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SANTA ROSA EARTHQUAKES
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High altitude photograph of the northern portion of the 5en Froncisco Bay aorea.
Santa Rosa js to left center, Lake Berryessa near upper center, San Pablo Bay on right.
View approximately east toward fog-filled Sacramente Valley.
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THE SANTA ROSA EARTHQUAKES OF
OCTOBER, 1969

W. K. Cloud, D. M. Hill, M. E. Huffman, C. W. Jennings, T. V. McEvilly, R. D. Nason,
K. V. Steinbrugge, D. Tocher, J. D. Unger, and T. L. Youd

On October 1, 1969, the city of Santa Rosa was
severely shaken by two earfhguakes. These gquakes
were distinctly felt throughout the Sen Francisco Bay
Area, but it was i1 Senta Rosa where the most dam-
age was done. The quakes were the most severe fo
hit that city since 1906, when Sante Rosa experienced
catastrophic destruction, along with San Francisco.

Santa Rosa is 50 miles north of San Francisco and
has a population of about 49,000, most of whom live in
single family dwellings. It is the seat of Sonoma County
and a center of light industry, agriculture and merchan-
dising. The city is on the east side of Sentc Rosa
Valley, an intermontane velley of the Coast Remges,
bounded on the west by the Mendocino Range and on
the east by the Sonoma and Mayaemas Mountains,

Many earth scientists in the Bay Area kave contrib-
uted to this special edition on the Santa Rosa Earth-
quake, indicative of the cooperative efforts of several
Federal, State, and private agencies in studying ihe
effects of tkis event im order to gain o betier under-
standing of earthquake phenomena.

The individual sectioms that comprise this report
were submitted by the following authors whose affili-
ations ore indicated:

W. K. Cloud, Seismological Field Survey U. 5. Coast
ond Geodetic Survey, San Francisco.

D. M. Hill, Californic Department of Waler Resources,
Sacramento.

M. E. Huffman ond C. W. Jennings, California Division
of Mines and Geology, San Francisco.

T. V. McEvilly, Selsmogrophic Statian, Depariment of
Geology and Geophysics, University of California,
Barkelay.

K. V. Steinbrugge, Pacific Fire Rafing Bureav, San
Francisco.

D. Tocher and R. D. Nason, Eorthquake Mechanism
Laboratory, U. §. Department of Ci ce, Environ-
mental Sclence Service Administration, San Francisco.

J. D. Unger, National Center for Earthquake Research,
U. 5. Geological Survey, Menlo Park, California.

T. L. Youd, Engineering Geology Branch, U. 5. Geo-
logical Survey, Menlo Park, Celifornia.

In addition to the gbove, R. E. Wallace and M. G.
Bonilla, both with the U, 8. Geological Survey, were
helpful in providing dota for part of the article on
surface breaks. Thanks also go to the Senta Rosa City
and Sonoma County officials whe kindly provided data
for inclusion n this repori. Photographs were conirib-

uted by several authors and the Samta Rosa Press
Democrat.

D. B. Eisman, Division of Mines and Geology, edited
some of this special edition.

Mr. Huffman, wio submitted the introductory pera-
graphs, was able to give us this interesting account of
“how it was" the night of the quake, because ke was
there.

The astonished residents of Santa Rosa gave no thought
to epicenters, magnitudes, or faults in those first mo-
ments when the onslaught of the quake at 9:56 p.m. plunged
their pitching dwellings into darkness. Each individual lived
those few moments intensely there in the overwhelming grip
of the natural events which had so suddenly seized him.
First came the state of dumfounded bewilderment, before
recognition that the increasing rumble of his vibrating dwell-
ing and the clatter of falling books, dishes, lamps and even
television sets meant an earthquake was occurring. Then,
moments of fear as the tempo of shaking reached its peak
and the thought of loved ones, falling debris, and injury
entered his mind, Parents groped and staggered their way
into darkened bedrooms to rescue their now awakened chil-
dren. Persons stumbled to get outside onto their lawns and
as they did so, saw the skyline flashing eerily as, in neighbor-
hood after neighborhood, the lights flashed rapidly on and
off before finally going out. Drivers were jerked about by
automobiles suddenly bucking unmanageably, some even
swerving into adjacent lanes,

Electric power was restored in most areas quickly, but
some remained dark until well after the second main tremor
at 11:19 p.m. Telephone lines were jammed and service often
irregular as relatives tried to contact one another and others
sought information.

Traffic became heavy, for such a late hour on a Wednes-
day, as people travelled about to check up on kin. Little
groups of people stood about on their front lawns, undecided
about returning inside lest another, more serious, tremor
occur. Liquor stores had become reeking pools of broken
glass and spirits, and businessmen hurried to their stores to
check the damage.

By morning, the assessment began, and would continue for
months to come. It was a costly quake, but luckily—almost
miraculously —not a life was lost. Now , the scientists and
engineers began their evaluation and analysis, which is not
complete even as we go to press, Their aim , to under-
stand better the causes and results; hopefully, to be better
prepared for the future, —M.E.H.
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MAGNITUDES, EPICENTERS, AND FAULT PLANE SOLUTIONS

The two earthquakes of magnitudes 5.6 and 5.7 that shook
the Santa Rosa area were felt generally as far away as the
southern parts of San Francisco Bay. Another shock, 3.5,
was registered in the interval between the two major ones,
and two aftershocks, with magnitudes of 3.4 and 4.3, followed
early the next morning.

The epicenters of these shocks were very closely grouped
in an area about two miles north of Santa Rosa. The focal
depths of the two main events were 9.6 and 10.4 kms. The
smaller shocks were located with less accuracy than the
larger ones, because fewer instruments in the University's
network recorded the small earthquakes, but these seem to
have been of the order of 10 kms. deep.

The accompanying table lists all these shocks. Accuracy of
data is greater for those earthquakes for which latitude and
longitude are stated in minutes and tenths of minutes.

The area around Santa Rosa has had a fairly active seis-
mic history, The most recent moderate-size earthquake be-
fore October 1969 was a magnitude 4.6 shock on April 25,
1968, in nearly the same place. Since then, shocks have oc-
curred nearby on January 153, 1969 (M 3.0), July 18 (M 2.5)
and August 17 (M 2.6).

Geing back a little further, the University of California
Seismographic Station has recorded 23 shocks with magni-
tudes of more than 2.5 in the general vicinity of Santa Rosa
since 1961. This was the year that the University of Cali-
fornia telemetered seismographic network began operation.
The 23 epicenters are marked on the accompanying map. Un-
certainty in location is greatest for the smaller events.

Going back still further, the composite earthquake file on
magnetic tape at Berkeley was searched for all earthquakes
that have been reported through 1967, centered in the vicinity
of Santa Rosa. This list appears on page 46.

The taped file encompasses the Pacific coast earthquake
catalogue of Sidney Townley and Maxwell Allen, which goes
back two centuries to the arrival of the white man in Cali-
fornia, but the first earthquake reported in the Santa Rosa
vicinity is 1855.

Since seismographs to determine epicenters accurately were
not used in California until late in the 19th centurythe location
for most of the listed quakes are based on the reports of
people who felt the events. For the past 30 years, however,
seismologists have been able to assign epicenters more con-
fidently, based on instrumental data, and some of the coordi-
nates listed for events since the late 1940s were derived
from such data. Increasing accuracy in instrumental epi-
centers is reflected in the column marked “Quality”; since
1963, the reliability and array of groundshaking sensors has
been such that all epicenter determinations have been of
“excellent” quality.

Detailed fault plane solutions, based on the radiation
pattern of the P-waves, exist for the two large shocks of
October, as well as for the April 1968 shock. These all show,
very clearly, right lateral motion on a fault plane striking
roughly parallel to the Healdsburg fault to the northwest.
Smaller earthquakes, while they do not provide widely
recorded first motion data for such analyses, generally show
the same patterns at the near stations where first motions
were clearly recorded. The first-motion data are indicative of
a non-vertical fault plane, the three well-determined fault
plane solutions giving dips of 70 to 80 degrees northeast.
The indicated mechanism is shown on the map on page 45.

The October 1969 Santa Rosa earthquakes were not anoma-
lous. Rather they reflect the historical record of repeated
moderately strong earthquakes and earthquake sequences in
the region. The zone of activity just north of town seems
to be a region of concentrated moderately deep shocks. The
larger earthquakes in this region seem to have minor
aftershock sequences, a phenomenon probably related to the
concentrated source region and to the depth of the shocks.
The mechanisms of the earthquakes appear to be right
lateral slip on steeply dipping fault planes roughly parallel
to the Healdsburg fault to the northwest or the Hayward
fault to the southeast. This mechanism seems characteristic
of earthquakes in the Coast Ranges east of the San Andreas
fault in the Bay Area and northward.—T.V. M.

Santa Rosa earthquakes of October, 1969

Pacific Day-
Date light time Latitude (N) Longitude (W) Magnitude  Depth
k. . 5 deg.  min. deg, min, k.
B0ttt e Ll 56 46,5 38 280 122 41.5 5.6 9.6
22 14 21 38.5 122.7 3.5 -
23 19 57.1 38 27.3 122 41.5 53 104
2o ) S e L 1 10 09 38.5 122.8 34 -
05 27 05.5 38 29.4 122 41.0 4.3 5.7
O A e 07 28 07.6 38 27.7 122 42.8 39 14.2
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Map of Santa Rosa area showing epicenters of earthquaokes of magnitudes greoter than 2.5.
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SANTA ROSA EARTHQUAKE HISTORY, 1855-1967

Quality: A =excellent quality of epicenter determination, B =good, C =fair, D =poor.
Times are Greenwich time, seven hours later than Pacific Daylight Time, eight hours later than Standard Time.

Only earthquakes whose epicenters are in the Santa Resa area are included.

Number
Month Hour of
Day Minute Lati- Longi- Qual- Mag- stations
Year Second  tude tude ity nitude recording Felt Maximum intensity, comments
8/26/18556 21- 0- 0. D F
8/27/1855 23- 0- 0. D F
__1/28/1856 11— 0- 0. F
8/ 6/1850 17-30- 0. D F
1/ 9/1865 15- 0- 0. D F
3/ 5/1865 0~ 0= 0. D T Petaluma. Night.
3/ 8/1865 14-30- 0. D F  VIII Santa Rosa, Petaluma, and Napa,
4/23/1868 0- 0- 0. D F  Hesaldsburg.
5/ 7/1868 20— 0- 0. D F  V Healdsburg,
0- 0- 0. g g D F  Sants Rosa.
11/21/1872 0~ 0- 0, 38.25 122.67 D F Potaluma,
1/ 3/18768 18-55- 0. 38.50 122.83 D I VI Santa Rosa, Fulton, Freestone, and Healds-
burg.
11/29/1876  1-10- 0. 38.42 122,75 D F  III Santa Rosa.
1/15/1877 15- 0- 0. 38.42 122,75 D F Santa Rosa.
5/31/1878  5-30- 0. 38.42 122,75 D F IV Banta Rosa.
5/31/1878 6- 0- 0. 38.42 122,75 D F
5/31/1878  6-30- 0. 38.42 . D F
0/11/1878 0- 0= 0. 38,25 D F
8/18/1878 0= 0= 0. 42 ) D F
5/31/1880  0-20~ 0. 38.42 122,75 D F  Glen Ellen.
2/ 7/1882 15 0- 0. 38.42 122,75 D F IV Banta Rosa.
3/ 7/1882  4-30- 0. 38.58 122.83 D F  Healdsburg.
2/ 6/1885 7= 0= 0. 38.67 122,92 D TV Geyser Springs.
2/ B6/1885 10~ 0- 0. 38.67 122.92 D F  V Geyser Springs.
10/16/1885 12-45- 0. 38,42 122,75 D F IV Napa and Santa Rosa.
5/12/1887 0- 0~ 0. 88.256 122,87 D F  Petaluma,
12/ 5/1887 13-30- 0. 25 D F  V Petaluma.
12/26/1887 8- 0- 0. 42 D F  V Banta Rosa.
1/26,/1888 0- 0- 0. .68 D F  Healdsburg.
11/16/188% 55— 0. 58 D T  Hesldsburg, East Oakland, and S8an Francisco.
8/ 1/1880 21- 0 58 D F  Healdsburg,
3 S fire D v =
6,/30/1890 0. D
6/30/1890 0. D F Three earthquakes.
7/28/1880 0 D F  Petaluma
10/ 3/1800 0. D F Healdsburg
4/14/1891  7-40- 0. D F  Healdsburg
0/23/1891 21-30- 0. D ¥ Healdsburg.
2/17/1892 0~ 0- 0. D F  Forestville
3/13/1892 13-25- 0. D I Petaluma.
4/20/1892 8-50- 0. D I Petalums, Roe Island Light House.
9/ 8/1892 12-45- 0. D F  Petaluma and Napa.
3/28/1893 0. D F Banta Hosa,
6/18/1893 0. D F

Santa Rosa.

t.a Roaa.

0.
0. 42 Santa Rosa,
0 2 Peachland and Santa Rosa.
0. 3842 122.75 D Peachland.
2/ 8/1900 12-30- 0. 38.25 122.67 D F VI Petaluma.
3/20/1900 0- 0= 0. 38.42 122.75 D F  Peachland.
11/13/1900 17-59- 0. 38.50 122.92 D F IV Penn's Grove {Penngrove).
3/ 4/1903 0-0- 0. 38.42 122.75 D F Santa Rosa.
2/15/1904 0= 0- 0. 38,68 122.83 D F  Hesaldsburg.
8/21/1904 0- 0= 0. 38.58 122,83 D ¥ Hesldsburg,
10/14/1905 0- 0~ 0. 38.42 122,75 D F Hanta Rosa.
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SANTA ROSA EARTHQUAKE HISTORY, 1855-1967

Continued
Number
Maonth Hour of
Day Minute Lati-  Longi- Qual-  Mag- stations
Year Second  tude tude ity nitude recording Felt Maximum intensity, comments

12/15/1905 0= 0- 0. J8.42 122,67 D F  Mercury.
5/ 2/1906 5-10- 0. 38.68 122,83 D I Healdsburg.
6/16,/1906 0= 0= 0. 38.42 122.75 D F  Peachland.
6,/28/1906 0= 0= 0. 38.42 122,75 D F  Peachland.
8/ 1/1906 14- 0- 0. 38.42  122.75 D F  Peachland.
6/30/1907 23-10- 0. 38,42 122,67 D ' Mercury.
2/ 8/1908 0- 0= 0. 38,42 122,75 D F Near Santa Rosa,
2/12/1914 0- 0- 0. 38.42 122,67 D F  Peachland.
10/ 8/1915 0 38.42 122,83 D I [III Sebastopol.
10/ 8/1015 0. 38.25 D T III Petaluma.
1/16/1916 0 D T III Sebastopol.
2/25/1919 D B VI Novthof ey Couatios:
12/20/1919 0 D ¥ IV Santa Rosa.
10/ 9/1920 0 D F III Santa Rosa.
1/ 1/1822 0 D ¥ Petaluma. Three shocks,
4/ 1/1923 0. 3 4 D ¥ 1L SBanta Rosa,
9/ 6/1923 12— 0- 0. 38,42 122.75 D F IIT Santa Rosa.
11/ 8/1923 20-39-0 38.42 122.75 D F III Santa Rosa.
7/ 671924 17-48- 0 38.42 122.75 D I II Santa Rosa.
a9/ 1/1924  20-16- 0 38.42  122.75 D F III Santa Rosa.
5/10/1025 13- 4~ 0 38.42 122.75 D F II Banta Rosa.
8/22/1925 18-15- 0. 38.25 122.67 D F III Petaluma,
4/13/1926  2-20- 0. 38.67 122.92 D F IV Geyserville, Rattled doors and windows.
Lasted 15 seconds in Hesldsburg. Felt in Dry
Creek Valley.
4/13/1926  3-20- 0. 38.67 122.92 D ¥ Healdsburg.
10/22/1926 13-30- 0. 38.42 122.756 D I* III Santa Rosa.
10/22/1926 13-51- 0. 38.42 122.75 D F II Santa Roaa.
10/27/1926 12- 0- 0. 38.42 122,75 D F  III Banta Rosa.
9/20/1927 15-40- 0. 38.42 122.75 D I III Santa Rosa.
10/ 2/1927 18-556-30. 38.42 122,75 D F Santa Rosa.,
10/ 2/1927 18-55-4D. 38.42 122.75 D F II Santa Rosa.
10/ 271927 19-22- 0, 38.42 122.75 D F II Banta Rosa.
2/18/1929 3-25- 0. 35.42 122.75 D I Banta Hosa.
0/11/1920 15— 0= 0. 33.42 122,75 D F Bants Rosa,
4/21/1932 12-24- 0. 38.256 122,67 D F Petalumn,
10/21/1932 10-30- 0. 38,25 122,67 D T III at Petaluma.
2/11/1834 0- 0- 0. 38.40 122,75 D F IV Santa Rosa.
2/13/1934 0- 0- 0. 38.42 122.75 D I EBay (near Santa Rosza).
2/14/1934 18-43- 0. 38.42 122.75 D IV Banta Rosa,
2/14/1934 18-51- 0. a8.42 122,75 D I' Santa Rosa.
2/14/1934 19-15- 0. 38.42 122,75 D I’  Santa Rosa.
2/14/1634 22-24- 0, 38.42 122,75 D F 2 miles 8E of Santa Rosa. V Banta Rosa.
2/14/1934 22-34- 0. 38.42 122,75 D F  V Bania Rosa. IV Monte Rio and Sebastopel.
2/15/1934 22-30- 0. 38,42 122.76 D F IV Sebastopol.
27/16/1934  5-37- 0. 38.42 122,76 D ¥V Santa Rosa. Also felt at Bay, Fulton, Forest-
ville, Jenner, Kenwood, Rincon Valley,
Sebastopol, and Windsor.
2/16/1934  5-47- 0. 38.42 122,75 D F  Bame places as above.
2/16/1934  5-50- 0, 38.42 122.75 D I Bame places as above.
2/16/1934  6-45- 0, 38,42 122.75 D F  Same places ns above.
2/16/1034 T-30- 0. 38.42 122.75 D I’ BSanta Rosa.
2/16/1934  9-31- 0. 38.42 122.75 D F  Bame places as 5-37 above.
2/16/1934 14— 1- 0. 38.42 122,75 D " Bame places ns 5-37 above.
2/16/1934 15— 0- 0. 38.42 122.756 D ¥ Banto Rosa.
2/16/1934 15-58- 0. 38.42  122.75 D F  Strongest of series. Felt same places,
2/18/1934 8- 3- 0. 38.42 122.75 D I* Banta Roaa.
3/12/1934 16-10- 0, 38.42 122.75 D F Bantn Rosa,
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SANTA ROSA EARTHQUAKE HISTORY, 1855-1967

Continved
Number
Month Hour of
Day Minute Lati- Longi- Qual- Mag- stations
Year Becond  tude tude ity nitude recording Felt Maximum intensity, comments
6/12/1936  6-20- 0. 38,40 122,76 D * Santa Rosa.
2/28/1939 1-10=- 0. 38.40 122.75 D F  Santa Rosa,
3/ 2/1939 20-13- 0. 38.65 122.90 D Near Geyserville. Felt Cloverdale and Skaggs
Bprings.
6/ 7/1930 15-14- 0, 38.58 122.83 D F  Healdsburg-Jenner area, Felt Healdsburg.
10/30/1840  8-35- 0. 38,40 122.75 D F  Banta Rosa. Possibly an explosion.
7/ 5/1942 0= 0- 0. 38.60 122,85 D F  Healdsburg. Four shocks. BSSA. Oct. 1942,
10/19/1944  8-37- 0, 38.42  122.75 D F  Santa Rosa. This and the three following shocks
may not have been earthquakes.
10/18/1944 98- 7-0 38.42  122.75 D F Santa Rosa, See above.
10/18/1944 10— 0-0 38.42 122.75 D F  Banta Rosa. Bee above.
10/19/1944 13- 0- 0, 38,42 122.75 D F Santa Rosa. Sea above,
11/21/19456 22-56-10. 38.42 122.78 B 3.5 F  III at Santa Rosa.
1/ 2/1048  8-35- 0. 38.50 122.85 D F  Fulton. Light shock.
2/21/1948 4-19- 0. 38.40 122.75 D F IV st Sants Rosa.
9/ 1/1948 21-27-47. 38.33 122.58 B 3.3 F  Felt in Banta Ross and Cotati,
8/ 9/1949  0-39-27. 38.58 122.67 B 3.6 West of Calistoga.
8/14/1940  8-19-58, 38.58 122,67 D 2.5 Aftershock of quake on August 9 at 0039.
11/ 3/1949 65— 0- 0, 38.40 122,75 D F IV at Bants Rosa,
11/ 4/1949  14-45- 0. 38.40 122.75 D F Banta Rosa.
11/ 4/1949 14-50- 0O, 38,40 122.75 D F Sants Rosa.
11/ 8/1949 12-41-16. 38.50 122,70 D 2.6 North of Sants Rosa.
12/28/1950 0-15- 1. 38.58 122.83 C 2.9 T Felt at Windsor.
2/20/1951 6-52-47. 38.42 122.656 c 2.2 LEast of Santa Rosa.
4/ 7/19561 19-19-21, 38,30 122.70 D 2.8 North of Petalyma,
11/26/19561 T-21-53. 38.52 122.75 B 3.4 F  North of Santa Ross. Felt in Santa Rosa.
11/26/1951 8-53-30. 38.53 122,77 B 3.2 F  Aftershock of 0721. Felt in Santa Rosa.
11/26/1951 13-21-26. 38.52 122.75 C 2.1 F  Aftershock of 0721. Felt in SBanta Rosa,
7/ 9/1952 22— 448, 38.53 122.62 (o] 2.5 4 miles 8E of Calistoga.
9/26/1952  4-35-43. 38.42 122.58 C 3.2 F 7 miles 8E of Santa Rosa. IV at Santa Roea,
St. Helena and Kenwood.
11/21/1952 23-27-25. 38.40 122,87 B 2.4 4 miles SE of Santa Rosa.
8/21/1953 10-28- 0. 38.30 122,60 D 2,1 SE of Banta Roas.
1/26/1854  7-36-56. 38.50 122.65 C 2.8 Northeast of S8anta Rosa.
2/25/1955 0-560- 5. 38.40 122.60 (o} 2.8 East of Santa Rosa.
12/22/19556 8- 4-50, 38.33 122.63 B 3.1 Southeast of Santa Ross.
5/ 3/1956  3-30-30. 38.43 122.53 C 3.0 East of Santa Rosa.
6/19/1956 18-32-57. 38.28 122,52 B 2.3 Southeast of Santa Rosa.
T/18/19566 23— 3- 7. 38.66 122.73 A 3.5 F North of Santa Rosa. Felt ot Santsa Rosa,
Windsor,
3/14/1958  6-30-35. 38.60 122,80 D 2.5 Northwest of Santa Rosa. Aftershock, magni-
tude 2, at 06-32-48.
6/22/1958 6-21- 2, 38.656 122.73 3.2 F North of Santa Rosa, Felt sharply at Healds-
burg. Also felt at Rio Nidn.
10/29/1959 23-29- 2. 38.40 122,80 D 2.9 Southeast of Santa Rosa.
12/26/1959 0-18-51. 38.40 122,50 D 2.3 East of Santa Roaa.
8/ 5/1960  6-15-53. 38.40 122.60 D 2.0 East of Santa Rosa.
2/28/1962 13-40-32.6 3B.57 122.73 B 3.1 14 F North of Santa Rosa. IV.
3/ 9/1962 839 2. 38.33 122.62 C 3.0 12 Northenst of Point Reyes.
4/14/1962 19-37-37. 38.35 122.60 B 3.0 12 South of Calistoga.
12/ 6/1062 1-41- 6.1 3B.562 122,58 B 2,6 11 South of Calistoga.
12/ 7/1863 12- 4-11.6 38.50 122.70 2.7 9 North of Santa Rosa.
9/23/1064 16-30-12.9 38.58 122.72 3.0 7 SW of Calistoga.
7/15/1965  2-57- 8, 38.50 122.80 2.8 8 8W of Rumsey,
10/18/1965 23-19- 0. 38.60 122.70 3.0 9 SW of Rumsey.
10/25/1965 4-50-30.1 38.48 122,88 2.6 ] F NW of S8anta Rosa. Felt at Hesldsburg.
6/19/1966 16— 5-31.4 3B.32 122.67 2.8 8 South of Santa Rosa,
6/27/1966 6- 4-28.7 38.48 122.83 8.1 9 NE of Santa Rosa. V Santa HRoea,
6/11/1967 12-55-48. 38.33 122.67 2.6 9 SE of Santa Rosa.
8/ 2/1967 0-10-35.0 38.50 122.76 2.8 6 NW of S8anta Rosa,

Number of quakes = 168.
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I he Department of Water Resaurces has placed seismometers The record from the University of California’s Fickle Hill

in the field to monitor eorthquakes near Stote Water Project stalion near Arcala was not “clipped’’ because the station was
facilities ond to detect seismic activity which moy be induced farther from the earthquake epicenter and is operated at low
by reservoir loading. The seismic data are telemestered to Sacro- magnification

manto aver telephona lines for recording on 16 millimeter film The relative distance from seismograph stations to on earth-

ond on magnetic tope for onalysis. The figure is an enlarge- guake e icated by the relative delay In arrival

ment of a short segment of the film record of the earthquake

SmMic waves.

which shook Santa Rose at 11:20 p.m., October 1, 1969, The IRIG C time trace provides precise time and date In coded

The ground vibrations picked wp by the Department's seis form with narrew morks ot halfsecond intervals and broad
mometers are amplified 100,000 times or more before rncarding. marks each 5 seconds. guences of medium-width marks indi-
This high magnification is necessary so thot very small shocks cate the daoy o n year, hour, and minute in Greenwich Mean

near project facilities may be detected. However, the sais- Time—the standard time for all seismagraph stations. The IRIG
mometer output caused by lorger quokes exceeds the capacity C time code generator is calibrated against a time signal from
of the telephone circuits and causes “clipping’’ of the signal the Mational Bureau of St rdi radio station WWYVY so that

The clipping effect Is shown by the brood peaks on the sejs- the time code does not deviate more than a few milliseconds

mogram traces. This will be remedied when log amplifiers are from the carrect time. Inaccuracy in marking the precise arrival

installed at each sensor. Then the large excursions will be time of earthgquoke waves at seismogr ph stations introduces

“ecompressed” within a resclvable range. error info the earthquake epicenter computations.—D.M.H.
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AFTERSHOCKS

‘Within 17 hours of the time the initial shocks had rocked
the Santa Rosa area the National Center for Earthquake
Research, U. S. Geological Survey, had begun to install a
network of portable seismographs to monitor aftershock ac-
tivity, Twenty systems put into operation by late afternoon
of October 4 (page 51 ) recorded centinuously until Oc-
tober 20, when it became evident that aftershock activity
had diminished to a very low level.

Preliminary interpretation of the data from the portable
network indicate that the hypocenters of the 12 Jargest
aftershocks that occurred within 7 days of the main shocks
form a linear pattern trending N253°W through the northern
and eastern outskirts of Santa Rosa and in line with the
southern extension of the Healdsburg fault. Early work with
the data suggests that about 200 aftershocks were sufficiently
well recorded to permit accurate location, and of these about
75 percent occurred during the first week of recording. We
anticipate that the pattern of hypocenters for the aftershocks
will delineate in three dimensions a buried fault plane under-
neath the alluvium upon which Santa Rosa is built—J.D.U,

GROUND AND BUILDING RESPONSE

In a broad and general sense, the Santa Rosa earthquake
damage followed the patterns of other earthquakes. The
serious hazards to lives were principally confined to the
failures, or near failures, of unreinforced brick buildings. The
hazard from such light mass buildings as wood frame dwell-
ings was comparatively insignificant. Even when a wood
frame dwelling went off its foundation, the occupants were in
no significant danger of losing their lives.

A more detailed examination of the damage patterns,
however, shews two problems of considerable importance,

First, the damage to single family wood frame dwellings
was concentrated in several areas close to each other. The
damage to the older houses was readily explainable by rotten
foundations or by inadequate bracing in the space between the
ground and the wooden floor. However, in these areas of
concentrated damage were many newer dwellings where this
explanation would not hold. Spectacular in this regard was
the damage to dwellings west of the Montgomery Village
Shopping Center, where masonry chimneys, including steel
reinforced brick chimneys, broke.

It seems clear from the preliminary work done to date
that the concentrations of damage were related to the local
geology in a manner that is not well understood. In a simpli-
fied sense, it may be that the configuration of the underlying
rock, plus the dynamic response characteristics of the surficial
soils, resulted in amplification of the seismic waves. The
violence of the shaking in these limited areas was clearly
evident where, for example, sidewalks were buckled.

Doubly important is the preliminary observation that the
1969 concentrations of damage may have been in about the
same areas as those noted in Santa Rosa after the 1006
San Francisco shock. It certainly becomes vital to understand
better the relationships between the dynamic character-
istics of the geology and building response to them.

50 Mineral Information Service

Severe interior daomage including col-
lapsed ceiling in office building on College
Avenue, Phofo by Sanfa Rosa Press Demo-
craf.

A second disquieting problem was the much more than
expected damage to Sonoma County’s Social Services Build-
ing in the northern section of Santa Rosa. A very preliminary
analysis tends to attribute the majority of the damage to
factors other than the details of design or construction of
this new building. A valid question has been raised regarding
the adequacy of certain earthquake provisions of the building
code; the importance of this must not be overlooked since
these code provisions are in general use throughout Cali-
fornia. A second valid question has been raised regarding the
possibility of quasi-resonance between the building and the
vibrating soils beneath. Both of these questions are wvery
fundamental and probably cannot be answered in the near
future.

It is interesting that both of the major problems involve
the disciplines of geology, soils engineering, and structural
engineering. It seems to the author that the solutions can
best be obtained from interdisciplinary efforts—K.V.S,
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PRINCIPAL SEISMIC EFFECTS

The two main tremors of October 1 were distinctly felt
over a large section of northern California extending from
Clearlake Oaks on the north to Davenport (near Santa Cruz)
on the south and from Sacramento westward to the Sonoma
Coast, according to information gathered by W. K. Cloud.

Tall buildings swayed noticeably in downtown San Fran-
cisco and reports of toppled light objects were received from
many localities; however, only the Santa Rosa area sustained
what could be termed major damage. The latest estimates of
damage for this locality range from 5 to 7 million dollars.
Fortunately, there were no fatalities attributable to the
earthquake, although a number of personal injuries were re-
ported, including several heart attacks, a broken arm and
a broken wrist.

Transient effects

Santa Rosa residents described the shocks, according to
Bob Olson of the Office of Emergency Preparedness, as vi-
alent ar explosive and quite generally agreed that the dura-
tion of strong motion for the first shock was about 15
seconds. In the San Francisco Bay Area the motion was
described as a slow horizontal oscillation with a duration of
less than 10 seconds.

Other transient effects included rejuvenation of the Ka-
wana Springs about a mile south of Santa Rosa, increased
flow in Mark West Creek 2 miles north, and a temporary
increase of flow in Santa Rosa and Matanzas Creeks, which
flow through Santa Rosa.

Diagrom showing how some of the older dwellings, built before
the Uniform Building Code, must have toppled off their foundations as
a result of sudden lateral ground metion.

52 Mineral Information Service

The Beover House, historic Santa Resa
home, was severely damaged. Constructed
in 1850s, the structure was condemned by
building inspectors. Photo by Sonte Rosa
Press Democrat.

Parmanent effects

Structural damage was.confined almost exclusively to the
city of Santa Rosa. A systematic inspection by city building
inspectors revealed (as of the beginning of November) that
99 structures were seriously damaged (see map)—49 in the
central business district and 50 in residential areas. Of the
central district buildings, 17 were scheduled for abatement;
in the residential areas, 28 were so listed.

Older buildings in the downtown section showed the most
damage. Several old two-story wood-frame buildings, con-
structed before the provisions of the Uniform Building Code
became effective, displayed a spectacular type of severe dam-
age. These buildings were shaken off their wood foundations,
leaving them shattered and leaning (prevalently in the north-
ward direction).



The locations of severely damaged buildings in central Santa Rosa are shown by the square black ' symbols, from information compiled by
the city building inspector’s office. Many of these buildings hove been demolished or have required extensive repairs.
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Canned and bottled goods toppled off
shelves in many stores in the Santa Rosa
area. This is the health food stere on
Fourth 5t. Between shocks the merchandise
was reshelved, only fo be toppled again.
Photo by Santa Roso Press Demacrof,

The 57-year-old Fremont Elementary School, a two-story
structure of masonry construction, was severely damaged
and had to be permanently closed. This building had recently
been condemned for failing to meet Field Act standards but
was still in active use at the time of the shock. No other
school buildings had more than what was considered minor
damage,

Brick facades and parapets collapsed during strong motion,
as did those of the Galeazzi Building at Old Courthouse
Square in downtown Santa Rosa.

Probably the most disturbing effect of the shock was the
damage sustained by zeveral modern buildings. Cracked walls
and columns were found in several buildings, including
cracked shear walls in one five-story structure of recent
construction. Surprisingly, the two-story Sonoma County So-
cial Services Building, in the County Administration Center
in the northern section of the city, sustained much damage.
The considerable damage to modern structures has brought
comments of concern from several experts in the field of
structural engineering; see, for instance, Karl V. Steinbrugge’s
article on ground and building response.

Toppled and/or broken light objects were the most wide-
spread and numerically most common type of damage; few
homes, stores or public facilities in the Santa Rosa area
escaped this type of damage. The prevalent orientation of
fall appeared to be north or south. Often, on shelves facing
these directions, contents were hurled off; whereas, in the
same room, shelves facing east or west showed only minor
disturbance.

54 Mineral Information Service

Collapsed chimneys were another common effect of the
shock. Older, unreinforced units proved to be most suscep-
tible to this sort of damage.

Extensive window breakage occurred in the downtown sec-
tion of Santa Rosa; other sections of the city also suffered
heavily from this type of damage. Windows mounted in
rubber gaskets fared much better than those more rigidly
fixed. Relatively few broken windows were reported from
areas other than Santa Rosa and the Rincon Valley to the
east.

Other damage to constructed works included chipped and
buckled curbs and sidewalks and broken waterlines. Several
waterline breaks (all 8-inch or larger mains) occurred on
Sonoma Avenue between Sotoyome Street and Farmers Lane,
and another break occurred near the corner of Leonard and
Talbot Avenues, all in Santa Rosa, The breaks were described
by city repairmen as sheared; however, no permanent offsets
were detected. All of the above mentioned breaks lie in an
aren between Matanzas and Santa Rosa Creeks; no evidence
was found, however, to indicate that the location of the
creeks was related to the pipe line breaks. No evidence of
permanent soil displacements, such as might result from pri-
mary faulting, lurching, slope failure or liquefaction, was ob-
served.

The earth-fill approaches to the Highway 12 bridge over
Highway 101 subsided several inches in response to the shak-
ing. The only other known bridge damage was repeated
pounding at the construction joints in the sidewalks over the
abutments of the Brookwood Avenue bridge at Matanzas
Creek,

No major landslides were triggered by the shock. A few
minor rock falls were found along steep road cuts and sev-
eral fissures were formed in a marshy area and on steep
slopes. Some of these cracks may have been generated by
landslide action (see article on Surface Breaks, page 60 )

Toppled brick chimneys were @ common
sight in Santa Rosa., Photo by Santa Rosa
Prass Democrot.



Bricks tumbled from many buildings as a result of the quake. These
views of rubble derived from fhe top of the three:story Galeazzi Build-
ing, show successive domage coused by the repeated tremors. The
phote in the upper left, taken on the night of Octoher 1, shows
damage as a result of the first shock.

A fire of chemical origin in a laboratory at the Santa Rosa
Memorial Hospital was attributed to the shock. Fire damaged
the laboratory facilities, technical equipment, and supplies. In
addition, the earthquake damaged the building extensively.

House on Wright Sireet toppled off
foundation. Photo by Robert D. Nason.

The photo on tho upper right, taken the following morning, shows
further damage to automobile by falling debris after secoand strang
tremor. The fire escape also dropped, weighted down by sdded brick,
Pheto fo left by Santa Rosa Press Democrat; fo right by Robert D. Nasan.

Another fire occurred in a commercial building on Mendocino
Avenue the morning after the two main tremors, It may have
been a delayed effect of the earlier shocks or possibly a re-
sult of the strong aftershock early the next morning,

Factors contralling damage location

As indicated, the major effects were confined to the city of
Santa Rosa, Two factors that were probably responsible for
this concentration are: (1) the major release of seismic
energy was near or under the city. (2) The soils underlying
the city may have amplified the base motion, thus intensify-
ing the damage.

Factors that would suggest that ground amplification was
a factor in intensifying the damage include the location of
Santa Rosa on a gentle alluvial fan (see article on Geologic
Framework) and the thick layers of clay that underlie parts
of the city. Because of the fan, deposits of older and younger
alluvium are thicker under parts of the city than in adjacent
areas. Data from well logs in the U. S. Geological Survey
Water-Supply Paper by G. T. Cardwell show that except for
one 3-foot layer of gravel, uninterrupted layers of clay exist
to a depth of 85 feet below the Santa Rosa Junior College,
north of the main business district, Well logs from locations
southeast and southwest of the husiness district show alter
nating beds of clays and gravels to considerable depths. No
well logs are listed for the central section of the city in the
Cardwell report.

It would appear that a combination of both the location
of the main shocks and ground amplification was responsible
for the concentration and distribution of damage—M.E.H.
and T.L.YV,
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STRONG MOTION RECORDS

At the time of the 1969 Santa Rosa earthquakes, the U.S.
Coast and Geodetic Survey had 91 strong-motion instruments
in its cooperative network within 85 miles of the epicenters,
These devices are not used to locate earthquakes but to
record local ground behavior in response to the energy re-
leas