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Chapter 5

Postseismic Deformation Following the June 28, 1992 Landers, California,

Earthquake

5.1. INTRODUCTION

The Landers earthquake occurred on June 28, 1992 in California's Mojave Desert.

Summary descriptions of the rupture and the regional tectonics can be found in Chapters

3 and 4 of this dissertation.  During the months after the earthquake, the Earth's

lithosphere in the Mojave Desert region continued to deform at a rate that was higher

than the long-term strain rate which had been measured geodetically by Sauber et al.,

[1986] and inferred geologically by Dokka and Travis, [1990].  Total postseismic

displacements measured at GPS stations were 10-20% of the measured coseismic

displacements with 90% of the postseismic displacement occurring within the first six

months after the Landers mainshock [Bock et al., 1997].

A goal of studying postseismic deformation is to identify the mechanisms by

which the Earth’s lithosphere deforms following a major earthquake in order to gain

insight into its rheology and the processes involved in the earthquake cycle.  Various

workers have proposed a number of postseismic deformation mechanisms to describe the

spatial and temporal characteristics of geodetic data collected after the Landers

earthquake.  These mechanisms include deep afterslip [Shen et al., 1994; Savage and

Svarc, 1997; Bock et al., 1997], viscoelastic relaxation [Deng et al., 1998], poroelastic

relaxation [Peltzer et al., 1996], hydrothermal deformation [Wyatt et al., 1994], re-

equilibration of fluids in a highly fractured stratum [Wyatt et al., 1994], crustal
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anelasticity [Wyatt et al., 1994], and fault zone collapse [Massonnet et al., 1996; Savage

and Svarc, 1997].

In this study, radar line-of-sight (LOS) displacement maps (interferograms)

formed using images spanning 5-215 days, 40-355 days, and 355-1253 days after the

earthquake (Figure 5.1) are inverted for the amount of right-lateral slip on planes

approximating the rupture and its deep extension between 4 and 30 km of depth.  Because

displacements of the Earth's surface measured using GPS geodesy indicate postseismic

displacements at GPS stations in the same direction as the coseismic displacements [Shen

et al., 1994; Savage and Svarc, 1997; Bock et al., 1997], a significant portion of the

postseismic deformation has been inferred to be slip on the rupture plane or its down-dip

extension with the same sense as the coseismic slip.  The models derived from inverting

interferograms indicate that slip occurred within a zone 7.5-10 km deep causing an 80

km-wide displacement pattern that decayed remarkably within 40 days of the earthquake.

This inference of shallow slip agrees qualitatively with the conclusions of Shen et al.,

[1994] who invert for slip on both shallow (0-10 km depth range) and deep (10-30 km

depth range) patches finding that slip on the shallow patches is significant, and those of

Massonnet et al., [1996] whose best-fitting model describing a pattern of postseismic

deformation on the northern part of the rupture indicates right-lateral slip in the 6-11 km

depth range.

Attempting to measure postseismic deformation using InSAR pushes the method

to its limits [Massonnet et al., 1994].  The amplitude of the postseismic displacement

signal is much smaller than the amplitude of the coseismic displacement signal and is of

the magnitude of possible atmospheric delay.  Hence, a visual interpretation of the
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interferometric signal becomes important.  Variations in the interferograms near pre-

existing structures and the continuity of the displacement patterns can be used as

discriminative criteria.  Furthermore, inverting the interferometric displacement maps

using an afterslip models and comparing them with the model predictions can help us

gain insight into possible distributions of afterslip.

5.2. POSTSEISMIC DEFORMATION MECHANISMS

Although there are many possible mechanisms of postseismic deformation, three

of the most accepted are deep afterslip, viscoelastic relaxation, and poroelastic relaxation

(Figure 5.2).  During an earthquake, the shallow part of the Earth's crust breaks between

depths of 0 and 15 km.  The resulting strains cause time-dependant deformation of the

crust around the rupture.  Deep afterslip and viscoelastic relaxation are proposed to occur

in the lower crust between base of the earthquake rupture and the top of the moho

(between 15 and 28 km in the Mojave desert).  The major difference between the two

mechanisms is that deep afterslip is localized while viscoelastic relaxation is a bulk

deformation process.  Poroelastic relaxation occurs in the upper crust.

5.2.1.  DEEP AFTERSLIP

The fact that there was a significant horizontal component of displacement

measured at far-field GPS stations following the Landers earthquake indicates that deep

afterslip was a significant postseismic deformation mechanism [Shen et al., 1994; Savage

and Svarc, 1997; Bock et al., 1997].  However, models of postseismic deformation due to

deep afterslip indicate motion towards the satellite in a region to the west of the rupture
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which is not present in any of the interferograms [Peltzer et al., 1998].  A combination of

deep afterslip and a change in Poisson's ratio of the crust, due to pore fluid flow, in the

region surrounding the earthquake can reconcile InSAR observations with deep afterslip

theory [Peltzer et al., 1998].  However, the decay time of the afterslip signal inferred

from the 5-215 and 40-355 day interferograms by this study, about 40 days, is too short to

be due to poroelastic deformation which has a decay constant of 270 ± 45 days.

5.2.2.  VISCOELASTIC REBOUND

A viscoelastic mechanism may be used to model the postseismic deformation

[Deng et al., 1998].  Assuming that 0.7 meters of east-side down dip-slip coseismic

motion occurred on the Emerson and Camp Rock faults, Deng et al. argue that a

viscoelastic mechanism is the only one that can predict the fault-normal and vertical

motions measured by Savage and Svarc, [1997] along a linear GPS array normal to the

rupture south of the stepover between the Emerson and Camp Rock faults (the locations

of the GPS sites surveyed by Savage and Svarc are shown in Figure 5.3a).  They also

argue that certain features observed in the "combined" postseismic interferogram

presented by Massonnet et al., [1996] indicate viscous flow of the lower crust.  These

features are a linear ridge of towards the satellite motion to the east of the rupture and an

oval-shaped region of subsidence to the west of the rupture (e.g. Figure 5.3b).  However,

the interferometric signal that they model, assumed to be due to vertical displacement

only, is a combination of two interferograms spanning 5-1008 and 40-355 days after the

earthquake.  Therefor the deformation signal D in the combined interferogram is D =

D(5-40 days) + 2*D(40-355 days) + D(355-1008 days).  Thus the deformation between
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days 40 and 355 is weighted twice as much as the deformation in the other time periods.

The long-wavelength signal measured after day 40 may be viscoelastic but the signal in

the 5-215 day interferogram does not simply show the qualities described above that

indicate viscoelastic deformation.  For example, east of the rupture, there is uplift to the

north of the stepover between the Homestead Valley and Emerson faults and subsidence

to the south (Figure 5.3a) rather than a continuous "ridge" of uplift.

5.2.3.  FAULT ZONE COLLAPSE

A mechanism for postseismic deformation first proposed by Savage et al., [1994] is fault

zone collapse [Massonnet et al., 1996; Savage and Svarc, 1997].  This mechanism is

described by displacement normal to the rupture plane due to closing of cracks opened

during the earthquake in a fluid saturated rupture zone.  This mechanism is proposed by

Massonnet et al., [1996] to explain a variation in style of postseismic deformation in their

combined interferogram:  On the portion of the rupture north of the stepover between the

Homestead Valley and Emerson faults, the interferogram indicates dextral slip while on

the southern portion of the rupture, the interferometric signal can be modeled using fault-

normal displacement.  Such a mechanism could also account for the apparent

strengthening of the fault zone following the earthquake suggested by Li et al. , [1998] to

explain an increase in seismic velocity with time measured by repeated seismic surveys

after the earthquake.
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5.2.4.  PORE FLUID PRESSURE RE-EQUILIBRATION

Pore fluid pressure re-equilibration after an earthquake can cause poroelastic

deformation due to increased pressure gradients near extensional and compressional

rupture fault stepovers, coseismic hydraulic fracturing, and hydrothermal mechanisms.

In the first case, pore fluid flow due to pressure gradients in fault stepovers arising from

rapid coseismic deformations can cause deformation on a spatial scale of about 10 km

with a time constant due to exponential rate of decay of 270 ± 45 days [Peltzer et al.,

1996; Peltzer et al., 1998].  Coseismic hydraulic fracturing is proposed by Wyatt et al.,

[1994] to explain the discrepancy between strains measured at the laser strain meters and

the borehole tensor strain meter at the Piñon Flat Observatory (PFO).  This coseismic

fracturing could be caused by the pumping of fluids in an already highly fractured

stratum such as is present at the PFO.  The surface deformation measured in this case

should have a time constant of a few days.  A final possible pore fluid mechanism is a

hydrothermal one described by an expansion of rocks after contact with warming fluids

from below.  The strain due to this effect would be quite small [Wyatt et al., 1994] and

undetectable with anything but the most accurate of geodetic instruments (such as the

laser strain meters at the PFO).  This last mechanism is unlikely to account for any of the

Landers earthquake postseismic deformations measured.

5.3. DATA PROCESSING AND REDUCTION

The approach to processing the data in this study is similar to that outlined in

Chapter 3, Appendix A and Chapter 4 of this dissertation.  The SAR imagery (Table 5.1)
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was collected during the ERS-1 orbital phase C and the ERS-1/ERS-2 tandem mission

and is located in ERS track 399 and frame 2907.

First, an estimate of the topographic contribution to the phase was made using an

interferogram formed from images collected during the ERS-1/ERS-2 tandem mission

(Figure 5.1).  Then, this topographic phase is subtracted from interferograms spanning 5-

215, 40-355, and 355-1253 days after the earthquake.  Since 5 pairs of images from the

ERS-1/ERS-2 tandem mission were available (Table 5.1), the utility of stacking them to

form an estimate of topographic phase was investigated.  Stacking interferograms can

reduce atmospheric and orbital errors [Sandwell and Price, 1998].  However, it was

found that one of the interferograms had significantly less atmospheric noise than the

other four and that stacking only increased atmospheric phase anomalies.  Hence, only

one was used to estimate the topographic phase.  Combination of a large number of

images should improve the recovery of the topographic phase if the noise can be

averaged out [Sandwell, 1998].

Table 5.1.  InSAR pairs considered in this study from ERS track 399, frame 2907

                     Reference                                                         Repeat                     

Satellite: Orbit Acquisition Date Satellite: Orbit Acquisition Date

ERS1: 5053 Jul. 3, 1992 ERS1: 8059 Jan. 29, 1993
ERS1: 5554 Aug. 7, 1992 ERS1: 10063 Apr. 24, 1992
ERS1: 10063 Apr. 24, 1992 ERS1: 22932 Dec. 3, 1995

ERS1: 21930 Sep. 24, 1995 ERS2: 2257 Sep. 25, 1995
ERS1: 22431 Oct. 29, 1995 ERS2: 2758 Oct. 30, 1995
ERS1: 22932 Dec. 3, 1995 ERS2: 3259 Dec. 4, 1995
ERS1: 23433 Jan. 7, 1996 ERS2: 3760 Jan. 8, 1996
ERS1: 25437 May 26, 1996 ERS2: 5764 May 27, 1996
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After removing the topographic phase, we scaled the result by the radar's

wavelength to convert phase radians to millimeters.  An attempt to calibrate InSAR LOS

displacements with published GPS derived displacements [Savage and Svarc, 1997]

failed since the published GPS displacements were measured relative to site Sanh which

is near the rupture and hence should have a significant postseismic displacement of its

own.  Offsetting the LOS projected GPS horizontal displacements so that they are relative

to CGPS site Gold, far from the rupture, would increase their values by 25 mm while

offsetting them relative to Pin1, on the other side of the San Andreas fault from the

rupture, would increase their values by 34 mm.  Without reprocessing the GPS data, it is

difficult to ascertain what the absolute displacement should be.  Instead of using GPS

displacements, the InSAR LOS displacements were calibrated iteratively by first adding a

constant to each displacement map and then inverting it using a least-squares scheme to

find the smallest misfit as a function of the added constant (similar to the way the vertical

interferogram was calibrated in Chapter 4 of this dissertation).  The calibrated

interferograms are shown in Figures 5.3a, 5.3b, and 5.3c.

After forming the full resolution interferogram displacement maps (60 m pixel

spacing), the two-dimensional data were filtered and down-sampled to a 970 meter

resolution (63x58 = 3654 pixels) to enable their subsequent inversion.  The down-

sampled data retained both the long-wavelength elastic (or viscoelastic) signal and much

of the short-wavelength signal near the rupture due to faulting complexity, poroelastic

deformation, or fault-zone collapse.
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5.4.  MODELING METHOD

Linear least-squares inversions of the interferograms were performed in an

attempt to determine whether afterslip in an elastic half-space was a viable mechanism

for postseismic deformation, and, if so, to then determine the depth distribution and time

duration of the afterslip.  The same formulation as described in Chapter 4 of this

dissertation, Eqn. 4.4, was used:  the sum of the squares of the differences between the

model predictions and the InSAR displacement data was minimized.  A multitude of

different model parameterizations was studied and the one shown in Figure 5.4 gave the

best results.  This parameterization is a down-dip extension of a trace along the rupture

beginning near the southern terminus of the Johnson Valley fault north of the Pinto

Mountain fault and following the trace of the rupture on its easternmost side.  It is

interesting to note that the coseismic slip measured in the field was concentrated on the

Homestead Valley fault while the preferable model parameterization follows portions of

the Emerson fault, parallel to the Homestead Valley fault, that ruptured only slightly

during the earthquake.

The Green's functions relating a unit slip on each model patch to LOS

displacements at the Earth's surface (Eqn. 4.4, matrix A) were computed by placing a unit

slip on each model patch and solving for the displacement at the surface of an elastic

half-space using the RNGCHN software [Feigl and Dupre, 1999].  A minimal amount of

model smoothing was imposed using a Laplacian roughening filter (Eqn 4.4, matrix L).

The data values were assumed to be independently and identically distributed with a

variance of 1 cm estimated from data histograms (Figure 5.7a) and hence the covariance

matrix (Eqn. 4.4, matrix C) was assumed to be diagonal.
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5.5.  RESULTS

5.5.1.  INTERFEROMETRIC OBSERVATIONS

The portions of the unwrapped interferograms that were inverted are shown in

Figure 5.3.  The displacement maps surround the rupture trace.  Figure 5.3a is the

displacement map spanning 5 to 215 days after the earthquake, Figure 5.3b is the

displacement map spanning 40 to 355 days after the earthquake, and Figure 5.3c is the

displacement map spanning 355 to 1253 days after the earthquake.  An interesting feature

in both the day 5-215 and day 40-355 day displacement maps is the round region of uplift

near the location (UTM coordinate 510, 3802) of a magnitude 5.4 aftershock that

occurred on December 4, 1992 and was subsequently inverted  for the aftershock's focal

mechanism by Feigl et al., [1995].  Other interesting features in the displacement maps

are discontinuities associated with major faults.  For example, in the day 5-215

displacement map there appears to be some offset on the Calico fault and deformation on

the Iron Ridge fault is clear.

The first striking features of the day 5-215 interferogram are the towards-the-

satellite motion associated with extensional steps in the rupture and the away from the

satellite motion near compressional stepovers.  The ridge-like feature extending from the

Kickapoo stepover to the northern stepover between the Homestead Valley and Emerson

faults indicates uplift in a coseismic extensional region.  The away-from-the-satellite

motions near the stepover between the Emerson and the Camp Rock faults and the north-

trending fault splay just south of the intersection of the GPS array and the rupture

indicate subsidence in near-rupture coseismic compressional regions.  The position of

these regions of displacement near the rupture indicates that they do indeed represent
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movements of the ground and are not due to atmospheric delay.  These are the

deformations attributed to pore-fluid flow by Peltzer et al., [1998].

The second striking feature of the day 5-215 interferogram is the butterfly-shaped

region of away-from-the-satellite motion that extends throughout the displacement map.

This displacement pattern is here inferred to be due to shallow slip on the rupture plane

with a distribution as shown in Figure 5.5a.  A second deformation interferogram (not

shown here) formed from images collected on July 3, 1992 and December 25, 1992 (day

5-180) shows this same pattern.  Because of its low amplitude, it may represent an

atmospheric signal in the July 3, 1992 image.  However, it is more likely to represent the

long-wavelength signal due to dextral afterslip on the rupture plane as suggested by GPS

displacement data.  A third striking feature of this interferogram is the region of away

from the satellite motion in the Upper Johnson Valley.  It is interesting to note that the

higher amplitude portions of this signal follow fractures mapped by Price and Sandwell,

[1998].

The day 40-355 interferogram indicates that the towards-and away-from-the-

satellite motion in the Kickapoo stepover and the stepover between the Emerson and

Camp Rock faults, respectively, still have high amplitudes 40 days after the earthquake.

Away from the satellite motion in the Upper Johnson Valley is still apparent as well but

the amplitude is much reduced.  The butterfly-shaped deformation pattern is no longer

apparent.  This interferogram shows the displacement pattern indicative of viscoelastic

deformation as described by Deng et al., [1998]: namely, a slight ridge of relative uplift

to the east of the rupture and an oval-shaped region of away from the satellite

displacement west of the rupture.
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The day 355-1253 interferogram indicates virtually no deformation far from the

rupture.  However, uplift surrounding the Kickapoo stepover and the Johnson Valley fault

south of the stepover is still apparent.  Also, there is still some away from the satellite

motion in the Upper Johnson Valley but it is less than 15 mm in the LOS direction.

5.5.2.  MODELING RESULTS

5.5.2.1.  SLIP MODELS

The slip models corresponding to the displacement maps are shown in Figure

5.5a, Figure 5.5b, and Figure 5.5c.  The slipping surface is split up into 66 patches

extending from 4 km of depth to 30 km of depth (Figure 5.4).  The two shallow-most

layers are 3 km thick while the deeper layers are each 5 km thick.  This change in

thickness with depth is consistent with resolution analysis of geodetic inverse models that

commonly show decreased resolution with depth (e.g. Chapter 4, section 7.4).

The model corresponding to the day 5-215 interferogram indicates that afterslip

was concentrated within the layer between 7.5 and 10 km of depth.  As much as 3 meters

of afterslip may have occurred on the Johnson Valley fault near its intersection with the

Kickapoo stepover.  Slip is inferred to have been approximately 2.5 meters on the

Kickapoo stepover and decreased to the north.  No afterslip is inferred on the rupture

surface north of the northern stepover between the Homestead Valley and Emerson faults

during this time period.

The model corresponding to the day 40-355 interferogram indicates 1 meter of

slip on the Kickapoo and Emerson faults increasing to a little more than 1.5 meters south

of the northern stepover between the Homestead Valley and Emerson faults.  The model
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corresponding to day 355-1253 interferogram indicates very little slip on the rupture.

The nearly one meter of slip on the southern Johnson Valley fault results in displacement

at the surface that is believed to be atmospheric noise (the region of apparent subsidence

to the northeast of the Kickapoo stepover).  This model, which should produce virtually

no slip, is indicative of the level of error in the model slips: approximately 1 meter.

5.5.2.2.  FORWARD PREDICTIONS

The predictions of the model corresponding to the day 5-215 interferogram

(Figure 5.6a) indicate subsidence on both sides of the fault and minimal uplift near the

along-strike locations of uplift thought to be due to pore-fluid flow.  The predictions of

the model corresponding to the day 40-355 interferogram (Figure 5.6b) indicate

subsidence to the northwest of the rupture corresponding to the subsidence in the Upper

Johnson Valley.  The predictions of the model corresponding to the day 355-1253

interferogram (Figure 5.6c) indicate very little surface displacement: the largest signal is

associated with atmospheric noise to the east of the Kickapoo stepover.

5.5.2.3.  VARIANCE REDUCTION

Histograms of the LOS displacement values (Figure 5.7a) indicate that the modal

displacement tends towards zero as time goes on.  This trend can not be due to the

temporal sampling frequency since the time duration spanned by the successive

interferograms increases (210 days, 315 days, 898 days).  The variance of the

distributions is one centimeter for the first two interferograms and 6 millimeters for the

last interferogram.  Histograms of the residuals (Figure 5.7b) computed by subtracting the
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model predictions from the data indicate that the modeling moved the centers of the

distributions to zero but did not reduce the variance about the mean.  This is illustrative

of the fact that the InSAR method is being pushed to its typical artifact level.

5.5.2.4.  MOMENT ANALYSIS

Model moments were computing using Eqn. 4.5.  The moment computed for the

day 5-215 model is 8.2x1018 N-m.  The moment computed for the day 40-355 model is

4x1018 N-m.  The moment computed for the day 355-1253 model is 1.3x1018 N-m. The

moment of each model is within an order of magnitude of the moment estimated from the

aftershocks that occurred within 6 months of the earthquake which is 2x1018 N-m [Shen

et al., 1994].  The moment estimated from the InSAR inversions is clearly larger than the

moment estimated from aftershocks.  This indicates a significant aseismic release of

strain in 7.5-10 km depth layer.

5.6 DISCUSSION

5.6.1.  COMPARISON OF LOS DISPLACEMENTS WITH GPS HORIZONTAL
           DISPLACEMENTS

Measured LOS displacements and model predicted displacements extracted from

each deformation interferogram along a profile connecting GPS sites are shown above the

LOS projected horizontal GPS displacements published by Savage and Svarc, [1997] in

Figure 5.8.  The amplitude of the LOS displacement signal along the profile extracted

from the 5-215 day interferogram is 2 cm, the amplitude of the LOS displacement signal

along the profile extracted from the 40-355 day interferogram is 1.3 cm, and the
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amplitude of the LOS displacement signal extracted from the 355-1253 day interferogram

is 0.95 cm.  The amplitude of the LOS displacement signal due to horizontal motions as

indicated by the GPS displacements measured over a period of 2 weeks to 3.5 years after

the earthquake is approximately 2.5 cm.  If we use an 84-day time constant and

exponential decay of the amplitude, 84% of the deformation should have occurred

between days 14 and 1277, 86% of the deformation should have occurred between days 5

and 215, 60% of the deformation should have occurred between days 40 and 355 and 1%

of the deformation should have occurred between days 355 and 1253.  Because the

amplitude of the signal in the day 5-215 interferogram is similar, within a standard

deviation, to the amplitude of the LOS-projected horizontal signal, a significant

component of the signal in the interferogram must be due to horizontal motions.

If the postseismic displacement amplitude followed an exponential rate of decay

with a time constant equal to 84 days (e.g. Savage and Svarc, [1997]), the ratio of

displacement amplitudes in the consecutive interferograms should be 1.43:1:0.02.  If the

time constant was 270 days, the ratio of amplitudes in the consecutive interferograms

should be 0.89:1:0.44.  The amplitude ratios are 1.54:1:0.73.  The ratio between the

amplitudes extracted from the day 5-215 and day 40-355 interferograms agrees well with

the 84-day time constant.  However, the ratio between the amplitudes extracted from the

day 40-355 and day 355-1253 interferograms agrees well with the 273 day time constant.

This last comparison is not entirely conclusive since the signal in the day 355-1253

interferogram is below the level of the expected error.  However, the analysis indicates

that relaxation with an 80-day time constant was the dominant mechanism contributing to
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the signal in the first two interferograms while relaxation with a 273-day time constant

was the dominant mechanism contributing to the signal in the last two interferograms.

5.6.2.  POSTSEISMIC DEFORMATION MECHANISMS

The four possible mechanisms for postseismic deformation that could cause

significant displacements near the rupture measurable by InSAR are poroelastic [Peltzer

et al., 1998], viscoelastic [Deng et al., 1998], afterslip [Shen et al., 1994; Savage and

Svarc, 1997], and fault zone collapse or strengthening [Massonnet et al., 1996; Li et al.,

1998].  The decay of the amplitude of deformation due to each of these mechanisms and

the wavelength of the expected displacement pattern is different.  For instance, if the

deformation mechanism is assumed to be aseismic afterslip on the main rupture surface, a

long-wavelength postseismic signal that has 10-20% of the magnitude of the coseismic

signal with a decay constant of about 46 days is expected; if the deformation mechanism

is poroelastic (decay constant on the order of 9 months) or shallow slip on secondary

structures, small-scale deformation patterns are expected.

The three interferograms analyzed in this study indicate that a variety of

postseismic deformation mechanisms may contribute to the displacement signal.  The

non-existence of the signal inferred here to be due to afterslip within the seismogenic

zone in the interferograms spanning 40-355 and 355-1253 days after the earthquake

indicates that the time duration of this phenomenon was less than 40 days.  The

displacement signal due to apparent viscoelastic rebound is strong in the 40-355 day

interferogram but is not obvious in the others.  The displacement signal due to near-
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rupture poroelastic deformation or fault-zone collapse is clear in the day 5-215 and day

40-355 interferograms.

This analysis indicates that afterslip in the seismogenic zone was a significant

contributor to the surface displacement field within 40 days after the earthquake.

Viscoelastic deformation as a response to the large load imposed by an earthquake of

Landers' magnitude is likely to have occurred during the entire postseismic period.  Also,

since the near-fault short-wavelength LOS displacement signals are apparent in each

interferogram, poroelastic and fault-zone collapse deformation mechanisms are important

contributors.

The likely importance of all these deformation mechanisms suggests a systems

analysis of the postseismic deformation phenomena.  However, before such thing can be

done, the behavior of models describing each mechanism must be studied.  The

viscoelastic code of Deng et al., [1998] is a significant step in this direction.  However, it

is difficult to ascertain the time duration of the viscoelastic signal attributed to

deformation observed in an interferogram that is a combination of two interferograms

spanning overlapping time periods.  The conceptual poroelastic model of Peltzer et al.,

[1998] makes sense but a more detailed analysis of its application to long-wavelength

deformation signals which are combined with possible viscoelastic, afterslip, or fault-

zone collapse signals ought to be performed.

5.7.  CONCLUSIONS

A butterfly-shaped deformation pattern in an interferogram formed from images

collected 5 and 215 days after the Landers earthquake is due to afterslip on the faults that
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ruptured during the earthquake between 7.5 and 10 km of depth.  Inverting three

interferograms spanning time periods after the earthquake pushes the method to its

typical error level: the deformation signal is nearly the same size as possible atmospheric

delay errors.  In spite of this, consistently similar deformation patterns observed in

consecutive interferograms indicate a multitude of postseismic deformation.  The

contribution of each of these phenomena to the observed displacement pattern can be

inferred from the wavelength, pattern, and temporal decay of the displacement

amplitudes.  While a decay constant for viscoelastic deformation is not available in the

literature, a comparison of InSAR measurements to decay constants expected from

afterslip (creep) and poroelastic mechanisms indicates that the substantial contribution of

each of these mechanisms to the deformation signal was different in consecutive

interferograms.
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