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Changes in Apparent Resistivity
at Constant Frequency During 2008
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• Stanford–USGS and UC Berkeley have been maintaining 
five ULF-EM stations along the San Andreas fault system 
over a multi-year period.

• These sites are intended to monitor and record ULF-EM sig-
nals associated with seismic activity, if any such signals exist.

• Long-term signal characterization at each site is important 
for understanding any anomalous signals.

• In this poster we show a multi-year trend in apparent resis-
tivity that we attribute to electrode degradation.

SummarySummary
Five sites record continuous electric and magnetic field data for this project:
 • Jasper Ridge Biological Preserve, Stanford University (JRSC)
 • Russell Reservation, Briones Reserve (BRIB)
 • Marin Headlands, Golden Gate National Recreation Area (MHDL)
 • San Andreas Geophysical Observatory, Hollister (SAO)*
 • Bear Valley Ranch, Parkfield (PKD)*

Standard Stanford–USGS sites have two sets of orthogonal 100-meter elec-
trodes oriented magnetically north-south and east-west, and 3 orthogonal 
magnetometers vertical and magnetically north-south and east-west.
*PKD and SAO are co-maintained by the BSL, USGS and Stanford.

Schematic diagram of a typical site 
(from Karakelian et al., 1998).
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Project Background
Assertions that electromagnetic (EM) signals are associated with some 
earthquakes prior to, during, and subsequent to seismic activity are wide-
spread in the literature. Prior to the 17 October 1989 Ms 7.1 Loma Prieta, 
California, earthquake an unusual fluctuation in ultralow frequency (ULF; 
0.01–10 Hz) magnetic signals was recorded (Fraser-Smith et al., 1990). It 
is believed that these precursory ULF signals are related to earthquake 
magnitude, and several physical explanations have been proposed to ex-
plain these observations (e.g. Merzer and Klemperer, 1997).

The goal of our ULFEM network is to observe EM fluctuations associated 
with seismic activity, if any exist, and to better understand the mechanisms 
of such fluctuations. Our multi-station, multi-component array was de-
signed with this goal in mine, and with the intent of overcoming the limita-
tions of the single-station, single-component Loma Prieta dataset.

ULF anomalies recorded 10km from the Loma Prieta epicenter (half-hour signal aver-
ages on an east-west magnetic coil). Note the increase in activity two weeks prior to the 
main shock and much larger amplitudes three hours prior to the main shock (Fraser-
Smith et al., 1990).

What Is Apparent Resistivity?
Electrical resistivity is a material’s opposition to the flow of electrical current. 
From our data we calculate apparent resistivity, the average electrical resistiv-
ity of an equivalent uniform half-space. (e.g. Simpson and Bahr, 2005).

Why Is This Useful?
Calculating apparent resistiv-
ity as a function of frequency 
provides information on, 
earth resistivity as a function 
of depth. Lower frequencies 
sample greater depths. Appar-
ent resistivity at any site 
should remain constant in the 
absence of changes in subsur-
face conditions. Temporal 
changes in apparent resistiv-
ity could represent:
 1) phenomena precursory to or following earthquakes, such as
     dilatancy or porosity changes
 2) seasonal changes in groundwater saturation
 3) instrument instability and cultural interference.
Recognizing seasonal or instrumental change avoids inappropriate attribu-
tion of temporal change to geologic causes. In this poster we show a long-
term increase in apparent resistivity that we believe represents long-term 
changes in our electrodes.
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Methods
We calculated apparent resistivity from orthogonal magnetometer and 
electrode pairs  for two-hour periods on two days a month. We used quiet 
data from times when BART (the Bay Area Rapid Transit – a DC-electric 
rail system) was not running. MATLAB scripts were used to calculate ap-
parent resistivity as:

Long-Term Electrode Drift

Calculated from our 40 Hz data stream.
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Apparent resistivity at JRSC as a function of frequency and time (above). Instruments were in-
stalled in fall 2005. Our data starts in spring 2006 after initial issues were resolved.
Top right are constant-frequency slices through the 3D plot with best-fit trends in red.
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At JRSC we use non-polarizing Pb-PbCl2 electrodes (design after Petiau, 2000) buried at 5 m 
depth in perforated PVC casings filled with bentonite clay (see diagram right).  Long-term 
changes in the system response may be due to changes in electrode/earth coupling and/or chang-
es in the ion solution of the electrodes. Seasonal changes in groundwater levels should not effect 
electrode potential unless the electrodes dry out. To mitigate this problem the lower portion of 
the casing was not perforated, forming a ‘bucket’ to maintain a concentrated ion solution imme-
diately around the electrode. Nonetheless, some degree of ion dilution is expected to occur over 
time and may explain the observed long-term increase in apparent resistivity.
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ρ(ω) =
Ex(ω)
Hy(ω)

2

ωµo

1

where ρ is the apparent resistivity, ω is the angular frequency, and µo is 
the permeability constant.

Calculated from our 1 Hz data stream.

Schematic diagram of electrode casings located at JRSC (right). Note that the casing is closed at 
the bottom (perforated only in the middle section) forming a “pot” that will maintain a highly 
saturated solution immediately around the electrode.
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