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ABSTRACT

Socorro, New Mexico is located within the geologically
complex, central segment of the Rio Grande rift. A
mid-crustal magma body is known to exist at depth and most
microearthquake activity in the Socorro area occurs in
SWaArms .

HYPO71 solutions for swarm activity during September,
1985 and April-May, 1986 indicate focal depth activity
between 7.00 and 14.00 km with peak activity between 9.00
and 9.50 km. Statistical error analysis for 41 A/A and A/B
events from the April-May, 1986 swarm indicate the standard
deviation error in depth determinations resulting from
errors inherent in reading analog recordings is equivalent
;gp;?; uncertainty in focal depth (ERZ) as determined by

Epicenters for the September, 1985 and April-May, 1986
swarms and a magnitude 3.4 event on August 16, 1985 are
located near the Hot Springs-Montosa strike-slip fault zone.
The well-constrained composite fault plane solution for the
April-May, 1986 swarm very possibly indicates left-lateral,
strike-slip movement along this fault. Analysis of the
poorly constrained fault plane solutions for the August 16,
1985 event and for the September, 1985 swarm may provide
supporting evidence for activity along the fault.

Focal mechanism analysis for a swarm of April 21, 1987,
located near the Hot Springs-Montosa fault, but south of the
September, 1985 and April-May, 1986 swarms, indicates normal
faulting.

The strike-slip focal mechanism and a change in the
orientations of the T axes near the Hot Springs-Montosa
fault may combine to indicate that the geologic stress field
in the Socorro area has changed.
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INTRODUCTION

Hew Mexico Tech operates a permanent, 11 station array
of seismometers in the Socorro area of the Rio Grande rift.
Three microearthquake swarms which cccurred in September,
1985, April-May, 1986 and on April 21, 1987 aleng with a
magnitude 3.4 event of August 16, 1985 are analyzed in the
following report.

In locating the hypocenter of an event, the depth of
focus is the least constrained parameter. A statistical
analysis of how reading errors may affect depth
determinations is considered for the April-May, 1986 swarm.

All swarms under study occurred near the Hot Springs
-Montosa fault, a major north-south, strike-slip fault zone
east of Socorro. The well constrained fault plane solution
for the April-May, 1986 swarm suggests left-lateral strike-
glip movement along a branch of this fault. First motions
for the event on August 16, 1985 and for the swarm
of September, 1985 do not constrain the type of faulting but
are compatible with the sclution of the April-May, 1986
swarm, Thus, these events may alsc have been produced by
dominantly left-lateral strike-slip movements along the Hot

Springs-Montosa fault zone.
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THE RIO GRANDE RIFT

The Rio Grande Rift is a major continental rift
trending north-south from central Colorade through Wew
Mexico. The rift extends from Leadville, Colorado in the
north to a much debated southern terminus taken here to be
El Pasoc, Texas (FPigure 1).

Rifting began between 32 and 27 m.y. ago when regional
extension reactiv;ted the southarn Rocky Mountains, a major
north-trending zone of weakness that had develcoped during
late Paleozolic and late Cretaceocus-early Tertlary orogenies.
By 26 m.y. ago, the crust along the developing rift had
sagged sufficiently to form broad, shallow basins in which
mafic flows and volcanic ash beds were intercalated with
alluvial £ill (Chapin, 1979).

The present day Rio Grande rift separates the High
Plains province to the east from the Colorado Plateau and
Basin and Range provinces to the west, Figure 2 illustrates
the approximate locations of the transition zones between
these provinces in New Mexico.

The rift can be divided into three segments. The
northern segment, extending from Alamosa to Leadville,
Colorado, is characterized by a north-northwest trending,

more or less continuous graben of Heogene age that
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Colorado to El1 Paso, Texas. Also
shown are major crustal lineaments.

Pigure 1. Generalized map of the Rio Grande rift extending
from Leadville,
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Figure 2. Physiographic provinces and the Rio Grande rift in
Hew Mexico {after Chapin, 1971).
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terminates near Leadville. The trend parallels the late
Paleozolc and Laramide structural grain and exhibits a near
absence of synrift volcanism in the axial basins (Chapin,
1979).

The ceéentral segment from Alamosa to Socorro, New
Mexico, is characterized by a north-northeast trending
series of en echelon basins separated by complex, transverse
structures. These structures act as transform faults to
connect the basins. Early-rift magmatism was relatively
sparse within this segment, but late-rift, bimodal volcanism
was voluminous (Chapin, 1979).

The southern segment, Socorro to El Paso, Texas, widens
into a north-trending series of parallel grabens and horsts
with a total width approximately 2.5 times that of the
single basins to the north. This segment is characterized by
voluminous early-rift and late-rift magmatism, "domino'=-
style normal faulting and rotation of fault blocks.

Much evidence is available to indicate that rifting is
continuing at the present time. Observations include fault
scarps cutting alluvial fans and Pleistocene surfaces, high
heat flow (Reiter et al., 1979), contemporay relative uplift
(Larsen and Reilinger, 1983), seismic activity (Sanford et
al., 1979), geophysical measurements indicating the
existence of modern magma bodies at shallow and midcrustal
depths (Sanford et al., 1973), and gravity results which
indicate an anomalous mantle upwarp at the base of the crust

(Decker and Smithson,1975).
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The most prominent concentrations of earthguake
activity along the rift are between Belen and Socorro and
north of Los Alamos, New Mexico. A common characteristic of
the seismicity in both areas is the occurence of shocks in
swarms. Swarm activity is often associated with magmatic
processes (Richter, 1958). The pattern of seismicity seen
is diffuse and has been thought unrelated to major rift-

boundary faults (Sanford et al., 198Bl1).

Bocorro Area of the Rio Grande Rift

Figure 3 illustrates the physiographic provinces in the
Socorro area of the central part of the rift and the
location of the New Mexico Tech seismograph network. A
large percentage of the seismic activity in the Socorro area
is roughly centered above a thin, 1,700-sg-km, sill-like,
mid-crustal magma body. The magma body was detected by
Sanford and others (1973) using reflected & phases from the
magma body as recorded on microearthguake seismograms. The
magma body has also been detected on COCORP P-wave
reflection profiles (Brown et al., 1979).

Late Pliocene and Quaternary basalt flows are found
from north of Albuquergue to south of Socorre. This
observation in conjunction with the location of
microearthquake swarms may indicate that magma is continuing
to be injected into the central part of the rift (Sanford et

al., 1981).
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Figure 3. Location of NMT seismograph network and physicgraphic

provinces in the Socorro area of the Rio Grande
rift. Mot shown is station MLM, located at latitude
34.81 and longitude 107.15 .
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Leveling surveys were conducted in the Socorro area at
varicus times from 1912 to 19%380. Interpretation of these
data by Larsen and Reilinger (1983) indicate zones of
relative uplift and subsidence in the Socorro area.

Magmatic injection intc the Sccorro magma body can account
for the uplift observed. A 30 km wide zone of relative
subsidence south of Socorro, however, indicates the magmatic
processes are more complex than simple inflation (Larsen and
Reilinger, 1983)., The location of the swarm activity near
Socorro that is analyzed here is shown in Figure 4. The

magma body and areas of relative uplift and subsidence are

seen in Figure 5.
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Figure 4. Location of microearthquake activity analyzed in
this report.
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Reilinger, 1983).



(11)

LOCATION PROCEDURE

The microearthguakes analyzed in this study were
recorded by a permanent, 1l station array of high-gain,
short period seismographs operated by New Mexico Tech and
the U.8.G.8. All stations have vertical component
seismometers (Teledyne Geotech Models JM or 18300) with
natural fregquencies of approximately 1 Hz. The signals are
telemetered to Hew Mexico Tech and analog recordings are
made on hot-wire helical drums rotating at 1 mm/second.

Table 1 is a representative list of some of the
seismograph stations in the array with lyltll-naguifiuntiuns
at specified fregquencies and attenuations. Por a more
detailed presentation of the system response, see Ake
(1981) .

For cne of the swarms, April-May, 1986, the observatory
data was augmented by data from three portable instruments
for a few days midway through the swarm. All three portable
instruments were located within one focal depth of the swarm
activity (FPigure 6).

Microearthquake hypocenter locations (Appendix 1) were
determined by use of the revised HYPO71l computerized
location program of Lee and Lahr (1975). The crustal model
used in this program was a homogeneous, isotropic h#lf-upacu
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Table 1. Magnifications for Sampling of Stations in the
MMT Network.

FREQUENCY APPROXIMATE BASE ATTENUATION

STATION (hz) MAGNIFICATION (db)
BAR 10 800,000 12
CAR 10 750,000 24
LPM 10 800,000 24
SB 10 300,000 30
SMC 10 850,000 18
WTX 10 400,000 18

LAZ 1 53,000 36

- B N I g g ey U . (S N R P ] S R T R L e m L BRLE e B o o bl ey § e e
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with P-wave velocity of 5.85 km/second and an S-wave
velocity of 3.38 km/second. Poisson's ratio was assumed to
be 0.25. Station corrections, which account for a variable
surface low-velocity layer, were input into the location
program. Station corrections determined for each swarm are
listed in Appendix 2. Depth determinations from HYPOT71l were
relative to a surface which has an elevation that is an
average of the elevations of the recording stations used in
the location.

Magnitude (Mg) determinations were made using a

duration based magnitude scale expressed by

Me= 2.79 log ¥ - 3.63

where T is the recorded signal duration. The magnitude for
a given earthguake is the average of magnitude estimates
made at variocous stations recording the event. The
high-magnification, vertical component instruments used in
recording these earthquakes fregquently have amplitude
saturation at even modest magnitudes (Ake, 1983). For this
reason an amplitude-based magnitude scale was not used.

The HYPO71l program determines a solution by successive
iterations from a trial hypocenter and origin time.
Adjustments in kilometers for the latitude, longitude and
focal depth from multiple regression analysis are calculated
each iteration., The final solution is output with

uncertainties in the depth and epicentral leccation in
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kilometers and a root mean sguare (RMS) error of time
residuvals in seconds,

The BEMS error is calculated as

s = | Zri*/ wo

where Ri is the time residual for the ith station and MO is
the number of station readings used in locating the
earthquake. The error in epicentral location, ERH, is

calculated by

ERH = J 5DH= + EDI"

where SDX and SDY are the standard errors in latitude and
longitude. ERZ is the standard error in focal depth.
Statistical interpretation of these standard errors involves
assunpticﬂa which may not be met in earthguake locations.
Consegquently, these standard errors may not represent actual
arror limits (Lee and Lahr, 1975).

Bach solution ie assigned a gquality rating factor, Q,

which indicates the general reliability of the solution as

follows:
Q EPICENTER DEFTH
A excellent good
B good fair
C fair poor
D poor poor

i FE R pepe—— TR o gk ol g dmla oom o M i o e oo e o o C o Bl o b _ g PR g g -l et e T - - - e c—
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The gquality factor Q, is an average of the RMS, ERH,
and ERZ errors (0S) and the station distribution (QD). The
information which determines the rating of Q5 and QD is

outlined in Table 2.



(17)

Table 2. Summary of criteria used to determine solution

guality.

RMS (s=ec)

< 0.15
< 0.30
< 0.50
others

200w ﬁ

NO

D
(=]

* b

* B

> 6
others

(=Ral:-B

where

ERH (km) ERZ (km)

{ liﬂ { z-ﬂ

£ 2.5 < 5.0

< 5.0

GAP DMIN

< 490 < DEPTH or 5 km

< 135 < 2 x DEPTH or 10 km
< 180 < 50 km

Root mean sguare error in seconds
Error in epicentral location in km
Standard error in focal depth in km

Number of station readings used in
locating the event

Largest azimuthal separation in
degrees between stations

Epicentral distance in km to the
nearest station
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DEPTH AMALYSIS

All depth analyses herein utilize only the higher
quality A/A or A/B events from the swarms of September, 1985
and April-May, 1986. A total of 34 events from the
September, 1985 swarm and 41 events from the April-May, 1986
swarm ware studied. Figures 7 and 8 are graphs of the
number of events versus depth of focus for the higher
quality solutions from each swarm.

In the September, 1985 swarm, 85% of the events
occurred between depths of 9.0 and 12.0 km. 1In the
April-May, 1986 swarm, 76% of the events occurred between
8.0 and 11.0 km, Weither swarm had activity at depths
shallower than 7.0 km nor greater than 14.0 km for higher
guality solutions based upon recordings by the permanent NMT
network only.

The depth at which activity decreases differs somewhat
between the two swarms. In the September, 1985 swarm,
located above the periphery of the Socorro magma body
{(Figure 5), there iz a sharp drop in activity from 1l events
between 11.0 and 12.0 km to zero events between 12.0 and
13.5 km. ©One event was recorded at a depth of 13.6 kn.

In the April-May, 1986 swarm, located approximately 20

km south of the September, 1985 swarm and 15 km east of the

- Y S S e S R g g wa il e ol p b ol L o i il e e G e
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Figure 7. Distribution of focal depths for 34 A/B gquality
solutions for the September, 1985 swarm activity.
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activity.
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periphery of the Socorro magma body (Figure 5), the decrease
in activity with depth is more gradual. Only one event

was recorded at a depth between 11.0 and 11.5 km. 1In
contrast to the September, 1985 swarm, 4 evente (9.8%) were
recorded at depths between 12.0 and 13.5 km. The deepest
hypocenter was recorded at 13.2 km,

Both swarms exhibit peak activity between 9.0 and 9.5
km and an absence of activity below 14.0 km. This absence
of activity defines 14.0 km as the approximate base of the
seismogenic zone (King, 1986).

Figure 9 is a second but different type of depth
distribution plot for the 34 A/B events for the September,
1985 swarm. The events are plotted in seguence of
occurrence and numbered 1 through 34. The time axis is
non-linear and covers the period from 10:3% on September 17
through 16:20 on September 20, 1985. The events are plotted
against the depth at which they occur with an error bar
representing ERZ as determined by HYPO7l. Table 3 contains a
listing of the number of each event plotted in Figure %, the
day and time of occurrence, the depth and the uncertainty in
the depth. Using the uncertainties on the depths to define
the range in fogcal activity, the maximum range is 6.68 to
14.61 km and the minimum range is 9.50 to 11.00 km. One
anomalous event falls outside this minimum range and occurs
at 13.61 + 1.0 km.

Figure 10 shows the sequential depth distribution plot

for the 41 A/B and A/A events of the April-May, 1986 swarm.
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Table 3. A/B Quality Events Plotted in Figure 9 for
the September 1985 Swarm.

EVENT DAY TIME DEPTH ERZ
1 9=17 10:39 9.41 1.5
2 11:05 9.09 1.0
3 11:06 9.60 0.6
4 22106 8.86 1.2
5 9-18 11:14 9.27 1.1
[ 11:37 11.50 1.3
7 17:01 11.10 1.0
8 17:14 9.42 0.6
9 17:16 11.45 1.0

10 18:02 10.76 0.7
11 18:22 9.97 0.8
12 18:23 10.28 1.3
13 19:19 11.37 0.9
14 15:23 9.00 1.2
15 19:26 9.21 1.2
16 19:38 9.94 0.9
17 19:40 10.45 1.0
18 19:50 B.99 0.9
19 20:00 9.24 1.4
20 20:23 11.56 0.7
21 21:25 11.18 1.2
22 21:40 8.48 1.8
23 9-19 02:24 10.37 1.1
24 02:27 11.12 1.2
25 02:28 9.97 1.2
26 02:31 13.61 1.0
27 02:57 11.90 0.9
28 03:03 10.60 0.6
29 06:30 10.41 0.7
30 09:38 11.55 0.9
31 09:44 8.40 1.1
32 10:05 11.25 0.7
33 9-20 14:37 11.54 1.3
34 16:20 9.62 0.8
MEAN 10.31 1.02

sD 1.17 0.2
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Figure 10. Chronologic s of events versus depth for
the swarm of April-May, 1986.
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The events are plotted in the same manner and at the same
scale as for the September, 1985 swarm to allow direct
comparison. The time-scale is non-linear and covers the
period from 18:14 on April 27 through 14:42 on May 5, 1986.
Table 4 contains a listing of the pertinent information for
these events.

The depths and associated uncertainties for this swarm
are more randomly distributed than for the previously
mentioned swarm. There seems to be an oscillatory nature to
the dintfihutinn of depths throughout the duration of the
swarm as opposed to any linear change, This pattern of
depth distribution can be broken up into two somewhat
repetitious segments, Events numbered 8 through 21 exhibit
a change in focal depth with time from shallow to deep as do
events numbered 22 through 34. The very random segquence
seen in the last 6 events numbered 36 through 41 corresponds
to swarm activity over a time span of 6 days, from April 30
through May 5.

Using the uncertainties on the depths to define the
range in focal activity, the.na:inum range is 5.00 to 14.42
km and the minimum range is 8.00 to 12.00 km.

The addition of recordings from portable seismograph
stations operating from April 29 through May 1, resulted in
a shallower distribution of depths for the events numbered
32 through 39. Figure 11 is a plot of these six sequential
A/A events versus depth of focus. Table 5 contains

information on these events. The relative depth
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Table 4. A/B and A/A Quality Events Plotted in
Figure 10 for the April-May, 1986 Swarm.

EVENT DAY TIME DEPTH EREZ
1 4-=27 18:14 9.56 .
2 l18:14 10,21 .
3 22:17 7.00 .
4 4=28 03:08 10.67 .
5 03:15 10.97 H
[ 03:15 a9.66 -
7 03:24 10.72 2
B 03:25 g.41 .
a 03:50 9.20 %

10 03:59 9,34 -
11 0%:37 9,26 -
12 05:42 7.00 &
13 05:47 9.72 .
14 06:48 9,96
15 07:59 8.68
1la 10:13 8.16
17 11l:09 a.78
1la 11:51 10.86
19 12:59 10.61
20 13:32 12.39
21 15:10 12.14

O b b et O et bt O bt it ) O el il i i e Qi e e O O N OR OO OO
VHNOREOOWOOWNOODUNGEHLNADWHOWONOOAREDUWONOW R

22 15:37 7.00 .
23 4-29 02:48 9.11 .
24 05:30 8.78
25 06:49 8.20
26 08:30 9.24
27 08:35 9.30
28 15:20 7.00
29 15:32 8.65
30 16:02 13.22
31 4-30 01:28 9.41
32 04:07 9.52
33 05:39 10.45 .
34 06:41 10.45 :
35 16:12 9.46 .
36 16:15 7.94 .
37 5-1 09:32 11.31 .
38 16:28 9.08 5
39 5-4 19:50 12.77 .
40 22:30 9.98 .
4l 5=5 14:42 8.58 .
MEAN 9.58 1.16
SD 1.50 0.40

* Depths listed here are based on readings
of permanent stations only.
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Table 5. A/A Quality Events Plotted in Figure 11
for the April-May, 1986 Swarm.

EVENT DAY TIME DEFTH ERE
32 4-30 04:07 7.86 0.5
33 05:39 8.32 0.5
35 16:12 6.10 0.6
36 16:15 5.72 0.6
37 5=1 09:32 9.48 0.9
38 16:28 3.64 0.8

* Depths listed are based on readings from
temporary as well as permanent stations
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distribution for these events is very similar to the depth
distribution obtained using permanent network stations
only, but they are on the average 2.77 km shallower. The
location of the three portable stations within one focal
depth as opposed to one or no station within one focal depth
for the permanent network could, in conjunction with a more
complex crustal structure than assumed, explain the

shallower depths of focus.
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ERRORS IN FOCAL DEPTHS

Depth of focus is the least constrained parameter in
the location of an event. HYPO71l has determined depths of
focus in the September, 1985 swarm to within an average of
+ 1.04 km for A/B events and in the April-May, 1986 swarm to
within an average of £ 1.16 km for A/A and A/B events. The
uncertainty in the depth of focus or ERZ, takes into
account ambiguity inherent in the computerized location
program.

In order to analyze how the human error that exists in
the timing of the events affects the depth distribution, 41
A/B and A/A sclutions from the April-May, 1986 swarm were
analyzed to determine the depth and associated uncertainties
when reading errors were considered in the timing of events.
Events are timed to 0.1 2econd. Random errors of £ 0.15
gseconds for the initial P readings and i 0.20 seconds for
the initial 5 readings are representative of errors inherent
in timing events from the analog recordings.

The procedure followed was to generate a 'perfect' data
set by altering the P and 8§ readings so that the residual
times in the HYPO71 sclution were 0.00. This also resulted
in zero values for the RMS, ERH and ERZ. Random noise

between 4+ 0.15 seconds was added to all P readings and noise
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between + 0.20 seconds was added to all S readings for each
event. Ten new sSolutions per event were determined by
HYPOT7]1l corresponding to ten different sets of added random
noize, An average depth and corresponding standard
dnviptiun {a naw ERZ) was then determined for each event.

In Pigure 12 the sequence of events is plotted against
the average depth at which they occur as found through the
above error analysis, Table 6 lists information on thesa
events. In comparing this distribution to the distribution
fﬂuqd through the usual HYPO71l location procedure (Figure
10}, we see that the oscillatory pattern is still evident and
the overall depth and uncertainty range is similar. The
depth and uncertainty range for the initial HYPO71 sclutions
is between 5.00 and 14.42 km compared toc a range found
through the error analysis of between 5.87 and 15.61 km.

The average focal depth for the initial solutions is 9.58
km. The average focal depth found through the error
analysis is 9.57 km. The average ERZ is 1.16 and 1.01 km,
reapectively.

The error thus introduced into the calculation of the
depth of focus by timing errors is similar in wvalue to the
uncertainty given by the HYPO71l location procedure. This is
to be expected. Since intial station corrections were
adjusted to give an average residual of zero for all
stations, the observed residuals for a particular event
(from which ERH and ERZ are calculated) reflect reading

errors,
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Figure 12, Chronologic sequence of events versus average
depth as determined through error analysis for
the April-May, 1986 swarm.
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Table 6. A/B and A/A Quality Events Plotted in
Figure 12 for the April-May, 1986 Swarm

EVENT DAY TIME DEPTH ERZ
1 4-27 18:14 9.61 0.62
2 18:14 10.62 0.62
3 22:17 7.76 0.91
4 4-28 03:08 10.56 0.94
5 03:15 11.61 1.15
6 03:15 9.93 0.90
7 03:24 10.65 1.14
8 03:25 8.86 0.76
) 03:50 B.18 1.07

10 03:59 8.97 1.01
1l 05:37 9.78 0.88
12 05:42 7.18 0.97
13 05:47 9.62 0.86
14 06:48 10.18 0.79
15 07:59 8.41 0.99%9
16 10:13 7.96 1.23
17 11:09 9.12 1.26
18 11:51 10.10 1.26
19 12:59 9.84 1.27
20 13:32 12.25 1.19
21 15:10 11.%0 0.74
22 15:37 6.43 0.56
23 4-29 02:48 8.78 1.72
24 05:30 8.82 1.24
25 06:49 7.91 0.77
26 08:30 9.21 1.50
27 08:35 B.87 0.96
28 15:20 7.43 0.73
29 15:32 8.13 1.19
30 16:02 13.23 1.38
31 4-30 0l:28 9.36 0.886
32 04:07 10.21 0.88
33 05:39 10.24 0.55
34 06:41 10.45 1.31
35 16:12 9.71 0.77
36 16:15 7.48 1.07
37 5-1 9:32 11.49 1.13
38 16: 28 9.42 1.31
39 5-4 19:50 12.82 0.98
40 22:30 10.49 0.81
41 5-5 14:42 8.97 0.97
MEAN 9.57 1.01

SD 1.52 0.26

* Dapths listed here are based on readings
of parmanent stations only.
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FOCAL MECHAMIEMS

In determining the source mechanism of an earthguake,
the focus is surrounded by an imaginary sphere called the
focal sphere. The position of the recording stations on the
focal sphere are projected onto an egqual-area circle - the
sterecgraphic Schmidt net.

The locations of the P- first motion readings on the
upper focal hemisphere plot are determined from the
azimuthal angle between the earthguake epicenter and the
recording station and the emergence angle of the seismic ray
from the earthguake focus to the station as determined by
HYPOT71.

The polarity of any given station can be changed
inadvertantly during repair or routine maintenence. In this
study the polarity of all stations was checked by using
first motions of teleseisms having impulsive first arrivals.

In order to reduce possible errors in the fault-plane
solutions, great care was taken in reading the P- first
motions. First motion readings for the strongest swarm
events were used while first motion data for very emergent
arrivals and for noisy stations were not used.

Fault plane solutions here are concerned with

determining the fault mechanism and the orientation of three
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axes - P, T, and B. The orientation of the P axis is
inferred to be equivalent to the direction of maximum
principal compressive stress. The P axis is always located
in a quadrant of dilatational first arcivals. The
orientation of the T axis is eguivalent to the direction of
least principal compressive stress, It is located 90
degrees from the P axis in a gquadrant of compressional first
arrivals. The B axis {(null axis) is an axis of intermediate
stress. It is located at the fault=-plane and auxiliary=-
plane intersection.

Composite fault plane solutions were used to determine
the scurce mechanisms for all swarm activity. Composite
solutions superimpose first motion data for a number of
events believed to have similar source mechanisms. Pirst
motion data for all events used in the fault plane solutions
can be found in Appendix 3.

Figure 13 is the composite solution utilizing 10 of the
best recorded and strongest events of the April-May, 1986
swarm. All three portable seismograph stations were within
one focal depth of the epicenter. The close locations of
these stations and the reversal in first motion for portable
station LC2 act to restrict the orientation of the nodal
planes. The focal mechanism is one of dominantly strike-
slip faulting.

The sclution for the main shock, magnitude 2.4, is
shown in Figure 14. The lack of close stations to constrain

the solution allows a range of mechanisms (considering only
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EXPLANATION
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O Weak dilatation
X Comoression
X Weak compression

10 EVENT COMPOSITE SOLUTION
APRIL-MAY 1986

Figure 13. Ten event composite sclution for the April-May,
1986 swarm. Shown is the best and most well
constrained solution indicating dominantly
strike-slip faulting. Station LC2Z exhibits
reversal in first motion.
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Figure 14. End member orientations for the range of possible
normal solutions for the strongest event, M, = 2.4,
of the April-May, 1986 swarm.
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normal faulting) from nearly pure normal dip-slip to normal
with some strike slip component.

The April-May, 1986 swarm may be assoclated with the
mapped Hot Springs-Montosa fault zone (Figure 15). It
should be noted however, that the manner in which the
surface faults are mapped by Chapin (1983a) is somewhat
ambiguous. Dashed fault lines are usually used to express
uncertainty in the location of the fault but this is not
explicitly stated. In a second article by Chapin (1983b),
80lid lines are used to indicate faults with good evidence
of right slip and dashed lines are used to indicate fault
zones only suspected of having right slip.

The epicenters of the April-May, 1986 swarm correspond
in location to a surface branch of the Hot Springs-Montosa
fault zone that strikes approximately W12°W. This
correlates with a strike of N14°W and dip of 70°NE for one
of the nodal planes in the composite fault plane solution.
The T axis strikes N31®E and plunges - 7°. The sense of
movement along this choice of fault plane is left-lateral.

Figure 16 is a composite solution utilizing 10 of the
best recorded and strongest shocks for the September, 1985
swarm, The fault plane solution is poorly constrained as no
seismograph station showed a reversal in first motion and
there were no stations within one focal depth of the
epicenter. The preferred focal mechanism is dominantly
strike-slip because of the close spatial relation with the

Hot Springs-Montosa fault. Reverse and pure strike-slip

B T
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111 EVENTS WERE PLOTTED

0§ 96 Do

3.90 - 4.49

3.00 - 3.49
X -2
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p 4 1.00 - }.43
X 0.0 - 0.5
X 0.00 - 0.48

_J -urED - -u.m

Figure 15. Shown is the Hot Springs-Montosa fault, a major
strike-slip fault zone and the Morenci lineament,
a transverse shear zone (short-dashed double
line). Solid arrows indicate relative movement as
mnfped by Chapin (1983a); dashed arrows indicate
tive movement as determined in this study.
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10 EVENT COMPOSITE SOLUTION
SEPTEMBER 1985

Figure 16. Ten event composite solution for the September,
1985 swarm. Shown are the end member orientations

for dominantly strike-slip solutions,
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solutions are possible but not considered probable. The
location of the swarm in areas of active uplift (Pigure 5),
may introduce some dip-slip component into the fault
mechanism due to the extensional stress regime present.

The corientation of the nodal planes and the
predominantly strike-slip fault mechanism were also chosen
on the basis of the similarity between this poorly
constrained solution and the well constrained solution of
the April-May, 1986 swarm. Figure 17 demonstrates the
similarity between the nodal planes in both solutions.

The swarm of September, 1985 is located near a mapped
surface branch of the Hot Springs-Montosa fault that strikes
approximately N10°E. The nodal plane most closely matching
this fault in the composite fault plane solution strikes
N13®°E with a dip of S0°SE. The T axis strikes N52°E and
plunges - 26°. The sense of movement along the fault plane
is left-lateral.

To further investigate the focal mechanism and stress
field in this area, fault plane sclutions were analyzed for
a magnitude 3.4 event on August 16, 1985 and a swarm on
April 21, 1987. Locations for these events are shown in
Figure 4.

The range of predominantly strike-slip fault solutions
for the event of August 16, 1985 is presented in Pigure 18.
The epicentral location for this shock lies very close
to a segment of the Hot Springs-Montosa fault that strikes

approximately N12°W. Therefore, either nodal plane in the
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10 EVENT COMPOSITE SOLUTION
SEPTEMBER 1985

Figure 17. Nodal planes from the well constrained April-May,
1986 solution (dashed lines) superimposed on the
composite solution for the September, 1985 swarm.
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Figure 18. End members for the range of possible strike-
8lip fault mechanisms for a magnitude 3.4 event

on August 16, 1985.
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composite fault plane solution which has a northerly strike
may be the fault plane. The orientation of the T axis
varies between N30°E with a plunge of 4%and N33°E with a
plunge of - 19°. The sense of movement is left-lateral.

A =trong influence in choosing a predominantly
strike-slip fault mechanism for this poorly constrained
solution is the similarity to the well constrained April-
May, 1986 solution. Figure 19 dennnstrateﬁ the similarity
betwean the nodal planes for both solutions.

A three event composite solution for the swarm of April
21, 1987 is presented in Figure 20. The solution is
poorly constrained and the end members to a range of normal
fault mechanisms is presented. The solutions range from
nearly pure normal dip-slip to normal with some strike-slip
component. The T axis ranges between N19°W with a plunge of
6° and N27°E with a plunge of 26°.

Thizs swarm activity is more difficult to associate with
any mapped faults. The events are located near a surface
fault that is curved and strikes approximately 10-13° east
of north. This does not agree with the strike of any nodal

planes from the fault plane diagram.

e e b
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Figure 19. Nodal planes from the well constrained April-May,
1986 sclution (dashed lines) superimposed on the
fault plane solution for the April 16, 1985 event.
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Figure 20. Three event composite solution for the April 21,
1987 swarm. Shown are the end members to the

range of possible normal fault soclutions.
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PREVIOUS FOCAL MECHANISM STUDIES

A comprehensive focal mechanism study of 336 events
occurring from May 1975 to January 1978 was undertaken by
Weider (198l). Part of the Socorro area between latitudes
33.94° to 34.35° and longitudes 106.86° to 107.07% was
divided into 12 areas and a composite fault plane sclution
was determined for each area (Figure 21). Most =olutions
indicate normal faulting. The soclution for area 7 exhibits
the largest amount of strike-slip movement.

The orientations of the T axes for 7 of the 12 areas
found by Weider are shown in Pigure 22. The orientations
range between N42°E and N84°E giving an average direction of
M63°E; the plunge of the axes varies between 5% and 26°,
indicating approximate east-west crustal extension.

Fault plane soclutions were alsoc analyzed by Ake (1984)
for two microearthgquake swarms that occurred in May and July
of 1983. The swarms were located in the Socorro Mountain
area approximately 2 km southwest of station WTX between
latitudes 34.02° to 34.09° and longitude 106.95° to
106.97° . Nine event composite solutions for both swarms
are presented in Figure 23. The focal mechanism was
determined to be nearly pure normal dip-slip.

In summary, a well constrained focal mechanism with the
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Figure 21. Composite fault plane soluticons for 12 areas as
analyzed by Weider. White areas are dilatatiocnal

quadrants and black areas, compressiconal gquadrants.
Upper focal spheare used. (from Welder, 1981).
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Figure 22. Crientations of T axes for 7 areas apalyzed by
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May 1983

July 1983

Figure 23. Composite fault plane solutions for swarm
activity in May and July, 1983, Open circles are
dilatations and black circles are compressions.
Triangle represents station where P first motions
reversed. Upper focal sphere used. (from Ake, 1984).
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dominantly strike-slip faulting, as found for the April-May,

1986 swarm, does not appear in the previous studies by

Weider (1981) and Ake (1984).
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DISCUSSION AND CONCLUSION

The focal mechanisms for the September, 1985 and
April-May, 1986 swarms and the shock of August 16, 1985,
are possibly very similar, Most likely all fault plane
solutions indicate north-south strike and high dip of the
probable fault plane along with left-lateral, strike-slip
sense of movement. This apparent similarity and the close
proximity of the epicenters to the Hot Springs-Montosa fault
zone, strongly suggest activity along this fault, The
apparent lack of agreement found in the April 21, 1987 fault
plane solution is a complex issue and unresclvable from data
analyzed in this report.

Zoback and Zoback (1980) have found that the average
orientation of the T axes from a number of well-constrained
solutions in an area is a fairly reliable indicator of the
direction of tensional stress. The orientations of the T
axes for activity along the Hot Springs-Montosa fault as
found here range between N31°E and N52°E with an average
direction of N38°E. T axes considered were for the probable
fault planes for the September, 1985 and April-May, 1986
swarms and the event of August 16, 1985. This contrasts
with the average direction of tensional stress obtained

praviously by Weider of N63°E for areas west of the fault
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zone.

A change of 25° to the north for the average
orientation of the T axes found through this study, cannot
by itself, reliably indicate a change in the direction of
tensional stress. A change in the stress field is supported
however, by the predominantly strike-slip focal mechanism
found for activity associated with the fault zone. This
type of focal mechanism is considered new and somewhat
unusual for the Socorro area. Both of these observations
may combine, at first approximation, to indicate a change in
the geclogic stress field in the vicinity of the Hot

Springs-Montosa fault zone near Socorro.
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Appendix 1

This appendix contains HYPOT71 solutions and
output for events analyzed in this report.



DATE

850917
850917
850917
830917
850917
850917
850917
B50917
B50917
B50918
g50918
B50918
850918
850918
850918
850918
850918
850918
850918
850918
850918
850918
B30918
850918
850918
B50918
B50918
850918
850918
850518
850919
850919
850819
850919
850919
850919
8509219
850919
8509219
850919
850920
850920
850920

HYPOTL1

ORIGIN TIME
{HR-MIN-SEC)

10:29:19.,. 47
10:36:22.17
10:39:10.50
10:41:26.03
11:05:48. 25
1l:06:25.10
11:42:08.42
19:50:50.53
22:06:38.39
1l:14:55.38
11:37:22.70
17:01:16.49
17:14:55.85
17:16:44.12
18:02:07.11
18:22:14 .38
18:23:03.09
19:19:30.85
19:20:50.85
19:23:09.00
19:26:03.386
19:38:00.31
19:39:28.88
19:40:29.13
19:50:17.74
20:00:19.64
20:23:23.79
21:19:19.41
21:25:51.88
21:40:086.57
02:24:05.31
02:27:25.97
02:28:12.97
02:31:08.29
02:57:18.97
03:03:24.63
06:=30:37.40
09:38:41.58
09:44:39.14
10:05:03.50
14:26:51.10
14:37:33.90
le:20:28.17
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SOLUTIONS FOR SWARM EVENTS OF SEPTEMBER,

LATITUDE LONGITUDE DEPTH

(DEG—MIN) (DEG-MIN)

3412.25
3411.79
3411.47
3411.83
3411.96
3411.89
3411.96
3411.97
3412.51
3411.74
3411.94
3411.89
3411.96
3411.75
3411.75
3411.54
3411.68
3411.30
3410.82
3411.89
3411.9%0
3411.67
3411.73
3411.57
3411.71
3411.73
3411.71
3411.38
3411.87
3412.25
3411.36
3411.67
3411l.81
3412.00
3411.80
3411.93
3411.50
3411.865
3411.85
3412.13
3411.356
3411.78
J41L1.37

10648.50
10648.00
10648.48
10648.63
10649.21
10648.68
10648, 36
10648.27
l0648.92
10648, 46
l0648.62
10648.45
10648.62
10648.56
10648, 44
10648, 33
10648.58
10648.43
10648.25
10648.51
10648.41
10648.51
10648.99
10648.42
10648.64
10648.74
10648.75
10648.00
10648.49
10648.60
10648.29
10648.39
10648.87
10648.27
10648,
10648,
10648,
10648,
10648,
10648, 23
10648.70
10648.56
10648.39

(KM}

08.25
06,27
03.41
07.00
09.09
09.80
07.00
13.386
08,86
09,27
11.50
11.10
09.42
11.45
10.76
09,97
10.28
11.37
10.68
09.00
09.21
09.94
11.48
10.45
08.99
09,24
11.56
10.67
11.18
08.48
10.37
11.12
03.97
13.61
11.90
10.60
10.41
11.55
08.40
11.25
07.00
11.54
09.62

0.00
0.05
=0.17
0.20
0.78
0.04
0.22
0.11
0.33
0.75
=0.15
0.28
=-0.10
-0.38
0.59
0.79
0.01
1.28
-0.51
0.69
=-0.07
0.57
0.20
=0.55
0.06
-0.07
0.36
1.31
0.00
0.04
1.68
0.39
1.23
1.47
=0.15
0.14
0.65
1.65
0.62
0.24
0.89
0.569
-0.52

NO

16
12
10
13
16
14
13
14
14
16
13
15
15
10
15
13
14
15
10
15
14
13
15
13
13
11
18
09

14
1z
15
12
14
17
186
12
12
13
17
12
12
12

M GAP

16
15
16
15
15
15
16
16
15
16
16
16
16
16
16
16
15
16
16
16
lg
16
17
16
15
15
15
17

16
16
16
15
16
16
15
15
15
16
16
15
16
16

a2
73
102
79
ki
145
80
80
110
75
105
79
B0
104
75
74

76
159
716
a0
73
76
103
78
104
76
73

82
73
78
23
76
79
79
133
114
115
115
114
76
102

1985

0.06
0.06
0.09
0.08
Q.09
0.09
0.07
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DATE

860427
B650427
860427
BE0427
Be0428
80428
850428
B60428
860428
860428
860428
BE0428
B60428
260428
860428
260428
B60428
860428
860428
Be0428
Ba0428
Be0428
260428
860428
860428
860428
B60428
860429
860429
260429
860429
860429
860429
860429
860429
860429
860429
860430
B60430
Be0430
260430
860430
860430
860501
860501
860501
60504
860504
B60S04
B60505
860505

(59}

HYPO71 SOLUTIONS FOR SWARM EVENTS OF APRIL-MAY, 1986

CRIGIN TIME LATITUDE LONGITUDE
(DEG-MIN) (DEG-MIN)

(HR-MIN-SEC)

18:14:30.87
18:15:00.58
22:17:36.39
23:46:54 .92
00:42:17.91
00:44:36.32
03:08:36.78
03:15:04.26
03:15:57.84
03:24:02.46
03:25:55.06
03:50:03.46
03:59:57.85
04:01:28.12
05:37:33.17
05:42:048.25
05:4T:57.21
06:48:27.04
07:159:13.56
10:13:58.12
11:09:56.04
11:51:37.47
12:36:56.63
12:59:49.21
13:32:34.43
15:10:49.96
15:37:57.34
02:48:48.23
02:51:59.46
05:30:22.71
06:49:39.79
08:30:31.086
08:31:32.89
08:35:13.27
15:20:18.13
15:32:49,.44
16:02:53.58
01:28:29.31
04:07:44.28
05:39:52.67
06:41:48.72
16:12:18.83
16:15:27.84
09:32:07.20
16:28:32.94
21:30:25.72
18:10:15.98
19:50:03.48
22:30:39.38
14:42:16.49
14:47:01.33

3401.45
3401.06
3401.04
3400.89
3401.21
3401.26
3401.01
3401.13
3401.26
3401.25
3401.31
3401.30
3401.56
3400.99
2401.24
2401.77
3401.21
2401.26
3401.43
3401.12
3401.17
3401.21
3401.19
3401.15
3400.66
3400.85
3401.14
3401.36
3400.89
3401.27
3401.31
3401.94
3401.57
3401.34
3401.31
3401.09
3400.82
3400.83
3401.57
3401.33
3401.35
3401.45
3401.61
3401.01
3401.65
3401.41
3401.60
3401.31
3401.27
3401.10
3401.34

10649.68
10650.02
10645.68
10649.73
10649.78
10649.47
10649.73
10649.70
10649.73
10649.80
10649.75
10649.81
10649.70
10649.48
10649.66
l0649.88
10649.67
10649.64
10649.58
10649.67
10649.78
10649 .68
10649.80
10649.37
10649.46
10649, 18
10649.57
1064%.58
10648.58
10649.80
10649.09
10650.01
10649.69
10649.45
10649,.78
10649.77
10649.40
10649.66
10649.91
10649.66
10649.61
10649.71
10649.94
10649.17
10649.90
10649.53
10649.83
10649.55
10650.04
10649.67
10650.20

DEPTH
(KM)

09.56
10.21
07.00
09,26
10,25
09.09
lﬂ'q E‘T
10.97
09.66
10.72
08.41
09.20
09.34
11.93
09.26
07.00
09.72
09.96
08.68
08.16
08.78
10.886
09.59
10.61
12.39
12.14
07.00
09.11
11.60
0g.78
08.20
09.24
07.00
0%,30
07.00
08.65
13.22
09.41
09.52
10.45
10.45
09.46
07.94
11.31
09.08
07.00
08.45
12.77
09.98
08.58
05.82

MAG

=0.15
=-0.37
=0.50
-0.45
=-0.91
-0.52
-0.17
0.46
=0.40
=0.79
=0.06
0.12
0.21
-0.49
-0.33
0.64
=0.02
-0.04
0.05
-0.30
-0.36
0.26
=-0.55
2.10
-0.33
=0,33
=0.30
=-0.31
-0.23
-0.22
-0.35
0.67
=-0.32
0.32
0.22
=0.53
-0.17
-0.11
0.12
0.12
=0.20
0.51
0.35
=0.29
0.63
=-0.43
0.76
-0.31
0.31
=0.29
-0.39

NO

10
11
09
07
06
o8
09
12
o8
o8
1l
08
10
1.3
07
13
10
12
1l
10
10
0%
07
11
07
10
13
0%
07
11
13
15
10
12
11
09
o8
12
16
13
09
14
13
10
13
08
12
10
14
10
09

DM GAP RMS

12
12
11
11
12
11
11
1l
12
12
12
12
12
1l
11
12
11
1l
12
11
12
1l
12
11l
11
10
11
12
10
12
11
11
12
11
12
1l
1l
11
12
12
12
12
12
11
12
12
12
11
12
11
12

B3 0.06
87 0.09
B4 0.06
172 0.03
168 0.05
160 0.06
86 0.07
83 0.07
84 0.08
82 0.03
82 0.15
85 0.02
80 0.09
168 0.05
B4 0.03
78 0.12
82 0.08
82 0.12
80 0.09
B3 0.06
8B5S 0.08
B2 0.08
168 0.03
82 0.0%92
87 0.0S
104 0.06
83 0.10
106 0.06
108 0.08
82 0.10
82 0.14
77 0.12
159 0.06&
8l 0.09
82 0.11
107 0.07
102 0.09
86 0.10
80 0.09
81 0.09
83 0.05
8l 0.09
80 0.08
83 0.07
79 0.14
112 0.07
80 0.14
106 0.07
83 0.10
107 0.09
109 0.04
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DATE

Be0430
Be0430
Be0430
Be0430
B60501
860501

870421
870421
870421
870421
870421
870421
870421
870421
870421
870421

850816

(60)

HYPO71 SOLUTIONS FOR SWARM EVENTS RECORDED BY PORTABLE
STATIONS DURING THE APRIL-MAY,

CRIGIN TIME LATITUDE LONGITUDE DEPTH

(HR-MIN-SEC)

04:07:44.34
05:39:52.77
16:12:18.98
16:15:27.94
09:32:07.31
16:28:33.17

HYPOT1

08:19:37.28
08:21:37.65
08:31:35.29
08:35:48.59
08:53:27.31
09:04:41.65
09:10:05,37
09:15:32.23
09:35:27.68
10:31:13.44

(DEG-MIN) { DEG-MIN)

3401.59
3401.36
3401.70
3401.72
3401.15
3401.81

10649.79
10649.57
10649.51
10649.85
10649.04
10649.78

(M)
07 .86
08.32
06.10
05.72
09.48
03.64

MAG NO

0.12
0.12
0.51
0.35
-0.29
.63

1986 SWARM

19
16
17
16
14
15

0l
ol
ol
0l
2
01

65
79
67
64
81
78

SOLUTIONS FOR SWARM EVENTS QF APRIL 21,

3353.82
3355.39
3354.82
3355.45
3355.26
3354.27
3354.43
3354.28
3355.22
3355.32

10646.67
10646.41
10646.05
10647.79
10647.51
10646.65
10646.55
10647.28
10647.41
10646.70

HYPO71l SOLUTION FOR
14:56:52.62 3407.64 10650.25

07.91
07.24
08,25
03.67
06.62
07.50
08.45
06.88
06.88
07.98

AUGUST

10,78

0.85
1.02
1.03
0.89
0.10
0.61
0.56
0.22
0.31
0.47

16,
3.40

13
09
X2
07
11
13
11
12
11
14

1985

11

o7
05
05
07
06
o7
06
07
06
05

230
277
245
218
176
201
200
194
178
184

EVENT

12

85

1987

n‘a?
0.08
0.086
0.04
0.08
0.12
0.11
0.05
0.12
0.11
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Appendix 2

This appendix contains station locations, elevations
and station corrections,



ETATION LATITUDE

LAE
HAR
LPH

sn

CAR

ETATION COORDIMATES

(DEG-HIH)

vde.12
408,52
1418.77
3358.51
3448.85
3357.15
3346.72
3404.33
3409.75
3420.19
3409,.93
%

2554

LONGITUDE  ELEVATION
(HETERS)

{DEG-HIN)

10704,36
10637.68
10638.03
10710, 84
107068.70
10644 .47
16701.16
10656.75
16713,.52
10653,75
10658. 45

295%

106 99.0¥

2120

3210
20088

1560
1555

169

v7)
FFY
Fiv-¥i

SEPTEHODER 1985 SWARM

STATION CORRECTTON
( SECOHNS )

0.3
=0, 00
=0.30

0.16
=0, 00
=0, 00

o.10
=0.02

0,08

0.56

0.06

APRIL~MAY 1986 SWARH

STATION CORRBCTION

PORTARLES W0 PORTARLES

(SECOHNS )

0.07
0.16
-0.26
0,42
=0.22
0.01
0,01
0.12
0,04
0.74
0.09
.00
=0, 34
0.07

0.10
0.10
=0, 27
0,37
=0, 33
=0,09
n.11
=0.01
0,03
0. 65
0.05

BIMGIIST 16, 1985
APRIL 21, 1587

STATION CORRECTION
( SECONDS )

0. 04
=, 03
=0, 213

0,22
=0.10
.03
<11
.00
i
.56
0. 06

i
=X =F=F=]-=
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Appendix 3

This appendix contains first motion data
for events used in fault plane solutions.



URCORRECTED FIRST MOTION READINGS
SEPTEMBER 1985 SWARM

EVENTS

9-18 9-18 9-18 9-18 9-18 9-18 9=19 9-19 9-19 9-19

STATION 11:14 18:02 l8:22 19:19 19:23 19:38 2:24 2:31 9:38 2128
MAG D D D D D D D D D D
SB D D D D D D D D D D
SMC (4] D D D D D D ¥ 5] D
LEM D D D D D D D D D D
LPM ] ) u u u u u u u U
MLM - D poor U = - u u U u u
LAZ D D D D D D D D D D
WIT'X D D D D D [} D D D D
LJY D D D D D D D ) D D
CAR EXT U u u U u u U U U u



5—4
22:30

=1
l6:28

5-1
9:32

:15

4=30

16

4-30
16:12

4-30
5:3%

EVENTS
107

4-30
4
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UNCORRECTED FIRST MOTION READINGS
SWARM OF APRIL 21, 1987

EVENTS

STATION B:19 8:21 B:11 B:35 B:53 9:04 9:10 9:15 9:35 10:31
ChAR u u u u u u U U u u
WIX poor U - poor U - = poor D - - - -
LEM U 53 u u u U - U - u
BAR u u u u u U u u U u
SMC - - - - poor U D - D D =
SB poor U = poor U U = = - - - -
LPM U u U u u U’ u o= u u
MAG poor D - D (8] = o - rD = poor
LAZ u poor D u U poor U U u it poor D u
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UNCORRECTED FIRST MOTION READINGS
AUGUST 16, 1987

STATION

CAR
WTX
LEM
BAR
SMC
SB

LPM
LJY
MAG
LAZ
MLM

ﬂﬂﬂﬂgﬂﬂﬂﬂﬂﬂ
o
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Appendix 4

Thiz appendix provides a short note on the history of
avents in a restricted area near the western branch of
the Hot Eprings-Montosa fault zone near SoCOrro.



{211}

The western stretch of the Hot Springs-Montosa fault
zone near Socorro has, until recently, been an area of low
seismicity. PFigure 1.1 is a plot of all recorded activity
between latitudes 33.85 and 34.30 and longitudes 106.75
and 106.86. Data plotted from August 1975 through December
1986 contains B quality or better HYPOT1l solutions while
data from January 1 to May 1, 1987 contains C gquality or
better soclutions.

Prior to 1983, only two events occurred, one in 1976
and the other in 1982. A less than optimal array of
instrumentation in place during this time, however, did not
always allow good solutions to be obtained in this region.
The remaining activity, 219 events, occurred from April,

1983 through April, 1987.



THE FIRST EVENT IS DN
maY 25. 187

THE LAST EVENT [S 0N
HRY [ . jeEd

ZZ1 EVENTS WERE PLOTTED

@ & 1@ B W0m

3.50 - ¢.48

3.0 - 3.42

X m-2s
X
X
X
X

.50 - 1.23
L.00 - 1.43
0.20 - 0.9
0.00 - D.29

- - "
el - 0.0

-
e "

.5

ARG

J

ARL

Figure 4.1. Locations of seismic activity near the west
branch of the Hot Springs-Montosa fault from

May 1976 through April 1987.
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Appendix 5

This appendix contains the FORTRAN plotting
program used in the preceeding analysis.
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e o e e e e et o ok e o e o o o ok e o ke e o ok e o e o e o o o o e b e o e o e e A o o e e o e o e e ek

Program to plot time seguence of events vs depth.
Values of depth are plotted with associated error
bar (in this case, ERZ).

Grflib plotting subroutines are accessed.

May, 1987
e e L e e et e e T L

OO ON0ON
L B

PARAMETER MX=1000
DIMENSION DEPTH (MX),TIME (MX) ,ERZ (MX) ,DMAX [MX) ,DMIN (MX)
CHARACTER*10 DATFIL

open and read data file

ann

WRITE(5,*) ' Type in name of data file'
READ(S5,1) DATFIL
1 FORMAT (Al0)

WRITE(5,*) ' Type in the number of data to be plotted’
READ(5,2) W
FORMAT (I5)

3

OPEN (UNIT=36,FILE=DATFIL,DEVICE="DSK')
OPEN (UNIT=37,FILE="'REDSEQ' ,DEVICE="'DSK")

DO 6 I=1,H
READ (36,*) TIME(I),DEPTH(I),ERZ(I),IDUM

3 on

WRITE (37,%*) ' SEQINC.FOR DATA READ IN '
Do 7 I=1;M
WRITE(37,8) TIME(I),DEPTH(I),ERZ(I)

FORMAT (1x,F7.4,3X,F5.2,3X,F3.1)

[pR: RplEN]

DO 10 I=1;HN
DMIN(I) = DEPTH(I) - ERZ(I)
DMAX (I) = DEPTH(I) + ERZ(I)
0 CONTINUE

CALL INITAL

axes are set up as B inches

oo O

CALL AXIS(l1.0,1.0,'TIME SEQUENCE OF EVENWNTS',23,8.0,90.0,
2 0.0,5.0)

CALL AXIS{1.0,1.0,'DEPTH (EM)',-10,8.0,0.0,0.0,2.0)

CALL PLOT(1.0,1.0,-3)

DO 110 I=1, W
CALL SYMBOL (DEPTH(I)/2.,TIME(I)/5.,0.15,11,0.,-1)
CALL SYMBOL (DMIN(I}/2.,TIME(I}/5.,0.15,13,0.,-1}
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CALL SYMBOL(DMAX(I)/2.,TIME(I)/S5.,0.15,13,0.,-1)
CALL SYMBOL (DEPTH(I)/2.,TIME(I)/5.,ERZ(I),13,90.,-1)
CONTINUE

a second call to axis is sometimes required
when the system is being strange.

CALL AXIS(0.0,0.0,'TIME SEQUENCE OF EVENTS',23,8.0,90.0,
2 0.0,5.0)

CALL AXIS(0.0,0.0,'DEPTH (KM)',-10,8.0,0.0,0.0,2.0)
CALL RSTR

STOP
END



