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DESTRUCTIVE AND NEAR-DESTRUCTIVE EARTH-
QUAKES IN CALIFORNIA AND WESTERN
NEVADA, 1769-1933

INTRODUCTION

This list of destructive and near-destructive earthquakes of Cali-
fornin and western Nevada is intended for the use of those who
have to deal in a practical way with earthquake problems. The
convenicnt arrangement and concise description make readily acces-
sible the information needed by these persons, but this list must not
be considered as a substitute for the forthcoming catalog prepared
under the auspices of the Seismological Society of America. The
catalog whicli-is to include the republishing of items 1 and 2 in
references below and the publication of item 8, will give complete
information, insofar as it is available, for many carthquakes omitted
in the present list and more detail for those which are included.
It will cover the period through 1927, information for later years
being given in the annual publication, United States Earthquales.

The Const.and. Geodetic Survey has issued Special Publication
149, Earthquakes of the United States Exclusive of the Pacific
Region. The latter region was omitted because it could be dealt
with in the same manner as for the rest of the United States only
through a comprehensive catalog which, as has been stated, was
either available or contemplated. In 1932, however, the American
Red Cross and others expressed the need for an authentic list of
the stronger -earthquakes. This was prepared in mimeographed
form, but neither the first, second, or third drafts, though each one
was an improvement on the preceding, was entirely satisfactory.
These drafts were largely the work of the present authors.

The present list is then a compilation of available information
of all degrees of completeness and authenticity. All the authors
have been concerned in putting it into its present form. Special
mention shouldbe made of the work of Mr. Allen in clearing up
discrepancies in earlier descriptions by investigating original sources.
Mr. Wood has appraised the earthquakes uncf has had an outstand-
ing part in deciding which should be included in each category
of intensity and which should be omitted from the present list.
Important cooperation has been given by Prof. Perry Byerly, of
the University of California, and Prof. S. D. Townley, of Stanford
University. -

Of the authors, Harry O. Wood is research associate of the Car-
negie Institution of Washington and acting for the advisory com-
mittee in seismology of that institution is in charge of its activities
at the Seismological Research Laborary at Pasadena, Calif. Max-
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2 U. 8. COAST AND GEODETIC SURVEY

well W. Allen, of Sanger, Calif., has long been interested in records
of California earthquakes and has written on the 'subject. Both
have volunteered their services to the Government for the purpose
of preparing this publication under the provisions of the National
Industrial Recovery Act.

The principal sources of information are as follows:

1. Smithsonian Miscellaneous Collections, 1807. Catalog of Rarthquakes
on the Pacific Coast, 1769-1896. Xdward S, Holden.

2. Smithsonian Miscellaneous Collections, 1721. Catalog of KEarthquakes
on the Pacific Coast, 1897-1906. Alexander S. McAdie. )

3. Monthly Weather Reports. U. S. Weather Bureau.

4. Articles in Bulletins of the Seismological Society of America. Besides
many reports of individual earthquakes, there are a number of reviews of
California earthquakes. A list of such articles follows:

Volume VI, nos. 2 and 3, 1916. A Synthetic Study of California Earth-
quakes, Harry O. Wood.

Volume XI, no. 1, 1921. Early Record of Earthquakeés in Southern Cali-
fornia. Ford A. Carpenter. ;

Volume XV, no. 2, 1925. Some Remarks Concerning Pacific Coast Earth-
quakes. Maxwell W, Allen. ;

Volumes VI-XIII, California Earthquakes for Each Year from 1915 to
1921. Andrew H. Palmer.

Seismological Notes,

5. Georgetown University Reports.

6. United States Earthquakes, Coast and Geodétic Survey, for years 1928-32,
inclusive. Also quarterly Seismological Reports, July 1924-December 1927,

7. Unpublished lists of Harry I'ielding Reid.

8. Unpublished list of Catalog ot California Earthquakes, 1907-27, of the
Seismological Society of America (insofar as available for comparison).

No map accompanies this publication, first, because the informa-
tion is not complete, since it is confined to earthquakes of a certain
degree of intensity ; second, because there is considerable difficulty in
showing both distribution and intensity on a map; and third, because
it is impossible to locate many of the earlier earthquakes sufficiently
well to plot them on a map of reasonably large scale. |«

DATES OF PRINCIPAL EARTHQUAKES

The three outstanding earthquakes in the history of this region
are marked ***. All other great shocks are marked **. Other very
strong shocks are marked *. The same designation is used in the
Description of Earthquakes from 1769 to 1933, which follows. In
general, the lower limit of shock listed is fixed by intensity VII
Rossi-Forel scale.

#1857, January 8-9 *1812, December 8 *1898, April 14
**%1872 March 20 *1852, November 9 *1899, December 25
%1006, April 18 *1852, November 206-30 *1901, March 2
**1769, July 28 *1853, October 23 *1003, January 23
1790 *1858, November 20 *1009, October 28
**1812, December 21 *186G0, March 15 : *1015, June 22

*,::]1::2. g:::;:~ 9-10 *18G4, March 5 *1015, November 20

! 38, e *18G5, October 1 *1918, April 21

\ ::;2‘7”‘, g((}\‘::l;(..l[)(le o #1865, October 8 *1022, March 10
‘—131)2: February 23 *1808, September 4 *1923, January 22
#»1915, October 2 *1871, March 2 *10205, June 29
##1922, Junuary 31 *1885, April 11 © %1927, November 4
**1032, December 20 *1800, Iebruary 9 *1032, June ¢
*1800, October 18 *1802, April 19-21 *1033, March 10
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BANTIQUAKES IN CALIFORNIA AND WESTERN NEVADA 3
DESCRIPTION OF EARTHQUAKES FROM 1769 TO 1933

1769 July 28, Repion of Los Angeles.  Violent shocks were
oxperieneed by Portola expedition about. present site of Olive on
Santa Ana River; many xl}t,(-l'slnnv,lm felt. by expedition for several
days ns it Craveled northwestward,  Wood and Aflen interpret record
as indieating major shock with many strong aftershocks, which
continued into 1770,

1775 December 26. San Carlos Pass. Iirst record of strong
shock in San Jacinto fault region; felt by Anza expedition while
traversing -San Carlog Pass; destructive character not proved, but

ossible, since no structures existed to exhibit such cffects.

*%1790. Region of Owens Valley. X. Indian tradition indicates a
shock about this time comparable to that of 1872, Wood, in view of
unreliability of detail, especially dates, in Indian traditions, ex-
presses doubt of such occurrence at this particular time, although
great shocks other than that of 1872 undoubtedly have occurred in
the region. .

*1800 October 11, *18, 31. San Juan Bautista. Indefinite record
of severo shocks from 11th to 31st, sometimes 6 a day, the most severe
on the 18th. The Mission Fathers spent the night out of doors.
Cracks in ground and in adobe walls of buildings; cracks along banks
of Pajaro River.

1803 May 25. VIII. San Diego. Mission church slightly
damaged.

1806 March 24. VIII. Santa Barbara. Church walls cracked.

1808 June 21-July 17. San Francisco. 18 shocks in all; adobe
walls seriously damaged.

*1812 December 8, about 8 a. m. San Juan Capistrano. IX,
Church destroyed with loss of 40 lives. Church and other buildings
damaged at San Gabriel, with throwing down of altar and statues.
At least a seyere local shock, certainly; possibly a major earthquake.

*%1812 December 21, about 10:15 a. m. Purisima (near present
site of Lompoc) ; IX or X; Santa Ynez, Santa Barbara, Ventura,
and San Fernando. At all of these places churches and other
buildings were damaged. Severe at San Gabriel. Small seismic
sea wave, or so-called “tidal wave”, at Santa Barbara and near
Refugio. A very strong shock, probably a major earthquake. Man
aftershocks.reported felt into the spring of the following year. It
is these which Allen believes may have been referred to erroneously
by Trask as taking place in the spring of 1812.

1822 San Jose. Hall, in History of San Jose, states that a shock
cracked walls in San Jose in 1822, No other reference known.

1830. San Luis Obispo. VIII. Church damaged.

1836 April 25. Santa Clara, Santa Cruz, and Monterey Counties.
Apparently widely felt but few details known; possibly, but not
known to have, attained destructive intensity.

*#%1836 June 9 and 10. San Francisco gay region. Comparable
with 1868 shock, and in same region, with fissures in earth and con-
tinued aftershocks, according to Bancroft. :

*¥1838, late in June. . San Francisco, San Jose, Santa Clara, and
Monterey. * VIII at least. Strong in San Francisco Harbor, Adobe
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4 U. 8. COAST AND GEODETIC SURVEY

walls cracked. Destructive at present site of Redwood City. Land-
slide at San Leandro. A ftershocks into July. ,

1839. Holden mentions shock of intensity IX at Redwood City
which cracked earth and created immense fissure in Mission San
Jose region. After investigution Allen concludes that the shock
of June 1838 is referred to. e

1840 January 16-18. Santa Cruz; IX? Church tower over-
thrown; tidal wave. '

1841 July 3. Monterey; estimated VII. Probably severe shock
in Monterey Bay. One hundred and twenty aftershocks in 2 months.

1843 June 2§. Extreme southern California and into Mexico;
VII. Few details known. -

1851' May 15. San Franciseco; VII. Severe shock lasting half a
minute; felt by shipping in harbor; threw merchandise to floors.

1851 November 26. Coust of California from 37° to 40° (Santa
Cruz to Mendocino County) ; 11 shocks; possibly, but not known to
have, attained destructive intensity. Possibly an inaccurate refer-
ence to the shocks of 1852, November 26.

*1852 November 9. Fort Yuma; VIII, IX, or X. Violent
shocks threw down a portion of Chimney Peak and opened fissures
and cracks in the clay desert bordering the Colorado) Shocks almost
daily for many months.

1852 November 22-24. San Francisco Peninsula, VIII. Shock,
severe 8 miles to southeast of San Francisco. Apparently consider-
able fissuring from Lake Merced to the sea.

*1852 November 26-30. Southern California. FEloven strong
shocks at San Simeon, Los Angeles, and San Gabriel on the 26th.
From 27th to 30th continued shocks disturbed an area over 300 miles
square from San Luis Obispo to Colorado River and San Diego;
fissures 30 miles long in Lockwood Valley; shock on 29th probu%ly
major shock, from (ﬁascription at San Diego at some distance from
probable origin. Mang aftershocks into December.

1853 February 1. San Simeon; VIII. Violent shocks dan%ed
houses. :

*1853 October 23. Humboldt Bay; VIII. Three heivy shocks;
reported that houses at Eureka rolled like ships at sea, and whurf
sank 4 feet.

1853 December. Fort Yuma. Many shocks. May have been of
destructive force, but this is not known.

1855 January 24. Downieville, Sierra County. Portigh of Down-
ieville Butte fell; buildings rocked. Felt severely in region from
Gibsonville to Georgetown and Nashville. Severe at Eureka and
Orleans Flat, which probably were the Sierra mining camps of
those names instead of Humboldt County places, as Holden assumed.
This conclusion by Allen after investigating ull available facts is con-
curred in by Wood. ’

1855 July 10. Los Angeles County ; VITT or higher. - Mour shocks
in 12 seconds; two sea waves rolled inat Point San Juan'immediately
after second shock, according to Trask; bells in mission chureh at
Sun Gabriel fell; Harris Newmark, in Sixty Years in Southern
Canlifornia, suiys almost every structure in Los Angeles was dumaged,
and some buildings left with large cracks in walls.
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EARTHQUAKES IN CALIFORNIA AND WESTERN NEVADA 53

1856 February 15. San Francisco; VIII, lasted 8 seconds. VII
at Oakland, VI at San Jose, and strong at Monterey,  Water of San
IFrancisco Bay disturbed.

1856 Septémber 20. Severe at Santa Ysabel, San Diego County;
cansed some alarm at Los Angeles.  Ceilings shaken down, ado
walls eracked, and cattle stampeded at Santa Isabel.

***1857 January 8 and 9. Origin probably near Fort Tejon,
northwest corner of Los Angeles County, but rupture extended at
least 100 miles to the northwest and to the southeast of that point.
Near Tejon a corral was converted, by horizontal dislocation of
i;rmmd, into'an open S-shaped figure; at the fort, buildings and
arge trees were thrown down. At Ventura the roof of the mission

" church collapsed. Artesian wells in the Santa Clara Valley (near

Ventura) ceased to flow, and in other places wells increased their
flow. The area of strong shaking was very considerable and that
over which the shock was perceptible must have extended widely,
including a large part of northwestern Mexico; Wood and Allen
consider this as potentially the most destructive shock in the coast
range province since the advent of white men.

*1858 November 26. IX. Very severe at San Jose where eve
brick, adobe, or concrete building was damaged and a new bric
building of only one story, and very firmly built, was cracked through
the center. Less severe, but caused some damage at San Francisco.
Motion was undulatory, long and suggestive of great power, rather
than short and sharp.

1859 October 5. San Francisco; VII by Holden’s estimate. Pos-
sibly attained destructive intensity, but definite details lacking.

*1860 March 15. Nevada and a considerable portion of northern
and central California. V-VI at Sacramento; VII at Carson City,
Nev.; felt as far northwest as Yreka, Calif., and east into Utah.
Allen suggests possibility of origin similar to that of Pléasant
Valley, Nev., shocks of 1915; if so, this may have ‘been a major
earthquake.

1860 March 26.  Holden says VI and severe at Los Angeles and
in southern California; may not have been of destructive intensity.

1861 July 3. Contra Costa and Alameda Counties. Severe (IX?)
in Amador Valley, near present site of Livermore; adobe houses
damaged, men in fields thrown down; in San Ramon Valley a fissure
opened and a new spring of water appeared; strong, but no damage
done at San Francisco.

1862 May 27. San Diego County; severe, with many aftershocks
to June 5; strong at San Diego, Temecula, and Anaheim.

1863 December 19. San Francisco; Holden estimates VIII ().

VI at San Jose.  Definite record of destruction lacking.

e

*1864 March 5. A widely felt shock which Allen after consider-
able study places as probably centering in the region between San
Francisco and Gilroy. Accounts from San Francisco indicate con-
siderable motion of ground; also it is reported that swells rolled
in from the bay. Lattle damui;e at Santa Clara, though church
steeples swayed. Strong at Stockton; very noticeable at Santa Rosa
and Petaluina, and of intensity IV as far away as Visalia. As on
November 26, 1858, motion was long, undulatory, and powerful,
rather than short and quick,
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6 U. 8. COAST AND GEODETIC ‘SURVEY

1865 March 7 and 8. East Central Sonoma County; VIII. In
Bennett Valley most chimneys fell and stone walls tumbled ; a man
was thrown from his feet. At Santa Rosa a well-built chimney
fell. Heavy at Napa. Two shocks, about equal.

1865 May 24. Confused record; Holden said smart shock at San
Francisco, San Juan and Santa Cruz; Tennant said light at San
Francisco. Holden reported from Bancroft manuscript that it was
remarkably strong in southern California. This possibly is the
record of 2 distinct shocks, 1 or both of which may have possessed
destructive energy. :

*1865 October 1. Fort Humboldt and Eureka; IX. At Fort
Humboldt all buildings were badly damaged; fissures opened in pa-
rade grounds. All brick houses in Eureka were damaged, and most
of the brick chimneys tumbled down. Holden’s entry of a Hum-
boldt shock on October 8 apparently refers to this shock with an
error of 1 week in date.

*1865 October 8. In Santa Cruz Mountains between San Jose
and Santa Cruz; IX at least. At San Francisco the greatest dam-
age was to the less strongly .constructed buildings on made land;
structures on solid ground, or well constructed, suffered little dam-
age; water mains and gas pipes broke in several places because
of shifting ground, and a crevice opened in one street. At San
Jose the walls of the jail and of a church fell. On the Santa Cruz
Gap Road chimneys fell; at Mountain Charley’s the earth opened
and boulders obstructed the road. At New Almaden a large brick
storehouse and several houses were destroyed; the earth opened
and closed, throwing up clouds of dust. Wells and streams.were
affected. This was less widely felt than the less destructive shock’
of March 5, 1864. Sec Holden. '

1865 December 15. Dry Creek, Mendocino County; VII. De-
tails lacking; this may not have been destructive.

1866 March 26. Allen belicves, from scattering reports in Hold-
en’s catalog and from newspaper accounts, that a shock of intensity
VII or VIIT originated in the region between San Francisco and
Gilroy; intensity distribution suggests the shock of July 1, 1911,
VI or VII at San Francisco. Reported from Stockton, Monterey,
and Sacramento. .

1867 December 1. Heavy at Nevada City. No details known;
may not have been of destructive energy. ;

1868 May. Dos Palmas; IX(1), )E(?). Holden states a long
fissure opened in the earth at Dos Palmas, _

1868 May 24. Violent shocks in Nevada; two shocks at Sacra:
mento. Listed by Fuchs and Perrey. Allen considers that this -
is probably a misdating of the next entry as hour is same. e

868 May 29. Series of shocks in interior 6f California and Ne-
vada. Lassen County and Sacramento, Calif., and Fort Churchill,
Nev. Destructive energy possible, but not established by the record,

1868 June 2. Downieville and Forest City; VII. Hecord indefi-
nite; destructive force not established.

1868 July 24. Tulare County; Ilolden says VII; not mentioned
by local papers. \

*1868 September 4. Foreshocks on September 3; aftershocks
very numerous, continuing into October, some of them large. Very
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severe on upper Kern River, Tnyo County.  Rock slides reported in
the mountams. At Lone Pine, 40 shocks in 1 hour on September 4.
Apparently not felt at Visalia, nor at Independence. In any caseo
a considerable disturbanee which would have caused dumage in a
settled region,

1868 September 26. Ukinh; VITT ().

#1868 October 21, Tlaywnrd; X, San Irancisco; TX. This
shock was accompanied by fault teacde phenomenn nlong the Tlay-
ward fault which parallels the San Andreas faull about 18 miles
to the east and is at least 40 miles in length, almost certainly much
longer.  Damage greatest at Hayward and nearby places along IHay-
ward fault. At San Francisco there was considerable damage on
made ground; the customhouse was badly damaged and a tall chim-
ney fell. At Hayward almost every building was badly damaged,
many completely wrecked. At San Leandro the courthouse and jail
were thrown down and other buildings wrecked. Deaths occurred
in several places as a result of falling bricks; the number of
casualties totaled about 30. Although so strong about San Fran-
cisco Bay, this shock definitely was less widely felt than other Cali-
fornia shocks of as great epicentral energy manifestation and than
some shocks of less destructive effect. See Holden and Report of
the State Earthquake Commission (1908), vol. 1, page 434.

1869 October 8. Ukiah; VIII (?). Severe at Ukiah; felt only to
short distances.

1869 December 20-27. A series of shocks hard to untangle in the
record. The shock of December 20 was of intensity VII at Grass
Valley. On the evening of December 26 and early morning of
December 27 the strongest action was in the Virginia City-Steam-
boat Springs section of N evada, where waves were reported seen in
the solid ground of the valley and from the description any intensity
from VIII to X can be assigned. A secondary center appears to
have been located in the Sierra east of Oroville—$5,000 damage was
done to brick buildings in that town. Intensity at Sacramento no
higher than VI, despite account in Holden. Holden’s mention of
Mariposa should be of the Mariposa Mill at Virginia City, not of
Mariposa, Galif. Not noticed about San Francisco Bay.

*1871 March 2. Humboldt County; VIII or IX; severest in
ears. Chimneys thrown down in places as far apart as Eureka and
etrolia, and at points between, as Rohnerville,

1872 Maich 17. Lone Pine; VII. This is Holden’s entry. News-
papers of region do not confirm, although mentioning shocks possibl
of intensity VII or VIII on July 5 and 11 of the previous year WhicK
may have been foreshocks of the great shock of March 26, 1872.

*%%1872 March 26. Major earthquake in Owens Valley near Lone
Pine; X. Though severe the damage was light compared to that
which would have occurred in a more settled region. The shock
was felt over, most of California and probably over most of Nevada
and much of Arizona; it was sharply felt over an area 500 miles in
extent north and south and 300 miles wide, and was very destructive
in the Owens Valley and severe along the western slopes of the
Sierra, the Mojave Desert, and in the eastern portion of the Great
Valley of California. .

93588 °—84—=2
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8 U. 8. COAST AND GEODETIC SURVEY

The first shock shortly after 2 a. m. was sudden and violent and
all serious damage was done in the first few minutes. At Lone Pine
all adobe houses were tumbled down; out of a population,o%l:is‘
than 300 people, 27 were killed and 60 injured. At Independe
9 miles north, and with the same type buildings, there was little
loss of life. At Indian Wells, 67 miles south of Lone Pine, adobe
houses were cracked. Near Owens Lake numerous depressions
formed between cracks in the earth; in one place an area 200 to 300
feet wide sank 20 to 30 feet, leaving vertical walls; several long
narrow ponds were formed. Well-defined scarps formed along the
trace of the Major Sierra fault, and horizontal motion ranging
from 3 .to 18 feet was revealed by fences crossing the fault. Large
masses of rock were dislodged from the steep slopes. This shock is
greatest of the three outstanding earthquakes of California, those of
1857, 1872, and 1906, and in a settled region would have had catas-
trophic results.. ,

1872 May 17. Lone Pine; VII. Strong aftershock. ., -

**1873 November 22. Del Norte County, Calif., and southwest-
ern Oregon; VIII, IX, or X. Destructive from the coast inland
70 miles to Jacksonville, along the coast from at least Port Orford
on the north to Cresent City on the south. Felt from Puget Sound
to San Francisco, indicating a shaken area not greatly less than in
1906. Felt at sea. o

1878. Afternoon of late summer. W. H. Mulholland reports an
intensity VIII shock at present site of Inglewood; kiln under
construction knocked down. Date uncertain.

1878 September 7. Holden says * severe ” shock in southern Hum-
boldt County. Destructive character possible, but not established.

1881 April 10. VIII. Damage to chimneys in Modesto region;
felt from Greenville, Plumas County on north to Visalii on south,
and west to coast, which considering the hour of occurrence, 2:15
a. m., indicates a shaken area of the order of 100,000 square miles.

1882 March 6. VII. Some damage and bad fright caused at
Hollister; “severe” but apparently no damage at Merced, Santa
Cruz, Gilroy, Monterey, and Watsonville; intensity IV plus, as far
as Visalia and Lemoore; aftershocks. Origin probably - in coust
range southeast of Hollister., .

1882 August 13. VI or more severe. Seven shocks at Round Val-
ley, Inyo County. Possibly not destructive.

1883 March 30. VI or higher. Pajuro Valley region; windows
broken at Santa Cruz and Watsonville; apparently stronger toward
Hollister where intensity probably was VIL.  Aftershocks for hours.

1883 September 5. VI % Strong shocks reported at several points
along the coast from Santa Barbara to Los Angeles and Wilmington ;
no damage definitely reported.

1883 October 22, lolden says VIIT or more severe. “A shock
threw down u scetion of the blndf ” into the Mereed River below
Merced Falls. Not reported elsewhere.  Allen suggests that this may
have been only a large lundslide, ’

1884 January 27. VII. lumboldt County; veported from Cape
Mendocino as strong, and from Hydesville and Fureka,y ...

1884 March 25. VII (or highert). Damage to walls of brick
buildings on San Francisco waterfront; VIL at Gilroy; felt through-
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out central Californin and as far as Grass Valley in Sierra. Allen
places probable origin south of San Francisco and north of (}ilro?'.

1884 June 6. Two shocks at Red Bluff which cracked walls
(plastering?). .

1885 January 30. VIII. Honey Lake Valley, Lassen County;
strongest near Janesville and on Susan River 12 miles from Susan-
ville, where chimneys fell. Numerous aftershocks continued
thronghout Februnry.

1885 March 30. VITT. Mulberry district, 17 miles southeast of
ITollister, where chimneys fell and other damage was done.” In-
tensity VII at Hollister; eracks of banks of Pajaro River; felt to
San Rafael on north with intensity 1V. ,

*1885 April 11. VIIT or higher. A widely felt shock in Central
Californin which is belioved by Allen, after considerable investign-
tion, to have originated between Cholnme and San Benito,  The
seanty population makes _oven an approximate determination un-
certain.  Destructive nt Las Tablas, near Paso Robles; intensity
VI as far as Mereed and Visaliag VI plus at San Luis Obispo and
Salinas; felt to Marysville on north, Keeler on cast, and Ventura
on south. Area of intensity V in excess of 30,000 square miles; area
of perceptibility more than 125,000 square miles. Little damage,
because of extremely thinly settled nature of epicentral tract.

c 1885 July 31. olden says intensity VII at Cloverdale, Sonoma
ounty.

1887 June 3. Carson City, Nevada; VII. Severe shock lasting 7
seconds; stone and brick walls cracked.

VIIISI8?7 December 16. Mendocino and Point Arena Lighthouse;

1888 February 18. Intensity probably VII plus at Point Arena
Lighthouse ; 3 severe shocks at Fort Bragg; 3 shocks at Mendocino.

1888 February 29, VI-VIII at Petaluma; less strong at Mar-
tinez, Santa Rosa, and San Francisco.

1888 April 28. Nevada City, VIII; walls of courthouse cracked.
Grass Valléy, VII; top of chimney fell, Orleans, mine flooded and
shock felt in:Idaho mine below 1,600-foot level. Biggs, plaster
cracked. Felt from San Francisco northeastward into Nevada.

1888 November 18. Intensity not less than VII at Oakland, .
where five chimneys on Twenty-third Avenue fell. Felt only in
nearby places.

1889 May 19. VIII. Collinsville and Antioch; VIII, with chim-
neys destroyed; some damage at Modesto, Rio Vista; felt strongly
on San Francisco Bay; felt throughout most of Central California.

1889 June 19. VII plus. Chimney overturned at Willow Creek,
Lassen County; people frightened into streets at Susanville; water
of Eagle Lake muddied; 75 aftershocks; felt to Chico and:Sacra-
mento and into Nevada.

1889 July 31. VI. Heaviest shock since 1868 at San Leandro
where one chimney fell ; people awakened from Santa Rosa and Napa
on north to San Jose on south.

1889 August 27. VII. Los Angeles to Santa Ana. Ceilings
cracked and windows broken at Pomona.

1889 September 29. VIII?. Region of Bishop and Sierra to
westward ; report of rock slides in Sierra; VI at Wawona; heavy
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at Yosemite; felt noticeably at Bakersfield, 140 miles from Bishop.
Compare shocks of May 6, 1910, and September 17, 1927.

*1890 February 9. Felt strongly throughout Southern Califor-
nia. The distribution of reports suggests a shock comparable in
energy and location with that of April 21, 1918, on the San Jacinto
fault, although since the region of the probable origin was almost
uninhabited, reports of actual damage to confirm this inference can-
not be found. Intensity VII at Pomona, where goods and dishes
fell from shelves, type in a newspaper oflice was “ pied ” and windows
were broken ; and of VI at Los Angeles. Telegraph dispatchers along
the railroad from Pomona to Yuma reported the shock as strong
as at Pomona. At San Diego a duration of 1 minute was reporteci?
The hour was 4 a. m. and reports came only from the region where
the intensity was enough to awaken People; this region, however,
covered Southern California. Holden’s entry of February 15 is an
error of dating.

1890 April 24. VIII plus. Monterey Bay region. At Watson-
ville chimneys were thrown down; the area of intensity VIII em-
braced Watsonville, Hollister, and Gilroy, and centered about Chit-
tenden with fissuring in the San Andreas fault zone near that local-
ity. Damage to railroad through, settling of ground and displace-
ment of bridge. This shock was felt throughout central California
despite its occurrence at about 3:30 a. m.; it was strong enough to
cause alarm in San Francisco. Aftershocks for many days.

1890 July 26. A submarine origin off Cape Mendocino and en-
ergy comparable to that of the shock of January 22, 1923, is indi-
cated by the few reports available. Intensity of VIIT at Petrolia;
strong but little or no damage at Eureka and Mendocino City; felt
to Suisun, 200 miles southeast, and at Sisson, Siskiyou County,
despite occurrence at 1:40 a. m. ‘

1890 August 23. Holden describes a strong shock at Mono Lake
on this date. His source appears to be inaccurate ; the date given was
not a2 Sunday, and no other reference can be found. It.is possible
that this refers to the shock of September 29, 1889, which was on a
Sunday and in this region.

1890 September 19. Shock which probably was strong on the un-
settled Mojave Desert near Daggett; this, however, cannot be estab-
lished by the record. Felt at San Bernardino.

1891 January 2. VII or higher. Ceilings cracked, plaster thrown
down at Mount Hamilton. Felt throughout centraul California;
strong but little or no damage reported at Gilroy, Santa Cruz, and
San Jose.

1891 October 11. Probably IX. Muany chimneys fell, and brick
buildings were dumaged in Sonoma and Napa, where the intensity
probably exceeded VIIL. At the latter place the tower of the insane
asylum fell. Intensity VII at Petaluma and Suisun. ‘Lhe extent of
the area of perceptibility was not commensurate with the rather
high epicentral intensity; at San Francisco the shock was clussed
as “slight.”” In the central region aftershocks continued through
the night.

**1892 February 23. This probably was the lnrgest California
shock of the interval 1873-1906. Intensity probably resched X
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near origin, which was apparently in the uninhabited region of
northern Lower Californin,  Intensity at least VIIT along the Pa-
cific const of Lower California, as far south as San Quentin.  Effects
rolporto,d from San Diego County are as follows: At Carrizo, all
adobe buildings destroyed; at Jamul, walls of stone kilns cracf(ed;
in Paradise Valley, church and schoolhouse built on stilts brought -
down and demolished; at San Dicgo, a large number of buildm%s
cracked and plaster, tistodged (VII); at Campo, 155 shocks in 12
hours. Outside of San Dicgo County the shock was felt as far north
as Visalia; intensity was VI at San Bernardino.

*1892 April 19-21. IX. The main shock on the 19th was strong-
est at Vacaville and Winters, where brick buildings were wrecked
and intensity was IX. Water was ejected from the bed of Putah
Creek, near Winters. Intensity of VIIT was reached from the
region of Suisun on the south to Woodland on the north; at Sacra-
mento the intensity was VII. The ground was fissured along stream
banks in the Winters section; at that point tombstones were turned
around or shattered, and a press weighing a ton was overturned.
At Dixon many of the finest residences were ruined and fire broke
out. At Fairfield a church tower fell. The intensity at San ¥ran-
cisco was about VI, the unbraced walls of a building being demol-
ished were tumbled down. The shock was felt as of about intensity
II1-IV as fax south as Fresno.

On April' 21 a shock of less total energy but in its epicentral
region as severe as the first, took place to the north of the origin
of the first shock, and caused additional damage to the weakened
structures in the damaged towns, and fresh damage to towns not
so badly hit on the 19th. At Esparto every brick chimney fell and

~wooden buildings were wrenched out of shape; intensity of IX seems

ind’f?\ted. The shock was very severe at Winters. See Holden's
catalog. '
189% May 28. Ontario, San Bernardino, and Santa Ana. The
record does not establish this as having caused destruction.

1892 November 13. VII plus. Monterey, where chimneys were
cracked and the shock was described as the heaviest ever experienced.
Damage to windows and dishes at Salinas and to plaster at Hollister.

1893 April 4. Probably IX. Newhall and Pico Canyon oil re-
gion, 35 miles northwest of Los Angeles. All chimneys were wrecked,
the earth was fissured, boulders shaken down the hillsides, and a

reat cloud of dust arose from the San Fernando and Castaic

ountains. In spite of great local intensity, the shock was not
strong at Los Angeles. However, there was intensity VII at Mojave.

A ftershocks continued for days. .

1893 May 18. Reports indicated intensity of VI along the South-
ern California coast from Santa Ana to Santa Barbara, with highest
intensity, possibly VII, on Ventura County coast. Felt inland at
least to imYond San Bernardino, and southeast to San Diego, the
latter point 150 miles from the probably indicated origin off the
Ventura County coast. This shock should be suspected of having
had enough,energy to do considerable damage in a settled region
with poorly constructed buildings.

[®1 1893 August 9. VII to VIII. Considerable damage to chimneys,

cte., at Santa Rosa. Intensity VI or VII at Petaluma.
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1894 July 13. A press item reported a sharp shock at Pine Ridge,
in the Sierra, about 50 miles northeast of Fresno; the dam across
Stephenson Creek was said to have been damaged. The shock was
unfelt in the Sun Jonquin Valley. Report suggests that shock may
not have occurred—severe electrical storm was raging.

1894 July 29. Arlington, Los Angeles, San Bernardino, Mojave.
Widely felt. Intensities of VI or VI-VII in the Los Angeles coastal
plain, and of VII at Mojave, suggest a region of destructive intensity
in the mountains between. Felt from Bakersfield on north to San
Diego County on the south, and Ventura on the west.

1894 September 30. Heavy at Hydesville and Eureka; felt
strongly by schooner Lila and Mattie, 35 miles off Shelter Cove.
A rather lurge submarine earthquake off Cape Mendocino is a prob-
able interpretation of the record. The shock was felt to Sisson, Sis-
kiyou County. No damage on land actually reported.

1894 October 23. VIII?! San Diego and nearby mountains.
Boulders dislodged from hills; at San Diego some brick walls cracked
and considerable alarm, but no serious damage reported. Felt to
San Bernardino and Los Angeles. ,

1894 November 14-18. Series of shocks in Virginia City region
of Nevada. Shock on 14th was of intensity VII at Gold Hill; that
of the 18th dumaged walls and broke windows at Virginia City.

K 1895 February 28. VII. Independence; felt at Bishop Creek and
eeler.

1896 January 27. VII. Carson City, Nev. Plaster broken in
many buildings.

1897 June 20. VIII or IX at points in region of San Andreas fault
near and northwest of Hollister ; damage reported at Hollister, Gil-
roy, Salinas, and other points; rather strong at San Francisco; area
of perceptibility of the order of 100,000 square miles. See McAdie
catalog.

1898 March 30. Chief damage at Mare Island, VIII; where the
loss required an appropriation of $350,000 for restoration. Occur-
rence at night was the only thing that prevented loss of. life. Felt
as far as Carson City, Nev. At San Francisco, VIIL. ~ Chimneys .
twiste;l and there was considerable miscellaneous damage.  Lasted 40
seconds.

*1898 April 14. Mendocino County const, probably IX to X.
Roads in mountains behind Mendocino rendered mpassable by land-
slides and fallen trees; frame houses wrecked at Greenwood; at
Mendocino chimneys fell and cemetery monuments fell or were
(wistedd, Ielt southeast to Sun Jose.  Many aftershocks, continuing
for weeks, in some enses locally rather strong, K '

1899 April 16, Burckn; VII plus.  Long continued shock which
enused some danmage to lumber null, Reported also at Hydesville,

1899 April 30. VII to VIII at Watsonville and in ¢ountry to-
ward Corralitos; chimneys and cemetery monuments damaged in
CGireen Valley, Long continued and rolling motion at Mount Ham-
ilton,  Pronounced, but no dumnage at Sun Francisco.

1899 July 6. ‘I'wo shocks, appurently within 1 minute, the larger
orviginuting near Watsonville, where intensity was VIII, and ap-
purently south of the origin of the April shock since the intensity at
Salinas was higher than in April; the other shock near Pleasanton,
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where the intensity also was nbout. VI with damage to brick

~ buildings.  Aren of pereeptibility of shocks exceeded 40,000 square
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miles,
1899 July 22. Origin apparently on Cajon Pass section of San

Andreas fault. Tntensity VII to VIII in San Bernardino and VII

in Los Angeles. Landslides extended for 20 miles northwestward
from Cajon Pass, along the zone of the Sun Andreas fault. Felt
cver southern California. .

1899 October 12. Santa Rosa; VIII. Local shock, the only other
place reporting being Petaluma, 16 miles distant, where shock was

‘not strong.

*1899 December 25. Region near and southeast of San Jacinto;
I1X or X. ‘Generally felt in southern California and western Ari-
zona. Dumage at San Jacinto, Riverside, Redlands, and San Ber-
nardino to chimneys and brick walls. TLoss of life on Cahuilla
Indian Reservation in collapse of adobe buildings.

*1901 March 2. Origin in Stone Canyon region of San Andreas
fault northwest of Cholame Valley, where fault trace phenomena
were produced. Intensity VIII at least at Parkfield in Cholame
Valley; VII at San Miguel; VI to VII at San Luis Obispo. Felt
to San Jose'on north. Many aftershocks.

1902 May 19. VIII at IClmira, where nearly all chimneys fell;
VII-VIII at Vacaville, where some chimneys tumbled ; VII at Fair-
field and Suisun; intensity V plus as far as San Francisco. Area
of perceptibility probably exceeded 30,000 square miles, but reports
are incomplete. '

- 1902 July 27-30. Los Alamos and Lompoc region of Santa Bar-
bara County. Intensity probably IX in central region, with nearl
all chimneys, destroyed and frame houses badly wrenched. Althougﬁ
locally so strong, the shock was no more than noticeable at San Luis
Obispo and was not widely felt.

*1903 January 23. A world-shaking earthquake centering in the
uninhabited region south of Imperial Valley. TFelt throughout
southern California and western Arizona. Occurring now, this shock
might cause damage in Imperial Valley, although the origin appar-
ently was some distance to the south.

1903 June 11. VIII. Reported at Niles as the heaviest since 1868,
although damage was not specified in the report. A small propor-
tion of the chimneys fell in the region from Hayward and Livermore
to San Jose. At Mount Hamilton 2 shocks lasting in all 32 seconds,
were describid, probabl%r the P and S phases of 1 shock. Rather
Wi(llely felt, the area of perceptibility being about 100,000 square
miles. :

1903 July 24. Willows and surrounding towns; brick walls re-

orted cracked at Willows. Reported felt from Sacramento to

reenville, and from Willows to Nevada City; it should also have
been felt in the region west of Willows, since the origin appears
to have been near that town. :

1903 August 2. VIII plus. Center probably in Halls Valley re-

ion near Mount Hamilton. In San Jose the intensity was fully

III, hundreds of chimneys and many cornices falling. Some
damage at Lick Observatory. Felt to Yosemite Valley and Fresno.
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3“1 San Francisco, the intensity was fully VI. Similar to shock of
uly 1, 1911,

1908 December 23. Local shock of intensity VII-VIII at Bakers-
ﬁleld, with some damage to a number of buildings and considerable
alarm. -

1906 March 3. A shock of moderately destructive power origi-
nating just south of the Imperial Valley and felt as far as San
Diego and Riverside. - '

**+¥1906 April 18. Coast region of middle California; X. One
of the 3 known great shocks of California history. This is very fully
described in the 3-volume report of the State earthquake commission,
and only the outstanding facts are given here. There ‘was rupture
of the San Andreas Rift, with surface fault trace phenomena for-
the coast line near Fort Bragg in Mendocino County to near San
Juan in San Benito County, and of a fault extending northwest
from Point Delgada in Humboldt County, perhaps a continuation of
the San Andreas or perhaps another which may bear a relation
there to San Andreas similar to that of the Hayward fuult in the
San Francisco Bay region; the total distance of surface rupture was
about 270 miles. The San Andreas Rift is a zone of fragture along
which there has been slipping from an early geological period, and
derives its name from a small valley on the San Francisco Peninsula.
The maximum observed slipping on the surface was 21 feet in a
horizontal direction, and relative motion of the 2 sides of the
fault amounting to 10 or 15 feet was not uncommon; the greatest
motion was northwest of San Francisco in Marin éounty. ~Lri-
angulation by the Coast and Geodetic Survey showed that the-
distortion decreased rapidly with distance on both sides of the
fault. ‘ :

Along the zone of the rift the horizontal dislocation resulted in
the displacement of fences, railways, tunnels, dams, pipes, and
other structures. Only at the north end of the zone was there vertical
displacement, and this nowhere exceeded 2 or 3 feet. :

uch violent permanent change necessarily was accompanied by a
great earthquake and extensive damage, which was made greater by
the inability to put out the fires which followed the shock, because of
failure of the water systems.

Damage was done to buildings and structures in all parts of the
city and county of San Francisco. Much of it was moderate in
amount and character. Most chimneys were toppled over; plaster on
walls and ceilings was cracked, and there were many forms of perma-
nent damage. In small districts on made land, where the intensit
was augmented, pavements were buckled, arched, and fissured ; brick
and frame houses of ordinary construction were badly damaged or
destroyed; sewers and water mains were broken; and heavy street-
cars tracks were bent into wave-like forms. o

At Santa Rosa, although 19 miles from the Rift, destruction was
great, and agparent intensity higher than at mrost other points of
comparable distunces. The district lies directly inland from the

“region of greatest motion on the San Andreas fault.

Another region of violent shock detached from the main San
Andreas Rift zone was in the Los Banos region of the western San
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Joaquin Valley, where, more than 30 miles from the Rift, the inten-
sity was fully IX; and along belt of high intensity extending north-
west and sotftheast -sug,«_:usl,(-(r activity of some other Tault.

It is estimated that the great shock and resulting fires caused not
less than 500 deaths, about one-tenth of them in the little city of
Santa Rosa, although the population there was not much more than
one hundredth that of San Francisco.

All known carthqnake effects on men and animals were observed.

Trees swayed violently and in some cases were thrown down or
snapped off -above the ground.

Springs and artesian wells either increased or decreased their flow.
A few mud or sand craterlets were formed, where jets of water were
spurted through holes or fissures. The waters of the harbor were
disturbed, but no tidal wave occurred anywhere. Vessels off the coast
felt the vibrations of the shock.

There was considerable cracking of alluvial surfaces. In addition
to the great fissures of the Rift, tgere were branch fissures. Various
types of landslides took place, including avalanches and earth slumps,
and, where the ground contained an excess of water, earth flows.

There were numerous aftershocks, some fairly sharp, the last of
this type occurring in July. On April 23 a shock great enough to
be recorded over much of the world took place probably on the sea-
ward extension of the Point Delgada or Shelter Cove fault, off
Eureka, and caused some destruction at Ferndale. This is listed
below.

1906 April 18. Brawley, Imperial Valley; VIII. This shock, 11
hours after the greater shock in the north, was felt as far as San
Diego but. was destructive only at Brawley.

1906 April 23. Ferndale; VIIT. Chimneys and movable objects
overthrown ; strong at Eureka; felt into Oregon.

1906 April 25. Wood’s Culch; VII. “Aftershock of the April 18
earthquake. Landslides along coast cliffs of San Francisco Peninsula.

1906 December 6. VII to VIII at Piedras Blancas, San Luis
1(\){bigpo County. The lighthouse tower was cracked. Felt at Santa

aria. :

1907 September 19. VII plus. Brick building cracked at San
Jacinto; inténsity nearly as high at San Bernardino, Redlands, and
Riverside. Landslides in mountains; power-company pipe broken
in Santa Anita mountains. Felt to Monticito and San Diego.

1908 January 26. VIII. Milford and Amadee, in Honey Lake
region, chimneys toppled. Not widely felt, nor recorded on Berkeley
selsmographs. '

1908 August 18. VIII. FEureka; houses cracked and chimneys
topi)led. Fissure in seft ground, walls cracked and chimneys down
at Freshwater, few miles north of Eureka. Area perceptible with
intensity IV, about 6,000 square miles.

1908 November 4. The strongest of a series of shocks lasting 3
weeks in late October and in November in the Death Valley district.
Prospectors frightened from region, but no damage on account of
lack of buildings. Allen considers that in a settled region damage
corresponding to intensity VIII or IX would have resulted. In-
tensity VI at Lone Pine; felt to San Bernardino and Tehachapi.
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1909 May 17. VIII. Upper Mattole; chimneys injured, monu-
ments in cemetery broken and twisted. Felt at Eureka, Rhoner-
ville, and Blocksburg.

1909 June 22, &II to VIII. Downieville and Poker Flat; VI-
VII at Grass Valley. Felt to Reno, Nev., and north to Siskiyou
County. Numerous aftershocks for days. '

*1909 October 28. IX. All brick or concrete work reported
damaged or destroyed at Rohnerville. Intensity VIIL.at Eureka.
Felt from Ukiah northward into Oregon as far as Marshfield and
eastward to beyond Redding, where the intensity was possibly V-VL
Shaken area probably about 125,000 square miles.

1910 March 10. VII plus. Region of lower Pajaro River. In-
tensity VII at least at Chittenden; probably VII at Watsonville
and Aptos; VI at Hollister. Felt as far as Nevada City; area of
perceptibility probably 50,000 square miles. ty

1910 May 6. VII or more at Bishop, northern end of Owens Val-

ley, and stronger in Rock Creek Canyon to northwest., Felt to
Sacramento, 170 miles; Hollister, 160 miles; Bakersfield, 140 miles
from Bishop. Area probably in excess of 50,000 square miles.

1910 May 15. VII-VIII. Lake Elsinore region; chimneys top-

led in district between Corona and Wildomar. Felt to Barstow,

entura, and San Diego. oo

1911 July 1. VIII. Coyote, in Santa Clara Valley, probabl
VIII plus. VIII at San Jose; VI plus at San Francisco. A tan
fell and a landslide occurred at Edenvale, near the epicenter. Felt
to.lCm-son City, Nev. Shaken area well in excess of 100,000 square
miles.

1912 January 4. VII at least. Bishop, Inyo County. :Nearly as
strong at Laws and Alvord. Felt in San Joaquin Valley to west
and south to Bakersfield, 140 miles from Bishop.

1914 February 18. VI-VII. Origin probably near Truckee
Meadows, Nev. Intensity at Reno VI plus; strongest in district from
Reno to Virginia City.

1914 April 24. V%II. Origin probably east of Reno. Chimneys
fell at Renoj 4 at the University of Nevada., Ielt over east northern
California and much of Nevada, ond south to Randsburg, Calif.
Seismograms indicate that this shock had energy suflicient to cause
considerable destruction in a built-up region.

1914 November 8. VIII. Santa Cruz Mountains, near Laurel,
where chimni:{ys fell and articles were thrown from shelves, Felt
from Santa Rosa, Sonoma County, to Soledad, Monterey County,
und east to Fairmead. Shaken area 30,000 square miles, -

1915 January 11. VIII plus. At Los Alamos, Santa Barbara
County, several well-built chimneys were shaken down in addition
to a number of poorly built ones, and water pipes were pulled apart
at the unions; at Lompoce some buildings suffered dmuugc and the
intensity was VIT-VIIL, At Ilarris an oil pipe 8 inches in dinmeter
broke in several places. There were eracks due to lurching in the.
ulluvial soil, and numerous small lnndslides, in the epicenjinl region,
Despite the rather high local intensity, the shock was bavely felt to
Salinas on the north and Los Angeles on the southeast, indicating
u shaken area of not more than 50,000 square miles,
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1915 February 21, Highly loenlized shock of intensity fully VITI
in monntains near Whitmore, northwest of Lassen Peak. Consider-
able local dislocation of ground. Similar to shock of January 4,
1919, in same region.

*1915 June 22. Kl Centro, Calexico, and Mexicalij 2 destructive
shocks, nearly 1 hour apart. IHeavy damage in southern Imperial
Valley, due as much to poor quality of buildings erccted during a
boom period as to intensity of shock. In El Centro well-constructed
buildings merely suffered” cracks. At Mexicali people returned to
buildings after the first shock and 6 were killed and many injured.
Though a few cracks were formed in the alluvium, the irrigation
ditches and works were little dumaged. The unstable banks of the
New and Alamo Rivers slid down in many places. Several farmers
observed that after the shocks one-third more water was required

“for irrigation, because of the cracks in the soil. Area affected was

about 50,000 square miles, Despite the rather high local intensity,

- the total energy was moderate.

**1915 October 2. X. Pleasant Valley, Nev., south of Winne-
mucca. The shock resulted from faulting on the west side of the
Sonoma Range, the resultant scarp showing vertical motion of from
5 to 15 feet'along a rift 22 miles in length.  The earthquake was felt
over much of the Pacific slope west of the Rocky Mountains, even to
San Diego (and the area within which the intensity was high enough
to have been destructive had there been cities with poorly built
strnetures probably was at least 10,000 square miles). Some damage
resulted at Winnemueen and Lovelocks, the nearest places of any
size. At Kennedy, in the cpicentral valley, adobe houses were de-
stroyed, concrete mine foundations were cracked, and mine tunnels
caved in. At Lovelocks large water tanks toppled over and cracks
appeared in the road and in unconsolidated ground.

#1915 November 20. A shock revealed by scismograms to have
been considerably greater than that of June 22 took place in the
Voleano Lake region south of the Mexican boundary. In the Impe-
rial Valley*the highest intensity was VII at Calexico; at Volcano
Lake where levees and damp ground were cracked, it may have been
IX to X. Shaken area more than 120,000 square miles.

1916 August 6. VIII. Paicines, south of Hollister. VII at Hol-
lister ; shaken area in excess of 30,000 square miles.

1916 October 22, VII plus. Tejon Pass; rocks shaken down on
road; crack of several hundred feet long in cement surface of road
near Gormah; goods shaken from shelves. No towns in epicentral
region. Felt from Fresno to San Diego, and from Mojave to the
coast. ,

1916 November 10. Probably in desert south or southeast of
Death Valley. Region being unsettled, there was no damage, al-

though the shock was disclosed by seismograms to have been of
~ destructive energy. Felt at Lone Pine, Calif., and at Las Vegas, Nev.

1916 December 1. VII-VIII. A few miles south of San Luis
Obispo chimneys toppled over, plaster fell, and slides occurred in
railway cuts. About VI-VII at San Luis Obispo and Avila.

1917 May 27. VIII(!). Some walls cracked at Brawley. At a
point 6 miles southeast of Holtville waves were reported seen in allu-
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‘17;)‘{? and shock was said to have been as severe as that of June 22,

1917 July 79, VII plus. Near Arroyo Grande just south of San
Luis Obispo. Nine shocks in 8 days. Chimneys cracked, rocks
rolled down hillsides. Extremely local. »

1918 March 12. VIII(?). Newspaper report said chimneys
fell at Downieville. Reported only in Sierra County.

*1918 April 21. X minus. San Jacinto and Hemet suffered
heavy damage; only 1 new concrete and 1 frame building remaining
standing in the business section of San Jacinto after the shock. The
buildings wrecked were brick or artificial stone of poor construction,
or old frame buildings. Concrete, substantial frame, and_well-con-
structed brick buildings were not seriously damaged. . Numerous
lengthwise cracks were found on the road between the two towns
mluned and concrete irrigation canals were broken in a number of
places.

Damage corresponding to intensity VII to VIII also occurred at
Redlands, Riverside, and San Bernardino, and as far away as Los
Angeles the intensity was a high VI o

Roads in the epicentral district were closed to travel by slides, and
1 automobile was carried ofl the road by a slide. Great. clouds of
dust rose from the mountains, due to the extreme dryness of the
ground. Changes occurred in water flow and springs increased or
decreased their output. A number of sund and mud craterlets were
formed. In the region of the Sun Jacinto fault southeast of Hemet
the dry earth surface in places was broken up as though by a harrow.

The shock was felt as far northwest as Taft, Kern County, and
Los Olivos, Santa Barbara County, east into Arizona, and undoubt-
edly a considerable distance into Mexico. The shaken area was not
less than 110,000 square miles. Other shocks continued for weeks,
the strongest on June 6. See Bulletin of the Seismological Society
of America, volume 8, pages 45 to 67.

1919 January 4. VIII at least. Kern, 20 miles northeast of Red-
ding. Intense but local shock produced scarp across road, one sidte-,
dropping several feet.

1919 February 16. Probably VII at least. Kern County vicin-
ity, or just northwest of Tejon Pass. At Lebec rocks fell from steep
slopes; at Belridge a tank of oil was destroyed; at Maricopa and
Grapevine buildings were cracked. Probably slightly stronger than
Tejon Pass shock of October 22, 1916, "

1919 September 15. VII-VIII. Eureka; several chimneys fell.
Four shocks, first the heaviest. Allen believes it very local.

1919 September 29. Volcano Lake region, south of Imperial
gaﬁey; probably VIII; levees slumped; VI to VII in Imperial

alley,

1919 October 1. A shock similar in energy and location to that
of September 29. e

1920 June 21. VIII-IX. The “Inglewood earthquake”, this
shock was highly localized in and just west of Inglewood, where the
intensity was high in grade VIII. The entire shaken area did not
exceed 11,000 square miles. Typical damage was the wrecking of a
two-story school building so that it had to be rebuilt.  Walls of a
hotel and of an electric substation fell, cemetery monuments were
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upset, and tcleYlmne service interrupted. In an unsettled region
this shock would have passed unnoticed. It was highly seclective
;)n ’11t(41a.clfccts, damaging poorly built structures, but not good nearby
uildings.

1920 July 16. VI-VII. Los Angeles; windows broken, bricks
dropped from a few chimneys, some plaster fell. This shock would
not have been considered of d);structive force except for its occurrence
in a large city. .

1920 July 22. VII-VIII. Hot Springs, Shasta County; de-
stroyed chimney at resort and caused panic. Felt throughout eastern
Shasta County. ~

*%1922 January 31. Submarine shock of great intensity, so far
from land that greatest intensity on shore was about VI at Eureka.
Felt along north California coast from San Francisco north and into
Oregon, and in northwestern Nevada. Probably of same order of
magnitude as earthquake of April 18, 1906.

*1922 March 10. VIII plus. Cholame Valley; small cracks in
earth in-San Andreas fault zone; considerable damage to houses
along line of San Andreas Rift in Monterey and San Luis Opispo
Counties. One house thrown from foundation and another badly
demolished ; chimneys knocked down at Parkfield and in southern
Cholame Valley. O1l pipe lines broken between Shandon and Ante-
lope. Felt feebly as far as Los Angeles and the Sierra Nevada.

1922 June 16. Strong shock south of Imperial Valley. No dam-
age becaiisé of lack of structures.

1922 August 17. Strong shock in unsettled region of San An-
dreas Rift zone in Cholame region. Magnitude considerably less
than that of shock of March 10. Intensity possibly VII.

*1923 January 22. IX. Upper Mattolé and Petrolia, where most
of the chimneys fell and there were many aftershocks. Bad slides
on nearby roads. VIIL at Ferndale, Dyerville, Pepperwood, and
nearby puints, with some damage to chimneys and to a few houses.
A large gas tank as far away as Chico was moved on its base. Felt
through most of north California and in southern Oregon, and east-
ward to Reno. Seismograms give submarine origin off dape Men-
docino. It was felt at sea, the U. S. S. Tewas experiencing heavy
vibrations at about 44° N., 125° W.

1923 ‘July 22. VIII. San Bernardino Valley. Severe in San
Bernardino, with damage to masonry buildings and many chimneys
down. Buildings cracked and plate glass broken at Redlands. Good
construction did not suffer. Felt throughout southern California.

1923 November 5. VII. Origin near Calexico.

1923 November 7. Probably VIII at origin, which seems to have
been south of Calexico in Lower California. At Calexico the inten-
sity was about VII; a hotel was moved several inches on its founda-
tion; windows broke and plaster fell, and one fire resulted.

1925 April 15. VII. At Calexico plaster was shaken from the
walls and inhabitants fled to the streets. Again the origin probably
was a short distance south of the border.

*1925 June 29, IX-X. Santa Barbara and vicinity, particularly
to the westward. This shock was of considerable intensity but not
of the great type. The shock was felt sharply at Ventura, where
some dathage resulted. It was noticed throughout the San Gabriel
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Mountains to the east and in the Mojave Desert. At ‘Naples, west
of Santa Barbara, a stone church was damaged. The soil eracked at
a few places in the Santa Ynez Mountains north of Santa Barbara,
and there was increased flow from springs, but in general such effects
were very moderate. :

The damage at Santa Barbara was related to geological conditions
and to the types of construction. In general, the structures in that
city were on a par with those of other cities, good, bad,and indiffer-
ent, with some concealment of poor work which was exposed relent-
lessly bg; the earthquake. On State Street, the principal business
thoroughfare, on made land, few buildings escnpetf.

A hotel of four stories, built of brick with long unsupported side
walls, lost a large part of its exterior. A large office building failed
at a corner through giving away of columns, and the whole build-
ing fell, with some loss of life. Some large public buildings failed,
with the evidence of poor design and workmanship. A large frame
church on a good foundation would have withstood the shock had
not its roof, entirely too heavy for the building, fallen in. One
important building, the two parts of which were built at different
times, failed because there had not been the slightest effort to con-
nect the two parts. ‘

A well-designed and constructed three-story concrete building stood
up well, although built on marshy ground; its foundationg had been
carried down 19 feet to clay. In general, reinforced concrete en-
dured the earthquake except where there was poor workmanship.
Frame buildings covered with stucco on sheathing or lath withstood
the shock, though other methods did not show up so well. DBrick,
stone, cement, block, hollow tile and veneer walls generully were
cracked or shattered, yet where the structures were properly braced
and bonded and well laid in good mortar, they stood the shock well,
though chimneys fell and plaster was eracked.

The sewage system was undamaged except on made land, where the
loss was heavy. Pipes were cracked for considerable distances.
There were cracks in pavement, but in only one place, a boulevard on a
sand beach, was there movement, in this case estimated as from
8 to 14 inches.

The earth dam of the Sheflield reservoir, behind the city failed,
but little damage was done by the released water.

Intensity VIII was manifested at a number of points in the Santa
Ynez and Santa Maria Valleys, north of the Santa Ynez Mountains,
See the Bulletin of the Seismological Society of America, volume
15, pages 251-333. : :

1926 April 3. Colorado Desert region of Twenty-Nine Palms.
Felt as far as San Diego and Needles, this shock had moderately
destructive energy, but lack of structures in the desert region pre-
vented actual damage,

1926 June 29. Santa Barbara; VIT plus. Some chimneys fell,
and a child was killed by a falling brick.  Cracks in buildings left
by the 1925 shock were reopened.  Felt slightly in Los Angeles,

1926 July 25, VII. Idrin and Panoche in western foothills of
San Jonguin Valley.,  Region ahinost unsettled. :

1926 October 22, VIIL.  'T'hree strong shocks, The first was felt
from Lompoce, Sunta Barbura County, to Ilealdsburg, Sonoma
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County, and east to the Sierra.  Center off Monterey Bay. There
was destruetion of chimneys at Santa Cruz and damage to the light-
house on Ano Nuevo Island, At Santa Cruz old brick buildings
suffered.  Some damage to tile surface of a few buildings ns far
away as San IFrancisco, chiefly on made ground; steel cracked in
one bhuilding, and there was considerable damage to plaster; a pillar
was erncked throughout its length,  The second shock an hour later
was almost as widely felt as the first ; scismographizally it was of the
same strength, and it appears to have been the stronger of the two
at points north of Montercy Bay. The third shock was less severe.
Other aftershocks occurred. :

[¢ 1927 Januwary 1. VIII-IX. Imperial Valley near Mexican bor-
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der. Heavy damage at Calexico, Mexicali, and El Centro; some
damage at Brawley. At Calexico the shock is reported to have
lasted 3 minutes, probably an exaggeration of the actual duration.
Many houses were demolished, and scarcely a brick or cement build-
ing was left sound. Many walls tumbled, and between 15 and 20
persons were injured, some seriously. In Mexicali, across the border,
all buildings were damaged and water mains broken. At Brawley
13 distinct. shocks were reported, 4 of them heavy. Reports from
Ensenada, Mexico, and from San Pedro, indicate a sea wave. If this
is correct, there must have been a shock off the coast distinet from
this, which clearly originated in the southern end of the Imperial

- Valley. Hundreds of aftershocks occurred in the 6 weeks following.

1927 August 20. VIII. Humboldt Bay. At Eureka the shoc
came as a twisting jerk which threw objects from shelves and caused
considerable loss in retail stores; plaster was cracked and chimneys
tumbled ; wiring was deranged; people thrown from chairs, prob-
ably in part through their own muscular reaction to the shock; auto-
mobiles went out of control, probably for the same reason. Cracks
appeared in mud and gravel, and there were landslides of moderate
extent. The intensity at Arcata was similar; at Scotia the shock
was less strong, probably about VII. The shock was not felt at
distances greater than 90 miles from Eureka. The U. S. S. Sea Lion,
off Eureka, felt a heavy jar.

1927 September 17. VII plus. At Bishop walls were cracked
and windows and chimneys broken. The origin was in the Sierra
nearly 20 miles west or northwest of Bishop. Felt to Bakersfield,
140}miles south, and to Stockton, the same distance northwest from
Bishop. .

*1927 November 4. IX (X at epicenter?). West coast of Santa
Barbara County. Origin offshore. On land the highest intensit
observed was about IX in the vicinity of Honda. At Roberd’s
Ranch a man was thrown from his feet, a house shifted on its foun-
dations, and the chimney fell. Water spurted from the ground, and
cracks appeared. The concrete highway was cracked, and train
service interrupted several hours because of damage to the railroad
track. Heavy landslides occurred on the ocean cliffs.

Intensity of fully VIII was manifested at Lompoc, where many
chimneys fell and brick buildings were split so badly as to be un-
safe. Intensity in the neighborhood of VII-VIII was developed
at other tqwns of the region, including Santa Maria, Santa Ynez,
Los Olivos, Los Alamos, and up the coast as far as éayucos. The
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shock was felt to distances of 200 miles; it was definitely larger
than the Santa Barbara earthquake of 1925, but a difference in loca-
tion made it less destructive. Heavy shocks were experienced by
the ships Socony and Alaska Standard, 27 and 14 miles from Point
Argueﬁ)o. A small seismic sea wave was observed at several points
on the coast, and recorded on tide gages. There were the usual
number of strongish aftershocks, two of them of intensity VII in the
Lompoc region. See Bulletin, Seismological Society of America,
volume 20 page 53. ,

1927 November 18. VII. Santa Maria, windows cracked and
weakened chimneys collapsed. Probably aftershock of the big shock
of the 4th, although origin was nearer gantu Maria, ,

1928 June 3. VIII(?). Weaverville; chimneys thrown down.
Reported strong at Carrville and Trinity Center and.barely felt
at gcotia and Eureka, distant 60 miles from Weaverville.

1928 September 5. Moderately strong shock in Colorado desert
region near Twenty-Nine Palms. No damage, in lack of buildings.
Felt as far as Venturs and San Diego. | '

1929 July 8. Whitticr, VIII. Section of schoolhouse wall caved
in. Two houses wrecked by falling chimneys. Severgl oil wells
damaged.

1929 September 26. Moderately strong shock in Mojave Desert
about 30 miles east of Barstow. Felt to Pasadena.

1929 November 28. Sierra, northwest of Bishop. Originating in
the active Sierran source northwest of Bishop, this was less strong
than the shocks of 1889, 1910, and 1927. The area of perceptihility
probably exceeded 35,000 square miles, including Stockton and Kern-
ville in California, and Mina, Nev. At the epicenter in the moun-
tains the intensity was probably about VII. ’

1930 January 15. I-VIII. At Fawnskin and Summit, in the
San Bernardino Mountains, chimneys fell. Felt over about 50,000
square miles, strongly as far as Los Angeles. ,

1930 February 25. VIII. Westmoreland, Imperial Valley; walls
cracked, chimneys toppled, inferior buildings damaged. Mud crater-
lets found a few miles east of this place. Several foreshocks and
many aftershocks. : }

1930 March 1. VIIL. Brawley, Imperial Valley. This shock
was of smaller magnitude than that of February 25. The intensity
at Brawley was fully VIII, however, with brick buildings dam-
aged, chimneys down, and plate glass shattered. Structural damage
included falling out of wall, bad cracks in walls, displacement of
roofs, and fa.ll of cornices. Well constructed buildings suffered little.

1930 April 9. VII plus. Chimneys damaged at southeast end of
Lake Tahoe; plaster eracked at Tahoe.

1930 April 12. VII plus. Near Fernley and Fallon, Nev. Chim-
neys and plaster cracked, dishes broken. .o

1930 August 30. VIII. Epicenter off shore about 8 miles west
of Santa Monica. Intensity VII to VIII at points about Santa
Monica Bay and V to VII at points in Los Angeles, depending upon

- subsoil conditions and type of building. Shaken area about 30,000

square miles.
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1930 September 22. VIII. Humboldt Bay. Almost duplicate
of shock of Aungust 20, 1927, both as to location and force. Chim-
neys fell at Kurcka, Arcata, and Field’s Landing.

1931 August 23. VII or more. Submarine shock off Cape Men-
docino, according to scismograins, Maximum land intensity re-
ported was about VII at Hydesville. Felt and recorded more widely
than shock of September 22, 1930, on Humboldt Bay.

1931 September 9. VII-VIII. Chimneys damaged at Weott.
Scismograms again placed origin off Cape Mendocino. Intensity
about VII in considerable portion of southern Humboldt County.

*1932 June 6. VIII plus. Humboldt County. The strongest
shock of the region since 1923, this was destructive at Eureka, where
many chimneys fell, water mains were broken, windows shattered
and telephone and telegraph service was interrupted. A number of
small houses in Arcata were shaken down; at EKurcka Slough a rail-
road drawbridge was put out of‘commission; at Loleta small cracks
appeared in the ground and a brick wall fell.

This shock was located seismographically as originating .off shore
near Eureka; it was felt north into Oregon and south to San Fran-
cisco.. One death was caused in Furcka by a falling chimney.

#1932 December 20. X. Western Nevada, in Cedar Mountain
district. ‘This shock compares with tho 1915 shock in Pleasant Val- .
ley, as to energy, and was caused by extensive and complicated
faulting over a belt 38 miles long and from 4 to 9 miles wide in the
valley between the Pilot and Cedar Mountain ranges northeast of
Mina. In this belt 60 rifts were found, ranging up to 4 miles in
length. and others undoubtedly were hidden by the snow on the
ground when the survey was made. The energy of the shock was
so great that it was felt from the Rocky Mountains to the Pacific
Ocean at San Diego and San Francisco, very noticeably at the latter

lace. .
P The epicentral tract being uninhabited except by occasional miners
and sheepherders, about 12 in all, little destruction took place. A
stone and an adobe cabin were destroyed, and mining property dam-
aged. Outside the central region, only Mina and Hawthorne were
near enough to suffer much damage. Both are very small places, and
at each many chimneys were thrown down; at Hawthorne concrete
was cracked.

#1933 March 10. IX. The “Long Beach earthquake.” This
shock was not of major magnitude from the scismological point of
view, but through the accident of its location in a ¢ ickly settled
district with many poorly constructed buildings, it ranks as the
second most destructive shock of the United States history. Over
100 lives were lost and damage of about $40,000,000 resulted. The
origin was situated just off shore near Newport Beach; the major
destruction however was in the more thickly settled district from
Long Beach to the industrial section, south of Los Angeles, where
watersoaked alluvium and other unfavorable geological conditions
combined with the presence of much poor structural work to in-
crease the damage. The strongly shaken area was bounded by a
line from southern Los Angeles southwest to Manhattan Beach, and
by another from southern Los Angeles to Anaheim and thence to
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Laguna Beach. The shock was felt over a land area of a {)roxi-
mately 60,000 square miles, and with the sea area presumably af-
fected, had a shaken area of the order of 100,000 square miles.

There was little evidence of ground movement, and no fault dis-
placement visible. Slight slumps and distortion of made and un-
consolidated ground took place in the region from Compton to
Long Beach. -

Places where damage was exceptionally severe included Compton,
Long Beach, and Huntington Park. Many structures, including
water tanks, suffered. School buildings were among those most gen-
erally and severely damaged, and had the shock taken place during
school hours great loss o life, would have occurred.

1933 May 16. VII. Niles Canyon on line of Hayward fault.
Landslide; plaster cracked, windows broken, goods fell from
shelves, Ielt generally in the San Francisco Bay district.

1933 June 25. VIII. Wabuska, Nev.; brick chimneys fell and a
cloud of dust rose from the nearby hills. Shock felt to distances of
about 200 miles, giving shaken area of the order of 100,000 square
miles. Distinetly felt at San Francisco and Fresno.

1933 October 2. Moderately strong earthquake near Long Beach,
»ossibly not a true aftershock of the March 10 shock.  Epicenter near

signal  Hill.  Considerable minor damage in Long . Beach, Los

. Angeles, Compton, Bell, and other towns, chiefly to structures weak-
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ened in previous shocks. Felt as far as San Diego and Santa
Barbara. :
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