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PAR
EVENT DESCRIPTION

DATE: 09 October 1964
TIME OF ORIGIN: 14:00:00.12
YIELD:
MAGNITUDE: 4.78 + 0.29
LOCATION:
SITE: Nevada Test Site, Area U2p

GEOGRAPHIC COORDINATES:
o}
LAT: 37709'05" N

LONG: 116°04'37" W

ENVIRONMENT :

GEOLOGIC MEDIUM: Tuff

SURFACE ELEVATION: 4368 feet
SHCT ELEVATION: 1341 feet
SHOT DEPTH: 3027 feet

COMFUTER EPICENTER: ALL STATIONS
GEOGRAPHIC COORDINATES:
o (]
LAT: 37°39'36" N
LONG: 116°11'49" W
TIME OF ORIGIN: 14:00:04.9%
DEPTH: 46.1 km

o}
. EPICENTER SHIPT: 13.1 km, S 53 W
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Intrcduction

. o

A long range seismic measurements (LRSM} program was
established under VELA-UNIFORM to record and analyze short-
period and long-period data from a planned series of U. S.
underground nnuclear tests. These, and other di 'a, will be
usad by VELA-UNIFORM participants for studying and develop-
ing methods for distinguishing between explosive and
earthquake sources.

The purpose of this report is to provide an analysis
of data resulting from the PAR event froem the LRSM filwm seis-
mograms from operating mobile field teams; Wichita Mountain
Observatory, Oklahoma (WMSO), Uinta Basin Observatory, Utah
(UB50), Blue Mountain Observatory, Oregon (BMSO), Cumberland
Plateau Ubservatory, Tennessece (CPSO), and Tonto Forest Ob-
servatory, Arizona (TFSC): and from several experimental or
temporary stations operated in connection with other research

programs.

Instrumentation and Procedure

Instrumentation at each of the mobile stations con-
sists of three-component short-period Benioff and three-
component Sprengnether long-period seisnographs. Data are

recorded on 35 millimeter film ané on one-inch l4~channel



magnetic tape. All of these stations are equipped to recerd
WWV continuously in order to provide accurate time control.
Calibration is accomplished unce ¢ach day and ijust prior to
each shot at operating settings. Specific details of the
instrumentation nd operating procedures for these stations

are given in Field Manual, Long Range Seismic Measurement

Program, Technical Report No. 63-17, which can be obtained
from the Geotech Division of Teledvne Industries, Inc.,
Dallas, Texas. All the observatories have both long-period
and short-period, three-cc.ponent instrumentation in addition
to their other specialized facilities.

Station site information is presented in Appendix I(A).
This includes the station name and code; the geographic co-
ordinates, distances and azimu .hs involved; the station ele-
vations; and the type of instruments in use at each loc~tion.

A status repcrt for PAR is included in Table 1, placed
opvosite the operations map, Figure 1. This report gives the
rames of 44 stations and indicates which instruments were
operaticnal and which recorded signals.

An expl:cation of the procedure for amplitude measure-
ments used in .his report is illustrated in Appendix II(A). The

unitied magnituce (m) computations for distancers less than



aiartihib

o)
1€ are ba 'ed on AFTAC/VSC extensions of Gutenberg's Tables*

Y . o O
Fer this purpcse, points from 10 to 16 were read trom a

crrve in the Gutenperg-Richter paper and an inverse cube re-

lationship was used to extrapola.e from two to ten degrees. ?
A table of the distance factcrs (B) is provided in Ap-
pendix I(B).

A standard hypocenter location program for a digital

computer has been used to determine the location usinc data
from all stations analyzed. Best-£fit values of latitude,
longitude, Gepth of focus, and time of origin are determined
statistically by a least sgueres technique. This tilizes a
Jeffreys--Bullen travel-time rve as modified by Herrin in
1961 on the basis of Pacific surface-focus recordings. Pre-
cision of the computation is limited primarily oy the accu-
racy of arrival times, the validity of the standard travel-
time curve. and by loucal velocity deviations. Since t.e
method is based on P wave arrivals, this particular program
does not make use of later phases such as pP and S in the de-
termination of depth or location. Results are showr. cn the

Event Description page.

*Gutenberg, b. and Richter, C. 7., Maganitude and Energy o: §
Earthquakes, Ann. Geofis., 9 (1956), pr. 1-15.




. Takle 2 summariczes the measurcmzincs made of the princi-
=" phaseg from the PAR event. Included are the 2 an? P
arrival times, the maximum amolitagec (A/T) o Pn or P and Fo¢

‘ motion as seen on the short-period vertical instruments, and

the maximum amplitudes (A/™! of the Lg phase ar measured on f

the short-period horizontal tangential compenen*t. Lona-period

Reyleigh wave motion is also tabulated in (A/7) form. Thirty-

four stations recorded short-period sigrals., Long-psriod

signals from this event were¢ recorded by seventeen stations.

In addition, Table 2 and Figure 2 show the urified
magnitudes {m) where measurable. The average magnitude for

PAR ic 4.78 .

The ¥ravzl-time fééiéﬁgié’ffbm the Pn and P phase are
within the usual limits (see Figure 3). The amplitudes of
] Fn ancd P, Pg and Lg are shown in Figures 4, 5 and 6. Lines
preoportional to the inverse cube of the distance vicually
fitted through the observed points are shown on these graphs.
; Rayleigh wave amplitudes are shown in Figure 7.

Atfached to the report are illustrative seismograms

h: showinyg the signals recorded at a number of locations. The

. most dist 1 station analyzed that recorded PAR was LZ-BV ati

== a listance of 7729 kilometers.

o emreecny . S poper = = - - =
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Pringipal Phaces
PAR

S October 1964

15103100 12
i Ragnl- | hserved — i
Pariod Mzximum Ragni-
Code 8tarton Oh(f:;“ Inae, Hc(l:;“ thawa |—2Xravel Time _ | Amplituds tuds
5 Film x 10 {ain} {xec) {sac) A {m}
K-t »usakk, Navads 231 sPg 5.2 P 00 36.0 c.6 640 5.05
e 357 e a0 39.6 e.8 1828
. apg 3.2 2q 00 42.3 0.6 3201
A 3.3 s n.4g 5607
1Pz 14.0¢ . 16.0 191
M-y Mina, Favads 232 8Pz 3.2 n 00 6.2 G.8 479 4.9:
spz 2.3 e 50 8.6 0.6 2301
" sSp2 2.3 Pg o 42.% 0.6 3044
Fry 2.3 . 00 48.0 n.7 1604
spz 2.3 a 06 89,4 0.6 2153
spT 2.7 1y 0.6 4617
LP2 8.1 LR (13.0) (45,6}
xu-vr Zanab, Utah 288 8rz .81 Pn a0 43,5 0.7 264 4.92
sp2 6.81 ¢ 00 45.6 0.7 340
sp2 6.81 P 00 49.1 0.7 1801
sPT 3.82 g 0.6 2634
(228 28.0 LR 15.0 20.0
sa-AZ Soligman, Arisona 303 02z 64,90 en 00 45,7 (0.6) (84.2) {4.40)
8r2 4.99¢ Py 0o 50.9 0.8 1326
) 6.1 Ly 0.6 2188
Lrz 132.%2 [ MR 16.0 139
IN-nZ Jerc s, Arirons 456 spz 16 1 en o1 04.3 0.7 117 5.18
8rz 16.1 Py ol 17.0 0.6 1644
ser 15.2 iq 0.6 1022
Lpz 19.0 LR 15.0 18.4
LG6-AT Long 7allsy, hrisons 510 sPL 25.6 ™ a 1.7 0.7 26.8 4.71
wr 5.6 Py o 13.6 ' 9. 46.9
8pz 25.6 Py o1 4 1 07 456
epr 33.8 1 ; 1.2 966
LPZ 13.4 LR 5.9 14.6 )
Tonto Forest Seismclogical -
780 539 5Pz-31 50.8 P EH 15.4 0.5 25.1 g
Obtervatory, Arisons gr2-31 60.8 g o1 31.1 0.6 108
SPP-75 66.2 19 1.2 247
ez 28.5 R 13.0 33.7
as oA sunflowe, *=irons 40 spz 23.8 ¥n o1 15.1 0.7 32,4 4.87
arz 23.8 a [} 8.8 0.7 2.4
5Pz 23.8 Pg a1 ETRY 0.7 288
sPt 25,4 19 0.¢ g
Pz 12.4 LR 14.0 25.9
H-AZ Winalow, Arissas 552 502 29.7 12N 01 17.7 0.5 24.4 a8
sz 29.7 e o1 25.6 0.7 46
sPz 29.7 Py 01 3.0 c.8 369
spz 28.7 N o1 8.5 o.e 172
s 0.6 s 5.6 503
LPZ 21.5 Lx 14.9 23.7
AR-AZ Heber, Arizara 553 srz 41,0 =n a1 17.5 os 22.1 4.73
gpz 41.0 . o1 22.3 0.5 w2
50z 41.0 Py o1 I a3 0" 418
sPyY 41.0 19 c.6 375
Lrz 19.% LR 1.0 n.6
L-AZ #aelint, Arisons 539 8rz 1.8 P o1 22.4 0.8 4.0 5.01
svc 7.8 . o1 25.0 0.4 36.5
spz 7.8 P 01 26.7 0.6 56.3
apz 37.8 Py o1 40.5 o.8 447
epr 9.2 iq 0.8 647
LPZ 8.51 LR (2.¢) {25.6)
CR-AZ Globe, Arizons 627 sz 42.4 in 01 26.4 0.7 20.2 4.95
spz 52.4 . o1 35.0 0.6 16.1
89T 42.4 a o1 43.7 2.9 288
e 42.4 By o1 4.5 0.7 11
&1 32.1 g 0.6 126
1Pz 18,65 5 15.0 17.9
5840 Tints Seismulogical 666 £52-10 9.3 Pn o1 4.1 0.8 12 5,68
. Observata. v, Utah £92-10 19.3 P o1 52 o.8 162
sPE 2o Le 1.0 275
#L2ID Rallsy. Tdaho 726 sp2 95,3 on [ 18.4 0.6 8.1 4.61
. o 95.0 a 2 41.2 0.8 4.0
» srz 95.0 . 0 45.1 0.5 38.1
spz 95.0 . 01 48.3 6.5 3.2
322 95.0 Py 02 04.4 G.8 193
23 9.6 19 0.6 157
LPZ 40.6 LR 13.0 15.8 !
%

Principal Phases - PAR
Table 2 - Page 1
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Prinzipal Phases

PAX
9 oorecer L9R4
14:30:00 12
- ] Magni- Ol swrvad Pariod .._
Stat N y 0 Max}mum Magiii-
coda Station :k;';c' Inat. “c“,:)““ Phasa TrAVUIRTine [} Amplituda tude
Film x 10 (min) {2ec) {wac) MY (=)
DR-CO Durango, Colorado 735 8PT 64.2 Pn 53 42.° 0.9 16.4! 4.93
&P2 84 .2 e (133 fo 3 v.5 46.5
§P2 84.2 Pg 0z ¢3.2 0.6 157
§P2Z 6.2 e 02 3.7 u-8 31%515)
sPT 70.2 Ly 0.7 181
LPZ 57.6 LR 14.0 9.1
Blue MNountain Leismo-
BHSO 861 8p2-3 60.0 Pn ol $7.5 0.3 12.0 5.03
Log Lea1okeszyarer Y YO escy 5p2-3 60.9 Py 02 23.1 0.8 48.1
EPE 60.0 L9 0.8 96.1
LPa 40.0 LR 16.0 1.1
1C- N Las Ciuces, Naw Mexico 1014 SP2 160 P 02 17.9 (8] 2.3 A4.57
sp2 160 Pg 02 51.9 0.9 49.9
:14 163 Iy 1.4 107
LPZ 72.0 (LR) 1€.0 8.0
FT-t Raton, Naw Mexico 1044, SPZ 245 {pP) 02 {26.3) l.0 4.1
8P 245 e 02 4..4 0.9 8.6
5% 245 PFg 02 54.7 0.8 49.8
SEZ 245 e 03 20.1 1.0 49.0
sPT 256 Lg 1.4 96.4
LPZ 13.38 LR 15.0 8.1
FO-TXL *ort Stockton., Taxae 1474 SPT 345 Lg 1.0 37.7
T8-ND Tiotters, North Daxota 1505 35 51.5 P 03 17.6 0.7 18.3 5.05
) 7 51.5 Pg 23 59.0 0.6 35.2
SPT 48.9 Ly 0.8 24.4
Wichita Mruntrin Seizmo-
W50 1599 832-6 190 ¥ 03 3.0 1.2 5.9 4.26
logical Obasrvatory, Oklahoma §02-6 190 0o 03 a4.4 1.3 79
§PZ-6 190 Pg 04 31.3 1.0 10.¢
sP2Z-6 190 a 05 03.4 1.1 6.9
SPN 200 Lg 1.4 37.%
RY-KD Rydar, Morth Dakota 1701 ) 4 3.0 P [ 44.7 0.7 64. 4.99
vo-3i0 vinton, Iova 2123 5P2 105.8 P 04 {25.9) 0.8 57.3 4,76
8PZ 105.8 e 04 32.3 1.9 42.6
Wy ykoff, Minnesota 2433 892 126 ¥ ™ 26.6 0.7 72.1 4.86
8p? 126 a 04 47.2 1.9 33.7
GP-Md Grand Rapida, Minnasota 2134 P2 167 P 04 .1 2.8 19.8 4.30
8rz &7 e 04 S1.7 0.3 13.9
8P2 167 € 05 00.7 0.6 10.5
R*XK-OF Ped Laka, Ontario, Caneda 233 :334 198 P 04 45.5 0.8 48.3 4.81
spP2 198 e 04 9.4 2.8 25.1
arz 133 a 04 59.9 0.7 11.3
c?80 Somberiend pliteas Selmm | 21w P28 310.0 P 0s 2.6 0.7 10.1 4.43
i Y. TeE sP3-8 310.0 e 0s 4.7 0.7 7.0
s 310.0 (Lg} 1.5 25.6
BL-WV Beckley, Weat Virginia 3059 8PZ 55.8 {P) [«14 50.8 (0.8} (9.99 {1.54)
BR-%A Barlin, Pannsylvania 3238 £PT 131 {p) 06 00.9 0.6 8.5 4.53
HD-%A Howard, Pannsylvania 3331 sP2z 176 P 06 '10.7) {0.4) (14.3) {4.75}
8P2 176 a 06 16.1 3.5 13.4
8Pz 176 e 06 19.2 0.5 12.3
spP2 176 {Pcp) 09 00.9 0.4 27 5
Schatfarville, Ouabec, . - 5 3
SV20R Canada Al186 S¥2-1 96.4 o 07 16.8 c.8 9.5 4.4B
Monld Bay, Northweat o
up-uT Territor.es, Canada 4362 spP2 120.5 ) 4 07 {29.3) c.8 13.0 4.52
AD-I8 Adak [mland, Alaska 4733 sP2 39.5 P 08 10.9 0.7 4.4 5.21
12-BV Taz Par, Bolivia 7779 8P2 219 P 11 12.32 0.6 3.9 4.54
MT e/ sac
{ ) Dunbtful Values or Phasas
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ZX~RV Kurake. Yoveda 231 %%12°32" & 15°%410 37" w | 19 ° 108° 1° 1a° L x
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aer Kenab, Utah 189 1%10227 W 112%9°39" w | 1.4 92¢ 274° 95° 1e3* L x
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16-a2 vong Velley. Arizona 510 1 24729 ¥ 111%32'a5* w | 1.7" 128° 308° 1m° m° 5 X
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wO-AZ Winslow, Azizone 552 34°52'53° ¥ 1no°s1°1%" w | 1.59 115° 299° 131° m° L x
HA-AZ Haber, Arl.one 553 34%40'11% R 110°45° 59 w | 1.88 18° n° +31° o L x
ML-AR Jazlini, Arlzons [1%] 35954105 B 109°34°20° w | 1,77 101° 2057 nc 221° L x
G2-AZ 3lobe, Arizona 627 33%s 2" N 10°n- 41" v | 1.48 125° 30e° 131° I L %
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Unified Magnitudes From Pn or P Waves
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