Bulletin of the Seismological Society of America, Vol. 81, No. 5, pp. 1660-1693, October 1991

FAULTING GEOMETRY AND SLIP FROM CO-SEISMIC
ELEVATION CHANGES: THE 18 OCTOBER 1989,
LOMA PRIETA, CALIFORNIA, EARTHQUAKE

By Grant A. MARsHALL, Ross S. STEIN, AND WAYNE THATCHER

ABSTRACT

Leveling surveys conducted before and after the Loma Prieta earthquake
provide observations of the co-seismic elevation changes. These data are used
to determine the faulting geometry and distribution of slip, considering planar,
listric, and negatively listric fault shapes. Both the planar and nonplanar models
produce elevation changes consistent with the observations. Most of the ob-
served elevation changes can be modeled with a rupture surface that extends
from 4- to 15-km depth. If the rupture surface is planar, the observations require
2.4 m of right-lateral strike slip and 1.7 m of reverse slip on a 34-km-long plane
that dips 60°SW. The best-fitting model faults lie above and to the southwest of
the aftershock zone. A significantly better fit to the observations is obtained
when these fault geometries are allowed to have two rake values, with a larger
thrust component northwest of the epicenter and a larger strike-slip component
southeast of the epicenter. When a low-modulus layer over a half-space is used
for consistency with the seismic P-wave velocity structure, the fault deepens,
coming within 3 km of the hypocenter, but still locates several kilometers
southwest of most aftershocks.

INTRODUCTION

Precise geodetic-leveling surveys conducted both before and after the Loma
Prieta earthquake (18 October 1989; M, = 7.1) provide observations of the
co-seismic elevation changes. Although no active program of vertical-
deformation monitoring via leveling has been pursued along this segment of
the San Andreas fault zone, previous leveling surveys employed for topographic-
control and land-subsidence studies have been used together with postseismic
releveling to construct the co-seismic elevation changes. Station separation
for more than half of this extensive network of vertical-control bench marks is
about 1 km. In addition, Global Positioning System (GPS) vector observations
provide limited estimates of the vertical deformation associated with the
earthquake (Lisowski ef al., 1990). These three measurements, however, do not
sufficiently describe the vertical-deformation field.

In this study, we focus on the broad-scale pattern of vertical deformation and
its interpretation in terms of fault geometry and slip. Simple uniform-slip
elastic-dislocation models are used to approximate the rupture surface at depth.
The modeled rupture surface is then compared with seismologic, geologic, and
other geodetic observations.

DaTa
Leveling Network

The leveling network circumscribes the southern Santa Cruz Mountains and
encloses most of the aftershock zone (Fig. 1). The network spans 15 to 20 km
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Fic. 1. Schematic map of Loma Prieta area, California, showing leveling network of 211 bench
marks. Inset shows locations of lines 1 to 7; circled bench marks indicate zero-distance points in
profiles shown in Figure 7. Stars: epicenters of Loma Prieta (18 October 1989; M, = 17.1), Coyote
Lake (6 August 1979; M, = 5.9), and Morgan Hill (24 April 1984; M, = 6.1) earthquakes. Quater-
nary faults from Jennings (1975). AN: Ario Nuevo; SC: Santa Cruz; LP: Loma Prieta peak; HP:
Hecker Pass; PG: Pajaro Gap.

(one hypocentral depth) on each side of the San Andreas fault and 67 km along
strike. Postseismic surveys were chosen to give maximum coverage of the
aftershock zone and the region of expected vertical deformation. The leveling
routes cross the San Andreas fault in four places and the Sargent fault in three
places. The network has been divided into seven lines (inset, Fig. 1), each
oriented approximately parallel or perpendicular to the San Andreas fault.

Preearthquake leveling surveys were performed by both the National Geode-
tic Survey (NGS) and the U.S. Geological Survey (USGS) between 1948 and
1989. Postearthquake surveys were conducted from February through June
1990. We treat all of the vertical deformation occurring between the
preearthquake and postearthquake surveys as ‘“‘co-seismic” and attributable to
the earthquake, noting that little postseismic slip was observed between Octo-
ber 1989 and June 1990 (Behr et al., 1990; Langbein, 1990). Specifications for
all the leveling surveys used in this report are listed in Table 1. First-order
double-run leveling is conducted to the highest standards; third-order single-run
leveling is the least precise.
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Fic. 2. Profiles of topography (left axis, shaded area) and co-seismic elevation change (right axis,
dots). (a) Line 4, (b) line 7. No consistent positive or negative correlation between topography and
elevation change is observed.

not show a correlation between the tilt of elevation change and topographic
slope. No such correlations could be recognized in the other co-seismic data,
although errors = 100 mm would be difficult to detect in the presence of large
tectonic deformation.

Random error can be gauged from the height difference between adjacent
bench marks when they are double-run (leveling in both directions) and from
circuit misclosures. Random error accumulates with the square root of distance,
expressed as aVL, where o (units, mm/vkm) is computed from several
double-run sections and L is the length of each section (in kilometers). The
observed values of « listed in Table 1 are derived from the statistics of all
double-run sections and have been normalized to a distance of 1 km. If random
errors are normally distributed, then « = 1/383, where the field tolerance, §, is
the maximum allowable discrepancy between the forward and backward runs of
each double-run section. If this field tolerance is not met, the section must be
rerun until the forward and backward runs agree to within the tolerance. In
practice, arithmetic means of several runs are used for final elevation differ-
ences when the field tolerance cannot be met after several attempts. In most
cases, « < 1/38 because the errors are not normally distributed or because the
number of double-run sections used to compute « is small.

We have assigned values of « to each survey based on observed circuit
misclosures. In the absence of large blunders or length-dependent systematic
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Fic. 4. Schematic map of Loma Prieta area, California, showing contours of observed (a),
predicted (b), and residual (c) (observed minus predicted) co-seismic elevation change. Predicted and
residual elevation changes are shown for single-rake planar model fault in Table 5. Star: epicenter

of Loma Prieta earthquake (18 October 1989; M_ = 7.1). Triangle (a): Loma Prieta peak. Dots:
bench mark locations.
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FiG. 5. (a) Profiles of co-seismic (left axis, dots) and long-term (right axis, shaded) coastal
deformation. Long-term deformation derived from 125 kyr marine terrace. Profiles projected along
N25E from Afio Nuevo. (b) Terrace elevation as a function of perpendicular distance from San
Andreas Fault. Dashed line shows linear fit excluding the first seven dala points.

San Gregorio-Hosgri fault remain unexplained, and this may be due to dip-slip
motion on this fault.

ANALYSIS
Modeling Elevation Changes

To model the observed co-seismic elevation changes, we describe the earth-
quake rupture as a superposition of moment-tensor point sources buried within
a uniform elastic half-space (Ward and Barrientos, 1986; Barrientos et al.,
1987). The model-fault geometry and source parameters are fixed; the uniform
slip is defined by a least-squares inversion. A constant elevation-change offset is
also determined by inversion. In this weighted inversion, the data are weighted
by the square of the observed errors, g,, which are proportional to the relative



FAULTING GEOMETRY AND SLIP AT LOMA PRIETA 1671

0 i
Planar
5 .
= 45°
g e
10
§~ ¢ 86°)
151
ke
20 -

15 10 5 0 -5 -10 -15
Distance (km)

0 D
Listric
—_— 5 B
E (0.06)
= il
= // / (0.02)
15 7
20 =
15 I 5 0 -5 -10 -15
Distance (km)
0 S f—
Negatively Listric
. 5 (- 0.02)—4
£
0
g B (-0.05)
a
15
ok
20 &= =

15 10 5 0 -5 -10 -15

Distance (km)

Fig. 6. Examples of planar and nonplanar fault shapes. For planar faults, minimum and
maximum dips are shown; for nonplanar faults, minimum and maximum curvatures are shown.
Upper-edge dip of nonplanar faults is 85° for listric shape and 45° for negatively listric shape. Star:
hypocentral location relative to strikeline. Downdip fault widths are arbitrary. Complete ranges of
parameters tested are listed in Table 4.

misfits are characterized by a misfit-to-noise ratio (M/N) computed as

) & gy 172
M/N = >

, (5)

(AH,, - AH,

0(}

where AH is the observed elevation change, A H, is the calculated elevation
change, g, is the observed error, N is the number of bench marks, and N, is the
number of fixed model parameters. If a model fits the observations to within the
noise level of the data, then M/N = 1.0. Our best-fitting single-rake fault has
an M/N ratio of 1.61, and the segmented two-rake fault has an M/N ratio of
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TABLE 6
AccEPTABLE RaNGES

Fixed Parameters Planar Faults Listric Faults Negatively Listric Faults
Length (km) 32 -+ 35 30—+ 35 31+ 35
Width (km) 9-+11 T—12 6—10
Dip* (°) 57 — 60 66 — 85 48 — 55
Latitude (°) 37.153 — 37.167 37.147 - 37.172 37.148 » 37.169
Longitude' (*) —-122.023 - - 122.003 —122.031 - —121.997 —-122.027 - —-121.998
Depth (km) 45 4+6 4—5
Strike! (%) 126 —+ 129 125 = 130 126 - 129
Rake® (*) 139 — 147 140 — 150 140 — 150
bi (km~1) 0 0.020 — 0.060 -0.045 - -0.020
Number of models 641 200 90

Inversion Results Planar Faults Listric Faults Negatively Listrie Faults
Distance to 5T 47 6—~8

hypocenter (km)
Slip (m) 23—-+3.0 21—+42 25—+486
Moment 2.6 — 3.0 26—+34 26—~3.1
(N - m x 101%)

M/N 1.62 - 1.70 1.67 —1.75 1.61 ~+ 1.69

*For nonplanar faults the dip values shown are for the upper edge of the fault surface.

"The vertical projection, onto the Earth’s surface, of the northwest corner of the upper edge of the
fault.

'Strike is measured clockwise from north.

%Rake is measured on the fault surface counterclockwise from the strike azimuth,

"The downdip fault shape is described by x = b,z + b, 22, where 2z is the depth and x is the
horizontal distance perpendicular to strike in the dip direction.

model fit on hypocentral distance for the planar faults is illustrated in Figure 8.
The best-fitting faults do not pass through the main-shock hypocenter. The
best-fitting fault that passes within 1 km of the mainshock is listric and has an
M/N ratio of 2.54, whereas the best-fitting single-rake fault has an M/N ratio
of 1.61.

The two-rake fault significantly improves the fit by reducing the M/N ratio
from 1.61 to 1.33. Although we have added two new degrees of freedom to the
model, the improvement in fit is significant above the 99% confidence level. We
have followed the method of Barrientos et al. (1987, 1989) to analyze the
significance of this improvement in fit. The geometry of the two-rake fault is
only slightly changed from that of the single-rake fault. The dip is slightly
greater at 62°, the depth of burial is 4.5 km, and the length is 37 km. The
segment lengths are equal (18.5 km each) and have rakes of 116° in the
northwest and 163° in the southeast. The two-rake fault is illustrated in Fig-
ure 9.

Finally, we examined the systematic bias inherent in the use of an elastic
half-space in lieu of more realistic earth structure. Eberhart-Phillips et al.
(1990) have shown that there is a marked velocity gradient with depth in the
southern Santa Cruz Mountains. Seismic P-wave velocities in the uppermost 3
to 5 km are 3.2 to 5.6 km/sec, increasing to 6.5 to 6.8 km/sec below 10 to 15
km. Reches and Zoback (1990) argue that strain is concentrated in the low-
modulus layer. To test whether the modulus contrast caused by the velocity
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Fic. 10. Schematic map of Loma Pricta area, California, showing locations of aftershocks
(M = 3) (Dietz and Ellsworth, 1990) and vertical projection of best-fitting planar model fault.
Dotfed line: updip projection. Cross sections C-C' show updip projection (dotted) and locations of the
San Andreas (SA) and Sargent (S) faults. Left-hand C-C’ section shows results for elastic half-space;
right-hand C-C' section shows corrections for layer over half-space. Section A-A’ shows along-strike

projection of fault plane (shaded, elastic half-space; outline, layer over half-space).
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TABLE 7
SourcE STUDIES
Strike® Dip Rake! Moment Depth!
) €7 ) (10 N - m) {km) Data Reference
120-140 55-85 125-155 18 P-wave Oppenheimer (1990)
first motions
122-138 60-80 115-145 19 P-wave Plafker and Galloway
first motions (1989)
130 73 146 2.8 18 Body waves Barker and Salzberg
(1990)
125-135 60-70 135-145 2.0-2.2 12-16 Body waves Choy and Boatwright
(1990)
117-127 53-63 139-149 2.1-2.4 8 Body waves Langston ef al. (1990)
126-130 61-65 127-131 3.0-3.1 11-12 Body waves Néibélek (1990)
126 66 138 1% 10 Body waves Romanowicz and
Lyon-Caen (1990}
132-144 71-81 110-130 1.5-2.5 10-12 Body waves Ruff and Tichelaar
(1990)
125-129 70-75 130-144 2.5-3.0 15 Body and Kanamori and Satake
surface waves (1990)
122-132 61-71 127-137 2.8-3.8 20 Surface waves Romanawicz and

Lyon-Caen (1990)
125-135 65-75  130-140 2.9-3.9 12-122  Surface waves Zhang and Lay (1990)

136 70 142-147 2.6-3.4 11 Horizontal Lisowski ef al. (1990)
deformation
126-129 57-60  139-147 2.6-3.0 8 Vertical This study

deformation

Bold values are consistent with our acceptable values shown at the bottom.

*Strike is measured clockwise from north.

"Rake is measured on the fault surface counterclockwise from the strike azimuth.

'For P-wave studies, the depth listed indicates the rupture-initiation depth; centroidal depths are
listed for body- and surface-wave studies; average depths are listed for geodetic studies; and
consistency is determined by using a 4-km radius for the centroidal depths.

rake that fall within our acceptable model range: the first-motion mechanisms
of Plafker and Galloway (1989) and Oppenheimer (1990), and the body-wave
inversions of Choy and Boatwright (1990) and Langston et al. (1990). Of the 10
studies, five provide a fault dip and moment consistent with our acceptable
model range, and most agree with our values of strike and rake. The seismo-
logic determination of the source dip is least consistent with our results. The
seismic studies yield a range in dip of 53° to 85°, and several studies have
solutions with dips = 70°, a value that produces significant misfits to the
leveling observations. Seismic values of the fault rake, which range from 110°
to 155°, also exceed our acceptable model range.

Seismic moments derived from surface-wave analyses (Romanowicz and
Lyon-Caen, 1990; Zhang and Lay, 1990) and from the body-wave solutions of
Kanamori and Satake (1990), Nabélek (1990), and Barker and Salzberg (1990)
agree with the calculated geodetic moment. Seismic moments derived from data
of different frequencies and from different studies vary by a factor of as much
as 2.

The consistency between the seismic and geodetic results can be addressed

further by examining the spatial relation between the geodetically determined
fault surface and the mainshock and its aftershocks. Dietz and Ellsworth (1990)
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Page, 1984). This domain is characterized by southwest-dipping faults and
northwest-trending folds. At the surface, the fault features indicate both strike-
slip and reverse displacements. The surface projection of model faults compati-
ble with the vertical geodetic data could match either the Sargent or the San
Andreas fault.

Relation to Other Geodetic Studies

A geodetic model (Lisowski et al., 1990) derived from precise electronic
distance measurements (EDM), GPS vectors, and very long baseline interferom-
etry (VLBI) observations is not fully consistent with our best-fitting model fault
(Table 7). Lisowski et al. (1990) modeled the offsets in the relative positions of
geodetic stations, using an elastic dislocation, and determined the source mech-
anism: strike = 136°, dip = 70°, rake = 144°, moment = 3.0 x 10'” N - m. The
rake and moment of their solution are consistent with our results, whereas the
strike and dip do not fall within our acceptable model range. Their model has a
strike slightly different from that of the aftershock zone, producing a close fit to
the aftershocks in the northwest and a misfit of about 2 km in the southeast.
Although their model agrees better with the location of the aftershocks, it
produces an M/N ratio of 2.4. Using the parameters found by Lisowski et al.
(1990) to model the observed elevation changes produces an M/N ratio twice as
large as for our best-fitting model. Likewise, our model doubles the average
misfit of their observations. Future studies that combine both geodetic data sets
are needed to find the fault geometry and source mechanism that are most
consistent with all of the observations.

CONCLUSIONS

Observations of co-seismic elevation changes associated with the Loma Prieta
earthquake favor a rupture surface extending from 4- to 15-km depth, with an
average dip of 60°. Displacement on this rupture surface is composed of 2.4 m of
right-lateral strike slip and 1.7 m of reverse slip. A significant improvement in
fit is obtained when the segment of the fault northwest of the epicenter has a
rake of 116° and the segment southeast of the epicenter has a rake of 163°.
Thus, the segment northwest of the mainshock exhibited nearly pure reverse-slip
motion, while the southeast segment underwent largely strike slip.

The rupture surface determined by modeling the co-seismic elevation changes
lies = 3 km southwest of most aftershocks and the mainshock hypocenter.
Aftershock focal mechanisms are heterogeneous and dissimilar to the main-
shock mechanism, however, suggesting that the rupture surface may be distinct
from the aftershock zone. Seismic waveform models suggest that moment
release is concentrated between 9- and 16-km depth, shallower than the
hypocentral, rupture-initiation depth.

The connection between this rupture surface at depth and the known faults
mapped at the Earth's surface remains unclear. Because both listric and
negatively listric faults are permitted by the vertical geodetic data, a connection
can be inferred to either the San Andreas or the Sargent fault. Alternatively,
the Loma Prieta dipping oblique thrust fault and its predecessors may cut
through the near-vertical San Andreas fault at depth displacing its upper-crustal
trace to the northeast within the bend. Further study of the localized anomalous
elevation changes seen in some of the leveling data, along with observations of
surface displacements northeast of the San Andreas fault (Haugerud and Ellen,
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Fic. Al. Extensometer readings (left axis) and depth-to-water records (right axis) for well
78/1E-16C11 in San Jose. Increasing readings indicate compaction, whereas decreasing readings
indicate expansion of aquifer system in depth range 0 to 305 m. Note thal a net expansion occurs
during co-seismic interval.

basin. To correct for rate changes, the subsidence-rate functions are multiplied
by a rate-correction factor, which is the ratio of the subsidence rate during the
co-seismic interval to the rate during the preseismic interval. Average subsi-
dence rates and rate-correction factors for lines 1 and 3 are listed in Table Al;
these average rates are derived from the readings of the two extensometers at
the San Jose site.

Depth-to-water records for wells along lines 1 and 2 were examined to assess
the validity of our assumption of constant subsidence rates in the areas outside
the San Jose subsidence basin. We have examined the histories of 16 wells
whose locations are shown in Figure A2. The coupling of land subsidence to
water-table fluctuations is not spatially uniform; except for one well, there are
no large water-table fluctuations that would require a modification of the
subsidence rates represented by the leveling data outside the San Jose area.
Near Watsonville, well 125/2E-15E01 has a larger ratio of subsidence to
water-table decline than that observed in San Jose, possibly indicating that
subsidence is particularly sensitive to the water table there. The ratio of
subsidence to water-table decline, and the total water-table decline during the
interval 1978 to 1989, are used to predict subsidence of the junction-point bench
mark between these two preseismic surveys and thus to adjust the datum level
for the preseismic survey along line 2.

Corrected co-seismic profiles for lines 1 through 3 are computed by subtract-
ing the subsidence-correction functions from the observed-elevation-change pro-
files. The correction functions may not contain all the bench marks of the

co-gseismic survey, and so they are interpolated for missing points. Because
subsidence basins and subsidence patterns determined from preseismic leveling
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have primarily short spatial wavelengths, elevation-change profiles tend to be
smoother after correction. Reduction of the short-wavelength components serves
as a test of the efficacy of the correction. The corrections for lines 1 through 3
are all well behaved, except for the north end of line 2 between 55 and 84 km.
We believe that this problem originates in the north half of the 1972 survey,
where there may be a height-dependent error; thus, the subsidence correction
for this area has been neglected. The observed and corrected elevation changes
and the correction functions for lines 1 through 3 are plotted in Figure A3.

For the network to be self-consistent, overlapping end points of each survey
line must have the same value of co-seismic elevation change. To accomplish
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Fic. A3. Observed and corrected co-seismic elevation changes and correction funetions for lines 1

(a), 2 (b), and 3 (c). Note change of scale between correction function and elevation changes for (a)
and (b) but not (c).
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TABLE A2
Co-Sersmic ELEvarion CHANGES
Co-seismic Relative
Survey Elevation Uncertainty
Distance  Latitude Longitude Change &;
ACRN (km) ) (] (mm) (mm)
Line 1:
HS5161 0.000 37.3519 -121.9169 -9.8 4.3
HS5160 0.598 37.3489 -121.9175 -129 4.3
H52886 2598 37.3461 121.9036 156 4.5
HS5162 4.166 37.3411 -121.8958 —22.6 4.6
HS52828 4.787 37.3394 -121.8914 -26.2 4.6
H52826 4.968 37.3381 121.8906 -27.0 4.6
HS52825 5.086 37.3378 -—121.8894 -26.9 4.6
HS52822 5.383 37.3361 -121.8894 -27.7 4.5
HS5163 5.709 37.3378 -121.8864 -27.9 4.6
HS2813 6.972 37.3344 -121.8764 356 5.1
HS2814 3568 373253 -121.8697 —37.8 49
HS2811 10.085 37.3142 121.8678 -38.2 4.6
HS2810 10957 37.3075 —121.8625 45.9 4.3
HS2809 11.753 37.3022 —121.8581 —446 4.6
HS2806 13.031 37.2944 -—121.8506 —52.9 4.0
HS2796 15.012 37.2797 - 121.8364 -61.6 4.0
HS2795 15.846 37.2744 -121.8308 -62.9 4.0
HS2792  15.982 37.2736 —121.8294 ~-63.0 4.0
HS2789  17.378 37.26563 -121.8183 —-58.7 4.0
HS2788 18.111 37.2617 -—121.8114 -59.3 4.0
HS2787 19.036 37.25664 -—121.8033 —61.5 4.0
HS4926 19609 37.25833 -121.7981 —-64.0 4.0
HS5164 19615 37.2536 -121.7981 -69.1 4.0
HS2785 20.301 37.2494 121.7917 -55.6 4.1
HS2784 21.212 37.2450 -121.7842 -57.5 4.0
HS5165 22505 37.2381 -121.7719 -59.5 4.0
HS4141 24.649 37.2261 121.7606 -60.6 4.0
HS2778 25.464 37.2225 —121.7450 59.9 4.0
HS2776  26.325 37.2167 -—121.7392 —59.5 4.0
HS52773 29592 37.1942 121.71566 —-59.7 4.0
HS2769  31.084 37.1836 -121.7047 -60.3 4.0
HS2771  31.091 37.1839 -—121.7047 60.9 4.0
HS5166 32.057 37.1769 -121.6978 —59.9 4.0
HS2768 32.432 37.1744 121.6947 -59.5 4.0
HS5167 32.881 37.1714 -121.6919 —59.9 4.0
HS2762 34.168 37.1619 -121.6831 -60.0 4.0
HS2767 34957 37.1569 -121.6775 -65.5 4.0
HS2758 35.919 37.1525 121.6808 -70.5 4.0
HS2769 35930 37.1525 -121.6806 —-70.4 4.0
HS2761  36.014 37.15625 -121.6805 —-69.5 4.0
HS2754  37.913 37.1433 121.6639 —-65.2 4.0
HS2753  38.236 37.1411 -121.6614 -64.3 4.0
HS2751 39.739 37.1303 -121.6500 -62.6 4.0
HS5168 40.908 37.1228 121.6428 -60.7 4.0
HSH169 41933 37.1156 -121.6363 —59.3 4.0
HS2745 43 419 37.1031 —-121.6222 55.5 4.0
HS2743  44.781 37.0956 -121.6156 -44.7 4.0
HS2742  44.826 37.0953 - 121.6156 —45.1 4.0
HS55170 46.147 37.0850 -—121.6086 —46.7 4.0
HS5171 47.156 37.0853 —121.5997 —45.6 4.0

HS2738  47.740 37.0719 -121.6011 -54.0 4.0
H82737 49.664 37.05661 —121.5922 -—46.8 4.0

|
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ACRN
GU2265
GU2266
GU2269
GU2268
GU2273
GU2276
GU2277
GU2279
GU2281
GU2282
GU2283
GU2285
GU2286
GU2290
GU2289
GU2291
GU2294
GU1941
GU1944
GU3223
GU1945
GU1954
GU1959
GU1960
GU1964
GU1970
GU1972
GU1974
GU1975
GU1976
GU1978
GU1979
HT1572
HT15667
HT1566
HT1565
HT1564
HT1563
HT1562
HT1559
HT1558
HT1557
HT1556
HT1555
HT1552
HT1547
HT1545

Line 3:
HS3165
HS3174
HS3160
HS3154
HS3150
HS3145
HS3140

Survey
Distance
(km)

29.794
31.156
32.092
32.100
33.700
34.877
36.273
37.317
37.958
38.207
39.528
41.374
42,225
43.234
44 .452
46.234
47.406
47.786
48.822
50.089
50.331
52.171
53.149
53.944
55.451
58.303
60.897
61.947
62.447
63.587
64232
66.032
66.418
70.723
71.272
71.391
72.456
73.464
74.448
75.468
75.930
76.345
78.306
78.635
80.343
82.141
83.704

0.000
0.521
1.793
4.014
5.706
6.958

10.143

TABLE A2—Continued

Latitude
)

36.9250
36.9317
36.9361

36.9361
36.9483
36.9572
36.9669
36.9756
36.9764
36.9758
36.9792
36.9814
36.9769
36.9731
36.9683
36.9692
36.9692
36.9683
36.9656
36.9656
36.9647
36.9614
36.9589
36.9611
36.9622
36.9644
36.9747
36.9811
36.9833
36.9878
36.9903
36.9986
47.0011
37.0247
37.0286
37.0292
37.0372
37.0431
37.0617
37.0697
37.0636
37.0669
37.0778
37.0800
37.0833
37.1044
A7.1142

37.1706
37.1678
37.1833
37.2008
37.2147
37.2242
37.2469

Co-seismic
Elevation

Longitude Change
(%3 (mm)
—121.8444 -7.8
—121.8569 4.1
-121.8639 —11.5
—121.8639 3.7

—121.8733 25.9
—121.8817 80.9
—121.8514 109.8
—121.8972 138.7
—121.9031 142 .4
—121.9044 131.0
-121.9181 123.6
-121.9364 122.6
—121.9431 104.0
—121.9528 84.0
—121.9636 58.8

121.9842 52.8

-121.9967 45.9

—122.0014 37.0
—122.0117 7.4
—122.0244 9.3
—122.0250 17.9
~122.0411 =22
-122.0511 —-8.6

—122.0656 -12.2
—122.0728 17.5

122.1033 -26.4
—122.1300 27.5

122.1397 -17.8
-122.1436 -21.1
—122.1560 —285
-122.1617 -25.0

122.1764 227
-122.1792 -21.9
-122.2108 321
-122.2144 296
-122.2156 —33.9
-122.2194 -295

122.2208 -30.7
-122.2244 -30.8
-122.2242 -299
-122.2253 23.5
—122.2281 -27.0
—122.2428 -23.3
—122.2453  —-31.7
—122.2558 324
-122.2872 28.5
-122.3006 —33.4

121.9889 9.1
-121.9786 43.6
-121.9908 -29.9
-121.9900 459

-121.9869 -84.1
—121.9800 —136.0
—121.9653 —172.9

Relative
Uncertainty

B

i

(mm}

3.2
4.6
3.8
3.6
9.0
3.5
6.1
5.0
6.0
5.0
7.0
17
7.4
5.3
5.5
7.3
6.0
7.6
3.5
3.9
4.0
3.1
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

4.0
4.0
4.0
4.0
4.0
4.0
4.1

1691
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TABLE A2 Continued

Co-seismic Relative

Survey Elevation -Uncertainty
Distance  Latitude Longitude Change &;
ACRN (k) (] £y (mm} (mm)
HT3603 25.685 37.1739 —122.1694 52.1 7.0
HT3607 28.969 37.1914 —122.1908 6.7 7.0

HT3612 31.738 37.2069 -122.2053 2.0 7.0

A constant can be freely added to all elevation change observa-
tions. We invert for this constant in our medeling; for the model
shown in Figure 7, a constant of 28 mm was added to all the
observations.



