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PAR 

EVENT DESCRIPTION 

09 October 1964 

14:00:00.12 

4.78 + 0.29 

DATE: 

TIME OF ORIGIN: 

YIELD: 

MAGNITUDE: 

LOCATION: 

SITE:   Nevada Test Site, Area Ü2p 

GEOGRAPHIC COORDINATES: 

LAT:   37O09,05" N 

LONG:  116O04,37" W 

ENVIRONMENT: 

GEOLOGIC MEDIUM: 

SURFACE ELEVATION! 

SHOT ELEVATION: 

SHOT DEPTH: 

Tuff 

4368 feet 

1341 feet 

3027 feet 

COMPUTER EPICENTER:  ALL STATIONS 

GEOGRAPHIC COORDINATES: 

LAT:   37039'36" N 

LONG:  116011,49" W 

TIME OF ORIGIN:  14:00:04.9z 

DEPTH: 46.1 km 

EPICENTER SHIFT: 13.1 km, S 54 W 
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Introduction 

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 ü. S. 

underground nuclear tests. These, nnd other d; a, will be 

us^d 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 frcm the LRSM film seis- 

roograitts from operating mobile field teams; Wichita Mountain 

Observatory, Oklahoma (VvMSO), Uinta Basin Observatory, Utih 

(U3S0), Blue Mountain Observatory, Oregon (BMSO), Cumberland 

Tiateau Observatory, Tennessee (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 seisiuographs. Data are 

recorded on 35 millimeter film and on one-inch 14~chaanel 

- 2 - 
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magnetic tape, All of these stations are equipped to record 

WWV continuously in order to provide accurate time control. 

Calibration is accomplished once each day and just prior to 

each shot at operating settings.  Specific details of the 

instrumentation -md operating procedures for these stations 

are g^ven in Field Manual, Long Range Seismic Measurement 

Program, Technical Report No. 63-17, which can be obtained 

from the Geotech Division of Teledyne Industries, Inc., 

Dallas,, Texas. All the observatories have both long-period 

and short-period, three-component instrumentation in addition 

to their other specialized facilities. 

Station site information is presented in Appendix 1(A). 

This includes the station name and code; the geographic co- 

ordinates, distances and azimi„hs involved; the station ele- 

vations; and the type of instruments in use at each location, 

A status report for PAR is included in Table 1, placed 

opposite the operations map, Figure 1. This report gives the 

names of 44 stations and indicates which instruments were 
i 
i 

operational and which recorded signals. 

An explication of the procedure for amplitude measure- 

ments used in Ihis report is illustrated in Appendix 11(A). The 

unitied mngnituce (m) computations for distances less than 

i 

I 
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16 are bo. ed on AFTAC/VSC extensions of Gutenberg's Tables* 

For this purpoae, points from 10 to 16 were read trom a 

c^.rve in the Gutenoerg-Richter paper and an inverse cube re- 

lationship was used to extrapolri-.e from two to ten degrees. 

A table of the distance factors (B) is provided in Ap- 

pendix 1(B) . 

A standard hypocenter location program for a digital 

computer has been used to determine the location usinr dat? 

from all stations analyzed. Best-fit values of latitude, 

longitude, depth of focus, and time of origin are determined 

statistically by a least 3qu?.res technique. This utilizes a 

Jeffreys-Bullen travel-time ;urve 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 cur^e, and by local velocity deviations.  Since tae 

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 shown en the 

Event Description page. 

- 4 

*Gutenberg, B. and Richter, C. Z., Magnitude and Energy oi 
Earthquakes, Ann. Geofis., 9 (1956), pp. 1-15. 
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Pata and Resales 

Tcible 2 suflmiari-Des the mfearurc sa^ncs made of the princn.- 

•■'-' phases fiom the PAR event.  Included are the- ?n an-*.  P 

arrival times, the «axiMim amplit iGer (A/T) O;: Pn or P and Fcj 

motion as seen on the short-period varfcical instruments, and 

the maximum amplitudes {A/m}   of the Lg ph.ise ae measured on 

the short "-period horizontal tangential component.  Lone-period 

Rcyleigh wave motion is also tabulated in (A/T; form. Thirty- 

four stations recorded short-period signals.  Long-ptriod 

signals from this event were recorded by seventeen stations. 

In addition, Table 2 and Figure 2 show the unified 

magnitudes (m) where measurable.  The average magnitude for 

PAH is 4.78 . 

The *ravrl-time residuals from the Pn and P phase are 

within the usual limits (see Figure 3) . The amplitudes of 

Pn and P, Pg and Lg are shown in Figures 4, 5 and 6.  Lines 

proportional to the inverse cube of the distance visually 

fitted through the observed points are shown on -»-hese graphs < 

Rayleigh wave amplitudes are shown in B'igure 7. 

Attached to the report are illustrative seismogra^s 

showing the signals recorded at a number of locations.  The 

most dist \t station analyzed that recorded PAR was LZ-BV at 

a listance of 7729 kilometers. 

:^^-g^;g-^_'-.-■.-.-—:?:v^',-"~rTr... '~--i^.-V-'=V7~"" 
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Prinri^«!  Phaaes 

Cod» 5t>tIon 
3lat«nce 

Ik») 

j        «agni- 
in.t,                «ication 

Phase 

Olaerved 
Travel Tine 

Period 
T 

Max>muai 
Amplitude 

AA 

Magni- 
tude 
(B) 

Filrr. x  10 (min) (•ec) (aec) 

DR-CO Durango, Colorado 735 sp- 64,2 Pn Cl 42.0 0.9 16.4 4.93 
S9Z «4   ? e 01 51   4 0.6 46.5 
SfZ 64.2 pg 02 03.2 0.6 157 
SPZ 61.2 e 02 34.7 0.8 51.5 
SPT 70.2 Lg 0.7 181 
LPZ 57.6 LR 14.0 9.3 

BHS3 
Blu* Mountain  ^«ianio- 
logical Obaarvatory,  Oregon 

961 SPZ-3 
SPZ-3 
SPE 
LPi, 

60. Q 
60.0 
60.0 
40.0 

Pn 

Pg 
Lg 
LR 

01 
02 

57.5 
23.1 

0.3 
0.6 
0.8 

16.0 

12.0 
48.1 
96.1 
11.1 

5.03 

LC-1« Laa Ciuc«a.  Umv Maxico 1014 SPZ 160 P 02 17.9 0.8 2.3 4.57 
SPZ 160 Pg 02 51.9 0.9 il." 
SPT 163 L,' 1.4 107 
LPZ 72.0 It») 16.0 8.0 

ft-f« R*ton,   Sew Mexico 104', SPZ 245 (PP) 02 (26.3) 1.0 4.1 
SPZ 245 e 02 41.4 0.9 8.6 
SPZ 245 pg 02 54.7 0.8 49.8 
SF2 24? e 03 20.1 1.0 49.0 
SPT 256 Lg 1.4 96.4 
LPZ is.a LR 15.0 8.1 

fO-TX 'ort  Stockton.  Texa» 14-1 SFT 345 Lg 1.0 37.7 
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VO-IO Vint on,   lov» 2i;n SPZ 105.8 p 04 (25.9i 0.8 57.3 4.76 

t SPZ 105.8 c 04 32.3 1.0 42.6 
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SPZ 126 e 0« 47.2 1 .0 33.7 
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Canada 
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A/t SU/MC 

{   ) DwiMful  Vftlu««   or   Fhaara 

* MM«ur«n«nts MmSr   fro« Plnyout« 

n BrntrjAn*   PTtaa« 

Principal  Phases   -  PAR 

Table 2  - Page 2 



.1! 

in 
«o 3 
tu tJi 
a •H 
3 jj. 

H 
Z 
gtEK 
leg 
o 
UJ 
y. § z o 
D ><■ 

N 

JQfluNSVW    G3ÜINn 

mrmmtmimm 



n 

M 

& 

(ass) ra/v-j 
o 

i 

o 

I 

-^- 



lüiUOO —-^ 1—' ^^" 

, 
EK- 

\ \ 
Kf i 
A 

-     S G- 
SP   

E 4 [v- WF t4"j* \ RY n 
UJ \ • r^VO 
o L 

O 
"Al 

r än 
#RK 

i 
3 i 
<  TS s 
5 
2 
x ,0 

1 o 

CPC 

HD 
0 

1 

^  3. H  2 \ -BL* V5 ) 
«j Mk i ' 
2 f »B --[      WMO 

V 
\ Li 
\ 

A 

^ 
M 

1,0 

fR3 

1  

l-W 
M»     ■>-   - 

, 

— 

1 

AMPLITUDES OF  Pn a P 
PAR 

MAXIMUM MOTION 
VERTICAL COMPONENT : 

m II INI         i     1    1  1! 1 J. 
•00 1000 10,000 

DISTANCE (km) 
!00,000 

Figure 4 

■Mm aidi^HaMai^Mi g^M« 



iOpOy 

1000 

u 
e 

^»100 I 
z o 

s 
X 
<   10 
2 

1,0 

0.1 
(00 

r"- 
j   | | |!| 

1 \ 

« 

\ J 

a 1 
J"! i 1 

1   1 1 

  

■—•—" 

' .  i^ J   !     1 

'«Aw 
^1 

Yl 1 j j j { 
A- 
!M  ' _J J_HL ̂_L^ 

Mi 

1 1 
1 II 

\   ' 

i 1 

iii J 
\ in 

8 ystJLnj 
fiv 

\\\ « \\K 
WMO 

A 

iii i ii 

i          \ I   ' i 
\ 
\ |            \ i 

V i 

\ 

\ 

1   1   1 t   l   1 

II a-  
?    ■;       r-i .**. ^x. /T'J" i    1 

&rW 
Mill 

AMPLITUDES OF Pg         d] 
PAR                      UJ 

MAXIMUM  MOTION 

VERTICAL   COMPONENT 

I1 i—r-r-Tri , •■ ■—■   1 1 1 i i i!         1     i   1 1 1 ! 1 il 
1000 10/300 

DISTANCE (km) 
lOOpOO 

Fiqure   5 

iiiiMa'iüil mttlm 



!0,000 

1000 

i00 

E1 

2 
Q 

5 

•il   10 

ä.C 

0,! 

— -m.. 
\ 1 EK 

i> 

1- 
\ 

\ uAl1- 1 i    A tl_|_. 
\i f 
^ 
F0!0. R 1 »V 1 

w /\                 1 
TlRT -J— 1ii 

V 1 
^AJP^ 

\ -T ) 

\ 

'    '$'■•••                       '                     \    ' 

- J    

iilfl — 

i 1 "-U 

AMPLITUDES OF Lg 
PAR                    - 

MAXIMUM MOTION          "' 
HORIZONTAL TANGENTIAL   4 

COMPONENT 

P  -7 1 II i III           1      1 „J „1,111,. 
100 1000 10,000 

DISTANCE   (Km) 
100,000 

- 

Figure  6 

■onSutfl^wiä ■ II^II'II mim 



iO,000 

100,000 

Figure  7   I 

Mi'diiarivwmiliifii^ 
MMÜMBii ii    -     i ii ri 



m 

Cofo Blatifta 
Dtatunca i Oaograohir 

tatituiia 
Gaosiraphlo     1 
I^ngltud« 

Slav,    j Cowputtd Atinuth ^natallad Alimuth 
or 

SBAU   I 
if 

Intt.    1 
«a. 

—^r~T 
Xfi.    j 

udla Tang.     | 

Blt.«V Eui«ka   ^^vcV^ JJi '?0i2'33-  K lü^l'J7-  H 1.95 s" imr 11° 1 Kl°    | L          j X 

m-wi Nil»«   Micyadfl 2 33 ]3oj6-i0-  S ntfrn' by M 1.52 309° 127° 108' 38°     j L X 

«B-w Ktmb. Iltah 189 >7881'!a" N lI2049-3')-  W    ! l.T» 92° 274° 95° UJ8 
L         | X 

n-M &tll5»«fi. Art«on« 50J 35°-J6'27-   H 113015  39"   ..■ l.li 123° 304° 131° 231° L        j X 

ll-M J«to»*, Aiieona 150 3*°4S,33"  1      i 111059'2!,-  B I .31 124° 306= 131= ■"21° t. X 

U-» 'onq Vall«^.  ArlionA ilO 34°24,3a"  S lllt'33'45"  K 1.7' 125° 308° 131° 221° s X 

W90-«i 
Tonto roreol 0bi*rv«tory 
Ariaon« 

539 34017,12''  » 11i")6'03-  W 1.4'J 125' 306° 90°     ] 0°     j .m X 

i w-nr- Suntio—t. Ariaopa MO 3305l,49"  N lllü41->4-  K .9S 131° 314° 131° :■>:' - X 

i  «J-AI Winiluvf,   Arizon« 552 M°52'53'  a iio'ji-i?" » 1.53 115° 799° 131° 221° L X 

KH-KZ H«b.r,  Iri J>n« 5^3 34l>40'n-   * 110o«'59" w 1.88 116° 301° *. 31° :2!c I. y 

j Bl-Af. Jusltni, Arilons ■5«9 35o54'05-  » 109°34'10-  » 1.'7 101° 285" >31° 321° L X 

SI-IIZ 31ob«.   Arlran« 627 13u4ö'33" H 110O?l   41"  N 1.48 125° 308° 131° 221° t X 

I uaso-zlo Uint» B««in Cb*«rv»tory, 
£.66 40ol<),18"  a 109O34'07"  H 1.60 56° 240° 90° 0° JH x 

HiJID Haiiey,   Idaht 726 i-fina- H 114C,i5■0S■,  « !..83 11° 192° 13° 103° L * 
DH-CP DurAngo. Cclorotlo 7 35 37027,53"  H 107°47,00"  M 2.23 85° 270° 90° 180° S X 

»160-43 
Bl!-^ Mountain obaarvAtory. 
Dragon 

861 44''50'56,'  8 117°18'20"  W 1.13 351° 17 3° o" 90 ' JW X 

in-ai Laa cry^aa.  Haw Haxico 1014 32<>24'08-  H 106O35'58"  H 1.59 119° 304° 124° 214° I y 

W-» Hziton,  New Kntteo 1044 36043'46" B 104'>21'37,   « 1.95 69° 276° 9^!'■■ 186° J^ X 

1 
| AH-HA Angela, Montana 134B 46O45,0a- S 106O05,33"  W .91 35° 221° 

fO-TX roit Stockton, Tasaa 1414 30o54,06-  a 103O41,53" « .89 115° 303° 12 3° 113° s - 
j is-m Irottar^.  Birth Dafcot« i50) 47o06i35"  S 103°40,2J"  H .62 "9° 227° 90° 180° L - 

Wichita Mountain 
Obaarvatory.  Okiahowa 

159C 34°4 3'05" « 98035'31-  W .51 94° :«5° 90° 0° JM X 

1 
Rydar.  Horth Dakota 1701 48O05,50"  » 10l^29,40u  V .64 40° 2 30° SO*1 140° F X 

ev-tx Qtapevlna, Taxas IDOl Jj',53'n«l"  M 96059'54- M .15 100° 291° 111° 201° L LPZ          | 

VO-I0 Vi otor    lo*» >U1 4J013 30" H 92O07'37"  W .2V 67° 263° 83° 173° S x       i 

T-w »ykoff, itnnaaota 3133 43O4805"  K 92C22'r3"  W .38 62° 2 50° 7ü° 166° E X               } 

a?-» Grand Aapidr. Hj t^naaota JIM vfsi'il' H 9302S'i2,■  W .43 51° 246° .6° 166° S X 

n-LA Jana.  L^ulaiai.a 2382 31o47'05-   S 92O00-55" W .05 98C 2-2° 112° 302° L X 

W-OB Ra^ Lalw, Ontario, Canada 3339 50°5O,30-  t< 93O40,20"  K .37 42° 2 38° 58° 148° S X 

j ra-AL Cuta1», Alaiwa 2610 3:O47']0"  S 87052'Gn- M .03 92° 289° 109° 199° - x   1 
CPSO- J8 

Cuflösarr.anä Platsat 
Obaervatory, Tannoaaaa 

37 33 35''35'4l"  N 85°34'1.3"  « -57 94° 283° 90° 0° JM 
: 

X 

»t-w Backlay. »eat Virgi-la 3059 
„ 

37  47'56" S Sl^lB'Se"  M .61 78° 279° 100° 190° S X 

i»«-» |    Barlin, Pannaylvania 3338 39055'37"  H 78O50-41"  H .66 7 3= 277° 9 7° 1G7° L X               ' 
j 

tlO-»A Howard,   Pflnnaylvaria 1331 40°59'44' B 77G35'44-  H .37 71° 275° S 

BB-mr 1     Dalhi,  H-^w TOTlt 3544 42'U'39"  B 74053'18"  M .65 66•, 275° 55° 185° s y.         | 

IMS Ltahcn. ircw Ba«pahlra 3768 44C14'ie"  B 71055'21"  M .29 M° 273° 94° 184° s x 

BI-MZ Bonlten, Mala» 4065 460C9'43" » 67°59'09-  H .21 '■0° 27 3° 93° 183° s X 

SVJCW 
S ■   ti.'arvm«,   Qnabac, 

<    (.'anada 
4196 5404a'M" B 660«5,31"  H .56 46° 263° 131° s LP2 

1 BK-H Kasriaia,  ■.   ^-iii «77 19058';»   ;: ISi^S'lO" » .71 255° 55° 235° 33 5° L X 

»f-M 
{    Mould {ay,  Horthi#aat 
1    Terrltortaa, Canada 

*N3 76°!5'08-  B ll?0i2 18" N .06 359° 3 76° 356° 96° 
JHZ 

s X              , 

AD-I» AAak lalanda 4933 j    51o52'30"  H n6O40l45"  V .06 300° 9«° 0° 90° L X 

j t^iw U Pat, eollvU ■1  39 y^Wir s ea^a^T » j    3.99 131° 321° 141° 2 31° L X 

j oo-me Oalo, Bor«y 9206 |    6l'>03'17"   a 10°51'58u  E .56 2 5° 316° 13"° 328° L X 

GO-O». OlaSanbos^, Gamany 9094 j    49041'33" ü 11012,55"   ! 

1, 
.53 31° 220° U0° 330° r. X               | 

Recording  Site  Information -  PAR 

Appendix  1(A) 

-_._—__—-,.,,„.—-, ■—- 



Unified Magnitude: m 

where       A 

T 
B 

mm 

Diet 

K = 

log10 (A/T), + B 

zero to peak ground motion in mi.1 lisnicrons 
1mm) (1000) 

K 
signal period in seconds 
' istance factor (see Table below) 
record amplitude in millimeters zero to 
peak 
magnification in thousands at signal 
frequency 

Table of Distance :■'actors (B) for Zero Depth 

B 

0° «. 

i - 

2 2.2 
3 2.7 
4 3.1 

5 3.4 
6 3.6 
7 3.8 
8 4.0 
9 4.2 

10 4.3 
11 4.2 
12 4.1 
13 4.0 
14 3.6 

15 3.3 
16 2.9 
17 2.9 
18 2.9 
19 3.0 

20 3.0 
21 3.1 
22 3.2 
23 3.3 
24 3.3 

25 3.5 
26 3.4 

Dist 
(deq) B 

27° 3.5 
28 3.6 
29 3.6 

30 3.6 
31 3.7 
32 3.7 
33 3.7 
34 3.7 

35 3.7 
36 3.6 
37 3.5 
38 3.5 
39 3.4 

40 3.4 
41 3.5 
42 3.5 
43 3.5 
44 3.5 

45 3.7 
46 •J.8 
47 3.9 
48 3.9 
4^- 3.8 

50 3.7 
5,1 3.7 
52 3.7 
53 3.7 

Dist 
ideal 

54v 
B 

3.8 

55 3.8 
56 3.C 
57 3.8 
58 3.8 
59 3.8 

60 3.8 
61 3.9 
6^ 4.0 
63 3.9 
64 4.0 

65 4.0 
66 4.0 
67 4.0 
68 4.0 
69 4.0 

70 3.9 
71 3.9 
1 ■ 3.9 
73 3.9 
74 3.8 

75 3.3 
76 3.9 
77 3.9 
78 3.9 
79 3.8 

Dist 
(deq) B 

80° 3.. 
31 3,8 
82 3.9 
83 4.0 
64 4.0 

8- 4.0 
86 3.9 
87 4.0 
88 4.1 
89 4.0 

90 4.0 
91 4.1 
92 4.1 
93 4.2 
94 4.1 

95 4.2 
96 *.3 
97 4.4 
98 4.5 
99 4.5 

100 4.4 
101 4.3 
102 4.4 
103 4.5 
104 4.6 

105 4,7 

Unified Magnitudes From P or P Waves 
n 
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n d = Maximum 

a b -^~| -Ll 
1   «i 

n-v 

Bottom of line 

Maximum 

T 

Max imum 

Bottom of line 

Detail Showing Allowance 
For Line Width 

Pick time of In  at beginning of "a" half cycle. 

Pich amplitude of Pn as naximum "d'2" within 2 or 3 cycles of "c". 

Pick amplitudes of Pg and Lg at maximum of corresponding motion. 

Seismic Analysis Diagram 
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