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Introduction

This publication is 2 summary of earth-
quake activity in the United States and
regions under its jurisdiction for the calen-
dar year 1965. The sources of noninstru-
mental information used in the compila-
tion include the U. S. Weather Bureau
whose observers prepare periodic reports
on local seismic activity; telegraphic in-
formation collected by Science Service,
Washington, D.C.; bulletins of the Seis-
mological Society of America; special re-
ports of various institutions; newspaper
clippings; and reports from interested in-
dividuals. Instrumental data used in locat-
ing earthquakes are obtained from the
seismological observatories listed on page
73, and from other cooperating seismolog-
ical stations located throughout the United
States.

The Coast and Geodetic Survey endeav-
ors to coordinate efforts in collecting all
types of earthquake information with the
special objective of correlating instrumen-
tal earthquake locations with noninstru-
mental reports received from the epicentral
areas. This is achieved through intensive
regional investigations in various states by
local organizations, and by the Coast and
Geodetic Survey. This information is used
to map the seismic areas of the country,
thereby promoting public safety through a
better understanding of earthquake phe-
nomena. Since the success of the general
information service depends largely on the
cooperation of local officials and citizens,
all are urged to complete and return earth-
quake questionnaire forms.

EARTHQUAKE
INFORMATION SERVICES

The Coast and Geodetic Survey main-
tains the Seismological Field Survey in San
Francisco to collect earthquake information
and make field investigations of strong
shocks in the Pacific Coast and Western
Mountain States. Details concerning dam-
age, destruction, and other effects are enu-
merated in the quarterly 4bstracts of Earth-
quake Reports for the Pacific Coast and
the Western Mountain Region, available
through mailing list CGS-3. Active coop-
eration in this work is received from the
University of California Seismographic Sta-
tion at Berkeley, the Seismological Lab-
oratory at Pasadena, and from state collab-
orators in Seismology. The following col-
laborators served as agents of the Coast and
Geodetic Survey in their respective states
during 1965:

Arizona.—Dr. Richard T. Moore, Uni-
versity of Arizona, Tucson.

Colorado.—Prof. W. Warren Longley,
University of Colorado, Boulder.

Idaho.—Dr. Earl F. Cook, Idaho Bureau
of Mines and Geology, Moscow.

Montana.—Prof. Stephen W. Nile, Mon-
tana School of Mines, Butte.

Nevada.—Dr. David B. Slemmons, Uni-
versity of Nevada, Reno.

New Mexico.—Prof. Stuart A. Northrop,
University of New Mexico, Albuquerque,

Oregon.—Dr. Peter Dehlinger, Oregon
State University, Corvallis.

Utah.—Prof. J. Stewart Williams, Utah
State University, Logan.



2 United States Earthquakes, 1965

Washington.—Prof. Howard A. Coombs,
University of Washington, Seattle.

Wyoming.—Prof. Horace D. Thomas,
University of Wyoming, Laramie.

Among the commercial agencies on the
West Coast rendering valuable services are
telephone, power, oil, railroad, and insur-
ance companies. Certain concerns interested
in the manufacture of earthquake-resistive
building materials are also active, together
with various organizations of structural
engineers and architects.

In other parts of the country the Jesuit
Seismological Association with headquar-
ters at St. Louis University collects infor-
mation in the central Mississippi Valley
area (Rev. Dr. Victor J. Blum, S.]., Dean
of the Institute of Technology) . The North-
eastern Seismological Association at Wes-
ton College, Weston, Mass., (Rev. Daniel
J. Linehan, S.]., in charge) undertakes sim-
ilar work in the Northeastern States. Addi-
tional information is furnished by Mr.
Berlen C. Moneymaker, Chief Geologist,
Tennessee Valley Authority, Knoxville,
Tenn., for earthquakes in the State of
Tennessee, and Dr. Gerald R. MacCarthy,
Department of Geology, University of
North Carolina, Chapel Hill, N.C., for
earthquakes in the State of North Carolina.

EPICENTER MAPS

Figure 1 is designed to show the exist-
ence of destructive and near-destructive
earthquakes in the United States through
1965. The smallest dot indicates the shock
was strong enough to overthrow chimneys,
or to affect an area of more than 25,000
square miles (intensity VII to VIII); the
largest solid dot may be associated with
damage ranging from several thousand dol-
lars to one-hundred thousand dollars, or
with shocks usually perceptible over more
than 150,000 square miles (intensity VIII to
IX); the smaller encircled dot represents
damage ranging from approximately one-
hundred thousand to one million dollars,

or an affected area greater than 500,000
square miles (intensity IX to X); the larger
encircled dot represents damage of a mil-
lion dollars or more, or an affected area
usually greater than 1,000,000 square miles
(intensity X to XII).

Figure 2 shows earthquake distribution
in the United States during 1965. In a few
cases where instrumental control is not sat-
isfactory, or where results of investigations
are inadequate, the plotted epicenters
should be considered as showing the exist-
ence of the earthquake rather than the pre-
cise location. Earthquakes in the California
area are plotted when felt reports are re-
ceived from several towns. Feeble earth-
quakes, and minor aftershocks of large
earthquakes, are not shown on this epi-
center map. The numeral after a dot indi-
cates the number of shocks which have
occurred at or near the location shown.
Bulletins of the University of California
Seismographic Station, Berkeley, and the
Seismological Laboratory, Pasadena, should
be consulted for further details regarding
epicenters, and for data on additional
shocks.

The selection of isoseismal or “felt area”
maps (figs. 3-7) is governed largely by the
size of the area affected, the minimum
radius generally being about 50 miles. In
the case of sharp localized shocks, this
means that some earthquakes of intensity
VI (mostly in California) will not be shown
on such maps, whereas others of intensity
IV and V (largely in the Eastern and Cen-
tral States) will sometimes be shown. Felt
and nonfelt reports from various towns are
designated on the maps by open and solid
circles, respectively. Intensities higher, or
lower, that those in the isoseismal zone are
frequently noted and are indicated by small
numerals above the circles.

TELESEISMIC RESULTS

A list of seismological observatories for
which the Survey publishes results is given
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on page 73 and shown in figure 8. During
the year, the locations of 6,034 epicenters
were announced promptly on the Prelim-
inary Determination of Epicenter cards.
Those desiring to receive these cards should
request addition of their names to the PDE
mailing list. All seismogram interpretations
are published in the monthly Seismological
Bulletin. In 1965, bulletins MSI-289
through MSI-300 were published. These
are available on the CGS-7 mailing list.

MAGNITUDE AND
INTENSITY RATINGS

Magnitude rating, stated according to the
Gutenberg-Richter scale, is a measure of
the energy release at the focus of an earth-
quake. It is estimated by the analysis of
seismograph records as explained in the
Bulletin of the Seismological Society of
America, vol. 32, No. 3, 1942. Intensity rat-
ing, expressed on the Modified Mercalli
Intensity Scale of 1931 (see next section),
is a local measure of the effects on people
and objects. It is a result of many factors,
including energy release of the earthquake,
distance from the epicenter, geological and
topographic conditions, and structural
properties of buildings. Magnitude and
intensity ratings are not simply comparable.

MODIFIED MERCALLI
INTENSITY SCALE OF 1931

All intensities used by the Coast and
Geodetic Survey refer to the Modified Mer-
calli Intensity Scale of 1931.1 The abridged
version of this scale is given here with
equivalent intensities according to the
Rossi-Forel Scale.

I. Not felt except by a very few under
specially favorable circumstances. (1
Rossi-Forel Scale)

I1. Felt only by a few persons at rest,
especially on upper floors of build-

1 Harry O. Wood and Frank Neumann, in Bull. Seism. Soc.
Amer., vol. 21, No. 4, December 1931.

111

1V.

VL

VIL

VIII.

3

ings. Delicately suspended objects
may swing. (I to II Rossi-Forel
Scale)

Felt quite noticeably indoors, espe-
cially on upper floors of buildings,
but many people do not recognize
it as an earthquake. Standing motor-
cars may rock slightly. Vibration
like passing of truck. Duration esti-
mated. (III Rossi-Forel Scale)
During the day, felt indoors by
many, outdoors by few. At night,
some awakened. Dishes, windows,
doors disturbed; walls make creak-
ing sound. Sensation like heavy truck
striking building. Standing motor-
cars rocked noticeably. (IV to V
Rossi-Forel Scale)

. Felt by nearly everyone, maiiy awak-

ened. Some dishes, windows, etc.,
broken; a few instances of cracked
plaster; unstable .objects overturned.
Disturbances of trees, poles, and
other tall objects sometimes noticed.
Pendulum clocks may stop. (V to VI
Rossi-Forel Scale)

Felt by all, many frightened and
run outdoors. Some heavy furniture
moved; a few instances of fallen
plaster or damaged chimneys. Dam-
age slight. (VI to VII Rossi-Forel
Scale)

Everybody runs outdoors. Damage
negligible in buildings of good de-
sign and construction; slight to mod-
erate in well-built ordinary struc-
tures; considerable in poorly built
or badly designed structures; some
chimneys broken. Noticed by per-
sons driving motorcars. (VIII Rossi-
Forel Scale)

Damage slight in specially designed
structures; considerable in ordinary,
substantial buildings, with partial
collapse; great in poorly built struc-
tures. Panel walls thrown out of
frame structures. Fall of chimneys,
factory stacks, columns, monuments,
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walls. Heavy furniture overturned.
Sand and mud ejected in small
amounts. Changes in well water.
Persons driving motorcars disturbed.
(VIII+ to IX — Rossi-Forel Scale)

IX. Damage considerable in specially
designed structures; well-designed
frame structures thrown
plumb; great in substantial build-
ings, with partial collapse. Buildings
shifted off foundations. Ground
cracked conspicuously. Underground
pipes broken. (IX+ Rossi-Forel
Scale)

out of

X. Some well-built wooden structures
destroyed; most masonry and frame
structures destroyed with their foun-
dations; ground badly cracked. Rails
bent. Landslides considerable from
river banks and steep slopes. Shifted

sand and mud. Water splashed
(slopped) over banks. (X Rossi-Forel
Scale)

XI. Few, if any, (masonry) structures re-
main standing. Bridges destroyed.
Broad fissures in ground. Under-
ground pipelines completely out of
service. Earth slumps and land slips
in soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground
surfaces. Lines of sight and level
distorted. Objects thrown upward
into air.

STRONG-MOTION
SEISMOGRAPH ACTIVITIES

The maintenance of a network of strong-
motion seismographs and the analysis of
the records of destructive earthquake mo-
tions thus obtained are lunctions of the
Coast and Geodetic Survey in connection
with a broad, cooperative research program
being conducted on the Pacific Coast with
several local organiszations and institutions

interested in the engineering aspects of the
carthquake problem. More details concern-
ing this subject may be found on page 81,
“Strong-Motion Secismograph Results.” In
this section a list of the strong-motion sta-
tions now in operation is presented in
table 3, and their locations are shown in
figures 10 and 11 (excluding those located
outside the United States).

The preliminary analyses of strong-
motion records are published in the Quar-
terly Engineering Seismology Bulletin which
is issued on mailing list CGS-5. The re-
vised analyses are given in table 6.

EARTHQUAKE HISTORY

A history of the more important shocks
of the country appears in Publication No.
41-1, Earthquake History of the United
States. Part I, revised (1963) edition, in-
cludes stronger earthquakes of the United
States, exclusive of California and western
Nevada; Part II, revised (1963) edition,
covers the stronger earthquakes of Cali-
fornia and western Nevada.

A history of minor activity is covered
largely in a series of references listed in
Publication No. 41-1, in recent reports of
the Coast and Geodetic Survey, and in the
Bulletin of the Seismological Society of
America, vol. 29, No. 1, January 1939. The
latter reference gives detailed information
for California and other Pacific Coast
earthquakes and contains all information
appearing in early catalogs published by
the Smithsonian Institution.

A summary of the earthquake program
as carried out in the United States is briefly
outlined in Special Publication 282, Earth-
quake Investigation in the United States,
revised (1964) edition. A list of the active
teleseismic stations, including independent
and privately owned stations, is given in
this report. Publication 41-1 (Parts I and
II) and S.P. 282 are available from the
Superintendent of Documents, Government
Printing Office, Washington, D.C. 20402.
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The following symbols are used to indi-
cate authority for times or reported epi-
centers in the various regions; P, reported
by the Seismological Laboratory, California
Institute of Technology, Pasadena; B, re-
ported by the Seismographic Station, Uni-
versity of California, Berkeley; NESA, re-
ported by the Northeastern Seismological
Association, Weston, Mass.; JSA, reported
by the Jesuit Seismological Association, St.
Louis, Mo.; §, reported by the Seismograph
Station, University of Washington, Seattle,
Wash.; and W, reported by the Rockville
office of the Coast and Geodetic Survey.
Magnitude as determined by the Rockville
office is m, of Gutenberg-Richter computed
from the P phase only. The magnitude
quoted is an average value determined from
data forwarded by cooperative standard
stations and other observatories. The ab-
breviation (Pal) indicates magnitude as
determined by Lamont Geological Observ-
atory, Palisades, N. Y.

An asterisk (*) indicates instrumental
origin time of the earthquake when co-
ordinates of the epicenter are given. Other-
wise, instrumental times shown with aster-
isks indicate the arrival time at nearby
stations.

When more than one degree of intensity
is reported from a town, the town is listed
under the highest intensity reported. More
details will be found in the quarterly Ab-
stracts of Earthquake Reports for the Pa-
cific Coast and the Western Mountain
Region, MSA series, issued on mailing list
CGS-3.

EARTHQUAKE ACTIVITY IN
THE VARIOUS STATES

‘This section summarizes the earthquake
data in the regions which follow. The in-
tensities of the earthquakes {or which no
ratings are given range from I to IV.

Alaska: (Intensity V and above). Febru-
ary 3, VI (2); April 16, V; April 26, V;
July 2, VI; December 22, V.

Arizona: September 25, V.

Arkansas: October 20, V.

California: (Intensity V and above). Jan-
uary 1, VI; 1, V; February 19, V; 25, V;
26, V; April 15, VI; June 3, V; 15, VI;
July 15, VI; 29, V; September 10, VI; 14,
V; 19, V (2); 25, VII; 25, V; October 10, V;
17, VI; 18, V; 21, VI; November 12, VI;
December 11, V.

Colorado: February 16, VI; 16, IV (2);
July 18, V; 18 (2); 31, V; August 9, 1V; 9;
14, 1V; 14; 18, IV; 27 (2); September 2,
IV; 13; 14, VI; 14 (4); 15; 27, 1V; 29, VI;
29, IV (5); November 7, 1V; 14, II1 (2);
20, VI; 20 (3); 21.

Hawaii: January 1; 8; 13; 21; February
8; 9; 11; 13; 14; March 5 (2); 6; 15; 20;
22; April 10 (2); 16; 18; May 16 (2); 24
(2); 30; June 4; 7; July 7; 15; 18; 19; 22
(2); 28; 29; August 11; 17; 23 (2); 24; 25
(6) ; 31; September 1; 2; 9; 16; 18; October
20; 28; 30; November 13; 17; 19; 23; 30;
December 2; 3; 5; 12; 20; 21; 24-31 (about
400 earthquakes accompanied flank erup-
tion of Kilauea volcano).

Idaho: January 5, I-11I; March 27;
April 28, V; 29 (2); 30, 1V.
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Illinois: August 13; 14, VII; 15, V (2);
October 20, V.

Towa: October 20, V.

Kansas: October 20, V.

Kentucky: October 20, IV.

Massachusetts: October 24, V; December
7, IV.

Missouri: March 6; October 20, VI.

Montana: January 5, VI; 5 (4); 6, V; 6;
7; 12, V; April 6, V; 27, V; 27; 29, 1V; 29
(2); May 11 (4); July 9, III (2); 18, V;
October 8, V; 8; 9; 10, IV; 26, V; Novem-
ber 3, IV (2); 29, IIL

Nebraska: October 20, I-III.

Nevada: January 4, V; March 8, 1V; 11;
May 2; 14; June 3; July 14, IV; September
25, V.

New Hampshirve: January 3, IV.

New Mexico: February 3, IV; December
22, IV (2).

New York: July 16, IV; August 27, IV;
September 29, IV. ’

Oklahoma: October 20, I-III.

Oregon: April 29, VL

Rhode Island: December 7, V.

South Carolina: September 8; 9; 10; 12.

Tennessee: October 20, I'V.

Washington: April 29, VILI; 30; October
23.

Wyoming: October 8, IV.

EARTHQUAKE ACTIVITY
OUTSIDE THE UNITED STATES

Panama Canal Zone: August 2, 111 (2);
2, IT (4); December 15, II.

Puerto Rico: No earthquakes were re-
ported felt during 1965.

Virgin Islands: April 1; August 23.

NORTHEASTERN REGION

[75th Meridian or Eastern Standard Time]

January 3: 12:05. Laconia, N.H. IV. Felt
by few. Windows, doors, and dishes rattled.
Rapid motion; brief duration.

July 16: 06:00 (about). Attica, N.Y. IV.
Press reported that one person was awak-
ened by vibration of bed. Houses shook and

dishes rattled. Also shook beds in Attica
Center where some thought it to be an
explosion. Rumbling noises; west-east di-
rection.

August 27: 20:57 (about). Attica, N.Y.
and vicinity. IV. Press reported this shock
was felt along a 20-mile stretch of Tona-
wanda Creek. Houses shook and a rum-
bling noise was heard for 4 seconds. One
observer, walking, thought it was an explo-
sion. House trailer vibrated at Batavia; vi-
brations were felt at Varysburg where resi-
dents thought it was a sonic boom. “Less
severe than the July 16 shock.”

September 29: 15:57:39.5*. Goshen-Mid-
dletown, N.Y. IV. Press reported that build-
ings shook and explosionlike sounds were
heard. Residents called police station about
disturbance. Recorded by seismograph at
Ogdensburg, N.J.

October 24: 12:45 (about). Nantucket,
Mass. V. Felt by many. One observer re-
ported very slight damage, mostly to orna-
ments. Dishes and ornaments moved about;
doors, windows, and dishes rattled; house
timbers creaked and groaned. A door at
police station was forced open. Press re-
ported two distinct tremors near 14:00,
10-20 seconds apart.

December 7: 22:02:42*. Narragansett
Bay, R.I. V. Felt over approximately 375
square miles of Rhode Island and Massa-
chusetts. Windows and doors rattled and
trees and bushes were shaken slightly at
Warwick, R.I., where many were fright-
ened. Abrupt onset; rapid motion. Felt by
all at Bristol (V). Small objects and furnish-
ings shifted. Rapid onset; duration about
5 seconds. Press reported that houses, win-
dows, and glassware shook on both sides of
upper Narragansett Bay. Police station dis-
patched officers to Warwick Neck after an
explosion was reported. Questionnaire can-
vass conducted by Weston Observatory. Re-
corded by seismograph at the Weston Ob-
servatory, Weston, Mass.

INTENSITY 1V IN RHODE ISLAND: Barring-
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ton, East Greenwich, Tiverton, Warren,
and Warwick.

INTENSITY 1V IN MASSACHUSETTS: Dighton,
Fall River, and Swansea.

INTENSITY I-III IN RHODE ISLAND: Crans-
ton, North Kingstown, and Portsmouth.

INTENSITY I-II1 IN MASSACHUSETTS: Somer-
set.

EASTERN REGION

[75th Meridian or Eastern Standard Time]

September 8: 23:37:16%; September 9:
09:42:20*; September 10: 02:32:00%; and
September 12: 13:25:02%. Chester, S.C., and
vicinity. These earthquakes, and additional
minor tremors, were reported felt over a
30-mile area in Chester County during this
period. Since additional felt information
was not available intensities could not be
assigned to the shocks.

CENTRAL REGION

[90th Meridian or Central Standard Time]

March 6: 15:08:50.5%. Epicenter 37°50’
north, 91°10” west, Missouri, JSA. Mag-
nitude 5.3, W. Felt near Fletcher.

March 25: 06:59:28%. Epicenter 36.4°
north, 89.5° west, New Madrid, Mo., re-
gion, W. Reported felt as far north as
Saint Louis, but was very light and “gen-
erally unnoticed.”

August 13: 23:46:17.3*. Epicenter 36°19’
north, 89°28 west, southwestern Illinois,
JSA. Magnitude 5.0, W. Felt at Tamms
and Unity, Earth noises were heard.

August 14: 07:13:54.1%. Epicenter 37.1°
north, 89.2° west, southwestern Illinois, W.
Magnitude 5.0. VII. At Tamms chimneys
fell, basement and walls cracked, water sup-
plies were muddied, and groceries fell from
shelves. Thunderous earth noises accom-
panied the shock. Rapid onset; swaying
motion, northwest-southeast. At Unity
many were alarmed, buildings creaked, and
loose objects rattled (V). Faint, bumping
earth sounds were heard. The shock was
also felt at Elco, Olive Branch, and Olm-
sted.

August 15: (1) 00:07:28.0%; (2) 22:19:
00.3*. Epicenter (1) 37°22’ north, 89°28
west; (2) 37°24 north, 89°28’ west, south-
western Illinois, JSA. Magnitude of first
shock 5.1, W. V. These shocks were felt at
Unity and were reported to have been
about the same intensity and character as
the shock at Unity on August 14. The
earthquake at 00:07:28.0¥ was felt at
Tamms with a probable intensity of V.

October 20:  20:04:39.3*.  Epicenter
37°51” north, 91°05’ west, eastern Missouri,
JSA. Magnitude 5.2, \WW. VI. This shock
was felt over approximately 160,000 square
miles of nine states—Arkansas, Illinois,
Iowa, Kansas, Kentucky, Missouri, Nebras-
ka, Oklahoma, and Tennessee (see fig. 3).
Various towns reported cracked walls, plas-
ter, and windows. Other damage, such as
broken stained-glass windows, cracked cis-
tern, and fallen bricks, was reported from
Missouri.2 Questionnaire canvass conducted
by Saint Louis University.

INTENSITY VI IN MISSOURI:

Augusta.—Cistern cracked and water
leaked out. Dishes and windows rattled.

Illmo.—Felt by many. Basement floor
cracked. Rapid onset; rocking motion.

Pacific.—Sewer ventline cracked in house.
Windows and dishes rattled.

Reynolds.—Bricks fell from flue.
shook.

Saint Louis.—Press reported that plaster
cracked and fell and chairs rocked.

INTENSITY V IN ARKANSAS:

Piggott.—Felt by and alarmed many.
Buildings creaked; loose objects rattled;

House

chairs and beds shook. Earth sounds
heard. Rapid onset; trembling-swaying
motion.

Rector.—Felt by nearly all. Buildings
creaked; loose objects rattled. Lamp al-
most fell from table. Thunderous earth
sounds. Gradual onset; trembling motion.
“Alarmed residents only for a short time.”

2 Kisslinger, Carl and Otto W. Nuttli, ““The Earthquake of
October 21, 1965 [G.M.T.] and Precambrian Structure in
Missouri,”” Earthquake Notes, vol. XXXV, Nos. 3-4, 1965.
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INTENSITY V IN ILLINOIS:
Jerseyville.—Window cracked (press).
Quincy.—Press reported that furniture

moved, doors slammed, and dishes rattled.

Low rumbling noise; slight vibration.

INTENSITY V IN IOWA!:

Indianola.—Large cracks in house
foundation. “Sounded like 20-gauge shot-
gun.”

Ottumwa.—Felt by many. Press re-
ported that beds moved and chairs rocked
at St. Joseph’s Hospital; mirror displaced
on wall. Roaring earth sounds.

INTENSITY V IN KANSAS:

Emporia.—Press reported that furniture
moved and a window cracked.

Leavenworth.—Felt by several. Doll in
cabinet toppled (press). Police depart-
ment received calls from all parts of the
city.  Buildings creaked; loose objects
rattled; chairs rocked. Very faint, rumbl-
ing earth sounds at beginning of shock.
Gradual onset; trembling motion, east-
west.

Ottawa.—Press reported that a wall
cracked. However, felt report from town
did not substantiate this stztement.

INTENSITY V IN MISSOURI:

Bismarck.—Plaster was damaged on
second floor of brick building. Low
rumble heard.

Columbia.—Cracks in solid tile house.
Low noises.

Conran.—Felt by nearly all. Buildings
creaked; loose objects rattled; chair moved.
Rumbling earth sounds heard before shock
began. Abrupt onset; swaying motion.
“People were surprised and startled.”

Fayette.—Press reported 13 stained-glass
windows broke in a church.

New Haven.—Plaster cracked in brick
and frame homes. Picture fell.

St. Joseph.—Felt by several. Wall
cracked in corner of room. Houses shook,
door rattled, and stairway popped and
creaked.

Salem.—Felt by and alarmed many.
Buildings creaked; loose objects rattled.

Thunderous earth sounds heard before
shock began. Rapid onset; swaying
motion.

Syracuse.—Plaster cracked in four rooms
of house. Loose objects rattled; rumbling
heard.

INTENSITY IV IN ARKANSAs: Batesville,

Harrison (near), and Walnut Ridge.

INTENSITY IV IN ILLINOIS: Alton, Cairo,
Cobden, Gale, Hardin, Hillsboro, Jackson-
ville, Jonesboro, Murphysboro, Nashville,
Pittsfield, Pomona, and Springfield.

INTENSITY IV IN I0WA: Burlington, Cedar
Rapids, Clinton, Des Moines, and Farm-
ington.

INTENSITY IV IN KANsAs: Colony, Kansas
City, La Cygne, Mission, and Topeka.
Hickman.

INTENSITY IV IN MISSOURI: Adrian, Arab,
Arcadia, Ava, Belgique, Belleview, Ben-
nett Springs, Berger, Bernie, Beulah,
Bland, Bloomsdale, Bolivar, Bowling
Green, Broseley, Caledonia, Camdenton,
Campbell, Canton, Cape Girardeau, Ca-
ruthersville, Catron, Centerville, Centralia,
Chaffee, Chillicothe, Commerce, Cuba,
Dexter, Dutchtown, East Prairie, Edgerton,
Eldon, Elkland, Ellsinore, Essex, Farber,
Fenton, Fillmore, Florissant, Forest Green,
Friedheim, Frohna, Fruitland, Gainesville,
Grandview, Gray Summit, Harrisburg,
Harviell, Houstonia, Hunter, Ionia, James-
town, Kennett, Leopold, Linn Creek, Lin-
neus, Manes, Maples, Marble Hill, Merwin,
Millersville, Mill Spring, Monett, Montauk,
Montier, Morrison, Mount Vernon, Naylor,
New London, Oran, Oxly, Paris, Perry-
ville, Pine, Pomona, Rivermines, Rush
Hill, Schell City, Seaton, Sedalia, Sedge-
wickville, Shelbyville, Spokane, Squires,
Stockton, Sturdivant, Sturgeon, Summers-
ville, Sweet Springs, Thayer, Troy, Ulman,
Versailles, Warrensburg, Warsaw, Webster
Groves, Wheaton, Windsor, and Zalma.

INTENSITY 1Iv IN KENTUCKY:

INTENSITY Iv IN TENNESSEE: Covington,
Hornbeak, Memphis, Troy, and Union
City.
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INTENSITY I-III IN ARKANSAS:  Biggers,
Corning, Datto, Harrisburg, Heber Springs,
Huntsville, Lafe, Marion, Marshall, Mel-
bourne, Mountain Home, Mountain View,
Newport, and Yellville. Reported felt by
press (no details): Cotter, Jonesboro,
Norfork, Oakland, Paragould, and Poca-
hontas.

INTENSITY I-I1II IN ILLINOIs: Benton, Car-
bondale, Carlinville, Carlyle, Carmi, Carroll-
ton, Carterville, Chester, Edwardsville, El-
wood, Golconda, Havana, Lincoln, Louis-
ville, Macomb, Metropolis, Mounds, Peters-
burg, Ripley, Salem, Sterling, Taylorville,
Toulon, Vandalia, Virginia, Waterloo, and

Winchester. Press reported the shock felt
at Chicago (no details) .

INTENSITY I-III IN IowA: Centerville,
Corydon, Plano, and Sidney.

INTENSITY I-III IN KANsAs: Atchison,
Burlington, Erie, Grantville, Holton,

Lawrence, Oskaloosa, and Paola. Reported
felt by press (no details) : Fairway, Olathe,
Overland Park, and Prairie Village.

INTENSITY I-III IN KENTUCKY: Paducah
and Wickliffe.
INTENSITY I-III IN MISSOURI: Amazonia,

Auxvasse, Belle, Big Piney, Bolckow, Boon-
ville, Boss, Brandsville, Bronaugh, Buffalo,
Burfordville, Cameron, Carrollton, Cedar
Hill, Cowgill, Creighton, Fagle Rock,
Edwards, EI Dorado Springs, Elmo, Fagus,
Fairfax, Fisk, Forsyth, Foster, Fulton, Gal-
latin, Gipsy, Gladden, Glenallen, Grant
City, Grassy, Greenfield, Hale, Harrison-
ville, Hendrickson, Holt, Hornersville,
Hurley, Irwin, Jacksonville, Jefferson,
Kahoka, Kidder, La Plata, Lutesville, Mc-
Credie, Memphis, Mexico, Milan, Milford,
Millcreek, Mindenmines, Montreal, Neely-
ville, Neosho, Nettleton, New Bloomfield,
New Wells, Oak Ridge, Odessa, Oregon,
Osage Beach, Ozark, Palmyra, Patton, Port-
ageville, Purdy, Qulin, Rhineland, Rich
Hill, Richmond, Rockville, Rombauer,
Saco, Steedman, Stewartsville, Stoutland,
Tallapoosa, Trenton, Unionville, and
Vandalia.

INTENSITY I-III IN NEBRASKA: Omaha
(press)

INTENSITY I-III IN OKLAHOMA: Tulsa.

INTENSITY I-1II IN TENNESSEE: Elbridge,

Huntingdon, Paris, Ripley, and Woodland
Mills. ;

WESTERN MOUNTAIN REGION

[105th Meridian or Mountain Standard Time]

January 5: 15:00, 16:30, 19:01:22.2%,
Epicenter 44.9° north, 112.7° west, eastern
Idaho, W. Magnitude 5.1. VI. The main
shock was felt over approximately 12,000
square miles of southwestern Montana and
a small area of Idaho (see fig. 4). At
Dewey, a 35-foot flagpole was broken in
three places. Felt very strongly at Dell,
about 70 miles south of Dewey. (Reports
are for the main shock unless otherwise
indicated.)

INTENSITY VI IN MONTANA:

Dewey (about 7 miles west of Divide).
—A 35-foot metal-pipe flagpole was broken
in three places (bottom 12 feet unbroken).
Broken sections fell to the south. Dishes
were thrown from shelves and a flowerpot
overturned. All fell to the south.

INTENSITY v IN MONTANA!

Butte.—Press reported that hundreds of
residents felt the shock. Christmas trees
toppled in at least two instances. Build-
ings creaked; windows rattled; dishes shook.
Many thought the shock was due to blast-

ing. Several reported a slight shock at
about 16:30. Motion rapid; lasted 2-15
seconds.

Dell.—Felt by and frightened all in
strongly built wooden house. Small objects
shifted; few cans fell in store. Windows,
doors, and dishes rattled; doors swung.
Loud earth noises from northeast before
shock. Motion slow; lasted 10 seconds.
Direction, northeast.

Divide.—Felt by nearly all; frightened
few. Small objects shifted. Windows,
doors, and dishes rattled; walls creaked.
Hanging objects swung northsouth. Mo-
tion rapid; lasted few seconds.
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Grant.—Felt by all. Lights swung; house
plants shook. Windows, doors, and dishes
rattled. Faint rumbling noise before shock.
Motion slow; easy rocking; lasted 3 seconds.
Direction, west-east.

Jeffers.—Felt by many and frightened
few. Trees, bushes shaken strongly; small
objects shifted.  Dishes rattled; walls
creaked. Moderate earth noises heard.
“Also felt a shock about 15:00 the same
day.” Motion slow; lasted about 10
seconds. Direction, east-west.

Lima.—Frightened few in community.
Dishes rattled; small objects overturned.
Observer felt chair twist. Loud earth
noises from south before shock. Motion
rapid; lasted about 3 seconds.

Sula.—*“I was sitting in a sofa chair facing
northeast. Had feeling of chair moving
from under me. Observer on second floor
thought masonite ceiling might come down
and ran down to first floor. Strongly built
log house.”

Walkerville (suburb of Butte) .—Felt by
many in home. Knickknacks fell. Win-
dows, doors, and dishes rattled. Motion
slow; lasted few seconds.

INTENSITY IV IN MONTANA: Anaconda,
Deer Lodge, Dillon, Melrose, Norris, Phil-
ipsburg, Pony, Twin Bridges, Virginia City,
and Warmsprings.

INTENSITY I-III IN MONTANA: Alder, Card-
well, Elliston, Ennis, Goldcreek, Hutchins
Bridge (385 miles south of Ennis), Jackson,
McAllister, Polaris, Sheridan, Silverbow,
Silver Star, Stevensville, Victor, and Wis-
dom.

INTENSITY I-1I IN IpaAHO: Cobalt (about
20 miles southwest of Salmon), and
Salmon.

January 5: 23:10, 23:20.
felt at Polson, Mont.

January 6: 03:25:53.0%. Flathead Lake
area, Mont. V. Felt over approximately
650 square miles of the southwest Flathead
Lake region of northwestern Montana.
Awakened many and frightened few at
Polson. Moderate earth noises heard. Res-

Mild shocks

idents reported it was among the three
strongest of 47 shocks that “rumbled”
through the area in the past six months.
No damage resulted from any of the
tremors. Intensity IV at Big Arm, Charlo,
Dayton, and Hot Springs. Intensity III
near Proctor. Recorded by the seismo-
graph at Montana State College, Bozeman,
Mont.

January 6: Between 17:30 and 18:00.
Walkerville (suburb of Butte), Mont.
Two slight shocks; felt only by observer.

January 7: 05:35. Milltown, Mont.
Brief shock, followed in about two minutes
by a second one.

January 12:  20:44:23.3%.  Epicenter
44.9° north, 112.7° west, eastern Idaho,
W. Magnitude 3.8. V. At Virginia City,
Mont., (Masonic Temple), a shock was
felt by all on the second floor. Loose
objects rattled; building creaked; light
fixtures swayed. Framed wall pictures were
knocked askew and other objects were dis-
turbed. Motion bumping, vertical; abrupt
onset.

February 3: 04:33:10.5%*. Northeastern
New Mexico. IV. Press reported the
shock was felt at Logan, Nara Visa, and in
the Gallegos area (about 30 miles north
of Tucumcari). At the Bell Ranch (about
30 miles northwest of Tucumcari), win-
dows and doors rattled; frame creaked.
Motion slow, two shakes; each lasted about
1 second. At Logan, awakened and fright-
ened few; windows rattled. Recorded by
seismograph at the Coast and Geodetic
Survey Seismological Laboratory, Albu-
querque, N. Mex.

February 16: 12:52. Northeast Denver,
Colo., area. IV. At Commerce City, felt
by everyone in area. Slight jolt and shak-
ing; lasted about 3 seconds. Direction,
west. Observer reported the shock was
felt over about 10 square miles, including
Adams City, Commerce City, Dupont, Iron-
dale, and the Rocky Mountain Arsenal.

February 16: 13:17:54*.  Epicenter
39.9° north, 105.1° west, Colorado, W.
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Magnitude 4.6. IV. Two heavy jolts re-
ported at Adams City, Commerce City, and
Henderson. Felt in the east section of
Henderson and north section of Commerce
City. Moderate earth noises were heard
at Eastlake. Motion slow; lasted 2 seconds.

February 16: 15:21:44*,  Epicenter
39.9° north, 105.0° west, Colorado, W.
Magnitude 4.9. VI. Felt over about 300
square miles of the north Denver region.
At Northglenn, a large crack appeared in
house; some thought wall cracks were en-
larged. At Commerce City, a washer
moved from wall and furnishings shifted.

INTENSITY V:  Adams City and Eastlake.

INTENsSITY Iv: Dupont, Henderson, and
Rocky Mountain Arsenal.

INTENSITY 1-111; Westminster.

March 27: 16:17:38.7*. Epicenter 42.6°
north, 111.6° west, eastern Idaho, W. Felt
at Soda Springs.

April 6: 07:46:01.2*%. Epicenter 45.6°
north, 111.9° west, Montana, W. Magni-
tude 3.7. V. Felt by many at Virginia
City. “This shock was very sharp. It ran
customers out of the cafe, rattled dishes,
and shook down fine plaster around the
tin ceiling in the Masonic Temple. Scared
a lot of people quite badly.” Loud earth
noise accompanied shock. Motion horizon-
tal; southeast-northwest.

April 27: 06:50:24*, 06:55. Felt over
an area of approximately 450 square miles
of the south and southwest Flathead Lake
areas of northwestern Montana. V. The
shock appeared to be strongest in the Big
Arm area, and at Polson and Kerr Dam.
A slight aftershock was felt at about 06:55.
Recorded by seismograph at the Montana
School of Mines, Butte, Mont.

INTENSITY V:

Big Arm.—Felt by all. Dishes rattled.
Loud earth noises from northeast heard
before shock.

Polson.—Felt by and awakened many;
few frightened. Windows and doors
rattled; frame creaked. Motion rapid;
lasted 10 seconds.

INTENSITY 1V:  Dayton, Elmo, Kerr Dam,
Pablo, and Proctor.

INTENSITY I-III:  Ronan.

April 28: Between 19:00 and 21:00.
V. At Nordman, Idaho, cans were knocked
off shelves. A logger, about 7 miles from
here, also experienced earth movement the
same evening.

April 29: 02:30, 08:00 (about). Kali-
spell, Mont. Press reported two mild earth-
quakes rocked the Flathead Lake area.
Signs along the street swayed.

April 30: Early morning. Copeland,
Idaho. IV. Felt by and awakened few.
A bottle fell into the sink and awakened
observer. ‘‘Neighbors felt slight vibration
and heard windows rattle.”

May 2: 19:30:50.1*. Epicenter 36.0°
north, 114.7° west, southern Nevada, W.
Magnitude 3.9. Felt at Boulder City.

May 11: (1) 11:17:24.0%; (2) 11:32:
44%*; (8) 13:29:44%; (4) 14:40:34*. Epi-
center (1) 44.7° north, 111.0° west, Hebgen
Lake region, Mont., W; (2) 44.8° north,
110.5° west, Yellowstone National Park,
Wyo.,, W; (3) 45.0° north, 110.7° west,
Yellowstone National Park, Wyo., W; and
(4) 44.9° north, 111.2° west, Hebgen Lake
region, Mont., W. Magnitude of first shock
4.2, These shocks were all felt at West
Yellowstone, Mont. No further details are
available.

May 14: 22:25:01.5*%. Epicenter 35.9°
north, 114.8° west, California-Nevada
border region, W. Magnitude 3.8. Felt
at Boulder City, Nev.

July 9: 05:19:05.7*, 07:20. Epicenter
45.2° north, 111.6° west, Montana, W.
Ennis. III.  Felt by several. Two 1-
second jolts.

July 18: 14:13, 14:19, 14:40:45*%. Epi-

center 39.8° north, 104.8° west, Colorado,
W. Magnitude 4.6. Commerce City. V.
Felt by many in community. Plaque on
wall moved out on nail. House creaked
loudly. Water disturbed in pan outside.
Heavy, double-bouncing jolt; one shift to
east felt; moderate earth noises. Shocks
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at 14:13 and 14:19 were felt by few. North
of Commerce City, several glasses and
plates were broken. Also reported felt at
Adams City, Arsenal and 2 miles east of,
Denver (northeast areas), Dupont, Hazel-
tine Heights, Henderson, Irondale, North-
glenn, Thornton, Welby, and in farmland
areas 2 miles east and west of the Platte
River.

July 31: 06:41:43*. Epicenter 39.7°
north, 104.9° west, Colorado, W. Magni-
tude 4.6. Commerce City. V. Felt by
and awakened many in community. Rapid
movement of bed in east direction. Rapid,
loud, heavy jolt. Also reported felt at
Adams City, Arsenal and to the east,
Dupont, Henderson, Irondale, and Welby.

August 9: 08:38, 10:18. Commerce City,
Colo. IV. Felt by few in community.
Heavy, sharp jolt with loud earth noises,
like a rifle shot; lasted about 5 seconds.
Also reported felt at Adams City, Arsenal,
(small part), and Welby. Some persons
at Commerce City heard rumble and felt
slight shaking at 10:18.

August 14:  13:52. Commerce City,
Colo. IV. Felt by very few in community.
Stand rattled. Moderate earth noises.
Also reported felt at Adams City (north
of), Dupont, Hazeltine Heights, Hender-
son, and Thornton.

August 18: 08:21. Colorado. IV. At
Commerce City, house heaved and creaked;
then noise and jolt. House moved to
east slightly; then slight shaking for about
3 seconds. Small rock collection in book-
case rattled. One “good” jolt from the
northeast or north felt at Henderson.
Dizzy sensation felt. Also felt at Dupont
and Irondale.

August 27:  13:32, 138:33. Colorado.
Commerce City. IIL. Felt by few in com-
munity. Two jolts; slight shaking. Also
reported felt at Adams City, Arsenal, Du-
pont (small part), Henderson, and Iron-
dale (small part). Slight shock also felt
at 13:33.

September 2:

12:11. Colorado. 1IV.

Felt by many at Commerce City. At
Thornton, children at school were fright-
ened. Also reported felt at Arsenal, Du-
pont, Irondale, and Westminster. It was
reported that the shock was felt over about
a 10-square-mile area. Some persons noted
two jolts. Slight shaking; loud-to-moderate
earth noises.

September 13: 02:58:17.9%, 04:05. Epi-
center 39.8° north, 104.8° west, Colorado,
W. Magnitude 4.5. Commerce City. V.
Felt by and awakened many; frightened

few. Tree shook. Loud earth noise and

two heavy jolts; lasted about 5 seconds.
Also felt at Adams City, Arsenal and east
of, Brighton, Denver (scattered places),
Dupont, Henderson, Irondale, Northglenn,
Thornton, Welby, and Westminster. Slight
shock observed at Commerce City at 04:05.
September 14: 09:36:47*. Epicenter
39.8° north, 104.8° west, Colorado, W.
Magnitude 4.7. Felt in the Denver area.
September 14: 14:14. Commerce City,

Colo. Felt.
September 14: 15:46:24*.  Epicenter
39.9° north, 104.6° west, Colorado, W.

Magnitude 4.7. Felt over a considerable
area of the Denver region, principally in
the Denver-Commerce City area. Maxi-
mum intensity VI. Only slight damage—
cracked chimneys and plaster and broken
dishes and windows—was observed in this
minor earthquake.

INTENSITY VI:

Broomfield (about 15 miles northwest of
Denver) .—Felt by many and frightened
few. Chimneys and plaster cracked.
Moderate earth noises.

Commerce City-Derby area.—Felt by all
and frightened many in community. There
were scattered reports of cracked -plaster.
“Heavy jolts; loud, roaring earth noises.”

Denver.—Newspaper office was deluged
with phone calls. Plaster cracked; dishes
and windows broke.

INTENSITY V:  Adams County (1514 West
103rd Place), Boulder, Fort Logan, Idle-
dale, and Lafayette,
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INTENSITY Iv:  Adams City, Brighton,
Dupont, Erie, Henderson, Lawson, Louis-
ville, Pinecliffe, Rollinsville, South Deer
Creck Canyon (about 25 miles southwest of
Denver), and Westminster. Reported felt
(no details) : Arsenal and “for a long way
out in the plains to the east of the Arsenal,”
Aurora, Eastlake, El Dorado Springs, Iron-
dale, Lakewood, Northglenn, Thornton,
and Welby.

September 14: 15:53. Commerce City,
Colo. Felt.

September 14: 16:16:10*.  Epicenter
39.5° north, 104.9° west, Colorado, W.

Magnitude 4.8. Commerce City. Felt.

September 15:
Colo. Felt.

September 27: 03:34*. Colorado. Mag-
nitude 3.3. IV. Felt by and awakened
few at Commerce City. Hanging objects
swung west-east. Moderate-to-loud earth
noise. Also awakened few at Adams City,
Arsenal and east of, Dupont, Irondale,
Northglenn, Thornton (and in area to east
and south) , and Westminster. Recorded at
the Colorado School of Mines, Boulder,
Colo.

September 29:  11:59:56*%.  Epicenter
39.8° north, 105.1° west, Colorado, W.
Magnitude 4.7. Felt over a considerable
area of the Denver region, principally at
Denver and in the Derby-Commerce City
areas to the northeast. Maximum intensity
VI. Damage slight. Some plaster cracked;
windows and dishes broke.

00:16. Commerce City,

INTENSITY VI:

Commerce City.—Felt by all and fright-
ened miany in community. Plaster and
windows cracked. Furniture shifted. Two
crashing jolts and shaking.

Denver and vicinity.—Generally felt.
Police and newspaper switchboards were
flooded with calls. One downtown mer-
chant reported seeing cracks on 15th Street
that he was sure were not there before the
shock. Portable stereo fell from table;
cuckoo clock on wall knocked askew; tele-

phone knocked off desk; knickknacks fell.
“Felt like house slid toward the east.”

Northglenn.—Refrigerator moved several
inches.

INTENSITY V: Boulder, Brighton, and
Coal Creek Canyon (about 25 miles from
downtown Denver) .

INTENSITY 1v: Lafayette and Nederland.
Reported felt (no details) : Adams City,
Arsenal and east of, Dupont, Rollinsville,
Thornton (also east and south of), West-
minster, and Wheatridge.

September 29: 12:02, 12:20:41%, 12:33,
13:08, 16:22:58*, Epicenter of second and
fifth shocks 39.8° north, 104.8° west, Colo-
rado, W. Magnitude of second and fifth
shocks 4.6. Commerce City. IV. All of
the shocks were felt by many. The shock
at 16:22:58* was also felt at Denver.

October 8: 12:34:59.4*. Epicenter 44.8°
north, 111.1° west, Hebgen Lake region,
Montana, W. Magnitude 4.9. V. Sharply
felt in the Hebgen Lake-West Yellowstone
area, but no damage was reported. Pro-
fessor Stephen W. Nile, Montana School
of Mines, Butte, Mont., visited the area on
October 10 and obtained most of the re-
ports on this earthquake from personal
interviews.

INTENSITY V:

Hebgen Dam (about 20 miles northwest
of West Yellowstone).—Felt by many.
Motion slow; lasted about 115 seconds.
Direction, north.

Parade Rest Guest Ranch (on Hebgen
Lake) .—Felt by all. Windows, doors, and
dishes rattled; building creaked. Motion
rapid; lasted few seconds. Loud earth
noises.

West Yellowstone.—Sharply and generally
felt; some frightened. Woman riding in
car heard roar and felt two shocks; observed
trees shaking in east-west direction. Two
jars fell north-south from east-west shelf
at one store. About 20 pieces of lumber
fell northward from a stack along the east-
west wall on the third floor of building.
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Loud earth noises heard by many before
the shock.

INTENSITY Iv: 320 Ranch (about 55
miles south of Bozeman) and Black Butte
Ranch (about 63 miles south of Bozeman) .

INTENSITY IV IN WYOMING: Yellowstone
National Park.

October 8: 13:05. West Yellowstone,
Mont. Felt by desk clerk at Stagecoach
Inn. Milder than the shock at 12:34:59.4*,

October 9: 12:30 (about). West Yel-
lowstone, Mont. III. Felt by two persons
at separate locations. Lamp shade shook.

October 10:  15:89:10.0*.  Epicenter
44.8° north, 111.8° west, Hebgen Lake
region, Montana, W. Magnitude 4.1. IV.
Felt by several at Hebgen Dam. Windows,
doors, and dishes rattled. Moderate earth
noises from south. Motion slow; lasted
114 seconds.

October 26:  04:28:04.1*.  Epicenter
47.4° north, 118.2° west, northeast of
Seeley Lake in western Montana, W. Mag-
nitude 4.0. V. Press reported that the
shock was felt from the north end of the
Seeley Lake area to about 15 miles south.
The shock was accompanied by a roaring
noise and residents were awakened; lasted
12-15 seconds. At Ovando, many were
awakened and few frightened in com-
munity. House creaked. Also felt at
Craig (about 75 miles east by south of
Seeley Lake), Great Falls, Greenough,
Helena, Lindbergh Lake, and Wolf Creek.

November 3: 05:07:55.5%, 05:11:10.6*.
Epicenter for both shocks, 45.2° north,
111.9° west, southwestern Montana, W.
Magnitudes 4.5 and 3.7, respectively. IV.
At Cameron, house shook for about 10
seconds. Described as a very sharp tremor
from southeast. “Shock at 05:11 of less
intensity.”

November 7: 02:25. Commerce City,
Colo. IV. Felt by and awakened few.
Rumble and slight shaking.

November 14: 10:16*. Commerce City,
Colo. Magnitude 1.9. III. Felt by four
persons. Rumble; jolt; slight shaking.

Recorded at the Colorado School of Mines,
Boulder, Colo.

11:45*. Commerce City,
Colo. Magnitude 2.5. III. Felt in the
Commerce City area. Also felt at Adams
City, Arsenal (west of), Dupont, and

November 14:

Thornton. Recorded at the Colorado
School of Mines, Boulder, Colo.
November 20: 20:59:59*. Epicenter

39.8° north, 104.8° west, Colorado, W.
Magnitude 4.6. Felt in the Denver area.

Novembe