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In the SIERRA NEVADA .. ..

SEISMICITY

OF THE

FOOTHILLS FAULT SYSTEM

BETWEEN

FOLSOM AND OROVILLE, CALIFORNIA

By

CHRIS H. CRAMER . TOUSSON R. TOPPOZADA, AND DAVID L. PARKE

This article was published as a “Letter 10
the Editor" in the Bulletin of the Seismolog-
ical Society of America v. 68, no. 1, pp.
245-249, February 1978....Editor

INTRODUCTION

The Foothills fault system, between
Folsom and Oroville, is bound on the east
by the northward trending Melones fault
zone and on the west by the northwest-
ward trending Bear Mountain fault zone.
Recent studies have revealed more exten-
sive Late Cenozoic faulting then previous-
ly recognized within the northern Sierra
Nevada, including portions of the Foot-
hills fault system (Alt and others, 1977,
Schwartz and others, 1977). Damaging
earthquakes, in the magnitude range 5 to
6, have occurred within this portion of the
Foothills fault system in 1975, 10 km
south of Oroville, and in 1909 and 1888
about 15 km northeast of Nevada City
(figure 1, front cover). This article sum-
marizes evidence from microearthquake
surveys, from historical earthquake re-
ports, and from geodetic surveys that
the Foothills fault system is active be-
tween Oroville and Folsom.

SEISMICITY BETWEEN
OROVILLE AND FOLSOM

Bear Mountain Fault Zone

Following the 1975 Oroville earth-
quake, improved regional seismograph
coverage has led to the detection of sev-
eral magnitude~ 1.0 microearthquakes
along the western or Bear Mountain zone

California Division of Mines and Geology

TABLE 1.

KNOWMN MICROEARTHOUAKE ACTIVITY IN

SIERRA FOOTHILLS BETWEEN HONCUT AND FOLSOM
FOR THE PERICD DECEMBER 1975 THROUGH JULY 1877

Date Time (UT) Magni-
(yr.mo.day) [hrmn,} Lar N Long W Deprh tude
Bear Mountain Zone
751219 19 14 39°17.06° 121°29.28° ~ 18 km 13
/010 10 22 39°17.45" 121°29.30' ~ 1B km 0.7
760213 2313 392197 121722, 20" -~ 7 km 21
76 05 03 12 16 39708 25 121237 ~15 km 11
7608 1 01 31 3971382 121°18.08 <5 km 08
76 09 02 18 DO 39M13.64° 121718.48' <h km 1.3
7702 07 14 49 381983 121722.80' ~ 4 km 1.3
Melones Zone
761118 0z 11 3864 60 120°87.14° =10 km 1.1
7705 16 18 a4 368M6.7 12105.3 ~ Gkm 1.1

*Microsarthquakes that occurred in the Rocklin pluton are not listed in
this table, they are listed in Cramer and others (1977)

of the Foothills fault system north of Au-
burn. Between December 1975 and
March 1977, seven such events were re-
corded. Marks and Lindh (1977) located
two events southeast of Honcut and one
event cast of Marysville (figure 1). The
northern two events occurred on Decem-
ber 19, 1975 and January 1, 1976, while
the southern event occurred on May 3,
1976. Marks and Lindh (1977) also locat-
cd a magnitude 2.1 earthquake 10 km east
of Honcut which occurred on February
13, 1976. Cramer and Sherburne (1977)
reported two events near Smartville that
occurred on August 21, 1976 and Septem-
ber 2, 1976. Finally Eaton and others
(1977) located an event east of Honcut
which occurred on February 7, 1977. The
hypocentral parameters for these seven
events are listed in table 1.
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Melones Fault Zone

Besides the three damaging earth-
quakes mentioned in the introduction,
other earthquake activity points toward
the Melones zone as being active. Cloud
(1976) lists felt reports of earthquakes
near Nevada City as far back as 1867,
Also listed by Cloud are two mag-
nitude ~ 3.0 events instrumentally located
along and to the west of the Melones zone.
The first occurred about 20 km northeast
of Auburn on March 12, 1950, and the
second about 15 km southwest of Nevada
City on October 5, 1960 (figure 1). Ea-
ton and others, (1977) and Eaton and
Conens (1977) detected two mag-
nitude~ 1.0 events on the Melones zone
using a recently installed regional seismo-
graph network. The hypocentral parame-
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ters for these two events are also listed in
table 1. The first event occurred 10 km
east of Auburn on February 7, 1977 and
the second 7 km west of Nevada City on
May 15, 1977 (figure 1).

DETAILED STUDIES NEAR
ROCKLIN

Two microearthquake investigations
have been conducted in the vicinity of
Rocklin, California. The first by McNally
and others (1978) discovered microearth-
quake activity within the Rocklin—Penryn
pluton. During that survey, microearth-
quakes (M = 1) were concentrated in a
cluster of activity near the town of
Rocklin with two additional events
near Lincoln (figure 1). The second
microearthquake survey by Cramer and
Sherburne (1977) confirmed the presence
of the cluster of activity near Rocklin and
detected additional microearthquakes (M
< 0) near the northern edge of the plu-
ton (figure 1). Continued monitoring by
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Eaton and others (1977) and Eaton and
Conens(1977) using a regional telemeter-
ed network showed ongoing activity within
the cluster near Rocklin, the largest being
two magnitude 1.6 events.

Composite focal mechanisms based on
P—wave first motions for both the Rocklin
cluster of activity and the four events near
the northern edge of the Rocklin-Penryn
pluton indicate normal faulting, down to
the east, on fault planes trending about
N10"W with dips of 55° to 70° to the east
(Cramer and others, 1977; McNally and
others, 1978). This trend is compatible
with the regional fault trend of the Sierra
foothills. P-wave first motion data from
the magnitude 1.1 event east of Auburn
(Eaton and others 1977) also indicates
normal faulting, down to the east, and is
compatible with the composite mech-
anisms for the Rocklin pluton activity.
This sense of down to the east motion on
a normal fault is also compatible with geo-
logic observations elsewhere along the
Foothills fault system (Drew Smith,

California Geology August 1578

Figure 1. Map of northern
part of Foothills fault system
showing known earthquake
activity betweenQroville and
Folsom, The contact to the
west of the Bear Mountain
fault zone is the boundary
between the Sacramento
Valley and the Sierra foot-
hills. Hachured line indicates
boundary between the Rock-
lin—Penryn pluton and meta-
volcanic rocks of the foot-
hills. The 1888, 1908, and 1209
earthquakes were research-
ed by COMG; for the 1808
and 1909 events see Toppo-
zada and others (1978).

CDMG Geologist, oral communication;

Alt and others 1977; Schwartz and others
1977).

Reports of felt earthquakes near Rock-
lin are rare (Townley and Allen, 1939;
Bolt and Miller, 1975). Cloud (1976), in
his review of the seismicity of the area,
reported only three historical events that
may have occurred near Rocklin. The
three events are a February 23, 1885
event, an April 21, 1892 event reported as
felt in Newcastle (5 km SW of Auburn,
and a May 30, 1908 event reported as felt
in Folsom and Represa (Townley and
Allen, 1939). A search of old newspapers
by one of the authors (D.L.P.} produced
newspaper accounts for the 1908 event.
The two earlier events were reported in
the newspaper accounts as felt only at
Newcastle, which is between Rocklin and
Auburn. Figure 2 shows an isoseismal
map for the 1908 event based on the news-
paper accounts. A maximum reported in-
tensity of IV-V and a total felt area of
about 10,000 km® suggest a Richter mag-
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Figure 2. Isoseismal map of the May 30, 1908 earthquake showing

Moaodified Mercalli intensity data determined from newspaper reports
and the Il and |V isoseismals. The generalized Foothills fault system
in the Auburn area is shown in the background.

nitude of about 4 for this earthquake. Al-
though the epicenter cannot be precisely
defined, the intensity IV contour suggests
that the event occurred on the Foaothills
fault system between Auburn and Folsom
in proximity to the recent microearth-
quake activity near Rocklin. The epicen-
ter for this event shown in figure 1
corresponds to the center of the intensity
IV contour in figure 2.

DISCUSSION

Microearthquake studies in the Sierra
foothills since late 1975 have revealed a
pattern of ongoing low level seismicity
between Oroville and Folsom. The occur-
rence of several magnitude~ 1.0 events
during this time period suggest that this
portion of the Foothills fault system is
active. Historical earthquake reports and
instrumental earthquake locations also
support this conclusion.

Detailed investigations in the vicinity of
Auburn, California have shown micro-
earthquake activity within the Rocklin-
Penryn pluton. The main cluster of activ-
ity is in the middle of the pluton and is
confined to an extremely small source vol-
ume. Another cluster of very small events
is near the northern margin of the pluton
where the Foothills fault system abuts the
pluton. Composite focal mechanisms for
events within the pluton as well as for one

event east of Auburn are compatible with
regional geology and trends of the Foot-
hills fault system. These resultssuggest that
the Rocklin—Penryn pluton is presently
being deformed by the same regional
stress pattern that caused Cenozoic move-
ments elsewhere on the Foothills fault
system. The isoseismals of a 1908 earth-
quake supgest that macroseismic activity
has also occurred on the Foothills fault
system in the vicinity of Rocklin.

Bennett and others, (1977) presented
independent evidence of ongoing crustal
movement based on first—order level lines
between Roseville and Reno. The leveling
data show episodic changes in elevation
which approximately coincide with the
Bear Mountain and the Melones zones of
the Foothills fault system. As with earth-
quake data, the leveling shows that larger
movements are occurring on the Melones
fault zone than on the Bear Mountain
fault zone.

ACKNOWLEDGMENTS

We would like to thank William U.
Savage of Woodward-Clyde Consultants
for sending us copies of newspaper ac-
counts for .the historical earthquakes.
Gary Bates, student intern from the Uni-
versity of California at Davis, assisted in
evaluating the historical newspaper ac-
counts.

California Geology ~ August 1978

REFERENCES

Alt, JN.,, McCrumb, D.R., Schwartz, D.P.,
and Cluff, LS., 1977, Characteristics of
Late Cenozoic faults in the northern Sierra
Nevada, California (abstract): Geological
Society of America abstracts with programs
v. 9, no. 7, 877 p.

Bennett, J. H., Taylor, G.C., and Toppozada,
T.R., 1977, Crustal movement in the north-
ern Sierra Nevada: California Geology v.
30, no. 3, 51-57 p.

Bolt, B.A., Miller, R.D., 1975, Catalogue of
earthquakes in northern California and ad-
joining areas, 1 January 1910-31 December
1972, Seismograph Stations, University of
California, Berkeley, California, 567 p.

Cloud, W.K., 1976, Report on evaluation of
seismic data in the Auburn dam area, Con-
sultant’s Report to the U.S, Bureau of Rec-
lamation, 36 p.

Cramer, C.H. and Sherburne, R.W_, 1977, Mi-
crocarthquake activity in the Rocklin-Pen-
ryn pluton west of Auburn, California
(abstract): California Geology v. 30, no. 6,
p- 140

Cramer, C.H., Sherburne, R.W., Toppozada,
T.R., and Parke D.L., 1977, A microearth-
quake survey of the Rocklin—-Penryn pluton
in the Sierra Nevada foothills west of Au-
burn, California: California Division of
Mines and Geology, Open-File Report 77-
11SAC, 29 p.

Eaton, J.P., McHugh, C., and Lester, FW.,
1977, Report on microearthguake monitor-
ing in the vicinity of Auburn dam: Novem-
ber 1976-March 1977: US. Geological
Survey report to the Bureau of Reclama-
tion, 73 p.

Eaton, J.P. and Conens, 8, 1977, Report on
microearthquake monitoring in the vicin-
ity of Auburn dam, April-July, 1977: U.5.
Geological Survey report to the U.S. Bu-
reau of Reclamation.

Marks, 8, and Lindh, A., 1977, Regional seis-
micity of the Sierran foothills in the vicinity
of Oroville, California, in press.

McNally, K.C., Simila, G.W_, and Von Dollen,
F.J., 1978, Microearthquake activity adja-
cent to the Rocklin pluton near Auburn,
California: Bulletin Seismological Society
of America, v. 68, p. 239-243,

Schwartz, D.P., Alt, JN., and Packer, D.P.,
1977, Relationship of Paleozoic and Meso-
zoic structures to Late Cenozoic faulting in
the northern and western Sierra Nevada,
California (abstract): Geological Society of
America (abstracts with programs) v. 9,
no. 7, 1165 p.

Toppozada, T.R., Parke, D.L., and Higgins,
C.T., 1978, Seismicity of California, 1900
1931: California Division of Mines and Ge-
ology, Special Report 135, in press.

Townley, S.D., and Allen, M.W., 1939, De-
scriptive catalog of earthquakes of the Pa-
cific Coast of the United States 1769-1928:
Bulletin Seismological Society of America,
v. 29, p. 1-297. R

185



