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ABSTRACT

We have measured postseismic deformation, using an electronic
distance-measuring instrument, in the area around the northern
third of observed surface rupture from the 1979 Imperial Valley
earthquake. Measurement of a geodetic network consisting of 54 base
lines was initiated on October 27, 1979, and the lines were repeatedly
measured during the next several months. We analyzed the line-
length changes in terms of a simple model of uniform slip over a
semi-infinite plane, corresponding to the Imperial fault, and
homogeneous strain changes in the su rrounding region. For the inter-
val October 27-December 13, 1979, the average rate of fault slip was
found to be 1.0820.08 mm/d, and the most significant component of
strain change was an cast-westward contraction of 0.08£0.02 micro-
strain per day, with an uncertainty of 28.57 in the azimuth of this
component of the principal strain. Generall y. the rate of postseismic
deformation decreased over time during the entire period of observa-
tion, For example, from October 27 to November 14 the average rate of
fault displacement was 1.96+0,29 mm/d, whereas from November 12
to December 13 the rate was 0.80+0.13 mm/d, From October 27 to
November 14 the strain change was correspondingly rapid, with
northwest-southeastward compression oceurring at a rate of 0.3+ 0.1
microstrain per day. Most of these observations can be tentatively
explained in terms of strain release on either side of the fault due to
postseismic slip,

INTRODUCTION

In this report we describe the preliminary results of a
geodetic survey in the vicinity of the northern section of
the Imperial fault after the main shock of October 15,
1979. On the basis of information of continuing post-
seismic fault motion of as much as 10 mm/d (P. W.
Harsh, oral commun., 1979). we initiated a program of
line-length measurements, using a Hewlett-Packard
3800A distance-measuring instrument and an array of

18 corner-cube reflectors. With this instrumentation.
apparent strain changes along lines of about 2 km can
be resolved at about the 2-microstrain level (Lisowski
and Prescott, 1981).

Of particular interest with regard to questions of
postseismic-strain redistribution was the area around
the north end of the Imperial fault break. Most of the
aftershocks tended to occur there and on the adjacent
echelon Brawley fault zone and the Superstition Hills
fault (Johnson and Hutton, this volume). Indications of
displacements on the San Andreas faull (Sieh, this vol-
ume) and on the Superstition Hills fault (Fuis, this
volume) also suggest continuing deformation in this
northern area. In view of these displacements and be-
cause of the existence of excellent geodetic control
across the central section of the Imperial fault (Mason
and others, 1979; Crook and others, this volume), we
concentrated on measuring ground deformation in and
near the north third of the zone of ground breakage
{Sharp and others, this volume).

Beginning on October 27, we made repeated mea-
surements of the line lengths of 54 base lines (fig. 149)
extending northwestward from the ecarlier geodetic
network set up in 1970 by the Imperial College, London
(Mason and others, 1979). Our new network includes
three of the Imperial College bench marks (33, G33,
and (G34), and six alinement-array bench marks (here
designated HSE1, HSE3, HSW1, HSW3, HSW3', and
HSW4), installed by Harsh (this volume) on cither side
of the fault at Harris Road (fig. 149). To avoid losing
time in establishing this new network, we elected to use
concrete nails driven into the road pavement as bench
marks rather than more permanent marks, such as
those used by Mason and others (1979).

As seen on the map (fig. 149), the network includes
both lines that cross the fault and lines completely to the
northeast or southwest of the trace. The geometry of the
network was influenced largely by the availability of
lines of sight across rather flat topography; thus the
majority of lines follow roads. Another limitation on the
network, imposed by the instrument used, was difficulty
in measuring line lengths longer than 3 km.
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As discussed below, the large number of lines allowed
the determination of fault displacement and strain
change as a function of time and position within the
network. The capability of measuring deformation
within regions of the network is important here because
within the network the coseismic fault displacements
exhibited spatial gradients to the southeast of Keystone
Road of more than 2 mm/km across 10 km of the most
obvious surface rupture. In the first 10 days after rup-
turing, postseismic fault displacements also showed a
spatial gradient of more than 1 mm/km across the same
rupture zone (Harsh, this volume; Sharp and others,
this volume). Therefore, strain in this area should not be
expected to be homogeneous,

OBSERVATIONS

Figure 150 plots the changes in line length for each
base line in the network during the interval October
27-December 16, 1979. The time scales of these plots
are somewhat longer than necessary because we in-
tended to continue our observational program into the
first quarter of 1980. Figure 1504 shows the changes in
displacement for only those lines that cross the surface
trace of the Imperial fault; all other displacement-time
histories are for lines that do not cross the fault. All data
have been corrected for the effects of temperature, pres-
sure, and humidity on the atmospheric refractive index
(Bomford, 1971), and for shifts in the frequency of the
reference oscillator of the instrument due to changes in
ambient temperature (Lisowski and Prescott, 1981).

For the base lines that cross the fault, the line-length
changes are apparently rapid and generally linear, al-
though the displacement rate seems to decrease some-
what over time. On most of the base lines that do not
cross the Imperial fault, changes in line length appear
to be more subtle and of varying significance. The mul-
titude of measured lines, however, provide considerable
redundancy, and so good estimates of strain change can
be made for selected regions of the network. The data
from many base lines that do not cross the fault also
indicate a standard deviation in the measurements
smaller than the 4.5 mm estimated by Lisowski and
Prescott (1981). For example, five base lines in our net-
work were measured at least six times, Fitting linear
trends to this data set gives estimates of the unbiased
standard deviation of the fit of from 2.6 to 3.6 mm.
Adding the data from the base lines measured five times
gives an average standard deviation of 3.9 mm for fit-
ting either a linear trend or a simple mean to the data.
Estimates of the error in the atmospheric-refractive-
index correction (Bomford, 1971) are assumed to be one
part in 10%, which is statistically added to the 3.9-mm
nominal error.

207
DISCUSSION

Although the observed fault displacements indicate
that inhomogeneous strain change within the survey
network is likely, it seemed worthwhile first to analyze
the geodetic data in terms of a simple model involving
constant fault slip and homogeneous deformation. In
this report we elaborate this initial analysis by consid-
ering homogeneous deformation within regions of the
network, but do not discuss more complex models in-
volving finite faults.

Assuming an infinite fault with uniform slip in a
half-space, we can use the observed line-length changes
to infer the value of fault slip and the changes in the
three horizontal components of strain. The degree of
misfit to the resulting solution gives some indication of
how useful our observations are likely to be if we were to
analyze them in terms of more realistic fault models,

For an assumed homogeneous deformation, the
changes in line length AL, are related to the slip rate U
and t:he components of the strain-rate tensor E. E.,,
and E,,, by:

A.L; :L;_; _L,

‘—=(T:';“T;J[I}COS o7 “"L;{EH-COS2 b
+2E,."COS (bi_sin (bi"'EnnSinz (bi )]?

where L;; is the distance on the ith base line measured at
time T, L; and T, are the average distance and time,
respectively, ¢; is the angle between the ith base line
and the direction east, and « is the angle between the
fault trace and the ith base line. We use the technique of
weighted least squares to determine the model parame-
ters from the data; the weights used are the squares of
the reciprocal of the standard measurement error for
each data point. In the following discussion we present
the results for different spatial and temporal subsets of
the data (fig. 151). Because we use a weighted-least-
squares technique here, the standard deviation of the fit
to the model is dimensionless, and the values less than
unity indicate a good fit of the model to the data.
Using the entire data set, we infer the following:

U=1.0820.08 mm/d,
E‘,z—0.0Bi 0.02 microstrain per day,
}_;1’2:0.0210.02 microstrain per day,
6,=N. 89.4°+28 5°E,

and o=1.00 mm/mm,
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where 6, is the azimuth of the principal strain ratel;?[,
and o is the standard deviation of the fit of the mode] to
the data. Besides the high rate of fault slip, the major
finding from these data is an east-westward contraction
at a rate of 0.08 microstrain per day, four times larger
than its corresponding estimate of the standard error.
We note that the actual direction of contraction is poorly
determined. The fit of this model to the data, as indicat-
ed by the normalized standard deviation o, is surpris-
ingly good in view of our simplifying assumptions of
uniformity in strain and fault slip in both space and
time.

The data from the entire network can be subdivided
into two intervals (fig. 151): the first from the initial
survey to the survey in mid-November, and the second
from mid-November to mid-December. For the first
interval the slip rate averaged 1.96+0.29 mm/d, and for
the second interval the data indicate a lower slip rate of
0.80%0.13 mm/d. Another significant measurement for
the first interval is the contraction rate of 0.32+0.12
microstrain per day along a northwesterly azimuth. The
strain rates for the second Interval, however, do not
differ significantly from zero (fig. 151)—a result to be
expected if the rate of deformation was decreasing over
time.

Northwest-southeastward contraction also appears to
be significant in the areas either to the west or to the
east of the Imperial fault (fig, 151) during the first inter-
val. For the entire period of observation, the strain rates
in the western block agree well with those inferred from
the entire data set. Thus, insignificant strain changes
during the second interval and southeast-northwest-
ward contraction during the first interval are evident in
both sets of data. Similar conclusions, however, are not
substantiated by the data from the eastern block. In
contrast to the changes during the first interval,
significant strain changes occurred in this block during
the second interval. Significant north-southward exten-
sion during the second interval,
strain changes during the first
nearly pure shear, indicates 0.10 microstrain per day of
northeast-southwestward extension over the entire
period of observation.

We note that the observation of northwest-
southeastward contraction during the first interval in
all the data is consistent with strain release due to
right-lateral slip on the Imperial fault (Scholz and
Fitch, 1969). As pointed out above, problems encoun-
tered by using this simple, uniform-strain interpreta-
tion may arise as a result of the need to consider: (1) the
likely nonuniform distribution of slip; (2) the effect of
sympathetic slip on the Brawley fault zone and the
Superstition Hills fault to the east and west of the net-
work, respectively; and (3) such geometric effects as the
change in fault strike near Harris Road, which may be

In conjunction with
& |
interval that show
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assoclated with a substantial vertical component of
faulting on this section of the Imperial fault, as observed
by Sharp and Lienkaemper (this volume).

In an attempt to determine the spatial variations in
strain within the network, we divided the survey area
into three smaller regions (inset, fig. 151) to allow
internal comparison. As expected, estimates of strain
were not so well determined because of the fewer meas-
urements available. Region I consists of all the base
lines that cross the Imperial fault south of Keystone
Road and those base lines that are within 1.5 km of the
fault. Both the inferred slip and strain rates in this
region apparently decrease over time, and the strain
during the first interval indicates primarily north-
west-southeastward contraction. A curious feature is an
apparent rotation of the principal strains during the
second interval. Region II consists of the base lines on
the west side of the Imperial fault near the terminus of
the surface rupture. We note a compressional trend, but
it is only marginally significant for the first interval,
when the slip rate was high. This pattern of strain, in
which the estimated strain exceeds the standard devia-
tion, is consistent with simple dislocation models that
predict contraction in this northwestern lobe with slip
on a right-lateral fault. The significant north-
southward extension observed in this region during the
second interval is unexplained at this time. Region II1
consists of the base lines near Harris Road and State
Highway 111. Again, significant northwest-south-
eastward contraction occurred during the first interval,
and north-southward extension during the second.

The leveling data of Sharp and Lienkaemper (this
volume) indicate that the postseismic fault displace-
ment was mostly dip-slip. Figure 152 plots the relative
uplift of the west side of the fault at Harris Road, along
with some of our corresponding horizontal measure-
ments. Except for the measurements along base line
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FrGure 152.—Uplift of western block of Imperial fault relative to
eastern block at Harris Road (sec fig. 149 for location), from leveling
data of Sharp and Lienkaemper (this volume), Horizontal data from

our network around Harris Road are also plotted at sume scale.
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HSW3 to HSD made on October 27, the plot of the
vertical and horizontal data (fig.152) seems to indicate a
similar history of deformation. We can determine the
dip of the Imperial fault near Harris Road, at least in
principle, by comparing the vertical and extensional
components of the fault-displacement vector. We first
attempted to determine the horizontal component of the
slip vector from measurements along Harris Road and
from bench mark DN1 (fig. 149) crossing the area of
interest, but these data were inadequate to estimate
both horizontal components. Qur data were well suited,
however, to estimate the projection of the horizontal-
slip vector along Harris Road, which is probably the
most significant component in terms of an estimate of
the local fault dip because the fault strikes nearly
north-south in this locality (Sharp and others, this vol-
ume). Accordingly, we compare the line-lengthening
rates over the base lines extending from bench mark
HSD with the releveling data of Sharp and Lien-
kaemper (this volume) (fig. 152), to infer an apparent
eastward dip of 49°+5° E. which agrees well with field
measurements of dip near Harris Road indicating an
eastward dip of 59+8° E. (R. V. Sharp and M. G.
Bonilla, oral commun., 1980).

CONCLUSIONS

Postseismic geodetic-strain changes obtained in the
area around the north end of the Imperial fault rupture
display considerable spatial and temporal complexity.
As a first step in analyzing these data, we used a simple
model consisting of uniform slip and strain to fit the
data. Although many problems remain, the initial fit is
surprisingly good and allows two general conclusions to

THE IMPERIAL VALLEY, CALIFORNIA, EARTHQUAKE OF OCTOBER 15, 1979

be drawn. (1) Significant postseismic fault displacement
can easily be detected with this technique, using all
fault-crossing lines; the rate of fault slip decreases over
time. (2) Significant changes in strain, observed within
about a 3-km zone on either side of the fault, were
mainly characterized by a northwest-southeastward
compression of 0.3 microstrain per day during the first 2
weeks after initial measurements were made.
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