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ABSTRACT

Relative station residuals were calculated for 78
taleseismic events recorded in the Socorro, New Mexico
area to determine if any delays could be directly associ-
ated with an extensive mid-crustal magma body and/or
postulated shallow magma bodies in the upper crust.

The observed relative station residuals in the Socorre
area appear to reflect effects due to (1) a mid-crustal
magma body, (2) shallow intrusive magma bodies, (3) com-
plex geologic structure (e.g. crustal thickening and deep-
seated caldera structures), andfor (4) low velocity material
beneath the Socorro caldera.

Relative station residuals with raspect to the local
stations, WT and CC, indicate delays of teleseismic arrivals
that can be attributed to the mid-crustal magma body and in
some cases the postulated shallow intrusives. Large standard
deviations (>0.20) for the residuals at some stations may
reflect rapid lateral variations in crustal properties.
Residuals obtained for station LPM suggest the boundary of
the mid-crustal magma body could be extended further eastward.

Late arrivals at GM and HC to the southeast and FM and
DM to the southwest support the presence of low velocity
material in the lower crust and upper mantle beneath the
Socorro caldera.

Crustal thickening to the west will not totally explain
delays seen at stations GM and HC for P-arrivals of tele-

seismic events from the northwest,

wvi



Evant residual averages with respect to ALQ are the
result of low velocity raypaths in the Socorro area or
high velocity raypaths in the Albuguerque area for events

from the south-southwest and northwest.
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INTRODUCTION

Earthquake research, in the past few years, at New
Mexico Tech has centered on the study of an extensive magma
body at 19 to 20 kilometers depth beneath the Rio Grande
rift at Socorro, New Mexico. Data for this study have bean
local microearthquakes, regional man-made events, and
teleseisms recorded by a moveable array of seismographs
aquipped with short-pericd seismometers.

The research described in this paper is directly con-
cerned with the use of teleseisms and time delays along
their raypaths that may be directly linked to the deep
magma body, the possible nearby shallow intrusives, or other
features of the complex crustal structure in the area.

Three previous studies are closely associated with the
subject of this paper. Rinehart et al. (1979), using §
to P reflections and § to 5 reflections, were able to locate
reflection points and accurately map the southern boundary
of an extensive magma body in the Socorro area (see Figure
l). Additional control on the east-west extent of the deep
intrusive was provided by the Consortium for Continental
Reflection Profiling (COCORP) using P-wave reflection data.
The COCORP profiles relating to the deep magma body and
geologic structures in the Ric Grande rift near Socorro are
reviewed by Brown et al. (1379). Figure 1 shows the location
of the COCORP reflection lines.

Yousef (1977), using P arrivals of mining explosions

from the southwest, found a systematic delay of relative
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Figure 1. Seismic stations relative to local structural
provinces.



travel-time residuals from the southwest to northeast (see
Figure 2). He suggested a possible explanation for this
dalay was passage of the Ph waves to northeast stations
through an extensive magma body.

Fischer (1977), using P-wave arrival times of tele-
geisms to determine their potential to study the crust in
the Bocorro area, concluded that azimuthal variation of
residuals possibly reflected structures deep in the crust or
upper mantle. MNote that Fischer did not apply station
corrections to his data. Upon making this correction Rinehart
et al. (1979) showad that the delay that could be attributed
to the deep magma body was not greater than 0.1 to 0.2
second. In addition, analysis of refraction data presented
by Toppozada and Sanford (1976) did not support delays of
Pn arrivals through the magma layer of much greater than
0.1 second.



Figure 2. Residual map for Py arrivals for mining explosions
from the southwest (Yousef, 1977).



GEQLOGIC SETTING

The study area, shown in Figure 3, lies within the
Rio Grande rift approximately 120 kilometers south-southwest
of Albugquerque. Figure 4 shows the 29 seismic stations in
the study area and their relation to the local physicgraphic
provinces.

Since many good reviews have been written about the
geclogic and geophysical characteristics of the Rioc Grande
rift (Chapin, 1971; Chapin and Seager, 1975; Cordell, 1978)
I will only briefly mention a few relevant structural charac-
teristics of the study area.

The overlapping caldera complex in the lower left of
Figure 1 is believed to have accompanied the formation of
the rift in the three periods of magmatism (Chapin et al.,
1978). Through this caldera complex passes a deeply pene-
trating transverse shear zone (see Figure 1), that is tran-
sected by the Rio Grande rift. PFor geological documeantation
of the shear zone and a map showing other major lineaments,
the reader is referred to Chapin et al. (1978). Also a

volume entitled Rio Grande Rift: Tectonics and Magmatism

(Reicker (ed.), 1979) presents the latest geoclogical and
geophysical information related to the rift and its formation.
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station locations relative to the local

physiographic provinces.

Figqure 4.



PROCEDURE

A movable array of 5 to 7 stations was used in the
period April, 1975, to January, 1978, to collect microsarth-
quake data and as a by-product many teleseisms were also
recorded. Each station was occcupied with a Sprengnether
MEQ-800 smoked-drum recorder during the peried April, 1975,
to January, 1977. For the duration of this interval a
KEinematics PS5-1 analog unit was used to record signals from
one of two telemetered stations (LAD, LPM) from the Albugquergue
Seismological Laboratory (U.5.G.5.). Each of the stations,
excluding the telemetered stations, was equipped with either
a Mark Products IL4-C (1.0 hz) or a Willmore (1.5 hz) vertical
component seismometer. For a further description of the
MEQ-800 seismograph system the reader is referred to Rinehart
(1976). The locations and letter designations of the 29
stations used in this study are shown in Figure 4: their
latitudes, longitudes, elevations, and station corrections
are given in Table 1.

A total of 78 events (Appendix I) were used in this
study, 42 events from Fischer's (1977) study were reread
and incorporated in the data set. 1In addition, 36 more
events were chosen according to their (1) clarity — to
guarantee the first energy of the arrival; (2) implusiveness —
to allow accurate readings to be made, and (3) signal strength —
to obtain a reading from a majority of the stations in the

Array.
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LATITUDE

34.9425 N
34.4090
34,2068
34.1442
34.2725
33.9501
34.1573
34.1075
33.8950
34.0829
33.8745
34.1454
34.0658
33.9870
34.4582
34.3076
34.1305
34.1667
33.9648
33.9924
33.9002
34.4234
34.0812
34.0100
34.1570
34.2234
34.0498
34.2339
34.0120
24.0722

TABLE 1.

LORGITUDE
106.4574 W

106.6818
106.8205
106.9812
106.7702
106.9576
106.7785
106.8079
107.0504
106.8047
106.7270
107.2345
107.2361
106.9967
107.0375
106.6336
107.2425
106. 7459
106.9933
106.6253
107.1135
107.2075
107.0069
107.089%4
106.7802
106.9910
106.7751
106.5778
106.9929
106.9459

STATION DATA

ELEVATION (m)

1849
1615
1516
1649
1578
1640
1585
1536
1850
1537
1558
1945
2240
1730
1768
1737
2024
1645
1730
1644
2080
1530
1719
2073
1577
1515
1558
1850
1673
1555

STATION

0.00
-0.03
0.00
0.12
-0.04
-0.18

0.06
=0.27
0.00
HSC
0.04
-0.12
-0.14
0.22
0.21

0.08
-0.13
HSC
HSC
=0.12
-0.24
=0.25
HSC
0.08
0.05
0.17
-0.12
0.15
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The events used in this study ranged in magnitude
(Mb) from 4.8 to 6.6. The sampled azimuth directions
ranged from 74® to 343° (measured clockwise from North).
Distances ranged from 8° to 98° (1 degree = 111 km). The
rasulting angles of incidence were scattered from 14.4°
to 63.2° (measured from the vertical with the major con-
centration being between 15® and 25°.

The origin time, magnitude, depth, and location of the
seismic events were determined by the National Earthgquake
Information Service (NEIS) of the United States Geological
Survey. Using NEIS depths with distances calculated from
a program donated by Dr. John Schlue, I was able to use a
simple linear interpoclation method to cbtain theoritical
travel times from Herrin and Taggart's (1968) tables.

Hote that the distance program corrected for the ellipticity
of the earth in generating a distance to the nearest 0.01
degree (Schlue, personal communication, 1979). This can
lead to a maximum error ¥ 0.10 seconds (see Appendix 3)

for close events (A £ 12°). Only 13 events were used with
distances £ 20°; 5 in the southeast quadrant, 1 in the
southwest quadrant, and 7 in the northwest gquadrant.

It is unknown if the higher standard deviations in these
guadrants is due to this error or is caused by the different
crustal properties sampled by events of variable distances.
A way to check for this error would be to separate the events
according to angle of incidence. The minimum error due

to round-off of distances to the nearest 0.01° is ¥ 0.03

seconds.
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The angle of incidence for a particular event was
found using depth and distance to obtain values from tables
by Pho and Behe (1972). It was necessary for event distances
less than 20° to calculate the angle of incidence. These
particular events are noted with an asterisk (*) near the
value. These calculations were made using an accepted
velocity model for the area (Sanford et al., 1977).

Clock corrections were applied to all travel time mea-
surements when necassary. These corrections were found from
the microearthquake data in which the drift was assumed
linear for the recording week (-4 days). Inaccuracies for
clock corrections and reading errors combined are believed
to be ¥ 0.05 second (Rinehart, personal communication,
1979).

Elevation corrections were necessary to remove time
residuals caused by different distances traveled in the
crust. All stations were corrected to a level datum,

1849 meters, the elevation of the base station ALQ, to
remove this effect. The following equation and figure

describe this correction:
CcS AS cosa cosa
. — M {hi - h'b] _._ﬁ_._., — {1]

§ (5takion)

_.ﬂhinlniﬁﬂx¥h$_ S H A
by
A\ = 5.8 km el
— Sea Vevwel W
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Station corrections were applied when required (see
Table 1). Application of these corrections is necessary
to remove the time residuals produced by rapid lateral
variations in near surface geology. The station corrections
were determined from explosion and microearthgquake data.

All meagsurements of arrival times for stations in the
study area are made on smoked-drum records (2 mm = 1 second,
2.5 mm = 1 second for the PS8-1) using a traveling micro-
scope with an accuracy of approximately ¥ 0.02 second. All
ALQ records (1 mm = 1 second) were measured using a Feuffeal
and Esser scale with 0.5 mm divisions and a hand lens on 12x
enlargements of 70 mm film chips. The accuracy of the latter
measurements was no better than + 0.10 second.

A procedure, different from Fischer's (1977) study,
was used to increase the reading accuracy. On all events
the first compression or dilatation was measured to eliminate
much of the error present in measurements of the somewhat
non=impulsive first arrivals. At the beginning of this
study it was believed that the expected residuals might be
on the order of 0.10-0.20 second (Sanford, personal communi-
cation, 1979). This magnitude of residual would not have
been easily apparant in Fischer's study. The only error
involved in making readings on the first peak or trough is
that changes in amplitude for the same phase on different
records could cause changes in the arrival time because of
the curvilinear recording. A correction does exist to

eliminate this error (Schlue, perscnal communication, 1979).
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but after some experimenting with measured amplitudes it was
found that for all readings the correction was negligible.
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TELESEISMIC TECHNIQUE

The anomalous increase or decrease in velocity en-
countered by a seismic ray along its travel path is estimated
by a quantity termed the travel-time residval. This travel-
time residual (TT_) is obtained by subtracting the theoretical
travel time (TT,) from the cbserved travel time (TT ) and
applying clock, elevation, and station corrections. The
observed travel time is easily found by subtracting the
origin time (OT) from the measured arrival time (AT). This
process is shown by the following simple relation:

'I‘To = (AT - OT) * clock corr. - elevation corr. ¥ station corr.,

(2}

and TTb - TT = TTr

t

The resulting travel-time residuals contain, in addi-
tion to crustal and mantle effects under investigation
immediately beneath the recording station, effects from
mislocation of the hypocenter, errors in origin time, and
anomalous velocity structure along the path of propagation
(Iyer and Stewart, 1977). This makes it necessary to
establish a base station that presumably does not "see"
any anomaly which would be present in the area of study.
This station is considered to be "normal" with respect
to stations in the study area. Subtracting the base
station residual removes the errors in hypocenter location

and origin time and anomalous velocity structure affecting
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all raypaths, thus leaving residuals due to properties in

the crust and upper mantle below the station. In this

case, station ALQ (Albugquergue) was chosen as a base.

Because of possible variations in crustal structure beneath
AL and the chance of large reading errors on records

from that station, two other bases within the study area,

WT and CC, were used. In all cases the base station
travel-time residual (TT. ) was subtracted from the station
travel-time residual (TT__). Thus a positive residual
indicates an anomalous delay for travel along tha station's
raypath relative to the base station or an anomalous earliness
for travel along the base station's raypath with respect

to the station. A negative residual would indicate a

high wvelocity path for the station with respect to the base
station or a low velocity region along the base station's
raypath with respect to the station. The following relation
shows the last step in obtaining the relative station residual

for a particular event:

TT:: - TTrh = relative station residual (fully corrected) (3)
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EVENT RESIDUALS — DATA ANALYSIS

ALQ as a Base Station

The choice of ALQ as a base station was based on the
premise that any variations in residuvals for that station
would be small enough to be hidden in the noise. As men-
tioned previously, the high standard deviation for relative
travel time residuals (0.1 to 0.2 second} when using ALQ
as a base is primarily due to errors in reading the ALQ
records. With this thought in mind, it is still possible
to see a systematic variation for the average of the relative
travael-time residuals for each event vhen they are grouped
according to azimuth and angle of incidence (Figures 5A
through 5B, and Table 2).

In the southeast guadrant, we see at angles of incidence
>30° dominantly negative average values. However, as the
angle of incidence approaches 30°, we see a definite
shift to positive valuas near the 140° azimuth.

In the southwest quadrant, the residual averages are
positive with respect to ALQ, indicating that the stations
in the study area are delayed. Note that events sampled
from the southwest fall in a very narrow range of angles of
incidence (14.5-16.0) with the larger angles of incidence
showing slightly more delay.

The northwest guadrant reveals a definite variation
with changes in angles of incidence. At steeper angles
the residuals are moderately negative grading into lower

negative values as the angle of incidence increases. HNear
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AZIMUTH AND RESIDUALS wrt ALQ
FOR EVENTS: 0360

ANGLES OF INCIDENCE: <I5°

N

v ~=== NEGATIVE
—— POSITIVE
=0 EVENT NQ.

.25125? 25
SECONDS

Figure 5A. Plot of event residual averages.
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AZIMUTH AND RESIDUALS wrt ALQ
FOR EVENTS: 0™—360°

ANGLES OF INCIDENCE: 15-20°

—=== NEGATIVE

SECONDS

Figure 5B. Plot of event residual averages.
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AZ IMUTH AND RESIDUALS wrt ALQ
FOR EVENTS: 0™~360°

ANGLES OF INCIDENCE: 20—25°

=

e o 1\

e
v — == NEGATIVE
—— POSITIVE
~10 EVENT NO.
25 15 O = 25
SECONDS

Figure 5C. Plot of event residual averages.
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AZ IMUTH AND RESIDUALS wrr ALQ

FOR EVENTS: 0—360°
ANGLES OF INCIDENCE: 25-30°

—=== NEGATIVE
— POSITIVE
=10 EVENT NQ.

EF 15 ? 25
SECONDS

Plot of event residual averages,
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Figure 5E.
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AZIMUTH AND RESIDUALS wrT ALQ
FOR EVENTS: 0—360°

ANELES OF INCIDENCE: 30—40°

b\
- )
I
a\
-=-—= NEGATIVE
— POSITIVE
e EVENT NQ
25 J2/ 0O
frmd—t—}——4 2:5
SECONDS

Plot of event residual averages.
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TABLE 2. FESIDUAL AVERAGES WITH BESPFECT TO RLD.

Event Depth Ave. Residual gpy, pey,
and (Number of
No, Date Azi. &1 (k) : (+)
1 2=16=77 T4 19.8" 33 =0.501 (7) 0.070
2 7-28-77  B9* 14.6° 33 -0.226 (%) 0.118
3 12-13=77 97"  24.4° 33 =0.520 (6) 0.163
& 7-1%-76 100® 26.3" 33 =0.615 (6) 0.182
5 7= 1-76 101* 25.5*° a6 =0.492 (6) 0.136
(-] 9-21-77 110 24.%" a3 =0.013 (6) 0.121
7 8-31-77 127° 26.8° 33 =0.214 (D) 0.226
8 9= 1-77 127* 26.8"° 28 -0.149 (7) 0.281
9 11- 5-75 128 26.8° a4 =0.476 (5)* 0.134
10 8=10-76 135" 26.3" 33 =0.262 (5) 0.108
11 5-27-76 1371* 27.%" n =-0.655 (6)** 0.127
12 6=26~75 140 29.9* 76 +0.393 (4) 0.141
13 2= 576 141* 20.2° 98 =0.720 {5) 0.115
15 6-24-75 142* 20.7° k| =0.170 (4) 0.050
15 2=23-77 142 32.4° 118 +0.304 (5) 0.146
16 10-28-75 143 20.4° 3B =0.162 (6)* 0.168
17 6= 7=77 145 18.5* 111  =0.174 (5) 0.228
18 12- 6-77 146" 18.2° 19 =0.254 (7) 0.148
19 2=19=76 147°* 35.3° 33 +0.525 (6) 0.156
20 5-28-75 153°* 17.3"° 24 =0.510 (&) 0.216
21 4=13-76 173° 40.0° 33 +0.560 (5) 0.115
22 }24-76 235* 14.56" k k] +0.037 (6)+ 0.150
3 12- 8-77 239* 15.0° 33 +0.140 (7) 0.122
24 2- 3=-76 240" 14.4° 477 +0.122 (5)* 0.170
25 5=20=-75 240 14.6" 3s62 +0.193 (3) 0.100
26 5-29-75 242% 14.5° 616 +0.083 (&) 0.150
27 8-12-75 242 15.7* 197 +0.257 (6) 0.117
28 8- 7-75 243 14.5° 626 +0.306 (5) 0.151
29 2= 3-76 243* 16.0° £12 +0.032 (6)* 0.181
30 1-21-77  245° 15.0" 604 +0.688 (&) 0.153
3 2= 6=76 245" 15.0° 590 +0.145 (&) 0.121
32 8-19-77 296" 63.2" 0 +0. 480 (2) 0.057
33 9- 6-75 305* 14.5° 374 =0.270 (5)** 0.113
34 7-28-77 306* 37.3° 15 +1.025 (6) 0.150
a5 8- 4-76 308" 14.5° 435 =0.125 (6) 0.380
36 7-29-75 309* 38.0" 33 =0.612 (5) 0.165
a7 8-12-75 310° 14.5° J9l =0.135 (4) 0.053
38 8-21-75 312 22.7"° 33 +0.230 (4) 0.130
39 2-18-76 312 23.4" 39 +0.012 (6) 0.119
&0 8=17=-17 312* 23.7* 57 +0.488 (6) 0.248
&1 7-20-77 316*  25.9° 53 +0.866 (5) 0.085
42 8- 675 318 16.2° 230  =0.120 (5) 0.144
&3 11- 4-75 318 21.6" 26 +0.208 (5)* 0.127
&4 8-15-75 318* 21.7° 4  +0.218 (5) 0.080
45 B-12-76 319 17.0° 3ol +0.048 (5) 0.155
&6 9-21-77 31%* 19.5° 231 +0.006 (7) 0.174
&7 9=21-77 321* 21.0° 48 +0.448 (6) 0.125
48 T=29=-76 343" 14.5° (1] =-0.228 (6) 0.167

* One station used in the average that has no station correction.
*+ Two stations used in the average that have no station corrections.
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angles of incidence of 20° the trend is toward increasing
positive values. As in the southeast gquadrant, this suggests
that whatever is affecting these residuals, anomalous material
or geologic structure, the angle of incidence is definitely
controlling the distance traveled through the low velocity
material in the Socorro area or conversely, the high

velocity material in the Albugquergue area.

The runs of +'s and -"s in Table 2 indicate that the
values are not statistically random and imply that something
is definitely affecting the residuals at ALQ or in the study
area. An average of all the values in Table 2 shows a valua

of 0.0044 % 0.4034 second.

Station Residuals, — ALQ as a Base Station
Bacause of the large changes in event averages and the

reading error associated with ALD, relative time residuals
for a particular station using the ALQ base have very large
standard deviations, thus rendering any interpretation of
crustal structure in the Socorro area from these residuals
difficult. For this reason, a discussion of these residuals
is not given in this report. However, for the reader's
convenience, these residuals are listed in Table 3 and
plotted on the simplified geological-geophysical maps shown
in Figures 6A through 6G.

Station Residuals — WT as a Base Station

Standard deviations for station residuals within the
local array tend to be much lower when a base station in the

array is used because of the higher reading accuracy possible
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RESIDUALS wrt. AIQ
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RESIDUALS w.r.t. AlQ
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RESIDUALS w.r.t. AlQ
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Figure 6C. Plot of residual averages for events 141 - 153°
azimuth.
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RESIDUALS w.rt. AlQ

Angle of Incidence 29.9°-35.3° 3 Events
Ape
1)
]
n
L
L
##” ALPM
acK
+, <34°15'I
/ ATD
l?
U AMY
&
SH
ADM
AFM
ATA
+ ANJ +34°00't
FR
|
ms‘#ﬁ'_w
Q 10 2P km
— 1 ————Positive —===Negative

Magnitude femad
Scale | in.= 1,0 sec.
Figure 6D, Plot of residual averages for events 140" - 147°

azimath.



28

RESIDUALS w.r.t. AIQ
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RESIDUALS w.r.t. AlQ

Angle of Incidence 14.5°-19.9° 8 Events
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Figure 6F, .Plot of residual averages for events 305°- 343°
azimuth.
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RESIDUALS w.r.t. AlQ
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TABLE 3. RESIDUALS WITH RESPECT TO ALQ-

STA Awve. * S5cd. Dev. Events Ave. Comments

Azimuth 74°-101° Angle of Incidence 14.6°-26.3" 5 Events

=0.590 £ 0.221
=0.377 £ 0.045
=0.377 = 0.219
=-0.370 £ 0.170
=0.685 = 0.177
=0.555 £ 0.021
-0.685 ¢ 0.007
-0.445 £ 0.191
=-0.195 * 0.163

ALELTEEEE:

Azimuth 110°-137* Angle of Incidence 24.9"-27.3" 6 Events

sC =0.403 £ 0.142
=-0.585 £ D0.192
"'ﬂ.m * u‘mﬂ'
-0.210 * 0.226
=0.050 = 0.106
=0.277 + 0.046
=0,353 = 0.242

558880

Ho station correction

Azimuth 141°-153" Angle of Incidence 18.5"-20.7" & Events

=0.436 £ 0.211
-0.327 £ 0.374
=0,407 & 0.225
-0.605 £ 0.389
=0,385 £ 0.318

AEXR588

Azimuth 140°-147® Angle of Incidence 29.9°-35.3* 3 Events

cc +0.617 = 0.125
+0.327 % 0.133
+0.303 = 0.086
+0.510 = 0.212
IC +0.330 + 0.240

A28

Azimuth 235"-245" Angle of Incidence 14.4"-16.0° 10 Events

+0.243 0.075
+0.130 0.028

cc +0.2428 0.119 9
oM +0.0014 0.140 7
WI +0.367 0.138 7
sC +0.049 ©0.188 ?
DH +0.200 0.179 3
™ 4
SH 2

Ho station correctiom
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TABLE 3. RESIDUALS WITH RESPECT TO ALQ (CONTINUED)

STA Ave. * Std. Dev. Eventa Ava, Comments

Azimuth 296"-317" Angle of Incidence 25.6°-38.0° & Events

0.600 £ 0.236
0.847 £ 0,372
0.700 £ 0.262
0.847 £ 0.281
1.005 £ 0.120

52208

Arimuth 305°-343° Angle of Incidence 14.5°-19.9° 8 Events

=-0.053 £ 0.150
=0.246 £ 0.143
+0.116 + 0.167
-0.010 + 0.128
=-0.260 = 0.155
"-'D. M? * n‘-nﬁ'ﬁ
=-0.067 + 0.107
-D. lau - ﬂ‘- 233
-0.495 £ 0.488
+0.190 £ 0.156

S EFEFELEE
B b L L L Lad B LA LN SN

Azimuth 312°-321" Angle of Incidence 21.0"-23.7* 7 Events

+0.090 £ 0.122
+0.260 £ 0.143
+0.123 = 0.170
+0.253 £ 0.132
+0.285 £ 0.093
+0.500 = 0.240
+0.390 = D.0D42

BRESR88
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with local array records. I have plotted station residual
averages with their associated error bars (Appendix 4) in
the same manner as Fischer (1977) for ease of compariscon
with his results. 1In my work, a different approach to the
interpretation of the residuvals is made. The events are
divided into three guadrants according to azimuth (SE,

EW, and NW), the residuals plotted on a geologic-geophysical
map of the area; each of which is discussed separately.
Mote, when looking at Table 4, that positive (+) implies

a late P arrival and negative (-) implies an early P arrival
with respect to WT. But note also that if the WT arrival

is delayed a large amount, any station which is delayed a
lesser amount will have a negative residual.

Southeast Quadrant. For this group of events (azimuth

100® - 173°, angle of incidence 18.5° - 40°, Figure 7A, and
Table 4) tha raypaths for base station WT do not pass
through the mid-crustal magma body but delays may occur
due to the shallow intrusive to the east. Extension of
this shallow intrusive further southward is possible and
could account for delays for most raypaths to WT (Sanford,
personal communication, 1979).

Table 4 shows CM with the earliest average arrival
relative to WT. The residual at station NG, whose value
is comparable to CM, might be influenced by the shallow
magma body to the east. This is not reflected significantly
in the average wvalua at HNG.

Station CC has the only late arrival with respect to
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RESIDUALS w.r.t,
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TAELE 4. RESIDUALS WITH RESPECT TO WT

8TA Avae. % Std. Dew, Evente Ave.

Comments

Azimuth 100°-173°

sC

GARRRR EESE R8N

Arimuth 235°-245°

2dEFERER

Arimuch 296°-343°

EHERIRENRANG

=0.178 £ 0.173

"u-m t u!m
+0.068 % 0.115
+0.060 £ 0.239

=0.108 * 0.036
=0.210 * 0.142
0.000 £ 0.202

-0.160 = 0.044
=0.143 + 0.067
-0.290 & 0.000
-0.1%0 % 0.156
=0.010 £ 0.057
+0.210 % 0.185

-0.367 + 0.049
=0.118 = 0.049
=0.112 + 0.087
-0.335 # 0.088
=-0.140 * 0.226
=-0.005 £ 0.064
=0.160 ¢ 0.014
~0.130 £ 0.057

-0.240 % 0.138
=0.174 £ 0.106

55858

L

O O
=

OO0 ODODO0
.
S P b= EW

B M e

2 =l &0

Angle of

13
i{i*iﬂ.i]

8
5
(d L?]
L] i

1

(U T e - T E B B B S L LS - - -

12
10

[ LAY L U R -]

{idence

Angle of Imcidence

Angle of Incidence 18.5°-40" 14 Events

100°-135" - 0.335 £ 0.157 4
141°-142°" + 0.013 : 0.059 3
143*-173" - 0.173 = 0.118 &
100*-101* - ©0.220 * 0.028 2
141%-145" + 0.233 £ 0.012 3

Ho atation correction
137%-157* + 0.097 = 0.071 3

145.4%=16.0" 9 BEvents

Ho station correction

14.5-53.2"° 14 Ewvents

-0.271 ¢ 0.091 11
308°-320" + 0.173 * 0.124 4
305°-319* + 0.143 £ 0.028 4
308°-319" - 0.027 = 0.042 3

Ho atation correctiom




36

WT and this may be attributed to raypaths passing through
the mid-crustal magma body and also possibly the shallow
intrusive east of WTI. Station SC, while having a good
chance of seeing both deep and shallow influences of the
Socorro caldera and a postulated crustal shear zone (Chapin
et al., 1978), is showing an early average arrival.

Station GM, whose arrival is late, and HC, whose arrival
is slightly early, may be indicating previously undetected
low velocity material in the lower crust and upper mantle
beneath the Sccorro caldara.

Southwest Quadrant. This group of events (azimuth

235° - 245°, angle of incidence 14.5° - 16.0°, Figure 7B,
and Table 4) produces relatively low standard deviations
for all station residuals. This is probably not due to
more consistent geologic structure in this guadrant but is
more likely the result of a small range in the angles of
incidence in the sample. Raypaths to the base station WT
can pass through a shallow magma body as well as the mid-
crustal magma body. It may be these structures which cause
the residual averages to be negative for all stations.
Stations CM and 5C, even though passing through the
Socorro caldera as WT does, are arriving early with respect
to WT. Note that in all cases the depths sampled in the cal-
dera are not the same, i.e. raypaths to SC and CM sample
much shallower depths of this structure than raypaths to WT.
The residual at station CC indicates a slightly early
arrival with respect to WI. Inasmuch as both CC and WT
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pass through the mid-crustal magma body, the difference
could halth- result of the added delay at WT arising from
the proposed shallow magma body to the west of that station.

Station DM, whose raypaths do not intersect any of the
proposed magma has a residval indicating an early arrival
with respect to Wr, but late relative to SC and CM. This
could again be the result of previously undetected low
velocity material in the lower crust and upper mantle
beneath the Socorro caldera.

Northwest Quadrant. For this group of events (azimuth

296° - 343°, angle of incidence 1l4.5° - §3.2°, Figure 7C,
and Table 4) the raypaths for hase station WT pass through
the mid-crustal magma body. This is also the case for
raypaths to stations CC and NG, but the residuals for
these stations indicate early arrivals relative to WT.
This may reflect changing thickness of tha mid-crustal
magma body.

Stations CM and SC are early relative to WT, the
difference between CM and SC possibly being attributed to
some of CM's raypaths (i £ 26°) encountering the mid-crustal
body.

Stations GM and HC are showing positive residuals
relative to WI. These inferred time delays are aven greater
when the azimuths sampled are constrained (see Table 4).
Some of this delay could be attributed to crustal thickening
to the west of the study area (Sanford, 1968). Calculations
reveal that an approximately 0.14 second delay could be
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RESIDUALS wr.t. WT
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attributed to this crustal thickening (Sanford, personal
communication, 1979). PFigure 8 illustrates this effect
on events approaching from the northwest and southwest,
but it will not support delays at GM for events arriving
from the southeast.

The late arrival at FM relative to WT may indicate
that low velocity material exists in the lower crust beneath

tha mid-crustal magma.

Station Residuals - CC as a Basa Station

Like the previous section, the standard deviations for
station residuals with CC as a base are lower than those
obtained using ALQ as a base. I have plotted the relative
residuals with respect to CC in the same manner as Fischer
(1977) for comparison with his results (Appendix 4).
However, as bafore, interpretation of my results are made
after the events are separated into three quadrants and
the residuals plotted on a simplified geclogic-gecphysical
map. Remember that if the CC base station arrival is
delayed dus to a shallow intrusive or the mid-crustal magma
body, then all other delayed arrivals could have residuals
with respect to CC which are reduced in magnitude, or even
negative (as in Table 5) if the delay is sufficiently
large at CC.

Southeast quadrant. Por this group of events (azimuth

89® - 172*, angle of incidence 14.6° - 40°, Pigure 9A, and
Table 5), the raypaths to the base station CC pass through
the mid-crustal magma body and possibly a proposed shallow



41

b}
1 :t

—TT
- Q280
E
ﬂ -
vE 5.5 Km
~ S8
E =
=
L
£ 204
4
(1] 5, vs 6.5 ll_ifg:
a

Mmohg

vo 1

Figure 8. Cross-section illustrating the effects at
seismic stations due to the shallow intrusives

and/or the mid-crustal magma body.



42

RESIDUALS w.r.t. CC
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TABLE 5. RESIDUALS WITH RESPECT TOQ CC

h"i - 5“# Mi

Events Ave.

Cossents

Azisuch 89°-172*

sC

BEYERRRS &H5

Azimuth 189°-245°

QERNEEYREER ES538

-0.227 £ 0.135

-0.275 2 0.124

+0.170 £ 0.267

+0.022 £ 0.277
-0.108 & 0.172
=-0.037 = 0.101

=0.068 = 0.115
+0.123 = 0.076
+).043 £ 0.142
+0.060 £+ 0.014
«180 £ 0.028
l“‘j t ﬂiu“
5 £ 0.064
0 £ 0D.212

-0.258 * 0.134
4+ 0,183
+0.118 &+ 0.049
+ D.332

=0.240 = 0.034
+0.243 £.0.279
+0.010 £ 0.107
+0.037 + 0.070

£ 0.126
+0.043 £ 0.095
-0.185 % 0.247
+0.080 £ 0.042
+0.150 £ 0.042
=0.055 £ 0.078
=0.070 £ 0.141

Angle of

13

11
10

RNRRMRBWIWWL oo @

B P RS R B L L W B R Uﬂ'q‘-lhEI

|

Angle of Incidence 14.6"-40* 20 Events

89°-140" - 0.233 % 0.078
141°-142" - 0.010 = 0.113
1452°-172" - 0.286 * 0.108

127%-142°® - 0.203 + 0.061
97°-110" + 0.110 % 0.071
146°-147° <+ 0.087 % 0.042

74%-97* - 0.185 £ 0.106
110%-147" + 0.285 * 0.183

89°-110* - 0.155 £ 0.035
127°-147" + 0.023 % 0.051
4 = 18.2%-24,4"

1*‘1 'ﬁ-"-ﬁ-ﬁ-'ﬁ' lﬁl mt-

189°-203" + 0.550 £ 0.156
239%-242° - 0,027 £ 0.095

189%-242° + 0,370 £ 0.140

Fo station correctiom
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TABLE 5. RESIDUALS WITH RESPECT TO CC (CONTINUED)

SIA Ave. % Std. Dev. Events Ave. Comsments

Azimuth 289°-330° Angle of Incidence 14.6°-63.2° 23 Events

sC =0.178 %= D.0&3 1s
o =0.102 * 0.135 13
oM +0.072 £ D.08B0 10
32 +0.004 = 0.120 10
BG =0.059 £ 0.186 10
LAD +0.187 £ 0.257 9
WT +0.084 % 0.096 B
LPM +0.016 £ 0.220 7
BRI =D.048 + 0.120 [ 311°-321°* - 0.006 : 0.068
D =0.084 + 0.0B6 5
BB =0.100 + 0.057 2
SL -0.015 £ 0.092 2
CE =0.100 £ 0.014 2
D +0.185 = 0.092 2
Ic =0.065 + 0.007 2
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magma body to the east of station WI. The effect of the
shallow intrusive may become apparent at angles of incidence
2 30°. Note this assumes a depth for the shallow intrusive
of at least 21 kilometers. As the angle of incidence
decreases, the effact should be due to the mid-crustal

magma body only.

The residuals in Table 5 show that SC and CM both
have early arrivals relative to CC. The raypaths to
station CM are probably the least affected by low velocity
structures inasmaoch as it has the highest negative average
in the group.

Station WT, whose average residual is based on raypaths
all lying south of the shallow intrusive (as mapped), is
only slightly early relative to CC. This indicates that
WT is being delayed which may add support for an extension
of the shallow intrusive to the south.

The residual at station LAD indicates arrivals are
late on the average with respect to CC. However, the
large standard deviation and change in the sign of the
residual with azimuth (see Table 5) makes interpretation
impossible.

Residuals at stations LPM and BG should not be in-
fluenced by the mid-crustal magma body. All of the stations
show fairly high standard deviations which may reflect
rapid lateral changes in crustal structure. These large
deviations makes interpretation almost useless, if not im-
possible.



Inasmuch as station GM does not pass through any of
the postulated magma bodies, its small residual with res-
pect to CC must arise from some other cause, perhaps (as
suggested before) because of low velocity material in the
lower crust or upper mantle beneath the Socorro caldera.

Southwest Quadrant. For this group of events (azimuth
189® - 245°, angle of incidence 14.4° - 55.4°, Figure 9B,
and Table 53) all raypaths to the base station CC pass
through the mid-crustal magma body. Raypaths to station
WT pass through a shallow intrusive as well as the mid-
crustal magma body and this may be the reason for the
positive residuals at that station.

Both station CM and SC are early relative to CC,
apparently because raypaths to these stations do not pass
through any of the postulated magma bodies. Station
LAD's delay relative to CC may be partially explained by
crustal thickening to the wast (Sanford, 1968), but it is
unlikely that it would be the total cause as SC would
surely show some effect of this influence.

The large positive residual at BG may ba the result of
raypaths passing through a shallow magma body as well as
the mid-crustal magma body. Support for a shallow intrusive
southwast of station BG is found in Fender, 1978.

The slightly negative residual at FM relative to CC
and the slightly positive residual at DM may be the result
of low velocity material in the lower crust and upper mantle.

Figure 8 shows the depth sampled for most raypaths to FM in
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RESIDUALS w.r.t. CC
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this quadrant. The late arrivals at DM are alsoc sampling
approximately the same depths. It is apparent that none
of the raypatha intersect the deep magma body.

Horthwest gquadrant. For this group of events (azimuth

289° - 330°, angle of incidence 14.6° - 63.2°, FPigure 9C, and
Table 5) the raypaths to the base station pass through the
mid-crustal magma body. Residuals again indicate that
stations SC and CM are early relative to CC.

Residuals for stations GM and LAD, which are west of
the mid-crustal magma body boundaries, indicate late
arrivals relative to CC. As mentioned in the previous
section, crustal thickening could cause delays of around
0.14 seconds to the west of the study area and this could
account for some of the delay at GM and LAD. It is not
known why the RI residual is not essentially the same
as GM and LAD if crustal thickening is the cause.

No raypaths at station FM pass through the mid-crustal
magma body but the residual average indicates a value approx-
imataly the same as CC. Unless anomalous material is being
encountered under the mid-crustal body, the delay cannot
be accounted for using known structures.

Raypaths to station WT, as well as the base station
CC, pass through the mid-crustal magma body. The positive
residual at WT could be attributed to a thickness difference
in the mid-crustal body. The raypaths traveling to BG also
pass through the deeper magma body. If the slightly negative
residual relative to CC can be considerad real, then this may
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also support a variation in thickness of the mid-crustal
magma layer.

Some raypaths to station LPM probably pass through
the mid-crustal magma layer and some not; the higher standard
deviation may reflect the differences in paths. Raypaths
to station TD are not sampling the deeper magma body (as
presently mapped) and this probably is the reason for the
negative residual, even though it is not as negative as
might be expected for arrivals not encountering magma or

anomalous geoleogic structure.
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CONCLUSIONS

Although the standard deviations are extremely large,
the nearly systematic change in the sign of the event
rasiduals with respect to ALD with increasing azimuth
appears to be significant and may reflect gross differences
in ¢rustal structure between AL) and the Socorro area
stations. An interesting aspect of this data set is the
large number of positive residuals in the southwast
and northwest guadrants. Previous studies have indicated
that the crust is thicker at ALQ than in the immediate
vicinity of Socoerrc (Toppozada, 1974; Toppozada and Sanford,
1976; Olsen et al., 1979). Regional gravity data (Sanford,
1968) indicate probable thickening of the crust to the
west of Socorro but the computed thickening makes the
crust traversed by raypaths to the Socorro stations on
the average no greater in thickness (probably slightly
less) than beneath the ALQ station. Thus a difference in
crustal thickness cannot explain the positive residuals
cbserved for events arriving from the southwest and north-
wast at the Socorro stations. Admittedly for events from
these directions, a majority of the stations used in the
study do have raypaths which intersect the proposed magma
bodies, but I feel at this time, due to the lack of know-
ledge of crustal structure at ALQ, that these delays,
cannot be attributed with certainty to the magma bodies

in the Socorro area.
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Average station residuales listed in Tables 4 and 5
indicate that SC and CM have early P arrivals relative to
CC and WT. Inasmuch as crustal structure and velocity are
not likely to change greatly over the volume of crust
sampled by raypaths to these stations, the probable reason
for this observation is that arrivals to stations CC and
WT are delayed because of passage through the mid-crustal
magma layer and/or the postulated shallow magma bodies.

An alternate explanation for this cbservation is that
station corrections for CM and SC are too large relative
to WT and CC. However, the information to date from sur-
face explosions and residuals from microearthguake locations
suggests that the station corrections are reasonably
accurate — to perhaps ¥ 0.05 second (Sanford, personal
communication, 1979).

Arrivals at GM and HC for events approaching from the
southeast and arrivals at DM and FM from the southwest
are delayed more than expected from crustal structure.
These delays may be attributed to the possible existence
of low velocity regions in the lower crust or upper mantle
beneath the Socorro caldera.

Large standard deviations (>0.20) that substantially
exceed errors that can be attributed to residual calculation
error (reading, clock drift, and distance round-off) can
probably be associated with rapidly wvarying crustal struc-
ture in the vicinity of the station. Stations which have

higher standard deviations than expected on the relative
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residuals are: LAD and BG for events from the southwest
and LPM for events from the northwest.

Residuals at WT compare closely with those from CC for
events arriving from the southeast. Because raypaths
traveling to CC from the southeast pass through the mid-
crustal magma body but those to WT do not, the residual at
WT must have another explanation. Southward extension of
the shallow magma body to the east of WT would insert low
velocity material in the raypaths to station WT.

Late residoals at LPM relative to CC, which has ray-
paths passing through the mid-crustal body, may indicate
the boundary of this magma body could lie further to the
east in the vicinity of LPM.

Large positive residuals for events arriving at BG
from the southwest may add support for a shallow magma
body in the vicinity. Fender's (1978) data does indicate
a low velocity region in the upper crust in this area.

Consistent late arrivals for events from the northwest
at GM and HC relative to WT and at GM and RI relative to
CC may be partially explained by crustal thickening (Sanford,
1968) to the west of the study area. At present, the
ramaining delay cannot be eaxplained by known structures.

Calculated residuals for station LAD, which were
recorded on the Kinematics PS-1, may contain additional
errors because of a few inaccurate time corrections, variable
event character, and possible phase reversals (caused by
reversed connections). Thus interpretation of LAD residuals

iz uncertain.
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RECOMMENDATIONS

Suggestions for future studies should center on
collection of additional good quality events with an
emphasis on finding events arriving from the northeast.
Even though these events are probably of a lower gquality
than those used in this study, the method I have used may
allow these events to be analyzed if care is taken in
reading arrival times.

For each quadrant some attempt should be made, using
station residuals with respect to WT or CC, to divide
events into narrowar ranges of angles of incidence to
better isolate effects due to complex structure or magma
bodies in a station's vicinity.

Any future study in this area, using P or Pn arrivals
of distant events should make an attempt to determine if
the station corrections used have azimuthal dependence and
to what depth the applied correction will hold true.

Most important in any future study of this type is to
avoid rounding-off distances to the nearest 0.01 degree as
thies can cause an error ranging from ¥ 0.10 second for
events at distances of less than 12° to % 0.03 second for
events at distances of near 100°. The possible effect
of this error on the data set used in this study can be
estimated from the histogram of number of events versus

distance shown in Figqure 10.



55

¢ o
|
]

3

FATANAY
T,

60

DISTANCE (&°)

N

30O 40 50

I\
AR

20

SIN3A3 JO ON

n this study.

Figqure 10. Hia;ﬂ?rum showing distance distribution for events
use



REFERENCES CITED

Brown, L.D., P.A. Krumhansl, C.E. Chapin, A.R. Sanford,
P.A. Cook, S. Raufman, J.E. Oliver, and F.S, Schilt,
COCORP seismic reflection studies of the Rio Grande
rift, in Rio Grande Rift: Tectonics and magmatism,
ed. R.E. Riecker, 160-163, 1979.

Chapin, C.E., the Rio Grande rift, Part I: modifications
and additions, N. Mex. Gecl. Soc. Guidebook of San
Luis Basin, 22nd Fie ont., - . .

Chapin, C.E., and W.R. Seager, Evolution of the Rioc Grande
rift in the Socorro and Las Cruces area, N. Mex. Geol.
Soc. Guidebook of Las Cruces Country, 26th Field conf.,
297-322, 1975 =

o L]

‘Ehl?il'l, clEi' RlH-l- Emrhiﬂ- GIR-! ﬂﬂhﬂrnp I}'“' Hhi“l
and A.R. Sanford, Exploration framework of the Socorro
geothermal area, New Mexico, N. Mex. Geol. Soc. Spec.
Publ.,, 7, 144-129, 1978

Cordell, L., Regional geophysical setting of the Rio Grande
rift, Geol. Soc. Amer. Bull., 89, 1073-1090, 1978.

Fender, J.J., A study of Poisson's ratio in the upper
crust in the Socorro, Wew Mexico area, (continuation
of the Caravella (Dec. 1976) study), H.S5. Inde

Study, sics -file rt 25, Geoscience
MEE’.:, H!.H-I:.H'.E., Socorro, H.E., 75 p., 1978.

Fischer, J.A., The use of relative travel time residuals
of P phases from teleseismic events to study tha
crust in the Socorro, New Mexico area, M.S. Independent
Study, Geophysics n-file Report 14, Geosclience
Dept., N.M.I.H. N E 65

o corro, N.M., P-s 1977.

Herrin, E. and J. Taggart, Seismological tables for P
phases, Bull. of Seis. Soc. Amer., 58, 1196-1241,
1968.

Iyer, H.M., and R.M. Stewart, Teleseismic technique to
locate magma in tha crust and upper mantle, in
Proceadings of the ChaEE%n Conference on Partial

Man

Melting in r tle (State of Oregon Department of

Geology and EggeraI Industries, Portland), 281-299, 1977.
Olsen, K.H., G.R. Keller, and J.N. Stewart, Crustal

structure along the Rio Grande rift from seismic

refraction, in Rio Grande Rift: Tectonics and Mag-
matism, ed. R.E. Riecker, 127-143, 1979.




57

Pho, Hoang-Trong and L. Behe, Extended distances and
angles of incidence of P waves, Bull. of Seis. Soc.
Amer., 62, 885-902, 1972.

Rinehart, BE.J., The use of microearthquakes to map an
extensive magma body in the Socorro, New Mexico

area, M.5. Inde dent Study, Gecphysics Open-file
Re +" 10, Eﬁﬂaufuncu Dept., N.M.I.M.T., Socorro,
HiHl r P‘l F 19?5-

Rinehart, E.J., A.R. Sanford, and R.M. Ward, Geographic
extent and shape of an extensive magma body at mid-
crustal depths in the Rio Grande rift near Socorro,

New Mexico, in Rio Grande Rift: Tectonics and Mag-
Mtilll; ad. R.E. Riﬂ'ﬂnrf - ¥ -

Sanford, A.R., Gravity survey in central Socorro County,
New Mexico, New Mexico Bureau of Mines and Mineral
Resources, Circ. 91, 14 p., 1068.

Sanford, A.R., E.J. Rinehart, P.J. Shuleski, and J.A.
Johnston (Dec. 1977) Evidence from microearthguake
studies for small magma bodies in the upper crust
of the Rio Grande Rift near Socorro, New Mexico.
Text of paper presented at Fall Meeting of the
American Geophysical Union, San Francisco, Dec. 5-9,
1977, Geophysics Open-file Report 19, 13 p.

Toppozada, T.R., Seismic investigation of crustal structure
and upper mantle velocity in the State of New Mexico
and vicinity, Ph.D. dissertation, Geoscience Dept.,
N.M.I.M.T., Socorro, Hew Mexico, 1974.

Toppozada, T.R., and A.R. Sanford, Crustal structure in
central New Mexico interpreted from the Gasbuggy
explosion, Bull. of Seis. Soc. Amer., 66, B77-BE6,
1976.

Yougef, A.A., A study of time residuals in the Sccorro area
for P_ arrivals from mining explosions at Santa
Rita, Tyrone, New Mexico, and Morenci, Arizona, M.S.
Independent Study, Geophysics Open-file Report 12,
Geoscience Dept., N.M.I.M.T., Socorro, Hew Mexico,
30 p., 1977.




._!mnnmmmm.im______iﬂt residual average or station residual average for ALQ.

; - o
%T‘h:“ Lime aceivel | €ravel | grawl —Coxzechions Boadied 113 | Besidual .!tsﬁul
;:"{‘ pEN Azl [ & ST time | time | eime Residual ;::L :r“:'u
\Mtgnuldh Gﬁ‘ﬁ) bbs) (Ehes) | Croek | Station | Elevation cumLE Carttcon ”
'ﬂﬂi‘:‘: ‘;Tﬁ ; SN ALl ok — Bald—_ 1 —1 1,
25.973% _ﬁi.__awu_mﬁl =J2 1 =038 —pov 293 | —aat] - s
m.::ﬂw o “.id Od a0z | 368 ) —pASTL -2 E
7 |48 Lxc ; =02 | =N | A 2RS | —a] —ngp
33 W : +£.03 AlS | ahs 364 1 —ACT ) — a4 =
.5 Ny v L) S, V. L, W -y Iu !l —asal —agy
L0 : =04 i =pnix ! 043 2Bl —avx! —agl
BT : =943 1 222 1 a1 393] —noxl —assl
7128,77 ™ : T T == P G
bl L C6 | jerasl SN ARL G IDaEL .03 Al oa3 S =625 | =53 v
1.1998 | ] et dheaded
44. 63ISW 89 {2y feenl seses! DSl ek 241 —=th | 21 losd <87 L =029 | -npf
- (e cwemel sustl cmyel—ted lonse foane | dygloau {-aae
LS ] YEAD Sl =08 | ool I=hpd 1 ¥0) ! -p35 L =n3l
Cond 95351 219 =at3 | —p3 | sad 2,52
LRG| 55032 . =313 ot | ool 232 | —a2s | aaasl |1
- 0
42143177 gio aviosan pr ol Bl % ~— £ 59 i
04% 19.1%.6 20 ) :pstrl <9927 Iyaa3l ok L 6.2l lopa 1 wiar | —pSal —ndl
11.35%W Lk i =nl 1 =584 Lo CAL =04 | _—puf
SY. W U 19T | g4l 08 i ‘
3 | 8 | | _ou ! 000 lons | wag | —pgel —ma
3.7 | £¢ -l a2 |l oas 33! =Ll _=nSE
L S) =.ale ot | 004 LA =0Sh1 —ASE
- 292 1 ool 355 1 =103l __~nfl

85



E"r‘?{fn Lime acrival | travel | gravel |-Coxreactions Bopdied o o)ude | Residusl| Besidual
t‘ht:.-h Azi | 4, |ISTR . : " wrt, | kL
R LI L ) Bie | A | Residud | 5oz | St
Miagnitude {;‘:‘ "‘“_.) @5s) @bwﬁ Clock | Station | Elevation {h nmd.ﬂ
S cn:mm
Tes /16 Al s as0s 703168l Ti3s08 - ow — yuz | —— e
oot 67! Sh.& L wT | cane@)  fypag| 32491 oW pas lo.os 28 | —per| —az3
19,418 N LAL t 3R.G3 ;e CRL 3moedl st —f.25 =843 2791 ~—pail —ART
oy, 439 W |00 [Sb3 me | cazenl  sengel  camasl —aps | —ni3 ol a8 | —net| —ped
33 - |GG cungel  c9YI6l  PHRIE -~ .98 o0d_1=0.01 282 | —ngl| =057
5.0 |4 :ag7al  e¥2i3l 3340l e | o —812 —npb 297 | —p4h | —acr
il sagat] tEs?) a7 —ang | —nsgy lpad $n¥ | —p37] —p.r3
o — s - s & = -_I_'_-'.
A 3:;:‘; 3;'_;&?:'1 BlGah: 8159 8 :0%.4%) BInssRl o ] #.41
'ﬂ ﬁm 8¢ ousyl STl L0%ef —nlta | —0.328 1= | .08 | —n 33 =058
: wol :ae3| apzl  teke?l —no% | —nsd l=noh 409 | =19 1 —a3l
GtV W 101 1355 | &M tasni SA2 P ARl —0.04 Fo 1\ M 4 W21 323 | —asF | —A QY
g}i i igzest  tAtysl J6TAYl —paoM | —0,2Y L0068 4G | A 00 —a
WA AT Y. 3a79 pt92 |l =0003 | —043 10,03 386 | —nsg) —HGE
: WT S rd T R ¥ tnis BY oY s lp.os Sk | —AgT3 ] —A 3R
{
q : ] 1 i
117 Arahi3iyasi 2 gagal 812 aX — get] — 1 =
46 05:12.7  @1_azesal (330 988l —ng | —n.y2 | 008 46d | oul Lultle.
20. 498N e bz, vgm| 23 118! —.n8E antd l-sna 403 | —n.g8 | —poy
£2.573IW 110 | 4.3 Ery 193405yl  1ATRY 195091 =27 anh | Aa0s HHe | e oply =g, ole
33 ._Eﬁu._..’iiﬂ._..ﬂ.ﬁ..ﬂ._..;‘.iski —.hS 240 | oo £sb | pes | pos
52 ce sva. 99l cant?l  sakgRl  +.06 ag? | a3 408 | —p.os o
d8n!  cuzaR  cad 227,501 =085 000 | O <33 | —n R o.04
in l l

K31



gﬁtﬁh time Arrivel | €ravel | Zravel Carre diona Bondied Bbsolule | Pesidual| Restdael
thi!ul: Azl £. ISTH . g : wLrt. w.nL
Ftﬂi e 1% ¢ dime Lime | dime o |Residudl] ... | Rest,
Magnitide G?.',"'."" obs) &ﬁ'ﬁ"} Clock | Station | Elevation oapts S1at | %7 $ A '
correchionfCorrectivy |
'iH 1:-' 7 ?i ! — s e
17:37.00. G0 —pol 38k | —oay | —an
7-¥43N 480 001l Y20 | a2s . na3
. ASEW 427 1 263 MG : o8 2 8% =08 | —ape
It . -« pE£1 : —2.03 #o3 1| and | =223
"5_3 il o : i o3 3.9 21 =i
: s306q] 2484l :aresl —.08 | —onug A8 374 | —pnae | A4
&M ;2581 S2LS5] = onb | ons 3p lacpnafy
813177 | Ala ez saml 70 2209] 7:22001 o T TS e -
1k 00: 421084 i sooll Skl 81| SIS L 005 |=n.d 445 | —pua | —pag
7.335M N6l ctzpanl  2AsAAl fHo%) 4pd | =003 | OAD 458 | —nan | =423
6. 298w 147 | 863 AB0G  i3L.37l zapneyl 123 7| —gyn | n2a Al 7 | —n oy Ak
23 eml sz3epl  cohomRl  t23aYl - oM b | =—A.00 e A =19 =05
5.7 _ﬂm__.m_ﬁ a0 3 = ) —p (8 £.03 Ave | =029 [-aag
€A 1 =86l  odbd 2093 .63 | (42 | o003 $53 | —pls | =ndi
. T TS . (90331 —.0d £.00 ¥, 46 ) -39 | -8.32 ]
_i-i .1
5/75
§:5v.9 A16 boon: o 722928 73508 oX B %00
£ASIN ¥ | sangyl 2L DN 2298 —a8 | pof [sod A48 | —psy | —AY4
76-21EW 1 not tedosded -
o b B 498 | p Ny sl RHTS 21220 —an.0 W 3498 | —pgd
o eml conal sl o] ok | —ouz loos aL3 | —039; =557
WT iOLA%) :2LFR! 3313 ol | 3R | —pndn | —=n2s
5C i8L9s! 2158 380 ._ﬂ_ﬁp— E: - Al | =53 ) —pshl

09



gi“iﬁn Ltime Aecival | €ravel | €ravel { Cocrechions Bogdisd | Absolute P“':‘i""l
i:iri%t:i?h . H"i:..i '&'E -STH' i}'.rnu!_'. Lime f-"HM-E . Residual ;.::ﬁ
if‘i‘a m.ﬂ' i 61":"‘- (ebs) (ﬁhwﬁ Clock | Station | Elevatim :::r::'ﬂl
8/ 16176 ain i woysal vrunerl 7ru095] oYX — 497 | — | —
oo 46269 T L Gluside wvder | Iy008l  —ouor ;s e 44n | —paxl —nR
N T P anll  tysy Jinsl et | =n9s LAnS 4.5% | =030 1 —pug
79,029 W [L35 | AL3| KO vannl  reA bl el —pmed | —pan sk 465 | —ann} —adh
33 | ol pek Eer wrded o
55 | NG S1Lay gy s3ayl —pant | =pa3 1003 A —~nd8 | —nas
ol o T ) i e A 131 75 pan ! =027 | $TT and | =—n 93
574w 76 A lrearansel o el sl e — yoop| — | —
A44965 0. 4 | Wt (RS iprnst  iovaal oW A loong 2398 | —A7E | —-ALR
4,990 | msl cap=mel  cipds!  TARNEL —An 4l fa W axt 4,09 —n 47
ga.seiw (42371473 ol smasl| cngmel cpnedl — 403 pok |0 AS 2ol | =0 7| —n49
33 1 ER sca9l  rhepsl _— A2 [a oL <08 | —n a7
4.3 ol armsy! segenl  caaidl spet !l —0a8 load 48 | —p ok | —n3k
' TR el Ao I e 1 3 Y+ M [ Y, Y | ons ooy g | —a bl | —agl
G aLl?s
oL 45T £, P 2L20 FI T4 v — a4R -_— —
13,915 N _SLM.\SL.JH.L‘LI =y | =595 =403 3.97 [ W L
so.77oW (YO VI e ™y net cimea]  imunt ok ot | anm 3.9] oy | oss
7o | En |l gyl ra7asl  :yaan! —dp T .00 | o085 3,949 AT | 0.4
" I Py Lrr inagl —.at —f, 0B | 003 A48 0,80 | O =20
ai S e pioh:os7S) Hi4sRl 0 wgel oM — 3.9
o%. 53: 1.7 re sever| 24231 = 3964 o 0.0 3an | —a 4l l=n.57
217085 aoalol cseml csninl cmes] —oa | sa loos 3as | —0.9¢ | —asg
“;;ﬂw WL A0 T w7l a7l szl —on | —0as Fowd asz | —a9l | —ssue
<3 | gul ceger]l tyaal  satanl =44 o.od 32 | —n25
Wi i q.:sl'gq P = 2 1A I 5 1 £ ¥ alS 108,08 210 =AR | —07y

19



%Efﬁq;&imu _ Arcival | €ravel | dravel | Corcer b RALE— fhsolule Eﬁ%uﬂi Ef:iu;.l
Lensitude Azl | 4 [STR time | Cime | éime _ | Residual E“i::_’} mssié;.
Magnitude ks | Ebs) @heor | Clock | Station | Eievation .;Lf:.- ; E-.a& iyl
Blastié _Aal ot e intanssl —
oLt 5y 14.3 S squ il yb i33stl  s2948) —pa7 |l oed |—=neg A4
as.4125% Ef 73 eyl I09%R) —danfe | =097 [ ] .79
49, 953w (484 |doblyal cs2c2l w30 | 297! —oas | —pud lond -4
94 | MG qds2] 23393 ) cogeg) —pye | —pgd | —pall Liaf
5.6 WT 7 CtAied | GARIDG  —pos IS o.nS J.24
e cqagi  Latal : —adyd ! —=na8 l—ppy | 373
3/ 877 T — g1 | — | —
13 08: 56.5 cp | :zaal caupll cotaesl oM 1 —p.2% l-n.ed ek b 17 | —nar
41,9613 A Poeazpi! toteb ]| 402 ods | 0.8 463, ol oonab
74 200 W 141 | 209 Lom o 130301 roR TR |4 L .04 Ade | 0% £<k | —0.03 03
41 el capedl ¢ : —.pl otd l-npa | 4951 ~adl pag
3.6 A} :An%l 3396 sstall —3% mal | pa2 AR 0%l Aoy
. P ! oo, t3RL  con 9l — ey -2 | Apd el noSt -0
| JAD Ain o g ekl
Qla0)77 b = R
ﬂ':;:_ 2 ;{13 | &M HY- T T vl i el =03 0oy |—pad e
L%, 328W g | BT | s gpl S5/ P00 2 YRIH! —.08 | =040 Ahs F.b3
iid 142 1193 | e | cenzol cugyal  cases| — anh | pes 2,47
5.3 | CC 1 rodeol RGO 4l tbl .03 £42 | o3 380
Th I AR A s ] —.n% .07 O.nn .09
0 nnd|redateh
[ Lan Jnal emall L
L 1

Z9



gﬁ;ﬂ Time Arrival | €rave]l | dravel —LM'EMWAL Absolule | Pesidual| Residaal
Labibude Azl i STFI' e o , WL AR
;ti:ilait%h FA { fime £ime -L":m#_ i Residual Bﬁ.ﬂ- Bait

Fraantiin (id5e) | @) | @heon) | Clock | Station | Elevatiom e, | 5:-;*

euut?m eurtet

G/ay) s :

ool 3990 Y A6 118022777 n: 40,37 110 3764 A e 233 Y
20.6115 | Q0 ksniosa7) :37R7 bl 39.36, oW =045 :—ny 347 WL R YT
To.115W | MG 0s30, 379D 134,69 nk feo12 ) Aand A03 t —man | —n IR

33 A4 |67 e | c2936l 369 | 3364] —p7 | —0.1% | an3 A8% | ~ons | —p23
b B 134,34 LSl 28] —dnnt g.00 ! Qo5 b by O TN TN T A
] —]
‘::fgﬂg‘?;; z AIG b syaTl Lo 49971 Y SYENY - o — ey | 1
2z e Tr lpzongn  sssanl Y19l —enps | 00y | 002 7,84 g3n | il
: Ay 3] e latewrenl  cqienl 112..# -.08 ol 1 oaz 215 | o ouy aed
- 93 f:afw ; L o Y R, (-7 T, | = .03 nis | ooy 225 ! o9 .2l
49 30 g ol 246001  ‘vaphl  s.04 | —a,95 nad < | ~ocl o 0.
L O ye.93 ) Y9931 DSl —of L —nJf | 067 3293 5.8 0.2
EYEI YR S
OLL5Y a0y L BIAL | {0;425) o — .25 — —
S2.0,05 LTd Lty Ol ST LD fyy oF ol =05 =fad 2 g4 e N Ll I
20, SDEW [ R : 1y nlk Al | Aund 207 1 —A801—p 1h
28 | WX .77l tsl37  reqa9%]| —dnnd .03 340 ool
5.5 143 | 204 0T T 1*!'?._:3_2' 14945 ent!l 045 lans 3230 —0 /L P—Anl
: | Y v R LTy | B | T, o068 lo.o3 217 —a08 ! —n iy
: el :ovem  iyzo sv3371 ok | -oad lnea agy | —pusi-pan

/1) 77 a.a7 _

43:34:43 307 | —aun] ol
29.2275 3ad | —anz | oom
67.79sw |15 (435 om | :yz96; :2ain] waeasl —sa | aph | ass 25% | —n.29 |—p.32

114 WT ] ozsS8] 133 2K Hl L b0 ads | ons 28% | —p. 38 | —p.23
5.2 ﬁ_ﬁi&.ﬁ._.ﬁ.ii#_.mh_:ﬁ_.:_mﬂﬁ =004 38 | —now | a3
| na_ceéord Koy

£S



Date . ; I
Taitiade PR g ey e [-assafbans Boplied atolute | Residual) Resdl
anyh Azl i s ] : . Mk «Fals
Foead Sapth : fue | Sima | Gme, _ |Residual| goes | page
Magnitude G.... y @ 5 | Clock | Station | Elev.bim| . wys &b $ i
cartee Yo | Corteckinn
. GfAS/E
o6105: 3.0 | B0 Y 45 4:4 —
o 172 W 145 cf | cavot]l cedog Y c30071 oM aJa lond A1
H::: :u.w‘ 33 E .:: :i :: 15090 | :31.7/) —inaS oa00 | and T.24
ug : | suscegl cagss) —.nd | =005 0,03, g.0%
: L A UL - s + 323 —n7 | —pJF 148,03 g4
1216177 LTRHTSER X STHTREE LN B — 343 | — | —
47: 05 :0b.Y o v 81l iyiyi - 38 =l | _oJd loss 1 347 | —nlb ] =—pnye
34,1685 B L L D LT 1L - = | nano lons | 339 | —n3Y | —p38
62.18W |10 | sugRAlinndai000b) i263Y —2002 L —nod food | 395 L onfl=ndl
49 (2 Lk s yzez byt 22209 —.ay | p21 | 0.0 2,26 | —a.07 | —n-k
59 e | copspl  sanewl  sagedl — g3 | —nof | o048 247 | —pdt | =
L SL | kYRl JSALR IR —.n3 208 Nl 3233 | —031 ) —
AAD | isDLY) 4424 :"*-“!-9‘!1 =295 n23 | on 22l | —aal —
/4778 floles |49 L3zl ~—
41:33.43.8 deml  csuspl cyrapd taml —a3 | a0 lop T
11,375 480!  :se.sR SOl 39,54 -2 a.921 1o 2,49
67 37 W 447|482 | CC ) :ss 2t 4jvil 37820 0 +.aD 212 | oea 3.9
BRI seimubelen de '
a
e | si ! csea| ol masl —ae | oot | no s
|G T L L | - % /I . - A00 L 005 3.6
Cy sevhyl T4y a238]  —n7 l—pnpq | O 391
j‘:’f Sf77 AN 1S st 145 4 1am i
o4 3y:09. 8 Ing aupdl siw2¢l Sns3l —gy ! opa7 | oan 3,44
98,0485 gL T 2101 113,300 —pl | =119 0.05 3,80
op. 736W  |ANT | AQA[AENL  S2438l  iSSOL SULoRL —.ad P I Y 382
51 E'ﬁ] 18537 LISET a3 =_na Fa Mo =08 E..ﬁﬂ
Sy BG =m_,,iﬂ.ﬂn_:m_t¢ﬂ__mu_l 005 345

¥9



Edf';?ﬂ Timik ,I}.rrjun! 'Erq;ﬂl fﬂ\ﬂl = M E&ﬂ}ui{ 'P‘:!'{Jﬂﬂl H"“{"-‘l
lﬂhhﬁif_ Hzl 15. STh fime “Lime . £ime Residual wr s S
F-:ﬂiﬂtﬂ t WL b ,I!.HD o % talti [-‘ E:‘E‘E} E'-‘;u'i
Magnitide i;h: {ebs @ lot Station | Elevation ::”H_*m ﬂuctlm
1876 W-ATENF 44949t l9sl oM —- 2972] — —
48:31:31.% wrl sesgl eyl twnol —andl A0S ooy <y O% oust | nfbe
15.938 1 F a3l rysasl Y en 95 e PVl O 5 W 4 %1 WA o 8
q5. 076\ 397|353 8o ) sicogl :eves! renanl  aw | —0as l-poa 4£0 a3t o4
33 I sasyf ] el ia9467] —nos | —n4 land e 1 OLf L 0.50
S.i won! sl s 13Kl —as | —042 lo.00 <2k | oyt ]| o2y
Al iws3l ce3y3l v ok | —nJk 1000 1 Y33 | o il O3R
£/20/ 78 __E_LQ_T;_sv: 443 {45 43970 —
o432 503 el c3gml szl cwpel) —av | —nad 1oy QLT
3431y S AR 114 11 PN R nup Yy —Y a0k | png 209
e5.69 W 449 |476len !t cagep]| syl il —.if 0.2 | 0.0 A
400 24 SAY IR iykg 24,33 | —.ps anh | o065 D ee
5.5 ER avscl  cweoel eani)| — 8% | —npn3 | oy 29%
oe s 7] s4d4R s S|  4oag A L% N1
ARD|  c3x9h) 4Lkl 23,07 =248 ad gLl .92
7
g‘-asﬁfﬂ‘ff ETTERILHYE R cnaad _t0:ennil ol — 3251 — —
oS PP PULY BT BE ST JTHE, VXIS S DR B F A agn | —paal-nm
29 M ) _' a L SR =03 p00 lops ) LD —abll-0Ll
’ e 343440 ¢ .ﬂ;ﬂJl_ak__n‘lté.ﬁ___iﬂL_-mzt =419
_c.an._.;&qﬂ,:ma.m a ak —J. a3 295 | =pya !l —ank
]
el o sio0l_:sed0]e: 1925 ok R [ —|
7. 229N WL :o.esl  PALFYL S OLS] 4 e ads lo.ay <57 —rud2 ] Aa3
a9, F5TW £ TN 118,35 ia1y4t A a2 la.na. < G —n16 | —an2
35 1587 E'I'ﬂ,l & 1193y HINA :M,ﬂl et =59 ba sa =29 a7 | =408
5.2 IV T TN .90/ N - us.L‘!_r_az 1 —na8 Inas A ol | —ap
. L m¥ L ceazl swk?l ondsl —.ag anf loos AN =491 =asl
. ﬂh.i’.i‘ al2.5{a 4930 —4nnl £.0% 419 s WL

59



gﬁi:;—n time Aecival | travel | cravel - 1 Alsolubs F-f::ilf l %:fi.l
ﬂ&‘{iﬁ;h Al | &; [OTR| time | Cime | &ime : Residual Base | Bax
] i s . M 1
R () | @9 | Ed] Clock [Sution [l Lok
G/a5/75 i 3 2 : 97,09 -
ns:s‘.'hf:;--"- Ee g0l mm a3l  ow can | .0.03 “on
;ﬂ;.ﬂ:w 4 140 [Ton =ﬁ ; 709 ! —inas | onn lo.ou | 486
ap L7 M iQLTE) HRAT) = ef | — S
43 O : iRy risy7] =7 | -0k 1 @03 497
¥7 4377 _ wt lorianai |3 : oM | ous | ood 497 ] o | o
Dot 47t ¥8.2 1p | sanssl tveacl cavsyi-Anod | —agd | ol 459 | a5 1 ol
48, SyLW el el cavml casgal ew 1 ong | oon3 46 | Q% | o.=0
404, BOBW g0 | comapl sengol casiel =pdn- | —pag | —napd ] #2127 | okl
ia:‘i 173| 40 [¢p ao_tecord
. " :97.48]  c=eup (3508 —apd ) —542 f.09 < & 0.51 0,29
1 Aia . . [ Y e 294
?’r:}{";g?ﬂ Al 1 3 353864 ——
13: 45: 3% | B | :29.4y s 54l SIBME] =04 Auf0 0,603 AL
20.033N e | sanenl g3l imedl s 042 | 002 ol
409. AsywW 189 |ss9lex sovaql  slpwel Al —av | —pg2 1 o003 PR
33 Ay :po okl 123561 219,631 —~aC A ~0.01 £.37
57 el conzel coasel il —.o8 | oonl nen ! Gl
0 igagfl  :dsap HL A .3 AT 0.00 £ A9
T ap 1273k LN HH I (o BT X ) n.ad el | &.43
1/5/78 -
03:83:8449 B L s
20,8075 SAn! a3l txTall Sispedl =360 f.2 0.b]
At S W 0 ol 201721 L 071 il a9 | 03 oWk 235
- :r.q 2031 (8L ) aateal cerg3)  y1o0l —.87 | nooR DM 250
3 R 18] : £931 JYIHI Y = Ay =2 A0 .05 S0
L] ok AL W B S B b A ) I 7 =00y | o.nd YA |
GE :gu.:q reagl  tojpyl —.ng | = —_a.04 2a0
P a% e LR s pa oo 1 aad - Ay e o fg i

99



Eﬁ‘!ﬂ;ﬁ _ isidd ¢rave] easrections Bagdled ' e 1 3 'ﬂ:ii{u&] Residual
T Azt | & [STR| ¢ime e | i TRV EN D] Pooriae
Focal Depth ‘ b3, theor) | Cloek ki ti rogsa. [rar shat
el 2 (¢heor) | Clock | Stetion [ Elevatim] e $x} [\ 250}
3/a4176 Aaksriw e A 3 A3 nye oM . 3,30 —
oy 4Lt oYM £3 RUNL | Y ) Y % . | BT WL o.05 3,41 ol
29.88 7S ET AT 00,291 oma | —nid looa a2al| opal —an
477.873W 1935 144.6 PR ETT Y e ask 1005 A3l pot | ne?
::f', Leml nm :0h23l  av | —pus l0.43 227 | on7 ! -0l
w1 IR | *algb Al nls l8.ns 243 a3l nx
T3 LR, L7047 —nd ans loos | 333 | —an?)—ao432
6118776 T RN . — ay | — —
0448373 TN 42,770 =230 | ond =448 339§ —n.p2 1 o-¢h
24,3143 38| As Lse onspl 4 24299 | 4na7 | =005 l-nod 333 ! —n.0% | -0, 33
175.3506W | wWry a9kl IYLGR!  f43SY) 4anS nlS oo 2oqd | =007 1—p.r2
33 L7 I At —al _—n.;,!_rq.az. ast ____olf 1 o bs
. 5.6 o saganl 4L Ih PRIl =aan | —0gd I ong =08 =01 | =
Lems 428 A0S e v %“M - 283 1
el g f77? | nin 28 aswalen s sa.nlias ws ey i 2,1 —— —
oL ! 15462 pe | iasnag _yge]| - A —a.a¢ | ops Zuy 0as | aze
J4.430 5 8L | saaenl :sq5zol iyostl .47 A Y 214 ok | ok
A75. L0 W 229 15{’# HE R b o 1.4 BEEE Y 220 ) 66a 3l ans | ok
X | gl sotgiqainTAR! -wgpd] —gnol f —na% | o AL ] o0l | oo
e | iont :as2n tygar | —agv | 222 pal s2b | —nas | —ppa
| RAEL  ihnET | YL Aanh L onk 2.0 .9 e |
| g0 1al.7¢ Yyl =, 03 Al | 203 300 ) —a.nl Bl

L9



Dat AT :
ﬂilﬁ?n Limse Brrival | €revel | frawel Carre - n:ﬂ}""i Absolute Residusl| Residual
latitud , SR ' work | wed
Lnn{‘-iu & Azl i,{ time Eime &ime Residual Bass ‘E4151
ﬁiﬂgnﬁﬂit (’:‘ﬂi- os) | ((heer)| Clock | Station | Eleation ’ :ﬁf.:'::ﬁ :f:;«-."';h
-]
9/21/77 Lonlan:  [40:  Tidiasys ~ |
€c9: 470585 ool iyvtel cegugl cengll o —ps |l oay | —ana 257
=23, 5005 0L tezg0l 24270 HE % - | I o e 3. 00 34
175. 228w 3452 gl cgarl cwwl capitl — 23§ aco 005 Y58
45 LED]  ns Mniss +
55 2T oo A e . | X % | L B et - N 0AS 475
alih iye £ :J,I'm :ﬂhhq < nfs fa MM 003 m-
3 iV W7 AT el - py LD £ = =t
— _

Zrsutie 16 o g3.33 10: 2733 e A% — -1

'”h ':t.:ilﬁ. WS e | i 38.7¢ H bt O =008 1oaD 204 ot —n.48

N LA . Jaq ﬁfﬂ Ry 29e.82Y :33.3"!‘ L30T = !'.'I-I'L;: S 0s 389 =807 | —AN3

33 1A 4S9l ca3fel ca3pd3l —.01 o.n5 o, o 215 =003 1,02
. 5y 82 | nod eelorded
WI issall -¥3.800 :apasl —fasn | ous dans 1 Aaa | —a15! —apn

/3] 76 — ‘

21871304 ..Eiﬂ.ﬂﬂlﬁ.%lm.liﬂ-’l 127 ST oM — LS i s
25.13L% £f Y578 ] oicfLX ) IR0l oM o N I 2.2 Q.08 | 0.7
1796938 | oo o 1-E0 nak cedvded

479 g Y9 o 196,33 SILE3] SV3i%0| -5 e {08 2.7 £ 06 .12
5.8 sel cyse7 simg7l o sioa7l =1 | —poas beandy LNl - M N T
L SR, dtss) SHLYRL siang) —.pd LS 280 | ous
WTl tqesd| eyl 1299 nK als lm.0% 289 Q.17
phsg il 2101 yy; 6802200 | 42:3350 O — sen | — | —
PP sy LEM bevoa e U0 233 _.{.L',icu:q +.03 o0 lans 2 b o.a0 [
40 | YL o .
_::Ir!i‘::??ni L ;ﬂ Bl ledg091 ! ' ¥ s ond 3,07 0,17 [aiil
5.1 _&M.Mﬂﬂﬂ "’fgl ok —0,85 .04 244 | ooy o0

89



E?i';‘“ Lime pisivel | Emevel I Zravel _C.n.ttﬂ.nhnﬂ_ﬁn,ald.i_ Absolule fesiduel | Hesid a)
Labitude = SR : ' werd, | @l
;‘.ani‘.Eui " Azl 5.1 fime “Eirme Eifme Regidual Bage Eﬂ&sqﬁ.h
gt i (2% | @) | (EheeR}| Clock | Stakion | Klevalim Lol i e Sl
7/ ay) 185 :
ﬂ:m:{m.t. 11N I S VT . ==
234765 sl spgnd st.snidd isklll ok —pas|l=pod | 8BS
199 . TISW ir.,,_-.ﬂﬂ_..:&‘.uﬂm_ﬂﬂﬁi ol 0,12 | QN3 298
579 294 | 445 EAbG - oqaile]l omn.gkl a2l — i ot aas o Ky ;. B
Sile O o recoed '
20/ i?-‘lr?? BI-RHTH s 1323917 —
17:26v0-9 AT T AT - The s I I ann | onk 243
27,9145 | of L JBL 132ael  ean0l oAk 0.2 | ons 2.1
93,0t {AY1AN | 2 an oheard -
33 LLRD spp il TR ran0n) -390 p.a3 | anpl 3. 80
&b e | cisagl  cagoal iasail ok aal | aoa | ana
L BIL ne ptennd ;
In Pissl AL 3248 —.ol ol .0 s
- i erime e sy 1an grv ey
YE-LTNES i "
AL, 42, )a. 3 e oSy e g ian 03 20 =0 et 248 1 — —
22,4385 SC eyl ces ST L S28Y  —dbo0 | —0.95 l—gnl 3.0 a0 T o X
1-::;::115 242 (445 o o} il s anstl is3yd a1 0,13 1003 .08 0,13 f‘u.‘-?i(l
Sk Ei ATl AT lsyan |l o — aYy e BN 305 Qulle Ol
[l M E:L‘.IL - W ol =¢, 1R 1003 N 1» .13 5
Bi1a/ 75 = =
o1° 1. 5.8 A6 ERuian ) lg: 14401450 44,08 oM s 3231 = |
190435 YA BTN A Y1 8 B, XU 008 | 0.03 391 | o4 | o.22
115, $43% 5. EM i 0 | Y Y. 1 L I | anf lons 3.0 .39 0.2%
117 -?‘-!ﬂ ol GG AR s LS X o !,-:p;,.:trl ok | —n 26 Fppd 32 .1 o948 £.23
44 WTL el (/L0kL ZOZYL ok 015 lnns 240 | 0.93 | o4y
o) pesel 2 72 : Q‘?‘.I‘Li_—.ﬁ‘-l. —-a 1% 'A.nz 259 GO | .08
£t i B0l iron :M.mi Fle i- a3 n.na 349 e e .25

69



-

oL

]
g:?ﬁ?ﬂ Lime .‘Irr‘fuuf travel _E"H'III. *‘Eﬂmwm Hhﬂl“!ﬁ ?'!““""I“I E"“H‘“‘I
E:E'inEE% Azl .5.{ S_IPI f,rllﬂﬂ £ immn .E.-:m'd A : h, HESHII.I.G]. ;:':F‘} Elﬁ-f 3
PR (335 | @9 | @) Clock | Station | Kiewiin o Sk fewsectm
8117178 Ao kau 1331 19: 04 53] 21 ¢ oX — 19, ~— | —
3“"51"31?5‘ BT LWL TN L =10 fon loas 2.1 Q.33 2.3,
.":'EI. UAE s 943 [4y5 Ch 101,95 wr el cssxll —.ib =0 R o0 AT B - Py P o. 4
i Clsel soes| cszael cesasl 463 | —6.25 Fapy dal | 0.42 1 0.7
<.y d syx, 13| rE7gs | Jas@m ok pdl lons = [ 0.29 o1
T 1 12.98 SS2TE) LEsR3 4,13 o Lo e Y33 A3 p, 34 0,49
: ;Ef :;;?;.g BT : 420484 oW — Rh7 ] — | -
18,1085 | WT 15 3 0w, 9] tod Ml ov | pig lses 2.7 | gwuS! 5.0
415 03aW | B ientnl P AS.60 ikl i Oons 1 3 84 [+ 1|
212 S . A AL 00,39 = ad =025 =00l 175 oph U'—007%
5.7 QY2146 Lomd  csagbl rpsabl  rndbll —. a8 Ank  lo.ns 3480 3 L
. L, i LB L oad iR 14l [y | = 355 — 5.0 .68
LIty sap 39 oY .'mj‘;j ol = K L3 36T | =002 | =030
if&i‘f?‘? 3 Llaroidgey! I cunyzidd: 3aml oW e .39 !
OL-4L105.6 o | syaerl  cazwel  Case8| ok Qb lons L 8B4 | oMs | 0.5
48.0495 o| gspltial cezsel c3tipl 3920l a3 | o418 load 271 | pag | ooon
178.379W | L isayy!  se Bl ca3sel —anp) 1 —0.85 |—ppy 291 ' _p.x3 {0,097
G0y T 4592 237330 t39stl v J:15 [ noner 2,33 e vL s ol B = Wi
5.7 (W sy pel  fazab| jaysel —as | £ 1lans P o-20-! p.oud
[ P49 s3Lsy  S3AAEY)  —.n | a.04 =t ool ol R g.49.-1 0,53
r::-. i; ?:.ﬂ.s | Bl 490 rA.u0 4L 39T — 23] — | —
43,1745 cL sap g} 228971  s3eadE oM pJa2 lona asal a0l nons
178, 402N el siayl zavqnl ! oMM _nE a3 akn b ong7loan
A T+ 4;-‘15‘ 15 | ENTA e ST 86| — 97 H.M,._l,{}_ﬂ.s. Dk .05 2.1l
s ' 50 [Thale g |
S 5
i WT iyl FEEARY L& oM n 1S lo.ns 25241 odl i 0k




Date '. : ,
LTk = ¥ ' . w.ni
Focal Depih WL L [9R] time | eime | time : Residual ;:_TL Base
Megnatinde L:‘:_E‘- fbs) | (Cheor)| Clock | Stalion | Elevabion ﬂ?:??m .__‘,frﬁ:}:,ﬁ
- 42/ 18777 .
4530400 4069 816 - i-:-ﬂr'*“ A - =
Stberelpl | B8 |32:00.58) 2500320 tsayg —ov l-003 | o029 .
iG. o%W  |989 Gﬁﬁ_mm ) ~ 008 | ~nond | 7
GhSm Lol GSRERY SRV SSARY. =Dl o2 | ong | 1,23
5.7 ok 13210960 D2 un.28] SxMl —i0nT | —a0d | ang | 4,90
NTS | BG)  ton 3 | lob st 21l ok o0t | naz | 4,97
o P s |
PE] 18 i
8lia/7 :
11_5]5_;; 3,_‘5. Ae lrsermanl 40 el 425293 ok - 1.33
e n g | cepptl  reo HLM.‘ =45 | —pas | —nnd | 201 | o027 | Asa
s 095N gagfea a0 it T
?:':-“ L aopl  sgael  cavnl cieasyl -y o.0¥ | —o.01l £77 adn | o9y
o DEA
MNTS £ M " "
RG " :
Vi) 77 Al 14 a6t =
i5: 00! fﬂ-:i“ ce lioisaypl 4259700 taesal 23 1 pas Voo 192
37.0%5 deolincezzl cagoal :sasil 27008 a2 | aer | L2720
Ail. O2EW 1296 16327 s |- oo - tatod| =0k ont | 069 4.90
S99 e &M Lors sl fostokl 15343 — a0 o =00 | 439
5.4 WY | :szocl :skpy) :se.gy o iy AN 1.5
NTS oo S AL~ T 5237, —. 03 | =nJf oMLY 200
gt ! tgrad| rerg3l cssvg —ag o —aoaslsang 182

{3



Eﬁﬁn Lime Aerival | dravel | dravel —Carnech ARl isolute | Residual Hﬁxf-h‘fu

ZL

i:ﬁ?&ﬂi; Azl .d;.{ STH fime £ime L Residyal -;':nt Has
;ﬁiﬁﬁ“ﬁﬁt G?‘t:'? Ebs) | (Eheor)| Clock | Station | Elev.tion ﬁgui% "‘::"'ML
"HE:-" ??11.7 ainling T sl —
15:00 DO: y el ispgel  sapoyel iwyeal 443 aay | =0l 1.77
37.420R8 ol roaiansal diansy isRsRi — o1 | ome | 008 | 483
i1b. ov2W (286 3T o T spael {ocpuml cmsol —1 | aua ! onn | 140
& 90 -~ canlipo ookl 129991 5793 —n0 | —pJ% 009 1.9%
5.0 ' B¢ patoshop a0 e gb) o — g2 | =005 | —fH a3 4.9]
NTS AAQ  iSRoRl  csnl. 0495 =2.43 2.22 ol | 444
42]24[77 : ¢ T 3 Y T
od- 'DMSS'E [ rRL gy 4y 143 SOh3S]|  —.07 =nf | Sans e
;'s"f;b:E i AR At o snddl ) Yl _—,3_,'1_".1‘1.! At a0t A, =9
‘”3:;3 303 460 ap | :apzml ossrl iwmael 24 | —nn3l ced 350
2 Sk rrsea]l :non3lid ieq st =04 | n.oR | O 2.95
dpul  rasgi]| cpanil4andsl  ox Aadl o023 oS
| O 135,731  natd oL 0 | - W5 043 1 a3 o089
| BE ! 3608 todRg  ien3xl +og | sl O | ol
ql46175 e

BIG f31: 3T0d 142: 2120 1420 35, 55 o

5'—';?;;::;: | mEl 9337 vs g7 211! —ana3 03 Sk | =802

Jyo. 1355|305 |Ad.sLoml canes :Inos]  cLFFl — M | —0JR I3 3.03 =0.83] =24/
344 e i1 R - B I L 4 nl =, F1 295 | — 33
=1 | wr, :aa9l gt coepl ok 0.5 louns 238 | —nd3l —003

ue 3 9el  2oqfhl ST =l | =513 00T 389 2.0l 1 =811




'E;i??ﬂ time arerival | €ravel | frawvel Carrectians 'JFM-—- Absolute F"':ﬁ‘{“ﬂl Beesidual
t:&liul:i;..i%h Azl d‘ﬁ SR fime Lime £ime : Regidual ;::; o ::L!
ET; e_.,n.?:fntu. '.:;aas ebs) | (Ehesd) | Clock | Station | Elevabion :::régtﬂ b v
7138177 | 018 Locewg ] 4: soagl #2780 an — sy
is:82 485 | Gl cep rpl  V3LSRE YARSTH  —.py oD = w A YA 113 LT
Y4, 2N B i ocezdl  sWEd) s Gl —as | —na5 l—na3 464 Lif ALAS
128, WIW Aol | 37314001 =3 iadgal ARl - g4 Al f.05 i o B8 LA
is | ABG) Ao nbe g licie
=L eonliazioasa] wisal coveml—dow | —som | oo | sse | oson | pma
£F lppromip]l 3096 okSOL 4 .0d £1% 0% <53 | 099 L1l
: oo Loe a7 ieagdl  TMINT] S2%do —987 | oepn | Q.08 o A V| LAl
;r:-,;;_?qﬁq 1 Alaisi: 293 f2: R 231400 .07 oM | — ¥l —— e
S | nel :wosl 30esi 57.g¢l —inwa | =043 loaf | DRD | ol | nad
30. 139W [ ae | cnaal is| ciessl  an | —pnas lnaw 28| oo | —pog
43B-HT0E 359 | 4y5 |-Gl 33l 903 bl —pa% o (o0 L0210y A
JH‘FI L IAY.ZAL a8 (0 4263 O — 37 O 207 | =057 =pnk4
S5 WT ek s d B b A R W 1 ¥ =M1 nuds |n0s 250 =004 | _nab!
K F L : 1 —r, 57 e # 114 R i 4 W ¥ el 0.4l 0.7
7/a%/1s - ]
o414y, k.2 | 206 5520 22.19.95 06, 98I on0bl oM — 5,09 — —
43.62IN Fols 93,030 06,931 ¥i04.70]  —al ol lona Ay =75 —p.é3
426 403W  [309 |3R0LCin!  ize 9% 501,73 ;n3,3n1 o £ L L oW & 5 — A AN —pyd
23 Lwr! :0398) :n 91 So0a.4S ek ! 0.5 lo.ey 2% | —akd! —of
5.2 I ge tFLYLl 15 A% inil 830 =793 | - n 05 =003 e | =83l —0
. L_EMl__:3535] :o%.5] :p3.S4L_=—.n7 o 1604 588 | —pil | —pul
IEYE S i e
e 2047 RIf c33: Mmm o — 3,40 et e
© 3oy el i3sacl  engn | TLblL Ok nd A o3 291 1 _=—pa3 | =pyf
137, 1155|340 [49.5 | s sos ]l toladl LT ok - 095 Lapy 2.0 ansd | —n.a1
34 my wav.ial  Sanagl SR eF 101 HOF 10,03 - 399 | —pal '=p13
wil  Faal  cangel tOIYel @36l =9 .60 lons Sl | —pe8 | —nr3
i

EL



E?':E;Tn time Hrerival | dravel | €ravel _Em;hm_ﬂp‘nlm:[_,_ ed ) absolute Pesiduel Hﬂ“t‘h
Tengitud et | Ay [STR eime | time | éime Reslind| ShE L0
F'“:Tl:l:.p%h ¢ ob3 @55% f_f}:"“.. % ! Stadi 5 B“Eﬁ‘; u?n:%.'i
_;-:,:ﬁn;hdﬂ_ é“ ¥ ' (Eheor)) | Cloc ation | Elevation E:uh‘ml i v
Q)27 210y q 91 P
dpr3siak.b [ 142,93 D3 siEanl  —. ny a.on | ans 3,34
51,37LIN [l ok 4303 6,59 ALY 4.0l ad2 | ond 3.04
£78.35%W |34 |2BCLET ! =y 3] rrds3 sl o—ow | =pas | sas 2.3
20 e yn oy AN | syl — as o l=p i 3.2
4.9 EM Y. 7Y A kWL L A I Y il 1 005 .28
T YLD LA x e —_ A .07 [ T o259
ABD ) iyvg3l  camedl  fnml 28 | aa2 | om 3,40
g14il1s Bl G srgal ¢:3909] 7 1o T — .83 S——
07 291153 | ce baaisane]  :33ee] ool aw 012l ana .l 00% ! -a30
}f; g;*; 349lmylom! asuge)  3t%l  cmel —um | —ng | pas 1.9 ook |l o.o%
4 BT acsuell exered l :
5.0 S0 [l o WY AN angal —daph | —A DS l-pew 3.38 2:.42 | -047
Emd io4.23 » #8501 :3:.5;]L —{n.08 LAl | oS 3.30 .37 £.27
J:}:;{';; :s 20 120 LM 9i DedE nd |
b o) | APl gy 3angyl  sagirl e ool | pan 2L i
478, 3IE 312 M4 Al fnzl 3003l fom il — .39 Pl le] s 208
33 [l : 14;._—_-5:__;11,15 —a Rk =3 A3 0.0% = i
sl A0 SALAYE s 30fq oLk —2.49 A28 | and J.al
AT 18176 -
ot 00 58l Bla i Jean, 90 4590193 (2000 o — 3.4 —— —a—
S50 N VR T L B A o B | P 11 B =y 1 O.nT Asl Adle | o.ngm
I7%.676W R e, 3% sI7 el 1Al —.nR =002 003 355 003 .01
3% | WY L lh.07 2 1247 ML L 0.5 lsns o= Uy [ =L o Ll
449 3421 234 &L * 15,98 A AL T AW F | oLl =085 and 4571 0.1 | —nps
. cfl sysynl rpogRl  f3scl oy 042 lnnz 3 | —paw !l o
(o i) B T A< Y | 414 B WA faid —a. 8 _ln.as 3.4% 0.0% | —pls

kL



E:EE‘?;:IM‘ P | EEPRRR e | Cacrerdions Boplied ' 1ule h:iin} E::-::n'&
[ 45 a ' ¥
#::;i:t:{ " Azt .15.1 STA fime Lime Eime . I|Residual Bu::t h;&t
. . " - P 5 iy
Ml.ﬁr\lt-:ttt 5‘“.'.,”:"" e s) ...r-uh;] ﬂ'iu*‘-? Station | Eleve im ﬁuf{t‘: ::1“
3;1?! ?? - ' " — —
4! 480 31.3 QA is72850 R, STLAQ B :.S%5% oK I — 241
s1. 867N 20 | C305E 1“1:15 EEI'-..E.q =03 =£.08  =0nY TN &S8 } o007
478, 342N T e e [
312|237 4pn d  :3L57) Femnadl 43Sl —gs7 | 01 | Aol | 33k L 0.8 A8y
57 gt ovzs) Xier9gl 159350 —.nS .08 1 =nn2 2.9 A.0% | £33
s | poal cwrs7l Fign 9T cisvgdl —dpeo | onl | anss | 203 | oSy | ou
el 373t cOKhS3 573N o )} -ndf | 603 =8 0585 | o37f
Ei.'!_-l san33] Roansnl  fsffO] 2 OR |  ana | oo 3k ad2 | 6,492
/477 T ' = -
is: 133";5;. & B o =
H . . AR LA AT 13393 -] A.04 1=A00 A
3%"-“*”"-:3 o P prl casgel saten! cans —.pw | —pnw | Ans 34g
L35 743 = . 1an6l £3%.03 13563 =il el i el 3,94
1) BG taveg!  tagael 2 +.01 A0 1| a0k _au2
54 ce | eagsz ] 397l cavoul —.nl a2 | am 2,08
FITH LTS, tan 1§ anfal —2.95 250 | ool 289
PR ] A - | —.al e . W, R B e |
| ‘EI{EM?& ol L lagcawaa A a—
e3isL. 006 N :3t0] 29230  i3sey =404 | —n495 |=a.0v 2.8
NI O4EN | WT g mrl s g0 | 53633 —poSl  Ads |oaT A%
149. TELE 314|434 . sa9nd]  fasasl —auSl —ag2 =0k | ASR
47 CING L saoil ceser] (3696 —dens | —0u3 1008 L
= el csneil cyeazl f3bSRi —pos! —p27l0.06 : 2204
cml :31..:.11 - 3297 :11,._*.:;! = 0.35 | ane |-aa.'.~ 3,19

SL



9L

D?%f;iﬂ f‘iml A rn'un'l trevel | Cravel | Coxrerblons A M’-‘-"—L : Absolule | Be2 iil.l':l Rﬂh:f?‘l
L o - ) y -
L“f t Azi J'E SR fime time £ime Residual ;Iq:t “{.l.
m"‘ﬁn{fﬁ; Gﬁ‘ @bs) | (¢heer)| Clock | Stalion | Elevatim Eﬁ% mTr f:;h
72077 | .| [amgacmst 7 sl zaosl o — | au [ — | —
.133:‘:[:'-” 5. ':u ':Hf rewoyl taogel —o¢ | —pasl-gna 344 aa1 | a0
‘ : | LO8 158 =I5 5.2l | 0.0 2.S 1l A92
jisnw (316 | Erﬁ: o ey 5
53 Gl :1357 :wf anghl —ox | end =001 322 | 09 | oa3
5.3 £ 3,,5z| K w293l —dn0n | —nap | 005 350 | fot | ase
£ 26,35 A A | &0 o 003 250 | o2 0.8%
a7ating AIA =m=¥%:5i._‘7-w§-liw___ﬂ —_— aue | — | —
20:02:06.0 | Wr| s9sg,  c4SSL (43Tb) O ol lans | 330 | o | okl
55.913N xe bincoand csonk| el —tnon | —ouy loaa . | sak | 02 | odf
fod. eayw | 3T |56 cam lpasagnl cuzyal ievsal —.al | -0dS loon ara | 068 | ssp
17 AT s dEl tHRME] fadNGl Al [ =A0S =AnE B T I T WY |
£0 | Q0 sl 98| f95aR 43 4l Y Al 1n.az 287 ald ! nss
. | 4PN |* 0ad cedarded TR | =
i 0 216 by, Z il —
bR | caipe | 7iatn | —is__oon loos Sa5
o aorw (33Tl o | ciegelVavid ! wmail ok ous_fouo3. 2.9
17 el coatl tseml isajal cand | =pJaR [ooa 333
st | S0 L sons) cgSus) dsige ol L =895 PADND A08
gl175 - : ' :
J4:37.39.7 |- 016 (4933, 601 153 V6 14 2 5DEY oM — 307 — S
43,9000 WT ! 3523 1 €y xc3 okl +.0% s lnas A.80 —pn2 | =n08
131,203 |348 |22 ) se ! :as4a R TR - B P o W - Ra 205 | —=p03l —nag
230 o I AR t&fay 15328 =il = AR oand ~a8 =hn8 | =327
Ll gel sasesl :ssanl A2 _to.n3 dae | —sg7! —ne8
EMi l :y._._p:.__;ﬂ-_n::{ 153t — .67 Aah _la.ns 3.9 Last 805




c !I I! 5 E . ] #
?::f':nliim: Acrival | €ravel | Cravel pﬂl‘d—ﬂhmlﬂh F:::.i“l Eg.ﬁ?i
s.:-.’{ ¥ Azi | &y STR| time | time | éime Residual Base .
I:&T;-ﬂ? :::u. Gﬁ’ @55) | (theer)| Clock | Stalion | Elcvabinm e ilﬁ:-ﬂ i
———
20/4177 | QI s 1014514 e
‘- ‘W3S fel tas sanaal  TYLO3l  —.nd o Y PN I 3,34
F1:39:43 :
4,489 N | RG] = i L - I fual 1o 08 L
- aonf 318|480 Ml csaod cweral i4ISE = L 008 =602 | 38Y
a5 ol cwarl cenil syrl —ma | aa: | oed 349
¥ pr | :a008| :upsy [ o5 | —002 | oes | =43
_ ol an% o
:[:{21::;5‘;1 : Rrg sl orddiiniae sy 140 DN sk m—te 395 — —
54.355N rf SOESE S JLALK ozl ok | _odd 337 ol Ay
467 5yaE 318 | 214 WT pLifl ! ‘u.s.? P aJs lans 291 [ ek | o s |
a4 YL ALY 10,21 B3y oSl —.od LD 39k | 031 =3
5.5 el romeal agneal Rl sk | =0 R Inam 4.0 o3y | ok
il net tepocded
. s o 14 112 A% :ﬂurg. ol =025 =nnay 4.0 - W i | a0
%115/ 715 - —t
aT:28!18.9 Wﬂ% — 333l = | =
s4.817N  |qglas7-EAlisdso MLl = oos | ans ! 0,20 | 0,00
167 04SE Wi :dues] (29¢ inanl ok AdS_lons 4ot | a8 | a3
4 | em ! s3a27)  SIART 53l —u7 | —n R lno.o3 yan | n. a7 2:1%
ol (ool I TP T Y -1 ¥ B 042 (503 235! q.a .l oy
Se el | P 1 : 13.0] ! & | =025 1-0.0M 4. 9 0.3l s A
a3:49.08.9 [ mi‘w ; . cagadd —pns | —pu Tl SPoT ET
Y6.5358 1340 oy |wr ] caven tanddl :2297] o1 | aus [e.0g 210 | —a23] a8
242.300 £ | HE 1 iamy3 2983 3740l -pns ) —nd =00 A 030 n~oak
303  GM) canfd 49979 (ALOT —pdd | and J-pnd 2del 513l 223
3.0 AT e Cececel L,
o —Aee—J443 =gyl =087 10,00 Ay O | —n1s5

LL



gﬁgﬁn time Arrival Cravcl ; nin]n.l L Abzolude | Residucl Rﬂﬂuﬁ
Latitude : - i cooo | osnmt | QAL
Longitude Rzl 15.{ SR fime Eime . |Residual Engﬁ} &niﬁnt
i::hn?ﬂit ﬁ;iﬁ': (theer) | Clock | Statien | Elevation gfmaﬁ o Wi
1
Qfa1f17 p16lie < 21921402 37,98 15 2349 " Lata 223 R U
241041440 Tl s24sEl tupeg | 376l -—ob | 047 | 00 280§ —nda | —0us
54.7154% | Ean | coy Rl d4n.RT 23055 —.30 oo | 008 207 | —pth ' —nlk
i5g, QORE 319 | 136 [l s2aasl  CALLS L2 LD + 07 .43 ¥ ary 2.3 =0 g
aad BE ! o ioun3l cdnedl S —.pS AN | oas 3 | =pa3 | =am
5.6 el sz ASS —ok | pad l—nea 335 ) _ous | ol
LA0 10506 LAsanl —2. B A2l | onl 2.3l 20K A0
L BT ] I ragebl =8 | —pd | D05 135 Alg ALAb
3}?:?? g bl AN ﬂﬂghﬁ:ﬂlig ok — L4 — —
f9:27.353.6 AT . Snoxl ‘ Y. —0.05 |—naa9 2LR Aan | —n.o8
Gi LDLN . Lt |z atgal gagnl 1 oy a5 | nns A5 a0l  ouk
430.87%E 220 | qqylom | f9seT ISACAL v onl onlk | 008 A4 L =gl —0.3%
508 £y Lkl o R Y. P oL e 9 . S B . Y i B YL
5.9 PR 828 - .09 o e ] I LY 3 2dfe | —=0308 —pl
' eml csasl 1833 =t | —pnuk | a0z 2,56 adf | —pln
. LBl rsnas : 2471 n2 | o0 3a¢ ) —n4 ] ant
EIEYEL
‘04! 14 460 1A e 10,5300 2Y.53 000 J9. 8k oX — Al —— B
5L.143 N cv ]l anmal 28%.021 32331 Hoim = a8 o003 e e 0.27 | 0.0
L. FIEE a0 | 419l & 10199 | 13543 o A =05 “anay o At A0 g
A3 WL 133l i2048| +42 | o5 lons 469 | "-anc i pan
s.0 ot | 21329 L4204 = gle lnp3 - T¥ A7 .19
EM) r2dnl : 3E.0] _,_;_E?n‘r: =il 200 ]n,ﬁs a1 : .l 1' Nt

8L



%?:;E“fim& Arrival | €ravel | Zravel mmw— ~ Absolute ‘il.ﬂ:'.d:u:I M‘T‘l
LL% iuie. Azl tlf-.i SR {/me dime | dime ; Residual ;:;t' E:\%?ﬂ
i:;;n?fﬂt phate) | #59) (€heer) | Clock Station | i vabim we ;}’Eﬁ & rechm]
7/a4/77 | o5 |:sneanaalin: araalsa:m el Ak — o | — | —
17:39:38.8 2T | el caasal bl —pag o —pun long 397 | ose ! oyd
55-?3‘!"’1 | £1m spaadl 230kl il —ate ALT =ans 3.4 ash | ALl
ILA. 31k & 3&1 Jan 36 'lﬂﬂl . ;E_flﬂl By = ng .00 ﬂ.ﬁﬂ.__..._,_zﬂ__iﬁ.ﬁ fhﬂ
9% el spasal  sfegsl 3092 +ad pats 0.48% 3,20 £.39 Al
5.1 Fnl ipyuel cacucl  coigb] —27 | omn | aps syl oan | el
AED!  Fralsmall
ot ind,ip :M_-_uhﬂ_*.ns_.._ﬂ-ﬁ 0.0 255 1 Nk 0,35
4019777 .
i ; : arnliai; 7 it e
ot 16:02.6 : : | !
42,283 | Be ! :Qsedl ioaon  SILTH —od | dop 005 3.bh = LS
_{sn-ssi w Lel  assal 3090 | (288! - pg Al N0 ML | F.:
T S0V T! gm!  sawasl :ana3l riegil - s | sav j-na 29
&5 Lagwi  :2csel ‘;i&ehl L % | P | a5l | ces 27k
: Hr: ool sonan  sioall a7 P =psd | oag 418
! esrav] ol canad =on | og7 | B 2431
460] cpced  :2as 2imatl -aan | pss | st 304
: :
:;. i_; 74 T e A W SRR AL S0 K v — 2zl — | —
04! 89:57.7 Se s o SR N - | L 0 WY R LA . . 3.3 —pdn | —ANS
A7 782N 343 gl czapl  tueal 22M1 —apy ~g.0u 280 1 —o.09
Yg. {20 E 43 |445 PG 108 a3l 2073 —n.nd —ll'l..ﬂ.i_ﬂ.nﬂ. =59 — 050 ——pMT
O F'Iﬂ 2723 i3n |1s| st 12§ =&, B Fa s e s | b7 "ﬂ_ﬂ. _—M
5.9 | o.M fz.h.ﬁl_ﬁ.j'- 2= =08 | —n2 =207 258 | —apoll —s,3
unE WT (LR, o ol R ol AdS oo b A —noY —nnt
L at




7 xtpusddy

T332 pue IM 03 3oadsal YlaTa STEnprssH

Da e Residua, | Pesidual Begidunl Kegiolual
Orisin Time Absslu w. et L. T X w.b W 0 P
Aximuih STA Heﬁid‘-}ﬁ Base WT Base CC Cete WT Base ¢
A of Tncidence Wy o tottectiom| trro cotrpciim vy coffectio | Ly fortec
2= =77 3 3.93 o, 09 0,29 =il =08
Aot 49 31,2 £e WA faPws) — =03 —
7Y ir AR5 i v —0.0% —0.05
Je F T 3 Ly A 00 — P )
0 3.7 .07 e O — T 2. o
[y 1.5 e 1Y wPEL | = 19 =, s
144D .43 — .21 —pn, 081 =-o.04 =a.11
7-ok-77 e 431 —_— T
497807 |4 4,949 = e T
Bq 20 A Y £y —n.23
ELA aM | - 4.3 =0l —n. 1%
il |
BG .31 3,00 — 19
- f2-13-727 l4mn < e fulS A gy
lodty iR | K <1y .03 .07
91 BE
9y Bis 40 (e 1B, [+ M1
£ 3,91 — —
A¥A .03 Al .67
ABD! 358 —0.3b —0.20

"E01-08 °

o8



Da ic Residual Ragiduwal Regrdual Residual
Ortgin Time Ebsolw wy, . k. ta, T L Wk Ly
Aximeth S'TH F:-Eﬁd‘-}'fl Base WT Base €C Base W1 Base €C
A of Tncidence o eortectm | wro cocceation | 1 correckimn | | sorre
i LT 39
| obi AT I Sh e | A€ 373 = P | = 0.5
L0 Al .87 —0.0% =0.3ls
{263 oM 389 —0.[3 —0.09
Ac 397 o0 —
M A n.09 - 0.30
r=-1-24 3 gk | 0,20 —na0
| oA 38404 L He L 422 01 0 0.3y n.07
Ant on | .83 TN = fils
45,5 EM LT f Al —n.0F
. e 28k =08 —f.an
WT | 3R
Q-01-77 BT 45T AL P L |
dLng 407 AR .93 = A — .13
A16 EM i 0.1 ans
4.9 RG ful fatia] A Oulle
[l £.a8 et —
480 483 508 olx

18



Da te Residual Rasidual Regidual Residual
Origin Tieme Bbsalw w, ot o B e A} .0
Azimuth STF; H-Eﬁd'ifl Base WT Base CC Basz WT Boce
A of Tntidence wyp coctection | wyp correctam | wy cotrechim | Ly €
%-4{-71 SM ] 2.EL .07 —pn.nl
 f7:a7'nL.8 1LAD 4.80 0.4l [
1219 MG 38R PR — 00l
a5k S8 And Oy =1
fal 279 =
2.7 —g. b5 = B.2s
B 2.6y e # T = —0.07
}-31-27 | 5C e fa jﬂ -0
| SO 4D aS Y | NG A58 .05 =920
137 4 A0 4.7¢ .24 0,3l
2. £ £ My 4 % 2 A a.nk
[l & ¥ — .04 —p.3Y4
Fal ol 453 - —
| EB& 5 =n. 07 =19
{ Jdi-5.95 ImY J. 4K et e - | — -1
L B i P ) MT 1 3.3 =14 =599
148 em | 363 a0l — 0,39
I |+ LT Sl — ——
SC 2,91 .09 —pal




Da lc Residua, | Fegidual [ Y Resicl wel
Origin Time Bbsalw . ok w, T w i b w. b,
Azimuth STA HESH"«B Base WT Base CC Base 'I-!T" Base 0L
A of Tntidence e corseebion. | wyo cortpebion | W corfeelienl Lo carea lign
| R-dp-76 Wil Ay — p——
TR T 453 .13 =27
I35 HE . 0.5 —a. 060
b3 AN | il e | =07
. it ) .37 -0 05
| F-27-76 | WY 2.9K - =
WF LT BN T .29 0,31 Qul le
137 D ¥nl G 0% _—unla
M3 ER 4.0% =P 1| —n.04
ol | o A a1-3 P 14 —fH.23
Ta e ] .19 005
| L=Da=TS ol 297 a0 -5, 30
WL s v N £4 .22 s —
J40 ¥ a.33 .04 =01l
219 cw | 398 ulila = o.d4
D=5 = Vo ce 2,30 0,20 — 8.7 —
fat Hiw - I P Dl 3.505 = (. 5 —fhds —n Y —fa)
144 k1. .58 £.48 0.E 0.0 —a.08
b0 A H 354 0. 1Y =k =001 =018
WT 31D —_— =20 e = al7

EB



Da te Residua] Ragidual Resicluad Res iolual
Orinin Time Bbsolu W, o P (T 8 g 6 3
Azimuth 3TH Hes'..:’.l.}ﬁ Base WT Base CC Bate "'"'T Base €&
4 of Tncidence wyo corteetion | wio carmschion | ¥ coerectim |y coviec
| B=Jn=Tie [GWM] 3.4 2,85 0.9y
TR A Ef 2.79 s G
41 AT 351 o T =l
Sl Be | 3Ly Cis 20 A
WT e T | — e
£ 3,93 £.39 =801
a-8-17 AT Ay O 1D e+ W 5.
| J3:ingixf.d | LT e b —t—
juf DM 4 &2 — 0,84 —0.03
_._.Qﬂ 2 [, & 95 .33 .29
. FIL L X | 00 o ,0%
£ A1 .04 — 0.9
§-a0- 27 ) 285 D05 —n. 03
P X T 303 0,13 — .11
Juya RE& 247 =003 — 1S
41.9 [ud e MY _— e
0o 3.09% 7 -1 = 1




Da te Ras cdina ) Residual Residwal B3 idual
Oriain Time Bbsolu W, Ot Las BT N T
Aximuth ET.IEI' HESHUE)- Base WT Base €C Base WT Bass cl
A of Tneidence Lt eorteckim | uyo correckim | wy correstion |y cormechim
| f=24-T5 A0 347 0.9y .07
nntags 474 [l oA An3 —_— e
440 i 3,98 A, 35 =005
a7 EM 3.7 14 Oung
pJ-03-77 1JC 3.AY .09 =l =20 — 5,37
1336 ns.0 | £ 195 3. 20 ke | S
[ ded  lwr ! 375 cmares = (A0 - =07
30.4 b {05 .30 0.0 — 510 —n.27
M A.73 [T b4 =00 =0l5 -0, 39
In-28-725 | .Ap - 3.8y .01 07 = n.A =030
| Sy 20 L CC 217 —p.0fe o — .0 s
243 L TA 2.90 03,17 .93 Fe a1l o1
.5 LT (333 —— B0l — o |
mtl 317 —0.06 o — .03 =n.nY
em ! 3.4 ol [ s ¥ —pad | —p.a3
L-T- 27 g el L | .08 4,34
| Jas23 095 |cm 2.8y #.35 .94
dys oM . BX =01 —0.10
iR 5 WT | 4%y p— — -
Je |l 38 0.80 —Da0

S8



Da te Residual Rasidual fegocl wal Res rdwal
Oriain Time Bbsalu w, ok ts. Pu B (R R wor
Avtmuth STA Res%d}ﬂi Base WT ase £C Base WT | Dase £€
4 of Tnciclence uyo Correchim | wpo correchio | iy corfechim, | iy Corfec
4-25-75 | (¢, £ LS e e
| stepscaan | KM s 04 m .09 ~f.03
145 S A 0% — .0k —a. 43
A4 cM | 5.2 - .03 ot + T 1.
| f2-6-77 lof .07 — T
L ilins ok | A& 1.2 0.2 .10
4 Yo RE 308 A8 fL03
ig. 9 | APN A0 0,29 Fo R v
Y 1,47 o 40 .84
L 3.39 fa P o) n.al
ABQ 2,31 n.24 0.34
f-17-78 |l 34k — &2 =017
#3343 |dan 243 — A0 A
— i A 222 —— i
ik 3L | 335 0413 a.0%
BE 3.7 o I L) old
198 o84 0085

98



Da e Resoduwa Razidual Regidual Busredsad
Oriain Time Fbsalw w, et . £ .t 3 w. %
Aximulth STH' P.E‘E'l&ﬁ Base WT Base € Base WT Bose 20
A of Tncidence sy eortecion |tago correctio | W7 eoprectim | wy correchion
in-5-27 T0 .97 — .08 063
T MU LA BL 3.40 oLl 0.7
iyT P8 . L 0,07 o.nd
151 B | 0.3 e i1
Ba 2. laS e 1 .04
[l 8 2.4% —— ke nn
AN} 3777 030 Al
D=d9-7 ! Wr < 08 — =503 — el # 9
| 4Brai:31.4 1 ¢ 44 3 ol
187 x| fEn fo 1) a5 o —a. B —0.28
53 I s ef o 13 N — 0. il —n0k
Yk i ol el w2 ¥ W = &, 5 —pn, 29 — .3
il .Y o A A 0,05 =500 — .98 - .38
1-20-78 | K |  JhT =, 4Y =Ll
Lodi¥2:sna |44 | JAT =042 =X
J49 4P A3 -, 48 -n,3%
ELTA Ba | 23 —0. 50 = 001
BR 21 —{. 18 —0. 97
£L a.43 —
298 =009 - 0.09

L8



Da e Resictwa | Residua | fe stelmal Residwal
Orisin Time Bhbsalu w, ok . T Wt by B
Azimuth STH Heaadu.iﬁ Base WT Base CC Bace WT | paze €
A of Tncidence wn tortechion | wys cotrectie | wy corvectim | oy correc
£-Ng-T75 W LT =008 = .39
43 =7 3LE o % —. 30 =04l
{43 o 230 e Loz - —
173 [} a%s = 507 —= .47
0-2-7s | WT 4.9.3 e o —&,00 — £.01
mYyL TYian.T Lo af [ o4 —— = A.0] p_—
157 I Lo R I . - L 5,97 =5, 01 =10
A0 e | Sife | .43 _n_.;ll —n. 10 =008
& mY <. R4 = 6,07 =009 =0.14 =013
NX 515 [T 8,349 ol 0.12
 a-d5-T75 CL. 1.90 —— e
o5 59:46.2 EM Ykls =004 —f.lle
418 g £.04 P L = .33
¥ (ol 1} E AN M7 =0.83
S-13-Te Wy | 447 — I
0172 988 1L H Lt 0,29 — .67
193 £M A ALS el + Y 1.1
48 3 SR .34 — o0k
W A — .00 —n.o% -

g8



333: Time Rbsslw i?:.ifll Eﬂfﬂ?] E?{d Tf{u
Azimuth STH P.E'Eidll-}fl Base WT Base CC Base wT Bote L£
A of Tntidence Lpe cottection | wyp cortechion | wy coreection | wy goriechon
Q-04-27 | BE 2oy 078 AN
AT oA AT — i
{9 ET G JJY e 4 P 1 1 -3k
sy ® £ Lll ol A0
Em |  LLT o4l .99
0 P —0,.01 .04
AN 443 0.7 0.97
1-5-%F {B0 =2 0% D43 £.53
| 03523 LT O 238 -
2n3 Sl A%N e PRy el
TN BE - 23S e A L |
[l 4 AL3 _0.9% 14
BR!____25n fa Pl b Oty
APN ! 202 — 0,13 —0.0%
3=04- Tl FR 341 =00 — .17
oY H 0.4 It 3,33 =D =39
235 DMy .81 =il =191
Ju.fa I 3,37 = il — 039
aT .43 il S
18 2.0% =000 = 130




Eaﬁi‘r;m Bhbsalw E:.h :fr 1 -E:‘:.h:. I E‘.:ﬂ‘?lf f;";ﬁd
Azimulth STA HEHI!'}E)- Basze WT Base CC ;;‘g WT Qaze &£
A of Tatidence uwpo cotrechion, | iy Cotreckim | Wr Corgecliim | Wy serhec
L G-tf-J6 | GM] 339 0. 15 £.04
 nd. 95:373 | @] 333 | ou8 — 5,31
23k War! 3.4y e
£.5.0 wim! 35 2,34 o
3 NG [ 3.4k LW —0.84
FM! Zus mudl .03
10-8-71 ck 3,44 0.y e | 1
WaTAE LSE 1 1 S 219 fr. 08 8.0
=139 AP 3.1l 0.0k als
Jsn ER L 2oL | =011
480 * B =, 44 —_p 1
RE 230 &80 .08
[ 1 S0 — — i
9-21-97 | &M o 27 005 =03
0% 97595 | I0D + 3l =t Lo =nal
239 ERA .53 v s 1+ 00 —n, 13
J59 2T A e o 0% L+ Wal
fad ﬂﬁ —
BG CA T .00 1 1

06



Date Residual Bagidual Resrdwad Resiluad
Origin Time Bhbsolu L, ok Loy e B TN X lads Ty B
Avtmuih -STE PLE'EH-:ﬁ Baie WT Base €C Oaze WT Ba e ":E-m
A of Intidence wro tovrectin | upe corveckim | wr porteckive | Loy cofres
d-30-7 o] L34 — .09 hd .
| 49 f4L3 400 1 Om .04 o ble - .03
&2 Il 35 a1 o030
_'. 15,60 I a.na —
=5 - e [ 2 y0 — .19 e — 8.5 —
 Jd9:0%:i36. 4 (DM | JDZL -, 1l o] —0.80 — 8%
24D il £ 25 =0l Fa s -1 —-pn47 =.39
| I 1, CH— 23 | -—-pod AulD —0.07 —f.08
14T £.83 e v 8 s s
| S-oh-75 EM S - T £33 — ad
| Jurs o4 s ahy il 3.nT — —_—
. | - TN X . 3.04 ol —=0.20
J4.0
y-2y4-95 | 8¢ | Jgs — &3 = D50
| 190l i Y. far s 238 — f—
241 Em | DR 0. a0 —n3a

KLA

16



gﬁi Time Rbsslw Eﬁf‘ f:‘r‘“ I Hﬁfrl ﬁ'ﬁ“ :
Aximuth STA Resid :fl Base WT Base ¢C Dace WT Bate CC
4, of Tncidence wyo cottechio | sy cotteckim | up corirction | wy correctim
in-17-27 | BA& 313 FaWall = 0.0
17: DL 1504 ol i .11 — S
o249 ABD| 338 WL A3
LA APN - N - —~n,08 .0l
10 285 & \ = W] A =091
W AT 2.0% Fralid —_— A
| At 42 - 19K &8 205 A —_—
S99 EMN J.08 2:03 —and
| S /Y . A.D Ou05 = fudS
8-13-25 MY 2.47 — - L1 =A.0 — 599 — 0.0k
Lodl 12 058 L FM be WA 0. 00 £.13 =0, L5 (=N
24D i Akl 0.4 .20 =531 — O
157 AN | m——— e i — Aulle
CM | 3.9 —0.03 Al =3k =0.40
1A J.49 = 13 —_— =h. 1l s
R-2-75 37 Al 44 =0.08 A% =h17 =009
 Jn 10 45 0 ol 844 . A% = P =1 —#.97
243 his 20 | ook (=W —n.30 =034
e dus 1 CC 1 Dok — rmﬁ‘ —— —n.01
WT 1 J.43 ——— Q.05 e 0.08

6



Da te Resadwal Rosidual Reasilioal Resreluad
Ocinin Time Fbsolu . .t . P w, £ b
Avimulth ETH P.ESHE& Baze WT Base CC Bacte BT Base €€
4 of Tocidance wro correction, | wro correchion | wr cortpo i | Loy covice
H-3-94 IsT 3.3y we— .49 — 0.0
| 8y a3 5an ! AN 3io ook .5 =08 O.03
243 T A5 muhl 240 - R —n.27
ALy il 3.22 ANk oWk — a0l a1l
or A les — 08 — —n.aa —
Cm L7 —n.01 a.08 | =590 =028
{-04-97 i 234 ~and fls - .07 0%
| Ohe 44 05,6 | LM ST — .08 o.08 = 0.3% =0.32
A4s AT 291 e A.ad —_ ) e -
A8.0 WT 212 Sp— A3 —_— £ lla
L 2 LT e 4 0 BC 1 — s WA 1Y —_—
S8k .0 le P b 4 T W -1 Al
| I AL cr, X i o —aal —_— —n.nYy —
AT AR TN X1l 0, 00 A.n7 =27 —1.23
A4s oM Y- = Ol =aps | __—na.ls =01
1&.0 WT 224 — [ et | Se——— o,04

£E6



e

Oriin Time pemivse | e | Radsl ) Satal ) et
Aximuth STH Resid ﬁ Baie WT RBase CC Bape WAT Base &0
4 of Tocidence tego cotteckion | wyp eottechiom | Wr Cetteckion | uy gotrechion
1D -A¥-T7 ER 132 Lo — L.l
FEVH LSBT 1.3 ant A0S
L8% 10 L.R3 —— e
(Nrs) saz0* ok 290 0,07 — .08
Bl 137 ady 0.00
$-43.77 | ge 20t
| AT 55 00,075 | GM L2724
— e
s} 43,9
Y-a7-27 [l A - ATD s b — = 0.0 —
| IS n000. OFY | LA0 1.20 =i =0 —=0.03 | o008
LA Dy 130 a.bl aJdi —0.0K W L]
(1) 432 1 &M 1.0 =0.07 a0 —nak | 542
T 1.2% e — 8,17 S— AAD
fud i} o 04 =M - .38 1 S04
hid {88 — .0l A —n.4l — 0]




Da te Resiclua ] Residun | Residusl Rasidwal
Qrigin Time Rbsslw W, et tiye T T w.r. b Wt
Aximuth STR Heg;duiﬁ Baxe WT | Base €€ | Base w7 | Gasect
A of Trcidence wipo eotreckion | g eottectio | wyr Corteckim | wuy cotiectio,
- 5-27 Gl 1.27 Als .07
(180000, 47 | D0AL _ £93 a.al .35
.7 [l Jbdl
furs) £3.9% AN 1.9¢ 3T g.0d
ge | 4,99 .01 B
ABD| L LY o0l 0.2
12-2i-77 | ok a4 AN —~a.ll
L 01 00630 As5f =0 —=f.30
A63 300 20 =004
1.0 1! 29s — 0.0y —a.A%
dEnl | Des =0.34 —0.9%
e a7 — i
B Zu01 e Mot N —0.in
Q=ilf-25 KX .00 .81 o nls
IEEEBL LA Ly i0g .20 -, 13
el L Mis 35 a0 —n.0%
| - WT Y. — _—
I a4t £ 4 ol

SE



Da ie Resodua | Residual Residuel Resicl val
Origin Time Bbssiw w, o k. . Ts B w, t.1, w. ¢k
Arimuth STH Heudu}fl Bave WT Base €C Base WT Base CC
A of Tntidence bope cotrectiem | ero cotgee i | W7 Corteatim | i correction
T-28-27 G Y LT oY .0k
| s D0 IRS Jé AR ol —n.dle
20k AP A 1 =01 —0.n3
273 £ & Tof LAl -39
or .53 — —_
R HAT F« WA .00
P-%-2{s K& A0 o .3 A.nd
43104 Syd. 3 1 e 24y AL =a. 80
el o0 228 A28 .
di.s FL oz | —n43 —n8s
WT a1 — ——
HE 218 AHAR 0.l
2-5%-25 ol A .24 =8 13 — . N/ —
| o4 4R i db.d Chh Fela® £33 o.45 =a.ol Q.15
69 WT 557 S— &3 e’ D lila
L0 A o [ d 1] g3 =030 — Y
EM | .S58 2,83 O, 34 (N 15 0.22

96



Da te Residua,| Rasidual fecidual Residual
Orinin Time | Bbsalw b, 0 ke R Wt t, w. €. L.

Axvimuth STh Residual | Base WT Base €€ Base WY Base £C
A of Totidence wyo errreetim | g corcechion | W Gorreckio | wy corieeh:

p-49-75 | pe 597 — —

| dqg 04t myT kT 3.0y a2 —pIn
240 N 0.1? a.6d —p0a

145 Em 2.4 L 0.0

2-21-27 | me 2.3 agi oE

0352266 | GO Ing — i

344 BT | 334 A.a0 .0k

LI gm| 3.9 A0k it

Em 3.00 W 4 & il

T 278 — 805 oo

480| - 345 Q.3 0.4l

E-.‘H-"?"E' il .41 —— R
7 04 198 | &N 3.49 .08 —5.99
345 g 335 .94 —=f.13

241 £ A0 £.19 o.67
d0-20-27 laem!| 26 —n0d ~pAa
151 70 SRR B .08 — /.30 —T.

340 2 lgf ) 33k — R
229 60 334 —01 e

Lé



Date Residuwa ) Pesidual Aegiduel Rasidwal
Orlain Time Hb?n'lhhi iy, Tk . . T T Wl
Aximueth ETH Residua Base WT Base €C Bata BT Basa £C
4 of Tntidence wo correctm | uyo correetim | WY gorceckon | Ly cof techina
L )-48-76 1 JC | 3.8k 0.12 0.40 — 0.7 = e
[ AROnLaR. G | W 3,53 0% Al =n 8 — a.07
249 T .44 P— anlk e ol
234 Ar 287 | o243 ol =027 =0k
[ 220 =n.068 — =n.ll —_—
[l i 243 =0l £.07 e+ 9 L =033
P-47-97 |ge 7.46a
ey 483343 | LBD 2,30
342 [ 283 .
L asn ___1hn! o.4f
FM! - 319
EG 2ok
do-v-77 | aml  aun | _ aaa a.a4
152 3% SL.fe | RY 145 full —0.07
443 10 3.2Y =0 ool
is.2 iy 343 AdS .03
[l a13% ——— _
480 .54 oals e
A LN 1% —n09 o200

g6



Da e Resiclua] Ragidual Resid wal Resrdual
Orinin Time RPbsolu Ly, o ke w. O T Wt Y. w.t. b
Aximuth SfTﬁ HE“J‘}& Base WT Base CC Rate WT Base CC
A of Tntidence wro cottechim | wro cotrachim| wy Correchie| wy correciim
g-20-76 AT 1.48 .40 2.0
L o3l shio0.b Llov! oAL _— —
314 He e ] o Fa P L1] [
8.4 NG % | FoW i | —a.04
Ef. 290 .39 — 3, 40
G a.i9 f.al 0,20
r-on-17 3e 344 0.4l — Adle
d3: Y959 | APN <ML =008 o 04
ETA EM 2.33 P 13 Asfis
D59 LM 3.5D £.20 £.00
il o b -1 0 e — ———
2-241-27 | 2,90 — 0.52 — O.iile
LR h ¥ b Qs oML | =107
410 LMl 303 0.3 A lS —¢.d1 =015
I - ¥ AS— . 7. £.1n QU3 —0.30 =094
[ 287 =803 — —0.06 —
PLL




Date Resiclua Residual Residual Retid wal
Ortain Time B b ss) ld.s g, ks R . e T o
Aximuth 51?1' Residual | Baie WT Base €C Base WT Bate CC
' of Tncidence wio coreeten | wre mb"“ I.urﬂll‘l'ﬂ::h-. WT goree ol
-08-75 EM a9s N e =08
LA 40 250 fu 194 — ——
a1 M 99 o508 =022
ab.4 &0 3 8F ALnT =, 20
B=tfe-75 WT ARl — =0.04 m— —a.al
24 R7 387 L8 .08 A.19 QJdS_ L  — .l = 0.2
a4k M DAk o 2 felat g —f.al -8
4L.3 [l a2 a0y g o0l e
Fm__-_-:i-u—--—-.am o 55‘ el ﬁ‘m
fo-4-27 fr. - 3233 —_— —
Q4. 341435 RG 269 a.35% .90
34 {50 .54 -k a.lY
I T, % RO .71 0,45 0.85
APR 2l a.37 o.4le
BT 263 5.1 0.07
11-4-7%5 et 3.87 e WL, — —n.i5 —
4] ioS 509 WT 2.5% — ol e £.1S.
S48 NE: 36 | =03 |  a68 ~0.0E =000
a4.0 | O 4.0% s A2 - 53 -n.08
AT 4.04 0. 05 o.17 —0.25 =020

00T



Da te Restdwa| Residua [ Residual Res rdned
Ortyin Time Bbselu w, o k. . 0. T w1, wer b,
Avimuth SITH Heudﬁ Base Base €€ Base WT Base €C
A of Tocidence wipe terveidim, | wpe cortectin | Wyeerrecki | uy cerrectin
R-15-725 | Fm L0s o.n4 A ln -l —0.02
oAt iz it Aad — Aabile — 0.0%
24E a0 €50 .09 AAS L -005
A4 7 e 395 = Ok — =p g —
3¢ 2481 nJl o.24 =023 | =043
R-40-76 AT S84 1 .30 Dbl
23 D ok LT of. 1% e —
2349 He 2.68 A3 Audls
192.0 G Q.bl A4 2 0.3l
EL L | 2,35 = fA.067
-p1-77 0h 284 =88 WL
24 6d 84,0 | EN ] =Oubda =0.18
349 [e'd an ts o
k1A B 2.1b =20l —0.15
LI 235 o 23 oAk |
LAN0 3.34 - 0.2%
Pr 335 5.28. = 0.0

10T



Da la Res i, Baridunl Fromusl Ko wilual
Geigin Time Rbselu . et w. .t w. b b, w.t. b
Aximith ETE HEiiduﬁ Base WT Base CC Bave Wt Oate €2
4 of Tacidence or0 cortotinn | oo correctim | wyemactin | ainiechon
a2-9-17 J.LL 0,17 —0.23
L4407 5586 | WT 354 — s,
S V1.1 ol kL — 0.7 .-
TSN . [SO—. T Ahed 8.3 P
LPR) 31k = - 534
Lo AAL 2.05 =W |
480 324 —047 o W14
R—1-75 lem! 99 | o230 ! aon —n.nl o
AR 2460 | 8 LA~ 2,33 241 | —p.n0d 1 -5l
a0 — Sl — =3 -NH - =11 09
Adad ce t - gry aia e o849 i
Em | 48 ode | ol A.09 A.0n
-244-71 | BT 32317 ot . i
A9 39 TR L CM 194 aul o
324 R 2,27 =4 —r
D406 _LCC IR0 i S
2 2.11 =ou0d Y 1
I 3.59 -p.20 = A

Z0T



Dq.. i:-l: o b Hnﬂ:n.'ll E";J:t]' E'E:-“l El:li-:n!.'-:-n.l
g:?-: " iLmz 3Th Heﬁ]; .3,5_ ; :a WT E ::..g e Base T Base ctm
A of Tncidence oo coraciin [opnsaraciton | Wres srachion | sy eoree
L In-13-717 | QG 3.0k =008 —A.30
| 08: dlea03.0 | £0 3.4 —_ e
A36 G .19 A — g
lles LER) 30k =008 g0l
I .19 = .08 -0l
TIn 299 =+ -8 =p 10
480 2.4 Anh B8
__ T-29-P6 1SF e XA a0 —n Al
oyt s 57.7 | BK 220 QS a.a0
243 NG 3.9 =0.06 — .34
fune) 44.5 =3 A 0-02 —0.,0%
HE et fa3 —fH.6Y4
T e A A Spm— —_—

EOT



104

Pages 104-107. JLrrer lysis -eﬂr round ~0ff of disdamece fo neares} a.u-.)

Lvent

/18776 /8:31% 31 197" Axi. Ai= 353 SF Quad

Refee 1o Fk‘ﬁ,u“- IOr-—-A.

Sta Disdance
: Sehlues Progrom | MY Calewladions (see Fywre T -a)

WY 206.99*

ce JLob 680, = £33FKHm. = 48.075° = o
Sc¢ a1.60" CLIB8in. = LATY Km. = +5.010" = ). spa*
L) Ak 033 in. = J43F Kkm. = —5.03]* = 20.957"
LC &0.99* 0. 54E in. = 54677 km. = =—p.881" = 2b6.737°
Cm 20.89* 110 in = J1.SL3 K. = —p, py* = R0.386"
Lveal /376 /Bie3! sS40 EUELY TY L4 = dg.0° S Gnasl
- WY g0.q7" — (see Frgure TIT- B)

SH £3.13° L in. = 2.018 Wm. = +0.060°= 33.130°

LT BR.84* LAY A = JE.000 Km. = —0.)1358"% = l:.“ﬁ_

DM .00 ledin. = 2.7 Kem. = +0.00L" = 83, o8b°

cé 3298 pokin. = 0.¥33 Km. = 3p.007° = 80.987°

Em 20.91° oubin. = 2./BF Km. = —p.eoiLS* = B2. 705°
Lvent H/87/ 7%  Slodiopoty a9 Rui 43 63.2° AW Aued
wT 79%° (see ¥mue TI-€)

ce 793° olZin = &ASE ke = —p.05t"* = Z932°
LRD q.77° 285 = JGhIkm = —0.83%* = 7.7s/*
oM g.08* 683in = fGlrKer = 4p,087° = £077°
G 2.7¢" dupin = 2%0or3ke = —payy® =2746°
C 8.03 oMEIn = 800 W = +0.085° = ho3s®
S¢ 291 O8RS = 38sY km =T —o. 03" = 2.9/0°




105

237

23.8

//; 34

—1—34°15"
Az

Jor nado
del
Moerio

$‘§Z
rA

[

.2

: &sﬁﬁﬁ

. @ Son Acociol

1

!.

Diraction of earth quafe
o o 3

00201 : __...MM__.. T “,1...--. ._.n.__... At ;?f.__ I.....:._._.__ .,Iq..l..rﬂlnTlu_ !
%18 I e NASR N e
. : - £ ...__b - | A ‘m“_
G L RS 7
\ o e’ /Jl\,
. " L 2 shjpunoly  Bu2|opooy Ml!‘UU
2 o e ]
: . [ 724/
SloZO1 .__L . 22 @ \((Lk ; -

i
rrrrirrrret

'.tj-.q-r,rrﬂ' - A.

3.35 kwmfo. o

Vo

#F? 8.8 bw lfiia

5-P INTERVAL {secs)



106

34
ML
-3{:5‘
2z
Fuli
e RV G A
){ 1 ! \3 -
QJ.::P i = FC = LB II \ : 27
1 9p oreffe : tar N
:F"L‘ﬁlmh KJ gﬁ ﬂ\E ! @ : Jor nodo
g g : del
2 \ Muerio
A -...-I" qf . - 338
) . o 1"'-.1 L I = al.. 0
I t‘é \j $ :ﬁ' '\"%I_ / El \I Q "‘% E b
ﬁﬂﬂf'l'- .E_"'E g Ht ?ﬂl KM
W e i L -!' ':r !‘-' & 7 é 3

$-P INTERVAL (cecs)

) #F‘ ¥ '5-“ ke .It;.gq-_.

Vo= 3.35 kmfgeo



107

.l.....l..l_._.l/l.._.,./ lu.,H.______
. q : IMHV 858
// ﬁﬁmmﬁfa/..\_u\l\.\l\u . = mmw 7951
el %% . H
3 rv % o e
™ Lo / ey
Ly

Sle201|

Q 10 20 KM

l".-.;..:fl.ll'g IE—'-E-

llql

= X

o £

Vo ? 58 ke free

)

"H'. H .‘- .‘5 kbﬂf"h

5-P INTERVAL (tecs)



Appendix 4. Relative residuals with error bars, pp.
108

RESIDUALS WITH RESPECT TO WT

108-113.

SE QUADRANT

c036 4 10.6

ﬂ-ﬁ-- -lﬂ"s

0.4+ (2w 0.4
(+) To (+)

nl3 b =8 m_“] -ﬂ.s

0.2 ¢ (43 0.2

(es)
0.1+ e 40.1
(%)
0.0 igh T 2 .o
L ¥ Qﬁ} =) Row) l
0.1 4 " T w0 40.1
. < 1
Diz - -E . . . 'm'z
y
% 3

0.3 + _ f":":‘ 4.3
o ¥ : 1 L
(- L . ! | G

0.4 ¢ 0.4

Ve 0.5

DIE — IE




RESIDUALS WITH RESPECT TO WT

109

SW QUADRANT

~Qib 4

0.4 4

(+)

0.2 ¢

0.1+

0.0

DI3 ks ol

0.1 4

0.2 4

M

0.1
1.2
9.3

(=}
.4

0.6




. 110

RESIDUALS WITH RESFECT TO WT

MW QUADRANT
~0i6 4 10.6
0.5 40.5
nlq —_— '-'U-'q'
(+) .
“-3 - -ﬂij
(@)
0.2 + (He) 10.2
0.1 .1 ) (& do.1
(e) (xe)
(eg) : T
0.0 o> .0
(em) LB :
0.1} I ]; 5 ¢aae) E.l
& 2
(=2
0.24 & - 1.2
* 3
0.3 . i 9 0.3
(-]
1
0.4 + P-4
ﬂ‘El ﬂiﬁ
I.
0.6 . 0.6




y 111

RESIDUALS WITH RESPECT TO CC

SE QUADRANT
J0i6 4 10.6
0.5 {0.5
(£Ar)
0.4 10.4
(+
) (+)
0.3 4 (4PMA) 10.3
uiz = '1 Egl‘ta d’ﬂ;z
-1
0.14 do.1
@ ex) 2T
(e T gy ; fre)

0.0 ] 0.0
ﬂ';l " 9 EE".' -'E _J_ -‘_; .1
", (e & I ve) L

- = ;i '|El.2
0.3 ¢« < .3

(- _ ! 2 =)
o.4a4 = | 0.4
i

0.5 4 0.5
0.6 4 9.6




112

RESIDUALS WITH RESPECT TO cC

SW QUADRANT

L0364 +0.6
ras)

0.5} (ae) lo.s
D;'ﬂ- ‘DI4
(+) (+)
'Dl3'i- 1 .ﬂIE
0.2 4 | " (e 40.2
) B i !

e o ST
0.114 ] | T em [ L 0.1
I R SR
o l . wp * T 3 | —I'O
0.0 ; .0
| T 11 1
- 3
! |
GI]- E El L ."' ] 'ﬂ!l
5 * | !
0.2 & 0,2
] "-']‘.‘3 F
T
ﬂ-a = 'ﬂ.ﬂ-
(-) (=)
u!4 -~ :-3 'ﬂl'q'
2
u'ﬁ -+ ﬂIS
ﬂ-ﬁ- - "l:l..ﬁ




113

RESIDUALS WITH RESPECT TOCC

NW QUADRANT
J0i64 0.6
0.51 40.5
(480)

0.41 10.4
{+} . (+)
0.34 (om) 40.3
(Lrm)

0.2 4 () 10+2
{am) a8)
ﬂll - q;} E 1 EI‘: -ﬂil
e
0.0 + 0.0
s L ] ( 1 st
':q. -
0.11 1 af + 0.1
0.2 + 1 S - " .
1 L o
i3 o 4
ﬂ-a - -3
(~). (=)
0.4 1 o
0.5 4 0.5

0.6 -




