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Introduction

The Stndy

At the end of April 1988, New Mexico Tech's scismic network detected a microcarthquake
swarm occurning approximately 15 km SE of the cty of Socorro in an area known as Loma de las
Canas. Swarms of microearthquakes in the Socorro area of the Rio Grande rift are not unusual
(Sanford et al. [1979]). On April 28 at 12:59 GMT, an earthquake measuring 2.57 M| occurred in
the swarm area indicating that this was a significant swarm. Portable seismographs were deployed
in the swarm area for about four days; three recording on helicoders and one recording digitally.
This study uses only data acquired while the portable stations were in operation.

In this study, | developed station corrections for the portable stations for use in the location
program IPOT1(Rev). At the same time, adjustments were made Lo established station correc-
tions 1o account for effects of spatial variations in crustal velocity at the site of the swarm, The

customizing of station corrections was done with only events having well constrained locations.

Earlier studies of swarm events in the Socorro area have noted waveforms of extremely simi-
lar character with correlation cocfficients execeding 81 percent. | made comparizons of wavelorms
and their spectra from the digital station data using both the eye and the computer. By eye, it
appeared that events could be placed into groups but correlation coellicients and characteristicas of
the specira indicated that this was illusionary. First motion data were composited to obtain well
constrained fault plane solutions, which indicated dominately strike-slip motion.

In central Mew Mexico, the Rio Grande rift is a major physiographic feature, It scparates the
Great Plains from the Colorado Platean in the north and the Basin and Range Provinee in the
south. At Socorro, the Rio Grande rift changes from the singular basins of the northern and middle
reaches to multiple basins that eventually merge to the south with the Basin and REange Provinee
in an ill understood manner. Details of the geologic, tectonic and geophysical characteristics can be
found in numercus papers but good summaries appear in fie Grende Rift: Tectonics and Magma-

tism edited by R.E. Riecker [1979].



Data
Berording
Figure 1 shows the geographic location of the stismometer stations used in this project.

Events were recorded in three manners:

1) On helicoders of the NMT Seismic Network operating at 1 mm//sec; stations: LAZ BAR
LPM SB CAR SMC WTX MAG LYW LEM
2)  With portable Geotech Portacorders at 2 mm/sec; stations: LC1 LC2 LC3 LC4
3) With a portable Sprengnether DR100A seismograph recording digitally at a rate of 100
samples /sec; station: LC5
The NMT Scismic Network is permanent and in operation continuously 24 hours per day. The
portable seismometers were in operation from approximately 21:00 4/20/86 until 22:00 5/1/86.
The digital station, LOS, was in operation from 00:07 4,/30/89 until 20:01 5/01/86. Station LCA
was in operation only from 21:00 4/30/86 until 20:40 5/1 /86 and was not used in the analysis of
any events.
Timing
Small clock drifts (less than 11 msec) of the permanent network were corrected once daily
with respect to WWV, The clocks for the Geotech Portacorders were set to WWYV when recording
started and drift with respect to WWYV checked at the end of cach record. A clock correction based
on linear interpolation of the drift was applied. Absolute timing of the digitally recorded events
was uncertain, The header and trailer time values were duplicated on some of the records in the
transfer from field cassettes to mainframe memory. To prevent errors, armval times from station

LCS were not used in locating the events.
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Figure 1. NM Tech permanent network station locations.
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Figure 2. Comparison of station delay developments. The first iteration was not included due 1o
the large drop from initial values compared to subsequent changes.
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Location of Earthquakes

The swarm consisted mestly of very amall ( magnitnde < -0.5 ) earthquakes. Of the 61
events observed from 00:07 4/30/86 to 20:01 5/01 /86, only 14 were clearly recorded on both per-
manent and portable stations. The standard location program HYPOTI[Revised 11/25/73) was
used to determine the spatial position of these 14 quakes. A crustal model consisting of a single
hall-space with a velocity of 5.85 km/sec was selected because previous studies have indicated this
model produces the best locations for microearthquakes inside the rift in the vicinity of the per-
manent station network [Sanford; persopmal communication). The parameter settings for
HYP'O71({Rev) are listed in Table 1.

Table 1. HYPOT1({Rev) Test Settings

TEST(1) 0.10 TEST(S) 279

TEST(2) 1000 TEST(9) 0.00

TEST(3) 200 TEST(10) 100.00

TEST(4) 005 TEST(11) 800

TEST(5) 600 TEST(12) 050

TEST(6) 400 TEST(13) 030

TEST(7) -3.63
Station Delay Development

To establish station corrections for the swarm site, HYPO71(Rev) was run on all 14 locatable
events with station delays set to standard values for stations of the NMT network and 0.0 see for
the portable stations [Procedure 1). This initial run was used to determine the best constrained of
the 14 event locations. It yielded seven A" and two "B” solutions to use in tailoring the station
delays. The average station residuals of the 14 event initial fteration were added to the station
delays (corrections). The nine best events were used in the second and subsequent iterations. After
each iteration, the average of the station residuals were added to the station delays before the next
iteration.
The second procedure was to initially set all station delays of the nine best events to 0.0 sec.

and iterate as before. The "best fit" station correction values were chosen by looking at how size
and rate of change of average station residuals diminished as well as by where location RMS values

and location errors went to a minimum. The RMS of a location is defined by:



'\ / 3R7
RMS = Foraai

R; = time residual for the i™ station

where

This RMS number includes residuals of S readings. The location errors in HYPOTI{Rev) are not
standard deviations. They are considered a crude estimate of hypocenter errors (personal communi-

cation from L. C. Lahr via Allan Sanford).

The station corrections obtained from the two procedures did not converge to one set of
values. Both started with relatively large jumps on the first iteration to a certain set of values and
then drified by small amounts with each subsequent iteration. The bet choice was expected to be
one or two iterations after known “good™ values of station corrections were used as the starting
point (Procedure 1). However, for Procedure 1, the average absolute value of the average of the
stations residuals went through a minimum and then started increasing, indicating an unstable
situation. The second procedure started with large residuals in the first iteration but the second
iteration had small residuals which continued reducing slowly (Table 2). The station corrections
produced at the end of the third iteration in the second procedure were selected for use in final
locations of the swarm events. As can be seen in Figure 2, the average RMS is at a minimum as
are the depth and epicentral errors by the third iteration. Table 3 lists the initial values of depth
error, cpicentral error and RMS values for the individual event location and their changes with
each iteration.

The resulting locations of each of the nine events used in this development can be seen in
Figure 3. The entire 14 event group plus the largest event (1258) of the swarm (magnitude 2.6) is
shown in Figure 4 and listed in Table 4. The average epicentral error was £0.51 [km]. The average
depth was 10.3 [km| with anaverage error of £0.56 [km|. All the located events had epicenters

within a square 2.5 km on a side. The HYPOT1{Rev) solution sheets are included in Appendix A.



Swarm Events and Portable Station Locations
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Figure 3. Locations of the nine events used in the station delay development. The circle is the
location of the largest event in the swarm [not used in delay development).
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Figure 4. Locations of the 14 swarm evenis recorded by both portable and permanent stations.
The circle iz the epicenter of the larpest eanhquake in the swarm.
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Table 2: Station Delays Developed from Residuals of Location Runs

Seation Delay Development

R

Frocedure [; Start wilh nelwerk slafion correclions == kmeunm “goed” valuce

Ieration reabd usle

s #1 #2 #2 4 #5 from #5
LAZ 004 .04 000 0.4 0. [iXi.3
BAR -i,063 013 og 023 0¥ 00E
LPM -0.23 -0.21 018 ), 1% 0,06 LLE U
i 0.23 0.8 (L4l 044 048 [ X
CAR 0,08 il ] L] -0,0r2 =00 i L)
SME 011 .06 LTt 0,09 0,10 000
WTX =008 il 003 0,2 001 10U
MAG 0,08 o2 o5 il ] o1z 004
LY 058 (153 nEl (i1 g2 008
LEM 0.08 04 06 Qs ol .-
LT 0,00 002 {08 =0.1% (24} 0,05
L L] | =410 =045 =049 -0.04
k] =001 {10 -0.18 =023 {105

areraged rerdual values
00 0044 0,041 DOET [LEA 6]
Frocedure £: Slard wilh all sorvectisny = 0.0

- heration residuals

e #1 w2 #a #i #5 from ¥4
LAZ [ 0.4 i) [ B 1 020 0.4
BAR (L] 029 032 035 0.3 0.04
LEPM (I 1] =0, 10 =008 [IE0] (i3 0,005
o U0 0.23 0.8 [iF4 ] 0,53 0.0
CAR oo 001 (s ki ] «{)L0% -0.04 -0,
SMC 0.0 -0, =006 {05 -0 0.2
WTX 000 -2 =00 0,04 -0, =001
MAG 0D - 006 002 001 Q.05 0,03
LY 000 0,50 DER 0891 0.97 LR
LENM .00 0.0 LM 0,046 0,0 e
L& .00 =008 015 -0.21 =035 =0
0,00 -0.28 =0

%
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Table 3a. Station Delay Development - Procedure 1

Hleralion
L w2 wa b #i
Loeation 1
RME 0,18 A RMS 001 0.0 001 0.0
ERH 0.4 A ERH (1] o0 00 (1]
ERZ 0T A ERT (1] 0n 0.0 0.0
Location 2
RMS 01& A RMS 009 oo +0.01 +0.01
ERH (%] A ERN 0.4 0.0 +0.10 0.0
ERI 0.9 A ERT -0.4 0.0 0.0 +0.10
Lacation 3
RMS 013 A RMS 004 <001 11 +0.01
ERH 04 A ERH 0.1 0.0 0.0 0.0
ERZ 05 A ERT 0.2 o0 0.0 =0, 10
Loeation 4
RMS 015 A RMS -0.05 -0.01 -0.01 .0
ERH 0.5 A ERH 0.1 0,10 0.0 0.0
ERZ 08 A ERT «f,2 0o 0.0 0.0
Loseation &
RMS [T A RME -0.05 +0.01 0.0 0.0
ERH [T A ERH 0.2 +0.10 0.0 0.0
ERZ 0. A ERE -0.2 0.0 0.0 a0
Lo=ation &
RMS 018 & BME 0.04 -0, 0.0 oo
ERH 0.5 A ERH -0, 0.0 0.0 +0.10
ERZ 0.5 A ERE -0.1 oo 0.0 o0
Locatios 7
RMS 012 A RMS 004 +0.01 o oo
ERH 04 A ERH a1 i) on 0.0
ERZ 0.5 A ERZ 0.3 0.0 o oo
Loestion 8
RME 014 A RAfs 005 o =00 oo
ERH 0.5 A ERH 0.2 o LT oo
ERYT 0.5 A ERZ 0% oa (1] oo
Location 9
RMS 0,30 & RS -0.05 (1] o o0
ERH o A ERH 02 0.0 (T +0.10
0.0




Table 3b. Station Delay Development - Procedure 2

fleratisn
w1 2 #3
Locsibon 1
RMS 0,18 A RMS 003 oo
ERH (i A ERH 0.1 o
ERZ 0.8 5 ERT <01 0.0
Location &
RME 0,30 4 RMS -0.i1 o
ERH L0 A ERH -0.5 (]
ERZ 1.1 A ERT -0 oo
Location 3
RME 0.19 Fag i T 0,11 oo
ERH 0.6 A ERH 03 oo
ERZ 0.7 A ERE 04 oo
Location 4
RMS 0.18 A BMS 0,08 -0.01
ERH (il A ERH 0.1 +0.10
ERZ 0.8 A ERT 0.4 ]
Location &
RMS 0.17 A RMS 008 oo
ERH 0.8 A ERH 0.4 (1]
ERZ (i A ERT 0.3 (]
Location 6
RMS 0> A BAS -nns -0l
ERH 0.8 A ERH 0.2 (T1]
ERE 0.8 A ERZ 04 0.0
Lacation 7
RMS o4 A RS 0,05 (1]
ERH 0. A ERH 0.1 (T3]
ERI 0.5 A ERZ 02 0.0
Location B
RAMS 018 A RS -0.0R -0
ERH 0.5 A ERH -0.2 «0.10
ERZ 0.7 A ERZ 0.3 «0.10
Locatics 9
RMS 0.21 A s -0.07 +0.01
ERH 0.7 A ERH 0.2 Ll
L0 A ERT 0.1 0

#1

0.0
0.0
o

+0.
+0.10
0.0

o0
0.0
o0

-0.01
+0, 50
0.0

1]
401, 10
o0

+0.01
a.0
0.0

0.0
0.0
a.m

5

oo
oo
oo

(51}
0.0
+0.10

+0.01
o0
+0.10
+0.01
o
oo
+0.01

oo

EEE

L R
LLE

-0.01
o0
0.0

o0
+0.10
0.0
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Table 4. Final Location of Swarm Events

11504022
00115547
O1:28-30.99
0T 20
L |
04 14854
1102508
1E1218 55
18152774
1585382
Lt |
03207 28
T35 1045 £1.0
Lo ok .00 0.7

§ Miais Evest

Processing of Digital Data

Digital station LC5 recorded 61 cvents of the swarm. Data from LCS had uming marks every
itwo seconds that consisied of 3 single data sample point of the value 2048, These were removed
and replaced by the average value of the preceding and following data point. The maximum value
for a saturated signal is 2047. The records of swarm earthquakes obtained by station LC5 were
normalized such that the largest value in the S-phase equalled 1.0 . This was accomplished by sim-
ply dividing each data point by the maximum value of the S-phase. The files were next reformat-
ted for use with the Seismic Analysis Code [SAC) software. SAC is a program developed at
Lawrence Livermore National Laboratory by Joseph E. Tull for analysis, manipulation and plot-
ting of digitally recorded seismic events on a SUN Microsystem workstation. The digital records
were plotted via an internal SAC plotting routine.

Correlations

Scismograms for all digitally recorded swarm events were examined and separated by eye

into 12 groups believing to have similar waveforms. Shape and zero crossings received the largest

weighting and total amplitude the least. Allowances were made for different S-P intervals by com-
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paring the P-phases, shifting along the time axis, and then comparing the S-phases. Five of the
groups had one or more of the 14 located events in Figure 4 within them. Cross correlations were
run to determine quantitatively how well the events were grouped by eyve. SAC does not produce a
normalized cross-correlation Munction automatically. To normalize, autocorrelations of each event
were first run to determine the energy level at zero offset, These values were then used to compute

a normalizing factor for the cross-correlation functions ¢,,(t) that the SAC software provided.

daylt)

Pl it = O
a L]

The first 8.0 sce of the events were used for caleulation of the whole event correlation
cocfficient. For the P-phase correlations, only the first 0.5 sec were used, The beginning of a 1.0 sec
window for the S-phase was selected by using the computed 5-P interval from the HYT'OT1 loca-
tions minus 0.1 sec {Table 5). The windowed wavelorms can be seen in Figures 5-16,

In a study by Ake and Sanford [1988] of earthquakes observed in a swarm located approxi-
mately 25 km to the west, the correlation coeflicients of full waveforms as well as P and § phases
were found to be consistantly high (avg. 0.81). In ancther study by Ake [1984] of a group of events
directly under Socorro Mountain (a 3 km reliel upthrust horst block), he discerned a high correla-

tion among the P-phases and markedly lower correlations for the S-phases.

For the Loma de las Canas swarm, [ found generally that the correlation coelicients were
low, only & few moderately good matches were found (Table 5). One unusnal result was that some
S-phases have higher coeflicients than their corresponding P-phases. The unexpectedly low values
for the whole event coellicients prompted the use of a second correlation program. This program
using computational subroutines developed by Dr. John Knapp at NMT confirmed the results of

the SAC software. This program is listed in Appendix C.
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Table 5. Cross Correlation Ceeflicients for Group Earthquakes

Mote: The first event in each group is the master the others are correlated against. The magni-
tude is calenlaled by HYPOTI{Rev).

Ground Amplitnde Spectra

A Fast Fourier transform was used to determine ground velocity amplitude spectra for the
grouped events. Spectra were caleulated for the whole event (8.0 sec), the P-phase (0.5 sec) and the
S-phase (1.0 sec). Figures 518 presents results for each group. The whole event spectra do not
display any special characteristics by group. For the whole event, most of the energy lies between
10 and 17 Hz with a sharp drop between 18 and 20 Hz. This is followed on most events by a minor
energy peak centered between 20 and 25 Hz The P-phase has a distribution similar to the whole
event and has no group correlating characteristics. The main energy is more concentrated around
15 Hz than for the whole waveform. Also minor peaks can be seen on some events at 8-9 Hz, 20-25
Hz and 30-33 Hi. The S-phase has the most diversity of character between cvents but again noth-
ing to distinguish the different correlated groups. A common characteristic of the S-phase is a

sharp drop in energy just below 20 Hz.
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Duration is LS see.
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Figure 13. Ground velocity amplitude spectra and waveforms of the S-phase of evenls in group

(. Starting time is 0.1 see before S-phase arrival and duration s 1.0 sec.
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Fault Plane Solutions

First Motions

Teo correct for instrumental polarity reversals, each station was inspected Tor the sense of frst
motion of either an explosion or the teleseismic event that arrived on 5/30/88 at 07:11; both of
which should have produced an up first motion. Only unequivoeally distinet first motions were
classified as dilatational or compressional. Emergent first motions were noted in an effort to iden-
tify nmodal planes, The resulting compilation of first motions is given in Table 6. The first motions
for the 14 events located with portable station data and the single large event were also plotted on
the upper focal sphere using an Equal Area Net stereographic projection and appear in Appendix
B.
G s

Even though event [7258) was not recorded by any portable stations, T Felt that because it
was significantly larger than any other event in the swarm, its first motion data [Figure B-15)
should be included in the compositing. Of immediate notice on Table 6 is that all the far stations,
CAR to LPM, have the same direction of first motion except for SB. The near portable stations
(LC1,LC2,LC3,LC5) were either all dilatational or LC1 was dilatational and the rest of the port-
able stations compressional. This inconsistancy of the near stations and SB led to the hypothesis
that there was a small band of slip directions as opposed to a single direction. With this in mind,

all events were compaosited on a single Equal Area Net stereographic projection (Figure 17).
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Table 8. First Motions
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Eault Plane Solutions

Solutions were sought by picking two auxiliary planes that enclosed the stations with ineon-
sistant first motions. By drawing the fault plane through the poles of these aunxiliary planes, a
range of solutions for the individual events was created. The common fault planes with their range
of anxiliary planes were tested against the 15 individual first motion diagrams in Appendix B.

The strike found for the commeon fault plane ranged from N0 “E to NO8*W and the dip
ranged from G0°E to 80°E. The strikes for the auxiliary plane ranged between N80'W and
S75°W and the dip ranged between 16°5 and 30° N. The assumed fault planes gave solutions
with a left lateral strike-slip motion. A roughly N-5 trend to the structural grain of the rift as seen
in Figure 18 and the spatial location of epicenters in Figure 4 reinforces the selection of the fault
plane made hers.

Discussion /Conclusion
The development of station delays (corrections) customized for event loeations centered at

34.05° N and 106.82° W gave some results worth discussing. The difference between the customized

station delays and those refined [rom a number of vears of locating microearthquakes inside the



Figuﬂ“ 15 E:L‘I.Ill'-igil-' e 'rl:rl' the SWArm nrea. Eu]jd |ri_.ng|_.|_ﬂ are :'n-'l.L:.[I:,Il“H



- 0f .

boundaries of the network are shown in Figure 19, Note that stations located generally to the SW
had relatively early arrivals, up to 0,17 see Tor SMO and 0.14 for SB. Similarly, siations to the

MW had relatively late arrivals, for example station LPM iz 0.2 see slower than “normal®.

Comparing the portable stations, which are all within 7.0 km of each other and roughly at
the same elevation but each on different geologic units, station LC2 has earlier arrivals (0.26 - 0.21
sec) than LC1 and LC3 which are only 0.05 sec different (Figure 18). LC1 and LCE are lined up
roughly N5 and 3 km further west into the nft. A fault dipping to the west can be seen just to the
west of LC2. LC2 is enough closer to the edge of the rift to be underlain by higher velocity
material.

I attribute the generally low correlation coeflicients of the whole waveforms, and the P and S
phases to complex crustal structure at depth in combination with small changes in focal mechan-
m. A complex crustal situation will prodoce multiple travel paths for earthquake energy o a
given point on the surface. For small source events, the dilferences in observed spectra at a specific
station are wholly dependent on the travel path. Each of the multiple travel paths will have a
characteristic speetra. At the surface, the waves from the various paths add together to form the
signal recorded by the seismometer. When the direction of fault motion changes, the directions of
maximum energy emission (the energy lobes) will shift. This shift of the energy lobes will put
greater and less energy into the various paths, For events in the same location, travel times for the
paths will not change, so their phases will add together in the same way at the surface, However,
the signals in the various paths will have different relative strengths. Faths will gain or loss effect
on the final signal characteristics depending on the orientation of the energy lobes at the source. A
small change in spatial location under a very complex crustal situation could also produce large
changes in signal characteristies without change in the focal mechanism. However, the changes in
direction of first motion of the near stations indicates some changes in focal mechanism during the

swarm. This implies a dynamically shifting stress field at least during the time of the swarm.

The attenuation of high requencies for events of this small magnitude also indicates a com-

plex path. The cause could be a series of closely spaced discontinuities such as faults andfor
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intruded sills near the source region or directly under the recording station LCS.
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Figure 19. Time differences between standard station delays and those developed for the swarm
area are shown next 1o their respective station.
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Appendix A

This appendix contains the HYPO71{Rev) hypocenter solution
sheets for the 15 events of the Loma de las Canas
swarm used in this study.



ebpkekpkere PREQCTAM: HYPOTL REVISED C(LL/25/75) sdowbuw

T i P BT 2 o0 P P ol S S
L T P il 0 AT 2 e 7
=l & »p ¥R AR
(L =d=p=talatalallololalfopal_]

= 1 [ | L ]

S o A D S e o D) o 5 D S
T T Y o
LT L=

A e —

FIFANNIFEFENIEN FNE
B0 g P SO AU DN S D
A ST B T et P 38 P P el T
T8 F Fm BN FEEEFEE NN
0 O P A ol el i Y T P 3
N BT T T T B S
P, i, P 7 P el Pl o 8 o
e = = s

HH“HH“HHH“HHH"H.
o P P g ) P P L P
AL P ™ il R O LG

-l ¥ BB B E R R R E N EEE B

i!aiaﬂ!l!i.l.iﬂ.nﬂ“l...ﬂ.i.
¥ I

Laty

- 1 1
EegfEE | AT E i |
EiluﬁAHTHJflfﬂff_
La CﬁkﬂlLHLLLL.

b P e it s |
B e il

==
L=]
EE &
i
L=
-
| E=]
=
f=]
]
=
-
=
=
il
Sl
=
e
=il
or
[: '8
Eo
-
R
-
-
e
ol =
=
B
=
re
[
Tl
el
i
=
L]
-
| wm
=1 | =
b T Ll
Ao -1
ikl # | wna
[Tl =13 | Sy
=1 | B
o |
- | | v
|- L]
= | -
P o] [T
v =1
e
L = ¥
Ll _ o
el | i
S | =
=
| w
B
=
7 al
L] L]



_f..l"% Axd FImE OF Py 2/28784% 10:1% 0NG
e IR SR TGP SHNE NN TGP SN IOUP TR T TN TR

lgili ;IF'I lTl 15‘ Il! - ?EH!&! Ii l. h l:F'i I:F!Hl LG sl‘ Il"tl E?EE

e R e e

‘ _f_"u 1239 ihe2e l'i 1”. bactenny 503t eii 1? 'i'a uluﬁ 5“ E“E"“ SRR I IO e B B B B R

| l: ni‘ii Ei t roas T z; ARE PPE CALX K X™MAG Hll'- SHI.I.'I WL 5=30C 73085 5-RES S-wT oY
_ .z 3
: L 2' k -::

| ;T U e

] ~*r-'rw Mx

A5 508G STA ég‘ pE Ti 3 i EX l; b= ;li
t =& !ﬁﬂ & - A 1

LAl LON EVAPS Daws
L.7& . . 4. d,.02
4 ::i[ -4t ! |§ R
=T T a =88 { 9-01)
LaT# WL lr .09 9:03 % “ -I.:i'“
1.T8 WL Lr 19:93 =§.8% " f 9.80)

oo O Ve

[ ] F i [ ]



("

JaG

10:15

2Ff2B/89

BATE AXD T IHE OF RUN

e

1T

[T R

KM KEFH

Eﬁﬂ XFAR  POS £
Q. 250. L.T320%048 3

ITR XM
Ta

JEPTH
000

YELODCITY
— '_;igiﬂ =

FA?TIEE F=WwA&LU
DLAT Lak

o

&

|
3

AAT KH AYEH SOXH HF AYFH 50FH
0 0.0 0.0 & =0.4 0.2

AVH
Dadd 10 14 0.00 0.0&

ADS TN MR

;H LAT M
5T Ja= 0.

ORI §
oil 2

JATE
BE04 30

=T =T .
g i il T R
= W B W W B AW
S T S

= N FTA M
] i P o P

P P P o =3l
A e e e
[rad X=t -1t -k ]
S i PP oD
I i ]

Lo P Pl B ol
(B R R R R

s P il o]

i, ol o o ] T
lnlnlu.-l_l..l_-l-ﬂ-

§ 22510 FIsBN %3

T

M15 SINMG ST!IE?H DE%

|||||||||||||

0.01)
.01}

0.01
{

0.03
{

" 8201»

QRML
0. 01

0.a%)
Q.20

i

Q.02
0.05
(

RMS

AVRPS
0.07
=0.07

)
11.75
12.79

LOw

£9.14

T AL R L I T
0.70



7y

DATE AND T IME OF RUN

1% .16

10

2FERSAG

1:28
"Rl4ht0

10

) IS8T TESTOM) TERTAE

9
1]

D T
I

1E
2

it

3868” -

&

085’

-8

3 Edoss’ 0.3%68° &

10-304

bE308h
JEPTH
0000

RESET TO

@ KMS KFM IPUN [HAG
3 1 a o 1

POS
20, 230 1.T3I20503

IT¥ INEAT XFAR

5

VELOCITY
oA

|
3

0.3

g =0.1

0.0

AAR NH AWNH S0KH WF AVFH 50FH
a 9.0

VR
26 0.00 D.12

14 KR
1a

J
a
XHAG RME FMP FM

0.6 0.

0=1%

g GA® M HM5 ERH EH; B 540 AD
31 1 B BEYA D.5

HAG NGO D
-0.11 17

PTH
=77

14 106-4859s 12

AT W
=13

2hl99 34

25

JATE
—ES0E30 1

b=
=
L A el P 0 B R
- L= sl ol gt — L ml = F ]
] L B A N B ]
Wi f=d=l=l=l=lcl=be]
SiPa P
S o
W o iR T e P o D
Lo 0 A 0 e Pl ol ) Y
[} C I I ]
[ ] - e T e T
VisuneFPe l F 8 B B B 1
Figi i

I R e e L L b ]
R {0 A P i A A P
m_?- R EE R EW

] A S R
-I..-‘.il_-u-.._l_

—

el P P 0
N W R B R N
= ol Pl P g B w0
Ui am g
[N} Findf o0 P o i o3
AT T Y ) Y ol i

2 DD D D S T
N T T T T

BT 0 e o e s e T

=
[rd=t=fa =lolal=t=la ml=Fa]

=%
“ﬁﬂﬂﬁn:ﬂ?ﬂaﬂﬂﬂ
-

[ Ak SR P Pt P R N
T T P N W e £ £
i &8 58 % & & 8 B 6B & §

[ e e e e e e E =]

L]
Lol a0 B P P P B
O B ol £33 ol i 5 e

I w0 0 ® 00N FERE

L O I I O

TPl P P Il o Ll P

.. ._- .
A P Sl WD e D
8" B B OREEEE R
| i e bk
&

T Pl S P S rufuafure
& i
= |

:‘zg_ﬂ_.ﬂ.ﬂuulﬁl.—i

..-
P P
HPFP .ﬂ.ﬂ..ﬁ..u. ﬂ.ﬁ.nr

2 e P o e P
o P o Tl o I P e A
Ly .

I S SO S PR P Y
[ S T [T T P

.n..ll____.. J..-L*rut.. .?.m P
Pl P 3 5 o D

ROOR[E B R BB R R RN
= T P
=
T

i i il -

DREUS

RS

AVEPS

z

LaN

L._LI_.I-_r..ul.LH-__.._._Lu.In |

L -
— -
L= L=
W [
L= L=
L= -y
= o
i w W
= o
L=}
=
Lo g |
=T =]
= .
[=tm )
LI
=
- -
L —
L Ll
[] .
L= E=]
- ]
= =
Fow W
= =
il WAl a0l
e L] B ¥ EEE
DD SOoD oDooD
P W WD FuR
SRS O O e
LI B ) Ll Ll MR E
SRto O O ooDoo
L] I L]
P M~ e O
L o= Le R o R et ]
@B @ a [] [N
ot ot Lo T L VIR o T ]
il g o e e
Flaf¥iff o o Flaf e
E e et L TR = I = R
K E ¥ q L] L
e 00 o O §hiOeED
i TR e B
[=T-7 - T~ - i =T # ]
AR e s DR TR
e W L] L] LI
e T I



:
:

THENTS TAKE

TESTO10) TESTCL1) ng
1900000 I.ﬁsiﬂ

{9y TE
oo 19

5T
=0
11

23300 8
sﬁ IEEHIEUJE

TESTLTY
1

=3. 6303
a

EnS l:ﬂ IPUK 1HAG

TESTI(%)
G 0000
1

'3

10:1% JaG

[R5 HEINNTIE 1T A 11 A

TIN50 2507 1. 750500

32009

RESET TO

DATE AND T IHME OF RUN 2/2B789%
3/

0

L

v

i
b T =}
| Ty |
f=1~=]
ul
b GRS Ffgriy o O
TR WE o R L I S
e & 1 & & @ L S ]
o e o SRS O o
- L= 1 -
L= 1 E ]
B A P P Ay
mﬁ.rtﬂﬂ?n. O O P
BE W LI LI | L] L]
TE | oo oooD O o
o ® W 1@ o0 0 0
=1 Ll
W ==L ] SooE o o
H-.l-._”.ﬁt.__ Al B A
T B RN B L]
o8 R ki S W
s = O i
- -
W T=1"] DoSD O o
o= ST Y- T PP S
xF Ol s @ EE R B (]
LR ] il o W
E g Lt L]
bt =
£ 8 LY @R FEEE Ay P
& X o
Wﬁ T 1T RO W A
0o
- wr
o & LF e -
O R oD el el P P o P
xr i EFE R B R E @ E
EY L3 S0oSOD0oDooD
Zihd ] L
BB i il el P s o P o
Em KT E P e P el e P
—d i
b © R ¥ =
= X Ll
=L & B =
'} i
(i) L=
g L)
¥ X -
[T LI
=
B WESOOOSOOOODD oD o0
S (T T e T o
K ¢ SR SDeSoDooD oD
S & wa @ B R A mEREE R WD
i D DD O O DD DT D S “
= =
E XSOl D OO DD e
e & Il...
e 5 T N T A T R R =
Wi W "
O = o
=8 -
L = L L=
T D P P ) o P, o0 il o™ s 0 P
Xed § =8 % 8 8 & & & # 88 % 5 8 L=
B, 55 ] s g et e T S s e ol
-
s 1A
i Tk P P P WP PP i e W o DR
SO D D DD D D T
Fesd I w0 @ & & & 0 @ 8 & 8 0 8@
=1 D 0 P S (R (0 T W R D
I =¥ LI} (|
e T ]
Foi I P e 0 4l P
T e 50 e (2 T P o
ATl = 0 # n @ @ §F 8 0B E W
L LSOSSSOOODTSOToOD Vi OO
..-...ﬂ___. (=1 R I | ] LI ] .“ el
P Pl S Pl e P P AT [=T-T-T=1
i i P P b G O D e i
id B R R R AR R E AW
I# el e SR el g all D i
=PF =
[ | .
[ T = ]
= ﬂ51i?§?““ﬂ!ﬁ3!“ W Pl ey
o el o i@y B DOES
L i B ol A D O P e B
L i e e
R n AT O £
- Efq}ﬁ?ﬁr!ﬁ)?)lh
S W B R kB R W W
=1 [l s o i a0 B A T T e
o B -—.i.__-_.,.-;.-_.__..__.__.[g:-:__?
= 1 Py FOES R
T P i P P B P P B P, P P o T
= |
[ = Ri1‘i““r“..¥‘.‘.‘. FESS
ad = | | |
& n
P TS T D et i
= x
= 1 HFPPPPT:PFFPPP
L“ B | | -y
D e G G Wl o ol M Pl mate
E P e G e T TR T T D
[ I L == &
= -
ot e BT il |
gt W PagriO iy
- A R PGRET s
[ . | |
= T P R e P ol i oD B
wfF @ onm B R R W E R @R e R
| feifs DI NS0 o SOOO
| (=] WL |
o iy
@ |
— |
<9 = gt b o S L |
(2l =]

ClTE&diJ:hﬂ _

[P0
iR |

0. 00
0.90
{ «01%
0.31% ),
] 0. 000

0.01

0.0%
=0.0%

P.21
10.25

£9.0%
£9.09

1.87
1.87



0

DATE AND T IME OF RuUM 2729589

1% JBG

iz

LLE =]
el -]

Tesral

e T —
ot i

= i
T, T
=
Lol et = ]

} TE
]

20400 188:0800 "E815H3

5T

L 1P T

EH5 EFH IPUN THAG

ﬁ.lﬂﬂ%]

- —TESTH
IEPTH
300

ISET TO

R

1691

ITR ENEA? XFAR  POS e RN
20. 250. 1.7520508 3 1 o ] | AH l;

—— __?‘

VELOCITY
5..Hiﬂ ——

|
L

S50FH4
0.3

AAR HM AVEH EEIH MF AYFHN
0.06 0 0.0 =0 11 0.1

R
1)

b= ]

A
0.

L] LAT W LONG ¥
el -Fh=-1.T0 LOb=4F.00

330450 535 S5

—
=]
= Pl Logle =10 st ot
Y D o P e % 1y
iw L W R AW W
U = -1 = f=l=f=l=l=Fm]
= @
=
[lal=T0 Tt o B el A g
Fales g T e T LT opy = L= L
& . (] WO E R W oW
12 oo f=d =t fa =R
LTl 1 (]
F
(1.5 e, N =X, - N, NS
e TP P 0 T e
(= @ W R oE
Lo T D S Pl
= n — T g
[ T T g
Lt A P M
W oaad wow BE R E
0w § eSO (=T gt g T
E_r.......mtf__._ Cal ol oL -0 -L -]
WY g Pl B P PR Y
x aF
“5 (] AR
it
=
T T R e S
§ LR L O B O
D OODODDOoDD
] 1 I
(a8 5 EU?EEMIJ
T P e e e P
(™8
B
L
-
¥
=

el R S DS DT ST S T

HOSOOODOO QD0
ot A 3 1 D A i T
o # F BB F BAE F B E @

OO ooooDooonS

=
T SOSoODOoSoon S
('8

ugﬂ“nﬂngﬂaﬂu
il

B0 O A 0 P O G P WY
L LT L i o S O
& ® & & &8 & & 8 g & & @
e o 0 e ol e i el s ] e il T

(o]

k00 P P 0 i el P ol T
0 N e o 0 A K D o P
J B ® B B 5 B % B & F B @

(=8 — L= a2 -2 T

lw.ﬂ.- LI B )

T A S DS
o s ) 1 - A 5 T
B @ 8 ¥ 8 @ E R B R

AT o ol i £ o B i £
o P 5 O T O P
R oE W OE R E W
el e il ] P o] o o e T
-

USRI OD eO  O O  O
O i P o e O S ST e
O @ w8 F B FREE W
] e e R P T S D
[ ]

b
e S5 i U e o i U o T
LA S il iy o s O o
LI T B I R B B N
g Bl ol ™ o P S0HEED T ey
Bl | W i B e 0

T ) R R e e
i o O e 0 S e e
= | T r

s O ke e e i e

T i P S Db i
Hiiuﬁni?titlﬂnxuﬁ
e FUeeRaE S Rgen
B L 5 i e o T

LT R I I T T

lé-&sl_zl ——

i Yo g bl
[ ] Ch
| Tedzn

x !
= P T X O Ty
1 MR A b P A o

.rlLuuLilkraHHrL . |
| |

i ]

ORHS

HH S

AVARS

Loy z

LaT

Q.02

0.0l
{

D021

4.0
{

[ 3. Xt
e

L= L=l

Q.04
=0 0%

.15
10.7%

£9.04

1.7G
170

4%. 00

0.01%

{

0-311

Q.00
4

oS



e

TESTLT)
=3.4300

EHS KFH IPUN [MAG
1 1] H 1

'3

ggﬂ!ﬂﬂ

P
b. 250. 1.7

2

IT; KHEAR AFAR

0-1000° 1020800 2:8008

JEPTH
D000

DATE QTIHE OF RUN 2728/8% 10:15% JAG
250"

SET To
L

{
Y3

R

e £ T
T P
wf B
-t
= i

T o
=T R
e ® B BB

ﬁgq ki AVEM EEAH MF A¥YFH SDFH I
00 0.0F7 0 0.0 =0 B o=f.3 0.5 3

HONR  AVR

ara ol 1017 o

=ga2d 18 1 ©

DEPTH
10.62

LONG W
= 1.59 10&=48.97

TR W

OfRl ¢
861 4

JATE
830439

=T
T
T

0.57

5
&
]
Todfh =000
T O5%.40 10.74 =0.27 0.55

5 3 56.30

g

H.ﬂ.ﬂ..ﬂ.ﬂ-ﬂ.ﬂ.ﬂ-ﬂ.ﬂ.ﬂ.ﬂ

8

Hﬂﬂﬂrﬂ-ﬂ.ﬁrﬂ.ﬂ—_ﬂrﬂ.—ﬂ
=L

i P A5 S 0 P T R
D L Pl SO
I & F & §F & EBEdad
D T e il e e

il

TP 0 e B ol B o
A o e £
[
B O D T DD D

=il ]

L |

T R =D il g o0

P T PP o vl P bl
G B g D e N e O o B
L I N L N N
B, e o Pl o AT
=

LA B o o e
D i P D ThEr
B w@ R E 8 EFF R
Fl"ittﬁ#i‘ﬁﬁﬁ
(=

-
L e =
LerF o il 0 ] ST
(CCl T O O O I
I P B D il o i P
B WA R TR

T ot e e e
L B e e e ]
“ S S s w0 o oSl Wl o

ik 0 o ST DD S
> {

B 0 D B e e e D T B
o {

o - L T TP an - o = -E -

ﬁl.-rﬁ...n:_._.-_.-_!...ll. (=1=1=]
—-

X oS o il el B

T - e

| e A B

o T SR DG T
r..'.---i..--n_ci

| P P e e
| B e

| .-I.__.Uﬂ.Dr-n m.“ﬁu

=

= L Pl 3 B A T

Wi T o
el e e " T

.01}
0.00)

£

BL.00
=0 .02
{

DRHS
?ﬂﬂ
"0.00)

-o-g

0.21%
0.003

0.00
=0.01
€

RS

AVYRPS
004
=006

10.10
11.14

LOn
LE. T
LT

LAT
1.59
1.5%%9



SRR

K45 KFH TPUN [Y¥AG
| 0 .I! 1

19
5

ITe MNEAT XFAR P'D%
d0. 230, 1.732050%

TESTELY TESTEX)  TESTERY TESTL&L) TESTLS)
0. 1000 lﬂ.ﬁ:ai z.uuag u.aiiu +.3uau
Fa

3600

JLTE &ND TC‘J OF RuN 2723787 10:=:1% J3G

H:SET TQ
Yatigd™

= (= Ea Bt X% 30
Fed = Tl
T Pagl T W & § 2 2FaEREE
B T S =0 W L=t
Fod ®oEEE = L= il
L M il
T R ™ &8 § O e Fapaet
= x N s £ e P Y
e i oS & 20 g Eaw
e 5 i TR b - [ -T-1—7 -1
= _J EE & o D 1 L}
[atal-t=tat) e ]
=3 ] W Wl o8 F ateng e
0 T 0 e o ]
S T W @ om @@
WPHTHIED 0B o i o P B
& & EFaEw T =R L]
[ -1~ - o i
[l - [ = L=t 1]
T iaie — A=l ]
.u......,__.HI__.r.ﬂ_.u.. = WY s Fadw
L i Ertate al ab-]
st oW oE F B r;m%
Hﬂ_ﬂ:ﬂ.ﬂ.ﬁ__ o Llar=1
=3 wf ¥ R # 8 Py
= o EEEe
Fa sttt =2= L “. i PR A A
o o -3
TTTTTT = o
P o« & AD
T T Py ey
T @@ Fes i
T [T S oDy
T B el o Fe [
= %@ W P iR
i T o Pl P e
] I
..ﬂ. e B = =~ =
Fm.?lr_ﬂ.ﬂ. =1} H o e
TN - [ -] =
RS L] " "
£ B0 L5 ] -] =]
— L ] -l =
e e T e T [=] o
e g L -] L L
L I [ -3 =
PDH-.Ul-..ﬂ. g HLeoooooD “
i MO oDD =
= g O P = 3 ST D e (-0
T DD W =f g eww i@ W Y
Wt oW omaW DS TS I i
C -2 -1 o oo
NJ- S = L
Tyl hd-2-1— —J_f_1_1=] (=]
e T Pl b i e A - "~
o e e —4 =
Rab R & B o ST ST eIy L =] L]
= b L T e [ w
= e g L= L=
[T, - - L =]
p=""1 =1 -0 T A e i G o= =
= i o T W e e e t LI
il & W Eed § ® & & 8 & 8 B 8 L~ =
of &S DD & e AT il T bl
(=1
3 O
[=l=f=1z=] e il o 5D P
L S A 5 e 50 e ] o o o
Wt ® ® o® 8 r«F | L
E-T-L"1 =1 P....U.n___m__n_ﬂ.n...w.
L )
Sy ol )
P aT.a ] P T 0 o S O P
el 1T el "ﬂ.!lnuﬂ}_ﬂ..ﬂ
R A 3= B B R W EEE
el GOCOOE V1 DD DAY el
[l =ttt ] [ ] i r
= u...n. = o ® ®aEF BB E WEBW
E &8s w L e i etk SooD SooD oDoD
DT S0 Al
- ] BF " @ &g @ EE
- - TR Vel
e -l L
Tl e il - ] §
Lo O | L R T
oo i BGOSR P Rl R P DS
[-L LI & SDoD O °© SDo99
T il [V T (a0 B 2 -0 . 3 LI
[=] = > Do o o ooDoo
o 5 = LI}
L LY, TS
palr el B R A e D
e T Pyl el A% o E W&
B ®wmw =i i Pl P ST Sl
RabPe b wiled L= Rt ]
= e = O EREE R s D
o == L= -0 r =] il P T Sl
o B T wdava dried et E ¥ ] E R W
Pl el e T il O el OTpeded
e ] B 5 i 4 il el el
P 1 P e
=1 —
el O of | EASbAdGSio
T "
e 5] m [ - S L]
L el ] LR D I - -
ol i | A e T LILY & L L
Lalnat sl ol el o el e il Celegede & o0 RO
A L = 8 I | wFoFelfaF o = offaf oo
redwieded | i e oD 0 BN |
= “ RAP |l A AR SN AT |
----- _ - e e _ [ | |
i ol il = - i | |
e i bl |
_.U1._. -.__ﬂ-.-ﬂn.-irm llllll PuPufobe & & ES
o WO wdl | i P ST ol | RS e B WSS
e L ‘=] G -t LR A
L T L] o5 X e e st red il i
it Lata
o P Mg | | i
| 5| mAEETETN | ¥
™t

i, | AR L e, o
b e i _
1



()
DATE AND I IME OF BuN 2723789 19515 JaG
aser o BENISR (EBIGR MRLGD DRSS ISSISP IEDSR IERNED ESISP TESe) Is3ed) veyraam vestaddtesrddit

VILACITY EPTH 11'11 x4 KFAR 1 M5 :I'.FH 1PN Htﬁ IR IPREN CODE
i. H !‘.ﬂﬂﬂ ED‘ 250, l???ﬂiﬂ'! 1 lg ' Q 1 10811

9
I Mﬁ ” " anG o -"i""' oM AVEP E : cF I-Ef‘!ﬁ'lﬂ iH ll;% DLH”% F= 'MLJE H?ﬂ.ﬂ.ﬂﬂ EEHEEE AEEU;THiH‘EE THE
U e T ETCER S R B e
ﬂsliu peld T8%s s827a%0s (B000er BEOTU  o7RR DO 0N GAS R OMIS WML BRE R AR ARd 1N UB oMB oM MB AYXD Spuu MR ayry sory |
L‘il'ﬂ' fr H A; PHME HH"H‘ 5 TrOAS TPRL ] Hl_s = Alh‘. PRX :‘. E XMAG HME FMP FMAG 5 S.EE ni LT n L or
d R LR TR T T TR R
G L TER R R | B
5ttt e b g b el B B R RN BR 1§ 6 fid PHIER B Ed
Eg_g = ; i :-_E l.: i # I -E E i ; E § ¥, S & 2v=20 10.5% 0.0 &
5] L o 5 : e b9 i3t 08 0 g -+ B }‘ 5 3 8-33-10 1098 chdd00 0%
Et? 5 - i iEF i !E L 2 ; i E. E ::3% g E 'i' § E & :i 5 3 ‘.I:.‘"I li.:! =015 ﬁ-:i
~—LAT =i 5 AVEPS LR DEMS
; l; i a1 §:3t H! 3}t Bl 8.01
a8l i A { 8:12 L)L € 0.02)
LTSS ST T ]
- 484 3:34 . . b .
i%g tgigi H-'&E :E:Hi E: g il q-:“u.nu




3505 "C3I6840 "

* 25588 "hladde 153

AH t;EHLE??E

ZETLT
'i.%!ﬂﬂ
1A G

L

3568” -53
]

K4S EKFH [PUN

1

TE
b
L

L

TR
n

J3G
5T
k]

05

102135
250. 1.7520%0%

2FA2AFR9
0.

Ll'-; PIEAY XFAR

aF RUN
106 14t

'

E

!

OATE AMD T IH
T TO

—

s

RZ

= § & i0W
ol o
R R

AT ol P ol o
e e

E o8
e P P P By,
R

P R R
|

[

Q.3 &

ME AVF4 S0FY
0 0.0 0.0 12 0.3

ALY MM AYEM SDXH

AVH
26 0.00 0.07F

IH MR
19

DEFTH
q.14

LitHG W

LAT M

TR M
E'lﬁliIEL.Tl Se= l.8d LOA-48.58

JATE
—d5 0N

W
&
-
8
]
;
[

Q.73

T
&
i
5 2 45.00 15.26 =0.15

A e S PRy P
R LT Y T R T

WODOoOoQQODODEoDo

fadm et el -1 21— 2~ 21—
SR oOoDERRDoOE
o & @ F R
(SimjelmgalatalaRattalal— o]

b
I A e o T 0 A A 5

“:ﬂrg:u::naﬁ-ﬂn
=

e e i BB w0 P DD R B
I T P P P P [P 5] 5 s il
I & &8 8 & 8 p 8 % 8 # 8 0 @
i T e = T e e e i

P BB RN RE R
a0 5 T AT R T T
[ 1 I B R | [ R I |

e R bl B o i
S o ol ol AT ST P

H--_l-ii!i-l-i
o el P P g™ ) e B
-l.

Mﬁl&&ﬁ&iﬁﬁrhbﬁ
B Tl o L e 0 L e
(=T E I R R R R I

L B bR U g Wl o) e
= &

H _
LS S DO DD O
LR R TR i) ol P O i S i)
(CC I O R O I I BN O
| 2 p S e O D Ml o ol o0
Gl o R I B Y T

I L P LR L R U
Pl =l
1 i oS =l ) o i D o ol
o it et bl b s
Sl e T A A ] 5
x

A Ads st iodd an

&

sl o4 4] fad

3~ I o P e« F BT i

A b
et

B0 B i T i i o A0
g P Rt o S e T L

e N N R T T T ]

T £ Y P i O P B ol S
L LI B O BRI B BB
o T ] s P 58 P P b
L~ =l T TR o

>
B S Pl O BN AL | B LD
AR Bl il TS, ol

el b D ) |

n.02

{ 0.021
.02

f Q.012

DRHS
i 0.01)

%300

G.323
DLy

0.01
{

Q.08
{

AYS

AVHPS
h.0%
=0.0%

T.03
B, 564

Lox
L8. 58
48. 84

LAT
1.54



a9F RuN 2720589 1021% NG
SETISE (0SENSD’ BRRAD DTRIODY MTRNSR’ IERUSe’ NTRSEDY MTRMRY TSINGEN I53T6A%s Tealad T°

DATE axd I IME

o

RISET

PRY CODE
1 1811

AL

LY5 KFH IPON [HAG
| a J 1

3

7¥3as03

= £30. 1.

11; IHE;l EFAH

YEPTH
2 .000

B

“f i T R

MENT S
i:4
38 983 b

s

Al

|

e
e
e S
i »
b1
(%]
= P D T
e N [ ToT
s @ | I B N N |
=0 An O
= .-.W“..‘.”
=¥ T
W s e
- il T S A Y i R
= @ EEmap
= I | L=h L]
et [ TN
=r-1 A
W Wi o oa @ eahananat e
AR S Y S D P
bt =] Wi " E
= oE I il (P AT Pl
= B o
el
(NN N - - L
T Rl M P N D
“ Wi o= R R W
1.1 Bl D
EF A0 SunDRB
= A R
af & b # OB @ Rl
Pl i
A RN
ES W
i il gy
- & B
O SR e P
L et I L
[ = - B TS [=l=l=b= Lol
Fed LU
.W Pl
=i gt ] e
i e
=
] “
-« & O
L=
1]
D -
L LD
o
T OSSO DoD
LYo fabsd=lel=lals] i

D DD DB
L LR |

oW
LS = F @ L]
R T o i i
S el
“ W O A e T K
=S o
T e TR T TS
Wk X
3=
- ]
e G P P D D
T T P B e S
Eed | ® & & @ & & B & &
Tl VA e s e e el et e
L)
s
el LBl S WIS TR
=l =t =2 ] = =]
Ted | ww & & & @ @ @ &
o B, Dy T T D T
i § 1 { |
L~ S I |
Fed OGS D0
oty T e sl T T
Bl D W BB
ey T O O e
T e S i L]
L=2
1 P plsfi el
L e =
iiiiiiiii
=l M%‘g
=y b=
- »
A o R AT
ﬁ 3'32‘!“
(=TT TN NN ]
B = @ ey o wF O
& = .
P -
>s ©2%233888e
LT T
ASef W OB g A B @ W
o N L bt |
O B W el
=l
- “...__._-...__.:___...:r_.__._.___..___-.._-
U T I AP R A
u-_,._-.. T et vl et e gt il
E W

o i G T g
T R R
| e P i e g

= o P
=] |

La | |

=

- i s g it 0 Tl

Funll Lt el e o
-] ol e ! P L ol

_ _

DRMS

W

tal

2.01

{ d.02)
.01

{ G.0L)

"o

{ 0:21)
{ 0.01)

oD D ROOO
T rasded BiDes O ededed
iiiiiiiiiii




OF RUM 2728789 10:l% J3G

DSTERT S 11 A T

DATE aNd [ IME

Jr53
1

sien tgsten testan regran vegfadf tegroy

] 5‘
D AT T

sTHE?
4503

£51
5
G

T
=1
]

RILEE LI

=] o L 3

RWSET To

i
1

Ll =]

lllllllllll

i i A I e
h...“]:.‘u..ﬂ-..ﬂ.ﬂ.ﬂ.l.ﬂ

T e e e P T — ]
- 8 P
-

e o ol S o
T ] e e . 0
L L

PP ) 0 £ A P
I P e e i T
il LN
Tt ..-_._ﬂ.ﬂ!ﬂ.ﬂ.ﬂ:ﬂ.ﬂ.ﬂ.
Wi

e IR D S D
T oy e T e o ol e

=hal DS T ST
iiiiiii
S S O S

o, BT S
L ol ol o S oo o
Esdbe i ERRlN
ol el nl el -0

B ™ el o o
Ll

et i ol ol gl o
P el it et a]

-.u...r..ﬂ.:-.........iu-.ﬂ-““
e o T AT T T

fr & s B "% 8 5 8
Ll B S -2 o el o]

AR RPN SRR

il Py P s e
|

L §

AR DR e
L

DRMS

LOn

€ =0.01}

WAl Pa W el
SoeT O & SDooD
o EE L] L
.ﬂ-.ﬂ..ﬁ_ﬂ.. L= .ﬂ-.ﬂ-.ﬂ.ﬂ- 2
b L -
Pk P B R
[ L LR
DS D el DTl
B e T R B L
s W W SR
=l T -
@ @ F @ @ @ EEW
ot  ag i EDahENED
ol <F A




0,

OGATE AND TINE OF AUN 2729789 18115 JAg

RISET T
GUGITY JEPIH T3 XNEAU AR Res 19 K§S KGN IPUN IMG (R 1PV codE
T.ll‘l '”5- {LH ﬂ'lﬂ"l'l-l. F-'H'I.I.I.IE STAND
E?l? EElT E _zri HEFTH = ?ﬂ i?ﬂﬂg Eli E 52 EL Ilh g 17, E= EEEE
§ I B EI TR ER T A e e
QALS, QICING AT LONGW . OFPTH | WAG N ON GAe ¥ MG RY ER; 4 S0 AQJ [N NA avE A
iTH zﬁtf; LM ilﬂ F‘ﬂﬂ: ELEL] F‘-'E TP'ﬂii T EI' 'l' H1l P=H '5 ] :iﬂl PHX CALX K XHAG RHYE FHPF FEAG ':'..H:
AN 1 E R R 18
Ehi ] :1 ¥ ' ] W 3 1] s ilf Q
bt e e §1 § : E Hﬂ 1534 i
i t:}:é*l 18 “ i 3 g i f-E:e
_pg s ian vy s b I 1 137873
LAT LON AVHPS QHE DENS
—— f T #1: r: 5 i . B.00 =
i ["ii H’E EH :I:i iﬁ i S ‘t“ﬁ-ﬂu
L=71 « 0% TFa33 B.0% « =001
1.71 49.05% 8.6 -0,08 aﬂu tu'?rfwr
B3 @38 B e i 0
R oS I I ¢ e

RSP (OB JCEID DRSS ISR IGHNSE ISSLD DSRSP BT L6 TeTemd vedteadd Pesrandd’”

f'EE!i TaKkEN

EM

|



] .&

DATE AND T IME OF RUN 2723789 10:1% JAG

wsr o VTSP GNP IEED ISSISY ISSRY ISSIe LTI 1Ry TEsKn Isineass vesvean el Pegreddi®’

GUSEY QI NG S e 1 G KGN G R Ip cone

T R T o B R

) ‘IIMEI llE]- ?E LT 1& I tlﬁgwﬁill ﬁﬂl! ﬂ -'ull lg 2 IH‘ l 0. li iﬁ‘ld %ki 3 I?E gi l! I.E 0. ﬂ'ﬂ- d. ﬂ; #:I EEIQ 5 ‘I: 5 52 2 5

-Iﬂ"l"l PEE-E 1#!& I}g §ii EE:AEP!E!EEi!‘ME RHE FHF F ﬂ!ﬂgﬁi-‘;{;fﬂl SI;HE'I- 'i'ﬂ' or
@® i 1. 320,13
~. ;J ..,iﬁf%gm;n% L e T

ik o -::ll !.i; -ll “on

1.48 48,23
2.80 a -8.61
-8:37 g:ll ¢ 0.03 vale
-‘1‘ - t ﬂ-ﬂl!‘

BN, 1

s T I

l | iz 'E:§5 S0 00 t 8.02)
|

o



DATE AND T IHE OF RuN

10:1% JIG

2r28/,29

RIZET TO

vEL
5

a 1] 1

ﬂ:E EFH OIPUN THALG

Iq
3

L 1. 7830504

XFAR
250

EaR
20

JEPTH  ITR XA
o 000 [

35

0 0.0 TR N
3 %ok

AAR HH AVEH EEI; HF ANFA SDFH 1

AR
1 0.00 .11

MR
2

FZ

0i13 §.% Efi A A

HAG N OH GAP H
.66 LT 1 76 1

DEPTH
r.00

ﬂHIEiH LAT % LOHG W
1 1428 52.02 4= 1.59 LO4=-4B.08

E

=as
-

u.-.

or

S=WT
d. 56
Fi
§
0.5%2

5
&
33°°5.03%%. 55

238012250
1.
1
it
5 2 48.00 15.08 =0.33

5ad
7
s ¥ 34,78
&
i
%
&

“iE EEHI 5=5EC T508
? b &

3

1

T

&

3

8

1.
o
]
1]
1
B
]
8
0

Fup F
50
7
5
9
;
0
&
0

KMAT RMK

:
:
§
a
:
3

=1t =l-R_l_t=l_j=l=f_J_1-]
Iwﬂ..ﬂ.ﬂ.ﬁ.ﬂ..ﬂ.ﬂ.-n..ﬂ._ﬂ.n-.ﬂ.ﬂ..

L B R B
{nnnnuEEuEu

o
e dmlalalmEnlatelotalnlallm]

o

._..Inn.uall.l_-u =lete]stealal-Tol-—d
=

e ol AT ol P DG U P R
T T L i D T D
i =% 5% g @
e Sl ] gl o] s ] ]
=
v .
L P Ok S O D Pl oD
e P S P SR LT o
i & & B % & % B B W 0 B EW
ASoooooDDoQoS
] :_-_.__ [} I
-
I W Bl i o i
DT T T T
L N

803
~8:3
={a
B
§
B
8

e 0 O B i 0 Y o
P P ) P D) O e 5 e

A a0 S A
B A Pl e 3 P o ol o et
.u'.-.'-r-'.-i.llln
R - L T T L
L
- |

AT L O T T T D T
LErm B, o DA P b i o e 00
SIII--.-..-II-
B S P 0 R O
B i ) e e B o

T e T SO B B0 B T
T ol 0 PSPl P S P e e
T i ol A ol ol 0 o el ot
T e i e o e e e et e ]

Bl S o D A S S USRS
e
A A Gl o a8 0
i

T P T D B D el e eSO
i AT P S S S ST T
e

T e B0 P o e 00 e o
gt o B 1 L0 i il o g o

P s s

_l.ne.._ll]..i.altr.ﬁ}ln}.?._u
B @ BB AR EE RS EEE
e a5, g e Bl 8 el
(o] léit._i.ﬁtj.
- o W.
i -

Wt::?ﬁUﬁHfru T+d1;

R | UL, F e e il A
+Iki|;d$tﬁ“#

DRANS

AHS

L Ow e AVHPS

LaT

- -
= =
L=] =
" .
= =
= =
L= ] L=
& e
e = L=
-~
-
=
=N
=1=]
L= |
L= =]
B
L=
- -
=i =
L= L=
[ -.
L= L=
il =
L= L =]
LI L g
= ==
WA U e
LR L L
oS Do SO
o Pl o o AP
SO O O DS
[N i 0 i F R E
SDoHD O O DS
L | 1 1
Soos o N Qooo
P P Bi™.  oF % P e BTE
& @ @@ W 8 [ ]
[ S
Pt OF 8 PatEhed
Elact LT = S Rt L
L | " " L L
Lol rar Lol - T - -]
aff offof g of F ol
wifahygny & B R
mohnhal 0 A Wi
8w L] L] LR
e i



DATE AND TIME OF RUN 2/23/R9 10:l% 036

i’

fesrel

fAas 54

308" &3088 &l30s8” -3.33ba’ 23A63” TH20600 16316380 TURISNE 35580

T
f

L)
0
i s A H R PP

e

2-105
;EHH

5ET TO

A R

UPTIEas «
0

R

NN

E45 KFY ]PHH A G
a L

1

3

<000

E
:

AR

2
i

AT SR

0.8 0.0 & =0.3

J [N KR AVA  AAR MM AWM SONH NF
Ei lﬁ 16 d.00 0.12 o0

i 5. §52XWo

> H RY
$ 1 0.1

HA
2r =0.2

TH

s385h 19°8" $h0ha 5827olr7 168%8sYs7 1D

or

S=uT
Lr
&
7

L R

o P g, P
P, P [l e i

WA P g ey
L= I I A

B il ol Pl
[

[ b Lt =R ]

e o
RS
o el e e

Tl < D Pl
“.Fﬂ_ LN N0 N8

DRMS

L L

AVRPS

Low I

LAT

]
€ 0.01}

€ 0.21%

.08

il oF G
et ek e st
R E R
g =Je ]

" 8%01y

0. 00

ot

L=f=t—

0.07
=0.07

.75
10.T7%

LE. AT
LE. 4T

L
ol T

 0.01)

{ o0.003d

Q.00

“wkwer EXTUIA ALAYME CARD ENCIUNTERED whwen



Appendix B

This appendix contains first motion diagrams of the 15 Loma de las Canas
swarm events used in this study. Each event is plotted on the upper
focal sphere of an Equal Area Net stereographic projection.
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First motion diagram for the earthquake occurring

4/30/86 at 00:11 GMT.
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Figure [3-2. First motion diagram for the earthquake cecurring

1/30/86 at 01:28 GMT.
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Figure I3, First motion diagram for the earthquake oceurring
4/30/86 at 04:07 GMT.



Figure 1. First motion diagram for the rarthquake occurring
4 /30,86 a 05:30 GMT.
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Figure -5 First motion diagram for the earthquake occurring

4/30/86 at 06:41 GMT.
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Figure LR7T. First motion diagram for the earthquake oceurring

473086 at 16:12 GMT.
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Figure [&8. First motion diagram for the earthquake occurring

4/30/88 at 16:15 GMT.
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Figure 0. First motion dingram for the earthquake oceurning

4/30/86 at 18:06 GMT.
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Pl T-A0 First motion diagram for the earthquake occurring
3/01/506 at 03:53 GMT.



Figure B-11. First motion diagram for the earthquake oceurring
501,86 at 09:33 GMT.
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First motion diagram for the earthiuake oocurring
5/01,/86 at 1143 GMT.




Figure B-13. First motion diagram for the earthquake occurring
5/01/86 at 16:28 GMT.
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Figure B-14. First motion diagram for the earthquake GCCUrring
5/00/86 at 19:06 GMT,



Figure B-15. First motion diagram for the largest eveut of the swarm. This carthguake
occurred 4/28/1086 at 12:589 GMT. The duration magnitude ns calculated by
IYPOTI{Rev) was 2.57 .
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Appendix C

This appendix contains the p used to verily the correlation
coefficients obtained by the SAC program.
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¢ This program reads two data files, computes a eross correlation function for them
¢ and determines the maximum correlation coeflicient.

parameter| max=5000)
dimension a{ max),b{max),c{ max)
character*30 filel file2
write(*,*)'what is frst fle for correlation?’
read (*,*) filel
write(*,*)'what is second Gle for correlation?’
read (*,*) file2
open(20,Gle==filel)
open(21, file==file2)
apen 22 file="corr.out’)
read(20,100,cnd == 10)a(i),i=1,max)
10 Dussi
rewind(unit=—=>20)
read(21,100,end=15){b{i),i=1,max)
15 ly==i
rewind{unit==21)
call xeor(a,lx,b.ly,.c)
le =1Ix +ly -1
cmax==0.0
do 20 j==1l¢
tmpl = abs{c(i))
tmp2 = abs{cmax)
if{tmpl.gt.tmp2) cmax=4c(i)
M econtinue
write(22,101) le,cmax
write(22,100)(e(i),i=1,k)
100 format{515.7)
101 format{i53x,115.7)
end
P 1 0 L L L L L L L L L T -
c
subroutine cross(x,lx,w lw ls )
e
¢ Crosscorrelation between x and w. Only positive time lags computed
¢ w is the operator that is xcor. with x
¢ |ls should not exceed Ix . output correlated trace is in =
c
dimension x(1) , w(1) , s(1)
do 10 i=]1,ls
m = minlw + i- 1k)-i+1
if{m.le.0) then
g= 0.0
LET
call dot(x(i),w.m,q)
endif
i) =q
100 comtinue
return
end
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subroutine xcor(x. b,y Iy )

¢
¢ 0000969 Cresscorrelation based on convelution
¢ array s output will have length lx + 1y - 1

¢

dimension x(1), ¥(1), s(1)
call fold(x,bx,y Iy 5. ls)
call revers{y ly)
return
end
e LLEL LR L LR T R LR R L FEREE mT o
i
subroutine dot{x.y Inth dprod)
[ o
¢ """ “cale. the dot product between vectors x & y, each of length Inth’
3 dimension x(1) , ¥{1)
data lunout /8/
dprod = 0.0
if (lnth le.0) goto 100
do 20 j==1,Inth
20 dprod = dpred + x{[i) * ¥{i)
return
100 write{lunout,6010) lath
8010 format{lx, error in dot.l length’,i8)
return
end
B e e = g T e e e e YRS, SR e e
[ H
subroutine revers{x, lx)
[
£ e PEVErSe Lhe sequence of x
e
dimension x{1)
on == b /2
do 10 i==1,n0
temp = x(i)
xfi) == xbx-i+1)
x(lx-i+1) = temp
10 conlinue
return
end
e T Y T F | Rt
¢

subroutine fold(a.la,b,1b 2.1z)




L=
¢ mesesmmese———— Copvolotion by folding a with b
¢ Ilz=1lat+lb-1 lalb lengths of arrays to be folded
¢

dimension a(l1), b(1), #1)

lze=la 4 1b-1
do 5 i =—=]lz
5  afi}=00
do 10 = 1.la
do10j=1]b
k=i+j-1
10 afk)= afi)*B(j) + o(k)
returmn
end



