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SHORT NOTES

SEISMICITY AS A FUNCTION OF CUMULATIVE GEOLOGIC OFFSET:
SOME OBSERVATIONS FROM SOUTHERN CALIFORNIA 4

BY STEVEN G. WESNOUSKY

It has been recognized for some time now that the character of seismicity varie
significantly between the major strike-slip fault zones of California (e.g., All
1968). The San Andreas fault, for example, site of two of the largest earthquake
California history (in 1857 and 1906), has been virtually aseismic at the microearth:
quake level along much of the fault length during the last 50 to 60 years (Figs. 1, 2,
and 3). In contrast, the San Jacinto fault has produced numerous moderate earth
quakes of magnitude 6 to 7 and shows an abundance of microearthquake activi
The cumulative strike-slip displacements recorded along the San Andr
(2150 km; e.g., Hill, 1981; Powell, 1981; Frizzel et al., 1986) and the San Jaci
(25 km; Sharp, 1967) faults also differ markedly (Fig. 3). The purpose of this b
note is to discuss the possibility that the character of seismicity along major striki
slip faults in southern California is in part a function of cumulative geological
offset. ‘

The CIT-USGS southern California seismic network has operated continuously
since 1932. The resulting catalog of earthquakes is reportedly complete for earth:
quakes of M = 3 over the entire southern California region, with the exception
the 1933 Long Beach earthquake sequence on the Newport-Inglewood fault (Gi
et al., 1987). The epicentral distribution of the catalog for the period betw
January 1932 and February 1986 is plotted in Figure 1. I have drawn boxes aro
each of the major strike-slip zones in Figure 2. Analysis of seismicity within each
of the boxes provides a means to examine the relationship between the character of
seismicity and cumulative geological offset along the major strike-slip faults of
southern California. 1

The cumulative number of earthquakes greater than or equal to a given magnitude
is plotted versus magnitude for the Newport-Inglewood, Elsinore, San Jacin
Garlock, and San Andreas fault zones in Figure 4a. Above the magnitude detectios
threshold (M3 in this case), magnitude—frequency curves as shown in Figure 4a are
generally characterized by the Gutenberg-Richter relation log N = a — bM, whi
N is the number of earthquakes with magnitude greater than or equal to
magnitude M and e and b are empirical constants (Ishimoto and Iida, 1939;
Gutenberg and Richter, 1944). The value b is the slope of the curve and reflects the
relative number of larger to smaller earthquakes. The b value and associa
confidence limits to 1 standard deviation are computed for each fault zone us
the maximum-likelihood method of Aki (1965) and listed in Table 1. The parame
a is the productivity and empirically defined here as the total number of earthquak
recorded above magnitude 3 during the period of recording. The b value is sensit;
to the occurrence of the largest earthquakes along a fault zone. Because the time
period sampled by the CIT-USGS catalog is generally less than the expected return
time of the largest earthquakes on the faults, a comparison of b-values between
faults is of questionable significance. The measure of productivity is a more rob
basis for comparison since it is dominated by the relatively greater occurrence rate
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of smaller earthquakes. For that reason, I will herein limit my attention to the
easures of productivity.

The productivity a of a fault zone will be a function of both the fault length
and the rate of strain accumulation. Toward isolating the possible effect of cumu-
tive geological offset on seismic productivity, it is necessary to account for
ifferences in fault length and strain accumulation rate that exist between the
aults. Geological estimates of fault slip rate during late Holocene time provide a
easure of the rate of strain accumulation and values of fault length may readily

Fic. 1. Epicentral map of southern California seismicity (M Z 3) recorded by the CIT-USGS seismic
etwork during the period from January 1932 through February 1986.

Newport-Inglewood
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F1G. 2. The polygons encompass the major strike-slip fault zones of southern California.
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F1c. 3. Maps of major strike-slip faults shown in Figure 2, arranged from bottom to top acco
the increasing cumulative geological offset, show the locations and sizes of steps in fault traces wi
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:(irrows 1nd1;:ate sense of displacement along faults. Source of references for this figure are Wesnousl

1988, 1989 i
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F1G. 4. (a) Number of earthquakes greater than or equal to given magnitude during the period
January 1932 through February 1986 for major strike-slip fault zones in southern California. Curves are
computed using seismicity within respective boxes shown in Figure 1. The magnitude frequency curves
e further normalized in (b) to fault length and fault slip rate (Table 1).

be obtained from fault maps (Fig. 3, Table 1). Thus, the magnitude-frequency
urves plotted in Figure 4b are normalized to fault length and fault slip rate. The
ormalized values of productivity are further plotted versus cumulative geological
ffset in Figure 5a. The uncertainty bars in Figure 5a are a direct function of the
imits on slip rate placed on each fault by geological studies. The relatively large
ncertainty bars observed for some of the faults reflect the large variation between
he maximum and minimum estimates of slip rate assessed by individual investi-
ators (Table 1; Wesnousky, 1986). There is generally a value of slip rate that is
ost preferred or accepted by the geological community (e.g., Clark et al., 1984),
d it is that rate which is used to compute the preferred value of productivity that
represented by the solid dots in Figure 5a. The productivity, when plotted in the
anner of Figure 5a, is a decreasing function of geological offset. The parallel
ature of the curves in Figure 4b shows that the observed decrease in productivity
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TABLE 1 |
PLEASE SUPPLY
Slip Ratef
Offset* (mm/yr) Lengthi b
Fault (km) - (km) SD=1) o
Minimum Maximum Preferred

Newport/ 1-10 0.1 6.0 1.0 60 0.97 £+ 0.08 498 ,1
Inglewood !
San Jacinto 25 8. 12.0 =10. 230 0.92 £+ 0.03 1330
Elsinore 10-40 0.6 9.0 4.0 280 1.22 + 0.05 661
Garlock 240 0.7 30. 7.0 240 0.97 £ 0.08 164
San Andreas 21501 25. 33. 33.0 600 0.85 + 0.02 1702

Miller (1987).

+ Values of fault slip rate taken from summary by Wesnousky (1986).

¥ Values correspond to fault lengths within boxes in Figure 1.

§ Sum of M = 3 events recorded between January 1932 and February 1986.

9 Powell (1981) and Frizzel et al. (1986) place cumulative offset across the currently active trace of
the San Andreas fault at about 150 km. Cumulative offset across the entire San Andreas system including

l
* Values of cumulative geologic offset taken from summary by Wesnousky (1988) and Morton and 1
both currently active and inactive traces is estimated at =250 km (e.g., Hill, 1981).

:

with offset shown in Figure 5 is stable over the range of threshold magnitudes up
to between magnitude 4 and 5.

Some question may exist that the measures of productivity are biased by the
occurrence of aftershock sequences attendant to the larger main shocks along the
fault traces. During the period 1932 to 1986, the San Jacinto fault produced three
M = 6 earthquakes: the M6.5 Borego Mountain earthquake of 9 April 1968; the
M6.2 Santa Rosa Mountain earthquake of 19 March 1954; and an M6.5 earthquake
on 21 October 1942. Similarly, the Newport-Inglewood fault produced the M6.3
Long Beach earthquake of 11 March 1933. No large earthquakes have occurred on
the Whittier-Elsinore fault zone and the southern San Andreas has been absent of
large earthquakes but for the M 6.5 Desert Hot Springs earthquake of 4 December !
1948. The open symbols in Figure 5a are the normalized values of productivity
computed after removal of 1 year of data subsequent to each of the above listed -
large shocks, a period sufficient to include the occurrence of most aftershocks. The
observed decrease in productivity as a function of fault offset also remains after
removal of the aftershock sequences.

To summarize, seismic productivity on the faults is observed to be a systematic
function of geological offset. Withstanding observations that spatial variations in
heat flow, rock type, and hydrology will also affect the character of seismicity along
strike of fault zones, the data in Figure 5a suggest that cumulative offset may play
a fundamental role in controlling the average seismic productivity of strike-slip ‘
fault zones. In some sense, the seismic productivity, being dominated by the
occurrence of smaller earthquakes, which reflect only a minor fraction of seismic
energy release along a fault zone, may only be viewed as a description of seismic
noise along the fault zones. In that regard, a physical interpretation to the observed
decrease in productivity as a function of fault slip may lie in the observation that
the trace of a strike-slip fault is generally complex, characterized by a zone of
discrete fault segments, each of which is separated from the next segment by a step
in the fault trace (Fig. 3).

Steps in fault trace can be characterized by the width W, of the step as measured
perpendicular to the fault zone. A simple but quantitative measure of fault trace
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FI1G. 5. (a) The seismic productivity (sum of events with M Z 3 during the period from 1932 to 1986)
normalized to fault length and fault slip rate is plotted (solid symbols) as a function of cumulative fault
offset for major strike-slip faults in southern California. Uncertainty bars directly reflect maximum and
minimum estimates of slip rates and solid symbols correspond to preferred estimates of slip rates (see
text for further discussion). Open symbols are computed after removal of 1 year of data subsequent to
largest (M Z 6) earthquakes during the period from 1932 to 1986. Lack of open symbol indicates that no
M = 6 events were recorded between 1932 and 1986. (b) Fault trace complexity measured as the
cumulative sum of step widths (3 W,; closed symbols) per unit length of fault trace is plotted versus
cumulative geologic offset for major strike-slip faults in California and northern Turkey (see Table 1).
The dashed line marks the trend observed if only the number of steps per unit fault length is used as
the measure of fault trace complexity.

complexity is the number of steps of given W, or greater per unit fault length (I).
Similarly, one may plot the sum of fault step widths per unit fault length (3 W,/I)
as a measure of fault trace complexity. In a separate study, I recently compiled
maps showing both the locations and sizes of all steps of W, = 1 km along the
length of major strike-slip faults in California and Turkey (Wesnousky, 1988). The
fault maps in Figure 3 are taken from that study. I also plotted the number of steps
per unit fault length vesus cumulative geological offset for the respective faults. I
repeat that result in Figure 5b in addition to a plot of the sum of step widths Y, W;
versus fault length. The complexity of fault trace when plotted in this manner is a
decreasing function of geological offset, consistent with the idea that fault zones
are characterized by a discontinuous trace during early stages of development and
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that increasing displacement works to remove discontinuities, effectively smoothing -
the fault trace.

The structural smoothing observed in Figure 5b may be responsible for the
observed decrease in productivity as a function of cumulative fault offset (Fig. 5a).
More specifically, concentrations of microearthquake activity along strike-slip faults
are commonly located not directly along the fault traces but within the vicinity of '
steps or other complexities in fault trace. Analytical models further show that the
far-field stresses that drive tectonic motions will concentrate near steps or other
complexities in fault traces (Segall and Pollard, 1980) which, when taken with the
previous observation, suggests that the level of seismicity along strike-slip faults is
controlled in part by the heterogeneity of the stress-field within the vicinity of the
faults. Hence, it seems a reasonable hypothesis that the observed decrease in seismic
productivity with cumulative geologic offset may reflect a structural smoothing of
the faults and, hence, a smoothing of the stress field within the vicinity of strike-
slip faults as offset grows.
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