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Magnetic-Field Measurements
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Abstruct

The magnetometer stations located along the
Calaveras fault were not operational at the time of
the earthquake or for the 16~month period before, but
were reinstalled within hours of the main shock.
Comparison of the magnetic-field differences after
the earthquake with those 16 months before indicates
no significant variations greater than 0.75 nT.
Analysis of hourly magnetic-field differences for the
l2-day period after the earthquake indicates no
significant variations greater than 1.0 nT associated
with the aftershock activity. A seismomagnetic model
of the earthquake, assuming uniform magnetization,
indicates that the magnetometer stations along the
Calaveras fault are poorly located to detect stress—
generated magnetic-field changes. The same model,
using a distribution of magnetic material on only the
west side of the fault, indicates that station C1Y was
located near the point of maximum expected field
changes. The absence of any magnetic-field changes
greater than 1.0 nT at station Cl1Y requires a stress
change of less than 1.2 MPa for the 12-day period
after the earthquake.

INTRODUCTION

The U.S. Geologicul Survey (USGS) operates a
network of magnetometer stations in  central
Cualifornia to detect loeal magnetie-field perturbations
generated by changes in tectonic stress (fig. 17.1).

Previous studies of magnetie-field perturbations
associated with earthquakes in this region are
inconelusive. A 2-nT variation in the local magnetie

field was observed during the 2-month period before an
M =5.2 earthquake in November 1974 (Smith and
Jolﬁnston, 1976). Tlowever, no signifieant magnetice-
field variation was observed before or during the

August 6, 1979, Coyote Calif., carthquake
(Johnston and others, 1981).

Station MTH, the nearest station in the USGS
magnetometer network, is located 2 km east of the
epicenter of the carthquake (fig. 17.1). Both stations
MTH and COY have not been operational sinee Junuary
18983, but they were reinstalled with portuble onsite
recording systems after the eurthquake. Station MTH
wus operational within 3 hours, and station C0Y within
24 hours, of the main shoek. In addition, station 1Y,
which  was established after the Coyote Lake
earthquake, was reoccupied; uand a new station (EMT)
was established as a reference for station MTH
(fig. 17.1). In this chapter, we examine the data
collected with the onsite recording systems at these
four stations and the data from two telemetered
magnetometer stations (EUC, SAR, fig. 17.1), in un
attempt to isolate any local magnetie-field variations
associated with the April 24 carthquuke,

lake,

DATA

The four onsite recording systems measure total
magnetie-field intensity at 0.25-nT sensitivity and the
data from the two telemetered stations at 0.125-nT
sensitivity. The field at all stations is synehronously
sampled at a 10-minute sampling interval. All stations
use an E.G.& G. Geometries, Ine., model G-816 or
G-826 proton-precession magnetometer. Instrumental
details were described by Mueller and others (1981).

Because none of the magnetometer stations was
In operation along the Calaveras fuult at the time of,
or 16 months before, the April 24 earthqualke,
observation of coseismic and preseismic effeets with
periods of less than 16 months is not possible. What
may be investigated are the long-term net offsets that
accumulated during this period, and the postseismic
local mugnetic-field variations related to aftershocks,
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The simplest method of isolating magnetic-field
changes und of reducing the effects of ionospherie and
magnetospheric disturbances is to difference the
magnetie-field observations between  adjacent
stations. Figure 17.2 shows 3-day averages of
differenced 10-minute magnetic-field data for stations
near the epicenter of the earthquake. The top three
plots include data from stations along the Calaveras
fuult, and the bottom reference plot includes duta
from two stations located off the Calaveras fault. An
annual eyele is apparent in the two middle plots. We
suspect that this eycle is due to a temperature-related
response at station COY, although we have no good
evidence. Thermal testing of the electronic equipment
at station CO0Y when it was operational indicates no
response to temperature over the range 5°-30°C.

No significant offsets greater than 0.75 nl are
observable in these data from magnetometer stations
along the Calaveras fault after the April 24 earth-
quake relative to data from 18 months before. In
addition to these data, comparison of the averaged
magnetic-field differences for difference plot Cly-
COY in August 1979 with April 1984 indicates only a
-0.16+0.25-nT change for this 56-month period.

Figure 17.3 shows hourly averages of 10-minute
differenced magnetic-ficld data for stations along the
Calaveras fault during the 12 days after the April 24
earthquake. The tickmarks at the bottom of figure
17.3 represent the logarithm of hourly averaged
moment, where log My=1.5M; +16 (Thatcher and
Hanks, 1973). This quantily is intended to indicate the
seismic energy released during the aftershock period.

| 22000 o

37030 22[ 0o IZJI 3o

A
x 17)_
San Jose
@
R
%
74819 Morgan \\ 1
& i 3N\ Ngo 1y
Ly by iy
o OCOY
EUC\ 5,
37900 < P —
NN\ S4R %)
<, o
<A -
k2
v y
NAN ATy -\ Hollister
SNN H
SJN
[a)
HAR
| L

Figure 17.1. Locations of telemetered (circles) and
portable (triangles) magnetometer stations in central
California. Star, epicenter of M=6.2 main shock of
April 24  earthquake; dashed line, approximate
boundary of aftershock zone.

To further complicate interpretation of these differ-
enced magnetic-field data, storm-level conditions
existed in the geomagnetic field bLeginning at 1200
G.m.t. April 25 and continuing {o the end of April 2.
These geomagnetic-field storm conditions are suspect-
ed to be responsible for the 3-nT positive spike on
April 26 shown on difference plot EMT-MTH and the
changes at the beginning of difference plots EMT-C0Y
and C1Y-COY (fig. 17.3). The increasing noise level of
the differenced data for difference plot EMT-CO0Y
(0=0.92 nT) is due to a greater station-separation
distance of 34 km versus station-separation distances
of approximately 8 km for difference plots EMT-MTH
(0=0.60 nT) and C1Y-CO0Y (0=0.25 nT). No significant
changes greater than 1 to 2 nT are observed in these
magnetic-field data that relate to seismicity during
the 12-day period after the April 24 earthquake.

DISCUSSIO N

Local magnetic-field perturbations are expected
to result from stress drops before and during moderate
to large earthquakes. These seismomagnetic effects
(Stacey, 1964) are derived from the stress dependence
of the magnetic properties of crustal roeks near active
faults. Models used to calculate the form and ampli-
tude of magnetic-field changes on the Calaveras Fault
for the Coyote Lake earthquake (Johnston and others,
1981) can also be applied to the Morgan Hill earth-
quake. These models calculate the seismomagnetic
anomaly on the Earth's surface as a function of fault
geometry, the distribution of magnetic material, and
the stress change in the region.

Figure 17.4 illustrates the culeulation of the
seismomagnetic effeet, using a vertical finite-slip
pateh, 1 to 11 kin deep and 21 km long, with 10 cin of
fault slip, assuming u uniform magnetization of 1 A/m
on both sides of the fault. This solution indicates that
the three magnetometer stations near the Calaveras
fault are poorly located for detection of loeul
magnetie-field changes and that the amount of slip
would have to triple to produce a chunge greater than
1 nT at any of these stations.

Aeromagnetic surveys (U.S. Geological Survey,
1974) indicate that more magnetic material is located
on the west side of the Calaveras fault in this area.
Figure 17.5 illustrates the calculation of the
seismomagnetic effect, using the same fault geometry
as in figure 17.4, but with a magnetization of 1 A/m on
only the west side and of 0.1 A/m on the east side of
the fault. For this solution, station C1lY is best
locuted to detect mugnetie-field changes from the
April 24 earthquake. The differenced data for
difference plot C1Y-COY (fig. 17.3) indicate no
significant magnetie-field changes greater than 1 nT
during the aftershock period from April 26 to May 6.
For this solution, if the signul were at the level of the
noise, these data require a stress change no greater
than 1.2 MPa for the period April 26-May 6.

The two solutions using the seismoinagnetic
model indicate that the optimum array  of
magnetometers for an earthquake of this magnitude
would consist of pairs of stations located about 1 to 2
km on either side of the fault, at approximately 5-km
intervals along the fault.
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Figure 17.2. Three-day averages of differenced magnetic-field data between 1978 and 1984. Three upper plots

include data from stations located along the Calaveras fault.
Arrows mark times of two moderate earthquakes that occurred on the Calaveras fault

used in the difference.
during this period.

CONCLUSIONS

Analysis of mugnetie-field data from stations
located near Morgan Hill indicate no anomalous
preseismic variations larger than 0.75 nT with periods
longer than 16 months. Tor the 12 days after the April
24 earthquake, no magnetic-field variations larger
than 1.0 nT were ussociated with the postseismic

8§, distance from epicenter to nearest station

activity. Seismomagnetic models indicate either that
the magnetometer stations are poorly located for this
earthquake or that any stress changes during the 12-
day period after the earthquake were no greater than
1.2 MPa. The absence of data at the time of, and for
the 16-month period before, the earthquake preclude
the identification of magnetic-field perturbations
during this period.
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Figure 17.3. MHourly averages of differenced magnetic-field data from stations along the Calaveras fault during

12-day period after the April 24 earthquake. Tickmarks represent logarithms of hourly averaged seismic moment

(log My=1.5M; +16).
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Figure 17.4. Locations of magnetometer stations and
epicenter of the April 24 earthquake (star) in relation
to magnetic-anomaly contours (in nanoteslas).
Magnetic-anomaly contours represent 10 cm of slip on
a fault plane 10 km by 21 km, with a uniform
magnetization of 1 A/m. Dashed-outlined area
denotes rupture zone.
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17.5. contours (in

Magnetic-anomaly
nanoteslas), using same model as in figure 17.4 but
with magnetic material on only the west side of the
fault.
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