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SUMMARY 

The underground n u c l e a r  explos ion ,  RULISON, w a s  

de tona ted  by t h e  United S t a t e s  on September 10 ,  1969, 

near R i f l e ,  Colorado, p r i m a r i l y  f o r  t h e  purpose of 

i n v e s t i g a t i n g  t h e  use of such explos ions  t o  s t i m u l a t e  

n a t u r a l  gas production.  The United S t a t e s  proposed 

t h a t ,  i n  a d d i t i o n ,  RULISON s e r v e  t o  f a c i l i t a t e  se i smic  

i n v e s t i g a t i o n s  through t h e  i n t e r n a t i o n a l  exchange of  

se i smic  da ta .  This r e p o r t  con ta ins  a resume of d a t a  and 

r e p r e s e n t a t i v e  se i smic  s i g n a l s  from RULISON. Data were 

acqu i red  from 189 se i smic  s t a t i o n s  and a r r a y s  l o c a t e d  i n  

17 coun t r i e s .  

Teleseismic d a t a  from RULISON i n d i c a t e d  an average 

body-wave magnitude of  4.9. Teleseismic s u r f a c e  waves 

w i t h  per iods p r imar i ly  i n  t h e  10- t o  12-sec range i n d i -  

c a t e d  an a s s o c i a t e d  surface-wave magnitude of  4.5. The 

amplitudes of p r i n c i p a l  phases from RULISON i n d i c a t e  

more efEicient wave propagat ion i n  Eas te rn  North America 

(ENA) than  i n  Western North America (WNA). 



INTRODUCTION 

On September 10 ,  1969, t h e  Atomic Energy Commission 

detonated an underground nuc lear  device i n  northwestern 

Colorado. The experiment,  des igna ted  P r o j e c t  RULISON, 

was c a r r i e d  ou t  under t h e  A E C 1 s  Plowshare program t o  

develop peacefu l  uses  of nuc lea r  energy. RULISON, which 

was designed t o  s t i m u l a t e  n a t u r a l  gas recovery from a 

formation of low permeabi l i ty ,  had t h e  fol lowing source  

parameters : 

DATE: September 10 ,  1969 

O R I G I N  TIME : 21 :00 :00.1 G .M .T . 
GEOGRAPHIC 
COORDINATES : 3 9.406: N 

107.948 W 

SURFACE 
ELEVATION: 8,154 f e e t  (above sea l e v e l )  

SHOT DEPTH: 8,425 f e e t  (beneath t h e  s u r f a c e )  

YIELD: 40 k i l o t o n s  (planned)  

MEDIUM : Cretaceous sands tone  and s h a l e  

In  a d d i t i o n ,  RULISON was u t i l i z e d  as a se i smic  

experiment by f i e l d i n g  temporary measurement s t a t i o n s  

and by c o l l e c t i n g  d a t a  from permanent se i smic  s t a t i o n s .  

RULISON thereby  se rved  a s  t h e  i n i t i a l  implementation 
* of t h e  U .  S .  Seismic I n v e s t i g a t i o n  Proposal .  To 

* 
Presented  t o  t h e  United Nations General  Assembly 
5 December 1968. 

- 2 -  



f o s t e r  the  exchange of seismic data  and t o  assure t h a t  

s tud ies  concerning the seismic character  of explosions 

could be conducted, the  Coast and Geodetic Survey (C&GS) 

sent  pre- and postshot advisor ies  t o  t h e  i n t e rna t i ona l  

seismological community. Those not  i f  i e d  included s e i s  - 
mograph s t a t i o n  d i rec to rs  and s c i e n t i f i c  organizations 

throughout t h e  world. After  the  explosion, the  CES 

co l lec ted  seismograms covering t h e  event and arranged 

t o  make copies of t h e  records ava i lab le  upon request 

from t h e  Seismological Data Center of the  Envirorunental 

Science Services Administration (ESSA) . 
The purpose of t h i s  repor t  i s  t o  present a compre- 

hensive resume of seismic da ta  from RULISON, including 

t ravel t imes  and amplitudes of the  p r inc ipa l  phases and 

the  associa ted  body- and surface-wave magnitudes. A 

represen ta t ive  co l lec t ion  of RULISON seismic s i g n a l s ,  

arranged i n  order of increasing dis tance ,  has a l s o  been 

included. 



PHYSICAL ENVIRONMENT 

S i t e  Descr ip t ion  and Geology 

The RULISON test s i t e  occupies a p o r t i o n  of t h e  

n o r t h  s l o p e  of Battlement Mesa on t h e  southwest f l a n k  

of t h e  Piceance Basin w i t h i n  t h e  Colorado .Pla teaus  

(F igure  1 ) .  The geologic  s e c t i o n  beneath t h e  s i t e  i s  

composed of t h i n  l a y e r s  of interbedded al luvium and 

b a s a l t  f lows,  over ly ing  a t h i c k  sedimentary column of 

T e r t i a r y ,  Mesozoic, and Paleozoic  rocks (Weetman, e t  a l . ,  

1969). Pre-Cambrian basement rocks are encountered a t  

a depth of approximately 18,000 f e e t  (Voegel i ,  1969).  

The RULISON device  w a s  detonated i n  t h e  Mesaverde forma- 

t i o n  a t  a po in t  about 270 f e e t  below sea l e v e l  and approxi-  

mately 8,425 f e e t  below t h e  gene ra l  l e v e l  of t h e  land .  

W e l Z  c o r e s  taken  at  t h e  emplacement w e l l  i n d i c a t e  t h a t  

t h e  Mesaverde format ion is composed of 2,500 f e e t  of 

interbedded Upper Cretaceous sandstone and s h a l e .  For- 

mations r e p r e s e n t i n g  t h e  e n t i r e  geologic  column, 

Cretaceous through Cambrian, a r e  p resen t  i n  t h e  10,000- 

f o o t  sedimentary s e c t i o n  below t h e  s h o t  p o i n t .  

The Colorado P la t eaus  Province enc loses  t h e  f o u r -  

corner  country of  Colorado, Utah, Arizona,  and New 



Mexico, where i t  reaches a maximum elevat ion of about 

10,000 f e e t .  The boundaries of t h e  province a r e  formed 

by the  Great Basin (Basin and Range Province) on the  

south and west and the  granite-cored ranges of the  

middle and southern Rocky Mountains on t h e  north and 

e a s t .  The Piceance Basin, one of a s e r i e s  of gen t le  

basins and broad intervening u p l i f t s  which form the  

p r inc ipa l  s t r u c t u r a l  f ea tu res  of the  Colorado Pla teaus ,  

underl ies  an area  of about 6,000 square miles .  Mono- 

c l i n a l  f lexures  separa te  t h e  e s s e n t i a l l y  f l a t - l y i n g  

rock i n  the  middle of the  basin from adjoining pos i t ive  

t ec ton ic  fea tures  which include the  Uncompahgre Arch on 

the  southwest, the White River Upl i f t  t o  the nor theas t ,  

the  Uintah Mountains on the nor th ,  and the  Douglas Creek 

Arch on the  northwest which separates  the  Piceance Basin 

from the  Uintah Basin. 

Deep r e f r ac t i on  surveys i n f e r  tha t  the c r u s t a l  s t ruc -  

t u r e  of the  Colorado Plateaus i s  intermediate between 

r e l a t i v e l y  t h i n  c rus t  i n  the  Basin and Range Province, 

character ized by a 7 . 8  km/sec speed below the  M discon- 

t i n u i t y  apd a t h i ck  c r u s t  beneath the  southern Rocky 

Mountains, character ized by higher c r u s t a l  and upper- 

mantle ve loc i t i e s .  T a t e l  and Tuve (1955) reported a 



c r u s t  30-km t h i c k  and a Pn v e l o c i t y  o f  8 . 1  km/sec i n  the 

Colorado P l a t e a u s  of Arizona and New Mexico. Jackson 

and Pak i se r  (1965) and R o l l e r  (1965) r e p o r t  a two-layer 

c r u s t  and sub-Moho v e l o c i t y  of 7.8 t o  8.0 km/sec i n  Utah 

and Colorado. 

S e i s m i c i t y  

Colorado has  been c a t e g o r i z e d  as a minor s e i smic  

r i s k  zone by Algermissen (1969).  The h i s t o r i c a l  r e c o r d  

of ear thquakes  i n  Colorado c o n t a i n s  r e p o r t s  of approxi-  

mately  15 ear thquakes  of s u f f i c i e n t  s i z e  t o  cause  minor 

damage (Eppley,  1965) .  Only two Colorado ea r thquakes ,  

t he  Dulce ear thquake  nea r  t h e  Colorado-New Mexico border  

i n  1966 and an ear thquake  nea r  Denver i n  1967,  have been 

r a t e d  a s  h igh  a s  i n t e n s i t y  V I I  on t h e  Modified M e r c a l l i  

s c a l e .  Non-instrumental  r e p o r t s  of  s e i s m i c  a c t i v i t y  and 

e f f e c t s  ( f e l t  r e p o r t s ) ,  complete s i n c e  1928,  i n d i c a t e  t h a t  

a no r th - sou th  t r e n d  of moderate s e i s m i c i t y  passes  through 

w e s t - c e n t r a l  Colorado and extends  from Laramie,  Wyoming, 

t o  Dulce, New Mexico (Uni ted S t a t e s  Ear thquakes ,  1928-1968) 

The c e n t e r s  of macroseismic a c t i v i t y  t e n d  t o  fo l low f a u l t  

zones which border  a r e a s  of u p l i f t .  Hadse l l  (1968) has  

r e p o r t e d  t h a t  few Colorado ear thquakes  have occur red  east 



of t h e  Rocky Mountain Front dur ing  t h e  i n t e r v a l  from 1870 

t o  1968, and has c o r r e l a t e d  earthquake a c t i v i t y  wi th  a r e a s  

of post-Oligocene ex t rus ions  w e s t  o f  the  Continental  

Divide. A recent  ins t rumenta l  s tudy  (Simon, 1969) covering 

t h e  per iod 1966-1968 shows s i m i l a r  p a t t e r n s  of se i smic i ty .  

To ob ta in  an estimate of a f te rshock a c t i v i t y  which 

could be c o r r e l a t e d  w i t h  RULISON, t h e  Coast and Geodetic 

Survey monitored background s ~ i s m i c i t y  wi th in  a 100-km 

r a d i u s  of t h e  RULISON s i te  during September and October 

1969. The r e s u l t s ,  which show an earthquake occurrence 

r a t e  of 0.6 per  day before  RULISON and 0.7 per  day a f t e r  

t h e  e v e n t ,  i n d i c a t e  no s i g n i f i c a n t  inc rease  i n  se ismic  

background l e v e l  a f t e r  RULISON (King, 1970). The most 

a c t i v e  zone r evea led  by t h e  f i e l d  survey was cen te red  

i n  an a r e a  of h i s t o r i c a l  s e i s m i c i t y  50 t o  100 km south  

of ground zero.  A l l  of t h e  earthquakes recorded were 

magnitude 3% o r  l e s s .  

I n  a d d i t i o n ,  t h e  U .  S .  Geological  Survey (USGS) 

s t a t e d  t h a t  i n  t h e  f i r s t  43 minutes a f t e r  RULISON t h e r e  

were 16 a f t e r shocks ,  a l l  of which had Richter  magnitude 

l e s s  than 1.0 and were l o c a t e d  w i t h i n  1 km of t h e  explo- 
* 

s i o n .  The USGS d id  no t  i d e n t i f y  any o t h e r  shocks during 

t h e  18-hour post-detonat ion per iod  which was examined. 

* 
U .  S  . Geological  Survey open f i l e  r e p o r t  



INSTRUMENTATION 

The World-Wide Network o f  S tandard  Seismographs 

(WWNSS) and t h e  Canadian Na t iona l  Network (CNN) were 

t h e  p r i n c i p a l  sou rces  o f  d a t a  from permanent s t a t i o n s  

f o r  t h i s  r e p o r t .  The se i smic  coverage made a v a i l a b l e  

by t h e  WWNSS network i s  shown i n  F igu re  2 ,  and F igure  3 

shows deployment o f  Canadian s t a t i o n s .  Temporary s t a t i o n s  

occupied by Long Range Seismic Measurements Vans (LRSM) 

provided a s i g n i f i c a n t  p ropor t ion  of t h e  a v a i l a b l e  d a t a  

a t  r e g i o n a l  d i s t a n c e s .  Shor t -pe r iod  response  curves  

r e p r e s e n t i n g  t h e  t h r e e  systems a r e  compared i n  F igu re  4 ,  

and long-per iod  magn i f i ca t ion  curves  a r e  d i sp l ayed  i n  

F igure  5. The WWNSS and LRSM networks make use  of t h r e e -  

component s h o r t - p e r i o d  Benioff  ins t ruments  and long-per iod  

Sprengnether  seismographs.  The s h o r t - p e r i o d  response  of 

t h e  WWNSS c o n f i g u r a t i o n  r eaches  peak va lue  a t  0 .6  s e c ,  

and t h e  corresponding LRSM system has  peak a m p l i f i c a t i o n  

between 0.3 and 0.4 s e c .  The WWNSS long-per iod  ins t ruments  

have a broad r e sponse  compared t o  t h e  LRSM system which 

has a narrow passband c e n t e r e d  at  about 2 5  s e c .  The 

Canadian network u t i l i z e s  t h r e e  component s h o r t - p e r i o d  

Willmore seismographs and long-per iod in s t rumen t s  of t h e  

Columbia t ype .  Peak response  o f  t h e  s h o r t - p e r i o d  system 



occurs a t  about 2 c.p.s., and t h e  long-period systems 

have maximum magnification f o r  waves of about 15 sec.  

I n  add i t ion  t o  t h e  th ree  systems which have been 

discussed,  o ther  s t a t i o n s ,  including regu la r  C&GS s t a t i o n s ,  

cooperating univers i ty  s t a t i o n s ,  and s ens i t i ve  seismic 

observatories  overseas, made valuable contr ibutions of 

RULISON data. Instrumentation a t  these  s t a t i o n s  var ies  

from a s i n g l e  short-period v e r t i c a l  seismometer t o  elabo- 

r a t e  s u i t e s  of instruments deployed i n  ar rays .  Most of 

these  s t a t i o n s  have furnished response curves which resemble 

t h e  shor t -  and long-period curves i n  Figures 4 and 5 ,  

respect ively .  However, it should be pointed out t h a t  

rou t ine  ca l i b r a t i on  procedures a r e  not normally performed 

a t  a l l  of these  s t a t i o n s .  

The C&GS Special  Projec ts  Party operated a network 

of temporary s t a t i o n s  t o  record  RULISON (King, op. c i t . ) .  

Portable seismographs were deployed a t  dis tances out t o  

366 km along the  f i v e  r a d i a l  l i n e s  p lo t t ed  i n  Figure 6. 

The L-7 ve loc i ty  seismographs employed record on magnetic 

tape and have a broad dynamic range over a wide bandwidth. 

A very s ens i t i ve  seismometer and ampl i f ier  (Geotech Models 

18300 and AS330)were used by the  Special Projec ts  Party t o  

conduct the  microearthquake survey which has already been 



described. High ambient noise l eve l s  prevented use of 

t h i s  equipment a t  maximum rnagnif i c a t  ion which exceeds 

one mil l ion.  



DATA 

The r e s u l t s  of t h i s  analys is  a r e  summarized i n  

Table 1 which contains the  t ravel t imes and amplitudes 

of p r inc ipa l  phases from RULISON arranged i n  order  of 

increasing distance.  I n  t h e  t a b l e ,  azimuth is source t o  

s t a t i o n ,  and t h e  t ravel t imes have been correc ted  f o r  e l l i p -  

t i c i t y  and e levat ion.  The s t a t i o n  codes a r e  i d e n t i f i e d  

i n  Appendix 1 which contains instrumental magnification 

and s i t e  information. Estimates of body-wave (mb) and 

surface-wave (MS) magnitude, which w i l l  be defined i n  a 

l a t e r  sec t ion ,  a re  a l s o  given i n  Table 1. The t r a v e l -  

time res idua l s  l i s t e d  i n  the  t ab l e  r e f e r  t o  Je f f reys -  

Bullen (1948) surface  focus values.  

Seismic data were reported from 156 permanent and 

33 temporary s t a t i o n s  represent ing 1 7  countr ies .  Short- 

and long-period ground amplitudes were determined a t  s t a -  

t i ons  where r e l i a b l e  information concerning magnification 

l eve l s  was avai lable .  The most d i s t an t  known s igna l  from 

RULISON was read a t  Syowa (SYO) observatory i n  Antarc t ica  

a t  145 degrees, a preferred  distance range f o r  the  PKP 

phase which was observed. Short-period instruments 

detected t h e  P wave out t o  83 degrees,  and surface waves 

were evident on Long-period records out t o  69 degrees. 



Figure 7 shows short-period s igna l  de tec t ion a s  a funct ion 

of d i s tance  and instrumental magnification a t  1-sec period. 

Figure 8 s imi l a r ly  shows long-period recept ion referenced 

t o  gains a t  15-sec periods. The overlap of s i gna l  recep- 

t ion  and nonreception indicates  t h a t  de tec t ion i s  not a 

simple funct ion of magnification and distance.  Ambient 

noise l eve l s  and the  dependence of P-wave amplitudes on 

s i t e  conditions a l so  play important r o l e s  i n  s i g n a l  de- 

t ec t ion  i n  both sho r t -  and long-period recording modes. 

Figure 9 shows RULISON reception i n  North America with 

reference t o  shor t -  and/or long-period s igna l  r eg i s t r a t i on .  

Short-period reception outs ide  North America a s  shown i n  

Figure 10 included 18 s t a t i o n s  i n  Europe, four  i n  South 

America, two each i n  Africa and Antarc t ica ,  and one i n  

Japan. The Hagfors ar ray  i n  Sweden was the  only i n s t a l -  

l a t i o n  outside North America t h a t  repor ted  long-period 

in£ o m a t  ion.  

Appendix 2 contains records of seismic s igna l s  repre-  

s en t a t i ve  of RULISON reception a t  conventional seismograph 

s t a t i o n s ,  with p a r t i c u l a r  emphasis on the  WWNSS system and 

r e g i s t r a t i o n  a t  overseas observatories  . The seismograms 

a re  presented i n  order of increasing dis tance  and a re  

s e l ec t ed  t o  show the e f f e c t s  of physiographic regions and 



instrument configuration. The following remarks concern 

t h e  nota t ion on the  seismic s igna l s  included i n  the  

appendix : 

Sta t ion :  Three- le t ter  codes 5dentifying s t a t i o n  

a r e  cross-referenced i n  Appendix 1 

which contains s i t e  information. Three- 

l e t t e r  codes of WWNSS s t a t i o n s  have been 

underlined. 

Instrument : SPZ, N ,  E ( shor t -per iod v e r t i c a l ,  

north-south, east-west)  and LPZ, N ,  E 

(long-period v e r t i c a l ,  north-south, 

eas t-west ) r e f e r  t o  t h e  components 

i l l u s t r a t e d .  

Magnification: The short-period magnification 

indicated  r e f e r s  t o  instrumental gain 

a t  1-sec period. Long-period values 

ind ica te  magnification f o r  15-sec 

period waves. 

Time Correction: Time ( i n  seconds) t o  be applied 

t o  the  observed value t o  obtain the  

cor rec t  a r r i v a l  time. 



Distance: The cen t r a l  angle ( i n  degrees) wi th  

reference  t o  the  In te rna t iona l  Sphere. 

Azimuth: The angle ( i n  degrees) from shot  point 

t o  s t a t  ion ,  measured clockwise from 

nor th .  

The instrumental  information given i n  Appendices 1 

and 2 has been generously furnished by t h e  corresponding 

observatories .  Data on nonstandard s t a t i o n s  have been 

compiled over an extended period. Any necessary modi- 

f i c a t i o n s  should be brought t o  the  a t t e n t i o n  of the  

Seismology Division of the  Coast and Geodetic Survey. 

For t h e  purpose of f u r t h e r  ana lys i s ,  f i lm chips or  hard 

paper copies of a l l  ava i lab le  seismograms may be ordered 

from: 

~SSA/Seismological Data Center 
Federal Building 
Ashevil le ,  North Carolina 28801 
U.S .A. 



AMPLITUDES 

Pn and P Amplitudes 

The l a rges t  amplitude and associa ted  period of t h e  

Pn and P wave were scaled  i n  the  f i r s t  th ree  cycles from 

t h e  onset of readable motion. Periods associa ted  wi th  

t h i s  motion var ied  between 0.3 and 1.0 sec.  The corre-  

sponding A/T values reduced to  ground motion a r e  shown 

i n  Figure 11 a s  a funct ion of distance.  

The Pg phase, which is associa ted  wi th  compressional 

waves confined t o  t h e  c r u s t ,  was observed as a f i r s t  

a r r i v a l  out t o  about 250 km, and a s  the  maximum of the  

P-wave group a t  g rea te r  dis tances where i t  has been i n t e r -  

preted a s  a guided phase. The phase was wel l  recorded 

throughout the  seismic network out t o  approximately 1,500 

km, with r e l a t i v e l y  higher amplitudes i n  ENA than i n  WNA 

a t  equivalent dis tances.  Maximum Pg amplitudes a r e  

p lo t t ed  i n  Figure 12. 

Lg Amplitudes 

The Lg phase has been described as a guided shear  



wave which t r a v e l s  w i t h  a speed of 3.5 km/sec and i s  

r e s t r i c t e d  t o  c o n t i n e n t a l  p a t h s .  The phase i s  g e n e r a l l y  

most prominent on s h o r t - p e r i o d  h o r i z o n t a l  components. 

However, i t s  presence on s h o r t - p e r i o d  v e r t i c a l  r eco rds  

i n f e r s  t h a t  a  s i g n i f i c a n t  amount of t h e  Lg energy t r a v e l s  

a s  a  S-wave p o l a r i z e d  i n  t h e  v e r t i c a l  p lane .  As l i s t e d  

i n  Table  1, Lg waves w e r e  recorded  out  t o  about 1 ,400  km 

i n  WNA and approximately  2 ,800 km i n  ENA. The phase a l s o  

e x h i b i t e d  t h e  f a m i l i a r  p a t t e r n  of r e l a t i v e l y  h i g h  ampli-  

t udes  i n  ENA and anomalously low va lues  a t  comparable 

d i s t a n c e s  i n  t h e  w e s t .  

LQ Amp1 i t udes 

The A/T v a l u e s ,  which a r e  a s s o c i a t e d  w i t h  t h e  LQ 

phase i n  Table  1, r e p r e s e n t  t h e  l a r g e s t  ampli tude and 

corresponding p e r i o d  of Love waves i n t e r p r e t e d  on long-  

p e r i o d  seismograms. The h o r i z o n t a l  component o r i e n t e d  

most n e a r l y  t r a n s v e r s e  w i t h  r e s p e c t  t o  t h e  source  u s u a l l y  

r eco rded  t h e  l a r g e s t  ampli tude LQ waves. LQ wave pe r iods  

v a r i e d  from 5.0 t o  18 .0  s e c  and e x h i b i t e d  no s i g n i f i c a n t  

dependence on d i s t a n c e  over  t h e  range  of t h e  o b s e r v a t i o n s ,  

approximately  7 t o  33 degrees .  



LR Amplitudes 

Continental Ray l e igh  waves wi th  maximum period near 

10 sec  were recorded throughout North America and were 

t h e  most conspicuous waves on t h e  long-period records.  

This  phase, designated LR, has the  cha rac t e r i s t i c s  of 

an Airy phase with a group ve loc i ty  of about 3.0 km/sec. 

The amplitudes measured, the  maximum i n  a wavelet of 

severa l  cycles durat ion,  general ly had a period of about 

10 sec ,  although i n  i s o l a t e d  cases periods a s  l a rge  a s  

20 sec  or a s  small as  5 sec  were observed. The va r i a t i on  

i n  t h e  est imated period may be due t o  differences i n  the  

wave guide between source and recording s i t e s .  Rayleigh 

waves with a 20-sec period were repor ted  by the  Hagfors 

(HFS) ar ray  i n  Sweden a t  an ep i cen t r a l  dis tance of 69 

degrees. 



Two methods of magnitude ca lcu la t ions  were applied 

t o  RULISON data.  Body-wave pagnitudes were obtained 

from P-wave amplitudes wi th  t h e  u s e  of the  Gutenberg and 

Richter  (1956) formula. Surf ace-wave magnitudes were 

computed wi th  t h e  use of a formula recommended by the  

In t e rna t i ona l  Association of Seismology and Physics of 

the  Earth 's  I n t e r i o r  (IASPEI) i n  1967. Average magnitudes 

represent ing regional  and te lese ismic  d is tance  ranges were 

ca lcu la ted  separa te ly  t o  permit comparison of cont inenta l  

and in te rcon t inen ta l  recept ion.  

Body-wave magnitudes were determined by the  formula: 

mb = L O ~ ~ ~ ( A / T )  ' Q 
where 

mb = body -wave magnitude , 
A = maximum P-wave amplitude i n  microns, 

T = corresponding period i n  seconds, and 

Q = dis tance  cor rec t ion  f a c t o r  tabula ted  
by Gutenberg and Richter  (1956). 

The r e s u l t s  a r e  shown i n  Figure 13 where the  reference 

l i n e s  represent  an average magnitude of 5.0 measured a t  

55 s t a t i o n s  l e s s  than 25 degrees,  and a corresponding 

es t imate  of 4.9 given by 42 readings beyond 25 degrees. 



Body-wave magnitude computed f o r  13 World-Wide s t a t i o n s  

was 0.2 un i t  lower than t h a t  computed f o r  42 nonstandard 

s t a t i o n s  a t  dis tances l e s s  than 25 degrees. There was 

no appreciable difference between average body-wave 

magnitude from 11 WWNSS and 31 nonstandard s t a t i o n s  a t  

te lese ismic  distances.  The s c a t t e r  of data exhibi ted  

by Figure 13 may be a t t r i b u t e d  t o  ( 1 )  bias  i n  the  assumed 

amplitude-distance r e l a t i onsh ip ;  (2 ) asymmetric energy 

r a d i a t i o n  a t  the  source; ( 3 )  a t tenuat ion di f ferences  

along the  t r a v e l  path;  and (4)  va r ia t ions  i n  the  ground 

response a t  the  recording s t a t i o n .  

Surface-wave magnitudes (MS) were computed using 

maximum amplitudes read on long-period v e r t i c a l  records 

and the  IASPEI formula: 

MS = L O ~ ~ ~ ( A / T )  + 1.66 LoglO A + 3.3 

where 

MS = surface-wave magnitude, 

A = maximum ground amplitude i n  microns, 

T = associa ted  period i n  seconds, and 

Log A = common logarithm of distance i n  degrees. 

Figure 14 contains a  p lo t  of MS as  a  funct ion of distance.  

The corresponding periods have a l s o  been p lo t t ed  on the  

graph. With few exceptions,  the  measure-d period of the  



maximum Rayleigh wave l i e s  between 8 and 14 sec.  The 

MS est imate a t  44 s t a t i o n s  wi th in  the  i n t e r v a l  of 2 t o  

25 degrees was 4.1. For g rea te r  d is tances ,  t h e  average 

magnitude value computed from 19 s t a t i o n s  was 4.5. The 

apparent increase of magnitude with distance shown i n  

the  graph may be due t o  an e r r o r  i n  the  d is tance  c a l i -  

b ra t ion  funct ion,  o r  it may a l so  be due t o  anomalous 

wave a t tenuat ion along paths t ravers ing  ENA and WNA. 
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TABLE 1 

RULISON TRAVEL T I M E S  AND AMPLITUDES OF P R I N C I P A L  PHASES 

S T A T I O N  D I S T -  AZIMUTH COMP- TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE (DEG) (DEG) I S E C )  (MU) I S E C )  MB L P Z  L P H  ( S E C )  

*R 1 0.03 156.9 SPZ PGC 1.2 
SPT I S  2.3 
SPR I S  

*R2 0-03 325.9 SPZ PGC 1.3 

*R3 0.03 156.7 SPZ PGC 2 -0 

*R4 0.05 14.3 SPZ PGC 1-4 
SPT ES 2.8 
SPR ES 

*R 5 0.08 8.0 SPZ PGC 4.1 
SPT I S  6.5 
SPR I S  

*R8 0.09 325.6 SP.Z PGC 2.3 

*R 6 0.11 311.7 SPZ PGC 2.2 
SPT ES 4.2 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL PHASES 

STATION OIST. AZIMUTH COMP* TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE (DEGI (DEGI I SEC [MU) (SECI  MB LPZ  LPH (SEC) 

R 6  (CONTINUED) SPR ES 

*R 7 0.11 180.1 SPZ EP 3.8 
SPT ES 6.3 
SPR ES 

*R 9 0012 10.5 SPZ PGC 3.5 
SPT ES 4.9 
SPR ES 

0.13 358.2 SPZ PGC 3.1 

0.16 41.3 SPZ PGC 4.4 
SPT I S  8.5 
SPR I S  

0.17 187.2 SPZ PGC 40 1 

0- 1 8  45.6 SPZ PGC 5.3 
SPT I S  8.8 



TABLE 1 (CONTINUED) 

R U L I S O N  TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST.  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE (DEG) (OEG) I S E C )  (MU) (SEC) MB L P Z  LPH ( S E C )  

R 1 3  ICONTINUED)  SPR I S  

*R15 0.26 328.4 SPZ PGC 6.5 
SPR ES 11.7 

* R l 6  0.26 328.6 SPZ PGC 5.1 
SPR ES 9.4 

*R17 0.27 57.7 SPZ PGC 8.0 
SPZ P* 7.5 
SPT ES 10.8 

*R2O 0.30 235.7 SPZ I P C  7.7 
SPZ P* 8.8 
SPT I S  14.2 

* R 2 1  0.36 62.7 SPZ EP 7.0 
SPZ P* 8.4 
SPT I S  14.4 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES A N 0  AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST. AZIMUTH COUP. TRAVELTIME AMP PER MAGNITUDE J.8. 
CODE (DEG) (DEG) ISEC) lMU1 (SECI MB LPZ LPH ISEC) 

R 2 2  0.38 228.5 SPZ PGC 8.3 
SPZ P* 9.8 
SPT IS 17.3 
SPR ES 

0.47 334.4 SPZ PGC 5 -9 
SPZ P* 6.4 
SPT IS 10.3 
SPR IS 

0.5 1 73.1 SPZ PGC 10.2 
SPZ P* 13.3 
SPT ES 17.7 

0.59 235.1 SPZ PGC 11.8 
SPT ES 19.9 

0.63 2.2 .SPZ PGC 12.6 
SPT ES 22.8 

0.68 187.6 SPZ PGC 13.0 



T A B L E  1 ( C O N T I N U E D )  

R U L I S O N  TRAVEL  T I M E S  AND AMPL ITUDES OF P R I N C I P A L  PHASES 

S T A T I O N  D I S T .  A Z I M U T H  COUP. T R A V E L T I M E  AMP PER MAGNITUDE J -8 .  
CODE I D E G J  [ D E G )  I S E C )  [ M U )  I S E C I  MB C P Z  L P H  I S E C )  

R 2 8  [ C O N T I N U E D )  SPT I S  22.8 

*R30 0.90 73-7 SPZ PGC 17.4 
SPT ES 29.2 
SPR I S  

*R32 0.94 316.4 SPZ I P C  18.7 
SPT I S  39.5 
SPR ES 

*R35 1.16 15.6 SPZ PGC 21.6 
SPZ P* 23.3 
SPZ L G  40. 
SPT I S  37.6 
SPR E S  

UBO 1.55 306.8 SPZ I P C  29.3 4261.0 0.2 
SPZ L G  54. 2713.0 '0.3 
SPN L G  4000.0 0.3 
SPE LG 7692.0 0.4 



TABLE 1 ICONTINUEDI  

RULISON TRAVEL T I M E S  AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION D I S T .  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.R. 
CODE IDEG)  - [ D E G I  (SEC 1 (MU) ( S E C )  M 8  L P Z  L P H  I S E C )  

*R 36 1.61 172.0 SPZ I P C  29.8 
SPZ PG 32.0 
SPT ES 52.2 

FGU 1-88 324.5 SPZ I P C  34-6  W. 0. 

I 

h a  
w *F L A  1.93 272.7 SPZ I P C  35-5  

GOL 2.0 1 80.8 SPZ I P C  36.6 W . O .  
L P Z  L R  68 .  7941. 5 -0 
L P N  LR 4706. 5.0 
LPE L R  6471-  4 -0 

*R37 2- 10 295.2 SPT EP 38-7 
SPT P* 40.0 
SPT I S  67.0 

*R38 2.12 178.5 SPZ I P C  38.3 
SPZ P* 39.4 
SPZ LG 74. 
SPR ES 65.6 



TABLE 1 (CONTINUED) 

RUL ISON TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

S T A T I O N  DIST.  AZ IMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.B. 
COO€ (DEG) (DEG) ( S E C I  (MU)  (SEC) MB L P Z  L P H  I S E C I  

*a01 2.17 72.9 SPZ I P C  39.6 
SPZ PG 40.5 

*PCU 2.22 276.1 SPZ EP 39.6 

C*, 
*DEN 2.29 79.4 SPZ E P  41.7 

o SPZ PG 43.9 
I SPZ L G  69.  

*R40 2.46 13 -1  SPZ I P C  43.7 
SPT ES 70.4 
SPR ES 

*LAR 2.63 42.7 SPZ I P C  39.6 

*R41 2.67 295.7 SPZ I P C  46.1 
SPZ P* 49.4 

SLC 3.29 295.7 SPZ EP 54.2 77.8 0.7 4.93 
SPZ L G  109. W.0. 



TABLE 1 ICONTINUED) 

R U L I  SON TRAVEL T I M E S  AN0 AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST.  AZIMUTH CDMP. TRhVELTIME,  AMP PER MAGNITUDE J.B. 
CODE I O E G )  IDEG) I SEC I I M U )  I S E C )  M 8  L P Z  L P H  I S E C )  

*R42 3 - 2 9  295.3 SPZ EP 5 6 - 3  
SPZ LG 200.  
SPT I S  101.9 

GCA 3.76 230.9 SPZ I P C  60.2 W.O. 
S P i  P* 68.4 H.O. 

DUG 3.83 283.4 SPZ EP 60.3 
SPZ P* 67.5 
SPZ PG 7 1 - 2  
SPZ L G  116. 
SPN LG 
SPE L G  
L P Z  L R  140. 
L P N  L R  
L P E  L R  

7.0 0.5 4.20 
91.5 0.5 

W.0- 
H.O. 
H.O. 

*CCU 4.35 248.9 SPZ EP 69.6 

KN- 4.52 239.8 SPZ E I P )  70.8 38.6 0.5 5.14 
SPZ PG 80.7 W.O. 
SPZ L G  121.  U.0. 



TABLE 1 (CONTINUED) 

R U L I  SON TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

S T A T I O N  D I S T .  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE ( DEG) (DEG) ( S E C )  (MU) I S E C )  MB L P Z  L P H  ( S E C )  

KN- [CONTINUED) SPT LG 
SPR L G  
LPZ L R  
L P T  L R  
LPR L R  

I 
A L Q  4 . 6 1  164.6 SPZ I P C  

C*, 
N SPZ P* 

SPZ LG 
I 

SPN LG 
SPE LG 
LPZ LR 
L P N  LR 
L P E  LR 

*LEE 4.78 244.9 SPZ EP 
SPZ PG 

*ELY 5.40 269.3 SPZ EP - 
SPZ PG 
SPZ LG 

W . O .  
W.O. 

2 2 8 1 .  15.0 3 .55  
1442.  14.0 3.45 
1078.  17.0 

6.7 0.6 4.33 
U.0. 
u.0. 
W.O. 
W.O. 

2062.  12 .0  

C L I P  



TABLE 1 (CONTINUED) 

RULISON TRAVEL T IMES AN0 AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST.' AZIMUTH COUP. TRAVELTIME AMP PER MAGNITUDE J.8. 
CODE IOEG) (OEG) ISEC)  (MU) (SEC) MB LPZ  LPH (SEC)  

TFO 5 - 7 8  208.5 S P Z  EP 
SPZ PG 
SPZ LG 
SPN LG 

EUR 

SPE L G  
LPZ LR 
LPN LR 
LPE LR - 

88.2 7.0 0.4 4.72 
103.5 W.O. 
177- W.0. 

W.O. 
W.O. 

205. 1941. 14-0 
250. 10.0 
167. 10.0 

6-21 273.3 SPZ I P C  95.6 137.6 0.5 6.04 
SPZ PG 115.4 W.O. 
SPZ LG 1 9 6 -  W-0. 

6-44 240.1 SPZ EP 98.0 W.0. 

6 - 5 8  242.2 SPZ EP 1 0 0 - 2  
S P Z P G  135.5 
SPZ LG 214. 

6.60 238.2 SPZ I P C  99.5 
SPZ P* 119.7 
S P Z P G  121.5 



TABLE 1 ICONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL PHASES 

S T A T I O N  D I S T .  AZIMUTH COMP, TRAVELTIME AMP PER MAGNITUDE J.8. 
CODE (DEG)  LDEG) (SEC ( M U )  I S E C )  MB L P Z  L P H  I S E C )  

NEL (CONTINUED) SPZ L G  209.  

MMA 6.67 210.2 SPZ EP 100.5 
SPZ PG 121.3 
SPZ LG 2 0 4 -  

*MCN 6.85 251.4 SPZ I P C  104.0 
SPZ PG 127.8 
SPZ L G  218.  

GS3 6 - 9 8  253.3 SPZ EP 106.7 

GS 2 7.05 2 5 6 - 4  SPZ EP 107.3 

LC- 7.07 170.7 SPZ EP 106.7 
SPZ P* 124.5 
SPZ PG 130.9 
SPZ LG 2 2 4 -  
SPT L G  
SPR L G  
L P Z  LR 210. 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST. AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J .B. 
CODE [DEG) [DEG) t SEC) [MU) (SEC) MB LPZ LPH ISEC) 

LC- (CONTINUED) LPT LR 
LPR LR 

*BMN 7.20 281.1 SPZ IPC 109.7 
SPZ PG 133.9 

I S P Z L G  223. 
W 
U1 

I GS 1 7.22 254.6 SPZ EP 107.4 

*TPH 7.37 262.5 SPZ IPC 110.8 
SPZ PG 136.3 
SPZ LG 234. 

TNP 7.37 262.6 SPZ IPC 110.9 38.4 0.5 5.89 
SPZ PG 134.4 W.0. 

*BTY 7.39 252.8 SPZ IPC 98.4 
SPZ PG 123.7 
SPZ LC 228. 



TABLE 1 [CONTINUED) 

R U L I S O N  TRAVEL T I M E S  AND AMPLITUDES OF P R I N C I P A L  PHASES 

S T A T I O N  DIST.  AZ IMUTH COMP. TRAVELTIME AMP PER MAGN 1 TUOE J -8. 
CODE IDEGJ I D E G )  ( S E C )  (MU) I S E C )  MB L P Z  LPH I S E C )  

* l A O  7.39 9 - 3  SPZ I P C  109.4 100.0 0.9 6.05 -2.2 

BUT 7.43 334.3 SPZ I P C  
SPZ PG 
SPZ L G  

I 

W 
ch TUC 7.45 198.9 SPZ EP 
I SPZ P* 

SPZ PG 
SPZ L G  
SPN LG 
SPE L G  
L P Z  LR 
LPN L R  
LPE L R  

W.0. 
N.0. 
W.O. 

1.7 0.6 4.44 
8.6 0.7 

W.O. 
a.0. 
102.5 1.0 
w.0. 

2407-  10.0 
1724. 8.0 
1531. 6.0 

LUB 7.60 138.0 SPN L G  236. 390.0 1.0 
SPE L G  310.4 0.9 
LPE LQ 254. 1829. 9.0 
LPN LQ 1829. 9.0 
L P Z  LR 277. 2660. 11.0 
LPN LR 3049. 9.0 
LPE LR - .- - - 



T A B L E  1 ( C O N T I N U E D )  

R U L I S O N  TRAVEL T I M E S  AND A M P L I T U D E S  OF P R I N C I P A L  PHASES 

S T A T I O N  D I S T .  A Z I M U T H  COMP. T R A V E L T I M E  AMP PER MAGNITUDE J .B. 
CODE I D E G I  1DEG) I SEC I ( M U 1  f S E C 1  MB L P Z  L P H  I S E C )  

*HNV 8.02 266.3 SPZ  I P C  120.1 -0.4 

*DAC 8.25 250.8 SPZ EP 123.2 
SPZ  PG 151.8 

I 

W C  R- 8.60 78.1  SPZ E P  125.2 
u SPZ  PG 159.3 
I SPZ L G  270.  

S P T  L G  
SPR L G  
L P Z  L R  322. 
L P T  L R  
L P R  L R  

87.7 SPZ E I P I  1 2 9 - 4  
SPZ  P* 1 4 0 - 9  
S P Z  PG 160.9 
S P Z  L G  254.  
S P E  L G  
L P Z  L R  N T H  
L P N  L R  
L P E  L R  

56.4 0.4 6.27 
W -0. 
254.4 0.8 
W.O. 
W.O. 

2101. 12.0 -.- - .- 
- .- - 1- 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST. AZIMUTH COMP- TRAVELTIME AMP PER MAGNITUDE J -8. 
CODE ( D E G I  ( D E G )  LSEC) [MU) ISEC) MB LPZ LPH ISECI  

BMO 8.82 311.1 SPZ EP 131.1 10.0 0.5 5.47 -0.6 
SPZ PG 160.2 43.8 0.7 
SPZ L G  276. H.0. 

REN 9.18 274.6 LPN LQ 310. 

I LPZ LR 350. 
W 

LPN LR 
co LPE LR 

NR R 9 - 2 0  274 -8  SPZ IPC 137.3 
SPZ PP 147.9 
SPZ PG 168.4 
SPZ LG 297. 

51.7 0.4 6.33 
W.O. 

31.7 0.5 
17.2 1.3 

PAS 9.73 240.5 SPZ EP 143.7 1.7 0.5 4.80 
SPZ PG 178.7 28.7 0.6 
SPZLG 316. 46.9 1.3 
LPN LQ 320. NRC 10.0 
LPE LQ 12.0 
LPZ LR 360. N RC 10.0 
LPN LR 11.0 
LPE LR 10.0 



TABLE 1 (CONTINUEO) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST.  AZIMUTH COMP. TRAVELTIME AMP PER MACN ITUOE J.8- 
CODE (DEG) IOEGI  I SEC 1 [MU) (SEC) M8 LPZ LPH I S E C )  

*LAW 9.87 88.6 SPZ EP 143.9 -2.4 

JAS 9.88 265.5 SPZ EP 
SPZ PP 
SPZ PG 

I SPZ LG 
W 
I0 

I H HM 9.96 335.9 SPZ IPC  
SPZ PP 
SPZ PC 
SPZ LG 

TUL 10'.25 106.1 SPZ EP 148.4 
SPZ PP 1 5 8 - 9  
SPZ PG 190.4 
SPZ ES 254.9 
SPN ES 
SPE ES 
SPZ LG 325. 
SPN L C  
SPE LC 
LPN LO 340. 
LPE LQ 



T A B L E  1 ( C O N T I N U E D )  

R U L I S O N  TRAVEL  T I M E S  AND A M P L I T U D E S  OF P R I N C I P A L  PHASES 

S T A T I O N  D I S T -  A Z I M U T H  COMP. T R A V E L T I M E  AMP PER MAGNITUDE J.B. 
CODE ( D E G )  ( D E G )  I S E C )  ( M U )  ( S E C )  MB L P L  L P H  ( S E C )  

T U L  I C O N T I N U E D )  L P Z  L R  376. 835. 10.0 3.88 
L P N  L R  835. 10.0 4-02 
L P E  L R  535. 7.0 

P R I  10.58 256.0 SPZ  EP 157.2 1.3 0.3 4 - 0 8  

I S P Z  PP  165.4 19.7 0.8 
C 
0 

I S L D  10.70 261.6 S P Z  EP 158.3 1.8 0.7 4.64 
SPZ  PP 165.9 5.6 0.9 
SPZ PC 200.4 6.3 0.7 
S P Z  LG 337, 23.3 1.4 
SPN L G  5.6 0.9 
SPE L G  7.5 0.8 

MHC' 10.95 263.5 SPZ I P C  162.5 28.1 0.8 5.75 
SPZ  PP 174.8 47.8 1.0 

NEW 11.05 326.2 SPZ E P  159.9 2.3 0.5 4.86 
S P Z  PP 171.9 15.6 0.8 
S P Z  L G  345. 22.5 1.0 
L P N  LQ 367. 167. 9 .O 
L P E  LQ 167, 10.0 



TABLE 1 ICONTINUED) 

R U L I S O N  TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

S T A T I O N  DIST,  AZ IMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE (DEG) 1DEGI  I S E C )  (MU1 I S E C )  MB L P Z  LPH I S E C )  

NEW ICONTINUED)  L P Z  L R  414. 714. 11.0 3.84 
LPN L R  333.  15.0 3.60 
LPE L R  357. 1 2  - 0  

GS4 11.13 318.7 SPP EP 162.3 
I 

C 
IJ DAE 11.15 1 2 2 - 5  SPZ € ( P I  162.9 
I SPZ PG 202.1 

SPZ L G  333 .  
SPN L G  
SPE L G  
L P Z  L R  
L P N  L R  
L P E  L R  

SE S 11-21 349.8 SPZ EP 
SPZ PP 
SPZ PG 
SPZ LG 
SPN LG 
SPE L G  
L P N  LQ 
L P E  LQ 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST. AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J-B. 
CODE IOEG) [DEG) I SEC (MU) ISEC) MB LPZ LPH ISEC) 

SES ICONTINUED) LPZ LR 400. 1397. 10.0 4.19 
LPN LR 1667-  10.0 4.31 
LPE LR 405. 9.0 

GS5 11.25 313.7 SPZ EP 162.1 
I 

;f BKS 11.28 266.7 SPZ EP 165.4 13.7 0.7 5.46 
I LPN LQ 368. 926. 9.0 

LPE LQ 661. 6.0 
LPZ LR 420. 589. 14.0 
LPN LR 255. 13.0 
LPE LR 421. 14.0 

F A V  11.37 102.4 SPZ EP 163.3 3.5 0.5 5.01 
SPZ PP 172.9 14.8 0.4 
SPZ PG 147.4 121.3 0.8 
SPZ LG 359- 56.3 0.8 

BY- 11.95 78.5 SPZ E I P )  171.3 26.5 0.4 5.93 
SPZ PG 221.5 81.3 0.5 
SPZ LG 375. 65.0 0.5 
SPT LG 66.7 0.9 



TABLE 1 (CONTINUED) 

RULISON TRAVEL T I M E S  AND AMPLITUDES OF P R I N C I P A L  PHASES - 
STATION D I S T -  AZIMUTH COMP. TRAYELTIME AMP PER MAGNITUDE J - 0 .  

CODE IDEG)  IDEG)  I S E C )  [MU) (SEC) MB L P Z  L P H  ( S E C )  

BY- [CONTINUED) SPR LG 64.8 0.9 
L P Z  L R  436.  6 1 0 .  13.0 3.75 
L P T  LR -a- -.- 
LPR LR 1563. 10.0 

I LON 12 .50  3 1 0 . 4  SPZ EP 181.7 
J= 

SPZ PP 1 9 1 . 4  
o SPZ LG 3 5 4 ,  
I SPN LG 

SPE LG 
L P Z  L R  438.  
L P N  L R  
L P E  LR 

COR 12.54 299 .3  SPZ EP 183 .0  2 9 - 9  0.8 5.62 
SPZ PP 1 9 6 - 2  166.7 1.6 
L P N  L Q  372 .  5 5 6 .  10.0 
L P E  LQ -.- -.- 
L P Z  L R  480.  1 1 1 1 .  1 0 . 0  
LPN L R  6 4 7 .  8.0 
LPE LR 7 0 9 .  11 .0  

P NT 12.94 323.'8 SPZ EP 1 8 5 . 4  33.3 0.7 5.68 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AND AMPLE TUDES OF PRINCIPAL PHASES 

STATION DIST. AZIMUTH COMP- TRAVELTIME AMP PER HAGN ITUDE J.0- 
CODE iOEGl  IDEG) ISEC) [MU) ISECI MB LPZ LPH l S E C 1  

PNT ICONTINUEO) SPZ LG 429. 
SPN LG 
SPE LG 
LPN LO 426. 
LPE LQ 
LPZ LR 472. 
LPN LR 
LPE LR 

*DBQ 13.41 71.1 SPZ EP 189.8 69.0 1.0 5.67 

FLO 13-67 87.0 SPZ EP 193.9 
SPZ PG 255.6 
SPZ LG 427. 
SPN LG 
SPE LG 
LPN LO 438. 
LPE LQ 
LPZ LR 500. 
LPN LR 
LPE LR 

50.4 
123-3 
126.0 
W.O. 

60.0 
640. 

- .- 
745. 
329. 
463. 

S J- 14.23 142.8 SPZ EP 209.5 3.7 0.5 4.40 



TABLE 1 ICONTINUEO) 

RULISON TRAVEL TIMES AN0 AMPLITUOES O F P R I N C I P A L  PHASES 

STATION DIST. AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.8. 
CODE (DEG) IDEG) (SEC) IMUI ISEC) MB LPZ LPH (SECI 

SJ- I CONTINUED SPZ PG 267.1 
S P Z L G  420. 
SPT LG 
SPR LG 
LPZ LR 547. 
LPT LR 

I 
LPR LR 

i5 
I V I C  14-37 314.4 SPZ EP 201.1 

LPN LQ 456. 
LPE LQ 
LPZ LR 490. 
LPN L R  
LPE LR 

EON 14.38 346.8 SPZ EP 
SPZ PP 
SPZ PG 
SPZ LG 
SPN LG 
SPE L G  
LPZ L R  
LPN L R  
LPE LR 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AN0 AMPLITUDES OF PRINCIPAL PHASES 

STATION OIST. AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J .B. 
CODE (DEG) IDEG) (SEC I (MU) (SEC) MB LPZ LPH (SEC) 

MCc 14.64 333.2 SPZ E I P )  208.7 
SPZ PP 217.9 9.4 0.6 

GH- 14.91 108.8 LPZ LR 450. 899. 12.0 4.12 
LPT LR NRC --- 
LPR LR NRC 10.0 

RK- 15.21 36.6 SPZ IPC  212.0 
SPZ PG 279.9 
SPZ LG 487. 
SPT LG 
SPR LG 
LPT LQ 410. 
LPR LQ 
LPZ L R  460. 

LPR LR 337. 20.0 
LPT LR 170. 20.0 

ALB 1 5 - 5 6  314.8 SPZ E(P1  223.4 

OXF 15.60 102.5 SPZ E I P l  216.5 37.3 0.8 4.73 
SPZ PP 225.5 45.0 1.0 



TABLE 1 [CONTINUED) 

RULISON TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION D I S T .  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J. B. 
CODE (DEG) LDEG) I S E C )  (MU) [SEC) MB L P Z  LPH I S E C )  

UXF (CONTINUED) SPZ PG 282.0 
SPZ LG 487. 
L P N  1 9  510- 
LPE LQ 
L P Z  t R  568. 
L P N  L R  
L P E  LR 

C H I  15.62 74.3 SPZ LG 541. 

W Q- 15.64 78.1 S P Z P G  277.7 
SPT L G  452. 
SPR LG 
LPZ L R  428- 
L P T  LR 
L P R  L R  

F F C  15.85 12.8 SPZ EP 221-2 
SPZ PP 243.9 
SPZ PG 299.9 
SPZ LG 496. 
SPN LG 
SPE LG 



TABLE 1 (CONTINUED) 

RULISON TRAVEL T IMES AN0 AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST.  AZIMUTH COMP- TRAVELTIME AMP PER MAGNITUDE J - 8 -  
CODE IDEG)  (DEG) (SEC)  (MU1 ( S E C I  MB LPZ L P H  I S E C )  

FFC ICONTINUED)  L P Z  L R  580. 600.  12.0 3 -99  , 

L P N  LR 400.  11.0 3.40 
LPE L R  200. 11.0 

50.0 SPZ € ( P I  226.2 23.9 0.5 4.58 -3.7 
L P N  LQ 516. 625. 10.0 
LPE LQ 340. 10.0 
L P Z L R  552.  1660.  10.0 4 - 5 1  
LPN L R  521. 8 - 0  4.55 
LPE L R  1400.  9 -0 

P  G- 17.64 330-6  SPZ E I P )  2 4 8 - 1  22.6 0 - 8  4.35 -0.2 
L P T L Q  460.  193.  13.0 
LPR LQ --- --- 
L P Z  LR 590. 716.  12.0 4.13 
L P T  LR 444. 11.0 4.25 
LPR L R  668. 10.0 

PHC 17.75 315.9 SPZ E I P )  247-8  28 -6  1.0 4-36 -2.0 
SPZ PP 258.4 25.0 0.8 

CPO 18.15 95.1 SPZ EP 253.2 7.8 0.6 4.03 



TABLE 1 (CONTINUED) 

RULISON TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST.  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J .Be 
CODE IDEGJ ( D E G I  I S E C )  {MU) (SEC) M B  L P Z  LPH I SEC) 

CPO (CDNTINUED) S P Z P P  263.8 
SPZ PG 314.9 
SPZ LG 569. 
SPN L G  
SPE L G  
L P N  L Q  590. 
L P E  LQ 
L P Z  L R  645. 
L P N  LR 
L P E  LR 

18.8 0.4 
15.6 0.6 
39.8 0.7 

U.O. 
W.O. 
987- 13.0 -.- -.- 

2951. 13.0 
938- 10.0 

2315. 12.0 

M LF 18.32 83.3 SPZ IP'C 256.4 14.9 1.0 4.11 
S P Z L G  557. 67.5 2.0 
SPN L G  91.5 1.0 
SPE LG 51-2 1.0 

S  HA 18.37 112.2 L P N  LQ 700. 2041. 6-0 
L P E  L Q  2194. 6 .O 
L P Z  L R  720. 741. 10.0 
L P N  L R  1481. 10-0 
LPE LR 1111- 10.0 

AAM 18.59 73.2 L P N  LQ 616. 519. 10.0 



TABLE 1 [CONTINUED) 

R U L I  SON TRAVEL T IMES A N 0  AMPLITUDES OF P R I N C I P A L  PHASES 

STATION D I S T .  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J .B. 
CODE I D E G I  I D E G I  I S E C I  (MU1 ISECJ M E  L P Z  L P H  I S E C )  

AAM I CONT INUED) L P E  L Q  
LPZ LR 544.  
L P N  LR 
LPE L R  

I F S  J 18.64 3 2 9 . 1  SPZ EP 260.3 
VI L P Z  L R  6 3 6 .  
o L P N  LR 
I LPE L R  

*DRT 19.02 93.1 SPZ I P C  264.9 
SPZ ES 457.1 

G Z- 1 9 - 3 0  7 8 . 2  SPZ EP 266.8 
SPZ PP 277 .9  
SPZ LG 470 .  
SPT LG 
SPK LG 
L P Z  LR 695. 
L P T  L R  
L P R  LR 



TABLE 1 (CONTINUED) 

RUL I SON TRAVEL TIMES AN0 AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST. AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE 3.0. 
CODE ' (DEG) IDEG) [SEC) (NU1 (SEC) MB LPZ LPH (SEC) 

ATL 19.89 100.1 SPZ EP 272.9 
SPZ LG 603. 
SPN LG 
SPE LG 
LPN LQ 652. 
LPE L Q  
LPZ LR 712. 
LPN LR 
LPE LR 

CLE 20.19 75.6 SPN LG 693. 833 -3  1.0 
SPE LG 294.1 0.6 
LPZ LR INOP -.- - .- 
LPN LR 1629.) 238. 7 .O 
LPE LR 568. 10.0 

SUD 20-91  61.5 SPZ EP 284.6 120.0 1.0 5.18 

OXM 21.27 158.0 SPZ EP 289.1 12.5 1.0 4.22 
SPZ PP 300-8 NRC 0.8 

FCC - 21.31 20.1 SPZ EP 287.2 69.4 1.0 4.97 



TABLE 1 [CONTINUED) 

RULISON TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION D I S T .  AZIMUTH COHP. TRAVELTIME AMP PER MAGNITUDE J . B .  
COCE ( D E G I  ( D E G I  [ S E C I  [MU) ( S E C )  MB L P Z  LPH [ S E C )  

FCC ICONTI%UED1 LPZ L R  764. 990. 11.0 4 .46  
LPN LR 761. 12.0 4.42 
L P E  L R  365. 10.0 

U N M  21 .?,9 156.8 LPN LQ 680. 714. 7.0 
LPE L Q  1078. 8.0 
L P Z L R  790. 1020. 13 .0  4-40  
LPN L R  1031. 12.0 
LPE L R  -.- - .- 

NP.G 21-57 80 .4  SPZ L G  666. 642.9 1.9 
SPN LG 952.4 1.8 
SPE L G  288.5 1.5 

BLA 2 l . b 8  87.1 SPZ I P C  294.5 16.8 
SPZ PP 321.0 23.1 
SPZ LG 671. 57-5 
SPN L G  87.5 
SPE LG L31.9 
L P Z  ES 494. 762. 
LPN LQ 706. 443. 
LPE LQ 106. 
L P Z  L R  784. 1071. 



TABLE 1 (CONTINUED) 

RULISON TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST. AZIMUTH COMP. TRAVELTIHE AMP PER MAGNITUDE J.B. 
CODE LDEGJ IDEG)  I S E C )  (MU) (SEC) MB L P Z  L P H  [ S E C I  

BLA (CONTINUED) L P N  L R  548.  8 .0  
LPE L R  548.  8.0 

AS- 22.51 7 7 . 2  SPZ EP 301.2  
SPZ PP 307.9 
SPZ PG 359 .9  
SPZ LG 694 .  
SPT LG 
SPR LG 
L P Z  LR 805 .  
L P T  L R  
LPR LR 

76.8 SPZ I P C  306.8  
SPZ LG 767 .  
SPN L G  
SPE LG 
L P N  LQ 7 4 6 .  
L P E  L a  
L P Z  LR 804.  
LPN LR 
LPE LR 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL PHASES 

STATION OIST. AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.8. 
CUOE IDEG) IUEGI SEC) (MU) (SEC) MB LPZ LPH (SECI 

Y KC 23.44 352.4 SPZ EP 310.0 28.7 0.8 4.90 
LPN L O  780. --- -I- 

LPE L O  143. 10.0 
LPZ LR 860. 900. 13.0 
LPN LR 1000, 12.0 
LPE LR 100. 12.0 

WSC 23.83 

GEO 23.90 

81.0 SPZ LG 708. NRC 1.2 

81.3 SPZ LG 806. 92.6 1.4 
SPN LG 92.6 1.4 
SPE LG 20.0 1.0 
LPZ LR 566. 1111. 10.0 
LPN LR 1176. 9 - 0  
LPE LR 1111. 10.0 

O T T  24.44 65.3 SPZ EP 320.8 42.6 1.0 5-07 
LPN LQ 776. 647. 8 - 0  
LPE LQ - .- - .- 
LPZ LR 860. 468. 12.0 
LPN LR 441. 8-0  
LPE LR 853. 8.0 



TABLE 1 (CONTINUED) 

RULISON TRAVEL T I M E S  AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST. AZIMUTH COUP. TRAVELTIME AMP PER MAGNITUDE J .8. 
CODE ( D E G I  ( D E G I  {SEC) (MU) (SEC) MB L P Z  L P H  I S E C )  

H MC 24.50 64.4 SPZ EP 321.1 19.0 0.9 4.77 -0.7 

OGD 25.42 75.5 SPZ I P C  330-3 
SPZ L G  804. 
SPN L G  
SPE L G  
L P N  LQ 820. 
L P E  LQ 
L P Z  L R  900.  
L P N  L R  
L P E  L R  

GWC 25.63 41-7 L P Z  L R  900. 160. 11.0 
L P N  L R  -.- -.- 
L P E  L R  188. 8.0 

MNT 25.91 65.2 SPZ E t P )  335.1 5.0 0.3 4.72 
L P N  L Q  836. 385. 11.0 
LPE La -.- - .- 
L P Z  L R  920. 833. 10.0 
L P N  L R  577.  8.0 
LPE L R  577. 10.0 



TABLE  1 ( C O N T I N U E D )  

R U L I S O N  TRAVEL  T I M E S  AND A M P L I T U D E S  OF P R I N C I P A L  PHASES 

S T A T I O N  D I S T .  A Z I M U T H  COMP. T R A V E L T I M E  AMP PER MAGNITUDE J.R. 
CODE ( D E G I  ( D E G )  ( S E C )  ( M U 1  ( S E C )  MB L P Z  L P H  ( S E C )  

B L C  25.92 11.9 SPZ  E P  333.2 
L P N  L Q  858. 
L P E  L Q  
L P L  L R  940. 
L P N  L R  
L P E  L R  

I 

V, 
m P A L  25.96 75.5 L P N  L Q  823 .  
I L P E  L Q  

L P Z  L R  9 3 1 .  
L P N  L R  
L P E  L R  

HES 27-71 71.9 SPZ  € ( P I  352.3 
L P N  L Q  892. 
L P E  L Q  
L P Z  L R  9 9 8 .  
L P N  L R  
L P E  L R  

S F A  27.90 61.7 L P N  L Q  900 .  
L P E  L Q  
L P Z  L R  972. 



TABLE 1 ICONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST.  AZIMUTH COMP. TRAVELTIME AMP PER M A G N l  TUDE J.B. 
CODE I DEG) IDEG)  I S E C I  (MU) I S E C )  MB LPZ L P H  ( S E C )  

SFA (CONTINUED) L P N  L R  294. 8 .O 4: 50 
LPE L R  441. 8 -0 

C MC 28-76 354.4 L P N  L Q  970- -,- - .- 
L P E  L Q  250- 10.0 
LPZ LR 1050. 308. 14.0 4.06 
L P N  LR 375. 10.0 4.39 
LPE LR 203. 9 -0 

HN- 29.85 63.7 LPZ LR 1070. 
L P T  LR 
LPR LR 

SCH 31 -44 46.9 SPZ EP 384.1 
LPN LQ L030. 
L P E  LP 
LPZ LR 1104, 
L P N  L R  
LPE LR 

I NU 32.12 342.4 SPZ EP 388.5 
L P Z  LR 1210. 



TABLE 1 (CONTINUED) 

RULISON TRAVEL T I M E S  AND APPLITUDES OF PRINCIPAL PHASES 

STATION DIST. AZIMUTH COMP. TRAVELTIME AMP PER HAGN I TUDE J.B. 
CODE (DEGJ IOEGI (SECI (MU) (SECI MB LPZ Lf?H (SECI 

I N K  (CONTINUED) LPN LR 
LPE LR 

S C M  32.79 326.2 SPZ EP 395.9 

BLR 32.53 329.5 SPZ EP 396.7 

H A L  33.0+ 66.2 LPN LQ 1070. 
LPE LQ 
LPZ LR 1152. 
LPN LR 
LPE LR 

P MR 33.48 325.2 SPZ € ( P I  402.0 

PUS 33.54 324.5 SPZ EP 403.0 20.0 1.0 5.90 0.1 

FBC 33-67 30.7 SPZ EP 403.6 8.3 0.6 4.84 -0.2 
LPZ LR 1180. h25. 11.0 4.57 
LPN LR 140. . 10.0 4.34 



TABLE 1 (CONTINUED) 

RULISON TRAVEL T I M E S  AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION D I S T .  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J -0. 
CODE (DEG J (DEG) (SEC ) [MU) I S E C )  M8 L P Z  LPH I S E C )  

FBC (CONTINUED) LPE L R  

G I L  34.28 331.3 SPZ EP 407.8 

P JD 34-31 331.3 SPZ EP 408.4 

COL 34.35 331.0 SPZ EP 408.0 
L P Z  L R  1290. 
L P N  L R  
L P E  LR 

FA- 34.56 330.9 SPZ I P C  410.0 
L P Z  L R  1200.  
L P N  L R  
L P E  LR 

SVW 36.29 322.6 SPZ EP 425.4 

MBC 37-28  355.5 SPZ EP 432.7 
L P Z  L R  1340. 



TABLE 1 (CONTINUED) 

RULISON TRAVEL TIMES AND AMPLITUDES OF PRINCIPAL  PHASES 

STATION DIST.  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE (DEGJ IDEG) (SEC I (MU1 (SEC) MB LPZ LPH ( S E C )  

MBC (CONTINUED) LPN LR 
LPE LR 

N P- 37.30 355.5 SPZ EP 432.8 1.8 0.4 4.15 -1.7 
SPZ PCP 572.5 4 - 3  0.5 
LPZ LR 1370, 1133. 14.0 4.80 
LPN LR 415. 15.0 4 - 3 0  
LPE LR 313. 19.0 

STJ 40.13 59.6 LPZ ( L R I 1 3 8 0 .  

S  JG 41.87 108.2 SPZ E t P I  471.5 6.8 0.7 4.49 -2.2 

ALE 45.72 7.5 SPZ EP 501.2 15.0 0.5 5.25 -2.2 
L P Z L R  1720. 313. 10.0 4.53 
LPN LR - - - .- 
LPE LR 179. 10.0 

BOG 46.23 129.7 SPZ E ( P I  509.0 56.1 0.6 5.79 



TABLE 1 ICONTINUED) 

RULISON TRAVEL T IMES AND AMPLITUDES OF P R I N C I P A L  PHASES 

STATION DIST.  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE IOEG) [DEG) I S E C I  (MU) ( S E C I  MB L P Z  L P H  I S E C )  

ADK 47-85 308.9 SPZ E t P )  5 1 8 - 1  '20.0 1.0 5.20 -2.8 

ARE 65.17 141.1 SPZ EP 644.9 20.0 1.0 5.30 -0.3 

KEV 66.29 15.6 SPZ EP 648.5 9.9 0.5 5.29 
SPZ PCP 677.9 8.0 1.0 

SOD 66-13 1 7 - 3  SPZ E l P )  660.9 3.3 0.5 4.82 -2.0 

HFS 69- 8 8 27.0 SPZ I P C  671.3 1.5 0 - 3  4.61 -2.5 
LPZ LR 2505;  85. 20.0 4.06 

K J N  7 1 - 0 7  18.9 SPZ I P C  678.4 7.5 1.0 4.78 -2.6 

*UPP 71.44 25.7 SPZ I P C  6 8 2 - 9  20.0 0.5 5.50 -0.4 

N UR 73.15 22.4 SPZ EP 691.3 20.0 1.0 5.19 -2.1 



TABLE 1 (CONTINUED) 

R U L I S O N  TRAVEL T I M E S  AND AMPLITUDES OF P R I N C I P A L  PHASES 

S T A T I O N  D I S T .  AZ IMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.B. 
CODE I DEG I D E G )  ( S E C )  (MU)  ( S E C )  MB L P Z  L P H  I S E C )  

TCF 74.32 42-5 SPZ I P C  698.7 10.4 1.1 4.78 -2.0 

SSF 74-48 41.3 SPZ E I P )  699.9 6.5 0.8 4.71 -1.6 

LOR 74-51 41.0 SPZ EP 700-1 7.5 1.0 4.68 -1.7 

L B F  74.76 41.2 SPZ E I P )  701.6 7.9 0.8 4.79 -1.7 

BUH - 75.71 37.9 SPZ E P  706.8 2.5 0-7 4.42 

MOX 75.87 34.8 SPZ E I P I  707.6 10.1 1.1 4.85 

* C L L  75.99 33.7 SPZ EP 708.6 23.0 0-9 5231 

STU 76.14 37.3 SPZ EP 708.7 8.4 0.9 4.87 

GR F  76.37 35.7 SPZ € ( P I  711.2 15.0 1.0 5.08 



TABLE 1 ICONTINUED) 

RULISON TRAVEL T I M E S  AND AMPLITUDES OF PRINCIPAL PHASES 

STATION DIST.  AZIMUTH COMP. TRAVELTIME AMP PER MAGNITUDE J.8. 
CODE (DEG) ( D E G ~  [ S E C )  (MU) ( S E C )  MB LPZ LPH tSEC) 

AV E 76.89 57.7 SPZ EP 714.0 25.0 0.7 5.45 -1.8 

LNS 77.42 41.0 SPZ € [ P I  718.0 12.5 0-8 5.10 -0.7 

P RU 17-63 33.9 SPZ EP 718.3 12.5 1.5 4.82 -1.0 

K HC 77.84 34.9 SPZ EP 719.5 12.5 1.5 4.82 -0.9 

IFR 78.24 56.3 SPZ IPC 721.2 5.3 1.0 4.60 -2.1 

BAE 78.47 121.6 SPZ E I P )  722.9 -1.9 

PEL 80. 02 149.0 SPZ E(P) 731.6 12.5 1.2 4.72 -0.8 

N I E 80.47 31.3 SPZ EP 734.3 15.8 1.1 4.90 -1.0 

M A T  82.96 312.1 SPZ EP 745.3 12.5 1.0 5.09 -2.9 



T A B L E  1 ( C O N T I N U E D )  

R U L I S O N  T R A V E L  T I M E S  AND A M P L I T U D E S  OF  P R I N C I P A L  PHASES 

STATION DIST. AZIMUTH COMP- TRAVELTIME A M P  PER MAGNITUDE J.B. 
CODE I D E G )  I D E G )  I SEC [ M U )  ( S E C )  MB LPZ  L P H  I S E C )  

*SPA 129.22 180.0 S P L  PUP 1 1 4 8 . 3  -0.3 

*LMM 1 4 4 . 4 7  79.9 SPZ  PUP 1 1 7 5 . 3  

*SYO 145.60 159.9 SPZ  PKP  1177.6 

NRC NO RESPONSE CURVE A V A I L A B L E  OR TRACE M A G N I F I C A T I O N  UNUOWN 
H.0, RECORDED TRACE D A T A  NOT R E A D A B L E  
C L I P  R t C O R D  I N G  INSTRUMENT OVERLOADED * DATA REPORTED V I A  TELEGRAPH 
- -  DATA NOT RECORDED ON INSTRUMENT TRACE 
I N O P  RECORDING INSTRUMENT I N O P E R A T I V E  

PHASE, AMPL I T U O E v P E R  I O D  Q U E S T I O N A B L E  
NTM NO T I M E  MARKS ON SElSMOGRAM 
I P  I M P U L S I V E ,  EP EMERGENT, C I N I T I A L  A R R I V A L  COMPRESSIONAL  - L R S M  S T A T I O N S  
MB BODY WAVE MAGNITUDE,  MS SURFACE WAVE MAGNITUDE 
L P Z  MS LONG P E R I O D  V E R T I C A L  TRACE 
L P H  MS LONG P E R I O D  H O R I Z O N T A L  TRACES,  VECTOR SUMMED 



FIGURE 1 RULISON LOCATION AND PHYSIOGRAPHIC PROVINCE MAP 

- 65 - 



I 
FIGURE 2 MAP SHOWING WWNSS NETWORK AND RULISON TEST SITE 



A First Order Stations i n  operation.1 

I Canadian Gorrernment, A Firs t  Order Stations planned. Stations. 

A Second Order Stations planned. 1 
@ First Order Privately owned stations i n  operation. 

Second Order Privately owned stations i n  operation. 

FIGURE 3 CANADIAN SEISMOLOGICAL NETWORK 



SHORT-PERIOD SEISMOGRAPHS 
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F I G U R E  4 
REPRESENTATIVE INSTRUMENT RESPONSE CURVES 

.01 
.01 0.1 1 .o 10 

PERIOD ( SEC ) 



LONG-PERIOD SEISMOGRAPHS 

CANADIAN NATIONP 
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WWNSS- 

FIGURE 5 * \  
REPRESENTATIVE INSTRUMENT RESPONSE CURGES 
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FIGURE 7 
RULISON 

I P.WAVE RECEPTION ON SPZ INSTRUMENTS AS 
A FUNCTION OF DISTANCE AND MAGNIFICATION 

S16NAl RECORDED 
x S16NAL NOT RECORDED 
@INSTRUMENT MALFUNCTION 
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FIGURE 8 

RULISON - - 

SURFACt-WAYE DETECTION VERSUS DISTANCE 
AN0 LONG-PERIOD INSTRUMtNT MAGNIIICATION 

I I I I I I I I I I I I I 
10 20 30 40 50 60 70 80 90 100 110 1 20 130 1 40 150 

u 
DISTANCE [DEGREES] 



RULISON SIGNAL RECEPTION 
I N  NORTH AMERICA 

0 SP SIGNAL 
A LP SIGNAL 



NORTH AMERICA WHICH 
RECORDED RULISON 

WWNSS STATIONS UNDERLINED 



P PHASE AMPLITUDE/  Z COMPONENT 

DISTANCE [KM] 



PG PHASE AMPLITUDE-' Z COMPONENT 

0 
i c l l  A l o 2  103 10' i o 5  

DISTANCE [KM] 

FIGURE 12 MAXIMUM MPLITUDES OF PG-RULISON 
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FIGURE 13 RULISON BODY-WAVE MAGNITUDES (GUTENBERG AND RICHTER, 1956) 
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APPENDIX 1 

SITE INF'ORMRTIDN 

Coordinates Magnification 
Iat. Long. ELev. Instrumentation SP LP 

Code S ta t ion  Name Deg Min Deg Min Meters SP LP @ 1.0 sec  @ 15.0 sec 

R?. CBGiS Tenpiorary, 
Colorado 

Fu? CBGIS Temporary, 
Colorado 

39 22.5N 107 55.9W 3097 Yes No 

39 2 6 . 0 ~  107 58.3W 2083 Yes No 

R3 CBdjS Temporary, 39 27.6N 107 56.0W a961 Yes NO 
Colorado 

PJl CUS Temporary, 39 27.3N 107 58.3W 1838 Yes No 
Colorado 

R5 C&GS Tenporary, 
Colorado 

C&GS Temporary, 
Colorado 

R7 C&GS Temporary, 
Colorado 

R8 C&GS Temporary, 
Colorado 

R9 CBGiS Temporary, 
Colorado 

Y e s  NO 

Yes No 

39 17-6N 107 57.lrW 2184 Y e s  No 

39 2 0 . 0 ~  108 0 1 . 0 ~  1585 Yes No 

39 31.3N 107 55.2W 1789 Yes No 



APPENDIX 1 (con.) 

Coordinates Maenification 
Lat. Long. mev. Instrumentation -SP- LP 

Code S ta t ion  Name Deg Min Deg Min Meters SP LP @ 1.0 sec @ 15.0 sec 

Rlo 

R11 

R12 

R13 

Rl4 

R15 

RI.6 

R17 

R20 

El 

C&GS Temporary, 
Colorado 

CGS Temporary, 
Colorado 

C&GS Temporary, 
Colorado 

C&GS Temporary, 
Colorado 

CGS Temporary, 
Colorado 

C&GS Temporary, 
Colorado 

CGS Temporary, 
Colorado 

CGS Temporary, 
Colorado 

C&GS Temporary, 
Colorado 

C&GS Temporary, 
Colorado 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

NO 

NO 

No 

No 

No 

No 

NO 

No 

No' 

No 



APPENDIX 1 (con.) 

Coordinates Magnification 
L a t .  Long. Kiev. Instrumentation SP LP 

Code Stat ion Name Deg Min Deg Min Meters SP LP 6' 1.0 sec 6' 15.0 sec 

R22 CGS Temporary, 
Colorado 

R23 C&CS Temporary, 
Colorado 

E5  CGS Temporary, 
Colorado 

R27 C&CS Temporary, 
Colorado 

E 8  C&CS Temporary, 
I Colorado 

m 
v R30 C&GS Temporary, 

Colorado 
I 

R32 CSS Temporary, 
Colorado 

R35 C&GS Temporary, 
Colorado 

~ 3 6  C&GS Temporary, 
Colorado 

R37 C&GS Temporary, 
Colorado 

Yes No 

39 33.1N 107 1 9 . 4 ~  1798 Yes No 

39 O4.ON 108 34.1W 1401 Yes No 

40 02.ON 107 55.ON 1 9 U  Yes No 

Yes Nc 

Yes No 

Yes No 

40 31.ON 107 31.5% 1889 Yes No 

37 4 8 . 5 ~  107 4 0 . 0 ~  2804 Yes No 

40 16.0N 110 2 6 . 0 ~  1826 Yes No 



APPENDIX 1 (con.) 

Coordinates Magnification 
Iat. Long. ELev. Instrumentation SP LP 

Code Sta t ion Name Deg Min Deg Min Meters SP LP O 1.0 sec @I 15.0 sec 

R38 C&GS Temporary, 37 17.0N 107 52.8W 1981 Yes No 
Colorado 

a 0  C&GS Temporary, 
Wyoming 

Pub1 C&GS Temporary, 
New Mexico 

Yes No 

36 44.5N 108 11.6W 1554 Yes No 

R42 CGS Temporary, 4044.9N 111 52.3W 1347 Yes No 
Utah 

!!A?! Ann Arbor, Michigan 42 18.0N 83 39.hW 254 Yes Yes 

ADK Adak, Alaska 51 53.ON 176 34.8W 117 Yes Yes 

ALE Alberni, B.C., 
Canada 

ALE Aler t ,  N.W.T., 
Canada 

Au Albuquerque, 
New Mexico 

Yes No 

Yes Yes 

Yes Yes 

A s  Arequipa, Peru 1 6  27.7s 71 2 9 . 3  2452 Yes Yes 

AS- Altoona, 
Pennsylvania 

40WI.ON 7 8 3 1 . N  469 Yes Yes 



APPENDIX 1 (con.) 

Coordinates Magnification 
Lat. Long. E L ~ V .  Instrumentation SP LP 

Code Station Name Deg Min Deg Min Meters SP LP O 1.0 sec 0 15.0 sec 

Atlanta, Georgia 36 26.0N 8h 20.3W 272 Yes Yes 50,000 3,000 

APE Averroes, Morocco 33 17.9N 07 2&.8W 230 Yes No 40,000 

BRE Brasilia, Brazil 15 50.5s 47 49.m 1200 Yes No 400,OPO 

E N  Ebulder City, 
Nevada 

35 58.9N lllr 50.0W 776 Yes NO 125,000 

BKS - Byerly, California 37 52.6N 122 1h.lW 276 Yes Yes 25,000 3,000 

BLA - Hlacksburg, Virginia 37 1 2 . 7 ~  80 2 5 . 2 ~  63h Yes Yes 100,000 3,000 

Em. Baker W e ,  N.W.T., 6&19.0N 9601.0W 16 Yes Yes 28,000 3,800 
Canada 

BLR Black Rapids, 
Alaska 

WN Eattle Nountain, 
Nevada 

63 30.1N llr5 9 . W  792 Yes NO (555,000) 

BlO Blue Mountains, Oregon W1 50.9N l l 7  18.3W 

B31 Boulder, Colorado LO 00.8N 105 15.lW 

BOG - Bogota, Colombia 04 37.LN 74 0 3 . 9  

BTY Bat ty ,  Nevada 36 53.ON L16 h6.OW 

Yes No 

Yes Yes 

Yes No 

Yes Yes 

Yes No 



APPENDIX 1 (con.) 

Coordinates Mdgnif i c a t i c n  
Llt . Long. ELev. Instrumentation SP LP 

Code S t a t i o n  Name Deg Min Deg Min Meters SP LP @ 1.0 sec  @ 15.0 sec 

BUH Buehlerhoehe, 4840.5N 0813.7E 750 Yes No 115,200 
West Germany 

BUT Butte, Montana L600.8N 112 33.& 1758 Yes No 50,000 

BY- Bloomfield, Iowa LOL6.5N 9 2 2 7 . a  253 Yes Yes 72,000 12,30@ 

CCU Cedar City,  Utah 

CLE Cleveland, Ohio 

37 Lj.lrN 113 Oh.oW 1715 Yes No 

L129.5N 8 1 3 1 . 9 ~  326 Yes Yes 1,760 2,100 

CLL Collmberg, 5118.5N 1300.3E 230 Yes No 10,000 
East Germany 

CMC Coppermine, N.W.T., 67 50.0N 115 05.0W 31 Yes Yes 33,500 3,800 
Canada 

C OL - College, Alaska 6L 54.0N 1 4 7 4 7 . 6 ~  320 Yes Yes 100,000 1,500 

C OR - Corval l i s ,  Oregon 44 35.1N 123 18.2W 123 Yes Yes 25,000 1,500 

CPO Cumberland Pla teau,  35 35.7N 85 34.2W 57h Yes Yes 390,000 1,900 
Tennessee 

CR- Crete,  Nebraska LO 39.9N 96 h . 2 ~  hJ-12 Yes Yes 68,900 2,390* 

DAC Darwin,, Cal i fornia  36 1 6 . 6 ~  117 3 5 . 6 ~  lL33 Yes No 

D& Dallas,  Texas 32 50.8N 96 4 7 . 0 ~  187 Yes Yes 25,000 1,500 



A P P ~ I X  1 (con.) 

Coordinates Magnification 
Lat. Long. Elev. Instrumentation SP LP 

Code Stat ion Name Deg fin Deg Min Meters SP LP @ 1.0 sec  @I 15.0 sec 

Dm Dubuque, Iowa 42 30.4N 90 41.OW 2 b  Yes No 29,000 

DEN Cenver, Colorado 

Dugway, Utah 

1655 3947.5N 10502.OW Yes No 

40 11.7N 112 48.8W 1477 Yes Yes 9 , 0 0 0  3,000 

EDM Edmonton, Alberta, 53 13.3N 113 21.OW 730 Yes . Yes 35,000 9 0  
Canada 

ELY my, Nevada 39 07.9N 114 5 3 . 9  2 0 l l  Yes No 

LUR b r e k a ,  Nevada 39 29.ON 115 58.m 2178 Yes No 260,000 

FA- Fairbanks, Alaska 64 57.IN Ui8 17.1W 716 Yes Yes 164,000 16,90* 

FAV h y e t t e v i l l e ,  
Arkansas 

36 07.3N 94 l l . 4 W  LO4 Yes No 100,000 

FEZ Frobisher Bay, N.W.T., 63 u . 0 ~  68 28.OW 45 Yes Yes 31,500 2,800 
Canada 

FCC Fort Churchill, 
Manitoba, 
Canada 

58 4 5 . 7 ~  94 O5.m 39 Yes Yes 36,000 4,500 

FFC Flin  Flon, Manitoba, aU.5N 10158.7w 338 Yes Yes 40,000 4,600 
Carada 

FGU Flaming Gorge, Utah 40 5 5 . 6 ~  109 23.2W 1982 Yes No 2,500 



APPSNDIX 1 (con.) 

Coordinates Maenification 
Iat. Long. Elev. s P' LP Instrumentation 

Code S ta t ion  Name Deg Min Deg Min Msters PP LP Q 1.0 sec Q 15.0 sec 

Flats, Utah Yes No 

160 Yes Yes F lo r i s san t ,  
Missouri 

For t  S t .  James, 
B.C., Canada 

772 Yes Yes 

GCA Glen Canyon, 
Arizona 

1339 Yes No 

GEO - 

GH- 

Georgetown, 
Washington, D .C . 43 Yes Yes 

30 Yes Yes 

350 Yes No 

2359 Yes Yes 

52 5 Yes NO 

1628 Yes No 

1603 Yes No 

Greenville, 
Miss iss ippi  

Gilmore Creek, 
Alaska 

GOL - 
GRF 

Golden, Colorado 

Graefenberg, 
West Germany 

USGS Sta t ion,  
Nevada 

USGS Sta t ion,  
Nevada 



APPENDiX 1 (con.) 

Coordinates Magnification 
Lat . Long. Flev. Instrumentation SP LP 

Code Station Name Deg Min B g  Min Meters SP LP D 1.0 sec O 15.0 sec - 
GS3 USGS Station, 37 05.6N 116 19.OW 400 Yes No 

Nevada 

USGS Station, 
Washington 

Yes No 

USGS Station, 
Oregon 

Yes No 

GWC Great Whale River, 
Quebec, Canada 

Yes Yes 

Galion, Ohio Yes No 

Yes Yes Halifax, 
Nova Scotia, 
Canada 

I 

HFS Hagfors, Sweden Yes Yes 

Yes No Hungry Horse, 
Montana 

HMC Holland Mills, 
Ontario, 
Canada 

Yes No 

Yes Yes Houlton, Maine 



APPDiDIX 1 (con.) 

Coordinates Magnification 
Lat. Long. Elev. Instrumentation SP LP 

Code Sta t ion Name Deg Min Deg Min Meters SP LP O 1.0 sec @ 15.0 sec 

7 FR Ifrane,  Morocco 3331.ON 0507.6W 1630 Yes No 380,000 . 

INK Inuvik, N.W.T., 68 17.5N U3 30.0W 46 Yes Yes 68,000 3,300 
Canada 

JA S Jamestown, 
Cal i fornia  

Yes No 

KEV - Kevo, Finland 69 45.3N 27 00.hE 80 Yes Yes 25,000 1,500 

KHC - Kasperske Hory, 4907.8N 133h.8E 700 Yes No 100,000 
Czechoslovakia 

K J N  Kajaani, Finland 64 05.1N 27 42.7E 2 50 Yes No 100,000 
I 

KN- Kanab, Utah 37 0 1 . 4 ~  112 4 9 . 7 ~  1737 Yes Yes 23,800 32,80@ m 
m 

LAO USA Center, 46 41.3N 106 13.3W 744 Yes 
I Montana 

LAR Laramie, Wyoming 41 1 8 . 9 ~  105 3 5 . 0 ~  2400 Yes No (100,000) 

LAW Lawrence, Kansas 38 5 7 . 6 ~  95 1 5 . 0 ~  260 Yes 

LBF Les h t e a u x ,  France 46 59.2N 03 58.63 660 Yes No 290,000 

LC- Las Cmces, 
New Mexico 

32 2 4 . 1 ~  106 36.0W 1585 Yes Yes 73,900 49,80@ 



APPENDIX 1 (con.) 

Coordinates Maenif i ca t ion  

Code S ta t ion  -Name 
Lat. Long. ELev. Instrumentation SP- LP 

Des Min Des Min Meters SP LP @ 1.0 sec  B 15.0 sec 

LEE b e d s ,  Utah 37 &.6N 113 22.6W 1067 Yes No 

LHC Lakehead, Ontario, 48 25.0N 89 16.0W 196 Yes Yes 22,500 3,000 
Canada 

LMM Lourenco Marques, 25  58.1s 32 35.63 55 Yes No 50,000 
Mozambique 

LON - Longmire, Washington 46 45.ON 121 4 8 . 6 ~  8% Yes Yes 100,000 1,920 

LOR - Lormes, Sommee, 47 1 6 . 0 ~  0 3  9.1~ 530 Y e s  100,000 
France 

I LU B - Lubbock, Texas 33 35.0N 101 52.0W 979 Yes Yes 25,000 l,% 

Co 
\D 

LVN Las Vegas, Nevada 36 06.6N 115 08.4W 610 Yes No 

I - MAT Matsushiro, Japan 36 32.3N 138 12.5E 4llO Yes Yes 100,000 3,000 

MBC ~ o u l d  Bay, N.W.T ., 76 &.5N 119 2 1 . 9  15 Yes Yes 72,000 3,903 
Canada 

MCC Mica Creek, B.C., 52 03.1N 118 35.1W 
Canada 

MCN Mercury, Nevada 36 55.9N 116 03.4W 

MHC M t .  Hamilton, 
Cal i fornia  

Yes No 32,000 

Y e s  No 

Yes No 31,400 



APPENDIX 1 (con.) 

Coordinates Magnification 
Lat. Long. ELev. Instrurnmtation SP LP 

Code Sta t ion Name Deg Min Deg Min Meters. SP LP @ 1.0 sec O 15.0 sec 

MHT Manhattan, Kansas 3912.ON 9634.8W 339 Yes Yes 53,000 (7,000) 

MLF Milford, Ohio 39 08.2N 84 16.6W 238 Yes No 84,000 

MMA Runmy Mountain, 
Arizona 

Yes No 

MNT Montreal, Guebec, h5 30.2N 73 37 .m 112 Yes Yes h3,000 I,L00 
Canada 

MNV Mina, Nevada 38 2 6 . 0 ~  118 09.m 1524 Yes No 

MOX Moxa, West Germany 50 38.8N 11 37.OE 454 Yes No 100,000 

NEL Nelson, Nevada 35  42.7N 114 9 . 6 ~  Yes No 

NEW Newport, Washington L8 15.8N 117 07.m 760 Yes Yes 100,000 1,50C 

NP- Mould Bay, N.W.T. 76 15.0N 119 22.0W 59 Yes Yes 221,000 17,500fi 
Canada 

NR9 North Reno, Nevada 39 34.3N 119 50.9W 1383 Yes No 150,000 

!!% Nurmijarvi, Finland 60 30.% 24 39.13 102 Yes Yes 25,000 1,500 

CGD - Ogdensburg, 
New Jersey 

ORT Oak Ridge, 
Tennessee 

Yes Yes 

35  55.LN ' 8L 18.W 2 62 Yes No 



Coordinates Magnification 
Lat  . Long. ELev. Instrumentation SP LP 

Code S ta t ion  Name Deg Min Deg Min Meters SP LP @ 1.0 sec O 15.0 ncc 

OTT Ottawa, Ontario 45 23.6N 75 43.0W 83 Yes Yes 23,500 3,200 
Canada 

Oxford, Mississippi 3h 30.7N 89 24.6W 101 Yes Yes 50,000 3,000 

OXM Oxtoti t lan,  Mexico 19 17.8N 99 h 1 . 3 ~  2700 Yes No lO0,CQO 

PAL Palisades,  New York 41 00.hN 73 54.5W 103 Yes Y e s  1,m 
PAS Pasadena, California 34 08.9N 118 l0.3W 295 Yes Yes 62,000 

PCU Price, Utah 39 3 6 . 4 ~  110 4 8 . 3 ~  171b Yes No 24,000 

PEL - Peldehue, Chile 3308.6s  7Okl.lW 690 Y e s  Yes 50,000 l , 5OO 
I FG- Prince George, L C . ,  53 5 9 . 8 ~  122 3 1 . 4 ~  910 Yes Yes 284,000 96,600" 

W Canada 
F 

I 
PHC Port  Hardy, B.C., 50 h2.0N 127 26.0W 33 Yes Yes . 14,000 2,000 

Canada 

PJD Pedro Bme, 6502.1N a 7  30.% 740 Yes No 
Alaska 

PMR Palmer, Alaska 61 35.5N a 9  07.9W h9 Yes Yes 100,000 1,000 

PMS Palmer (south), Alaska 61 lr1.7N ;49 3 3 . 6 ~  716 Yes No 25,000 

PNT Penticton, L C . ,  49 19.ON 119 37.OW 550 Yes Yes 25,000 2 , m  
Canada 



APPENDIX 1 (con.) 

Coordinates Magnification 
Lat. Long. Elev. Instrumentation SP LP 

Code S ta t ion  Name Deg Min Deg Min Meters SP L? C 1.0 sec  C 15.0 sec 

PRI Pr i e s t ,  California .36 08.5N 120 39.9W 1187 Yes No 20,900 

PRU Pruhonice, 4959.3N a 3 2 . 5 E  302 Yes No 330,000 
Czechoslovakia 

RFSI Reno, Nevada 39 32 .hN 119 48.8W 1383 No. Yes (1,150) 

RK- Red Lake, 
Ontario, 
Canada 

SCH Schef fe rv i l l e ,  
Quebec, 
Canada 

50 50.3N 93 40.3W 3 66 Yes Yes 3Ok,OOO 70,50W 

5L49.ON 6647.01~7 5L0 Yes Yes 28,500 3,200 

I SCM S e e p  Creek M t . ,  61 50.ON a 7  19 .W 1020 Yes No 118,000 
a Alaska 

I SCP - S t a t e  College, 
Pennsylvania 

Yes Y ~ s  

SES Suff ie ld ,  Alberta,  50 2 3 . 8 ~  11102 .% 770 Yes' Yes 40,000 3,600 
Canada 

SFA Seven F a l l s ,  Quebec, h7 07.4N 70 49.6W 232 Yes Yes 23,000 1,900 
Canada 

SHA - Spring H i l l ,  Alabama 30 41.7N 88 08.4W 59 Yes Yes 6,250 1,500 



APPENDIX l (con.) 

Coordinates Magnification 
L a t .  Long. Elev. Instrumentation SP LP 

Code Station Name Deg f i n  B g  Min Meters SP LP @ 1.0 sec @ 15.0 sec 

SJ- San Jose, Texas * 54 47.3N 124 04.3W 610 Yes Yes (330,000) 2,370r- 

sJc .Sari Juan, 18 06.7N 66 09.0W 457 Yes Yes 50,000 750 
Pucrto Rico 

SLC S a l t  Lake City, 40 L5.9N 111 50.9W a 2 5  Yes No 41,000 
Utah 

SLD San Luis Dam, 37 04.5N 121 13.2W &3 Yes No 100,000 
Cal i fornia  

S OD Sodankyla, Finland 67 22.3N 26 37.73 181 Yes No 50,000 

SPA - South Pole, 
Antarctica 

Yes Yes 100,000 370 

Saint  Saulge, France 48 03.7N 03 30.4E 360 Yes No 317,h00 

STU - Stu t tga r t ,  
West Germany 

4846.3N 0911.6E 375 Yes Y e s  25,000 750 

SUD Sudbury, Ontario, L6 2 8 . 0 ~  80 58.0~ 267 Yes No 20,000 
Canada 

SVW Sparrevohn, Alaska 61 06.5N 155 37.lW 762 Yes No (555,000) 

SYO Syowa, Antarctica 69 00.3s 39 30.2E 23 Yes 

TCF Toulx S te  Croix, L6 17.3N 02 12.8E blr0 Yes No 607,200 
France 



APPENDIX 1 (con.) 

Coordinates Magnification 
L a t .  Long. Eiev. Instrumentation SP LP 

Code Station Name Deg Min Deg Min Meters SP LP @ 1.0 sec @ 15.0 sec 

TFO Tonto Forest, 34 16.1N 111 1 6 . 2 ~  1402 Yes Yes 
Arizona 

62,500 8,500 

TNP Tonopah, Nevada 38 04.9N 117 l3.lW 1932 Y e s  No 210,000 

TPH Tonopah, Nevada 

mc - Tucson, Arinona 

TUL Tulsa, Oklahoma 

38 0 4 . 9  117 13.LW 1890 Yes No 

32 18.6N 11046.9W 985 Yes Yes 200,000 1,506 

35 %.6N 95 47.6W 256 Yes Yes 44,000 

UBO Uinta Basin, Utah LO 19.3N 109 3h.lW 159 6 Yes Yes 58 6 77 

UNM - Nat. Univ. of 
Mexico, Mexico 

Yes Yes 

UPP Uppsala, Sreden 59 51.5N 17 37.63 14 Yes 

VIC Victoria, B.C., 48 31.2N 123 24.9W 197 Yes Yes 22,000 1,940 
Canada 

!B. Weston, Massachusetts 42 23.1N 7 1  19.3W 69 Yes Yes 50,000 3,000 

WQ- Watseka, n l i n o i s  34 5 2 . 9 ~  110 37.3W 1590 Yes Yes 120,000 

'YKC Yellow Knife, N.W.T., 62 28.7N 114 28.7W 198 Yes Yes 44,000 2,500 
Canada 

*~eno tes  25-sec period. 
WWNSS a r e  underlined. 



Coordinates Ma~nif ica t ion 
Iat. Long. ELev. Instrumentation SP- LP 

Code Sta t ion Name Deg Min Deg M i n  Meters SP LP 13 1.0 sec 63 15.0 zec 

C H I  Chicago - Loyola, Id %.ON 87 38.OW 183 Yes No 
n l i n o i s  

I LNS Lansle-rillard, 45 17.3N 06 5h.9E l.b80 Yes No 13,000 
France 

MRG Morgantown, 
West Virginia 

39 37.911 79 57.3W 282 Yes No 5,000 

I I 
NIE Niedzica, Poland h9 25.hN 20 19.3E 555 Yes No 35,000 

\D - 
, ' VI 

I 
ST J Saint  Johns, 

I Newfoundland, 
Canada 

62 Yes Yes 30,000 3,500 

WSC Washington Science 39 03.0N 77 07.LW 120 
center, 
Maryland 

Yes No h5,OOO 



APPENDIX 2 

REPRESENTATIVE RULISON SEISMIC SIGNALS 

AT PERMANENT STATIONS 



STATION: GOLDEN (GOL) COLORADO !2 

INSTRUMENT : SPZ 
8 

MAGNIFICATION : 400,000 DISTANCE : 2. o0 
TIME CORRECTION : 0.0 AZIMUTH: 80.8~ 



STATION : GOLDEN ( G I  COLORAW 

INSTRUMENTS : LPZ, N, E 

MAGNIFICATION: 1,500 

TIME CORRECTION: 0.0 

DISTANCE: 2.0~ 

AZIMUTH: 80.8~ 

I+-+ 60 SEC 



STATION: DUGWAY (DUG) UTAH 

INSTRUMENTS : SPZ 

MAGNIFICATION : 50,000 DISTANCE : 3.8" 

TIME CORRECTION : -0.15 AZIMUTH: 283.4' 

- - 
-- -- - t ,  , - 

, , - 2103 
-, , ,-- 

, . L . H " . 3  ' ' ' A '  ' : , ,:,,' ,il.';. , , 
-- 

21 00 , , , , " .  I I I 
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I 
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STATION : DUGWAY (DUG) UTAH 

INSTRUMENTS: LPZ, N ,  E 

MAGNIFICATION : 3,000 

T I M E  CORRECTION : -0.15 

DISTANCE : 3.8" 

AZIMUTH : 283 .4" 

i--l 
60 SEC. 



STATION: ALBUQUERQUE (ALq) NEW MEXICO 

INSTRUMENT : S P Z  

MAGNIFICATION: 200,000 

T I M E  CORRECTION : 0.0 

DISTANCE : 4.6" 

AZIMUTH: ~64.6~ 



STATION: ALBUQUERQUE (a) NEW MEXICO 

INSTRUMENTS : LPZ, N, E 

MAGNIFICATION : 3,000 

TIME CORR~CTION: 0.0 
, 

DISTANCE : 4.6" 

AZIMUTH: 164.6O 

2101 2106 
.udw'M p ' W p w \ w ' & - ' w s -  

I4 60 SEC. 



-. 
----h-c - . -  STATION: TUCSON (E) ARIZONA ----- 
,-+- 

* INSTRUMENT: SPZ -- 
-v-r- 
vC-r-- MAGNIFICATION : 200,000 
-----r---.- - 
V Y -  -- '?i&!dhN -..-- A 4 , r n t  

.r- -.- --- 
- - - + - - - A - p  

C - - v  

. d Y  

21 01 
, -4- - 

I 
w 
0 
W 
1 ------cI..NINw.Nw 

'---'.-r-------- 



STATION: TUCSON ( T x )  ARIZONA 

INSTRUMENTS: LPZ, N, E 

MAGNIFICATION: 1,500 

TIME CORRECT ION : 0.0 

DISTANCE : 7.4O 

AZIMWH: 198.8' 

- 
60 SEC. 



STATION : NEWPORT (NEW) WASHINGTON 

INSTRUMEWS/MAGNIFICATION: ~ ~ ~ / 1 0 0 , 0 0 0  
LPZ,N,E/l,500 

TIME CORRECTION : 0.0 

DISTANCE : 11 .0' 



STATION: LUBBOCK (m) TEXAS 

INSTRUMENTS: S P N ,  E 

MAGNIFICATION: 2 5 , 0 0 0  DISTANCE : 7 .6O 

T I M E  CORRECTION : +0.3 AZIMUTH: 138.0' 

NO SHORT PERIOD VERTICAL AVAILABLE 



S T A T I O N  : LUBBOCK ( L U B  - ) TEXAS 

INS~RUMENTS : LPZ,  N ,  E 

M A G N I F I C A T I O N :  1 ,500  

T I M E  C O R R E C T I O N :  +0.3 

D I S T A N C E :  7.6' 

AZIMUTH : 138.0' 



STATION : SUFFIELD (SES ) CANADA 

INSTRUMENTS : SPZ, N, E 

MAGNIFICATION: 40,000 DISTANCE : 11.2O 

TIME CORRECTION : -0.1 AZIMUTH: 349.8O 



STAT I O N  : S U F F I E L D  ( S E S  ) CANADA 

INSTRUMEWS: LPZ, N ,  E 

MAGNIFICATION : 3,600 

T I M E  CORRECTION: -0.1 ' 

DISTANCE : 11.2' 

AZIMUTH: 349.8' 

H 60 SEC. 



STATION : BYERZY (BKS - ) CALIFORNIA 

INSTRUMENTS~~AGNIFICATION : S P Z / ~ ~ ,  000 
LPZ , N  ,E/3,000 

TIME CORRECTION: 0.0 

DISTANCE : 11 .3' 

AZIMUTH: 266.7' 

2106 21 1 1  

+'-~ed*'~l'~'*'~-.-!L..~ 

l-4 60 SEC. 



STAT ION : FAYETTEVILLE (FAV ) ARKANSAS 

INSTRUMENT : SPZ 

MAGNIFICATION: 100,000 

TIME CORRECTION: -13.0 

DISTANCE : 11.4' 

AZIMUTH: 102 -6' 



STATION: CORVALLIS (E) OREGON 

INSTR~ENTS/MAGNIFICATION : S P Z / ~ ~ ,  000 
LPZ ,N , ~ / 1 , 5 0 0  

TIME CORRECTION : 4.6 

DISTANCE : 12.5' 

AZIMUTH: 299.3' 

2107 2111 

60 SEC. 



STATION: LONGMIRE (LON) - WASHINGTON 

INSTRUMENTS/MAGNIFICATION: ~ ~ ~ / 1 0 0 , 0 0 0  
LPZ ,N ,E/l, 500 

TIME CORRECTION : 0.0 

DISTANCE.: 12.5' 

AZIMUTH: 310 .hO 

2105 

2103 6 0  SEC. 



STATION : PENTICTON (PNT ) CANADA 

I N S T R ~ N T S ~ A G N I F I C A T I O N :  S P Z / ~ ~ , O O O  
LPZ , N , E / 2 , 5 0 0  

TIME CORRECTION : + 0 . 2  

DISTANCE : 1 2 .  go 

AZIMUTH : 323 .8 '  

I-/ 60 SEC. 



STATION : FLORISSANT (g) MISSOURI 

INSTRUMENTS~AGNIFICATION : S P Z / ~ ~ ,  000 
L P Z  ,N , E / 3 , 0 0 0  

TIME CORRECTION: 0.0 

DISTANCE : 1 3 . 7 '  

AZIMUTH: 87.0 '  

- 
~-~-...A"...--....-.-.wrx & ---.- "-- ,-.-** "A-I-"------ . . ---: *,:wJ,.. .'.':;;',;! .:,:,;*J::..,~~~::i;,",,~~~'~.:~:..*..,~~~ . ,.: . . 

I . '  ' 
- ., ..., ..;; ..:;,;,.. ,A\, .,>+>'"'.. .... ... , ,, ., ~ ,, pw;,,:.:.; __I--," 

I -- - 
I 

- - 

21 14 

I n - - -  60 SEC. 



STATION : EDMONTON (EDM) CANADA 

INSTRUMENTS/MAGNI??ICATION : SPZ ,N  , E / 3 5 , 0 0 0  
LPZ ,N , E / 5 0 0  

TIME CORRECTION : 0.0 

DISTANCE : 14.3' 

AZIMUTH: 346.80 



STATION : VICTORIA ( V I C )  CANADA 

INSTRUMENTS: SPZ, N ,  E 

MAGNIFICATION : 2 2 , 0 0 0  . 
T I M E  CORRECT ION : 0.0 

DISTANCE : 14.4' 

AZIMVTH: 314.4~ 



STATION : VICTORIA ( V I C  ) CANADA 

INSTRUMENTS : L P Z ,  N ,  E 

MAGNIFICATION : 1,940  

TIME CORRECTION: 0 .0  

DISTANCE : 1 4 .  4' 

AZIMUTH: 314.4' 

60 SEC. 

2107 2111 



STATION: MICA CREEK (MCC) CANADA 

INSTRUMENT : S P Z  

MAGNIFICATION : 3 2 , 0 0 0  

TIME CORRECTION: 0.0 

DISTANCE : 14.6' 

AZIMUTH: 3 3 3 . 2 '  



STATION : ALBERNI ( ALB ) CANADA 

INSTRUMENT : SPZ 

MAGNIFICATION: 23,000 

TIME CORRECTION : i8.7 

DISTANCE: 15.6' 

AZIMUTH: 314.8' 



STATION: OXFORD (OXF) - MISSISSIPPI 

INSTRUMENTS: LPZ, N E 

MAGNIFICATION : 3,000 

TIME CORRECTION: +0.1 

DISTANCE : 15.6' 

AZIMUTH : 102.5' 

2106 2112 

~ ' ~ \ ~ ' ~ ' ~ \ w ' ~ ~ ' ~ ~ ) I Y  

l-4 60 SEC. 



STATION: FLIN FLON (FFC)  CANADA 

I '  
P 

60 SEC. 
h) 
N 
1 21 08 

INSTRUMENTS~AGNIFICATION : SPZ ,N , E / ~ o ,  000 
LPZ ,N ,E /4 ,600  DISTANCE : 15 -8' 

TIME CORRECTION : , 0.0 AZIMUTH: 12.8' 



STATION: LAKEHEAD (LHC) CANADA 

TIME CORRECTION: -0.1 

DISTANCE : 16.2' 

AZIMVTH: 50.0' 

60 SEC. 



STATION : PORT HARDY (PHc)  CANADA 

INSTRUMENT : S P Z  

MAGNIFICATION: 14,000 

T I M E  CORRECTION : 0.0 

DISTANCE : 1 7 .  

AZIMUTH : 315. go 



STATION: SPRING HILL (%) W A M A  

INSTRUMENTS: LPZ, N, E 

MAGNIFICATION : 1,500 

TIME CORRECTION: 0.0 

DISTANCE : 18.4' 

AZIMUTH: 112.2' 

21 10 t + ' ~ ' - ' - - ' ~ ' ~ - ' ~ ' - ' - * -  

l-4 60 SEC. 
21 10 



STATION: ANN ARBOR (m) MICHIGAN 

INSTRUMENTS : LPZ, N ,  E 

MAGNIFICATION : 1,500 

TIME CORRECTION: 0.0 

DISTANCE: 18.6' 

AZIMUTH: 73.2' 

21 10 

~ - ~ u - r r r * ~ * * r y h . ~ ~ ~ ~ ~ * ~ - - - - - . - . -  

- 
60 SEC. 



STAT ION:  FORT SAINT JAMES (FSJ) CANADA 

TIME CORRECTION: +4.0 

DISTANCE : 18.6' 

AZIMUTH: 329 .lo 

2109 \ 
---.--,-,*.~.w,*,~~-- 

I4 60 SEC. 



STATION: ATLANTA (ATL) - GEORGIA 

P--l 
60 SEC. 

INSTRUMENTS/MAGNIFICATION : SPZ ,X ,E/50,000 
LPZ,N,E/3,000 

TIME CORRECTION : 0.0 

DISTANCE : 19.9' 

AZIMUTH: 100.1° - 128- 



STATION: SUDBURY (SUD) CANADA 

INSTRUMENT : SPZ 

MAGNIFICATION : 20,000 

TIME CORRECl'ION : +0.3 

DISTANCE: 20.9' 

AZIMUTH: 61.5' 



STATION : FORT CHURCHILL (FCC ) CANADA 

INSTRUMENTS/MAGNIFICATION: S ~ ~ / 3 6 , 0 0 0  
L P Z  ,N , ~ / 4 , 5 0 0  

T I M E  CORRECTION : +1.0 

DISTANCE : 2 1 .  

AZIMUTH: 2 0 . 1 °  

Pi 
6 0  SEC. 



STATION: 'OXTOTITLAN (OXM) MEXICO 

INSTRUMENT : SPZ 

MAGNIFICATION: 100,000 

TIME CORRECTION : Ci . 0 
DISTANCE : 2 1.3' 

AZIMUTH: 158.0~ 



STATION: NATIONAL UNIVERSITY OF MEXICO (UNM) MEXICO - 
INSTRUMENTS: LPZ, N, E 

MAGNIFICATION: 1,500 

TIME CORRECTION: +0.19 

DISTANCE : 21 .L1° 

AZIMUTH: 156. 

21 10 21 16 -- t -d+-..-.-.MLI'''- 

l-4 60 SEC. 



STATION : BLACKSBURG (m) VIRGINIA 
INSTRUMENTS/MAGNIFICATION: ~ ~ ~ / 1 0 0 , 0 0 0  

LPZ ,N ,E/3,000 

TIME CORRECTION: 0.0 

' DISTANCE : 2 1.7' 

AZIMUTH: 87.1' 

21 10 

60 SEC. 



STATION : STATE COLLEGE (a) PENNSYLVANIA 

INSTRUMENTS~AGNIFICATION : S P Z I ~ O ,  000 
LPZ ,N , E / l ,  500 

TIME CORRECTION : 0 .0  

DISTANCE : 23.0' 

AZIMUTH: 76.8' 



STATION : YELLOW KNIFE (YKc ) CANADA 

INSTRUMENTS: SPZ, N, E 

MAGNIFICATION : 44,000 

TIME CORRECTION: 0.0 

DISTANCE : 23 -4' 

AZIMUTH : 352.4' 



STATION : YELLOW KNIFE (YKC ) CANADA 

INSTRUMENI'S: L P Z ,  N ,  E 

MAGNIFICATION : 2 , 5 0 0  

T I M E  CORRECTION : 0.0 

DISTANCE: 2 3  .kO 

AZIMUTH : 3 5 2  .kO 

60 SEC. 

2112 



STATION : GEORGETOWN (a) WASHINGTON, D .C . 
INSTRUMENTS : LPZ , N, E 
MAGNIFICATION : 750 

TIME CORRECl'ION: -0.2 

DISTANCE : 23.9' 

AZIMUTH: 81.3' 

60 SEC. 



S T A T I O N  : OTTAWA ( O T T )  CANADA 

T I M E  CORRECTION : 0.0  

DISTANCE : ~ 4 . 4 ~  

AZIMUTH:  65.3' 

6 0  SEC. 



STATION : GREAT WHALE RIVER (GWC ) CANADA 

INSTRUMENTS : LPZ, N, E 

MAGNIFICATION: 4,500 

TIME CORRECTION: 0.0 

DISTANCE : 25. GO 

AZIMUTH: 41.7~ 

60 SEC. 

21 14 Pi 
--.*,W,M,-,-,-\-*-.- 



STATION : BAKER LAKE (BLC ) CANADA 

INSTRUMENTS/MAGNIFICATION : S P Z / ~ ~ ,  003 
LPZ ,N7E/3,800 

TIME CORRECTION: -0.4 

DISTANCE : 25. go 



STAT ION : MONTREAL (MNT ) CANADA 

TIME CORRECTION: 0.0 

DISTANCE : 25.9' 

AZIMUTH: 65.2' 

60 SEC. 

21 14 Pi 
-6- -,-, 



STATION : WES?ON (WES - ) MASSACHUSETTS 

INSTRUMENTS~AGNIFICATION : S P Z / ~ ~ ,  000 
LPZ ,N , E / 3 , 0 0 0  

TIME CORRECTION: 0.0 

DISTANCE : 27.7O 

A Z m H :  71.v0 

o ~ ~ f - . - - . . . ~ ~ ~ ~ ~ ~ ~ ~  

i -~-~* 60 SEC. 



STATION: SEVEN FALLS (SFA) CANADA 

INSTRUMENTS: LPZ, N, E 

MAGNIFICATION : 1,900 

TIME CORRECTION : 0.0 

DISTANCE : 27. go 

AZIMUTH: 61.7' 

60 SEC. 

2115 

, ~ , , - - - # , - w L . - - l  



STATION : COPPER MINE (CMC) CANADA 

INSTRUMENTS/MAGNIFICATION: s~z/33,500 
LPZ ,N ,E/3,800 

TIME CORRECTION : +O. 1 

DISTANCE : 28.8' 

AZIMUTH: 354.4O 

6 0  SEC. 



STATION: SCHEFFERVILLE (SCH) CANADA 

INSTRUMENTS/MAGNIFICATION : S P Z / ~ ~ ,  500 
LPZ ,N ,E/3,200 

TIME CORRECTION : 0.0 

DISTANCE : 31 .hO 

AZIMUTH: 46.9' 



STATION : INUVIK (INK) CANADA 

INSTRUMENTS/MAGNIFICATION : S P Z / ~ ~ ,  000 
LPZ ,N,E/3,300 

TIME CORRECTION: 0.0 

DISTANCE : 32. lo 

AZIMUTH : 342.4' 



STAT ION : HALIFAX (HAL) CANADA 

INSTRUMENTS : LPZ, N, E 

MAGNIFICATION : 1,950 

TIME CORRECTION: 0.0 

DISTANCE : 33.0' 

AZIMUTH: 66.2' 

60 SEC. 



STATION: PALMER SOUTH (PMS ) ALASKA 

INSTRUMENT : S P Z  

MAGNIFICATION: 2 5 , 0 0 0  

T I M E  CORRECTION: 0.0 

DISTANCE : 33.5' 

AZIMUTH : 3 2 4 . 5 '  

2106 

60 SEC. - - 



STAT ION : FROBISHER BAY (FBC ) CANADA 

INSTRUMENTS/MAGNIFICATION: SPZ/31,500 
LPZ ,N ,~/2,800 

TIME CORRECTION : +0.5 

DISTANCE : 33.7O 

AZIMUTH: 30.7' 



STATION:  GILMORE CREEK (GIL) ALASKA 

INSTRUMENT : SPZ 

MAGNIFICAT ION : 50,000 

T I M E  CORRECTION: 0.0 

DISTANCE : 34.3' 

AZIMUTH: 3 3 1 . 3 ~  



STATION : COLLEGE (G) ALASKA 

TIME CORRE~~TION : 0.0 

DISTANCE : 34. 4' 

AZIMUTH: 331.0' 

21 19 
I I I I t I ' - ' I _ _ y u - - - - - - l _ _  

I4 60 SEC. 



STATION : MOULD BAY (MBC ) CANADA 

INSTRUMENTS/MAGNIFICATION: s~z/72,000 
LPZ ,N ,~/3,900 

TIME CORRECTION: +0.3 

DISTANCE : 37.3O 

AZIMUTH: 3 5 5 . ~ ~  

60 SEC. 

2121 



STATION: SAN JUAN (SJG) PUERTO RICO 

INSTRUMENT : SPZ 

MAGNIFICATION: 50,000 

TIME CORRECTION : 0.0 

DISTANCE : 41.9' 

AZIMUTH: 107.9' 



STATION:  ALERT ( A L E )  CANADA 

I N S T R U M E N T S ~ A G N I F I C A T I O N :  S P Z / 6 0 , 0 0 0  
L P Z  ,N , E / 3 , 9 0 0  

TIME CORRECTION: +0.4  

DISTANCE : 45.7O 

AZIMUTH: 7.6' 

60 SEC. 

21 25 
- w % + % ~ - l -  I I 

21 29 



STAT ION : BOGOTA (BOG) COLOMBIA 

INSTRUMENT : SPZ 

MAGNIFICATION: 1 2 , 5 0 0  

TIME CORRECTION: 0.0 

DISTANCE : 46.2O 

AZIMUTH: 129 .7 '  



STATION: AREQUIPA (ARE) PERU - 
INSTRUMENT : S P Z  

MAGNIFICATION : 50,000 

TIME CORRECTION : -0.1 

DISTANCE : 65.2' 

AZIMUTH : 141. 1' 



STATION: KEVO (E) FINLAND 

INSTRUMENT : SPZ 

MAGNIFICATION: 25,OOQ 

TIME CORRECTION : 0.0 

DISTANCE : 66.3O 

AZIMUTH: 1 5 . 6 ~  



STATION: SODANKYLA (SOD) FINLAND 

INSTRUMENT : SPZ 

MAGNIFICATION: 50,000 

TIME CORRECTION: +0.1 

DISTANCE : 68. lo 

AZIMUTH: 17.3' 



STATION: KAJAUUI (KJN) FINLAND 

INSTRUMENT : SPZ 

bWGNIFICATION : 100,000 

TIME CORRECTION : 0.0 

DISTANCE : 71. lo 

AZ IPRlTH : 18.9' 



STAT ION : NURMI J A R V I  (NUR) - FINLAND 

INSTRUMENT : S P Z  

MAGNIFICATION:  2 5 , 0 0 0  

T I M E  CORRECTION: +0.3 

DISTANCE : 73.2' 

AZIMUTH: 22.4' 



STATION: LORMES (SOMMEE) (La) FRANGE 

INSTRUMENT : SPZ 

MAGNIFICATION: 100,000 

TIME CORRECTION: -0.3 

DISTANCE : 74.5' 

AZIMVTH: 41.0' 



STATION : MOXA (MOX) EAST GERMANY 

INSTRUMENT : SPZ 

MAGNIFICATION : 100,000 

TIME CORRECTION : 0.0 

DISTANCE : 75.9' 

AZIMUTH: 34.8O 



STATION: STUTTGART WEST GERMANY 

INSTRUMENT : SPZ 

MAGNIFICATION: 25,000 

TIME CORRECTION: +0.1 

DISTANCE : 76. lo 

AZIMUTH: 37.3O 



STATION: GRAEFENBERG ARRAY (GRF) WEST GERMANY 

INSTRUMENT : SPZ 

MAGNIFICATION: 100,1)00 AT 10X ENLARGEMENT 

TIME CORRECTION : G . C 

DISTANCE : 76. k0 

AZIMUTH: 35.7O 



STATION : AVERROES (AVE ) .MOROCCO 

INSTRUMENT : SPZ 

MAGNIFICATION: k0,000 

TIME CORRECTION : +%5 

DISTANCE : 76.9' 

AZIMUTH: 57.7O 



STATION: LANSLEVIELARD (LNS) FRANCE 

INSTRUMENT : SPZ 

MAGNIFICATION: 13,000 

TIME CORRECTION : +5.0 

DISTANCE : 7 7  .4' 

AZIMUI'H : 41.0' 



STATION: PRUHONICE (PRU) CZECHOSLOVAKIA 

INSTRUMENT : SPZ 

MAGNIFICATION: 330,000 

TIME CORRECTION : +0.2 

DISTANCE : 77.6' 

AZIMWl'H: 33.9' 



STATION:  KASPERSKE HORY (KHC) CZECHOSLOVAKIA 

INSTRUMENT : S P Z  

MAGNIFICATION: 100,000 

T I M E  CORRECTION : 0.0 

DISTANCE: 77.8' 

AZIMUTH: 34.9' 



STATION : IFRANE (IFR) MOROCCO 

INSTRUMENT : SPZ 

MAGNIFICATION: 380,000 

TIME CORRECTION: +5.5 

DISTANCE: 78.2' 

AZIMUTH: 56.3' 



STATION : BRASILIA,  SOUTH AMERICAN ARRAY SYSTEM (BAE) BRAZIL 

INSTRUMENT : S P Z  

MAGNIFICATION: 400,000 

T I M E  CORRECTION: 0.0 

DISTANCE : 78.5' 

AZIMUTH : 121.6' 



STATION : PELDEHUE (PEL) CHILE 

INSTRUMEWI : SPZ 

MAGNIFICATION: 50,000 

TIME CORRECTION : 0.0 

DISTANCE : 80.0' 

AZIMUTH: 148.9' 



STATION : NIEDZIGA (NIE) POLAND 

INSTRUMENT : SPZ 

MAGNIFICATION: 35,000 

TIME CORRECTION : -17.5 

DISTANCE : 80.5' 

AZIMUTH: 31.3' 



STATION : MATSUSHIRO (MLA) JAPAN 

INSTRUMENT : SPZ 

MAGNIFICATION: 100,000 

TIME CORRECTION :' 0.0 

DISTANCE : 83.0' 

AZIMUTH: 312 .lo 
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