof Bay, Port Heiden.

Intensity III: King Cove, Perryville.

14 February (LD) Alaska Peninsula area

Origin time: 08 10 02.7

Epicenter: 54.862N., 158.875W.

Depth: 14 km

Magnitude: 6.0mb(GS), 5.6 MS(GS), 5.8 MS(PS), 6.0 ML(LD)
Intensity V: Chignik— A few items were thrown from
store shelves; trees and bushes shook moderately; felt by
all and frightened many.

Intensity IV: Chignik Lagoon, Cold Bay, False Pass, Port
Heiden.

Intensity III: King Cove, Perryville.

Felt: Sand Point.

23 February (GM) Southern Alaska
Origin time: 07 27 57.6

Epicenter: 60.177N., 153.195W.
Depth: 119 km

Magnitude: 4.5mb(GS), 4.0MD(GM)
Intensity II: Palmer (PM).

10 March (GM) Central Alaska

Origin time: 14 03 38.6

Epicenter: 62.815N., 149.553W.
Depth: 45 km

Magnitude: 4.6mb(GS), 3.5 MD(GM)
Intensity II: Ester and Fairbanks (PM).



ALASKA-Continued

ALASKA-Continued

15 March (GM) Southern Alaska

Origin time: 23 53 22.3

Epicenter: 59.507N., 153.197W.

Depth: 111 km

Magnitude: 4.7mb(GS), 4.4MD(GM)

Intensity V: Ninilchik-— A few dishes broken; a few small
objects overturned or fell; trees and bushes shook
slightly; felt by many.

Intensity IV: Homer (P M).

Intensity III: Anchor Point, Clam Gulch,

Kenai (M), Moose Pass.

Intensity II: Anchorage (PM), Cooper Landing.

17 March (GM) Southeastern Alaska

Origin time: 05 34 42.8

Epicenter: 58.515N., 140.637W.

Depth: 24 km

Magnitude: 4.3mb(GS), 4.2ML(PM)

Intensity IV: Yakutat— There were many reports of loud
noise.

3 April (GS) Andreanof Islands, Aleutian Islands
Origin time: 19 26 24.2

Epicenter: 51.762N., 176.926W.

Depth: 60 km

Magnitude: 5.2mb(GS)

Intensity V: Adak (PM).

6 April (GS) Queen Charlotte Islands region, Canada
Origin time: 09 22 14.0

Epicenter 54.268 N., 133,823 W.

Depth 10 km

Magnitude 5.1mb(GS), 5.1 MS(GS)

Intensity IV: Ketchikan (press report).

Felt: Craig, Petersburg, and Wrangell (PM).

7 April (GS) Southern Alaska
Origin time: 21 55 44,1
Epicenter: 62.313N., 148.915W.
Depth: 68 km

Magnitude: 3.0ML(PM)
Intensity III: Palmer (PM).

8 April (GS) Southern Alaska
Origin time: 14 23 58.3
Epicenter: 61.934N., 149.333W.
Depth: Normal

Magnitude: 2.3ML(PM)

Felt: Hatcher Pass (PM).

9 April (GS) Southern Alaska
Origin time: 02 10 25.9
Epicenter: 61.194N., 150.197W.
Depth: 58 km

Magnitude: 3.9ML(PM)

Felt: Anchorage and Palmer (PM).

10 April (GS) Southern Alaska

Origin time: 19 22 41.3

Epicenter: 61.479N., 149.973W.

Depth: 52 km

Magnitude: 3.5mb(GS), 3.8 ML(PM)

Felt: Anchorage, Girdwood, and Palmer (PM).

15 April (GS) Central Alaska

Origin time: 18 30 43.0
Epicenter: 64.853N., 147.531W.

Depth: 10 km

Magnitude: 4.3mb{GS), 4.8 ML(PM)

Intensity VI: Fairbanks-- The University of Alaska report-
ed minor damage. Other damage included cracked
plaster, and disconnected pipes to the Department of
Natural Resources Building.

Intensity V:

Fort Wainwright— Hairline cracks appeared in plaster; a
few merchandise items were thrown from store shelves; a
few glassware or dishes broke; a few small objects over-
turned or fell; felt by many.

North Pole— A few small objects overturned or fell; felt
by many.

Intensity IV: Ester, Nenana.

Intensity III: Eilson Air Force Base.

19 April (GS) Southern Alaska
Origin time: 04 43 34.6
Epicenter: 61.194N., 147.025W.
Depth: 70 km

Magnitude: 4.0mb{(GS)
Intensity III: Valdez (PM).
Intensity II: Palmer (PM).
Intensity I: Anchorage (PM).

19 April (GM) Southern Alaska

Origin time: 19 12 50.0

Epicenter: 63.270N., 149.707W.

Depth: 122 km

Magnitude: 5.1mb(GS), 4.7MD(GM)

Intensity IV: Big Lake (PM), Cantwell, Chickaloon (PM),
Denali National Park (PM), Healy, McKinley Park, Palmer
(PM), Skwentna, Usibelli, Wasilla (PM).

Intensity II: Anchorage, Copper Center, Spenard, Sutton,
Whittier, Willow.

21 April (GS) Southern Alaska
Origin time: 07 13 27.4
Epicenter: 61.262N., 150.449W.
Depth: Normal

Magnitude: 2.9ML(PM)

Felt: Anchorage (PM).

21 April (GM) Southeastern Alaska

Origin time: 12 56 48.8

Epicenter: 58.242N., 140.100W.

Depth: 0 km

Magnitude: 4.6mb(GS), 4.3ML(PM), 3.4MD(GM)
Intensity IV: Yakutat (PM).

22 April (GS) Southern Alaska

Origin time: 03 55 16.9

Epicenter: 61.491N., 150.007W.

Depth: 72 km

Magnitude: 3.9ML(PM)

Felt: at Anchorage, Palmer, and Wasilla (PM).

24 April (GS) Southern Alaska
Origin time: 06 25 11.8
Epicenter: 61.757N., 147.095W.
Depth: 66 km

Earthquake Descriptions 9
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Magnitude: 3.6 ML(PM)
Felt: Sheep Mountain Lodge (PM).

24 April (GS) Southern Alaska
Origin time: 10 07 35.3
Epicenter: 61.320N., 151.947TW.
Depth: 109 km

Magnitude: 4.2mb(GS)

Felt: Anchorage (PM).

26 April (GS) Central Alaska
Origin time: 23 10 55.2
Epicenter: 64.811N., 149.083W.
Depth: 10 km

Magnitude: 3.3ML(PM)
Intensity IV: Minto.

Intensity III: Fairbanks.

5 May (GS) Southern Alaska
Origin time: 06 09 03.8
Epicenter: 61.604N., 146.495W.
Depth: 62 km

Magnitude: 3.3ML(PM)

Pelt: Valdez (PM).

6 May (GS) Western Alaska
Origin time: 06 38 10.1
Epicenter: 66.608N., 163.891W.
Depth: Normal

Magnitude: 4.3mb(GS), 4.5 ML(PM)
Intensity IV: Kotzebue.

7 May (GS) Southeastern Alaska
Origin time: 09 01 47.7
Epicenter: 56.718N., 136.615W.
Depth: Normal

Magnitude: 4.0mb(GS)

Intensity IV: Shelikof (PM).
Intensity II: Sitka (PM).

9 May (GS) Southern Alaska
Origin time: 14 56 27.4
Epicenter: 61.023N., 146.364W.
Depth: 7 km

Magnitude: 3.4ML(PM)
Intensity II: Valdez (PM).

11 May (GS) Southern Alaska
Origin time: 19 24 38.7
Epicenter: 62.600N., 151.328W.
Depth: Normal

Magnitude: 3.1ML(PM)
Intensity II: Anchorage (PM).

15 May (GS) Southern Alaska
Origin time: 05 51 20.8
Epicenter: 61.653N., 149.929W.
Depth: 54 km

Magnitude: 3.6 ML(PM)
Intensity II: Palmer (PM).

25 May (GS) Near Islands, Aleutian Islands

Origin time: 10 39 55.2
Epicenter: 52.459N., 174.104E.
Depth: 66 km

10 U.S. Earthquakes, 1983

Magnitude: 4.7mb(GS)

Intensity V: Shemya Air Force Base—- A few small objects
overturned or fell; hanging pictures swung out of place;
felt by many.

9 June (GS) Andreanof Islands, Aleutian Islands
Origin time: 18 46 00.9

Epicenter: 51.414N., 174.111W.

Depth: 21 km

Magnitude: 6.2mb(GS), 5.8 MS(GS), 5.8 MS(BK)
Intensity III: Adak (PM).

9 June (GM) Southern Alaska
Origin time: 22 15 43.4

Epicenter: 59.260N., 152.843 W.
Depth: 83 km

Magnitude: 4.7mb(GS), 3.9MD(GM)
Intensity III: Homer (P M).

Intensity II: Anchorage (PM).

12 June Southern Alaska
Origin time: 16 12
Epicenter: Not located
Depth: None computed
Magnitude None computed
Intensity IV: Homer.

27 June (GM) Southern Alaska
Origin time: 08 12 24.2

Epicenter: 60.225N., 150.937W.
Depth: 65 km

Magnitude: 4.3mb(GS), 3.6 MD(GM)
Intensity IV: Homer.

28 June (GM) Southeastern Alaska

Origin time: 03 25 17.6

Epicenter: 60.182N., 141.253W.

Depth: 12 km

Magnitude: 6.0mb(GS), 5.4MS(GS), 5.9 ML(P M),
4.3MD(GM)

Intensity IV: Yakutat.

Felt: Cape Yakataga (PM).

30 June (GS) Near Islands, Aleutian Islands
Origin time: 11 51 56.9

Epicenter: 52.559N., 173.245E.

Depth: Normal

Magnitude: 4.9mb(GS), 4.3ML(PM)
Intensity II: Shemya Air Force Base.

12 July (GM) Prince William Sound

Origin time: 15 10 03.7

Epicenter: 61.035N., 147.185W.

Depth: 30 km

Magnitude: 6.1mb(GS), 6.4MS(GS), 6.4ML(PM),6.3 MS(BK),
6.2 MS(PS), 6.6 mb(PS)

This earthquake has an epicenter near the location of
the March 27, 1964 event, a great earthquake with mag-
nitude 8.3 (MS). The July 1983 shock was felt from Yaku-
tat on the south to Fairbanks to the north and eastward
to Whitehorse in Yukon Z’I‘erritory, Canada (an area of ap-
proximately 675,000 km*?, see fig 10).

The Valdez airport terminal building had damage esti-
mated at $1,000,000. The press reported that this earth-
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quake was the probable cause of a break in the Bering
Glacier ice dam holding back Berg Lake, about 60 miles
east of Cordova. Following the earthquake the level of
water in the lake dropped about 210 ft. and the country-
side was flooded.

Intensity VI:

United States—Alaska—

Girdwood— Many dishes or glassware broke, many small
objects overturned or fell; a few items fell off store
shelves; trees and bushes shook moderately; the vibration
was described as strong; felt by all and awakened many.
Valdez— The exterior conerete-block walls of the airport
terminal building cracked from roof to ground; inside
walls also cracked. Many dishes or glassware broke in
both businesses and homes. Both grocery stores and
liquor stores had merchandise thrown off shelves. In
homes pictures were knocked off walls, and furniture
overturned. Ceiling tiles fell in the elementary and high
school buildings. Sidewalks and streets cracked; both
standing and moving vehicles rocked moderately and it
was felt by and awakened many.

Intensity V: The most common effects at the places listed
below were a few merchandise items thrown off store
shelves, a few small objects overturned or fell, trees and
bushes shook slightly to moderately, standing vehicles
shook slightly. The vibration was desecribed as strong, and
felt by many or all. Additional effects are listed after
each locality.

United States—Alaska—

Anchorage— Buildings shook strongly.

Chitina.

Chugiak— Hanging pictures fell.

Copper Center— People had difficulty in standing or
walking; hairline cracks appeared in interior walls.
Cooper Landing— People had difficulty in standing or
walking; water splashed onto sides of ponds.

Cordova— Moving vehicles rocked moderately.

Elmendorf Air Force Base— Moving vehicles rocked
slightly.

Fort Richordson— Hairline cracks appeared in interior
walls.

Gakona— A few windows cracked.

Glennallen.

Moose Pass— Hairline cracks appeared in interior walls;
bricks fell from chimneys.

Seward— A video machine fell off a television; bells hung
from the ceiling rang.

Skwentna.

Sutton— A few cracked windows.

Tatitlek— (press report).

Whittier— Hairline cracks in appeared in interior walls.
Willow.

Intensity IV:

United States—Alaska—

Anchor Point, Anchorage International Airport, Cantwell,
Clam Guleh, Glacier Park Resort (base of Matanuska
Glacier), Kasilof, Kenai, McKinley Park, Ninilchik, Pal-
mer (PM), Soldotna, Sterling (ground eracks on dry and
level ground), Tyonek.

Intensity III:

Canada—Yukon Territory—

Whitehorse (PM).

United States—Alaska—

Dot Lake, Healy.

12 US. Earthquakes, 1983

Felt:
United States—Alaska—
Eagle River (press report), Fairbanks and Yakutat (PM).

12 July (GS) Prince William Sound
Origin time: 15 33 03.2
Epicenter: 60.942N., 147.299W,
Depth: Normal
Magnitude: 3.8ML(PM)

Intensity III: Valdez (PM).
Intensity II: Anchorage (PM).

12 July (GS) Southern Alaska
Origin time: 17 31 24.1
Epicenter: 59.924N., 152.855W.
Depth: 107 km

Magnitude: 4.2mb(GS)
Intensity II: Anchorage (PM).

15 July (GS) Andreanof Islands, Aleutian Islands
Origin time: 03 55 54.0

Epicenter: 52.290N., 176.889W.

Depth: 130 km

Magnitude: 5.0mb(GS)

Felt: Adak Island (PM).

15 July (GM) Southeastern Alaska

Origin time: 07 49 00.1

Epicenter: 60.240N., 140.883W.

Depth: 14 km

Magnitude: 5.1mb(GS), 4.1 MS(GS), 4.6 ML(P M),
3.7TMD(GM)

Intensity III: Yakutat.

15 July (GS) Southeastern Alaska
Origin time: 11 42 57.2
Epicenter: 60.056N., 141.001W.
Depth: 12 km

Magnitude: 3.6 ML(PM)

Felt: Yakutat.

21 July (GM) Kodiak Island region

Origin time: 17 35 16.6

Epicenter: 58.077N., 152.940 W,

Depth: 99 km

Magnitude: 4.9mb(GS), 4.6 ML(PM), 4.3MD(GM)
Intensity III: Kodiak.

Felt: Afognak Island (P M).

4 August (GS) Southern Alaska

Origin time: 04 07 18.9

Epicenter: 60.870N., 147.349W.

Depth: Normal

Magnitude: 4.4mb(GS), 3.6 MS(GS), 4.0ML(P M)
Felt: Palmer and Valdez (PM).

5 August (GS) Northern Alaska
Origin time: 03 10 43.4
Epicenter: 67.107N., 155.478 W.
Depth: Normal

Magnitude: 3.2ML(PM)

Felt: Indian Mountain (P M).

5 August (GM) Southern Alaska
Origin time: 21 23 38.7
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Epicenter: 61.728N., 147.468W.

Depth: 35 km

Magnitude: 4.2mb(GS), 4.5ML(PM), 3.7 MD(GM)
Intensity IV: Copper Center, Sutton.

Felt: Anchorage, Palmer, and Talkeetna (PM).

6 August (GM) Southern Alaska

Origin time: 16 34 00.5

Epicenter: 60.400N., 152.892W.

Depth: 129 km

Magnitude: 5.4mb(GS), 4.7 MD(GM)

Intensity IV: Clam Guleh, Homer, Kasilof (one foundation
reported cracked), Soldotna.

Intensity II: Anchorage, Cooper Landing,
Ninilehik, Seldovia (PM), Skwentna, Tyonek.

Kenai,

19 August (GM) Southern Alaska

Origin time: 04 59 32.7

Epicenter: 60.138N., 152.807W.

Depth: 98 km

Magnitude: 4.7mb(GS), 4.2MD(GM)

Intensity III: Anchorage, Homer, and Kenai (PM).
Intensity II: Palmer (PM).

19 August (GS) Southern Alaska
Origin time: 08 07 21.4
Epicenter: 60.641N., 149.955W.
Depth: 25 km

Magnitude: 3.5ML(PM)
Intensity II: Palmer (PM).

19 August (GS) Southern Alaska
Origin time: 19 05 20.6
Epicenter: 62.769N., 148.997W.
Depth: 92 km

Magnitude: 4.4mb(GS)
Intensity II: Palmer (PM).

22 August (GS) Cook Inlet area
Origin time: 10 53 55.2
Epicenter: 60.084N., 152.585W.
Depth: 116 km

Magnitude: None computed
Felt: Homer (PM).

25 August (GS) Southern Alaska
Origin time: 11 59 22.6
Epicenter: 61.655N., 149.723W.
Depth: 42 km

Magnitude: 2.8 ML(PM)

Felt: Palmer (PM).

7 September (GM) Prince William Sound

Origin time: 19 22 05.0

Epicenter: 60.978N., 147.320W.

Depth: 30 km

Magnitude: 6.2mb(GS), 6.2MS(GS), 6.2 MS(BK), 6.3mb(BK),
6.4mb(PS)

This event is located in the same epicentral area as the
March 27, 1964, magnitude 8.3(MS), earthquake.

Intensity VI:
Gakona— Many merchandise items were thrown from
store shelves; a few dishes or glassware broke; many

small objects overturned or fell; moving vehicles rocked
slightly; uncased water wells collapsed; flow was
disturbed in water wells; there were small landslides and
slumping of road fill.

Valdez— Chimneys and foundations cracked; hairline
cracks appeared in interior walls; moving vehicles rocked
slightly; a few items were thrown from store shelves;
light furniture or small appliances overturned; a few
windows cracked; hanging pictures fell; a few dishes or
glassware broke; a few small objects overturned or fell;
felt by all.

Intensity V: The most common effects at the places listed
below were a few small objects overturned or fell, a few
items thrown off store shelves, trees and bushes shook
slightly to moderately, standing vehicles shook slightly,
shaking described as moderate to strong, felt by many or
all.

Anchorage— Hanging pictures swung out of place; hair-
line cracks appeared in drywall partitions along the
stairwells of the Resolution Tower building at Fourth
Avenue and L Street and the Federal Building at 701 C
Street; some ceiling tiles and modular bookcases fell in
the Federal Building; a few hairline cracks appeared in
the tunnel between the Federal Building and an annex.
Chitina— Buildings shook strongly.

Chugiak.

Cooper Landing— People had difficulty walking; hairline
cracks appeared in interior walls; well water muddied.
Copper Center.

Homer— The shaking was strongest on Homer Spit.
Hope— Standing vehicles rocked moderately.

Moose Pass.

Palmer.

Soldotna— A few dishes or glassware broke.

Sterling.

Sutton— Hairline cracks appeared in plaster walls; mov-
ing vehicles rocked slightly.

Wasilla— Hanging pictures swung out of place; moving
vehicles rocked slightly.

Willow.

Intensity IV: Clam Guleh, Cordova (PM), Glennallen,
Gulkana, Kenai, Ninilchik, Seward (PM), Sleetmute,
Tyonek, Whittier.

Intensity III: Anchor Point, Dot Lake, Fairbanks (PM).

7 September (GM) Prince William Sound
Origin time: 22 22 10.6

Epicenter: 61.010N., 147.307W.

Depth: 27 km :

Magnitude: 5.0mb(GS), 4.6 ML(PM), 4.0MD(GM)
Felt: Anchorage, Palmer, Valdez, and Wasilla
(PM).

12 September (GS) Prince William Sound.
Origin time: 14 28 19.8

Epicenter: 60.896N., 147.300W.

Depth: Normal

Magnitude: 3.5ML(PM)

Felt: Anchorage, Palmer, and Valdez (PM).

14 September (GM) Prince William Sound
Origin time: 02 35 10.8

Epicenter: 60.960N., 147.267W.

Depth: 30 km

Earthquake Descriptions 13
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Magnitude: 4.9mb(GS), 4.6 ML(P M), 3.7MD(GM)
Felt: Anchorage, Palmer, and Valdez (PM).

14 September (GS) Cook Inlet area
Origin time: 11 25 02.7
Epicenter: 59.969N., 152.868 W.
Depth: 185 km

Magnitude: 4.0mb(GS)

Felt: Anchorage and Homer (P M).

16 September (GS) Southern Alaska
Origin time: 22 52 57.2

Epicenter: 60.572N., 149.821W.
Depth: 63 km

Magnitude: 3.5 ML(PM)

Felt: Anchorage and Whittier (PM).

21 September (GM) Southern Alaska

Origin time: 22 50 48.2

Epicenter: 60.252N., 152.468W.

Depth: 103 km

Magnitude: 4.8mb(GS), 4.1MD(GM)

Intensity IV: Cooper Landing, Homer, Seward, Skwentna.
Intensity II: Chugiak, Sterling, Sutton, Willow.

Felt: Anchorage, Clam Guleh, and Kenai (P M).

6 October (GM) Southern Alaska

Origin time: 11 10 12.8

Epicenter: 62.355N., 151.193W.

Depth: 97 km

Magnitude: 5.4mb(GS), 4.7 MD(GM)

Intensity IV: Anchorage, Chugiak, Eagle River, Talkeetna
(press report) Tyonek, Willow.

Intensity III: Fairbanks International Airport.

12 October (GS) Southern Alaska

Origin time: 21 00 54.0

Epicenter: 61.029N., 147.879W.

Depth: 38 km

Magnitude: 3.7mb(GS), 4.3ML(PM)
Intensity HI: Anchorage and Chugiak (P M).
Intensity II: Palmer (PM).

13 October (GM) Cook Inlet area

Origin time: 04 30 17.4

Epicenter: 59.630N., 152.077W.

Depth: 63 km

Magnitude: 4.6 mb(GS), 3.7MD(GM)

Intensity V: Homer-- Small objects overturned or fell;
buildings shook strongly; an observer was almost shaken
off his feet; felt by many.

Felt: Seldovia.

14 October (GM) Southern Alaska

Origin time: 17 26 38.9

Epicenter: 61.850., 149.525W.

Depth: 38 km

Magnitude: 4.8mb(GS), 4.3ML(PM), 3.4MD(GM)

Intensity III: Willow.

Intensity II: Anchorage (PM), Elmendorf Air Force Base,
Palmer, and Talkeetna (PM).

18 October (GS) Prince William Sound area

Origin time: 12 25 47.3
Epicenter: 61.425N., 146.645W.

14 US. Earthquakes, 1983

Depth: 51 km
Magnitude: 4.2mb(GS), 4.4ML(PM)
Intensity II: Anchorage and Valdez (PM).

24 October (GS) Fox Islands, Aleutian Islands
Origin time: 13 54 08.8

Epicenter: 52.510N., 168.441W.

Depth: Normal

Magnitude: 4.5ML(PM)

Intensity III: Nikolski (P M).

31 October (GS) Southern Alaska
Origin time: 01 20 11.9
Epicenter: 62.118 N., 150.701 W.
Depth: 94 km

Magnitude: None computed.
Felt: Anchorage and Valdez (PM).

3 November (GS) Northern Alaska
Origin time: 13 07 30.6
Epicenter: 67.302N., 149.714W.
Depth: Normal

Magnitude: 3.2ML(PM)

Intensity II: Wiseman.

4 November (GS) Seward Peninsula

Origin time: 05 41 20.5

Epicenter: 65.739N., 167.785W.

Depth: Normal

Magnitude: 3.7ML(PM)

Intensity II: Tin City Air Force Base (telegram).

4 November (GS) Seward Peninsula

Origin time: 07 55 15.7

Epicenter: 65.725N., 167.941W,

Depth: Normal

Magnitude: 4.2ML(PM)

Intensity IV: Tin City Air Force Base (telegram).

12 November (GS) Central Alaska

Origin time: 07 40 37.5

Epicenter: 64.536N., 147.206W.

Depth: 5 km

Magnitude: 3.7ML(PM)

Felt: Fairbanks, North Pole, and Salcha (PM).

14 November (GS) Central Alaska
Origin time: 18 42 34.7
Epicenter: 64.783N., 147.322W,
Depth: Normal

Magnitude: 2.7ML(PM)

Felt: College Observatory (PM).

17 November (GS) Andreanof Islands, Aleutian Islands

Origin time: 09 36 29.5
Epicenter: 51.649N., 176.805W.
Depth: 59 km

Magnitude: 4.6mb(GS)
Intensity IIl: Adak (PM).

24 November (GS) Kodiak Island Region
Origin time: 06 50 33.5

Epicenter: 56.386N., 152.189W.

Depth: Normal

Magnitude: 5.0mb(GS), 4.7TML(PM)
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Intensity Ill: O1d Harbor and Akhiok (PM).
Intensity II: Karluk (PM).

24 November (GS) Kodiak Island Region
Origin time: 06 56 48.4

Epicenter: 56.429N., 152.498W.

Depth: Normal

Magnitude: 5.1mb(GS), 4.7 ML(PM)
Intensity I1I: O1d Harbor and Akhiok (PM).
Intensity II: Karluk (PM).

26 November (GS) Southern Alaska
Origin time: 06 40 41.0
Epicenter: 60.825N., 149.461W.
Depth: Normal

Magnitude: 3.1ML(PM)

Felt: Anchorage (PM).

26 November (GS) Alaska Peninsula

Origin time: 15 51 49.7

Epicenter: 56.768N., 155.344 W,

Depth: Normal

Magnitude: 5.3mb(GS), 4.6 MS(GS), 5.1ML(PM)
Intensity IV: Larsen Bay.

6 December (GS) Andreanof Islands, Aleutian Islands
Origin time: 20 28 57.4

Epicenter: 51.361N,, 176.788W,

Depth: Normal

Magnitude: 3.9mb(GS), 4.9ML(PM)

Intensity Il: Adak (P M).

26 December (GS) Near Islands, Aleutian Islands
Origin time: 11 07 39.7

Epicenter: 52.652N., 174.467E.

Depth: 82 km

Magnitude: 4.9mb(GS)

Felt: Shemya Island (PM).

26 December (LD) Alaska Peninsula
Origin time: 19 39 24.4

Epicenter: 55.939N., 160.701W.
Depth: 159 km

Magnitude: 5.0mb(GS)

Felt: Sand Point (PM).

27 December (LD) Unimak Island Region

Origin time: 23 05 52.9

Epicenter: 53.586N., 164.376W.

Depth: 40 km

Magnitude: 5.6mb(GS), 5.3MS(GS), 6.1mb(PS), 5.4MS(PS),
6.0mb(BRK), 5.8 ML(LD)

Intensity V: False Pass (PM), King Cove {(a few small

objects fell, people had difficulty in standing or walking,

standing vehieles rocked moderately).

%nte;lsity IV: Akutan, Chignik (PM), Cold Bay, Sand Point

PM).

Intensity IlI: Chignik Lagoon, Unalaska.

28 December (GS) Andreanof Islands, Aluetian Islands
Origin time: 00 16 34.8

Epicenter: 52.077N., 177.801W.

Depth: 111 km

Magnitude: 5.1mb(GS)

Intensity IV: Adak Island (PM).

29 December (GS) Kenai Peninsula
Origin time: 20 14 54.2
Epicenter: 59.532N., 151.670W.
Depth: Normal

Magnitude: 3.8ML(PM)

Intensity III: Homer.

ARIZONA

7 January (BK) Mammoth Lakes Area
Origin time: 01 38 10.9

See California listing.

28 January Southern Arizona

Origin time: 15 05

Epicenter: Not located

Depth: None computed

Magnitude: None computed

Intensity III: Casa Grande, Phoenix (press report), Scotts-
dale (press report).

28 January Southern Arizona

Origin time: 15 14

Epicenter: Not located

Depth: None located

Magnitude: None computed

Intensity III: Phoenix and Scottsdale (press report).

16 February (GS) Hoover Dam area
Origin time: 08 26 05.7

Epicenter: 36.040N., 114,722W.
Depth: 5 km

Magnitude: 3.0ML(GS)

Intensity IV: Temple Bar, Arizona.
Felt: Boulder City, Nevada.

23 February (GS) Hoover Dam area

Origin time: 11 10 20.8

Epicenter: 35.973N., 114,711 W.

Depth: 5 km

Magnitude: 3.9ML(GS)

Intensity IV: Henderson, Nevada.

Felt: Boulder City, Nevada (telephone report).

31 August (GS) Northwestern Arizona
Origin time: 08 10 08.7

Epicenter: 36.135N., 112.037W.
Depth: 5 km

Magnitude: 3.3ML(GS)

Felt: Grand Canyon (telephone report).

ARKANSAS

19 January (TC) Central Arkansas

Origin time: 02 30 40.2

Epicenter: 35.186N., 92.212W,

Depth: 5 km

Magnitude: 3.5Mn(GS), 3.5Mn(TU), 3.5MD(TC), 3.9Mn(SL)

Earthquake Descriptions 15
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CALIFORNIA

This earthquake is one of a series that began on Janu-
ary 12, 1983, Many of these events were felt but not all
ot: them have computed hypocenters. Only hypocenters
rngil %)magnitude greater than 2.6 are listed below (see
able 6).

Intensity V: Enola—A few small objects overturned and
fell; felt by all.
Intensity IV: Mount Vernon, Naylor (TC).

Intensity IlI: Conway, El Paso.
Intensity II: Little Rock.

17 February (TC) Central Arkansas
Origin time: 19 31 45.3

Epicenter: 35.178N., 92.225W,
Depth: 5 km

Magnitude: 2.8MD(TC)

Felt: Enola-Naylor area (TC).

29 March (TC) Central Arkansas
Origin time: 08 40 45.8

Epicenter: 35.193N., 92.227W.
Depth: 3 km

Magnitude: 2.7Mn(TU), 2.6 MD(TC)
Felt: Enola-Naylor area (press report).

30 March (TC) Central Arkansas
Origin time: 04 12 25.4
Epicenter: 35.193N., 92.228W.
Depth: 3 km

Magnitude: 3.1Mn(TU), 3.2MD(TC)
Intensity IV: Naylor (press report).
Felt: Enola (press report).

30 March (TC) Central Arkansas
Origin time: 04 20 54.2
FEpicenter: 35.201N., 92.224W.
Depth: 4 km

Magnitude: 2.7Mn(TU), 2.6 MD(SL)
Intensity IIl: Naylor (press report)
Felt: Enola (press report).

12 July (TC) Central Arkansas
Origin time: 08 32 00.0
Epicenter: 35.179N., 92.215W.
Depth: 7 km

Magnitude: 2.5Mn(SL), 2.6 MD(TC)
Felt: Enola area (TC).

9 December (GS) Southern Arkansas
Origin time: 20 52 10.5

Epicenter: 33.183N., 92.704W.
Depth: 5 km

Magnitude: 3.0Mn(TU), 3.0MD(TC)
Intensity IV: E1 Dorado.

10 December (GS) Southern Arkansas
Origin time: 09 24 53.5

Epicenter: 33.183N., 92.704W.
Depth: 5 km

Magnitude: 2.4Mn(TU), 2.2MD(TC)
Intensity Il: E1 Dorado (TC).

16 US. Earthquakes, 1983

4 January (PS) Central California

Origin time: 03 03 05.0

Epicenter: 35.806N., 117.738W.

Depth: 5 km

Magnitude: 4.3mb(GS), 4.0ML(PS), 4.5ML(BK)

Intensity II: China Lake Naval Weapons Center and
Ridgecrest (press reports).

4 January (BK) Northern California

Origin time: 21 18 44.6

Epicenter: 41.157N., 122.227W.

Depth: 15 km

Magnitude: 3.2ML(BK)

Felt: southern Siskiyou and northern Shasta Counties and
at Castle Crags State Park (press report).

Intensgty IV: Dunsmuir, McCloud, and Mount Shasta (press
report).

7 January (BK) Mammoth Lakes area
Origin time: 01 31 26.1

Epicenter: 37.633N., 118.937W.
Depth: 12 km

Magnitude: 4.1ML(BK), 4.2ML(PS)
Felt: at Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area

Origin time: 01 36 46.6

Epicenter: 37.642N., 118.908W.

Depth: 1 km

Magnitude: 4.1mb(GS), 4.3ML(BK), 4.3ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area

Origin time: 01 38 10.9

Epicenter: 37.640N., 118.898W.

Depth: 7 km

Magnitude: 5.1mb(GS), 5.0MS(GS), 5.4ML(BK), 5.6 ML(PS)

This earthquake caused a power outage in Mammoth
Lakes and at Crowley Lake. It was felt over an area of
76,000 km* of California and Nevada (fig. 11).

Intensity VI:

California—

Mammoth Lakes— A few buildings reported damaged and
some groceries knocked off shelves.

Intensity V:

California—

Crowley Lake— A few items were thrown off store
shelves; felt by all and frightened many.

Lee Vining— A few small objects overturned or fell; felt
by all and frightened many.

Wishon— A few dishes or glassware broke; a few small
objects overturned or fell; felt by many.

Yosemite National Park— Felt by the postmaster in a
moving automobile.

Intensity IV:

California— Armona, Arnold, Auberry, Badger, Bass
Lake, Big Creek, Big Pine, Bishop, Burrel, Cantua Creek,
Caruthers, Castle Air Force Base, Catheys Valley, Clovis,
Crestline, Del Rey, Douglas Flat, El Portal, Firebaugh,
Fish Camp, Fresno (Calwa), Friant, Glennville, June
Lake, Kingsburg, Kings Canyon National Park, Kyburz,
Lone Pine, Madera, Mariposa, Murphys, O'Neals,
Pinecrest, Porterville, Prather, Raymond, Reedley,
Riverdale, Sequoia National Park, Shaver Lake, Snelling,
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Figure 11. Isoseismal map for the Mammoth Lakes area, California, earthquake of 7 January 1983, 01 38
10.9 UTC. Roman numerals represent Modified Mercalli intensities between isoseismals; arabic numerals
represent intensities at specifie sites.
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Soulsbyville, Strathmore, Strawberry, Three Rivers, Toms
Place, Tuolumne, Visalia, Volcano, Wawona, Wofford
Heights, Yettem.

Intensity III:

Arizona— Wikieup.

California— Ahwahnee, Angels Camp Bakersfield, Big
Oak Flat, Bridgeport, Caliente, California Hot Springs,
Cartago Coarsegold, Coleville, Cucamonga, Delano, Dos
Palos, Dunlap, Georgetown, Glencoe, Groveland, Hume,
Independence, Ivanhoe, Jackson, Julian, Kaweah, King
City, Laton, Lemoncove, Lemoore Naval Air Station, Los
Banos, Lost Hills, Mendota, Miramonte, Mountain Ranch,
Mount Aukum, North Fork, Oakhurst, Olancha, Piedra,
Pinedale, Planada, Raisin, Red Top, Santa Barbara,
Scotty's Castle, Shafter, Sonora, South San Francisco,
Squaw Valley, Stratford, Tipton, Traver, Tustin, Vaca-
ville, West Point, Woodlake.

Nevada— Yerington.

Intensity II:

California— Alta, Fresno (Barton), Gold Run, Goshen,
Moceasin.

Felt:

California— Benton, Greenview, La Grange,
{press report), Orange Cove.

Merced

7 January (BK) Mammoth Lakes area
Origin time: 01 45 38.9

Epicenter: 37.642N., 118.940W.
Depth: 4 km

Magnitude: 3.6ML(BK), 4.1ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 02 13 44.4

Epicenter: 37.647N., 118.967W.
Depth: 13 km

Magnitude: 3.5ML(BK), 3.8 ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area

Origin time: 03 24 19.4

Epicenter: 37.635N., 118.988W.

Depth: 7 km

Magnitude: 5.1mb(GS), 5.0MS(GS), 5.3ML(BK), 5.6 ML(PS)

This evgnt was felt over an area of approximately
59,000 km*“ of California and Nevada (fig. 12).

Intensity VI:

California—

Mammoth Lakes— At the airport a metal hanger
collapsed, damaging a plane. Display cases toppled and
shattered in stores (press report); a few items fell from
store shelves; felt by all.

Intensity V:

California—

Lee Vining— A few small objects overturned and fell;
trees and bushes shaken slightly; felt by many.

Wishon— A few small objects overturned and fell; pie-
tures swung out of place; trees and bushes shook
moderately; felt by many.

Yosemite National Park— It was felt moderately by the
postmaster while driving his car.

Intensity IV:

California— Angels Camp, Armona, Arnold, Auberry,

18 US. Earthquakes, 1983

Badger, Benton, Big Creek, Big Oak Flat, Big Pine,
Bishop, Burrel, Catheys Valley, Clearlake Park, Clovis,
Corcoran, Crowley Lake, Douglas Flat, El Portal, Fire-
baugh, Fish Camp, Friant, Groveland, Jackson, June
Lake, Kerman, Kingsburg, Kings Canyon National Park
(Grant Grove), Lakeshore, Lone Pine, Mariposa, Midpines,
Miramonte, Pinecrest, Porterville, Prather, Rail Road
Flat, Sequoia National Park (Lodgepole), Snelling, Sonora,
Strawberry, Toms Place, Tuolumne, Wawona, Wofford
Heights.

Intensity II:

California— Ahwahnee, Biola, Bridgeport, Caliente, Cal-
wa, Cantua Creek, Cartago, Castella, Coarsegold, Crest-
line, Cucamonga, Del Rey, Dunlap, Fresno, Glencoe, Gold
Run, Goshen, Hanford, Highland, Hornitos, Hume,
Independence, lowa Hill, Kyburz, La Grange, Lake
Isabella, Laton, Lemoncove, Lost Hills, Madera, Mendota,
Moreno, Mountain Ranch, Mount Aukum, North Fork,
Oakhurst, Olancha, O'Neals, Orange Cove, Piedra, Pine
Grove, Pioneer, Planada, Raisin, Red Top, Riverdale, San
Bernardino, Santa Ana, Squaw Valley, Stratford, Tipton,
Tranquillity, Traver, Tulare, Visalia, West Point, White
Pines (Arnold).

Nevada— Dyer, Mina, Yerington.

Intensity II:

California— Barton, Moccasin, Pinedale, Reedley, San
Juan Bautista, Santa Barbara, Strathmore, Yettem.

Felt:

California— Mi-Wuk Village, Shaver Lake, Stockton {press
report).

Nevada— Reno (press report).

7 January (BK) Mammoth Lakes area
Origin time: 03 30 23.3

Epicenter: 37.643N., 118.965W.
Depth: 5 km

Magnitude: 4.4ML(BK), 4.5ML(PS)
Felt: at Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 05 11 03.2

Epicenter: 37.628N., 118.880W.
Depth: 5 km

Magnitude: 3.8ML(BK), 3.7 ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 06 38 25.5

Epicenter: 37.640N., 118.967W,
Depth: 6 km

Magnitude: 3.8ML(BK), 3.9ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 07 14 25.1

Epicenter: 37.627N., 118.955W.
Depth: 4 km

Magnitude: 3.4ML(BK), 3.6 ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 08 08 11.0

Epicenter: 37.608N., 118.915W.
Depth: 3 km
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Magnitude: 3.5ML(BK), 3.8 ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 08 45 53.3

Epicenter: 37.620N., 118.920W.
Depth: 3 km

Magnitude: 3.5ML(BK), 3.6 ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 13 12 48.7

Epicenter: 37.633N., 118.965W.
Depth: 5 km

Magnitude: 3.4ML(BK), 3.5 ML(PS)
Felt: Mammoth Lakes (BK).

7 January (PS) Central California
Origin time: 13 43 43.0
Epicenter: 35.741N., 117.741W.
Depth: 5 km

Magnitude: 3.5ML(PS)

Felt: Ridgecrest (PS).

7 January (BK) Mammoth Lakes area
Origin time: 16 33 09.4

Epicenter: 37.632N., 118.933W.
Depth: 3 km

Magnitude: 3.5ML(BK), 3.6 ML(PS)
Felt: Mammoth Lakes (BK).

7 January (BK) Mammoth Lakes area
Origin time: 23 09 54.5

Epicenter: 37.625N., 118.880W.
Depth: 7 km

Magnitude: 3.5ML(BK), 3.6 ML(PS)
Felt: Mammoth Lakes (BK).

8 January (BK) Mammoth Lakes area
Origin time: 06 17 41.8

Epicenter: 37.623N., 118.858W.
Depth: 9 km

Magnitude: 3.4ML(BK), 3.6 ML(PS)
Felt: Mammoth Lakes (BK).

8 January (PS) Southern California

Origin time: 07 19 30.4

Epicenter: 34.133N., 117.454W.

Depth: 8 km

Magnitude: 4.1ML(PS), 4.2ML(BK)

Felt: parts of Los Angeles, Orange, Riverside, and San
Bernardino Counties.

Intensity V:

Rialto— A few small objects overturned and fell; pictures
swung out of place; it was felt by and frightened many.
San Bruno— A few dishes or glassware broke; a few items
thrown from store shelves; a few small objects
overturned or fell; felt by many.

Sierra Madre— Hairline cracks appeared in stucco walls;
a few windows cracked; a few dishes or glassware broke;
a few items were thrown from store shelves; a few small
objects overturned or fell; felt by many.

Intensity IV: Colton, Corona, Cucamonga, Etiwanda, Fon-
tana, Guasti, Lytle Creek, Malibu, March Air Force Base,
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Mount Baldy, Ontario, Pinon Hills, Riverside, San
Bernardino, Upland.
Intensity II: Anaheim,
Yucaipa.

Intensity II: Norwalk, Wrightwood.

Felt: Palm Springs (press report), San Dimas, Victorville

(press report).

Glendale, Sunnymead, Tustin,

9 January (BK) Mammoth Lakes area
Origin time: 11 57 41.3

Epicenter: 37.642N., 118.907W.
Depth: 8 km

Magnitude: 3.4ML(BK), 3.9 ML(PS)
Felt: Mammoth Lakes (BK).

10 January (PS) Southern California

Origin time: 04 46 33.3

Epicenter: 33.985N., 118.737W.

Depth: 9 km

Magnitude: 3.0ML(PS)

Intensity III: Malibu and Thousand Oaks (press report).

12 January (PS) Baja California, Mexico
Origin time: 18 30 07.4

Epicenter: 32.066N., 115.783W.

Depth: 6 km

Magnitude: 4.3ML(PS)

Felt: E1 Cajon and San Diego (PS).

17 January (PS) Central California
Origin time: 01 09 00.8

Epicenter: 35.702N., 118.607W.
Depth: 7 km

Magnitude: 3.6 ML(PS), 3.7 ML(BK)
Intensity IT: Kernville (press report).
Felt: Bakersfield (PS).

18 January (PS) Southern California
Origin time: 14 21 41.9

Epicenter: 34.290N., 118.556W.
Depth: 9 km

Magnitude: 2.5ML(PS)

Felt: San Fernando Valley (press
report).

19 January (PS) Southern California
Origin time: 12 05 32.1

Epicenter: 34.137N., 117.460W.
Depth: 7 km

Magnitude: 2.7ML(PS)

Felt: San Bernardino (PS).

24 January (PS) Imperial Valley
Origin time: 03 38 36.5
Epicenter: 32.983N., 115.921W.
Depth: 7 km

Magnitude: 3.4ML(PS)
Intensity III: Imperial.

25 January (BK) Mammoth Lakes area

Origin time: 10 10 41.2

Epicenter: 37.505N., 118.900W.

Depth: 2 km

Magnitude: 4.4mb(GS), 4.8 ML(BK), 4.5 ML(PS)
Felt: Bishop and Mammoth Lakes (BK).
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25 January (PS) Mammoth Lakes area
Origin time: 13 30 22.4

Epicenter: 37.500N., 118.983W.
Depth: 6 km

Magnitude: 3.4ML(PS}, 3.4ML(BK)
Felt: Mammoth Lakes (BK).

28 January (PS) Southern California
Origin time: 14 54 08.9

Epicenter: 33.942N., 118.726W.
Depth: 13 km

Magnitude: 3.6 ML(PS)

Intensity IV: Venice, West Los Angeles.

Intensity IIl: Agoura, Malibu, Thousand Oaks.

Intensity II: Somis, Huntington Beach.

29 January (BK) Mammoth Lakes area
Origin time: 15 06 01.5

Epicenter: 37.640N., 118.947W.
Depth: 6 km

Magnitude: 3.4ML(BK), 4.1ML(PS)
Felt: Mammoth Lakes (BK).

29 January (BK) Mammoth Lakes area
Origin time: 1519 48.1

Epicenter: 37.628N., 118.942W.
Depth: 5 km

Magnitude: 3.2ML(BK), 3.1ML(PS)
Felt: Mammoth Lakes (BK).

31 January (PS) Imperial Valley
Origin time: 10 13 05.2
Epicenter: 33.018N., 115.308W.
Depth: 6 km

Magnitude: 2.3ML(PS)

Felt: Brawley (PS).

31 January (BK) Mammoth Lakes area
Origin time: 10 13 41.1

Epicenter: 37.500N., 118.882W.
Depth: 7 km

Magnitude: 3.9ML(BK), 3.9ML(PS)
Felt: Mammoth Lakes (BK).

31 January (PS) Imperial Valley
Origin time: 10 15 41.1
Epicenter: 33.077N., 115.312W.
Depth: 6 km

Magnitude: 2.5ML(PS)

Felt: Brawley (PS).

31 January (BK) Mammoth Lakes area
Origin time: 10 18 31.1

Epicenter: 37.553N., 118.877TW,
Depth: 2 km

Magnitude: 3.4ML(BK), 3.4ML(PS)
Felt: Mammoth Lakes (BK).

31 January (PS) Imperial Valley
Origin time: 1019 18.0
Epicenter: 33.017N., 115.314W.
Depth: 6 km

Magnitude: 2.7 ML(PS)

Felt: Brawley (PS).

31 January (BK) Mammoth Lakes area
Origin time: 10 22 24.7

Epicenter: 37.503N., 118.893W.
Depth: 4 km

Magnitude: 3.8ML(BK), 3.8 ML(PS)
Felt: Mammoth Lakes (BK).

1 February (PS) Central California
Origin time: 22 09 07.9

Epicenter: 35.773N., 117.727W.
Depth: 7 km

Magnitude: 3.4ML(PS)

Felt: Ridgecrest (PS).

4 February (BK) Mammoth Lakes area

Origin time: 07 15 10.3

Epicenter: 37.653N., 118.957W.

Depth: 7 km

Magnitude: 3.9mb(GS), 3.9ML(BK), 4.3ML(PS)
Felt: Mammoth Lakes (BK).

4 February (BK) Mammoth Lakes area
Origin time: 15 02 24.6

Epicenter: 37.643N., 118.950W.
Depth: 6 km

Magnitude: 3.4ML(BK), 3.8 ML(PS)
Felt: Mammoth Lakes (BK).

4 February (BK) Central California
Origin time: 16 12 12.9

Epicenter: 37.583N., 121.960W.
Depth: 8 km

Magnitude: 3.0ML(BK)

Intensity III: Fremont, Hayward.
Intensity II: Sunol.

4 February (PS) Southern California
Origin time: 16 19 15.2

Epicenter: 32.913N., 116.501W.
Depth: 6 km

Magnitude: 3.5ML(PS)

Felt: San Diego (PS).

4 February (BK) Mammoth Lakes area
Origin time: 17 02 58.1

Epicenter: 37.643N., 118.948W.
Depth: 3 km

Magnitude: 3.5ML(BK), 3.8 ML(PS)
Felt: Mammoth Lakes (BK).

5 February (BK) Central California
Origin time: 12 01 27.0

Epicenter: 36.685N., 120.852W.
Depth: 8 km

Magnitude: 4.2ML(BK)

Felt: Mercy Hot Springs area (BK).

17 February (PS) Southern California
Origin time: 16 11 47.8

Epicenter: 34.135N., 117.442W.
Depth: 8 km

Magnitude: 2.7 ML(PS)

Felt: Fontana (PS).
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19 February (BK) Mammoth Lakes area
Origin time: 11 08 27.5

Epicenter: 37.528N., 118.875W.
Depth: 9 km

Magnitude: 3.6 ML(BK), 3.9 ML(PS)
Felt: Mammoth Lakes (BK).

20 February (BK) Mammoth Lakes area
Origin time: 00 50 17.3

Epicenter: 37.622N., 118.943W.
Depth: 6 km

Magnitude: 3.4ML(BK), 3.8 ML(PS)
Felt: Mammoth Lakes (BK).

22 February (PS) Southern California
Origin time: 05 37 37.6

Epicenter: 34.135N., 117.458W.
Depth: 5 km

Magnitude: 2.6 ML(PS)

Intensity III: Etiwanda.

Felt: Fontana and San Bernardino (PS).

24 February (PS) Southern California
Origin time: 12 14 05.2

Epicenter: 34.086N., 118.872W.
Depth: 6 km

Magnitude: 3.0ML(PS)

Intensity II: Malibu {(press report).
Intensity II: Somis.

24 February (BK) Mammoth Lakes area
Origin time: 19 52 00.8

Epicenter: 37.620N., 118.963W.
Depth: 5 km

Magnitude: 3.7ML(BK), 4.1ML(PS)
Intensity IIl: Mammoth Lakes.

28 February (PS) Southern California
Origin time: 18 11 14.5

Epicenter: 33.961N., 118.341W.
Depth: 6 km

Magnitude: 2.4ML(PS)

Felt: Lakewood (PS).

1 March (PS) Southern California
Origin time: 07 09 23.0

Epicenter: 33.957N., 118.316W.
Depth: 5 km

Magnitude: 2.6 ML(PS)

Intensity IMI: Inglewood (press report).

1 March (PS) Southern California

Origin time: 20 18 35.8

Epicenter: 33.942N., 118.319W.

Depth: 6 km

Magnitude: 3.8 ML(PS)

Intensity V: Malibu-- A few cracked windows; a few items
were thrown from store shelves; a few dishes broke; a
few small objects overturned or fell; felt by many.
Intensity IV: Compton, Culver City, Inglewood, Lawndale,

Los Angeles (press report). Lomita, Palos Verdes
Peninsula, Redondo Beach, South Gate, Torrance,
Wilmington.
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Felt: Cerritos (PS), Downey (PS), Gardena (PS), Hermosa
Beach (PS), Long Beach(PS), Santa Barbara (press report),
Van Nuys (PS).

15 March (BK) Mammoth Lakes area
Origin time: 03 15 59.9

Epicenter: 37.518N., 118.880W.
Depth: 9 km

Magnitude: 3.8 ML(BK), 3.9 ML(PS)
Felt: Mammoth Lakes (press report).

16 March (BK) Mammoth Lakes area
Origin time: 15 25 28.3

Epicenter: 37.510N., 118.893W.
Depth: 7 km

Magnitude: 4.0ML(BK), 3.8 ML(PS)
Felt: Mammoth Lakes and Bishop (BK).

29 March (PS) Southern California
Origin time: 14 27 15.4

Epicenter: 34.175N., 117.412W.
Depth: 6 km

Magnitude: 3.2ML(PS)

Intensity IV: Fontana.

Intensity ITI: Mentone.

Felt; Devore, Rialto, and Victorville.

1 April (PS) Southern California
Origin time: 22 56 58.5
Epicenter: 34.934N., 121.000W.
Depth: 6 km

Magnitude: 3.3ML(PS), 3.2ML(BK)
Felt: San Luis Obispo (BK).

7 April (BK) Northern California

Origin time: 07 35 48.0

Epicenter: 39.130N., 123.127W.

Depth: 6 km

Magnitude: 4.1mb(GS), 3.6 ML(BK)

Intensity V: Ukiah— A few small objects overturned or
fell; hanging pictures fell; felt by and awakened many.
Intensity IV: Boonville, Finley, Lakeport, Redwood Valley,
Talmage, Upper Lake, Willits,

Intensity III: Clearlake Oaks, Lucerne, Philo.

Felt: Hopland (BK), Santa Rosa (BK).

10 April (PS) Southern California
Origin time: 17 19 21.3
Epicenter: 33.727N., 118.450W.
Depth: 6 km

Magnitude: 3.3ML(PS)

Intensity IV: Hawthorne, Lawndale, Palos Verdes
Peninsula, Santa Monica (press report), Venice, West Los
Angeles.

Intensity III: Burbank (press report), Palms, Westchester.
Felt: Newport Beach (PS).

16 April (PS) Southern California

Origin time: 12 25 27.2

Epicenter: 34.353N., 118.527W.

Depth: 6 km

Magnitude: 3.5ML(PS)

Intensity IV: Agoura, Canoga Park, Chatsworth, Granada
Hills, Northridge (a report of a few glassware or dishes
broken and a few small objects overturned or fallen),



CALIFORNIA-Continued

CALIFORNIA--Continued

Resada, San Fernando (press report), Sepulveda.
Intensity I: Industry, Harbor City, Palos
Peninsula, Simi Valley, Thousand Oaks.

Intensity II: Torrance.

Felt: Valencia (press report).

Verdes

16 April (PS) Southern California

Origin time: 12 26 46.9

Epicenter: 34.351N., 118.534W.

Depth: 6 km

Magnitude: 3.6 ML(PS)

Felt: San Fernando and Valencia (press report).

17 April (PS) Central California
Origin time: 11 49 39.7
Epicenter: 35.350N., 118.554W.
Depth: 6 km

Magnitude: 3.4ML(PS)
Intensity II: Caliente.

18 April (PS) Southern California

Origin time: 21 39 07.4

Epicenter: 34.049N., 118.217W.

Depth: 15 km

Magnitude: 2.8 ML(PS)

Felt: Slightly in the downtown Los Angeles area, also felt
from Pasadena to West Los Angeles (PS).

19 April (BK) Central California
Origin time: 04 27 59.9
Epicenter: 38.827N., 122.802W.
Depth: 4 km

Magnitude: 2.9ML(BK)

Felt: Cobb (BK).

19 April (BK) Central California
Origin time: 19 51 16.6
Epicenter: 38.795N., 122.807W.
Depth: 5 km

Magnitude: 2.8 ML(BK)

Felt: Cobb (BK).

21 April (BK) Central California

Origin time: 8 09 59.4

Epicenter: 37.260N., 122.158W.

Depth: 8 km

Magnitude: 3.4ML(BK)

Felt: Santa Clara and Santa Cruz Counties (press report)
and at Cupertino and Los Altos (BK).

2 May (BK) Central California

Origin time: 17 57 59.8

Epicenter: 37.065N., 121.477W.

Depth: 6 km

Magnitude: 3.5ML(BK)

Felt: Gilroy, Hollister, and Morgan Hill (BK).

2 May (GM) Central California

Origin time: 23 42 38.1

Epicenter: 36.233N., 120.309W.

Depth: 10 km

Magnitude: 6.2mb(GS), 6.5 MS(GS), 6.7 ML(BK),
6.1ML(PS), 6.7 ML(GM), M, = 2.3
x 10°Y dyne-em (BK).

Ninety-four people were injured by the earthquake
(Durkin and others, 1984). The majority of these injuries
occurred to people at homes in residential sections of the
city of Coalinga. Most injuries were caused by furniture
and other objects which were thrown about, falling
canned goods, and people being thrown to the floor by the
strong shaking. The most serious damage occurred in
Coalinga where the eight-block downtown commercial
district was virtually destroyed. One building, The
Coalinga Inn, which was partially collapsed by the ground
shaking, caught fire and burned.

An American Red Cross disaster damage assessment
report (Whear, 1983) listed 309 single-family homes and
33 apartments virtually destroyed; major damage to 558
single-family homes, 94 mobile homes, and 39
apartments; and minor damage to 811 single-family
homes, 22 mobile homes, and 70 apartments. A prelimi-
nary estimate of property damage in Coalinga by the
California Office of Emergency Services exceeded $31
million. It was felt from the Los Angeles area north to
Susanville and from the Pacific Coast to western Nevada
(fig. 13), an area of about 205,00 km* (Stover, 1983).

The most heavily damaged section of downtown
Coalinga extended from Third to Seventh Streets between
Durian and Forest Streets. Shah and others (1984)
inspected 139 buildings in this area and reported that 49
had collapsed or were near collapse, 10 were heavily
damaged, 28 had moderate damage, and 52 were lightly
damaged. Examples of damage in this district are shown
in figures 14 through 17. The most severe damage
occurred to the old (usually pre-1930) one- and two-story
buildings of unreinforced brick masonry wall
construction, with floors and roofs of wood (Reitherman
and others, 1984). The most common type of damage to
these buildings was the collapse of front walls, shifting of
second-story walls, or severe cracking of walls. In con-
trast to the severe damage to old brick buildings, the
newer buildings of reinforced concrete-block walls or
prefabricated metal had little structural damage. The
most common damage to newer buildings were broken
windows, fall of ceiling tiles, and minor wall cracks.

The damage in the residential areas was variable from
area to area with the most severe damage in the older
residential areas to the east and north. Older homes
were damaged more severely than those constructed
since the adoption of design codes for seismic forces (see
fig. 18). Most of the older homes were built on wooden
posts or were on masonry type foundations but were not
anchored to them. In both instances the houses fell or
slid off the foundations and were damaged. Modern
homes anchored to a concrete perimeter foundation
suffered only superficial damage (Mustart and others,
1983). Many chimneys were cracked, broken at the
roofline, or thrown down. Hopper and others (1983)
surveyed 388 chimneys and reported 206 of them thrown
down and 18 cracked but standing. Virtually all mobile
homes suffered some damage and many fell from their
supports (Steinbrugge and others, 1984).

Most of the public buildings (the firehouse, post office,
city hall, police station, hospital, and schools) in Coalinga
suffered only minor damage such as cracked plaster,
fallen lights fixtures, and some shattered windows.
However, an old storage building at Cheney Kindergarten
School and the old maintenance building and storage
building at Coalinga High School were severely
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Figure 14.
(provided by The Fresno Bee).

Damage to the downtown section of Coalinga, California caused by the 2 May 1983 earthquake
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Both structures were torn down after the
earthquake. Also, the tall brick chimney at the High
School was heavily damaged and later demolished
(Meehan, 1983).

Public utilities (water, electricity, gas, sewerage) were
all damaged to some extent. The water system continued
to function despite numerous leaks in the transmission
piping. There were only temporary interruptions to
electric power, but the gas was shut off for several days
because of the hazard from leaks caused by broken or
disconnected piping. The sewerage system continued to
function despite the partial collapse of a 480-ft section
of old concrete sewer pipe west of the downtown area
(Isenberg and Escalante, 1984). Telephone service was
only temporarily interrupted and functioned after the
earthquake.

Sixty bridge sites were surveyed for damage and 16 of
the bridges showed signs of movement caused by the
earthquake but only 6 suffered minor structural damage
(Klein, 1983). The damage consisted of hairline ecracks at
the top of support columns with some spalling, wingwall
and parapet fracturing and displacement, and fill settle-
ment.

Surface facilities and wells in the oilfields surrounding
Coalinga were damaged by the earthquakes (Hughes and
others, 1983). Most of the subsurface damage was
collapsed or parted well casing, and this was to only 14 of
1725 active wells. Surface facilities such as pumping

damaged.

units, storage tanks, pipelines, and office and support
buildings all were damaged. Pumping units were shaken
out of alignment, storage tanks were bulged at top and
bottom by sloshing liquid and a few ruptured, some pipe
fittings to tanks sheared off causing oil leaks, and pipe-
lines leaked at coupling joints and connections. A Shell
0il Company Administration building (about 7 km north
of Coalinga) sustained major structural damage and its
two brick chimneys fell (Turkheimer and Glozman, 1984).

A common type of damage to industrial facilities
(mostly belonging to the petroleum industry) located
outside Coalinga to the north and east, were similiar to
those described above for oil tanks and piping
connections. Most tanks, especially tall ones, slid off
their bases or their supports buckled; storage buildings
were cracked. Workers in these areas reported they were
unable to stand during the earthquake (Yanev and others,
1984). The Pacific Gas and Electric Substation No. 2,
located about 7 miles north of Coalinga, was damaged so
badly it was near collapse. Strong motion instruments at
the Pleasant Valley Pumping Plant (4.5 miles north of the
epicenter) recorded a peak acceleration of 0.54 g hori-
zontal and 0.37 g vertical at the switchyard (Maley and
others, 1983).

This earthquake caused an uplift of the Anticline Ridge
northeast of Coalinga by 0.5 m, but no surface faulting
occurred (Stein, 1983). However, surface faulting did oc-
cur on the Nunez Fault, 12 km northwest of Coalinga, on
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Figure 15.
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U : Damage to a building on Fifth Street in the downtown commercial district of Coalinga,
California caused by the 2 May 1983 earthquake (provided by The Fresno Bee).
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June 11, 1983, in association with a magnitude 5.2 after-
shock; this fault had lengthened to a total of 3.3 km as a
result of 3 aftershocks in July (Hart and MeJunkin, 1983;
Rymer and others, 1983).

Eaton and others (1983) monitored the Coalinga after-
shocks from May 2 through July 31 and recorded more
than 5,000 events; 894 were of magnitude 2.5 or
greater. Most of the larger aftershocks were felt in
Coalinga.

Intensity VIII: Much of the data listed below were taken
from Bennett and Sherburne (1983) and Scholl and Stratta
(1984).

California—

Coalinga— The extensive damages to the commercial dis-
trict made most of the buildings unsafe and they were
rapidly demolished. This demolition precluded a detailed
building by building description of the damage. Also, be-
cause of the large number of damaged homes in the resi-
dential area only a general description of damage to resi-
dences is given below.

Commercial District— The most severe damage in this
area was to buildings of unreinforced brick walls (fig.
19). Some descriptions of the type of damage are as
follows: The failure of a supporting wall caused the roof
of a building on Elm Avenue to collapse. A building at
the corner of 5th Street and EIm Avenue had a collapsed
roof from the fall of an adjacent brick wall. A two-story
building on Elm Street was displaced sideways by the col-
lapse of an adjacent building and also collapsed. A build-
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ing across 5th Street from the two-story building also
collapsed. The roof of State Theater on Elm Avenue (fig.
16) collapsed over the stage area, and parapets and
corners of the upper walls were displaced, A brick build-
ing on 5th Street, one block northwest of Elm Avenue,
had a section of the second story exterior wall collapse,
cracks in other walls, and cracks in the arched opening at
street level. Parapets collapsed from a two-story
building at the west corner of 5th Street and Elm Street,
an 8-in. thick wall on the northwest side collapsed at the
second-floor level, other masonry was displaced outward,
and most windows were broken.

In contrast to the destruction described above, the
newer buildings suffered only superficial damage of the
type listed below. An example of this difference in
damage is the Bank of America, located in the heavily
damaged downtown area, which had some ceiling tile fall,
filing cases and shelves overturned, a small amount of
wall cracking, and one cracked window, but no structural
damage. The Guarantee Savings and Loan building at 5th
and Cedar Streets had mostly window glass breakage on
three sides. Other newer buildings had such damage as
broken windows, ceiling panels fallen or hanging, goods
thrown off shelves, decorative masonry loosened and
some masonry fell, some wall cracking at mortar joints,
some cracking of interior walls, some hanging lights fell,
trucks were moved about, and metal buildings were
flexed but not damaged.

Residential district— Most homes were of wood-frame
construction and the older of these homes suffered the



Figure 16.
Elm Avenue, Coalinga, California caused by the 2 May
1983 earthquake (provided by The Fresno Bee).

Earthquake damage to the State Theater on
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most damage. The reason for this was primarily the type
foundation on which the homes were built. Older homes
were mostly supported by cripple walls or on a perimeter
foundation, but were not anchored to it and were usually
shaken off and damaged. Newer homes were anchored to
concrete foundations and stayed in place. Besides being
moved off their foundations, these older homes suffered
such damage as collapse of wooden porch roofs and fall of
exterior masonry veener. Cracked gypsum-board walls,
cracked or fallen chimneys, and some broken windows
were common to both older and newer homes.

School Buildings—

Bishop Elementary School— The concrete-block walls
cracked near the roof.

Cheney Kindergarten— Slight plaster cracks appeared in
classroom ceilings; some ceramic tile fell off restroom
walls; some mechanical equipment shifted. There was no
structural damage to the school, but an old concrete
block storage building sustained considerable damage and
was subsequently demolished.

Coalinga District Administration Building— A concrete
block cracked near the top of a wall; ceiling panels were
displaced; some displacement of a concrete-block wall.
Coalinga High School— In the auditorium decorative plas-
ter on the ceiling fell to the floor and decorative glass in
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skylights fell into the stairwells. Some roofing tile were
displaced in the classroom building and bottles of chemi-
cals were thrown to the floor in the third floor chemistry
lab. The shop building had interior walls cracked, and
plaster cracked and fell from exterior walls. The agricul-
ture facility had roof vents shaken off the roof,
suspended light fixtures were shaken loose and light tubes
and diffusers fell to the floor, and the water heater was
moved. Wall piers were cracked in the boys gymnasium.
Two old buildings, which were used for maintenance and
storage, had walls badly cracked and displaced, roof
partially collapsed, and were subsequently demolished.
The large brick chimney of the boiler room was heavily
damaged and later demolished. Heavy equipment items
were moved off their supports in the shop facilities.

Coalinga Junior High School— Windows broke in the
library; plaster cracked in the administration offices; in
the classroom wings, glass diffusers from overhead light
fixtures fell and broke; hot water tanks shifted and broke
the piping; a rooftop cooler shifted.

Dawson Elementary School— Minor cracking appeared in
interior and exterior plaster walls; a few window panes
broke or cracked; a few roof tiles were displaced; ceiling
tiles fell; one 5-ft. section of ceiling plaster fell in a
classroom; library books and supplies were thrown to the
floor.

Sunset Elementary School— Plaster cracked; a few win-
dow panes broke; the water heater moved; a few accoust-
ical tiles fell.

West Hills Community College— The Speech Arts
Building had large cracks in the ceiling plaster, spalled
concrete from support pillars, and a cracked concrete
slab. The basketball backstops were partially detached
from roof supports in the gymnasium and a pier was diag-
onally cracked. The swimming pool cracked and piping
broke loose at the filters. Bookshelves were displaced in
the library and books thrown to the floor. Two plate-
glass windows broke in the student center; kitchen equip-
ment had shifted in the cafeteria; items were generally
thrown off shelves in classrooms.

Public Buildings—

The two-story Coalinga Firehouse at 7th and Elm Streets
had diagonal tension cracks at corners of the garage
doors and at the corners of some second-story windows.
The United States Post Office at 6th and Durian Streets
had a shattered front window and some hanging lights
fell.

Coalinga City Hall at 6th and Elm Streets was not
damaged.

Coalinga District Hospital at Washington and Mountain
View Streets had hairline cracks in the exterior plaster at
the windows, a slight rotation of the top section of the
incinerator stack, unachored mechanical equipment
shifted, supplies spilled from shelves, ceiling light fix-
tures fell, broken water pipes, bookcases toppled and
drawers of filing cabinets slid from their tracks, and
precision electronic equipment suffered extensive
damage.

Other buildings—

Keller Chevrolet— Cadillac Agency had corner failure on
all walls resulting in vertical cracks in the masonry at
each corner of the building. Decorative masonry veneer
spalled off the columns at the front of the building.
Laura Lodge Motel— near the downtown area suffered
extensive damage to brick veneer on exterior walls.

Earthquake Descriptions 27



Figure 17.
earthquake (provided by The Fresno Bee).

Damage to a building at 187 South 6th Street, Coalinga, California caused by the 2 May 1983
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Oilfields—

Oil King School— (closed) One multipurpose building, re-
maining at the intersection of highway 33 and 198, had
minor damage to a pier in the west exterior wall and a
few displaced ceramic tiles. Other damage consists of a
broken window and a few fallen acoustical tiles.

Pacific Gas and Electric Substation No. 2— located on
Highway 33/198 near Oilfields, one of two buildings, a
concrete block control building, was damaged so badly it
was near collapse. The end walls were badly cracked and
portions of both the front and back walls collapsed.

Save Mart Shopping Center— on West Polk and Sunset
Streets suffered only minor damage consisting of broken
glass and fall of large amounts of ceiling panels.

State Market— at Elm and Van Ness Streets also had ceil-
ing panels fall and large amounts of goods thrown off
shelves and scattered in every aisle.

Intensity VII:

California—

Avenal— A nursery building was moved about 2 ft. off its
foundation breaking sewer connections and toppling bath-
room fixtures. A gas main was broken, several people
were reported slightly injured; there was much broken
glass from shattered windows; many merchandise items
were thrown from store shelves; many glassware or dishes
broke; light furniture was overturned and heavy furniture
was moved; many large cracks in plaster walls; some
chimneys fell; felt by all.
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Intensity VI: The most common effects at the places
listed below were that a few windows cracked, a few
buildings damaged, a few dishes broke, a few small
objects overturned or fell, hairline cracks in plaster
walls, some merchandise thrown from store shelves, trees
and bushes shook moderately, standing and moving
vehicles were moderately shaken, pictures swung out of
place, the vibration was described as strong, water
splashed out of swimming pools or lakes, people had diffi-
culty standing or walking, felt by all.

California—

Cantua Creek— Light and heavy furniture overturned;
some windows broken out; hanging pictures fell; highways
and streets cracked; a foundation cracked.

Cholame— Buildings shook strongly.

Corcoran— Some windows broke out; underground pipes
broke; exterior brick walls cracked.

Firebaugh— Many large cracks appeared in plaster walls.
Five Points— Hanging pictures fell.

Helm— Buildings shook strongly.

Huron— Buildings shook strongly.

Lemoore Naval Air Station— A building shook strongly;
light and heavy furniture moved.

Paso Robles— A foundation cracked.

Raisin— Hanging pictures fell; sidewalks cracked.
Reedley— Cracked foundation.

San Ardo— Many small objects overturned or fell.

San Joaquin— Hanging pictures fell; many small objects



Damage to a home at Hawthorne and Fifth

Figure 18.
Streets in Coalinga, California caused by the 2 May 1983
earthquake (provided by The Fresno Bee).
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overturned or fell; light furniture overturned; a
foundation cracked; brick fences cracked.

Stratford— Light furniture overturned; one business re-
ported a collapse of an exterior brick wall.

Tranquillity— Chimneys cracked; there were twisted ele-
vated water tanks.

Wasco— Springs and well water muddied.

Waukena— Many small objects overturned or fell; many
dishes or glassware broke.

Intensity V: Some of the more common effects reported
from the places listed below were the vibration deseribed
as moderate to strong, some reported difficulty in stand-
ing or walking, most places reported the quake as being
felt by many or all, hanging pictures swung out of place,
in most places a few small objects overturned or fell,
some reported a few broken dishes or glassware, a few
merchandise items thrown from store shelves, some hair-
line cracks in plaster walls, trees and bushes shaken
moderately to strongly (as were standing vehicles), mov-
ing vehicles slightly rocked (a few had cracked windows).
California—Ahwahnee, Alpaugh, Armina,Atascadero, At-
water, Auberry, Avila Beach, Badger, Bakersfield,
Ballico, Big Creek, Biola, Bishop, Bradley, Bridgeport,
Burrel (hanging pictures fell), California Valley (light

CALIFORNIA--Continued

furniture or small appliances overturned), Calwa,
Cambria, Carmel, Cartago, Caruthers, Ceres, China
Lake, Chowchilla (cracked chimney reported), Chualar,
Clinter (light furniture or small appliances overturned),
Clovis, Coarsegold (eracks in exterior cinderblock walls),
Cressey, Creston, Delano, Denair, Dinuba, Dos Palos
(light furniture or small appliances overturned), Dunlap,
Earlimart, El Nido (light furniture or small appliances
overturned), Farmersville, Fort Ord, Fowler (hanging pic-
tures fell, cracks in exterior walls), Fresno, Friant (hang-
ing pictures fell, light furniture or small appliances over-
turned), Greenfield, Guadalupe, Hanford (hanging pictures
fell), Harmony, Hollister, Hughson, Hume, Inyokern, Ione,
Ivanhoe, Jolon, Kerman (trees and bushes strongly
shaken), Kernville, King City (hanging pictures fell),
Kingsburg, La Grange, Lake Isabella, Laton (light
furniture or small appliances overturned), Lemoore, Lind-
say (hanging pictures fell), Livingston, London, Lone Pine,
Los Alamos, Los Banos (hanging pictures fell), Los Gatos,
Los Olivos, Los Osos, Lost Hills (many items thrown from
store shelves), Madera, Maricopa, Marina, McKittrick,
Mendota, Merced, Monterey, Oildale, Olancha, O'Neals,
Orosi, Oxnard, Patterson, Piedra, Pinecrest, Pinedale,
Pismo Beach, Pond, Porterville, Red Top (trees and
bushes strongly shaken), Ridgecrest, Riverbank,
Riverdale, Salinas, Sanger (hanging pictures fell), San
Juan Bautista (trees and bushes strongly shaken), San Luis
Obispo (hanging pictures fell), San Miguel, Santa Clara,
Santa Margarita, Santa Maria, Santa Rita Park, Selma,
Sequoia National Park, Shafter (light furniture or small
appliances overturned), Shandon, Sierraville, Snelling,
Soledad, South Dos Palos, Spreckles, Strathmore, Temple-
ton, Three Rivers, Tipton, Traver, Trona, Tulare, Twain
Harte, Vernalis, Visalia (one report of cracked chimneys),
Waterford, West Sacramento, Wilseyville, Wishon, Wood-
ville, Woody, Yettem (one building had a cracked exterior
brick wall), Yosemite National Park (trees and bushes
strongly shaken).

Intensity IV:

California—Acampo, Altaville, Angels Camp, Antioch,
Aromas, Arroyo Grande, Barton, Bass Lake, Belmont,
Bethel Island, Big Pine, Big Sur, Blairsden, Bodfish, Brod-
erick, Brookdale, Buellton, Buttonwillow, Caliente, Cali-
fornia Hot Springs, Campbell, Camptonville, Canoga
Park, Capitola, Carmel Valley, Carpinteria, Castroville,
Catheys Valley, Cayucos, Courtland, Crows Landing, Cut-
ler, Daly City, Danville, Davenport, Del Rey, Delhi, Di
Giorgio, Ducor, East Fresno, Edwards, El Portal, Elk
Grove, Elmira, Elverta, Exeter, Felton, Foresthill
Frazier Park, Freedom, Fremont, Galt, Glencoe,
Glennville, Gonzales, Groveland, Grover City, Gustine,
Hathaway Pines, Hayward, Hickman, Hilmar, Homewood,
Hornitos, Independence, Isleton, Kaweah, Kern City,
Keyes, Kingsburg, Knights Landing, Lake Hughes, Lake-
shore, Lamont, Lathrop, Lebec, Lee Vining, Lemoncove,
Lindsay, Livermore, Lockwood, Long Barn, Los Alamitos,
Manteca, Mariposa, McFarland, Modesto, Moffett Field,
Morgan Hill, Morro Bay, Moss Landing, Mount Aukum,
Mount Hermon, Mountain Ranch, Mountain View,
Murphys, Newman, Newport Beach, Nipomo, North Fork,
Northridge, Oakley, Oceano, Onyx, Orange Cove, Pacific
Grove, Paicines, Pebble Beach, Pescadero, Pittsburg,
Planada, Pleasanton, Port Hueneme, Porterville, Posey,
Prather, Rail Road Flat, Raymond, Redwood Estates,
Richgrove, Ripon, Romie Lane, Rosamond, Sacramento,
Salida, San Francisco, Santa Maria, San Simeon, Santa
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Figure 19.

Damage due to the collapse of an unreinforced brick wall in Coalinga, California caused by the 2
May 1983 earthquake (provided by The Fresno Bee).
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Cruz, Shell Beach, Solvang, Sonora, South Gate,
Stevinson, Sultana, Summerland, Taft, Tehachapi, Terra
Bella, Tollhouse, Tres Pinos, Tuolumne, Tupman, Turlock,
Vallecito, Valley Home, Valley Springs, Ventura, Walnut
Grove, Winton, Wofford Heights, Woodlake, Woodland.
Nevada— Carson City, Genoa, Glenbrook, Minden, North
Las Vegas, Schurz, Sparks, Yerington, Zephyr Cove.

Intensity III:

California— Alameda, Aptos, Arnold, Avery, Bayside, Ben
Lomond, Boulder Creek, Brentwood, Brisbane, Camino,
Campo, Carnelian Bay, Castaic, Cedar Ridge, Chinese
Camp, Chula Vista, Citrus Heights, Clarksburg,
Clements, Coleville, Copperopolis, Coulterville, Cuper-
tino, Dinuba, Dunnigan, East Nicolaus, Edison, Elk Grove,
Escalon, Fillmore, French Camp, Fullerton, Garden
Valley, Greenville, Haleyon, Half Moon Bay, Hamilton
City, Herald, Holt, Hood, Iowa Hill, June Lake, Kyburz,
La Honda, Lakeview, Lancaster, Lincoln, Linden, Locke-
ford, Lompoe, Los Angeles, Lynwood, Mammoth Lakes,
Markleeville, Marysville, Mi-Wuk Village, Milpitas,
Moraga, New Cuyama, Newark, Nicolaus, Oakdale, Oak-
land, Ojai, Olivehurst, Palo Alto, Petaluma, Pine Grove,
Pinole, Pleasant Grove, Pollock Pines, Port Costa, Porto-
la, Potrero, Potter Valley, Proberta, Redwood City, Rio
Oso, River Pines, Robbins, Roseville, Ryde, San Andreas,
San Carlos, San Lorenzo, San Rafael, Santa Barbara,
Saugus, Seaside, Shaver Lake, Sheridan, Simi Valley,
Sloughhouse, Soda Springs, Soulsbyville, South Lake
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Tahoe, Stockton, Sunnyvale, Tahoma, Thornton, Tracy,
Valyermo, Van Nuys, Vandenberg Air Force Base, Villa
Grande, West Point, Westley, Wheatland, Woodbridge,
Yermo, Yuba City.

Nevada— Dyer, Fernley, Gardnerville, Hawthorne, Las
Vegas, Pahrump, Smith.

Intensity II:
California— Alta, Amador City, Bolinas, Challenge,
Huntington Beach, Janesville, Madison, Moccasin,

Norden, Riverside, San Gabriel, Santa Monica, South San
Francisco, Susanville, Yolo.

Nevada— Gabbs, Henderson, Silver Springs,

Felt:

California— Arcadia (PS), Chatsworth, Davis,
Beach, Oakhurst, Pasadena (PS), San Bernardino (PS).

Long

3 May (GM) Central California

Origin time: 00 17 59.0

Epicenter: 36.210N., 120.326W.

Depth: 8 km

Magnitude: 4.8mb(GS), 4.3ML(GM), 4.4ML(BK), 4.4ML(PS)
Felt: Coalinga (BK).

3 May (GM) Central California

Origin time: 00 39 46.0

Epicenter: 36.230N., 120.349W.

Depth: 11 km

Magnitude: 4.5ML(GM), 4.2ML(BK), 4.3ML(PS)
Felt: Coalinga (BK).
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3 May (GM) Central California

Origin time: 00 57 44.2

Epicenter: 36.270N., 120.315W.

Depth: 8 km

Magnitude: 5.1mb(GS), 5.1ML(GM), 4.8 ML(BK),4.8 ML(PS)
Felt: Coalinga (BK).

3 May (GM) Central California

Origin time: 01 41 46.0

Epicenter: 36.142N., 120.219W.,

Depth: 7 km

Magnitude: 4.3mb(GS), 4.5ML{GM), 4.2ML({PS) 4,5 ML(BK)
Felt: Coalinga (BK).

3 May (GM) Central California

Origin time: 01 58 18.3

Epicenter: 36.782N., 121.512W.

Depth: 9 km

Magnitude: 3.2ML(GM), 3.3ML(PS), 3.8 ML(BK)
Felt: Hollister and San Juan Bautista (BK).

3 May (GM) Central California

Origin time: 4 32 32.0

Epicenter: 36.282N., 120.367W.

Depth: 11 km

Magnitude: 4.3mb(GS), 4.4ML(GM), 4.3ML(BK),
4.6 ML(PAS)

Felt: at Coalinga (BK).

3 May (GM) Central California

Origin time: 06 04 46.2

Epicenter: 36.270N., 120.395W.

Depth: 10 km

Magnitude: 4.4mb(GS), 4.5ML(GM), 4.3ML(BK), 4.4 ML(PS)
Felt: Coalinga (BK).

3 May (GM) Central California

Origin time: 08 55 02.0

Epicenter: 36.144N., 120.267W.

Depth: 10 km

Magnitude: 4.4mb(GS), 4.7ML(GM), 4.5 ML(BK),4.5 ML(PS)
Felt: Coalinga (BK).

3 May (GM) Central California

Origin time: 15 41 41.6

Epicenter: 36.235N., 120.302W.

Depth: 8 km

Magnitude: 4.7mb(GS), 4.8 ML{GM), 4.8 ML(BK), 4.7 ML(PS)
Felt: Coalinga.(BK).

4 May (BK) Central California
Origin time: 7 28 40.4
Epicenter: 36.263N., 120.335W.

Depth: 5 km
Magnitude: 4.7mb(GS), 4.6 MS(GS), 4.7 ML(BK), 4.5ML(PS)

Felt: at Coalinga (BK).

4 May (GM) Central California

Origin time: 16 11 19.6

Epicenter: 36.281N., 120.349W,

Depth: 12 km

Magnitude: 4.5mb(GS), 4.4ML(GM), 4.3ML(BK), 4.2ML(PS)

Felt: Coalinga (BK).

5 May (GM) Central California

Origin time: 10 20 44.1

Epicenter: 36.285N., 120.368W.

Depth: 11 km

Magnitude: 4.5mb(GS), 4.6 ML(GM), 4.6 ML(BK), 4.4 ML(PS)
Felt: Coalinga (BK).

9 May (GM) Central California

Origin time: 2 49 11,5

Epicenter: 36.246N., 120.299W,

Depth: 12 km

Magnitude: 5.1mb(GS), 4.7 MS(GS), 5.3ML(GM), 5.2ML(BK),
5.2ML(PS)

This is one of the stronger aftershocks of the May 2
earthquake. Although it did not cause additional struc-
tural damage at Coalinga, two injuries were attributed to
the shaking.

Intensity VI: Coalinga.

Intensity V: The most common effects at the places listed
below were that a few small objects overturned, a few
objects fell, a few dishes or glassware broke, a few items
fell off store shelves, plaster walls had hairline cracks,
trees and bushes slightly shook, standing vehicles rocked
slightly, felt by many.

California— Arvin, Avenal (moving vehicle rocked
slightly), Cantua Creek, Five Points, Kerman (a few
cracked windows), La Grange, Lemoore Naval Air
Station, Pacific Grove (a few cracked windows), Parlier,
Selma (a few cracked windows), Shandon, Soledad,
Templeton, Woodlake (a few cracked windows), Woodville
(hairline eracks in dry wall).

Intensity IV:

California— Ahwahnee, Armona, Atascadero, Atwater,
Auberry, Badger, Bass Lake, Big Creek, Biola, Caruthers,
Castroville, Catheys Valley, Cholame, Chowchilla,
Clovis, Corcoran, Creston, Del Rey, Dunlap, Easton,
Farmersville, Firebaugh, Fresno, Friant, Greenfield,
Groveland, Helm, Huron, Ivanhoe, Lemoncove, Lindsay,
Lockwood, Los Banos, Los Osos, Lost Hills, Madera, Mc-
Kittrick, O'Neals, Onyx, Orosi, Patterson, Porterville,
Prather, Raisin, Reedley, Riverside, Ryde, San Ardo, San
Joaquin, San Lucas, Selma, South Dos Palos, Stratford,
Sunnyvale, Taft, Tranquillity, Traver, Twain Harte, Visal-
ia, Waukena, Yettem.

Intensity IIL:

California— Alpaugh, Arroyo Grande, Bakersfield, Bod-
fish, Calwa, Carmel Valley, California Hot Springs,
Delano, Delhi, Dinuba, Dos Palos, Ducor, Earlimart, El
Portal, Exeter, Felton, Fresno, Glennville, Gonzales, Go-
shen, Hanford, Hilmar, Hollister, Independence, Kaweah,
King City, Kingsburg, Laton, Lemoore, Livingston, Lone
Pine, Mammoth Lakes, Mariposa, McFarland, Mendota,
Merced, Monterey, Niland, Oakdale, Olancha, Orange
Cove, Pebble Beach, Piedra, Pine Grove, Posey,
Raymond, Red Top, Richgrove, Riverdale, San Juan
Bautista, San Miguel, San Simeon, Santa Rita Park, Sea-
side, Sequoia National Park, Shaver Lake, Snelling, Soda
Springs, Stevinson, Strathmore, Taft, Temple City,
Tipton, Three Rivers, Tulare, Tuolumne, West Point, Win-
ton.
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Nevada— Schurz.

Intensity II:

California— Ballico, Harmony, Indio, Jackson, Mi-Wuk
Village, Moss Landing, North Fork, Placerville, Planada,
Terra Bella.

Felt:

California— Cutler, Jolon, Lake Arrowhead, Nubieber,
Tres Pinos, Watsonville.

9 May (GM) Central California

Origin time: 3 26 37.4

Epicenter: 36.240N., 120.299W.

Depth: 12 km

Magnitude: 4.7mb(GS), 4.6 ML(GM), 4.4ML(BK),4.9 ML(PS)
Felt: Coalinga (BK).

10 May (PS) Imperial Valley

Origin time: 03 28 05.7

Epicenter: 33.158N., 115.616W.

Depth: 2 km

Magnitude: 3.1ML(PS)

Intensity IV: Brawley and Westmorland (press reports).

12 May (GM) Central California

Origin time: 13 41 06.8

Epicenter: 36.167N., 120.268W.

Depth: 11 km

Magnitude: 4.2mb(GS), 4.5 ML(GM), 4.4ML(BK), 3.9 ML(PS)
Felt: Coalinga (BK).

19 May (BK) Central California

Origin time: 14 46 14.6

Epicenter: 37.328N.,, 121,767W.

Depth: 6 km

Magnitude: 3.6 ML{BK), 3.4MD(GM)

Intensity V:

San Jose (Blossom Hill)-- Floor tiles buckled in the Post
Office building; a few glassware broke; a few small ob-
jects overturned or fell; felt by many.

San Jose (Valley Fair)-- Hairline cracks appeared in
plaster walls.,

Intensity IV: Mount Hamilton, Mountain View, Ripon, Sun-
nyvale.

Intensity III: Fremont, Moffett Field, Monte Sereno, San
Jose, San Jose (Cambrian Park), Scotts Valley.

Intensity II: Half Moon Bay, Hollister, Los Gatos, San
Jose (Westgate), San Mateo.
Felt: Atwater, Hayward (BK),
report), Santa Cruz (BK).

San Francisco (press

22 May (GM) Central California

Origin time: 08 39 21.7

Epicenter: 36.150N., 120.201W.

Depth: 10 km

Magnitude: 4.2mb(GS), 4.2ML(GM), 4.0ML(BK), 3.8 ML(PS)

Felt: Coalinga (BK).

24 May (GM) Central California

Origin time: 09 02 17.7

Epicenter: 36.254N., 120.333W.

Depth: 9 km

Magnitude: 4.6mb(GS), 4.7 ML(GM), 4.6 ML(BK), 4.6 ML(PS)
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Intensity V:

Coalinga— awakened many people.

Fresno (Clinter)— Hairline cracks appeared in plaster
walls; moving vehicles rocked slightly; felt by many.
Sanger— A few glassware broke; standing vehicles rocked
slightly; a few small objects overturned or fell; a few
windows cracked; felt by and awakened many.

Intensity IV: Avenal, Cantua Creek, Corcoran, Creston,
Five Points, Huron, King City, Lemoore Naval Air
Station, San Ardo.

Intensity IN: Alpaugh, Easton, Fresno, Helm, Lockwood,
Lost Hills, Templeton.

Intensity II: Santa Rita Park, Tipton.

26 May (PS) Southern California
Origin time: 16 30 20.5
Epicenter: 33.489N., 116.461W.
Depth: 20 km

Magnitude: 3.8 ML(PS)

Felt: Palm Springs (PS).

27 May (PS) Southern California

Origin time: 11 25 18.1

Epicenter: 33.647N., 116.747W.

Depth: 18 km

Magnitude: 3.5 ML(PS)

Intensity IV: Anza, Cathedral City, Hemet, Idyllwild,
Palm Springs (eracked windows), Sun City, Valle Vista.
Intensity III: Palm Desert, Rancho Mirage, White Water.

27 May (GM) Central California

Origin time: 20 40 49.2

Epicenter: 36.242N., 120.376 W,

Depth: 13 km

Magnitude: 3.8 ML(GM), 3.7 ML(BK), 3.7 ML(PS)
Felt: Coalinga (BK).

2 June (BK) Central California

Origin time: 00 32 41.4

Epicenter: 37.715N., 121.995W.

Depth: 8 km

Magnitude: 3.0ML(BK), 3.0ML(GS)

Intensity III: San Leandro.

Felt: Castro Valley, Dublin, Hayward, and San Ramon

(BK).

4 June (BK) Central California

Origin time: 11 25 11.6

Epicenter: 37.725N., 122,115W.

Depth: 6 km

Magnitude: 3.8 ML(BK)

(Felt): Contra Costa, San Mateo, and Santa Clara Counties
BK).

Intensity V:

Orinda— Hanging pictures fell; a few small objects over-
turned or fell; a few glassware broke; a few merchandise
items fell from store shelves.

San Leandro— A few small objects overturned; buildings
shook strongly; felt by and awakened many.

South San Leandro— Hairline cracks appeared in plaster
walls; felt by all and awakened many.
Intensity IV: Alameda, Diablo, Hayward,
Moraga, San Lorenzo, San Ramon, Union City.
Intensity IIl: Fremont, San Mateo.

Felt: Castro Valley (BK).

Millbrae,
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5 June (BK) Central California

Origin time: 11 22 43.9

Epicenter: 38.015N., 121.872W,

Depth: 13 km

Magnitude: 3.5ML(BK)

Intensity IV: Antioch, Clayton, Conecord (one report of a
few glassware broken and a few small objects overturned
or fell), Diablo, Isleton, Oakley, Pittsburg, Port Costa,
West Pittsburg (hairline cracks in plaster walls).

Intensity III: Martinez.

7 June (GM) Central California

Origin time: 05 18 37.8

Epicenter: 36.158N., 120.224W.

Depth: 12 km

Magnitude: 4.2mb(GS), 4.1ML(GM), 4,0ML(BK), 4.2MIL(PS)
Felt: Coalinga (BK).

11 June (GM) Central California

Origin time: 03 09 52.2

Epicenter: 36.255N., 120.450W.

Depth: 2 km

Magnitude: 5,3mb(GS),5.4MS(GS), 5.2 ML(GM), 5.1 ML(BK),
5.1 ML(PS)

Surface faulting was associated with this event. A 3.3-
km-long, two-segment fault zone, named the Nunez fault,
developed about 12 km northwest of Coalinga (Hart and
MeJunkin, 1983). The only damage reported occurred to
homes in the Los Gatos Canyon area along Los Gatos
Creek road, which was offset by the faulting. Rockfalls
were common along the road.

Intensity VI: Along Los Gatos Creek road about 12 km
northwest of Coalinga— One home was reported
destroyed, but it had been heavily damaged by the May 2
earthquake. Several homes reported minor damage and a
few mobile homes were shifted off their supports (press
reports).

Intensity V:

Cantua Creek— A few windows cracked; a few glassware
broke; a few small objects overturned or fell; a few items
fell store shelves; felt by many.

Coalinga— knocked merchandise off store shelves, felt
strongly (press report).

Intensity IV: Fresno, Lemoore Naval Air Station,
Riverdale, San Lucas, Stratford, Tranquillity.

Intensity IIl: Armona, Bakersfield, Big Creek, Castroville,
Corcoran, Firebaugh, Friant, Hanford, Lemoore, Lindsay,
Lost Hills, Mendota, Miramonte, O'Neals, Porterville,
Raisin, Red Top, Santa Rita Park, Sequoia National Park
(Lodgepole), Shafter.

Intensity II: San Jose (press report), Shaver Lake.

11 June (BK) Central California

Origin time: 22 13 13.5

Epicenter: 38.800N., 122.820W.

Depth: 4 km

Magnitude: 3.4ML(BK)

Intensity V: Cobb-- A few small objects overturned or
fell, hanging objects swung violently, trees and bushes
shook moderately, standing vehicles rocked moderately,
felt by many.

Intensity IV: Calistoga, Middletown.

Intensity III: Geyserville, Lower Lake.

12 June (GM) Central California
Origin time: 01 31 27.5
Epicenter: 36,126N., 120,295W.
Depth: 14 km

Magnitude: 3.6mb(GS), 4.0ML(GM), 4.0ML(BK), 4.0 ML(PS)
Intensity V: Cantua Creek (a few dishes broken, few small
objects overturned or fell, a few items fell from store
shelves), Coalinga (felt strongly).

Intensity IV: San Lucas.

Intensity II: Armona, Lemoore Naval Air Station, Raisin,
Riverdale.

Felt: Paso Robles (press report).

14 June (PS) Southern California
Origin time: 12 39 28.6
Epicenter: 34.083N., 118.843W.
Depth: 3 km

Magnitude: 2.2ML(PS)

Felt: Thousand Oaks (PS).

19 June (PS) Southern California
Origin time: 10 45 44.1
Epicenter: 34.468N., 118.395W.
Depth: 12 km

Magnitude: 3.0ML(PS)

Felt: San Fernando (PS).

20 June (BK) Central California

Origin time: 18 50 12.1

Epicenter: 38.822N., 122.793W.

Depth: 5 km

Magnitude: 3.2ML(BK)

Felt: Clearlake Highlands and Cobb (BK).

24 June (PS) Southern California
Origin time: 01 52 35.9
Epicenter: 34.168N., 117.289W.
Depth: 5 km

Magnitude: 3.0ML(PS)

Felt: San Bernardino (PS).

3 July (BK) Northern California

Origin time: 12 44 42.3

Epicenter: 39.410N., 120.220W.

Depth: 14 km

Magnitude: 3.6 ML(BK), 3.7 MD(GM)

Intensity III: Pollock Pines and Sierraville (press report).
Felt: Donnieville and Truckee (BK).

3 July (BK) Northern California

Origin time: 15 08 19.3

Epicenter: 39.412N,, 120.215W.

Depth: 13 km

Magnitude: 4.1ML(BK), 3.9MD(GM)

Intensity IV: Pollock Pines, Sierraville, and Soda Springs
(press report).

Intensity II: Iowa Hill, Loyalton, and Truckee (press
report).

Felt: Downieville (BK).

3 July (BK) Mammoth Lakes area
Origin time: 16 50 30.1
Epicenter: 37.557N., 118.872W.
Depth: 9 km
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Magnitude: 3.6 ML(BK), 3.7 ML(PS)
Felt: Mammoth Lakes (BK).

3 July (BK) Mammoth Lakes area

Origin time: 18 40 08.2

Epicenter: 37.550N., 118.862W.

Depth: 9 km

Magnitude: 4.8mb(GS), 5.3ML(BK), 5.0ML(PS)

This earzthquake was felt over an area of approximately
39,500 km* of eastern California (fig. 20).

Intensity V:

California—

Bishop— A few small objects overturned or fell; standing
vehicles rocked slightly; felt by many.

Crowley Lake— Some merchandise thrown was off store
shelves; a few small objects overturned or fell; trees and
bushes shook slightly; minor landslides and rockslides
west of town; felt by all.

Raisin— A few windows cracked; a few glassware or
dishes broke; a few small objects overturned or fell; plas-
tered walls had hairline cracks; buildings shook strongly;
felt by all,

Waukena— A few small objects fell; people had difficulty
standing or walking; trees and bushes shook moderately,
standing vehieles rocked slightly; felt by many.

Intensity IV:

California— Arnold, Auberry, Bass Lake, Big Creek, Cali-
fornia Hot Springs (a few small objeets overturned),
Fowler, Friant, Groveland (a few small objects fell),
Hume, Independence, Ivanhoe, Kings Canyon National
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Park, Lakeshore, Lee Vining, Lindsay, Mammoth Lakes,
Mariposa, Oakhurst, Reedley, Selma, Sequoia National
Park, Tom's Place, Vallecito, Visalia, Wawona, Woodlake,
Yosemite National Park Headquarters.

Intensity II:

California— Ahwahnee, Armona, Catheys Valley, Clovis,
Corecoran, Delhi, Dunlap, El Portal, Fresno, Hathaway
Pines, Iowa Hill, Jackson, June Lake, La Grange, Lemon-
cove, Lone Pine, Madera, O'Neals, Orange Cove,
Pinedale, Pioneer, Porterville, Shaver Lake, Soulsbyville,

Stratford, Strathmore, Tollhouse, Tulare, Tuolumne,
Valley Home, West Point.

Nevada— Schurz.

Intensity II:

California— Alpaugh, Avery, Coulterville, Firebaugh,

Rail Road Flat, Riverdale, Tipton, White Pines.

Felt:
California— Mi-Wuk Village, Prather.

3 July (PS) Mammoth Lakes area
Origin time: 18 59 38.0
Epicenter: 37.536N., 118.853W.
Depth: 6 km

Magnitude: 3.3ML(PS), 3.1ML(BK)
Felt: at Mammoth Lakes (BK).

4 July (PS) Southern California

Origin time: 07 03 20.9

Epicenter: 33.445N., 116.410W,

Depth: 11 km

Magnitude: 3.9ML(PS)

Intensity IV: La Quinta.

Intensity III: Idyllwild, North Shore.
Felt: Mecca, Palm Springs (press report).

5 July (BK) Mono Lake area

Origin time: 14 27 26.7

Epicenter: 38.070N., 119.018W.

Depth: 10 km

Magnitude: 4.6mb(GS), 4.8 ML(BK), 4.3MD(GM),4.3 ML(PS)

Intensity V:

California— Lee Vining (small landslides, flow disturbed
in water wells, trees and bushes shaken slightly, pictures
swung out of place, buildings shook strongly, felt by and
awakened many).

Intensity IV:

California— Bridgeport, Fish Camp, June Lake, Tom's
Place.

Intensity III:

California— Mammoth Lakes, Mono Lake, Strawberry.
Nevada— Hawthorne, Schurz, Smith.

Felt:

California— Lone Pine (press report), Pinecrest.

5 July (GM) Central California

Origin time: 22 10 14.4

Epicenter: 36.340N., 120.330W.

Depth: 5 km

Magnitude: 3.3ML(GM), 3.2ML(BK), 3.2ML(PS)
Felt: Coalinga (BK).

9 July (GM) Central California
Origin time: 07 40 51.3
Epicenter: 36.251N., 120.400W.
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Depth: 9 km

Magnitude: 5 3mb(GS), 4.9 MS(GS),5.3ML(BK), 5.0 ML(PS),
5.4ML(GM)

Aftershock of the May 2, 1983 earthquake.

Intensity V:

Cantua Creek— A few glassware or dishes broken; a few
items were thrown off store shelves; a few small objects
overturned or fell; buildings shook strongly; felt by and
awakened many.

Coalinga— Houses creaked; standing vehicles rocked
moderately; some boulders fell onto Los Gatos Canyon
Road northwest of Coalinga; three fires started in the oil
fields from sparks caused by power lines touching.
Orosi— A few windows cracked;, a few items fell off
store shelves; a few glassware or dishes broke; a few
small objects overturned or fell; trees and bushes shook
slightly.

Tranquillity— A few small objects overturned or fell;
ground shaking was described as moderate; felt by many.
Intensity IV: Ahwahnee, Armona, Auberry, Avenal, Bass
Lake, Carmel Valley, Cholame, Dos Palos, Easton, El
Portal, Friant, Groveland, Helm, Huron, Ivanhoe, Lake-
shore, Porterville, Red Top, Soledad, Sonora, Stratford,
Taft.

Intensity II: Castroville, Fresno, Greenfield Laton,
Lemoncove, Madera, North Fork, Orange Cove, Paso
Robles, Shandon, Tipton.

Intensity II: Bakersfield, California Hot
Firebaugh, Hollister, Moss Landing, Santa Cruz.
Felt: Calwa, Coarsegold, Raisin, Tulare.

Springs,

9 July (BK) Central California
Origin time: 07 59 52.0
Epicenter: 36.230N., 120.415W.
Depth: 7 km

Magnitude: 3.4ML(BK), 3.5ML(PS)
Felt: Coalinga (BK).

9 July (BK) Central California
Origin time: 10 24 40.4
Epicenter: 36.263N., 120.428W.
Depth: 3 km

Magnitude: 3.4ML(BK), 3.9 ML(PS)
Felt: Coalinga (BK).

9 July (BK) Central California
Origin time: 23 51 52.2
Epicenter: 36.275N., 120.445W.
Depth: 2 km

Magnitude: 3.5ML(BK), 3.7 ML(PS)
Felt: Coalinga. (BK).

11 July (PS) Imperial Valley area
Origin time: 22 54 17.2
Epicenter: 33.197N., 115.525W.
Depth: 2 km

Magnitude: 3.2ML(PS)

Felt: Imperial and Niland (PS).

12 July (BK) Central California
Origin time: 03 56 40.6
Epicenter: 36.303N., 120.385W.

Depth: 9 km
Magnitude: 3.6 ML(BK), 3.9 ML(PS)
Felt: Coalinga (B).

12 July (BK) Mammoth Lakes area
Origin time: 18 39 06.2

Epicenter: 37.540N., 118.867W.
Depth: 9 km

Magnitude: 3.8 ML(BK), 4.1ML(PS)
Felt: Mammoth Lakes and Bishop (BK).

13 July (PS) Imperial Valley area

Origin time: 21 16 48.5

Epicenter: 33.208N., 115.530W.

Depth: 12 km

Magnitude: 4.3mb(GS), 4.1ML(PS)

Intensity VI:

Niland— Some windows were broken out; many large
cracks in stucco or plaster walls; a few instances of fall~
en plaster; hanging pictures fell; many items fell of f
store shelves; a few glassware or dishes broke; many
small objects overturned or fell; trees and bushes moder-
ately shook; standing vehicles rocked moderately and
moving vehieles rocked slightly; felt by all.

Intensity V:

Calipatria— A few small objects overturned or fell; trees
and bushes shook slightly; standing vehicles rocked
slightly; felt by many.

Intensity III: Palo Verde.

Intensity II: Heber, Westmorland.

Felt: Brawley (PS).

13 July (PS) Imperial Valley area
Origin time: 22 14 17.6
Epicenter: 33.195N., 115.535W.
Depth: 3 km

Magnitude: 3.1ML(PS)

Felt: at Brawley (PS).

14 July (PS) Southern California
Origin time: 14 59 43.9
Epicenter: 34.103N., 118.269W.
Depth: 12 km

Magnitude: 3.1ML(PS)
Intensity II: Glendale.

Felt: Burbank (press report).

14 July (BK) Central California

Origin time: 15 25 41.5

Epicenter: 36.220N., 120.306W.

Depth: 7 km

Magnitude: 3.5ML(BK), 4.0ML(PS), 3.7 ML(GM)
Intensity IIl: Lemoore.

Felt: Coalinga (BK).

14 July (PS) Imperial Valley area
Origin time: 17 26 15.4
Epicenter: 33.207N., 115.537W.
Depth: 5 km

Magnitude: 3.0ML(PS)

Felt: Brawley (PS).

15 July (BK) Mammoth Lakes area

Origin time: 19 00 06.0
Epicenter: 38.900N., 123.653W.
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Depth: 8 km
Magnitude: 3.6 ML(BK)
Felt: Mammoth Lakes (BK).

17 July (GM) Central California

Origin time: 21 58 08.2

Epicenter: 36.282N., 120.329W.

Depth: 12 km

Magnitude: 3.7ML(GM), 3.5 ML(BK), 3.7 ML(PS)
Felt: Coalinga (BK).

18 July (PS) Southern California

Origin time: 04 36 47.8

Epicenter: 34.252N., 117.058W.

Depth: 5 km

Magnitude: 3.0ML(PS)

Felt: Lake Arrowhead and Big Bear Lake areas.

Intensity IV: Green Valley Lake (press report), Hesperia,
Twin Peaks (press report).

Intensity III: Big Bear Lake and Running Springs (press
report).

18 July (GM) Central California

Origin time: 19 28 05.4

Epicenter: 36.180N., 120.280W.

Depth: 11 km

Magnitude: 4.2mb(GS), 4.2ML(GM), 3.9ML(BK), 3.9 ML(PS)
Intensity III: Coalinga (press report).

22 July (GM) Central California

Origin time: 02 39 54.1

Epicenter: 36.241N., 120.409W,

Depth: 7 km

Magnitude: 6.0mb(GS), 5.7 MS(GS), 6.0ML(BK), 5.6 ML(PS),
6.0 ML(GM)

This earthquake is a very large aftershock of the May
2, 1983, Coalinga event, Two people were injured and
minor damage at Coalinga resulted from this
aftershock. The aftershock was felt over an area of
approximately 108,000 km? (fig. 21).

Intensity VI:

Coalinga— Some dishes and glassware broke; many items
were thrown from store shelves; a brick foundation
cracked; plaster or stucco walls suffered hairline cracks;
chimneys cracked; a 50-ft. row of hanging flourescent
lights fell in the Thrifty Drug Store; a few windows
cracked; hanging pictures fell; buildings shook strongly;
small objects fell in homes; minor landslides on Los Gatos
Canyon Road northwest of Coalinga; a power line fell
starting a grass fire; both phone service and power were
temporarily disrupted; felt by many.

Lemoore Naval Air Station— Cracked stucco walls; power
was temporarily disrupted; a few small objects
overturned or fell; trees and bushes shook moderately or
strongly; standing vehicles rocked moderately; felt by
most people.

Stratford— Brick fences cracked; plaster and stucco walls
had hairline cracks; standing vehicle rocked moderately
and moving vehicles rocked slightly; trees and bushes
shook slightly; a few items knocked off store shelves; a
few glassware or dishes broke; a few small objects over-
turned or fell; the vibration was deseribed as strong; felt
by all.

Intensity V: The most common effects at the places listed
below were a few cracked windows, a few small objects
overturned or fell, a few glassware or dishes broke, a few
items fell from store shelves, trees and bushes shook
slightly, standing and moving vehicles rocked slightly,
vibration was described as moderate to strong, felt by
many. Additional effects are listed after each locality.
Avenal— Hairline cracks appeared in interior walls; light
furniture or appliances overturned.

Biola— Water splashed out of swimming pools.
Buttonwillow— Water splashed out of swimming pools.
Cantua Creek— Water splashed out of swimming pools.
Carmel— Hanging pictures swung out of place.
Caruthers— People had difficulty in standing or walking.
Delano— Hanging pictures swung out of place; water
splashed out of swimming pools.

Duleor— Hanging pictures swung out of place,
Earlimart— Hanging pictures swung out of place.
Farmersville— Water splashed out of swimming pools.
Hanford— Water splashed out of swimming pools,

Huron— Buildings shook strongly; hanging pietures swung
out of place; standing vehicles rocked moderately.

King City.

Livingston— Water splashed out of swimming pools.
Marina— People had difficulty in standing or walking;
buildings shook strongly.

Pacific Grove.

Porterville— Standing vehicles rocked moderately.
Raisin.

Santa Margarita— Light furniture overturned.

Selma.

Tranquillity— Light furniture overturned; one broken
beam in a house.

Tulare— Buildings shook strongly;
rocked moderately.

Watsonville— Hanging pictures fell.
Waukena— Buildings shook strongly; trees and bushes
shook strongly; standing vehicles rocked moderately.
Intensity IV: Armona, Aromas, Arroyo Grande,
Atascadero, Atwater, Auberry, Bakersfield, Ballico, Big
Creek, Bishop, Caliente, Cambria, Carmel Valley,
Cartago, Castroville, Ceres, Cholame, Chowchilla, Cor-
coran, Cressey, Creston, Delhi, Denair, Dinuba, Dos
Palos, Easton, Firebaugh, Fowler, French Camp, Fresno,
Friant, Gonzales, Goshen, Green Valley Lake, Groveland,
Grover City, Guadalupe, Helm, Hilmar, Hollister, Hume,
Jolon, Kerman, Kingsburg, La Grange, Lake Isabella, Lee
Vining, Lemoore, Los Banos, Lost Hills, Madera,
Maricopa, McFarland, Merced, Monterey (Fort Ord), Mur-
phys, Newman, Oceano, Olancha, Onyx, Patterson, Pond,
Reedley, Riverdale, Running Springs, Sacramento (few
small objects overturned or fell), Salida, Salinas, Sanger,
San Joaquin, San Luis Obispo, San Martin, Santa Rita
Park, Shafter, Shandon, Soledad, South Dos Palos,
Spreckles, Stevinson, Strathmore, Templeton, Tipton,
Traver, Turlock, Visalia, Winton.

Intensity II: Alpaugh, Arnold, Badger, Bass Lake, Bodfish,
Boulder Creek, Bradley, Bridgeport, Byron, California
Hot Springs, Catheys Valley, Cayucos, Clovis, Coleville,
Crows Landing, Del Ray, Dunlap, East Palo Alto, Foster
City, Glennville, Gonzales, Hathaway Pines, Iowa Hill,
Ivanhoe, June Lake, Kaweah, Keyes, Lake Arrowhead,
Lathrop, Lemoncove, Lindsay, Lockwood, Lompoc, Lone
Pine, Long Barn, Los Alamos, Mammoth Lakes, Manteca,
Mariposa, Mather Air Force Base, McClellan Air Force

standing vehiecles
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Base, McKittrick, Mendota, Miramonte, Mount Aukum,
Mount Hermon, Murphys, Nipomo, North Fork, Oakdale,
Oakley, O'Neals, Orange Cove, Paso Robles, Pescadero,
Pioneer, Pismo Beach, Planada, Posey, Raymond, Red
Top, Richgrove, Ridgecrest, Ripon, Ryde, San Ardo, San
Juan Bautista, San Miguel, Santa Maria, Seaside, Sequoia
National Park, Skyforest, Snelling, Soquel, South Lake
Tahoe, Taft, Tracy, Tulare, Tuolumne, Tupman, Twin
Peaks, Vallecito, Volcano, West Point, Woodlake, Wood-
ville.

Intensity II: Lafayette, Mi-Wuk Village, Pulga.

Felt: Big Pine, San Jose (press report), Santa Barbara
(press report), Tres Pinos, Turlock, Wofford Heights.

22 July (GM) Central California

Origin time: 02 49 10.0

Epicenter: 36.222N., 120.413.

Depth: 7 km

Magnitude: 4.1ML(GM), 3.9ML(BK), 4.2ML(PS)
Felt: Coalinga (BK).

22 July (BK) Central California
Origin time: 03 23 33.3
Epicenter: 36.360N., 120.373W.
Depth: 6 km

Magnitude: 3.4ML(BK), 3.3ML(PS)
Felt: Coalinga (BK).

22 July (BK) Central California
Origin time: 03 29 02.9
Epicenter: 6.223N., 120.450W.
Depth: 8 km

Magnitude: 3.8 ML(BK), 4.1ML(PS)
Felt: Coalinga (BK).

22 July (GM) Central California

Origin time: 03 43 01.4

Epicenter: 36.222N., 120.406W.

Depth: 8 km

Magnitude: 5.3mb(GS),5.0ML(GM), 5.0ML(BK), 5.0 ML(PS)

This event is an aftershock of the May 2, 1983,
Coalinga earthquake. It was felt over a large area of
central California, but because it followed the 02 39
aftershock by about one hour the intensities for specific
places could not be determined. However, the maximum
intensity at Coalinga is probably V.

22 July (GM) Central California

Origin time: 04 30 27.2

Epicenter: 36.352N., 120.328W.

Depth: 7 km

Magnitude: 3.6 ML(GM), 3.4ML(BK), 3.7ML(PAS)
Felt: Coalinga (BK).

22 July (GM) Central California

Origin time: 07 12 10.9

Epicenter: 36.276N., 120.403 W.

Depth: 7 km

Magnitude: 3.3ML(GM), 3.2ML(BK), 3.3ML(PS)
Felt: Coalinga (BK).

25 July (GM) Central California

Origin time: 22 31 39.6
Epicenter: 36.229N., 120.398W.

38 US. Earthquakes, 1983

Depth: 8 km

Magnitude: 5,6mb(GS), 5.1MS(GS), 5.3ML(GM), 5.1 ML(BK),
5.4ML(PS)

This event is an aftershock of the May 2, 1983,
Coalinga earthquake. It caused two injuries and minor
damage in Coalinga. Rockslides temporarily blocked Los
Gatos Canyon Road northwest of Coalinga and small
landslides were reported on Highway 198 to King City.

Intensity VI:

Coalinga— The press reported a crack in the exterior wall
of the two-story-stone building, housing the police
department; an exterior wall of an abandoned building
near the City Hall cracked; two water mains cracked; one
natural gas line ruptured; water heaters moved and
connections broken; a television was knocked over; some
were chimneys damaged (including some of those
reinforced after the May 2 earthquake); some mobile
homes were knocked off their supports and in one case
the supports penetrated the floor; a few windows broke;
merchandise was thrown off store shelves; some power
lines were shaken down causing grass fires; telephone
service was knocked out for several hours; interior walls
cracked in some homes; people were frightened and ran

into the street.

Intensity V:

Avenal— A few windows cracked, standing vehicles
rocked slightly; trees and bushes shook slightly; felt by
all

Five Points— A few items were thrown from store
shelves; a few glassware or dishes broke, a few small ob-
jects overturned or fell; standing vehicles rocked slightly;
felt by many.

Raisin— Hairline cracks appeared in wall board; shaking
was described as strong; felt by many.

Santa Margarita— A few small objects overturned; stand-
ing vehicles rocked slightly; trees and bushes shook
slightly; felt by all.

Stratford— A few items were thrown off store shelves; a
few small objects overturned or fell; plaster or stucco
walls had hairline cracks; felt by many.

Waukena— A few items were knocked off store shelves; a
few small objects overturned or fell; trees and bushes
moderately shook; moving vehicles shook slightly; felt by
many.

Intensity IV: Alpaugh, Atascadero, Burrel, Buttonwillow,
California Valley, Cantua Creek, Cholame, Corcoran,
Creston, Friant, Harmony, Huron, King City, Lemoore
Naval Air Station, London, Madera, Merced, Miramonte,
Oceano, Paso Robles, Shafter.

Intensity II: Armona, Aromas, Arroya Grande, Avila
Beach, Bass Lake, Bradley, Cayucos, Dinuba, Dos Palos,
Ducor, Dunlap, Easton, Fellows, Fresno, Gonzales, Grover
City, Hume, Jolon, Kingsburg (press report), Lockwood,
Lost Hills, MeKittrick, O'Neals, Orange Cove,
Porterville, Paicines, Parlier, Raymond, Red Top, Reed-
ley, Salinas, San Ardo, San Miguel, San Simeon, Santa
Maria, Santa Rita Park, Selma (press report), Shandon,
Spreckles, Squaw Valley, Stevinson, Tipton, Tranquillity,
Tulare, Vandenberg Air Force Base, Yettem.

Intensity II: Ballico, Carruthers, Castroville, Helm,
Hilmar, Kingsburg, Riverdale, San Juan Bautista, Taft,
Woodville.



CALIFORNIA--Continued

CALIFORNIA-Continued

Felt: Alameda, Fowler, Monterey, and Santa Barbara
(press reports).

30 July (BK) Mammoth Lakes area
Origin time: 01 26 16.4

Epicenter: 37.567N., 118.758W.
Depth: 6 km

Magnitude: 4.0ML(BK), 4.3ML(PS)
Felt: Mammoth Lakes and Bishop (BK).

30 July (BK) Mammoth Lakes area
Origin time: 04 16 39.6
Epicenter: 37.570N., 118,757 W.
Depth: 6 km

Magnitude: 3.7 ML(BK), 4.2ML(PS)
Felt: Mammoth Lakes (BK).

1 August (BK) Owens Valley area
Origin time: 05 36 35.8
Epicenter: 37.292N., 118.360W.
Depth: 15 km

Magnitude: 3.6 ML(BK), 3.5 ML(PS)
Felt: Bishop (BK).

1 August (PS) Southern California

Origin time: 15 48 28.8

Epicenter: 34.130N., 117.443W.

Depth: 7 km

Magnitude: 3.3ML(PS)

Felt: Western San Bernardino County (press report).

5 August (PS) Southern California
Origin time: 19 58 58.5
Epicenter: 32.617N., 117.300W.
Depth: 0 km

Magnitude: 2.6 ML(PS)

U.S. Navy explosion. Felt at San Diego (PS).

7 August (BK) Mammoth Lakes area
Origin time: 21 39 31.8

Epicenter: 37.520N., 118,888 W,
Depth: 4 km

Magnitude: 3.3ML(BK), 3.4ML{(PS)

Felt: Mammoth Lakes (BK).

8 August (BK) Mammoth Lakes area
Origin time: 16 51 58.0

Epicenter: 37.568N., 118,843 W.
Depth: 2 km

Magnitude: 3.7ML(BK), 4.0ML(PS)
Felt: Mammoth Lakes (BK).

9 August (BK) Yosemite National Park area

Origin time: 01 19 03.1

Epicenter: 37.905N., 119.487W.

Depth: 2 km

Magnitude: 4.0ML(BK), 4.0ML(PS)

Intensity V: Tuolumne Meadows— A few dishes broke; a
few small objects overturned or fell; hanging pictures
swung out of place; trees and bushes shook slightly;
standing and moving vehicles rocked slightly.

Intensity IV: Lee Vining.

Intensity III: E1 Portal.
Felt: Yosemite National Park (BK).

12 August (GM) Central California

Origin time: 01 14 41.1

Epicenter: 36.291N., 120.401W.

Depth: 10 km

Magnitude: 3.8ML(BK), 3.9 ML(PS), 4.0ML(GM)
Felt: Coalinga (press report).

12 August (GM) Central California

Origin time: 22 02 34.7

Epicenter: 36.183N., 120.136W.

Depth: 9 km

Magnitude: 4.3mb(GS), 4.0ML(BK), 4.3ML(PS),4.1MD(GM)
Felt: Coalinga (BK).

14 August (GM) Central California

Origin time: 12 43 35.7

Epicenter: 36.289N., 120.413W.

Depth: 10 km

Magnitude: 4.1mb(GS), 4.2ML(BK), 4.3ML(GM), 4.2ML(PS)
Felt: Coalinga (BK).

21 August (BK) Central California
Origin time: 14 21 52.1
Epicenter: 36.877N., 121.628W.
Depth: 5 km

Magnitude: 2.7 ML(BK)

Felt: near Hollister (BK).

25 August (BK) Northern California
Origin time: 00 26 24.1

Epicenter: 40.437N., 124.133W.
Depth: 18 km

Magnitude: 3.0ML(BK)

Felt: Rio Dell and Scotia (BK).

26 August (GM) Central California

Origin time: 03 21 17.2

Epicenter: 36.300N., 120.473W.

Depth: 12 km

Magnitude: 3.9mb(GS), 4,0ML(BK), 4.0ML(GM), 4.0ML(PS)
Intensity IV: Cantua Creek.

Intensity III: Barton, Raisin.

Felt: Coalinga (BK).

26 August (GM) Central California

Origin time: 19 57 40.6

Epicenter: 36.211N., 120.374W.

Depth: 12 km

Magnitude: 3.8 ML(BK), 3.9ML(PS), 3.8 ML(GM)
Intensity IV: Cantua Creek.

Felt: Coalinga (BK).

28 August (GM) Central California

Origin time: 12 26 21.7

Epicenter: 35.814N., 121.324W.

Depth: 7 km

Magnitude: 3.8ML(BK), 3.9ML(PS), 3.5MD(GM)
Felt: near King City (BK).

28 August (GM) Central California

Origin time: 13 23 55.4
Epicenter: 35.826N., 121.320W.
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Depth: 7 km
Magnitude: 3.5ML(BK), 3.7ML(PS), 3.3MD(GM)
Felt: Near King City (BK).

28 August (PS) Imperial Valley area
Origin time: 21 04 48.9

Epicenter: 32.954N., 115.537W.
Depth: 11 km

Magnitude: 3.0ML(PS)

Felt: Brawley (PS).

29 August (GM) Central California

Origin time: 10 10 30.8

Epicenter: 35.841N., 121.340W.

Depth: 9 km

Magnitude: 5.3mb(GS), 4.3MS(GS),5.2ML(BK), 4.2MD(GM),
4.8ML(PS)

Because this earthquake ocecurred at 03:10 a.m. local
time it was not generally reported as felt beyond the dis-
tance at which people were awakened.

Intensity VI: Near Ragged Point about 20 km northwest of
San Simeon— cracked chimneys, a few buildings reported
damaged.

Intensity V:

Arroyo Grande— A few dishes or glassware broke; a few
small objects overturned or fell; hanging pictures swung
out of place.

Gorda— A few items were shaken off store shelves (press
report).

Harmony— Shaking was deseribed as strong.

Lockwood— A few items were shaken off store shelves; a
few small objects overturned or fell; felt by and
awakened many.

San Ardo— A few dishes or glassware broke; a few small
objects fell; felt by and awakened many.

San Luis Obispo— A few items were shaken off store
shelves; a few small objeets overturned or fell; felt by
and awakened many.

San Simeon— A few items were shaken off store shelves;
a few dishes or glassware broke; a few small objects
overturned or fell; buildings shook strongly; awakened
many.

Intensity IV: Atascadero, Avila Beach, Bradley, California
Valley, Carmel, Castroville, Cayucos, Creston, Gonzales,
Greenfield, King City, Los Osos, Nipomo, Oceano,
Paicines, Paso Robles, Salinas, San Juan Bautista, San
Miguel, Santa Margarita, Seaside, Soledad, Tres Pinos,
Watsonville.

Intensity Il: Cholame, Grove City, Jolon, Moss Landing,
Pacific Grove, Shandon.

Intensity II: Hollister.

Felt: Spreckles, San Francisco (BK).

1 September (BK) California-Nevada Border region
Origin time: 17 01 06.3

Epicenter: 38.017N., 118.748W.

Depth: 7 km

Magnitude: 4.0ML(BK), 3.4MD(GM), 4.0ML(PS)
Felt: Mona Lake (BK).

7 September (GM) Central California

Origin time: 23 07 26.2
Epicenter: 36.279N., 120.460W.
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Depth: 12 km
Magnitude: 3.4ML(BK), 3.7 ML(PS), 3.8 ML(GM)
Felt: Coalinga (BK).

8 September (BK) Central California
Origin time: 19 45 44.8

Epicenter: 37.693N., 121.805W.
Depth: 15 km

Magnitude: 2.9ML(BK)

Felt: Livermore (BK).

9 September (GM) Central California

Origin time: 09 16 13.5

Epicenter: 36.232N., 120.265W.

Depth: 7 km

Magnitude: 5,3mb(GS), 5.4MS(GS),5.4ML(BK), 5.3ML(GM),
5.3 ML(PS)

This event is an aftershock of the May 2, 1983,
Coalinga earthquake.

Intensity V: The most common effects at the places listed
below were a few small objeets overturned or fell, felt by
and awakened many. Additional effects are listed after
each locality.

Cantua Creek— A few glassware or dishes broke.
Coalinga— Some merchandise was knocked off store
shelves and a few dishes were thrown off shelves in
homes (press report).

Corcoran— A few glassware or dishes broke.

Five Points— A few glassware or dishes broke; a few
merchandise items were thrown off store shelves; there
were hairline cracks in interior walls.

Huron— A few merchadise items were thrown off store
shelves; there were hairline cracks in interior walls.
Lemoore Naval Air Station— Light furniture or small ap-
pliances were moved.

Stratford— A few merchandise were items thrown from
store shelves; there were hairline cracks in interior walls.
Tranquillity—

Intensity IV: Armona, Auberry, Avenal, California Valley,
Chowchilla, Clovis, Coarsegold, Creston, Cutler, Dunlap,
Easton, Fresno, Friant, Hanford, Hume, Kaweah, Kings-
burg, Lockwood, Lost Hills, Miramonte, Raymond, River-
dale, Santa Margarita, Traver, Visalia, Waukena.
Intensity III: Badger, Bakersfield, Barton, Big Creek, Cho-
lame, Del Rey, Dinuba, Greenfield, Helm, Squaw Valley.
Intensity II: Ahwahnee, California Hot Springs.

Felt: Calwa, Salinas, Shandon.

9 September (GM) Central California
Origin time: 09 21 31.8

Epicenter: 36.240N., 120.279W.
Depth: 6 km

Magnitude: 4.0ML(BK), 3.9 ML(GM)
Felt: Coalinga (press report).

9 September (GM) Central California

Origin time: 21 04 00.2

Epicenter: 36.228N., 120.230W.

Depth: 8 km

Magnitude: 3.7ML(BK), 3.5 MD(GM), 3.9 ML(PS)
Felt: Coalinga (BK).
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9 September (BK) Mammoth Lakes area
Origin time: 23 22 25.9

Epicenter: 37.535N., 118.808W.

Depth: 13 km

Magnitude: 3.4ML(BK),3.2ML(PS)

Felt: Mammoth Lakes (BK).

10 September (GM) Central California

Origin time: 07 19 31.0

Epicenter: 36.261N., 120.467W.

Depth: 2 km

Magnitude: 3.4ML(BK), 3.6 ML(PS), 3.3MD(GM)
Felt: Coalinga (BK).

10 September (BK) Mammoth Lakes area
Origin time: 16 02 12.5

Epicenter: 37.438N., 118.642W.

Depth: 13 km

Magnitude: 4.0ML(BK), 3.7 ML(PS)

Felt: Mammoth Lakes and Tom's Place (BK).

11 September (GM) Central California

Origin time: 11 48 06.6

Epicenter: 36.242N., 120.383W.

Depth: 10 km

Magnitude: 5.0mb(GS), 4.3ML(BK), 4.8 ML(PS),4.5 ML(GM)
Felt: parts of Fresno, Kern, Kings, and Tulare Counties.
Intensity IV: Coalinga (press report).

12 September (PS) Southern California

Origin time: 12 08 02.7

Epicenter: 34.048N., 117.256W.

Depth: 15 km

Magnitude: 3.6 ML(PS)

Intensity IV: Colton, East Highlands, Loma Linda (hairline
crack in plaster wall), Patton, Redlands, Rialto,
Riverside, San Bernardino, Sunnymead.

Intensity III: Highland, La Sierra, Perris

Felt: Bryn Mawr, Lakeview, Mentone.

15 September (PS) Southern California
Origin time: 04 39 01.4

Epicenter: 34.117N., 117.433W.
Depth: 6 km

Magnitude: 2.5ML(PS)

Felt: Rialto (PS).

19 September (BK) Lake Tahoe area
Origin time: 01 55 57.3

Epicenter: 39.222N., 120.003W.
Depth: 10 km

Magnitude: 2.9ML{(BK), 3.2MD(GM)
Intensity IV:

Nevada— Crystal Bay.

Intensity II:

California— Carnelian Bay.
Nevada— Incline Village.

20 September (PS) Imperial Valley
Origin time: 00 08 51.7
Epicenter: 33.059N., 116.190W.
Depth: 6 km

Magnitude: 3.2ML(PS)

Felt: Imperial Valley (PS).

20 September (BK) Central California
Origin time: 10 38 39.1

Epicenter: 37.787N., 122.178W.

Depth: 8 km

Magnitude: 2.6 ML(BK)

Felt: Berkeley, Oakland, and Piedmont (BK).

24 September (BK) Mammoth Lakes area
Origin time: 13 18 19.2

Epicenter: 37.632N., 119.020W.

Depth: 10 km

Magnitude: 3.2ML(BK), 3.0ML(PS)

Felt: Mammoth Lakes (BK).

27 September (GM) Central California

Origin time: 01 29 59.1

Epicenter: 37.048N., 121.472W.

Depth: 8 km

Magnitude: 3.5 ML(BK), 3.1MD(GM)

Intensity III: Gilroy and Morgan Hill (press reports).
Felt: Hollister (BK).

27 September (BK) California-Nevada Border Region
Origin time: 02 56 37.5

Epicenter: 38.278N., 119.363W.

Depth: 3 km

Magnitude: 3.5ML(BK), 3.6 ML(PS)

Felt: Bridgeport (BK).

27 September (GS) Central California
Origin time: 14 35 47.9

Epicenter: 37.847N., 122.220W.
Depth: 5 km

Magnitude: 2.6 ML{BK)

Felt: Berkeley and Oakland (BK).

30 September (BK) Mammoth Lakes area

Origin time: 16 14 00.9

Epicenter: 37.553N., 118.840W.

Depth: 10 km

Magnitude: 4.8ML(BK), 4.5 ML(PS)

Intensity IV: Bishop, June Lake, Mammoth Lakes, Toms
Place.

1 October (BK) Northern California
Origin time: 10 15 24.5

Epicenter: 38.795N., 122.840W.
Depth: 4 km

Magnitude: 3.0ML(BK)

Felt: Cobb (BK).

10 October (BK) Central California
Origin time: 16 40 56.4

Epicenter: 37.390N., 121.712W.
Depth: 7 km

Magnitude: 3.1ML(BK)

Felt San Jose (BK).

10 October (BK) Central California
Origin time: 21 12 55.5

Epicenter: 37.812N., 121.737TW.
Depth: 9 km

Magnitude: 3.0ML(BK)

Felt: Livermore (BK).
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17 October (BK) Northern California
Origin time: 04 45 17.1

Epicenter: 39.365N., 123.248W.
Depth: 5 km

Magnitude: 2.5ML(BK)

Intensity IV: Willits.

19 October (PS) Central California
Origin time: 14 00 37.2

Epicenter: 35.930N., 118.341W.
Depth: 1 km

Magnitude: 4.0ML(PS), 4.2ML(BK)
Felt: Lake Isabella (PS).

19 October (PS) Central California
Origin time: 19 48 23.7

Epicenter: 35.924N., 118.338W.
Depth: 0 km

Magnitude: 3.7ML(PS), 3.8 ML(BK)
Felt: Lake Isabella (PS).

21 October (GM) Southern California
Origin time: 11 13 13.8

Epicenter: 34.918N., 120.397W.
Depth: 0 km

Magnitude: 3.1ML(PS), 3.0ML(BK),3.2ML(GS), 3.4MD(GM)

Intensity III: Santa Maria (press report).

21 October (PS) Central California

Origin time: 22 44 13.3

Epicenter: 35.926N., 118.334W.

Depth: 0 km

Magnitude: 4.4mb(GS), 4.5 ML(PS), 4.9 ML(BK)
Intensity IIl: Glennville, Lake Isabella, Woody.
Intensity II: Bakersfield, Ducor.

23 October (GM) Central Catifornia
Origin time: 02 35 39.6

Epicenter: 37.328N., 121.688W.
Depth: 7 km

Magnitude: 3.6 ML(BK), 3.1MD(GM)
Intensity IIi: San Jose (press report).
Felt: Milpitas and Santa Clara (BK).

23 October (BK) Northern California
Origin time: 09 37 06.2

Epicenter: 39.573N., 123.378W.
Depth: 0 km

Magnitude: 3.3ML(BK), 3.3MD(GM)
Felt: Willits (BK).

25 October (PS) Central California

Origin time: 11 16 57.1

Epicenter: 35.865N., 118.347W.

Depth: 1 km

Magnitude: 3.8 ML(PS), 4.0MD(GM), 4.1ML(BK)
Intensity II: California Hot Springs.

25 October (PS) Central California
Origin time: 13 21 33.3

Epicenter: 35.915N., 118.327W.
Depth: 1 km

Magnitude: 3.5ML(PS), 3.7 MD(GM)
Intensity II: California Hot Springs.
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26 October (PS) Southern California
Origin time: 07 30 19.8

Epicenter: 34.070N., 117.478W.
Depth: 3 km

Magnitude: 2.4ML(PS)

Felt: Fontana (PS).

28 October (BK) Northern California
Origin time: 17 19 35.2

Epicenter: 39.585N., 123.388W.
Depth: 2 km

Magnitude: 3.1ML(BK), 3.4MD(GM)
Felt: Willits (BK).

29 October (PS) Southern California
Origin time: 06 38 02.5

Epicenter: 33.997N., 116.607W.
Depth: 12 km

Magnitude: 3.4ML(PS)

Intensity IV: Desert Hot Springs and Palm Springs (press

report).
Intensity ITI: Morongo Valley.

7 November (PS) Central California
Origin time: 12 32 43.9

Epicenter: 35.927N., 118.316W.
Depth: 0 km

Magnitude: 3.7ML(PS), 4.1ML(BK)
Felt: Lake Isabella (PS).

11 November (PS) Imperial Valley area
Origin time: 16 36 31.6

Epicenter: 32.966N., 115.863W.
Depth: 6 km

Magnitude: 3.3ML(PS)

Felt: Imperial Valley (PS).

11 November (PS) Imperial Valley area
Origin time: 17 15 05.2

Epicenter: 32.968N., 115.867W.
Depth: 9 km

Magnitude: 3.8 ML(PS)

Felt: Imperial Valley (PS).

12 November (BK) Mammoth Lakes area
Origin time: 01 47 59.2

Epicenter: 37.460N., 118.848W.

Depth: 12 km

Magnitude: 3.7ML(BK), 3.6 ML(PS)

Felt: Mammoth Lakes (BK).

15 November (BK) Mammoth Lakes area
Origin time: 03 29 44.6

Epicenter: 37.602N., 118.910W.

Depth: 3 km

Magnitude: 3.5ML(BK), 3.6 ML(PS)

Felt: Mammoth Lakes (BK).

15 November (PS) Imperial Valley area
Origin time: 05 04 09.6

Epicenter: 33.045N., 115.563W.
Depth: 6 km

Magnitude: 3.5 ML(PS)

Intensity II: Brawley (press report), Calipatria, Seeley,

Westmorland.



CALIFORNIA-Continued

CALIFORNIA-Continued

15 November (PS) Imperial Valley area
Origin time: 11 02 07.2

Epicenter: 33.036N., 115.569W.
Depth: 5 km

Magnitude: 3.3ML(PS)

Intensity IV: Imperial, Westmorland.
Intensity III: Seeley.

15 November (PS) Imperial Valley area
Origin time: 16 53 32.5

Epicenter: 33.036N., 115.571W.
Depth: 5 km

Magnitude: 2.8 ML(PS)

Felt: Westmorland (PS).

15 November (PS) Imperial Valley area
Origin time: 21 44 20.8

Epicenter: 33.044N., 115.559W.
Depth: 5 km

Magnitude: 3.1ML(PS)

Felt: Westmorland (PS).

18 November (PS) Southern California
Origin time: 09 55 37.5

Epicenter: 34.001N., 117.209W.
Depth: 15 km

Magnitude: 3.1ML(PS)

Intensity IV: San Bernardino (press report).

19 November (BK) Central California
Origin time: 22 52 51.0

Epicenter: 37.680N., 121.980W.
Depth: 9 km

Magnitude: 3.0ML(BK)

Intensity IIl: Hayward (press report).
Felt: Castro Valley and Dublin (BK).

17 December (BK) Central California
Origin time: 00 10 27.5

Epicenter: 37.038N., 121.467W.
Depth: 7 km

Magnitude: 3.2ML(BK)

Felt: Gilroy (BK).

21 December (GM) Central California
Origin time: 18 04 08.4

Epicenter: 36.083N., 120.220W.
Depth: 11 km

Magnitude: 4.3mb(GS), 4.2ML(BK), 4.3ML(PS)
Intensity IV: Avenal-— one report of small objects

overturned or fallen.
Intensity II: Huron.
Felt: Coalinga (press report).

25 December (PS) Mammoth Lakes area
Origin time: 20 43 32.7

Epicenter: 37.565N., 118.886W.

Depth: 6 km

Magnitude: 3.8 ML(PS),3.5 ML(BK)

Felt: Mammoth Lakes (BK).

27 December (PS) Southern California
Origin time: 21 34 37.7

Epicenter: 33.778N., 116.122W.
Depth: 2 km

Magnitude: 3.1ML(PS)

Felt: Indio (PS).

29 December (PS) Southern California
Origin time: 19 46 16.8

Epicenter: 34.170N., 117.355W.
Depth: 8 km

Magnitude: 3.6 ML(PS)

20 November (GM) Central California
Origin time: 22 02 36.6 Fontana, Rialto, San Bernadino.

Epicenter: 36.206N., 120.462W. Intensity III: Lake Arrowhead, Lytle Creek, Norco, River-
Depth: 7 km side, South part of San Bernardino, Twin Peaks.
Magnitude: 3.7ML(BK), 3.7MD(GM), 3.9 ML(PS) Intensity IT: Colton, Patton.

Intensity IV: Cedar Glen, Cedarpines Park, Crestline,

Felt: at Coalinga (BK).

23 November (BK) Mammoth Lakes area
Origin time: 06 39 58.4

Epicenter: 37.518N., 118.880W.

Depth: 3 km

Magnitude: 3.8 ML(BK), 3.9 ML(PS)

Felt: Mammoth Lakes (BK).

11 December (BK) Northern California
Origin time: 21 01 46.3

Epicenter: 39.600N., 123.405W.
Depth: 2 km

Magnitude: 3.4ML(BK), 3.6 MD(GM)
Felt: Willits (BK).

13 December (GM) Central California
Origin time: 21 38 37.8

Epicenter: 36.825N., 121.340W.
Depth: 4 km

Magnitude: 3.4ML(BK), 3.3MD(GM)
Felt: Gilroy and Hollister (BK).

29 December (PS) Southern California
Origin time: 19 49 13.8

Epicenter: 34.168N., 117.359W.
Depth: 6 km

Magnitude: 2.9 ML(PS)

Felt: San Bernardino (press report).

29 December (PS) Southern California
Origin time: 19 50 02.6

Epicenter: 34.169N., 117.349W.
Depth: 8 km

Magnitude: 2.7ML(PS)

Felt: San Bernardino {press report).

31 December (BK) Mammoth Lakes area
Origin time: 22 39 40.1

Epicenter: 37.542N., 118.900W.

Depth: 6 km

Magnitude: 3.9ML(BK), 4.1ML(PS)
Felt: Mammoth Lakes (BK).
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1 February (BK) Northern California
Origin time: 21 21 40.7

Epicenter: 40.307N., 124.810W.
Depth: 10 km

Magnitude: 4.2mb(GS), 4.1ML(BK)
Intensity III: Rio Del.

22 February (PS) Southern California

Origin time: 02 18 30.8

Epicenter: 33.095N., 117.903W.

Depth: 6 km

Magnitude: 4.3mb(GS), 4.3ML(PS)

Intensity IV: Cypress, Dana Point, El Toro, Fountain
Valley, Lakeside, La Mesa, Lomita, Palos Verdes Peninsu-
la, Paramount, Perris, Redlands, San Clemente, San Mar-
cos, Upland, Vista.

Intensity I: Alta Loma, Avalon, Beverly Hills (press
report), Bonsall, Bueno Park, Bellflower, Cardiff-By-the~
Sea, Del Mar, La Jolla {press report), Lake Elsinore, Long
Beach Airport, Los Angeles, Mission Viejo, Oceanside,
Riverside (press report), San Diego, San Juan Capistrano
(press report), Santa Ana, Seal Beach, South Gate,
Stanton, Sunnymead, Sunset Beach, Tustin, Westminster,
Whittier.

Intensity I: Escondido, Surfside.

20 April (BK) Northern California

Origin time: 17 54 24.4

Epicenter: 40.363N., 124.507W.

Depth: 17 km

Magnitude: 3.8 ML(BK)

Intensity IV: Eureka, Ferndale, Kneeland.

Intensity III: Fields Landing, Honeydew, Loleta, Redcrest,
Rio Dell, Samoa.

Intensity II: Hydesville.

Felt: Fortuna and Petrolia (BK).

29 May (BK) Northern California

Origin time: 06 55 28.4

Epicenter: 40.425N., 126.090W.

Depth: 5 km

Magnitude: 5.1mb(GS), 5.1MS(GS), 5.4ML(BK)
Intensity III: Eureka (press report), Rio Dell.

29 June (PS) Southern California
Origin time: 08 08 35.7
Epicenter: 32.588N., 117.431W.
Depth: 6 km

Magnitude: 4.4mb(GS), 4.6 ML(PS)

This event was felt in Imperial, Riverside, and San
Diego Counties of California and in northern Baja
California, Mexico.

Intensity V: The most common effects at the places listed
below were a few small objects overturned or fell, a few
dishes broke, a few windows cracked, a few items fell
from store shelves, standing vehicles rocked slightly, felt
by and awakened many people. Additional effects are
listed after each locality.

E1l Cajon.

Miramar.

Pala.

Poway— Hairline cracks in drywall,
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San Diego— Hanging pictures fell; hairline cracks in plas-
ter walls; people had difficulty in standing or walking.
San Diego (Clairemont)— Hairline cracks in plaster walls.
San Diego (Grantville).

San Diego (Hillcrest).

San Diego (Lindbergh Field)— Slight crack sustained in
the east terminal building of the airport (press report).
San Diego (Naval Air Station).

San Diego (Ocean Beach)— Hanging pictures fell, a report
of broken underground pipes.

San Diego (Paradise Hills)— A report of cracked
sidewalks and brick fences.

San Diego (Palm City)— A report of broken pipes {press
report).

San Diego (Point Loma).

San Diego (University City)— Hanging pictures swung out
of place; water splashed onto sides of swimming pools.
Intensity IV: Campo, Chula Vista, Coronado, Del Mar,
Descanso, El Cajon, Escondido, Jacumba, Jamul, Laguna
Niguel, Lake Cuyamaca, Lakeside, La Mesa, Leucadia,
National City, Oceanside, Potrero, San Clemente (press
report), San Diego (Encanto, Marilou Park), Santa Ana,
Santa Ysabel, Spring Valley, Tecate, Tustin, Valley
Center, Vista, Warner Springs.

Intensity II: Bonsall, Corona, Costa Mesa, El Centro
(press report), Fallbrook, Julian, Long Beach, San Jacinto,
San Luis Rey, Surfside.

Felt: Cardiff-by-the-Sea, Pine Valley.

24 August (BK) Northern California

Origin time: 13 36 30.5

Epicenter: 40.377N., 124.832W.

Depth: -18 km

Magnitude: 5.5mb(GS), 5.8 MS(GS), 5.5 ML(BK),5.4ML(GM)
Intensity VI:

Scotia— Some windows broke out; a few small objects
overturned or fell; vibration was described as strong; felt
by and awakened many.

Intensity V: The most common effects at the places listed
below were small objects overturned or fell, a few glass-
ware or dishes broke, a few items fell off store shelves,
trees and bushes shook slightly, vibration was described
as moderate to strong, felt by most. Additional effects
are listed after each locality.

Alderpoint— Buildings shook strongly; moving vehicles
rocked slightly.

Arcata— Hanging pictures swung out of place.
Blocksburg— People reported difficulty in standing or
walking; trees and bushes shook slightly.

Bridgeville— Hanging pictures swung out of place;
building shook strongly.

Carlotta— Buildings shook strongly; trees and bushes
shook slightly.

Ek.

Eureka— A few windows cracked; hanging pictures swung
out of place; moving vehicle rocked slightly.

Fields Landing— Trees and bushes shook slightly.

French Gulch— Hanging pictures swung out of place.
Garberville.

Honeydew— People reported difficulty in standing or
walking; hanging pictures swung out of place; light furni-
ture or small appliances overturned; standing vehicles
rocked moderately.

Mendocino— Hanging pictures swung out of place.
Miranda— Buildings shook strongly.

Myers Flat— Standing vehicles rocked slightly.
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Orick— Hanging pictures swung out of place.

Petrolia.

Phillipsville— Trees and bushes shook slightly; standing
vehicles rocked slightly.

Rederest— Hanging pictures fell.

Rio Dell— Buildings shook strongly; hanging pictures
swung out of place.

Samoa.

Weott— People reported difficulty in standing or walking.
Zenia— People reported difficulty in standing or walking;
buildings shook strongly.

Intensity IV: Albion, Bayside, Blue Lake, Branscomb,
Burnt Ranch, Comptche, Covelo, Etna, Kneeland, Blue
Lake, Laytonville, Leggett, Little River, Loleta, Mad
River, McKinleyville, Navarro, Piercy, Redway, Ruth,
Salyer, Westhaven, Westport, Whitethorn, Wildwood.
Intensity IN: Fort Bragg, Hayfork, Klamath, Orleans,
Point Arena, Redding, Somes Bar, Trinidad, Willits.
Intensity II: Forks of Salmon.

Felt: Alder Point (BK), Hoopa, Mountain Gate, Olinda,
and Paradise (press reports).

26 August (BK) Northern California

Origin time: 08 49 26.3

Epicenter: 40.360N., 124.723W.

Depth: 15 km

Magnitude: 4.1mb(GS), 3.9 ML(BK), 4.2MD(GM)

Intensity IV: Eureka (a few small objects fell),
Garberville, Honeydew, Loleta.

Intensity III: Petrolia, Whitethorn, Wildwood.

11 November (BK) Northern California

Origin time: 12 07 43.8

Epicenter: 40.388N., 124.902W.

Depth: 15 km

Magnitude: 4.9mb(GS), 3.8 MS(GS), 4.3ML(BK)

Felt: along the coast of Humboldt County (BK).

20 December (BK) Northern California

Origin time: 10 41 02.2

Epicenter: 40.600N., 125.648W.

Depth: 5 km

Magnitude: 5.6mb(GS), 5.4MS(GS), 5.6 ML(BK),5.0MD(GM)
Intensity V:

Carlotta— A few small objects overturned or fell; shaking
described as strong; felt by and awakened many.
Honeydew— A few windows cracked; plaster cracks
enlarged; shaking was described as strong; felt by and a-
wakened many.

Rio Dell— A few items were knocked off store shelves; a
few small objects overturned or fell; felt by and
awakened many.

Scotia— Some items were thrown off store shelves with
20 jars broken.

Whitethorn— A few items were shaken from store
shelves; a few small objects overturned.

Intensity IV: Bayside, Blocksburg, Bridgeville, Eureka,
Garberville, Leggett, Loleta, Mad River, Miranda, Orick,
Redway, Salyer, Samoa, Weott (slumping on the river
bank), Westport.

Intensity III: Kneeland, Westhaven, Willits, Zenia.

Felt: Arcata, Ferndale, Fortuna, and Perolia (BK).

14 August (GS) Western Colorado
Origin time: 19 08 30.7
Epicenter: 38.359N., 107.402W.
Depth: 5 km

Magnitude: 3.4ML(GS)

Small landslides reported near Maher.
Intensity II: Cimarron.

24 September (GS) Northwestern Colorado

Origin time: 16 57 45.7

Epicenter: 40,789N., 108.837TW.

Depth: 5 km

Magnitude: 4.1ML(GS), 3.9ML(UU)

Intensity IV:

Colorado— Northwest of Maybell (at 20010 Highway 318),
Rangely.

Intensity II:

Wyoming— Point of Rocks.

CONNECTICUT

26 February (LD) Southeastern New York
Origin time: 19 59 35.4

See New York listing.

7 October (LD) Blue Mountain Lake area
Origin time: 10 18 46.1

See New York listing.

DELAWARE

17 November (GS) Delaware-Pennsylvania Border Region
Origin time: 19 55 06.5

Epicenter: 39.832N., 75.660W.

Depth: 5 km

Magnitude: 2.2Mn(VP), 2.9MD(DE)

A small aftershoek was felt at 21:28 EST.

Intensity IV:

Delaware— New Castle, Rockland, Talleyville, Westover
Hills, Wilmington (one report of cracked windows and
small objects overturning or falling), Wilmington
(Wawaset Park), Winterthur,

Intensity III:

Delaware— Claymont, Marshallton.

Pennsylvania— Chadds Ford (press report).

Felt:

Delaware— Wilmington (Brandywine Park).

12 December (GS) Delaware-Pennsylvania Border Region
Origin time: 05 15 09.5

Epicenter: 39.832N., 75.660W.

Depth: 5 km

Magnitude: 2.0Mn{GS), 2.4MD(DE)

Intensity IV: Wilmington (western part of the city—— press
report).

Felt: Arden and Talleyville areas (press report).
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GEORGIA

HAWAII-Continued

26 January (GS) Central Georgia

Origin time: 14 07 44.8

Epicenter: 32.728N., 83.375W.

Depth: 5 km

Magnitude: 3.5Mn(GS)

Intensity III: Jeffersonville (press report).
Intensity II: Fort Valley.

6 November (GS) Charleston area
Origin time: 09 02 19.8

See South Carolina listing.

31 December (GS) Western Georgia
Origin time: 06 31 12.1

Epicenter: 32.599N., 84.898W.

Depth: 5 km

Magnitude: 2.6 MD(TC)

Intensity IV:

Fortson— A few small objects overturned.

Midland— A few small objects overturned or fell.

31 December (GS) Western Georgia
Origin time: 17 17 27.2

Epicenter: 32.568N,, 84.917W.
Depth: 5 km

Magnitude: 2.6 MD(TC)

Intensity IV: Fortson— A few small objects overturned.

Intensity II: Midland.

HAWAI

3 January (HV) Island of Hawaii

Origin time: 21 55 04.0

Epicenter: 19.351N., 155.064W.

Depth: 8 km

Magnitude: 3.8 ML(HV)

Intensity III: Hilo, Hawaiian Paradise Park.

5 January (HV) Island of Hawaii
Origin time: 14 54 13.0
Epicenter: 19.313N., 155.226W.
Depth: 10 km

Magnitude: 3.4ML(HV)

Intensity II: Hilo, Mountain View.

16 January (HV) Island of Hawaii
Origin time: 17 33 53.6
Epicenter: 19.354N., 155.123W.
Depth: 9 km

Magnitude: 3.9ML(HV)

Intensity IV: Puu Kahaualea
Intensity III: Voleano.

23 January (HV) Island of Hawaii
Origin time: 20 13 39.9
Epicenter: 19.379N., 155.060W.
Depth: 12 km

Magnitude: 3.3ML(HV)

Intensity ITI: North Glenwood.

23 January (HV) Island of Hawaii
Origin time: 20 46 46.6
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Epicenter: 19.380N., 155.060W.
Depth: 12 km

Magnitude: 3.5ML(HV)
Intensity III: Glenwood, Hilo.

24 January (HV) Island of Hawaii

Origin time: 4 00 24.9

Epicenter: 19.358N., 155.031W.

Depth: 10 km

Magnitude: 4.3ML(HV)

Intensity V: Kurtistown.

Intensity IV: Glenwood, Hilo, Mountain View.
Intensity III: Volecano.

26 January (HV) Island of Hawaii
Origin time: 23 38 34.3
Epicenter: 19.142N., 155.509W.
Depth: 11 km

Magnitude: 3.1ML(HV)

Intensity III: Pahala.

27 January (HV) Island of Hawaii
Origin time: 01 57 58.1
Epicenter: 19.375N., 155.422W.
Depth: 10 km

Magnitude: 3.2ML(HV)

Intensity III: Glenwood.

3 February (HV) Island of Hawaii
Origin time: 05 46 22.7
Epicenter: 19.333N., 155.109W.
Depth: 10 km

Magnitude: 3.3ML(HV)

Intensity III: Hilo.

7 February (HV) Island of Hawaii
Origin time: 04 21 12.6
Epicenter: 19.280N., 155.508W.
Depth: 8 km

Magnitude: 3.1ML(HV)

Intensity III: Pahala.

8 February (HV) Island of Hawaii

Origin time: 02 02 45.5

Epicenter: 19.358N., 155.241W.

Depth: 28 km

Magnitude: 4.6mb{(GS), 4.1ML(HV)

Felt: Over most of the island (press report).
Intensity III: Hilo, Puna, Volcano.

20 February (HV) Island of Hawalii
Origin time: 04 05 12.1
Epicenter: 19.332N., 155.122W.
Depth: 9 km

Magnitude: 3.4ML(HV)

Intensity III: Hilo.

5 March (HV) Island of Hawaii
Origin time: 09 27 23.8
Epicenter: 19.360N., 155.052W.
Depth: 8 km

Magnitude: 3.4ML(HV)
Intensity III: Mountain View.
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8 March (HV) Island of Hawaii
Origin time: 16 41 03.4
Epicenter: 19.199N., 155.593W.
Depth: 12 km

Magnitude: 4.5 ML(HV)

Intensity IV: Hawaiian Ocean View Estates, Pahala.

Intensity III: Ahualoa, Voleano.
Intensity II: Hilo, Kalapana.

13 March (HV) Island of Hawaii
Origin time: 08 43 04.9
Epicenter: 19.982N., 155.333W.
Depth: 14 km

Magnitude: 3.0ML(HV)
Intensity II: Ahualoa.

17 March (HV) Island of Hawaii area
Origin time: 02 10 07.1

Epicenter: 18.453N., 154.279W.
Depth: 40 km

Magnitude: 4.3ML(HV)

Intensity II: Hilo, Pohakuloa.

19 March (HV) Island of Hawaii

Origin time: 04 45 30.0

Epicenter: 19.388N., 155.443W.

Depth: 10 km

Magnitude: 3.5ML(HV)

Intensity Il: Glenwood, Volecano Golf Course.

21 March (HV) Island of Hawaii
Origin time: 03 18 39.2
Epicenter: 19.357N., 155.050W.
Depth: 7 km

Magnitude: 4.9mb(GS), 4.8 ML{(HV)

Intensity V: Kalapana, Pahoa, Volcano (a few items

thrown from store shelves).

Intensity IV: Glenwood, Hawaii National Park, Mountain

View, Pahala, Papaikou.
Intensity III: Hilo, Ookala, Pohakuloa.
Intensity II: Island of Maui.

21 March (HV) Island of Hawaii
Origin time: 09 02 21.4
Epicenter: 19.365N., 155.419W.
Depth: 11 km

Magnitude: 3.9 ML(HV)

Intensity IV: Pahala.

Intensity III: Volcano Golf Course.
Intensity II: Hilo.

7 April (HV) Island of Hawaii

Origin time: 21 00 53.5

Epicenter: 19.281N., 155.477TW.

Depth: 9 km

Magnitude: 3.3ML(HV)

Intensity III: Pahala.

Intensity II: Hawaiian Voleano Ovservatory.

12 April (HV) Island of Hawaii
Origin time: 10 49 26.9
Epicenter: 19.494N., 155.667W.
Depth: 7 km

Magnitude: 3.6 ML(HV)
Intensity II: Kona.

16 April (HV) Island of Hawaii
Origin time: 00 51 14.5
Epicenter: 19.335N., 155.198W.
Depth: 9 km

Magnitude: 3.1ML(HV)
Intensity II: Hilo.

28 April (HV) Island of Hawaii
Origin time: 09 34 32.9
Epicenter: 19.330N., 155,126 W.
Depth: 8km

Magnitude: 4.0ML{HV)

Intensity IV: Hilo, Puna, Voleano.
Intensity III: Pahala.

9 May (HV) Island of Hawaii
Origin time: 516 52.3
Epicenter: 20.653N., 155.921W.
Depth: 31 km

Magnitude: 3.0ML(HV)
Intensity III: Kona.

13 May (HV) Island of Hawaii

Origin time: 10 30 08.0

Epicenter: 19,171N., 155.583W.

Depth: 9 km

Magnitude: 4.4ML(HV)

Intensity IV: Hawaiian Ocean View Estates.
Intensity I: Hilo, Kona, Naalehu, Pahala.

14 May (HV) Island of Hawaii
Origin time: 14 18 18.2
Epicenter: 19.361N., 155.036W.
Depth: 8 km

Magnitude: 3.3ML(HV)
Intensity III: Hilo.

31 May (HV) Island of Hawaii
Origin time: 13 59 03.4
Epicenter: 19.343N., 155.523W.
Depth: 24 km

Magnitude: 3.4ML(HV)
Intensity ITI: Pahala.

4 June (HV) Island of Hawaii
Origin time: 08 47 38.3
Epicenter: 19.331N., 155.262W.
Depth: 9 km

Magnitude: 3.3ML(HV)
Intensity III: Pahala.

5 June (HV) Island of Hawaii
Origin time: 09 55 52.2
Epicenter: 19.494N., 154.962W.
Depth: 44 km

Magnitude: 3.5 ML(HV)
Intensity II: Waimea.

6 June (HV) Island of Hawaii

Origin time: 04 54 31.0

Epicenter: 19.153N., 155.541W,

Depth: 33 km

Magnitude: 4.1ML(HV)

Intensity IV: Pahala, Volcano.

Intensity III: Hilo, Honomu, Kealakekua.
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27 June (HV) Island of Hawaii
Origin time: 02 58 48.7
Epicenter: 19.363N., 155.082W.
Depth: 9 km

Magnitude: 3.7 ML(HV)
Intensity III: Hilo.

26 July (HV) Island of Hawaii

Origin time: 20 21 29.7

Epicenter: 19.426N., 155.411W.

Depth: 9 km

Magnitude: 3.6 ML(HV)

Intensity IIl: Hawaiian Volecano Observatory, Hilo.

1 August (HV) Island of Hawaii
Origin time: 02 16 58.0
Epieenter: 19.304N., 155.260W.
Depth: 11 km

Magnitude: 3.5ML(HV)
Intensity III: Hilo.

14 August (HV) Island of Hawaii

Origin time: 03 14 18.7

Epicenter: 19.330N., 155.116W.

Depth: 9 km

Magnitude: 3.6 ML(HV)

Intensity IIl: Hawaii Volcanoes National Park.

16 August (HV) Island of Hawaii
Origin time: 09 35 21.0
Epicenter: 19.317N., 155.218W.
Depth: 10 km

Magnitude: 3.0ML(HV)
Intensity IT: Volcano.

16 August (HV) Island of Hawaii

Origin time: 10 10 44.6

Epicenter: 19.962N., 155.840W.

Depth: 7 km

Magnitude: 3.7ML(HV)

Intensity IV: Kawaihae.

Intensity II: Holualoa-Kona, Kamuela, Waikaloa.
Felt: Kohala, Kona, Waimea (press report).

18 August (HV) Island of Hawaii
Origin time: 15 43 59.5

Epicenter: 19.975N., 155.137W.
Depth: 31 km

Magnitude: 4.0ML(HV)

Intensity IV: Hamakua.

Intensity III: Hilo.

Intensity II: Kamuela, Puna, Volcano.

23 August (HV) Island of Hawaii
Origin time: 13 48 35.1
Epicenter: 19.338N., 155.213W.
Depth: 10 km

Magnitude: 3.7ML(HV)
Intensity IV: Volcano.

Intensity III: Hilo.

6 September (HV) Island of Hawaii
Origin time: 08 27 44.7

Epicenter: 19.340N., 155.213W.
Depth: 10 km
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Magnitude: 3.5ML(HV)
Intensity III: Mountain View, Volcano.
Intensity II: Hale Pohaku, Pahala.

7 September (HV) Island of Hawaii

Origin time: 15 09 10.0

Epicenter: 19.341N., 155,298 W.

Depth: 39 km

Magnitude: 3.5ML(HV)

Intensity IIl: Glenwood, Hale Pohaku, Voleano.

9 September (HV) Island of Hawaii

Origin time: 16 30 55.3

Epicenter: 19.332N., 155.122W.

Depth: 9 km

Magnitude: 5.5mb(GS), 5.0MS{GS), 5.4ML(HV)

Intensity V:

Hilo— A few cracked windows; a few merchandise items
shaken off store shelves; a few small objects overturned
or fell from shelves in homes; felt by most.

Ninole— A few small objects overturned or fell; felt by
many.

Pahala— A few dishes or glassware broke; a few small
objects overturned or fell; felt by many.

Intensity IV: Bradshaw Army Air Field, Captain Cook,
Honokaa, Kealakehua, Kurtistown, Lampahoehoe, Moun-
tain View, Ookala, Papaikou, Voleano.

Intensity IM: Hamakua (HV), Hawaiian Ocean View
Estates (HV), Kona (HV), Naalehu (HV), Paauhau, South
Point, Waimea.

Felt: Kaumana (press report).

14 September (HV) Island of Hawaii

Origin time: 05 39 57.5

Epicenter: 19.354N,, 155.052W.

Depth: 9 km

Magnitude: 4.0 ML(HV)

Intensity IV: Ainaloa.

Intensity III: Glenwood, Hilo, Mountain View, Volcano.
Intensity II: Kona, Waimea.

14 September (HV) Island of Hawaii
Origin time: 16 43 43.5

Epicenter: 19.504N., 155.655W,
Depth: 8 km

Magnitude: 3.5 ML(HV)

Intensity IV: Greenwell Ranch, Waikii.
Intensity HI: Ahualoa, Napopo.

14 September (HV) Island of Hawaii
Origin time: 23 00 15.2

Epicenter: 19.357N., 155.051W.,
Depth: 8 km

Magnitude: 3.6 ML(HV)

Intensity III: Hilo, Kalapana, Voleano.
Intensity II: Ahualoa.

16 September (HV) Island of Hawaii

Origin time: 19 22 12.2

Epicenter: 19.503N., 155.653W.

Depth: 8 km

Magnitude: 4.0ML(HV)

Intensity IV: Mauna Loa Observatory
Intensity III: Captain Cook-Kona.

Intensity II: Hawaiian Volcano Observatory.
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Figure 22.

Isoseismal map for the Island of Hawaii earthquake of 16 November 1983, 16 13 00.1 UTC.

Roman numerals represent Modified Mercalli intensities between isoseismals; arabic numerals are used to
represent these intensities at specifie sites.
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17 September (HV) Island of Hawaii
Origin time: 01 09 53.2

Epicenter: 19.501N., 155.651W.
Depth: 8 km

Magnitude: 4.2ML(HV)

Intensity IV: Mauna Loa Observatory.

Intensity IN: Hawaiian Volacano Observatory,

Areas, Pahala.

2 October (HV) Island of Hawaii
Origin time: 11 38 27.6
Epicenter: 19.325N., 155.203W.
Depth: 10 km

Magnitude: 3.4ML(HV)
Intensity III: Volcano.

8 October (HV) Island of Hawaii
Origin time: 03 21 36.3
Epicenter: 19.742N., 155.473W.
Depth: 16 km

Magnitude: 3.9 ML(HV)
Intensity IV: Waimea.

Intensity II: Hilo.

Kona

9 October (HV) Island of Hawaii
Origin time: 02 21 34.9
Epicenter: 19.325N., 155.193W.
Depth: 9 km

Magnitude: 3.4ML(HV)
Intensity II: Hilo.

25 October (HV) Island of Hawaii

Origin time: 21 02 35.4

Epicenter: 19.495N., 155.648W.

Depth: 8 km

Magnitude: 4.0ML(HV)

Intensity Ill: Mauna Loa Observatory.

Intensity I: Hawaiian Volacano Observatory,
Kamuela, Kona, Ocean View Estates.

31 October (HV) Island of Hawaii

Origin time: 01 49 14.5

Epicenter: 19.451N., 155.454W.

Depth: 10 km

Magnitude: 3.9 ML(HV)

Intensity Ill: Hawaiian Volcano Observatory, Hilo.
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Figure 23.
J. D. Griggs).

Ground failure on Crater Rim Drive around Kilauea crater on the Island of Hawaii (provided by
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12 November (HV) Island of Hawaii
Origin time: 08 05 38.3

Epicenter: 19.415N., 155.268W.
Depth: 16 km

Magnitude: 3.6 ML(HV)

Intensity II: Pahala.

16 November (HV) Island of Hawaii
Origin time: 16 13 00.1

Epicenter: 9.429N., 155.452W.
Depth: 11 km

Magnitude: 6.4mb(GS), 6.7 MS(GS)

This event, named the Kaoiki earthquake, was the most
destructive earthquake to occur in Hawaii since the mag-
nitude 7.1 (MS) one near Kalapana on November 29,
1975. The 1983 quake caused six people to suffer minor
injuries and resulted in considerable damage on the Island
of Hawaii. This shock was also felt on the islands of
Kauai, Lanai, Maui, Molokai, and Oahu (fig. 22). The
Small Business Administration listed 39 homes with major
damage, 317 homes with minor damage, and 35 businesses
with varying degrees of damage. Additional damage
occurred to roads, bridges, and other government
facilities.

Landslides and ground cracking occurred in many areas
of the southern part of the island. The most severe
ground failures were on Crater Rim Drive around Kilauea
crater (fig. 23). At various places the road was
constructed near the edge of the crater wall and at one
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place a section of the road fell into the crater. In other
areas the road was cracked; the cracks were 4 to 5 ft.
wide and 10 to 20 ft. deep. Also, many sections of trails
in Hawaiian Volcanoes National Park collapsed into the
main caldera of Kilauea Voleano. Landslides fell onto
highways along both the east and west coasts of the
island. At South Point and Kealekakua Bay parts of the
cliffs fell into the ocean (Buchanan-Banks, 1983).

Seismographs at the Hawaiian Volcano Observatory re-
corded more than 10,000 aftershocks by the end of
November. Of these, over 800 had a magnitude of 1.0 or
greater. The highest accelerations recorded on strong
motion equipment were at the Hawaii Volcano
Observatory and at Kau Hospital, Pahala, with peak
accelerations of 0.67 g and 0.59 g respectively (Lum and
others, 1984).

The intensities listed below were based primarily on
damage to man-made structures or other works. None of
the intensities are based on landslides, ground cracking,
or other ground failures. Most of the houses in the area
are of single wall wood construction supported 2 to 4 ft.
off the ground by 4 in. by 4 in. posts mounted on 16 in. by
16 in. concrete ft. blocks. The homes of this type built
after 1940 had a 6 in. by 6 in. concrete block between the
posts and the foot block; most of these post-1940 homes
were the ones damaged when they fell off the concrete
blocks (Lum and others, 1984). The pre-1940 homes
suffered little damage. Some houses with masonry chim-
neys that were anchored to the house were wracked by



Figure 24.

An unar}chored chimney in Voleano, Hawaii, that was thrown down by the earthquake on 16
November 1983 (provided by Hawaii Tribune-Herald, Ltd.).
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the movement of the chimney; unanchored chimneys fell
(see fig. 24).

The damage descriptions for the Island of Hawaii listed
below were taken from a report by Buchanan-Banks
(1983) and from numerous press reports.

Intensity VIII:

Island of Hawaii—

Volcano—

Many houses and garages were moved off their
foundations causing extensive damage. The homes had a
wracked appearance and the ceilings and walls were
buckled. A woman standing outside on the street said she
saw waves in the pavement and that the motion knocked
her to the ground. The highways in the vicinity were
severly cracked and were temporarily closed. Elevated
water tanks were thrown down and water tanks on gravel
bases were moved (some as much as 5 em), and some had
their roofs either damaged or knocked off due to the
sloshing of the water inside the tanks. Water heaters
were moved and connecting pipes broken; three fireplace
chimneys collapsed (fig. 24); television sets and bookcases
were overturned; heavy furniture shifted; refrigerator
and cupboard contents were dumped onto the floor; cabi-

net drawers opened; dishes were broken; objects were
thrown with velocity out of closets and medicine chests.
Intensity VII:

Island of Hawaii—

Hawaiian Volecano Observatory— There was some
cracking and offsets of concrete foundation slabs; dishes
and loose objects on shelves fell and broke; file cabinets
shifted; books were thrown from shelves and bookcases
overturned; computer consoles moved around.

Hilo— Twelve businesses and Hilo Hospital suffered minor
structural damage; 14 businesses (fig. 25) and the public
library had plate glass windows broken; the concrete mar-
que at the Agasa Furniture 'and Music Store On
Ponahawai Street collapsed (fig. 26); the new Piihonua
Bridge was cracked at both ends; a gas main on Mamo
Street was broken; the runway at Hilo Airport had
hairline cracks; at the Tribune-Herald newspaper building
heavy machinery moved across the floor and plaster fell
from the ceiling; minor road cracking occurred on Akolea
Road, Kaumana Drive, and Nanalele Street; many items
in markets fell or were thrown from shelves; windows in
homes cracked; retaining walls, driveways, and concrete
slabs were cracked; water pipes and water heater connec-
tions broke; rock walls and fences collapsed; cesspools
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Figure 25.
1983 (provided by Hawaii Tribune-Herald, Ltd).

Broken plate-glass store windows in Hilo, Hawaii, following the earthquake on 16 November
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caved-in; chimneys separated from walls; light-weight
furniture and lamps overturned; several people
experienced difficulty in standing; waves on the ground
were observed with estimated amplitudes of 0.3 m and
periods of 0.5 seconds.

Kapapala Ranch— The ranch house was moved about 17
em off its foundation; the hot water tank was separated
from the connecting pipes and overturned; rock walls
partially collapsed.

Kaumana— Fifteen residences were damaged, a few were
knocked off their foundations; masonry steps on a home
collapsed; (fig. 27) water pipes broke; a retaining wall
collapsed and a transformer knocked off its foundation,
at Ainako substation, causing a loss of electricity.
Kilauea Military Camp (4 km west of Volcano)—
Chimneys were broken; buildings cracked; many items
thrown to the floor from shelves and the highway was
damaged at the entrance of the Camp.

Wood Valley— A few wood-frame homes were knocked
off their foundations; gas pipes broke; nearly every head-
stone in the cemetary overturned.

Intensity VI:

Island of Hawaii—

Ainaloa— Two support beams for a deck moved 10 cm off
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the foundation blocks; book shelves fell; cupboard doors
opened and dishes fell out.

Glenwood— Drywall was cracked; a water tank moved
about 5 cmj items fell from cupboards; a freezer and a
television overturned; books and other loose objects fell
from shelves.

Hawaiian Paradise Park— A water tank was destroyed; a
few knick-knackes overturned or fell; water splashed out
of a 20,000 gallon pool.

Honaunau— A few water pipes broke; filing cabinets
moved; bookshelves overturned; loose objects fell from
shelves and cupboards causing some breakage; houses
shook strongly; rocks fell from walls.

Honomu— Tombstones fell; stone walls cracked; many
objects fell off shelves in homes and stores; dishes and
bottles broke; light furniture overturned; a few windows
cracked.

Keaau— A foundation cracked; a few buildings reported
damaged; objects on shelves and in cupboards fell; a few
items fell from store shelves; the vibration was described
as strong; people had difficulty in standing or walking;
felt by all.

Kurtistown— A television, a lamp, and a statue fell off
shelves; dishes broke; pictures fell off walls.



Figure 26.
Hawaii Tribune-Herald, Ltd.).

The collapse of a conerete marquee, at the Agasa Furniture and Music Store (provided by
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Mountain View— One house shifted 2 em off its
foundation piers; a water pipe and connections broke; the
water heater was damaged causing leakage; bookcases
overturned and books scattered; cupboard doors opened
and the contents fell out; dishes and lamps broke;
furniture moved; a wall collapsed in some places; people
had difficulty in standing or walking; felt by allL
Naalehu— Six homes and the elementary school reported
damage; stone fences fell; trees and bushes shook
strongly; moving vehicles rocked moderately; many items
were thrown off store shelves; table lamps and knick-
knacks overturned and dishes broke; a television and
microwave oven were displaced and bookshelves
overturned; hanging pictures fell; people had difficulty
standing or walking; felt by all.

Pahala— Seven businesses reported some damage and that
75% of the merchandise fell from the shelves. In homes, a
few water heaters were overturned and some of the
connecting pipes broke; appliances and furniture moved;
tables, floor lamps, and dishes broke; refrigerator and
freezer doors opened and contents fell out; bookcases,
books, and shelving fell; pictures and mirrors fell from
walls. At Kau Hospital, beds overturned; ceiling panels

dislodged; wall clocks were knocked loose. It was felt by
everyone.

Papaikou— A concrete slab in a carport cracked, with
some structural damage to the house. Other effects were
cracked interior walls, fallen books and mirrors, broken
dishes, a cesspool caved in, a few windows cracked, trees
and bushes shook strongly, and people had difficulty in
standing or walking, felt by all.

Pepeekeo— Hanging pictures fell; many items were
thrown from store shelves; many small objects overturned
or fell; many dishes broke; some windows broke; the shak-
ing was described as strong; felt by all.

South Point— One house was moved about 1.5 m off its
foundation. Other effects included: a few water pipes
broken, refrigerator doors opened and the contents spilled
out; bookcases, table lamps, and glassware damaged; rock
walls with north-south alignment were damaged; objects
fell off shelves; a large sand hill subsided.

Intensity V: The most common effects at the places listed
below were some knick-knacks and books knocked off
shelves and shaking described as strong. Additional
effects are listed after each locality.
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Figure 27.
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Collapsed masonry steps and porch at a home in Kaumana, Hawaii, following the 16 November

1983 earthquake (provided by Hawaii Tribune-Herald, Ltd.).
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Island of Hawaii—

Captain Cook— Trees and bushes shook moderately.
Hawi— Hanging pictures fell.

Holualoa— felt by all.

Honokaa— Hanging pictures fell; rocks fell from road
cuts.

Kapaau— felt by all.

Kealakekua— Moving vehicles rocked slightly.
Kukuihaele— A few items were knocked off store shelves.
Laupahoehoe— Ceiling tiles fell in the school library;
hanging pictures fell; a few items were knocked off store
shelves; cupboard doors opened and items fell out.
Ninole— Pictures fell; felt by all.

Ocean View— Cabinets and drawers opened.

Ookala— felt by all.

Orchidland.

Paauhau— A few items were thrown from store shelves.
Paauilo— A foundation cracked;, a few items were
knocked off store shelves.
Intensity IV:

Island of Maui— Haiku,
Wailuku.

Island of Molokai— Kaunakaikai, Mauna Loa.

Kahului, Lahaina, Makawao,
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Island of Oahu— Hawaii Kai, Honolulu, Kaimuki, Waialae-
Kahala.

Intensity II:

Island of Kauai— Kekaha.

Island of Lanai— Lanai City.

Island of Maui— Kihei

Island of Molokai— Kualapuu.

Island of Oahu— Kaaawa, Kailua, Kaneohe, Mililanitown,
Waipahu.

Intensity II:

Island of Kauai— Lihue.

Island of Molokai— Kalaupapa.

Island of Oahu— Honolulu (Kapalama).

16 November (HV) Island of Hawaii
Origin time: 23 30 47.5

Epicenter: 19.486N., 155.396W.
Depth: 12 km

Magnitude: 4.8mb(GS), 4.2ML(HV)
Intensity III: Hilo, Pahala, Voleano.

17 November (HV) Island of Hawaii
Origin time: 02 08 28.8
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Epicenter: 19.427N., 155.324W.
Depth: 6 km
Magnitude: 3.5 ML(HV)

Intensity III: Pahala.

17 November (HV) Island of Hawaii
Origin time: 22 12 47.5

Epicenter: 19.370N., 155.478W.
Depth: 9 km

Magnitude: 3.7 ML(HV)

Intensity III: Pahala.

18 November (HV) Island of Hawaii
Origin time: 09 30 39.6

Epicenter: 19.472N., 155.353W.
Depth: 2 km

Magnitude: 3.7 ML(HV)

Intensity III: Pahala.

19 November (HV) Island of Hawaii
Origin time: 1 .37 51.7

Epicenter: 19.290N., 155.261W.
Depth: 11 km

Magnitude: 4.1MD(HV)

Intensity IV: Hilo, Puna.

Intensity III: Volcano.

22 November (HV) Island of Hawaii
Origin time: 14 39 15.7

Epicenter: 19.314N., 155.223W
Depth: 9 km

Magnitude: 3.1ML(HV)

Intensity II: Volcano.

22 November (HV) Island of Hawaii
Origin time: 15 53 11.3

Epicenter: 19.942N., 155.519W.
Depth: 34 km

Magnitude: 3.2ML(HV)

Intensity II: Hilo, Volcano.

22 November (HV) Island of Hawaii
Origin time: 18 30 08.8

Epicenter: 19.942N., 155.518W,
Depth: 35 km

Magnitude: 3.6 ML(HV)

Intensity III: Waimea.

Intensity II: Papaikou.

23 November (HV) Island of Hawaii
Origin time: 06 32 30.0

Epicenter: 19.525N., 155.416W.
Depth: 24 km

Magnitude: 3.6 ML(HV)

Intensity III: Voleano.

23 November (HV) Island of Hawaii
Origin time: 12 33 40.6

Epicenter: 19.393N., 155.435W,
Depth: 11 km

Magnitude: 3.8 ML(HV)

26 November (HV) Island of Hawaii
Origin time: 04 17 33.0

Epicenter: 19.149N., 155.582W.
Depth: 11 km

Magnitude: 3.7 ML(HV)

Intensity III: Naalehu, Pahala.

27 November (HV) Island of Hawaii

Origin time: 03 08 52.5

Epicenter: 19.472N., 155.455W.

Depth: 9 km

Magnitude: 3.0ML(HV)

Intensity II: Hawaiian Voleano Observatory.

27 November (HV) Island of Hawaii
Origin time: 9 27 31.7

Epicenter: 19.358N., 155.050W.
Depth: 9 km

Magnitude: 3.9ML(HV)

Intensity HI: Hilo, Kalapana.
Intensity II: Ahualoa, Honokaa.

28 November (HV) Island of Hawaii
Origin time: 01 20 42.0

Epicenter: 19.372N., 155.458W.
Depth: 11 km

Magnitude: 3.5ML(HV)

Intensity II: Hilo.

28 November (HV) Island of Hawaii
Origin time: 05 33 28.1

Epicenter: 19.487N., 155.457TW.
Depth: 7 km

Magnitude: 3.7 ML(HV)

Intensity IIl: Pahala.

Intensity II: Hilo.

29 November (HV) Island of Hawaii

Origin time: 20 19 54.6

Epicenter: 19.376N., 155.388W.

Depth: 14 km

Magnitude: 3.7 ML(HV)

Intensity III: Hawaiian Volcano Observatory, Volcano.
Intensity II: Hilo, Pahala, Punaluu.

30 November (HV) Island of Hawaii
Origin time: 01 43 11.6

Epicenter: 19.376N., 155.388W.
Depth: 14 km

Magnitude: 3.1ML(HV)

Intensity II: Pahala.

$ December (HV) Island of Hawaii
Origin time: 05 51 41.4
Epicenter: 19.459N., 155.425W.
Depth: 8 km

Magnitude: 3.7ML(HV)

Intensity IV: Pahala.

Intensity II: Papaikou.

Intensity II: Hilo.

Intensity III: Glenwood, Hilo, Volecano. 15 December (HV) Island of Hawaii
Intensity II: Hawaiian Beaches, Hawaii Volcanoes Origin time: 06 56 24.0

National Park, Kona, Mountain View, Papaikou, Epicenter: 19.367N., 155.502W.
Pohakuloa. Depth: 10 km

Earthquake Descriptions
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Magnitude: 3.6 ML(HV)
Intensity III: Pahala, Volcano.
Intensity II: Hilo, Laupahoehoe, Papaikou.

24 December (HV) Island of Hawaii
Origin time: 06 53 33.1

Epicenter: 19.116N., 155.462W.
Depth: 8 km

Magnitude: 3.0ML(HV)

Intensity II: Pahala.

28 December (HV) Island of Hawaii
Origin time: 00 50 26.5

Epicenter: 19.312N., 155.194W.
Depth: 9 km

Magnitude: 3.4ML(HV)

Intensity III: Voleano.

29 December (HV) Island of Hawaii
Origin time: 12 58 06.9

Epicenter: 19.308N., 155.224W,
Depth: 10 km

Magnitude: 3.7 ML(HV)

Intensity IV: Hilo.

Intensity III: Puna.

IDAHO

8 February (UU) Eastern Idaho

Origin time: 10 54 54.9

Epicenter: 43.304N., 111.190W.

Depth: 7 km

Magnitude: 4.4mb(GS), 4.2ML(GS)

Intensity V:

Idaho—

Palisades— Small objects overturned or fell; buildings
shook strongly; felt by and awakened all.

Intensity IV:

Idaho— Swan Valley, Victor.

Wyoming— Etna (eracks in road ice), Teton Village.

28 February (GS) Western Idaho
Origin time: 07 24 17.3

Epicenter: 44.383N., 115.447W.
Depth: 5 km

Magnitude: 3.7ML(GS), 4.3ML(MT).
Felt: Stanley.

29 March (GS) Western Idaho
Origin time: 01 36 59.4
Epicenter: 44.790N., 116.881W.
Depth: 5 km

Magnitude: 3.2ML(GS), 3.5 ML(BU)
Intensity III: Halfway, Oregon.

9 September (GS) Western Idaho
Origin time: 01 09 36.2
Epicenter: 44.580N., 115.674W.
Depth: 5 km

Magnitude: 3.6 ML(GS), 4.0ML(BU)
Intensity II: Garden Valley

Felt: New Meadows.
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28 October (GS) Central Idaho

Origin time: 14 06 06.5

Epicenter: 43.974N., 113.916W.

Depth: 14 km

Magnitude: 6.2mb{(GS), 7.3MS(GS), 7.2ML(BK), M, = 2.9
X 1025 dyne-em (BK)

This event, called the Borah Peak earthquake, is the
largest earthquake ever recorded in Idaho. It caused the
death of two children in Challis and injured one woman in
Mackay. The quake was f%It over a contiguous area of
approximately 855,000 km“ of Canada and the United
States (fig. 28)—670,000 km*“ of this area is within the
United States (Stover, 1985). Surface faulting associated
with this earthquake occurred in a 34-km-long,
northwest-trending zone of fresh secarps and ground
breakage on the southwest slope of the Lost River Range
(fig. 29). The 34-km-long discontinuous surface faulting
had a throw that ranged from 50 em to 2.7 m and ground
breakage over a width of as much as 100 m (Crone and
Machette, 1984). The most severe damage occurred at
Mackay and Challis, Idaho, where a report by the
Governor's office listed a total of 11 businesses and 39
homes sustained major damage and 200 homes suffered
minor to moderate damage. The Idaho Bureau of Disaster
Services estimated the total earthquake damage at $12.5
million.

Maximum intensity assignments based on geologic
effects are common historically (see Coffman and others,
1982). However, many studies differentiate the
maximum intensity assigned between vibrational effects
on people and structures and the geologic effects such as
faulting, landslides, and liquefaction even though Wood
and Neumann (1931) combined the two in the Modified
Mercalli Intensity Scale. The Borah Peak earthquake is
very similar to the 1959 Hebgen Lake, Montana,
earthquake where the maximum intensity X was based on
faulting even though the vibrational effects on
structures were rated at a much lower intensity of VII-
VIII (Steinbrugge and Cloud, 1962). In order to maintain
continuity of assigned intensities, the maximum intensity
of IX is assigned to the area along the 34-km-long zone of
fault scarps and surface ruptures (see fig. 28). The
highest intensity based on damage to structures is VII (see
descriptions below).

Two eyewitness accounts of the shaking effects and
faulting were printed in newspapers. The first was by
Lawana Knox who was on a hunting trip in the Lost River
Mountain Range and described the experience as follows:
"At first, I heard a funny roar. I thought it was the wind
blowing up the canyon, you know, except it was real still.
I saw the sagebrush and the grass wiggling and starting to
shake, and I thought 'Earthquake!. The next thing I knew,
it had thrown my gun, a .245 Winchester, out of my
hands, and I couldn't get it. It felt like somebody was
shaking me by the shoulders, and I had the sensation that
it would throw me on my face. I was disoriented. I sat
down. The power poles were bending back and forth, lines
whipping, and the poles moving too. Then there came this
horrible roaring. I looked and the earth just started
cracking. Just everywhere I looked, the earth started to
open up, just dropping like someone had taken scissors
and started cutting. I could see the dust flying and a big
crack going right along the mountains. I thought it would
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Isoseismal map for the Borah Peak, Idaho, earthquake of 28 October 1983, 14 06 06.5 UTC.

Roman numerals represent Modified Mercalli intensities between isoseismals; arabic numerals represent
intensities at specific sites. Some of the intensities in Canada are from Drysdale and others (1984) (from

Figure 28.
Stover, 1985). Intensity IX was assigned to the surface rupture extending northwest from the epicenter.
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keep going and T'd just sink. It went along for miles. I
could see it going."

The other account was by two unidentified hunters
driving a Ford Bronco along Double Springs Pass Road
north of Dickey. Their experiences were described as
follows: "I (the driver) looked up and saw the road in
front (of the vehicle) and it fell. I could see the fault and
shock wave. It was crumbling, sinking. It lasted maybe a
second. We dropped back down and snapped off an
embankment. It felt like we were flying a mechanical
bull. I had a death grip on my wheel. We went into violent
shaking. The thing that really scared me was the ground
opening and closing two to three feet. I was afraid the
whole thing would open and swallow us." "I (the
passenger) felt like a rag doll and someone was shaking
me. I went up to the ceiling (of the truck). I'd fly across
the seat and hit the driver."

Geological phenomenon that accompanied the Borah
Peak earthquake include the following: numerous
landslides and rockfalls, water fountains, and changes in
the flow of water from springs. Landslides and rockfalls
were common on the steep slopes of the Lost River
Mountains. Highways in many areas had to be cleared of
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boulders that had rolled down the slopes. Some homes in
Challis, located at the base of large bluffs, were damaged
by falling boulders (Reagor and Baldwin, 1984).

The quake caused water fountains in at least two
locations: Near Chilly Buttes and at the upper end of
Mackay Reservoir (Reagor and Baldwin, 1984). The
fountains lasted only a short time leaving many holes of
various sizes and depths. The flow of water from springs
was also affected. A spring near Mackay Reservoir
increased its flow by more than 25 percent, another at
Ingram Ranch near Challis became temporarily dry but
flow returned in 13 days, and two others near Ketchum,
Geyser Hot Springs, and Easley Hot Springs, began
flowing at a higher than normal rate. The flooding of the
Clayton Silver Mine with more than 100 ft. of water was
attributed to this earthquake.

In Mackay, most of the businesses located on Main
Street were damaged to some degree; eight of them were
condemned as irreparable by building inspectors.
Damaged buildings were of masonry construction (brick,
concrete block, or stone) (see figs. 30, 31, 32). The type
of damage was mostly severe cracking or partial collapse
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