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An Overview

LOMA PRIETA EARTHQUAKE

INTRODUCTION

On Teesday . October 17, 1980 at 5:04
p.m. Pacific Daylight Tune, a mazniude
7.1 earthquake occurned on the San
Andreas Fusle 10 miles northeass of Santa
Cruz. This carthquake was the largest
eurthquake to occur in the San Francisoo
Bay area sinee 1906, and the Largest
anywhere in California since 1952, The
carthguake was responsible for 67 deaths
and about T billion dollirs waorth of dan-
age, making it the biggest dollar loss nat-
wrzl disaster in United S1azes history. This
armicke describes the scismodogical features
of the carthquake. and bricfly outlines a
nomber of other seologic observations
made doring study of the earthquake. its
aftershocks. and ils effects. Much of the
infornsarion in this anicle was provided
by the 1.5, Geological Survey (USGS).

Previous Aclivily

Ezrthguakes of magnitede T or kurger
oecir, o average. abool once every 15
yeass in California. All earthquakes that
have gccurred in California over the fast
1K) wears with magnitudes greater than,
or equal to. 6.5 are listed in Table L. The
events do not occur very regularlv: for ex-
ample, the period from [893 o 1915 was
very active in northern Californi, whercas
the next 50 vears were very guiel.

The section of the San Andreas fagls
that roptured on October 17 probebly also
rupdured in 1865 and 1906, Since 1906,
this section has been very quiet. Over the
kst one and one half years, however, two
sepanibe events of mapnitude 5.1 and 5.2
occurred in the area on June 27, 1988 and
Auppust £ 1989 respectively. Although
these events were widely felt and cawsed
minor damage, it should be kept in mind
that earthquakes of this magnitode occur
about § times per year in California. The
averzge numbers of carthguakes per vear
in California for differcnl magnitudes are
shown in Table 2. Small earthguakes are
much mare common than large opes.

OCTOBER 17, 1989

Santa Cruz County, California

By
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TASLE 1. CALFDRMIA EARTHRILAKES M = 6.5, 1BE9.1787 ®

Diale [Greenwich] Lot "M Lomg. "W LescaFie=n Mognitede
1882/02/24 32T 1153 SE Son Diega County &7
T8F9I0T 22 343 M7s Cagan Poss 55
18782/25 338 1nro San Joemia Gt
190470418 377 1225 San Francies B3
1RO 104 362 7% Dot Valkey &5
19180421 318 1170 Seon Diego &8
192270310 3575 12025 Ketilemsan Hills 45
192380122 405 124% Humbalkdt County 72
192701204 347 1T20.E Seia Berbara Chonnel T
12405052 3273 1155 Impeariol Vaollay &7
1242010025 3297 &0 Imperial Viodley &5
P48/ 12002 1393 114538 Felm Springs &5
1952/07521 350 119.0 Arvin-Edisan 72
19540271 408 1239 Humbolgt County 55
1972105 32.53 115.32 imperid Voley £5
%801 108 &1 124.54 Gordo Basin &6
198/05702 383 1203 Coclinga &5
1954507521 37.54 118.£4 Chalfort &5
128711/22 3102 11585 Supersitban Hilk &5
5= L a E T iy bl i} 120.88 Loma Prasta rA |
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MAGNITUDE 7.1 EARTHQUAKE estimates, ranging from 6.7 10 7.0 were

The Oclober 17 earthquake ocourred in
the Santa Cruz Meantains at latitude 37
degrees, 02 minwges north. longiode 120
degress, 53 mimees west, ot a depth of
115 miles. The location of the event 15
shavans in Figure | as che star; other sym-
bals show the locateons of aftershocks.
The magnitede (M.)1* of the earthguake is
7.1, as determined from reacdings 2t 18
statbions throwghowt the world (MNationz|
Ezrthguake Informeation Centerk. The in-
dividual station valess raneed from M, 6.6
te M, 7.4, Several preliminary magnitude

Faty = Serface wave mugshsde

TABLE 7. CAlIFO®ENMLA SEISMICTY,
JAMUARY TR0 THROUGH DECEMEBER 1786,
Mognitude Tofal Mumber Awverage Mumber
Rorgs Evarits Evenis per Yeor
=30 24584 408
>335 1106 158
=4 195 =3
=51 54 77
=& 10 10 4
CALFQANIA GEOLOGY Iy 1955

wikichy gueded 1o the media. Thes: pre-
limimary maznitedes were determined from
only a handfol of stations. It is gquite normal
Fos indrviduzl readings 1o vary somewhat.
wherens averaged values tend to be more
stable and ane used in standand caialogs.

Charecteristics

The afltershock @one for the October 17
earthguake 15 abont 31 miles long (Fizure
1). This is about average for carthguakes
of this «ze. For example, the allershock
zope of the magnitede 6.9 Armenian
earthquake of December 7, 1988 was
approximately 37 miles bong. and the
afershock zone of the October 15, 1979
magnitods 6.6 Inparial Valley carth-
quake was also approximately 37 miles
leemg. In pemeral, the afiershock rones
outline the rupiure arsas of the main-
shocks — the larger the events, the farger
the aftershock rones.

Cross sectionzl views of the aficrshock
zone are shown in Figure 2. The after-
shocks define a planc dipping about 70
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degrees 1o the southwest, That meams the
San Andreas faul planc in this region 1s
not verlical, but dips a1 2 steep angle. For
this reason the epicenter does ot phit on
the faslt; it oocurred at a depth of 11.5
miles, and is thas located to the south-
wesil of the surface expression of the
faslt. Mote also that there is a cluster of
events off of the main fanl 1o the south-
west: one of the magnitude 5 aftershaocks
occurred in this off-fault cluster. Such
chusters ane common in afiershock sones,

slthough clearly most of the aftershocks
oocur on the main faoli

A block dizeram of the motions of the
earthunake 15 shown in Figure 3. These
motions were calvulated from geodetic
observations made in the region afer the
earthgieake occarred. The slip during the
event was sboat 6.5 feet of right kateral
strike slip, and 4.6 feet of vertical ship
{high angle reverse stip). This slip oc-
curred at dipth and was not observed &t
the surface,

-‘ Figere 1. Eprcenter map of the Lama Priels myrif-
quoke and #he first four doys of aferhacks. The
marshock i shown as the sker. Figure cowrtesy of
the LS. Geclogicol Survey.

The ¢arthquake is called the Loma
Pricta carthouake. Standard practice for
naming signifrrant carthguakes 15 10
name the event after the nearest promi-
nenl geosraphic feature. [n this case
Loma Pricta peak, the highest peak in the
Sama Cruz Mountains, is several miles
from the carthguake epicenter.

AHershocks

MNumesows senaller earthquakes — called
aftershaocks — occur afier every moderale
or large enrthqouke. In seénerul, the larg-
eslof these events 15 aboE one maenibede
unit smalles than the mainshock. al-
thesagh there are cacepticns. For example,
the Whitticr Narmows earthuguake of Octo-
ber 1, 1987 was magnitede 3.9, bui a
mapnilisde 3 5 aftecshock occurred thres
days huter. There anc two other rules of
thumb abour afrershocks. Firss, as the
events gel smaller, they become more nu-
metows. Within ten days afier the Loma
Pricta mainshock, there were two aftes-
shocks of maenitude 3.0 and Larger, 20 of
magnilode $.0 amd larper. and 79 of map-
nitude 3.0 and Iarger as of Ociober 27,
1989, The second rule of thumb is that as
time goes by after the mainshock . the fre-
qoency of afershocks tends to decrease
proportionil o once divided by time (1
time}. For example., if there are 100 zfier-

Figure 7. Cross sactions of the Lomo Frielo earth-
quake ond offershocks of the frst four doys, The
crass secions are oriented (8] poralisl o and
{B] perpendicdor to the foult. The mainshock is
shorwn oz the slor. Figure cowfesy of fhe LS,
Geologicof Survey.
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shocks the first day, there will be abowm 50
the second day { 1723, 10 the enth day (10
109, and =o0on. The mumber of afiershocks
and their magnitsdes after the Lomz Pricla
cart hopesbe are mowgrhiy tvpeca| for earth-
quakes in California. Based on statistical
stdies of averspe California afiershock
sequences, The USGS estimated that there
wats a1 12 percemt chance of an afiershock of
magmnitude 6 or grester in the two months
following October 21, 1989 Sagnilvcant
aftershocks of the Loma Prcta carthguuke
are hsted m Table 3.

EARTHQUAKE EFFECTS
Trorsporiofion Rouies

Dramnpage from the Loma Prieta earth-
guake was furly widespread . Several Tife-
lines were damaged, notably the Nimite
Frecway and the Bay Bridge (Figure [).
Murnenoes other roads were damaged, and
it will be some time before a comprehen-
sive damage survey s completed. Some
of the damaped areas were identifed
prior to the quake as arcas of potential
damage in scenanos published by the
Davisioa of Mises and Geology (Special
Publication 61, Farthguake planning
scenano for 2 magnitude 3 carthiguake
on the San Amdreas faull in the San Fran-
cisco Bay area, and Special Publication
T8, Earthguake planming scenario for a
magmitude 7.5 carthquake on the Hay-
ward fault in the San Francisco Bay arca).

SOUTHWEST

Figure 3. Schematic or block dingrom of the sorthguole mechanizn. The porfion of the Pocific ploie
indpding Sonta Cna ond Wabionwille moved 6.5 foot nodh ond 4.4 feet up relcfive to the parfion of
tha Maorth Americon plate, Slip war confined fo depth and dad not reoch the surface. Figure couriesy of
the U3 Gealogmsl Survey
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These pablished scenarios are planning
documents which describe the effects of
specific earthquakes. Even though no
scenario bad been prepared for the Loma
Prieta earthguake in particular, the con-
clusions of the scenzrios about the overall
expecied level of damage proved fo be
fairly accorate in outlining the actual
damage pattern. The tpecific kessons
lezmed during this earthguake will be
esed in futore scenanos.

Building Damoge

Althouph demage 1o the two highways
and fo stroctures in the Marina district of
San Francisco was widely reporicd ., most
of San Francisco fared well during this
- earthquake with an epicenter about 56
i miles away. Most damuge was Jocated in

(8] 13
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where it affected older buildings con-
srrucied om fill material or on enconsodi-

<\ Su dated strata. En Santa Cruz, Warsonville,

DISTANCE [KM) =nd Los Gatos, by comparison, 2 much
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TASLE 3, PRELIMINARY LIST OF SIGMNIFICAMT EVENTS IM THE LOMA PRIETA M. = 7.1
EARTHOLAKE SEQUEMNCE. Dosa from ULS. {ealogical Survey:

Gresmvanch Lo Tane
Maan [PCT before 1002}
Time PST after W29
Lofiude Longiade Diapth

Mo Da Hr Mn D He Mis) Dag Min Deg Min [milies) Mogniude
e 0o 4 aF 7 4 3 2 121 53 s 7.1 Mainshock
W iE 0 9 aFr17F = = T | 121 31 43
o 18 0 12 7 17 13 3 7 122 1 45
W 1B 025 ar 17 15 I 2 1271 48 48
o 1e O 30 a7 17 3o 3 .5 122 0 42
0 18 O 38 {7 17 38} Ir g | P | 43
iD 18 O 41 3 17 &7) aF 10 122 3 £2
10 18 O 45 {17 17 45] I5 55 121 43 40
0 18 215 0y 1% 15) A 121 44 45
0 8 2 2% 7 17 24| a1 121 46 43
10 18 4 16 [F 2% 148) 7 3 121 54 4.1
10 18 4 50 N7 21 3 37 8 12 3 4.3
10 18 5 1B N7 22 18} = i S | 215 432
10 18 10 22 18 3127 35 9 2.5 4.5
10 1% B 45 ne 1 45 3 57 121 51 4.3
1T 53 ne 2 53 H 55 2T 4 4.5
10 1710 14 e 314 35 &7 1 50 30
10 1% 12 25 ng 5 i3] 36 55 121 4 4.0
03 0O 49 20 17 49 = F | 121 53 43
W 232 15 121 15 15 3 3 121 53 44
Wwx 1H 24 18 7] ar s 121 50 45
mo 550 a1 21 50 37 3 121 &% 4.4
n 0513 37 s 53N = G | 121 53 40

higher percentage of sirociunes was
affeceed: these cities were bocated oaly
about 1 10 20 miles from the epicenter.
In total, in =l areas, 22000 homes were
damaged and 1,500 homes were de-
stroved or rendered uninbabilable =

Ground Failures

Ome unusual featurs of this earthquake
was the lack of primary surface fawlt rug-
ture, The impressive cracks shown in the
media were superficial features caesed by
the stromg shaking. The kacgest such
crack was located near the intersection of
Semmit Road and Highway 17 in Santa
Croz Counly, and was 650 yards long,
2.5 feet wide, und shosaed 25 feet of
Eefi-lateral offsel a1 one podnl. NMumerows
groumd failures occurmed ewver an area 60
miles bong by 23 miles wide. strelching
from San Gregosio o Hollister, with ad-
ditional ground failure oocurring in a nar-
reval sirip along the coust from Santa Crue
all the way up to San Francisco. Ground
failure included Tandslides. debris slides.
rockfalls, and bedrock slides. The largest
landlslide identified as of November 1985
meastred 220 vards by 350 vanls, Ligue-

FRed Cpira csbirane

faction phenomena were widespread,
occirring from Oakland to Salinas, and
prosiucesd numerous sind botls and mud
vplcanocs.

FELT AREA OF STROMNG SHAKING

Muost people in the vicinity of the
carthquake cpicenier felt strong ground
shaking for about 10 seconds o 13 sec-
mrds. People felt the effects of the P wave
farst. then the <rong shaking associated
with the 5 waves. P woves travel at speads
of about 3.1-3.7 miles per secomd through
averee crustal materials. whereas S wines
trave] more showly, abeat 2.0 miles per
sgcond, Therefore, people in San Fran-
ciseo (36 miles) felt the carthguake abouat
23 secomds later than people in Santa
Crug {10 miles), and people in Sacra-
mente [ 100 miles) el it about 27 saconds
later than it was felt in San Francisco.

In adidition Lo being felt by millions of
people, the carthgquake was recorded by
93 strong-mexion accelerographs operated
by the Division of Mines and Geology
Strong Maotion Instromentation Program.
Mretie Trovm these instruments show abows
1015 secomds of motion greater tham 0.1
times the acceleration of gravity (0.1 21

CALIFORNES GEOLOGY Jorwnry 1550

This is the same motion that was fell by
most pooplk:. The strongest shaking re-
conded at a free-fickd sive, that i, u site
ool located in of near & strocture such as
a huilding or bridiee. was about 064 2.
Examples of strong motion reconds are
shown in Figure 5.

The felt area for the carthquake was
about 33 000 square miles. MNote, how-
cver, that the earthgquake occorred near
the coast, so half of the potential felt area
is westward in the Pacific Ocean. The feli
area 15 similar in sive o the felt area of
olher cartbguakes of similar magnitude.

FROEABILITY ESTIMATES AND
FUTURE STUDY

The Loma Pricte carthquake occurred
in an arca that had been identified in sev-
eral sudies as having a relatively high
probability Tor an earthquake of magni-
fode 6.5 or greater. In the most recent
sch study ., the probability had been
estimated at 30 percent over the 30 year
period from [958 te 2018, The occur-
rence of the Loma Pricta carthquake in
the forecast area and with the size within
2 half magrnitnde wnit of the forecust size
has cssentinlly served Lo validate the ap.
prisach used to develop the probubility es-
timites. Now that the event has occurred,
it can be psed to help calibrate the mea-
surcments and procedures peed e make
such probability estimates elsewhere. The
section of the San Andreas Faolt immedi-
ately 10 the north of the Loma Pricta seg-
ment was identified in the same studics as
having a 20 percend probability of produc-
ing an evert of magnitade 7. Two seg-
meents of The Hayward fault in the East
Bay also wers stentified as having a 20
percent chance of cach segmem producing
& neagniteds T event in the next 30 years.

The Loma Prieta earthquake was not
“the hig ¢ne.™ Usually when people talk
about “the big one,” they are referning to
an event of magnitade § or larger, such as
a repeal of the 1906 San Franciseo ar
1837 Fort Tegon carthguakes. The section
of faalt that optured during the 1.oma
Prieta earthquake compared with the area
of fault that ruptured during the 1906 San
Fruncisco earthguake is shown on Figure
5. For comparisen, the San Francisco
cartheguake was magnitede 8.3 the
rapiure was 280 miles long, and the
masimiem ofTset was more than 20 feet.
During the 190 carthguzke. strong shak-
ing eocurred for one minuie or more, dor-
ing which time most peeple in the cily of
San Francisco could mt remain standing.
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SUMMARY

This article highlights some of the seis-
medneczenl] featomes of the Loma Prieta
carthguake of October 17, 1989 The
carthgeske magnitode was 7.1, and it
weiginated at a depth of 11.5 mikes in the
Santa Cruz Mount=ins. The aftershock
zone is aboot 31 miles Jong, and included
7% events of magnitude 3.0 and greater in
the first 10 davs. While no primary sur-
face rupture eccurred, nunerous groend
cracks and other forms of ground Tailure
were ohserved. Strong shaking from the
earibuyuake occurred for [0-15 sccomds
orver @ wide arca, resulting in high lovels
of damage near the epicenter and isolated
pockets of damape 3t distances of up o
o0 miles. For most residents of the Bay
arca the Loma Prieta earthquake was the
strongest carthquake they have ever expe-
ricnced. Several other segments of faults
in Califoria have similar probabilities for
producing earthgueakes of similar size
over the next several decades. 5
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