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REGIONAL SEISMIC BACKGROUND OF THE MAY 2, 1983 COALINGA EARTHQUAKE
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ABSTRACT

Seismicity in the central and southern Coast Ranges for the ll years prior
to the 1983 Coalinga earthquake is examined along with focal mechanisms of
selected large recent earthquakes in the region. A preliminary model is pro-
posed for the process that generates reverse and thrust fault earthquakes
along east and west flanks of the Coast Ranges. The cause of such earthquakes
appears to be a component of convergent displacement across the San Andreas
transform system in the southern Coast Ranges. The earthquakes with reverse
and thrust focal mechanisms are found in regions with a distinctive cluster
pattern of seismicity, along the flanks of the southern Coast Ranges, that are
separated from the San Andreas fault by regions of relative quiescence. The
reverse and thrust fault earthquakes occur where detachment zones that lie
within a ductile lower crust beneath the center of the transform system pass
upward into the brittle crust along its margins. Convergence of the transform
system, together with regions of unusually strong materials in the brittle
upper crust flanking the San Andreas fault southeast of Cholame, may play .an

important role in producing such large earthquakes in that region.

INTRODUCTION

The occurrence of the 1983 Coalinga earthquake was a surprise for several
reasons: no fault capable of producing an M6.7 event had been mapped in the
Coalinga region, the historical record does not place such a large earthquake
near Coalinga, and the pattern of recent seismicity in the region had not been
interpreted to indicate the presence of an active, undiscovered fault capable
of producing such an event. We shall pursue the last point by=examining the
seismicity in the central Coast Ranges during the ll years prior to the Coal-
inga earthquake to determine whether an uninterpreted warning lay hidden in
the seismicity data.

Th'e primary data set we examine is the catalog of earthquakes located by
the USGS telemetered seismic network from January 1972 through April 1983.
Because the network was reinforced and extended during these years the catalog
is not uniform in either spatial or temporal coverage. The numbers of sta-
tions in the northern subregion (Carquinez to San Benito) and the southern
subregio.s (San Benito to Santa Margarita) were, respectively, 54 and 24 in
1972, 73 and 52 in 1975, and 87 and 68 in 1982. Critical stations near Coal-
inga, in luding Anticline Ridge (PAR), were installed in 1975, and critical
stations near San Luis Obispo, including Santa Margarita (PMG), were installed
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in 1978. Because the network was initially designed to study the San Andreas,
Hayward, and Calaveras faults, station density was high near these faults and
low. elsewhere, particularly along the edge of the Great Valley and along .the,
coast. Consequently, the ability of the network to detect and locate small
events in these last two regions, particularly in their southern parts, lagged
seriously behind the capability of the network elsewhere in the central Coast
Ranges during the entire period, 1972 to 1983. Moreover, the persistent con-
centration of small earthquakes along slipping segments of the major faults
noted above permits these segments to be delineated by seismicity in a rela-
tively short recording interval, whereas the intermittent, sparse earthquakes
in other parts of the region must be recorded over a much longer period to
accumulate a sufficient number of earthquakes to delineate the active struc-
tures from which they emanate.

Our presentation consists of an examination of three seismicity maps of
the central Coast Ranges and two maps portraying focal mechanisms of selected
large recent earthquakes in the Coast Ranges and Transverse Ranges. The first
seismicity map, figure 1, covers the period January 1982-April 1983 and shows
the regional distribution of earthquakes relatively unbiased by the evolution
of the network. The second and third seismicity maps cover the period January
1972-April 1983 and show the cumulative distribution of earthquakes in the
central Coast Ranges (figure 2) and the central Coast Ranges east of the San
Andreas fault (figure 3), respectively. These two figures are biased by the
loss of smaller earthquakes along the coast and along the edge of the Great
Valley. The first focal mechanism map (figure 4) shows first motion solutions
and P-axis orientations; the second (figure 5) shows the orientation and dip
of the focal planes believed to correspond to the fault planes as well as the
corresponding relative displacements on the faults.

SHORT-TERtl SEISYiI CITY PATTERN

Central Coast Range earthquakes for the 16 months preceding the Coalinga
earthquake are plotted in figure 1. The 500'elevation contour is the approx-
imate boundary between the Coast Ranges and the Great Valley. The directions
N41'W and N35'W correspond, respectively, to the average strike of the San
Andreas fault between Cholame and Hollister and the relative motion between
the Pacific and North American plates in the same region derived by Minster
and Jordan (1978) from a global inversion of plate motions from which data on
the San Andreas fault were excluded.

In its general appearance, the short-term pattern of seismicity shown in
figure 1 is very similar to that for any comparable time interval from 1970
onward. Such maps for earlier times, however, are relatively poorer in events
in the southern parts of the coastal and Great Valley margin regions because
of the inadequacy of the network in those regions in earlier years. The pat-
tern of seismicity revealed by comparison, in 1978, of yearly plots from 1970
through 1977 suggested (Eaton, 1985) that they were composed of several types
of epicenter distributions:

1) linear concentrations of epicenters of rather uniform density, along
selected portions of the principal faults of the region, which are repeat-
ed with little variation from year to year,
2) episodes of seismicity that spring up suddenly and then die out slowly
over a period of a year or more; these episodes are moderate, isolated
earthquakes and their aftershocks, and they occur both on and off well
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recognized faults,
3) scattered epicenters throughout seismically active portions of the

.Coast Ranges from the Pacific shoreline to the western edge of the Great
Valley.

In figure 1 the principal linear concentrations of epicenters along mapped
faults are: 1) along the San Andreas fault from Parkfield to Corralitos, 2)
along the Hayward fault east of San Francisco Bay, 3) along the Calaveras
fault from Hollister to the south end of San Francisco Bay, and 4 ) along the
Sargent fault. The cluster of events southeast of Idria on figure 1 repres-
ents the aftershock zone of the October 25, 1982 Idria earthquake (M5.5). The
scattered epicenters away from the principal mapped faults on figure 1 show
more clearly defined trends and clusters than was evident on earlier maps.
Such trends include one that lies east of Hollister and extends from San
Benito on the south to the junction of the Calaveras and Hayward faults north
of Hollister, another that parallels the coast from Pt. Sur to west of Bryson,
and another that extends from the southeast end of the Ortigalita fault to the
Idria aftershock cluster. Broader trends of activity composed of diffuse
patches of epicenters lie along the coast from Bryson to Santa Margarita,
along the western edge of the Great Valley from Idria to Devils Den, and east
of the Calaveras fault.

LONG-TERM SE ISYiICITY PATTERN

Coast Range earthquakes for the ll-year period January 1972-April 1983 are
shown on figure 2, where nearly 13,000 events are plotted. The short-term
features that were evident in figure 1 are reinforced and extended in the long
term pattern; additional features well expressed in the long-term pattern were
not visible in figure 1. Such new features include the linear zones of epi-
centers along the San Andreas fault between Corralitos and San Francisco and
between Parkfield and Cholame, along the Palo Colorado-San Gregorio fault be-
tween Pt. Ano Nuevo and Pt. Sur, along other faults that are parallel to and
east of the Hayward fault in the region east of San Francisco Bay, and (prob-
ably) along a zone that runs diagonally across the Salinian block from
Monterey to Cholame.

Another striking feature of the overall pattern is the virtual absence of
activity along the S'an Andreas fault southeast of Cholame and along the edge
of the Great Valley southeast of Devils Den. Other regions of very low seis-
micity include the San Francisco Bay block between the San Andreas and Hayward
faults, a large quiet region east of the southern half of the Calaveras fault,
and most of the Salinian block between the San Andreas fault and the zone of
epicenters along the coast.

For a more detailed look at the long-term pattern of seismicity in the
Coalinga region we turn to figure 3, which is an enlarged version of the
southeast quarter of figure 2. Here, we are interested primar'ily in the
region east of the San Andreas fault. As in the earlier figures, the

500'ontourmarks the approximate boundary between the Coast Ranges ana the Great
Valley. The main shock and aftershock zone of the 1983 Coalinga earthquake
are shown with dashed lines, ano the dates of occurrence of the more prominent
clusters are also indicated. Northwest of Idri a seismicity drops off abruptly
east of a medial line striking N34'W that lies parallel to and just east of
the Ortigalita fault. West of the medial line northwest of Idria,.epicenters





are broadly scattered d clusters are not prominent. utheast of Idria
clusters of events are prominent and most of the epicenters lie east of the
medial line. The Coalinga earthquake sequence was almost entirely contained
bet<'ieen the medial line and the 500'ontour. The aftershocks filled in.a
region of relative quiescence that was framed by the clusters of 1976, 1980,
and 1982. Another quiet zone of comparable size lies just east of Idria. It
is framed by the 1983 aftershock region and the clusters of 1975, 1974, and
1982. An even larger quiet zone lies between the 1983 aftershock zone and the
San Andreas fault.

If the medial line suggested by the distribution of epicenters east of the
San Andreas fault in figure 3 is extended to the northwest as shown with a

dashed line in figure 2, it passes through the easternmost linear concentra-
tion of epicenters (near Livermore) east of San Francisco Bay. The medial
line is very nearly parallel to the direction of relative motion between the
Pacific and North American plates. The pattern of seismicity in the central
and northern parts of figure 2 appears to be dominated by the branching of the
Calaveras and other faults off of the San Andreas. This process appears to be
responsible for the complexity of the seismicity pattern along and near the
major faults from San Benito northward and in the region east of the Hayward
fault. Other processes appear to dominate the pattern along the coast south-
east of Pt. Sur and in the southeastern Coast Ranges southeast of the San Luis
Reservoir. In a general way the seismicity patterns in these two regions are
similar. The most prominent features in the northern halves of these regions
are linear concentrations of epicenters in northwest-trending zones, between
Pt. Sur and Cape San Martin along the coast and between San Luis Reservoir and
Idria along the edge of the Great Valley. The most prominent features of the
southern halves of these regions are the broad clusters of epicenters between
Cape San Martin and Santa Margarita along the coast and between Idria and
Devils Den along the edge of the Great Valley. We suspect that these changes
in the pattern of seismicity in the regions boraering the San Andreas fault

narc related to the change in behavior of 'the San Andreas itself from the
region northwest of Parkfield to the region southeast of Cholame: the trans-
ition from creep accompanied by frequent small earthquakes (unlocked) to no
creep with virtually no small earthquakes (locked).

FOCAL MECHANISMS IN THE SOUTHERN COAST RANGES AND TRANSVERSE RANGES

To search for the reasons underlying the changes in seismicity pattern
from northwest to southeast in the central Coast Ranges we turn to oata on
focal mechanisms of 20, mostly recent, earthquakes in the southern Coast
Ranges and western Transverse Ranges. Except for the composite solution for
1966 Parkfield aftershocks, the first motion solutions are for individual,
mostly fairly large, events that were played back from magnetic tape for
analysis. The earthquakes were sufficiently well recorded at distances in
excess of 100 km that many Pn arrivals at a broad range of azimuths, as well
as refractions from shallower crustal boundaries and direct arrivals, were
used in the solutions. Most of the solutions are very well determined,
although some events along the San Andreas haa many systematically discordant
arrivals as a consequence of a horizontal contrast in velocity across the
fault. Details of the seven new solutions worked out for this paper are shown
in figure 6; details of the remaining solutions are given in the references
cited in table l.
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Four of the events studied were on the San Andreas fault between Parkfield
and Corralitos, two were on the Calaveras fault north of Hollister, six were
along the coast between Santa Barbara and Monterey, three were from the region
along the edge of the Great Valley near Coalinga and preceded the Coalinga
earthquake, and five were from the Coalinga sequence itself. First motion
diagrams and P-axis orientations are shown in figure 4, and fault plane
orientations and slip directions are shown in figure 5.

The six solutions along the San Andreas and Calaveras faults indicate
right-lateral strike slip on near-vertical fault surfaces with strike and slip
directions that parallel the sections of the faults on which the earthquakes
occurred.

The six solutions along the coast show a progressive change from northwest
to southeast: Point Sur (840123), right-lateral strike-slip aisplacement on a
near-vertical fault with a location and orientation corresponding to the Palo
Colorado-San Gregorio fault; San Simeon (830829), right-oblique reverse slip
on a fault parallel to the coast (and the nearby offshore Hosgri Fault) and
dipping 55'NE; Point Sal (800529), thrust displacement on a fault striking
N62'W and dipping 34'NE; Santa Barbara (780813), left oblique reverse slip on
a fault striking N64'W and dipping 32'NE.

The solutions for the Coalinga region indicate a preponderance of reverse
faulting, but, otherwise, they are remarkably diverse. Inferrea P-axis azi-
muths of the main Coalinga earthquake and of two of the three pre-Coalinga

'arthquakes are nearly perpendicular to the San Andreas fault. The inferred
P-axis orientations of the Coalinga aftershocks vary systematically across the
aftershock zone: nearly east-west in the northwestern part to nearly north-
south in the southeastern part.

DISCUSSION

Effective use of seismicity data to predict the location of future earth-
quakes requires that such data be interpreted within the context of a specific
model that organizes and explains the existing data and provides a vehicle for
predicting future events in the modelled systems. Broadly, the global plate
tectonic model and the seismic gap approach to predicting earthquakes provide
a framework for the model we need, but they are not sufficiently specific to
be of practical use. On a gloabal scale the San Andreas fault system is a
simple transform fault along which the Pacific and North American plates move
past one another parallel to the fault. On a regional scale, that transform
is an extended zone of interaction between the Pacific and North American
plates, and it is very complex. It has a width that is a significant fraction
of its length, a complex internal structure that varies with position within
it, poorly understood transitions to other global structures at its ends, and
a poorly known variation of elastic properties with depth. Moreover, the
northern and southern parts of the zone are dissimilar, and there is a large
left-stepping offset in its longitudinal axis where it crosses the Transverse
Ranges.

We shall to outline a preliminary model for the central Coast Ranges that
encompasses (1) the seismicity and focal mechanism data presented above, (2)
the gross geologic features of the region, and (3) the general results of
detailed studies of earthquakes and crustal structure in the region. The most
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important of these results are that, with rare exceptions, the deepest earth-
quakes in the central Coast Ranges are only about 12-15 km deep (Eaton, this
volume; Sibson, 1984) and that P-wave velocities appear to increase from near
6 km/sec to about 6.5 km/sec at that depth (Walter and Mooney, 1982; Walter,
this volume). The depth to the mantle and the velocity of P-waves in the
upper mantle appear to vary across the region from less than 25 km and about
8.1 km/sec, respectively, along the coast to nearly 30 km and 7.9 to 8.0
km/sec, respectively, along the edge of the Great Valley (Oppenheimer and
Eaton, 1984).

The zone of interaction between the Pacific and North American plates
appears to extend entirely across the Coast Ranges. Earthquakes at depths of
a few km to about 12 km occur throughout the region, which implies that the
crust is being deformed and is both brittle and elastic in that depth range.
The heaviest concentration of small earthquakes is along sections of the major
strike-slip faults that currently are undergoing continuous or intermittent
creep. Along sections of these faults that are not presently creeping, earth-
quakes are sparse and somewhat scattered or they are virtually absent. At
intervals of a century or more, however, large sudden offsets accompanied by
major earthquakes occur when these locked sections of the faults move.

Studies of the distribution of earthquakes with depth on the major strike-
slip faults, using both large earthquakes and their aftershocks and the long-
term background of smaller earthquakes, show that the transition from the
seismic zone to the aseismic zone is abrupt (Sibson, 1984; Eaton and others,
1970; Cockerham and Eaton, 1984). A similar abrupt cutoff of seismicity below
about 12 km was observed for the Coalinga earthquake sequence, which occurred
near the edge of the Great Valley more than 30 km northeast of the San Andreas
fault and consisted almost entirely of reverse-fault events (Eaton, this
volume).

We interpret the foregoing observations to indicate that there is an
abrupt transition from brittle elastic behavior to ductile behavior at a depth
of about 12-15 km, at or near a transition from upper to lower crustal veloc-
ities (and materials') throughout the central Coast Ranges (see also Sibson,
1982, 1984). Present evidence is insufficient to determine whether the
ductile zone is limited to the lower crust or whether it extends through the
upper mantle into the asthenosphere. In the former case, the relative motion
between the Pacific and North American plates in the upper mantle would,
presumably, occur along an earthquake-free (creeping) fault or along a narrow
ductile shear zone. In either case, the relative motion between the plates
would not be communicated directly to the brittle upper crust ana expressed at
the surface as a major fault rooted in the interface between the two plates at
depth. The ductile lower crust would proviae sufficient decoupling between
the upper mantle and the brittle upper crust so that the pattern of deforma-
tion in the heterogeneous upper crust would be strongly influenced by its
local physical properties and by the character of structures within it.

Particularly strong sections of the crust would resist internal deforma-
tion, and earthquakes would be concentrated along their boundaries. Weaker
portions of the crust could undergo internal deformation and generate earth-
quakes internally as well as along their boundaries. Once established as
zones of relative weakness, major throughgoing faults could remain active even
when the pattern of intra-crustal stresses was no longer optimum for their
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development. The entire brittle upper crust might indeed be rotated or pushed
laterally along subhorizontal zones of detachment in the lower crust without
symptomatic earthquakes except where the detachment surface might pass upward
into the brittle crust.

Several features of the seismicity and focal mechanism maps for the
central Coast Ranges suggest the presence of a detachment zone beneath the
upper crust. Such features include the complex branching of major faults
northwest of San Benito and the mismatch between the strike of the San Andreas
fault and the direction of relative plate motion (N41'W versus N35'W) between
San Benito and Cholame. More important with regard to the Coalinga earthquake
is the evidence for reverse and thrust faulting along the flanks of the Coast
Ranges southeast of Cape San Martin and southeast of Idria (see also Crouch,
1984; Eaton, this volume). These are the two regions where the seismicity
maps show scattered large clusters of epicenters rather than the linear
concentrations which might suggest the presence of strike-slip faulting.
Focal mechanisms of large recent earthquakes in these regions are predom-
inantly thrust or reverse faults. We suggest that the distinctive pattern of
seismicity in these regions maps out reverse fault provinces. Earthquakes
scattered over a subhorizontal fault cutting upward through the crust would
appear as a cluster of epicenters rather than a linear zone, as for a vertical
fault. The reverse faults along the margins of the southern Coast Ranges may
be rooted in detachment zones below 12 km depth, which may extend for some
distance back toward the San Andreas fault in the middle of the range. Crouch
and others (1984) suggested a detachment zone below about 12-15 km depth on
the basis of seismic reflection profiles across faults offshore, between Point
San Luis and Santa Barbara.

The presence of zones of thrusting along both flanks of the southern Coast
Ranges suggests that there is a component of convergent movement between the
Pacific and North American plates across this part of the transform. Minster
and Jordan (1984) concluded that there is between 4 and 13 mm/yr compression
normal to the San Andreas fault across the fault system. The paucity of
earthquakes between the San Andreas fault and the flanking zones of reverse
faulting indicates that the crust is sufficiently strong and sufficiently
decoupled from the plates beneath it that it can resist internal deformation
while sustaining the compressive forces required to push its outer margins out
over the edges of the contracting transform zone. Looking farther south to-
ward the Carrizo plains and the locked "Fort Tejon" section of the San Anareas
fault, we may wonder whether the same process is responsible for the behavior
of that section of the fault: abnormally strong crustal rocks pinned together
along the San Andreas fault by an abnormally large normal component of stress
resulting from convergence of the plates along that section of the transform.
The existence of a tentative model for a region, like that sketched above for
the southern Coast Ranges, does not leaa us directly to believable earthquake
predictions. It does, however, provide a specific vehicle that can be tested
against additional existing data and modified and improved by new observations
and insights. The model that evolves through this process can be expected to
optimize the value of historical seismicity data as well as the stream of
current seismicity observations for the prediction of earthquakes.

The model of the earthquake generating process that is undergoing the most
vigorous evaluation in California is applicable to the major strike-slip
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faults of the San Andreas system, and relatively little attention has been
paid to potential earthquake sources along the flanks of the Coast Ranges.
The relatively high level of background seismicity and the occurrence of
several M5+ earthquakes along the edge of the Great Valley between Idria and
Devils Den from 1975 through 1982 did cause some concern, but the seismicity
data for this region had not been organized in a manner to support thoughtful
interpretation. Moreover, the monitoring and evaluation of earthquakes along
the flanks of the southern Coast Ranges was not being pursued vigorously
because of limited resour'ces and the higher priority assigned to the nearby
San Andreas fault. Me must conclude that the surprise that accompanied the
occurrence of the Coalinga earthquake was, at least in part, due to neglect.
However, a larger part was due to the lack of a plausible model to explain the
occurrence of earthquakes in such regions and to place them in the broader
context of processes at work in the transform zone.

The occurrence of the Coalinga earthquake has stimulated increased concern
over large earthquakes along the flanks of the Coast Ranges, and the post-
earthquake analysis of the instrumental record of seismicity in the central
Coast Ranges during the ll years prior to the earthquake has led to a tenta-
tive model of the process that generates events like the Coalinga earthquake.
Further development of the model and its effective application to the earth-
quake prediction task. will both require improved monitoring and analysis of
earthquakes along the edges of the Coast Ranges. The same effort should lead
to a better understanding of the process that generates great earthquakes
along the section of the San Andreas southeast of Cholame.
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Table 1. SUIImary of hypocentral and focal mechanism data for the earthquakes in figures 4 and 5.
Abbreviations in the table heading are: LAT = latitude; LON = longitude; MAG = local magnitude,
NS = number of stations used in hypocentral solution; GAP = maximum azimuthal gap, in degrees,
of stations used in hypocentral solution; DMIN = epicentral distance, in kilometers, to nearest
seismic statin; RMS = root mean square of traveltime residuals; ERll and ERZ = estimated errors,
in kilometers, in the epicenter and focal depth, respectively; g = hypocentral solution quality;
P-AN/AZ DP = P-axis azimuth and dip (plunge); FAULT PLN/STR DIP = strike and dip of the fault
plane; AUX PLN/STR DIP = strike and dip of the auxiliary plane; POL FP/STR DP = strike and dip
of the pole of the fault plane, POL AP/STR DP = strike and dip of the pole. of the auxiliary
plane; DISP TYPE/FLT AUX = displacement type corresponding to slip on the fault plane and
auxiliary plane, respectively; RF = reference showing first motion plot - 1 = this paper, 2 =

Eaton ( 1984a), 3 = Eaton ( 1984b), 4 = Cockerham and Eaton ( 1984 ), 5 = Eaton and others ( 1970).

DATE TINE
750803 635 17. 32
760114 2143 59. 15
780813 2254 51. 80
790B06 1705 22. 28
800529 0338 47. 51
820625 0358 22. 97
820811 0746 43. 04
820818 0843 49. 50
820923 2042 50. 60
82102S 2226 03. 67
830502 2342 38. 14
830522 0839 21. 74
830611 0309 52. 21
830721 0123 32. 97
830722 0239 54. 07
830829 1010 30. 90
830909 0916 13. 47
840123 0540 19. 88
840424 2115 18. 78
660627

LAT
36-27. 03
36-04. 48
34-23. 18
37-06. 15
34-58. 65
35-57. 43
36-37. 64
37-01. 49
34-52. 19
36-19. 31
36-13. 96
36-09. 03
36-15. 33
36-09. 17
36-14. 44
35-50. 17
36-13. 91
36-22. 13
37-18. 56
35-47. 70

LON
120-26. 43
120-14. 62
119-42. 60
121-30. 80
120-42. 37
120-33. 1 1

121-18. 16
121-44. 63
120-21. 76
120-30. 44
120-18. 57
120-12. 09
120-27. 01
121-32. 64
120-24. 53
121-21. 70
120-15. 90
121-52. 74
121-40. 68
120-20. 50

DEPTH
10. 33
11. 94
11. 34
7. 79
9. 17
.9. 06

11. 62
12. 21
4. 77

10. 95
10. 01
10. 48
2. 40
5. 24
7. 37
b. 57
b. 6'9
7. 74
8. 42
7. 0

NAG NS GAP DNIN RNS
4. 9 31 209 35. 0 0. 18
4. 7 26 225 17. 3 0. 19
5. 9 14 116 2 1 0. 11
5. 9 80 101 5. 9 0. 20
5. 1 10 200 28. 1 0. 17
4.2 51 63 2.9 0.21
4.8 45 38 2. 1 0. 19
4.3 51 38 3.6 0.15
4.0 24 66 19.1 0.15
5. 5 40 144 12. 5 0. 10
6. 7 30 214 3. 4 0. OS
4.2 47 61 8.8 0.13
5.2 45 67 6.0 0. 12
3. 9 34 144 15. 0 0. 10
6.0 36 48 6.1 0.09
5.4 32 177 B.b 0.11
5.3 34 71 7.2 0.06
5,2 31 195 18.2 0. 12
6.2 39 58 5.8 0.25
5. 5 ICONPOSITE)

P-AX
ERH ERZ G AZ DP
1. 1 1. 1 C SO 51
0. 9 0. 6 C 215 26
0. 6 0. 4 9 228 15
0.40.5 9 15 4
1. 5 1. 2 C 202 11
0.4 0.6 9 184 7
0.5 0.8 9 187 13
0.40.6 9 353 2
041.0C 55 8
0.30.3 9 12 24
0.30.2 C 37 23
0.204 A356 6
0.20.4 9 107 5
0. 3 0. 5 9 176 4
0. 2 0. 2 A 260 7
0.40.4 9 198 2
0.2 0.2 9 22 1

0.9 1.2 D 194 9
0.3 0.9 9 191 3

4 3

FAULT PLN
STR DIP

N3114 6NE
N SI4 42NE
N6414 32NE
N30W 84SW
N62W 34NE
N39I4 BONE
N37W BSNE
NS2W BONE
N54W 56NE
N72E 26SE
N53W 23SW
N74E 40SE
N17E 50SE
N49W 90
N 5I4 3BNE
N3'914 5SNE
N26W 7SNE
N30W 78NE
N34W 84SW
N41W BBSW

AUX PLN
STR DIP

N31W 84SW
N86W 83SW
N30W 62SW
N60E 90
N72W 57SW
N51E 90
NSiW 76NW
N40E 77SE
N1214 42SI4
N64W

70NE'53W

67NE
NBSW 52NE
N17E 40NI4
N41E 84NW
N21W 53SI4
N77E 58SE
N6BE 72SE
N62E 84SE
N57E BONW
N49E 84SE

POL FP
STR DP
239 84
264 48
208 58

60 6
OB 56

231 10
233 5
218 10
216 34
343 64

37 67
344 50
287 40

41 0
265 52
231 35
244 16
242 12

56 6
319 6

POL AP
STR DP

59 6
4 7

59 28
330 0

17 33
321 0
141 13
310 13

78 48
205 20
217 23
185 38
107 50
131 6
69 37

347 32
338 18
332 6
147 10
49 2

DISP
FLT

N
RS-R
T-LS
RS
T-RS
RS
RS-N
RS-R
R-LS
T-LS
T
T-LS
R
RS-N
T-RS
RS-R
RS-R
RS-R
RS-R
RS

TYPE
AUX RF

N 1

LS-R 1

R-RS 2
LS-N 1

R-LS 2
LS"N 1

LS-N 1

LS-R 1

7-R
R-R 1

R 3
R-RS 3
T 3
LS 2
R-LS 3
LS-R 2
LS-R 3
LS-R 2
LS-R 4
LS 5
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FIGURE CAPTIONS

~ Figure 1. Central Coast Range earthquakes from January 1982 through April
1983. The 500'ontour (shown only along the west side of the Great
Valley) marks the approximate boundary between the Coast Ranges and the
Great Valley. The locations of selected cities are marked with X's.
Selected faults and geographic features are identified for reference.
N4loW and N35oW are the average strike of the San Andreas fault be-
tween Cholame and Hollister and the direction of relative motion of the
Pacific plate to the North American plate in the same region, respectively.

Figure 2. Central Coast Range earthquakes from January 1972 through April
1983. The 500'ontour marks the approximate boundary between the Coast
Ranges and the Great Valley. The locations of selected cities are marked
with X's. Selected geographic features are identified for reference.

Figure 3. Central Coast Range earthquakes east of the San Andreas fault for
January 1972 through April 1983. The 500'ontour marks the approximate
boundary between the Coast Ranges and the Great Valley. The locations of
selected cities are marked with X's. The main shock and aftershock region
of the 1983 Coalinga earthquake as well as the dates of occurrence of the
larger earthquake clusters are indicated on the map.

Figure 4. First motion diagrams and P-axis orientations for selected earth-
quakes in the Coast Ranges and Transverse Ranges. Individual earthquakes
are identified by their dates of occurrence. First motion diagrams of
earthquakes of the 1983 Coalinga sequence. are shown at an expanded scale.
On the inset showing P-axis orientations, events of the Coalinga sequence
are plotted with dashed lines. Hypocentral and focal mechanism data are

-summarized in table l.
Figure 5. Fault plane orientations and slip directions for selected earth-

quakes in the Coast Ranges and Transverse Ranges. Strike directions are
indicated by the line segment drawn through the epicenter symbols. Dip
angles and directions are shown by each solution. Slip sense and direc-
tion for strike-slip solutions are indicated by the half-barbed pairs of
arrows. For events with appreciable dip-slip displacement, an arrow
indicates the direction of slip of the upper plate relative to the lower
plate and the + and - signs indicate the relative vertical displacement of
the two plates. Events of the 1983 Coalinga sequence are shown at an
expanded scale.

Figure 6. First motion plots and focal plane solutions for selected events
shown on figures 4 and 5. Solid circles and open circles represent unam-
biguous compressional and dilatational first wave onsets, respectively.
Less certain compressional and dilatational first wave onsets are indi-
cated by + and -, respectively. The inferred axes of maximum and minimum
compressional stress (pressure axis and tension axis) are marked by P and
T, respectively.
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