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ABSTRACT

During May and July, 1983 two distinct microearthguake
swarms occurred near Socorro, Mew Mexico., More than 700
events, all with magnitudes less than two, were recorded at
the closest =tation. The temporal characteristics of the
sewarms were similar to those often associated with
contemporary magma movement.

Good gquality hypocentral locations were obtained for 60
events. Wo significant difference in earthgquake locations
existed betwean the two swarms. Average focal depth for
both was 8.8 km, and the hypocenters were confined to a
amall volume of crust (~4 hn‘} by a constant S-FP time
interval at the closest station.

Analysis of composite fault plane solutions obtained
for the strongest events in the May and July swarms
indicated normal faulting with nearly pure dip slip motion
on a plane dipping steeply (~70%) to the west and striking
N15"E. Wo correlation with mapped surface faults was
found,

Spectral analysis indicated peak frequencies between 9
and 13 Hz with very little energy above 25 Hz. On the basis
of spectral peaks, a rather low value of apparent whole path
Qg (~B0) was found.

From high guality digital data at a station 2.2 km from
the epicentral region, waveforms were found to be quite
similar, except for amplitude, up to a magnitude of 1.2.

This duplication was especially pronounced for the P-



phase, The period of the first half cycle of the P-phase
(Tx) was measured from the digital data and found to be the
same (Ty=0.036020.0026 seconds) for earthquakes with
magnitudes below 1.2 . This implies the waveforms of the
smaller events are the path and instrument response to very
short duration pulses at the source. Utilizing the source
independence of the smaller events, source characteristics
of the larger events were studied using an empirical
deconvolution procedure. lnuuniﬁg a circular fault model
(Brune, 1970), the largest events had computed source radii
between 30 and 150 m and stress drops between 2 and 75
bars.
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INTRODUCTION

This study will focus upon a fairly detailed
examination and comparison of a pair of microearthquake
swarms that occurred during May and July, 1983, near
Socorro, New Mexico.

Socorro is within the central portion of the Rio Grande
rift f!igu:u 1). The Rio Grande rift is a roughly north-
south trending series of en-echﬂinn grabens that extend from
near Leadville, Colecrado on the north into northern Mexico
on the south (Chapin, 1971). The rift has been undergoing
east-west crustal extension for approximately 30 million
years (Chapin and Seager, 1975). Details on large scale
aspects of the Rio Grande rift may be found in Chapin
{1971) ; Chapin and Seager (1975), Sanford et al. (1977),
Cordell (1978), and the volume Rioc Grande Rift:Tectonics and

matism edited by Riecker ' (1979%3).

The area of interest for this study is the region
immediately to the west of Socorro (~130 km south &:
Albuguerque). The character of the Rio Grande rift in the
vicinity of Socorro changes somewhat from that to the north
(FPigure 2). The rift begins to become a series of parallel
basine with intergraben horsts. The Socorro-Lemitar
Mountaine are horst blocks which separate the Socorro and La
Jencia basins. Important geological and geophysical
characteristics of the rift in the Socorro area include high
heat flow (Reiter and Smith, 1977), deep alluvial basins
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Figure 1. Physiographic provinces and the Rio Grande

rift in WNew Mexico (after Chapin, 19%71).



Figure 2. Major physiographic features near Socorro.
Also shown are the locations of the NMT-USGS
selsmograph stations as of mid-1983.
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(sanford, 1968), roughly north-south trending Quaternary
boundary faults (Sanford et al., 1972), the intersection of
two volcanic lineaments (Chapin et al., 1978), the presence
of an extensive mid-crustal magma body (Rinehart et al.,
1979), an area of positive surface uplift north of Socorroe
(Reilinger et al., 1978) and a high level of seismicity,
frequently in swarms (Sanford et al., 1983a). The major
phyniﬁgrnphic features of the central Rioc Grande rift and
the location of the seismograph ﬁtatinnn of the United
States Geological Survey-New Mexico Tech seismic network at
the time of the swarms are shown in Figure 2,

West of Socorro, within the Socorro-Lemitar Mountains,
is the specific region of interest in this study. Results
of detailed geclogical investigations in this area are
contained in Chamberlin {(1980). The generalized, but atill
complex, geclogy of the Socorro Peak area is shown in
Figures 3 and 4., From detailed mapping in the area,
Chamberlin (1981) concludes that the primary control of
intrusion, wolcanism and subsegquent hydrothermal aﬁti?it? in
this area is the "leaky"™ Morenci lineament, a shear zone
approximately normal to the rife.

The area immediately to the south and west of Socorro
has historically been seismically active (Sanford and
Holmes, 1962; Sanford et al., 1983a). The seismicity of the
Socorro region for the period 1975 to 1983 is shown in
Fiqure 5. Por this period the most seismically active

region appears to be the southern La Jencia Basin (southwest



Figure 3. Generalized geoclogic map of the Socorco Peak
volcanic center; Paleozolc and Precambrian rocks
(Pz) ., Oligocene volcanic rocks (To), Mioccene Popotosa
Formation (Tm), late Miocene Socorroc Peak Rhyolite
(Ts) , Oligocene and Miocene intrusive rocks (Ti),
Pliocene to Pleistocene Sierra Ladrones Formation and
older piedmont gravels (QTp), and late Quaternacy
alluvium (Q) (from Chamberlin, 1980).
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Pigure 4. Cross section through station SNM and the
summit of Socorro Peak illustrating the structural
complexity in the area. Units are broadly lumped;
Tertiary or Quaternary sediments (TQs), Tertlary or
Quaternary volcanics (TQ), Pennsylvanian sediments
(P), Precambrian undifferentiated (pC) (modified
from Chamberlin, 1980 and Carpenter, 1984).
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THE LAST EVENT IS OM
WAY 15, 1863

B0B EVENTS WERE PLOTTED

|
¢ § B 12 o

[T+ + + + + o+ + O+ o+ o+
107.3 107.1 106.8 106.7 106.5

Figure 5. Seismicity of the Sccorro area for the period
1975-1983. Locations of the WMT-USGS seismograph
stations are shown by triangles. Outline of the
mid-crustal magma body and COCORP reflection lines are
also shown.
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of Socorro). Previous studies (Shuleski, 1976; Johnston,
1978; Sanford and Schlue, 1980) have interpreted this
activity to be related to the upward intrusion of small

magma bodies in a complex network of dikes and sills.
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INSTRUMENTATION

The principal source of data for all microearthguakes
studied in this report were recordings from the eight
permanent stations of the New Mexico Tech (NMT)-Dnited
Btates Geological Survey (USGS) seismograph network (see
Pigure 2). In addition, temporary stationa MLM, POL and SHM:
were operational on an intermittent basis, The station
locations and elevations are summarized in Appendix 1. A
summary of the operational times for each station is also
presented in Appendix 1.

Contained in Appendix 2 is a summary of the gain and
response characteristice of most of the WMT-USGS systems as
of mid-1983. The seismometers used in the permanent systems
are elther the Teledyne Geotech Model JTM (naiural frequency
of 1 Hz) or the Teledyne Geotech Model 18300 (alsoc a natural
frequeancy of 1 Hz). The signal from the stations is radio
telemetered to the NHew Mexico Tech campus and is recorded on
helical drum recorders at a speed of 60 mam/minute using a
hot-wire stylus. These analog records can usually be read
to within +0.05 seconds using a hand lens.

In addition, beginning at 2030 hours U.T. on May
13,1983, a Sprengnether DR-100A digital event recorder was
operated in Wood's Tunnel adjacent to station WrX. The DR-
100 system continously samples the ilncoming signals and is
triggered when the ratio of a short-term average signal to a

long-term avarage signal exceeds a prescribed value. The
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geophone used with the DR=100 in this study was a Marks
Products L4-C (natural frequency of 1 Hz). The sampling
rate was a constant 100 samples per second throughout the
study. The response characteristica of the digital system
are also contained in Appendix 2. In an attempt to record
unsaturated events over as wide a range of magnitudes as
possible, the gain on the DR-100 was changed at various
times during the swarms {(summarized in Table 1). Amplitudes
of digital data in this study Hﬂin corrected for the change

in gain when neccessary.



Date

Table

2030 ,May 13-
1645,May 20

1630,July
1612,July

1700 ,July
1620 ,July
1645,July
1600 ,July

1615,July
15‘5!5“1?

1500,July

14-
18

18-
19
19~
20

20~
21

2l=-

1. Summary of DR-100 Digital Unit Operation

During 1983 Socorro Mountaln Swarms

Gain
(dB)
B4
78

78

T2

72

Location

Concrate Pad,

WTX

Concrate Pad,
WTX

Wood's tunnel
about 75m E of
prav. location

Concrete Pad,
WTX

Concrete Pad,
WTX

Concrete Pad,
WTX

Pilters
Low-High {(Hz)
00,30
00,30

00,30

00,30
‘00,30

00,30

(1)
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EARTHQUARKE SWARM STATISTICS

At the HMMT-USGS Seismological Observatory, the normal
routine is to calculate the magnitude of an event at the
same time as its location using a duration-based magnitude
scale derived by Los Alamos Wational Labratory (LANL) for
~ northern New Mexico (Newton et al., 1976). The LANL formula

Me=2,7910g9T -3.63 , 1)
where T is the measured signal duration in seconds, was
found to be applicable to earthguake data from central New
Mexico as well (Ake et al., 1983). However, this duration
based magnitude scale was derived using data between
magnitudes one and four. Hence it is uncertain how
accurately the eguation determines the magnitudes of very
small events (Mg<0.0). '

A comparison between the amplitude-based and duration-
based magnitudes was made. The amplitudes of the 19
strongest events in the tuu-uﬂar-l {nine in May, ten in
July) were measured on seven of the local network records.
corrections were made for station magnification and
attenuator setting in each case. Magnitudes were then
calculated using the relation

M = logA-logA,-0.0014 A (2)
{see Richter, 1958 and Ake et al., 1983). These results
were then compared to the duration based magnitude,
calculated by the HYPO71l program using the LANL formula.

The results are summarized in Table 2 and Figure 6. For all



Ho. Event M, (*std. dev.) Mg (2atd. dev.)
1l May 10,0627 l1.00 0.30 0.46 0.30
2 May 10,0838 1.49 0.36 1.36 0.41
3 May 10,1105 1.30 0.34 1.00 0.40
4 May 11,0616 1.04 D.45 0.37 0.23
5 May 11,1359 0.99 0.50% 0.53 0,32
[ May 11,1430 1.27 0.42 0.64 0,31
T May 11,1433 0.94 0.25# 0.34 0.32
8 May 11,1452 0.80 0.19 0.34 0.21
9 May 11,1525 1.36 0,42 1.03 0.26
10 July 16,0310 0.71 0.26% 0.57 0.22
11 July 16,0859 1.07 0.34 0.79 0.30
12 July 16,2206 1.56 0.48 1.77 0.30
13 July 16,2248 0.78 0.31 0.20 0.29
14 July 17,1132 1.24 0.34 1.27 0.42
15 July 19,0340 1.43 0.34 1.79 0.36
16 July 19,0440 0.62 0.28 0.44 0.42
17 July 19,0912 0.68 0.27 0.52 0.54
18 July 20,0041 0,87 0.32 0.60 D0.30
19 July 20,1657 0.83 0.34 0.49 0.36*

Table 2. Summary of Comparison Between Amplitude-
Based and Duration-Based Magnitudes

(eT)

*Indicates at least one station value was rejected because
it was >2¢ from the mean.

ML was calculated using all local stations except LAZ.
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Figure 6. Comparison of duration-based and amplitude-
based magnitudes for the 19 strongest events in the

May and July, 1983, Socorro mountain swarms.
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but two of these events the LANL formula underestimates the
naguitudu}:elativa to the amplitude formula (Figure 6).
However, in almost all cases there is no overall statistical
significance to the difference (Table 2).

A count of the total number of events that occurred
during the two swarms was conducted using the analog record
of the closest station, WIX. The only count criteria was
that the event amplitude on the record egqual or exceed 1.5
mm, peak to peak. This amplitude corresponds to a local
{amplitude-based) magnitude of -0.80. Using this criteria,
446 events were recorded at station WTX between 0400 hours
on May 10 and 1200 hours on May 14, 1983. A total of 298
events with M;>-0.8 were recorded at WIX between 1100 hours
on July 14 and 1200 hours on July 21, 1983, ‘The majority of
the over 700 events recorded in these two swarms were gquite
waak,

The temporal distribution of events in the two swarms
is illustrated in Figure 7. A comparison with lunar/solar
tides produced no obvious correlation between tidal effects
and swarm activity.

Pigure 8 is a plot of cumulative number of events
versus magnitude for the two Socorro Mountain swarms. To be
conaistent with other recent studies in the Socorro area
{(and greatly expedite obtaining resulta) the LANL duration
based formula was used to compute the magnitudes, The
linearity of both the May and July data to magnitudes as
small as Mp==1.0 would indicate that all events have been
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Figure 7. Temporal distribution of earthquakes in May
(top) and July (bottom), 1983, swarms. Total number of
earthguakes with M >-0.8 was 446 for the May swarm and
296 for the July swarm. Arrows indicate the time of
occurrence of the strongest shocks.
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Figure 8. Plot of cumulative number of shocks versus
duration magnitude. The cumulative number of events
»-1.0 is plotted at M,==1.0 etc. Thus events with Me
<=1.0 have not been plotted, For the May data, linear
regression indicates logZ n=1,017-0.603(+0.043)M,.
For the July data, linear regression indicates
log¥ n=0.910-0.802(+0.050)M, .
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detected. BHowever,to overcome the possible problems related
to the calculation of magnitudes for the smaller events, a
somewhat arbitrary scheme was employed. The magnitude
calculated from the LANL formula for a duration of ten
seconds is -0.84. For a duration of five seconds it is -
1.68. The majority of the smaller events on the WIX record
had durations less than ten seconds (many aa low as three
seconds). Hence, the duration magnitude scheme would
indicate most events were less than Mp==0.85. The 1.5mm
{(peak to peak) minimum amplitude used in the count criteria
{on the WTX record) on the other hand, indicates a minimum
amplitude-based magnitude of -0.80.

The problems with the durations of the smaller events
probably result from a poor signal-to-nolise -ratio leading to
a consistent underestimation of the duration. As a
compromise (while still using the LANL formula) the
magnitude of any event with a duration less than ten seconds
was set to =1.0. The above argument not withstanding, it is
probable that due to the sensitivity and proximity of
station WTX all events stronger than M =-1.0 were detected.

A linear regression of the two data sets was performed;
in each case the data points at Me<-1.0 and logl n=0 were
neglected in the regression. So, all seven points for each
swarm shown in Pigure 8 were used in the regression. The
slope values (i.e. the b-valuea) differ somewhat between
the two swarms. For the May data the regression indicated
1ogL n=1.017-0.603 (£+0.043)M,, and for the July data,
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1091 n=0.910-0.802(0.050)Ms. This difference appears to be
statistically significant at almost the 20 level. The
reason for this difference is unclear at this time. Several
other interesting features of the two swarms are also
apparent from FPigure 8. The total number of events in the
two swarms is quite different, yet the number of events
larger than Me=-1.0 was just about the same. Purther, the
largest shock predicted by Figure 8 for the May swarm is
larger than that predicted for the July swarm (Mg=1.69
versus Me=1.15). In contrast, the duration magnitude of the
largest July event (Mg=l.79) was larger than that of the
largest May event (Me=l,38).

The b-value is sometimes taken to have tectonic
significance. 1t is difficult however, to compare the b~
value between studies by different workers as b will depend
on the method used to calculate the magnitude (Majer and
McEvilly, 1979). Typical b-values in the literature fall
between -0.8 and -1.2 (Molnar, 1979). In a similar study to
this, using duration magnitudes, Jarpe (1984) found a b~
value of -0.81 for an earthquake swarm 30 km north of
S8ocorro, Jaksha (1983) found a b-value of -0.87 for the
geographical area of the an;cn:ra magma body (using duration
magnitudes). The July, 1983, swarm data (b=-0.802) appears
to be consistent with these other results for the Socorro
area, The reason for the lower b-value of the May data (b=-

0.603) is unclear however.
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EARTHQUAKE LOCATIONS

The first step in any earthquake study is the
{(hopefully precise) location of the events. The positions
of the hypocenters relative to the stations will usually
determine the precision of location efforts. The swarms of
May and July, 1983, were nearly ideally lﬂéntad to
facilitate good quality locations using the NMT-USGS
seismograph network. The Socorro Peak area has one nearby
station, WTX, and is well circled by the other network
stations. The array of stations around Socorro allows for
good epicentral control while the station close to the
epicentral region signifcantly reduces errors in depth
estimates.

The revised HYPOT71l (Lee and Lahr, 1975) linear
inversion earthquake location program was utilized for
microearthquake locations in this study. A homogeneous,
isotropic half-space model was used with a P-wave velocity
of 5.85 km/second (Ward, 1980) and an S-wave velocity of
3.38 km/second. The S-wave velocity was determined by
assuming a Poisson's ratio of 0.25, which has been found to
be an appropriate value for the Socorro area from previous
studies (Caravella, 1976; Fender, 1978; and Frishman,
1979).

The HYPO71l program assigns an assessment of solution
quality (A through D) based upon a complicated set of

parameters (summarized in Table 3). The overall solution
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Table 3. Summary of HYPO71l Criteria for
: Solution Quality

=Rl B- oo E

RMS (sec) ERH (km) EREZ (km)
{n-ls {1-9 ‘2-“
<0.30 <2.5 <5.0
<0.50 <5.0 »*5.0
»>0,.50 >5.0 »>5.0

HO. GAP DMIN (km)
»6 <90 < DEPTH or 5
>6 €135 <2x DEPTH or 10
»6 <180 < 50
<6 >180 * 50
where:

DMIN=distance from epicenter to closest station
HO.=number of station readings used in nniutian
i=time residual for i%h station

RME= 1&;1’“ -

EDX and SDY¥=standard trrﬁ:n of latitude and longitude
of epicenter

ERH= 15D::+ 8DY* =atandard error of epicenter in km
BREZ= standard error of focal depth in km

GAP= largest angular distance between any two stations
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guality depends on the combination of Q5 and OD. If one
factor is C and the other A, the overall solution quality is
B. Typlcal wvalues for the variables for the 1983 Socorro
Mountain swarms are presented in Appendix 3. In light of
these criteria, two factors were most strongly considered
when deciding which earthquakes to locate, Pirst, the
analog records of the array were searched and only those
events that were clearly recorded by at least two of the
three northern stations (BMT, LAZ and LPM) were considered.
If this criteria was not satisfied the angular gap usually
exceeded 90 degrees. Second, to reduce the RMS value only
those events with clearly readable phases were used (i.e.
favorable signal-to-noise ratio). Using the above
standards, 18 events from the May swarm and 42 events from
the July swarm were selected for locatlion.

Because the digital event recorder was operational for
a substantial perlod of time at the closeat station (WTX),
wvery high guality readings of the S-P time interval could be
made. Por the May digital data (n=13 readings) the average
8-P time interval was 1.012+0.007 seconds, Por the July
digital data (n=55 readings) the average S-P time interval
was 1.025:0.016 seconds. Because the average S-FP time
interval is not statistically different at even the 10
level, an average value for both swarms was found (5=
P=1.023+0,013 seconds). This value was then utilized to
determine an S-phase arrival time at station WTX (where the

S-phase arrival was usually not readable on the analog
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records). These readings were then weighted (in the
solution procedure) more heavily than is cuatuin:y for 8
readings (Wieder, 198l1). The net effect of this procedure
was to reduce the uncertainty in hypocentral depth
calculations.

Prior to this study, the HYPO71l program utilized
station corrections based upon the results of Ward (1980).
The magnitude and sign of these corrections essentially
~accounts for the thickness and type of material beneath each
station. The corrections were derived from a large number
of events originating from a variety of locations within the
Socorro area. Because of the constant S-P time interval at
station WTX, all microearthquakes were believed to be
originating from essentially the same place. This allowed a
separate test of the applicability of the station
corrections for travel paths originating beneath Socorro
Peak to be made. Twelve of the strongest events from the
July swarm were chosen and P-wave arrival times were read.
Thess uventi were then located using AYPOT1l with the
corrections from Ward. The resulting cumulative RMS
rasiduals for each station were then applied as
*"corrections® to the former station corrections. The twelve
strong events in effect became “"master™ events for the
subsequent location of the other swarm events. This
procedure allowed for a set of station corrections to be
used which were optimized for events that originated in the

Socorro Peak area, These corrections are listed in Appendix
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1.

For the 18 events located from the May swarm, three C
quality, four B quality and 11 A guality solutions were
obtained. For the 42 events located from the July swarm,
one C gquality, 18 B guality and 23 A gquality solutions were
obtained. A summary of the location results of all 60
events is contained in Appendix 3. To minimize
uncertainties, the data base for further location analysis
was reduced to only A quality solutions with M4>0.0. Eleven
events from the May swarm and twelve from the July swarm
satisfied this criteria. The locations, errors, magnitudes
and times of occurrence for these 23 events are summarized
in Table 4. 1In general, the apicenters are clustered
roughly two kilometers southwest of station WTX and trend
north-south (Figure 9). The epicenters are clustered within
an area roughly 2.5 km (north-south) by 1.6 km (east-
west) .

It appears that the differences in location between the
main group of shocks and those further to the south is
statistically significant. The average standard error in
epicenters, roughly corresponding to two standard
deviations, (Lahr, personal communication, 1984) is only
0.46 km, whereas there is a distance of ~2.5 km between the
extreme northern and southern locations. Epicenters do not
appear to have migrated with time (Figure 10). Further,
there does not appear to be a statistically different

average epicentral location between the May and July swarms



Table 4. Summary of Location Data for Higheat Quality
Events in 1983 Sccorro Mountain Ewarms

Date O.T., Lat Long |Depth Mag Gap RMS ERH ERZ Q EQD

5/10 0657 3.56 57.49 8.76 0.05 70 0.04 0.3 0.2 A A/A
5/10 0838 3.48 57.51 8.77 1.33 86 0.04 0.3 0.3 A A/A
5/10 1105 3.64 57.32 9.16 0.99 84 0.06 0.4 0.3 A A/A
5/10 1142 3.32 57.49 9.18 0,14 72 0,12 0.6 0.5 A A/A
5/10 1637 3.71 57.42 9.75 0.21 70 0,07 0.4 0.3 A A/A
5/11 0616 3.38 57.41 8.53 0.36 71 0.09 0.4 0.4 A A/A
5/11 1359 3,58 57.46 7.02 0.52 70 0.05 0.3 0.3 A A/A
5/11 1430 2.66 57.48 B.65 0.64 75 0.15 0.9 0.8 A A/A
5/11 1433 3.64 57.31 7.55 0.24 T0 0.07 0.4 0.3 A A/A
5/11 1525 3.10 57.33 B.9%4 1.05 73 0.07 0.3 0.3 A A/A
5/14 0108 3,71 57.%90 9.14 0.09 &9 0.14 0.4 0.5 A A/A
7/14 1109 2.89 57.57 8.14 0.50 B9 0.0%9 0.5 0.4 A A/A
7/14 1139 2.54 57.35 10.05 0.15 75 0.11 0.8 0.6 A A/A
7/16 0859 3,07 _ 57.70 B.62 0.79 72 0.14 0.2 0.7 A A/A
7/16 1739 3.51857.61 9.31 0.16 71 0.09 0.5 0.4 A A/A
1/16 2206 3.51 57.51 B.92 1.77 71 0.09 0.5 0.4 A ASA
1/16 2248 3.44 57.11 9.11 0.15 71 0.07 0.4 0.3 A A/A
7/17 1132 3.66 57.39 9.08 1.27 T4 0.03 0.2 0.2 A A/A
1/17 2245 3.24 57.05 8.92 0.29 72 0.06 0.6 0.4 A A/A
7/19 0340 3.40 57.60 B.18 1.79 171 0.03 0.2 0.1 A A/A
7/19 0440 3.43 57.48 8.55 0.45 Tl 0.07 0.4 0.3 A A/A
7/19 0912 3.34 57.76 8.44 0.52 Tl 0.10 0.6 0.5 A A/A
T/20 1657 3.65 57.42 9.42 0.49 70 0.05 0.3 0.2 A A/A

Latitudes are expressed as minutes north of 34*, longitudes as
minutes west of 106°.

Explanations of other quantities and units are contained in Table 3.

(s2)
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Figure 9.

Epicentral locations for the 23 best located
avents in the May and July, 1983, Scocorro Mountain
swarms. The overall average ERH for these events was
0.46 km.
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Pigure 10. Variation in latthunku epicenters with time
for the 23 best located events. Refer to Table 4 for
key to event numbers.
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(Figure 11).

Deptha of focus for both swarms are summarized in
Pigure 12. The average focal depth for the May swarm is
8.86+0.55 km, The average focal depth for the July swarm is
8.9040.55 km. Again there is no atatistical difference
betwean the May and July swarms. The focal region for the
majority of the shocks appears to occupy a small volume of
crust-{rnughlr 4.4 k-‘}. In particular the focal region
appears to be tightly ¢unnttl1nué in depth inasmuch as 80
percent of the events fall between 8.33 and 9.43 km. This
relatively tight constraint on focal depth is not a quirk of
the location program. The essentially constant S-P
intervals observed at station WIX (from the digital data)
indicate that focal depths must be narrowly confined. This
observation (small changes in depth within awarms) is
similar to that noted in other Socorro area swarms (Sanford
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FPigure 11. Average epicentral locations from the 23 best-
located events in the May and July, 1983, Socorro

Mountain swarms. Circles represent the average ERH for
each data set.
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Figure 12. Distribution of focal depths for stronger "A"
guality solutions from May and July, 1983, swarms. The
average ecror in focal depths was 0.38 km.
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WAVEFORM DUPLICATION

The availability of high guality digital data allowed
detailed comparisons of waveforms to be made. In previous
studies in the Socorro area, comparisons of digital data
have shown a striking similarity between waveforms of
micrcearthquakes within swarms (Sanford et al., 1983c;
Sanford,. in prep.). The data in this study also exhibited
cloase similarity of waveforms (Figures 13 and 14). When
cross-correlating entire waveforms (eight second windows)
several pairs of events had correlation coefficients greater
than 0.94. This is quite remarkable as the strengths of the
events and time of occurrence varied substantially. A
listing of the cross-correlation program utilized in this
study is contained in Appendix 4. Although some remarkably
high correlation coefficients were found whnﬁ comparing the
entire waveform of separate events, this result was not
universal. To study the duplication phenomena further, the
P and S-phases were ana}r:ed separately. It should be noted
that because the digital event recorder was operational only
during the last portion of the May swarm, the analysis of
the digital data is somewhat biased towards the July data
set,

To analyze the P-phase in detail, only the first 0.6
seconds (60 points) of the waveform was examined. Figure 15
is a sequence of normalized P-phase waveforms from the May

swarm. All the events have been croas-correlated with the
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Figure 13. Example of duplication between entire waveforms
(8 second window), cross correlation coefficient=0,96.
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Example of duplication between entire waveforms
{8 second window), croas correlation coefficient=0.94,
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Dlg M Corr
[T Coeff

WY 0B 0. 0.8 0.84
W-NAYS3 084938 B4, 05 0,89
14-0Y-83 025452 73, 0.4 0.68
LT3 1448 127, 0.2 0.79
14WAY-83 023914 441, 0.4 0.8
Y- 412 171, 0.4 0.9
LHUY-83 030000 174, 0.4 0.9
14-WAY-83 010830 828, 0.7 1,00

i

:
5
:

Figure 15. BSequence of normalized P-phase waveforms from the
May, 1983, swarm illustrating waveform similacity.
A correlation coefficient of 1.0 indicates event used as
master.
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strongesat event shown (the bottom trace). The resulting
cross-corralation coefficients range from ﬂ.Tg-hn 0.90.
These events span a range of magnitudes from -0.8 to 0.70.
This group of traces exhibits remarkable similarity
congidering the events were recorded in the presence of
noise (which will have a larger relative effect on the
weaker events).

A series of normalized waveforms from the July swarm is
plotted in Figure 16. These events span an even larger
magnitude range (-0.6 to 1.8) and, with one exception, over
this range the correlation coefficients are all greater than
0.89 (with respect to the event at 03:30:26 on July 1l6).
Hotice, however, the decrease in correlation coefficient for
the strongest event in the panel, M =1.8 at 22:06:13 on July
16, This waveform has the same general character as the
other events in the panel but the fundamental frequency is
lower, Wearly all the P-phase digital data for
microearthgquakes less than or equal to 1.2 in magnitude
could be well represented by a single characteristic
waveform. The average correlation coefficient for these
events was 0.91. In contrast, the two events with
magnitudes greater than 1.2 showed a decrease in correlation
coefficient to less than 0.68 when cross-correlated with the
smaller events.

To evaluate the duplication of the S-phase, 0.9 second
{90 point) windows were examined. Figure 17 shows the

normalized S-phases of the same events plotted in Figure
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-0 160 @ 0% 0%
-8 UBE 16, 0.4 0.8
B0 008N L. 0.02 0.9
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BB 0EHE B, 0.3 0.5
700 000 57, 0.2 0.8
QAR . 0.8 0.5
BB R 7. 05 0.8
B8 0308 8. 088 400
B0 01087 1. 0.8 0.9
D000 045 8. 0.5 0.5
{083 0650 200, .08 0.9
OO0 128 00, 13 0.8

B0 20613 0. 18 0.8
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mnﬂ =

Pigure 16. Sequence of normalized P-phase waveforms from the
July, 1983, swarm illustrating waveform similarity over a
large magnitude range.
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Figure 17. Comparison of normalized S-phase waveforms
corresponding to P-~phase windows in Figure 16. Negative
correlation coefficients indicate phase reversal.
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16. As can be seen, some events in this panel have high
correlation coefficients and some have fairly inu
correlation values. The choice of master event in this
panel was not the same as in Plgure 16. The master was
chosen to be that event giving the highesat average
correlation coefficient with all the events in the panel,
In general the correlation coefficlents here are lower than
those for the same events on the P-phase panel. Again
notice that the largest event on the panel (M =1.8) shows a
low correlation coefficient (0.55). By searching through
all the S-phase data available, groups of events could be
found that were quite similar in character (Pigure 18), but
in general, the similarity between S~phase waveforms was not
as great as with the P-phases. The reason for this somewhat
unusual behavior is not clear at this time,

For certain events (e.g. in Pigure 17) the correlation
coafficient was negative. This occurs when the two
waveforme being correlated are 180 degrees out of phase.
This phase reversal occurred fairly frequently for the S-
_phase data but not at all for the P-phase data.

This duplication (except for amplitude) of waveforms
over a large range of magnitude (-0.8<M_<1.2) and hence
seismic moment indicates the smaller events are the impulse
response of the path and instrument (Prankel and Kanamori,
1983). The small number of events above M =1.3 prevents a
precise determination of where duplivation ends.

The first arrival of the direct P-phase travels the



(39)

N owe
- Coeff
B0 008 18, 0.7 085

B 08 1. 048 0.6
80 10554 20, 0.8 0.8
-6 156 32, 0.2 0.8
WHILE3 1904 3B, 0.6 -0.07
-8 0404 32, 0.8 0.7

A-JUL-E8 1576 58. 0B 0.5
UG ees 0. 071 0.7m
{6-JU-83 081207 E2. 0.7 0.8
LB 21500 Mi. 0.7 0.8
AA-WOMIE R 0.5 0B

T80 001037 e, 1.8 100
-0 frEe R, 1.8 0.
B-L-L s 0. 1N 0.8
1063 220813 2000 180 0.5

P

.ol e

Figure 18. Sequence of normalized S-phase waveforms from the
July, 1983, swarm i{llustrating duplication over a large
magnitude range.
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minimum time path. Hence the first cycle of motion in the
direct P-phase should have the minimum anount-n! complexity
due to multipathing and reverberations. To study path,
instrumentation and source properties, an examination of
this initial portion of the P-phase was conducted.

The time between the direct P-wave onset and the first
zero crossing (Ty) was measured for both the May and July
data sets. Por the May digital data (16 events) the average
Ty, was nearly constant (0.038+0.003 seconds) over the
entire range of event strengths (-0.8<M <0.7). The July
data (77 events) was also nearly constant (Ty=0.038+0.005
seconds) up to a magnitude of 1.2. However, the largest
event, M =1.8, again failed to group with the other data as
Ty, was 0.069 seconds. This is more than three standard
deviations from the mean for the shocks with magnitudes less
than 1.2.

If the hypothesis postulated in the previous section is
true, the smaller events are merely the impulse response of
the path and instruments., Therefore any value of T which
is statistically significantly larger than the average for
the smaller events has some source information contained in
the waveform.

Thus by using two different approaches, correlation
coefficients and measurement of Ty, the magnitude at which
source information begins to appear in the waveform is
constrained to lie between M, =1.3 and 1.8 for the swarm-

WTX travel path. Unfortunately the lack of more data above
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magnitude 1.2 prevents a more precise estimate of the end of

duplication and the beginning of the arrival of source
information. Obviocusly this particular value will hold only

for this travel path; slightly different values have been
determined in other Socorro area studies (Sanford, in

preparation).
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FAULT PLANE SOLUTIONS

In focal mechanism studies the source is assumed to be
surrounded by an imaginary sphere, the focal sphere. To
determine the focal mechanism, the focal sphera can be
projected onto a plane, the sterecnet. Because this study
was concerned with local events, the upper hemisphere was
utilized as the plane of projection, A detailed discussion
of the use of the atereonet in fault plane soclutions may be
"found in Wieder (198l1)., The first motion (compression or
dilatation) is plotted as a point on the sterecnet with the
coordinates, azimuth and angle of incidence, determined by
the HYPO71l solution, For this study a homogeneous,
isotropic half-space was used, hence the raypaths from
source to receiver waere straight lines.,

To reduce the possible errors in attempting to read
first motion directions of weak events, the composite fault
plane solutions presented hirc utilized only the strongest
shocks in each of the two swarma. WNine events from the May
awarm and ten from the &uly swarm were studied. Table 2
contains a listing of the 19 events. Table 5 contains a
ligting of the direction of first motion cbserved at each
station. Only those readings that were clear were
ntilized.

For the data from the May swarm there was only one
reading that reversed first motion direction, up rather than

down at station SB. The P-phase onset at stations LPM and



Table 5. Summary of First Motions by Station Used
in Pault Plane Studies

May Data, Events #1-9:

Usable =
Station Readings 1™ Motion Character
WTX 9 9 down impulsive
BAR 9 9 up impulsive
CAR .9 9 wup impulaive
SB 7 6 down; 1 up impulsive
SMC 9 9 up impulsive
BMT 9 9 up somewhat emergent
LPM 4 4 up emergent
LAZ 6 . 6 up emergent
MLM 3 3 up emergent and weak
July Data, Events #10-19:
WTX 11 11 down impulsive
SHM 11 11 down impulsive
BAR 11 11 up impulsive
CAR 11 11 wup impulsive
SB 11 11 down somewhat emergent
SMC 8 8 up somewhat emergent
BMT 7 6 upy 1 down emergant
LPM 9 8 vpy 1 down somewhat emergent
LAZ 4 2 up; 2 down emergent

{E¥)
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LAZ was generally more emergent in character and thus had
fewer clear readings than the other stations. For the July
data, station LAZ shows a clear reversal of firat motion
direction during the swarm, Station BMT also shows an
emergent character to the P-wave onset, This data indicates
that one P-nodal plane must pass near these stations (LAZ,
BMT and 5B).

In addition to the first motiona, an additional
constraint may be placed upon the location of nodal planes
by considering the amplitude ratio of the § and P-phases.
Table 6 summarizes the measured ratios of the direct 8 to
direct P-phase for the local network of stations for the 19
strongest shocks of the May and July swarms. The ratios
show a large variation in value with the standard deviation
usually being a significant fraction of the mean. In
general, stations LAZ, BMT, SMC and LPM have large values
for the 5/P amplitude ratios, There were no statistically
significant differences in S/P amplitude ratios between the
May and July swarm data.

Based upon the above data, composite fault plane
solutions ware obtained for both the May and July swarms
(shown in Pigure 19). Due to the S5/P amplitude ratios at
BMT and LAZ and the reversal of first motions at LAZ, one P-
nodal plane appears to be well constrained to strike N15°E.
The orientation of the complementary plane is somewhat lesa
constrained. The position of the second plane was chosen

based upon the pole of the first plane and the 5/P amplitude
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Table 6. 5/P Amplitude Ratios for Local Stations

May Data, Events 1 Through 9:

Station 8/P Amplitude Ratio Std.Deviation (&)
WTX 2.42 l.44
BAR 2.47 1.17
CAR 2.54 0.75
8B 1.45 0.99
EMC 3.48 D.41
BMT 3.58 : 2.58
LEM 4.64 1.68
LAZ 4.56 2.18
MLM 1.35 0.13

July Data, Events 10 Through 19:

Station 8/P Amplitude Ratio Std. Deviation (%)
WTX 3 1.41 0.52
BAR 1.20 0.31
CAR 2.35. 0.57
5B 1.17 0.36
SEMC 3.90 1.49
BMT .96 1.56
LPM 3.24 0.91
LAZ 5.05 1.00

{Note: all amplitudes were measured from analog records)



-i (46)

N § Strongest Shockd, May

 Strongest Shocks, July

Figure 19. Pault plane solutions (upper focal sphere) from the
May and July, 1983, swarms. Compressions are dark circles,
dilatations are open circles. The triangle indicates reversal
of firast motions. :

-
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ratios at stations LPM, WIX and SMC. The resulting
solutions for the May and July swarms are quiﬁ& similar,
The focal mechanism appears to be nearly pure normal dip-
slip.

An earlier comprehensive study of focal mechanisims in
the Scocorro area was conducted by Wieder (1981). Wieder
subdivided the general Socorro region into 12 smaller
areas, Hia areas 9 and 5 are in fairly close proximity to
the area of this atudy. Wieder's results for his area 5
show dominantly dip-slip motion with nodal planes striking
N7°W and N21°E. The nodal planes both dip at 47 degrees,
For area 9, Wieder finds azimuths of W48°W and N7'E with
dips of 40 and 66 degrees respectively. Wieder prefers the
eastward-dipping planes in both these areas. Although the
azimuths found in this study agree fairly well with Wieder's
study, the dips differ gquite a bit., Por the 1983 swarm data
there appears to be either a plane dipping steeply (~70°%)
westward or a plane dipping at a shallow angle (~20%) to the
east, These planes may be interpreted as either stralght or
curving features that extend to the surface (possible
geometries are illustrated in Pigure 20). Upon projecting
the possible fault planes to the surface, there does not
appear to be any correlation with mapped surface faults
having the correct sense of movement.

In an attempt to eliminate one of the possible planes,
the focal positions of the 23 best located events (see

Pigure 9) were projected onto a vertical plane normal to the



Figure 20.

Illustration of possible fault geometries based upon

assumption of planar or curving fault surfaces. Hatchured
areas indicate possible zones of faulting.

(8¥)
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average strike of the possible fault planes (i.e., onto a
plane with azimouth=105 degrees). This procedure, shown in
Figure 21, suggests that the westward-dipping plane is
somewhat more likely to be the true fault plane, The Steep,
westward-dipping fault plane would also seem to be a more
logical choice based upon other physical considerations.
Consider the hody forces associated with these fault
planni. If the low-angle normal fault were chosen, the
affect of gravity as a driving fércn would be negligible
compared to the effect of gravity as a normal force across
the plane due to lithostatic load. Thus for the steeply-
dipping plane, gravity will be assisting in failure while
for the shallow dipping plane, gravity will be retarding
slippage.

The digital data at station WIX were also examined and
8/F amplitude ratios catalogued. The ratios at WTX are
generally low, 8/P=1,61+0.87, but highly variable, 0.20< S/P
<6.5. A= mentioned previocusly the S-phase at station WTX is
apparently reversing direction of first motion. These
factors would indicate that considerable complexity in the
fault process is associated with at least some of the
smaller events. This complexity presents an area for
further study.
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Figure 21. Cross section illustrating the projection of
hypocenters onto a plane normal to the strike of the
inferred fault planes. Events used are the 23 best
located events (see Table 4).
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SPECTRA

To extract all possible information from the digitally
recorded seismograms, spectral characteristics of some of
the WrX digital records were studied. All of the WIX
digital ditl was acquired at 100 samples per second. The
DR-100 amplifier filter was low-pass with the low setting at
out and the high setting at 30 Hz. To study the frequency
content of the incoming seismic waves, the response of the
filter and geophone was removed via a straightforward
- deconvolution procedure. An illustration of the effect of
seismometer and filter response on the spectra is shown in
Figure 22. The P and S-phases were studied individually
with 64 point (0.64 second) windows. _

A total of 19 events, six from May and 13 from July,
were studied. These events were chosen to represent
unsaturated events ;ith a ?nriatr of /P amplitude ratios
that covered the entire time period of the swarms. 1In
general the corrected spectra is best represented by a
function of the form A *F

. Amp =e (3)
where k is a decay parameter., Examples of P and S-phase
corrected spectra are shown in Pigure 23. For events below
the threshold of duplicahiun. this represemts the path
response.

Clear peaks in the uncorrected spectra occur roughly

between 9 and 13 Hz for the events examimed in this study.
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Pigure 22. 1Illustration of the deconvolution of
instrument and filter effects from raw P-phase
spectra (top). Both spectra plotted with three
point moving average filter. :
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Figure 23, Examples of P-phase (top) and S-phase
{bottom) spectra corrected for instrument and
filter response. Both spectra plotted using
a three point moving average filter.



(54)

In general even though the events vary widely in strength,
the spectral characteristics do not vary much. This is
certainly expected in view of the waveform duplication
discussed previously.

Below the threshold of duplication, it is assumed that
the shape of the raw spectra is due to a combination of
instrument effects and attenuation along the path (see
Figures 23 and 24). The instrumentation effect is
approximated by '

Anp=2-T-F (4)
The path attenuation is approximated by:
Amp=E (5)

k=0T
Ei\f
O=seismic guality factor,

v=average propagation velocity,
r=distance from focus to station,

and f=frequency.
The raw spectra (See Eigu:nlza, top) show rather pronounced

where

peaks separated by a constant frequency interval. This
behavior often indiuat&s a near surface reverberation
phenomena. In order to define a single spactral peak, the
data was amoothed using a nine point moving average filter.
The amplitude of the uncorrected spectra is
o P (6)
and therefore,

e =20 €45 1 2nhn (BE)E*H = 0
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Figure 24. Schematic illustration of the interaction of
path attenuation curve (a.) with instrument effects
{b.). Since this interaction is a time domain con-
volution (c.) the interaction results in the
obaerved raw spectra (d.).
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where £, is the spectral maximum., An estimate of Q may be

found from
Q=0T
v (7

Examples of P and S-phase windows and corresponding
uncorrected spectra are shown in Pigures 25 and 26.
Spectral peaks are summarized in Table 7. The P-phase
appears to have a single well-defined peak at 9.4 Hz. This
leads to an estimate of Qp of 42<Qp<48 (accounting for the
discrete frequency interval). The S-phase shows more
variability in spectral peak but 9.4 Hz still appears to be
the dominant peak., Hence an estimate of Qs ie then 73<Qg
<B86. Thus it would appear, for this travel path, that Qg is
slightly larger than Qp. Although not supported by
estimates of statistical uncertainty, these values are
useful for general comparison., Carpenter (in prep.) found
Qs values ~100 for this path using a different technigue.
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Figure 25. Example of P-phase window (0.64 second) and
corresponding uncorrected spectra. Spectra has been
smoothed with a nine-point moving average filter,



(58)

050202 NT

4-MAY-83
INDOW=> 206 + 269

3
m
E. L L] ]
“ 10 20 0 5O
FREQUENCY (HZ)
~¢14-NAY-83 030282 WT G4DB 80 38)-
CHINDOM =3 205, 2693 MAX. AMPL. = 496

FPigure 26. Example of S-phase window (0.64 second) and
corresponding uncorrected spectra. Spectra has been
smoothed with a nine-point moving average filter.



Event

May
May
May
May
May
May

July
July
July
July
July
July
July
July
July
July
July
July

Hote

Table 7. Summary of Smoothed Spectral Peaks from

14,
14,
14,
14,
14,
14,

15,
16,
16,
16,
16,
17,
17,
17,
18,
20,
20,
22,

1 LE

Uncorrected Spectra with Wine Point Moving
‘Average Filter Applied.

P-phase S-phase
010216 9.4 9.4
024142 9.4 9.4, 10.9
030000 9.4 9.4
050202 9.4 9.4, 10.9%
084938 9.4 9.4
144318 9.4 9.4
051410 9.4 9.4
031037 9.4 9.4
043637 9.4, 10.9 20.3
173952 9.4 9.4, 10.9
230054 9.4 16.7
024404 9.4 20.3
121303 9.4 20.3
155058 9.4 9.4
110937 9.4 9.4
004155 9.4 9.4
13521? !i‘ giqf lnvg
070252 9.4 9.4, 10.9
two values appear the spectra was flat between the

two values.

(6S)
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SOURCE CHARACTERISTICS

The waveform recorded by the seismic system (A(t)) may
be expressed as the convolution of the source function
(5(t)) with the response of the path (the Green's function,
G(t)) and the instrument response [I[t]}, thus

A(t)=5(t)*G(L)*I(t). (8)
The duplication of events noted previously suggests the
source function is very "delta-like' and the cbhserved
waveform is merely the impulse response of path and
instrument, i.e.
Ay (E)=G(E)*I(L). (9)

This may be described somewhat differently by
congidering the spectral corner freguencies dictated by path
and source, As the source-time function becomes more delta-
like, the resulting source spectrum becomes broader band.
Thus as the source becomes more delta-like, the source
corner frequency will nvuntﬂnllf fall above the path
attenuation curve. Hence at some source size the waveform
becomes source 1ndupnnﬁent {summarized in Figure 27).

A logical analysis procedure would be to simply
determine the Green's function for a particular path from
small (i.e., source independent) events. Then merely
deconvolve this Green's function and the instrument response
from the waveform of a large event to determine the source

properties of the large event., Unfortunately, for this data
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SOURCE IMDEPENDENCE
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Figure 27. Schematic diagram illustrating the location of
corner frequency depends on the "deltaness" of the source
function. Source independence depends on the position of
corner fregquency relative to the path attenuation curve.
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set, the events which fall above the duplication thresheld,
as determined by Ty, and cross-correlation, are all
clipped. Hence frequency domain analysis would be
fruitlesas,

Frankel and Eanamori (1983) suggest a simple method to
approximate this deconvolution. This approximation involves
deconvolving the "empirical® Green's function of a smaller
event from a large (i.e., above duplication threshold)
event by finding the difference 1n'EH between the two, i.e.

o g o 10)
This result is an approximate estimate of the pulse width
{m of the source time function, Since both waveforms
are recorded by the same instrument there should be
negligible instrumentation effect,

In Frankel and Fanamori's model, the pulse width of the
source time function.is converted to an estimate of the
source radius, A model with a circular rupture propagating
at a constant velocity that stops instantaneously is used
{(Sato and Hirasawa, 1973). Following Boatwright tiBBﬂ] the
fault radius is then estimated from

r=ﬂ (11)
[- 5110
where ¢ is wave velocity and @ is the angle between the
normal and ocutgoing ray. The rupture velocity (v) is taken
to be a constant 0.98. For the 1983 Socorro Mountain

awarms, the steeply dipping fault plane is assumed to be
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Figure 28. An fllustration of the definition of the gquantity
g ulmin agquation 1ll. A constant velocity half-space model
8 u -
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appropriate, then 8 is found to be 83° (see FPigure 28). The
value of ¢ is set to a constant 5.85 km/sec.

The magnitude of the larger shocks was determined from
peak amplitudes (see Table 2). Then from the relationship
of Archuleta et al. (1982),

log M,=1.05M,+17.76 , : ) {12)
seismic numenfa could be calculated. Once source radius and
seisnic moment are known, the stress drop (A0 ) may be
found from Brune's (1970) circular fault model

as = THe (13)
Recall, for the May data set, ﬁ-ﬂ.ﬂﬂﬂtﬂ.ﬂﬂzﬁ seconds and
for the July data: :Egrﬂ.ﬂiﬂztﬂ.uﬂdﬁ seconds. Only four
events (all from July) have both large enough magnitudes and
Tﬁ'i to analyze with this approach, The results for these
events are summarized in Table 8. The stress drops appear
to be slightly lower than those reported from California by
Frankel and Eanamori but wiéhin the scatter of other studies
{0O'"Heill and Healy, 1972; Archuleta et al., 1982; Modiano
and Hatzfeld, 1982).

The two largest events (numbers two and four in Table
8) show consistently small values for stress drop. This
arises as a consequence of the large source radius
calculated for these events. The radivus is found from
equation (11) and is directly proportional to TQ:"f
However, the rupture velocity is assumed to be constant in

equation (11). If for the larger events, v is not a



" Table 8.

Summary of Source Characteristics for Events
Above Duplication Threshold, Hay and July,
1983 Swarms.

Event 13[5EC} !ﬁ: r{m) !Eifffffcm] agibars
16-Jul 0859 0.044 1.17 36 7.65 - 1018 74
16-Jul 2206 0.069 1.56 184 2.51 - 1019 2
17-Jul 1132 0.045 1.24 42 1,15 - 109 71
19-Jul 0340 0.068 1.43 178 1.83 . 1019 1.4

Note: :,i'“" = 0.0380 + 0.0026 seconds
Table 9., Summary of Source Characteristice for Events
With ty, More Than One Standard Deviation
Above ¥, , May and July, 1983, Swarms.

Event T!I{SH:} i ﬂﬂl HHEM'W} Aol bars
14-May 0108 0.043 0.67 30 2,91 - 1018 . 49
16-Jul 0610 0.042 0.13 24 7.88 « 107 26
16-Jul 2220 0.042 -0.12 24 4.31 - 10'7 14
17-Jul 0242 0.044 0.42 35 1.59 - 1018 15
17-Jul 0419 0.043 =0.14 30 4.10 - 10Y7 7
17-Jul 0545 0.042 =0.04 24 5.22 - 107 17
17-Jul 1135 0.042 -0.24 24 3.22 - 107 11

" Note: 1,’;““ = 0.0380 ¢ 0.0026 seconds

(s9)
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constant some errors in r and hence A may occur.

Another approach is to examine any event where Ty is
more than one standard deviation from Ty, regardless of
magnitude and determine the stress drop. For the May data
this is any event where Tyw>0.041 seconds and for the July
data the critical Ty, is 0.042 seconds., There are seven
events that meet these criteria (summarized in Table 9).
There is little difference in Ty, and magnitude for these
events hence no significant differences in radius and stress’
drop are noted,

It would appear possible to bound the values of stress
drop for events that contain source information. Since the
two smallest events in Table 8 have small €y values and
fairly large magnitudes, these would appear to be the events
with the largest stress drop. The other two events in Table
8 have large ty, wvalues and only slightly larger
magnitudea., Considering the functional relationship between
stress drop, magnitude and 'h,i‘:n.i thase would appear to have
the smallest stress drop of any events., Thus, it would
appear that the stress drop for all events in these swarms
falls batween 1.5 and 75 bars. All values obtained here of

course, depend critically on the model usad.
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SUMMARY AND CONCLUSIONS

During May and July, 1983, two distinct microearthquake
swarms occurred near Socorro, New Mexico. Over 700 events
were clearly recorded at the closest seismograph station at
an upicunérnl distance of ~3km. Although there is a large
amount of uncertainty in the estimates of magnitudes, the
largest shocks in both swarms certainly had magnitudes less
than two. The temporal disribution of activity was typical
of awarms, i.e., sporadically occurring clusters of
events. The larger events occurred at intervals of several
days throughout both awarms, This sort of awarm activity
has previously been correlated with contemporary magma
movement in certain areas (Richter, 1958). ‘This particular
urnﬁ has in the past been suggested by other studies as a
potential region for the location of upper crustal magma
{Chapin et al., 19751. :

Mo significant difference in earthgquake locations
exists between the two swarms. Epicenters are clustered
2.2km southwest of station WIX at an average focal depth of
B.8 km. The very small changes in 5-P time interval on the
digital data at station WrX strongly indicates very little
migration of hypocenters cccurred. The total volume of
crust "active” during the two swarms was probably no more
than 4 km>. As is the case with essentially all the
earthquake data in the central Rio Grande rift, no events

with hypocenters below 10.5 km were noted (Sanford et
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al.,1983a). This lack of brittle failure below ~11 km is
probably due to increased ductility arising from elevated
temperatures in the middle crust.

Composite fault plane soclutions obtained for the
strongest events in the May and July swarms indicate normal
faulting with nearly pure dip-slip motion.on possible fault
planes striking N15°E. The dip of one plane is low (~207)
and the other high (~70°). The high angle, westward-
dipping plane is felt to be the more probable failure
plane. These results agree with other fault plane studies
{using different data) for this area (Wieder, 1980). The
fault plane determined in this study does not appear to
correlate in position or sense of motion with any mapped
surface faults in the area.

.Bpe¢ttn from the P and S-phase of 19 unsaturated events
were compared. The corrected spectra showed peak
!requancitl between 9 and 13 Hz, Very little energy was
apparent above 25 Hz in any of the waveforms studied. An
estimate of whole path attenuation (Q) was made. For this
path, it appears Qg is slightly larger than Qp. The
estimate of Qg obtained (~80) is in reasonable agreement
with values obtained by other studies using different
techniques,

From high quality digital data at station WTX waveforms
were found to be gquite similar, except for amplitude, up to
a magnitude of 1.2. This duplication is especially

pronounced for the P-phase. Cross-correlation of the P-
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phase data for different events from these swarm often
yields correlation coefficients greater than 0.90.
Duplication occcurs between S-phase data but it is not as
perfect as for the P-phase. This duplication does not
extend beyond My =1.3 for either the P or S-phase.

The period of the first half cycle of the P-phase (T )
was measured from the digital data and indicated no change
in its duration up to magnitudes on the order of 1.2. This
duplication of events over a lncﬁe range of seismic moment
indicates the seismograms for events below magnitude 1.2 are
the impulse response of the path and instrumentation,

Utilizing the source independence of the smaller
events, source characteristics of the larger events were
studied. An estimate of the pulse width of the source was
obtained by "deconvolving" an empirical Green's function
from the waveform of a larger event. This pulse width was
then converted to an estimate of source radius. Using the
seismic moment for each event (found from the event
magnitude) along with the source radius, the ﬂtrené drop was
calculated., The largest events showed large source radii
and small stress drops, r>150m and A0 <3 bars. Whether
this behavior is an actual manifestation of the fault
process or an artifact of the model used is not completely
clear at this time. Because znﬁ:rtﬁf“'f“ for the model
used, it is the very large Tty wvalues which lead to the
gmall values of streas drop.

The data set presented here offers excellent
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possibilties for further study. Possible areas of future
work include a more detailed comparison of source
characteristics from other local data sets and the
investigation of source properties using different fault
models. A more detailed fault plane study including
correction of amplitudes to the focal sphere and analysis of
S-nodal planes could also be pursued. The Ty, study
suggests that this parameter may be useful as a gualitative
indicator of whole path (. Por a given event magnitude, the
more severe the high frequency attenuation along a given

path, the broader the pulse width.
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Appendix 1

This appendix contains a listing of the locations, station
corrections and any major "down times® for cach of the NMT-
USGS seismic network stations.



Station
BAR
BMT

LAZ

g § 5

SMC
SHNM

WIX

Appendix Ia.

Lat
3408.52
3416.50
3357.15
3424.12
3418.77
3448.85
3410.70
3358.51
3346.72
3404.21
3404.33

Long
10637.68
10715.61
10644.07
;ﬂ?ﬂﬂ.!ﬁ
10638.03
10718.70
10658.15
10710.84
10701.16
10656.61
L0656.75

Listing of Locations and Station
for NMT-USGS Metwork

Elev (m)
2120

2088
1717
3230
1560
1511
1555

Corractions

Station
Corr. (mec)

0.06
0.14
0.09
-0.01
=0.33
-0.23
0.28
0.20
-0.04
-0.16

If no station elevation appears in the table, HYPO71l utilized
the average elevation of all the stations.

(ag)
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Appendix Ib,

Listed below are any major down times for stations in the

HMMT-USGS seismic network during the course of the two swarms.

If no pa:ticular down time is listed for a given station, the

the station was down for the entire dnr.

May Swarm

May 9, all stations operational

May 10, BMT off
May 11, POL off

‘May 12, POL and WTX off

May 13, POL off

May 14, all stations operational

July Swarm
July 14 WTX off,
July 15, MLM and
July 16, MLM and
July 17,
July 18,

MLM
MLM

July 19, MILM and
July 20, MLM
MLM

July 21,

-1900-2230, MLM and POL off
of £
of f
off
off
off
off

2232388238

of f
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Appendix II. Response Curves
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Appendix ITa. Response Curves Por the NMT-USGS

Seismograph Stations as of mid-1983.

The raw data used in this appendix was acquired by
Larry Jaksha and the response calculations were performed by

Scott Phelps and Larry Jahsﬂa.
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Reaponse Curve For Station CAR
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Station LAZ

A complete response curve calculation could not be
performed for LAZ. However, the response was determined for

a single frequency; at 1 Hz the magnification of LAZ is
53,000 with an attenuator setting of 36 db.
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Response Curve For Station LPM
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Response Curve For Station SMC
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Appendix IIb. Response Curves For the DR-100
Digital Event Recorder

The data utilized in this study was all acquired
with filter settings of
low=out
and high=30 Hz,

The different response curves for a particular filter
setting are a function of the random application of the
digital timing comb to the incoming analog signal. For a
complete discussion of this phenomena see Carpenter (1984).
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DR-100 Response Curves With Filter Settings

of Low=5 Hz, and High=30 Hz.

8
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DR=100 Response Curves With Filter Settings

of Low=0Out, and High=30 Hz.
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Appendix III.

This appendix contains a summary of the location data for
the 60 microearthquakes located in this study. The origin
time is given in universal time and the focal depth is given
in kilometers below the average elevation of tha recording

stations, Also ses Table 3 for a further explanation of the
guantities used,
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5/10/83
5/10/83
5/10/83
5/10/83
5/10/83
5/10/83
5/10/83
5/11/83
5/11/83
5/11/83
5/11/83
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Date

5/14/83
7/14/83
7/14/83
7/14/83
1/14/83
7/14/83
7/14/83
7/14/83
1/14/83
7/15/83
7/15/83
7/16/83
1/16/83
1/16/83
1/16/83
7/16/83
7/16/83

1443
0552
1109
1123
133
1242
1351
1613
1617
0514
0as1
0310
0435
0612
0859
1739
2150

Long-W
106-58.03

106-57. 7
106-57.57
106-57.07
106-57.35
106-57.29
106-58, 34
106-57.92
106-58. 58
106-57.64
106-57.83
106-57.68
106-57.60
106-57.92
106-57.70
106-57.61
106-57.81

Depth  Mag
8.51 -0.24
9.0 -0.41
g.14  0.50

10.16  -0.40
10.05 0.15

- 8.67 -0.51
9.9 -0.34
8.90 -0.67
9.68 -0.48
8.99 -0.45
9.84 -0.07
10.81  0.56
8.76 --0.43
8.14 0.16
8.62 0.719
9.31 0.16
9.20 -0.37
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10
10
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n
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0.09
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o.Nn
0.09
0.16
0.14
0.16
0.12
0.13
0.08
0.06
0.10
0.14
0.09
0.12

ERH
ﬂia

0.2
0.5
1.1
0.8
0.7
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0.9
1.2
0.2
0.7
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0.5
0.8
0.5
0.6

ERZ
0.3

0.1
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Date

7/16/83
1/16/83
7/16/83
71117783
7/17/83

.. H17/83

7/11/83
7/17/83
7/18/83
7/18/83
7/19/83
7/19/83
7/19/83

. 7119783

1/19/83
7/19/83
7/19/83

2206
2248
2300
oM
0242
1132
1427
2245
109
1756
0327
0340
0343
0440
0442
0503
0654

Lat-N
34-3.51

34-3.44
34-2.86
34-3.45
34-3.28
34-3.66
34-3.64
34-3.24
34-4.08
34-3.52
34-3.51
34-3.40
34-3.86
34-3.43
34-3.44
34-3.52
34-4.19

Long-W
106-57.50

106-57.11
106-57.60
106-57.31
106-57.28
106-57.39
106-57.49
106-57.08
106-57.47
106-57.23
106-57.,96
106-57.60
106-57.76
106-57.48
106-57.72
106-57.59
106-58.25

Depth
8.92

9.1
8.36
9.60
8.33
9.08
8.81
8.92
8.58
9.82
8.31
B.18
8.03
8.55
8.13
9.03
8.12

1.77
0.15
-0.86
-0.27
0.19
1.27
-0.18
0.29
-0.48
0.1
-0.08
1.79
=0.10
0.45
0.35
-0.10
0.47

L.}
10

12
9
11

12

13
n

10
12

10

il

Gap
7

n
132

n
119

74

12

126

n
n
n
N
n
72

RHS

0.09
0.07
0.15
0.09
0.02
0.03
0.11
0.0&
0.09

0.07

0.1
0.03
0.10
0.07
0.05
0.05
0.14

ERH
nlE

0.4
1.1
0.5

0.2
0.5
0.6
0.5
0.4
0.7
0.2
0.5
0.4
0.4
0.3
0.8

£z
0.4

0.3
0.9
D.4
0.1
0.2
0.5
0.4
0.3
0.3
0.5
0.1
0.4
0.3
0.3
0.2
0.5

> » ™ » P» » > @ @ > P P m D @ > 3O

=00
AzA

AA
B:B
A:zA
A:B
AzA
AzA
AzA
AzB
A;B
AzA
AzA
AzA
AzA
A;B
AsA
AzA

(¥6)



53.
54.
55.

5‘?"‘

8

Date

7/19/83
7/19/83

.1/20/83

7/20/83
1/20/83
7/20/83
7/20/83
7/20/83
7/20/83

0912
1230

0146
0411
1650
1657
1722
1853

106-57.76
106-58.43
106-57.50
106-57.81
106-57.36
106-56.85
106-57.42
106-57.51
106-56.71

8.44
B.92
8.90
9.29
9.26
7.89
9.42
9.21
9.12

Mag
0.52

-0.23
0.60

-'ﬁfE’B

-0.75
-0.27

0.49
=0.07
=0.64

10
10

13
10
n
10
n
n

Gap RMS ERH ERZ
N 0.0 0.6 0.5
73 013 0.8 0.6
N7 0.03 0.2 0.2
72 0.06 0.3 0.3
120 0.05 0.3 0.3
07 031 1.7 1.4
70 005 03 0.2
71 0.05 0.3 0.2
73 016 09 0.7

mw = ¥ 3y @ = @ = I O

AzA
AzA
A;B
AzA
AiB
C:B
AzA
AR
B:A

(56)
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appendix IV.

This appendix contains a listing of several programs
used in this study. Each program has at least some

internal documentation.
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PROGRAN CCORR-- COMPUTE CROSS-CORRELATION OF TWO SEISHOGRAMS

SYMBOLE TSED:
CHP EVENT RECORDING PARAMETERS
VFNIN INPOT FILE MAME

HOTE-- THE 15T SERIES LAGS THE IND I. E. IT IS PROCRESSIVELY
SEIFTED TOMARDS THE LEFT

INTEGER AMSWER,RES(2000)

FEAL CHPL*B([3) ,VFHIN*8,CHPZ*B(3)

REAL WIN*S

DIMERSION XY (4000),YL{1500) ,Y2(1500) ,C(3000)

FORMAT (ALO)

OPEN (INIT=1,DEVICE="DSK" ,ACCESS="SEQIN' ,FILE="CROS . DAT")
rmrt ;fﬁ:,' INFUT DATA FOR CROSS-CORRELATION®//)
ml‘ W

READ IM 18T EVENT

READ(1,19) CHMPl,IBEGL,IENDL
PORMAT (3A10,216)

DO 30 I=1,1991,10

READ(1,40) (Y1(J) ,J=I,1+9)
FORMAT (LOFS. 0)

IP(YL(I) .EQ. 99999,) GO TO 45
G0 TO 30

NPTS1=1-1

G0 TO 56

CONTINUE

IDIFP=IEND1-IBEG]

WRITE (3,1%) CMPl,IBEGL,IEWDL
WRITE (3,40) (Y1({J),J=l,IDIFF)

READ IH 2IND EVENT

READ([1,19) CHMP2,IBEGZ,IEND2
DO “ I-Lli!l.lﬂ

READ (1,40) (¥2(J),T=I,I+5%)
IF(Y2(I) .EQ. 99999.) GO TO 55
G0 T 50

KPTS2=l=1

GO0 ™ 57

CONTINUE

CONTINTE

IDIFF=IEND2-IBEG2

WRITE (3,19) CWP2,IBEG2,IEND2
WRITE (3,40) (X¥2(J) ,J=l,IDIFF)

SET UF FPARAMETERS FOR CROSS-CORRELATION

IF {FPT51l.EQ.NPTS5Z)}) GO TO 94
IF (HPTS1.GT.NPTS1) GO TO 92
DO 91 I=NPTS1+1,NPTI2
TL{I)=0.

R=HPTS2

G0 TO 95
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DO 93 I=NPTS2+L,HPTSL
T1(I)=0,

WRITE (3,6762)

WRITE (3,6761) N, NLAGSE,LMIN,LMAX

FORMAT (/5X,I15,.5X,0%,5X,I5,5%,1I5)

FORMAT (/7X," W',3X," MO, OF LAGS',)X," MIN. LAG', 4X,"' MAX LAG')

COMPUTE CROSS-CORRELATION

COMPUTE HEGATIVE LAG VALUES

DO 210 J=1,N
TERM=0 .

ITul=J+1

Do 200 I=1.,J
TERMl=YL(I}*T2(IT)
TERM=TERM+TERML
IT=IT+#1

C{T)=TERM

COMPUTE POSITIVE LAG VALUES

DO 220 Jel W
TERM=0,

IT=1

DO 215 I=J,N
TERM1=Y¥1(I)*Y2({IT}
TERM=TERMITERM]
IT=IT+1

C (W+J-1)=TERN

COMPUTE NORMALIZATION FACTOR POR
CROSS-CORRELATION

EMD1=0,

END2=0,

DO 760 Iw]l W

SUML=YL(I)}*Y1(I)

SUM2=¥2(I)*12(I)

SMOL=SHUL+5tML

EMD2=SH0 2+ 512

THORM=SORT (SMUL*SMU2)

MRITE (3,775) TRORM

PORMAT (/5X,' WORMALITATION PACTOR:',F8.2/)

FORMALIIE CROSS-CORRELATIONS

DO 790 I=],NLAGS
C(I)=C(I)/THORM

NLAGL=HLAGE+1
WRITE(S,1100)
FORMAT (" DO YOU WANT A FRINTOOT OF CROSS-CORRELATIONS?')
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MI‘SEL;D} ANS

Al)

IP(ARS .EQ. "H*') GO TO 100

WRITE(3,1200) CMPL,CHP2

PORMAT (1X, "CROSS-CORRELATION DATA FOR °,3A10,' X *,3Al0)
WRITE(3,1250)

PORMAT(//10X, '"LAG" , 20X, "X-CORR',/,10X,"___",20K," — 7
DO 225 LAG=1,NLAGS

WRITE (3,1300) LAG,C(LAG)

FORMAT (10X, 13,18X,P8.2)

COMT INUE

CONTINDE o

WRITE (5.1400)

FORMAT(' DO YOU WANT TO COMPUTE RESIDOALS?')

READ (5,130} ANS

IF(ANS .EQ. "W') GO TO 300

CHAX=0

DO 250 I=1,NLAGS

IF(C{I) .LE.CMAX) GO TO 250
CHMAX=C (I)

LAG=I

CONT INUE

DO 275 I=LAG,LMAX

RES (I)=¥L(I)=¥2(I-LAG+L)
CONT INUE

CONTINDE

CALL SECC{CMPLl,CHP2,C,NLAGL,IBEGL, IBEC2, TENDL, IEND2,
N, LHAX, LNIN)

BTOR
EAD

SUBROOTINE SECC (CMPl,CMP2,C,NLAGL,TBEGL, IBEG, IEND], IEND2,
H, LMAX , LMIH)

EECC== DISPLAY OF CROSS-CORRELATION

BYMBOLE USED:
CHPL ,CHFP2 EVENT RECORDING PARAMETERS
YEHIN IRFOT FILE HAME
IBEGL, IBEG2 BECINWNING OF WINDOW
TENDL, IENDZ END OF WINDOW -
b1 SCREEW COORDINATES

INTEGER AMSWER,¥I,IVAR,LINE,VALARY (1}
REAL CHPL*8(3) ,CHP2*8(3) ,C{2000)
REAL WIH'E

BEAD IH DATA FROM DATA FILE

INITIALIZE TERMINAL FOR PLOTTIRG
CALL IMITAL ({21}

EESET ORIGIN TO (.57,.5%)

CALL PLOT(.5,.5,~3)

READ IN RANGE OF LAGS FOR PLOTTING
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RLMAX=LMAX

RLMIN=LHIN

WRITE (3.9600) RLMAK,RLMIN

FORMAT (3X," RLMAX:®,PS5.0," RLMIN:®,F5.0)

FIND MAXIMUM CROSS-CORRELATION AMPLITUDE AND SCALE PLOT

THAE=(

YMIN=0.

DO 190 Je=l ,WLAGL
IF{C{T) LT YHIN) THIN=C(J)
IF(C(J) .GT.YMAX) THAX=C(J)
CONT INUE

YHIN=THIN=0.5
PLOT CORRELATION VALUES
WPT=0

RMLAGL=HLAGL

DO 300 Is=Ll, NLAGL

LAGsI=1

RLAGSLAG

IF (RLAG.LT.RLMIN,OR.RLAG.GT.FNLAGL) GO TO 300
NFT=HPT+1

= (RLAG/ [RLMAX-RLMIN]) ) *5.

T (C(I)=YMIN)/ (TMAX=YMIN) }*5,
IF(MPT.EQ.1) CALL PLOT(X,Y,3)
CALL PLOT(X,Y.2)

CONTINDE

FLOT AND LABEL AXES

CALL WEWPEN([L)
ELINC= [ RLMAX-RLMIN) /5.
YINC= [YHAX=THIN) /5.

IRASE=D.
CALL AXIS (XBASE,O0., LAG WOMBER',-10,5.,0.,RLMIN,RLINC,2)
CALL AXIS(XBASE,O0.,"'X-CORR AMPL',11,5.,90.,.THIN,YINC,2)

ADD TITLE AND PERTINENT INFORMATION FOR EACH PLOT

KBASE=XRASE+2.S

m Imtnu:.‘!- [ ] -ﬁ‘pmlr'ﬂ-;“]

CALL SYMBOL (XBASE,4.6,.09,0092,0.,30)
WIN= " WIHDOWs> *

CALL SYNBOL (XBASE,d.9,0.09,¥IN,0.,8)

CALL SYMBOL (XBASE,4.4,0.09,9WIH,0.,8)

BEGINL=FLOAT (IREGL)

EMDL=FLOAT (IENDL)

BEGINI=FLOAT (IREGZ)

ENDZ=FLOAT [IEND2)

IMASE=XBASE+, 80

CALL WUMBER(XDASE,d.8,.09,0EGINL,0.,.~1]
CALL WUMBER (XBASE,4.4,.09,BEGINZ,0.,.-1)
COLON=" ; *

nuu.hiﬁu:iu 09,COLOM, 0. ,1)
MI- FYaSps '] e
CALL SYMBOL [XBASE,d.4,.0%,00L0W,0.,1)
ERASE=XRASE+. 20
n“ Mthﬁll.l-H. .ﬂ",ﬂ]ﬂ.fﬁ- p-ll
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CALL. MUMAER [MBASE,4.4,.09,EMD2,0.,=1]
CALL RETR(Q)

RETURN

LMD
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PROGRAM SERMA-= MMPLITUDE/VELOCITY SPECTRUM PLOT ROUTIME

SYMBOLES OSED:

CHPYAR EVERT RECORDING PARMETERS
VENIN IRPUT PILE NAME

IREGIN BEGINNING OF WINDOW

IEND END OF WINDOW

IVAR VARIANCE OF TIME SERTES
XYMVl HMEAH OF TIME SERIES

XYMV ST. DEV. OF TIME SERIES
ni HUMBEPR OF SRMPLES IN WINDIM/SZ
FREQ FRECUENCY

AS MMPLITUDE SPECTRA VALOES
TMAX MAX. AMPFL. SPECTRA VALUE
HIN MIN. AMPL. SPECTRA VALUE
KX SCREEN COORDIMATES

INTEGER ANSWER,IBEGIM,IEND,N2,IVAR,LINE,VALARY (102}
REAL CHMPVAR®*8(3) ,FREQ(2000) ,AS (4000) ,VFNIN®8,X¥MV1,
1XTHV2 ; YHAX ,WIH*D , EVENT*8 (3)

HPLOT=0
PI=3.14159

READ IN DATA FROM DATA FILE

TIPE 5

FORMAT {*=" , "DESIGHATE AMPLITODE SPECTREA INPOT FILE HAME: '§)
READ (5,8} VFHIN

FORMAT (ALO)

OFEN (URIT=1,DEVICE="DSK" ,ACCESS="SEQIN" ,FILESVFHIN]

INITIALIZE TERMINAL FOR FLOTTIHG
CALL IMITAL({23)
RESET ORIGIN TO (.5",..5")

CALL PLOT{.5,.5,-3)
READ IN EVENT PARAMETERS AND SPECTRAL VALUES

TYPE 6

FORMAT[* WHICH EVENT DO YOO HWART TO BEEF '§)

READ(5,5%) EVENT

FORMAT (JALO)

READ (1,20, ,END=51) CMPVAR, IBEGIN,IEND, IVAR, XYMVL,XYMVI,H2Z,

1FIL),FIL2, DIST,VS

50

51
1000

HIFl=HI+1l

FORMAT [JALO/T4, 2 (1%, T4) FF7 4 1K, FL5. 4, 1%, T4,4F7 .2}

DO 30 J=1.HIFLl

READ (1,400 PREQLT) AS(T)

CONTINUE

PORMAT (5X.F5.2,1X,E15.4)

READ(1,50) LINE

PORMAT [AS)

IF(EVENT(1) .EQ.CMPVAR(L) .AND.EVENT (2) .EQ.CHPVAR(2)) GO TO 55
10 :

m*i" EVENT HOT POUMD wadt

WRITE(S,1000)

PORMAT (' ENTER MIN. AHD MAX. FREQ. FOR PLOT")
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READ(5,%) FPMIN, PHMAX

WRITE(S,1350)

FORMAT(" DO YOU MANT TO DIVIDE SPECTRUM BY 2°PISFREQ? °)
READ(S,2010) ANS

IF(ANS .BQ. 'N') GO TO 130

DO 127 I=2,N2pPl

AS(I)=AS({I}/(2.*PI*FREQ(I))

CONTINUE

WRITE(S,1070)

PORMAT(* DO YOU WMANT PILTER RESPOMSE REMOVED?')
READ(5,2010) ANS

IF(ANS .EQ. 'M') GO TO 151

IF(FILL .EQ. 0.) GO TO 150

CALL DECOM(AS,FILL,FREQ,N2)

IP(PIL2 .2Q. 0.) GO TO 151

CALL DECOH (AS,FIL2,FREQ,N2)

WRITE(S,1030)

FORMAT(' NUMBER OF POINTS FOR MOVING AVERAGE PILTER?')
READ(S,*) WPP

EMOOTE SPECTRAL ESTIMATES USING MOVING AVERACE PILTER (IF DESIRED)

CALL SMOOTE (NPT ,AS,N2PL)
DO 113 I=2,NIPL

AS(1)=AS (1) *EXP(-PI*1O0*PFREQ(L).(50.%3.4) ) *2.*PI*FREQ(I)
Do 189 I=2,.Ripl

WRITE(3,3011) PREQ(I),AS(I)

CONTINTE

PORMAT [1X, "FREQUENCY =" ,F7.2,3X, "ANPLITODE =" ,F7.2)

FIND MAXIMUM SPECTRAL AMPFLITUDE TO SCALE PLOT

TMAX=O,
THIN=0.

DO 190 J=2 ,MIPLl

IF(FREQ(T) .LT. FMIN .OR. FREQ(J) .GT. FHMAX) GO TO 190
IF(AS(J) .LT. TMIN) YHIN=AS(J)

IF(AS(JT) .GT. YMAX) YMAXsAS(J)

CONTINDE 5

FLOT SPECTRAL VALUES

HPT=0.

DO 300 I=2,m2P1

IF(FREQ(I) .LT. FMIN .OR. FREQ(I) .GT. FMAX) GO TO 300
HPT=HPT+1

X= [FREQ (1) -FMIN) / (FHAX=-FMIN) *5,

Y= (AS (1) =YMIN] / (YMAX=YMIN) *5.

IP(WPT .BO. 1) CALL PLOT(X.¥,l)

CALL PLOTIX,Y.2)

CALL SYMBOL(X,¥,.01,1,0.,-1)

CONTINUE

PLOT AND LABEL AXES

PINCs (FHAX-FMIN) /5.
TINC= (YHAX-YMIN) /5.

XBASE=NPLOT*20.

CALL AXIS(XBASE,0.,'FREQUENCY (HZ)',-14,5.,0.,FPWIN,PINC,2)
CALL AXIS({XBASE,0.,'AMPLITUDE",9,5.,90.,YHIN,YINC,2)
XBASE=XBASE+3 .,

CALL SYMBOL (XBASE,S.,.14,CHPVAR,D.,20}
WIN= " WIHDOW=>*
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CALL STMBOL (XBASE,4.8,0.14,WIN,0.,8)
CALL SYRBOL (XBASE,4.6,0.14, HEAN OF SERIES = *,0.,17)
BEGIN=FLOAT ( 1 BEGIN)

ERD=FLOAT ( 1END)

ERASE=XBASE+]. 2%

CALL WUMBER(XBASE,4.9,.14,BEGIN,0.,-1}
COLOW=" 1 *

TRASE=XRASE+, %0

CALL SYWBOL (XBASE,4.8,.14,00L0M,0.,1)
KRASE=XBASE+ ., 25

CALL WUMAER(XDASE, 4.8, ,14,END,0.,-1)
CALL WOMBER{XBASE,4.6,0.14,X¥YHV1,0.,2)
G0 TO 220

SKIF COMPUTATION OF CHI-SQUARED CONFIDERCE INTERVALS

. FOR SPECTRAL ESTIMATES

WRITE(S,2000)

FORMAT(* DO YOU WANT TO SEE CONFIDENCE INTERVALS?')
READ(S,2010) ANS

FORMAT (AL)

IF{ARS .EQ. "H') GO TO 110

DT=.01

IF CONTIOENCE INTERVALS DESTRED, COWFUTE AND FLOT ON LOG QRAFN OF STECTROM

CALL SPERR(WI,0T,CIL,CI1,NPTF, BN)
CIl=ALOG (CI1)

CII=aLOG(C12)

THAX==10.

THIN=10. :

RFLOT=HFLOTH

m rlﬂl'l.--.ﬂ-.-l]

DO 400 I=2,WiFl

AS (T)=ALOG (AS(1) )

IF(AS(I) .LT. YHIN) THIN=AS(I}
IFIAS(I) .OT. THAX) THAX=AS(I)
CONTINUE

FLOT LOG SFECTRA

RFT=0.

DO 600 I=2.WiIPL

IF(FREQ(I) .LT. FMIN .OR. FREQ(I} .GT. FMAX) GO TO 600
BFT=HPFT+1

X= (FREQ (1) =FMIN) / (FMAX=FMIN) *5.
¥ [AS (1) =YMIN) / (YHAX=YMIN) *5,
IFMPT .EQ. 1) CALL PLOT(X.Y.3)
CALL PLOT(X,Y,2)

COMTINUE

PLOT AND LABRL AXNES

FINCs |PHAX=FMIN) /3.
'I'l‘:l{:ﬂl'ﬁl‘if!.

XBASE=D .,
CALL AXIS(XBASE, 0., 'FREQUENCY (HE)',-14,5.,0.,PMIN,FINC,2)
CALL AXIS(XBASE,0.,"LOCE VELOCITE",13,5.,90.,THIN,YINC,2)

LABEL FPLOT WITE PFERTINENT INFORMATION
EBASE=Y .

CALL SYWMBOL [XBASE,S.,.1d,"CIs",0.,3)
CALL SYMBOL (XBASE,4.8,.14, " Bue" 0, ,4)
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TRALE=XBASE+0.5

CALL WUMBER (XBASE,S.,.14,CI1,0.,2)
CALL WUMBER (XBASE,d.8,.14,0M,0.,3)
XBASE=XBASE+Q. 75

CALL SYMBOL (XBASE,S5.,.14,",",0.,1)
CALL SYMBOL (XBASE,d.8,.14,"HL',0.,2)
XBASE=XBASE+, 25

CALL WUMBER(XBASE,S.,.14,C12,0.,2)

PLOT OOT ERROR BARS FOR SPECTRAL ESTIMATES AND BANDWIDTH

CALL PLOT(1.5,1.,~3)
CIL=CIL/ (YMAX=-YMIN)*S.
CIZ=CLL/ [ THAX-THIN) *5.

CALL PLOT(0.,0.,3)
CALL FLOT(0.,CIL,2)
CALL TICX(0.,CI1)

CALL FLOT(0.,0.,3)}
CALL PLOT(0.,CI2,2)
CALL TICX(0.,CI2)

BB/ (FHAX-FMIN) 2.5

CALL PLOT(0.,0.,3)
CALL FLOT(BW,0.,1)
CALL TICY(BMW,0.)

B=-BN

CALL PLOT(0.,0..3)
CALL PLOT(BW,0.,2)
CALL TICY(BW,0.)

CALL RETR(O) e
STOP
END

SUBROUTINE TICE(X,Y)
Xl=x-.0615 '
X=X+ 0615

CALL PLOT(X1,¥,3)
CALL FLOT (X2,Y,2)
RETURN

EMD

BURROUTINE TICY (X,.Y)
Tl=¥=-.0621%
Ti=¥+.0625%

CALL PLOT(X,¥1,3)
CALL PLOT(X,¥2,2)
RETURN
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WSHAP-— TAPERS DICITAL DATA FOR SPECIFIC WINDDW FORME

AHSsl: COSIME-TAPERED RECTANGULAR
ANS=3: HAMMTING

annonnn

SUBRCOTINE WSHAP [ANS ,X,WIDTH)
INTEGER WIDTH
REAL X (2000}
PI=3.14159
IF (ARS .CT. 1.) GO TO 250
IF(ANS .NE. 2.) GO TO 150
PO 100 I=1,WIDTH
FPRAC=FLOAT {I-1) /FLOAT (WIDTH)
IF (PRAC,LE.0.1.0R.FRAC.GE.0.9) X{I)={1.-CO0S (PI*10.%FRAC))/
12.%X({I}
100  CONTINUE
GO TO 250
150 DO 200 I=1,WIDTH
PRAC=FLOAT (I-15) /FLOAT (WIDTH)
X(I}w(,46+0,.54*CO5 (PI*FRAC) ) *X(I)
200  CONTINUE
250  RETURM
END
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SURROUTINE SMOOTH (HPF,Y,NIPL)
BMOOTH SFECTRAL ESTIMATES USING MOVING AVERAGE FILTER

NPT NMBER OF FOINTS TO BE AVERAGED
T AMPLITUDE OF POINTS

REAL Y(2000)

NP=(KPF-1) /2

BO 100 I=l,HIPL

BUW=D .

DO 120 J=I-NP,I+NP,1
IF({J .LT. 1 .OR. J .GT. NIPL) OGO TO 130



