el R AT et Yol i B

el d D et b Lt 2 Lpl et P B it bR Ll e Dl
= st B Gl R s A i A S i bl e S itk A i ot A SIS S a3

AD-A023 293

SOURCE-REGION/STATION TIME CORRECTIONS FOR THE
EASTERN HIMALAYAN REGION

Jack G. Swanson

Teledyne Geotiech

Prepared for:

Air Force Office of Scientific Research

November 1975

DISTRIBUTED BY: 3
J National Technical Informatien Service ‘
U. S. DEPARTMENT OF COMMERCE "

15l st S BB R 15 . o7 i, bt




AL

R LD BY
NATIONAL TECHNICAL
INFORMATION SERVICE

U.S. DEPARTMENT OF COMMERCE
] SPRINGFIELD, VA. 22161
SERD S e




UNCLASSITFIED

SECUR!?Y CLASSIFICATION OF THIS PAGL (When Disca 1 tarad)

piiai e S i Lt s i L s g N

R | T £ _READ INSTRUCTIONS
R&PORTDQCLHENTA'KfJPAG* BEFORF, COMPLETING FORM
1. REPORT NUMBER Y2. GOVT ACCESSION Nl').' 3 RECIPIENT'S CATALCO NUMBER 3
AFOSR - TR- 76- 033 5
3. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
. 3 N ~
SOURCE-REGLON/ STATION TIME CORRECTIONS Final Report for
FOR THE TASTERN HIMALAYAN HEC1OM 01 July 1974-30 June 1975
TEERTORIING ORG ALF T Ramath o
TR 75-12
7. AUTHOR(s) i CONTRACT OR GRANT NUMBER(S) ':
Jack G. Swanson . i
F44620-74-C-002] |
9. PERFORHMING ORGANIZATION NAME ANO AOQOLRESS 10. PROGRAM ELEMENT PROJUL T, 7 ASK
‘ . R I ARE A & WORK UNIT NUMBERS
feledyne Industries, Inc., Geotech Division L
) N 62701E
3401 Shiloh Road AD 1812-22
Garland, Texas 75041 ) -
11. CONTROLLING OFFICE NAME ANO AODRESS ‘ 12. REFORT OATE
Advanced Rescarch Projects Agency/NMR November 1975
1400 Wilson Boulevard T3, NUMBER OF PAGES
Arlington, Virginia 22209 T
T2, MONITORING AGENCY NAME k AODRESS(If dilferent lrom Controlling Oifice) |15, SECURITY CLASS. (of this report
Air Force Officc of Scientific Rescarch/NP UNCLASSIFIED
1400 Wilson Boulevard T -
Arlington, Virginia 22209 Tn. DrCLpaSIFICATION CONNGRALIN
16. DISTRIBUTION ETATEMLIT (of ihis Report) - - -
Approved for public releasc, distribution unlimited.
T OISTRIBUTION STATEMENT (of the abstract sntere:din Sroek 20, 1 dillerent ire Heport)
16. SUPPLEMENTARY NDTES
TECH OTHER
] ZL.(j:/ / y
19. KEY WORDS (Confinue on teverse m'.n‘e if necessary and rdentilyv by blm."k number) =
SRST (Sourcc—Region/StaLion Time Corrections)
Refined LFocal Depths
Eastern ltimalayan Region Larthquakes
.ED ABETRACT fl'_{‘-_'.r::"l_l-_nﬂ rJHrr'r"r-TJ;; 1 e ey sesy nind pefenzpfv b Bl T T :
: . : : " ; i . 1 ;
gpurco-repion/statinn L corrections are Jdeveloped 1ar the castorn Thmelayan 4
repion aml 18] starions, including 43 stat ions of the World Bide Standard ;
Seismupraph Network. The study area cncomPiasses the arca within about 13
deprees of Sun val and includes the Himalayan front, tie Tibetan plat fors il
purts of the Central China fold system, rhe North China-koresn platform, 1h
purmese arc, the Indochina fold system, and the South China platiemm, lor
teleseismic stations, the medinn standard deviation of station residuals abowt
FORI4 AT a
{15 cOITiICH OF YV NOV 6515 CHSOLETE oo e g ¢
DD 1 ymiaa 1815 | UNCLASS TETD R
CFOORITY CLASSITICATION OF Thin T oL hren Data bnteet 3

i




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

falloley SHER WAL Sl

Pt o A g

their corrections ranges from 0.45 sccond to 0.83 sccond for different parts’
of the region. TFor closc-in stations, median station standard deviations
range from 0.78 second to 1.3V second. The overall mean depth error (devia-
tion {rom pP depth) of earthquakes relocated with the corrections applied is
about 0 km; the mean of the absolute errors is 6.8 km and the mean 95 percent
depth coverage interval is #16.7 km. A significant depth criterion, based on
depth reliability estimates and allowing 5 km for drillable depth, identifics,
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than 30 km, 88 pcrcent with pP depth greater than 20 km, and 63 percent with
pP depth greater than 10 km. Except for the Burmese arc, focal depths of
carthquakes throughout the study arca are very shallow, all but 8 cf the
calibration carthquakes having pP depths of 40 km or less, with a mean value
of 18 km. The very shallow focal depths of earthquakes throughout most of
this region limit the usefulness of identification techniques based on com-
puted depth. Focal depths of some carthquakes in the study area, previously
reported as rudiating ancomlonsiy wesk surface waves, are not great cnough
to explain the weak surface wave radiation.
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REPORT SUMMARY

The capability to determine refined focal depths for earthquakes 1in the
eastern Himalayan region is provided through development of Source-Region/
Station Time (SRST) corrections in the region for 181 stations. Use of

the SRST corrections permits computation of focal depths, from P-wave

arrival times, which do 1ot differ overall from depths based on pP phases.

The mean of the absolute differences in depths is about 7 km with 95 per-

cent depth reliability intervals averaging about %17 km. Of the 242 earth-
quakes used in the study, 63 percent of those with pP based depths of 10 km

or ;reater are identified as earth uakes at the 95 percent level with a
significant depth criterion which allows 5 km for drillable depth. Evaluation
of selected earthquakes, which produced anomalously weak surface waves from
the region, indicated focal depth was not the cause of the weak radiation.
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SOURCE-REGION/STATION 1iME CORRECTIONS
FOR THE EASTERN HIMALAYAN REGION

1. INTRODUCTION

This report describes the development of Source-Region/Station Time (SRST)
corrections for the eastern Himalayan region and evaluates the usefulness
of the corrections for determining focal depth of earthquakes in the region.

In section 2, problems that have been encountered in identifying seismic
events in this region and identification techniques that have been utilized
or proposed are described. Data used in the study are described in section
3 and the technique used to develop SRSTs is presented in section 4. In
section 5, results of the study are given and the reliability of the correc-
tions and the depth reliability of locations made with SRSTs applied are
discussed. Tectonic implications of the refined hypocentral locations made
possible by the use of SRSTs are also discussed. The effect of depth
corrections on Mg-my values of earthquakes in this region which have previ-

ously been described as radiating anomalously weak surface waves is described.
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2. BACKGROUND

Several areas in the eastern Himalayan region have been identified in which
apparently shallow earthquakes produce anomalously weak surface waves (Der,
1972, Kimball and Swanson, 1973, Nuttli and Kim, 1975). Such anomalous
carthquakes have been located near the juncture of the Burmese and Himalayan
arcs at about 30N 95E. They also occur southwestward from the juncture along
the Himalayan arc to about 28N 87E. Isolated anomalous earthquakes have been
located in regions of low seismicity on the continental side of the arcs.
Such events have occurred near 25N 98E, 29N 104E, 30N 89E, 32N 98E, and

33N 89E. In other regions, the weak surface wave generation of anomalous
earthquakes has been attributed to high stress drop in the source region
(Thatcher, 1972). Evernden (1975) determined that anomalous Mg/mp values
cannot be caused by high stress drop for my less than 5.0. This conclusion
was based on Archambeau's (1974) relaxation model of earthquake source
mechanism. Evernden also developed corrections to be applied to Mg values
based on focal depth and source mechanism. He concluded that anomalous
Mg/mp, values can be explained by focal depth and/or source mechanism with
strike-slip mechanisms yielding especially weak Rayleigh waves for focal
depths of 45 km or greater. Whatever the cause of weak surface wave genera-
tion by anomalous earthquakes, without knowledge of focal depth, the Mg/my
technique of discriminating between eesrthquakes and explosions is inapplicable
to seismic events in the anomalous regions.

Focal depth provides an effective identification criterion if event depth
can be determined with adequate reliability. Depths determined from depth
phase information (pP-P and sP-P intervals) can yield depths with a relia-
bility of about 5 km or better if clear depth phases are available for a
wide distance range. However, depth phases from weak events are difficult
to identify, particularly if the events are very shallow (less than 25 km).
Accurate focal depths can be determined from P arrival times by means of

the commonly used modified Geiger technique (Macelwane and Sohon, 1932) if
origin time is known independently. Origin time may be estimated from S

and P arrival times at close-in (distance less than about 10 degrees)
stations using the S to P travel time ratio technique (Swanson, 1975,
Evernden, 1969) if data from enough close-in stations are available.
Accurate focal depths can also be determined in all-parameter-free locations
using P arrivals with the application of Source-Region,/Station Time (SRST)
corrections (Veith, 1975a). These corrections are first order adjustments
to tabled P-wave travel times from a given source region to individual sta-
tions. Estimates of the reliability of the SRSTs are obtained in the course
of developing the corrections. They are based on variability of observed
residuals about the SRSTs. Accurate relative hypocenters and valid estimates
of the relative hypocenter reliability are obtained with application of
SRSTs and weighting each staticn's P arrivel time according to the relia-
bility of that station's correction. Because SRSTs are valid for close-in
stations as well as for teleseismic stations and because each station's
residual is weighted according to that station's reliability for the region,
full utilization of the P arrivals for hypocenter determination is achieved.
The accurate relative hypocenters chtained lisve [rcvod Lo be valuable in
resolving tectonic stress patterns in the Kurile arc (Vei.n, 1974) and in
Hindu-Kush region (Veith, 1975b).
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3. DATA

Earthquakes which occurred between 1964 and 1973 in the area within about
15 degrees of 30N, 95E were considered for use in this study. Calibration
events were required to have body wave magnitudes of 4.6 or greater or
arrivals reported by at least 50 stations. They were also restricted to
those events for which focal depth could be established from pP-P and/or
sP-P intervals although this criterion tends to bias data set selection in
favor of deeper events. Two hundred and forty-two earthquakes met these
criteria. P arrival times reported by 181 stations, including 48 stations
of the World Wide Standard Seismograph Network (WWSSN), were used in the
study. Arrival times were taken from the bulletins of the International
Seismological Centre and the Moscow Academy of Science. The stations used
in the study were selected on the basis of the number of P arrivals reported
by each station; selection was modified slightly to improve the aximuthal
distribution of the stations around the study area.




4. DEVELOPMENT OF SOURCE-REGION/STATION TIME CORRECTIONS

The area investigated was divided into four regions for development of

SRSTs and 18 subregions to aid in evaluating the results. The regional
divisions are shown in figure 1. Region 1 consists of most of the Himalayan
foldbelt and the western parts of the Tibetan platform, the Central China
fold system, and the North Chinea-Korean platform. Region 2 includes the
central part of the Central China fold system and the eastern part of the
North China-Korean platform. Region 3 is composed of the Burmese arc and
those parts of the Himalayan foldbelt and Tibetan platform near the juncture
of the Himilayan and Burmese arcs. Region 4 consists of the Indochina fold
system and the western part of the South China platform.

SRST functions were determined separately for each of the four regions.

For each region, a reference location was defined and an axis orientation
was selected such that the X axis would be approximately perpendicular to
the main tectonic trend for the region. Because no clear tectonic trend

is evident for region 2, the axis rotation was set to zero (positive X axis
oriented northward). Reference locations and axes orientations (azimuth

of X axis from north) are listed in table 1.

Table 1. Region coordinate specification

Reference location

N E Azimuth
Region lat long of X axis
deg deg deg
1 52 85 17
2 g5 102 0
8 25 95 103
4 20 102 80

To help assure a smooth transition in SRSTs between regions, arrival time
residuals from all calibration earthquakes within 14 degrees of the refer-
ence location for a given region were used in determining the SRST functions
for that region. The residuals were weighted according to distance from

the reference location for the region, as follows: residuals from earthquakes
within 7 degrees of the reference location were given unit weight; residuals
from earthquakes between 7 and 14 degrees from the reference location were
weighted with a cos? (distance) taper.

Veith (1975a) has fully described the procedure used to develop SRSTs. A
preliminary location of each calibration earthquake was made with depth
restrained to pP depth. Stations between 25 and 100 degrees were used with
distance and azimuth dependent station corrections applied, and a source
term was estimated (Veith, 1975a). The source term was significantly non-
zero, with a mean value of -0.11 degree, for earthquakes southeast of

31N 92E, and not significantly different from zero for earthquakes in the

L[ s
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remainder of the area. The earthquakes were then relocated, using a
balanced network of stations with distance dependent station corrections,
applying a source term of -0.1 degree for calibration earthquakes southeast
of 31N 92E. Focal depth was restrained to pP depth and only siations
between 25 and 100 degrees were used. SRST corrections were estimated from
the uncorrected travel time residuals to these hypocenters tor each of the
four regions. The calibration earthquakes were then relocated, applying
SRSTs for the appropriate region. SRSTs were re-estimated based on the
refined locations and the calibration earthquakes were relocated, applying
the refined SRST estimates, until four iterations had been completed.

Focal depth was restrained to pP depth for all relocation runs. Only sta-
tions between 25 and 100 degrees were used on the initial relocation run
with SRSTs applied. On the second iteration, stations between 10 and 100
Jegrees were used, while for the third and fourth relocation runs, stations
at all distances less than 100 degrees were used.

On the first and second iterations, the SRST function was restrained to be
a linear function of X, Y, and focal depth (h). The depth term was signifi-
cantly non-zero only for region 3 (the only region with more than one
calibration earthquake deeper than 45 km). An examination of the subregion
residual patterns after SRSTs had been applied suggested that addition of
quadratic terms in X or Y to the SRST function would significantly improve
the corrections for all regions. Therefore, provision was made in the SRST
estimation process to include quadratic terms in X, Y, or h and to allow
the estimation process to select the model with the smaliest residual
variance, restricting the model selected tc four terms, including the
constant term. Accordingly, on the third and fourth iterations, model
options for regions 1, 2, and 4 included terms in X, Y, X2 or in X 5 Y2,
For region 3, seven model ogtions were available, including terms in XYh,
XYX?, XYY2, hYY2, hYh2, Xhh?, or in XhX2.

Locations made with the fourth iteration SRSTs applied and with depth
restrained to pP depth were taken to be the final locations of the calibra-
tion earthquakes. Standard deviations of station residuals about their
SRST corrections for each region were determined from the final earthquake

locations and the SRSTs, using only earthquakes within the appropriate region.

Firally, a depth-free relocation run was made with SRSTs applied, using all
stations at distances less than 100 degrees and applying station inverse
variance weighting. The station variances used for weighting were the
station variances about their SRST corrections.

TR 75-12
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St RESULTS AND DISCUSSION

Final locations of the calibration earthquakes, together with the weighted
standard deviation of residuals, the number of locating stations from the
depth-restrained relocation run with SRSTs applied, the computed depth
[h(SRST)], and the 95 percent depth coverage and confidence intervals from
the depth-free relocation run are listed in Appendix 1. Depth coverage
intervals were computed using the weighted apriori variance of 1.0 (see
section 5.2) and the value of the Chi-square distribution with one degree
cf freedom. Depth confidence intervals were computed using the observed
weighted variance of residuals and the value of the F distribution with
one and n-4 degrees of freedom, where n is the number of stations in the
locating net,

5.1 SOURCE-REGION/STATION TIME CORRECTIONS

Parameters of the SRST functions for the 181 stations are given in Appendix

2 for each of the four regions. In addition, the number of observations

(NU) used to estimate the parameters of the SRST functions, the number (NR)
of calibration earthquakes in the region that coutributed to the estimate

of the parameters, and the standard deviation (5D) of the station's residuals
about its SRST correction are listed.

Variation of the station standard deviation with distance is shown in
figure 2 for each of the four regions. Cumulative frequency distributions
of station standard deviation for each of four distance ranges are given

in figure 3 for each region. Strong distance dependence of the station
standard deviation about the station's SRST correction is evident for all
regions. Because of the large variation in standard deviation among the
stations, it is important to apply inverse variance weights to each station's
residual when locating seismic events in this area. Inverse variance
weighting allows full utilization of arrival times from close-in stations,
which have most control over focal depth, thereby improving the reliability
of estimated depths.

The station standard deviations vary somewhat with region as well as with
epicentral distance. Median values of the standard deviation, for distances
between 50 and 100 degrees, range from about 0.50 second in region 1 to

0.6% second in region 3. Stations in the distance range 25 to 50 degrees
have appreciably lower reliability than stations at greater distance. The
median standard deviation for this distance range varies from about 0.60
second in region 1 to 0.85 second in region 3.

These values of median station standard deviation may be compared to the
value of 0.79 second obtained by Veith (1975a) for the mean standard devia-
tion about his distance and azimuth dependent stations corrections. Veith's
value is based on teleseismic data only, after truncating all values of
standard deviation greater than 1.55 seconds. From these results it is
clear that the SRSTs have reduced the station standard deviations signifi-
cantly.
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The reliability of the close-in (distance 25 degrees oOr less) stations is
much poorer than for stations at teleseismic distance. For the close-in
distance range, the median station standard deviation ranges from about 0.80
second in region 2 to 1.30 second in region 3. The few stations at distances
greater than 100 degrees have standard deviations much larger than stations
between 25 and 100 degrees (see figure 2). This indicates the generally
poor reliability of the PKP arrival times available from seisinic bulletins.
Stations at distances greater than 100 degrees were not used in locating
earthquakes in this study.

The large station standard deviations at close-in distances (less than 25
degrees) could be reduced either by use of a more complex SRST correction
(a higher order adjustment to the travel time tables) or a reduction in the
size of the region of application. However, more complex SRST functions
would reduce the reliability with which parameters of the SRST functions
could be estimated and would require storage of more parameters in applica-
tions programs. It is presently not considered feasible to use smaller

regions for developing SRSTs for this area because of the limited density
of available calibration earthquakes.

SRST corrections are mapped for five close-in stations in figures 4 through
8 and for three teleseismic stations in figures 9 through 11. The SRSTs
for region 3 are based on an assumed focal depth of 10 km. Insufficient
station data were available to obtain reliable corrections for CHG for
regions 2 and 4. SRSTs estimated for some of the close-in stations have
discontinuities across the regions boundaries of a few tenths of a second
to as large as 1.5 seconds. The large discontinuities usually reflect a
lack of data for SRST control near the discontinuity. The discontinuities
at the region boundaries were small for the teleseismic stations. In the
figures, the corrections have been smoothed across the boundaries where
discontinuities existed to give a better estimate of deviations from standard
travel times.

The figures show that close-in stations (except ZAK) ten” to observe early
arrival times. Veith (1975b) also observed this phenomenon in the Hindu-
Kush region from shallow earthquakes. He explained the observation as origin
time error. The procedure used to develop SRSTs restrains depth to that
obtained from pP and sP phases. The origin times are set in the initial
relocation run using only teleseismic stations. Close-in station corrections
are made to agree with these origin times. Thus, in areas of a thick, slow
crust and upper mantle (compared to the Herrin 1968 model), the origin time
for an earthquake is set late by the average arrival time delay to the
teleseismic stations. This late origin time appears as an early arrival

time at close-in stations, in spite of the known slow velocities for the
area. In the Hindu-Kush, the origin time delay reaches 1.0 to 1.5 seconds.
Figure 4 suggests the origin time error near SHL is also about 1 second.
Figure 8 suggests it may be greater near CHG; however, the interference of

the Burmese arc structure makes the validity of such an estimate questionable.
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Note that all stations have negative corrections for the area of the Burmese
arc. Most of the calibration earthquakes in this area occur at subcrustal
depths zlong the arc. Travel times from this part of the region to KBL and
JER to the northwest are slower than are travel times to the other stations.
This pattern of SRSTs is consistent with the eastward underthrusting of Burma
by the oceanic lithosphere of the Indian plate. Thus, travel paths toward
the west spend less time in the high velocity underthrusting plate than do
paths in other directicns.

L ' All the close-in stations except CHG have relatively fast travel times for

3 epicenters along the Himalayan front. The SRSTs for the two closest stations
(ONL and K51} 0 this ares are i-erensiogly negative with increasing distance i
to about 15 degrees. These SRST patterns are consistent with the existence %
of a higher than normal velocity medium underlying the Himalayan front, which

could result from underthrusting of the Himalayas by the Indian plate.

5.2 DEPTH RELIABILITY

A histogram of focal depths of the calibration earthquakes, determined from
pP-P and/or sP-P intervals is shown in figure 12. Two-thirds of the cali-
bration earthquakes have pP depths of 25 km or less. All but two of the
earthquakes with focal depth greater than 50 km occurred along the Burmese
arc. This depth distribution is shown in more detail in figure 13 where 3
histograms of computed depth (h(SRST)) are shown for each of the four regions.
Depth distributions are very similar for regions 1 and 2 with very shallow
focal depths dominating. There is a rapid fall off in the number of earth-
quakes with increasing depth. Crustal thickness throughout most of these

two regions is greater than 60 km. Ninety-two percent of the calibration :
earthquakes in region 1 and 83 percent of the earthquakes in region 2 had

computed depths of 30 km or less. Only one subcrustal earthquake was

observed in either of these regions, at the extreme western end of region 1.

All but four of the calibration earthquakes with computed depth greater than
40 km occurred in region 3, consisting of the Burmese arc and the region
near the juncture of the Himalayan and Burmese arcs. The portion of the
earthquakes which occurred in the Burmese arc are indicated on the figure.
Eighty-four percent of the earthquakes along the Burmese arc had computed
depths greater than 40 km, with apparent peaks of activity at depths of
about 45, 90 and 110 km. The greatest depth computed for Burmese arc earth- 1
quakes was 167 km for the earthquake at 22.5N 94.9E. The region 3 earthquakes

west and north of the Burmese arc had computed depths of 30 km or less for 4
76 percent of the events. P

The distribution of computed depths for region 4 exhibits a broad peak with
i most of the computed depths falling between 15 and 30 km. Eighty-two
b percent of the computed depths for region 4 were 30 km or less. ;

b Depth error (h(SRST) - h (pP)) statistics and related information are pre- z
3 sented in table 2, ordered by region and subregion. Because the station 3
¥ data are weighted by the observed standard deviation of the arrival data .
i about the SRST corrections, the expected value for the weighted event standard

deviation is one. The observed values for all regions average very close to

this figure.
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The mean depth error ranged from -4.1 km for subregion 104 to +4.0 km for
subregion 206. No systematic regional pattern in the mean depth errors is
apparent, implying that the SRSTs are removing the systematic deviations

from standard travel times. The overall mean absolute depth error is 6.8 km.
The standard deviation of depth error varied among the subregions from 4.5 km
for subregion 310 to 14.6 km for subregion 208, and the overall depth error
standard deviation, for all regions combined, was 8.6 km. The standard devia-
tion of depth error includes the effect of errors in h (pP). The standard
deviation of h (pP) for calibration earthquakes used in this study is estimated
to be 2 km. This value is based on the mean within-event standard deviation

of h (pP) determinations and does not include the effect of possible misidenti-
fication of depth pnhases.

The total depth reliability (TDR) may be estimated (Veith, 1975a) as

TOR = [xf 5 ey ® HRieavy 2 (2)
where oZ(pP) = variance of errors in determination
of h(pP)
h(cov) = depth coverage interval
Xi = value of Chi-square distribution

with one degree of freedom

Taking the total depth reliability to be

1/:2

TDR = [X2 02 (h(SRST) - h(pP))]

1

and solving equation (2) for the stanrdard deviation of depth error:

2,1/2

(pP) = [0°(h(SRST) - h(pP)) - h? (cov)/X?] (3)

Using values of overall depth error standard deviation and mean depth
coverage interval from table 2 in equation (3) yields a value of 1.2 km for
the standard deviation of h (pP) error. This value is considered to be in
good agreement with the value of 2 km based on the mean within-cvent standard
deviation of h (pP).

The 95 percent depth coverage intervals included the pP depth for 94 percent
of the earthquakes. Of the 14 earthquakes for which the 95 percent depth
coverage interval failed to include the pP depth, half failed by 3 km or less.
The relatively large number of failures in subregion 314 (tablec 2) results
from estimated depths being about 20 km too shallow for four events near

24N 094E. All four events are in the mid-depth range (60-110 km) of the
subregion. The failures may correspond to the inability of the smoothly
varying SRSTs to reflect a sharp structural change in the mid-depth range
while maintaining accuracy for shallower and deeper events in the region.

The close agreement of the observed coverage percentage with the theoretical

5.
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value supports the conclusion that the SRSTs are removing systematic devia-
tions from standard travel times.

A significant depth criterion may be developed from the depth reliability
estimates, as follows. Define a critical depth (H ) as
o
H = ™ o (h) +D
o a
where Na = value of standard normal distribution for level a

o(h)z standard error of depth estimate

D = value assumed for drillable depth

In terms of depth coverage intervals:

_ i)
Ha = Na ha(cov)/(xl,a) + D

For a confidence level of 95 percent and assuming a value of 5 km for
drillable depth:

H.OS = 0.8393 h.OSLCOV) + 5

The significant depth criterion then states that, at the 95 percent level,

an event is an earthquake if h(SRST) is greater than H j5. Results of
applying this depth criterion to the calibration earthquakes are shown in
table 3, ordered by region and h (pP) range. All calibration earthquakes

with h (pP) deeper than 30 km are identified as earthquakes. Of the earth-
quakes with h (pP) greater than 20 km, 88 percent are identified as
earthquakes, and 63 percent of the calibration earthquakes with h (pP)

greater than 10 km are identified. Based on the overall mean depth coverage
interval (16.7 km - see table 2}, 95 percent of the earthquakes with computed
depth greater than 19 km should be identified by the significant depth criter-

ion.

The depth reliability of earthquakes located with SRSTs in any region is
strongly dependent upon the number of close-in station observations available.
This study did not include data from Chinese stations since it has only
recently become available. As a result, the depth reliability menerally
decreases as the earthquake locations move further into China. Development
of SRSTs for the Chinese stations and their use in locating earthquakes in
the area should provide a significant improvement in the depth reliability

obtained.
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% Table 3. Significant depth criterion statistics
1 :
)
3 DEPTH RANGE (km)
0-10 11-20 21-30 >30
Region 1
No. Events 22 35 3 4
No. ldentified 4 12 3 4
% Identified 18 34 100 100
Region 2
No. Events 26 18 8 6
No. Identified 7 7 6 6
% Identified 27 39 75 100
Region 3
No. Events 7 19 9 47
No. ldentified 0 7 6 47
% ldentified 0 37 67 100
Region 4
No. Events 4 17 15 2
No. Identified 0 [ 9 2
% Identified 0 35 60 100
All Regions
No. Events 59 89 35 59
Nc. Identified 11 32 24 59
% Identified 19 30 69 100
-25-
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5.3 SEISMICITY AND TECTONIC IMPLICATIONS

Final locations of the calibration earthquakes obtained with depth restrained
to h(pP) and SRSTs and inverse variance weighting applied are presented in
figure 14. The seismicity shown by the final relocated hypocenters is
generally consistent with the interpretation of Asian tectonics reported by
Molnar and Tapponnier (1975).

Source mechanisms reported by Fitch (1970) anc by Tand>n and Srivastava (1975)
indicate thrust faulting along the Himalayan front. They interpreted these

as resulting from underthrusting of the Himalayas by the Indian plate along

the Himalayan frontal thrust fault. This fault zone 1is well defined by shallow
eartnquakes in figure 14. Tandon and Srivastava (ibid) also observed onc
earthquake at 27.7N 86.0E that showed apparent strike-slip faulting approxi-
mately parallel to the front. Focal depths of all but one of the calibration
earthquakes along the Himalayan front were less than 50 km. The one exception
was a 55 km earthquake at 26.9N 92.7E.

Seismicity north of the Himalayan front is scattered, showing few clear trends
although possible lineations are apparent. For example, there is an cast-west
trend from about 34N 79E to about 35N 81E and a north-south trend from about
31N S8E to about 35N 86.5E. Neither of these trends correlate with known major
faults. A northwest-southeast trend from about 38N 93.5E to about 35.5N 98E
occurs in a folded zone in the Tsaidam basin between two major cast-west
strike-slip faults, the Altyn Tagh fault and the Kunlun fault (Molnar ind
Tapponier, 1975). Focal depths were less than 40 km for all but two of the
calibration earthquakes north of the Himalayan front.

The eastern limit of seismicity within the study area agrees well with
tectonic boundaries described by Molnar and Tapponnier: 7The Red River and
Kang Ting strike-slip faults, the Lung Men Shan thrusts, and the eastern
boundary of the Shansi graben system. A number of the calibration earthquakes
appear to be associated with the Red River, Kang Ting, or Kunlun faults,
although these faults are not clearly defined by the calibration events used
in this study.

The Burmese arc is well defined by the seismicity. The northeast part of the
arc is defined by a very narrow band of earthquakes with focal depths of 47 to
118 km, the deeper hypocenters lying on the southeast side of the band. Tandon
and Srivastava (1975) described a focal mechanism for the 94 km calibration
earthquake at 26.3N 96.1E as indicating thrust faulting. However, the
tensional (T) axis of this mechanism is oriented perpendicular to the trend

of the seismic zone, plunging in the direction (SE) of increasing depth shown
by the seismicity. Therefore, in view of the depth (94 km) of this earthquake,
an alternative interpretation of this source mechanism as indicating down-dip
tension in a subducting plate of oceanic lithosphere appears reasonable. The
steep plunge of the T axis (60 degrees) is consistent with the narrow seismicity
zone.

The seismic zone follows the Burmese arc southwestward to about 25N, then
southward and southeastward along the arc. The seismic zone widens in the
area from about 25N to about 22N. Focal depths of the calibration earthquakes
in this zone range from 19 km to 160 km, with focal depth increasing from west
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to east across the arc. Tandon and Srivastava (1975) described a focal
mechanism for the 51 km calibration earthquake at 25.1N 94.7E. They inter-
preted it as indicating normal faulting with a fault strike of 28 degrees,
approximately parallel to the trend of the seismic zone in this part of the
arc.

Fitch (1970) interpreted a focal mechanism for the 102 km calibration earth-
quake at 21.7N 94.5E as indicating down-dip tension in the subducting plate.
The T axis had a strike of 90 degrees and plunge of 40 degrees. Several
calibration earthquakes occurred along a major right-lateral strike-slip fault
(Molnar and Tapponnier, 1975) paralleling the Burmese arc to the east. Focal
depths of calibration carthquakes in this zone range from 11 km to 48 km.
Tandon and Srivastava (1975) reported focal mechanisms for two of the calibra-
tion earthquakes in this zone; the 43 km earthquake at 23.0N 95.9E and the

48 km earthquake at 23.1N 95.9E. Both mechanisms were interpreted as indicat-
ing strike-slip faulting with T axes approximately parallel to the seismic
zone and P axes approximately perpendicular to the zone.

A short arc of shallow earthquakes, with focal depths of 6 to 48 km, extends
from the Himalayan arc at about 27N 93E southwest and south to about 24N 92E.
The 51 km earthquake at 23.0N 92.4E suggests a possible connection of this
sone of shallow activity with the Burmese arc to the east. Tectonic implica-
tions of this zone of shallow seismicity are not clear. The northern part of
the seismic zone may be associated with an east-west trending fault extending
from about 26N 91E to about 26.5N 94.5E (Molnar and Tapponnier, 1975). South
from 25N the seismic zone is associated with a zone of folding which trends
north-south. Tandon and Srivastava (1975) reported a focal mechanism for the
42 km calibration earthquake at 24.8N 91.9E. They interpreted it as the
result of easterly underthrusting at a shallow angle.

The main region of reported anomalous earthquakes at about 30N 95E appears to
lie on the intersaction of two faults. One trends northwest-southeast, which
may be an extension of the right-lateral strike-slip Red River fault, and the
other trends cast-west following the Tsang-Po and Indus valleys. The latter
is considered by Molnar and Tapponnier to mark the suture zone of the Indian
and Asian plates. Source mechanisms are not available for earthquakes in
this region, but strike-slip faulting is at least plausible.

5.4 FOCAL DEPTHS OF ANOMALQOUS EARTHQUAKES

Eleven of the earthquakes reported by Der (1972) as anomalous and three of

the anomalous earthquakes reported by Nuttli and Kim (1975) are among the
calibration earthquahes used in the present study. Locations of these earth-
quakes and both pP depths and SRST depths determined in the present study,
together with myp and Mg values reported by Der or by Nuttli and Kim are listed
in table 4. In addition, values of Mg-mp, with Mg corrected for depth by
means of Evernden's (1975) correction factors, both for an average source
mechanism and for a vertical strike-slip mechanism, are given in the table.

Ten of the eleven anomalous earthquakes reported by Der remain anomalous after

application of the average correction factors to the Mg values, with Mg-my
values of -0.9 to -1.2. Nine of these earthquakes were members of a series
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that occurred from June to September 1968 in a localized area at 30.3N 94.8E
(subregion 310). The remaining anomalous earthquake was a member of a series
that occurred from June to September 1969 in the same area. Source mechanisms
for these earthquakes are unknown, but strike-slip faulting seems at least
possible for this area. Six of the calibration earthquakes in this area
remain anomalous (Ms-mp less than -0.7) after applying depth correction fac-
tors for a vertical strike-slip fault to the Mg values reported by Der.

Of the three anomalous earthquakes reported by Nuttli and Kim that are
included in the present study, two remain anomalous after applying the average
correction factors to the Mg values. Both of these earthquakes are located
along the front of the Himalayan arc at about 28N 87E. Tandon and Srivastava
(1975) reported a focal mechanism for an earthquake very close to these
anomalous earthquakes at 27.7N 86.0E. They interpreted it as indicating
strike-slip faulting parallel to the Himalayan arc (section 5.3). Therefore,
even though thrust faulting is expected along the Himalayan arc, the possi-
bility of strike-slip mechanisms for these two anomalous earthquakes cannot
be discounted. However, both of these earthquakes remain anomalous after
applying depth correction factors for a vertical strike-slip mechanism to the
Mg values reported by Nuttli and Kim. Their Mg-mp values are about -1.0.

Both of the anomalous earthquakes along the Himalayan front reported by Nuttli
and Kim and three of the anomalous earthquakes reported by Der are identified
as earthquakes by the significant depth criterion at the 95 percent probability
level (section 5.2).
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6. CONCLUSIONS

The SRSTs developed in the present study aie effective in computing depth
estimates by all parameter free locations of earthquakes in the eastern
Himalayan regicn. Computed hypocerters for the calibration events used in
this study have a mean depth error near zero with a standard deviation of
8.6 km; the mean absolute depth error is 6.8 km. The 95% level depth
reliability intervals average about *17 km and include tho proper porcont
of the events. To assure maximum reliability of estimated depths, inverse
variance weighting should be applied when locating with SRSTs, the weights
being based on the variance of each station's residuals about its SRST
correction.

DL £ 25 A M e LB TR e e b e S S e L

c Focal depths of earthquakes in this region which have been reported as
% anomalous are not deep enough to explain the weak surface waves observed
i from these earthquakes.

The very shallow focal depths of earthquakes in this region with the excep-
tion of the Burmese arc, limit the usefulness of identification techniques
based on computed A pth.

«
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7.  RECOMMENDATIONS

PR AR

We recommend that the SRSTs developed in the present study be used to locate
seismic events in the Eastern Himalayan region. Inverse variance weighting

should be applied when locating with SRSTs.

(33— % walog o

SRSTs should be developed for Chinese stations in and near this region to
improve the depth reliability obtainable for seismic events in this region.

Propagation characteristics of both surface and compressional waves for
shallow crustal earthquakes in this region should be investiguted intensively,
to help resolve the anomalous earthquake problem.
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FINAL LOCATIONS OF CALIBRATION EARTHQUAKES

Final locations of the 242 calibration earthquakes are listed in this appendix,
ordered by region and by subregion within each region. Included in the list
are date, origin time, north latitude, east longitude, pP depth [H(.P)],
observed weighted standard deviation (SD) of residuals, number (NP) of sta-
tions input, and number (NU) of stations used from the location restrained to
h(pP), and computed depth [H(SRST)] and 95 percent depth coverage (HCOV) and
confidence (HCNF) intervals from the depth-fiee location with SRST corrections
applied.
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i FINAL LOCATIONS OF CALIBRATION EARTHQUAKES

Final locations of the 242 calibration earthquakes are listed in this appendix,
ordered by region and by subregion within each region. Included in the list
are date, origin time, north latitude, east longitude, pP depth [H(.P)],
observed weighted standard deviation (SD) of residuals, number (NP) of sta-

' tions input, and number (NU) of stations used from the location restrained to
h(pP), and computed depth [H(SRST)] and 95 percent depth coverage (HCOV) and
confidence (HCNF) intervals from the depth-free location with SRST corrections

applied.
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APPENDIX 2 TO TECHNICAL REPORT 75-12

SOURCE-REGION/STATION TIME CORRECTIONS
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SOURCE -REGION/STATION TIME CORRECTIONS

parameters of the SRST corrections for the 181 stations are listed in this
appendix, ordered by region. Coordinates of the reference location and
azimuth of the X axis are given for each region. The X and Y coordinates
of an epicentral location are given by

X

(6—60) cos Z - (¢-¢O) sin 0 sin Z

Y

(e-eo) sin 7 + (¢—¢O) sin 6 cos Z

where 8 = colatitude of epicenter for which correction is to be

computed.

¢ = East longitude of epicenter for which correction is to
be computed.

60 = colatitude of reference location for the region.

¢, = East longitude of reference location for the region.

azimuth of X axis.

[o]
111

The corrections correspond to one of seven types, according to the following
definitions.

Correction SRST Ccrrection
type
1 A + BX + CY + Dh
2 A + BX + CY + DX2
3 A + BX + CY + DY2
4 A + Bh + CY + DY2
5 A + Bh + CY + Dh2
6 A + BX + Ch + th
7 A + BX + Ch + DX2

Included in the table are the number of observations (NU) used to determine
the correction, the number of earthquakes (NR) in the appropriate region that
contributed to determination of the correction, and the standard deviation
(SD) of the station's residuals about its SRST correction. The standard
deviation is based on the calibration earthquakes within the appropriate
region only. Parameter values in the table are for X and Y in radians and
focal depth (h) in km.
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The SRSTs are to be subtracted from the station's observed P arrival time
or added to the travel time taken from the Herrin (1968) travel time tables.
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TA3LZI 1 SOUCE=IEGTAN/STATIAN TTME CORRFCTINONS FNR IFRTIN 1
REF I AT = 32,00 N REF LONG = 8R.,00 E X A7T = 17 DI6
- STA A R o n SN My NR O TVPE
3 aA3 14081 “1,45 « 60 19.38 1,14 143 45 3
# Y 14914 5,56 =206 36465 <A1 40 14 ?
ADEI '003:’“ 1.16 '3062 15014 051 QQ 1N ?
ALZl -1.7315 -5.11 «7.01 46,75 A 93 79 3
APA -0Nebh5 4,59 «2.10 65.55% o587 65 17 ?
S+ ehHRT  =1ne3) 3.47 =?2.7 184 4R 27 ?
AS > «Neh78 N YA -2.30 ReT7 «45 45 21 E
Ay <! «0.136 -R,19 -2.10 =1R,R9 1.09 49 A 3
3A 5 14300 =he31 =3445 =53,10 1ol 56 164 3
RE ! eP2? =645  =1e03  12.50 53 3 ?
IHA -1+336  =pe.30  =3.53  27.56 len4 84 15 3
AKR! 1.661 =3.00 ~bobh -9,19 A1 115 15 2
AL =1.573 e?.h6 ~64¢51 25431 e 31 46 18 3
/M) e RRS 11,47 «1.09 =435,94 1.99 68 17 3
3ING -2.077 -04135 ~0eh] ~3.06 .80 103 40 3
aNs eA26h 6,37 ~6e?5 =27,.92 1.01 35 10 2
an)di -N.RA”3 1.71 «1.57 5.36 o 30 QRr 38 2
30 849 =19,35 174 15,27 1,78 39 8 3
3RS «0Ne450 -1.29 ~0e¢58% «10,98 e 30 73 17 3
QR'I 00’1 ‘1?.31 1022 3?.“1 .“’J ‘30 B 2, 1
ULl 144873 1638 =169 16417 W68 132 4N 1 ;
caLl 1.339 -7.37 13.21 =27.06 1.9? 36 ] 3 ;
cCaN «0139 -N,09 =2e11 =26,.63 «5R 73 16 3 A
CH3 «1.187 =17.R%4 -5e¢56h Rb,TN 1.720 A9 1A 3 3
CHT 24 2,05 «9.70 30,30 1.76 4?2 1n 3 ;
cIN kA cboNG 6e13 =63.36 .98 27 A 3 ;
CIQ' -OO‘t‘? '?056 "IOQ(‘ -BSQQR .Qq Q? Q 3
cL« -Ne945 2,87 «2.67 76,15 A0 RG4 17 ?
cLL! «N.109 “R.N7 -3.10 =19,49 .GH 127 44 ?
cu3l o688  =10,4K7 “2¢17 =53.727 97 40 13 2
coLl N 547 «2,36 =3.7R 19,009 «?9 157 N 7
cos! 3136 1.58 -2e7T1 6T.T0 .30 3R 10 ?
cTA «Ne?7?? -1.86 -3¢37 7.69 e313 1046 15 |
DAY 24401 =17,47 <=12459 63,77 - 35 A ? {
D0 J! 1.000 2.63  =B.00  15.09 1.05 47 14 ? g
ns+ =1¢178 =T7.6R 274 RT.Rp 1«70 108 37 ? ]
EOM “NelK? 4o 17 =1e69 =87,57 L) 69 73 ? :
EILI “NeNGA «3.,26 «7.79 6].3? A 4 q ? ;
FKA -0.537 «?.70 -04+95 39,0R ¢ 55 AR 19 ?
ELT 'non'§4 1.0(0 10]1 63067 oQ(} 7 ’30 7
FS« -NN47 -f,32 «0.RAh =12,14 .23 51 15 3
FUR 1.088 1373 -3.48 W15 1.00 25 5 3
£]C =1.33R8 -2¢13 =024 =33.56h AT AS 1R p
FFC «1.321 -3,06 ~3.51 5.19 W57 71 33 g)
FLA 14105 =1 .h0 -5.70 63436k LY 59 1R 3
FRJ 10688 <9422 “2e77 <=SGotT .95 106 39 2
FSJ “0e?3T  =b.4]1 =279 26440 A 43 15 3
FUQI -6‘%? ~f.78 '30,6 -150a0 o177 15 23 2
GAR! -2,39R 1,21 3,73 35.R1 1.19 108 3n ?
an 'ﬂ.‘:\"q '5057 '2'1“ "33.‘1?‘ A q(‘ 1R 3
-3- &8‘{‘ |
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TASLZI 1 SOURCERREGRTNIN/STATION TTIME CORRFECTINNS FOR QEGTIN )

; REF | AT = 32,00 N RFF LONG = 88,00 F X A7T = 17 N<n 1
4 STA A R C n ) NJ  NR  TyPF :
4 ehHEL «Neh39 1,86 -5e073 18.36 «?R 39 qQ 3 i
: SIL “0ehTH  =0,16 =2.R0 20,27 <36 94 3% ? i
4 (RFI «6T) =2.15 =337 =10e73 e h5 1A 29 ? §
} SRQ‘ -0.739 ‘6.13 '2009 3.1‘; .?7 64 ?9 ‘3 ..
A GRS «71R =143 =1¢49 =37,2) A1 72 24 3 1
HF S =Ne1R7 “fen’ “0e73 =34.76 73 77 4 ?
HKC N LY “5,73 =5.74 9R, 51 96 62 11 ?
HY 3 2527 16,135 Se16  P5,79 67T 76 31 3
; 1FR “0e347 1e63 =377 10,14 47 108 33 3
; ILT -0.?‘37 '2.79 -6002 ‘6.3q .?O 70 ?"\ P
3 INS -Ne707 =2.65 =6400 6e56h 39 A5 20 3
4 IRX 1.2319 ~?¢36 =14¢35 60.61 Ny 71 27 i
1S< e?237 =1.,12 =2.23 =34,75 .45 36 7 3
150 0233 “R,06 =242 “8.,17 AT 42 9 3
3 JER " 1e204 =0,76 =le44 <=35.53 &N 77T 21 3 E:
] KARI «0.992 22,20 4,90 42,69 1,31 25 10 3 3
; KAS 312 “2.36 =4408 5,41 «59 75 21 ? ;
KAL! ~1¢623 e70  =3¢63  69.9R 77 R3 24 3 ]
KDC ~0e324 “N.77 =6eRA =T.hR 3R 42 1? 3 ;
KEV 1573 =1.56 =3.07 =1.74 «39 109 32 ? ;
KHC «119 “7.20 =304 “He65 56 140 6k ? :
KHE «R7A “2.27 =2¢14 =18,h4 75 91 2A 3 ;
KT ~Ne4?29 =2.6B  =644?) 8.R2 35 126 37 3
KJN =0e425 =175 =236 27266 «3R 117 27 2 3
KLS -1.820 -3.26 16 2601 56 51 18 3
X0 1136 3.20 -0.52 -R,.25 l1.11 73 264 3
KO\ “Nel76 =2.31 -0.99 =22,.96 .75 A0 27 ?
‘RA -0.0‘!7 '6.“3 '3.92 '12040 .56 T8 ?4 ? ;
KRK «288 52 =1e¢19 =~11.1R o 71 36 12 2 3
KRR “1e7h4 203 =526 ?23.95 «RA 71 13 3 3
KRY “NelT73 =2.,44 =2.86 =24,h8 JAR Q2 7 ?
KT3 «7T19 =7.13 =-3.91 ?2.75 $ 40 45 15 .7 :
LA 002 «13,97 <=16.92 -59,R6 1.0 54 73 ? :
LHNI “0.584 =2,18B =1.50 =0,5R 70 62 R 3 7
LU -N.308 “3,69 =64450 26461 H? A9 16 3 1
LNS “0.966 =1.,89 =2.52 21,13 7?2 61T 24 3 {
LOR «0.R43 =7,46 =1.56 66640 40 92 30 3 {
LWI -0+556 3.58 =6.55 50,07 63 62 17 3 !
VA3 106 =10,29 <=le45 <=664e76 746 39 17 ? :
MAT «14049 =3.56 -belb 4425 « 86 97 32 7 ;
MBC: “0eAS0  =3,64 =3.2R <=16,75 o463 166 4R 2 ’
MNLI 936 10,30 =9.734 60.24 .77 29 1? ?
wns 134 -1,94 ¢51 =25.65 60 106 42 3
Mo X «0e130 5,06 =2.96 348 4R 161 47 ] ]
oY .RQO ‘qgsq -5-3‘; 61.61 «R7 61 25 P ‘
uS 4 1.077 =446 3.63 =18,77 1.25 49 24 3
VAT 14418 =5,81 ~1.95 12.84 .37 77 17 3
NAT «?289 1.02 =524 50.04 RH 53 15 3
NE W' “Ne&69 5.R89 3.7? 42,29 36 30 Tl ?
NIE «490 “2.80 =44?0 37.67 eH9 77 25 ? :
4- 38 <
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7 TAILEl ] SOURCERRIEGRIOIN/STATION TIME CORRECTINNS FOR REGTIN
] REF | AT = 32,00 N RFF LONG = 88,00 F X 477 = 17 NG
3 STA A R C n SN NJ NR  TvPE
NT L =1.937 =7.91 =16¢36 764,92 79 33 14 3
\P = =Neb136 4,18 ~1e?25 =14,39 1R 24 a ?
1 NO Q! -0e304 =3.67 «7¢39 =24.6R 03N 72 19 ?
’ Ny R 06200  <«4,2R =217 <=16.67 e84 153 51 ?
g ORI “N0e4?23  =1466 =249 <=11,37 3R 69 29 3
A UL -Nel42 ].8R =2.19 14.57 37 b 9 g
1 °34 2¢7Th4  <b,AT =22+24 15.258 1.00 22 6 3
pM S «0leNGS 1.72 -101‘; -13037 b R1 20 3
oM3I -1.0131 =0,0NR 40 0R 26.18 *33 95 30 ?
PO =1¢613 =13.56 6.79 42,22 1.19 10R 40 3
PRA «6°8 ~2.81 =3+R5 <=12.87 «hQ 52 118 |
PREI 0774 =Na59 =0e54 =4,01 e 90 564 16 3
PR J! 292 -3.84 ~440R Rel5 51 14k 49 ?
PRZ 0436 -2.47 «6H+49 43454 1425 Al 26 3
PULI 114 2425 «75 =38,09 T4 A9 s 3
QU -1e733 477 3.07 50,73 1.13 143 51 3
RA3I e hI5 -2.1? =1e82 '17013 R0 41 In 2
RES =-Ne 994 =1.57 =0.59 9.87 50 17 20 3
]SLI IR EY: -hoT2 oNT =17,54 « AR A& 13 ?
SAM =1.0585 1.7 510 58.04 1eh7 64 ’5 3
sSD3 «-Ne274 -1.12 -1eR4 30.6R 046 44 21 3
SE -2+0NRHK 12.98 =16430 91.R6 1.60 26 9 3
SEMV =14070 343 -0.R6 =BT7.64 o7 34 31 2
SHI -0es5134 1.74 =5.0NR -5,23 S8 107 31 3
SHLI =0e80N3 =5.74 =12¢3]1 =12.,4? 5?7 25 9 ?
SHLI «1.030 “2.?2? 11e46 =70.9) oAl 132 36h 3
ST« « 340 -8,36 =0.01 =51,2R 3T 50 IR 3
SKA '0.19? -3033 '4.7?_ 1QQR n-‘q 1"‘ 4 ?
S0) “ne273 =248 =2e65 3.15 51 153 47 ?
SsC -Ne484 =3.,70 -2 4h “T.46 o1 10 24 3
SSFI “0¢t 25 =524 =1.8? “0.,21 $ 19 96 P °
ST 520 -5.16 e19 =27,.01 1.00 42 14 3
ST J o075  =5.24 =254 =1n.6R « N 51 15 3
SvE 0161 =120 =3¢36 =10.43 50 114 40 ?
TAS 2235 =7.72 =1leh4 =39.04 le48 54 17 ?
TAM =1.103 =0e11 «10 6.79 o 70 47 13 s
TAS 1601 ~he?h 3.73 50.73AR 1«73 111 40 3
TE"' .GQS -R.OS '3.016 -3“n37 lonq ;8 ?? 3
TFD 1.6R8 =5.646 =~4eth =81,K9 L 52 16 ?
TIC «1.386 -N,.57 «3.9R =19,04 W45 116 42 2
TOLI “Ne415 =419 40 “6bs60 o hh 40 17 2
TOD e 153 ?”9 «0es3R =37.71 57 612 2n <
TRI O EY-L:X 1e66 -4497 ?9.10 o 31 43 1R 2
TR -0.?0‘; =280 =231 ZOBR « 1R 117 19 q
usd 378 16,22 719 -82,99 2416 A3 14 °
JME| =Ne473 “1e¢34 =3.79 Re9h 3R 175 34 3
JP 2l =559 .Y =]1e¢AR =32.57 4 160D 49 ?
Uz« o053 =N.5A =4 /0 4571 L A 4N 2
VAN «20R cheb? 14.53 =97,37 111 an 37 3
- -5- SO<
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TA3LIN SOURCE=IEGION/STATION TIME CORRECTTANS FOR REGIOIN )
3 REF LAT = 32,00 N REF LONG = AS,00 £ X AZT = 17 DIG6

STa a R c n SN NJ NR  TYPE

yLA «43R -0,56 -5.98 =36,54 1.0R 74 25
VRI N3? 2.59 =335 45400 h? 27 A
W17 1e331 -8,17 «RR =A5.23 1.2 30 R
aLS 052 «T, 14 =12.20 39,0R .35 40 13
WRA -Ne731 -1 .85 -1.95 264415 «50 91 34
. WRS “1¢732 =10.65 =953 55,89 1.34 R7 el
4 YAX! =Ne528 37 «5¢35 =16.79 o TR Q7 37
yKC -1.235 “1.11 -1.79 4,15 W67 90 37
YSS 527 “3.14 «5¢52 =40,R0 W46 A5 1R
ZAK 4564 =3e51 427 45498 e 36 68 27
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SOICELIEGTON/STATION TTIME CORRECTTONS Far 3FG1I4 2

a1 6.

«NehR3
0410
2.40“
0205
o152

<0971

0036
1e364
-0e001
-1.600
1194
24001
'0.6‘2
«1«R94
«N39
0800
e 486
-0.600
1.041
=1¢333
eNe?hb
e0e (D3
«1.079
-I.ORR
«Ne53R
-107Q6
1528
=Ne&26
1005
=NeATS
1317
16701
'10602
«hRN
-Ne321]
'OQQSR
o100
'00755
-0 N87
=] «R?R
-!-7?R
eNe¢393
e4h7
0330
o115
«Ne715
“0.47)
-Ne572
e «ROH

1.AT = 35,00 N

Ceb?
'3.76
-6.06
oﬂ.oa
=3,80
1166
-1.76¢
=5453
=3.BR
3,10
-5.3ﬂ
-3,18
.3.00
0,17
-6095
'8022

043
'6075
-5026
11462
-a.9°
'3.58
'7.6l
'4.76
-T.37
'3075

5.]6
=n."1
«7497
'2.07
-3,31
-6elb
4497
-3.72
'8.50
'1.7‘
'12.29

‘6073

«3.53

=737

249

=4,90

«A7
=-0e30

'Ro35

=?.78

'3.]0

Pet2

-6077

=5.09

RFF LONG =

130
-2¢25
3e10
'507]
-0093
Seht
o« R4
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Te¢19
«4.59
«3.99
'l067
«2:06
006
=4 4R5
=leb4
128
'0.69
lel4
«5eh0N
“4e12
1476
«N3
120
«3.9?
=237
-5+R5
«99
'0.?7
«0.]1R
-0.39
1167
-6002
T.52
«ler?
o19
«3e26
“3.19
6405
«3.90
«lelg
-2085
«715
'00?7
«3eNA
249
4172
«ls06
le61
-Ooﬁn

107,00 E

n

-38003
12.51
-10.98
13,78
=65.96
=52.62
22.09
=1.10
«49,4R
15.R6A
25.03
14,63
21.39
33.60
-35.2q
66,07
=244346
-26.?5
36,54
=29.71
~16,99
10,23
’29.2R
-12050
R, 07
3.30
-52093
-66.99
12441
=4 ,2R
T.06
23622
-?600R
44,65
-51.39
-l8.31
53.15%
-20.32
264413
10617
Je 60
3.9
-ZOOQQ
12.93
58467
-Q,Rl
'\7.35
18,65
-go“l
16.8R

X AZ7
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o Té
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«hb
1.R8
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1eN1
o2h
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«93
«19
eR9
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«h1
1.21
].no
o7
«h8
57
«96
«HAR
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ar 1
1736
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«9h
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-
=

NJ

156
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46
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3R
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TA3LEl 2

R

STA

GR*l
GRA
GRS
HF S
HH MW
4K C
HY 3!
1F
ILY
TNLI
1S«<
1S)
IST
JER
KAS
CAT
KBLI
XDC:
KEV
KHC
CHE
<H D!
XT3
KIS
KJN
KL 3
K09
KOV
KRA
KR«
KRRl
KRV
KSA
KTG5
KULI
LA
LHN
LuJdt
LNS
LOR,
LWl
VA S
MAT
MAC:
UDE]
UNY
M0 3
MOX
vOY
MS+4

SJIRCERIEGTIN/STATION TIME CORRFCTTINNS FOR IFGTIN

AT = 35,00 N

«198
=Ne5H39
«NR
=NehbGl
-N«R10
=0+370
<0060
=-Ne?034
“1413?
=-1.035
«Ne?0R
=Ne3213
o171
«493
=Nel164
14664
.029
-1.396
1”775
«NAY
«?30
«NQ?
=0 ¢559
-Nel66
-0.909
144646
=Ne087
=NeN?6h
‘00036
« 0573
1716
=0e3585
«648
0?13
211
=1+35R
=0e 439
-Ne436
'0.7q1
-0.9135
<0.954
¢ 199
=NeH3?
-N.R84
3.035
“0+945
o078
=0.25%
1.182
1166
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=5.10
=3,08
'2005
'3.35
5.3R
13.69
".56
".33
b7
=4,A5
07
=574
-2.,27
'3. R?
=283
=6¢93
'3.11
'3.09
'6.59
"'(‘;.]B
-6.57
'2.95
3,47
-0,A1
=-1.54
'3.15
05
-R.04
=64,19
'1.93
-9.,13
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. '7017

=7.09
=4 45R
'Qu?q
'].7R
-0.24%
'5.24
'2.?7
'1053
6.37

'10.Q9

'1.0]

'16QQI

'0052
3.95
-6. 0{‘

“16.70

'a.36
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=1.39
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=4¢49
224
1.73
=3.21
=1450
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'1.13
-1.45
-l.11
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410G
-0.29
=1.79
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9.40
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-0ettf
=1+89
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-8050
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2430
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e 05
'loqq
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254546
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10,31
26.R9
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=1.01
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'31.“7
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-7,39
=2.72
13.83
'16.76
=22.11
14,33
25.24
'5.“]
'9056
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20437
25,03
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-7.78
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-AR,1315
10.71
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TA3LEI 2 SOURCE~IEGTON/STATINN TYME CORRECTTIINS FOR REGTIN
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REF 1LAT = 35,00 N RFF LONG = 102,00 £ yx A77 = 0 n=p
STA A R C n 5N NJ  NR  TyPE
LT =0.790 -2,31 le3a =9,23 39 77 18 3
NAL “Ne017 <=16,94 =0.8] 97.20 «R2 K4 23 2
ND I =1R04 2+6B 833 =42.02 «RR 153 42 ?
NEWN 04103 3.00  «1443 <=364,92 33 30 3 ?
NIZI 06022 =1,47 =158  =§.94 5 AR 23 3
NTLI 0,301 =1.99 12.73 <«19,67 oR1 41 q 3 g
NP = =0sR02 =2,47 <2436 =5,97 19 313 ? 3
NOR “0e956  =h,1] «05 10,97 47 TT 16 ? ;
NURI “Ne787 “1.48  <2.04 1667 47 1T 49 B i
DR\ 06933  =1,16 =1.64 R.30 36 76 15 3 :
oyLl 16122  =2,62 =2+10 25.18 32 9] 22 3 4
oLV 5426 42,71 <10493 <=66,43 1.7 34 9 3 3
oM =0.04B  =0.46 <=0e59 -18.57 73 A4 20 ? 2
oM3 =1¢497 5,48 =0sR3  14.87 40 113 32 3 3
PNT 04333 .91 4B ~24 ,R2 79 &1 29 ? 3
002 04936  =2,24 =3.59 25,09 «54 102 22 3 i
PRA «970  =3,57 +55 =28,10 «59 5 11 ? 3
oRE, =1e01R  <64,32 <2.85 Ra37 57 5 9 3 E
OR JI 154 =5.15 “lep> =5,R5 a5 155 3R 3
oR7 «?59 54806 2.96 3.00 3R 8”15 2 3
oULI =N.1064 “5,89  «1,2] 26,05 «39 593 15 ? :
QUEI =0e4PB  =4,27  -1.96 3.94 A8 134 31 1 s
R4 3 «905  -7,03 1¢29 20,71 4R 54 18 7 3
RES =0:799  <4,14 <3407 44,55 «39 100 3} ? |
RS 0664?22 =hRT  =3.65 12.63 76 850 7 3 ;
SAM. -0.528 «58  =2.96 38,23 hS AT 13 g 1
SFw 14671 4,08 527  30.62 54 93 2> 3 3
SHI “0¢939  =R,74 045 29,97 «31 117 2k ? i
SH(' .00112 '6.““ B'l(‘ oT1 .q] 47 17 ’ x;
SHLI «2.079 3,36 <0.47 55,64 70 166 33 3 3
STw ¢305  =3,640 2.76 =2B,.15 1.2 49 154 3 ;
SKA =0.914 <«13,359 -5.50 §3,20 .61 39 7 > :
500 “0¢714  =3,89 <1463  16.69 ¢52 182 4R 3 ;
5SC “0.hAK0  =5,94 o0 42,164 355 38 14 ? k
SSFI =0eh)9 =240 -1¢15 =T.0] e 3A 94 27 3 3
STR 0732 =11.26 <=0.49 £5.14 1403 45 1D 2 i
5TJ =0e6024  «6,13 <lef0 =17,59 .43 53 7 3 :
SVEI ~0.056 2,14 «69  =2,05 bl 121 29 P | 3
TA3| 14011 =6432 =09  =5,1) «33 58 g3 3 :
TAM =075 145 346] 1175 o Gh 45 15 3 3
TAS 220 2.58 3e4] =35.13 BT 115 34 ?
TIF ¢ 331 =1.87 5¢07 19.63 lesh 35 19 3 i
Ti< =1.R40 =1,32 o246 =14,71 <57 135 3% ? iy
TOL| «253  =6,04 1¢78 2.20 66 49 14 3 1
TN “0Nel197 -6.28 =195 T«19 33 B3 27 3
TR1 =1¢580 4456 277 19.72 047 47 17 2
TR =0e4130 -Ret6 -26] 18,21 o759 117 23 3 i
uB o151 3.1 “4eN6 13,46 1.47 7} ?4 3 !
UME! =0e942  -6,10  «2.R4 15.54 .55 146 37 3 ;
ue3l “14011 “3,16 =219  13.53 W64 176H 473 3 1
K
-9- S54< %




E TA4L Yl ¢  SUURCL==RELTOIN/STATION TIME COHRELT LTINS rO< <SFGLaY 7
E RIF LAT = 35.00 N REF LONG = 102.00 £ X AZT = 0 NiA
g
3 STA A R c n SN NJ  NR TYPE
; 74 078 -3.91  =1.69 =32,27 A3 121 27 A
VAN «793 =10,18 =239 9.63 o) 95 25 3
;- VLA «RAPR  =6He92 6.01 =59.56 110 93 23 ?
vRI1 =0s30] o 70 3.03 5.R2 « 65 31 ] 3
WwA3! « 999 -R.03 4,59 61.74 «25 31 4 7
‘, “IT -T‘?T '?083 -9011 17019 o 77 I 11 3
LS =0.530 =-4,716 40 11,99 W06 ]3 10 ?
3 WRAa =1e244 5,00 -3.90 1557 «3)1 105 2h 3
dRS -0.491 -6.56 6"0‘0 -10077 QH‘) 93 2? 3
Ya< =N B56 =757 =0ebT =1050 111 104 27 3
YK =1040R =1.63 =087 -3.81 «e59 104 41 3
7AK «540 =13.51 =330 43,28 «69 RS 1R ?

=
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TA3LEI 3

SOURICERREGTION/STATION TIME CORRECTTONS FOR RERGTIN

RZF AT = 25,00 N
STA A A
aa3l 1239 =0.0028
LY 3 3582 =040544
ADE =1+08R 3.31
ALE! «1.507 -1,98
AN 7| «397 «NNRR
AN «227  =3.22
apA «1¢03R 1.92
ASH +AR2 ~1,R9
AS3 -14112 3.65
av:l 06871 =0,0037
IHA -1.789 4.8R
K ! +53h 4,75
LT -2+753 .54
M) o T0R 3,70
RN 3 -2e7582 3,18
3NS5 1¢4T7RB =0.0654
30)' '10240 2015
0™ «0e311 3.12
3RA 1187 =pen743
RRS -OOROE '000056
AR =0+997 5¢54
ULl =].R38 3,68
caLl JeR41 =0,0779
ca\ =Ne 758 2418
CHS =0 +955 -5.16
CHT «922  =10.02
CIR =1¢535 2492
cL< «1.323 f,50
cLul 1105 3.25
cMT -1.772 5.80
CM2 1.”237 9,17
C0L| '10203 3.14
co?3i +999 -3.78
cTa =1.223 .16
DAR! 0210 9.00
DAV 659 « 0030
00J 14147 =0enb25
NS+ -00550 *Ne?]
EOMW =1¢33R -1.19
ETLI 16243 4,58
EKA -Ne?RH -0,30
ELT -0.897 5.“3
ES< «1.057 «0017
FUR 1¢527 =0.00T1
8l =1+R2? .36
FFC =2+.AT78 3493
FLW «1.056 + 0199
FRJ Y 3,58
FSJ =0e27R +9A8
FUR =450 -0.31

QEF LONG

c

=3.74
1117
-1040
-6.4?
=Te7?
=1<3n
=551
347
-04R9
607

« 0151
=3.8A
-1.51
9.25
0117
409
=356
=649}
6.1]
1.9n
-10.5R8
«0129
10.99
-ﬂ. 0071
'18064
“(1+0362
-N,0029
~0.45
=44RA
=S5eh6h
=N,N4R4
-4.93
'0.0011
-0.59
'000“45
3¢49
o]6
“Ne0040
-10¢14
-0,0060
'0.0055
-5e273
-I.OQ
-B.66
-000047
=739
-1.28
042

“ne 0054
«50

-11-

= 95,00 E X AZ]
n 50
'1705R oﬁq
565 2e15
15.52 AN
-12,2R o 02
81.69 1.8R9
'25.96 30
=29.24 e GR
31,67 T4
NG5 31
TR. 06 «R7
=0.0001 A0
«0039 « b
20,70 ¢ 573
12,20 2e17
'0.000] .R?
0NN 1.00
“11.50 o« 14
49.98 144
«9n03 1.58
20417 YA
0071 70
0,000} e H9
J0ONN0P 2.63
19.97 o 79
'000“7? 1092
93,27 166
30.78 + 95
~11.6R .79
5621 Y
=0s0N2Q «35h
« 0007 1.85
-l7o?g 062
-28.71 1067
R,935 39
«00073 1.25
76+19 95
'0005 202%
=1.8) . 36
=23.60 «53
21,61 87
'22.1“ o 17
'23-6” oﬁH
19.133 2N
-61.40 1.013
«N00N « R
«0N3A e R7
=Ns.0001 104
-0.0043 o 16
«nNND 63
4591 .97
o<

NJ

163
45
71

113

.37

37
RO
49
53
51
103
136
53
33
117
42
116
19
6t
R4
40
159
35
90
16
“4
64
102
150
36

43
183
43
123
5¢2
a7
52
115
RA
)
75
104
s2
32
('L
73
59
122
h?
96

103 N6

lJQ

6h
11
39
41
13
9
32
12
17
19
4h
52
17
26
4N
4
37
24
<]
4
1A
8¢
°?
317
39
22
10
47
7
1R
16
70
13
49
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17
1R
4Q
19
1A
3?7
I
21
1R
IR
1A
23
413
17
10
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TAILEZI 3

SOURCT=REGTON/STATION TIME CORRECTIDINS FOR REGT N

REF | AT = 25,00 N

STA

GAQ
5RA
GD
S5ILI
GRFI
GR
GRS
HF S
HH M
HKC
Hy 3i
1FR
Ly
INC
IR«
1S«
1S
JER
KAS
<AT
KRLI
KNC
KEv
KHT
<HZI
KH D
KT
<15
KJNI
KL 5
<0
KOW
<RA
KRX
KRR
KRV
KTG
Kyl
LAA
LHN
LU
LNS
Lo
Lwl
MA G
VAT
vBL!
UhE]
MNLI
UNY

A R
1416 =740
0066 '1.66
-1e296 1.99
'l.340 4059
=N.3N03 2489
=0.983 -3.A1
«0¢462 =040033
=1.040 6bo,20
=0+956 =2.34%
=Ne9736 T7.03
~1.827 =R,20
=729 (.49
=1+812 539
=1.521 3,16
e 442 «0015
<0407 =0.0123
=1e¢366 -2.78
004 3.71
-00974 2.84
eBEO =0eNP4?
=(edn] =378
=1.901 4465
=NeH61 3,14
=NeA84% 2405
=036 6.99
“Ne234 =775
=124 316
=1.076 «1477
=0e¢952 3.50
=lelés =0.0032
0““4 7.85
.00764 “062
=1.041 =0D,61
'00120 2.?6
=?2.293 46,63
=1+187 1.98
-Nel07 5052
=1553 0121
-1.992 '3.52
-1+0R87 1.56
=NeB52 “1.15
-1.133 -0,84
.1031R '0.2%
=0.RR5 «0059
«602 «1,09
=1¢178 =0«0348
=1e4)2 Y49
-0e354 =0.0514
«114 -R,A0
«011 ~1e20
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REF LONG

€

.OOﬁT
«0104
“2e2?
«3.09
=2.79
0016
=517
-4,02
=13.96
00150
'11.33
«73
=Seln
2062
=4.596
429
=-6.20
=151
=5e6]
-5e1R
N3
-2.92
=21
=629
-5.18
=344
=-3e47?
‘0.00“2
=4 eHR
17
=897
=Te9?
=4 +RG
=348
=1e40
-5.16
'OQOIZR
=692
-0,0003
'6oqg
017
'000006
=3e964
«HR
‘0.0500
1e64
=303
'21070
-0,0112
‘0.0552

= 95,00 £ X AZ]1
N SN
-59.17 o717
'0&0001 09]
20e29 95
-0.0017 034
16.10 65
16.09 42
=13.50 «78
'10.06 .76
~RB,40 «R2
"50045 loqs
-0,0014 « B4
29.17 o4
2.5% 51
5.7A8 e85
'“7.7“ .78
2314 1,02
43,R0 « B0
24429 043
«0103 T4
« 0001 1e16
'53.70 e 4R
35.R0 37
«0N26 6?2
'7.5“ « 49
10.31 e 6
=32.91 )
«0036 e85
85.‘6 078
=32.20 o7
-13.Bq .[46
'91.97 .9%
=49,74 « 86
21.89 51
=21.R0 o7
«NN37 55
« 0053 o711
0001 s HA
'0.0001 « 30
39,09 2.N%
-Ooﬂﬂ?a «56
=0.0001 o h?
=0.0000 « 613
'0.002‘ 063
=0,0000 71
0002 1.90
+0N01 130
6462 .« 46
«0N07 1.85%
-43,74 1,40
«0003 1.27
a/=<

5]

NU

120
7T
47

111

19
n7
AN
Q4
32
R9
9?

124
RAR
B4

100
42
42
90
79
T4

105
53

137

1561

101

129

148
49

132
51
7R
]9
R9
15
A8

106
51
28
62

74
Bl
101
T4
45
112
162
41
31
41

103 D=6

NR

55
2h
16
47
23
29
2R
26

7
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35
4h
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2h
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1R
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37
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35
19
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7
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19
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TA3LZI 3

REF |

STA

v0ns
v0X
vOY
MS i
My NI
NAL
NE WA
NTE
NTLI
\P =
NOR
NURI
NAN
ULl
PRA
M3
DM I
ONT
20
oRA
2R-
PR JI
PRZ
2ULl
QUEI
=Y. $1
RES
RSLI
SAM
SD3l
SEW
SHI
SHX
SHLI
sIv
Ska
S0
SSC
SS*I
ST
STJH
Svei
TA3
TAM
TAS
TEH
TFD
TIF
TI<
TOLl

SQUQCEb?EGION/STAT¥ON

AT =

A

=0«RN7
0777
=0e060

« 680
-]1e456

336

+h13]
=0e354%
'10926
~1+150n
-1.7&9
-0090]
=N e9R7
=1.283
=40009
«Ne64?2
=1 956
0150
-0.R23

o 734
-10206
=0e545

+ 953
=0e637
~0«R?p

«”0NA
~1e254
=1e1n9

186

e0N33
“1el44
'10356
=2+035
-0e394
«Ne767
=1.182
-O.QSg
';.06“
=]1+239

e T4LR
=1«MAR
~0.080

«110
-0.95]

0221
«Ne507

+ 550

207
=?¢316
~0¢403

23,00 N

B

l1eé]
1.86

Go 27
-0.0]?5
-3.21
4.07
16

55
-11.87
268
3.8
203]
1.648
S5¢40
12.3?7
1.23
5435
1.%4
00npT7
‘000353
6.7
1.82
4457
-0025
1.35
-0.0(\72
754
o064
3090
737

-] .5?.

« 0084
-5.76
-0.02ﬂ8
1,18
3.65
379
-3.010
25
=0en249
2.30
3.21
?.69
=1,90
.16
670
'30“2
1.58
2031
-3.59

REF LUNG

C

=7«08
-2e98
=541
DL
-3028
=527
‘0.0126
=291
0124
-B.R]
-4040
-3.7?
-0.0056
0141
=33+65
«%e06
-2.33
187
-1.80
-1.49
-heb?
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